WD 2007/ 047447 PCT/ US2006/ 040108 DI URETI C AND
DI URETI C- LI KE COVPOUND ANALOGS Rel at ed Application

wo pdoonowatsi on This application clains the benefP¢T/052006/040108

U S. Provisional Application Serial No. 60/727,564,
filed October 17, 2005, the disclosure of which is

i ncor porBICRETECANDHIURETEC drldeE COMPOENDI ANALOGS
Field of the Invention The present invention relates
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memory. More specific CNS disorders and functions are described below.

Epilepsy
Epilepsy is characterized by abnormal discharges of cerebral neurons and is

typically manifested as various types of seizures. Epileptiform activity is identified
with spontaneously occurring synchronized discharges of neuronal populations that
can be measured using electrophysiological techniques. Epilepsy is one of the most
common neurological disorders, affecting about 1% of the population. There are
various forms of epilepsy, including idiopathic, symptomatic and cryptogenic.

Genetic predisposition is thought to be the predominant etiologic factor in idiopathic



abnormality in the brain. Status epilepticus is a
particularly severe form of seizure, which is

worowfoesied as nmultiple seizures that persistPEDUSR06/040108
significant length of tinme, or serial seizures
wi t hout any recovery of consci gusness between
sePLERYs. PioyRtis] erileppy disuely rdsvelopaimsng sedultt of a structural
V\Adbhoﬁﬁaqftyﬁlﬁgibyﬁﬂti cus i s approxinmately 20 percent.
Patients who have a first episode are at substanti al
ri sk fdvtathsepileptiops Bedpstiadatly mvﬁ%nﬁ&)f%bﬁﬁf%ﬁlhi&fis manifested
chr.anj i l.eps he freguengy . status epilepticus
s R 1o thel Berses T i e et o G corosestal seizures
perithoratny YédoRerAT DMENBLEBEY b%%w@é?pseqiﬁﬂé%j lsTﬁ’(? kg%fﬂé mortality rate

associated with status epilepticus annually
prigsg adults with siafus epilsptiduaissappiximatetyt 20 percapi Pepéritcwho have a

' int i | t abol i.c di st
i 125) S0 B IS DL BB o
sepmink) epilepalyr alThee equkscs Yot efisNESItdtions GHeRL n@h%éadz States is

or encephaLIlXi t S&Q stroke, degenerative diseases,
t PRPRIXIEL o 100 icasesaprr yeyp asitha appmasinialely af00GIdeaths being

' of .: [i].epki.cus involyes a . .
P it th S8 Slshbita BRI PALG SRR B csoried wit
s slausrepilefiivius ifdudeineractable apilgByS metiboladARMBHNYs (e.g. electrolyte
per.si st ent ex?_slsﬂlrv_e xcitation or ineffective o
r 8@?95’(’?%?1% T I AP GFRSIS) StatRbReTHaesyStrawintediton (meningitis
eX%E eHebPIRIIASY | ANk OMeRinetattk! ALsOfsks MO n%gfngu gdér%% (foxicity and

receptors can cause prol onged selZures an

t REROXd5¢ c T hexfumdgmeniiahpathephysiohemy qﬂsgyusaepihpgﬁigi iM®olves a failure of

rol S epil epticus can al so he cause: )

o Slhonfelt, Wi R} B0 S Dol s aTia gelzccamnerise from

ebbrexnallp fpeysiagit okueksivd exdtitidn (J@’iﬁéﬁgecti,tvl@ ere%]hitﬂﬁhb/ pf inhibition,
e early

i Ehi bitory neurotransmitter in the brain.
dPHEHEIEVE Shee denticecaseive agiivasivnyofi exvisttomtarive aviditeceptors can
agspi HQp: tities of .water, together )
WQ&%HﬁQ Fﬁlg c Iﬂggxszu%% a%%é\%eg[g@# ﬁxélga%%ﬁyeagrgm acids ma p‘iay a causative
atdo Pty epjlepiicusanhaisolhy caupédbe PeieilNRand fIEd tOmpounds that
|%ﬂuce.se| Zur?é in epileptic patients, but rarely in
nitasasidee the Clierts; of awmigobutaiic sl GABA), thanpemary inhibitory
Zheﬁﬁ&ran%%@r-inﬂéttﬂ%iﬂs epi | epticus can be bl ocked in
kainic acid-treated rats by intravenous injection of
manni t Ohe ¢@dy dingadstizl procddary OB CIptiess;, inRdlved e 388 Zdministration
Tﬁl)j]ijt effec..lszlmlar t%ﬁthat . achi eved by )
i e ey ok ¥3temtogether &ath imjgetingn op yesammessin to prevent the
(£oRbinpinyifkP idh@Bsd. 2 T trgalnent in.
each of ytuf%se cases | n%r&gg%uéégvt@%)efogg;ﬁgt? zalw'%fn%fzutr?ﬁseln epileptic
bipayigats abiet raxsky imaeei-epileptic findividnals éGadlaridng al.n Luadesr2:566, 1943).
the cells.and an jncrease |n .
Zét%"lr”g)égﬁ%’g{p&? “dh §E é’ﬁqc}@@ H?eﬁﬂ%ﬂ qeid-eaded 5355 Ryilfzaveneys) injection
aofahdieitot (Bered eCalVi Ndrdscidtld fAarent 198phag; .acL i
(inhibiti E)n of car.b.onifﬂc cénhyd_r asej, gﬁgsa{yéigﬂg{td%?}éﬂdﬁp to that
e%‘ég’éf"?%h triravgneys tajectaon olowes inl lnmmin gatkentsdCetteraEpilepsia, 3:198,
A@\ﬁ@ﬁ Oﬁehﬁéélirﬁlant’in %g'ch(s(%‘ihes% %gs%’s irzlicrlggasesz the osmolarity of the blood and

extracellular fluid, resulting in water efflux from the cells and an increase in

extracellular space in the brain. Acetazolamide (ACZ), another diuretic with a
different mechanism of action (inhibition of carbonic anhydrase), has been studied

experimentally as an anticonvulsant (White et al., ddvance Neurol., 44:695, 1986; and
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spreadi ng depression (CSD) underlies . L
involved in migraine attacks. The excitatory neurotransmitter glutamate is implicated

in an electrical phenomenon called cortical spreading depression, which can initiate a
migraine attack, while serotonin is implicated in vascular changes that occur as the
migraine progresses.

It has been suggested that cortical spreading depression (CSD) underlies

migraine visual aura. CSD is characterized by a short burst of intense depolarization
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Cognition, Learning and Memory

The cognitive abilities of mammals are thought to be dependent on cortical

processing. It has generally been accepted that the most relevant parameters for
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Kessler et al. Lifetime and 12-month prevalence of DSM-III-R psychiatric disorders
in the United States: Results from the National Comorbidity Survey. Arch Gen
Psychiatry 51:8-19 (1994). Anxiety disorders afflict 15.7 million people in the
United States each year, and 30 million people in the United States at some point in
their lives. Lepine JP. The Epidemiology of Anxiety Disorders: Prevalence and
Societal Costs. J. Clin. Psychiatry. 63: Suppl 14:4-8 (2002).
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pathophysiology, diagnosis and treatment. Nociceptive pain occurs in response to the
activation of a specific subset of peripheral sensory neurons, the nociceptors. It is
generally acute (with the exception of arthritic pain), self-limiting and serves a
protective biological function by acting as a warning of on-going tissue damage. Itis
typically well localized and often has an aching or throbbing quality. Examples of
nociceptive pain include post-operative pain, sprains, bone fractures, burns, bumps,

bruises, inflammation (from an infection or arthritic disorder), obstructions and
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ar ghrltlc i sorder), obstructions and

& Fesuly of an mwwmléwmgn@% thegesirhstal ar cmah pervous system and

| e t
S (8 I P B oo 1
Nanﬂhmalplaople phi rthe SU 8 q:(mlpin’latloﬁype‘»leﬂfomﬁﬁ@ Npain has many dlfferent
non pain, which is, the result of an

gf%ﬁn%rﬁnlaﬁy PEEUEHRT FEATRIfrefug o Sraupientinhetes, SRbogiinn with herpes
s

R
pe‘@mab timmne] rﬁa'ndroﬁle pdpeniat dloshol Nesey epposure tpaﬂadiatias, and as an

Pt S S ool bt BBl BR e YorPie it o5 prrfpin anti-HIV and

hQﬂ@ﬁgtheia@gﬁtﬁ{drﬁggn ngles), H V/AIDS, |ate-stage
cancer, anputation (including mastectony), car pal

t unnel IByseakasido nostcepiive am@on@non@blc 1@@1@0& lﬁreau«mﬂy described as

Nyoj as M REE ef f
neu@dﬁ lg%f tn%lmgg eQ) nt é g %%ggtg 1?1 Oﬁﬁ? chazpcferized by
amﬂromﬂlelltﬁdyhelr @pfitéd as paiti Q‘SSultlrrg ot 4 §t$rhuﬁ1§ that does not ordinarily
noci ceptive pain, neuro athic pain _is frequent
Gebich b aanial Ssponshs Muell 2 it topgh) and .hy@pnamgslaoedeﬁned as an
Cﬁ{%g%{sg@ g?rrsitﬁlﬁ'?ﬁg%g x?xlla?rlllg é@ﬂpgl{l}ﬁ atzfegs@yfor months or
SB’B&IISIbQEOHdIThe appmaltdneahnycsf anadmlnygecbﬂlssuest a pai nful

e LS MR N ATEE E—

Pk Aihst noixhlal 11U§e) g., P6idMYc RS ghS hoﬁ-@ﬂ'erd"f@zﬂtaﬁﬁ 119ﬂammatory drugs)
years beyond the apparent heal i ng of any damaged

t iass trsdly alisativpagding neafopatbimpaie. diiffilady) druge thatdave activity in
A%%l%?&thfc Sgﬂf %e tng‘??]lg;@(:le ?ef%‘esc‘talgél él\é%gﬁtag?c&eé}&l&%lpmn 1l The standard
aldhllgslthziﬂ }ammwr Vsedrtt @feht n@ir6patieic Pajh Gigeelol ¥lenddRsElSétively to
ulropathl Cc pain. Simlarl éle drugs that have activity

i AelGyR Lﬁ‘36ﬁ1§t Hpipas Puspet @ rfuguéu giyere patécnt i({os @fgmphas trelief of
n [ t

uggg@ﬁﬂt 5 tb}ﬁfélé(%@f arral ﬁaﬁl ﬁ&qg{sgeaggﬁ ligﬁastlgk%h F{f@e@teﬁ?ﬁﬂ successful
s ¢heegtyi wedyy requirer tei esee of emu‘c‘tlplhe Sitffﬁl’hnrr&obibinanohs of drugs and

BT 2o et By foE el Bptct Pldsh BrackoOn By 33:95-98,
hasope el‘lre§tﬁﬁﬁte§§e%@s tty{iﬁ‘étlly$ Hﬁﬁ)ﬁﬁr\%ﬁ B the Itﬂgﬁa%giﬁeﬂﬁyf neur%l:%athlc pain

require the use fferent corbi nation
dingddeantticylic antldepressants (for example, amitriptyline, imipramine,

desimipramine and clomipramine), systemic local anesthetics, and anti-convulsants
(such as phenytoin, carbamazepine, valproic acid, clonazepam and gabapentin).

Many anti-convulsants originally developed for the treatment of epilepsy and
other seizure disorders have found application in the treatment of non-epileptic
conditions, including neuropathic pain, mood disorders (such as bipolar affective

disorder), and schizophrenia (for a review of the use of anti-epileptic drugs in the
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i ndi vidual i zed therapy (see, for exanple, Bennett,
Hosp. Pract. (Of Ed). 33:95-98, 1998). Treatnent

wagenvsi4ypi cal |y enpl oyed in the managenment OPCT/US2006/040108

neuropathic pain include tricylic antidepressants

(for exanple, anmtriptyline, impram ne,

o ARG A PRI-eleDHe cfﬁn@mam,n@y egpstskiviand | lawseher, Nat. Medicine,
anedds nd L CO S_phen
s pea Bl PR SRR YR SR R PR paRiE pin and
g albaptéve ldrsbrdeMahyveaat cerﬁman Upasiespthg sioloig@al dhdchanism (Rogawsk1 &

dveloe e nt_of epilepsy and othe
SHRD Shidi RASHE ok o SoRkOalss e 105 32A-30Re 2003), namely o
t paeloNBdal Qﬁcr&:@@ i RlehiRIRGI ExcieB ﬁ!& LA S cdxﬂeb{a(&h%nﬁ inappropriately

neuro at hi c pain, nood disorders”’(such as
@c requencyd g spaéaneousfitng ofi nzaphs.e HoaveltQ ronlsz s, @nd not all,

L s K TN I ———
aﬁa lebBp
T Tt 8 T A —
s BEgd ML deanpakivne | ngsfhamodm il 2943 12, 2004).
af f ect 'I'ﬁg %ﬁsocgfs\ﬁia%mh@o\iﬁ%g%l ;erve %at h%ﬁgrér& ol rs&o the central

mechani sm

Samdilpetipleral ﬁ!ﬁ*kfdsuslﬁy'éteﬁ?Jmaﬁlamgzﬁ&ﬁbpatHl@"%ﬂy Ras been n reducing
pat hoI% [ Cpl‘ﬁ rease in neuronal excita ?1

CB?IFBQ §°1F é‘ﬁ%r dfest agenty CUHP@W pyeddo émyswh dlsorders target
s

Qﬁﬁbﬁf‘ %@H\g‘ﬁ{ 1nre % gg{rl Q%?‘}&gsc‘ bg,r ng)%e mélquiegmg thé rglease or
t petiityrnd eneitatary aﬂbhmouapmnuﬁrsapdeﬁmmmgéﬁlﬁbﬁ&yqdaﬂﬁvays blocking ion

nl%angxgl”%&t'c drﬁg?u%e onl effegflveln certain
s Prolysd ita et ﬁenﬁ i0Bp 3Pf(oE aching s (WeEbemA estabilizers.
ECpavdntioblll dpenBShadd BeRii8lic apploaelsslft2he %pé%{lr}lent T8€ central and

focus of pharnmacol ogical intervention in
dPEERhgEr siesvous hsiean disardersa tidispredingh aembnzieexmmblhty and inhibit

S%;g,tagﬁln fikiA le%(%% ;%g&ga)lg@( cii‘ a{ﬁ?ﬁel PVQI%%BQtﬁaaIgtEW are nonselective

card emt'tl theiti s@ibnt on ﬂ)bﬂﬂiorﬁiapﬂmcﬂélﬁx@hﬂﬁrr&uﬁcﬁﬁﬁgﬁépulatlons This leads
synapti.c activity in exmtatory pat hways by, fo

eRdIpfiLYe %dﬂ%@f}q‘?ﬂ sidgetheels cubish sray %”ﬁem Rdrmgl SNS functions, such

S%gflgiv?g%igib}{b et %g%ﬁ%nn}nte %fﬁng.ffc?t n@g L gl%l | nhﬁgxﬁl@%é/lcal and

gesyehalogionl, ef&mb’ m tlaee tienigd asatieRITD IGuem6h aldd eff&dtS include over-
Co ventional a and t he L eut| c approaches for the

Ao d2 H’FSS T“ Ry &5 Hamage- ner vous syst em
dl sor dgedordif ,'ﬂfé@'é“i@ |
i nhi bit ;yln%ugt ic fir |a%bh%@§ks§éﬁoﬁ8§%}n§m%ue%da?d methods for
t1gSlating, é’%\@-isegNSsdltShlalBrSt ami/nainIHammgs etd#at entenciagthormal CNS

t ons on b orna and _ abnor nal
R dont P bl RIS LahLe o e in o T i
uni nt ended side effects, mhlch may affect normal CNS
functions, such as cognition, | ear ni ng and nenory,
and produce adverse physi ol ogical and psychol ogi ca
effects in the treated patient. Conmon side effects
i ncl ude over -




sedation, dizziness, |oss of nenory and |iver damage.
Accordingly, there is a continuing need for

W@ eowposi4t ons and net hods for regul ati ng vari BOBUSNSE6/040108
di sorders and mai ntai ni ng and/ or enhanci ng normal CNS
function that involve therapies capable of traversing
t he bl ood-brain barri Snmofarwof2heieatien 7

or esentiinbeRtitony T Bt G, baTRuRE inet BrigSs dhe lgod-brain

blbanibrb Eatbodiets i ofT the Bpfeht MR RrSioa plodRie pé&ﬁ}ﬁﬁﬁlds according to
venﬁé?qiprOV|de conpounds according to formula I

[
| TR

VLIV hander VI O R, R2 RSRANCRS ' N _~\ CH3
H R3I SRLRRNCH3 RSRANRS THH R3 1l OR R2\
HI NO RS5RANRS R3. |11 SRlRZR; N O R5RANC2S R3
IV 9 WD 2007/ 047447 PCT/ US Fas

RsR,NO,S N7 " CH,
H
S R1R2
RsR4NO,S ”/\/\CHg,
Rs I
o] R1R2
v Y
N o
R5R4NO2S
R III
S R1Ry \
.
o
RsR4NO,S
Rs

v



OR R RS5RANO2S N R3 DV S RL R2 R5RANO2S N R3
vi or a pharmaceutically acceptable salt, solvate,

wo amvomae7 or hydrate thereof, wherein R is nBCT/US2006/040108
present, H O or S; R2 is not present, Hor when Rl is
Oor S, R2is selected fromthe group consisting of
hydrogen, al kyl, aral kyl, arylQ YiRami nodi al kyl ,
al kyl car bonyl am nodi al kyl, al kyl ¢xycar bonyl al kyl ,
al kyl car bonyl oxyal kyl , al kyl al dghyde, al kyl ket oal kyl ,
al kyl ai ni de, al karyl am de, ary an
al kyl ammoni um gr oup, al kyl car bfj

al kyl heteroaryl, al kylfwy ) atible
pol ymer such as al kyl oxy(po yalk ony)alky hydroxyl, a
pol yet hyl ene glycol (PEG, a poRyeth gl/LycoI
ester (PEG ester) and a pol yet hyl ene egcoI et her
(PEG et her), nethyl oxyal kyl, nethyl oxyal karyl,
met hyl t hi oal kyl and nethylthioalkaryl, unsubstituted
or substituted, and when R is not present, R2 is
sel ected fromthe group consis%ingFﬁg hydr ogen,
N, N-di al kyl ami no, N, N- di al kar i HO?
N, N-di aryl am no, N-al kyl - N-al kar
N-al kyl - N-aryl am no, N al karyl >
unsubstituted or substituted,
group consi sting of ar& hal . 0X al koxy, and
aryl oxy, unsubstitutedRgtNSaBstifutedd any R4 and R5
are each independently selected Rgom the R&up
consi sting of hydrogen, alkylan1nod|alkyl
car bonyl al kyl , carbonyl al karyl, carbonylaryl and
salts of a@m@iacewdmmc@spcabw@anpgﬂae&@Itaa&bmeﬁbﬁayamate thereof,
amoni.um trial kyl aryl anmoni um and 10 WO 2007/°047447
POHErs?» 006/ 040108 tetraal kyl anmmoni um salts, with the
foHow enbodi nents: R3 of fornmula

is nggq%ﬁéﬂﬂ$%§§r%g% is 0 and R2, R4 and RS are
H nor é(lepemtfprmhi )H oriwhesioRp i€ CbotliSrdytis selebied from the group

conmpoynd of for bunmet |de R3 of formula

Iciqrt‘)si1 Mot | \%}J?'é]ﬁog%n i's agkyé,nd R?’? Y4 arfdvlrRs alkylpminodialkyl,
”@H@lo‘faﬂﬁﬁﬂyfahﬁ%dlﬂkyl, N SOfRyloxycarbonylalkyl, alkylcarbonyloxyalkyl,
alkylaldehyde, alkylketoalkyl, alkylamide, alkarylamide, arylamide, an

@

| am no,
ryl am no,
selected fromthe

alkylammonium group, alkylcarboxylic acid; alkylheteroaryl, alkylhydroxy, a
biocompatible polymer such as alkyloxy(polyalkyloxy)alkylhydroxyl, a polyethylene
glycol (PEG), a polyethylene glycol ester (PEG ester) and a polyethylene glycol ether
(PEG  ether), methyloxyalkyl, methyloxyalkaryl, = methylthioalkyl and
methylthioalkaryl, unsubstituted or substituted, and when R; is not present, R, is
selected from the group consisting of hydrogen, N,N-dialkylamino, N,N-
dialkarylamino, N,N-diarylamino, N-alkyl-N-alkarylamino, N-alkyl-N-arylamino, N-
alkaryl-N-arylamino, unsubstituted or substituted;

R3 is selected from the group consisting of aryl, halo, hydroxy, alkoxy, and
aryloxy, unsubstituted or substituted; and

R4 and Rs are each independently selected from the group consisting of
hydrogen, alkylaminodialkyl, carbonylalkyl, carbonylalkaryl, carbonylaryl, and salts

thereof such as sodium, potassium, calcium, ammonium, trialkylarylammonium and

10



enbodi nents, the conpound of fornmula Ill is not
furosem de; R2 of formula Il is not nethyl when R

w0 2000/04R37is C, and R4 and R5 are H, nore PCT/US2006/040108
specifically, in sone enbodinments, the conpound of
formula I'll is not furosem de nethyl ester; R3 of
f dﬁmdlleylatnirmnnm sqdtse myrthothy fnlﬂmwdnglprb'ﬁsc& andmembédimenlts: Rz of

R5 are H. m)r eci fi,cal 0 e di ts, the.
HBYAd isRot heRuloxy Wheg deﬁaﬁo@gaf%mﬁs fapfespecifically,

Ofmtsbﬁle w&mﬁheﬂty Vtﬁ@ b Rgompa/f ﬁ%naﬁnm Yiod f’buﬁa%t%&]{di‘ Rg of formula
to formul a RSRANCOZ2S R3 VI

orIHalsm\:ar(Bdao’dlm Ralls SD @m:Bp,tEblaed sl.%sl we Bomost epeclﬁcally, in some
o 90b Rt AR RSt e UEREAT oS REOE fepte i not

canethslt when & @KK,VRQXS’C&TQQI”RL ahé W, are H more spec1ﬁca11y, in some
aI kyl am nocar bonyl al kyl , al kyl am nodi al k
oliraerssythe £oBIPY tipprda d8) ipngat ﬁlsqu@smethyl ester; R3 of

aI y

gl ﬂ;‘?@%ﬁl‘ﬁ )(%&@ It ¥§é&%%m%%ggne gflycg’l R‘b%} er %rggg gl{égp )301ﬁca11y,
arid sampehﬂoeﬂllmdn&ﬂﬁlegiomhmciisﬁflﬁmln(ﬂaﬂﬁlfﬁ?@%r)&tanlld; I ;

nmet hyl oxyal karyl , net t hi oal kyl. an

met hzlt M%ﬁ?‘? ot t%%ﬁ?ﬁ@m f{RyteaHoR rprgwégqum% s \jcggrding to
t hgrRIQipo that, in sone enmbodinents, R3 of fornula

VIT 1s not O, when R4, R5 and R6 are H, nore
specifically, in sone enbodh=FeEnts, the conpound of

formula VIl is not azosem odi ments of the
present invention fur ej/p gde conpou accordi ng
to formula VIII: 2007/ O 7447 PCT/ / 040108
R7 I N+ X I\ /SOZ I N s

Rs5R4NO2S

Rs VI

or a pharmaceutically acceptable salt, solvate, tautomer or hydrate thereof,
wherein

R3 R;and Rs are defined above; and

Re¢ is selected from the group consisting of alkyloxycarbonylalkyl,
alkylaminocarbonylalkyl, alkylaminodialkyl, alkylhydroxy, a biocompatible polymer
such as alkyloxy(polyalkyloxy)alkylhydroxyl, a polyethylene glycol (PEG), a
polyethylene glycol ester (PEG ester) and a polyethylene glycol ether (PEG ether),
methyloxyalkyl, methyloxyalkaryl, methylthioalkyl and methylthioalkaryl,
unsubstituted or substituted, with the proviso that, in some embodiments, Rz of
formula VII is not Cl, when R4, Rs and R¢ are H, more specifically, in some
embodiments, the compound of formula VII is not azosemide.

Embodiments of the present invention further provide compounds according
to formula VIII:

11



HNHNIT CH3 ,~~ HNOHGCCH3 3 VIIl or a

phar maceutical ly acceptable salt, solvate, tautoner or
whyaraia4t hereof, wherein R7 is not present OPCT/US2006/040108

sel ected fromthe group consisting of hydrogen,

al kyl oxycar bonyl al kyl , al kyl am nocar bonyl al kyl ,

al | cyl am nodi al kyl , aI kyl hydroxy, ja bi oconpati bl e

pol ymer such as al kyl oxy( pol yal kyljoxy) al kyl hydr oxyl, a

pol yet hyl ene glycol (PEG, a po t hylxene gl ycol

ester (PEG ester) and a polyeth Fen gl ycol ether

(PEG et her), nethyl oxyal kyl , xyal karyl ,

nmet hyl t hi oal kyl and et h¥,kt/l‘f i oal Haryl, unsubsti tuted

or substituted; and X- is a hali d¥<suck_a&"broni de,

chloride, fluoride, iodi d}%}an ani noi ety such

as nesylate or tosylatenalt nativ X" i s not

present and the conpound fornms an "inner" or

zwitterionic salt ( e H|sl—|) with the proviso

that, in some enbodfnents, R7 is al way's pr esht and

X" is not present. Mbore speC|f| cally, in sone

enbodi oedpBarnidbeutanya r

torsem e? Enbodi mag?s o? ta? feegagrge%l‘éaﬁet Yédr;[{)/lghlforr}ﬁ;dme thereof,

provi d& Yo ¢ ugs capabl e of passage across the

bl, 0od- R'; a1$ HPCrprr@%ﬁv%? n?eiﬁ&f Icp %‘E?/%b they, gr,%ﬂg o?érgIs%gu (l)f hydrogen,
p h&y}mywbwn}MIkyl aﬂ@mﬁlﬁbéa@b(ﬁ@ldlkyl S Ql'kyﬁhﬁno&lﬁﬁ%lg gﬁ{afll‘grfdroxy, a

drate }l{ljher sone enbodi ment s e co

lé) PR %pplgfm&g SWqU%Sdalkﬂoamomhx}’&éﬂkﬁblfdmsylf eIpolyethylene

r bl t]
| PIUAIRERCS, EpcRendIcORRED: coldh (RO Ml ERRSIhTER Btvcol ether
SQ’EG nethes), 1; ;Jmhylomyalkiylug nggglﬁ}tyamafﬁhy ?htfeﬂiylthloalkyl and
ahl or I he oalrnents o he
p@gsgﬂ@% &%Hbs&lng# Ut i cal COlTpOSl tion
conpr i Xi RG laalia@%nauﬁlﬁ I |
VI anI | and/or VLI %I?Enéaé) *oh Hg}f%gc%‘ﬁ(%ruidg aHCﬁdea‘%:rc"ié1 g moiety

S%Hcp as gsylatecor tp@d@tgh@ltemaﬁyquaﬁfe 1motqme‘denmaid 8 compound forms

t e n cal Ly .accept.abl e carrier,

e BRbe S OWRRRICRAL AMGR Y ifSHaEn e Sitiso hat, in some
conipuiimentsfR 1 Belwihar uandtxf fsbhd

i 20071047447 PCT U300 /04018!310&53 e&ﬁ%aﬂl in some

.12
! tgogifrp%s,% CcorEpRingaf dgrmulaNEI iy majitersemiden part i cuI ar
nb d NS or
ﬁe u ? o) :o]gtﬁﬁ(l&gmeiaﬂlg ﬁo edr gﬁeﬁﬂ?g]clﬁtlldél h’ r%&bd/e o]? ﬁ*"&? %ﬂaﬁég of passage

across the blood-brain bamer comprising a compound of formula I, 11, 1L 1V, V, VI,

VII and/or VIII, or a pharmaceutically acceptable salt, solvate, tautomer or hydrate
thereof. In some embodiments, the compound of the prodrug is provided in an
amount effective for regulating a CNS disorder. In particular embodiments, the CNS
disorder is epilepsy, anxiety, neuropathic ~pain, neural function, drug
addiction/physical dependence and/or migraines.

Embodiments of the present invention provide a pharmaceutical composition
comprising a compound of formula I, I, III, IV, V, VI, VII and/or VIII, or a
pharmaceutically acceptable salt, solvate, tautomer, hydrate or combination thereof
and a pharmaceutically acceptable carrier, excipient or diluent. In some

embodiments, the. compound of the pharmaceutical composition is present in an

12



Enbodi ments of the present invention provide nethods

of making the conpounds descri bed herein and further
w@e@vioga41 nt er medi at e conpounds forned throughCT/082006/040108

syntheti c net hods described herein to provide the

compounds of formula I, II, Ill, IV, V, VI, VII

arfaomt vifegtiveabreglating 8 GXS diserdsr.e Separticwleeembediments, the CNS

OF Qv Kite includi L . o

DB L Bt el SRR ARG Ao v

uses ofEmbedisenRoufNdie slesar iibeshtioqr plovideOindiliels of making the
preparation of a_ nedicanent for carrying out the

af OrPurERds drwaibed iherein gad furtherapravidy uytcrgedisds cempaunds formed
; ) o i . . .
ol (5, SRITEE e R S oA A blvidh e QRADRIRS of formula
t HellpHEd¥niV, Vidy€Htandfor MIHt her provi de net hods of

TR N SR TR T —,

t hNRsRYIRIA8R e NVENti on as wel | as the prodrugs and
modi fied diuretic or diuretic- |ike conpounds
descri bgubodiments ofirthdeprassst! ihventioheprovidel as¢sof the compounds

i ncl udi ng.preventi gn, managenept and.treatnment, of. a
e S T S e S S
ohjferehienfibibdasileiss Bf pdriculf @8BdHimey £tHel ONSadiSorder is epilepsy,

explained in greater detail in reference to the
d raiahy nerPadiccaipmenrsl Smctipn prdioymigsaines. Brj ef

Descr | Fﬁﬂuggcﬁﬂlfen{s Q)?lﬂ?; ﬁ’g’%é}% Enrr‘)é{j@&{ Ir gﬁgll%%%trﬁetﬁ?%re &Rjégulating a

depi cting e resu ani 0gs on

di €8 rdésoeéeri ringiaatidula, asmppounds ef ifornodapallj BHHAW, &V, VI, VII and/or
c ol .as a nmeasure of the ability of the bungtanide_ |
aﬁgﬁﬁa_éth? @reéFlPtéWf‘é’lU@néi‘ﬁ%iegtaﬁ thepgsp géan%g@é#‘%)e&t'ﬁ?%rﬁtwrﬂédluretw-
f ONQAYnFuARIIRLINd 1RSAR Chd b@TisddBr RIe§eSMNhtidd) Y&Tﬁdiﬁ%‘ 8revention,
will now be described in nore detail wth respect
enbadigamanisand dwatmdidcbflagregent CNS soditichsbe appr eci at ed

that t i pvent.i on _can, be odied in different forns ..

and shotcy MG HE e SbryboaS “of, PPty Qe rgesent Miention are
e ndxpineth greaeir db@ltih réfefettdto thalAing AdB&Rcription set forth herein.
enbodi nents are provided so that this disclosure wll

be thorough and conplete, and will fully convey the
scope of the invention to those skilled in the art.

13 WD 2007/ 047447 rixiefi Pesoription of g Dmyeingsr ni nol ogy
used i np. Lipti of, the | ' .n.4.s. for
the. purgBute SERGELR s AEhalife B ERLAERe BBl pp s on e

andiffergneoin dtatle agptitide ih@ompafidonrtg confrolt d3e mbasRIRd 6Dthe ability of

As_used in the descriptjon of the enbodi nents of the
i ibe hwpgetanidg @nalogs to alleviate anxiety.

Detailed Description

The foregoing and other aspects of the present invention will now be described
in more detail with respect to embodiments described herein. It should be appreciated
that the invention can be embodied in different forms and should not be construed as
limited to the embodiments set forth herein. Rather, these embodiments are provided
so that this disclosure will be thorough and complete, and will fully convey the scope

of the invention to those skilled in the art.
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t he appended clains, the singular forns "a", "an" and

"the" are intended to include the plural forns as
wowdoz/o4umt ess the context clearly indicates otPeT/MsRe6/040108

Al so, as used herein, "and/or" refers to and

enconpasses any and all possible conbinati ons of one

or nor dhef tetthimohgyogsedtiadhé idsScei;btibhefrthhe Ruvé¢hihnierein is for the

the ter

b Sitors BF 455 8Ping nel oS E b imistn onlhrand i b tataned © e limiting

d@$ehe invéRion. LRIRREIA ‘tﬁeedes&rﬁlcinr@" thé E&boﬁlﬁle‘ﬁ?sa&tthé thvention and
enconpass variations of 20% 10% 5% 1% 0.5% or

evkarmpendedslainiseths sugntar Sormaret ﬁ'an" andl "’ ane hnendeé ¢o include the

d e (N
Iidérﬁlt Iﬂ){rm@ %se\;rv%% q%léeesa tﬂe c?rﬁeﬁ é%a&r 5 Bxfl he #gwlsieh eAlso as used
s&mm ,teadibrigrefess mmmmcmmpa@eﬁ stipest BY pageblefcombinations of one

ordlnary skill in the art to_which this invention
b&F 8105% Of el asprfatedt Hsted Hems. pgv@hﬁrm@pfplt %@rmd‘rabout " as used herein
PRHRALSE

r
i ncor por at ed 08%/&?%%?%%%%“? Eﬁ%}ﬁ%nr ity e({}ea. &{Fﬂ%%tng’r figse, time,
" ddnqydratuses and ¢hie Hlee, db menaf @ mcbmpasssv.atrﬂaltlghi 0b20%, 10%, 5%, 1%,

br hed ch rat ed artially unsaturated
9?%0% %V§Ha¢ 261 gé\ € s@)‘?"a‘ﬁﬁ&éﬁ‘ﬁ’b‘f‘t alﬁi‘}ﬁ Wel Geéingdeall terms,
bh&iclucﬁﬁ%? t8nidal %Heﬁlén%ﬁc”ﬁhﬁé/l se@tlﬁyﬂhe &e%@ﬂ{)t‘?&y lhaye the same
tent-b n- pentyl and 11< unsat ur at 60"
i ana@@gtaSt q@@upmés emderstﬁodlby Qnenof Grddwjolskﬂbm thei gt ® which this
b conmbi nation thereof. Such al kyl groups
9M§%O%p T oAl | y substituted as described herein.
The t eram pmli@aﬁaﬂs paEntUgRUcRRNS] PatéRs end JtRerdrefdéRd mentloned

branched chain, saturated or partially unsaturated
h%‘iegbaéﬁ ERsQrRoaetee hy r‘tfé‘iﬁ’é‘éﬁjlnttbeléwta‘ﬁt)’l group. Exanpl es

penoyl 05 (e L b brel Wercr PR Jfieh dRthRfnbRtpgp saureted

ebhpblplhléylyah$at||matemhyd(dbarhohrradxbelnyﬂb)amlﬂésiof Higyl gdo@ps include, but

Such I ar roups be o nal |y substltut ed as

d&&ch? ﬁ'&"%‘i rtg" H’?’h gea%élr HOP%W | ‘gr{utys nipeatyl wdethg like. By
I edRhthrdi€d"aisS hicghid e Bfespr[c%ngpqd <l d11 doﬁ'@i\é %&gtﬁlﬂ@ bonds, or a
term nal nonoval ent radical centers derive

r eprobiaptiort thereef. [Hydh odieh gaeupnrhayobe eptitnably stulbetltutmd as described
ﬁé naI carbon atons of straight-chain parent

al’kané. The term"aryl"™ or Ar as used herein refers to

an ar ofmaki e "alkaryl2 abeised GRith ref@FOWP aOftrdighta6t branched chain,

opti onal l'y substituted aromatic group or heteroaryl
gPvratery ek partiplly nansapirated r}é’dWﬁianaIaﬂgﬂals bosdéd e et aryl group.

t ||
SERERbIES oZBPY A0utteEhaR ik o AR RmCR L Y, 4-gppprobenay
nnIetHyilmeydd dlmpthlyﬁmﬁZyla|eﬁ)&llpheh?l\l\lepropﬂl4(4\/i&r8ﬂ£bﬁ/yl)4-éﬁ&7the like.

g:T ?1%006/ 040108
aryl groups may be optionally substituted as described herein.

The term "alkylene" as used herein refers to a straight or branched chain
having two terminal monovalent radical centers derived by the removal of one
hydrogen atom from each of the two terminal carbon atoms of straight-chain parent
alkane.

The term "aryl" or Ar as used herein refers to an aromatic group, a heteroaryl
group or to an optionally substituted aromatic group or heteroaryl group fused to one
or more optionally substituted aromatic groups or heteroaryl groups, optionally

substituted with suitable substituents including, but not limited to, lower alkyl, lower
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al koxy, |ower al kyl sul fanyl, |ower alkyl sulfenyl,

| ower al kyl sul fonyl, oxo, hydroxy, nercapto, am no
wopiwomahty substituted by al kyl, carboxy, tetpPerob36/040108

carbanoyl optionally substituted by al kyl,

am nosul fonyl optionally substituted by al kyl, acyl,

arablydxy, ﬂmtrc&rajhylsx;lfa,nyhdy\bveaxgdkylanlcﬁgﬁyﬂ),xlxbweh an@tsuﬁb@yll 0Xy,, hydroxy,

| k b , t hal
paRT i pod orRanaiih b gy lIE bmbre Pl rgrbamoyt
al dperslly s@&ﬁm@écﬁﬁy %ﬁk}@réihlnbﬁﬂfdﬁ?ﬁ og{?éﬁalﬁrs%bg'tﬁ{lted by allkyl acyl,

limted to, phenyl, 2-napht
ar?doitlh betlerdaeoyl,Tmlm aroyhadyo he‘famauaédxyh etillexmca:rbbmajrlsmttm, cyano,

Ec?geﬂ,gplf S%Wé 1%]31 aﬂcérlll OdReré? g!etg%%g%gl \é%%tgtlon %emg allowed.

C fE}@Eﬂlﬂ& off AryD [ﬂcﬁﬁleo but are@diod €&imitbdeo! ﬁl‘iéﬂyl Wﬂéﬂfﬂilyi ®haphthyl, 4-

used herein refers to the group - -OH. " The term "al oxy
aPytidgbandehefike.al one or as part of anot her group,

refers g 21?1 aljl%f culgru%g@ he?e?n dr?f:] e bt}gmg' rc]:hly?(p p@ﬁ%r%dor iodo.

to the pare rough an

Redpltc&ﬁﬁhtem, ithveteay dhplides agtiseal H@eﬁn refefs todRombde] cldbade) Fluoride or
ted to, nethoxy, ethoxy, propoxy, 2-propoxy,
de Q? tert-butoxy, pentyl oxy, hexyloxy and the

I ke. ﬁﬁ“ﬁydrwaagws&f@er%ﬁre S @B éth@? used

herein refers to rou erein Ar
is ar yI Thé&seamplab®xi'h ast usid, hebam ahme (mcads pb.rtmftaﬁdthbr) group, refers to

b enz %kyﬁ % Srp, g%g&ewé%?@}%apa%gi? % égg?e%g melgculaz impiety through an

Qfx?/r Brouf. re@é@hidve AkIMBE ST AkbXy iifcldde]! butOhre not limited to,
het er oar yl . anpl es include, but are not linmted to,

pﬁ@ﬁb@@sy, eHwrryy PIORYX YA FPIRPOX A VYL textybutdhg nestyloxy, hexyloxy and
q?%]ﬁ as used herein refers to -NH2 in which one or
of the hydrogen atonms nmay optionally be repl aced

by al kytheQbrmad %ﬂkeﬁ&lo&?’eopfox‘ifﬁﬂ‘cﬁryl’oﬁ’st 1 RAHetdin refers to the group -O-
substituted. The terns I thi"o" or "thioal kyl" as

uSldi(yl-taeylew]neralhahmsoaryhsEpanpleQﬁnmlﬂﬁ bet aregrod Uimitedefog banzyloxy,
to a as .def i ned e ei n, appended to the

oar e e o SR a O ChRSh i Sul o o ety

Repr eserteatbiny ar§rRyPhesed heflidydrs

not limted to, g ?’p el oe t hi oﬁ?ﬁ;ﬂe%ﬁ%ﬁ(ﬁ?&he&ﬁﬁm is aryl

t o detengaryl. nEmys mq:lugle bt age mot Pmdtpg Itg, phenoxy, benzyloxy and 2-

§ﬁ‘f§ Lt hio, thio-isopropyl, n-butylthio,
thl uYyI and the |ike. The terms "arylthio" or

"t hi oaITHe"te@s "MaER" fa@m@émhé@fnelfeﬁerﬁ € LNE, 8 Qhiclr MeSor both of the
wherein Ar is aryl, anpl es include, but are not

| ihyrlroggn ﬁ@m%n@hypttqﬂaﬂy be renbaske vy lalkyl or aryb Rt A9q effsash, optionally
anfndiiigq 2- napht hyl .

The terms "alkylthio" or “thioalkyl” as used herein alone or as part of another
group, refers to an alkyl group, as defined herein, appended to the parent molecular
moiety through a sulfur moiety. Representative examples of alkylthio include, but are
not limited to, methylthio, thiomethyl, ethylthio, thioethyl, n-propylthio, thio-n-
propyl, isopropylthio, thio-isopropyl, n-butylthio, thio-n-butyl and the like.

The terms "arylthio" or "thioaryl" as used herein refers to the group —ArS
wherein Ar is aryl. Examples include, but are not limited to, phenylthio, thiophenyl,
2-naphthylthio and thio-2-naphthyl.
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15 WD 2007/ 047447 PCT/ US2006/ 040108 The terns
"al karyl thio" or "thioal karyl" as used herein refers
WO e00vloe74gT oup - S al kyl -aryl wherein Ar is arylPCT/US2006/040108
Exanpl es include, but are not limted to, benzyllthio,
t hi obenzyl 2-napht hyl thi o and thi o-2-napht hyl. The
term CH{ebtﬁmys' "a’:lBaryBlﬁd" berthicalkaefl2ns ukal lﬁehrathéﬁtEpto the group -S-
The te ‘quat er as used here
- By IOvhe ey Yot FeRIR R ey "E@t FEHPt HEREd tp.penzylithio,
{ Neiobb iR ORRuptiilyifo RRHIJY GagippIge On Lhe i trogen in
' og?um éﬂﬂ %ﬁﬁ&§or "quat er nary
n| t r ogekhe’ tem&a&bcvxyRas ssaiirhemlgaﬁrfﬁns to shebgrbip t@01H.such
as al ky. . The term. ater num alt”
25 Useuthalay, fiunay eniaoning " 3 Gt ielgio FEIGP b Atinical sructure
quﬂkfﬁfgnﬂfuy RNED b Ul GRfrdgen Withh POsiB QRargdNéh HRY Mitro gen in the
substltut ed" as use herein refers to repl acement o
onéniim mstage, ofe., t' yar og@fﬁewmﬂmgenhe“@pmp R is an organic
r b uen killed.
tﬁsglhg’cﬁ‘? t cl’?égu élng eigr L. aﬂ%‘{éntgflg g%c%%l&? da%rl]momum salt" as used

desedin M‘drsb@ tievissdoraingl of sheofuatathdrg ahfnodigRl ca@n®ith an anion.
gr oups |ncI ude, but are not limted to, alkyl

a
al kenyl hezeray niHbstipged” 98 uRgA herawﬁferwwpwemﬁwﬁ&y or more of
r
Sy o o 0 e TS S LS it i
t Hh@alarahd xysattylg inhmadtable crmpoumel asacﬂﬁsombedshdltﬂwn Hxamples of suitable

sul fonyl, sul fona am di no amoyl ., cycl oa [,
hdPRiRtRAnt s i Sk e it P SRR oo b S ALRoFel, allcynyl
C aJyBRARF, G6y1, A1 W'%ﬂfoxydﬂlmlaﬁ@x Yhryldxl 5@'1 0ahik¥! amido, carboxy,
tri hal oal’koxy aIk t hi 0, arak aIk sufony,
aroprbopyalkyla lnearbaxya}lk}émarboxyawlalﬂnngwmylgh@lm dkeyomercapto,
oS, B0, BB, S AL PR, beterscloao

CQiiﬂhylﬁﬂﬁncﬁtH@W @rboxylit Aeid] tdrboretesidpUiaasieyl, &Bkloalkyl, trlhaloalkyl
exanm substitutions are perm ssible when the

r dEhgl P@k?xkor?ﬂ@{m‘ép i swalkyls  alkglsulfonyly opiydthio, o agiinesj \atkylamino,
' Stﬁél %lhﬁ’ﬁhc% %u@?ildﬁﬁ)f WreilG9RES, Ald BV ity BMBHERAGE Pmissible

m xtu ormilation into a therapeutic or
divelgpmosich Gzoarjperrﬁtlons reselga cbmpdhedst eabite “fof fheciniended purpose For

?%Dggl%l?a Qs I q%g Ita:re\e/ 1% e%?ls%%{’/lﬁ-pende S’Gf 2:des eS| nat e 1s s L&ﬁClenﬂy

dirsBusdes s@iveokEtib P WBertl HPr&abt bl f?&n aafégcnon mixture, and
eval uation, patient observation, and/of the |lik

" Epadetiomintmathetapeutic ordisgnosticagent umengeat. can furt her
desi gn 0 hat ca uses., tectabl e a
b1 of 01 05 Erpf ekl hnB 3P BF v RS Al Bac 1B ARG eble a dose that
chai@es ehyf dfsydpi@as 6fla Andiserorfdigoriieras todddt thidugt ch}ﬁiéal testing

one skilled in the art for the rel evant nechani sm or
pra@é @g@luatms pefleatt obsesyation: andéor therdikmt “Effctive pmennt’ e Veffective”

phy i oI ogl uit ﬁeracﬂets%ggﬂérht dé%@%atn%hgets%{ H&e&aﬁgsch%lgé% in biological or

Ces of preven
sichamfdat astivitge CTHendetarblOchappesiag Hei depcrdesersr funbdrhantified

by one skilled in the art for the relevant mechanism or process. Moreover, "effective

amount" or "effective" can designate an amount that maintains a desired physiological
state, i.e., reduces or prevents significant decline and/or promotes improvement in the
condition of interest. As is generally understood in the art, the dosage will vary
depending on the administration routes, symptoms and body weight of the patient but

also depending upon the compound being administered.
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condition of interest. As is generally understood in
the art, the dosage will vary depending on the

wa@dowroi =T at i on routes, synptons and body wei ghtT/O820061@40108
patient but also dependi ng upon the conmpound bei ng
adninistered. 16 WO 2007/047447 PCT/ US2006/ 040108 The
t er m " sldlevigime 'sclvate’s el usasl ldreini is intetdatdiedrefe toef phiartaceutically

bl.e_sol f
2 SEOBIRE SR i RE PP Breid WP ind B ciefns the biologica

efeffectivenensessue cabsduna O exdifplef REulENA FBhEa pﬁﬁ%ﬂ hisBBiation of
froma physical association of the conpound” Wi one

orthe EerEPE, wHk ofp|os cagre solverbmplasyles Secsf solvates without
W C d . )
i etfon, inchdeobRouldd”bile SRR T Lpbiar with water, 1-
2 ppoepapah a2-propeheln adthanokt hiatinhol, B TCTo) .etihyl aee@tedisetic acid, or
acg@nc aci d or ethanolam ne. The term” hydrate as

refers to the conpound when the solvent is
wat er. Tha Qeﬁ'f? "H?draﬁé’oé‘s%é‘hblk?: re?&g Y& Rle co?ﬁ:)oﬁﬁ& qfh'éﬁ b8! Divent is
refers to a pol'yner nolrety t I'S subs
navataroxi ¢ and does not tend to pr oduce substanti aI

undesi_rabl e

i mmune or, ot he
Ieffect ghei%“g‘br% 13 cﬂ Cle ASFBREeE Foifers fg @ polymer moiety

pes ei@tsubﬁmﬁlﬂlllyoi%n-ﬁﬁﬁd/ ah&)dos§ eho@'té’&? o | 'p?ocﬁlce substantial immune
bi oconpati bl e where, as used heérein

péqsyﬁlll%w “é‘?f@n@ Pye %ﬁr ynslesirable effects. aAgmrdloglytto aowhethbodiments of

ol e o, B Eatn PSS BB By bt e, o wsec

ahelrefn;rpdsiyalkylaﬁé Lgiﬁa)ltmermo sirkighteton ebraﬁéheﬁh ?olyalkylene glycol

y % I n. sone  enbodi nents of
%%Ei‘?( g@ﬁPP’éﬁt viene ehisply apkpranyieng|gjxcsl apd pphintylene glycol,

S Mo U USRS IR 8 1 s

gembodinreniseofythe qrresenp ddvebiidry | the @oglajdqﬂ)énenglyéﬁlypolﬁﬁéi is a lower

has {he formila .- cHO " H
¢ i BRbafO e Cetiant ooy et S Eusgeol Moty (PEG), a
ep@l@ﬁtdﬁ@f&h& glyﬁol 1¥1oﬂ=:tgI Or & BOlyb@RAknkl %bﬁ.‘oh Rloi @PPPHGTRY YR formula -

nis G noi ety can | i near’ or
HQ{@H@@HZQ%HUWh%Qm cantyanrtieniorn sholEG ocaboub 406 orambtwed In some

é] suc as_ hydroxyl, al kyl, aryl, acyl or
gpapdt H{éﬁtss%ﬂﬁs Yl ik iy thomamabodiments i 5 tal 0o xTherBRS moiety

Sé’eﬁhb@ﬁnt‘?@to@ PrhichES &19 e E@nbom\%ﬁer %E%{ Elérgﬂgcheé t& groups

relatively inert al koxy group,
t eirchi asusydraxyd, 4y enyy,| acyt oupsterl. IrC@csrp@ embedibehioy; PP can be an

BB b D S R e R gy
higefialkox@drdi, Fhak ﬁi@‘?‘(ﬂh&r’ceﬁﬁﬂﬁg is %%ydroxyl group.

1. Compounds

According to some embodiments, the present invention provides novel
compounds. Thus, any of the R groups as defined herein can be excluded or modified
in order: to exclude a known compound and/or provide a novel compound.

Compounds of the present invention can include compounds according to formula I,
II, 1L, IV, V, VI, VII and/or VIII:
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in order- to exclude a known conpound and/or provide a
novel conpound. Conpounds of the present invention
waean7iommkude conpounds according to formul a |, PCT/S2006/040108

[, 1v, vV, VI, VIl and/or VIII1: 17 WO 2007/ 047447
PCT/ US2006/ 040108 0 R1IR2 I RS5RANO2S N----~~CH3 H
R3 S RIR2Z | RS5RANOZ2S N---~ R3Rpl, ORIRZ H N
I \ O RBRANRS R3 Ill, S R H N O RS5RANOZ2S R3

IV, 18 WO 2007/047447 PCT/ US2906/ 040108 O Rl R2 |
RSRANO2S N R3 V and S R

RsR4NO,S N7 " CH,
H
Rs

I

S R1Rz

RsRsNO,S ”/\/\CH3

o RiRz

R5R4NO,S

R3 101,
S R1Rz

RsR;sNO,S

18



RSRANO2S N R3 vi, or a pharmaceutically acceptable
salt, solvate, tautoner or hydrate thereof, wherein

woRRoor®4Ta®r present, H, 0 or S; R2 is not prese,PtT/UEL006/040108

when Rl is O or S, R2is selected fromthe group

consi sting of hydrogen, alkyl, aralkyl aryl,

al kyl am nodi al kyl , alkylcar~.\ nodialkyl,

al kyl oxycar bonyl al kyl , alkylcaroonyloxyalkyl

al I cyl al dehyde, al kyl ket oal kyl , \al kyl am de,

al karyl am de, arylam de, an @l Kyhamoni um gr oup

al kyl carboxylic acid, alkyl hg aryl , al kyl hydroxy, a
bi oconpati bl e polynek|§ 52 N
aIkonxy(ponaIIconxy) Kyl hyd[ oxyl a p | yet hyl ene
gl ycol (PEG, a polyethylene glkcol .&PE% ester)
and a pol yethylene glycol ether (PEG ethe an

nmet hyl oxyal kyl , net hyl oxyal karyl, nmethylthioal kyl and
met hyl t hi oal karyl, unsubstituted or substituted, and
when R is not present, R2 is selected fromthe group
consi sting of hydrogen, N, N-dial kyl am no, N, N-

di al karyl am no, NN-di aryl ai ni n® R1Rz
N- al kyl - N-al karyl am no, N-al kyl -N-aryl am no, N-

al karyl - N-aryl am no, unsubstitutegd or substituted; R3

is selected fromthe group cony ng of aryl, hal o,

hydr oxy, al koxy, and %g(n< st i twut ed or
substituted; and R4 anBf¥Oaz%e ejich ifdependent!y

sel ect ed fron1the group consi stipg of {_ hy rogen

al kyl am nodi al kyl, carbonyl al kyl, carbon Ié’karyl
carbonyl aryl, and salts thereof such as sodi um

pot asswm HE A Rall kb8 salltt sy Aty FHORY

Do VIO 2007 0a 4T BCt DD b Dt RS RATEPHY R Bdfof,
teﬂkﬁﬂnkylannnnlun1salts Mﬁth the foll ow ng provisos

in so formula | is not phenyl oxy

when %%nglcgi %nd R5 are H, nore

speci f IR‘qais| I)Ot prégents levr e dRIBNICS or INR,Cie NeRGRRd i@cﬁm the group
formula | is _not. bunetanide;, R3 of formila Il is

GconW’fé”fg R of s chyshiegere, RIk¥nd Replkyle HarWore alkylammod1a1ky1

conp
f o { I}AQX]?IQJ)(E]}%?@ ur oserr? gn’x%‘%éngfl élgﬁf mul aﬁ}iﬂgal%t)nyloxyalkyl
ncaikylzdécthyylb \Mﬂ]ﬂyll@toalkylo Bkylami@t, afidrPdmided Rarydamgide, an
H, re specifically odi ts, the
caiﬁ%aawa BISY ot Alicarionye ﬁgﬁos@%@t@mﬂw alkylhydroxy, a
e%t&bmp%%brafpo Jfrﬁ’érr@til:l@ a§/a1k§zld&9{po@§hﬁm&>%¥1km?&o§§d 'a?eo@yethylene
and R2, H, specifical
eghisal (‘Rﬂﬁiﬁf)s a ppb@tlw&nnp(glwp@l gﬂelf (@Eﬁjdmer)/amd;a pg]yethylene glycol ether
p'(ﬁﬁéam e(‘iﬁer), methyloxyalkyl,  methyloxyalkaryl, = methylthioalkyl and
methylthioalkaryl, unsubstituted or substituted, and when R; is not present, Ry is
selected from the group consisting of hydrogen, N,N-dialkylamino, N,N-
dialkarylamino, N,N-diarylamino, N-alkyl-N-alkarylamino, N-alkyl-N-arylamino, N-
alkaryl-N-arylamino, unsubstituted or substituted;
Rj is selected from the group consisting of aryl, halo, hydroxy, alkoxy, and
aryloxy, unsubstituted or substituted; and
R4 and Rs are each independently selected from the group consisting of

hydrogen, alkylaminodialkyl, carbonylalkyl, carbonylalkaryl, carbonylaryl, and salts

thereof such as sodium, potassium, calcium, ammonium, trialkylarylammonium and
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In sonme enbodi nents of the present invention, the

conpound of formula | can be bunetani de, bunetanide
wa@b@eloyde; bunet ani de net hyl ester, bunetani dePCT/US2006/040108

cyanonet hyl ester, bunetani de ethyl ester, bunetanide

i soanyl ester, bunmetanide octyl ester, bunetanide

b deiFaplkydaneoniupuy paltsa mitethel ifplbnving amddsgs dowsveteagrhbteliments: Rs of

oS qera:otEHPRRT R TG S B R T S et ettty
N,ifsaline tehyHodryend, ahé BemP&Iralr of foABladNs 4t bumetanide; Rs of formula

N, H,di net hylf)\gﬁlﬁycol am do ester, bunetani de pivaxet]| )
edHels 09 (rie PRI fr OpandeRe| R 88d &s, arp vemard spscifically, in some

i r net api de .
eyl LSOO o R B s
Cﬁ%@t](ljylr‘ivhm Ryliﬁrﬁrdhj' inChadnd. R and gmrztr'b ;HU @gre SlfieCiﬁCfﬂﬁY: in some
e i.ments,.the co u i S_nQt bunentanide. |In other
o EDARSAS e WW@O\E&QE%@W@ Uk forsemisieppethal ester; Rs of
f @62V is %ﬂﬁ%ﬁ RYBRAR IR d 2 _9R4saﬁ‘%leﬁ5 : Q@fj'ngore specifically,

1
buret ani de S yl “thi oester, bunetani
cyasoneempodinientsethe eompbunbefoimelad astrivy piretanidest er

bunet api de_S-i so0 | . thipester,. bupetanide S-octyl
i oo thomp snBpEes' X BERES inPhies 3he Cmrpdat demula T can
Sbe ( BampAideN OBlrAYhnide NARBRYRY , bRMEBLRRI (ethyl estar, bumetanide

S-[ 3-(di met hyl am nopr opyl )] t hi oest er, bunet a
S—C(Monleah%t%%rg pymetapide cesliylt ¢stere Sumetanidenispamyldester, bumetanide

SoEt st [BhARLY COMBY er TnBREARle BHERSAMIAE bumetanice
t kiiediﬁdz:]m'rd,e, bulrrlmtrﬂe;]thlfide morphflino?]th?/l he;ster, bumetanide 3-
S-[.me xy.( pol ye eneoxy) " 1-et hy t hi oester,

D e A SrobyHier b s N Nehetby alsieglamisn ester, bumetanide
t N Qagingthg el j ap ide (S5 etiP - -
cetyltri ﬂné%%ﬁozﬁm%gﬁ iUél.]éFrﬁr’t Eiluggtg%l éli eslgllzl‘7 Etg?ehﬁ?l; 'Sh n%umetamde propaxetil
eagorli menmsetafide he nthbeeiiolyetioanhéaxy), tdikeylcongsoend ®iimetanide

+ BBl Paretny i Ramiat Sof o Hyfnctiin e CebMEmtlym g salt. In
Opaxyiatiat &absdiinehl] B8 SbApouliBRbeRLHGXiEL. hY!

thi oester, bunetanide 0- isoany| thioester, bunetanide
O oct yin ethpiasbedimenis vb thernrersnOnyertion, thetiopgmtiad of formula I can

b ' fl o) hi ter unmet ani de )
o Bl RN LGB sl 5t a e bietanide -
PGRinbIE2 Y6 &1 Sburhthmids Sesthyl hhisesten bietanide S-isoamyl thioester,
g N, N-%i eﬁg(%/l | ycol am dp) thioester, bunetanide, )
CRPIAR; e ‘1&3& dhipesiera npersstapide o Ssheseyl thivssteni dumetanide S-
OcRbrpRIEdethyl))| ARRLEY, | de DraiR ' i
tgi oﬂesst_er ’e gqfnet amEtg A bRHELAR a8 [{ (dlﬁeﬁg%ﬂhbﬂropyl)] thioester,
Chyimesaiids y ( gAY N-Hietlghglgooiirhidd) et I“thir?]slstéﬂji oeain®dtanide  S-(N,N-
byunmet.anide .[- (C=S)-O'] benzyl tringethyl annoni um .
tﬁlinbe Il%lyg%%]{lgdgz d&mﬁ%f,a Uy taFl_de ?%pg)ax@ﬂ] thioester, bumetanide S-
Cgiophtetil NBidRYER NBRALTHS IE-ARGhEx R Bblyeth RnSQRE, - i
erp;%)gdi ments of the present F}?}nvenytg@og? H%Iel C -106J%)él] ofthloeSter’
f bipgtaide [-(C=0)-S7] benzyltrimethylammonium thioacid salt and bumetanide [-
(C=0)-S7] cetyltrimethylammonium thioacid salt.

In some embodiments of the present invention, the compound of formula II
can be metastable bumetanide [-(C=S)-OH] thioacid, bumetanide O-methyl thioester,
bumetanide O-cyanomethyl thioester, bumetanide O-ethyl thioester, bumetanide O-
isoamyl thioester, bumetanide O-octyl thioester, bumetanide O-benzyl thioester,

bumetanide O-(morpholinoethyl) thioester, bumetanide O-[3-(dimethylaminopropyl)]
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can be bunet ani de t hi oal dehyde, bunetani de [-(C=S)-SH|

di t hi oaci d, bunetanide nethyl dithioester, bunetanide
waeyanomathyl dithioester, bunetani de ethyl ditktDES1006/040108

bunet ani de i soanyl dithioester, bunetani de octyl

di t hi oester, bunetani de benzyl dithioester,

b urioesten, damatitiede O-(NNdivtigéglybolamida)i thmester, bumetanide, O-(N,N-

di et hyl t hi i . t ani d | i t hyl .

ai el B B PGy Bigpeier. bumetanide O-
diprbpaxesil @ioestdtlMahRAnR ©- &h&iﬂ&%&l?&tﬁﬂ@h&ﬁyﬁg—ahyﬂ thioester,
di_t hi oester, bunetani de N, di mrethyl gl ycol ani do

di umeganides -(CHPnetl dyanetrinethylamimoniym Hhiseeidesalt and bumetanide [-
0 > ' HEEt PR, bumotan &
SR D Sy RS Rl ot BRI Ren oL or

Bumat arI:naﬁenﬁe&aﬂbt?cﬁmbmtdgyllfapfasmtuﬁvﬁitﬂogj ﬂﬁ%dghmlhfl oalriﬂnnula II
unmet.anj de cet fri t amoni.um di t hi oacli d sal t. n .

otHB Dec RIBEIRRISHT BioeRHEE, Jrisaside Gro)-SRl difgoacid, bumetanide
CoapRAUNEthtlesf-L i Raridd cyaglﬁﬁeﬁi?l §Mﬁ$§s‘%‘é}‘ gﬁne&éﬁiﬁg N gﬁ}ﬁoester,

al dehyde, furosem de neth ester, furosem
¢ yaureetemidey isoesiyk dithfoestes ebirdeaitid ydetyd sdidioestaty bamietadile benzyl

L%ﬁ@%&gﬁfvﬁeta&&é@é%&ﬁ o Lppﬁgtt@{el{ﬁl’ﬁdfi ugﬁa}?g]an%?ie, bumetanide

f UhQPROTIHRthST  (dsthivREEY | AsineRL@PYh) RAF dGithi

Nl\l-%?et hyl éﬁ/col am do “est er ,%lﬂfogé%ﬁ%éeﬁlamm% fithioester,
chy| gNyNsliedhylglycelomado f udishienitele pi \aretanide  N,N-

N,

esf: m,de .nropaxetil ester, .furosemn.de .
U g R
bepmapdxetil dizhioystedTiumhdianide infetB W (pApethlehasx§il,d8hyl  dithioester,
cetyltripethyl anmpni um acid_ salt. |n particular _
eﬁw&@mﬂﬁ s, beangeltrapathplammoniun ot dithiessishi dwlt | and  bumetanide

f gg?ﬁ i .0f 1k esent invention, the

cgﬁggﬁﬁlg '%pﬁnﬁﬁdlﬁ?é&{%%{ be furosenide [-(C=0) -SH|

t hi oacild otlfen rrodedindemtSefréteprbsenb imesti@r, ,thé vsapemdies formula I11
S-cyanonet hyl . thipgester, furosem gde S-ethyl 1hioester, .
flff%z%%q]ﬁr@%md&oéﬁgﬂsemt% Bdehef. ﬁlmssg!éciﬁ a%et@ﬂoem furosemide
t Riyaewiethyl cbief, FaRRbHRIe JReREY, AlBiaRAL ?é_’ogmfy}]és‘i’&?ﬁlrgs%mide octyl
S- (norpholinoethyl) thioester, furosem de

Sepier (‘Grenemiga denayd pestspy Ifiyrpsenide emoephplindetind sestird durosemide 3-
SRR ARl RESL B BB Tg e farosemice

SyNvdinethiylglydvlaniibesster Hi@S@nidd epiPaxail QRAXEhirbsemide propaxetil
t hi oester, furosem de

SEptRbt hdwpssswids ot Metharaajyethylersoryluyi-ethiil oest esster, 2 1furosemide
: 00640 r i . :
e O T ———

f wglﬁsh!padﬁcuﬂar efbo@mdsitg, thxedqrﬂlﬁduhm ot faryssEnidem
| vt b3k bR B Bopirivanun.inchapon of fomua 1
nrem% fRbSorkiHE PYEXIXH - thisac; RltbselliO%henyf MRSRN Hfsemide

0- met hyl thioester,
S-cyanomethyl thioester, furosemide S-ethyl thioester, furosemide S-isoamyl

thioester, furosemide S-octyl thioester, furosemide S-benzyl thioester, furosemide S-
(morpholinoethyl) thioester, furosemide S-[3-(dimethylaminopropyl)] thioester,
furosemide S-(N,N-diethylglycolamido) - thioester, furosemide S-(N,N-
dimethylglycolamido) thioester, furosemide S-pivaxetil thioester, furosemide S-
propaxetil thioester, furosemide S-[methoxy(polyethyleneoxy),.;-ethyl] thioester,
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furosem de O-cyanonet hyl thioester, furosem de O ethyl
t hi oester, furosem de O isoanyl thioester, furosen de

W@@ayla4t hi oest er, furosem de O benzyl thi 0esPET/S2006/040108

furosem de O-(norpholinoethyl) thioester, furosem de

O-[ 3- (di met hyl am nopropyl )] thioester, furosende
OTGN,SWWGH“&@ﬁ&dJemlU@ethﬁhmmfaﬂn thioncidesaltdand furosemide [-
O NN col am dg). thioester, furosem de

O(Si \%ﬁeﬁﬁ@%&l&ﬁonpﬂ? %?’ﬁ“?ﬂtqﬁ% propaxet i |

t hi oestlarother Wiridithél®s of the present invention, the compound of formula IV

0- t hoxy(pol yet hyl eneoxy)” _1-ethyl] thioester,
f ng’s rﬂﬂ?ﬁ%ﬂ gl durgyenpde [tié%%mﬂli ﬂWhlJyll, SmrassmiidenO-methy! thioester,

L it —
ertadiylethicestef, filresqprids e@ioctydvthidese, fiibsentidePOtEz Al thioester,
L IO SR T T
e oS Sl S e oo
didith¢tbpigtysplanfide)o snéstie, dutogémitiet Dipiestetil , thfoestes efird@mide O-

Fﬁ?@ég?ﬁﬂgg@ﬂ:sgﬁ?’ﬁﬁ ?"ai%p‘égg“ﬂﬁﬁg@gﬁ%‘glén%gy Tl'%ﬁ'l’}’l] thioester,
MRuPIEhids (08)-Ol| bR Rty AHBERMA Woaci g T
3-(&9 met hgl ani nop]r opyl) dit h}i, oester, QIfﬁa?cég(esfar]l'tdaéld furosemide [
N,

-Gl weivlrmeshdammenivim thigseist set, f ur oseni de N, N-
di met h ' it hi i ide pi t
c et ) BlnkfoP RABbARA O BEBIS0y i ASEThIZ LY L dormuta 1v
f varodeniidesertdd akipaldehyds, Miteaaey | {C=J)-SHNdithioacid, furosemide

[ [ , f mde b | hyl anmo
GPeRg St pes. (NIl <Ay ENMGESIER teEm ety ifhiocster,
dict ki ! . 1 :

ifirBicaRat dse@hi dftl‘ﬁtoﬁsttélj, fufdééﬁlgﬁ:g ]p@t?g ?ﬁiuh%%% ?Jro§e§121de benzyl

present invention, the tonmpoun can
pHitkipesierd &grogrmide akbaeyliioehiddefurpiendda dieteylitiiamidle, furosemide

N R TS ST I L —

efir6demifi I et ANNUGBSNAYol 816! . PAKREARIIE  furosemide  N.N-
di benzyll am de, piretani de diethylam de, " piretanide

nemlylglyeelamido edithipestes; r Bressntde pivaxetil dithioester, furosemide

3o di h Wale] el .est e I ret ani de e
PP HERREP Ll Bl b B EPlrBoxy ety dithioester,
dfireemidg| ybexizgg&ideﬂg@mmmrm e: anhiggcid |oit \sapsgt lahd  furosemide
ester, retani de propaxeti] ester, piretanide
nﬁ?tﬁlgk‘?é)’bﬁllam%%ﬁé%%?ﬂdjﬂ- ethyl ester, piretanide

benzy!l tf dilBd A% AR i: [

cetyl ttrr{ EJ’rtrlet hy] gmmni E%gggﬁﬁhe?ﬁ&gger]% ?‘%:Iﬁ&g’?ﬁe compound of formula
eMbeai nentpretavide, cpingtanidel aldehyde, piretapidenimkehyl22s04) piretanide
2007/ 04@4ﬁ7 tPCT/'Uar%%}%(S/ 40108 I n sonme enbodi nents, of .

t RRRIELEh FSter AR oot gmpya s iStamyh AsieTypireiaside octyl
bestd?] m%&ma@ebém@p%@e_r,sbﬂretmggQ%l_aéhzyl%hﬁ&é,aﬂi'réi%ﬁde diethylamide,

S- net h_gl thi oester, piretani
piretanide morpholinoethyl ester, piretanide 3-(dimethylaminopropyl) ester, piretanide

N,N-diethylglycolamide ester, piretanide dimethylglycolamide ester, piretanide‘
pivaxetil ester, piretanide propaxetil ester, piretanide methoxy(polyethyleneoxy),.,-
ethyl ester, piretanide benzyltrimethylammonium salt and piretanide

cetyltrimethylammonium salt. In particular embodiments, the compound is not

piretinide.
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cyanonet hyl thioester, piretanide S-ethyl thioester,
piretani de S-isoanyl thioester, piretanide S-octyl
WO boogost4eT , piretani de S-benzyl thioester, pireCBEOSZIE6/040108
S- (norphol i noethyl) thioester, piretanide
S-[3-(di met hyl am nopropyl )] th| oester, piretanide
S- (N, N-18i semeyergbadimbrimafdie prﬂsgégnwn,tlop; thet comppband of formula V

SR LS AT DO BIERTIME, it .

t hzyanmhethyl thidestedNpidétanide S-ethyl thioester, piretanide -S-isoamyl thioester,

TRt SR aSSIEE MBI e hgpzahmapestes,  piretanide. -
I’(hf%ﬁﬂio‘ﬁné&hﬁ? angioRiLet 3{11:6%1({6 é-gf-(()e\hrrﬁtﬁ}%lamglﬁgropyl)] thioester,

cetyltrimethyl ammoni ufm oaclid s
erﬁmthnmbnt s B{NMdiefirdglgoilamidopnt i dricestdse copipaaide of  S-(N,N-

I b t ast abl d
R hosiERal et he pRsionl CoRpuietl Bipetin Bisunide S-
Oxﬁ(\@ﬁt@ﬁlett'hidestbf” Qﬁr%%a?ﬁde FE {ﬁéﬁﬂkﬁ? lgté 2[%EOII8?| ogtﬁ% r ’thloester

piretanide O isoanyl thioester
t Witstasidsr [- (@r@kﬂdnbd@ymlmﬂz%nmhmm theipacid maﬂtetandnpi&tamde [

O, 0 hi oest.er et ani de
(FHB h—"ge qg%e@%d”' il“ 4f'ff§5’itst er, piretanide
0- (N, N-Iﬁi If@t}iby |eﬁib)z$6£ﬁ|16’illlﬁ 60the gﬁ)fﬁs&ﬁﬁh%ntloﬁ' ﬂh@tc@fﬂpgﬁmd of formula VI

0- (N, N- di net hyl gl ycol anmi_do hi oester,” piretanid
O"ﬁ‘il \}’Sx@ﬁaﬁtablﬁl Ei@é@féde [$-r&1-H] ddicacidp pingtanistei -methyl thioester,

O%Elxraret oxy( F:tr}{ 1eooe)s(t§1)‘ ertm{uﬁyl ?“?%Ylo élyf)%%ter piretanide  O-
piisoetogyhi ﬂnaoe{ste(,C*pﬁ)etaﬂide @ztyl t thicssteRy |paRTmdeU ND-benzyl thioester,

t hi d

¢ SRR Dt B s Dt A ostary réssranider 1p-Ebfdimethylaminopropy)
f

e fk1eskidre Nhisetafidd h@ M RSB&hy 159\681h| ég 3 é@%g st&0 ”Pfr}ée{?&dQ O-(N,N-

formul a can be piretani ni'de
[d(mﬁgylgmqplamldcﬁu dhioester, ppllr@&ladﬂ: d@-plezlﬁetyll thloester piretanide O-

t reta d t oeste
oPhdrsif BioR SR Go L PSER oIS 0ny sl thioester,
dptrbﬂaﬂﬁlst B(C= s)L(D*@twizsiEn@@ﬂ]ylanﬂmhﬁmﬁeﬁﬁ@Jad Rhfi e ipfi8tanide [-
e%()aﬁdl thioester, piretani de di benzylthi oam de,

il ceetylirEnsthylemingainme éhiogsiid ealtani de
rmr pholyi E&ﬁ% Pﬁ%%ggl'}%egl;t/ ?ﬁs‘%}g { es@htr gfenrhonp the compound of formula VI

3- (di net I 0€es
thrdbfeph'yﬂagidy cthlballdEhiﬂied pirétanids { €C=SPSHY tdihiodeid, piretanide methyl

di col am do hi oester, piretani de
pfi%})? B P%?*?#‘%&%Wetw rdétiﬂé’ﬁﬁ% Ppegpiiretinl dithioester, piretanide

disbhn e diftfioestep! PREARIdE
s hogy( 60 (ilegtehy pglﬁeoxy) Ioct]?'l dll‘%hlf)esaer 1retar{1de benzyl dithioester,

pbiretenide de dibemzzythicainide, hyl @Iralamldam dldielthymmachldal t piretanide

Bl RO R ol e T N o GH BB eGSR A b dithiosster,

t Pieete@EP QUNUiedh yTodfdotHnFdY! dlthldé@t@r tﬁﬁretanlde N N-dimethylglycolamido
tetrazol yl'-subsfituted azosem des (such

1056jaret pij¢tanide r @W?ﬂﬂ- @ﬂb@lster,utmtbtmdm epiogesstil  dithioester,
Kﬁ?gé&hg' o”ﬁlteﬁ%gcy{p% ye%h ?en’éoxy rl,J lb-gtthl f uted Aan %g']stgres apge’cemlde
benzyltrimethylammonium dithioacid salt and piretanide cetyltrimethylammonium

dithioacid salt.

In other embodiments of the present invention, the compound of formula VII
can be tetrazolyl-substituted azosemides (such as methoxymethyl tetrazolyl-

substituted azosemides, methylthiomethyl tetrazolyl-substituted azosemides and N-
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WD 2007/ 047447 PCT/ US2006/ 040108

NMPEG350-t et razol yl - substituted azosem des), azosem de
whewzpht4nt met hyl ammoni um salt and/ or azosem dBCT/US2006/040108

cetyltrinmethylammoniumsalt. In sone enbodi nents of

th nt invention, the coppound of formula VII| i
cANPHGT Fetgrrl S a i PRI SIS peRetide bemmethylammoniun
AI¥HR Bh B} %s&ﬁi&%rcefyhﬁmeﬁgﬂa{rﬁﬁﬁﬁﬁﬂt%t. i nner salts

(zwitterions). Exanples i'nclude, but are not Ii mted
to, ménisoxyesttedimenyy ofthe iprsettangertiodsths abtpound of formula VIII

Lt hi hyl i dini i d | d
RS S Pl (e oF ey  BrmsboR Rt siler o the

t kerrpepRaghl inAveRlisqRwitkiHoRsy PRAMHRS ihalhes WA AL Sot limited to,
conmpounds tormed through the synthetic nethods

d&ahexyaeethvd riridiniempgoremide saits, methyltbiomasthydf pyirislimiumatorsemide
I, N VoM. VI dior VI11. The

| Salls and é‘?lfeé(\’/%%on%’gbdﬁ%‘él}ﬂrﬁé’?%%‘ééesSé‘ét§' utility as

t her apdinbalingent of f die t fresdndnyevedtion NAIERE | PRSvide intermediate
descri becgngoer ei n and/ or reagents for further synthesis

mEPHBAENdnringd dhopgl the tisgmgtheds dasariped dejeinfto tivevide the
RcomBYRRIs g&&{ el I om.t he :
cgn'pgunds? g% t éﬂ%?’e?ggtﬁl’ i%l’f’/ﬁ’t ?]g’n%f;g#?@gl}ﬂg’l ;hﬁ fyjermediate
r ebmpensls moy densss milityn ey eheramufio wigdsts dbr e rafe SéMindications
ilaven. I‘?F 2. %T heti c .Met hods Enbodi nents of the

pPEEEREL PREGELANCEN TrAgsYi der IMERRTathesss mydhqdpiang reactions.

di ur et iAg ndiéd BievidRbiyC ahy K (HORRANGAS st Rf

I'i pophilici tygof thl‘gcdi}tjr etic or&giigurset ﬁg_@??&%ﬁ?can be excluded
c Hiopbthedympopndoefthe presditniemeiont particdappwith feference to denoting
di ' i yretic-1ike caonpound, and in particul ar

eh o%itc?rlglﬁgér}&t#e ec%r%%a tﬁ’ge?téo% ermed a "loop diuretic."

For a di scussion of pharnacol ogi cal properties of

dpur et Sgfithesie®1ahog@s al | y, Goodman & G Inman's The

Phar macol ogi cal Basis of Therapeutics, Hardman, J.G,

Li mbi r §mbodiments ahthe @Gr¢seanhinvaptiod, proeds methislSrafimedifiling diuretic

i . i shi i Vi.Si Ot h.ed. 01).. Further . ..
VERERLPHRL LSO o' bl BBl o B & Bl
cedrmpoundkl orindsome einbadisiarts, @hs cofpotsE s Bedifielic & diuretic-like

cotransporter is electroneutral, noving equal amounts
of® ?}B’g‘r ?%Cf I Ratiswar eribadimentn dhe eempoud is femet de'lodp diuretic.”

e aﬁ%ustsfbna(gloﬁﬂéﬁﬁacol cdi'ﬁ)gﬁye?@{seéfhiltl%tigs, see generally, Goodman

cati on-chl ori de cotranspor ers
cét Cmepslthe Phavatcategied BaviveofdFhermenties, Huadhan .G Lbmbird, L.

ap e ..nunber of _chl oride ions empl ary. cati on,
CE] 8?%?3%11]&%{% ‘ng}po]r:;“f; r&f‘\’lc\%%‘i"ﬂglg, B@E{cagpgb ng Dayigigy (10th ed.
t2001he | oop diuretic-sensitive Na+, K+, 2Cl"

cotransporter in the brain (NKCCl), and the
t hi azi Hethesis¢lodedeasng diureli¢ or divretigrkiko compoyrdO@E. cation-chloride

DLAGHSHARNS 2088 Wrdil)®a "Reihoder 8 MronSal hoing equal

amounts of oppositely charged ionic species from one side of a membrane to another.

As used herein, a cation-chloride cotransporter refers to a cotransporter that moves
one or several cations with an equal number of chloride ions. Exemplary cation
chloride cotransporters include, but are not limited to, the loop diuretic-sensitive Na*,
K*, 2CI cotransporter in the brain (NKCC1), and the thiazide-sensitive Na*, CI
cotransporter (NCC). Discussions regarding the molecular classification of cation-

chloride cotransporters, their physiology, and pharmacology can be found in Mount,
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wean83e06/ 040108 D. B.,

chl oride cotransporters,
phar macol ogy can be found in Munt, 24 WO 2007/047447

Del pire E., Ganba G PCTHEB1004040108
E., Poch E., Hoover R S., Hebert S. C.: The

electroneutral cation-chloride cotransporters. J Exp

BilbIB 2@9131@061@1:0@ G:LM AnE., Bgbd) HodverNR. S., Hebert S. C.: The

2ot ShARLT R H30 80 LOBRRRGRE B e L Bop 2102, 1998 anc

¢ Russalls JorMer Sodiudrpdtaeinal-EAleHidd tedtrihdReY ﬁﬁ}ﬁ id?9Rev. 2000 Jan;
Nggﬁﬁ F—;j osem de and bunetani de are cl assi ¢ exanpl es

Bl =% agoni sts. The thiazide-sensitive
cotran r t ' Z|de |ure

380 SR g 00 TSRt LB P iy o
| NK @Y Faosarhidomod bimziadide arehglﬁkrsﬁﬁéidaﬁfpwsmfwl‘(@@ anfaBehists.

benzt hi ZI %% difi.cation of the diuretic or
di ur et i'¢%§ otrHoitiNG CHANIREPUJE Fnagonized byidhiazide diuretics.

d!Ebiélﬁbla-@y Oﬂluéiidér %‘iﬁr@ﬁés‘ k&l&fgrpgl&{n Gy xécﬂ ﬁnfn%ﬁmté onfi‘lorothlamde

group and/ or conpound sel ectéd from
cby@‘pghlpwgm@zldamnmbamtmmuydn de, al kyl haI i de

al coho n hal | nono

di al kykw ‘ﬁ‘gr’%"a%oﬁé’ﬁg’“g ? élf %%Pﬁqﬁ ”ﬂiﬁ%ﬂ inglyde reacting the

ddmre}ticadﬂ di€retielitte @URbBHIERHh am&idﬂ h
ﬁsub ituted or subis)t ituted, or n%% gia}lccl)/ﬁr compound selected

SR consiting raf aelxdmu@sn btfdmdnmﬂwh deliddyatlcalmy aldehyde,
bak

%%gﬁgﬂﬁﬁ E&ﬁkgéh%qﬁ@; rial are eﬁﬁ?@ﬁk%ﬁ’d bel ow.

llﬁ &RoRe- an e, mono- and

bduaeyﬂamnd,e afnkir emeritey dvbhekiuhdak, Lﬂ:ﬁhﬁbtﬁ/@cé& k01I rbﬂﬁ%ltuted or
13t diti t2001 1471. Editjon, 2001, 43
NESQ i 1gns ereo Non-limiting examples of compounds that may be used as a

starting material are exemplified below.
Os_ _OH
(o) OH
v Y
HaNO,S ”/\/\CHS N o
0
@ HaNO,S
cl

their physi ol ogy, and

bumetanide
Merck Index, 13th
Edition, 2001, 1471.

OH

HaNO5S

0,
O

piretanide
Merck Index, 13th
Edition, 2001, 7575.

furosemide
Merck Index, 13th
Edition, 2001, 4330.

N=—=N
HN/ \N
7 \
J
N
S
HaNOLS
Cl
azosemide

Merck Index, 13th
Edition, 2001, 924.
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HZNO2S NH O N / H2NO2S CI  piretani de azosem de
Merck Index, 13th Merck Index, 13th Edition, 2001,
w(Q'2003/04Hdll ti on, 2001, 924. 25 WD 2007/ 047447 PCT/US2006/040108
PCT/ US2006/ 040108 N ~S02 HN HN I CH3 HN O H CCH
toresemde 3 3 Merck index, 13th Edition, 2001, 9629.
The conpounds of formula I, I, I1l, IV, V, VI, VI
and/or VIIl can be synthesized using traditional
synthesis techni ques well known to those skilled in
the art. Mre specific synthesis routes are descri bed
bel ow. A. Bunet ani de Anald)gs, Thi obunet ani de Anal ogs
and Di t hi obunet ani de A]alo s 1. Thi obunet ani de and

di t hi obunet ani de O SH SH H2ZNO2S HMCH3 H2NO2S
N'-"'" CH3 H2NO2S Ha I\ o 0O=0 O\ [ I [/
t hi obunet ani de [ O

QbuftBt ani de [- (C=S)- OH|
@ [-(C=O-SH thioacid

bunet ani de d|th|o (d bunet ( _
bunet ani de [ - (®NS) t hi oas&d The t hi obunet ani de
anal ogs are synthe3|zed by reacting the carboxylic
acid noiety, 3tanldémwipmlhevarlous reagents. For

exanpl e, bunet ani de” may MHHEH]M conversion to the
corresponding thioacid by treatnent wth thionyl
chloride to form the correspondi ng bunmetani de acid
chloride followed by reaction with sodium hydrogen

sul fi déhe @oglpwendshoﬁkﬁommﬂraﬂj e UL (1950, ¥l VIRS@oknON can be
a?yn%"ers%tec? using t£ad1t10nal synthesis techniques well known to those skilled in the

art. More specific synthesis routes are described below.

A. Bumetanide Analogs, Thiobumetanide Analogs and Dithiobumetanide

Analogs

Thiobumetanide and dithiobumetanide

HNO,S” 3 ‘N/\/\CHs HNO,S” Z ‘N/\/\CHs HoNO,S” Z ‘N/\/\CHa

thiobumetanide [-(C=0)- -SH] thiobumetanide [-(C=S)-OH] bumetanide dithioacid
bumetanide [<(C=0)-SH] thioacid bumetanide [-(C=S)-OH] thioacid

The thiobumetanide analogs are synthesized by reacting the carboxylic acid
moiety of bumetanide with various reagents. For example, bumetanide may undergo
conversion to the corresponding thioacid by treatment with thionyl chloride to form
the corresponding bumetanide acid chloride followed by reaction with sodium
hydrogen sulfide to give thiobumetanide [-(C=0)-SH], also known as bumetanide [-
(C=0)-SH] thioacid by the methodology of Noble, P. and Tarbell, D. S., Org, Synth.,
Coll. Vol. 1V, John Wiley & Sons, Inc., New York, 1963, 924-927. See Scheme 1.
Thiobumetanide may undergo conversion to the corresponding bumetanide thioacid
chloride with thionyl chloride, followed by treatment of the thioacid chloride with
sodium hydrogen sulfide to give dithiobumetanide [-(C=S)-SH], also known as
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(C=O-SH thioacid by the nmethodol ogy of Noble, P. and

Tarbell, D. S., Og. Synth., Coll. Vol. IV, John
walep4B4Bons, I nc., New York, 1963, 924-927. BeBUS2006/040108

Scheme 1.  Thi obunet ani de may undergo conversion to

t e corres ond| ng bunetanjde thioacid chloride with
lrdthieasistbypsimilee methodplogy. Reaction of bumetanide

tg:'ﬂ\allg | ?chl %L‘é’?g né@gbﬂtarf %@g&fé@ E‘}/lﬁ rgg?ee Phe> #61&\% %81‘1(518% (umetanide

Wthip @ lef.4 BadiétaRide/ m&ﬁl@@hﬁ(ﬁg@&acmmmmhd@homus pentasulfide to

RS oL, A ic ToF FVIERES G LAY BPYBT ety see "Thioacy

S GLHALST YTRBERESxyc! - Abi Bsieh® 5™ ’
bunet ani de” t hi oarl)Arl\fhC des. 1Bu?na\t ani deb?rﬁémgﬁjgg llJcnémd Esters”, all by

r d&essi & Swi lnrﬂcpmmfoﬁmihemr(@mﬁé,l Ae B.pEdy)j éflodiume 22, Thieme

DUTERAN S8 R B 5052188 P 2,000 Bl s o

O"Aghttledss toﬁf"ﬁhlo@ﬁﬂies Riddh TRfeddcemns’| iSehAghshrESt erig' Coﬁbfehenswe
by d.,ass, R S. in Science of Synt hesi s, (Chare

AOrBamc ERynfhesigo ((Tiest, 23, MrhanshBlentingnd. stﬂdy) E@m&gon Press 1991,
r.ef erences
ther el n.%’ (éléaé&er%"l %% # 4?@%?%%0%&]1‘:& oo dres and

Thi ol act ans", Schaurmnn E., in Conprehensive Oganic
Syehéres il s Syifthesisof TiRobihetamide FBemiktgidel[-(C=EYsSH], Thioacid}
Per mmgon Press, 1991, Volunme 6, Chapter 2.4, pp.

450- 460 and references therein. Schene 1. Synthesis of
Thi obunmeg anide {Bunetanide [-(C=0-SH Thioacid} O OH

SOCl 2 KSH H2NO2S N NO2S NCH3 OO0
bumst an| de i chloride 0 $ M+ 0 SH |—|8th or
CH3 S H' CH3 KSH

. ————
taI salt thi t ankde

i de [H( c=0 - t hi oacHel§02S2. urreﬂMﬁH@l

uw@
S- Thi obunétapide Anal ogs The bunet ani de _apal ogs are
synt hesi zed eacti ng the carboxylic c@

bumetanide bumetanide acid chloride
0 s M* o) SH
HCI, H,0
_____—>
H,NO,S ”/\/\CHs H,NO,S ”/\/\CHs
h® h®
thiobumetanide alkali metal salt thiobumetanide

{bumetanide [-(C=0)-SH] thioacid}

2. Bumetanide and S-Thiobumetanide Analogs
The bumetanide analogs are synthesized by reacting the carboxylic acid
moiety of bumetanide with various reagents. For example, bumetanide may undergo

esterification via reaction with alcohols, including linear, branched, substituted, or
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noi ety of bunetanide with various reagents. For
exanpl e, bunetani de may undergo esterification via

wOo e@coiam’ Wi t h al cohol s, including |inear, braPches006/040108
substituted, or 27 WD 2007/047447 PCT/ US2006/ 040108

S S0l RIS A OB
S urér:&tlbh lwtlﬁﬂsxﬁttﬁﬂle Wbsthefet byl %S@sﬁiﬂted‘ﬂk#dﬁ&dﬁy gn% hahdes

i des, _including chloroacetohitri

\1 1;3% c rcqupmtﬁ ;mnzﬁd)cﬁﬂ@pid Ie@meﬂmhnnﬁo)propyl chlonde 2-

d ik PEG t
gg%%?g%&%hﬁ%%%éﬁ@@%b%% @Ey{a g& | %ﬁ&l}g}%)en %sters ma}y Be formed by
a|augynaum;a(msmgyalkmpbcp@w}allm&éxwakyldﬁﬂlc@y Glci8s MeO-PEG350-Cl and

N%Fylﬂ 381&%? w khe like or
PRy ascyhoxy iyl tesylptessuch auMieOaREG1000-OTs and the
PE = L | est Lers
nl\/g)i;c)e o g%@fgfg ot egeﬁﬂgby aﬁ]ﬁylﬂéﬁognﬁégﬁgfusky&ﬁ@l Iusmg alkyl halides

h&nghd ass chloramrethd pihlateoor b]lﬂysfoqmthﬂl propiodhteC hBﬁﬁl@fEﬁidéYllnay also
t ani.de ndergo am dati on by

{
PR 08 it BF i e e BBosulvied os Snwbrttedcalot amines

abkyityl affifRS eitldh aBey bodEkd t i
to t hye aél d glhl oral de %r é;(?rﬁgi ﬁige %ﬁf gl?%xﬁ@%to fé?%gf“? af% activator,

gucil_ & hiyethyl-3-43 ﬂim@hﬁlﬁmmmdmwommudm QFDm)ﬂe Bumetanide or
r eact edé% %H?%ﬁg& %ﬁsgt grrﬁaé:lt g#ﬁ%ﬂ it ED{QWXQ;E such as

bb@wlttmieﬂﬁldm&h@ﬁﬁmfhydm)ﬂ&edé dﬁﬁlrﬁéth¥lammon1um hydroxi e, to form
Cgu%l trimeth ammnl um hydr oxi to Torm anl
0

FirBide st inbametiideeqirerparynammonivs shlts SShtraeseQ 3 and 4

2 T

s St PSR oS R LRR hBg ot
2007/ 047447 PCT/ US2006/ 040108 Scheme 2. Synt hesi s of
Exenpl ary Compounds According to Formula | O CH 0 OR
esterification ROH H+ HZNO2S CH3 or al kylation route
H2ZNO2S | / N*-CH, H XCH2R, base HO\ 0\ 1

bunmet ani de 2 bunet ani de al kyl esters R = nethyl,

ethyl, propyl, i-propyl, butyl, i-butyl, ..... ,

al kyl ation route CH2CH2( OCH2CH2) n-1-Y to esters
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0 QCH2)m Ar X(CH2)r, Et3N base |I \ alkylation route

to pro-drug esters HZNO2S N'-CH3 amdation H X COR ,
wa00d0Ci447 0 1 kl | Et 3N base Et 3N ba2) HNRR quaP€r/nszoge6/640108

salt formation 3 bunetanide aryl and heteroaryl esters

RAN+ OH R = phenyl, benzyl, phenethyl, 2-pyridyl,

3-Seheind 2n\Synthesis of Exeérﬁpl@ry Glorﬂpounds Aoc))rdlﬂiQrSFFonQula I

O+NRR R'RO NRR 0 O O\ H2NO2S H - CH3 H2NO2S N

CHSHI—(gz & N=~CH3 H\ oI /[ O\ [/ 4 bunetani

sinple 3 es 5 bunet ani de quaternary ammoni salts R
= H nethyl, ethyl, benzyl , egg!l{?Fa.tP!‘ R = benzyl ,i_cetyl,
met hyl , vl R = H_methyl ,ethyl, bgnyl,
=TS " lky t
HoNG,S bum ~de, axet| pr' latyr%)%eest ;r,szN@S - WCHa

ethyl, peopwl, ...... |,

et hyl , prBﬁDe ..... R = H met hyI et hyl , {/@I ,
..... R"' thyl, et hyI propyl, ..... 29

2007/ 047447 PCT/ US2006/ 040108 Schene 3. 04153y O
Exenpl ary’ @bﬁpounds According to Formul a | ROmSh, BhyShbpyl,
esterification RSH H+ S | due N'\  Cl - Zgony. bubyl, Futy, .

i CHy(OCH,CHy)pg-Y
oral kyl ati on route H2NO2S | 2CHAOCH,CHng

£1

O(CHy)-Ar
X(CH) A O, (CH)
EtsN base

alkylation route to
pro-drug esters

H.NO,S N7 " CHg
amidation H

XCH(R)OCOR, 1) SOCl, o
Et;N base 2) HNRR'
qulatemary_
\ Satfcfmat_'o" 3 b metanide aryl and heteroaryl esters
R4N* OH = phenyl, benzyl, phenethyl,
2- pyndyl 3- pyndmyl .....
(m=0,1,2,.....)
R%[/O\H/R' Os__-O *NRRR'R™ O _NRR'
0 Q (0]
HoNO,S Irgl/\/\cH3 HaNO,S ﬁ/\/\CH3
o o)
@)
\© 4 bumetanide simple amides
5 bumetanide quaternary ammonium salts "~ R=H, methyl, ethyl, benzyl, ..
R benzyl, cetyl, methyi, ethyl ..... R' =H methyl, ethyl, benzyl .....
6 bumetanide "axetil"-type esters = methyl, ethyl, propyl, ...
R = H, methyl: _methyl ethyl, propyl, ..
R'= H, methyl, ethyl, tbutyl, ... R" = methyl, ethyl, propyi, ...
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H XCHZR, base CH 0\ Ol \\ 1a thiobunet anihdle ?a

t hi obunet ani de al kyl esters R = nethyl, ethyl, .
WQEe@pPL7447 i - propyl, butyl, i-butyl. ..... . al RyT/E510061040108

route - CH2CH2( OCH2CH2)n1y to esters X(CH,)r, O

(Sehh on rqute to pro-dru
gst ersErBI—érS %%%Q'o?%{énﬁ W@Em dﬁlgéfoNnB‘é@ 050
quatérrbarySHsaIt formati on 3a bunetani de aryl
yI thioesters RAN+ OH R = phenyl,
2- pyr| dyl, 3- pyr@@[‘fﬁgﬁ’ ...... (m=J0, 1, 2.
p S- +NRR K- S 0,H2N02S 3
- ckies 0~0 5a°ft"h'|aﬂe1bqutﬁet ani g, §ras
anmoni uNLSa 6a bumet ani’G& et il " type t fji odist ers
R = benzyl . methyl, ethyl ..... R = H, I
R = met hynN"et hyl , propyl ...... R= H, nethy

----- R' = methyl, ethyl, REoRYdrice iy est
e hyl ' 1aqh'°m‘”¥'l“’bt hyl . ethyl, propyl. ..... “Bametadty®py,

i-butyl,
salts, thiobunetani de an S J,kmmqwrret ani de WB&ZCI;E)M_Y
shoul d readily to esters

O _S(CHy)-Ar

X(CHyp)mAr,
Ei;N base
alkylation route to
pro-drug esters H,NO,S m/\/\CH3
XCH(R)OCOR!, o
Et;N base .
';';’ﬁtfimm?;yﬁon 3a bumetanide aryl and heteroaryl thicesters
y N R = phenyl, benzyl, phenethyl,
R4N" OH 2- pyndyl 3 pyndmyl .....
(m= )

U\'I/ T O S- +NRR|Ran

HaNO,S }I’:II/\/\CHg,

HNO,S H/\/\CH3 )
RS >

hlobumetanlde quaternary ammonium salts

a bumetanide "axetil"-type thioesters benzyl cetyl, methyl, ethy
R = H, methyl; = methyl, ethyl, propyl, ..

R'= H methyl, ethyl, t-butyl, ..... = methyl, ethyl, propyl, .....

R"=methyl ethyl, propyl, .....

JU

Bumetanide salts, thiobumetanide and S-thiobumetanide esters should readily
undergo acid- and base-catalyzed hydrolysis to produce the carboxylic acid containing
molecule bumetanide by methods well known in the art (See Yang, W. and
Drueckhammer, D. G., J. Amer. Chem. Soc., 2001, 123 (44), 11004-11009 and

references therein). (See Scheme 4).
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undergo aci d- and base-catal yzed hydrolysis to produce
the carboxylic acid containing nolecule bunetani de by
woreionoda4mel | known in the art (See Yang, W apdI/US2006/040108
Drueckhamrer, D. G, J. Amer. Chem Soc. 2001, 123
(44), 11004-11009 and references therein). (See
S ¢ 4) Hydolxab oftdmheaiide, thiolintiaaiie 6h0 S0bBumSeRRIFR sters
4. Hydrol ysis of Bunetani de, thiobunetani de and
S-t hi obunet ani de esters 0 OM+ 0 SR 1 \ \ H2ZNO2S N
CH3 H2NG@ o@3 O\ Ol I\ bunetanide salls gr
S-t hi obungt ani de esters (S-bunetani de thioes S)
' or base-catal yzed acid- or
ted hydroylsis hydroylsis 0 OH I NC2S

N} NS GAupetantdg, 3. O Substituted Thio nide ~
Ana"{\loﬁs and DHt hi obungt ani de Anal ogs BiiY€eSni de ndy CHs

under go cOnyeRsjon to the correspondi ng t hi oaci
treat ment hionyl chloride to formthe
correspondi ng¥acid chloride followed by reaction h

sodi unpmeehRgide or sodi um hydrogen sulfide g0 give .
met ast abl e 0- t hi obunet ani de” and di t hi obum(ﬁﬁﬂ%grﬁgag'tdh?ozzgz)
Og.

|
m
t he net hodol ogy of Noble, P. and Tarbell, D. S.,
Synth., Coll. VoI IV, John Wley & Sons, Ipc¢., New
York, 1963, 924-92 HeGee Schenes 5 apml . 31 WO
2007/ 047"‘51‘2{‘2’do i*E’J&Z‘D / 040108 Schene 5. /SyxitHyesieaigfzed
Met ast abl e ‘Thi obunet ankde { Bumet ani de JZ( C=S) -gy'se
0 OH

bumetanide

3. O-Substituted Thiobumetanide Analogs and Dithiobumetanide
Analogs

Bumetanide may undergo conversion to the corresponding thioacid by
treatment with thionyl chloride to form the corresponding acid chloride followed by
reaction with sodium hydroxide or sodium hydrogen sulfide to give metastable O-
thiobumetanide and dithiobumetanide by the methodology of Noble, P. and Tarbell,

D. S., Org. Synth., Coll. Vol. IV, John Wiley & Sons, Inc., New York, 1963, 924-927.
(See Schemes 5 and 6).
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thioacid} Y SH S A SOCI2 NaOH or KOH H2NO2S N/ \ *
CH3 HZNO2S / NCH3 Ol \ O 1l \ thiobunetanide Y=0 or

wo kioslowrret ani de acid chl oride dithi obunet ani deCTVESR086/@0108
MFSO—I HCl, H2O\ H2NO2S N---~CH3 H2NO2S NCH3 O H

O isoneric thiobunetani de al kali nmetal salt

i §6h%m?é Stintbpsinet Mafagible uomtastinide [Be:EsE)idEN)(C=S)-0H]
dithipradici d} "netastable" Schene 6. Synthesis of
Di t hi oburvag de {Bunetani de [-(C=S)g SHcIDi t hi oaci d}
OSHS O \ SOC2 NaSH or | \ KSH HD S H/ ~CH3
H2NC2S | 3 0 H \ 6ok, thiobunetadide NaOH or
t hi obunet le aC| d chleridesS S Mt HCl, H2Q___—__

HZNQRG, ¢ 2Ny N-, - CH3, (B, H/GV"\&HQ,
h® G
thiobumetanide Y=0 or thiobumetanide acid chloride
dithiobumetanide Y=S

s O M* s OH

HoNO,S N/\/\CHa HoNO,S H/\/\CHa
O\© O\©
isomeric thiobumetanide alkali metal salt isomeric thiobumetanide

{bumetanlde [(C=8)-0OH] dithioacid}
"metastable"

Scheme 6. Synthesis of Dithiobumetanide {Bumetanide [-(C=S)-SH] Dithioacid}

0 SH S Cl
NaSH
SOCl, P?SH o
— —
H,NO,S H/\/\CHs H,NO,S ”/\/\CHs
O\© O\©
thiobumetanide thiobumetanide acid chloride
S S M* IS SH
HCI, H,0
——_—>
H,NO,S ”/\/\CH3 HoNO,S If:ll/\/\CHa

RS O
dithiobumetanide alkali metal salt dithiobumetanide

{bumetanide [-(C=S)-SH] dithicacid}
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di t hi obunet ani de al kali netal salt dithi obunetani de
{bunetanide [-(C=S)-SH dithioacid} 32 WO 2007/047447

wean/ 82006/ 040108 The t hi obunet ani de anal 0gSPEF/ES20061040108

turn, synthesized by reacting the thiocarboxylic acid
nmoi ety of S-thiobunmetanide with various reagents. For
exanpl ethe hiphuraetanide amadiegsmae, uindengy ssitlesizbi chy i @acting the

Vi ' i 1 h. s,and thiols, includin
| iﬂ%gg?ﬂ rlfé):nrhcc e%l’ 1634{J éf; Ei%wplél&et edﬂ?ﬁﬁ?qusﬁ?%ﬁfn%' For example,
alSethimbusnetanddet hiaglidelpo SBhirFRUABA a1 HQcHEY w?ﬂhsélc&lﬁ)lsd and thiols,

ah@gl ted.via reaction with suitable substituted an

u g tlineat Yrnghedn substigediner ansubsijiutadaklicdaads and thiols. S-
ARG : | i . chloride .

) d%ggmﬁ%gf‘%g%%gl élfé#gl}a%ﬁ ﬁg T%X&tmn with' duifble substituted and
2 vpsubstitwtad, alkyli kdlhie andtadivirgehaliies, inbRididgl &feroRESRiMAE, benzyl

. .be f ed b | kyl ati [
R FLORS RO hlorRls) P rsblorenEn-disthylacetamide, and the
M RGeS {he(dsteddihal B8 fhrinkeRl Walkylaiiion usin% allyloxy(polyalkyloxy)alkyl

al ky'l oxy(pol yal kyl oxy) al kyl  t osyl at es
MidiGeE G0 20T e@RBEGEE0C] kand "t elilid “ort ylglors(pelynlitayxy)alkyl

a r I i on i ng. al | halides
o3RS P 0y L Py o v
pfarpiednby ealkyBaiidhi cblyyﬁﬁh%rwﬁﬁ HENdeR! §RhOSs TRRTEANY Yhalate or
agﬂuaterﬂar¥ amoni um hydroxi de, such as

b

orAmethytaippioageofi e trptaydaimayralso be reacted with a quaternary

c et Agoni hydr oxi de,.. t o rm . )
t%itﬂ%{k?yndgtqgm e quat eéur%lr yggam)%gﬁ%)ﬂmm%%ﬁ?‘@mw schihpdde  or
7 cetgltameth9lamuto riiim piyels@dide, 36 orme XRisBhRAEMn ke NRAKAESY ammonium
g%%orgén% to formula I1. 33 WO 2007/ 047447

PUSSH TSI 1O andchavhicly presgitshmgi exermsplark eprppeungds according
Conpaumdgr According to Formula Il S SH S OR
esterification ROH, H+ HZNO2S N H CH3 HZNOZS N~- CH3
OH O\ 1la dithiobunetanide 3a thiobunetani de al kyl
esters R = nethyl, ethyl, propyl, i-propyl, butyl,
i-butyl, .....
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esterification -CH2CH2(OCH2CH2)n_t-Y ROH, H+ S
QCH2)m Ar HZNR2S N-'-'"~CH3 R-CO2H + H H++ R-CHO

w®2007/04H43\\\uerfl arsalt formati on 3a bunet ani PET/a82006/040108
and heteroaryl thioesters RAN+ OH R = phenyl,

b |, .phenethyl ., 2-pyridyl, 3-pyridinyl......
(%,XT? 7 .Y.n&‘.e.m?‘ f Emnp%aryyg@nppmﬂgmcmmm@o@o@mms
N - "CH3 H H2N0O2S H~CH3 O~'\ O\ Il 5a thi obunetani de
quaternary ammonium salts R = benzyl, cetyl, nethyl,

ethyl .S ~S"R = methyl, ethyl, propyl, ....s, OR' =

met hyl , ¢thyl, propyl, ..... esterifaton = Met hyl , etfhyl,

propyl . .. 34 WO 2007/ 04raua¥ PCT/ USZOOG/ N108

S $ pthesis of Exenplary Cofrfpounds Al di

tg_lg 8tmulla Hl S Shﬁas SR esterificati onNRSH, N/DQ/\CHS

H
H2NO2S NP> or al kyl ation route H2ZNO2S | P\®CH3

H XCH2R, b H O\ O 1la dithiobunetanide 2a
thi obunmet ani'de al kyl esters R = nmethyl, ethyl,

1a dithioburyetar P 2a thiobumetanide alkyl esters

propy| jaditjobygetaply| . butyl, i-butyl. ..... ' R =methyl, ethyl, propyl,
i-propyl, butyl, i-butyl, .....
~CHaCH(OCH,CHy)g-Y

esterification

S OCHa)y-Ar

HaNO,S N""Ch
R-CORH + H
H* + R-GHO o\©
quaternary
{, salt formation 3a bumetanide aryl and heteroaryl thicesters
RaN* OH- R= phenyl, benzyl, phenethyl,
2-pyridyl, 3-pyridiny, .....
(m=0,1,2,...)

U\'I/ \“/ . S O~ +NRR|RIIRM|

HoNO,S m/\/\CHa

HaNO,S ”/\/\CH3 o)
e C

5a thiobumetanide quaternary ammonium saits
R = benzyl, cetyl, methyl, ethyl .....
R' = methyl, ethyl, propyl, ......
R" = methyl, ethyl, propyl, .....
R" = methyl, ethyl, propyl, .....
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al kyl ati on route -CH2CH2( OCH2CH261-Y to esters S
S(CH2)mAr e Xla CH alkylation route to pro-drug

W@ 210e0$742NO2S N~~~CHa ation H XCH(R) OCOR , PUEUSI005/040108
Cl O\ Et3N base salt forRR RN | / 3a bumatanl;:le
ar I enz
e e of ARG Pouds ARBRN o RERGA
2, ... ) S NRR "RIXIgS+NRRRR" SO
HZNOZS N - $H3 o HZNO2S N' "CH3 H H2NO2S H|\/"CH3
o\ 0\° 4a bunetani de thioamdes R = H, n# yI

et hyl, beaqzyl. ..... / b5a tffffigimmet ani de quater nary
anmoni u ItsR‘ = H, rren‘_h;/E_P_f_h(ﬁimI vl benzyl... R

= ; Mtz hyl , etorh atoproue, . R It AN N~ cH
et ﬁ{??zé pr00p ...... 6a bIFHECERI de "axeti | " -Jype :
t hi oesters = methyl, ethyl, propyl. ..... R@-{
methyl; RSz nethyl, et hyl, propyl. ..... R ;

met hyl " Fl b¥ 5 bUt ----- Thi obunet ani ﬂ@mobumetamde alkyl esters
t hi obureTaee e ey des Ot hi obunet ani de esRefmsihya BB, pronyl,

kvl i-propyl, butyl, i-butyl, .....
alkylation route . R
Yo esters CHyCHa(OCH,CHo )4 Y
S S(CHo)y,-Ar
X(CHa)mAr,

EtsN base

alkylation route to
pro-drug esters

thioamidation

1) SOCH, ©
2) HNRR'

a bumetanide ary! and heteroaryl thicesters
R phenyl, benzyl, phenethyl,
2- pyrldyl 3 pyndmyl .....

-

XCH(R)OCOR', quaternary
EtsN base salt formation

RgN* SH-

(m=
S NRR'
R O R'
'qI,/ T S S- +NRR|R||R|"
S O
S HoNO,S N NCHg
(@)
HNO,S ;N; AN CH, \©
HoNO,S Il:li/\/\CHs

O
0 \© 4a bumetanide thioamides
"R =H, methyl, ethyl, benzyl, .....
hlobumetanlde quaternary ammonium salts R’ =H, methyl, ethyl, benzyl, .....
benzyl cetyl, methyl, ethyl .....

= methyl, ethyl, propyl, ......
6a bumetamde ‘axetil"-type thioesters R' = methyl, ethyl, propyl, ..

=H, methyl; R‘"-methyl ethyl, propyi, .....
H methyl, ethyl, t-butyl, .. P

Thiobumetanide, thiobumetanide amides, O-thiobumetanide esters and
dithiobumetanide esters should readily undergo acid- and base-catalyzed hydrolysis to
produce the carboxylic acid containing molecule bumetanide by methods well known

in the art (See Yang, W. and Drueckhammer, D. G., J. Amer. Chem. Soc., 2001, 123

(44), 11004-11009 and references therein). For additional reviews of this body of
chemistry, see "Thioacyl Halides", "Thiocarboxylic O-Acid Esters" and
"Dithiocarboxylic Acid Esters", all by Glass, R. S. in Science of Synthesis, (Charette,
A. B., Ed.), Volume 22, Thieme Chemistry, 2005, Chapters 22.1.2, 22.1.3 and 22.1.4
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di t hi obunet ani de esters should readily undergo aci d-
and base-catal yzed hydrolysis to produce the

W@ 200p0xhT ¢ aci d contai ni ng nol ecul e bunet ani dBCTHYS2006/040108
nmet hods well known in the art (See Yang, W and
Drauig CleferbaeRs . thbleir> f - 1. 423 n
(44;’, 11004- 11009 Sk Ségfe%ngﬁ{phgfgﬁﬁ??%@g? antt” Thiolactams",
adgh#reaal Er.dniGomspreliensive Origanly Syhthesise(iirssty B, Mse@d Fleming, 1.,

"Thi.Qagyl  Hal igfes" . . ~Thi.ocarboxy]ic O Acid Esters" and
BT SR RS, A0 N REEcE Uprfersd 4CpRs 850560 and pferences
Scheeeiae(Soé S&wmd@si s, (Charette, A B., Ed.), Volune

22, Thieme Chem stry, 2005, Chapters 22.1.2, 22.1.3
and 22.1.4 35 WD 2007/047447 PCT/ US2006/ 040108 and

r ces t IRy € 0. " Synthesi s, of Thj oam des,
aﬁgﬁ%ﬁﬁpo?act gﬁ‘g&{oﬂisgc h(gtfuarr'glri1 burggtan]] id OEHIBF’BWS% e amides, O-
OtlyelmincetByidé Estsissand (Ditlostumdtanidd Eged Fl eming, | .,

Eds.), Permagon Press, 1991, Volune 6, Chapter 2.4,

pp. 450-460 and references therein. (See Schene 9).

Schene 9. diydigd ysi s of Thi obunet ani de, Thi obynet ghi de

am des, 0- Hhi obunet ani de Esters and Dithi obu ani de
Esters S OBQS SR | \ \ HZNO2S N CH3 H2NO2S H~\ O
0-t hi obune de esters dithiobunetanide este

(0- bUNRYL. < et Hoestens) (bumetani de dif hi AN
acid-g%% ba.e-datalzed§H20 H2O0 Y acid-F%ﬁdg ﬁ Crs
base-cat al yzZ ydroyl sis hydroylsis S NRR FP~OHWR0
H2NO2S HCH3 S NCH3 0 O thiobunetanide arri
bunet ani de (buhet ani de t hi oam des) 36 WO 2007/ 047447

PCT/ US2aélotie8stds Fur osem de Anal ogs, dithiobumetanid

Thi of UPRUBRRTAE HRsiFBgs and Di t hi of ur oseni de (bumetanide dihocstere

. H,O H,O
acid- or base-catalyzed 2 2 acid- or base-catalyzed
hydroylsis hydroylsis
S NRR' 0 OH
H-.0
—
H,NO,S N7""CH, HNO,S Ir:ll/\/\CHa
O O
thiobumetanide amides bumetanide

(bumetanide thioamides)
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Anal ogs 1. Thi of urosem de and dithi of urosem de 0 SHN |
SOHH S SHH N1 HNR2S H2NR2S H2NO2S C C d

wa bioshereseni de [-(C=0 -SH] thi of urosenide [ - (E=Bys10bf/040108
furosem de dithioacid furosemde [-(C=0O-SH thioacid

i de . .
analog SS dg'r%ec{ Si)(/igt_?ny ﬁt'@ngflgggwlﬁg QP (ig‘lé: %gaghl@lofurosemlde

acAmhlogni ety of furosem de with various reagents. For
exanpl e, furosem de may undergo conversion to the
correspondi rMhidthitcRemide M dithRFFEBGhids th thionyl
chloride to form the correspondi ng furosem de acid
chloride followed by reaction with sodi um hydrogen
sul fide tO@;I ve t hi of urosenmg e pg (C=0 -SH, al g0 kgown
as furos l( O - SH| t ¥Oacj d H he met Noe

of NobI e rbel |, Q gA~Jynt h. a N 5
Vol . hn WI ey & Sons ew York 194
92142N9;é ee Scheme 1@)no,F ur osem de Fgo

conversiam to the correspondi gg furosem de tzhi oaci d
chloride with thionyl chloride, followed by treatnent

of _' hloride wth SOdI um hydrogen sul fide
bR B i psem qgniorme Rehyh Y <0 e onosce

furosem de [-(C=S)-SH| dlthloamd y simlar _
met hOdqglggtm orl 1§8 I%Elg'l%gg'g)e S ?ﬁe% 287, OEeaﬁ%%ﬁv%a?lﬁog;ylic acid

t hi oaci cond am ne
c oraiesy pdrfuiosemide r\mﬁemmkmstrhagmm das . exbinples ﬁﬁﬁo@&mﬂ&)fnay undergo

h 1 | f
B SR el RIS B ESH h5e to fom

baey cofrespoR@ifh Shfr¥seni@€ acikdicAREML f@ﬂo'w@@sby rea%uon Wlth sodium
"Thi ocar boxylrc O Acid Esters” and I'ocar boxyl

Abyérogen gylfide tegivepthioBesemidr [- (Q.—O)FS}H: Ialmdalomfn as furosem1de [-

TR bR b e meupucidy FHoblsy o Tarke 218 265 sy,

amzbllr W1t ¥bE T¥/Wba Wief & Sons J8€. Neworﬁym@egizmgﬁ (See Scheme 10).
Thi oa H,ges and Thi ol act ans" Schaumann, E.,

Conpr el 8ipdiugeenidg 4pax USQ?FEH egnyers{ony tosthe Borrmaoemus; furosemide
Fhﬁ&ﬂc‘i’cgchllmde WEH ?lgélayl f@%&ﬁﬁoﬁ)ll P@?é ¢ e%?r%e%rﬁ\é? é}femﬁloggld chloride

Chapter 2.4, and re
m@omimnymgmulﬁmmgiv@@ﬂn&mmsm -@5:S)SH1, BRS ik:own as

Q&uThl af ur[o (%S rg) cé%]{ dl’[{‘ll%zglg] %y smula; Omeglzﬂdolgg}lfo%geled}Scl%me 10)
Reaction of furosemide thioacid chloride with secondary amines will give the
corresponding furosemide thioamides. Furosemide may also undergo reaction with
phosphorous pentasulfide to yield furosemide dithioacid. For reviews of this body of
chemistry, see "Thioacyl Halides", "Thiocarboxylic O-Acid Esters" and
"Dithiocarboxylic Acid Esters", all by Glass, R. S. in Science of Synthesis, (Charette,
A. B., Ed.), Volume 22, Thieme Chemistry, 2005, Chapters 22.1.2, 22.1.3 and 22.1.4
and references therein. See also "Synthesis of Thioamides and Thiolactams",
Schaumann, E., in Comprehensive Organic Synthesis, (Trost, B. M. and Fleming, 1.,

Eds.), Permagon Press, 1991, Volume 6, Chapter 2.4, pp. 450-460 and references

therein.
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I ~HNOSOC2 N NaSH or KSH H2NO2S HZNO2S d d
furosem de furosem de acid chloride 0 S M OSHHI H
wWOR@78iC447 HHO N © 0 H2NO2S H2NO2S q @] _PCT/US2006/040108

t hi of urosem de al kali netal salt thiofurosem de

' -(C=0) - SH| thi id} 2. Furosenmide and
CSUIRRETY, St o yioro s pid LB Hasemideed Ges1al Thioacid)

synt hesi zed by nmethods anal ogous to those used in the
synt hesi s of the bunetani de anal ogs. Furoseni de may

under gpestoari fication via reaction 3ﬁthmalcohols,
including |i ﬂe\za/ra’manched, substi t ut edy” or N\

unsubst Lty ed ghol s goFur osem de or L hi &t ur dsem desH or
may al @ al Kyl ated .viia fegc

tion wi Sui tabl &€  KSH
€d and unsubstituted alkyl
al i des, including for éxdﬁpl
chl oroacetonitrile, benzyllch!grldg,
1- (di l am no) propyl chloride, 2- = )
chforgﬁkg%wgiethylacetanide, andf?ﬁ%mFT%@F”@@i}type
esters may be formed by alkylation using
al kyl oxy( pol yal kyl oxy) al kyl halides such as
MeO- PE@3S50sC* and_t he |ike or o. _SH
al kyl oxy({fpol yal kil oxy) al kyl tosyl ates 3

Q0 t hgolh,e. " Axeti | .

es and
eCl

' h as chl or onet hyl phg@%g ' chl or onet hyl
propi onage. Furosenide may al so “undergo amidation by
reaction with suitable substituted or uhsubstituted
atLio %(r%seramg%gl%?raﬂﬁgﬁuar yl am'bnes, et hegh. gfoger‘ c?nvegilcﬁn
to the acl i de or by usi an - &efPsdeqr ,

as 1-ethy|-3-(3-dinethylaninop?%%??f%gggggFﬁWFﬂg
(EDC). Furosem de or thiofurosem de may al so be

benzy i mimgAs And o RyceRmdmagatogs o oo o

cetyl mﬂermfdamhmgiggg}a%% s sfRd bty%étﬂf)gg ar?é%og\égs to those used
: %19 gc)h7e/ Syﬂ}ii; oF:t)'Ct:IIé Lgl?rnetanide analogs. Furosemide may undergo esterification
via reaction with alcohols, including linear, branched, substituted, or unsubstituted
alcohols. Furosemide or thiofurosemide may also be alkylated via reaction with
suitable substituted and unsubstituted alkyl halides and alkaryl halides, including for
example, chloroacetonitrile, benzyl chloride, 1-(dimethylamino)propyl chloride, 2-
chloro-N,N-diethylacetamide, and the like. PEG-type esters may be formed by
alkylation using alkyloxy(polyalkyloxy)alkyl halides such as MeO-PEG350-Cl and
the like or alkyloxy(polyalkyloxy)alkyl tosylates such as MeO-PEG1000-OTs and
the like. "Axetil"-type esters may also be formed by alkylation by using alkyl halides
such as chloromethyl pivalate or chloromethyl propionate. Furosemide may also
undergo amidation by reaction with suitable substituted or unsubstituted alkyl amines
or aryl amines, either after conversion to the acid chloride or by using an activator,
such as 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDC).  Furosemide or
thiofurosemide may also be reacted with a quaternary ammonium hydroxide, such as

benzyltrimethylammonium hydroxide or cetyltrimethylammonium hydroxide, to form
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furosem de or thiofurosem de quaternary anmmoni um

salts. Schenes, 11, 12 and 13 present sone exenplary
w@ovpounds according to forrmula [11. Schenme 11PCT/US2006/040108

Synt hesi s of Exenplary Conpounds According to Fornula

| flrosén{dd 9 3 furbsemitie qbbtbrasy

NO HOS or al kylééltll onhkrloute 2| %%% base“*:erl%l\&)lzgz and 13
CiPresent gonfe gXgBWHArY eompeunds sesvirding 2 Formubsliers R =

met hyl, ethyl, propyl, i-propyl, butyl, i-butyl,

. Scheme 13 Syﬂ&cmmﬁmﬁw@@@&lﬁam&ﬁiugf&ﬂ(mﬁl@ 111

esters X(CH2),Ar, O Q(CH2)m Ar Et3N base H N

al kylation route to pro-drug esters H2ZNO2S

XCH( R) Et 3N _hase gqC fo3 furosem de gryl oAnd

het er oary esﬁersl = phenyl, benzyl phenetayl | N\
2-pyridy > W, ... ésMiﬁ@uonl e ¥ |
R1" | r O O+NKR RPR"" \ QO NRR"™0 Q O NI N 0
HZNGR SA d H2NO2So 8hiorSuf Ur osenm de

qudt érnarly anmoni um salts 4@@3 oseni de YiNAS e @ni des

ad - R ="enzyl, cetyl, nethyl, ethyl ..... R & H,

met hyl 4 wrgbdidgl benzyl b 2 furosemide alkyl esters
R = methyl, ethyl, propyl,
i-propyl, butyl, i-butyl, .....
alkylation route ~CH,CHo(OCH,CHy)p =Y

to esters

3 furosemide aryl and heteroaryl esters
R =phenyl, benzy!, phenethyl
2~ pyrldyl 3 pyrdmyl
(m= o)

R ]
%[/o\ﬂ/R 0. O *NRRR" R
H.NO,S HoNO2S
H,NO,S \_Q

5 furosemlde quaternary ammonium salts 4 furosemide simple amides

X(CHy)mAr, o) O(CH

Et3N base

alkylation route to
pro-drug esters

amidation

1) SOCI,
2) HNRR' HaNO,S
XCH(R)OCOR!,

Et;N base quaternary
salt formation

R4N+ OH"

= benzyl, cetyl, methyl, ethyl ..... R = H, methyl, ethyl, benzyl, .....
E = methyl, ethyl, propyl, ...... R'= H methyl, ethyl, benzyi, .....
" = methyl, ethyl, propyi, .....
6furosem|de "afetll -type esters R™ —meth{/l eth{ll lz>ro';;;))l/l .....

= H, methyl;
H methyl ethyl, t-butyl, .....
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R = nethyl, ethyl, propyl, ...... R = H nethyl,

et hyl, benzyl, ..... R ,= nmethyl, ethyl, propyl,

WO 2007/0484T ur osem de "axetil"-type esters R = PEL/li§1006/040108
ethyl, propyl, ..... R =H net hélgrzéél?'t7 = H, nethyl,
etSejibme 12.bBYthesis of ExendarMO obim rding to Formula ITT
PCT?U%ZOOG/%%OlOS Scr?gﬁe 12. 'Synthesis ofg Exerrp‘llary
Conpou Alcording to Formula 111 O SH O SRy SR _
esterifigation RSH, H' H2NeRScafon N~~CH3 or al Kyl ati on
rout e S NV --CH3 H XCHPRM base H O\ | / 1la
t hi, @b wees2ach hi obunet-agisioal kyl este >

N7 "CH
nmethyl, &thyl, propyl, i-p€&pydss butyl 2 1% butlyl A 3
..... , a tion route - CH2CH2( OCH2CH2) n- 1- Y~ s
esters X( S(CH26; Ar Et3N base al kyl ati og te

to pro-drug esters H2ZNC2S N---72-CH3 H @%N; ase i

\ quat efefficpyretatidint i on 3a bunet ani de aryl hanﬁﬁé’?&i’?@%}'&ﬁf&m
thioesters * OH R = pheqgyl, benzyl, pheneéprbyilbuty, ibutyi,...,
2-pyridyl, 3-pyridinyl. Glyjatinge 0, 1, 2CHLHAOCH Y
RYOYR p S +NRRR'R" o S

X(CHa)Ar,

Et;N base
alkylation route to
pro-drug esters HoNO,S H/\/\CHa
XCH(R)OCOR', o

Et;N base
t
2;‘,? f%mgion 3a bumetanide aryl and heteroaryl thioesters
y .~ R = phenyl, benzyl, phenethyl,
RsN*OH 2-pyridyl, 3-pyridinyl, .....
m=0,1,2,....)

V]II/ T O S- +NRRIRIIRIII

HoNO,S N CHg

H2N028 H /\/\CHS OO
O

5a thiobumetanide quaternary ammonium salts

6a bumetanide "axetil"-type thioesters R = benzyl, cetyl, methyl, ethyl .....
R =H, methyl; R' = methyl, ethyl, propyl, ......
R'=H, methyl, ethyl, t-butyl, ..... R" = methyl, ethyl, propyl, .....

R™ = methyl, ethyi, propyl, ...

Thiofurosemide salts and S-thiofurosemide esters should readily undergo acid-
and base-catalyzed hydrolysis to produce the carboxylic acid containing molecule
furosemide by methods well known in the art (See Yang, W. and Drueckhammer, D.

G., . Amer. Chem. Soc., 2001, 123 (44), 11004-11009 and references thereih). (See
Scheme 13).
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0s 0 HZNO2S H----\CH3 H2NO2S H\/-CH3 0, O\ Il b5a
t hi obunet ani de quaternary amonium salts 6a

wheovehsiiute "axetil"-type thioesters R = benzyPCT/U81096/040108
methyl, ethyl ..... R=H nethyl; R = nmethyl, ethyl,
prStﬂMne 13: Hydrol?;& of +[*mo'f"iﬁBzQa‘{ﬁlde: Qlt@%.hd St-thfblfﬁr%%e ide Esters
R' = net hyl , propyl. ..... r’fl
ethyl, propyl. ..... Thi of ur oseni de salts and
S-t hi of ur ose 1. de, esters should readily undergo a&d-
and baseO )}\;ed olysis to produce thé& A\
car boxyl i c |aci Man nol ecul e furosem de byH I
nmet hods ¢he art (See Yang, W S o)
Dr ueckha G, J. Anmer. Chem Soc 123

Mﬂ%Non 1009 and references therg
Scheng 13) .| 40 WO 2007/ 047447 PCT/ U82066/b4018
Scherme 13. C'—lydr ol ysis of Thi of urosemn de sal tscénd
S-thiofurosem de Esters p O H+ p SR HN

H2NO2 SfurgsRioEis saltsls ' f ur oseni de sal ts S uﬁﬁ%@%e@gm)
esters (S-furosem de thioesters) O acl

base- cat al yzed\aci d- or base- cat al yzed hydr gyl si s

hydroylsis O H H2NO2S Cd  furosem d 3.
O Sustityuted Thi J?%S)sem de and DithHefu seni de

or base catalyze acid- or base-catalyzed
Anal 0gS nhydroyisis hydroylsis

0 OH
D
N )
H,NO,S
Cl

furosemide

3. O-Substituted Thiofurosemide and Dithiofurosemide Analogs

Furosemide may undergo conversion to the corresponding thioacid by
treatment with thionyl chloride to form the corresponding acid chloride followed by
reaction with sodium hydroxide or sodium hydrogen sulfide to give O-thiofurosemide
and dithiofurosemide by the methodology of Noble, P. and Tarbell, D. S., Org. Synth.,

vColl. Vol. IV, John Wiley & Sons, Inc., New York, 1963, 924-927. (See Schemes 14
and 15).
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Fur osem de may undergo conversion to the correspondi ng
thioacid by treatnent with thionyl chloride to form

wo b@7ooriespondi ng acid chloride foll owed by PEHUS10061040108
wi th sodi um hydroxi de or sodi um hydrogen sulfide to

[ -t hi osem.d a di.t hi of urosem de by the

?regté 8%%?1%-9% e%g% %@faﬁaggrﬂnq@mm de @umeml@ (C=S)-OH]
Sythibhcid} ColI. Vol . 1V, John Wley & Sons, Inc., New
York, 1963, 924-927. (See Schenes 14 and 15). 41 WO
2007/ 047447 PCT/ US2006/ 040108 Schenme 14. Synt hesis of
Met ast abl e Thi of ur osem de {Fur osem de [-(C=S)-H|
thioaci d} Y SMS HHI N O N NaOd_ or_ciSOCI

t hi of ur osem de
O M1 S OH
A i songppAs,d rosem de al kal i i someric
t hi of ur oderd de furosem de |- (C—§Eﬁéﬁ dilt hi oaci d}

"met ast abl " Scfibne 15. Synt hesi s of DithEbfurosenm de
Fur osem d Dithioacidfj OSHS O HH N
{O N NaSH E'{?llg{lﬁseﬁ%:\é% thiofurosemide acid chloride

s. O M* \ S. _OH
D P
0 HCLH0 N o
————-
H,NO,S HoNO,S
Cl Cl

isomeric thiofurosemide alkali metal salt

isomeric thiofurosemide
{furosemlde [-(C=8)-OH] dithioacid}
"metastable"

Scheme 15. Synthesis of Dithiofurosemide {Furosemide [-(C=S)-SH] Dithioacid}

\/E> SOCI2 \/D N,?g,:' or
HZNOZS HzNOzS

thiofurosemide thiofurosemide acid chloride

S S M*
s SH
D s
O  HCl H,0 N o
———————
H,NO,S

Cl

ZT

H,NO,S
Cl

dithiofurosemide alkali metal salt dithiofurosemide

{furosemide [-(C=S)-SH] dithioacid}
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SOCI | 2 KSH H2NO2S H2NO2S d d thiof urosem de

t hi ofurosem de acid chloride SSM SSHHHI NO
woialo7/0¥2@ (N0 H2NO2S H2ZNO2S d  d  di t hi of ur oB&Usm®06/040108

al kali nmetal salt dithiofurosem de {furosem de
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ail&isHwoseraidg may gl bs-alkhited wimgeaitide willy saitaile hibstituted and

a d Viia il tion,wi.th . suitable sybstituted and.
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| oldbride, N(dimetiyRatadPRigyl ichRrideneNloro-MNQfidiHacetamide, and the
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1-(dine

ol %:Pgﬁf!rigaer@sm%mw b&&mlﬁibd'@,lk)_dﬁiim wsing dlikkexy@aatkybey)alkyl
Lol USIn

SIS ERoTy AT TEL @ it e et oty otvatiotonyyai

N@l?’llﬁt@@[&ﬁéh iﬁ M[EEGII)EGM))Q(TEE Is @h? the llike%. "Axetil'l'q-type esters may also be
a pal yal kyl oxy).a osyl ates such "as

h@é’ﬁ%ﬁ%d@ﬁ%@%mj PHes |’c1¥1féé hall&étﬁulch- a3y gblosgnethyl pimalate or
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ammoni ym._hydr oxi de, such as .

gééegjglgrfrﬁgtlﬁ né‘}ﬁ%%ﬁ'ﬂ&ﬁ?‘ﬁﬁ; 3? %%’na éﬁ]@?lnosemlde quaternary ammonium
ceity! ScheméNyA, ammes] vhiy 08 PXdsef syhheiQ"

t hi of urgsem de quat er nar{] a?’nfi%ni usl%h galﬁtsg?.lenéecshoefrrsé)glel%emplary
19pmpoginds accgrding ® forawladV. synt hesi s schemes of some

exenpl ary conpounds according to formula IV. 43 WO

2007/ 047447 PCT/ US2006/ 040108 Scheme 16. Synthesis of
Exenpl ary Conmpounds According to Formula IV
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S SHS OR esterifcation 0 ROH, H(LKLX> HZNO2S H2NO2S
ad d 1 a thiofurosem de 2a furosem de al kyl

wao hiooes4ers R = nethyl, ethyl, propyl, i-propR€T/US2006/040108

butyl i-butyl, ..... , esterification

RSN il Ry S R ool N

furosenmi de aryl and heteroaryl thioesters salt
formation % = phenyl, benzyl, phenethyl, RAN+OH

2- pyrlaS . pyrd - m=20, 1, 2. ..s
R _,,,,OWR SQ%*;E%RRSQS%QJ\ HNO
H2NO02S a thi of ur Gogist de quat er nar,
anmmoni u lts R = benzyls——cetyt—®t hyl, et
R HmO, , ethyl, propyl, ...... 6 fumn@
"axetil"-gype thioesters R® = nethyl, ethyl, opyl,
..... R= H nethyl; R = nethyl, ethyl, 958 rIn
..... lappiofuresepyide pt hy| , et hyl, t-butyl. .. %h
2007/ 047447 PCT/ US2006/ 04010

ile alkyl thioesters
yl, propyl,

i+ propyl butyl i-butyl, .....,

-CH,CH,o(OCH,CH) 4-Y

s O(CHZ)\mA/rE>

esterification

R"(--:O2H + HZNO?_S
H*+ R-CHO
Cl
quaternary 3a furosemide aryl and heteroaryl thicesters
salt formation R = phenyl, benzy), phenethyl
R4N* OH- 2—pyr|dyl 3 pyrdlnyl
y m= )
R o R'
'l,"Y/ T s O- +NRR|RHR|H
S o] (0] H |
N )
H
N
HNO,S b / c
Cl 5a thiofurosemide quaternary ammonium salts
R benzyl, cetyl, methyl, ethyl .....
= methyl, ethyl, propyl, ......
6 furosemide "axetil"-type thioesters R" methyl, ethyl, propyl, .....
R H, methyl; R" = methyl, ethyl, propyl, .....

H methyl, ethyl, t-butyl, .....
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Scheme 17. Synthesis of Exenplary Conpounds According
to Formula IVS SHS SR HH estenf'ication RSH H N
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n&%ﬁe il7p 9 esis of Exemplagy{"esapasinds According to Formula v
-CH2CH2(OCH2CH2) "-1-y  X(CHZ) mAr, S S(CH2) m Ar  Et 3N
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furosem N et er oar ggﬁc@hl oesters R phdhyl
benzyl , ethyl, 2-pyridyl ™ pyrdinyl, =

.) S NRR' R OoRkylafdn rofs- +NRR R S S
N O 4a fur osenfY& #Ri oani J¥¥S

TR

Ja thiofurosemide

cl

2a furosemide alkyl thioesters
; R = methyl, ethyl, propyl,
alkylation route i-propyl, butyl, i-butyl, .....
o esters ~CH,CHo(OCH,CHy)r4-Y

X(CHo)mAr,

) CHa)m-Ar
Et;N base S St 2)\/E>

thioamidation

1) SOCl,
2) HNRR' HaNO,S

alkylation route to

pro-drug esters quaternary

salt formation
R4N* SH-

XCH(R)OCOR',
EfsN base 3a furosemide aryl and heteroaryl thicesters
" R= phenyl, benzyl, phenethy
2 pyndyl 3+ pyrdlnyl
Y (m=
NRR'
R/L"[/O\”/R' \/E>
S S O s s *NRR'R R' H2N028
H
N H
F 0 4a fu rosemide thioamides
=H methyl, ethyl, benzyl, .....
/ ' = H methyl, ethyl, benzyl
HoNO,S 0 HNO,S™ ™~
Cl cl

a thiofurosemide quaternary ammonium salts

" benzyl, cetyl, methyl, ethyl .....
MrOﬁemgey?xetll -type thioesters methyl, ethyl, propy. ...

R
E hyl, ethyl {
. = methyl, ethyl, propyl, .....
= H, methyl, ethyl, t-butyl, ..... R = methyl ethyl propyl .....

; Thiofurosemide, thiofurosemide amides and S-thiofurosemide esters should
readily undergo acid- and base-catalyzed hydrolysis to produce the carboxylic acid
containing molecule furosemide by methods well known in the art (See Yang, W. and
Drueckhammer, D. G., J. Amer. Chem. Soc., 2001, 123 (44), 11004-11009 and

references therein). For additional reviews of this body of chemistry, see "Thioacyl
Halides", "Thiocarboxylic O-Acid Esters" and "Dithiocarboxylic Acid Esters", all by
Glass, R. S. in Science of Synthesis, (Charette, A. B., Ed.), Volume 22, Thieme
Chemistry, 2005, Chapters 22.1.2, 22.1.3 and 22.1.4 and references therein. See also

"Synthesis of Thioamides and Thiolactams", Schaumann, E., in Comprehensive
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g&%%é’?{c .§¥n21¥‘?5.15’ (@OSEF%}, Mretnd, Fléraingy I, EdspyiPgtmagon. Press, 1991,
RVotum6hThaptet 1% pp. REERYY and Rthergin ToEdI%
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Drueckhammer, D. G, J. Amer. Chem Soc. 2001, 123
(44), 11004-11009 and references therein). For

addi tional re@ewsSHof this body of chem stry,ogeesSR
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S. in Science Synt hesi s, (Charette, A B.,

$ Chem stry, 2005, Chapires.s
22.1.3 and 22.1cA and references therein. See gso
"Synt hesis of Thioam des and Thi ol actans"”, Schaumann,
E., in Conpre [ 45 WD 2007/ 047447 thiofurosemide esters
PCT/ US2006/ O4§%§§’Sé’r®egani c Synthesis, (Troétosepde fjpesters)
and Flemng, |., Eds.), Pernmagon Press, 1991,
6, Chapter 2.4, pp. ¥50-460 and references t
(See SchemBysl@hase SEHS M8 Hydrolysis B©
Thi of ur osem dedroyElai of ur dsen de Am des and/S- hydroylsis
t hi of urosem de Esters H OSHO SRNW¥WNO HZNO2S
H2NO2S Cd C thiofurosem de thiofurosem de esters
(f ur osen géNRRhi oe rs) H2O H2@ acbd- or
base-cat gl yzed a |d- or base-catajyzeg l

N 0 HO N o

———
HaNOoS H,NO,S
Cl cl

Vol une
rein.

acid- or base-catalyzed

thiofurosemide amides furosemide
(furosemide thioamides)

C. Piretanide Analogs, Thiopiretanide Analogs and Dithiopiretanide Analogs
1. Thiopiretanide and Dithiopiretanide

thiopiretanide [-(C=0)-SH] thiopiretanide [-(C=S)-OH)]

piretanide [-(C=0)-SH] thioacid piretanide [-(C=S)-OH] thioacid piretanide dithioacid
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hydroyl sis hydroylsis O NRR O OCHHI H NOHON I
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wo eooosenute (furosem de thioam des) C. Piret anCT®S2006/040108
Anal ogs, Thi opiretani de Anal ogs and Dithiopiretanide
Anal ogs_ 1. Thiopiretanide and Dithiopiretanide O SH S
C]—I S SI—T e|piyetgnide anajogsRs: syntxszed by rb@i@%&\bﬁb@lk/amd moiety

gﬁ_re \»51@& @ﬂ Oglg Ir%ag@% tO)ﬁ: g%qnapri p‘? IF i&?ng Jatéy undergo conversion

[ -tQ Gho) ecﬁi‘cﬂspd}ﬂﬂn\t@dh@a@dr BY atiéiBent GERSHhiGH) tRLARS W@ form the
46 WD 20&n 047447 PCT/ US2006/ 040108 The piretanide
a8Is & il e phigyide dlleveg) bysacmnbwitlysodium hydrogen

a@uﬂiderctbeglye %oﬁ!rét%haé‘ }%@—?&@T{JV afsh o A8 %{}%t%{uﬁfo[r(c =0)-SH]

exanpl e, piretanid CONVersi o
c dipagig bmdhmglethmdoh)gyebf Nobile, dPatane Marbwll; . 1) O Synth.. Coll, Vol.

oRorllE PRI CRG 186 oRR otk st chPhyeogen Scheme 10
s @hidpiietahfleTing ﬁlﬂie EERRRLGE th-the= ndif) 38 mfamhmamd
gy % B

as i retanide |- thi oaci d
ige evithpthienyd cm;mdgj follo&'edsby tléittmenSytht}h: thidaelid chlorlde with

Vg&m%}{yg&gg‘g ﬁc?ey icg‘ g?ge?ﬁqlgé(?pg@{ (ﬁiagj §Ili’33era&8 known as
cpnmamsle qn((1=<S)¢SIﬂ @lwbﬁﬁ@wdmﬁglap Irﬁ&h@dyl RYaBRG f piretanide
l.ori. th thionyl chloride, foll owed ytreatrrentp

3% t oside; With hiespndaey vamines $6H] @Wﬁh‘g}’ldr@gmspcmdlrig abiretanide

: i i
. r‘ge{:délﬁlesg ep{}ét?%@%‘?ﬁ%n}_ﬁlg(g Iu%l%e{rg; ?élagts g% ’wgﬁnr@?og}ﬁhorous Pentasulfide to
ek gm¢tegge drbmatidonFaf repiewst @mthﬂf bodshbp @Eérﬁllgﬁ'fi" fel €hioacyl
a nes W gi ve the correspondin
ol AR atheBThr Gea tapksidh B ibigearbeb ara isters”, all by
r e}m& | RN SWidh [BcR6S PR WyAHRsRE (ERFM, | 48Rt OBd.), Volume 22, Thieme
Chemistry, 2005, Chapters 22.1.2, 22.1.3 and 22.1.4 and references therein. See also

"Synthesis of Thioamides and Thiolactams", Schaumann, E., in Comprehensive
Organic Synthesis, (Trost, B. M. and Fleming, 1., Eds.), Permagon Press, 1991,
Volume 6, Chapter 2.4, pp. 450-460 and references therein.
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yield piretanide dithioacid. For reviews of this body

of chem stry, see "Thioacyl Halides", "Thiocarboxylic
w@ociodr4iEst er s” and "Dit hi ocarboxylic Acid EstRCBHUS2086/040108

by Gass, R S. in Science of Synthesis, (Charette,

A, B., ESI. ume 22, Thieme Chem stry, 2005,
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Thi ol actaxg™, Schaumann, E., in Conp sive Organic

Synt hesis,|{ (Trost, B. M and Fl em ng, Eds.), NaSH or
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PELANDS200 Schene 19. 3JyRbhe N
Thloplretlde{P retanide [- (C—O) SH| I oRci OE}I
0 A" SSer? KSH KSH | | H2NOR8 K2 0-"0
O"~etanide pi retanide acid g ide OS M+ 0 SH
| HCNYZH20 H2NOR2S N H2NORS N () o()-~0

t hi opi rgre@mbgle al kali nmetal salt.t QP
{pirgtaﬁéde [-(C=O-SH thioaci rtg& %5[ anl de and

S-Thi opi ret ani de Anal ogs Piretani de may und_er go
esterificatignyvia reaction with al cohols, i nCéHJdI ng

l'i near, nched, substituted, or unsubstity

al cohol s. [Piretanide or thiopiretanide may aI so be
al kyl at a reaction WA HQuitabl e substitsted and
unsubst | d al kyl hattdes—and al karyl (es,

i kNQgf ng oagetonitrile, benzyH,NhEG
(di meg hyl @m nao) prgpyl chlori de, 0
N, N- di eThyl acet am de, and thqaii e. PE
y be fornmed by al kyl ati on us
aIkyIoxy(polyalkyloxy)alkyl hal i des sb as
MetP?' PEESO |ck:I Hﬁ&?‘l t@'QG)l : tel 0{ | at S uctiopiretanid
§%RP0pa s a osyl at es piraianide
%LOWPEG%%O %Ts and %/he I?/ke " AxetArpranids {e=@)s$H thioapigly

al so be formed by alkylation by using alkyl halides

uch as chloronet hyl pival ate or chl oronet hyl
S 2, Plretamdeyan S-Thiopiretanide Analogs

rINgE,

Piretanide may undergo esterification via reaction with alcohols, including
linear, branched, substituted, or unsubstituted alcohols. Piretanide or thiopiretanide
may also be alkylated via reaction with suitable substituted and unsubstituted alkyl
halides and alkaryl halides, including chloroacetonitrile, benzyl chloride, 1-
(dimethylamino)propyl chloride, 2-chloro-N,N-diethylacetamide, and the like. PEG-
type esters may be formed by alkylation using alkyloxy(polyalkyloxy)alkyl halides
such as MeO-PEG350-Cl and the like or alkyloxy(polyalkyloxy)alkyl tosylates such
as MeO-PEG1000-OTs and the like. "Axetil"-type esters may also be formed by
alkylation by using alkyl halides such as chloromethyl pivalate or chloromethyl
propionate.  Piretanide may also undergo amidation by reaction with suitable
substituted or unsubstituted alkyl amines or aryl amines, either after conversion to the
acid chloridle or by wusing an activator, such as 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide (EDC). Piretanide or thiopiretanide may also be
reacted with a quaternary ammonium hydroxide, such as benzyltrimethylammonium

hydroxide or cetyltrimethylammonium hydroxide, to form piretanide or thiopiretanide
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Schenes 19, 20,” 21 and 22

exenpl ary conpounds
COR

Exenpl ary] Conpounds Accor di ngséiaibror mul a V. CORH [CC2R
esterifi ion ROH, H+ 30 H N&B.4 N or alkylatl

route NO z 20 X PEETN piretgh

al efP=Sest “@ retani de R xHp&hityl, et h)HZNOZEr opy| "D
i -pr | O but i-butyl. ..... . aIkyIat|o e

- (OCH2CH2)r, 1-Y to esters 0 Q(CH2),

X( , Et3N base alkylation route to p rug
esters am dation HZNO2S No 1) SOCI 2 XCH( R) L%LdRide aigesters

HNRR1 PrE™R base \ quaternary formati on N+ dﬂ—&emylreaylaampyl

| g:nZI %l | and heteroar yl e er ?alkylallon route y @?ng CHchz n1‘Y
p yl, to esters
fe) O(CHo)m-Ar
X(CHa)nAr,
EfsN base
alkylation route to

pro-drug esters amidation H,NO,S
1) SOCl,
XCH(R)OCOR', 2) HNRR'

Et3N base
quaternary
salt formation
+ "
\ RN OH 3 piretanide aryl and heteroaryl esters
R = phenyl, benzyl, phenethyl
2-pyndy| 3 pyrldlnyl
(m=0,1 )
R 0 R o) O *NRR'R"R" (o) NRR'
(0] (0]
H,NO5S N H,NOLS N
(0] (0]
wor Py Y o

o8
6 piretanide "axetil"-type esters

R = H, methyl;
R’ = H, methyl, ethyi, t-butyl, .....

R=
R|l=

5 piretanide quaternary ammonium salts
benzyl, cetyl, methyl, ethyl
R' = methyl, ethyl, propyi, ......
methyl, ethyl, propyl, .....
R" = methyl, ethyl, propyl, .....

4 piretanide simple amides
= H, methyl, ethyl, benzyl, .....
R' H methyl, ethyl, benzyl, .....



2-pyridyl, 3-pyridinyl...... (me0,1,2........ ) ROR
OO+NRR R'RO NRR OIl HZN®2S | / NHZNR2S N\ O~ O
WO 200/AN@25 NI \ |\ r 1", O5 piretani de qUBCEUSZNG040108
ammoni um salts 4 piretanide sinple anides R= H, neth

| Sehénik 2108 9athésiRorERMRA MY, Ccﬁﬁﬁddnds K%&@ﬂng tStFBﬁlm?laV
R = H, et yl, ethyl, "benzyl,” .....

et hyl , “pg I ...... 6 pi ret ani de "axetil"-t

esters R et hyl, ethyl, peapyh- ... .. R =

met hyl ; = net hyI , et hyI RsgHoOpyl . .. ... H,
nmet hyl [, t-butyl, - 49 WO 2007/ 0474

kylatl

POIAES2006/ OF0208  Schene A eyt hesi s O,

Conpeynd® Ackar/ding to Formula V O SH 0 SR o}

estriffication RSH H+ H2ZNO2S N or al kyl route H
' XCH2R base 2 2 O\ 0 la thiopireta#s de 2a

q %| kyl thioesters R = nethyl, ﬁb"fé)éj'ude alkylthloesters
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| R=ai
tyl, ..... ,
J alkgla%on reoute ers 0 ngcygh %T"Z)M'Y
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pi refan
pr opsh
route -CHZCI—|2(OCI—|ZCH2)r.
X( CH2) mAr

o) S(CHy)m-Ar

X(CHg)mAr,
EtzN base

alkytation route to
pro-drug esters | H,NO,S D
XCH(R)OCOR!, 0
EtsN base
quaternary
salt formation

R4N* OH

3a piretanide aryl and heteroaryl thioesters
" R = phenyl, benzyl, phenethyl,
2 pyrldyl 3-pyridinyl, .....
m=0,1,2, ....... )

R v]”/O\H/ R' 0 S *NRRR"R"

HNO,S N (j
©/ 5a thiopiretanide quaternary ammonium salts

R = benzyl, cetyl, methyl, ethyl .....

R' = methyl, ethyl, propyl, ......
6a piretanide "afetll -type thioesters R" methyl, ethyl, propyi, .....
eth

"R=H,m vl " = methyl, ethyl, propyl, .....
R'= H methyl ethyl, t-butyl, ..... y vl propyl

Thiopiretanide salts and S-thiopiretanide esters should readily undergo acid-
and base-catalyzed hydrolysis to produce the carboxylic acid containing molecule
bumetanide by methods well known in the art (See Yang, W., Drueckhammer D. G.,

J. Amer. Chem. Soc., 2001, 123 (44), 11004-11009 and references therein). (See
Scheme 22).
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ammoni um salts R = benzyl, cetyl, methyl, ethyl .....
R = nethyl, ethyl, propyl, ...... 6a piretanide
"axetil" dypedhq/roesters R = met hyl , ethyl, pr opyl .
..... R =" nethyl; R'" = nethyl, ethyl, pro
..... R= H] nethyl, ethyl, t-butyl, .....

Thi opi ret e salts and S-thiopiretani de ester
shoul d re§ undergo aci d- and base-catal yzed

hy 4. Rloy§T St e the carboxylic aci FANQEATD

nol ezcu ‘ ﬁ by met hods wel | knO\?\jﬁﬁl@%gthe artD
( See g W, ckhammer D. G, J. Aner s

Soc. , 123 (44), 11004-11009 and refe P

t here (See Schene 22). 50 WD 2007/ 0474

PCT/ 8 Scheme 22. Hydrolysis of
Thi oqﬁ%g?%nq%es SAl ts and S-thiopiretanide E "‘Eﬁa?e esters

M- 0 SR H2NO2S N H2NO2S N O O t hi opi r et ant 8' 3| qedhioesters)
S-thiopiretaninge esters (S-piretanide thioesters)

H,0 H,O

acid- or base-catalyzed

acid- or base-catalyzed .
‘ hydroylsis

hydroylsis

piretanide

3. O-Substituted Thiopiretanide Analogs Dithiopireatanide Analogs

Piretanide may undergo conversion to the corresponding thioacid by treatment
with thionyl chloride to form the corresponding acid chloride followed by reaction
with sodium hydroxide or sodium hydrogen sulfide to give metastable O-
thiopiretanide and dithiopiretanide by the methodology of Noble, P. and Tarbell, D.
S., Org. Synth., Coll. Vol. IV, John Wiley & Sons, Inc., New York, 1963, 924-927.
See Schemes 23 and 24.
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52 WD 2007/ 047447 PCT/ US2006/ 040108 Schene 24.

Synthesis of Dithiopiretanide {Piretanide [-(C=S)-SH|
woedaohioormaet d} 0 SH S A SOCI NaSH or 2 KSH H2NCOPBS106/040108

H2ZNO2S N O O ()""' thiopiretanide thiopiretanide

acid chloride S S M+ S SH HC, H20 30 H2ZNO2S N

HA0RBe R4. Byhthesi® ofiDithiopjetasidar{Pitetanide 4}(C=8pSal] Ditilidacid}

dithiopiretanide {piretanide [-(C=S)-SH dithioacid}
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pi retani gnal ogs. Specifically, thiop¥fetanide may

undergo estlerification via reaction wit th| ol s, NaSH or

i ncl udi ng ear, brancih&§k substit ut ¢d KSH

unsubsti t thi ol s. ~Thiopr &t ani de b
al kyNaLssd 7a INFAcki on Wi t h SUHENMSE S d and
unsubsti t uted al ky) hal i des and alkarylohallde

i ncl chl oroacetonitrile, chl ori

1-(di yl am no) propyl chlori de | oro- N, N-

di et hyMacet am de, and the |ike. type esters nmay be
f or medhidpiretadidey| at i on usi ng thloplretanlde acid chloride

al kyl oxy( pol yal kyl oxy) al kyl hal i des such as
MeO PEG350-C and the Iike or

al kyl oxy(pol yal kyl oxy) al kyl tosyl ates such as
MeO- PEGLE8Q-ETsMand the like. "Axetil"-type

(2}
9]
xI

al kyl hal iegs such as chl orenetdyl pivalate or

chI or onet propi onate. Thiopiret,ani de may al sp
q_ﬂ\lﬁ 1N ternary amoniiun hydrol_yrlNge ‘
benZyltri ot hyl%m um hydroxi de or

cetyl prethyl a ni um hydroxide, to form
t hi c@ ani de quaternary 53 WD 2007/ 0474@/
PCT/ US2606/ 040108 anmmoni um salts. Schenes 24, 25,

26 and 27 present sone exenplary conpounds according

dithigpirefanige gfali metal salt dithiopiretanide
t oBPHANd {piretanide [-(C=S)-SH] dithioacid}

The thiopiretanide analogs are synthesized by methods analogous to those
used in the synthesis of the piretanide analogs. Specifically, thiopiretanide may
undergo esterification via reaction with thiols, including linear, branched, substituted,
or unsubstituted thiols. Thiopiretanide may also be alkylated via reaction with
suitable substituted and unsubstituted alkyl halides and alkaryl halides, including
chloroacetonitrile, benzyl chloride, 1-(dimethylamino)propyl chloride, 2-chloro-N,N-
diethylacetamide, and the like. PEG-type esters may be formed by alkylation using
alkyloxy(polyalkyloxy)alkyl halides such as MeO-PEG350-Cl and the like or
alkyloxy(polyalkyloxy)alkyl tosylates such as MeO-PEG1000-OTs and the like.
"Axetil"-type thioesters may also be formed by alkylation by using alkyl halides such
as chloromethyl pivalate or chloromethyl propionate. Thiopiretanide may also be
reacted with a quaternary ammonium hydroxide, such as benzyltrimethylammonium

hydroxide or cetyltrimethylammonium hydroxide, to form thiopiretanide quaternary
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formati on RAN* OH 3a piretanide aryl and heteroaryl

t Ificbas¢ 25 s Syhesipdfdinampliy Copipouptie Aetdrging t@ Fp;mmld WI,

3-pyridinyl. ..... (m=0, 1,2,....... ) ROYR

O+NRR RRRS OO0 H2ZNO2S Ov H2N®2S / NI \ I~/ /| 5a

t hi opi kgt aiside quat ernary ammni umsalts R s/be I,
cetyl, ngthyl, ethyl ..... R = nethyl, ethyl, Jpropyl.
...... i@ piretani de "axet Figi%t*ype t hi oesters IR =
net hyl yI propyl ..... =hH. nethyl;

s

P-Npropyl . ... R = H methyk k-
5 f V\D 2007/ 047447 PCT/ US2006/ 043108

- . 2a piretanide alkyl thioesters
1a thiopiretanide R = methyl, ethyl, propyl,
i-propyl, butyl, i-butyl, .....,

esterification -CHoCHy(OCH.CHY)n4-Y
O(CHo)Ar
ROH, H* S (CH2)m

R-CO,H + HoNO,S N
H*+ R-CHO o)
quaternary
salt formation

RyN* OH 3a piretanide aryl and heteroaryl thioesters
"R = phenyl, benzyl, phenethyl,

2- pyndyl 3- pyndmyl .....

(m )

R' s O.. +NRR1RIIRI||

HNO,S

©/ 5a thiopiretanide quaternary ammonium salts
R = benzyl, cetyl, methyl, ethyl

R' = methyl, ethyl, propyl, ......

=

6a piretanide "axetil"-type thioesters R" = methyl, ethyl, propyl, .....
R H, methyl; R" = methyl, ethyl, propyl, .....
R'= H methyl, ethyl, t-butyl, .....
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Schenme 26. Synthesis of Exenplary Conpounds Accordi ng
to Formula VI S SH g SR esterification RSH H* I \ N
w@eoodiokyhati on route H NO N 2S O XCH2R, base H(MNOZRS005/040108
©O I I 1 2a piretanide alkyl thioesters 1 a
thiopiretanide R = nethyl, ethyl, propyl, i-propyl,
bBclibme R6 LB Hthesis of Exemplaiyl(idrﬂpdlmﬂs Aetrding to Formula VI
-CH2CH2(OCH2CH2) n-1-Y to esters s S(CH2)mAr )Ar, e
n X(CH ation2) HNRR al kylation route to \saitfor
HZNOZSg _preudrug esters ' O X COR, Et3N bage bars e
3a piretdni de aryl and heteroaryl th| oesters R
enzyl, phenethyl, este@‘afpyn dyl, 3-pyridi nyI
0, 1, 2. ... "% \rp RyO]R'OI

or alkylation route
"D XCH;R, base HaNO,S

2a piretanide alkyl thioesters
R = methyl, ethyl, propyl,
i-propyl, butyl, i-butyl, .....,
alkylation route -CHaCHo(OCH,CHp)1-Y
to esters

1a thiopiretanide

S S(CHp)m-Ar

X(CHy)mAr,
Et;N base

thioamidation

1) SOC, H.NO,S I\D
2) HNRR'

plretamde aryl and heteroaryl thioesters
= phenyl, benzyl, phenethyl,
2—pyr|dyl 3 -pyridinyl, .....
(m=0,1,2,.... )

alkylation route to

quaternary
pro-drug esters

salt formation
XCH(R)OCOR', R4N* SH-
Ets;N base

R o) R’
V\,r T S S- +NRRIR"R||'

0]
H,NO5S ,\D ©/
HoNO,S 0
4a piretanide thioamides
©/ §'= H, methyl, ethyl, benzyl, .....

2

= H, methyl, ethyl, benzy|, .....

thloplretanlde quaternary ammonium salts

R = benzyl, cetyl, methyl, ethyl .....
6a piretanide "axetil"-type thicesters R'= methyl, ethyl, propyl,
R-H methyl; R" = methyl, ethyl, propyl, .....
= H, methyi, ethyl, t-buty, ... R™ = methyl, ethyl, propyl,



G O~~/J | H2NO2S Nu H2ZNO2S N O 4a piretanide
thioamdes R=H, nethyl, ethyl, BenzYl...... R =H,

woreaohps744et hyl , benzyl, ..... 5a t hi opi r et ani PET/US2006/040108
quat ernary ammoni um salts R = benzyl, cetyl, nmethyl,

et hyl Thloplretaﬁﬁdd)'tm@bﬁ‘é’thﬂée aﬂi@sldnd'thﬁ()@ﬁ*et‘{aﬂid@ Qe ﬁloﬁ?ld readily
= net hyl, etha/ yl, oo R=H nethyl; R

m}mﬁngo agldhyn b@ﬂe(pfgplyzed hydrolysgs te pp:pdqqagtthmarb(@thg |a01d contammg

viiSbi8ls cpineiara St SRR oo 38 R AR S Yale W and

t rapikhamamird®. af, desAasd CliknopSéct a00Hel s (4h)s 1$0011 1009 and
readi | y under.go acig- and base- cat al edrngdroI sis to

prEgtRseY ﬁ’@ %lg)r bk peidigiona] jrevigys ©f ithis |cagsgy, see "Thioacyl
p'Hﬁfdgg“ dThf%XﬁtﬁEﬁnﬂe&dé Aé)@!i lES&f&O '"ﬁblﬂltf@caﬁfo%yﬁcc'%%d\@&&s" all by

Dr uec
2@ Glass, RR3S. (m4$c1eﬁdb06ﬂ81ﬂiﬁéhﬁs a(mlhareltlef ér dhc@si )1; Mnimmm)zz Thieme

F%ih oy iZ%aS;: ngag)\éi e\ﬁﬁ-}%{ 323 @Eﬁﬁ&% ch re%tg%%’ﬁhgrem See also
an'gynt@e§1§” @?ﬁi@)ﬁfiﬂddscmﬁp i ESd|hS", - SchhhmBYn, ©, 5&ﬁ5§308prehen51ve

in Science of Synthesis, (Charette A. B.,

V@Hgﬁ@GZSXDMISeﬁrOSGanMt myl Fhanbg, Ehdjstsdr PeamagonoPress, 1991,

2 s _therein.
é&?ﬁ?ﬁs ol LSRR M L e bﬁﬁﬁ i
E., in Conprehensive O ganic Synthesis, (Trost,
argthéme 27nFydrolysiEd$ Thiopi?aﬁmdg,dﬂﬁ&iieasmdé Adides eh’rd] Thi@plretanide
6,_Chapter 2.4, pp. 450-460 and references therein.
($SE8chene 27). Scheme 27. Hydrol ysis of
Thi opi ret ani de, Thi opi retani de Am des and
Thi opiretanide Esters S ORS SR (I H2NO2S N HZNO2S
N (::ro0 (:),-S+0 9% thiopiretanide esters S SR
dithiopiretanidg ester (0O-piretanide thioesters)
(piretani de dithjoester) HO H20 acid- or
base- cat al yzed d- or base-catal yzed

O-thiopiretanide esters dithiopiretanide ester
(O-piretanide thioesters) (piretanide dithioester)
H,0 H,O
acid- or base-catalyzed acid- or base-catalyzed
hydroylsis hydroylsis
s NRR' 0 OH
H,0
——

Z

HoNO,S D H,NO,S
o)

thiopiretanide amides piretanide
(piretanide thioamides)



hydroyl sis hydroylsis S NRR 0 OH H2O ( ( H2N®RS /

N HNR2S/ N (:) "O( \ O thiopiretanide am des
w@reenenistde (piretanide thioam des) 56 WO 2000¢DUF2044040108

PCT/ US2006/ 040108 D. Azosem de Anal ogs The azosem de

arp) ogsAﬁs@mﬁi@Aﬂﬁggged by the reaction of various

reagents wth the tTetrazolyl npoiety of azosem de.

Azosenide memxd@eeﬁ@bghm e)ugthd:%eldaby the reactidn bfiearious reagents

f f}ﬂi‘gg #hgﬁa 9’1 %g roﬁ,@aése d ; oxgﬂ‘? %quiryxlsaékylatlon

r eict e aid@tngl M b aldeBy @, @@i&%ﬂﬁ d ﬁy&l‘@k?l'alkyﬁ&‘urﬁhbﬁz{hty%formed
al kyl thiol may, optional Ié be added with the al dehyd

t ' 8lephol may; giionally basessiediatnag wigly thel aédﬁhtyée t lsthitamcether. An
g}aélll%}h ﬂu@ﬂﬁ%t% gﬁfbéﬁﬁ%% Eﬁ)ﬁfﬂl ‘glrﬂ?a ldéil;?!ic%]g % o tﬁ{o ey | Azosemide

canmayr also rvg aiklyleteﬂeb'y tie idaluthﬁt hEEultabIIﬁ( &?l hslhk!-‘e@hcﬂrlsalkaryl halides,
or orret

i ORE AIShEEAIRY BANET oagsnp hrchoreat Bipethe! linkage, such as
a'ﬂféfhﬁtdhﬂﬁoﬁiéihzg eﬁ%ﬁ‘%&’ﬁéﬁgﬂoﬁﬂﬁlohﬁkm %8&&8&1 PG tgx?e ethers may

such as MO
albryfoorgd bl 3ikylkiidoxging| diyloxy(pylyalkgkxsatiyl d&tlﬂeﬂsuch as MeO-

PR D oaE A, T ot BanShro gk BO R nges ieh as Meo-

h@BG1980-CGlicdhdake GRE. OT D88 ifhe BhHBE Ay Bso BB k&{&ﬁ%i‘éﬂdmon of
propi onate. = Azosem de maﬁ also be reacted wt

q@giyé 1R @}lgar}drhﬁyﬁpsj rBughyjag ¢ ethyl pivalate or chloromethyl propionate.

| Qm.de and, base such as
Donulint! BSEASTIPMIBY SRS, RBIRE. SRR ot scn o
arban&m%hgdhnﬁuSnﬁmﬂjrm’ﬁdéy dith ikdge istictor &1 sddfum f WyMoxide or
an a oseq;né{ uatergary anm)nl um salt. Schene 28 bel ow

prey PIHuGy Brontide, apd bage §Q9|bease%&wpdmdromde in order to
C OHRPMDED s @rﬁﬁl@ qht@ﬂlgﬁ'}ﬁa&ﬂ{o glln‘? hgglg\ﬁgb%%xgyérr%?g S'd synthe51s

PCT/ US2006/ 04010
Cavhsmerd some csedplagy ¢0mp_€mndmhca:okdnhg to=firrivey VL ~
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HN N HOYN N H I \ hydroxyal kylation HN S 10 R\ N ~

Cl s RCHO H+ H2ZNO2S H2ZNO2S C d 2 azosem de
wok@alst4iet ut ed al kanols 1 azoseni de al kyl at i onPEDUSE06/040108

R = H nethyl, ethyl, N-substituted ethers

X( CH2) nOR, Et 3N base NN R-ON N al kyl ation route to

m3¢heme 28 NSguthedis ofiEeanplaydeitprumd NAScord{HeHa Fabiila BtIBN

base N-al kyl ati on route HZNO2S XCH( R) OCOR',

quaternaryN@IN Et 3N base salt formation RANH Bra r8=N

azosem ded ubstituted ethers \NOH R = megh /‘N
ethyl, benzyl, .. .[ . N, - CH2GHRLOGHRC H2) 1, %Y = T
1-5; n = 1; N shNEN | R—Ss—N-N-BANE N- N H N s
I\ \ NS M I I\ NR O¥HLy# NI H2ZNO2S
HoNO,S H,NO,S
Cl Cl
2 azosemide N-substituted alkanols
1 azosemide R =H, methyl, ethyl, .....

alkylation route to
N-substituted ethers
X(CH2),OR,
EtsN base

alkylation route to
N-substituted thioethers

X(CH2)SR,

N-alkylation route

XCH(R)OCOR,

Et3N base

N=N
N_ N
(¢]
7 a
N s
H,NO,S
Cl

quaternary
EtsN base salt formation
R.N* Br' 3 azosemide N-substituted ethers
N 20H R = methyl, ethyl, benzyl, ...... ,
Y ~CHyCHo(OCH,CHy)pg-Y
m=1-5; n=1-100
,” N
N=N
/ \ N
RN* NN \
=N H \/E>
= N
! \ S
RTO NN \ H,NO,S
\g/ n \/E> HoNO,S Cl
°© R S cl
4 azosemide N-substituted thioethers
H,NO,S R = methyl, ethyl, benzyl, ...... ,

Cl

~CHyCHo(OCH,CHy) =Y
m=1-5; n=1-100

5 azosemide quaternary ammonium salts

R = benzyl, cetyl, methyl, ethyl, .....

6 azosemide N-substituted "axetil"-type
R H, methyl
H methyl, ethyl, t-butyl, .....

E. Torsemide Analogs

The torsemide (also known as torasemide) analogs are synthesized by the

reaction of various reagents with the pyridine moiety of torsemide. Torsemide may
undergo alkylation by the addition of suitable alkyl or alkaryl halides, including

benzyl chloride, to form N-substituted quaternary ammonium salts. Alkyl halides and

alkaryl halides comprising an ether linkage, including methyl chloromethyl ether and

benzyl chloromethyl ether, may be used to form N-substituted ether quaternary
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O YNSHNR2S/ G d R4 azosem de N-substituted

t hi oet hers H2ZNO2S R = nethyl, ethyl, benzyl. ......
w@Ro07OHACH2( OCH2CH2) ,; Y 5 azoseni de quaternargCTnmzmmmmnos

armoni um sal ts m = 1- 5, n =1-100 R = benzyl, cetyl,

W@hﬂﬂdmuﬁt Jamb., Alkyl hahcfesaaaﬁsaﬁwﬁ h&h&d{&bﬁ)‘iﬂﬁri&h@da thloether linkage,

"axetil"-type R = H neth H, net hyl,

(L8P RN \PS L BEATEI ey e%%%%gjﬁ@ﬁﬂ&h?a?ﬂszﬁﬁc}b%pe cter-

the reac vari ous rea e pyridine
rmbﬁﬂaymﬁg‘ mmydemnifmitﬁﬁ msﬂes §i: %) bmcfeﬁgeu ab%ydllayla@cm using

he add f bl e al kyl | hal
ol vHkioy ] defdes sten e Mea"REReY¢-Cliand B ke or

RSN ARTBA HRLP blduedsil N2MeEPEAN00 BN the like.

risi n et age, |nc udi ng net
c HAxxetdif‘rﬂyﬂ)w huaédnery amohonhmmzylis atalycalsorbe ffyime&t kiear the mﬂyhtmn of

be u');g %_Isfu% ubst géeg af e%}ﬂquat E’%{P 1%%%V§%heme 29
h%lo@@%ré&@fﬂtsad %ﬁﬁtﬁém@ ALKHRS of QBRI SkdRspl uhas accordmg to

i nk a% i ncl udi ng et hyl chl or onet hyl h|o her and
b@mmyla&ﬂﬂoronethyl thi oether, may be wused to form
N-substituted thioether quaternary amoni um sal ts.

PEG type ether- containing quaternary anmoniumsalts
may be formed by al kyl ati on usi ng

al kyl oxy( pol yal kyl oxy) al kyl hal i des such as

MeO PEG350-C1 and the |ike or

al kyl oxy( pol yal kyl oxy) al kyl tosyl ates such as

MeO PEGLO0O- OTs and the |like. "Axetil"-type

quat ernary ammoni um salts may al so be forned via the
addition of alkyl halides such as chl oronet hyl

pi val ate or chl oronet hyl propionate. Schene 29 bel ow
presents a synthesis schene of sone exenplary
conmpounds according to fornula VIII. 59 WD

2007/ 047447 PCT/ US2006/ 040108 Schenme 29. Synt hesis of
Exenpl ary Conpounds According to Fornula VIII CH2R

| V+ Xx-
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al kylation route to N-substituted 02S N\ quaternary

salts 02S HN CH3 XCH2R HNC HN cir CH3 HN O HN O
WoOBOCHB74HBCCH3  al kyl ation route to 2 torsem dBCT/US2006/040108

N-substituted N-substituted ether quaternary salts 1

torsem de quaternary salts R = H nethyl, ethyl,

b&ehsthe 29.. Synthesi}X¢LERpDRyY Cuinkpyduatis Abcdraitiz@o FerdMIATVII

N-substituted thioether quaternary salts N X nBR

al kylation route to X(CH2) "axetil" quatemary salts /

XCH(R)OCOR QZS HN HN\ CH3 /1Q HN O RCS )m H3Cghig

R yo RN+ X 3 torsenmide N-substituted ether YX/]|_ X-

guat er nary N O R = net hyl 'al_ﬁﬁoméuteto benzyl L eNG
FN P2S - CHedbpgocHecHz) n_1-Y W n=%”1ﬁo
azS  HyG R HN O HNO H3CEHTMBE o8 4 t eEenide
t

N- subst I]t ut eHNt\[rl\ijjePHEr quaternar i salte R ite hle,\©/CHs
et hyIH,N yl, oo N o
HyC CHj; HyC CHs

alkylation route to 2 torsemide N-substituted
N-substituted ether quaterary salts

quaternary salts R = H, methyl, ethyl, benzyl, ......
X(CHa)OR

1 torsemide

(6]
alkylation route to I~ Jm
N-substituted thioether X-
quaternary salts N*
X(CH2):SR =
alkylation route to (CHalm I
"axetil' quaternary salts 0,8 F
XCH(R)OCOR' -
®) i HN CHg
Y iNk 0 \©/
7~ S\t] )m H3C CH3
R N*

o) R X 3 torsemide N-substituted ether
\"/ \["P I = guaternary salts
X P R =methyl, ethyl, benzyl, .....,
0,8 -CH,CH(OCH,CH,). 1-Y
m=1-5; n=1-100

3 3
H;C CHs3 4 torsemide N-substituted thioether
quaternary salts
R = methyl, ethyl, benzyl, .....,
§ torsemide N-substituted "axetil"-type -CHaCHa(OCH,CHy), 4-Y
quaternary salts m=1-5; n=1-100
= H, methyl

R‘ H methyl, ethyl, t-butyl, .....

F. Benzaldehyde Analogs of Bumetanide, Piretanide and Furosemide

The substituted benzoic acids bumetanide, piretanide and furosemide can be
selectively reduced to the corresponding bumetanide aldehyde, piretanide aldehyde
and furosemide aldehyde using amine-substituted ammonium hydrides such as bis(4-
methylpiperazinyl)aluminum hydride by literature methods. See Muraki, M. and
Mukiayama, T., Chem. Letters, 1974, 1447; Muraki, M. and Mukiayama, T., Chem.
Letters, 1975, 215; and Hubert, T., D., Eyman, D. P. and Wiemer, D. F., J Org.
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5 torsem de N-substituted "axetil"-type

-CH2CH2(OCH2CH2) " _1-Y quaternary salts m= 1-5; n =
wa20004R47= H methyl R = H, nethyl, ethyl, t-per/ys2006/040108

..... F. Benzal dehyde Anal ogs of Bunet ani de,

Piaighani ok, angdo FisesSiheR Jde BuPsidil khétn RRRZGkCmore lipophilic
aci ds ‘bunef ani de, piretanidé and furosem de can be

sléxe@z;addehed@s reediliy et-aadize inte ghe @3;1@@ Eﬂordwghﬁmrf@qnmcw@lds and that
RS B L6 00 BB P OB b S, i

bithd dse ofe AP HI coefactot tiyd wath ulnnmbamwddétﬂze Pa$0 enzymes.
literature nethods. See Muraki, M and Muikiayama, T.,

ChrAemé e3d.er Synthddié, ol 4%émp Ml‘gagbnzal\deh AHibary Q)&THBumetamde
T., Chein. Letters, 1975, 21 and Hubert, T., D.,

Eyietanide anp Fusosgmideener, D. F.., J Org. 60 WO

2007/ 047447 ,,PCT/ US2006/ 040108 Chem , 1984, 2279. (See
Schene 30) It is well known that the nore Iipgphilic

gSs are

al s, AN «e’d\A/qu the cof’®spandi ng, heezoie” agirtscn,
in Vivo, |ache use of NADPH cofactor and i th"a

number of oxi®ati ve P450 enzymes. Schene 30. 'S

of Exenpl ar @ zal dehyde Anal ogs of Bunet ani de,
Piretani de and Furosemde O OH 0 H 1) (al kyl)2NArH |

/ Hzl\mﬁunl,j?[“deCHS 2) H20 H2NO2S ~/ CH3 H O il;um@mdealdehyde"
bunet ani de "buret ani de al dehyde" R, S T ZA i N
R3=0Oaryl, M=Rs =H 0OOHOHH 1) X(al Ky ) 2RAFA
NN | 2) H20I ZNOz S

0 OH \ o H \
H I H |
N 1) (alkyl)oNAIH N o
o : 2) H,0
D e
HoNO,S HaNO,S
Cl

Cl

"furosemide aldehyde"
furosemide Rq{=—- Ry=H,

Ra= halide, R4 =Rg= H

1) (alkyl)oNATH
2 H,0
D

HoNO,S N HNO,S N
O o@

"piretanide aldehyde"
R1 = e, R2 =H,
Rs= O-aryl, R4=R5= H

piretanide

For reduction procedures used to convert benzoic acids to the corresponding benzaldehydes, see:
Muraki, M. and Mukiayama, T., Chem. Letters, 1974, 1447; ibid, 1975, 215;
Hubert, T., D., Eyman, D. P. and Wiemer, D. F., J. Org. Chem., 1984, 2279.
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HZNO2S H C C “"furosem de al dehyde" furosen de R
=---,R2=H, R3 = halide, R4 = RE = H OCHOHI

w@ adokmhmZNAI H 2) HO0 H2NO2S / N H2ZNO2S NI O Cr&/r/U%2006/040108
piretani de "piretani de al dehyde” Rl = ----, R2 = H
R3 = OCaryl, R4 = R5 = H For reduction procedures

u sed t dThedipephilic higbBaizaldebyds chwalkhBe E%Eﬁam tHeGorresponding
see: Mur aki M and M

nz al des, T.
A BONes TS rrormi atania miclydifehy roges, subs and »cmmhorus
1&2@5%9%@9 Se R 58 e e,

|ﬁ@ﬁ1p Kditioo, 200110 belmz Wiildy &y Sexss, rer) Netvs Wotle Part@p Ghaysteif T@ .

| P e G S BRI SRR 4P AU g A Ror STl and Thiols to

PETHr Cof@otrRd 1Sk rh/é
Adval?}?gg Orggnl 5 Cﬁ%ﬂ o eé 3 B. IIﬁﬂﬂnE%{sﬂﬁggﬂergg%@ﬁms Exe readily

Wicpavered Saelsinta the. COHRBWHnglbenﬂddahyées WQiephydroly@ic comditions. It

R SN R -

( Sedrophilieenasiy acillaidhet Edﬂ@aaeﬂyaem@raml Iﬂ&awi&%d A6 the
readily _converted back into the corres§on i ng

b SRZEIPRBHHE BEnAMRIRT I ia vl ;Vta| the sfiNADREL cq—factqr gnommh a
k hi de rea
a:ﬁ?iﬂg)ﬁxf %?&Zxﬂ%ﬁﬁte gﬁ r'?{l)ll%g %élgqu ﬂx%?l{xa%? e‘r:] 71 be ap g ior the

ardnvengion s nhmbdela;déhm@ ne tlablaanz@ie tagide hhd eénibehsbié Aeds.
correspondi ng benzoic acids in vivo, via the use of
NADPH co-factor and with a nunber of oxidative P450
enzymes. A simlar mechani smcan be applied for the
conversions of thiobenzal dehydes to thiobenzoic acids
and then benzoic acids. 62
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WO 2007/ 047447 PCT/ US2006/ 040108 Schene 31. Synthesis

of Exenpl ary Thi obenzal dehyde Anal ogs of Bunet ani de,
wereenaniste and Furosemde OH S H ~~ H2S, P2851/U81006/040108

H2NO2S H CHs H2NO2S HM/ ~CH3 O H20 0 bunet ani de

al dehyde "bunet ani de thi oal dehyde" R =-,R2=H, R3 =

O%h?m? T4 SyRfhesis Hf ExdtySaily EIhidbeﬁtaﬁeH?& A%Bps 6t Bumetanide,
}?N Q.. H2 H20O, H2ZNO2S ci Cl f urosem de
t Eﬂﬂﬁﬂﬁigw”$ﬁ?%%enldealdehyde R =R =H R3 =

halide, R4 = =H OHSH H2S, P2S5, etc HZNO2S N
H20 H2NO2S 1/ N O O 6 piretani de al dehyde "piretanide
thi oal dehydés R = -, RR = H R3 = Garyl, R4 = E H

G PEG Type Anal ogs of Bunet ani de, Piretani de and

Fur osem de ag heir Thioacid Counterparts

Thi obunet anifd Thi opi r et ani de, i wg osem de

Di t hi obtn@esaniyde, NTSWﬂ?\@plretanr§£2§£6—>- HaNO,S N”A\“/\Cm
Di t hi of ur osenmipde 3 V[)2007/047417‘Fg?FU82006/040 og "

The PEG type es y of bunetani de, féroseni de and

pi retani de may K ornmed by al kyl ati on usi ng

al kyl oxy( pol yal kyl oxy) al kyl halides such as

MeO PEG350- Glimeantdacehylee | 1 ke or "bumetanide thioaldehyde"
al kyl oxy(pol yal kyl oxy) al kyl tosyl ates such as }QE&MM%;%=H
MeO PEGL000-OTls and the like. (See Schene 32).

o) H \ S H \
H
N ﬁ ]f:l' \/E>
(0] st, P,S;, etc (o]
*_6
—ff———,
HNO,S H,0 HoNO,S
Cl

Cl

"furosemide thioaldehyde"
R1 = e—, Rz = H,

furosemidealdehyde Rs = halide, Ry=R5=H

st, P285, etc
———

-~
HoNO,S N H,0 HoNOoS N
’ O@ o@

piretanide aldehyde “piretanide thioaldehyde"
R1 = - R2 = Hv
Rz=0-aryl, Ry=R5=H

G. PEG-Type Analogs of Bumetanide, Piretanide and Furosemide and Their
Thioacid Counterparts Thiobumetanide, Thiopiretanide, Thiofurosemide

Dithiobumetanide, Dithiopiretanide and Dithiofurosemide
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Schenme 32. Synthesis of Exenplary Pol yethyl ene d ycol
Esters of Bunetanide, Furosem de and Piretanide O OH
w2 OCH2CH2) n- 1-Y 1) PEG X, base 2) HZETT/U$2006/040108

H2ZNO2S N CH3 H2NO2S N -1 ~~CH3 o0 o bunet ani de
) bU”Et (300 ﬁEGE’LEg'e @§&1§ o$ bm%ﬁemﬁﬁmﬁdé m¥y be formed
= O ar =1-100

@mylﬁlmﬂma)hﬂquwolxalbﬂpw)41}<Yﬁ@@dxs sushge MgO{HEG370-Cl and

Q‘Lsh? gl,kg-or %YQW%{%%@bﬁsy@% su hﬂ%sgglgg %G@@;OTS and the

Chk&(S&beSchBhe32R5 = H nmFl -5,n=1-100 O OH O
A CH2) M OCH2CH2) n. | - Y 1) PEG X, base 2) H20 _ \

HaM( e Ab H2 smoopExEﬂn Cﬁ%@ﬂ%@@‘lﬁbﬁ Esters of Bumetanide,

pi retani de =
REmS%mylle anzdPRstamdm 5 n=1- 100
e} O(CHy)n(OCH,CHo)y 1-Y

1) PEG-X, base
2) H,0 o
H,NOS N/\/\ CHs HNO,S ” NN CHs
O\© O\©
"bumetanide PEG esters"
Ry = OCH2CH2(OCH20H2),, =Y

Oaryl R4 R5—H
m 1-5,n=1-100

bumetanide

O(CH2)m(OCHCHa)n.1-Y

N \ 1) PEGX, base
H ] 2)H0
N o
HZNOZS H2NOQS
cl

"furosemide PEG esters"
. = OCHoCHy(OCH,CHy)p4-Y
furosemide R3 chioride, Ry =Rg=H
m=1-5n=1-100

0. OH O~ O(CHaIn(OCH; CH 1Y

1) PEG-X, base
2) H0

HoNO,S N HoNO,S N
o O@

. . “piretanide PEG esters”

piretanide Rp= OCHZCHZ(OCHZCHZ)n Y
Rs= O—aryl R4 =H
m=1-5n=1- 100

PEG-X is X-(CH2)m(OCH,CHy),,.+-Y, where X is halo or other leaving group (mesylate "OMs", tosylate "OTs") and Y
is OH or an alcohol protecting group such as an alky! group, an aryl group, an acyl group or an ester group, and
wherem=1-5and n=1-100.
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PEG X is X-(CH2) m{ OCH2CH2) n-i -Y, where Xis halo or
ot her leaving group (nesylate "Ow", tosylate "OIs")

w@nw7N47445 OH or an al cohol protecting group SPCHUS®OEMO0108

al kyl group, an aryl group, an acyl group or an ester
group, Ig %_}3%@5 uthetandde, 1B and thio fplretamde
2007/ 0474 / U82006/ 040108 The PEG type esters o
t iagthe fetnaet ojealkylatiol usiog eliydey@otyaikylopialkyldmlides sueh as MeO-

a?ﬁﬁgéwpiyﬁ,ﬁ )’!I:kgf((lg;;) gl}(@%(?@g Ivalkyloxy)alkyl tosyjass such as MeO-

PREERBoCo RN thelikd. kSeeWchahk 8B RXY (pol yal kyl oxy) al Kyl
tosyl ates such as Me PEG1000-Ors and the like. (See

33) S%Pﬁﬂﬁ@ i$3 of SEREN Po1yERSRRAL @0lycol Thioesters of
PoI yet ?ene ycoT1 Th| oest e@?}if ¥h| g%ﬁrret a}r’n de,
Tﬂhm‘oummlﬂed&"hmﬁwroidmldp andThiopitetagidSH 0
S( CH2) OCIEIgCHZ)n i-Y 1) PEG X, base | \ 2)H2Qcu,\ocH,cHy,rY
H2I\I@Srr6 T\CH3 Hi2NRS " N " CH3 00 I 1\ (CHI(OCTE e
t hi obumetfani de "bunet ani de R]:‘E@GQ(has@esters" R2

OCH2CH2 CH2)n 1-Y R3 =2

mF1- 5, m( OCH2CH2) n_, AN
PEG% bafe N H\ O\ O HZNQZS%E’B%(ISJ & a ™
"furosem G thi oesters" R2 =

OCH2CH2( )n.j-Y thiofurosem de R3 :chlor

R4 = R5 = 1-5,n=1-100 O SH O

S( CH2) ng,%% n i-Y "bumetanide PEG thioesters”

Ro= OCHchz(OCHchz)H.rY
R3 = O—aryl, R4 = R5 =H
m=1-5n=1-100

S(CH)m(OCHCH ) -Y

O \ 1) PEG-X, base
H | 2) H,0 a
N 5 >
HoNO.S HzNO,S

Ci Cl

"furosemide PEG thioesters”
. - Ro = OCHzCHz(OCHzCHz)n_1-Y
thiofurosemide Rs = chloride, Ry = Rg = H
m=1-5n=1-100

o SH . o} S(CHz)m(OCH2CHy)p-Y

1) PEG-X, base
2) H,O

HoNO,S N HoNO,S N
O O@

"piretanide PEG thioesters"
thiopiretanide OCHzCHz(OCH;:CHz)n 1Y
= Q- aryl R4 R5— H
m 1-5n=1-100

PEG-X is X~(CHp)n(OCH2CHy)n1-Y, where X is halo or other leaving group (mesylate "OMs", tosylate "OTs") and Y
is OH or an alcohol protecting group such as an alkyl group, an aryl group, an acyl group or an ester group, and
where m=1-5andn=1-100.
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1) PEG X, base \ \  H2ZNO2S N 2) H20 HZNO2S N0 O O

"piretani de PEG thioesters" thiopiretanide R2 =
wWODM2CHRGOCH2CH2) n. 1-Y R3 = G aryl, R4 = R5 =P¢EH/US2006/040108

m1-5,n=1-100 PEG X is X-(CH2) m( OCH2CH2) n. 1-Y, where

X is halo or other |eaving group (nesylate "OW",

t osyl at’ﬁle'r'] OPE@—ty@aldké(siter'ss &H @Ethﬁ)ﬂ)uﬁh:efaﬁml Qﬁﬂﬁﬁﬁf&slélﬁide and

gr such. as an al- group, an aryl ,group, an acy

orBorgetagideoamay, by Bimped Byaallhter wine alkioelyaliloxyalkyl

- HaBdeb3u CO - S4R0&G4 040,

PEG t ype ée%t%?% of %lérté %(I) 0 uz{r?eldt g‘%i gie(g dﬁllf)ﬁllka/lcg&&%oelﬁlla%loxy)alkyl

artesydates-iugh as MeAhPBE106Q-Ois ahd thedikeb(SealSchiérae Bon usi ng

al kyl oxy( pol yal kyl oxy) al kyl halides such as

PEG350-Cl_and the éi]ge or L

al F%?y?%’ol ygwg?stﬁ(y? | xpmplary s Pobtethylengc ilygol  Dithioesters  of

MESHRESELRR 6 DigRskutdiemkd {966 34). Scheme

34. Synthesis of aenﬁﬁgidfﬁggléﬁ%ﬁgﬁ&% ycol

Di t hi oeS«er®8 of Dithi obunetani de, Dithiof ur 8sg

and Dithippiretanide S SH SMSW(MCI—Q)M Y

PEG X, kadg 2) H20 H2NO2S Mt RCRS N * ~ _eRg
i ani de "bunet ani dé PEG thi’dest ers”
OCHPCRR ( QCH2@H2)™M. 1% R3 = O-aryl, R4 mNBS” = N7 Ncn,

mF1-5, n=1b 100 S(CH2) M OCH2CH2) 11-Y S SH' S 1) PEG X,
base H | \ OHNOI\ NO

dithiobumetanide "bumetanide PEG thioesters”
R2 = OCHchz(OCHchz)n.1-Y
Ry = O—aryl, R4=Rs=H
m=1-5n=1-100

§(@HDm(OCH,CHy)p.4-Y
1)

S(CH)m(OCH;CHo)n.4-Y

s SH S
\ 1) PEG-X, base \
¢ Do ]
o o N o
H,NO,S HoNO,S
Cl

Cl

"furosemide PEG thioesters"
dithiofurosemide Re ;O_C ;zlgr}:féolg HZ%HZ) ",'_}_Y
3 = R = Rg =
m=1-5n=1-100

S SH S S(CH2)m(OCHCHo)n 1Y

1) PEG-X, base
2) H,0

H,NO,S N H NO,S N
O@ O@

{9} 1 H
L . piretanide PEG thioesters"
dithiopiretanide Ra = OCH,CHy(OCH,CHy)n.4-Y
R3 = O-aryl, R4 = R5 =H
m=1-5n=1-100

PEG-X is X~-(CH3)m(OCH,CHy)y.4-Y, where X is halo or other lsaving group (mesylate "OMs", tosylate "OTs") and Y

is OH or an alcohol protecting group such as an alkyl group, an aryl group, an acyl group or an e
where m=1-5and n = 1 -100, P 20 A groth, anacyl group Sler group, and
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HZNO2S H2ZNO2S Cd d "furosenm de PEG t hi oesters”

di t hi of urosem de R2 = OCH2CH2( OCH2CH2) n1-y R3 =
w@hioowide? R4 = R5 = Hnrkl -5,n=1-100 S SH S PCT/US2006/040108

S(CH2) M OCH2CH2) n-1-Y 1) PEG X, base 2) H20 H2ZNO2S 0

HENCR'S p@ Ty pi Al 648 1A A5G 1Rl 9ISt s Ernide

di t hi opi ret ani de = OCHCHOCCHCHY R3 =0-aryl, R4

= R5 =THe REG-tspe-ethergoof perserifde and torsemide may be formed by

X- ) 1m( -1- S

A RSy bl AR 0 L iy st an
I sheltiker opalkflogpipolyatkyddsgilkyigtogylawp satlc s AgeGPEE 1KP0-OTs and
group, an aryl group, an acyl group or an ester group,

aiee [ilgh &¥eg Seheme 35)-and n =1"-100. 66 WO 2007/ 047447

PCT/ US2006/ 040108 H. PEG Type Anal ogs of Azosem de i

- feharoe 36mStethaheorEsmylpe Ak Pelyehykae SuydodEtbpmtiof Azosemide
taor i .y be forned by al kylation using

al%}}al xsgﬁ‘é‘?)%ayal kyl oxy) al kyl halides such as

MeO PEG350NGN and the |ike or N=N

al kyl oxy(,_mbl/yhl kyl oxy) al kyl tosylates such as N _N

MeO- PEGLOOOYOTs. andf t\e |ike. (See Scheme 353 S ene, | N\
35. Synt hesjls oﬂ ary Alikeebx et yet hyl ene d ygQl N S
Et hers of [Azo¥em Ue nd Tor. N=N HN

roncoR

et hers"

) PEGX, base NS NS 2) Hng%
G Cl

CICI Cl azosenide "azoseni de nethyf

azosemide "azosemide methyl PEG ethers"
Rg = (CH2),OCH,CHa(OCH,CHY)pg-Y
Rz = chloride, Ry = Rg =H
m=1-5n=1-100

Rz

1 X
N Nt
| |

HN 1) PEG-X, base HN~

Lo Lo
jl\ i ﬂ\l\ i

HsC CHj H,C CHj

torsemide "torsemide methyl PEG ether
quaternary ammonium salts"
Ry = (CH2)yOCH,CH(OCH,CHY) q-Y
X = halide, mesylate, tosylate
m=1-5n=1-100

PEG-X is X~(CHp)(OCH,CHy).q-Y, where X is halo or other leaving group (mesylate "OMs", tosylate "OTs") and Y
is OH or an alcohol protecting group such as an alkyl group, an aryl group, an acy! group or an ester group, and
wherem=1 -5andn=1-100.

Starting materials for synthesizing compounds of the present invention can
further include compounds described in U.S. Patent No. 3,634,583 to Feit; U.S. Patent
No. 3,806,534 to Fiet; U.S. Patent No. 3,058,882 to Struem et al.; U.S. Patent No.
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( CH2) mOCH2CH2( OCH2CHR2) " _1-Y R3 = chloride, R4 =
R5 Hm=1-5n=1-100 R7 X- N 02S 02S HNC HN CH
WA 00PEG4X] base HNC HN CH ~\ \ 3 2) H20 3 10 PEMUSDI06/040108
/ HN O H3C 111., CH3 H3C 1~ CH3 torsen de "torsem de
et duol 2 785G Bbfagin: UUBEAGANG, mom&%ﬁ&é{k Bﬁd:US Patent No.
(CH2) MOCH2CH2(OCH2CH2) n_1- Y X' = hal i de, nesyl at e,
t Saﬁ(gtmD_@larsen 1- 100 PEG X i s
X- (CH2) e. her
| eavi ng” gr rrefS)} %t %r\é@e 1’n)ée}iﬁ'o%yl a e%;lc 2 ISO%%S’Y tautomers,

[ &vxﬁ]tbrﬂfnsﬁrbrﬁhﬁmﬂﬁh mmt@edmag, gheanate it a&r@ﬁh@hi@l mixtures
group, . an aryI gr oup ," an ac(%/ group, or an est er gr oup
arfeeregthe fBemidrm. Saoraes" 29 08° Q@r&m rerf@rsﬁat@mp@wgds gving the same

f W&r I nc uggrgg(gHy %ﬁ% ent e@g %Bﬁéjﬂ&le&%@&ég? é’%’?aﬁ%’{mg with

3, 1&Péct58 3he arrﬁgetnentblﬁ‘conmumhibn ofishe &pRBEGN Eﬁdbet oARdgionally, the

U.,S. Patgnt Ng. 3,058 882 to Struem et al .
PATht NEOMSY OTEREIER 047 AP OBERRORS0 080 A0 Rbettic  isomers.
4 T@éQel%?sG;"stté}e(ﬁ%rﬁﬁ‘” Ry " t§a1 Ps%h?e?'t asi\lﬁsedghe%:iﬁ q’@i@? td 9 stable isomer
Popel ak; and U.S. Paten . 665, 002 to Del arge.
Cdﬁfpdmﬁcbé ledst ohe Cbrrels@tntn Dhmmqt@h rgfaliori gvingleise to perpendicular
SpIers, L a zvat nant |
ey Pl e P LS (e, ol BPERIR ABRBRAE R pompawpds) and can

t h@traquﬁane'f altlﬁdmght Mﬁ@"asgtﬁmbﬁea chiftdre aid bRkEESentifal structure
conmpounds havi ng the sama nunber and ki nd of atonms,

arfan g3ist & saree ehithe crpPeundsef theipgesent yentionswhich mpy give rise to
ﬁéé?%m%o?rﬁs&ﬁ%{ él%egigxé&ﬁigg d:r ?{égﬁ;f%?st stgxreﬂfs8ﬁ%fes%;dha?ﬁ1kﬂﬂesotﬁ1greof The
I rohpdesdssoethe girsene irs/eatich gﬁxﬂ)ﬂﬁﬁur baitsi cannieclde asymmetric carbon
atoms and may therefore exist as single stereoisomers, racemates, and as mixtures of
enantiomers and diastereomers. Typically, such compounds will be prepared as a
racemic mixture. If desired, however, such compounds can be prepared or isolated as
pure stereoisomeré, i.e., as individual enantiomers or diastereomers, or as
stereoisomer-enriched mixtures. Tautomers are readily interconvertible constitutional
isomers and there is a change in connectivity of a ligand, as in the keto and enol forms
of ethyl acetoacetate (The present invention includes tautomers of any said
compounds.) Zwitterions are inner salts or dipolar compounds possessing acidic and

basic groups in the same molecule. At neutral pH, the cation and anion of most

zwitterions are equally ionized.

3. Pharmaceutical Compositions

The compounds of the present invention or pharmacologically acceptable salts
thereof may be formulated into pharmaceutical compositions of various dosage forms.
To prepare the pharmaceutical compositions of the invention, one or more
compounds, or pharmaceutically acceptable salts thereof as the active ingredient is
intimately mixed with appropriate carriers and additives according to techniques well

known to those skilled in the art of pharmaceutical formulations.
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The terns "stereoi somer" or "optical isomer" as used
herein refer to a stable isoner that has at |east one
w@hdiormk74at om or restricted rotation giving ri SECT/US2006/040108

per pendi cul ar di ssymmetric planes (e.g., certain

bi pheny| ; Lt 6ksG8M: salt form of
X ﬁg@ég@@rﬁ?f RBEARE Bt GOTREY RERIn AFEks @8N salt form of a

rotate zed light. Because asymetric )
awenpeusd pathitingdts ushenfaraiulationuys ruhermacghtient pad whirh retains the

sqQnme of the conpoupds of th sent. j nventd an i
agtogRoletaaereRs ot {ig B dhall B b HRG s glboti and tha
GO RbE BRI i@y T VIR AL MR SsIABIE. NExdmpilesof sieh ealts arhiescribed in
compounds of "the present invention and their salts ca

. J | ! . '
AR Pt i WG RAEH o d AR Afion ISEN, 2-906390-

SHUEP]. C DRRABRE D Wubh shles hickdaratichliametal salcend additing selés of free
| f desired, however, such conpoqus can be :ﬁr e%{l}ed 1or e e

i asidseanslbases.  puneples of sbrurareyiically agcepiable it yiilgyy imitation,
enanti. o r ne as ssulfit hosphates,
SPEPLA T ORI i, gl promies
| beslgdivenphdsbRateq miliyidregengpimsphateso metaphasuhateh epgoplosphates,
a change in connegctivity of a l.igand,, as in the keto
_a?mo%‘?‘f‘é} b]foa‘,uﬁ%s, 1%}13&‘@! AcAtates Sropipuates, getaﬁﬁgteﬁrcgggﬁ?etes, acrylates,
'ZbeI%Qfe‘sP @sdbﬂgsjré{% S¢ thlr,re héptatoaRily prépidlate3Onaxalafsds - tmalonates,

r

W tterions e I'nnér salts or dipolar conpounds
passmasybecia). sbacates, Banaretegrmoalpates, butyme-lshdioates, hexyne-1,6-

|l ecul e.. At neutral the catig .Qn ofs.

z NORCEr | oh%nzﬁ?tgs’equ%l&yb?lgﬁﬁtf%d. glgﬂ%ﬂ%ﬁ n‘?auéé(;sﬂt i & gﬂﬂ%ﬁenzoates,
8%y Hehadties] HctROyBoRkdAtsObhihhlates] &sknésulfonsted, i ghenplacetates,

phar neicol ogi cal | y acceptable salts thereof ma%/ be

f phanylraopignates, ohpryAbutmiates: sitrates.daripesirnERSISRIGaPS glicollates,

dosage. f o . re r [

CBRRAE ROy Tl R Mo MBI TR by hnguitnates

onapiilercesilfcatesy mphtpleablesubfphatss,t laed eofanddatehe In some

active ingredient is _inti

I ' v t.h . :
appbercatse PRaPRFRIIcak, aecsitipl %&?ﬂéﬁgﬁw%?fwwp&tassmma calcium,

t ey i Wi akREBaIRWating ik silie art of
phar ngggﬁ’tstf%ﬁ;:}daf}g%ﬂn% a%i ons. 68aV\¥) 2007/1 04;447

PCT/ USTh6 64:0i¢0:1:08 additiveanseddeusuchbahpymacentign agrnpositigns can take
as used herein refers to sal t. for :

o PRy G fohes deepins o bf kel S04 of WRIMRGatgp.  Thus
apEmpbNiGhsT Bk Bid adinfistration 0GB foréiagils, welid peepafatiohesuch as
free acid and base of the specified conpound ﬁnd t hat

| Sabiess, Szt cgledainbigtsohargt (ENULFS S0fSABRHGSs BTAEUIeE: BeicEs and the
of.. such. salts are.descri - 0 ; ;
Pﬁ'l‘g?’n%’é ﬁuﬁtgglf @gﬁl?qua%@r %@g}\%ﬁelg ebseF-P%e ect ?’ognu,garas’n 8 lnLc}s,eres,’ dﬂuem's’
Wofulding Ggents, RibecSitgisinfgtiting exgenty , anti the yiikver Baguse of their

Hel veti ca Acta, Zurich, 2002 [I$SBN 3-906390- , 26-8].
Exaseplafs uss  andcrhighert patisné| gereplignes ita‘iguleisalan% aFftpﬁl“Sﬁdrepresem

a%&&n&&g@oﬁ%ﬂaﬁd&&gé fotfas for many medical conditions.

Similarly, compositions for liquid preparations include solutions, emulsions,

dispersions, suspensions, syrups, elixirs, and the like with suitable carriers and
additives being water, alcohols, oils, glycols, preservatives, flavoring agents, coloring
agents, suspénding agents, and the like. Typical preparations for parenteral
administration comprise the active ingredient with a carrier such as sterile water or

parenterally acceptable oil including polyethylene glycol, polyvinyl pyrrolidone,
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aci ds and bases. Exanpl es of pharmaceutically
acceptable salts, wthout limtation, include

w@eio7msrg] pyrosul fates, bisulfates, sulfites,PCT/US2006/040108
bi sul fites, phosphates, nonohydrogenphosphat es,
dlhydrogen phosphat es, netaphos hat es, pyrophosphat es,
leittyp; a@g hisheib rargeesame @fl, geih %Ig@t addifyesp fppiging selubility or

I e

HESR0ARh Ty FRPDYLANGRY. BEIRCBLET s RIIEIHEN be Jyophilized to
povedent &gl tinsml mhaﬁutedsmumedlahbs pristilier edees ,For dispersions and
sebacates, fumarates, ates, buty 1, 4-di oat es,
RTINS, ¢ a@roam%}ﬁt@gﬂerﬁélﬁ ves e ighs Bams, celluloses,
qBthd hengoat es, di ni tr obenzoat es, hydr oxybenzoat es,
nmet hoxybenzoat es, phthal at es, xylenesulfonates,
phenyThe phaneseutiqah eombesidgrisoradrling phempotunentsav she present

AR oG Sitas B Graae b R Rl et R, via an
RireRAN8aHal qB2L, esub- ugn%g&hﬁp nepRal (i. enaamhh gki@NB1d mucosal
| - sul'fonat es, naphthal ene- “sul f onat es, ‘and

srafages, ancduding mrgf@vréurfmb dliaﬁ‘édﬂr@al @;hnmrﬁﬁf@@m Mvanteral (e.g.»
en |.e. [ Sd c

GEETRMR P BltebE) YERCAR, MenRRLBE SRR Hhtiponeal

manthscal,l hﬁra@&febtaer ﬁmaadmallszl,l irttaageridl £ dr fm&a\&ti&hs), although the

phar maceut i cal, corrposi tions _can take a variety of |
mestruigRisantier o givre ease ivellsieperd ap dle Bature and severity of the
@ogl Al r&fled A the?ﬁﬁf?@ St {he%ﬁlcfupﬁﬁ' a@ﬁ@é a ent WhJCh is being
mnistration may be exanpl'e, ara ons
wiedh Phsrmicabtiet spmugaonsc«zﬁﬂhe eresain mwmtldmaard paﬁmalalrlgss,ultable

B plaurB el nae il PRl S sl iy Rl e chon.

sugar 8omBbsHEHsS fortin|cdfot will iHERAM L bohARRRIdSent together with
| ubricants, disintegrating agents and the [ ke

@ef@bl@sférrﬁrs insdiding ergamicofolvests, arapykingtaycopatdobelt water, isotonic
7 &’gv L, S kegfgfé gf&getr g’é)ra %.tl guﬁﬁ)g Hm? orrﬁ‘pnrglﬁéﬁﬁ-v&ate cremophor—ELTM

aranblrtsutsie cairigis latohyn, to Clessp QBilled (imﬂlefa@t[ Tfheﬁwcainers may be used
preparations include sol utions, enulsj

APy B oRPInalion yaHsBsrconygtigpal Sobrtliping ageggsuch@s ethanol, a

tives bein
%\Z&ﬁ 4 &Her%%blltl@%% ® {hlo% 1?%&% p&?ég%gr vati ves, ’
flav oWhega thg emnpourtds lod thengreseagsvestjorsars pxebd ap];gledgna tiesform of

the l.ike. cal arations f nt er al
Shfticnd Gt Finnsy BB RS b e iy, BSHoERbE Gf ispspgnding in
HHT EbBlen8oED cﬁﬁleﬁtt emﬂeedlmhﬁsr m@k inBlRABE nfo%r@lamme physiological
acceptable oi I including polyethyl ene glycol
q@bn nARipger'spsolytising dmagueous glm@&ﬂuﬁ@nmmueous dextrose solution,
PCT/. US200 40108 ecithin hi esa
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additrve gueous

powders and gels. Aerosol formulatmns typically comprise a solution or fine
suspension of the active ingredient in a physiologically acceptable aqueous or non-
aqueous solvent. Such formulations are typically presented in single or multidose
quantities in a sterile form in a sealed container. The sealed container can be a

cartridge or refill for use with an atomizing device. Alternatively, the sealed
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silicates or oils. The pharmaceutical conpositions
according to enbodi nents of the present invention
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sol uti on, gn.,agqueous dextrose sol ution an al.cohol ,. a

f ot JPeamionted, oy Syt Ry 9@%}1{2% 2BhpDHGHT Yatiug agents
f romigkang agintd NubidantsS SWeQESng Aghs, ol drhgdiidntsN Bavoring agents,
l'i ke. These preparations may be prepared according to
anigotonigity egants afferipg Agantk goligxidants akdedikel 1Asdthe addikiges, there

ar Lt sal _.adm njs i.Qn

P, PRI, Lot 3P UL A TR o, o,
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fine suspension of the active ingredient in a

: g .
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seal ed lnonttainn@énboditnents e theeapents renaployrd mathe brethods of the present

cartridge or refill for use with an . atom zin L ce.
ARl gl Gaabi %ffegr%amg 7%\,@@@@7@@4_ it (RS Candor are
PGRNIERRE 94 0808itats OMIRRL to MBY NP Ulihiar Miblingual, parenteral,
di spensi ng device such as "a single use nasal inhaler,
pumplantation, nasal and inhalational routes can provide delivery of the active agent to
the CNS. Compounds of the present invention can be used in conjunction with
delivery systems that facilitate delivery of the agents to the central nervous system.
For example, various blood brain barrier permeability enhancers can be used, if
desired, to transiently and reversibly increase the permeability of the blood brain

barrier to a treatment agent. Such BBB permeability enhancers may include
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Agpiditins G. do) Gleinreyt, RyeantdsTestd, Borl Meda@iatos, 2004, 47 (10), 2394 -
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iR bnBry B arErel i RaDRRE s §rcte 4188 abbiogieatty
REK8Gavdtive ¥f e doRfobh@od brain barrier to a

treatment agent. Such BBB perneabiljity enhancers ma
i ncl uiedrugs of the present invention are capable of passage across the blood-

srain barrier and may undergo hydrolysis by CNS esterases to provide the active
sompound.  Further, the prodrugs provided herein may also exhibit improved
sioavailability, improved aqueous solubility, improved passive intestinal absorption,
mproved transporter-mediated intestinal absorption, protection against accelerated

netabolism, tissue-selective delivery and/or passive enrichment in the target tissue.
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! tesecs'fl Ieg a}ncﬂlkcll?r?gr %toiy%{hylene glycol (PEG), to compounds of the present

invention using linkages degradable under physiological conditions. See also
Schacht, EH. et al. Poly(ethylene glycol) Chemistry and Biological Applications,
American Chemical Society, San Francisco, CA 297-315 (1997). Attachment of PEG
to proteins can be employed to reduce immunogenicity and/or extend the half-life of
the compounds provided herein. Any conventional PEGylation method can be
employed, provided that the PEGylated agent retains at least some pharmaceutical

activity.
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nproved transporter-nedi ated i ntestinal absorption,
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Mammals of the present invention include, but are not limited to, canines, felines,
bovines, caprines, equines, ovines, porcines, rodents (e.g. rats and mice), lagomorphs,
primates, humans, and the like, and mammals i» utero. Any mammalian subject in
need of being treated according to the present invention is suitable. Human subjects

are preferred. Human subjects of both genders and at any stage of development (i.e.,
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B LTl 5 e B B o RS RBP4 of
S CinvedforC QUPAr 8fd/da9 that40Myrefs/day for a 70 kg adult), or a
pharmaceutically acceptable salt thereof; in some embodiments, from about 0.01 mg
to about 10 mg/kg of body weight per day (0.7 mg/day to 700 mg/day for a 70 kg
adult), and in other embodiments, from about 0.1 mg to about 1 mg/kg of body weight
per day (7 mg/day to 70 mg/day for a 70 kg adult).

In further embodiments, bumetanide analogs according to the present
invention may be administered 1.5 to 6 mg daily, for example, 1 tablet or capsule

three times a day. In some embodiments, furosemide analogs according to the present
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dédcabtd W&@eint he corrpounds of the present inventi on may
be adm nistered in an effective anmount. Since th

act i vi ysere t prabedimsstinatheareval hef ddiwesés othat h@ccurs following
f t
tc\%ﬁ{rﬁél%{:«ltﬁe)frle g or&h! e?fzk%vé’ %‘h%ﬂunt J& %ﬁ{%@%& %ﬂgd below ?s Formula I-

erm ne upon general |
VaéHogressabhrf @oiibf3%es 06%5, &@,%am%, 6@ d5 A% p40%f 30%;320% or 10% of

j ect,, t f del bad i,ght of th
i heeh onias oyl it RRamal i, cltBe e, ahaws et hsoparent
Pﬂlfléﬁﬁle ﬁ&ﬁr{l’lﬁbﬁ ey &Qnﬁfuﬁhhé/ dérived, Fok ielBRApREtheddYapolifd may be

addi ti on, ntgoun s can be adm ni stered = by injection
{

ks alpprcm( thaa b;pammnqloc@@ whgn legmpeisterpdse, thei same mg/kg dose.

i n| [ er [ t n
AIREPRTET b Sbnd gt i BoRY oY B ERRS Rt fom
Reliar 1t ipaletiond, o Gt armhaudﬁsiawaf Y campaird gal e requ1red for
situation is within the capabilities of those skilled
pHetive rghief of symptorgs, angéhsnmep elicit s o peliustipgfect. Similarly,

O R s

parent molecule. Accordlngly, compounds of the present invention may be

administered less frequently than the parent molecule, and thus may lead to a lower
total diuretic effect within any given period of time.

Further, it will be understood that the compositions of the present invention
may be formulated to provide immediate release of the active ingredient or sustained
or controlled release of the active ingredient. In a sustained release or controlled
release preparation, release of the active ingredient may occur at a rate such that blood

levels are maintained within an therapeutic range but below toxic levels over an
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Sci ence, 2000. In sone enbodi nents, a therapeutically
effective daily dose may be from about 0.001 ng to

w@bwan42@7 ng/ kg of body wei ght per day of a cop@DURZNINE40108
the present invention (0.07 ng/day to 1.40 grans/day

f Qktendd®péhPstinto, eg0r4t%24QQﬁHT@}f-‘le@#\ (ﬁ%e y acceptabl e

sal t thereof in some enbodi nents about 0.01 ny

to abou@ccl?ﬂim@ tkembddimoniy Qféh@pltesqm invetatior(, Ah¢’ amighmtayt compound

?%gsggt Wﬁ% g fi%{!,l; @b%%?k%ltlfglr%ref%‘étéangf {hg R%%;%Rb 1n(yfent10n includes
b@ﬂyamangfﬁffecﬂ% fetayeghiatiiy/ £ 2ahok Cof” ONRU LSRN AT 1n@1uﬁﬂl§ but not
g adul t). In further epbodi nents, bunetani de ana
a

ioyted; Wg nFWOPﬁblcma@b SRIZUIgSn GeITIE Ghﬁms WIlepsy, status eplleptlcus

o?ﬁggﬁggj leeh%gd%lrlcget ?Irﬁgfgg a&%ﬁ!ﬁ’fﬂ f ocfeg%és%g Oa?a:g@hl?% 1ntracramal

f lnypertamisiva, arahtogds aacousdi Bgstém t Sdeniy, e&%ﬂiopsg@mé’f@c disorders,
2007/ 47447 '1:1)6@5{ US2006/ 040108 invention ma

AR e d bR t Gewnd Frleay  isghsmizx éwp%la 1anxi¢sy.et depression,
0%121%?1%5}'59 Dl"s@efsg eobésﬁ'i?gr La¥on'd 19éa!§§r S I En tt?dnonaddltlve

pi retani de anal ogs ac Ing to the present <inven
nd;somgrsa surhrassalehetiaddictian, 20ditign dainhrgoti¢sofsueix ampdcineladdiction,
enbodi ment s

o Soielh oo R onide aBEERo Y e BR GHOPTO TR (e reducing

Wﬂﬁmb@e FeMawingt #roRe, fé&uﬂﬁgp&ﬁné&yﬁohnn&hb@é'generﬁtwe diseases like
enbodl nent s, forsenide anal ogs according t

ol'S PETIEGting agaipstoxinityi dainsige fean Eﬂland),aﬁkynhyatrlc disorders,

tablet .or. capsu
S5t ST P BT e o,
adm ni S?Ioeondmg pafutthe@udrabddime s ok“th@ﬁ‘é‘sé’ﬂt sivedtib®M pharmaceutical
Mor eover , m nistration of a | ower dose than

aBFFPATSIPR [ ihe direseRk IygRtoR maynhR aArpinigipregdr lormor, 0pt10na11y, in
u B&ﬁﬁin‘éﬁ@ﬂ RitRSf JePORS Aent. © dljl%% esstea&?dla%ﬁtsqb&hge g’lrﬁ)lS? g%eful for the

sone enbodi ments, comnpoun sent 1 nv
rralchhldm ancmxrmsnchthfpaomhgé o€ ICNS amﬂﬁmns rigeludigd, but not limited

al b PEbPEe Biad. SrE R e fisiicen I@éﬁ?@?‘éﬁé’g&%@?ilep*éws migraine
| Redddéld) %brti%ﬁb@ﬁédﬂﬁ’fg 8eprbdifon, REATAEK] ?Q:fr gheﬁi; fg?ﬁﬁ%n central

i nventi on may result in fewer unde3|ra
%rﬁou%ﬁfﬁteay@hmann@ﬁ@paye@atrmcbw,rders, r@urotcpmer&se hiead/ rauma, stroke,

h erein. gk Fl'%p%g%{s n%g’g ﬁ%@%ﬁr‘s’idn’ {T‘ﬁ%ﬁ?lg\?&; q%?eatﬁ?’u Pﬂ%gﬂtéf Parkinson's

t Discasec Smr)Bmg @bés@bimﬂ gddiaghediofdetpducRAs @fcoRsl ﬁdﬁ&ﬁh' ¥fiction to
anmount of npaound_provi ded bel ow as Fornula |-

VRPOtGs {5y QORARE adieHom Bogoin @d;@wtsm@pmmdmm 5109 anxiety
4848 nRSf rot%ggi@l?g fé 0% e%l ?ﬁ age I T g gﬁolieh éedbl n(?ﬂ%lage from

adm ni st ation an nouri
neurodegenerative diseases like Alzheimer's, protecting against toxicity damage from

ethanol). Accordingly, second agents for treatment in combination with compositions
of the present invention include, but are not limited to, phenytoin, carbamazepine,
barbiturates,  phenobarbital,  phenobarbital, mephobarbital,  trimethadione,
mephenytoin,  paramethadione,  phenthenylate, phenacemide, metharbital,
benzchlorpropamide,  phensuximide,  primidone, methsuximide, ethotoin,
aminoglutethinide, diazepam, clonazepam, clorazepate, fosphenytoin, ethosuximide,
valproate, felbamate, gabapentin, lamotrigine, topiramate, vigrabatrin, tiagabine,

zonisamide, clobazam, thiopental, midazolam, propofol, levetiracetam,
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nol ecul e from whi ch the conmpound is derived. For

exanpl e, the conpound nay be less diuretic than the
w@asoent74apl ecul e when admi ni stered at the sanmeP@mURD06/040108

dose. Alternatively, the compound may be nore potent

t RaBarbiRppar € e which it is derived, so
that a sﬁgﬁ :drﬁég%@é %mggﬁiggnﬁ%ﬂh&lwc?@rr 8gPipisiey ergotamine,

f gthydegergaamine, sehatebtanf popraHoliTp meBsolbll USenolBY timolol, nadolol
e'nif‘é&&i { ess. of ..a diuretic effect. Simlarly, the ?
conpouRdHRiRatREe.aVarpagul aspiriay keiepestentbinaminacid, mefenamic
t neid] | MprehtenOr AR sdrbn, t nt Lecul e, . :

Agcor di ngly, cc_)rrg%ilsjrf S bfﬂbtg%cg&%ﬁog’secr% lfllﬁl\%nﬁﬁu&qewraggchmme,
adHiathiet e bepzadiazepines qdivatpreext hadivoe afidr et Ngngsy! &asses of

a 0 I ot diuretic effect
o oipb @R e (£ Pehche 0. §55:60L %6 Plockma ang . Beterbpplication
uBerdal N @002/008225080 BloBRASL.t | ons of the present

I nvent 'Eon may be formul ated to provide i nrediate
r el eas8Uher; abodimpnta af the auesent inentions tveillnesty ber described with

h t ' di.ent. |
OIS U RUBHER Mankgh, 3F bhokfe pe st s e ovpmples ar

r B daesurpbses lof ilhustrivig nlgdREERS of FRYpreSeht invektidh, b4 8o not imit
s,%lch t hat. bl ood .levels are nmaintained wthin an

t B&PERE it 1ypRfiong it bel ow toxic | evel s over an 76
WO 2007/ 047447 PCT/ US2006/ 040108 extended period of
tinme, e.g., 4 to 24 hours or even longer. According to
enbodi nents of the presenEXIAMELE pn, the anount of

conpound mladénAm‘inmsalmmots-uatﬂﬁmﬂwg@@ﬁb&gb‘éﬁkoam
preparation of the paGREtanidMIBIHYPEsierf! U
amount..effective.for regulating ar of CNS

condi t1Drfs ST fibRRetagisle Aole. B2 i, mefhancd pdl) under
RAtrdgens Hlag WHESH a 3G A ; hl.epsy, sta

epi ?gept i cus, .m? erﬁgti%ﬁe&;g% C%E{O%g 8 ?(:)u Im%‘?@%ﬂ?ﬁ :@’“L) over 5
depriEssi Hficr éuingcfoe 5 minutec thenteattioh yefiteBeéaab soluble. The

ral. u te ema, nheuropsychiatric
G B Y D S B L 8L e o s complte
bycthariayer Rinmisgra@y(E10). IBRIASRARN wa \ASLE a8 reduced

Di sease, oEesi ty, Parkinson's Disease, snoking
PESIYPi%A, the defidueveas brovghtdnr in shylacattahmbhabhed with saturated

asduat 1 L rcot,ics, (such as cocai ne
ad dih%t 'i’%ﬂ",b"ﬁ%g’r %V%“%p S%‘g ibgﬁ?'o g‘,theo%}’éh et idsied qver aphydrous

seehetiymanifate end opcehieated @ {ieldoL. 1% W &Qnetﬂﬁ@&ﬁinosulfonyl-

qllaw n troke, . reduci ng damage fr
%%&F}g%ﬁg}ﬁépgﬂ%gbwggas% q jWitite AplitheUsirg similar methodology
pumtRaidensthyDakRs! bﬁlﬂéﬂaﬁfdleyisg%ggl? Seleh SPUGHIRRG dest ester and

Esychiatrlc di sorders, neuro
wneianide bsyzd kstonicambe prapaadl general CNS function
According to further enbodi nents of the present

i nvention, a pharmaceutical preparation of the

present invention may beEmﬂ_%jfred al one or,
apt1 onal A mindsulf Vsl iifth ' KerdRF B ch IS A cig
Sui tabl €S eRRRHu ATAHId:, BUerSRias (C<0YSH Thioaoid)

Bumetanide can be reacted thionyl chloride to make the corresponding acid

chloride which can then be reacted with sodium hydrogen sulfide to give 3-
aminosulfony1-5-butylamino-4-phenoxythiobenzoic acid  (thiobumetanide, S-

>umetanide thioacid) by the methodology of Noble, P. and Tarbell, D. S., Org. Synth.,
oll. Vol. IV, John Wiley & Sons, Inc., New York, 1963, 924-927.
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prevention and/or treatnent of a range of CNS

conditions including, but not limted to, neuropathic
w@aion/o4=et zures, seizure disorders, epilepsy, BCHUSR06/040108

epi | epticus, mgraine headache, cortical spreading

depressi on, headache, intracranial hypertension,

central nervous system BX&MPLEsYr opsychiatric

di sor der 3-A pidswifawil-Sitiutylantnd-4t pleanvay thiobepzoic Acid
i scheni a, (WHigkBetanittel, Buynetairde ess:i:Olﬁ-S}Mhh;_aici@r 's
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cessﬁ%ﬁmﬂ]@&cﬁnﬁﬂl\% 3PS 67 E?F sreg‘ﬁﬁi Stlfide or sodium

oSFoRPLb 1ammo-4-
BEEE: Sl 8BRS 2hng %%“‘*%%%“%?egiﬁ‘%.ﬁcf‘?fon? ote)
ptmnmeytmobambmwd (hrobtmetaiisle, Pumefanide thiedcid)- damage
follow ng stroke, reduci ng damage from
neur odegenerati ve di seases |i ke Al zhei ner's,
protecting agai nst toxi cCj from et hanol ).
Accordingly, second agenpg‘\’@ﬁ&?ga ment
conbi ndhiemethvl B-Aminosalfenyli-bue LT ;ﬂ&@&&ﬂb&ﬂﬁﬁﬂg

i nvention incl udeM&Mﬁh}iﬂﬁi@iﬂb phenyt oi n,
car bag:laflglg It gﬁmer Qgrhég%a}nh%ea? a?umgﬁﬁﬂﬁb bbé Rbacted with a catalytic

phenoba rimet hadi one

Aphe vy ttbionyl cﬂﬁﬁr@iﬁhhﬁﬂhﬂ%m]pdmmhﬁ enéyrbmtm) to give thiomethyl 3-
phenacem de, netharbit enzchl r

SR EIo U B AP TER UTGHS SRR gthodology with
gﬁxﬂaﬁ&% Uhe iy &)h%gpo ﬁh%ztﬁi&%u&leﬁﬁﬂé@ any1 6l 18] RERE BRAknide S-
0s et SuX

enyt ol n, val proate banat e,
g;ahmpbt}ha)&sterl hunetenige rﬁéocty]oﬁmp@tmta@d bm)@qt@mdﬁ |Srb1:nzyl thioester,

ti agabi d | h
i SR s AR, VS Gl g v
BSHdspSeiiRe/ A4HAS  BusRiBREEID- Btﬁyl GeRdester, GMK3ERIA660-isoamyl

serotoni n recept or oni st s, ot am ne,
thiipepthr o bymyernaide r@-oc?yg ﬁb}pw‘fﬁt@ﬁi W@‘ﬁ@éﬁ dPenzyl thioester, can be
rref%‘paol ol, atenolol, tinolol, nadolol, nifeddipine,

di pi ne, verapam I , aspirin, ket oprof en, tofenamc

acid, mefenam c acid, naproxen nmet hyser gi de,

paracetanol clonidine, |j i prazochrone,
but al bital, benzodi azepi ggiKMP aﬁproex. sodi um_ and,
ot her sm_ﬂgnﬂp&bmvlamw. .

No. 6, 495 (Bithiabunptanide, .u.y- 2 MOACHD) on
Ser | all“h%?)un% 391%4 0082pe %eatc 'ahloﬁﬁé ttP Giﬁake the corresponding
enbodiment’s 0 resen |nve tion wll now be

the6a0id bEldride tathichr @fnethem be rttaotetlhmﬂi sddiomi hy@r(@carsplfds to give 3-
It sho

e e S it
BLESERIde! WE% '\%nbg %@nﬁ&oﬁ%g{y'dﬁ Noblthe. as@rRriedl, hes.,

I nventi on.

Syt Crdl Mobrivl, JM%MVMM?MpINﬂ%Y@ﬂ@dQ@%t%4 927.
(Bunet ani de Met hyl Ester)

EXAMPLE 6
Methyl 3-Aminosulfonyl-5-butylamino-4-phenoxy-dithiobenzoate
(Bumetanide Methyl Dithioester)

In like manner to Example 1, dithiobumetanide can be reacted with a catalytic

amount of thionyl chloride in methanethiol (methyl mercaptan) to give methyl 3-

aminosulfonyl-5-butylamino-4-phenoxydithiobenzoate. Using similar methodology
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To a slurry of bunetanide (1.2g, 3.29mmmwol) in nethanol
(12mL) under nitrogen, was added a m xture of thionyl
wa@bkdogoider (70ul) in nethanol (6nl) over 5 m NECEES2006/040108
After stirring for 5 mnutes the reaction m xture
canme soluble. The reaction stirred for an

a fagitlel ethyl rﬁlﬂlllff%Er dumetainite iSOmyI ftl(&tlﬁd%@félrl Eﬁm@@ﬁlde octyl
ayer gra y TLC). The

ne%ﬁé’ﬁ%tﬁ almg)sfbdrnjgértr%nv%e Wd]g‘?{ %? and t he

resi due was brought up in ethyl acet ate and washed

w th saturated sodium bicarbonate, water and bri ne.

The ethyl acetate was dried over anhydrous magnesium

sul fate and concent r af ed mléﬂa 19 (89% of

met hyl 3XSRREd i3 £ Loy tam i

as a white solld @mw

bunet
puret any e g ol VB ARkolfed BetbmaiRresbide OMP) and
cghiomacqiomp‘de dHOSUHEXAVRhnoD was added followed b trlethPrlam > ({t65uL).

3- ul f | -5-b t I 4- t hi
:Fﬁmd g(?ﬁr;\élga eéuﬁ%e %agdg’?-]@&&n&l{@fﬁ:lﬁaﬁ;ég chromatography-
Bbkb@ﬂe’ﬂn fés GAEREAGAALEMEN M IOT Lol SATPEE R The

correspondi ng aci d or|
Me@ﬁl%lo‘da&m foogem suipbtatiee lbﬁot@ih’t/ p 3n dichloromethane e(ljnd washed

| -5-b | h hi ob
(PR Pt ied i B de o e hcer o, Aty eTo she sturry was
naideddndtagyzseﬁm\l@m %rudFe’ ngctTﬁEagtéed Rs eﬁx fo()\;vﬁge/vsohd Pure

, ~oll. Vol. ons,
Yeylagomit@gls 39@121111@2qlf0np$-5‘q@tﬂ@mﬁioem-ﬁhé&)xybenzoate (850mg) was

A oSl POV 2T ) e dhinm il swbiedblesymtanid
(ethyl @bﬁ@nﬁ:umutaimde Bmﬁlad@teﬂ buntdeentle Syl éBté}a&Ldngmetanlde benzyl

e tanlbde met hyl ester can be reacted wth
sul 141 48 "6P"¥Bt%um hydr ogen sul fide to give, foI | owi ng
acidification, 3-am nosulfonyl -5-butyl am no- 4-

phenoxyt hi oben20| c acid (fdiy tsani de, bunet ani de
t hi oaci d)BeyzdR tny .

3- Ani nosuT T onvi - gﬁgﬂismﬁfﬁ : 3V'u S0y zoate
(Burret ani de S Met hy|*=Fr6 & manner to

Exanm tamdmél h"fg Bel ﬁmnot)emseca@éowtdent &nﬁﬂﬁ%ﬁh?ﬁhid% (DMF,
§ ?/ {14% Hﬁf in met hanet hiol (rmeth

mar u 6{1 It]?f é B 061@ %§1|nmg>l) was added followed by triethylamine

M80uD3.UIThe My ctibn %Mieaﬁh 19 36°@REPXROGIZPAE Gind YN indicated

si m | ar nmethodol og
the reaction was complete The react1on was cooled to room temperature brought up

in dichloromethane and washed with water, saturated ammonium chloride and
concentrated to a thick slurry. To the slurry was added water (25mL), the resultant
solids were filtered and dried in a vacuum oven at 50°C for 12 hours to yield 1.0g

(80%) of benzyl 3—aminosulfonyl—5-butylamino-4—phenoxybenzoate.

. EXAMPLE 9
2-(4-Morpholino)ethyl 3-Aminosulfonvl—S-butvlamino-4-phenovaenzoate
(Bumetanide Morpholinoethyl Ester)

Bumetanide (1.2g, 3.29mmol) was dissolved in dimethylformamide (DMF,

12mL) and 4-(2-chloroethyl)morpholine hydrochloride (675mg, 3.62mmol) was
added followed by triethylamine (ImL) and sodium iodide (500mg 3.33mmol). The
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bunet ani de and the correspondi ng thiols, bunetanide

S-ethyl thioester, bunetanide S isoanyl thioester,
whwbhanistde S-octyl thioester and bunetani de SPOEDNZ3006/040108

t hi oester, can be prepared. Using simlar methodol ogy

W Iﬁﬁbtﬁ)ht\b‘és%uﬁﬂ 4@OEE fagIh6i8, TLOLhEIRINEY glcgjteﬁClPQ liction was

bunet ani de O et hyl thioester, bunetani de

t fosedeter | ‘Bhgreteastiane mebcqopledt hb oesdrar tmmbrm«eeuaumgm up in

Cﬁm nosutﬂ%h ?\&cg %’as?l%?aﬂlﬂlo ot ar%%w %ﬁg}‘f‘?mc@mde and

Amodcer(t@tddfﬁooﬁnyﬂﬁsanAﬁer pBHiffedtdnl vie blét@gc,s)ﬂagﬁ" chromatography, the
Di t hj_oaci d Thi obunet ani de can be reacted thionyl

c Rusificd eclpts, ik evanasation: padgoNaswe, vigldsd c?-d4-omirphdlite)ethyl 3-
}A?ng?oﬁ%nﬂtﬁﬂut?ﬁm{lﬁ@qt ﬁgn&}tﬂénzc‘ooagé &1 &}Ml‘?er g(ﬁ%n(66 Ilnfg,I &P%)

anm nosul fonyl - 5- but yl am no- 4- phenoxy- di t hi obenzoi c

acid (dithiobunetanide, upet ani_de dithioacid) by the

net hodol ogy of Noble, P. MiAJel9 D s, Og.

SBONIN-DirRéthylaXfihepropyl 3 RindshRYnE- SSBmladlfﬁ% 4-ph&¥xybenzoate

York, 71963; FAV
3- Ani nosul fonyfii}'lyutml e ..‘é“éi!‘ %m‘-ogypil.?fsg%énzoat e

( Burret dni dmllﬂetlmtinef)ltbhEmﬁnpler P4, bullneiaeldﬁaaaﬁe bet eacted with 3-

eld b n e reacted with a
R RydeisGlpstind S bisoBhich ey ee pa cofieen iodide in
(b by 1fomiedad M) GoGHde RENMNldidethylamin rolzyl 3-am1nosulfonyl-
ani nosul f onyl - 5-but yl am no- 4- phenoxydi t hi oben
U BiEylamina-drphepopibengoalgy 79 WO 2007/ 047447
PCT/ US2006/ 040108 bunet ani de et hyl dithioester,
bunet ani de i soanyl dithioester, bunetani de octyl
di t hi oester and bunet ani dgxbﬁm'ﬂEpll t hi oester, can be

2. 7o) e o ip o Aoyt l .
chi 2?82% S?%ﬁifﬁ??‘?% ‘(‘ %éfaﬁlppé "@ M §’%§%§ﬂé§ %ﬁ% e BBl ith 3-
b@lmetlgﬂmhmﬂml (chBide) hydrddidorideacti¢thylamire hebsedluioiodide in

+ b Fort B iavr] i RO¢ ity Rt aprolng. 3-aminosulfonyl-

I Sakityl@RineeBpkBRY-AitBiobeRatd, €act i on was cool ed to
roomtenperature brought up in dichloronethane and

washed wth water, saturated anmmpni um chl ori de and

reduced to a slurry. To tEﬁAﬂykanwas

N.N-Diethylaminocarbonylmethyl 3-Aminosulfonyl-5-butylamino-4-
phenoxyvbenzoate
(Bumetanide N,N-Diethylelycolamido Ester )

Bumetanide (1.2g, 3.29mmol) was dissolved in dimethylformamide (12mL)
and 2-chloro-N,N-diethylacetamide (500mg, 3.35mmol) was added followed by
triethylamine (0.68mL) and sodium iodide (500mg 3.33mmol). The reaction was

heated to 95°C for 8 hours, TLC and LC/MS indicated the reaction was complete.
The reaction was cooled to room temperature brought up in dichloromethane and
washed with water, saturated ammonium chloride and reduced to a thick slurry. To
the slurry was added water (25mlL), the resultant solids precipitated from the solution.

The product was filtered and dried in a vacuum oven at 50°C for 12 hours to yield
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added water (25nL) and crude product precipitated as
an off white solid. Pure cyanonethyl
w@2@mionmagul f onyl - 5- but yl am no- 4- phenoxybenzoat BCT/85g)40108

was obtained via recrystallization in acetonitrile.

Usi ng sim | ar methodol ogy bunetani de ethyl ester,

bl anpfle NsDadigthylemteacartonyneihylde Datmnoseomyl-5-Butglamino-4-

nzyl ester, can be prepared. EXAMPLE 8

éﬁgﬁ%g%%gﬁ(‘)sul fonvl - 5- but yl am no- 4- phenoxvbenzoat e

(Burret ani de Benzyl Ester) nide (1.15g, 3.15mol)

was di ssol ved in dinethyl 1% DMF, |1Or) and

benzyl NNDied81 8900 iHesuleTRbItyVaRindIE e zgv %%ggé

triethyl'amne (480U B nmea
for 12 hours, TLC an n 18%?9%&?@3’(@?);@ reaction

was corﬁﬂn@qt@idel' flel gz d&miol) wees disolved it alichd@romethane (IOmL) and

AR SR L PR 2] S50 s adica

cand efter dtmbhuted N-hiyiokbéizbiiarele [RIGBE, 898th Y3 il
added water. (25nL) Y ch oS Ul tant(tH col} de é ol) was added

f And éhegobiign dvasealloweda tay at;u lf‘hfi @mddmonab@ mmutezlsz Diethylamine

?Eka:?vr%%l rITt 3, 3?‘*‘&% %rgm relor ° lﬁ’ﬁe%%sxs)%ré’ﬂ;?)’é\% dours. The reaction

Emwﬁtdﬁh&l 2&1114!&&/&@&@ hﬁihj sumjretel\odium bicarbonate, water, brine and dried
A{ﬂetposul f onvI 5 butyl am no 4 phenoxybenzoat e
( Bitferashae Vo) {hodichlpromethany was Famayistl dadgrireduced pressure

iR I {

15m_ Eé‘thgﬁ(ﬁ)nglzt LlrP) nﬁﬁgﬁé}wngjﬁﬁ rocﬁcf gVFoFutylammo 4-
(ehmyb@zz@mdml ) was added foI | owed by triethyl am ne
(1m) and sodium i odide (500nmg 3.33nmmol ). The 80 WO

2007/ 047447 PCT/ US2006/ O4RXOMPLEAEL | on was heated to

95C fqQr..8 hur , TLC and LC/ I\/IS | nd| cat ed the reaction
: Hony; 4t 1 henexythiobenzamide

tenperature brought idel and washed

Wi th Wai §ifnilas alaHhat e ith thi
i A4S ARG After %I Ca a&‘zﬁbe reacted with thionyl

concentrated to dryness.
bpldp!a@@mf gl&%thect}mpmrétcblgndp,hyhlch han quactédi aﬂh@hﬁhﬁamﬁﬁe

ot (%_P .{@Njﬁ I%Jtﬁggi o u%l%n}x-S?but}(?lam1no-4-phenoxyth10benzarn1de.

am nosul f onyl - 5- butyl am no- 4- phenoxybenzoate as a
white solid (600mg, 62% . EXAVPLE 10

3- WN\- Di et hyl am nopr opyl

3- Ani nosul f onvl - 5- but yl aft¥8MPBEd®oxybenzoat e

f Buret ﬂ[N ‘iﬁbg’nivpk %m@sﬁﬂbmg—ﬁ@%gmmo-é?-pilenovaenzamide

(Bumetanide Dibenzylamide)
Bumetanide (960mg, 2.6mmol) was dissolved in dimethylformamide (DMF,
10mL) and 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDC, 560mg, 3.6mmol)
was added and after 10 minutes 1-hydroxybenzotriazole (HOBt, 392mg, 2.9mmol)

was added and the solution was allowed to stir for an additional 10 minutes.
Dibenzylamine (1mL, 5.2mmol) was added and the reaction was stirred for 2 hours,
at which time the reaction was complete by LC/MS. The reaction was poured into
saturated ammonium chloride (20mL) and extracted with ethyl acetate (2x100mL).
The ethyl acetate was washed with saturated sodium bicarbonate, water, brine and

dried over anhydrous magnesium sulfate. The ethyl acetate was removed under
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In simlar manner to Exanple 54, bunetani de can be
reacted with 3- (dinethylam no)propyl chloride

why@vochkori de, triethylam ne and sodi um i odi dBCT/NS2006/040108
di nmet hyl f ormam de (DMF) to yi el d

é%l{ N di met hyl am nop ro‘&}/}'é - am nosul f onyl -
fl REGSAgS A0 pickhbRg KETVebef M. N-Eibanet] B-drinosulfonyl-5-butylamino-

3 Ami nogﬁﬁ%nv@e%?%h?@?églﬁq no- 4- phenoxy- dithi obenzoate

f Bunet ani de 3- (D net hyI am nopropyl) Dithioesterl In
simlar manner to Exanpl e_10, dithi obunetani de can be
reacted with 3- (dimethyl EMAMEIEEGI chlori de

hy Befgyitr@mief8arhbdofihi 320 ﬂﬁnélgg-'bHWléu%jlimqé?-pihQnova enzoate

di met hylTTorna =
3- (N, N-di net hﬁﬁf%ﬁﬁrﬁ% J.%“?%Vlgm!g;uﬁ@

5- buty I"Ié)rlﬁ1 ﬁ@hlm)@ Mlbam;yltdlmdﬂl}dhﬁmbﬁﬁme hy&SAMEL(ES Idg, 2.7mmol) in

N'v%né?' r‘ :) %1%1‘31 ?%W%ﬁ%@y 42 7‘5}:@38%@@1 perigceof 5 minutes. The

Beaeed %) t
éﬁ 20 @%%%a%%%%@%ﬁ@ At o1 it (TR, e, §ras removed

yeduegd ppesgibie do pieM N@decbﬂyﬂe&senh n‘ﬁ'uie pfdi6N®as obtained from

(
3 peLYaans d fol o tr | am ne

LeeRYte ;ﬁa’u Ssogg:jcﬁ?n o dl“ﬂ (g'a ﬁga%é 35 § . torpdeld 690mg  of
rbanztyltnmdi@&amrlneﬁihﬁd 130aripEs il fn ﬁSfb%WI%ﬂlenE %@x#@ Ate  as

dﬂlcat ed the reaction was conp ete reacti o
c RPNk GFY5%8m t enper at ure brought up in
di chl or onet hane and washed with water, saturated

ammoni um chl ori de and redgd PPEA A hi ck sl urry. To
th@eﬂ’lﬁrlﬁ%t ﬁ%%%%ﬂn\ga&ﬁlr sulionvyl- %%@_MM
trimet

sol1rds precrpi San, %IC.G

was filtered armdtoom 2 mwﬁ‘di‘m@ﬁ‘ﬂ&ﬂ‘—@d@for 12
hours fm syinghud m&heVDoZ(HkZhQAeMPé? B@‘ﬁéﬂdﬁt‘%{éoééﬁmgé%acted with

di eth ocar honyl nmet hy
3‘3635%1 '\IFB’H% ‘éﬂ@&ﬁ@%ﬁ@ - vaaterpﬁferyes@ rehdiimethylammonium 3-
Eﬁfﬂiﬁ%&f 1- Nbu%lgnﬁfotw#)henoxyb

3- Ami nosul f onvl™- 5- but vi am no- CAPZB tgnoxybenzam de
(Bumet ani de Di et hyl am de) Bunetanide (1.16g, 3.2mvl)

was di ssol ved in dichl orwgl OrL) and

1- et hyl - 3- ( 3- di met hyl ani 8 bodi i mi de (EDC,
690aY,NBDirethy)ardis cAdRaIm @Rgl o 1ﬁl 5 tylamino-4-
N- hydr oxybenzotri azole xvbe :

added (Bumetanide N,N-Dimethylglycolamido Ester)

Bumetanide (1.2g, 3.29mmol) was dissolved in dimethylformamide (DMF,
10mL) and 2-chloro-N,N-dimethylacetamide (410uL, 3.9mmol) was added followed
by triethylamine (0.70mL) and sodium iodide (545mg, 3.6mmol). The reaction was
heated to 50°C for 10 hours, TLC and LC/MS indicated the reaction was complete.

The solvent was removed under reduced pressure and the residue was dissolved in

ethyl acetate and washed with saturated sodium bicarbonate, water, and brine and
dried over anhydrous magnesium sulfate. The ethyl acetate was removed under
reduced pressure and the product was purified via flash chromatography to yield
685mg (60%) of pure N,N-dimethylaminocarbonylmethyl 3-aminosulfonyl-5-
butylamino-4-phenoxybenzoate.
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and the solution was allowed to stir for an additional

5 mnutes. Diethylamne (332uL, 3.2mmpl) was added
wapa7oiE4T eaction was stirred for 2 hours. ThePCPHES1000040108

was washed with washed with saturated sodi um

bi car bonate, water, brine wi th magnesi um

sul fate. The dichl oromet hg'zée}ﬁ\\}gs rfebrmved under reduced

pr asButyRarbenyoehmletBGD3HA ninb sl fonfy 1S thivety Pnfin oideplivnoxybenzoate

3-am nosul fonyl - 5- bumnhﬁaiaam&ivmnmvmnzam de.
EXAVPLE 14 N, N-Di e

3- A nESnestands @%@P@ﬁ%wl&s sHsalyed dni dmstiylfsrgamide (DMF,
LU A A SRR, A Sl UL ollowca. by
t hiiethylhmimeh (Q)V@rdb) tand galodmnt eliden ( Bmg] BCdirhmOI)deThmemmn was

n h di yl am o affo N-di et h
s Haen s aptonsn [ howby FLORE TR Ruflindl Becrasimguss complete
W&ﬁeﬁ@ Wil %@b@e‘ﬂ"ﬁﬂder reduced pressure and the residue was dissolved in
3- Ami nosul fonvl - 5- but yl am no- 4- phenoxybenzam de

( Eﬁwétaaﬂa’?ealﬂ Weﬁgwll wﬁm?mchnmd@c@m wates rawg| hrine and
t
19 28 R AL O, 155 UG ool vt unce

SGEdmed Pré&RBRl dnd %SFﬁddade@ guafié®rvial @ash Bhio@Bitography to yield
1- hydr ox benzotrlazo 392ny, 2. 9mmo

addémeatf9ohel gure tibyhyl vﬁéowilw\m&l}tl&@wrrowfﬁﬁmséﬁ-butylalmno 4-
aqeit i m nutes. D benzylam ne (InL, 5.2nmol)
m&ge%dd%g%kzgn "the reaction was stirred for 2 hours,

at which tinme the reaction was conplete by LG/ MS. The

reacti on was poured into EXAMPAE20 armoni um chl ori de

%‘ﬁ(emé%t AT géf}ét_gggg%& gm%osﬁ u? %et IXX 3 g—‘.ﬂ)-bhenoxv-

N oaTorT
bi car bonat e, it us

MBgNes ifH g Sihf @ﬁeﬁmefr lfﬂ@ EE e qgefdﬁhﬁ)b\aﬁétahﬁlm&ﬁ bUN@8dted with
82 WD 2007/ 047447 PCT/ US2006/ 040108 reduced pressure
t@h;qr@mgth}:l @ivelasy) tristhylanne a;@nggqhum iodide in dimethylformamide

osul.f but yvl,am n
TR Oy - BRGRRISRS -t oy
3-ditiobesztateonvl - 5- but vl am no 4 phenoxybenzoat e
(Bunet ani de Benzyl |l trinmet hyl ammonium Salt) To a

sol ution of benzyltrinmethyl ammpni_um hydroxi de (451nyg,
2.7nmmol ) in water (|OTL)¥?\R%§MX rTiburretanide (1 g,

2. 7 g Ar BN Tox3 nRehv139A Bfin o ulfoii S hutylMfino-4-phenoxybenzoate

(Bumetanide Propaxetil Ester)

lf\

In similar manner to Example 19, bumetanide can be reacted with
chloromethyl propionate, triethylamine and sodium iodide in dimethylformamide
(DMF) to yield ethylcarbonyloxymethyl 3-aminosulfonyl-5-butylamino-4-

phenoxybenzoate.

EXAMPLE 22

Ethvlcarbonyloxymethyl 3-Aminosulfonyl-5-butylamino-4-phenoxy-
dithiobenzoate (Bumetanide Propaxetil Dithioester)

In similar manner to Example 21, dithiobumetanide can be reacted with

chloromethyl propionate, triethylamine and sodium iodide in dimethylformamide
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reaction m xture becane clear after 10 m nutes of
stirring. The water was renoved under reduced

w@e@smure7to yield a crude colorless oil. PureP@rosuwo6/040108
was obtained from recrystallization of the oil wth

V\@{H\Z&} 1%? :j,lﬁlig ﬁ)aﬁq-f%?ﬁ}ﬁl 8 d 6 Oﬁgm?r];osulfonyl-S-butylamino—4-phenoxy—

3gigHbassHit. onyI 5- butyl am no- 4- phenoxybenzoate as
l1ght pink crystals. EXAMPLE 17 Cetyl trinmet hyl ammoni um
3- Am nosul fonvl - 5- but yl am no ghenoxybenzoat e
(Bunet ani de Cetyiltrimet H§ Salt) In simlar

manner o 5P inb SalFYTEL Alndy 32 -\ rb REmy BB eiohbe

e Mt el T )1 ©

am nosH &ieiYdr - hatner yloaBkmaplé- phpinetayide ncanabe re@palvtita thionyl
gghlgugnaﬁgeah%%am o bg]}% et hté\d'lm.es g%lggssu %on?f‘X—phenoxy-S (1-
%&ﬂdﬂﬁg ehHa¥e CUQ %ﬁn#&t ﬁéﬁm&mﬁ fﬁﬁldeletﬁ%v?:ster piretanide

was di sso ed I'n dinmeth or mam de
| Roaylasstbr DirdtindoedtyNstir ped pxyd:tamée hmzcrbes(cerlc@n [be prepared.
3.9mmol ) was added followed by triethylamne (0.70nL)
and sodi um i odi de (545ng, 3.6mmol). The reaction was
heated to 50C for 10 hourgxAMeLe?d LC/ MS i ndi cat ed

the reagt i 0By WAFroaPIR phbRoxy-3-(Epsfoli8itiyI)iBS o &FBI¢eskid
under r EAUCEL B S5t & r diidb SPCOBS- S Thiliaan ved

in ethyl ac T dnmd wasied W tiT saturated sodi um
b| car bBiretaride vaanebe reactbdbthiomyl ghleridelrtp emakwﬂ?e COHGSPOHdmg acid
i,um uI fate

vd h
snfydress, Toonce ol ot e S AGFLghe RS 1o e -
?%ﬁﬁds@ﬁoﬁ&lﬂ ﬁﬂeﬁﬁﬁy 3l %ﬁ@lﬁ?ﬂhﬁlobéhz)éi(ﬂ dc1d68(ﬂﬁ§p1retan1de S-

am nocar bonyl net h

3puetanids ltlllllf)w@] bﬁthem@typéﬂpmomgwé B xaﬁﬁie %%H D. % 3%&@&;
t%bo ?Vgiféaéogéqmmew V6631 924-927.

3- Am nosul f onyl - 5- but yl am no- 4- phenoxybenzoate
(Bunet ani de Pivaxetil Est ani de (1. 2g,

2 I
3. 9mm vvas dISO| ved | OIE;T& 191 ! 5 M ; d
] Thigacid)yi ym

I odi dePgr%élﬁf& m%th@m@{e)r ca}ihﬁe r@é?c%d %th"‘@?drogen sulfide or sodium
hydrogen sulfide to give 3-aminosulfonyl-4-phenoxy-5-(1-pyrrolidinyl)-thiobenzoic
acid (thiopiretanide, S-piretanide thioacid).

EXAMPLE 26
Thiomethyl 3-aminosulfonyl-4-phenoxy-5-(1-pyrrolidinyl)benzoate
(Piretanide S-Methyl Thioester)

In like manner to Example 1, piretanide can be reacted with a catalytic amount

of thionyl chloride in methanethiol (methyl mercaptan) to give thiomethyl 3-
aminosulfonyl-4-phenoxy-5-(1-pyrrolidinyl)benzoate. Using similar methodology
with piretanide and the corresponding thiols, piretanide S-ethyl thioester, piretanide S-
isoamy] thioester, piretanide S-octyl thioester and piretanide S-benzyl thioester, can

be prepared. Using similar methodology with dithiopiretanide and the corresponding
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heated to 50C for 10 hours, TLC and LC/ MS indicated
the reaction was conplete. The solvent was renoved

wae@endsretduced pressure and the residue was di BEDUSEA6/040108

in ethyl acetate and washed with saturated sodium

b P Véloest tanide O-
AEGHSPS B o0ty SRR, R DSl oy piretanide
r@tjd\tﬁjd)estmdaﬂd piretzhide@-hened shiestam dart eeprppayedict  was
purified via flash chromat ography to yield 653ny

(60% of pure t-butyl carbonyl oxymnet hyl

3-am nosul fonyl 5- but yl anirpampPr.phenoxybenzoat e.
EXAMPLE_gh; VERLRRNOX By PtlidinyD)-dithiobenzoic Acid

3 Am nosu ';gggmo IS Pifia ide OISy SHODfHHoaPRY 2 0at €

(Bumet ani de — Or troester) t1- Starrar mnanner
to Exa’ﬁhiomerell dahl o vereteenihikenyt avhldyiler wamiakel thé wchrresponding
chl or

i ﬂuqﬁc 11431%1{ & lcgtgehetréag;:see%?% S d%{]rrq h%fgrolggrrln sﬁl?ge 90 give 3-
U aiorhifsHyRaL eﬁe&sﬂ?l( #yrrohdmyl) d1th10benzo1c acid (dithiopiretanide,

3-am nosul'f onyl - 5-"but'yl'am no- 4- gé
dpnrdftamtle rdzthataexd) %WLEleﬂdelOEyl QfaNb y Porepdetarpell, D. S., Org.

3: -b | a X n

( SRV T e A
Exanpl e 19, bunetani de can be reacted with

chl oromet hyl propionate, triethyl am ne and sodi um

i odi de in dlmathylformamEXA oyleld

et yl c My S-anynpsuiion Rd-phene idiny]

phenoxybenzoat e. WMMXWH hy

(ot T e B0 G TRE ¢ BRI caf bt PBRELERT) Cotalyic

t emBu@net okl cHiokide Ghun@haetidel @acthlemesapihaay torvgivie methyl _3-
chI oromet hyl propl onat e, tr| et hyl,am ne a

nzoate

nd sodi
ta7447 l[;'lelng similar

Pﬁ?c L(Jﬁgﬂ%g eQé!rQ@e " tho@stx ":ﬂnqztame isoamyl dithioester, piretanide

S Ubtfybdlylheé'stéw lahgl Ipﬂrmanmle benyd dukipesteli danibelpeenaoat. e.
EXAMPLE 23 Met hyl
3- Ami nosul f onvl - 4- phenoxv-5- (1-Pyrrolidinyl)benzoate

(Piretani de Methyl Ester)gpXAMPLE 29

Cyanomethyl 3-Aminosulfonyl-4-phenoxy-5-(1-pyrrolidinyl)benzoate
(Piretanide Cyanomethyl Ester)

In similar manner to Example 7, piretanide can be reacted with
chloroacetonitrile and triethylamine in DMF to yield cyanomethyl 3-aminosulfonyl-4-

phenoxy-5-(1-pyrrolidinyl)benzoate.

EXAMPLE 30

Benzyl 3-Aminosulfonyl-4-phenoxy-5-(1-pyrrolidinyl)benzoate
(Piretanide Benzyl Ester)

In similar manner to Example 8, piretanide can be reacted with benzyl
chloride and triethylamine in DMF to yield benzyl 3-aminosulfonyl-4-phenoxy-5-(1-
pyrrolidinyl)benzoate.
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In simlar manner to Exanple 1, piretanide can be
reacted with thionyl chloride and nethanol to yield
woreaohiph7437 ami nosul f onyl - 4- phenoxy- 5- ( 1- PCT/US2006/040108
pyrrolidinyl)benzoate. Using simlar nethodol ogy
pi retani de ethyl ester, piretanide isoanyl ester,
pi retani de octyl ester antXpAvPIgnagde benzyl ester can
- 24,

iC AC|d (Th| op|r L Ayeits b )
Thi oacirgl) silBilhe tiadinde tSaEX léegc&)%?tm on%gn,b%mfe%r%ﬁgemth .

to make t he correspondi ng or |

t ﬁb}@rmhsdbmuphfdlm hyrechdoride, ethplgaiine bhd k6EuiOiodidé8n DMF to
> yield 24 Faupholipossiar caminopulfonyl-fatherrry s L-phnelidindhanzoate.

aC| d (thiopiretanide, S nn piretanide thioacid) by
t he net hodol ogy of Noble, P. and Tarbell, D. S., Og.
Sy th. Coll. Vol. IV, JEKAMPLE32 Sons, Inc., New

Yor Kk, 7 _.XAI\/PLE 5 .
3- Ami nos‘u@‘%ﬁgﬂg%;g i],f"."éﬂﬂ—ﬁﬁ‘lﬂ;ﬂ’-?-hﬁl\ﬂ&bseﬂzo
i c Acid (Thiopjretan r. te(c=0) - SH

D

Thi oaci d) Pi r et 81K apropyDrkesteried wi t h

hydr ogan sswillfi G@ar@ier StedEklﬁh 1'ay§&°ga% aigt{ ﬁ§ lﬁ%lroéoc‘(ed with 3-

3 m nosul f onyl - 4 ;?Eenox-S 1- py enzo
mg@y@ngpwpgmyi bpmidg dlydglqhiqreleamdhylaﬂmrmam&);odmm iodide in

%&@?&n @“Fx R 53O N5itnehylaminary ersh 3oupigosulfonyl-

(Piphercaayt Gl - ﬁyMin)bEhk&@éter) In like manner to
Exanple 1, piretanide can be reacted with a catalytic
amount of thionyl chloride in nmethanethiol (nethyl

mercaptan) to give thi O"?E%M
am nosul f onyl - 4- phenoxy pyrrg’lsl di nyl ) benzoat e.
Di almli

Using s
corresponding thiols n

piretani de SiPiraamiag!3- (ﬂﬁhﬁﬁﬁﬂﬁhm(ﬁiroﬁ 51@E1ﬂ1?0e§fe9ft yI
t hi oesltél nd piretan de S- benzg oester, can be
pr epar dSlni E—f Flhjtq gxaﬁ}ﬁ%eha%{,o J@gyplmt@mde can be reacted with 3-

e ——
@hmeﬂylfotmam@s t(BMFE)pite giekhidEN,S-dismaipliminppsi @-fammcl)sulfonyl—

pﬁ) oeg’g{é' "(I@QWOE‘SY%})QB@,OE%{Z(%%XZ%LE' rzst ani de O benzy

EXAMPLE 34

N.N-Diethylaminocarbonylmethyl 3-Aminosulfonyl-4-phenoxy-5-
(1-pyrrolidinyl)benzoate
(Piretanide N,N-Diethylelycolamide Ester)

In similar manner to Example 12, piretanide can be reacted with 2-chloro-

N,N-diethylacetamide, triethylamine and sodium iodide in dimethylformamide
(DMF) to yield N,N-diethylaminocarbonylmethyl 3-aminosulfonyl-4-phenoxy-5-(1-
pyrrolidinyl)benzoate.
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3- Am nosul f onvl - 4- phenoxy- 5- (1-Pyrrolidinyl)-dithioben

zoic Acid (Dithiopiretanide, Piretanide -(C=S)-SH
wmedaohioomat d) Thi opi retani de can be reacted t hi BOWIUS2006/040108

chloride to make the corresponding thioacid chloride

whi ch can then be reacted V\mm}ygghydrogen sul fide

to give 3- am no

sul f ond gh®AymiB ' ¢17

acid (d| t h| opi ret ani @ret@ndew‘thdhnddehl oaC| d) by the

met hod of Nobl e, n el.

Syt . 0 SR IBE mgBRet (EXangl it gL ohed g FDC, HOB:
YR ’dleh?ﬁ%mrﬁzﬂr DMF >R i, R&1idBYH Blaminosulfonyl-4-phenoxy-5-(1-
3-am nosul fonyl - 4- phenoxv- 5- (1 pyrrol i di nyl)-dithioben

zparelidig@hesramidde Met hyl Dithioester) In |ike manner
to Exanple 1, dithiopiretanide can be reacted wth a
catal ytic anount of thionyl chloride in nethanethiol
(met hyl mercaptan) to gi VEXAMPLE 3%

am nosul fonyl 4- phenoxv 5- 1 pyrrol 1 dj nyI

at e. I NDiethi N ENOXY 2 Hd
di t hi oest er, pireta

MMM

pi r et agj t [ :
P oot Oes?‘?nﬂa? ‘%ﬁéﬁ'geld{o ﬁk@?@g %%E%Bﬁiéétg@a@ c%ﬁ gﬁg&“@yéld with EDC,
3HOB tnagiudiéthphride nh]BMB(w HieldIN N~dretyil dmyin))bdftmgh#@henoxy-s-
(Plretanld nonet. h Ester) In simlar manner to

glidiny BERPH can be reacted with
chI oroacetonltrl le and tri ethyl amne in DWW to yield
cyanonet hyl 3-am nosul fonyl -
phenoxy 5-(1-pyrrolidi nyIEK@MB&iEe?ﬂ EXAI\/PLE 30 Benzyl

Egﬁ# fonvl - 44 pheno f/on% QJ I‘I‘OISI Y Ql{ﬁim%l?&aﬁoate
(PI re e Exanpt €
8, piretanide can be <t HEF hfeﬂ J chI ori de and

tri et hyh amhing meﬂmalvia Emypl@ h, Sesaitie can be reacted with EDC, HOBt
3-am nosul fonyl - henoxy- 5 1- pyrrol i di nyl ) benzoat e.

send/\@lbz@@ﬁﬁmmmﬁ USRS N divens FEaonnopanyl-4-phenoxy-5-(1-

t hyl
3PX%°%%§WC%%}§1 phenoxy-5-(1-pyrrolidinyl)benzoate
(Piretani de Morpholinoethyl Ester) In simlar manner

to Exanple 9, piretanide ]%gl&ﬁ%LrEe?é:t ed with 4-(2-

dlthlobenzo
dinyDbenzoate

Benzyltrimethylammonium 3-Aminosulfonyl-4-phenoxy-5-(1-
pyrrolidinyl)benzoate
(Piretanide Benzylltrimethylammonium Salt)

In similar manner to Example 16, piretanide can be reacted with
benzyltrimethylammonium hydroxide to yield benzyltrimethylammonium 3-

aminosulfonyl-4-phenoxy-5-(1-pyrrolidinyl)benzoate.

EXAMPLE 39

Cetyltrimethylammonium 3-Aminosulfonyl-4-phenoxy-5-(1-
pyrrolidinyl)benzoate
(Piretanide Cetylltrimethylammonium Salt)

In similar manner to Example 17, piretanide can be reacted with
cetyltrimethylammonium hydroxide in water to yield cetyltrimethylammonium 3-

aminosulfonyl-4-phenoxy-5-(1-pyrrolidinyl)benzoate.
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chl or oet hyl ) nor phol i ne hydrochl oride, triethylam ne
and sodiumiodide in DVF to vyield

wQ@2qod/ommmphol i no) et hyl PCT/US2006/040108
3-am nosul f onyl - 4- phenoxy- 5- (1- pyr rol i dinyl)benzoate.
EXAMPLE 32 3-(N, I\I-DirrethEmP yl

3- Am nosul fonvl - 4- phenoxy1 (1- pyrrol [ d| nyl ) benzoat e
[ Piref (1Bigddaybenylng A nOXVad
manner to Exanple 54, mvrm‘lmimdﬁaemmt’ee r eact ed Wi t h
3- (di et hyl an(piggtanigayy, l\pblnméﬂﬂlglhwlﬁmﬁiﬂ Bstexie,

t(rDlMe:; n giym}l ealaaglcll?rsﬁ(g%xgﬁpg E%, f}j)grml o rr;% Xac e%r\gl?hnb—cgloro-NN
E;ﬁ%ﬁ%ﬁé%ﬁrﬂi’&l triéth %Qﬁ'ﬂ@()éna g(;dlﬁ’ﬁ’lr Edﬂldléj'lﬂyb)\/ﬁenzﬁa&%ld N,N-
met hyl am nopr opy1l
Sdﬁnethyiamﬁﬁoomblonyﬂnpﬂeﬁ oxy- 541- 3-aminosulfonyl-4-phenoxy-5-(1-
pyrroli.dinyl)dithi obenzoate [ Piretanide

3¥’§"iﬁf’ﬂ’r‘ﬁe‘{“ﬂ% #Spropyl) Dithioesterl In sinmilar manner

to Exanple 32, dithiopiretanide can be reacted with 3-

(di met hyl am no) propyl chl ori de rochl ori de,

triethylam ne and sodi um E&AMB@I di et hyl f or mani de

(DVF) to #ggiy‘i!carb&ﬂ%&ﬂh%‘d‘i‘ﬁﬂh‘&%&% 4-phenoxy-5-(1-

3-am nos Tyt =

4- phenoxy- 5- (1 - pyrr ol j dFExEelidi l%%tﬁ%o te. EXAMPLE 34
N, N- Di et hyl ani nocar b etanide Pivaxetil Ester

3- Ami ngs WinfioR WaflePBENAKP1S 19, (plrepitide0dain Het¥At i AR @hRromethyl
(Piretanide M\-Diethyl gl ycol am de Ester) In simlar

mipivadate, ttdetxlampneandsodin éedide ieDYHR ipriclddabutilgashpryjoxymethyl
hi d
< S R PRSP b AR R b &0 ™ 0y Pl

N, N- di et hyl am nocar bonyl net hyl
3-am nosul f onyl - 4- phenoxy- 5- (1 pyrrolidinyl)benzoate.
R7 WD 2007/ 047447 PCT/ Us28&aX EXAVPLE 35

N, N- Di et h@d}utvlcarbonvlo xymeth l3-Am1n0sulfonvl-4-phen0xv-5 (1-

(Pi retani de D ct hyl giisidtaibbaselel? T CIES E o
13, piretanide can ea d“ ubva\}f !l!]‘ﬂ jaeste t and

di et hyltangimélat mdoiEr tto Ex:a&hpﬂe NN- dd1dﬁh1y1ketamde can be reacted with

3-am nosul f onyl - 4- pheno
chloromethyl p1va1ate trle yf( ine and sodium iodide in DMF to yield t-

butylcarbonyloxymethyl 3-aminosulfonyl-4-phenoxy-5-(1-
pyrrolidinyl)dithiobenzoate.

EXAMPLE 43

Ethylcarbonvloxymethyl 3-Aminosulfonyl-4-phenoxy-5-(1-pyrrolidinyl)benzoate
(Piretanide Propaxetil Ester)

In similar manner to Example 21, piretanide can be reacted with chloromethyl
propionate, triethylamine and sodium iodide in DMF to yield ethylcarbonyloxymethyl
3-aminosulfonyl-4-phenoxy-5-(1-pyrrolidinyl)benzoate.
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i di nyl)benzam de. EXAMPLE 36 N, N-D| et hyl
g}/,rA:anlogul ¥o¥1y| - 4- phenoxv- 5- (1- pyrrolidinyl benzoae 0108
w@ Bioresamt de Di et hyl thi oamide) In simlar nanant]/UzD02:6
Exanpl e 35, dithiopiretanide can be reacted wt :
HOBt and diethylamne in DVF to yield NN-diethyl
3-ami nosul f onyl - 4- phenoxy EXAMPLE :/‘:’L 37 N N Di benzy
3- Ami nosul T onyT - 4= pner s o o :
(Piretani de D benzyl afrde—t nner to

Exanp| dhe5methivd esfaBinddzagal) He ﬁg&érﬁ,d T\.N!aﬁgﬁ Sidisen RE'M., 2t
amg }q;upen | a &e iﬁ DVE to vi el bN,N—dl enzy

ey nocgﬁ@{son%_ . 6 eng;gyzzg}, ($an be employed to prepare ethyl 5-
pymhmkﬁl@érﬁ&M)élﬁ&é@‘[@%raﬁmwﬁkﬁ)a%%no]benzoate, m.p. 163 — 165°. Using

Benzyl t ri met hyl amoni um

39Hh GaAihadokagy- frqehmidexmetiy] dster YiitoSbrhide B RERA Brosemide
(S RlspRifg ABERZ YL LT | th%/l angoni um Sal t) In"simlar
rrar;cgers to Exan%ﬁnédi © nf?sé r&ﬁpé’épé@aprng reacted with

benzyl tri met hyl ammoni um hydr oxi de to yield

benzyl t ri met hyl ammoni um 3- o
am ngsul f onyl - 4- phenoxy- EXAMPELESI di nyl ) benzoat e.

EXAAr'\]/quEtShSP 5-Afan0shish O {f;%ﬂlgm-qi( Zlitfquranvlmnthgmgm'mﬁmea_m
i oM et Eter

1 (D

(28 I

I ONyT="a=p1nel =7

[ [ In simlar
Piretanide Cetylltr : _ ) _

rerner e nctimpie BlihdgiRird, SHRNNGEa6R0 Deal RIS, Wt R, e

cetvltrinethyl ni um hydroxide in"water to yieél

ce}f Wefq%f’hépgmk uWh73224, can be IE:n:jployeld k’[)o preg?rg néeéhyl 5-
' Ldi zo :

aimineHUoh PV Lk 16 DG POXK Y [10lndl oyl ) ben

O b e lnpaesd 5

MN- Di et hyl am nocar bonyl net hyl

' -5-(1- i di nyl ) benzoate
3- Am nosul f onvl - 4- phenoxy-5-(1 yrrolidiny
(Piretani de N, N-Di net hyl &Iﬁ% Est er)

S-Aminosulfonyl-4-chloro-2- 2-furanylmethyl)amino thiobenzoic Acid
(Thiofurosemide, Furosemide -(C=0)-SH Thioacid)

Furosemide can be reacted thionyl chloride to make the corresponding acid

chloride which can then be reacted with sodium hydrogen sulfide to give 5-
aminosulfonyl-4-chloro-2-[(2

~furanylmethyl)amino]thiobenzoic acid (thiofurosémide,
S-furosemide thioacid) by the methodology of Noble, P. and Tarbell, D. S.,
Synth., Coll. Vol. IV, John Wiley & Sons, Inc., New York, 1963, 924-927.

Org.

EXAMPLE 47
-~Aminosulfonyl-4-chloro-2- 2-furanylmethylamino thiobenzoic Acid
(Thiofurosemide, Furosemide -(C=0)-SH Thioacid)

5

Furosemide methyl ester can be reacted with hydrogen sulfide or sodium
1ydrogen sulfide to give, following acidification, 3-aminosulfonyl-5-butylamino-4-
»henoxythiobenzoic acid (thiofurosemide, S-furosemide thioacid).

90



In simlar manner to Exanple 18, piretanide can be
reacted with 2-chloro-N, N dinethyl acetam de,

wo poogimgham ne and sodi umiodide in DMF to yi ePdI/NiS2406/040108

di met hyl am nocar bonyl net hyl 3-am no

sul f onyl - 4- phenoxy- 5- ( 1- mpﬁpmagl)benzoate
EXAMPLE 41 t- Butyl car bonyl oxymnet h
3- Al hiemethy g oty d-ghloro-2aj¢ Deé

(Piretani de Pivaxet |Flur id¢ St¥ieth hanestal ner to

Eﬁ?g? loﬁlegt @(91 &aglﬁ%faf g ar%??:l gt]l?] a%,lfuﬁg can Obe {ﬁﬁ?tﬁfln with a catalytic

| ohhdigt bﬂt}ﬁlM'Sfl icBloyide ligl Iﬁeﬂﬁhbthidl ey h@ﬁébjﬁﬁﬁl? ¥d give thiomethyl 5-
3-am no sulfon | - 4- phenoxy-5 - (1- pyrrolldlny)b

erfieapBIfo loro -1 (2-fmpiyymetiy Deminodhepweatpy| | Using  similar

pyrrop&a%ﬁﬁm tfﬁf o%gnzox? ﬂé‘%’lcro et |8iélgplth\}(z)al>sieiﬁn iosemide S-ethyl

Dlthmestelst eElnr))sdnmdSI rf-isaamyianthivesten Exasghiles I1S- octyl thioester and
i 0 ef an an be re cted with _chloro

% a@ﬁ %I%F ﬁ}ﬁwtﬁ% Do BRFPeieR ol ﬁnﬁq%we#@dology with

Y' &b tfﬁro@éihiﬁlecﬁ[@%ﬁ"ceﬂﬁﬁ%hﬁ‘ﬁﬁk alcohols, furosemide O-ethyl thioester,

3-am nosul fonyl - 4- phenoxy-5-(1
pyfurasemifienQripotinyli thiensten.afuroseENANM-BeB thioester and furosemide O-

Et‘fﬁ?ﬂ%@ﬁﬁ %rlng?rygfe%r%?{&y 5-(I-pyrrolidinyl)benzoate

(Piretani de Propaxetil Ester) In simlar manner to
Exanpl e 21, piretanide can be reacted with
chi oromet hy! propl onat e, EXAMRM&?(] ne and sodi um
nas 4 ) ANy yDamiinpltditidobenzoic Acid
- ami nosul f oﬂ)llthmfmtoenmde, Eux‘@_mfder elG=8)+SH Dithicaxid)e .
89 WO 2007 0474 PCT/ US2006/ 04 MPLE 44 Eth
S A nolUPPEIGTde. £ BF ooy (RO Al e P e gitesponding
betﬁﬁ)@&ﬂ%hldﬂd@&ﬂﬁ[blﬁi CarEtHy | beEsictéd witheobRih r%en sulfide to give 5-
Bundgaard, H. gaard T. and N el sen I nt.

presmipaskionylcd chioos [(%ﬁnmwimﬂtbzhmwﬂrdﬁbl@ﬁwowed to  aciid
pr 5
ARBOR PRt SRupsemide giiogeid) by, e methadoloay, of Noble, . and
at"Earbeﬂ . S],&I!rg—. S@ﬁth Gillhol. IV, John W1ley & Sons, Inc., New York, 1963,
924-927.

EXAMPLE 50

Methyl 5-Aminosulfonyl-4-chloro-2-[(2-furanylmethyl)amino]dithiobenzoate
(Furosemide Methyl Dithioester)

In like manner to Example 1, dithiofurosemide can be reacted with a catalytic

amount of thionyl chloride in methanethiol (methyl mercaptan) to give methyl 5-
aminosulfonyl-4-chloro-2-[(2-furanylmethyl)amino]dithiobenzoate. Using similar
methodology furosemide ethyl dithioester, furosemide Ssoamyl dithioester,
furosemide octyl dithioester and furosemide benzyl dithioester can be prepared.
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sim | ar nethodol ogy furosem de nethyl ester,
furosem de isoanyl ester, furosem de octyl ester and

wo woesewde benzyl ester can be prepared. EXAMRUEUEH06/040108
Met hyl
5- Am nosul f onyl - 4- chl or 0- 2-[ (2-f ur anvl net hyl ) am nol ben
zoate urosem de Methyl ESPAMPIEShet hod of

Ci -

prepare nethyl 5- urosemide Cyanomethyl Ester)
am nosul f onyl - 4-chl or o- 2- -Turanyl nme am no] benzo

ate. EXAMBInHIAG manner to Example 7, fur i i
5- Am nosul f onvl - 4- chl or o- 2- | &)Ze- fur anyols?rre% eyI a%mbﬁof?algfed with

olsalpreacetonttile andripthylaminein DMF Byidd epambenctifyT-509miGbtulfonyl-4-
T 5’&@% ). Lde can.pbe reacted thionyl chloride

tloz na gﬂ%gﬂ%@ﬁﬁg@ggfwr}?&g’%f@e_ chl ori de which can

then be reacted with sodi um hydrogen sulfide to give

5-

am nosul f onyl - 4- chl or o- 2- EXANPLES2 net hyl ) ani no] t hi ob

enzoi GeAs1%- At 0Seh 2 Wrosen de thioacid

byt heshey %oé%]%%& SRy Wg@”‘c’lét‘l .Vba'ﬂm@.b?‘)'z"a‘e
Og. Synth., Coll. \EUEo; PLCE DERIYAASIC) ¢ Sons, I nc.

New Yo ﬂlk,sllrflﬂmll;naﬁﬂskh fI:Q)ZExalﬁﬁl%[ l(\/?,L%Elréiemilde carﬁ lt|>e) reactedI w%]th benzyl
5- Ami.nosul f onyl - 4-ch| oro0-2-[ (2-furanyl met hvl ) am nol t hi
05@[«;“93? @né\&l%ﬁyweo%bgé%ﬁ? Jield penzys Sraiaosylfongl-4-shloro-2-[(2-
Thieadhdhybumdspeaet hyl ester can be reacted with

hydr ogen sul fidé or sodium iydrogen sulfide to give,

foll owi ng acidification,

3-am nosul fonyl - 5- but yl anj,gq-4- noxyt hi obenzoi c
acid (thiofurosem de, S—f@?‘%&im‘ hi oacid). 90 WD

2007/ 04744 2- BN o 148 nl bk 23R RNY |
5- Ami nosul fodr?yl > mﬁ%ﬁéﬁﬁ% W@f{iﬁ%ﬂ%ﬁ%ﬁ%gl

benzoate (Fur oS ffyfiGecmfe M phblinO&hy Pldiehl | ke

manner _to Exanpl € I, 5 ed with a

cat al yhe meghedutMerk, Nai Bwydgaadd) i Shelmiy Miedndatiedseneén, S., nr,
( et t to. Qi jonet hyl 5-

a%gn%%)ﬁfgg%@?g a?ﬁ?’or%(gzyg%ég?’u rcgﬁy?{’ﬁeteﬁml‘)yéﬁfi (o] BERzs 2-(4-
atmerphoino)gtigd m | aramm@hrf@ﬂﬂl@gﬂow-iJ[(thﬁfé?lzfﬁﬁétﬁﬂ)zﬁﬂﬂo]benzoate
t he cgrresppndl ng thiols, furosem de S-ethyl ’
t idsterl3>f.ur oseni de S-isoanyl thioester, furosende

S-octyl thioester and f ﬁﬁﬁﬁ,’ - benzyl thioester,
can be prepared. Using si%m ar ]?r@tsﬁodol ogy with
3-(N.N-Dimethylaminopropyl 5-Aminosulfonyl-4-chloro-2-[(2-

furanylmethyamino]benzoate
[Furosemide 3-(Dimethylaminopropyl) Ester]

The method of Mork, N., Bundgaard, H., Shalmi, M. and Christensen, S., Int.
J. Pharmaceutics, 1990, 60, 163-169, can be employed to prepare 3-(N,N-
dimethylaminopropyl 5-aminosulfonyl-4-chloro-2-[(2-furanylmethyl)amino]benzoate,
m.p. 212 -213°,
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dithio furosem de and the correspondi ng al cohol s,
furosem de O ethyl thioester, furosem de O i soanyl
wo boogost4er , furosem de O octyl thioester and feeDESI0E@10108
0- benzyl thioester, can be prepared. EXAMPLE 49
5- Ami nosul fonvl - 4- chl or o- Zex ARFpTYr 88y net hyl ) ami nol - di
t hi oben20| C AC| d (D| thi of urosem de Furosem de
120 3 i : 'ul G-I ON-o(1
t hi onyl chI ori de apzine] tet hi oaci d
chl ori de whi Eunmamiduéh ]}bimert o 'o lS]idilUéBter
hydrogen sulfide to give 5- e . .
an nosdf I FAERG GBI RRRls S Athipfirasargis o ) reartedh with 3-
qaﬁﬁapylamaw%px@%l( éiublhd@hyméﬁmlé@ trite Hy%ﬁﬁé dﬁd sodium iodide in

di t hi oaci d e net hod (éb
Tadamthwlfomlmde (BMD) tsymlld 3- NrdlmefﬁiylammomeWnSJamlregsulfonyl-

& 00501 R0 el R it QRatls - EXAVPLE 50

5- Am nosul f onvl - 4-chl or o- 2- (( 2-f ur anyl net hyl ) am nol
di t hi obenzoate (Furosem de Methyl Dithioester) In
| i ke manner to Exanple 1, Wﬂ#@l%sem de can be

r eact ec Wi ety Giliahe o |

i n metH3 O

am no gy ic — )

sul fonyl - 4-chl o At S3a BRIy o e H1 hi obenz

oat e. Hiengethbdrof Mork ML, ﬂﬂtﬂdgaﬁi@d/ Hysnaﬁm Id[eaﬁ’d owtistensen, S., Int,
dit hi oester, furosem de Ssoanyl: dithjoester,

t ok oBhdrensewiasy| 10 hPBesteSrlafhdcamr b evmpleyesknioy | prepare N,N-
T RN —

5-faranplosahymmihe Pendvlater or.2-1635 2H360r any| et hyl ) am nol
benzoate (Furosem de Cyanonethvl Ester) In simlar
manner to Exanple 7, furosem de can be reacted with
chl oroacetonitrile and triEgiqulrﬁgys in DVF to yield
cyanorreth | 5- am noslulfonyl
: P LRGSA ITOT

Benzyl 5- Am n os u I fo nv(IFuéesehilde Diéihﬂamlde)

ot ery ThyelR e Bl PG P2 Grnshraitl MR e sSasTie i BpC, HOBY

bemnd ediethgthnyiné hinb®MY | to 9&&@@@9@1@1 t5 mﬁldbwllﬁfﬂ dHlbro-Z [(2-
DMF to yield benzyl 5-am nosul fonyl -4-chl oro-
furanylmethyl)amino [benzamide.

blbeRzamide

Ak 1ra'or

EXAMPLE 58

N.N-Diethyl 5-Aminosulfonyl-4-chloro-2-|(2-furanylmethyl)aminolbenzamide
(Furosemide Diethylthioamide)

In similar manner to Example 57, dithiofurosemide can be reacted with EDC,
HOBt and diethylamine in DMF to yield N,N-diethyl 5-aminosulfonyl-4-chloro-2-[(2-
furanylmethyl)amino]thiobenzamide.
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furanyl met hyl ) am no] benzoate. EXAMPLE 53
2- (4- Mor phol i no) et hyl 5- Ami nosul fonvl -4-chl oro-2- f
w@ 2007f0um4any| met hyl ) am nol benzoat e (Fur osem de PCT/US2006/040108
Mor phol i noet hyl Ester) The nmet hod of Mrk, N.,
Bundgaard, H , Shalm, M pxwiviPie § ensen, S., Int.

J. Pharnaceutlcs 1990 60 163 169, can be enpl oyed
Nad 5¢4 i gl -furanylmethyl)amino]benzamide

5- ami nosul fonyl 4- chhyl ) ani no] ben

zoat e, 1

37 DRI apR Bt Kon THBemids o bs Zedsiss) with BDYC, HOB:
(2nd fdﬂﬂsmylaﬁ‘&ﬁ&l)ﬂ DVIE e | Jie1d 29 - Giblefriifl OB eiirdeul fonyl-4-chloro-2-[(2-
3-(Di mathyl am_na ropyl) Ester] The nethod of Mork, N.,
BéW@RRmethyl)aminedhensamid) and Christensen, S., Int.

J. Pharmaceutics, 1990, 60, 163-169, can be enpl oyed

to prepare 3-(N, N di net hyl am nopropyl

5-am nosul fonyl - 4- chl or o- EXAMPLE eéhyl| et hyl ) am no] ben

t ) 2 3. 92, V\D 2007/ 047447
é?;'?'/ 8520 NREW : Flax -Ammosulfonvl—4 chloro-2-[(2-
3- (N, N-Dlrrethylamn ‘ 3 nZ0at
f (2- furanyl

3- (D g g ng 1Y) ' %eﬁcanﬁ%ds@mﬁén " GRRORled with

to Exanpl e | |ofuroserr e reacte
( denztltnipheing]l amjnonomy | hgfﬂfcxxlded etohy giiekic hbtmzyﬂﬁmethylammomum 5-

triet m.n I um i e.in, |mst | f or mam de
(emioTlgTet eete et b o
5-am nosul fonyl - 4-chl oro- 2- [(2 furanyl nmet hyl ) am no]

di t hi ob enzoate. EXAMPLE 56
N, N- Di et hyl anmi nocar bonyl rTEtXAIMPLE 61
[

5- Am nosul b | ),am3 nol
benzoat e S €=—The
met hod of I\/brk ‘f M and

Chri st ensen, SAFUresel AV AIHE
163-169n §ﬁﬁla§enﬁtﬂﬁéxo)’[§dEk§’mﬁfeequr efu%s&mde can be reacted with

cetyltrimethylammonium hydroxide in water to yield cetyltrimethylammonium 5-

aminosulfonyl-4-chloro-2-[(2-furanylmethyl)aminoJbenzoate.

EXAMPLE 62

N.N-Dimethylaminocarbonylmethyl 5-Aminosulfonyl-4-chloro-2-[(2-
furanylmethylDaminolbenzoate
(Furosemide N,N-Dimethylglycolamido Ester)

The method of Bundgaard, H., Norgaard, T. and Nielsen, N. M., Int. J.
Pharmaceutics, 1988, 42, 217-224, can be employed to prepare N,N-

dimethylaminocarbonylmethyl 5-aminosulfonyl-4-chloro-2-[(2-
furanylmethyl)amino]benzoate, m.p. 193 — 194°.
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di et hyl am nocar bonyl net hyl
5-am nosul fonyl - 4-chl oro- 2-[ ( 2-
wo ooaoyisaet hyl ) am no] benzoate, mp. 135 -136. BXANPLBR6/040108
57 N, N-Di et hyl 5-Am nosul fonvl - 4-chl oro-2-f
(2-furanyl met hyl ) am nol bgnzanirer ¢8 Fur osem de
Diethylamde) In sim I ar manner to Exanpl e 13,
f ur osen dd-lButyldae gxajethivh $r Amii@osuiomy l-4egﬂoro-2 [(2-
di ethyl anmine in DNFﬂlnaanmleﬂlvﬂm_M@_t_
5-am nosul fonyl 4- chl(Parosémiide’Pivaxetil Ester)

5~ . O PUROR P MRk Roro 1D o nORR Ny FILRPHBRBSH, S

zgm %ar&g&bﬁéﬁml@gou 86,hy1430] amanicde) vken ehglhiedr to prepare  t-
manner to Exanpl e 57, dithiof uréosem de can be reacted

wi tutyl@monnylessBuethyld di et hyl ami ne i n DMFaminoginomyyl- 4 chloro-2-[(2-

N di e - am oSy onyl - 4-chl oro- 2-[ ( 2-
“??ﬁ?ﬂ%“i qa%i'obenzam' de. 93 WD 2007/ 047447

PCT/ US2006/ 040108 EXAI\/PLE 59 N, N-Di benzvl

5- Am nosul fonvl - 4-chl or o- 2-f

(2-furanyl et hyl ) armi nol be A2eMVELE pfur oseni de

Di benzyl a'p%_gt#lgllapbéﬂ;ﬂbn%.etﬂwnfgmﬁlgsu_ I{;P-léi--ech}psx‘o-Z-[(2-

furosemd St il it A

di benzyl am ne in %
5- ani nosul  onyl - 4- dEwEpsgmide Viyaketil Dithioester)

furanyl met hyl ) am no] benzam de. EXAMPLE 60

Benzyl t ri met hyl ammoni um
5- Am nd8utFeiaY mannghter Bxaple 203, rdithietiroseridpl jamboieagied with

e r al
bk Th (VAN RRRTGE | B WARETINE, o dinkethformamide
r iied wpbt h yieﬂxﬂanz’ybmtylcaﬂtohylloaymtmﬂlyhm Frauhimmsidenyt @-chloro-2-[(2-
ield be r. |um5- am no
gﬁfﬁ'&ﬁ@?ﬁ%ﬁﬁ?ll&? 1th1 E‘?an ranyl net hyl ) am no] benzoat e.
EXAMPLE 61 Cetyl trinmet hyl ammoni um

5- Am nosul f onvl - 4- chl or o- 24 : furanyl nethyD am n of b
enzoat e (Furosem de Cetyl Myl 6%moni um Sal t)

Ethylcarbonyloxymethyl 5-Aminosulfonyl-4-chloro-2-[(2-
furanyvlmethvl)aminolbenzoate
(Furosemide Propaxetil Ester)

The method of Mork, N., Bundgaard, H., Shalmi, M. and Christensen, S., Int.
J.  Pharmaceutics, 1990, 60, 163-169, can be employed to prepare

ethylcarbonyloxymethyl 5-aminosulfonyl-4-chloro-2-[(2-
furanylmethyl)amino]benzoate, m.p. 141 — 142°,

EXAMPLE 66

5-[1-(t-Butylcarbonyloxymethyl)-1H-tetrazol-5-yl}-2-chloro-4-[(2-
thienylmethyl)amino]benzenesulfonamide
(Tetrazolyl-Substituted Azosemide)

In similar manner to Example 19, azosemide can be reacted with chloromethyl

pivalate, triethylamine and sodium iodide in DMF to yield 5-[1-( t-
Butylcarbonyloxymethyl)-1H-tetrazol-5-yl]-2-chloro--4-[(2-

thienylmethyl)amino|benzenesulfonamide.
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In simlar manner to Exanple 17, furosem de can be
reacted with cetyltrinmethylamoni um hydroxide in

wowrioen414a7 yi el d cetyl tri nmet hyl anmoni um 5- PCT/US2006/040108
am nosul fonyl - 4- chl oro- 2- [ (2-furanyl met hyl ) ani i no] benz
oate. EXAWMPLE 62 N, N-Di net hyl am nocar bonyl et hyl

5- Am nosul fonvl 4-chl or o- E Eﬁwr anyl met hyl ) am nol
benzoat e_ SEepd_ds ol am do Ester) The
ot hod - rg L “?ht IO a T N R RS
M, Int. J Pha wL; _ nvi)an l.l.lh.; Sk n mide Can be

enpl oyed to prepar ragolvl:Substifuted - Azosemide; yl met hyl

5- am nda Lsinﬁlmyﬁmﬂeﬁltﬂm{aﬁfp?e [56 ?az id

fur an | met hyI am noj benzoat e, n?sgml ok begrfaCtS(}l%Chlommethyl
0@8d osralios IOE)d@NI%h.EDMF to yield 2-chloro-5-[1-

MR D AT o
Puthnanodmethysammo)]b&izenmlfmlaé Mork, N., Bundgaard,

H, Shalm, M and Christensen, S., Int. J.
Phar maceutics, 1990, 60, 163-169, can be enployed to

prepare t- butyl carbonyl 0};}’{%?}:@ 68

5-am nosul f onyl - 4-chl or o-

furanyl met by} am
t- Butyl car b 00- ~ leirloxvmetﬁfqﬂ'tetrazol STvle])4 -[(2- |
: pRaInife) ami no

5- Am nosul f onvl =¥
di t hi obenzoate (F njgepest er)

sim l aAzZoFReE & @éac?edG%vltHj 'ftoﬁhﬁlﬁ% enI]I dlgﬁﬁﬁrgengn ahlonde

reacted with chloronethyl pivalate i et h

sB§Hhyiane sdplarisder PME miscthigk foo DRI td evield DMEHloxboS Yi-glydroxymethyl)-
G R LN 00O s Somemise.

di t hi obenzoat e. EXAMPLE 65 Et hyl car bonyl oxynet hyl
5- Ami nosul f onyl - 4- chl or o- 24§ 2-

furanyl met hyl ) am nol benz REE69seni de Propaxeti |
Ester) 2-Chloro-5-[1-(methoxymethyl)-1H-tetrazol-5-yI]-4-[(2-

thienylmethyl)amino]benzenesulfonamide
(Tetrazolyl-Substituted Azosemide)

Azosemide can be reacted with formaldehyde, methanol and a strong acid in
methylene chloride, methylene chloride-DMF mixtures or DMF to yield 2-chloro-5-
[1-(methoxymethyl)-1H-tetrazol-5-yl]-4-[(2-

thienylmethyl)amino]benzenesulfonamide.
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The nethod of Mork, N., Bundgaard, H., Shalm, M and
Christensen, S., Int. J Pharmaceutics, 1990, 60,

wae® 47 can be enpl oyed to prepare PCT/US2006/040108
et hyl car bonyl oxynet hyl 5-am no
sul fonyl -4-chl oro-2-[(2- furanyl net hyl)am no] benzoat e,
mp. 141 -142. EXAWPLE 66 EXAMPLE 70
5-11-(t- Buﬁld‘lﬁﬁﬁpé’ﬁ‘{'(ﬁfé byl -1i—|— trazol -5-yl|-2-ch
loro-4- [(ZF TNV X >
(Tetrazol yl - Sub cf Laenze 0F € manner
to Exanple 19, az ' = L
chl or onfetosythidepian Bk 2R ted! W I i
e ool be Bbdeted i{ﬁ%&lﬁla@d&h@@e Wt SRHSMnd a strong acid
Blﬁ? megy Wﬂﬁﬁﬁﬂk)ﬂelc ridst PRFomi:Bunek Jor DMF to yield 2-chloro-

th| enyI netﬁA?rflétéﬁ% lflbtgtﬁgzeor%éss #Jﬁ?am de. 95 WO

ZmWﬂmEMDaﬂﬁibﬂw&%ﬁ@d&hﬁ& EXAMPLE 67

2-Chl oro-5-[1-(ethyl carbonyl oxynet hyl )-1Ht etrazol 5
vil 4 [(2 thienylmethyl)am nol benzenesul fonam de
(Tetrazol vl - Substituted Ag ﬂﬁ)ﬂl n simlar manner
to Exanple 19, azosem de can be reacted with

chl or omet hidl1-(Benzyloxyatechyl)-i Hetiebwizols-5H- 2a816Gedi-{m

i odi de in DVF t ¢highhabtivIpmiablbeazénesulfonamide

(et hyl car bonyl oxy ity olyLSbsitidhfed 20 osomide) - 7- [ ( 2-

t hi enyA % 1_ enes onam de. MPLE 68

2- Chl of'6° %‘3 B S?ée nZi/HchJ@rqraqtbyL &her friethyflamine and

(é’odmhl&ﬁ&éﬁﬁbm L
(&e1 azlol vl - Substtlbt utlgg Azt{gs 2152; M@nqgneazggﬁy%zcmom"l'
r 634 léaymethyl)a@m@bmwmfomamdehyl ene chlori de,

met hyl ene chl ori de-DMF m xtures or DW to yield

2-chl oro-5-[1-(hydroxynethyl)- 1

H-tetrazol -5-yl]-4-[(2-t ExAMPEL ¥ ) am no] benzenesul f
onam ge. EXAMPLE 69 2-Ch| or o- 5- I-(msth oxynet hvl)-1
Hte tr1 2 etohzol-5-yl)-4-[(2-

benzenesul f ona be&dnssulfmiaﬁﬁdé\zosem de)

(Azosemlde Benzyltrimethylammonium Salt)

In similar manner to Example 16, azosemide can be reacted with
benzyltrimethylammonium hydroxide in water to yield the benzyltrimethylammonium

salt of 2-chloro-5-( 1H—tetrazol—S-yl)-4—[(2-thienylmethy1)amino]benzenesulfonamide.

EXAMPLE 73

Cetyltrimethylammonium Salt of 2-Chloro-5-(1H-tetrazol-5-yl)-4- [(2-
thienylmethyl)aminolbenzenesulfonamide
(Azosemide Cetyltrimethylammonium Salt)

In similar manner to Example 16, azosemide can be reacted with
cetyltrimethylammonium hydroxide in water to yield the cetyltrimethylammonium

salt of 2-ch10ro-5-(1H~tetrazol-5-yl)—4-[(2-thienylmethyl)amino]benzenesulfonamide.
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Azosem de can be reacted with fornmal dehyde, nethanol
and a strong acid in nethylene chloride, nethylene
wa@ kdogoider DVF m xtures or DMF to yield 2-chl oreeBuS1006/040108
1- (et hoxymet hyl )-1 Htetrazol -5-yl]-4-[(2-
t hi enyl met hyl ) am no] benzempgganfpaapyde. 96 WO
2007/ 047447 PCT/ USZOOG/ 040108 EXAI\/PLE 70
' g ppthelphenvabinoplyridifium t-

(2 thienvl met hyl ) > Butidéarbenvienpmeiioohlanidde

( Tet r azol yl - SubsRyiridiethnASaBstitutts) T dAEemedd %igﬂt)Can be

reacted with fornmal dehyde, t hanet and a stron :
ena it Srbelniatter B T SRR G i tons o v loromethy!
mﬁ&dl'&tgs Qf1et¥?§fa1ﬂ1ﬁ’e Yigldd 2080hP7 Ooditel in DMF to yield 3-
1-(nmethyl thi onmethyl)-1 Htetrazol -5-yl]-4-[(2-

t hmmp mxlaﬁfqmqmtnééﬁemaﬂmbﬂnamlmn@w@mﬁnn t-

7 U R oo eriR o "t ne BB aAaB S Bndido-4-(3™
(Tabthstpnérhosisasy e hagseRdislodEearmdgs.can be

reacted with benzyl chl oronet hyI er, triethylam ne
and sodiumiodide in DMF to yleld

5-[1- (benzyl oxynet hyl ) - 1H! %[ yI ]- 2-chl oro-4-

[ (2-thi enyl met hyl ) am no] benzenes ?onam de. EXAMPLE 72

Benzy3-IsapirepylyibamyisulfonSalido-af(3 2nidthylpRedylfabinopyridinium
tetrazol 5 vl) 4 f(Rthyl&irBoNy1oR¥mi¥ihbaklofide

benzenesul f onam @rm,ggﬁghgﬁu , zyélggmmgm{ anmoni um
Salt) In simlar manner azosem de can
be r eadt é@ll&ﬁrtmamlﬁ@mﬁfmnl%i?,Hyrsammﬁaarhew@m@i(W@b chipromethyl
oo {! FniAfRClRld | R SRR 1Ot o -
o]1:hmrq:qﬁrasbdrﬂ}dﬂﬁfﬁnd&udo-é{(f&l\ﬂét?ylﬁﬁa}lfl)amm%pynldﬁmm I
t I S oro tetrazo
%l‘ 3 m@&ﬂ%%ﬁ ofid hgtr g érlSB@ﬁexlﬁ@%manHﬁma@@do-4-(3’-
(M&%ﬁh&ﬁg&%ﬁqp&ﬁﬂiﬁﬁin@Eih?ﬁﬁﬂi&hb‘f&%ﬂbﬁhddﬁhé' m | ar

manner to , azoSem de” ca e reacted with

EXAMPLE 76

3-Isopropylcarbamylsulfonamido-4-(3’-methylphenyl)aminopyridinium
benzyloxymethochloride
(Pyridinium-Substituted Torsemide Salt)

In a similar manner to Example 8, torsemide can be reacted with benzyl
chloromethyl  ether and  triethylamine in DMF to  yield 3-
isopropylcarbamylsulfonamido-4-(3’-methylphenyl)aminopyridinium

benzyloxymethochloride.
EXAMPLE 77
3-Isopropylcarbamylsulfonamido-4-(3’-methylphenyl)aminopyridinium
methoxymethochloride

(Pyridinium-Substituted Torsemide Salt)

In a similar manner to Example 8, torsemide can be reacted with methyl
chloromethyl ether and triethylamine and in DMF to vyield 3-
isopropylcarbamylsulfonamido-4-(3’-methylphenyl)aminopyridinium

methoxymethochloride.
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cetyltrinmethyl ammoni um hydroxide in water to yield the
cetyltrinmethyl ammoni um salt of

wQ@2ohloora? 5- (1H-t et razol -5-yl ) -4-[ (2-t hi enyl nePdyUyZN06/040108
o] benzenesul f onam de. 97 WD 2007/ 047447
PCT/ US2006/ 040108 EXAMPLE 74
3- 1 sopr opvl car banvl sul fonMM-PZLE 38- net hyl phenyl ) ami n

opyr i UIEHp#EHY hlori de
(Pyru‘dﬁ ﬁﬁg—m
manner to Exanpl g & react ed with

chl ororet hyl  pi‘va SioadoLet L) A um
| od| de Inre Biufldr onyriret do Example 8 torsemlde be Ip cted with benzyl

r.b | f do- 4- t
SRR fonam, 004 w”mlm o
SnicHRgpIanyl) ﬁlﬁhﬁ@whﬁmﬂg ?Wrg&hoch(londe

net hyl phenyl ) am hopyr 1 dif niam
t - but yl car bonyl oxynet hoi odi de. EXAMPLE 75

3- 1 sopropvl car banvl sul f onBXIAMPERE(A - met hyl pheny) 1) am
nopyrj h a onyI oxynet hochl or| de

( Pyr iTorro NN of emetVINh anyDg imin dyasridinium

nmanner to Exanpl e 19 Bﬂeﬂé&ammsh!_!mreact ed with

chl or onet hyl g [Tomrsenaida $eley odi um
I odi deyq g %af g.r ?ﬂ
sul f ona

| sopr opyl car ba g)rsemlde can be reacted with benzyl
Pmeﬁnénylthlaﬁﬂlaopyandjl ntriﬂilylamme in DMF to yield 3-

AR “BPQﬁ;-hf%@aEr?@éﬁa”&nopmdmm

myﬂﬂﬁﬁ@eﬂabmmlwpy_ri di ni um
et yl car bonyl oxynet hoi odi de. EXAMPLE 76

3- 1 sopropyl car banyl sul f onam do-4- (3" - net hyI phenyl ) am n
opyridi nium benzyl oxyne

(Pyridi ni um Substituted %@?‘gmggm t) In a simlar
mannddsdmropyieatbanyisultsianaib 4e3¢ e RPIph 8RR Hiflindbl - dinium

benzyl' ~chl or omet hyl Wbt RRethbaAbHAL &7 € 11T DV Eo

! sopr apyl car e SRSt Torsgmida Sy
[ sopr&pyl car banyTsu yl ) am nop

yri di s zlyﬁlﬁfy ﬁetE?fjacrmAIrQ) r8é dmelﬁﬁé:\ﬂﬁ%g feadtddSwith methyl
Q; m do- net hy phen am nopyr
Bfo‘i’&ﬁ thét ?ﬁ%tﬁ&l ‘ %8 h| BFthylamme  and IXM)F

di ni um " et hoxymne to yield 3-
1sopropylcarbamylsulfonam1do-4 ~(3’-methylphenyl)aminopyridinium

methylthiamethochloride.

EXAMPLE 81

Methoxy( polyethyleneoxy), -ethyl 3-Aminosulfonyl-5-butylamino-4-
phenoxybenzoate (Bumetanide mPEG350 Esters)

In a manner similar to Example 8, bumetanide can be reacted with MeO-
PEG350-ClI (Biolink Life Sciences, Inc., Cary, NC, BLS-106-350) and triethylamine

in DMF to yield methoxy(polyethyleneoxy),.,-ethyl 3-aminosulfonyl-5-butylamino-4-
phenoxybenzoate where n is in the 7-8 range.
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(Pyridinium Substituted Torsemide Salt) In a simlar

manner to Exanple 8, torsemni de can be reacted with
woredoiph744Thl or omet hyl ether and triethyl am ne POTUSI006/040108

DMF to yield 3- isopropylcarbanyl sul fonam do-4-(3'

- met hyl phenyl ) am nopyri di ni um net hoxynet hochl ori de.

98 WD 2007/ 047447 PCT/ US2E36XMPBHD82 EXAMPLE 78

oy ARRSEAT Bl @%tﬂ%émmo Db, M; U

(Pyrldlnlu.h‘el s 350, Thi r

manner Tha rﬁmﬂpbﬁu&r té Bxanpleds tmamlnetaﬁﬁa%ﬁ %e%éd?ed with MeO-

S B0 Eialber 3t Seehesmatig s A 4C, BLS-106350) and triethylamine
%4 DR RE ) A BRARY1y P 1eHIB R YA BRGSOt AR 5-buty lamino-4-

3 phewpiyetpipbemmobmmwhese h ivmaht 38-rangs’ - met hyl phenvl ) ani n
opvridi nium Benzylthi onet hochl ori de o
(Pyridinium Substituted Torsemide Salt) In a simlar
manner to Exanple 8, torsem de can be reacted with

benzyl chl oronethyl thi Oﬁm%Pﬁlﬁdsg riethylamne in
DVF to |eI d 3-

:(

i sopr dYiethoxy ; i
yridi ni um bwdmblemmhﬂhimannﬂh mEEG\IIBDEPbers)

h h I
gpl/f?g;ilgn) %yl %%kg?%ll?rh* oﬁgi“HB héf gl?%eé‘canngé %n%eer%%ct)eg w1‘Hl MeO-

(IPEGIOOGHOSlm $Bhsinkt wied Stinsedi de. Satdry, aca ELQH'O?IIOOO) and
manner to Exanple 8, torsem dé can be feacted

rrérmw amyg|ip RME{C% yield meéwﬁaqolx@mylmepm)nweﬁwﬁ ﬁelnamsulfonyl 5-
: glcl) r opy? %@hﬁxﬁenﬁaoengr}her 0- 1(r]3the e  TaBREnG) SRR, Bgrmer S-

y buietaniden mPEGIPDO hihioyesrhashl be IidﬁnecEXﬁMPLﬁt}ﬁabumetamde MeO-

oEED Y08 < hipbeRo Tt ssisaees. o GadNGPERBS007-1000) and

Eatefhyddmine in DMF.

EXAMPLE 84

Methoxy(polyethyleneoxy),.;-ethyl 3-Aminosulfonyl-5-butylamino-4- ,
phenoxybenzoate (Bumetanide mPEG1000 Dithioesters)

In a manner similar to Example 8, dithiobumetanide can be reacted with MeO-
PEG1000-OTs (Biolink Life Sciences, Inc., Cary, NC, BLS-107-1000) and
triethylamine in DMF to yield methoxy(polyethyleneoxy)y.i-ethyl 3-aminosulfonyl-5-

butylamino-4-phenoxy-dithiobenzoate where n is in the 19-24 range.

EXAMPLE 85

Methoxy(polyethyleneoxy), ;-ethyl 3-Aminosulfonyl-4-phenoxy-5-(1-
pyrrolidinyl)benzoate (Piretanide mPEG350 Esters)

In similar manner to Example 8, piretanide can be reacted with MeO-PEG350-
Cl (Biolink Life Sciences, Inc., Cary, NC, BLS-106-350) and triethylamine in DMF
to yield methoxy(polyethyleneoxy)n.i-ethyl ~ 3-aminosulfonyl-4-phenoxy-5-(1-

pyrrolidinyl)benzoate where n is in the 7-8 range. In similar manner bumetanide
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In a manner simlar to Exanple 8, bunetani de can be
reacted with MO PEG350-C (Biolink Life Sciences,

wWo e@7/041@ary, NC, BLS-106-350) and tri et hyl am neCT/U820D8/640108
to yield methoxy(polyethyl eneoxy)" _1-ethyl

SrAShORS s B S S SHpi etk MiBbaso-

P@f&lﬁ%@@@ RIGLES Inéa@s\zh{?> L8 ELS 106 -350) and triethylamine in DMF.
Met hoxy( pol yet hyl’ eneoxy 1let hyl

3- Ani nosul fonvl - 5- but yl am no- 4- phenoxybenzoat e

( S- Bunet ani de nmPEG350 Thi { a manner simlar

to Exanple 8, thiobumet anﬁm@ggreact ed with MO

PEGB50M§th6g(ﬂéi1§éthvleh5@(@£i-EMFQ-Aﬂlftﬁ)sulfﬁWl%- R¥noxy-5-(1-
r&iftin}

BLS- 106- [ 1hb&iz0XteqBLPiPetahide HYPELS5H MHidksters)
met hoxy ( pol yet nyT eneoxy) 1 _1- et n

3- ami ndB HmPary magngs foy %ﬁ@lﬂ@ & tﬁwn@ﬁf@wﬁtq@ndwem@dewh MeO-
g

yie (23)(59(%12 B}}g}tuﬂp%ef% ggl)?%/l?é; éWNE $3.5-106- -350) and triethylamine
-ni\ﬂDMEwbifeMbthExﬂpblyb@meﬂ@oXy)n Poap3neRE0kitrey]-4-phenoxy-5-(1-

(Bunet.ani de . mPEGLO00, Esters) In a manner simlar to

eexrplidngDtivohsazonts wheredns BhthedaR falgewi t h MeO-

PEGLO0O- OTs (Biolink Life Sciences, Inc., Cary, NC

BLS-107-1000) and triethylam ne in DW to yield

met hoxy( pol yet hyl eneoxy) , EXAMPIE 83- am nosul f onyl -

but y| aMethexi(pélecthylehendda]-ethwhB+Aamindsalfomyli4iph difhxw4-(1-

range. |n sigfirtalidiiEibzoste (PlHeRinddd mmmrs)

thiosters .can be forned_wth S-th) obunet ani

PEGL000R GHEleieaungk 19 Feanple ot BEStanife cancg? feacrtﬁsl with MeO-
LP%;%@??]@? FiﬂcntM@t @éﬁ&@é& ”EIné n 85, REMBEK-f4-1000) and

eoxy)"
3 tﬂﬁhm]@s‘l][dlé mriDM-PStobmlgl Inwthm{pblyqihgdnmmnmﬂmlé am1nosu1fony1-4—

rretan nP D|th|o ters nner
{ PEnt-E oty st R ats 1 oo T Q2R a0E<, T fimift manmer
N%u&ﬁ@&@%?%aomﬁl Rl dstels Ldaﬁebescfo%h@@swnhnS-thloﬁﬁéﬁmde MeO-
BLS-107-1000) and triethylamne in
@W@&T@e&ﬁiw@md@f@)$01qn<-‘@ﬁ,h;lnc 3- GAiyn oG thérlOé{' 1000) and
n noxy-di t hi obenzoate where n is in the
3}-1 Eﬁ?ﬂgﬁ%ﬁ MPLE 85
Met hoxy( pol yet hyl eneoxy)" i - et hyl
3- Ami nosul f onvl - 4- phenoxy- 5- (1- ﬁ/rrol i di nyl ) benzoat e

(Piretani de nPEG350 Ester ®
Methoxy(polyethyleneoxy),.;-ethvl 3-Ammosulfonvl-4-phenoxv—5 (1-

pyrrolidinyl)benzoate (Piretanide mPEG1000 Dithioesters)
In similar manner to Example 8, dithiopiretanide can be reacted with MeO-
PEG1000-OTs (Biolink Life Sciences, Inc., Cary, NC, BLS-107-1000) and
triethylamine in DMF to yield methoxy(polyethyleneoxy),-1-ethyl 3-aminosulfonyl-4-

phenoxy-5-(1-pyrrolidinyl)dithiobenzoate where n is in the 19-24 range. In similar
manner piretanide mPEG1000 dithiosters can be formed with dithiopiretanide, MeO-
PEG1000-OTs (Biolink Life Sciences, Inc., Cary, NC, BLS-107-1000) and
triethylamine in DMF.
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In simlar manner to Exanple 8, piretanide can be
reacted with McO PEG350- O (Biolink Life Sciences,

wWo e@7/041@ary, NC, BLS-106-350) and tri et hyl am neCT/nSION7040108
to yield nmethoxy(pol yet hyl eneoxy)11_1- et hyl
3-ami nosul fonyl - 4- phenoxy gXAnNrprygg ol i di nyl ) benzoate
wher e n.IS in ti]e 7- 8 range In1 S|mlar manner

s Eoes H e o

t rBH}JSX()L(aWBielmIGLﬁJNBmeEé%NHicE &hry, NC, BLS-106-350) and triethylamine
Met hoxy( pol yet hy] eneoxy) h}/l .

31;1\:91\4%5@%@ A ypeéthoxykpal st ﬂsnfzow np;FrﬂF}dlﬁ'WWﬁ“ﬂB@}Yi‘éa‘%h@mQ'[@-
($h pmlar manner to
Exaﬁa%?@ﬁ@?ylgﬁ}o F‘rg%%g% ee?‘ggtﬁse e rzggclt%ié%wth MeO-

PEG350-C (Biolink Life Sciences, Inc., Cary, NC,

BLS- 106-350) and tri et hyl W%E9PNF to yield

met hoxy( pol yet hyl eneoxy) n
zef

3- am noqEihbRPHolvEHIRIERXY). 3
€S §rultodemidl 5 Thi)eSfers)

pyrr ol X aﬂﬁ‘i'ﬂ AEnG
EXAMPL ﬁ‘&’lhxe&] I é ye(t)nyl ENeoXy)n_I-etnyl

3- Anmi nds u;llmdmyinamqm He riiamrﬁe 81 thigfrasemidti eanl b@m@dtmth MeO-

SR i LiF Seiophes e Cauds N BLSFRREG0) R rietylamine

PEGTINIP-t6)h5eld Bh&hoBipdiidtRyload Sethy1-amirfesiilyon hloro-2-[(2-
BLS-107-1 O%) and ﬂ}t&r)l Zttﬁyl arﬁiggql n }‘Dl\/Fartno yi el o}l’k\m"c oro-2-l¢

ndtrse i gtiaaaingltdpaszggte “ileaqmwm theafrd menggl f ony! - 4-
phenoxy-5-(1-pyrrolidinyl)benzoate where n is in the
19-24 range. In simlar manner S-piretani de nPEGLO00
thi osters can be fornmed WENAMPIIER 9Di r et ani de, MO

PEG100Q- Ol's [ Iinli Lif Scile‘E%eg Inc ry,, NC, 5
BLS- 10%M§;n- AN %#SEL@ reg-1(2-
Met hoxy (SSABEME)aayN0 ibenzoate PEGIOOO Esters)

3- Am nqﬁuélﬁlgaxv |n’1élm@1h@6‘®$é_ém'§ﬂé Js» fﬁWsélﬁidedbzﬁV bk DRAZOAFith MeO-
(Pi retani de mPEGLO00 Dithi oesters) In simlar manner

t PREGAOOIQRTS, (Bdolitk dpife eSeienage das. bearyealiCedBhStW7-1000) and

PEGLO00- Bi.qlii nk, Life.Science I n¢.. ., <Car:
Nt B O i SRR T S goutfonyL4-
mesh s p( et ylitetiybamindbehzeitd YWhete @08 i dlsdi] J-4ydngd - :
phenoxy-5-(1-pyrrolidinyl)dithi obenzoate where nis in
the 19-24 range. In simlar manner piretanide

MPEGLO00 dithiosters can & {piged th
di t hi opi ret ani de, MO oY

Methoxy( polvethvleneoxv)n_l-ethvl 5-Aminosulfonyl-4-chloro-2-[(2-
furanyvlmethyDamino]benzoate (Furosemide mPEG1000 Dithioesters)

In similar manner to Example 8, dithiofurosemide can be reacted with MeO-
PEG1000-OTs (Biolink Life Sciences, Inc., Cary, NC, BLS-107-1000) and
triethylamine in DMF to yield methoxy(polyethyleneoxy),.1-ethyl 5-aminosulfonyl-4-
chloro-2-[(2-furanylmethyl)amino]dithiobenzoate where n is in the 19-24 range. In
similar manner furosemide mPEG350 dithiosters can be formed with
dithiofurosemide, MeO-PEG350-Cl (Biolink Life Sciences, Inc., Cary, NC, BLS-106-
350) and triethylamine in DMF.
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PEGLO0O- OTs (Biolink Life Sciences, Inc., Cary, NC

BLS-107-1000) and triethylamne in DMF. 101 WO
wWQe@70043447 PCT/ US2006/ 040108 EXAMPLE 89 PCT/US2006/040108

Met hoxy( pol yet hyl eneoxy) " i - et hyl

5- Am nosul f onyl - 4- chl oro- 2- (( 2-

f uranyl net hyl ) ami nol benz o AVRLID 98 i de nPEG350

E:t;e)l _.n' Bl NS eh0. B -u;__- 8 a rp ca}‘rf_ .
Inc., Cary, thic FAEIZERCS =!"ﬁ-'-’a in DVF
DY st utediAzosemides

to y| el d met K%

5- anmi HQﬁuélfrﬁlﬁy'méln@NthExa@nﬂlézS azosemide can bﬁ GTeact d with MeO-
furan}/l math am no] benzoate where n is In %

bife Msienessy (isal Gayh)Ce BESx106-330)amk\ttiethylamine

5 4-

fur anyl net Eyl ‘J_E‘algn nsgr]ﬁ@%%%%}&pc(l%e%d%%o&ﬁ“d'eeﬂi‘ﬁlk&%traml -5-yl}-2-
Thhhﬁﬁ-ﬂG[(E—)hlbﬁylmbﬂilyl)allillﬂﬁ}lﬁﬁih%nefs@lfcﬁiéﬁﬂﬂésewﬁere n is in the 7-8 range.

t hi of urosem de can be reacted with MO PEG350-C

(Biolink Life Sciences, Inc., Cary, NC, BLS-106-350)
and tri et hyI amine in DI\/F%MP&EJI%

2 Ipethylenroxyls. cethyl]-1H-tetrazol-5-y1]-2-chloro-4-[(2-
5-am nosul fonyl tlﬁemﬂh&tﬁﬂnﬁhﬂ}benzenesulfonamldes
f ur anyl net hymanPEGnonm-qla&amgl-SuMﬁhaemAmemﬁuésye 7-8
range. .EXAMPLE 91 Met eneoxy_lI - et hyl
5- Ami ndB SiYAY mapng, |t%:]l§( pr(fq , azosem1de can be reacted with MeO-
f wEE00RSTY | ( mrmolmw%&egqﬁ@ e@%8r9€ NBEC%EQSW -1000) and

Esters) In simlar manner to f'urbsemde can
bémtbﬂémm l\mEMFNBOHGIQEeﬂlebmetmsf(pcﬂyﬂhylakeobcb’fna -ethyl]-1H-tetrazol-

S Ca BLS-.107- 100

i :3: }gf-z loro %&(2 ﬁ}nﬁ#mfa@ﬁ)fngrn&]benzenesul?gnam1ges where n is in the 19-
rretlh]mge( poI yet hyl eneoxy),, . 1-ethyl 5-am nosul fonyl -

chl oro-2-[ (2-furanyl net hyI )arri no] benzoate where n i s

in the 19-24 range. EXAWVPLE 92

Met hoxy( pol yet hyI eneoxy) EX&MPLE 95
5- Ani hudfonaido-4-#3’-methylphenyl)aminopyridiniam

f ur anyl et hyl )aM%%WOOO

Di t hi oesters) I@-ﬁiBEd;aso-I_*maﬁﬁmhq e l)]

di t hi owrosem de can_pe reacte

(Bi ol i HkSIEpEmEpner e Example s, tor@%fﬂ)de cpgcbe Eﬁ@geiomﬂllm@)PEG%O-

[t
ﬁemtﬂ t(3(3)&)'11%11%'1 ge?dr%rlﬂzg% gggz( %&F&}Ii 6Ne(%' ' }§J:J§ %06 3591)05 d *rleﬂ%ylan&lne in DMF
CFﬂ or pie ls‘opl'zcgnidaﬂmtrty;lrdu)ibnammﬂoﬁ (31+mé1hyﬂph?i}¢)amw;§'mdlmum
r.an ar urosem de
E?%S@apyemﬁ%w S HOFIOR P i the 7-8 range

EXAMPLE 96

3-Isopropvlcarbamvlsulfonamido-4-(3’-methvlphenvl)aminopvridinium
Methoxy(polyethyleneoxy),.i-ethochlorides
(N-mPEG1000-Pyridinium Torsemide Salts)

In similar manner to Example 8, torsemide can be reacted with MeO-
PEG1000-OTs (Biolink Life Sciences, Inc., Cary, NC, BLS-107-1000) and
triethylamine in  DMF to yield 3-isopropylcarbamylsulfonamido-4-(3°-

methylphenyl)aminopyridinium methoxy(polyethyleneoxy),.;-ethochlorides where n
is in the 19-24 range.
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di t hi of urosem de, MeO PEG350-Cl (Biolink Life
Sciences, Inc., Cary, NC, BLS-106- 350) and

WO poogimaham ne in DMF. 102 WO 2007/ 047447 PCT/US2006/040108
PCT/ US2006/ 040108 EXAMPLE 93 5-

"o - - | -5-y
f1-[ Met hoxy(pol yet hyl eneo i-~ethvl]-1Htetrazo
II-[2 chl oro-4-f (2- thi enﬁ%ﬁﬁlﬁ 2hinol b

ﬂmwm@é_g_@x TRhidd %%deéﬁu Bkinile Wdenvac)

nmanner
ggsgghg’ ‘?Et”é%th%ll 1‘3@@“ m@@@qmmr(ae(@tennw:ewm 1974, 1447 and

SchemcedetrbRe. 19§§r y21§‘5c lﬁ{rﬁ &319 8 339) age reacted with  bis(4-
tr| %t hyl am ne

\ p@qrﬁ@nyloz;iummﬂny hpdmd}xytbn shel@t Mchimblttadll- 340k 12mino-4-

%}Ikégpgy%nﬁ Selpﬁll enyl met hyl ) am no] benzenesul f onam des
where nis in the 7-8 range. EXAMPLE 94 5-f

| - FMet hoxy( pol yet hyl eneo )‘Aﬁg g)?% | -1Htetrazol - 5-yl
| -2-chl OrSQAﬂuﬁo_ o no orill%m Dbenzaldehvde

benzenesu I
( N- "PEGL000- Tetrazol vl Pa?ndmsmutemlaéh seni dgz)regct o
i m sem can
\?v: {n hI ﬁ/ﬁé}(’) a%?%%‘o %ﬁ(@g@% ay@rga %ﬁ%cé@‘tem,ntf)ﬂ 1447 and

cﬁkem NCeitddk,S- 1975,10003), ar}ﬂretérﬁélem ghamoe Lo DVF with bis(4-

Tefgﬁm@f%w})eb@wemhwyénd@xm ' yieldet Sitinfnobt i@ B0 x y-5-(1 -
fpyﬁjohd%y%ér%}a'eﬂy([e(Z t hi enyl et hyl ) am no] benzenesul f on
am des where n 1s 1n the 19- 24 range. EXAMPLE 95
3- 1 sopropyl car banvl sul f onam do- 4- (3' - met hyl phenyl ) am n
opyri di ni um Met hoxy(pol yet hyl eneoxy)"_1-ethochl ori des
( N- mPEG350- PvrldlnlumToEgﬁmélﬁ g9 ts) In simlar
manne to.Ex pl e 8 ltorsem e can be reacted wth

MO Pt < L [efu®aindingethy
BLS- 106 350) and tri uieAllde to yi ﬁe i
3-iso I I Q&P‘h@ﬁ%

yri g?gqaﬁmlﬁ&hng?%g%%% 1 §E eﬁ’ éteﬁ@féh)m%"r deéld7 and

@I%érﬂe detersi n 198, 7285); an@leoseiﬁmVPbgi 96,

{ do- 4- (3" - met hyfealﬁte?rﬁly| Yaihi nbis(4-
nam do-
%185 ?ﬂjgﬁquﬁﬂﬁ?rlgﬁ%ns ! yc?nde to yle§d 5- ammosulfonyl 4-chloro-2-[(2-

feartytraythpOAnBOBEnSNgaRNY - » _1- et hochl ori des
(N rrPEyéLlOOO Pvri dini %Torsem de Salts)
EXAMPLE 100

Assessment of the Therapeutic Potential of Bumetanide Analogs in
Alleviating Anxiety
(Fear Potentiated Startle Paradigm)

PURPOSE:

To evaluate the effects of bumetanide analogs in two tests of anxiety in rats.
Jumetanide analogs (bumetanide 3-(dimethylaminopropyl) ester, bumetanide
enzyltrimethylammonium salt, bumetanide dibenzylamide, bumetanide cyanomethyl
ster,  bumetanide N,N-diethylglycolamido ester, bumetanide  N,N-
imethylglycolamido ester, bumetanide morpholinoethyl ester, bumetanide pivaxetil
ster, bumetanide methyl ester, bumetanide diethylamide and benzyl ester) were

ssessed in the fear potentiated startle paradigm (FPS) test of anxiety. These studies
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In simlar manner to Exanple 8, torsem de can be
reacted with MeO PEGL000-OTs (Biolink Life Sciences,

wWo p@7/041@ary, NC, BLS-107-1000) and tri ethyl amP@BUSI006/040108
DMF to yield 3-isopropyl car banyl sul f onam do-4- (3" -
oo Bol L BB A aifogs, pircipnide anologg, szoserpide apalogs and
i fotsemidegnalogs.ange. 103 WO 2007/ 047447

P 040108 EXAMPLE 97
%ﬁé&%onvl 5- but vl am no- 4- phenoxybenzal dehyde

Burmet rpSdR AlcdRMoH®) usdd adsB@nitat Bodhoth aﬁé e of
it Syam (Chem Letters, B s Mfetie VAR of anxiolytic

L@prr@pgndsmme @15)Ratbam@d| al@0cain perwda@étmulmatton to the FPS

D M W

EWH’&.(EH&S two matched groups based on basehne startle amplitudes. Following
3- Ami_nosul f onvl hengxv- 5- Krrol I di nyl ) benzal dehy
ddasqlipe garg %%Plﬁp&‘e 9 ectiopy, Q hightishorls cagringsLiwatei delivgred on 2

Mkl i 'U%in( %gﬁ%i@ t@a[y§ & 431¢ hgﬂ't?'sﬁz Bginng%] g%? day). On the final

Letters 4hi deccan berrea
b|dsaﬁ,élone@dnlpdﬁl‘a‘;}x&ﬂ&mﬂd}dn)1ajeuﬁ(bm(1m)mfdlrbLﬂEBtetr@dQ/zirﬁldig and the other

Sﬁéﬂl}ﬂn?%gl:ygg nﬁélﬁkea Etggvééte?g%h;{wgg ggjections, startle amplitudes were
5-a8iEs RasfeNthrd- ABAO KR and (sgaé’tlé‘ %ﬁ[&yﬁeﬁp &E%’i‘ t)fgmé?% o startle)

enzal dehyde =~ (Furosem de Al deh
Mirialki alfrdr Mpddicntjated tditle m(hgléﬂtmt]s aft®lithded Aiimmndtartle alone

ters, 1975 rose de can be reacted
m%‘%@ )pva r@mﬁlﬁ?@ggﬂ% fﬁﬁ“tf #FOHPHydri de to
yi_szjH@ﬂam nosul fonyl 4-chl oro-2-[ ( 2-
furanyl met hylg am no] benzal dehyde. EXAI\/PLE 100
Adises tateéif tafle Ther apeutic Potential of Bumet ani de

étnglr ?Ig ?lggx‘lvér%ﬂa%':@égﬁ%% tu)é \t/‘cglr %ntF gtgtnltn lfne getrsdeglfces (Med-

butsstaaicg)e Briedlypgach mat tvas plaesd #n okmalhPlediylas oyliraless . The floor of

each stabilimeter consists of four 6-mm-diameter stainless steel bars spaced 18 mm

apart through which shock can be delivered. Cylinder movements result in
displacement of an accelerometer where the resultant voltage is proportional to the
velocity of the cage displacement. Startle amplitude is defined as the maximum
accelerometer voltage that occurs during the first 0.25 sec after the startle stimulus is
delivered. The analog output of the accelerometer is amplified, digitized on a scale of
0-4096 units and stored on a microcomputer. Each stabilimeter is enclosed in a
ventilated, light-, and sound-attenuating box. All sound level measurements were
made with a Precision Sound Level Meter. The noise of a ventilating fan attached to
a sidewall of each wooden box produces an overall background noise level of 64 dB.
The startle stimulus is a 50 ms burst of white noise (5 ms rise—decay time) generated
by a white noise generator. The visual conditioned stimulus used was illumination of
a light bulb adjacent to the white noise source. The unconditioned stimulus was a 0.6
mA foot shock with duration of 0.5sec, generated by four constant-current shockers
located outside the chamber. The presentation and sequencing of all stimuli were

under the control of the microcomputer.
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3unet ani de anal ogs (bunet ani de
3-(diinethylam nopropyl) ester, bunetanide
WO eovzpht4ni met hyl ammoni um sal t, bunet ani de PCT/US2006/040108
di benzyl am de, bunetani de cyanonet hyl ster,
bunet ante NeNhAéel Y, 1 d er.,, bunet ani de .
N, N i net h1§/| al ycol agrﬁélégéde@e?%%ﬁfn%?t gnrﬁ’ Jaring a9 hd 2 basetine
gﬁt@ﬂ@rﬁspmhwlereecgﬂl lectpd,hiayeb B and d_d%jgh't/glmcktﬁiafring;ﬁgwie d%livered, day
t.ani de.net .ester, bumetani de diethylam de an
b%@tfng of ey pﬁl’;%’?téa%e‘ggﬁ‘glgéﬁsicﬂn@"ﬁéﬁdf ear potenti ated
start | evipekiadi ORUERS) e ahysofll ARXEGE | i
104 WD 2007/ 547447 PCT/ US2006/ 040108 *%%55%2%2%5’??‘2‘3 cylinders
usPdg minrlaisepiesentethwith 38 stavile stimwli diea 301sdoqigierstimulus interval. An

a ] n orsem de. anal.ogs. FPS GN: .
FRRERE R 1B 0RE (0 Th BREHERIBRP R aoremqpiap merte stimul
vahuke sHconddiyowyd iised t6 MEROURESnioRrehtifertt ith simi
receiv%d,a,BO mn gfriqd of habituation%%gmgﬁéﬁf%%HM1n&m&
appar atl§dining1ORthe gallowing 3 dpys sats were plecethipl the Blixiglas cylinders.

Welah €94 | 68 eie TG & M 1P %S-%%Ig\glﬂf Eaggiéligglt\%rtﬁﬁgyemd. The

mat ched” gr oups “based on baseline™s
Fehdahvwvargdeliveree| duniag shalasi @5 aapbi thade7 66 COEh HMavfhge intertrial

li. ght/ k.pairings were delivered on 2 sessions
oIl ?Wﬁls%g‘ﬁ@gg&%qg{?e.‘dsaw)(i .e. I V10 | i ght/shock Ipai ri ngs
per daykstifah Kafkewéﬂer}ﬁéc(e_d.qutgw gélﬁ% g%aﬂﬂao?&zes éigﬁe% tl}eggwere trained

recei ved an 1 nj ectl1 on | unet ani ana
afed efier omireweregeseptederith V8 startiereliwiting dtimei{adlt21195 dB). These

f al.l. qwi iniegtions, startle i tudes were .

| B8 B Wb B e RIS 5 v g sae
f etriuli| Thltty dcobhddViEedr e [B5tafrith&d stifdulidbioh 458851 received 60 startle
potentiated startle (light+startle anplitudes m nus

sBtph avith hakeof thestimpli pesspnted slope (ytattledildrettvielshandhthe other half
t u T : Pot i At e tartl.e

st S5 METHRD of 82 ROl | LA B s
sstahili ivee gresdeted cesa (idenl-30AssOtteaitRilus Bitehl, Yran @81 varying

rat, was,.pl a in a small Plexiglas cylinder. The
f %gleerb?é)a‘@g%ﬂse& abi | i meter consists of four

6- MM d\VRABEEY, THeakdHHESS %‘gﬁﬁe B o %{5 ﬂln ﬁee mferggc%ritn startle

t hrough whi ch shock can I ver ed.
nvRlide between CE-startle didghleederttriols (fear paestiioa)et er

where {he re tant,. volta is.propqQrtional to.the
e B BB B R A ek gt pesen
| Bveletionn e traferbd) ehdTBIOMBRAIN AR AEST ANE! Bt iHEIGHB  Show the
occurs._during the first 0.25 sec after the start?e

sRqteRtial dor regulgiion o& NP divprdersnuherg bunteprmideodnaidys were shown to
' | fied, digitized aon a scale of.

05 e oo IRIACK B s EE i Rehetetated sarte,

sthamdre retrpound beliwd sedvérdd & the CNS. Moreover, several bumetanide

analogs were shown to be more potent or at least as potent as bumetanide. See Table

1 below and Figure 1.

Table 1. Number of animals

Compound N
DMSO 34
Sigma Bumetanide 35mg/kg 6
Sigma Bumetanide 40mg/kg 6
Synexis Bumetanide 35mg/kg 11
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ventilated, light-, and sound-attenuating box. All

sound | evel neasurenents were made with a Precision
w@ewnig414evel Meter. The noi se of a ventil ati ngPE€HINS2006/040108

attached to a sidewall of each wooden box produces an

oy oL @ilneRRta g%k‘dﬁlyﬁ‘m sg¢ level off 64 dB. The startle

stigg.us i's a s~ bur gt ofj7whi tle noise (5 ns

ri T ratfed— by =awhi te noi se

ge:rge%‘ngif1 Mkéﬁéﬁl@gﬁlﬁ gndi t1 lhoned stinmulus used was

i 1153 nation—of —a .:am bulB-adilacent to the white

n |]llBeI¥bf@|m'lde The unconditi :Spd timulus was a 0.6 mA
f odtvanemethyEster duration of 14. 5sdc, generated by four
c o Naldiethylglyealemisiediskesrls  |1dcat gd out si de t he
chaiNeDimethgghtelmideat i gn and sequenci ng of all

stligggri were under the |contiyol gf the m croconputer.
105 on SHbARAY £dér PCT7 US2006/ 040108  FPS procedur es

c days of testi{gg; during days 1 and 2
E%ﬁﬁ%gﬁg%%%/t reresponses v1r7| e—dol | ected, days 3 and

- ShHoek—pat+nrgs—were—delivered, da 5 testin
L Di Xlraml% entiated startl 2pas Conducteé_ Mat chi ng%J
onBeneylfisteft two days alll rdfs were placed in the
Pl &oitall as cylinders and 3 P2h ldter presented with 30
startle stinuli at a 30 sec interstinmulus interval. An
intensity of 105 dB was used. The nean startle

anpl i tude across the 30 startle stimuli on the second
day was used-to assign raEXAlﬁi’EEﬂﬁat ment groups wi th
simlar neans. Training e followng 2 days, rats

veAssepiraardfithe ifherameum: gbtentiol o BumetanidFemoseayide, Piretanide,
f ol | Awpsegnide and Toirsemide Xnajoghlin Aleyvinding thaiSyimpdemsef Entense
del i vered. The Asivietk on@ostiEranmsatbaSttessi Digotdee | ast

0.5 sec of the 3.(CsarexthdSFar ConditieiiagModdlertri al
interval of 4 mn (range, 3-5 mn). Testing. Rats were

pl aced |n the same startle boxes where they were
t rRYRBESEand after 3 nmin were presented with 18

startl erglel, Gk NGe ‘Q}‘)%eﬁ{ﬂgl' oft %56@%1déoﬁlrgs%lnld%2;§$e?%né%eé azosemide

initial startle st were used to again

t hendrtatssmide #rdadogadowditviatesintentd anx1slfy|mwbntexfﬂa1 fday conditioning in
seconds after the last of these stinmuli, each aninal

rdéi ved 60 startle stimuli with half of the stinuli
presgsrigd al one (startle alone trials) and the other

half presented 3.2 sec after the onset of the 3.7 sec

CS (CS-@Qramtu@l fead edngljtionig inyolyes peiringtannanersivieeeent, in this case

pre nt.e 3 i ntersti LNt env

TROERE o dubfol e Gadf st o oo 1BhER G ane feggmemory
t rleaisgeagﬁd @si@gJ MeeX¥8E Ca GOEME-§Hical défossith kéRfi6NGR rhfd, marked by
startle npl 1 tude etvveen -startl e and

stegmnlete an@n@lhm greent ff@hrbr?ﬁﬂilég}t i Ht ragnypre placed Aafpas distinctive
: Eg%g?fggg%tt QJZP %dlntulﬂgdlgtl% }J lsﬁ&f:kg(i tﬁ)eLyTHI) %'tqgarﬂnl%l f4r tl?J context.

However, if they are allowed to explore the distinctive environment sometime before
the immediate shock, they show intense anxiety and fear when placed back into the
same environment. We can take advantage of this fact, and by procedurally dividing
contextual fear conditioning into two phases, we can separately study effects of
treatments on memory for the context (specifically a hippocampus based process)
from learning the association between context and shock or experiencing the

aversiveness of the shock (which depend upon emotional response circuitry including
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invention to traverse the blood-brain barrier. The
bunet ani de anal ogs show the potential for regulation

wW@boozBE4di sor der s where bunet ani de anal ogs wer BCHOS206/040108

to affect the startle anplitude where the greater the

reduction in fear-potentiated startle, the nore
c GRDEARIA)-b &1 ISEY iy hivepns, Basebesiioshomia toNs: relafed ¢ emotional response

S QYRLAly 1‘[‘1‘*@?5@2% a, f@f‘@llisoxgﬁso\f)fed'oﬁg& ﬁﬁé’oé? %%éﬁeq{i&ggg Is a widely

pot ent “or st "as potent as buneta _
1 abedpiad mndel FogRFSD1. Table 1. Nunber of animals

Co N DVSO 34.. Si Bunet ani de,_35ng/ kg 6 _Sigma .
Buret ar S RBRFRG Bl U ozl TBSlrat aibeogusrg sigle 1 cpisode
1Q8 e¥Rlofdddh/ T4 a1, BV %@9&@{1%0 98y 1ater they will be placed into the

3- (D et hyl am nopr oply) Ester _
Béaag | cnviromment| aadrivmesatelgahey will r@iebere singlej dedafte foot-shock.

anet hyl er . 17..N N D ethyl gl armg de Ester 17
NADB RO T b it el b G gy araiog. The
Esé@hining 1PirMexalll decéivé b idjéctidbhyhe &g, Wach rat will again be
D ethylam de 12 Benzyl Ester 12 Total 227 EXAMPLE

10lacad dates thentane envieommpast fpe §riin Potiegvili¢h gime freezing will be
T
| WBTHODSANXi ety or Post Traumatic Stress Disorder
In this experiment, we 4 identical chambers (20 X 20 X 15 cm) are used. All
aspects of the timing and control of events are under microcomputer control (MedPC,
MedAssociates Inc, Vermont, USA). Measurement of freezing is accomplished
through an overhead video camera connected to the microcomputer and is
automatically scored using a specialty piece of software, FreezeFrame. In Phase 1,
rats are placed individually into the chambers for 5 minutes. Phase 2 begins 72 hr
later, when again rats are placed individually into the same chambers but they receive
an immediate foot shock (1 mA for 2 s). Thirty seconds later they are removed from
the chambers. Phase 3, 24 hr later, the rats are returned to the chambers for 8 min

during which time we score freezing, our index of conditioning fear. Total freezing

time will be analyzed in a one-way ANOVA with drug dose as the within-groups

factor.
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(Cont extual Fear Conditioning Mdel) PURPCSE: To
eval uate the potential of bul netanide, furosem de,
w@Rooehande, azosem de and torseni de anal ogs POT/US2006/040108
all eviate intense anxiety in contextual fear
conditioning in rats. DESIGN - Contextual fear
condi ti oning invol ves pai EXAMBBEaM2r si ve event, in
this case noderate oL shoc ith a distinctive
envi r onnent . Theal‘tsorrflﬂ‘ﬂ@tt‘?f‘sgg “flaLget bﬁ i's
as essgﬁ_ fSl n freezing, a species-typical defenS| ve
cti pUONSharked by conpl ete i mmmbility,
except I | §1,0r
i ot noct ouit R Ao the RinAtcaibl 0RO o wpd n the range
t e pbeis 18ot 60 mgraf drag $Lé1atan¢d1’e>geﬂlmt with varibioviezaive ihgredients such
ey are al inctive

e n 01 PSR Al@%?rg?lﬁ'ﬂg E‘F‘g rogletr ?9%8%‘??&% dogtanednisc g gelatioy capsule.

s hIwridtivelys thealtug SiBtABSisf R BNaMeakss 1Hélﬁ&mg %eut 10-60 mg,
the sanme environnent. W can take advantage of

f K&t drugnosubgtapeeo cwithr mlplgwcmstailmen gcellubm,ekwdmxypemyl cellulose,
we can separately study
?l?%hgél&ﬁfswfdrtgé?d &ﬁ? ﬁﬁ?‘ﬁsnor y for the context

(speC| f| cally a hi ppocanpus based process) from
ar n| t he associ ati on between context and shock or
%)erl FEFSHOYTIIePg@Insi veness of the shock (which

e AP A A 1

haheurtsl-Aasnd e€ drghewistance Benmddted edtht aboan”at)m@%l lpropylene glycol,

CRRETE foos S phbbrnaiora WO Pulfors f pamals, apewc% sodium
MbeRAoafe0ind BeoicT REd B PRITTRE %d%rleier&’a'iﬁ/egélfof dmplaGhout 1.5%

rat wll receive a single 5-mn ‘epi sode

ekpnzsi alcpln a8 paessriative. novel environment. 72-hr |ater
they will be placed into the sanme environnent and

I medi ately they will receive a single, noderate

f oot - siThe lforegéﬁﬂg Nlllhﬁfaﬂw ol theQPredeheint@iton\hidd is MBER! Beonstrued
of . a bunetani de anal o The

ecti

ﬁalifhﬁtlﬁg g}?@ét s Thel inverlaa e defingd e the follewinge claims, with
V@ 1951@11‘55 S\Mi)é Hﬂ%&]ﬂ{\%ﬁelnpl aced into the same
enwronment rlng |cht|mefree2|ng wi |
be neasured, as an |ndex of Pavl ovian conditi oned
fear. METHODS: In this experinment, we 4 identical
chanbers (20 X 20 X 15 cm are used. Al aspects of
the timng and control of events are under
m croconputer control (MedPC,
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MedAssoci ates I nc, Vernont, USA). Measurenent of
freezing is acconplished through an overhead video
w@ 2ve0a74epnnect ed to the mcroconputer and i s PCT/US2006/040108
automatically scored using a specialty piece of
software, FreezeFrane. In Phase 1, rats are placed

i n§HAEYRHIGH, I GLARMEIN3%bers for 5 nminutes. Phase 2
begi 72 h L ' t . pl .
o vt dal 1y PSR Ra MR sl Pby BirSichag SFlheploing:

an i medi ate foot shock (1 mA for 2 s). Thirty seconds
| ater they are renoved from .t he ﬁ@ﬁgbers. Phase 3, 24
hr | ater, erau;mereuﬂﬂ* o the chanbers for 8
mn during which time we scorg freezing, our index of
conditioning fear. Total fregzf¥ time wll be

anal yzed in a one-way ANOVA Y drug dose as the

wi t hi n-groups factor. 108 W 208 4

PCT/ US2006/ 040108  BsadEpa87102 Fordﬁ%ﬁf?ﬁﬁgc?%r
CNS-Targeted Drugs A. Oral pregarations For ora

adm ni stration, the pharmaceutical conponents are used
in the range of about 10 - 60 ng of drug substance
together with various inactive ingredients such as

m crocrystal line cellul ose and ot her excipients,
contained in a gelatin capsule. _Alternatively, the
drug substance is provided iPagtabl'eét formincluding
about 10-60 ny, of drug substjance with

m crocrystalline cellul ose, dy oxypropyl cellul ose,
magnesi um st earate and ot her pients. B

I ntravenous Preparations Fo avepQus

adm ni stration, eacRsRNOBTite

of NSt ert| e &bl ut i on
can include about 1-25 ng of Zrug substance

formul ated with about 20-40% propyl ene gl ycol I, about
0- 10% et hyl al cohol, optionally water, buffers, for
exanpl e, about 5% sodi um benzoate and benzoic acid as
buffers, and preservatives, for exanple, about 1.5%
benzyl al cohol as a preservative. The foregoing is
illustrative of the presentognwBmd on, \S not to
be construed as limting thefeof. The i [ [
defined by the follow ng clailys th ui val ents of
the clainms to be included tffersy 109°WO #007/ 047447

PCT/ US2006/ 040108 THAT WHI & CLAI MED | S:
RsR4NO2S
Rs 111,
S R1Rz \
.
o)
RsR4NO,S
Ra Iv,
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1 A conpound sel ected fromthe group consisting of the

following: O RLR2Z RSRANO2S N ~\CH3 H R3 S RL R2
WOMBRE N- -~ CH3 R3 11, ORL R HN O R5RAMORS003040108

11, SR R HNO RSRANOZS R3 1V, 110 WO

2007/ 047447 PCT/US2006/ 040108 0 R1 R2 | RS5RANO2S N

DV R3and S RL R | R5R4 N_RR2VI; or a

pharmaceutically acceptable salty) sol vate, tautoner or

hydrate thereof, wherein Rl is ot present, H O or

S; R2 is not present, H or whe is Oor S, R is

sel ected fromthe group

R5R4NO»S

S R1R,

RsR4NO,S D
Rs VI,

or a pharmaceutically acceptable salt, solvate, tautomer or hydrate thereof,
wherein

R; is not present, H, O or S;

R, is not present, H or when R; is O or S, Ry is selected from the group
consisting of  hydrogen, alkyl, aralkyl, aryl, alkylaminodialkyl,
alkylcarbonylaminodialkyl, alkyloxycarbonylalkyl, alkylcarbonyloxyalkyl,
alkylaldehyde, alkylketoalkyl, alkylamide, alkarylamide, arylamide, an
alkylammonium group, alkylcarboxylic acid, alkylheteroaryl, alkylhydroxy, a
biocompatible polymer such as alkyloxy(polyalkyloxy)alkylhydroxyl, a polyethylene
glycol (PEG), a polyethylene glycol ester (PEG ester) and a polyethylene glycol ether
(PEG  ether), methyloxyalkyl, methyloxyalkaryl, methylthioalkyl and
methylthioalkaryl, unsubstituted or substituted, and when R; is not present, R, is
selected from the group consisting of hydrogen, N,N-dialkylamino, N,N-
dialkarylamino, N,N-diarylamino, N-alkyl-N-alkarylamino, N-alkyl-N-arylamino, N-
alkaryl-N-arylamino, unsubstituted or substituted;

R3 is selected from the group consisting of aryl, halo, hydroxy, alkoxy, and
aryloxy, unsubstituted or substituted; and

R4 and Rs are each independently selected from the group conmsisting of
hydrogen, alkylaminodialkyl, carbonylalkyl, carbonylalkaryl, carbonylaryl and salts

thereof, with the following provisos:
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consi sting of hydrogen, alkyl, aralkyl, aryl,

al kyl am nodi al kyl, al kyl car bonyl am nodi al kyl ,
wa@bdocphmaxycar bonyl al kyl , al kyl car bonyl oxyal kyl PCT/US2006/040108

al I cyl al dehyde, al kyl ket oal kyl, al kyl ami de,

al kar yl praemalby Ilﬁﬁ@t%enﬁ@xy @h&ykﬁm ah&m IR R; are H;

al kyl carboxylic acid Kyl het eroaryl kyl hydroxy, a
bi oconp& ¢ ﬁn\@iélmrﬁsnotﬁlcwh%& is O and Rz, R4 and Rs are H;

ol yeor TR PR s BB B B g e e 1

anghda pol yet hyl ene gI ycol et her (PEG ether),

met hyl oxyal | cyl, _net hyl oxyal karyl , net hyl t hi oal kg and
met hy| tid SdPrEvp vV ISMHWIQXMWH&I i§ Gband RasRe@nd R gre H.

when Rl is not present, R2 is selected fromthe group

consi sting of hydrogen, N, N-dial kyl am no, N, N-

di al kar%;l am T, cdﬁnMi:lmf yladmilpevherein the compound is selected from the
N-al k | ka N-al kyl - N-aryl am no, N-

al Y ?OI’I@SEP%P%W ?frqlo‘t‘ﬂ’i‘gubst ituted or substituted; R3

i s sel qgf efnidigmad Qﬁel%fdéuﬂurﬁ&&ﬁﬂé'iﬂerﬂ%d%gtef‘r%meté}ﬁ'(!lé)cyanomethyl

hydrox¥, al koxy, and “aryloxy, unsubstitut’e
suisteri bumetdnidgnethy4 eﬁﬁd b%iﬁlemwieemolamyh cefeenblentetayide octyl ester,

ale[i?% ;e d‘?\ ]; Eh%g%ﬂg |% C g n é,l;ng%érgq_\wg ﬁ)&p}%%x%e diethylamide,

C Hutati Yﬁloﬂﬂhéhﬁ@étﬁ eﬁt&er %ﬁfnetahideh ﬂl-gtﬁ’m gia%ﬁhRgﬂolf)yl) ester,
pr oVi SOS 111 WD 2007/ 047447 PCT/ US2006/ 040

I\%Nrdé@thpllgbwyla@x«;ommw, Mm@m@hmmmemmmmdoe

R
S gl SN W il AR b it
nnhéthbxy@ﬁyetﬁilenso@)n [Rahylsester, bihetaiide dBAzyReingdtieyldhmonium salt

and of formula V s not phenyl oxy when R1 is 0 and
R?ndﬁﬂn‘ﬁml‘% Qfl@nﬁ’ }éammqglugb ound of claim 1,

wher ei npy %nfé%ﬁ?@éj@nieﬁl %t@f E%%agﬂ? dg%etgyl thioester,

consi sting of th
bmumeémndbe Sr@hﬁyﬂnc@steer buntmlamd@ r&-ldeamylaﬂm'ﬂstdn,ybumetamde S-octyl

o abBston BRI fes Befd EBbah bOBTotEnS GuoBR Y gethyD) thioester,

esm{exanmmet MBQ@mﬁHﬂbﬁ&ﬁMbﬁmpﬁﬁ] bﬁﬁ@és@é’r}i debumetanide  S-(N,N)-

di et hyl am de, ~ bumet ani de nor phol i noet hyl ester,

butethdalveelamida; hieipr. abHorspridp P Ne¥tdimethylglyaslaneidol thioester,
N, }Jﬁlp%!ta%{%flésy a%%{l FHJ ?er e't?l,tlrﬁ tamﬁéI @ﬁ%ﬂ%ﬁeﬁ% thllgester Hnletamde S-

'vax
eshe&hoxﬁ@pn‘l}%éthyﬂleﬁk&)xmnq&akﬁt tlho@fdrebuméwﬁiﬂé ahibgéld (thiobumetanide),

nﬁ}%%ﬁcf%ﬁghyl eneo 9 _1{11%}1{;% é-tg%fqglziarﬁgﬁge atngn Ib%fnetamde S-
C bdiAtibd AR I B HRRME R Rk It

(c) metastable bumetanide thioacid, bumetanide O-methyl thioester,

bumetanide O-cyanomethyl thioester, bumetanide O-ethyl thioester, bumetanide O-
isoamyl thioester, bumetanide O-octyl thioester, bumetanide O-benzyl thioester,
bumetanide O-(morpholinoethyl) thioester, bumetanide O-[3-(dimethylaminopropyl)]
thioester, bumetanide O-(N,N-diethylglycolamido) thioester, bumetanide, O-(N,N-
dimethylglycolamido) thioester, bumetanide O-pivaxetil thioester, bumetanide O-
propaxetil thioester, bumetanide O-[methoxy(polyethyleneoxy),.i-ethyl] thioester,
bumetanide O-benzyltrimethylammonium thioacid salt and bumetanide O-

cetyltrimethylammonium thioacid salt; and
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(b) bunetanide S-nethyl thioester, bunetanide
S-cyanonet hyl thioester, bunetanide S-ethyl

WO boogest4eT , bunet ani de S-isoanyl thioester, bupPer/astode040108
S-octyl thioester, bunetanide S benzyl thioester,
bunet anjfey, h I i t n’glgrﬁ
S-[3- ( élijrjret y {agr%l{dr%oglrl%%y l]a¥ k‘lnggﬂg?gré u(r)raéét?&]a Mﬁe methyl
S-dithjaster, d ibemh‘gahglley cyhramaiioy] tdtthm)eﬁeler punetaeidaniethyl Sdighioester,

N N- dl ?/ %ﬁl&ﬁ%&ﬁm (sjg% u‘%@f\ fé 0§t b@lﬂﬁ&@?ﬁﬁ Bumetanide benzyl

t mlﬁﬁ)%ﬁt@f buﬁiéf%lcﬁ:%ﬁ&z?hhmamﬂe bumetanide diethylthioamide, bumetanide
nethoxy(p | yet hyl eneoxy) i -et hyl thi oester’,

bunesphelinpethyhi dabxo@st(ext, h.tomﬁm@m. deilimethylpwineprapyl) dithioester,

S- g g%’l‘éfe S mghﬁwﬁ% anlrrgﬁ:at[%o : gai:n e1tatmde N.N-

(@m@@&%@t&rﬁd@uﬁﬁhﬁeﬁéﬁ bhimersidd, pbstmﬁlardlﬂﬁoester bumetanide
O- net hyl_ t hioester, bunetani de 0-cyanonet hy|

tmr@z@g@@r dithigasteta hvaretaide nwhw(laféﬁtbylen%mﬁﬁhﬂe dithioester,

SR SR8 ATRLR 5 ° Rk B O i

0- c(etydxrm{mlylmbhmh) dithioawd sadt., bunet ani de
0- [ 3- (di et hyl am nopr opyl )] thi oester, bunetanide
O0- (N, N-di et hyl gl ycol am do) thioester, bunetani de,

O (N, N-3 di ”eltﬂéydoﬂ@ég{r:ﬁl LA 1t Wher! &k colipdRAG N Qfected from the

0- pi vaxetil thioe buret ani de 0- propaxeti |
t rarowstmsistibgiofbe follaeng-

[ met hoxy( pol yet hyl e eth t hi oest

buret an PRSI PR ety AR P RE L G frosgpde ety
buRt, aRiréRnfRle Qﬁfaiﬂ relstt RirbRpATB i0dty] tditep A Girbsemditié ;benzyl ester,
and 112 WO 2007/ 047447 PCT/ US2006/ 040108

bLfﬁﬁlS%mld@e perpbelinpstydie esthiy nﬁ@raﬁﬁr@éedu%@ira@h%d@mmpr0pyl) ester,

Lﬁlﬁol oes#:ﬁlﬁtﬁgr%l?’% ge e?{)w Steft |oes er, ’ h%%%ﬂ%ggdammo

| serRy | mdmsbimudeespﬁaxetﬁurmtea,ni fieosentigd @idphkaistester, furosemide
bunet ani de b nzyI di t hj gest er . bunet ani de_ . ) )
d.la%tﬁw@ﬂm ﬁlﬁa@xyburﬁé%ﬂnf:s&% ﬁ%r%%eﬁyﬁ? hegaifrigpgthylammonium acid

: mtlﬁs?mﬂ@é %ﬂkﬂllﬂ%"}'%néih&ﬁ'a@ﬁ%faﬁf bunet ani de

am nopropyl ) “di thi oester, bunet ani de
N N- di e(bhylfgbmldarﬁ-ﬂuoamd hfiwestade Semnéwhrthldestw, Niurosemide S-

di et hyl gl.y dth nde axet i

di? H‘i‘%ﬁ%tﬁ "% S%‘BI %@Lﬁqu{% ‘?58’6%‘? lsoamy thioester,
bugRfsamidde STBét pxmémieyetthyds@lﬁwys)%mzyet Ifhdbester furosemide S-
di t hi cester umet ani de benzyl tri met hyl ammoni um

di (erehedingeth) ﬂaﬂ@stetru nﬁtraswmée SdB (gt pmjnoarayhi uthioester,
ﬁlr sgr%f:ded S§| 1et ?lg c?%?r om d o{hl&is‘rf'érm 1 ﬁlﬁ@%ﬁ%’ n s- (N,N-

t he conpound |s se group’ consi s
t fthEMylgDWol@mdé)i)thiﬁ)Hit% eﬁitmlnﬁﬁﬁi IBypivesdtir thiddstens élli‘[’oskimde S-

¢ ypallrgp?ar)r(g‘gﬂh ¥l|no§s?f§re rﬁlrofsgr;u%see rSn [gn%th%txyé)olyethyleneoxy)n 1-ethyl] thioester,
furosemide S-benzyltrimethylammonium thioacid salt, and furosemide S-
cetyltrimethylammonium thioacid salt;

(¢) metastable furosemide thioacid, furosemide O-methyl thioester,
furosemide O-cyanomethyl thioester, furosemide O-ethyl thioester, furosemide O-
isoamyl thioester, furosemide O-octyl thioester, furosemide O-benzyl thioester,
furosemide O-(morpholinoethyl) thioester, furosemide O-[3-(dimethylaminopropyl)]

thioester, furosemide O-(N,N-diethylglycolamido) thioester, furosemide O-(N,N-
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ester, furosem de isoanyl ester, furosem de octyl

ester, furosem de benzyl ester, furosem de
waoreooplowisenoet hyl ester, furosem de PCT/US2006/040108

3- (di net hyl am nopropyl) ester, furosem de

mdﬁm%?lﬁl‘%ﬂ%bﬁhﬁ&gl A ERr e FhRkemidd! OSHh-LGI thio_e\s/tgr, fur?semide O-

t'hyl gl ycol am do ester, furosem de pivaxetl
e prapaxetilu tlisestard duprsepidee tO-{methbry(polyathybandxge,.-ethyl] thioester,

t hoxy.(,pol yet hyl ene n_i-ethyl. ester, furosem.de .
ggﬁ??’?%&?%q{'ﬁﬁ éﬂﬁﬁ‘é‘?ﬁ SNC R a|ﬂ{1103?-}8 fﬁ?&os@‘ﬁfdg"msemlde 0-
C @EtyltkifefidyhaiiRNhivaLAGHE; &7l t; (b) furosemde
S-thioacid, furosem de S-nethyl thioester, furosem de

S cyaféndtiepemide; dhiealdehydeyrivresainitte Jithidagid, furosemide methyl
t hi.ne , of ' - | t hi.oester our ' .

OUBESHEL  RHEORAC" PGSt elobBEE Hifpepul LS i,
f Wiesanide eisGamylmalihidedter ot dignidd bty sdithicesterr Fwosntide benzyl

S-[ 3-(dinet hyl am ngpropyl)] thiqester, furaosemn de .
sdithiorster, dueyeaids &éﬁ%’é@ymmeo dupgsmide et hiepenide, furosemide
s et h . . . -
SRR PILBIG0) “ARLnIdL TR AMEARERSS avioss
t Hmoeahide, f UX O&diwtlgdelFeolamido dithioester, furosemide N,N-

t BDEBHEB ISR SRR HRFRAR u R VN Gacy Hisesip, frosemide

angofaE @S Gt iRster, GRb¥MiGE "RieokHPOBRIBHB Pyl dithioester,

salt; (c) netastable furosem de thiodacid, furosenide _
0fmosénpidet hibsaztlwimethylamowaitinge Glitbicagidnetdaltl and  furosemide
t hi geste furosem .Oethyl thioester, furosem de O-

| SeRpelpiasaPEAm (AR 0 octyl thi cester.

furosem de O benzyl thioester, furosem de

O- (nor phol i noet hyl ) thiogester, furosem de .

0- [ 3- (di met Hesaimpeprb el siim 11 wherein e compprdis sglected from the
0- L.ef n.g5lo) thioester, furosem de

0- ﬁipﬁﬂﬁlﬁéﬁ%%%@%%%m PCT/ US2006/ 040108

di met hyh)gbiretahideallichydeh poeahide mdiyl @sternipietadidel oyan@hethyl ester,
t hi oester, furosem.de Q- propaxetil thioester, . .
f @)!us eqethy Fﬁg, h@mgﬁ ¥ ﬁ%&(?)rﬂtflil- &t WYI] ester, piretanide
U PRI Ghter, TMIISRM dBinBARAYIE! I bl ardIBRyIafide, piretanide
thioacid salt” and furosemde O- cetyltrimethylanmoni um

t marpholthosthlyt estandpifetinifle rpébimethylantinopriopdhyester, piretanide N,N-

fur i.de dithioacid  furosemi.de . nethyl, dithjogest.er, . .
¢ (iRt bTaT ryrepierPERLD T piide o PRRRYRC pivaxet
diektot, gp%tadide propxeEEEBtEepir&RAAY nethdxy{RretiBflencoxy),.1-ethyl ester,
furosem de octyl dithioester, furosem de benzyl, i
dipingtapidet benzy himethylamasoninme palt) and | pitaiindde cmft@gv@mywmommn
disﬁl:%;hyl t hi oam de, furosem de norpholinoet hyl

dithi oester, furosem de 3-(dinmethyl am nopropyl)

di t hi ogb) epiretanfiide oS-¢hibated, Nigidiaidey | Sinedol athickster, piretanide S-
di t hi oester, furosem de_ N,_N-_dinethyl gl ycolam do .
dictapasreid rthiaegfen sRiFRtads, Syethd ihiocgtep-npiseiagide S-1soamyl thioester,

f iRBRMedeS-octyl thioester, piretanide S-benzyl thioester, piretanide S-

(morpholinoethyl) thioester, piretanide S—[3-(dimethylaiminopropyl)] thioester,
piretanide S-(N,N-diethylglycolamido) thioester, piretanide S-(N,N-
dimethylglycolamido) thioester, piretanide S-pivaxetil thioester, piretanide S-
propaxetil thioester, piretanide S-[methoxy(polyethyleneoxy),.;-ethyl] thioester,
piretanide  S-benzyltrimethylammonium thioacid salt and piretanide S-

cetyltrimethylammonium thioacid salt;
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propaxetil dithioester, furosem de
nmet hoxy( pol yet hyl eneoxy)" 1-ethyl dithioester,
wo woeserwtde benzyl tri met hyl ammoni um di t hi oaci dPEHIUB20861040108
furosem de cetyltrinmethylamoniumdithioacid salt. 4.
The conpound of claim11, wherein the conmpound is
sel ect d€) fesastablepirgfanide Octhinsicit, pirgtanfde tOvenethnl kihvésta; piretanide

(3)_.0i ni.de. al dehyde. . .pi{etanjde nmethyl ester, .
P 5P S0 e a3 iy st
pipirtaidedeOLsRANYihiRSlet! . piPdtaREANIGIBeOS! Y thiBSH&! + piretanide O-
piretani de benzyl ester {JI retani de di benzyl am de,

pi(morehalingethylt Aicesierde pigianisiear? de-(dimntiiohinopeph)]  thioester,
. - i retan (@i i nopropyl) ester,.
Sl | IRt IR AT OB S5y, 00

didimetthylgiyoptzmhido) dhioesteer pirplanideal0-givapdtil axgbéster, piretanide O-
ester, piretani de propaxetil ester, piretanide )
nﬂ?ﬁ%ﬁ{‘) SRipettery | R “O-{mgthryy (Pelyetylencpret-afiye thioester,
benentde Me-BYlAHRBIY BnSablivANd (RbsEh an N ]
cétyltr iemet hg?ﬂgznom@% saﬁl;uﬁl( b)tﬁgfacﬁgt aér#tge and  piretanide O
Scetyiltoasithylampinosiventhétecid-satit imd  t hi oester, piretani de

S cya thyl .thioester, piretanide S.ethy] . .
t hi oesR@?P’ﬁ%MSn?@_ al(é-e]i‘g%anﬂretlaﬂﬁ%ﬁesdé@%?amdpi PEetaRidge methyl
Sdtbioghtet, Hirehideloyafdrh&hANdififoeated ShlZetAnidd ¥ 1BGSdiffioester, piretanide
piretanide S- (norpholinoethyl) thioester, piretani d’ep
Sigoamydi dihipeaterni pitstandgsy | 9ctylt Witbivsster,, pirgtnide ahémiyl dithioester,
S+ NN i et Ql ami.do) thioester, Di ani d . .
sH ,%dgdi rrew%g}%%l 3}%%?1&%1' do)pniegqnb S5t ercﬁetby }E?adﬂﬁae piretanide
Snpirpholitioethyt hidtitﬂhﬁj_fegﬂ‘er, ppir&hsite de3-GinRtRaabprlopyl)  dithioester,
iretanide

t hi rer, [ . o . .
S ?pirgggwg;]?w%g}eygﬂ g}ycpcgﬁggl)@yt}yt@geséqrh y;r]:tatn!dp d‘éﬁ{-éimethyl glycolamido
PiditaioR8bAe preRflieY | Jild<LRl h}qtﬁ%@&] u r{a Iﬁ'élc!pgop:aglfﬂ%il_ ac'ﬁﬁmioester,

piretani de”S- cetyl'tri met hyl anmonf u oaci
1 piretaidz007/ Giathely (ROFHUHROBYNACERA (C) ditticsieabl e piretanide

Lretanid -t hi oaci d, ., pi retani de_O-net hyl thjqester, .
P ok G At e By B Ghciec i S &R ireBi A a5 gmethylammoniu
Odehiavtidtshiroest er, piretani de O isoanyl thioester,
piretani de O-octyl thioester, piretanide O benzyl
t hi oester, piretanide O0- (norpholinoethyl) thioester,
pi retani de Q-[ 3-(di am-poepropyl )] thioester,
piret aﬁi de %%%%%@%E%ﬂﬁ%g&pam do) thioester,
piretani de, O (N, N dinethylglycolam do) thioester,
pi retani de O-pivaxetil thioester, piretanide O-
propaxetil thioester, piretdfrae
O- [ met hoxy( pol yet hyl eneoxy)" _1-gthyl] thioester,
piretani de O benzyl trigethy ni um t hi \d salt and
piretani de O cetyl tri et hyl anmoni H@@ sal t;

S

and N

R5R4NO-S

Rs VII

or a pharmaceutically acceptable salt, solvate, tautomer or hydrate thereof,

wherein

R3 is selected from the group consisting of aryl, halo, hydroxy, alkoxy, and

aryloxy, unsubstituted or substituted;
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(d) piretanide thioal dehyde, piretanide dithioacid,

pi retani de nmethyl dithioester, piretanide cyanonethyl
walaohioorst er, piretani de ethyl dithioester, piPer/astode040108

i soanmyl dithioester, piretanide octyl dithioester,

pi r et apd,dg, PRN _Z%'Le: &ich hh h&‘éntla/i RIERAMORE the group consisting of

di benzyl't hi oam pl retani de et hyl t hi oam dg,

pihyédogen, ddkylaminpdalkylpedrhgnylakylhicadbonplalkapily edrbonydiaryl and salts
3-@§iqpthylan1nopropyl) di t hi oester, piretanide

NE Ifi'et hyl gl ycol am do di t hi oester, piretanide

N, N- di igt hy| sdiyaed anbio theli biiupe doBsistintl I 6 adlkgi8xycarbonylalkyl,
pi vaxetil dithioester, piretanide propaxetil )
diallylesainoearbonytalkdi aksylaminodialkyl, alkylhydroxy, a biocompatible polymer

I I ' di_t Qi
e AR PR DR AL PP REDY RS elyep! PEO), a
Bty S oy PG vt s (056 o)
Sa . . u .
Rmmdz@aﬁgﬂ,\/m)metaﬂoaya%hagwhac astindtioalkyd ¢ c apd abm@thyﬁhioalkaryla

b .
;%Lmlgusbs’éfeﬁlltéédgcgr:sgb%tﬂ%g G Bl ﬁéf\qg@fhﬁt Rf (& fo? bfl, \gl’rﬂ%%? iR and Rg are

romthe group consisting o
hd&l.o, hydroxy, al koxy, and aryloxy, unsubstituted or
substituted; 115 WD 2007/ 047447 PCT/ US2006/ 040108 R4
and R5 are each independently selected fromthe group

consi stg ng offpe J&)&ﬁfoﬁﬂ@ﬂf claink¥! aaERatihalckipound is selected from the
car bonyl al kyl, carbonyl al karyl, carbonyl aryl and salts

t lgeowpof ; R@sistingel eef ed trirepolylibgitoie congessmidyy of azosemide

al. kyl oxyc onyl al kyl | Kyl am.nocar bonyl al kyl ..
AR AR e BB o sate
pol ymer such as al kyl oxy(pol yal kyl oxy) al kyl hydr oxyl ,

a polyethylene glycol (PEG,_a_polyethylene glycol
ester ('PEG estenpoudpidomsily ¥Hy| ene gl ycol ether (PEG
et her), nethyloxyal kyl, nmethyl oxyal karyl,

met hyl t hi oal kyl and net hyl t hi oal kgryl, unsubstituted
or substituted, with the proviso tlhat R3 is not O,
when R4, R5 and R6 are NS X

SO, =
/

/\K -
HN 0 \©/

3 ‘ VIII

or a pharmaceutically acceptable salt, solvate, tautomer or hydrate thereof,

wherein

Ry is selected from the group consisting of hydrogen, alkyloxycarbonylalkyl,
alkylaminocarbonylalkyl, alkylaminodialkyl, alkylhydroxy, a biocompatible polymer
such as alkyloxy(polyalkyloxy)alkylhydroxyl, a polyethylene glycol (PEG), a
polyethylene glycol ester (PEG ester) and a polyethylene glycol ether (PEG ether),
methyloxyalkyl, methyloxyalkaryl, —methylthioalkyl and methylthioalkaryl,
unsubstituted or substituted; and

X' is a halide or an anionic moiety; or alternatively, X" is not present.
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H. 6. The conpound of claim5, wherein the conmpound is
sel ected fromthe group consisting of
WO edorazakyl - substituted azosem de, azosem de PCT/US2006/040108
benzyl tri met hyl ammoni um salt and azosemni de
cetyltrinmethylamoniumsalt. 7. A conpound of fornula
VI 11 R7 Tidrcotapdund of@him HiERKietdih the@ddnpound H\a @yridikBQubstituted
CH3 VIIl] or, a pharnaceutically acceptable salt,
sdPpapice Wm?ﬁ%?mgf nﬁ%rséﬁe thereof, wherein R7 is
sel ected from the group consisting of hydrogen,
al kyl oaﬂycar bonyl al kyI al kyl am nocar bonyl al kyl ,
al l cyl & nin |@Inkl3ﬂun aselaptady ook fhe gravipocomsisting bof S-bumetanide

PQLHIBR

D FBG, Ootftedics icasid: PepriRgide ipiomcidh SspaseRyis, fossid, O-
gl ﬁdﬁ)@ém{dEE@)loacﬁd rf@doﬂahfdyﬂ ﬁﬁmogéldccﬂ-pﬂahﬁﬂe (BESacRBt OLpiretanide
and a poI et hyl ene ycol ether (PEG ether),

%ﬁp pirgtanidggi tﬁaﬂ eidyal karyl, methylthioal kyl and

met hyl t hi oal karyl, unsubsti tut ed or substitut ed; and
X- is a halide or an anionic noiety; or alternatively,
X- is fdét preserddrug 1deﬁ3ald® 20 paf3dgel datross the blood-brain barrier
PCT/ US2006/ 040108 _ 8. ound of ¢laim 7 erein
{ FETPERIB G ST JPeie ROTShE Bhou soRashegtsba folnng
quaternary ammoniumsalt. 9. A conpound selected from
the group consisting of S-bunetani d,g t hi oaci d,
0- bunet ani de t hi oacid, bunet drgee dit hioaci d,

O piretani de thioaci d and pi ani de dithi oéci d. 10.
A prodrug capabl e of passage gss  Lhe _bhaad- brain
barrier conprisi ngRa 'g ﬂp% %t ed fro he group

I
S RiRz
RsR4NO,S ”/\/\CHs
Rs 10,
o} R1R2 \
Ho |
N O
R5R4NO2S
Rs I,
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RSRANO2S N--_~\CH3 H R3 | S Rl R2 RSRANO2S HCH3 R3
1, ORR2ZH NO RERANRS R3 IIl, 117 WO
wWQe@70043447 PCT/ US2006/ 040108 S RIR2 H N O pREBINGREI0108
R31V, ORIR2I R5RAN2S N R3 Vand S Rl R2 |
RSRANO2S N R3 VI; or an ester,
acceptabl e salt, solvate, tau g
thereof, wherein Rl is not preksent,
not present, H or when R
fromthe group consisting g
aral kyl, aryl, al kyl am nodi &

RsR,NO,S
Rs IV,
(0] R4Rs
RsR4NO»S N
O,
and
Se. _RiRy

RsR4NO,S D
Rs VI,

or an ester, pharmaceutically acceptable salt, solvate, tautomer or hydrate
thereof, wherein

R is not present, H, O or S;

Ry is not present, H or when R; is O or S, R, is selected from the group
consisting  of  hydrogen, alkyl,  aralkyl, aryl, alkylaminodialkyl,
alkylcarbonylaminodialkyl, alkyloxycarbonylalkyl, alkylcarbonyloxyalkyl,
alkylaldehyde, alkylketoalkyl, alkylamide, alkarylamide, arylamide, an
alkylammonium group, alkylcarboxylic acid, alkylheteroaryl, alkylhydroxy, a
biocompatible polymer such as alkyloxy(polyalkyloxy)alkylhydroxyl, a polyethylene
glycol (PEG), a polyethylene glycol ester (PEG ester) and a polyethylene glycol ether
(PEG  ether), methyloxyalkyl, methyloxyalkaryl, methylthioalkyl  and
methylthioalkaryl, unsubstituted or substituted, and when R; is not present, R; is

selected from the group consisting of hydrogen, N,N-dialkylamino, N,N-
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al kyl car bonyl am nodi al kyl, all cyl oxycarbonyl al | cyl,
al | cyl carbonyl oxyal kyl, all cyl al dehyde,

wabdoylokatuoal kyl , al kyl am de, al karyl am de, ar yPemiusmp6/040108
an alkylannoniun1group, al kyl car boxylic acid,

aIIc et eroar al kyl hydroxy, a bloconpatlble
é@w lagning, 1}%\1 ~giarylameing poalcl-Nyalkecylpaiibos [NptkydbRrarylamino, N-

p%?%%t‘%ﬁ%ﬁ B YA G AT 41 Voo et her

( PEG etRyefs) seleﬁ&ﬂfﬂdrﬁxh@gkwp cotBistiyd OX WAl K1y, hydroxy, alkoxy, and
nd _net hylthi oal karyl, unsubstit ut ed

ylthio I
)IL]B’Sét“inF sgéxte uhﬁgheéaaqu not present, R2 is

SN elN_eglt g@k H;K?ma?]%sac r%@fﬁ%%%lg%? %ﬁ)l}‘h‘%g 88 consisting of

P@'Vﬂtdg@@,@&kﬂzﬂtﬁmﬂlalkyl,aiaﬁmnylaﬁml;mbdﬂywlfﬂrﬁt yarbomylaxyl and salts
| kyl - N-al karyl am no, N-al kyl -N-aryl am no, N

aI Pt - N-aryl ani no, unsubstituted or substituted; R3

Is selected fromthe group consisting of aryl, halo,

hydroxy, al koxy, and aryl oxy, unsubstituted or
subst i t it-ed:Therptodag afctlae Hy, evlwacih the deppouteis| sglected from the

conS|st|ng of hydrogen,
al%ﬁ(?q ﬁ%@%ﬁ’%‘? f(gj: nyI al kyl, carbonyl al karyl,
car b on )(h)abmhetamde Sirh&anitl® %[cﬁﬁilde %mefeﬁ‘ﬁdeofn%ﬁfyﬂ* %st@f bumetanide
cl ai m 10, wherein the conmpound is sel ected from t

g.caswnaf‘éh%lu epiqrn fuetapide ¢ h@smrn @um(eae)m@uwemam d@er bumetanide

de e
tam %E %’g%%ggt RS % flﬁ d IE"é’Fi’(y"}n“‘élS’t Qumetanide
b@l&eh)damdie I sobunydtamide er , ntampmﬂlaﬁetﬂsal OCetstér estiimetanide 3-
an| de di benzyl am de

pitets it?#l%&ngﬁw%é%ﬁ?%?f%@et oo exng umeunide
AU R 4] SO AOBLAP e o6 e e
Nestedi mebunpstapidge ol amthwc}(épalwthy]bmmdya,m-dhaylpl vemat i | bumetanide
e%gﬁza’“?(’b TR G Pt SO oomep e oty B tmimivge st
benzy! (k) rmhfewhaﬂmm%aﬂﬁyﬁ ahfoetd BuARLARE dS.c anomethy]  thioester,
cetylt r| mat h | ammoni um sal t b) bunet ani de % hyl
t Rretenide S tthiapder, @W@éﬁeﬂhﬂ;@mmutb@@s@, bumetamde S-octyl
|

DAL, i 40 O . UD€ gD i
Sbhmnmyidet hi Wﬁmeﬂgﬂmmha%uoﬂgl)]s (htmo@hsia | Nnbeibihide  S- (N, -
! H}eglgiélg{:ola@gﬁge tgmrélggre §381{1]EJ@‘5§@1 %F@t{l}g\{ i noq[a]g{gé]@%lido) thioester,
t BiReshRIe. S-BHARLANLARS (Mgh&@?rﬁhﬁdx¥ﬁp HAOHD) bumetanide S-

t hi oester, ~bunetani e S pi vaxet | oest er
bmv&tmﬁ@éy@y@mpw)aﬁ-lethyl hi oest dhipedienet abimetaide  S-thioacid

(thiobumetanide), bumetanide S-benzyltrimethylammonium thioacid salt and S-

bumetanide cetyltrimethylammonium thioacid salt;

(c) metastable bumetanide thioacid, bumetanide O-methyl thioester,
bumetanide O-cyanomethy! thioester, bumetanide O-ethyl thioester, bumetanide O-
isoamyl thioester, bumetanide O-octyl thioester, bumetanide O-benzyl thioester,
bumetanide O-(morpholinoethyl) thioester, bumetanide O-[3-(dimethylaminopropyl)]
thioester, bumetanide O-(N,N-diethylglycolamido) thioester, bumetanide, O-(N,N-
dimethylglycolamido) thioester, bumetanide O-pivaxetil thioester, bumetanide O-

propaxetil thioester, bumetanide O-[methoxy(polyethyleneoxy),-ethyl] thioester,
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met hoxy( pol yet hyl eneoxy)i _1-ethyl thioester,

bunmet ani de S-thioacid (thiobunetanide), bunetanide
w®2enziht ri met hyl ammoni um t hi oaci d salt and SPCT/US2006/040108

bunet ani de cetyl trimethyl ammoni um thioacid salt; (c)

met ast abl e bunet ani de t hi oaci d, bunet ani de 0- met hyl

t Mugstanide, %mﬁnm&y@xwmt lihibadifii osdt erapd  O-bumetanide

e, eth urret ani de 0- i soanyl
g@@?@"%ﬂ P%‘H%‘ééa&dzsgﬁy@‘fhl oester, bunetani de
o benzyt) tﬂmmaﬁ@er sthiobldemtdani teenddari g fd?!h%dcﬂpeﬁxﬁﬂétlmde methyl

thioester, bunetanide 0-[3-(di nmethylamn noprop

tiﬁ‘ﬂ%@@f» ter,, bBmTEnidsi ezanonialint dithionster| b@mﬁfamdéo)ethyl dithioester,

y | a
th| oest er, %H}ﬁt an %St %§%%Tg+ %%hﬂ Jh 1é{es9er bfi@mnide benzyl
b litbtoastier) é’umetmdmhhmzb’lthlbhnﬂi‘éﬁbﬁﬁetaﬂdﬁﬁi@l@lﬂﬁodﬂuds bumetamde

[ 5% h@ﬁ};‘%’&%yﬁet %@;%g*g;( S eéegﬁlﬁr]é@%tﬁ@%lgopmpyl) dithioester,
Obﬁﬁfé?aﬁﬁ&er | ey @R iy HohiidPac Qltﬁl%.ﬁ erdnd gulsng atn_1de N,N-

O bunet ani de cet I'tr T iret hyl anmoni um t hi daci
a ddnéthylgbwmm d dlthlheﬂibai dblhmdamdb upistaaefild edithioester, bumetanide
bumet

d th [ t
o potsRat edRte Sl Mesosy b SR RErom b te&ﬂnoes"er
bbiRicanidée 'm%m&hﬂ'ai&ﬁ)‘iﬁlﬁﬁ Ql‘ﬂtﬂﬁ)ta@iﬂ' d€&aRCt ¥nd  bumetanide

di t hi cest er, bunetani de benzyl dithioester,

b@ﬁ@itame&yl@m@mym diffiiesgid &, bunet ani de

di et hyl t hi oam de, bunetani de norphol i noet hyl

di t hi oester, bunetani de 3-(di nethyl am nopropyl)

di t hi odat er Thekpa‘mhhgm)if@lhnﬂ N, avirtdil e YSRpAMAAS selected from the

di t hi oest er,, met ani de N, N- di net hyl gl ycol am do
diSFPSossiskng %ﬂﬁ‘éf‘g}ﬂ“ﬂ’ég ‘pi vaxet i | dithioester,

bumret agk)deyroRs nﬁxﬂ@x ?ﬁﬂoger@'dg I eerst T b%ﬂ%&@{ﬁdg €cyanomethyl ester,

nethoxy(polyet yl 'eneox
b fmesqnmudd ethyd egtgt, tinionenidy Ilmmmh |eslm ditostmnalei ozht;&l aster,affiebsemide

b nlde ltri ni um.di t hi id. sajt. .

EAR R uPe ediEhol BT el ot e ripisum uginopropy)
se@,tslct edffpRmMitoe NNURISMNSIHHAB Of cbibe fomrey&ﬂse N,N-
(a) furoseni de, furoseni dé met hyl ester, furosem d

cﬂaﬁ@hﬂewplaégd@ ester, ffulro(s@mﬁedm@tem|esfest@rqsemudeopmpamﬂ ester,

T IR TR E—

f hemttmrrédly@arﬁﬂbﬁiahh}i&ldmaﬁoﬂfcb Pitbgemi@é teefyltristiBaaindtium acid
di et hyl gl ycol anmi do ester, furosem de N, N

N-
d?EﬂEt hyl gl ycol am do ester, fur osem de pivaxetil ester,

fur Osem)dﬁr.rgééﬁﬁ@?eg-itﬂm&?& e%n- &H{i@g{ﬂ ﬁﬁfl th]foester furo em1de S-

met hoxy('po eneox
beyazlpmethyﬂrehlbydtanfmnsennda&eﬂl}d ahioeﬁazd fﬁms@ﬁﬁm Ssi$oamyl thioester,

CleurXéetngllder:m tShc}/ctflrTTH‘flrc])Iesl%:er:? a%urosemlde S-benzyl thioester, furosemide S-
(morpholinoethyl) thioester, furosemide S-[3-(dimethylaminopropyl)] thioester,
furosemide  S-(N,N-diethylglycolamido)  thioester,  furosemide  S-(N,N-
dimethylglycolamido) thioester, furosemide S-pivaxetil thioester, furosemide S-

propaxetil thioester, furosemide S-[methoxy(polyethyleneoxy),.;-ethyl] thioester,
furosemide  S-benzyltrimethylammonium thioacid salt and furosemide S-
cetyltrimethylammonium thioacid salt;

(c) metastable furosemide thioacid, furosemide O-methyl thioester,
furosemide O-cyanomethyl thioester, furosemide O-ethyl thioester, furosemide O-
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salt; (b) furosem de S-thioacid, furosem de S-nethyl
t hi oester, furosem de S- cyanonethyl thioester,

wo woesewde S-et hyl thioester, furosem de S-i sPeryb2006/040108
thi oester, furosem de S-octyl thioester, furosem de
S-benzyl thioester, furosem de S- (norpholinoethyl)
t hsamesd ethjockter,o Sewbaaids- ODcfydi theadsier.afimospnidpy O)fjenzyl thioester,
thi oester, . furgsem -{.N, N- di.et hyl gl y i d .
¢ A8t OGP e T oK e RO L ST QeminopropyD)
t hhieeféC! furdsehde @-‘éﬁ,}ﬁdi&tﬁwgi?édlémidé? O@fdeSter, furosemide O-(N,N-

furosem de S propaxetil thioester, furosem de )
S-dimethiitgkycopanide) Hhioevien ijyosemidet Rypivaxeiil olkqesier, furosemide O-
furosem. -henzyl L1 l.ar ' i i d.sal ng .

t JPGRERR G R NEET el K ETRRY e A8 R B hioester
( dros@hRist alo)-Berdzyltaartiyltenhnionaci dhioktldosem dend  O-furosemide
O0-met hyl thioester, _furosem de 0-cyanonet hyl

t etydisimethylammeaim Huoagidtakynd hi oest'er, furoseni de O-

120 WO 447 lﬁ%ﬂo i .
t hi oest(éf%#%;é%%%m 5’%1; oct i/ltsﬁltp(ﬂslg%ng@% e(%l?ﬁ) urdésjé:lﬁlos(fén ide methyl
O-dithiveyter,t Hinosahile, cybnmesieyli dithioeftenr filnokémmidet kihly) dithioester,

S0 S S it o8 SRS osemide ey
t HiRRRERE : fuf JAERARRAB thidaMidedinmRtdNide| HaBl@TbARNe, furosemide
t hi oester, furosem de O-pivaxefil thioester,

f unopbolinhstiyl phitbpeestet.i | furdseméds ep(dinesthgdeminppropyl) dithioester,

O nmet hoxy( po th neo n,i-et ] thioester )
fﬁ“ﬁ%férm‘%e Ogﬁﬂ%ﬁﬁgﬁﬁ%%mmngwﬁﬁ%aci oﬁgdgfﬂimda?nd N.N-
O ditae @SBRI amia6t Mdithides®t, hyu@Rareide UpitdXeR Cithisédr; furosemide
and (d) furoseni de thioal dehyde, furosem de

dinrepaxge dithjogples efireremida mydthoxy(ralygbyeesoxyuredidni dighioester,

| it h _ Aol U dit hi ¢ .
FUERSERI D AReS Sl S IRELY LT 85" rosemice
didelyiltviastieylamimonnse ditkieadiésadtyl  di t hi oester,

furosem de di benzyl t hi oam de, furosem de
di et hyl t hi oam de, furosem de norpholi noethyl

di t hi oegt er 'Tlfelﬁ'il‘aaﬁfﬁi Steciand 0, Bidyihant RORPOMM ¥ selected from the
di t hi oester, furosem de N, N-di ethyl glycol am do

digroipesisisting blithedelowlimgN, N-  di net hyl gl ycol am do

dithi oester., furosem de..pi vaxetil dithi.geste . .
f ur oserPheP TSR BEPRNGR, AGSUes PIGthR ciElhy! ester, piretanide
MedyheotiétRAl dkedrh plrenarisYothyl lestk,Nyiketalhill® ii@RATyE lester, piretanide octyl

furosem de benzyl trimet hyl ammoni um dit hi oacid salt and .
f \st§5epirefanide chepryl ieptet, hiireianiden idibengylemidea dritptasnde diethylamide,

ST RO i LA KR SRR, i

N,N-diethylglycolamide ester, piretanide N,N-dimethylglycolamide ester, piretanide

[y

pivaxetil ester, piretanide propaxetil ester, piretanide methoxy(polyethyleneoxy)q.1-
ethyl ester, piretanide benzyltrimethylammonium salt and piretanide
cetyltrimethylammonium salt;

(b) piretanide thioacid, piretanide S-methyl thioester, piretanide S-
cyanomethyl thioester, piretanide S-ethyl thioester, piretanide S-isoamy! thioester,
piretanide S-octyl thioester, piretanide S-benzyl thioester, piretanide S-
(morpholinoethyl) thioester, piretanide S-[3-(dimethylaminopropyl)] thioester,
piretanide S-(N,N-diethylglycolamido) thioester, piretanide S-(N,N-

dimethylglycolamido) thioester, piretanide S-pivaxetil thioester, piretanide S-
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(a) piretanide, piretanide al dehyde, piretanide nethyl

ester, piretanide cyanonethyl ester, piretanide ethyl
w@3a0e/0474p7 r et ani de i soanyl ester, piretani de OBCWIS2006/040108

ester, piretani de benzyl ester, piretanide

di benzyl.am de, piretanide diethylam de, piretanide _

oM pPelih o@iQyier.e riksfanidy ( Efmathgsy(polyethyleneoxy)n.i-ethyl] thioester,

3-A:di yl agi . pir j .de . .

NREATRIEY] oP RSPt bt (AR alt and piretanide  s-

N, detydiirmmestt gl drginponinathickeicesidter , piretani de pi vaxeti |

ester, piretanjde.propaxetil, ester, piretanide ) )

met hox%?%@ﬁ?@?h@l%‘%?&ﬂ% BagldePlﬁ?}PI}l@% pem!etl}yi thagasipr guiretanide O-

besyandrhéthehiods REMDiRATHS @-Eth?f‘ thibdstee! gﬁétgﬁide O-isoamyl thioester,

cetyl trinethyl ammonium salt; (b) piretanide thioaci g

pimestagided e ODaidt hiplioester,oepitaanidpi ebanrytie tifoester, piretanide O-

hyl . thi { L retanid - et hyl _thi t .
o (RAR e JERREs o PyeErEE 6 g EimihdemistBRag D) tioeser,
t jieesidr , @-(N,twaieﬂﬁyl%y@aaﬁ;do)t hi pgsdRE, PigiRtalede O-NN-
hol i noet hyl ) thi oester, piretanide

szctil(yﬁmrf&lﬁéiomiéﬂa roiesisy| p]reﬂshidgeél-piwaxetjdi ﬂe’o@srgfrrd epiretanide O-
STreRett il JREAAIIE W Bl b B Eb A ip et thioester

S-pictanidet | 10-bérizgkeinethylapmehiam dehidacid 21sah0 and piretanide  O-
2007/ 0.4721#3, PCT/ ,USZ&OG/ 040108 _ propaxetil thioester,

piF BTt methylasnmenumytiasl it 834 eneoxy) n_1-et hyl ]

t hi oes » mir@hi:ak anh nz et ﬁ(gtggini 0 .

thi oacit(gj sgllr?hglﬁg glﬁlggltdghﬁ e él-rg%lél{agl {B}{ ‘%hms yl Lab?r%arrﬁldﬁ m methyl
t Wiithinehter, parktanidecyanehethylatithioester gtieetinide ¢thilodidiickster, piretanide
pi.r et ani .O-nethyl thioester, . piretani de Q
cyHi8het ﬁ@"rlo?ﬁjﬁ’ro e&‘feé?’n,ldepi QY aﬁli‘tg’é’e??’ét Rijstapude o Benzy} | dithioester,
pipitaaiiede QibenoAMibarhide0eS fifetanidd I et BRh PO AREY !
thi oester, piretanide O benzyl thioester,” piretanide
o mqaRlgesthiyhoetithiaeptet,hi pisetpride pi-fdmetiytaninopropyl)  dithicester,

0-I ' ] qt-hioester, . pitr i .

R RIRf S |- BiRL S PAIaRls bliPsRET baieP ot e tycolamido

Odfthiokktex)i mittayidgl yisiodx@eil dajthib&it@es pRétanide ! §hraixd@l  dithioester,

0- pi vaxetil thjoester, piretanide O- propaxetil ) i

t ﬁ’%@g{‘\j@r, preteraipiecthylensaat haxefithol yet hydithiesstey) " piretanide
o ). . ol a . . . .

B IS S, il Cnd,pireianide, qeyluimethylagunonium

Odithisagidsalt.met hyl anmoni um t hi oaci d salt; and (d)

pi retani de thi oal dehyde, piretani de dithioacid,

pi retani de nmethyl dithioester, piretanide cyanonethyl

di thi ogster A Phrloghuanicapatit Nyt HstdbeO@SIRE \ tHA! HESHBAR barrier

I soamyl dithioester, piretanide octyl dithioester,

picPiBpasing a compoynd of formwedtlbr,  piretani de

di benzyl t hi oam de, piretani de diethylthioam de,

pi retani de norpholinoethyl dithioester, piretanide
3- (di net hyl am nopropyl ) ditKRa#ster,

N/ \N
R6/ Vi ] ﬁ
N S
R5R4NO2S
R3
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piretani de N, N-di et hyl gl ycol am do dithi oester,
pi ret ani de NN-di net hyl gl ycol am do dithi oester,
w@Rooghande pivaxetil dithioester, piretani de PCT/US2006/040108
propaxetil|l dithioester, piretanide
nethoxy(polyethyleneoxy)| 1-ethyl dithioester,
pi r et areir g estbre mimadetieatlyl agpentatile saltlsolvito aitbnealot hydrate
[t‘%rgéfﬁrhéﬁi de cetyltrimethyl ammoni um dithioacid

prodrug capabl e of passage across the

bl ood- IRaiks Releated ifRym tlgd pdiup JoRGisiEn INgh1&f hyfdet lafoxy, and
VI1: NeN R6HNSR5R4N%2 \%C ?2 YR y> o

ZW?WMWSWL%EGWQ@lw or an ester,

h .
ﬁy3£ g? gﬁu cP er eaﬁJ ﬁgé& g'f seled (%/ q%)%% tfl@%%ﬁl.gge cofisting of
9 md"‘”gem rﬁkﬂ“mn@dﬂlkw élkylhmbﬂyaﬂm)ﬂddﬂkyl, undubstktytedasitubstituted;

ar oxy, unsubstituted or substituted; R4 and RS are
independently selected fromthe group consisting

of hy ‘1%09§nselé’ét&i’ | B5iN un?i‘dﬁg consisti ing of %lk%'lox%carbc?nylalkyl

al kyl hydr oxyam nodi akyl , titut e or su
anatkyRaninecagednytdigityl; r Olﬂi}ﬂzlmn@dxallffyl,c oalkyRiydrogypf a  biocompatible

Z:P meyca&y&%ﬁ},ﬁ%@y @}6%, ”O%ﬁ_‘(@e %ﬂgﬂ{%ﬁfé—le{hylthloalkaryl,

pahytiBetiutdd®rRubaxyad.kyl , met hyl oxyal karyl, .
nmet hyl t hi oal kyl and net hyI t hi oal karyl, unsubstituted

or substituted. 15. The prodrug of claim 14, wherein

h
azosemige. b paSEhE e &l 26 ishrin AU BARa S bl grom e

bgrtmpl t ¢ansistigy | afnmzbsumdeal ltetra&ﬁl@l-@ﬂ%ﬁﬁﬂécﬁeazosemlde azosemide
g %ﬁr I methyl ammpnium salt. 16, A prodrug_ capabl e of
pas ;‘é‘

methybaamepignysaliotndazesemids ce Yétflmeeltyﬁqavmgmﬁ@ slt.
conpound of formula VIII: R7

16. A prodrug capable of passage across the blood-brain barrier

comprising a compound of formula VIII:

Py
4

8 VIII

or an ester, pharmaceutically acceptable salt, solvate, tautomer, zwitterion or
hydrate thereof, wherein

Ry is selected from the group consisting of hydrogen, alkyloxycarbonylalkyl,
alkylaminocarbonyldialkyl, alkylaminodialkyl, alkylhydroxy, a biocompatible
polymer, methyloxyalkyl, methyloxyalkaryl, methylthioalkyl and methylthioalkaryl,

unsubstituted or substituted; and
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N+ X I /SO2 HNHNOHN~~CH3 | H3C""~CH3 VIII or
an ester, pharmaceutically acceptable salt, solvate,

WO awvomEe7 zwitterion or hydrate thereof, whePei/msSig6/040108

is selected fromthe group consisting of hydrogen,
al kyl o : I s i ' Igi-al ky
a1 o1 o rodr ot T Ao e o RGBT, L iPlpresen.
pol ymer, nethyl oxyal kyl, methyl oxyal karyl,
t hyl t.hj oal kyl d net hyl t hj oal k |, bstituted
e oo R s Db sar iy corma il SHLE om e
PGlolS2RRGEMH b8 Btorskmids ﬁl%h Q: gﬁ?diﬁé-s%tiﬁﬁécp nc%[:%emiﬂ?e quaternary

mol ety; or alternatively, not present.
prasdpegusfsall ai m 16, wherein the conpound is sel ected
fromthe group consisting of torsem de and a

pyri di ne-substituted torsem de quaternary amoni um

salt. 13, Thehelpr@dup of lhirgd PO fEoddh 171 KdEH I ‘éh%'col‘}?)%ﬁ&'! {3 present
the conpound is present in an anmount effective for
r &y AtaRinAtepfiftciye yor mrawlaingt enileppiai neurepathial pain neeuiral nfunction

agﬂ%;n{{%lgﬁl%gnes. 19. A pharmaceutical conposition
conprising a conpound selected from the group

consisting of the following: O RILR2Z RS5RANO2S N
--~\ CH39. H AphpmBddtticalokusHion NoffdisinE3 colnpoltthd¥elded from

the group consisting of the following:

o) R1R2

RsR4NO,S N “NNCH,

S RiR2

RsRsNO,S H/\/\CH3

0 R1R2

R5R4NO,S

Rs 11,
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N O RS5RANO2S R3 111, 124 WO 2007/ 047447

PCT/ US2006/ 040108 S Rl RZ Hnl\ N O R5RANO2S R3 |V,
wWO2R1/0R241 RS5RANO2S N R3 Vand S RlL R2 | ReGRYNCRS6/N0108

R3 VI; or a pharmaceutically acceptable salt, solvate,

tautomer, hydrate or conbination thereof, wherein Rl

is not present, H 0 or S; R2 is not present, H or

when RL is O or S, R2is selected fromthe group

consi sting of hydrogen, alkgl, &R kyl, I

al kyl am nodi al kyl, al kyl car Bynyl a

al kyl oxycar bonyl al kyl , al |l cyl ¢gar bo

al kyl al dehyde, al kyl ket oal kj :

al karyl am de, aryl am de, an 4yl anmoni um gr oup

al | cyl carboxylic acgrgk,nald eteroaryl, al kyl hydroxy,

a bioconpatible polynmer suchlas

al | cyl oxy(pol yal | cyl oxy) al kyl Rydroxyl , a pol ¥ét hyl ene

gl ycol (PEG, a polyethylene glycol ester (PEG ester)

and a polyethylene glycol ether (REG ether),

met hyl oxyal kyl , net hyl oxyal kar nét%ylthioalkyl and

nmet hyl t hi oal karyl, unsubstituted| or substituted, and

when Rl is not present, R2 is

RsR4NO2S D
R
3 \%

and

de,

S« _RiR,

ReR,NO,S D
Rs VI,

or a pharmaceutically acceptable salt, solvate, tautomer, hydrate or
combination thereof,
wherein

R; is not present, H, O or S;

R, is not present, H or when R; is O or S, Ry is selected from the group
consisting  of  hydrogen, alkyl, aralkyl, aryl, alkylaminodialkyl,
alkylcarbonylaminodialkyl, alkyloxycarbonylalkyl, alkylcarbonyloxyalkyl,
alkylaldehyde, alkylketoalkyl, alkylamide, alkarylamide, arylamide, an
alkylammonium group, alkylcarboxylic acid, alkylheteroaryl, alkylhydroxy, a
biocompatible polymer such as alkyloxy(polyalkyloxy)alkylhydroxyl, a polyethylene
glycol (PEG), a polyethylene glycol ester (PEG ester) and a polyethylene glycol ether
(PEG ether), methyloxyalkyl, methyloxyalkaryl,  methylthicalkyl and

methylthioalkaryl, unsubstituted or substituted, and when R; is not present, Ry is
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125 WD 2007/ 047447 PCT/ US2006/ 040108 selected from

the group consisting of hydrogen, N, N-dial kyl am no,
WOR20¢7/0ati4at kar yl am no, N, N-di aryl am no, PCT/USZOO6/040108

N-aI kyl - N-al karyl am no, N-al kyl -N-aryl am no,

"SRR o | PEm R oPabp Bendl oo fipeRt iy Hfaﬁmmno NN-

hyiehieYlamdhdS wwrdl i@byNoéiMyl -Nagitibgbrintél @0al@]l-N-arylamino, N-
substltut ed; and and R5 are each independently

S @ll@mléﬁanﬂ@mnph@sgbﬁtuﬁteé onsybstifuigd; of  hydr ogen,

al kyl a

car bo ng%g grg)%l% JJ Q{&ﬁg ?Jé)g%‘ Lt’lr\l/%c ?%B&Eyﬂa?% rfﬁfd%xafg alkoxy, and
Draﬁyld'nswsms&BBtmiedfo&rsubétﬁutbd|£1dnot phenyl oxy when R1 i s

?:I ?n\?\,h 324 ?@432 n%e ;;5%} g?dem&dgﬁsgo%gcgégﬂq?n I_’ée (groupn consisting of
f la, | t [

R%'&gﬂﬁ)gélh Aik lhﬁll—ﬁ;{bqﬁaé%’ %ﬁ%gxﬁl Elech}b% Vplalkg?’yl §arganylﬁ‘§fj and salts

ornu phenyl Oxy
WhisaredZlwith tlﬁ): fatldwR prRdisesnd R5 are H, and a

i T uon 5 S5aset B Reealoo sarendCris SEHT B Koo R 1

19, Wher&jffoihifta Hmmwm Wien 1Bk €CLROR S, RQEhE RS a8y BUP
consi sting of the foll owl ng: (a) bunetani de al dehy de

bumret akd¥ fasnwglds net methyhithanRdds & Radeélrand Re ) and Rs are H;
estgr, bunet ani de et hyl ester, bunetani de isoanyl
, bunetani de octyl ester, bunetani de benzyl
est er, FoWrEsanildV idinbepteylRRy tten Ry i2OMA®RS, Ry and Rs are H; and
di et hyl ami de, bunet ani de, nor phol i noet hyl est er,
bunet an? M%WW@HY}W%WWSWWJ eI pr dilysmiret ani de
N, N- di et hyl gl ycol am doe ester, bunetanide
N, N- di net hyl gl ycol am doe ester, bunetani de pivaxetil
ester, 20u rret’l?heipr}herrmcxepﬁoaébbmp@ﬂim of daimet @nvldeein the compound is

nmet | eneox e ester, bunetani de

bé 9‘16%{%’1% ﬁ%%ﬁ@e%oqg?ﬁfﬂn%unet ani de

cetyltr h)‘@ﬁlﬁé‘thﬁmm&%es utnetdnite ﬁib'ﬂﬁ?l 8dtbd SupetBiddYdyanomethyl
t hi oest er, bumetani de S cyanonet hyl hi oest er,

bmr,ahmru@ta@detdﬂwl cs'm¢roéas1mtamdm rﬁemaml gstes- btsm%twyﬁe octyl ester,

0e t ani d
Smb‘gﬁiaﬁl tg@ ér, b %?q Xe d1 %D ﬁ S i noe g?ethylamlde
t huaRsdnede, mbllpﬂﬁlilﬁﬁtli%& 8st[er3 bdmeahiaysl anﬂdﬂﬁahsblmﬂlﬂdpmpyl) ester,

t hi oester, bunetanide S-(N, N diethyl gl ycol am

tlh“&@é@&e %ﬁmtbﬂgb/é0lsmedwewmrn@mragl%chmﬂraﬁgwlglywlamldoe
@s@? dreLRaida %s fv%fﬁﬁéténl%é1 ngl%za}?%ﬂ §ster, bumetanide
bune pro axet il |oester tani de S-

n&hétbm%((pmygthymlyémﬁqquhyl _elteetHuydetdridobatzglirimethylammonium salt,

bunet ani de, S-t hi oaci d
arglgtl)urrlletam e cetylltrlmelthylammomum salt;

(b) bumetanide S-methyl thioester, bumetanide S-cyanomethyl thioester,
bumetanide S-ethyl thioester, bumetanide S-isoamyl thioester, bumetanide S-octyl
thioester, bumetanide S-benzyl thioester, bumetanide S-(morpholinoethyl) thioester,
bumetanide  S-[3-(dimethylaminopropyl)]  thioester, = bumetanide = S-(N,N-
diethylglycolamido) thioester, bumetanide S-(N,N-dimethylglycolamido) thioester,
bumetanide S-pivaxetil thioester, bumetanide S-propaxetil thioester, bumetanide S-
methoxy(polyethyleneoxy)y.;-ethyl thioester, bumetanide S-thioacid
(thiobumetanide), bumetanide S-benzyltrimethylammonium thioacid salt, and

bumetanide S-cetyltrimethylammonium thioacid salt;
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(t hi obunet ani de), buunet ani de
S-benzyl tri nmet hyl ammoni um t hi coacid salt, and

whwhanritde S-cetyl trinet hyl anmoni um t hi oaci d Bel/U$200&2640108
WO 2007/ 047447 PCT/ US2006/ 040108 (c) net ast abl e

bunet ani.de_t hi ci bunet an S
bunet a ‘f)demf)ta %Pheg?qgé hi thg% r’nﬁnttlfp%t T d@ ‘%i%iy 1n ’fh.loester
t bi@eshRlk, Ol@yaiﬁhﬁéthﬁeth%esues d@ﬁyétamm @asmgzr thibusree] ammetamde O-
O octyl th| oester, bunetani de O be t hi oest er,

biseamyhithieeser rmm@mfi% d%hoﬁwl th%%ﬁféésb@netw@éﬁe@dm@é thioester,

QP PRREAI T AL IRERRN bserts bR Ale ARl A8H S Rminopropy)

Otlfidesiér, %umtdn}deg Dj@QNaatreﬁthglydmilammdb)a rthmdmtmpﬂamﬁedmide O-(N,N-
er

tﬁ%vgggfycol@hglgq A %eé’tqgf) %urrr%tetaag{d% -p1v£xet1 tﬁloester bumetanide O-
[ W&M( Hﬁbé’s?érh»ﬁlﬁ{é%ﬁﬁd@ Q—{m@&@i&doofy@ﬂﬁfeﬁ%@iygn 1-eth%11] thioester,

ani de 0- behzyl tri met hyl'ar nnoni um t hi oaci
afmdmbtmelean@dsnzyltrumtwltammml dhiveeidursalthi anelci bumetanide O-

salt: bunet ani d | dehyde, bunet ani de

dlc?tpft{ig’ce, a‘%ﬂ]‘ tsboél ﬁ@?ﬁy@% di t hi oester, bumet ani de
Cyan0m%d)h)blunﬁtdn'i‘deo@ﬁbﬂﬂehﬂ@%ﬁtﬁﬁdeﬁ%ﬁoa@ﬂ Mhweestide methyl
bumet ani‘de i soanyl dithioester, bunetanide oct

yl
dudtthio@atglt, e bumpiamse a gy anenmsshyd y dithigestex; ob@m@tmnde ethyl dithioester,

PR RS R e TR M, bt e

Sldﬁtﬁjo@ﬁsﬂ, bmnetagm&tcabmﬁ@ltﬁo@md@bmaaﬂua djutipfthigamide, bumetanide
i thi oester unet ani de NN-di l ycol am do o '
dummplefégxosﬁh;/l b@ﬁh{osﬂ%e W%ﬁf gr(aangﬁ tlapmepmpyl) - dithioester,

dighyHe08 g t 1 affhipBigest e I'biumetamde N,N-
bunet ani e propaxetl [ oester bunet ani d
melithethylgheblaatitiy | drthloxgwf bumeﬂa,yﬂde d ipivaxetgls tc’e’duoester bumetanide

bunet ani.de. be Itr th am nium.di it hioacid salt and.
TR g ORI (AR SRR OA M REy it Bhioester,
2 bumbhiden ar%ﬁﬁbﬁmétﬁkrlaﬁﬁﬁﬂiﬁ&ht | Qfithfacfdl aigalt19.and  bumetanide
wherein the conpound is selected fromthe group

c cayltsmethylammonignt dithieagiheplt. (a) furosemi de net hyl

ester, furosem de cyanonet hyl ester, furosem de ethyl

ester, furosem de isoanyl ester, furosem de oct yl

ester, 2Aur Oﬂ&i&i;ﬁhﬁrrm:ﬁﬂuéal esmpssitior off ddsieir 9evherein the compound is
nDrphoI|noethyI ester ur

3-s¢lgrtad fie %gﬁe}mc&ﬁﬂwn&%ﬁc’%\% ?319%%5 eni de
N, N-di @f 3‘;?%' S 1‘&[&%@ e%é& eﬁlrosEM 5(%’%%6’[11 yl ester, furosiemlde ethyl

N, N- di ycol am gster, sem de” pi vaXet
esbter,, fukesensdaiisbamyt @p‘@x,efurbseesd@ mptyﬂ weses efirosemide benzyl ester,

RS RIS e S LG o

C%ﬁbk&flid@W'— BlaRGHS Sl ; fukdibmlidy Q8 JTHBE:th lglgcolam1do
t hi oaci d, furoseni de S-methyl t hi oest er, furoseni
ester, furosemide pivaxetil ester, furosemide propaxetﬂ ester, furosemide

methoxy(polyethyleneoxy),.1-ethyl ester, furosemide benzyltrimethylammonium acid
salt and furosemide cetyltrimethylammonium acid salt;

(b) furosemide thioacid, furosemide S-methyl thioester, furosemide S-
cyanomethyl thioester, furosemide S-ethyl thioester, furosemide S-isoamyl thioester,
furosemide S-octyl thioester, furosemide S-benzyl thioester, furosemide S-
(morpholinoethyl) thioester, furosemide S-[3-(dimethylaminopropyl)] thioester,
furosemide  S-(N,N-diethylglycolamido)  thioester, = furosemide = S-(N,N-
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cyanonet hyl thioester, furosem de S-ethyl thioester,
furosem de S-isoanyl thioester, furosem de S-octyl

wo boogost4er , furosem de S-benzyl thioester, furbPCEIBINIG6/040108
S- (norpholinoethyl) thioester, furosem de
S-[ 3-(di net hyl am nopropyl )] thioester, furosem de
Sdimethiyldiveblaylids )y clabestérd mashmm tSepiyafatil obhéresete furosemide S-

N, 7 WD 2007/ 04744 006/.040108
d.pﬁ%qaﬁwlgiﬂ oS5t ésl;{n@ OXy B’%‘iﬁl"d’éoé@m -Gyl i fhioester,

t H@SShiRE §-Bé&§lﬁﬁl&ﬁ1y$amﬂﬁﬁﬂﬁi(etthlba&ﬁ" Q@8R! €bnd  furosemide S-
furosem de S-[methoxy(pol yethyl eneoxy)"” _1- et hyl ]

t wsfdlismthﬂMomymﬁhu@c@sa@nzyl tri met hyl ammoni um

cotyt o Droihiprahlo FFRERR o fidid frqegpide,, Qopsyl thioester

f Winesanidde0ichhmnandttlyl fhisesrefudesetiteiOthy! ioesdre lfurosemlde O-
furosem de O cyanonet, hyI t hi oest er, furosenide O eth

t hsagaLyl ehioestgy, o BEpseatdo. Togtyénwoeﬁmo@gp&qml £ u@d?@ﬁyld éhloester

t
r ifSsinick O SESE RO AT Aibior B EHae O RSk lintaminopropyD)]
0-thidedteti I’fﬁtdwmam B AN dPitie)tyl gly dulantiop rtlndeslbnsﬁn‘oséﬁnde O-(N,N-
dgNI\I- d gI ycol am do)_ thi Oﬁf

f
RlsEgo, Fhieeeim frpem coDspgRIety ~FRsgigr.gmosemide O-
0-phaxel Itﬂn b0 OBl Sl d MO FRRIHSRy Bl RIBRBERD L -ethyl]  thioester,

ter, PUr osem
[ rfmtoh@mﬁépdD;kEntv;ltrmb)dyl)ﬂnomm hythioatidi osaétt eand furosemide O-

furo e.0-benz [i | amoni um t hi oaci d salt and
flfF%’ ﬂylad?m%’f‘ﬁ'ﬁ? ﬂgﬁﬁ%} Whoni um t hi oaci d salt:

and (d)(df ULRssemidee thidhahgRhYfeosemideO SBIMickRid, furosemide methyl
di t hi oaci d, furoseni de net hyI di t hi oester, furosem de

;dathmef@hy furgperpide e syaometlrl o dihiogeierst hymsamidpi et} edithioester,
§8Hfd 151)31?81”36 thg)eg Qll Oﬁﬁ&s%fmde{j :6: : g{l;%lﬁg?s?e?,t ¥lrosemide benzyl

d| i 0O€s r osem
f Withiested d’udjsélﬁfdéydlbénzghlﬁlodmdef tfurossmnide eliethylthioamide, furosemide

di et hyl t hi furose i noet hyl
dﬂ?ﬂ’%‘é‘%’é&yﬂ dbisenete amﬁg’ h§1 e %ﬁ%ﬁwsopyl) dithioester,
agRiker. nhu H%ﬁf%lggolﬁlnwod' et Qyhigbyeo! amfgﬂ)semlde N,N-

di thi oester, flrose di met hyl gl y¢éol am do
diditetbetglyeojantide odﬁhodselpl Yapostmide dipiviixoglst dithioester, furosemide
f urosen, lpg}tgl@teﬁ%ax t pll ecﬁ{y o&yettﬁlgtieg)fmgﬁel-ethyl dithioester,

f%&fé@ﬂid@e heaz {ﬂrﬁemﬁbﬂlyﬂ@mm \dithibatddl Oagiltd saldt afielosemide
furosem de cetyl trinmethyl anmoni um di t hi oacid salt.

2zetyitneeiylammeniyn ditlioacadhppdsi tion of claim 19,

wherein the conmpound is selected fromthe group

consisting of the followi ng: (a) piretanide al dehyde,

pi retamRde nitelphbrigsieatical pompbdsitidrriel dyiantiretiieydin €t @mpound is
piretani de ethyl ester, piretanjde isoanyl ester,

p.S?J@t:taﬁ fige @EthuPééoPéllstln&)‘Pfrtb? illogang:

(a) piretanide aldehyde, piretanide methyl ester, piretanide cyanomethyl ester,
piretanide ethyl ester, piretanide isoamyl ester, piretanide octyl ester, piretanide
benzyl ester, piretanide dibenzylamide, piretanide diethylamide, piretanide
morpholinoethyl ester, piretanide 3-(dimethylaminopropyl) ester, piretanide N,N-
diethylglycolamide ester, piretanide N,N-dimethylglycolamide ester, piretanide
pivaxetil ester, piretanide propaxetil ester, piretanide methoxy(polyethyleneoxy)y.i-
ethyl ester, piretanide benzyltrimethylammonium salt and piretanide

cetyltrimethylammonium salt;
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benzyl ester, piretanide dibenzyl am de, piretanide

di et hyl am de, piretanide norpholinoethyl ester,
w@rooeande 3- (di met hyl am nopropyl) ester, pireCBEOSZIE6/040108

N, N- di et hyl gI ycol am de ester, pi ret ani de

N, N o et gl Yol S de esteln il SLantde Lol varetll e .
MRty ROt R Mﬁ%é@h&' epesiidie _Sleth§t mﬂ)es?e?t BlretaRide 6§- 2L thioester,

benz Itr| met hyl anmoni um salt and piretani de
c gsptapidene ndmﬁhmeatm,s apirctanid® \REbIOYY/ Qaigester, piretanide  S-

P 1 d t d

RGBT, AEHOE e DAy A D) e

thmm’t@r S-Qepadiets]dyasintdol hi ogfibdker, Pi I gkamiide  S- (N, -
thioester, piretanide S-octyl_ thioester,

|mfif1 @W%ﬁéﬁ@%@% yihioesfen e pitefanidsi ropixaketid dhioester, piretanide S-

t
S %g?g{ﬂlnet x 14“ té%{ra%g%) [mﬁlh&g};(?gl:ygt‘ﬁylen oxhpr-ethyl]  thioester,

Smﬂ&ltandichhl etsqbdrgylynmb&mmnﬁomimnoesmeamd pi feétt aninde piretanide S-
thy ol a t hi oester, piretanide
é‘;}’{l}gfm P AT Oacgiﬁﬂ& ani de S- propaxeti |l
t h' 0€SYEY , mBa§tebI8 HikGnide th10a01d 1retamde O-methyl thioester, piretanide
S- [ met hoxy( pol yet hyl eneoxy) n g t hi oes¥
pi -eymme@hﬁﬂmemm pirétamitlh ¢)- dhm)ﬂqumet, histapide @ad;damm thioester,

t nmet h | t hj d |t
(BT OB e G PHROE | 6 Pivby Bt biretanide O
O(A®ifholinbéth@® s ttieibestdti I pirdfahide GH%Y &ﬂ@ﬂ%ﬂﬁﬁinopropyl)] thioester,

thioester, piretanide O ethyl thioester, piretanide

opp@@w ¢ 10-Guet diethylglyeaiudisote Chessr, t hpbesnite,  O-NN-
p'd'irﬁE : no%n{ﬁﬁf))hz tl'ut %5{&0 € frgt[émdg' beéll@g%ecﬁ %mester piretanide O-

( mor p oés pIr et
O-ﬁj’(ﬁi}aé(dﬂllﬂ'&hlbydta‘m piceanigey 10)- Iméiﬂlbﬁﬁ(pbb’éthyl@bdﬁ)e}t)@ﬂbﬂi?l] thioester,

dj e Ql a 0) thioester, piretanide,
Sfﬁraﬂﬂded %Lﬂﬁé{l%{ﬂy e Juetddy it epadi geiretanide  O-
O-cRiyARRitylahRbRRs] BloacRl B! Al de O- pr opaxeti |

t hi oest er,” piretani de
O [ net Ndkyppctblyléc hyhiealdelxyde, piretaiide] dithicmest empjretanide methyl

i de. O benz Itr| t.hy) anmpni um t hi ogcid..sal t and .
DB LR R B TR A O3B B et
anﬂ)aﬁ@l Qitkieéstdt] %rdteﬁh&ﬁ'(ﬁ:@}kly dehioRste€t phétafide benzyl dithioester,
di t hi oaci d, pi retani de net hyl — dithi oest er, piretani de

C)F’Hﬁ@ﬁﬂehyl dihenpylgueanaide, pi rpdtetanidee etdﬁgﬁhyld‘ppmn@@,st erpiretanide
p'“{i‘ﬁf’oesq’gthyl S Q] ‘Jaeﬁt% t hggﬁ%ﬁé ' ﬂﬁ{lgﬁe ﬁﬁia?ﬁné?ﬁlloiéyl) dithioester,

pipiretaaite s M-dtm&r}dg(lbfédiarﬁﬂm dichiogatarepetaside N,N-dimethylglycolamido
di e hyl t hi oam de pi.r et ani de . nor phol i noet hyI
dldf O5%Eh e PireFRIdS: ivaEtS- ("élillﬁ%itﬂyl BietABIFE opyenaxetil  dithioester,

{rBiaARRL er | gl ycol
:pt R oest er m%ll%rﬁ féﬁﬁﬁ%ﬁ%| 1t vl gl ycolcg{r%lh ter, piretanide
dibtiwybteistednylaminoeivaniditbiqaciasedt iahd diitebrndres bﬁyltrlmethylammonium

pld tgfogaa%ghpr opaxetil dithioester,

23.  The pharmaceutical composition of claim 19, wherein the compound is
selected from the group consisting of bumetanide methyl ester, bumetanide
cyanomethyl ester, bumetanide morpholinoethyl ester, bumetanide 3-

(dimethylaminopropyl) ester and bumetanide pivaxetil ester.
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pi ret ani de net hoxy(pol yet hyl eneoxy)i _1-et hyl

di t hi oester, piretanide benzyltrinmethyl ammoni um
walaohiooma? d salt and piretani de cetyltrinethyl BOTDR2006/040108

dithioacid salt. 23. The pharnmaceutical conposition of

claim19, wherein the conmpound is selected fromthe

group cdnsi sA iphgrmukcelticabemmpatsiomomyrisegtaarompound of formula VII:

bunet ani de cyanonet hyl ester, bunetani de

nmor phol i noet hyl ester, bunetani de 3-

(di net hyl am nopropyl ) ester and bunetani de pivaxeti l

ester. 129 WO 2007/047447 PGILLLH2006/ 040108 24. A

phar maceuti cal conposition gonpRising a conpound of

formula VII: N=N N ~N R6/_N NN R5RANOZS R3 VI |

or a pharmaceutically &chbta

tautoner, hydrate or conbi natijon {h erein R3

is selected fromthe group ' hal o,

hydr oxy, al koxy, and arylo

substituted; R4 and_R5 ar i ndependent |y sel ected

fromthe group cons?gyvﬁg of |hydrogen

al kyl am nodi al kyl, al kyl hydr oryam nodi akyl , I

unsubstituted or substituted; and R6 is selected from

t e grphamaentséadlyi agepthblal sajt, axivat haumpinet, Kyydrate or combination

al kyl am nocar bonyl di al kyl , al kyl am nodi al kyl ,
altﬁéle?g&’?’ﬁw,‘ a bi oconpatible polynmer, _
et hyl qyal deydctedBEAMhO XY RIpKn¥istindTBF B! Ha_ll@,aﬁ}Ld%&yéﬁag%xy, and

met hyl t hi oal karyl, unsubstituted or substituted;
a aylaxyrameuhstibred or substéptedbl e carrier, excipient or

di l uent, 25, SThe phat naceuti.c C osition,of claim . .
oo oot e fRbrRaEhhate SAERRT o ot arbind Bhpisting of
C aiidveh Nk PlantiddiAk] ¥ikymhybikininddiag¥D $a8ibdeiuted or substituted;

azosem de enzyl trinmet hyl ammoni um salt and azosen de
cé’tﬂﬁl trimethyl ammoni um salt. 26. A pharnaceuti cal

Conmpos 'ﬁé 08 GORPEES 'ﬁ%% ath(éo'épw dco%fsis{igé m(ﬂ' aalkyloxycarbonylalkyl,
alkylaminocarbonyldialkyl, alkylaminodialkyl, alkylhydroxy, a biocompatible

nsubstituted or

polymer, methyloxyalkyl, methyloxyalkaryl, methylthioalkyl and methylthioalkaryl,
unsubstituted or substituted; and

a pharmaceutically acceptable carrier, excipient or diluent.
25.  The pharmaceutical composition of claim 24, wherein the compound is
a selected from the group consisting of tetrazolyl-substituted azosemide, azosemide

benzyltrimethylammonium salt and azosemide cetyltrimethylammonium salt.

26. A pharmaceutical composition comprising a compound of formula
VIIIL:

130



VI11: 130 WD 2007/ 047447 PCT/ US2006/ 040108 R7 | N+

X-\ S S02 HNHNI),,* CH3 "'~ HN O~CH H3C 3 VIII
w@eood/ophaar maceut i cal |y acceptabl e salt, sol vat BCT/US2006/040108

tautomer, zwitterion, hydrate or conbination thereof,

wherein R7 is selected fromthergroup consisting of

hydr ogen, al kyl oxycar bonyl al kyl

al kyl am nocar bonyl di al kyl , al kyl am nodi al kyl

al kyl hydroxy, a bioconpati bl e Y IM&T

met hyl oxyal kyl , net hyl oxyal kajjyl , { met hyl t hi oal kyl and
nmet hyl t hi oal kar yl, unsubsté or substituted; X"
is a halide or an anionjc-fiolfety; or aI ternativel y, X-
is not present; and a phar macBY¥y Gecept abl e
carrier, excipient or dilluent. 27 phar maceuti ca

conposition of clai ZP ) erein onpound is a
pyridi ne-substitutedjtorsem de quaternary ammoni um
salt. 28. The pharggdegtical conposition of clainms 19
t hrough 27, wher @ger t heCHconpound is present i yign

anount effective for regul ati ng neuropathi c pain,
seizures sei zure di sorders, epilepsy, st at us

' | e(% Cusf:utfﬁ?grg?ixczgzgg h@%d&i e n%oll a{%e po%ier zwniterlon hydrate or

VOUS SYyS

eg@r;{gmaﬁ@[pﬂ@{eo&‘mgmﬁn neur ot oxi ci ty head traum,
stroke, ischem a, hypoxia, Al zheiner's D sease

obesi t 7 is peledtechEom the preEnesisiag of hyéiogen Akylaxyrarbonylalkyl,

t th th
S BRI P Rop R, DR s b
apdl‘yﬁ{er Vinkthytosyplkiyk i mghylempdlkargl, (athyl thiedlayli abd methylthioalkaryl,
t hi obunet ani de bu tanide thioacid), (b) furosem de

orngubstpd s sHPHEYESur oseni de t hi oaci d), (c)

pi r et aRt-6le; Rdlide or an anionic moiety; or alternatively, X is not present; and

a pharmaceutically acceptable carrier, excipient or diluent.

27.  The pharmaceutical composition of claim 26, wherein the compound is

a pyridine-substituted torsemide quaternary ammonium salt.

28.  The pharmaceutical composition of claims 19 through 27, wherein the
compound is present in an amount effective for regulating neuropathic pain, seizures,
seizure disorders, epilepsy, status epilepticus, migraine headache, headache,
intracranial hypertension, central nervous system edema, neural function,
neurotoxicity, head trauma, stroke, ischemia, hypoxia, Alzheimer's Disease, obesity,

Parkinson's Disease, neuroprotection and neuronal synchronization.

29. A method of synthesizing a compound of formula I, IL, III, IV, V, VI,
VII and/or VIII comprising reacting (a) bumetanide or thiobumetanide (bumetanide
thioacid), (b) furosemide or thiofurosemide (furosemide thioacid), (c) piretanide or
thiopiretanide (piretanide thioacid), (d) azosemide or (e) torsemide with a functional

group and/or compound selected from the group consisting of an aluminum hydride,
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t hi opi retani de (piretanide thioacid), (d) azosem de or
(e) torsemde with a functional group and/or conpound

wa@edogotad? from the group consisting of an al unmP@LIS2006/040108

hydri de, 131 WD 2007/ 047447 PCT/ US2006/ 040108 al kyl
hali g8y : habh§lnd B i
d?dgﬁﬁsl Flé%’ %%pgé#bﬁlg- a%éc{rideij@g*lgar y{Hg{llnR%lg?l MONO- Oa%ndi
d icwlkzzirahtmine, émrm» qnxﬁd’?;y{ha?mgaandn%qatmmdry dimzmlrnilﬁn hlydroxide,

. ) s ) r
oA B RS S AT P B e
t QohdikiBhRsuFALERUE Fo: 2 a bOhPUR df forrhula ILITL, 111l ¥y, W, VIVVII and/or
VIl and/or VIII. 30. A nethod of nodifying 'a
diitleti ¢ or diuretic-like conpound to increase
l'i pophilicity of the diuretic or diuretic-Iike
conmpound conprising reacting the diuretic or
Compound. . Sel et rom e e U s st et npound o
aliRgreasg dinophilicyy ofrbe divetire Bl dairetig-lg gempeyEd; epanprising reacting

ALk A, e nary ; :
s GEPAT By SRR S BUR SHAE 2 R EFTRRY A 968 Bimpound
sublstietl ufred, tha drome eonsittidyl ef pol alkyr hailde, atwoholnaldebyde, alkaryl
t her.eof , under conditions sufficient tpo provide a

d?%&[@%g %#ﬁr Ay iGr @%ﬁ AP Re I TRATUARMRPTR! iREToxiiseand quaternary
| IBRRGHitC RROP&EdbERuGETRAN §EbdiPuad %%@%&mﬁﬁib%e polymer or
diuretic or diuretic-like conpound.” 31. The t hod o?’m

c lcaimbirBtionswhersef, nndecaiditioss isetfiient taprwvide-d dikeetic or diuretic-like

caompound. i s.sel ect fraomthe group consi sting of,. .

b FHEPHT R ier s P apl B Propglies chmpaed 1 b Spgylified diureic or
f Whasestife cothphidur osem de (furosemni de thioacid),

piretani de, thiopiretanide (piretanide thioacid)

azosem de, torsem de, indacrinone and oxazolinone.

32. A mgt hodnof (4 j e gg. of;. juretic. . .
or di u:ggfi cfill.hl%k éﬁ qudodnp%ﬁ%fgﬂlgc?@s ﬁﬁ%ﬁ'bﬁ“& ! ?tg(% n%Irlr thffetic ke
baomipeund aspelesicd gfroatici gr@up hevndisting tof cbmnet&hidé,etﬁicﬁaumetanide
i ke conpound wiith a functional group _and/or, conmpound. .
séF@E?%laldF et r}aaoa?ﬂald% ?rﬁgledﬁlrawngﬂmwwg), piretanide,
h%j'ogﬁ"etaﬁheOQBfretaﬁhgehﬂigé‘qid)al KRS Yhidad! kS€emidBNOind@Rfinone and
di al kyl am ne,” nono- and di &l karyl am ne, nono- anlg]
dicxaxdlawenee, quaternary anmoni um hydroxi de and

guat er nary anmmoni um salt, unsubstituted or

substituted, a bioconpatible polyner or conbinations

t her eof3p, underm@Rsdidfi RBSitambl hel SakadeOof R B¥itedi® & diuretic-like
diuretic or diuretic-like conpound capable of passing =

t kpBBghnd psossl the Gloodrhapin asigricomprisB reacting the diuretic or diuretic-

like compound with a functional group and/or compound selected from the group
consisting of an alkyl halide, alcohol, aldehyde, alkaryl halide, mono- and
dialkylamine, mono- and dialkarylamine, mono- and diarylamine, quaternary
ammonium hydroxide and quaternary ammonium salt, unsubstituted or substituted, a
biocompatible polymer or combinations thereof, under conditions sufficient to
provide a diuretic or diuretic-like compound capable of passing through the blood-

brain barrier.
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WO 2007/ 047447 PCT/ US2006/ 040108 33. The net hod of
claim 32, wherein the diuretic or diuretic-Ilike
wa@oeovwpound’ i s sel ected fromthe group consi sti nBCD1S2006/040108
bunet ani de, furosem de, piretanide, azosem de,
torsem de, indacrinone and oxazolinone. 34. A kit
conpri SBng dhe ﬁmﬂmdrafcdammiﬁhrsﬁmuﬂmaﬂmidgmﬂm or diuretic-like

harrraceutlca osage units co I.Sin n effectlv ]
D RBTRONE 150 S5t i 8RS CBrei et aopmeiippe, furosemide,
| kﬁretaln\ie ééoséﬂude\ﬂ)fseﬁ‘lﬁfg HdaMiddne@nd RRAFIIReRML i cal |y
ceptable salt, solvaté, hydrate, tautomer or

conbi nati on t her eof , V\,her ein the contai ner is packaged

Wi th oR |ona nstr i ans use t hereo oA

met hod e)édfl 45“%“% SRt (© 5|m?1r8r‘i?&?§ne§§/SP%tﬁ%“&‘t%\é?mace““"al

d ld%@igé Ql‘hlts 6&{{?1&$1ﬁg B effEdtive asdorit agomlaﬁ&e%mpauadm"fbnnula I,
nmpound sel ected fromthe grou consi sti ng

t Hb IH,OHVI, i g VilandieV rempbrapasenfically@qgeptablgsalt, solvge hydrate,

ot bR R0Y e Weersh TR et pip optiona

S ifdti2tidhs OF e usSRENGZS R3 IV, 0 Rl R2

35. A method of regulating a central nervous system (CNS) disorder
comprising administering an effective amount of a compound selected from the group

consisting of the following:

o) R1R2

RsR4NO,S

RsR4NO,S
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I RBRANO2S N R3 Vand SR R2I1 R5RANRS N R3 VI;
or a pharmaceutically acceptable salt, solvate,

wo amvomae7 or hydrate thereof, wherein R is nBCT/US2006/040108
present, H O or S; R2 is not present, Hor when Rl is
Oor S, R2is selected fromthe group consisting of
hydrogen, al kyl, aral kyl, & 4, Ra'?kyl am {al kyl ,

al kyl car bonyl am nodi al kyl , Pny I kyl ,
al kyl car bonyl oxyal kyl, allc S
al kyl ket oal kyl , al kyl am de, y , ~aryl am de,

an 134 WD 2007/ 047447 PCT/

al kyl heteroaryl, al kyl hydroxy) a bi oconpatible

pol ymer such as al kyl oxy(pol yat kyl oxy) al kyl hy#lf,oxyl , a
pol yet hyl ene glycol (PEG, a polyethylene glyco

ester (PEG ester) and a pol yet hyl ene gl ycol ether

(PEG et her), nethyl oxyal kyl, nethyl oxyal karyl,

met hyl t hi oal kyl and nethylthioal karyl, unsubstituted
or substituted, and when RlS.s Ry prese R2 is

sel ected fromthe group consi Jting, of hydroyen,

N, N-di al kyl ami no, N, N di al kar,
N, N-di aryl am no, N-al kyl - N- gf"kakryT anT™v0

N-al kyl - N-aryl am no, N al kg N-aryl am no
unsubstituted or sulgkNOJEEd; is selected fromthe
group consisting of aryl, hydr oxy, al koxy, and
aryl oxy, unsubstituted or subs®ituted; and R4AVand R5
are each i ndependently selected fromthe group

consi sting of hydrogen, alkdlaniﬁq%ialkyl,

car bonyl al kyl , car bonyl al kar yIy car onylaryl and salts
t hereof. 36. The nethod of clailm 35, wherein the
conpound is selected fromthe ~gLoup consisting of the
follow ng: (a) bunetani de ne est er, bunet ani de
cyanonet hyl ester, bunetani dg&

RsRsNO,S” T::::;>
R3
A%

RsRsNO,S T::i:>
Rs VI,

or a pharmaceutically acceptable salt, solvate, tautomer or hydrate thereof,
wherein

R; is not present, H, O or S;

R, is not present, H or when R; is O or S, R; is selected from the group
consisting ~ of  hydrogen, alkyl, aralkyl, aryl, alkylaminodialkyl,
alkylcarbonylaminodialkyl, alkyloxycarbonylalkyl, alkylcarbonyloxyalkyl,
alkylaldehyde, alkylketoalkyl, alkylamide, alkarylamide, arylamide, an
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nmor phol i noet hyl ester, bunetani de
3- (di net hyl am nopropyl ) ester, bunetani de pivaxetil

we@siaoe474buret ani de met hoxy( pol yet hyl eneoxy), i _BEBUR3006/040108

ester, bunetanide benzyltrinmethylamoniumacid salt,

bunmet ani de cetyl tri met hyl ammoni um aci d salt,

b alkgtaanhoieuf- (285@), - SHiyldarboxati¢ dacibunadkdhetemaid metlkylhydroxy, a
t hi oest er. ani -..cyan t byl thi ter

aiore SBTg ueh ps sl AT CRT ik AesaRERy gyl o polyethylene
t @mspep%)ha pa%ﬂ@mne %13,%09@%14 (PEG Q657 84d a PYREh 21&1@! @lycol ether

nzyl i oester, bunetanide S (norpholinoet

t KPBEst eatherbuneneihykoasyakys- (dﬁlﬁhxlhlyyaékﬁrnbpr csmthyl hloalkyl and

thlegl'éyi{hg aﬁﬁ#glst%u Sg%%egs?ﬁ(\lsRhStlgl %1)91?'9 O()t)present R, is

t Bélegted efronb uthet gitoale Corpisviag etof | hyﬂlio@eﬁ?t Qﬂ,N-d1alkylam1no N,N-
bunet anl de S- g}r opaxetil thioester, bungtanide S-

[ﬁalk?é lamingl, PeNHipwikaaig) N-alliyldy-a{arylaminge dt-alkyl-N-arylamino, N-
hyl
LI B By gy o

cet yI t R; rretsbiyd:tadn‘fmm ttitma gﬂmupa:onsistﬂfg of, adylyrted @ rtiydeoxy, alkoxy, and
[-(C=S) - t hi oaci d u ni de O-net hyl thioester,
b@ﬂg‘l;%}%aiuﬁ &1 iR 15 SRbHY ‘Ftegelﬂngester bunmet ani de 0-

ethyl i é}ﬁlSRQrare béé@ﬁtlﬁﬂéﬁéﬁd&lﬂ'ysm& P asd %”r@up consisting of

bunet ani de O octyl thioester, “bunetanide O benzyl
t ﬂnwdle)gtmra,lkﬂammosimlkbé Oarbmdardhy)ll, |cn1dvenhlylk)arsﬂhca;‘bgméaryl and salts
bﬁla“,cgtoﬁm de O-[3-(di methyl am nopropyl)] thioester,
b hide O0-(N, N diethyl glycolam do) thioester,
bunet ani de, O (NN-di net hyl gl ycol anmi do) thioester, 135
V\D 2007/ 047447 PCT/ US2006/ 040108 | bunet ani de_ |
0- pi vaxét i The metleast ef claam@ avheaein ghe copeurd fis selected from the

t th | yet hyl "
g;«g@,ﬁoﬁ 1ﬁmg§5tié§@a flg: [ et F-X¥§:5§).yeo -y eneoxy) " _

benzyl (&) h’embt;ahmm‘rmthym dsharp doindtanitlet cpardnivtingt eserddbumetanide
[-(C=95):-0 cet |rrethyla m.t hj oaci d_sal t

REPBngetYh Gifrde PR rat m%lévlfmmeé&@wsﬁfter bumetanide
diiPxB@C kller, 1@k %éfﬁ&%ol?éthﬁbﬁ&ﬁ?e % rpetfi’ﬁ”e&ﬁé}' metanide

cyanonet hyl Ithioester, bunetanid
dlbbmsdwm@ylammnm iacid saktohmpetadild@ ch'étsmhylammomum acid salt,

net b
atereBRer CRolardnhoat boerid sanrad. 158k, hypganice S-
dicohdbrhdiiy aRioksler, bseRhARI Slethibihpestet, l’lﬂﬁidfaﬂlde S-1soamy1 thioester,
di t hi oester, bunetani de 3- (dinethylam no

d|bpmeta@yiee rS- owheﬂlms@é Neurectriniden y3-Benzyb| él bumetanide S-
({’nlg oes[ﬁgéthy és?erll' dl?un'l\é yile% nFt[Q%(%l%%%}g%xg{rﬂog&pyl)] thioester,

anlﬁe pIvax
blhﬂiﬁie&mdée pSC(DIaN&hethylglycblaﬁﬁ&d)er tHiosset,ani Bemetanide  S-(N,N-
met hoxy( pol i;gﬂhyl eneOXY)n- -ethyl _ dithi

bm@%m 99) thipesisrhyi SV B e Pmaﬁamde S-
B S B SRR H) e

e dueretanibdenfe (G )d8 ] benzyltrlmethylammomum thioacid salt and bumetanide [
(C=0)-S7] cetyltrimethylammonium thioacid salt, bumetanide [-(C=S)-OH] thioacid,
bumetanide O-methyl thioester, bumetanide O-cyanomethyl thioester, bumetanide O-
ethyl thioester, bumetanide O-isoamyl thioester, bumetanide O-octyl thioester,
bumetanide O-benzyl thioester, bumetanide O-(morpholinoethyl) thioester,
bumetanide = O-[3-(dimethylaminopropyl)]  thioester,  bumetanide = O-(N,N-
diethylglycolamido) thioester, bumetanide, O-(N,N-dimethylglycolamido) thioester,
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nmor phol i noet hyl ester, furosem de
3- (di net hyl am nopropyl ) ester, bunetani de pivaxetil

wesdoen474hur oseni de met hoxy(pol yet hyl eneoxy) n_1P€T/iig2006/040108

ester, furosem de benzyltrinmethylamonium acid salt,

furosem de cetyltrinmet hyl anmoni um acid salt,
f (huostanideOfppiyazet) ﬂ@kqstqrhbma@tanﬁde fQrprperstiehBestet, fpinetanide O-

F QBB o bGPy ST L oo ShEtiy)  (C-9)-01

t liepgtrifethylbmbaanh de thoacitly| dabti oOegdder , bhme@sRIBl dg-(C=S)-07]
S-benzyl th| oester, furosem de S (nor phol | noet hyl )

t Iebdsimathylamesism Jhiogords selgi hempipnide; Hupaldghpidp] bumetanide [-

SIS IS AL NGy e

t hiithésester, bufnetamsdenathiyd &hmee&&éimﬂetdﬂﬁd@ﬁﬁ&rﬁﬂ d1thloester bumetanide

f ur o}ae 91%§%§§¥et ropax %ex )Bet hi o&’ﬁ*\‘%ﬂ - 'fjgr 18%‘2@% gg d1benzy1th10am1de
f
i Iu%%ﬁ%&i%%t?&%}géﬂrpﬁe]oggﬁl&?gﬁ@ Eﬂdé‘%&%gﬁlo ikt Bster, bumetanide 3-

Ce(dylhetthylmBMWpt@wﬁmhuthlmSltdm bametansial W.N-flietlpdglytalemido dithioester,

f &ﬁﬂ?g%w(g_kéj ggfg%tg}g%{lw de thr, ?@P%%@H‘&% é)%(e?%(%t?lr dithioester,

ethiytletdnide0 @4 Rketill WitARR LA ebﬁnétﬁ@iﬁé nm%thbﬁy%%ﬁleﬁ{y)l/eneoxy)n 1-ethyl

furosem de Ooctyl thi oester, furosen de
t itheoester,, btﬁmt@tyémhﬁézsdtrmhqdh@mmm Hlithjoacist ealt tagd , bumetanide

f d nopropyl)] thioester,
f&rgztg%eg@laﬂq?'kﬁp%} eﬁﬁ{)/%y({i %{g%m am do) thioester,
f ur osenbeufdsé¢hidy- diedsll hystg] Voelsafiddo bydrdineaisf] €ester, bumetanide

furosam de O-pivaxetil thioester, furosem de .
o mprgholinoethy] ¢ itere s flpsentids oddimpthyjaminopropyl) ester, bumetanide

B Ny ey
t ihenadtrdneihlylammmduﬁlm racislesatgl éurbse(nﬁdﬁ)oe’@lthmeﬂﬁﬁarﬂﬁomum acid salt,

CPGAEPHE S OF S Bt dhRse it yRethy fibefiduosemide S-

[ cyfaonethydtthiodétbd) ifoReéHide f9 6 B A8t BulYsbmide S-isoamyl thioester,
di t hi oest'er, bunetani de c % anonet hyl dithi oester,

b dwiosemidde Seodiyl thiaehict e Steasemider dsbenzik thioesteyl furosemide S-

o obegh Sl PP EN PReGete GPud ORI mippE ST hioester,
f lfﬁmSﬁﬁidée Si(ENdidthylgbobldaidd)ur ofgeeestte,  furosemide  S-(N,N-

noet hyl dithioester, furosem de 3-
Yelarade)o thi P?St‘?}“r tiHrosemidey S-pivipessidnihinester, furosemide S-

s 15 o RGBS SR ) e

nmet hy
plfm@X@hldb [e{G#O)e&}sﬂoenzyltnﬁnﬂﬂqdamMmum dipaxad idalt and furosemide [-

RS R i m fhigagig seltofopaserids, BKC=S)-OH] thioscid,
f %@me@mﬁmtmﬁat *Mo?éﬂiﬁ'a@'ol E},ﬁi&ﬂm@% eae,{ ti@8ehnide O-

furosem de cetyltri mef hyl ammoni di t hi 0aci
aﬁ’dl}’@ cthigessient Awmoskamidet Ryisomsylerthiogiteret Bindsdmide O-octyl thioester,
ar%genrr%ldg H-been%lfs thioe? {er,ei'lurosemlde O-(morpholinoethyl) thioester, furosemide

O-[3-(dimethylaminopropyl)] thioester, furosemide O-(N,N-diethylglycolamido)

thioester, furosemide O-(N,N-dimethylglycolamido) thioester, furosemide O-pivaxetil
thioester, furosemide O-propaxetil thioester, furosemide O-
[methoxy(polyethyleneoxy),.;-ethyl] thioester,  furosemide  [-(C=S)-O7]
benzyltrimethylammonium  thicacid  salt and  furosemide  [-(C=S)-O7]
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nmor phol i noet hyl ester, piretanide

3-(di net hyl am nopropyl) ester, piretani de pivaxetil
we@sioei474pT r et ani de met hoxy(pol yet hyl eneoxy) n_1P€T/lig2006/040108

ester, piretani de benzyl tri nmet hyl ammoni um aci d salt,

pi r et ani

d i et I
'gptygpg\qﬂg&n?m tll-urér%fﬁ%/ nséﬁqn%eﬁﬁ%%é%e?lg&e guroserﬁldle [-(C=S)-
& #Hicid, Fﬂu"o@érﬁfdlb dfethryl @Mﬂa&ml birhetahide e:yaEImethyl dithioester,
|Jet ani de S-et hyl thioester, piret anlcg
bhieider ethypi didtieastcde fsc%@ngﬂe {9PBES5t ﬁﬂoe&eﬁemﬁ‘fd@d‘e ootyl
h
M@gé%re If&:oé?xﬁ%% g{eﬁlz 'd@ﬁ{ %E]t d uro: ﬁﬁ{ﬂ%%ﬂr’%}gg&mﬂb) furosemide

I RAR GdmidePi Fafossthide Snioiphatineethyl gldithadester, do)furosemlde 3-
t hi oest er

t(inestleyl @nﬁno&qrpgi)gal:ﬂgges@rp %&ﬁf‘é}ﬂdﬁﬁy sgg%gfiéiycoq]aml%)o dithioester,
%‘?ﬁe@ﬂ%dﬁ I@d ﬂ%}%‘)kﬂm& | RBRJeBler, Rir6REAN PBvaxetil dithioester,

X eneoxy)n_1-et hyl] thioester,
Hufosémited @rcﬁpaé(ﬁﬂo)dltﬁxiesiiaenfqrbsmmdet mgthorsipelierhylencoxy)n.-ethyl

252' an%‘;e?, galds MP@FHI ﬁsgm&%w Al‘gy?ac%da ﬁalé and furosemide
cegﬁﬁ@e Whﬁﬁﬂﬁmowﬁ@:ﬂﬁ%de 0- et hyl thioester,
C

pi retani anomet hyl thi'oester, piret anl de O et éljé .
t hi oes(ickr plretpmdet areitiyd @ﬁGSOWFmdﬂ owenapethyl | estetn etanide

gﬁ]\éhp%egjyg}est e: I{ﬁ?ga\lﬁl _{(‘3}1 gﬁ,}h?g &&%é{og?flf) I%Ikotlgr? éﬁgtﬁmde pivaxetil

OesEe'f’ (ﬁir&ﬁfu’d&' arﬁlétﬁ@iygp(ﬂb'éthylehecﬁ@%leﬁhylpl r et agsietle  piretanide
NN- di et hyl gl ycol am

cba(nmnmm@v njes| 2 @él)tt PRIBRIdE Gt ty ey A Gohium acid salt,
t]ﬂFI va%i pl ) e$ﬁi gﬁoacup' bit@hidde SonbhPakRebter, piretanide S-

Oc;[aﬂBmBmyy (iobsyet IpyteenicioxSpthyl -thioksted, piretanisdes Bdpoamy! thioester,

?ﬁ;‘?ef'éga%d?ﬁﬁé’l prf) %?S&%a ggﬂ? l 4 g?tbeg% RIS e%ltn} piretanide ~ S-

c | &y m d ssml TRnduid 1)] thioest
ﬁﬁ ljgfldl Inf?%g@}l) g%%%egm %Ilgé tﬁﬁg%—S)B 1m§tlh¥rhl oacplij gpy ) 0STE

ppirethmide de SE(I\bN’rdlcihYlEb@ebné Q) pi rbiogsiee  PYERBIASt hyS-MLN-

di_.t hi oest er et.ani t a -

" desihy gupcelmnﬁc&ét 10655, Thfimitl SuRRel | ot eh2 Biskanide S

pro?E}?&ildﬁn&%f& lﬁtahmeogsm@thowamnylmoxim -efiyl]  thioester,
[ 047447 PCT/ US2006/ 040108 di be%}él t. hi

pprretamdr: (ﬂéCaQétSHyhepﬁylggmtgglanm% aeid saclﬁi p1re§an1de [-(C=0)-§"

g? gtl ﬁg &yﬁ rrlm%/; nl(o)%lr lglpﬂlllci%%gilt f‘ag grg{ﬁgfrd@r[' @&St) OH] thloac1d piretanide

d(ﬁin@iﬁyg khicesterypickarndié K- qembmlethyb thie¢stan] plleetamde O-ethyl thioester,
N, N- di et hyI gl ycol am do dj t hi . ani d

re
pbiresRBNte| OripQR oG assier p PRESHF Oﬁﬁ%pﬁ& e Plfgtamde O-benzyl

ste tan I)  thioest tanide  O-[3-
e e
pl(dhﬁie&rylzdﬁmbpmpyll)} mhlnﬁtdry Ipa uar(NiNtdicthglelygolemido) thioester,

g%9re ) tﬁ)oé\? glfcﬁ ﬁ %’1' 2g$+[?>$sét$1‘m er{\?gilﬁigaéé ‘?Ya%%lt thioester,
( @l}@nt ngSG ﬁ@ﬁaxeﬁp 'ﬁﬁ!’)és‘ﬁérn 91r@@ﬁid@l @t[ﬁfdtlﬁﬁy@f(bh@ﬂi}éﬁtebxye)n 1—ethy1]

ound of formula VII or Vill:
thioester, plretamde [-(C=S)-0"] benzyltrimethylammonium thioacid salt, piretanide [-
(C=5)-07 cetyltrimethylammonium  thioacid salt, piretanide thioaldehyde,
bumetanide [-(C=S)-SH] dithioacid, piretanide methyl dithioester, piretanide
cyanomethyl dithioester, piretanide ethyl dithioester, piretanide isoamyl dithioester,

piretanide  octyl  dithioester, piretanide benzyl dithioester, piretanide
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NENR6H I NS R5RANO2S R3 VII or R7 N+ X so / HN

HN CH3 HN HC-CH3 3 VIII. 38. A nethod of regulating
w@2@eniTat nervous system (CNS) di sorder conpPCHURIN06/040108

adm ni stering an effective anmount of a prodrug of

claims 10 through 17. 39. The nethod of clainms 35

t Kilrpghltiggamigdper piratanide Glisthylthioaméde, | Hunmidnide e dndrplagtinoethyl

t nsi.sti.n 3 i C.pain. seizures, .

soRieaih, SRRIRI" S M BOULARR Db BuP S iafTiee friRetanide NN

mdiethylabychlaadde héithibees A cpitstaridd r IN-dithéthylglycolamido  dithioester,

hypertepsion, central nervqQus system edena, neural . )

flﬂﬁréfar“&fﬂ’, PIB#TeSH o dthioester, h irptanida nBroraxsti k elithioesigr, \piretanide

2 0 0] I SC ] L.: .
AT AR fe e R0 AP Hogst 3 DB Ree BEPAKBrethylammoniun
nelithinaciol salt and piretamide netyhrimathytanmabmioni dittioaeid sal0. A

nmet hod of regul ating epil epsy conprising adm nistering

an effective anmount of a nodified diuretic or

diuretiyg-1li B9 [ bl ek :
diuretic or lségilﬁr eti (Lgfldlive e gg%pdgﬁﬁlgﬁtjr aver‘%esﬁ%er% (gg\losgddlsorder
breamprigagedministaring dn effedtive anountefid @npogné pf farpsia VII or VIII:
conprising adm nistering an effective anount of a

conmpound sel ected fromthe group consisting of the

follow ng: (a) bunetani d8=a8t hyl ester, bunetanide

cyanonet hyl ester, bunet/ani nor phol i noet hyl ester,

buret ani de 3- (di et hyLahigghr opyl) e bunet ani de

pi vaxetil ester, f uFbseni de metyl furosem de
cyanonet hyl ester, furosemde oet hyl ester;

furosem de 3-(di met hyl arff nopyopyl )” est eSr, furosem de
de
Nt d

pi vaxetil ester, pireta et hyl ester, piretanide

cyanonet hyl est etsR4NH.8€t ahf de
Ra VII or
Ry
I N+\ X
S0 =
AN HN CHa
HN o \©/
HsC CHa VIIL

38. A method of regulating a central nervous system (CNS) disorder

comprising administering an effective amount of a prodrug of claims 10 through 17.

39.  The method of claims 35 through 38, wherein the CNS disorder is
selected from the group consisting of neuropathic pain, seizures, seizure disorders,
epilepsy, status epilepticus, migraine headache, headache, intracranial hypertension,

central nervous system edema, neural function, neurotoxicity, head trauma, stroke,
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nmor phol i noet hyl ester, piretanide
3-(di net hyl am nopropyl ) ester and piretanide

w@Rawanetdst ester; (b) bunetani de S-nethyl thi oBST/E82006/040108

bunet ani de S- cyanomat hyl thioester, bunetanide
S- (nor phol i noet hyl ) thigester, bunetanide

S-lpeherin, hypoxip.azRepIcop Pisepse, phesimsPaskinseninBisaasedneuroprotection
S'aﬁﬂ\fl@fﬁ%éﬁllsy %8&1%&&% furosenide S-nethyl thioester,

furosem cyanonet hyl thioester, furosem de

S- (nor phol i noet hyl) thioester, furosem de S-[3-

(di met hyl am popr.op ] thloester furosem de

S pi vaxetil eél?égdty rregylpting eniicnsy comprising adreinisteingan effective

Pidn@@niod e, %WHR&&?? of RLRESLREe cthS%;?d‘ | Wforein said modified

S- (nor phol i noet hyl ) oester, pireta
Sqi@eepnditieyicdikerrompopyd Mtvarstes tleestleod buaih frriet ani de
S-pivaxetil thioester; (c) bunetani de O nethyl

t hi oester, bunetani de 0- cyanonet hyl thioester,

bunet aniide G g dahe! rb@ﬂ@cﬂ@’éﬂleﬁ:@' Rpriing Mﬁf ?egin%ean effectlve

O [ 3- (di nmet hyl am nopr opyl ) t hi oester, bunetani
Oaptopakel 4 ¢ompquaé§@le¢ted fmnntbe graiy @nsnemltgwf the falestieg:,

furose B‘T;l?d Sl %1}})[ oeesg Gfie dc?]; gggrziiol}??e néthy? ester, bumetanide

0- (nor ol nNee

0-nh@phalinvethyy | amm omrﬁauﬂu)ié Bt(umeaﬁﬁamlﬁ fdiﬁ@m édRr, bumetanide
O pi vaxetil thioester, p| retani de 0-net t’hi oester,

plpi‘@P‘SN gftero ferpsaneide mrafhylt astese Bresemidy Pﬁ@me@éfl @ster, furosemide
'Hi’cfrﬁfikﬁhio f hydidy € %853?1{1 ?f Rhfﬁ&?ﬁ?ﬁg}?grop&l)r Sster. fyrosemide

0-[3-(dine yI am hopr op I 0es
dOpp\LaMa&]emtbr tligremamdies méethyld egtet) m?m?icﬂmmtml ester, piretanide
i thioeste unet ani de, c nmet i thioester
P E K ASHE| PHEBEHS |-~ Ei D ST BPPropUietsier ded  pirctanide
3pivihikBtddiek:am nopropyl) 139 WO 2007/ 047447
PCT/ US2006/°040108 di t hi oester, bumet ani de pi vaxeti |
di t hi oé®)t dumetanidss @nmd@ayhﬁ:hiwyd;terdl bumaesiter S-cyanomethyl thioester,

f %Bﬁ%ﬁﬁ]ld%g%@%gﬂ)%@ héﬁggg {;htélélels et ?Iggtgm%ra ?—E@(éﬂ imethylaminopropyl)]

3 -tl(ldeml llsuthﬁﬂmﬂ@ Srpivanelil ghidesies) Qﬁfo@émldﬁelg ﬁz‘éﬂfﬂ Bfoester, furosemide
pivaxetil dithioester, piretanide net h}é) di t hi oester,

p.Srca@a?m%téylct}ﬂm%tfﬁmse@Merﬁ Gragpbelingsild} tigegtsr, furosemide S-[3-
”?dlﬁﬁﬁlg’ldﬁﬁﬁg%%hylg]r opy ISgllélg é?r}gﬂ%{e‘ul ithigester, piretanide S-

pml tthibestiert plrehastderS c%bﬁométhﬂétlh&ﬁkt@f ?ifrﬁgllﬂﬂaisl-@@rphohnoethyl)
e e .C i stering .effective anpunt
oo B S B P e rooPgP D iocston Sne eipne S-pivanetl
Sﬂﬁé{{g&&am de thioacid, O-bunetanide thioacid,

bunet ani de dit hi oaci d, S-furosem de thioacid, O-
f ur oseff) dbumcthmdacOdnethwlr tisiecstate buintetringdec |Ct+pyanomethy1 thioester,

pl (T t%ﬁ”'dj :h8§ egiyl) thFl) es&er al;” d aﬁlgé 8)%' (%llmetgylammopropyl)]
thioester, bumetamde O-pivaxetil thioester, furosemide O-methyl thioester,
furosemide O-cyanomethyl thioester, furosemide O-(morpholinoethyl) thioester,
furosemide O-[3-(dimethylaminopropyl)] thioester, furosemide O-pivaxetil thioester,
piretanide O-methyl thioester, piretanide O-cyanomethyl thioester, piretanide O-
(morpholinoethyl) thioester, piretanide O-[3-(dimethylaminopropyl)] thioester and
piretanide O-pivaxetil thioester; and

(d) bumetanide methyl dithioester, bumetanide cyanomethyl dithioester,

bumetanide morpholinoethyl dithioester, bumetanide 3-(dimethylaminopropyl)
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43. Use of a conpound of clainms 1 through 9 for the

manuf acture of a nedicanent for regulating a CNS
wale®andanr 44. Use of a prodrug of clains 10 tPeDUS04/040108
for the nanufacture of a nedicanent for regulating a

%&gd COﬁSI S e‘%aiud Usgw(r%%?tgnﬁg{g? ffﬁll‘gg‘i“é‘fe g ethy SithjoeSter

blftmtsemldde Wﬁéﬂh&hyﬂlﬂﬁﬁéﬁr, ﬁﬂﬁ&hﬁﬂé denorpholinoethyl  dithioester,
holjnogthyl ester, bunpetani de

Ayl %‘EWOPr%DththlB@ﬁﬁ@t dhtagempdey pivaxétil dithioester,
T e

cyanonet hyl eSter, rose nor phol'1Tho
f un@thhmth’&'l (diﬂIIMStQtJ gpitetmmixteo By(dimeby RinindproPAE Ndiftoester and

pi vaxet est i retanide nethyl ester, piretanide
c%ﬁ‘?@ﬁg‘efﬂ} g{ Flﬁoeﬁﬁret ani de nor phol i noet hyl est er,

pi retani de 3-(di nethyl am nopropyl) ester and

pi retani de pivaxetil ester for the manufacture of a

medi caf@nt fAomethagdfaegulefineppilepsyyconiptBing administering an effective
amount of a compound selected from the group consisting of S-bumetanide thioacid,

O-bumetanide thioacid, bumetanide dithioacid, S-furosemide thioacid, O- furosemide
thioacid, furosemide dithioacid, S-piretanide thioacid, O-piretanide thioacid and

piretanide dithioacid.

43.  Use of a compound of claims 1 through 9 for the manufacture of a

medicament for regulating a CNS disorder.

44.  Use of a prodrug of claims 10 through 17 for the manufacture of a

medicament for regulating a CNS disorder.

45.  Use of a compound selected from the group consisting of bumetanide
methyl ester, bumetanide cyanomethyl ester, bumetanide morpholinoethyl ester,
bumetanide 3-(dimethylaminopropyl) ester, bumetanide pivaxetil ester, furosemide
methyl ester, furosemide cyanomethyl ester, furosemide morpholinoethyl ester,
furosemide 3-(dimethylaminopropyl) ester, furosemide pivaxetil ester, piretanide
methyl ester, piretanide cyanomethyl ester, piretanide morpholinoethyl ester,
piretanide 3-(dimethylaminopropyl) ester and piretanide pivaxetil ester for the

manufacture of a medicament for regulating epilepsy.
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