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PCT/ US97/ 11960 FURAN NI TRONE COVPOUNDS
BACKGROUND OF THE | NVENTI ON Field of the Invention

This invention relates to novel furan nitrone conpounds and their use as
free radical trapping agents and therapeutic agents. Mre particularly,

this I nvention concerns furan nitrone conpounds and their use as
anal ytical reagents 5 for detecting free radicals and as therapeutics
for treating various nedical dysfunctions and di seases.

State of the Art Ni trones, such as

a- phenyl -N-tert-butylnitrone (PBN) and 5, 5-di nethyl- 10
1-pyrroline-N-oxide (DWO, are FIRANINITRONECOMIDBONDSYti cal reagents
for detecting free radicals. Such conpounds function as "spin
traps" by reacting with unstable free radicals to formrelatively
stable free radical spin adduc i seryvabl e by el ectron
spi n resonance (ESR) spectroscb&gxmwﬁﬁg BIY Nng al | ows
previously unobservable free radicals to be identified and 15 studi ed
usi ng ESR and r elEiclddof thelinvention The use of nitrones as

b1 ol ogi cal systems. * | PG ARYE RS R HekER Gt Birope sompoufBIha B 58 o) 0
have been used t Cfrdefifididal Yra gra@lémdﬁnﬁcﬁxﬁhfaluﬁc*aéenﬁﬂdM@)‘dpﬂ?@thlaﬂ?dbﬁﬁ'-S 20
(Hd err]) in biological systenms. Additionally, such nitrones have been used
to st udy inventionrangsmmg ferap uRRe cemppundsand their use as pralytical reagents

E’IC% 8%537'11 gcestsé?%'etecting 180 e S 408 as therapeutics for treating various medical

dysfunctions and diseases.

State of the Art
Nitrones, such as a-phenyl-N-ters-butylnitrone (PBN) and 5,5-dimethyl-

10 1-pyrroline-N-oxide (DMPQ), are known to be useful as analytical reagents for

detecting free radicals. Such compounds function as "spin traps” by reacting

with unstable free radicals to form relatively stable free radical spin adducts

which are observable by electron spin resonance (ESR) spectroscopy. Thus,

spin trapping allows previously unobservable free radicals to be identified and
15 studied using ESR and related techniques.

The use of nitrones as spin traps for studying unstable free radicals has
.been applied to biological systems. In this regard, PBN, DMPO and related
compounds have been used to identify superoxide (O, +) and hydroxyl radicals
20 (HO-) in biological systems. Additionally, such nitrones have been used to
study lipid peroxidation and other free radical-induced biological processes.
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Mor e recentiwo 9gm3seone conpounds, such as PBN and derivati vespcirassmiigee
have been reported as therapeutics for the treatnent of a wi de variety of
di sease conditions arising fromor characterized by free

radi cal -1 nduced oxi dative damage. Such di sease conditigns, incl ude

for exanple, disorder Mare re¢estlyenitrone compoundss rsuhyas FBN and denatives theregs,

peri pheral nervous syste uch as_stroke ' ' sely GUATRLAsE
nerve damage andﬂﬁ%gﬁ“@é?ﬁ%mg?é %’f tlg%geatnfeﬂ %}.géﬁ?%ﬁ@’g{f organs,
such as at her oscigidiBbrs arfsiig frofm binéliradtérdidd by 6reé Fadival-indioedioxidative  and
the like. Nitrones have al so been reported to treat certain inflammtor
condi ti ons, suchdamage.t Such disease@onditions include, for gxampleqdisqrdersy thﬁicFP'f%le

conpounds hgve been previo r 8 f ytical
reage tnt s or Et her 35'_3’8?‘? 6};3?1%%“@8%%%3&&%1&%@%&% :Eifé’one
spi n traps havi npajiiidon nfticl negvee dama and aisopders e
exanpl e, when using nitrones as therapeut ig(;e agents for_ treati ng acute,l15
condi ti ons, suchpempharaloergans; sueh ax atherasclergsiss cardiag, infarclign, plcerative colitis

i ons, o | i _ _
Crap b b gh dosaad R MlrGndshaVE B theh ReAA I ol LAZN ARG,

surroundi ng the geadiiohs)Suckeas arthmitigli ni m ze t he ampbunt of free
radi cal -i nduced oxi dative damage that occurs. Thus, nitrone

conpounds Ufed to treat acute conditions shoul d be non-toxic or have very
| ow 20 toxicity. : i b ARG Aabve DURE Brevisshiy 8o
radi cal s in biol ogi calmglosuggr‘rrgnglr’s %rgrx}é@gintpb treati ngr}l’vari oy% | sease
condi ti ons causetemseful as analgtical Ireagents drstherapeuticaagentsh atneed exists farimevel

i t intrap.h fficient solubili t_the. biol ogi cal .sit ecwh
the 25 " fr e MUERRETRUR Sebs bving JPatbied epbafvenss nie PR ucHy; UG 6,

the nitrone befolgam fe, whenllftig RiBnéUABERPedic SFentefontieddhp weutdamage by
t hei r surroundi ngs. ? us, it woul d be particularly desirable to be

abl e to reddi | y epnditions, subk asstroks, |dardiapinfarction or the likerid icparpiswady for a
particul ar biol ogj cal,.envir nt,_.r | ' . . ,
from aqueous to | € 1o kegggew adhithiStel the Ritr%?t&%ﬁ'l trap at high Jo?és, Pewpall@
- 2- WO 98/ 034§ fhe localized area immediately surrounding the acute incident, to minimize
PCT/ US97/ 11960 . e N i
the amount of free radical-induced oxidative damage that occurs. Thus, nitrone
compounds used to treat acute conditions should be non-toxic or have very low

20 toxicity.

Additionally, when studying free radicals in biological systems or when
treating various disease conditions caused by free radicals, it is important that
the nitrone spin trap have sufficient solubility at the biological site where the

25 free radicals are generated so that the radicals are trapped by the nitrone before
they are quenched or cause oxidative damage by their surroundings. Thus, it
would be particularly desirable to be able to readily optimize the solubility of
nitrone compounds for a particular biological environment ranging in nature,
for example, from aqueous to lipophilic.

30



Accordi ngly, ;}Vﬂéﬁlﬂ"é&. sts for new classes of effective nitrone EE.’??’E”F%’S” -
havi ng 1 nproved properties such as low toxicity and increased solubility in
a wi de range of biol ogical systens.

SUWMMARY OF THE | NVENTI O\I n oSiS% MitNORE shin @dps
ni trone conpounds which a rdmg]y’an?epeg]g%gdw&urﬁ%ﬂ%g%wspl n trapg sgndﬁlib
accordingly, are USRdvihg &ﬁpmadl prapesties such as ldi\eag:aaﬂt)saxﬂd)momnsolngﬂlfty ea
radicals. Additionally, the furan nitrones of this 10 i nvention have
been found to be uswide range of biologicalisystemss treating various medi cal
dysfunctions and diseases. In this regard, the furan nitrone conpounds

have surprisingly low toxicity even at relatively high dosage |evels.
Structurally, she furan nitrones of this invention are particularly useful

Ul fur-derfved’ 15 - functional  gr SUPNGMEY FHEINVENRION! an 1 ng
thereby al lowing the .y M&m% r#)rb@x'déﬁ’ nGfel ififan GRABIR BSApOAIE SiiiéiR dhel ¥

varied. This permts the oun de variety of
bi ol ogi cal envir onrrerféammemdml spin taps hnd,zamboi'dingly, arerusefi lasanglyticalt i cal
or therapeutic use. |ts co §d;‘4 on

Accqr dj f
aspects, this i nvenf%ﬁmﬁ@ﬁg?‘%WGOfmcm%r“ispgAﬁm%lfyd?ho

[err] 30 4o 1Mveh&oh have been found to b@ﬁﬁ?uﬂs%éﬂapétﬁxds fl'dﬁ&@itﬂ%n{réﬂbus
sel ected fromthe group consisting of hydrogen, gl substituted
tan,

al kyl, al kenyl, al k;neyli@l dysfancﬁons and ﬂl,swe&oiy thlalrega]d.l tbal nitrone compounds
S 020 o 02! Al By B B8R i oo
consi sting of hydroggfctupdliy the Al hitida€df this invention are particularly useful as
analytical reagents and/or therapeutics since one or more sulfur-derived
15 functional groups are attached to the furan ring thereby allowing the
Iipophilicity of the compounds to be readily varied. This permits the
compounds to be used in a wide variety of biological environments and/or

optimized for a particular analytical or therapeutic use.

20 Accordingly, in one of its composition aspects, this invention is directed

to compounds of formula I:

®RY,
25
(X)_ﬂ C=N(O)R® I
|
o~ R

30
wherein

each R! is independently selected from the group consisting of hydrogen,
alkyl, substituted alkyl, alkenyl, alkynyl, alkaryl, aryl, alkoxy, alkcycloalkyl,
cycloalkyl, cycloalkenyl and halo;
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al kyl , al ke ogaseyny! , él karyl, aryl, alkcycloal kyl, cycl oapgyrsseiidoso

cycl oal kenyl ; Rlerr] is selected fromthe group consisting
of alkyl, substituted al kyl, 5 al kenyl , al kynyl, al karyl, aryl,
al kcycl oal kyl, cycl oal kyl and cycl oal kenyl ; each X is

i ndependently sel ect e®*fis setested fignbths group corsistipgoef hygiopgen; jalkyl, substituted

-S(ORerr], -SO%%] ] - r 1,

wherein Y is hyd i’nﬁgé{’i’ %@a}gﬂmégiﬁlﬁ ‘c%rmﬁgggep 1Eyc(l:%ztll|<¥)lna’nd

Rlerr] is select Qﬁclﬁﬂﬁéﬂ)ﬂhe group consisting of alkyl, substituted al kyl,
10 al kenyl , al kynyl al karyl , ari/hl , al kcycl oal kyl, cycl oal kyl and

&

cycl oal kenyl ; R’ is selectedrftom thej group corsistingf ofoatkylh substitutpd alkydi st i ng

of al kyl, sybstityt a ar .
al keycl oal ket c%‘ggﬁ'wgﬁ“@%‘r S‘é’flkéi%?‘?iwkﬁ W%ky?%@%‘%?lgf'}géhd
Rlerr] are independentehsh Xeisdndependendystlected feo the geoupt ¢ongistihg of -SO,Y,
hydrogen, alkyl, substitut e?l al kyl . _al kenyl, al kynyl, alkaryl, aryl,

al kcycl oal kyl, 15S(O)RcySQuR pyd - Wi oal kenyl ; or Rlerr] and Rlerr]

together with the nitr | @Eﬁﬁxd can form
a heterocyclic ring con a{iﬁﬁ\g{%}r‘g%eg ?roaghﬂit&{a‘&ghﬁagir 0 t%{l%rrs and
optionally from1 to Ridsdelected flonhthecgroap comsistinigestt Alklyll sobstituted alkyl,t he

group consisting of oxygen, nitrogen and syl fur; mis an
integer frcdh® 1 talksny ﬁ&yﬂﬂ'sﬂ]@ﬁyli- ﬁrﬂgaicvaeﬂiﬂ»wclgalky}MGwo@benyl: that m

+ n = 3; or pharnmaceutygs e . r .

Preferably, in the corlripgﬁl%éc‘gﬁl’% ﬁ%%o?ﬁ‘%%@s\x/@ﬁ&i erqul’ isgbsge %%?'g%d’f rom
the group consi stlkegylfalkynyl, adianylaatyla hlkeyclodlkyks cyclealiyhbnd cydipaikeriyli s

hydr ogen. 25 5 Ei[ {é.i&p&r‘gfﬁra ﬁea@rl ected fromth.e.rcflro p

consi sting of hydroge® 3 g{ In -t A IFYP dhe, BEAUR, CRgSIY hﬁgrr] i s
hydrogen or al kylhydigen, alkp¥, Quistiaited aikyl, alkdn§!, dlkynyl, alkaryl Safyy, i8R balkyl
Pr ef er abl y,lsg[ err]ydi ;g;ﬁl edct ed frombt he&%ulgﬁ:ongji st i.tr;glhof .a|’ky| , alaﬁlfa\yryl ,
30 arylldand €yeip: and cyaloatkepylfasr , RRjogeter wgthathiyiitrogencatemmdal kyl .
Still nore 9 .. .

SCT/ Use7) 11060  WHEER 6{"93“4%?5?%'?%8?’;/ forp,a heterocyelic ring, containing frgm 2 to 8
preferred R3 grogarboaratomy ahd bptiofallgfrom 1 to 3 addidondl deleroatoms selected from

err] is preferably selected fromthe group consisting of alkyl, alkaryl,
E[r yl ] P the ZI'OUP consistgng of oxygen, gitroggn and sulfur; J y y

m is an integer from 1 to 3; and n is an integer from 0 to 2, provided
20 that m + n = 3; or pharmaceutically acceptable salts thereof.

Preferably, in the compounds of formula I above, R! is selected from
the group consisting of hydrogen and alkyl. More preferably, R! is hydrogen.

25 R? is preferably selected from the group consisting of hydrogen, alkyl
and aryl. More preferably, R? is hydrogen or alkyl. Still more preferably, R?
is hydrogen.

Preferably, R® is selected from the group consisting of alkyl, alkaryl,
30 aryl and cycloalkyl. More preferably, R? is alkyl or cycloalkyl. Still more



5 and cycl oXO&*¥ore preferably, Rierr] is alkyl, aryl or cBET/GSIKMbGD
Still nore preferably, R err] is alkyl. -
Preferably, Rerr] is selected fromthe group consisting of alkyl, alkaryl,

AV} AG Yol oAl Ky el B e aaliey S prbiah pReEirta 1B grbu arbiSReyf and
preferably -SJ err]i‘gopfogg‘er}] Rlerr] or -SOerr]NRerr]Rerr], wherein

Rlerr] is alkyl, cycloal kyl or aryl and Rlerr] and R err] are
I ndependently selected fromthe group consi sting of hydrogen, alkyl

d cycloal kyl . Al't tiyel v., 15, .
Toined toget her wit h t neRn T METEPIL IS I ¢ R copssting BEALSLHIaL, ary
forma heterocycli Cafd &tidbd1NMére prefersiily PR iPAIRYE arfibsrecyicaiieyl a8l mdhen

X - is -Serr|N err&R[err], Rlerr] is hydrogen and R err] is
sel ected fromthe gpreferablyn ‘g .of hydr ogen, al kyl and

cycl oal kyl . 20 Preferably, min formula | above is 1 or 2.
More preferably, mis 1. In anot her of its conposition

g;peft s, | this w)vgg} Bgzgg&f&hbmlkéds bddecled from the 6P ebmikstiny dfodlR| alkakyl,
err
PCT/ US97/ 11960 aryl and gyelpalkyl. AMore prefembly; R’ ixaliyly aryhercyeloalkyl nSll

above, includkpg th i e preferred enbodi nents; or

phar maceut i ca:lﬁy ac@gﬁbg#%rg@ f?s%ﬁ“e‘yléof. In still another
of its conmposition aspects, this invention is directed to a 5 conpound
of formula Il1I: . . .

X is preferably -SO;Y, -SO,R® or -SO,NR°R’, wherein R’ is alkyl,
cycloalkyl or aryl and R® and R are independently selected from the group
consisting of hydrogen, alkyl and cycloalkyl. Alternatively, R® and R7 are

15 preferably joined together with the nitrogen atom to which they are attached to
form a heterocyclic ring having 4 to 6 carbon atoms. More preferably, when X
is -SO,NRR®, R® is hydrogen and RS is selected from the group consisting of
hydrogen, alkyl and cycloalkyl.

20 Preferably, m in formula I above is 1 or 2. More preferably, m is 1.

In another of its composition aspects, this invention is directed to a

compound of formula II:

X)u
ﬂ I
0 C=N(0)-R?

30 |
R?

25
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10 _ WO 98/03496 [err] 15 wher ein  PCTAUS97/11960
Rlerr] is selected fromthe group consisting of alkyl, substituted al kyl,

al kenyl, al kynyl, alkaryl, aryl, alkcycloal kyl, cycloal kyl and
cycl oal kenyl ; and 20 Y selected fromthe group consisting of
hydrogen and a wherein RRIRY, Xaandiin arel dsydefined abave, dnclading the above defin

Preferably, in fornula I'l|l above, err] is.selected. fromthe oup
consi sting of almpferreg) %M"PC%PFSIP’RAW %@X?@Wﬁ%@ﬁéﬁgﬁ{ol y, Rlerr]
is al kyl 25 or cycloalkyl. Still nmore preferably, Rerr] is alkyl.

Preferably, in fornula Il above, Y is hydrogen or a sodiumcation.
In yet another of it slrcstithbasothércof itsseommposjtianhaspedts,vthis invention igidirected do @o

t he 30 follow ng individual conpounds:
N-i sopropylda-( ZG@WQ‘GBLR";H!’B&?I i trone
N n- propyl - a- (2-sul fof uran-5-yl)nitrone
N-n- butyl -a-(2-sul fofuran-5-yl)nitrone

N-tert-butyl -a-(2-sul fofuran-5-yl)ni WO 98/ 03496
PCT/ US97/ 11960 N-n ﬂex -a-(2-sul fofuran-5-yl)nitrone I
N-cycl ohexyl - a- ( 2- sul f of uran-5-vyl ro "
N-tert-oct¥f-a-(2-sulfof uran-\f-pglsl yni t@ne CH=N(O)-R
N- benzyl - a- (2-sul fofuran-5-yl)nitrone 5
N-i sopropyl -a-[ 2- (N-nor phol i nosul fonyl )furan-5-yl]nitrone
N-isopropyl -a-[2- (N, Ndi net hyl sul fanoyl ) furan-5-yl]nitrone
N-i sopropyl -a-[2- (N, N-di et hyl sul fanmoyl ) furan-5-yl]nitrone
N-i sopropylisa-[ 2- (N-4- et hyl pi perazin- 1 -ylsulfonyl)furan-5-yl]nitrone
wherein
R® is selected from the group consisting of alkyl, substituted alkyl,
alkenyl, alkynyl, alkaryl, aryl, alkcycloalkyl, cycloalkyl and cycloalkenyl; and
20 Y selected from the group consisting of hydrogen and a

pharmaceutically acceptable cation.

Preferably, in formula III above, R® is selected from the group
consisting of alkyl, alkaryl, aryl and cycloalkyl. More preferably, R® is alkyl
25 or cycloalkyl. Still more preferably, R* is alkyl.

Preferably, in formula III above, Y is hydrogen or a sodium cation.

In yet another of its composition aspects, this invention is directed to the
30 following individual compounds:

N-isopropyl-a-(2-sulfofuran-5-yl)nitrone

N-n-propyl-a-(2-sulfofuran-5-yl)nitrone

N-n-butyl-a-(2-sulfofuran-5-yl)nitrone

N-tert-butyl-a-(2-sulfofuran-5-yl)nitrone

6



N-tert-butyl - X’?Qmﬁﬁ?ﬁ trifluoronethyl phenyl sul famoyl ) - furan 5- REI/US97/11960
yl ] nitrone

N-tert-butyl -a-[2-(methyl sul fonyl )-furan-5-yl]nitrone, and
pharmaceutical ly acceptgbl e s lts thereof. . This i nvention
s also directed to phaﬁ él' @%QSI‘Y%W"PS conprsing a

phar maceutical ly acceptﬁ-@g@loﬁéiaylloﬁ(}ﬁﬂfbfﬁrdﬁtﬁ?ﬁﬁ&%ﬂe' cally effective
anount of a conpound of wherein

Rlerr]-Rerr], X m andvVieroctyde~ @eiulfoiuh‘aakﬁayk)mtmnephar maceutical ly

acceptabl e salts thereo addi tional conposition
aspects, this inventi onklbs?“ﬂﬁ”r’ég éngquran-s-y M maceut i cal conposi tions

conpri sing a phar meceut yGgiripAG e MihdiphatiddsSlfonyl)fu nftrone
pharmaceutical ly effective anmount conpoun ? orrru I'T or 111
above. N-isopropyl-a-[2-(N, N—dxmethylsulfamoyl)ﬁ'xmn-s-yl]ﬂmmﬁ/ 03496

PCT/ US97/ 11960 mentione he furan nitrone
compounds of this i nven%lfﬂPmpyl'a'ﬁsuﬁ'é@é‘eﬂU bfl‘@"%’eyﬁ?lﬁé’eh ve free
radi cal spin traps. thmé N—4— ‘égm

anal ytical reagents forﬁ‘g ect’i ng ee trna'gy al's ﬂdﬁyﬁbﬁomgﬁn |on2}]f“tmne he
furan nitrones of this Nuaemebutybm-[22(-3ateluorbmethylphenlylsuifamoyd)- furan-ﬁsef ul as

t herapeutics (Lor treating a thde vari ety of medical dysfunctions and
di seases i nclidi ng, but not YAMFPEY to, acute central nervous system (CNS)

N-tert-butyl-a-[2-(methylsulfonyl)-furan-S-yl]nitrone,
and pharmaceutically acceptable salts thereof.

This invention is also directed to pharmaceutical compositions
15 comprising a pharmaceutically acceptable carrier and a pharmaceutically

effective amount of a compound of formula I:

®R",
20
X C=N(O)R® I
I
o R?

25

wherein R1-R?, X, m and n are as defined above; or pharmaceutically

acceptable salts thereof.
30 In additional composition aspects, this invention is directed to

pharmaceutical compositions comprising a pharmaceutically acceptable carrier
and a pharmaceutically effective amount of a compound of formula II or ITI

above,



di sorders, awotesos®m6di ovascul ar di sorders, neurodegenerative Cggéd7AMs0
I nfl ammat ory di sease and aut oi nmune conditi ons. 10

Accordingly, in one of its nethod aspects, this invention provides a

met hod for treating a patient with an acute central nervous system

di sorder, said As 'peéviogkly enentibsed)ghe firah indtrérd Sgmpoundsiof thistrnventiom
phar maceuti cal conpgsition conpri si ng )har maceuti cal |y acceptabl e
carrier and an chavedeendound,ta-be effegtiye free radlcaflﬁgp\;@yg. Rs$ these

di sorder-treatin n?égw] pﬁp@ﬁnﬁ I ‘Q‘FR‘ red Rdi a
preferred enbodi%e o?gtaﬁ{ ls&rt;lgzt od, t cgf%%g%r({awggrnﬁa gervoﬁ‘g@fét em

di sorder treat edAdditiohaltfethe furan nitrones of this inventiondiave beerd distsvenet toobe

W Eh an acube cobeRUaBERRRIS Jof HERIEAMIonErEY of A dydfiagidhs and
admi ni stering togsaicde ﬁg Hﬁ%ﬂ | £@lte TR ek racyig a
phar maceuti cal | ydxaccep?%g'} e ’a?‘rtﬁ‘g?han ?r’f g&f‘%ct | ve%zgt‘}l?t%g s@ﬁ?@i% cul ar

di sorder-treati ndisomiers;tacote cardiovasouiar! disbrdens, meusodegederative ¢onditionsef er r ed
enbodi nent of thjs nethod, .the acudte cardi ovascyl.ar disorder treated is
cardi ac n tpry diseases and autormmune condifians: | | anot her of its

nmet hod aspects, this invention is directed to a nmet hod for treating

a patient with a neurodegenerative di sease which nmet hod ] conprises
adni ni steri@g to sai dAscerdingly.ainpinerofeitemethod| aspesty dbistinvention provides a

conprising a pharnpceuticall.y acceptable carrier and an effective 30 .
neur odegener at i vg‘g&"ge‘[% R ?ipﬁggﬁMﬁ?‘nGF“tﬁ Nes) OW%SVFEFMF"H%&
Additional l'y, thngtHodvempriding adflinistérigio’ Qid pafeind AChHafthad2uBYa tompsitios

onset of a WO 98/ 03496 i . .
PCT/ US97/ 11960 comprising 2 pharmageiitjeal bt agceptable camaercandrameffeative geutgcentrali

adi ni &t er | g1 CNSYPRS P Rk RASRARRE Shiokfi, O KSR B BF (AR LoD 1o

adm ni stering to sal ar nace

conpri si ng1f phai peefetred eaibodimen of this Imeth&t, 'the acute central mpvbusystéhect i ve
neur odegener ati ve, di sease-pr.eventi ng amount of a conpound of 5 formul a
| above. disorder treated is strek&r r ed ermbodi nents of this invention, the
neur odegenerative di sease treated and/or prevented in the above

met hods is Al zhei mer's di sease, Par ki nson' s di sease, H'V denentia
and the like. In another of its method aspects, this invention provides a method for

treating a patient with an acute cardiovascular disorder, said method comprising
20 administering to said patient a pharmaceutical composition comprising a
pharmaceutically acceptable carrier and an effective acute cardiovascular
disorder-treating amount of a compound of formula I above. In a preferred
embodiment of this method, the acute cardiovascular disorder treated is cardiac

infarction.

In still another of its.method aspects, this invention is directed to a
method for treating a patient with a neurodegenerative disease which method
comprises administering to said patient a pharmaceutical composition
comprising a pharmaceutically acceptable carrier and an effective

30 neurodegenerative disease-treating amount of a compound of formula I above.
Additionally, this invention is directed to a method for preventing the onset of a
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: 4 : ..
10 WO 2 or? §16et anot her of its nethod aspects, this i nvBRTUSH 1200 .

directed to a nmet hod for treating a patient wth an-autoi mmune
di sease whi ch net hod conprises admnistering to said patient a

phar maceut i cal - coMRgatcdepEherative diseaS P pafil f rRADIBERMiRG LAy acceptabl e

carrier and an effective aut ol nmune | sease-treati ng anount of a
conpound of for nul amebrodiegenerativei diséases shichomethed comprises admimistiéring-toeshid patient
met hod for preventing the onset of ap, autoi nmune djsease |n a
patient at risk foﬁﬂwwﬁw%qmmim@ume arpyticRllyecerptable carrier

conprises adm ni st ghiing dffechi®é eitdiigenbrafive BREARGSERRE afBTReDF bl dfhpound of

conprising a pharmaceutically acceptable carrier 'and an effective

aut oi nmune 205 dommulad-gboreent i ng anount of a conpound of fornula I
above. . In preferred enbodi nents of this invention, the
aut oi nmune di sease treated and/or prevented in the above nethods is

system ¢ |upus, multipl %n&rﬁferred eﬁfﬂo@frﬁéittﬁpﬂﬂﬂs iiRntion &he ?léurode§eéx§r¢;[tigea

In still another of its od aspects, I's 1nvention Is direc
met hod for treati ngliseageatreated and/oh praventefl lin thenshiove niethedssis Alzheimen'stdisedse,

conprises adm nistering tqQ said patient a.pharnaceuti cal conposition
conprising a phar nﬁ%é‘&ﬁ%? ?V‘%‘Ec a‘Bﬂ"émE Fppgﬁeﬁ an effective
i nflammat ory P di sease-treati ng anount of a compound of formula I

above. Additionally, this invention is directed to a nmethod for
preventing the onset of Iaryet apothemef ity pnethod aspeays/ thiz4geention is directed to a

PCT/ US97/ 11960 ' i Lent, at. rj .0 opi t he

i nflammat ory di seaé’éew gﬂJ 6&%2 a%ﬂg%‘h%‘}“ﬁé‘g@’%&é‘wg’ |Jr?g‘% @'&siai d
patient a phar macegbinprises adminsstéringnto said patiend Biphafrhit@usicad leamposidioa i cal | y
acceptable carrier and an effective jnflammtory di sease-preventing
anount of a conpouS@mprisingrapharmaceutically acceptable carrier and an pffegtiver autgigynune

enbodi ments qfe t hi S4: L OVERLI 3, i l@l% | r gﬁrﬁﬂu .

and/ or pr eve(rjlltsed [ ?lhlf Ee g%%"@@ arrnté{lﬁ%ggfal S é’ﬁéﬁa"f?ﬁ ar?ﬁ??‘{el's?hisse%t Fie o 18

shock, erythem nodiseudirdetgal wsa methedt for préventing et orsetaofdant fagoimene disda(3e in

This invention is al so directed t rocesses for preparing the fur

ni trone conpounds @'fpaf’&f‘%ﬂ 'asklﬂ’f/i@B@Paﬁ"ﬁ ?7?‘_‘§°H“B§ﬂéeg¥swg”lb‘%é%§ugﬂspects,

this invention progpdpsisés iﬁxﬂﬁlﬂsiérirfgoio saif patient'd p?:aﬁﬂiﬂéﬁﬁw c@ﬁxpﬁﬁﬁﬂi\" al:
comprising a pharmaceutically acceptable carrier and an effective autoimmune

20 disease-preventing amount of a compound of formula I above.

In preferred embodiments of this invention, the autoimmune disease
treated and/or prevented in the above methods is systemic lupus, multiple

sclerosis and the like.

25
In still another of its method aspects, this invention is directed to a
method for treating a patient with an inflammatory disease which method
comprises administering to said patient a pharmaceutical composition
comprising a pharmaceutically acceptable carrier and an effective inflammatory
30 disease-treating amount of a compound of formula I above. Additionally, this

invention is directed to a method for preventing the onset of an inflammatory
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[err] 20 woo9g/3gser ei n each Rerr] is indepenp@@b

sel ected fromthe group consisting of hydrogen, al kyl, 'su s%* ll}?%)d -
al kyl , al kenyl, al kynyl, alkaryl, aryl, alkoxy, alkcycloalkyl, 25

cycl oal kyl, cycl oal kenyl and hal o; R2 is selected fromthe

group consi sting daealyiti ® t&iﬁ!k,foﬁd@&ldpﬁr\%ﬁtémﬂammat@‘b'ﬂ(é&s@ivlhﬁhyl
al kynyl, alkaryl, aryl, alkcycl oal kén’n cycl oa cycl oal kenyl ;
B

R3 is sel ected frmethedsompasss adomsis gowdanamynt a phammaceuticalj camposition

al kenyl, al kynyl, | 23l I

cycl oal kenyl coﬂ'lplﬁ’imﬁ apﬁ%ﬁé{aﬁe@ “Rae “@X aﬂ@ ekfe%@?er g‘r% mamP’oup
consi sting of - S(diseasd-preventing amourﬁ(o@)aﬁicﬁﬁﬂdund-o‘i%ﬁﬁﬁlhﬂ[ﬁoﬁk and
-SCIerr]NR[err]R[err] wherein Y is hydrogen or a

phar maceuti ¢kl |y acceptabl e cation; - WD 98/ 03496

PCT/ US97/ 11960 ' . .
consi sting of alkyl, slﬁ‘b"s'f’f‘t“ﬁf’e‘é’mé’?ﬁ'@%?& of ﬁﬂls Wgﬁggér@?lgmﬁéwa’f%?yl ,
aryl, al kcycl oal I@datedcandloxatﬂeyéntemm th;dboeé kreathdds is rheumatoid arthritis] septic i S

selected fromthe, group consi str al kyl , subst [ tut,ed al kyl.,

al kenyl , al kynyl ,Shﬁ‘l:lfoaﬁry&"fm&r Yo SFRUAC caldy and thefike.

cycl oal kenyl; 5 R err] and R err] are | ndependent ly sel ected
fromthe group consisting of hydr ogen, al kyl, substituted al kyl,

al kenyl , al l(ynyl al kdThib invention iscdlke directed ky processes for prepatingtheyfuramd

cycl oal kenyl err and err ther wi,th the nitrogen atomto
which they are at"cl é"ﬁ'gggr M@F&’Egﬂr Hboﬁf)ﬂféfgrﬁ’mq P to 8
car bon atonms and tﬂﬁtxh%lﬁiobbrﬁﬁﬁéﬂé rtess RGP ré¢ 'aeah nﬁ%raaiaept ed

from 10 t he group consi sting of oxygen rogen an sul fur;

mis an integer from1l to 3; and nis an integer fromO to 2, provided
that m+ n = 3, said process conprising reacting a furan car bonyl conpound
of the fornt§a: 15 R,

Xm C=N(O)R? 1

20

wherein

each R! is independently selected from the group consisting of hydrogen;

alkyl, substituted alkyl, alkenyl, alkynyl, alkaryl, aryl, alkoxy, alkcycloalkyl,
25 cycloalkyl, cycloalkenyl and halo;

R? is selected from the group consisting of hydrogen, alkyl, substituted
alkyl, alkenyl, alkynyl, alkaryl, aryl, alkcycloalkyl, cycloalkyl and
cycloalkenyl;

R? is selected from the group consisting of alkyl, substituted alkyl,

30 alkenyl, alkynyl, alkaryl, aryl, alkcycloalkyl, cycloalkyl and cycloalkenyl;
each X is independently selected from the group consisting of -SO,Y,
-S(O)R¢, -SO;R® and -SO,NR°R’;
wherein Y is hydrogen or a pharmaceutically acceptable cation;

~10--



[err] W/ﬁ?sﬁosé%l‘nydroxyl amine of the formula: 25 PCT/US97/11960
HO- NH Rl err] 30 to provide a conmpound of formula I.-
In another of its process aspects, the present invention provides a

process o breparing a ik auly Rt bl ol BN Rlub il Hkd,

PCT/ US97/ 11960 e | .] is
alk%n){l T %ﬁ’e ar ab%’eﬂﬁ%ilor%ky& cycloplicyl and¥elbaliehfr

i ndependent |y sel ecte nsi ydr ogen,
al kyl , substituted al kyl R® i selerted, frainkthe groupatdnaistihg ofimikyl, subktituted alkyl,

| kcycl oal kyl .k | oal | .and hal o:
YOI e Pen RS Mien a3 ctoatieny;
substituted 155  al kyl, Raki®RY lare Mdkpetidenttybdiastad frop Me grols cymdifting o |

cycloal kyl and cycl oal kenyl ; Rlerr] is selected from

the group consisti n@ﬁﬂgm,@kylsmgﬁm@tﬁ&ylaﬂuﬁpnyl, alkynyl, alkaryleagyl, alkcysingdkyl,
alkaryl, aryl, al kcély%kgﬁllcyliyalnﬂ cy I%L&%rlxﬁ}llor i'a%ng )ﬁqltggétﬁ&nx{tﬁ the nitrogen atom to
which they are attached can form a heterocyclic ring containing from 2 to 8
carbon atoms and optionally from 1 to 3 additional heteroatoms selected from
10 the group consisting of oxygen, nitrogen and sulfur; |
m is an integer from 1 to 3; and » is an integer from O to 2, provided
thatm + n = 3, saxd process comprising reacting a furan carbonyl compound

of the formula:

15
R,
X)a C=0
|

20 O R?

with a hydroxylamine of the formula:
25

HO-NH-R?

30

to provide a compound of formula I.

In another of its process aspects, the present invention provides a

process for preparing a sulfamoyl-substituted furan nitrone of formula I':

35
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each X is -oOwmyfR[ err] Rlerr]; wherein Rlerr] and Rl err] amgruseriioso

I ndependently sel ected 20 fromthe group consisting of hydrogen, alkyl;/
substituted al kyl, al kenyl, al kynyl, al karyl, aryl, al kcycl oal kyl,
cycl oal kyl and cycl oal kenyl; or R err] and R err] together with the
nitrogen atomto which they are attached can forma het er ocyclic
ring containing from2 to 8 carbon atons and optionally from1 to 3
addi tional heteroatons selected from(@hg group consisting of oxygen

ni trogen 25 and sul fur; mis an integer froml to 3; and
nis an intager fromO to 2, prew = aim+ n = 3, said procegs
conpri si ng ge steps of: & /V- ¢ }ﬁ({emagti ng a

car bonyl -substituted furan sulfonic b cqﬂpound of t he formul a:
30 35 [err]

-12- WD 98/ 03496 PCT/ US97/ 11960
wi th phosphorous trichloride and phosphorous pentachloride to provide a
gem di&hl orwheseigubst i t ut ed furan sul fonyl chloride conpound of the

;gm&: 3l ori de- subst 3%?‘&3"#%?“3@%“&F?%§1%‘“&%‘f o 1% B cgnsisting of hydrogen,
anmine of the for rgmkyd; substituted alkyl, alkenyl, alkynyl, alkaryl, aryl, alkoxy, alkcycloalkyl,
cycloalkyl, cycloalkenyl and halo;
R? is selected from the group consisting of hydrogen, alkyl, substituted
15 alkyl, alkenyl, alkynyl, alkaryl, aryl, alkcycloalkyl, cycloalkyl and
cycloalkenyl;
R*1is selected from the group consisting of alkyl, substituted alkyl,
alkenyl, alkynyl, alkaryl, aryl, alkcycloalkyl, cycloalkyl and cycloalkenyl;
each X’ is -SO;NR®R’; wherein R® and R’ are independently selected
20 from the group consisting of hydrogen, alkyl, substituted alkyl, alkenyl,
alkynyl, alkaryl, aryl, alkcycloalkyl, cycldalkyl and cycloalkenyl; or R® and R?
together with the nitrogen atom to which they are attached can form a
heterocyclic ring containing from 2 to 8 carbon atoms and optionally from 1 to
3 additional heteroatoms selected from the group consisting of oxygen, nitrogen
25 and sulfur;
m is an integer from 1 to 3; and # is an integer from O to 2, provided
that m + n = 3, said process comprising the steps of:
(a) reacting a carbonyl-substituted furan sulfonic acid compound of
the formula:
30

®R), O
(HO,S),, C-R?
35

-12—-



HN-Rlerr] 20%0 58103496 Rl err] t o PG OLPELI50

gem di chl ori de-substituted furan sul fonam de conpound of the-25 forml a:
[err] 35 (c) hydrolyzing the gemdichloride-substituted furan
sul f onam de conpound to provide a carbonyl -substituted furan
sul f onam de conmpound of the formul a: WD 98/ 03496
PCT/ US97/ 11960 . er 10 .and; ) ., reacti, t he
car bonyl - subst i t ut &dth B’F%f‘ﬁ{‘érﬁp? G’h%{ﬂ?*a@ ##d phosphorous peﬂ?éngWF é‘?ﬁpﬁ‘é"'@?atgﬁ@"
for _rrul a: dichloride-substituted furan sulfonyl chloride '6tipoufdl 8f e formula:
5
®RY, cl
l
(C10,S).. C-R?
10 I
0] Cl
15 (b) reacting the gem-dichloride-substituted furan sulfonyl chloride

compound with an amine of the formula:

H-N-R®

I
20 R

to provide a gem-dichloride-substituted furan sulfonamide compound of the

25 formula:
®", Cl
l
30 X')n C-R?
|
0 Cl
35

(c)  hydrolyzing the gem-dichloride-substituted furan sulfonamide
compound to provide a carbonyl-substituted furan sulfonamide compound of the

formula:

~13--



15 t owy #803d%s a conpound of fornmula |'. pERUSSHALbG'

of its aspects, this invention is directed to the use of a conpound
of formula I, Il or Ill above in the manufacture of a fornulation or 20
medi cament for a medicinal treatnment. Preferably, the nmedical treatnent is
t he t herapeutic or prophylactic treatnent of an acute central
nervous system di sorder, an acute cardiovascul ar di sorder, a

neur odegenerati ve di sease, an ﬁg t oi mgyne di sease or an inflammtory
di sease. 25 BRYEF DESCRI PTI ON OF THE DRAW NGS

na SR ectra of the radical

Figure 1 is_an.electron spin SO

adduct of N2i sopr opyl -a-(2-stf n?' one sodium salt and a nethyl
radi cal . 30 Figure 2 a Mar graph illustrating the infarct
vol une for surgically- i nduced @trokes in rodents treated with a
furan nitrone of fornmula I (Conpound 1) or a saline control.

WO 98/ 03496

PCT/ US97/ 11060 and; Figures 3A, 3B and 3C show t he wanderi ngs
of rodents in a enclosed . rid, Specjfjcally, Figure 3A shows the
wandering of a rodent ?‘Sr eaf@&“%fl% grbonﬂ-suﬁsu}utgg%@ﬁyqu enamids Wita,| j e
control. Figure : j of a rodent treated with 1 %
nmet hyl cel | ul ose/ n trrao \rﬁgﬁli?ﬁfeﬁzﬁﬁﬁg?gure 3C shows the 5 wanderi ng of
a rodent treated with nitroarginine and 10 ng/ kg of a furan ni trone
of formula I (Conpound 1). Mlﬁﬁ4is a series of bar
graphs illustrating the daily behavioral &‘3‘ i for rodents treated

wi th nyelinggbasic protein (MBP), nyelin basic protein 10 (MBP) and a

furan nitrone of fornmula I (Conpound 1), or a control. The

behavi oral scor eto ptoyide acompondpfifoamela Ko 14 days after treatnent.

Figure 5 is a graph show ng the wei ght change, over a 14 day peri od,

for rodents treated with myelin basic protein (MBP), nyelin basic protein
In another of its aspects, this invention is directed to the use of a

compound of formula I, II or ITI above in the manufacture of a formulation or
20 medicament for a medicinal treatment. Preferably, the medical treatment is the

therapeutic or prophylactic treatment of an acute central nervous system

disorder, an acute cardiovascular disorder, a neurodegenerative disease, an

autoimmune disease or an inflammatory disease.

25
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is an electron spin resonance (ESR) spectra of the radical
adduct of N-isopropyl-a-(2-sulfofuran-5-yl)nitrone sodium salt and a methyl
radical.
30

Figure 2 is a bar graph illustrating the infarct volume for surgically-
induced strokes in rodents treated with a furan nitrone of formula I (Compound
1) or a saline control. ’
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15 ( MBP) and QMM nitrone of formila | (Conpound 1), or a ®&A(YS§F/11960
DETAI LED DESCRI PTI ON OF THE | NVENTI ON As di seussed above,
the furan nitrone conpounds of this invention are 20 useful as free

radi cal trapping agents._Accordjngly, conpounds are useful . S
anal ytical reagents for Eﬁué%st:%g%raé@%ﬁg?%gg’ “’%‘i‘?"’["gﬁﬁ‘ i ,tst’r?eaFﬁ‘fl%?%
nitrones of this i Wt iSﬁ?c' ' : f ;

t herapeutics for ) r‘e%ﬁ'ﬁéﬁ gﬁv?nqadg%\ggﬁ g%y&lg?&?r%‘g?ga#}ogggﬁ‘ E%aéﬁ (‘)”I’llgl a
and di seases. 25 1% methylcellulokelsdline dontrah Figure 3B shompahe skandéridgofralradent

t he. substituents may be, | ocat at, any qQf the capbon ons of the
furan ring. The fur%@“?q Wg‘hpb%i’f’?@)ﬁgeﬁ‘ﬂ‘”dmm’ ’é‘ﬁedﬁ"?qaélﬂuﬁ%sbiﬁt?oﬂ’éi%
conventional fqran ‘pmgﬁ, ' f \i / is the
1 position; thsje two car oka‘;ﬂ)@#mﬁgﬁs\g?‘y“a Jgg%ﬁ?a?%éorw%ggwg%ﬁ
oxygen are desi gnatnittonéef foramida 3 (Compoundd). and t he remai ning two carbons

are 30 designated the 3 and 4 positions. Thus, a representative
conmpound of formula I WO 98/ 03496

PCT/ US97/ 11960 i i. t o
and an isopropyl nitr onepgtm% ﬁgs 3 éhwbgb%mﬁaﬁwgg dr?g?re%gﬁaﬁaﬂ sedils
N-i sopr opyl - a- ( 2- sufor gbdents) tréated with myaekin basic protein (MBP);imyalinsbaSic protein

havi ng & ol ol ar OPENERGR A fE9G3t ti  (CrroBPuE e &r s GRBal Tar

horol ogous to the fiehaviehaltsebressibwh wete vbldimdl(Pio & Qayeifterateatthent.
Bi ochem Bi ophys. Res. Commun., 120:885-890 (1984), including
mut at i ons and post - transl ati onal nodifications of the nornal

[err]-anyl oid pepti de. . . The term:cyt okines" r [s to
pepti de protein nediat orlglgt“ﬁ%\? lgpegraph showm% Aty %ggvnigﬁ’hﬂ%eé %g ﬁgy P%rmd’
nmodul ate cel | ul ar ffopebdents treﬁmlwitl'emgeﬁn basic protei@/(MBP)) afydlinHasi¢cprotein

i nterl eukin-1[err] IL-1[err]f), i nt erl euki n-ijI L-6) and tunor

necrosis factbt-a ( ) and; g furan nitrone of formuign] KGompowrdet)s of @ GABHBYal ent
al kyl groups preferably having from1l to about 12 carbon atons,
nore preferably 1 to 8 carbon atons and still nore preferably 1 to
6 carbon atons. This termis exenplified by groups such as

DETAILED DESCRIPTION OF THE INVENTION
As discussed above, the furan nitrone compounds of this invention are
20 useful as free radical trapping agents. Accordingly, such compounds are useful
as analytical reagents for detecting free radicals. Additionally, the furan
nitrones of this invention have been discovered to be useful as therapeutics for
treating a wide variety of medical dysfunctions and diseases.

25 In the furan nitrone compounds of formula I, the substituents may be
located at any of the carbon atoms of the furan ring. The furan ring positions
are specified herein using conventional furan nomenclature, i.e., the furan ring
oxygen is the 1 position; the two carbon atoms immediately adjacent the ring
oxygen are designated the 2 and 5 positions; and the remaining two carbons are

30 designated the 3 and 4 positions. Thus, a representative compound of formula I
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met hyl , et hwlb.9gm3feopyl, isopropyl, n-butyl, isobutyl, tert- bedtsomibeoxy! ,
n- 20 octyl, tert-octyl and the like. The term"lower alkyl" refers to
aI kyl groups having 1 to 6 carbon atons.

"Substituted al kyl" refers to an al kyl group preferably having from1 to
about 12 car bonhaviagm, smgieeulfoﬁte gahipyat]thd: a pbsnmntmd ant isopropylinidrong (at ther e

25 referably 1. to rbon | tit dwth from1l to
3 P subst ﬁ%/m ‘é’@‘l’g %&E‘WP@(’EN& ﬁf'c‘,@g%f?’ iéfsm‘ %Pkoxy, anino,

nono- and di al kyl am no, am noacyl, am nocarbonyl, al koxycarbonyl,
aryl, carboxyl, cyano, hal o, heterocyclic, hydroxy, nitro,

t hi oal koxy and Defjpitices A preferred substituted al kyl group is the
trifluoronethyl group. 30 . 98/ 03496, . . .

PCT/ US97/ 15960 The. 5'3"‘3'1"56{ “aﬁe“‘fFﬁf‘er’s3?‘63M‘Péﬁ‘P PAPHOP e e
groups pref erabl RdlchR we: ight ofabouth]@acahﬁﬁ H@'Es SUbtalBAL
preferably 1 to%ﬂlﬂg\gbon at ons can "be?r ai ght chai nwor

branched. This memdognuemmhﬂ fde@f llhy pgmoupéessnbdﬂd by Glenner, et aintBigthane
CH th CH.e 5
GH{ o1 1] GH b 1) GO Reh ot 1201855 33015883, g sniifiits s ke -

~ Al kenyl ene” refnﬁmaﬁenﬂ'm@dlﬁamkmme W@é&ﬂ?loiﬁﬁéﬁd&my havi ng

from2 to 10 carbon atons and nore preferably 2 6" carbon atonms which can
be strai gh#0 chain or branched and having at least 1 and preferably from1-2

sites 10 of al ken unsat,ur L on, s, term.is_exenpli.fied roups
such as et henyl ene yh"‘" m-lg g]ﬂ T"Zﬂﬂ%‘%‘@% th?ﬁ”%
- CH=CHCH2- and febddd3d mune cells tam@bduﬁtsaém&efm&bxoas apsarples bf ke.

"Al karyl" refers to -al yI ene ar grou eferably having from1 to 10 15
carbon at ons i n cytekingsiipelude Pfkgﬂ énterdeujan- éMaB@é%O‘l'n t he

aryl ¥ groups are exerrpl I fied by benzyl ,
and t"%%‘“%%’a @W’)

phenet hyl , "Al kcycl oal kyl " refers to
-al kyl ene-ggycl oal kyl gr oups preferably having 20 from1l to 10 carbon

Ty eat ot ook, S AT G B PRy davig o't
about 12 carbon atoms, more preferably 1 to 8 carbon atoms and still more
preferably 1 to 6 carbon atoms. This term is exemplified by groups such as
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, tert-butyl, n-hexyl, n-

20 octyl, rert-octyl and the like. The term "lower alkyl" refers to alkyl groups
having 1 to 6 carbon atoms.

*Substituted alkyl" refers to an alkyl group preferably having from 1 to

about 12 carbon atoms, more preferably 1 to 8 carbon atoms and still more

25 preferably 1 to 6 carbon atoms, which is substituted with from 1 to 3
substituents selected from the group consisting of alkoxy, amino, mono- and
dialkylamino, aminoacyl, aminocarbonyl, alkoxycarbonyl, aryl, carboxyl,
cyano, halo, heterocyclic, hydroxy, nitro, thioalkoxy and the like. A preferred
substituted alkyl group is the trifluoromethyl group.

30
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O 98/03496
-CH err]-cycl opvrvopyl - CH err] cycl opentyl, -CH err] CH err] cycl or%’"s}?”“b”rﬂ} -
the Iike. _ "Al koxy" refers to the group "al kyl-O"
Preferred al koxy groups 25 i nclude, by way of exanple, net hoxy, et hoxy,
N- propoxy, i sopropoxy, " EReOdivAIBAt allRe roups préfetably having from 1
n- pent oxy, n-hexoxy, 1, 2- ﬁl%ﬁnﬁyrg& oxy,l W g ‘% % g
" Al koxycar bonyl " r efoel® carbon latorps andomo fiefizablyel m Rcm:'boal 3(9!ns witich can b©
98/ 03496 . . . . .
PCT/ US97/ 11960 Stmzm chain or brapghed,,, This term. issexegnplified Ry| 87gppY, Sich as

preferably having f Q_’ thylené QIO yI¥RE Gsomers ge.ably "2 to
6 carbon atons and avr ng C(té ) e ;ien z@lﬁ(} pre?@réably from% g sites
of al kenyl unsﬁturaCbeHﬁHefM&H@%ﬁh)@ﬂém i ncl ude et henyl
(-CH=CH err]), n-propenyl (-CHerr]CHCHerr]), |sopropenyl 5

(-C(CH err])=CHerr]), and the I|ike. "Alkynyl" refers to
al kynyl groups preferably o FePis & [-d]ﬁﬁ @

preferably 2 to 6 carbon gp%ngl% hav?%tgﬁaa%&ltéa{kdsenylen g p?%df%rlg:‘hg‘rqﬂg

from1-2 sites of afrlo;m?lto dfzarhonzatdms andmure preferably g 6 earbompatons which can

ke S S Sl G, B BRBRAR i i e, ol Pt sies

each Ris 10 i oflamenylamisiturativl] DS tédn 8l dkemplified by groups such as ethenylene
"Am noacyl " refers to the}group -NRC( O R, wher e each Ris

i ndependent |y hydr off&HBCHz).kthe propenylene isomers (e.g., %CHQHzer%dt'g(ﬁﬁa) =CH-
unsat urated aronmmati Q( 2 from6 to 14 carbon atons
having a single ri n cfgég—%gge’z\}%&)or mul'ti pl e condensed rings 20

(e.g., naphthyl or anthryl). Preferred aryls include phenyl, naphthyl and

t he " like. Unless otherwrse co str |ned by the defi |t|onf r the
i ndi vi dual substrﬁﬂ@ﬁl refigntos cmslsz@aasa ¢rahky hayingefro rom 1 to 10

substi tuted wish 1 plfbde b in the aafrﬁﬁhﬁawmtﬁoﬁreé 85 15 Laftol RS i BRARy1

consi sting of aIkyI subs
moiety Such alkaryl groups are exemplified by benzyl, phenethyl, and the

like.

"Alkcycloalkyl” refers to -alkylene-cycloalkyl groups preferably having
20 from 1 to 10 carbon atoms in the alkylene moiety and from 3 to 8 carbon atoms
in the cycloalkyl moiety. Such alkcycloalkyl groups are exemplified by
-CH,-cyclopropyl, -CH,-cyclopentyl, -CH,CH,-cyclohexyl, and the like.

*Alkoxy" refers to the group "alkyl-O-". Preferred alkoxy groups
25 include, by way of example, methoxy, ethoxy, n-propoxy, isopropoxy,
n-butoxy, tert-butoxy, sec-butoxy, n-pentoxy, n-hexoxy, 1,2-dimethylbutoxy,
and the like.

* Alkoxycarbonyl” refers to the group -C(O)OR where R is alkyl.
30
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al koxy, al kegplogosdekynyl , am no, am noacyl, am nocarbonyl, al pefxRef/PRey!

25 aryl, carboxyl, cyano, halo, hydroxy, nitro, trihalonethyl and the -
like. "Cycloal kyl" refers to cyclic al kyl groups of from
3 to 10 carbon atons having a single cyclic ring or nultiple

condensed rings whi ch"afitenpP Rférs amalkeyyl groups prefarhiﬂpﬂh%gcfmmthtd Idm1 to
3 alkyl groups. Such c cIoaIkyI ps.inclu
single ring strueirbpRd W%@%EF‘{L&}W ;h gﬁﬁb(?\éms amyvﬁvag aF 1851 ©

%ngllog gzgg CYCLOP phefbrabty fiBH"Y-2GHES 8P Eﬂgﬁf)ll unatliRiio! PreferR@NINény] groups

PCT/ US97/ 11960  jinclude ethenyliCH =CH:) oapropenyll¢CH,0H +CHg, isopropenyl pl e ri ng
structures such as adamant anyl , and the liKke.

"Cycl oal kendl réﬁﬂﬁsﬁﬁ%lﬂ'@ the kikgy| groups of from4 to 10 carbon 5
"atons having a single cyclic ring and at | east one point of internal
unsat uration whi ch can be optionally substituted with from1 to 3
al kyl groups. Exanpl esAlkynyl® refers teulk)mm groupslpmfbrlnblyy!havgtg)ﬁ‘pm 2telQde, for
i nstance, cycl opent 3-enyl, ‘ilﬂc' ohe

the Iike 10 " carbon atoms andjase PRl "hlé'l%é%ﬁcaf‘?é’ﬂé}ié f%néﬁa\?ﬁ:g% lyo}and
brom) and |0d0or an%é,{eerocfrﬁh{? ?@%Q;fqn‘% ur?sﬁﬁlrﬁi&nhel’reférwil’ﬂkﬁylcg?b@pso

"Het erocycl e a” nonoval ent saturated
unsat ur at edigr oujindiade ethynyls(-0 e GH),i propargyinCH, @ =CBh rand the tike ngs from1
to 15 10 carbon atons and from1 to 4 hetero atons selected from
nitrogen, sulfur or oxygen within the ring. Exanpl es of
heterocycl es include, hindefbomjl® rtféts ®Ahe group -C(OINRROWRéIElcabie R is
p| perazi ne, im dazolidine, pyrrolidine, pi perl ine and the I|ike.

"Phar maceuti cal | ymhpeaqhmlyliwdmm orradkyr s to phar maceutical |y acceptable 20
salts which are derived froma variety of organic and inorganic counter
i ons well known in the art and include, by way of exanple only,
sodi um potgssi um * AminoG&y1€ irefets mgegsdupmnmomm where each R is
tetraal kyl ammoni y | ke; and the nol ecul e contains a

and the
basi ¢ functi onal |lgéepe§ﬁ¢'t'¥1 W%&T@kﬁh i norgani ¢ aci ds,

"Aryl® refers to an unsaturated aromatic carbocyclic group of from 6 to

14 carbon atoms having a single ring (e.g., phenyl).or multiple condensed rings
20 (e.g., naphthyl or anthryl). Preferred aryls include phenyl, naphthyl and the

like. Unless otherwise constrained by the definition for the individual

substituent, such aryl groups can optionally be substituted with from 1 to 3

substituents selected from the group consisting of alkyl, substituted alkyl,

alkoxy, alkenyl, alkynyl, amino, aminoacyl, aminocarbonyl, alkoxycarbonyl,
25 aryl, carboxyl, cyano, halo, hydroxy, nitro, trihalomethyl and the like.

*Cycloalkyl" refers to cyclic alkyl groups of from 3 to 10 carbon atoms
having a single cyclic ring or multiple condensed rings which can be optionally
substituted with from 1 to 3 alkyl groups. Such cycloalkyl groups include, by

30 way of example, single ring structures such as cyclopropyl, cyclobutyl,
cyclopentyl, cyclooctyl, 1-methylcyclopropyl, 2-methylcyclopentyl, 2-
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such as hydroch b Ge® hydrobronide, tartrate, mesylate, acetatePCRISEHQ60

and 25 the like. The term "pharmaceutically acceptable cation" refers to
a pharmaceutically acceptable cationic counterion of an acidic

functional group. Such cations are exenplified di,u

pot assi um cal ci un{"em&xgl??ﬁ# and he °aﬂ¥r8‘r\’ﬁﬁ1$ ’i"étﬁ?"a‘ﬁc%?s;g?ﬁ!)‘nﬁmu maptagyl,
and the |ike. Phargrcaehikeal |y acceptable salts of the furan
nitrones of this invention are prepared using 30 conventi onal
procedures well known to those skilled in the art including, for

example, treating a sul @R Rélyi itk {8 lcy¥fic WiyPgroRBP b Rohh o 18%irbon

PCT/ US97/1196§  atoms having a singlélvyoki¢ ﬁﬁg)ﬁhd ra¢ fl€ass oh® pbine of irnennal ahsapiratior .
Preferred thioal koxy, groups include, by way of exanple, thionmethoxy
t hi oet hoxy, n-thi owxxsbm,be optionally substitutast wggiwmrlmﬁ@ﬁwpénmles of
i ke. 5 Geneg S | G . n_pl
conpounds of this a t%@cﬂgﬁy fs%'%éﬁ gg‘%ﬁg"é ' {?rolrxrx]stance, y °¥°§§§‘.‘$‘§{‘@vﬁp +lé%%gf-
starting nateri al sedyd] eylddee3fenlyl avd e Iener al net hods and

procedures. It will be appreciated that where typical or preferred process
conditions (i.e., reaction tenperatures, tinmes, nole ratios of reactants,

sol vent s, 1040 pressureﬁmoetoﬁ.nhl@égnug{e\g?gao%%’ &ﬁﬁ&%?%?orﬁ@'ﬁﬂari&gﬁs can

al so be used unl ess ot herw Se t1’'mum r éaction condi'tions
may vary w th the Prférrelihalo groups are eithert flwdre arrchisrbvent used, but such
conditions can be determ ned by one skilled in the art by routine
optim zati on procedures. 15 Additionally, as will be apparent
to those skilled in the-ggy EIBV%Pt"h&EﬁJc?'clic' referd 19 aGhbAd\Aleat SitBmdPyr De
necessary to prevent certain functional gfoups from under goi ng
undesi red react i onensafinated igooupchayingia singleating op multiplei cogdensed pingsy fram 1 to

a2 87 ot oB Farfod ahonBt e trmet T o efiPo apanh ity Frop el b br
art. For exanple, ggygen wiguMSD#lﬁg.P'Bk[li_ﬁfﬂvesrﬁf lbtéroeyolestindludBebiit drd inbp drtidedon
e N

and renoval , are described, . n T . Greene and G M Wits, )
Protecting G oups ton morpheline, piperazing, dmidazolidine cpyroeliding) pipeniding\and ghe Wy
York, 1991, and references cited 'therein. In a preferred

met hod of synthesis, the furan nitrone conpounds of this .
"Pharmaceutically acceptable salt" refers to pharmaceutically acceptable

20 salts which are derived from a variety of organic and inorganic counter ions
well known in the art and include, by way of example only, sodium, potassiﬁm,
calcium, magnesium, ammonium, tetraalkylammonium, and the like; and when
the molecule contains a basic functionality, salts of organic or inorganic acids,
such as hydrochloride, hydrobromide, tartrate, mesylate, acetate, maleate and

25 the like. The term "pharmaceutically acceptable cation” refers to a
pharmaceutically acceptable cationic counterion of an acidic functional group.
Such cations are exemplified by sodium, potassium, calcium, magnesium,
ammonium, tetraalkylammonium cations, and the like. Pharmaceutically
acceptable salts of the furan nitrones of this invention are prepared using

30 conventional procedures well known to those skilled in the art including, for

example, treating a sulfonic acid derivative with an appropriate base.
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25 | nventy,@9s8548¢ Pr epared by coupling a furan carbonyl conpeyhrfsetieso
formula IV [err]

--20-- WD 98/ 03496

PCT/ US97/ 11960 wherein R err], Rerr], X, mand n are as
defined above, with a*[jidalkexyBréfes tofthe group “allyhiSii Prbferred thicalkoxy

HO- NH R err] . ) ] ereinul.?%err IS as
defined above, ugtwpsdesiydnhyoway of E’é?é‘ﬂ?lﬁna;é‘liﬂﬂh?’ﬂbr@l.w oxy, n-thiopropoxy, Tpe
coupling reaction {.s tvpically. agontacting the furan 10

car bonyl corrpounbmk"\’o'&’rﬁy’Bh’?lglt'l ?ﬁéas nééﬁgt&gi}ﬁ\}%l ent, preferably about 1.1 to
about 2 equivalents, of hydroxylamne V in an inert polar solvent such as
met hanol , et hanol, 1, 4-di oxane,_ tetrahydrofuran, dinethylsulfoxide,

di net hyl f or #ani d &eneral:SyntheticProegdureseaction i s preferably conducted at a

tenperature of froma } | : ?&ﬂiﬂ : ?,lécpa}ed out
48 hours. 15 Opti ona I?&‘?lca{%m C aﬁsmoxg{i’ikgiéwgﬁogg?%?ﬁ uch as&gggtic
acid, p-tol uenesuﬁdﬂgiamilabl? smh' mdtezial$ using thelfellowing gfnnemlrmuﬂjmts and ]Ehi s
reaction. Upon conpletion of .the ] reaction, { uran nitrone o
formula | is recRGeduresy QM‘&&E@PB’FF&P%@%H&‘“ Wp’cgle‘“i H??‘(Tfﬁ%rﬁ‘mss
precipitation, c -abh : | | di; Sbé | i i 20
y@pﬂ&iﬁ&&&(@& Yeagtidd {ehifelttie s,eeﬁ%f:% thiel AR B rdablints! Kevents,

The furan carbon conpounds yed in the coupli n?
reacti on ark® eit Ipeesskmesyetc)amp giveds other peacessecqndisions san alsorhekysedmnless

otherwise stated. Optimum reaction conditions may vary with the particulir

reactants or solvent used, but such conditions can be determined by one skilled

in the art by routine optimization procedures.

15 Additionally, as will be apparent to those skilled in the art, conventional
protecting groups may be necessary to prevent certain functional groups from
undergoing undesired reactions. The choice of a suitable protecting group for a
particular functional group as well as suitable conditions for protecting and -
deprotecting various functional groups are well known in the art. For example,

20 numerous protecting groups, and their introduction and removal, are described
in T. W. Greene and G. M. Wuts, Protecting Groups in Organic Synthesis,
Second Edition, Wiley, New York, 1991, and references cited therein.

In a preferred method of synthesis, the furan nitrone compounds of this
25 invention are prepared by coupling a furan carbonyl compound of formula IV:

®Y,
30 X)a C=0 v
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compounds by YAWM¥PHnal procedures. Preferred furan carbonyl ®GEFWIAE60
I ncl ude, but are not |limted to, 5-fornylfuran-2-sulfonic acid,

4-fornyl furan-2- sul fonic acid, 3-fornylfuran-2-sulfonic acid,
2-formyl furan-3-sulfonic acid, 4- 25 fornyl furan-3-sul fonic acid,
2-fornyl furan-4-sul foni ¢ _aci,d,, 5-acetyl furap-2- ..sulfqgnic acid,
4-acetyl f ur an- 2- sWhesRip R 'a R’ X, aman iaéé{;f‘;ﬂﬁd 8bovh i vith § hygroxylamme of
preferred furan cgg Yly.conpound is 5-fornylfuran-2-sul fonic acid.
Particularly preferred furan carbonyl conpounds for use in this 30

i nvention are those conmpounds of formula IV wherein X is -SG3Y and Y is as
-21- - WD 98/ 03496

PCT/ US97/ 11980 defi ned above. The?&%unds can be readily v
prepared by sul fonating furan car bonyl conpounds of fornula VI:

VI 10 [err] wher ein
Rlerr], R err] anahereindR*is adafefined abine; ainders conyentionpd meactiom donditidng.i ons
wel | 15 known to those skilled in the art. Any conventional sulfonating
reagent, such as sulfur trioxide pyridine conplex, may be used in

this reaction. Typical I'he coupling réddfiofi 44 hpicitlydbnieasd b?/%oh&c&%dié%?ﬂl by
contacting a furan carbonyl Conpound of formula VI wth about 1 to
about 5 nol d0 equicarkiosyt campouns K Withnattleasy one equivaleat geferably aboutret to

sol vent, such as 1, 2-dichl.oroetf ha at t.enperat ure rangi ng 2 from
Zbout 50[ o] C to S48k SauRERry B RyofRming R e MRl sush =
150[err]C, mdtRinclPeMandl, 1 4-dioRatie, 48trdhydrSturdd) @im@RPRRLIESLIE, Of the
reaction, the sulfonated . furan carbonyl conpound 1s recovered by
conventional net hedmethylformamige and the like. This reaction is preferably conducted at a
temperature of from about 0°C to about 100°C for about 1 to about 48 hours.
15 Optionally, a catalytic amount of an acid, such as acetic acid, p-toluenesulfonic
acid and the like, may be employed in this reaction. Upon completion of the
reaction, the furan nitrone of formula I is recovered by conventional methods

including precipitation, cﬁromatography, filtration, distillation and the like.

20 The furan carbonyl compounds of formula IV employed in the coupling
reaction are either known compounds or can be prepared from known
compounds by conventional procedures. Preferred furan carbonyl compounds
include, but are not limited to, 5-formylfuran-2-sulfonic acid, 4-formylfuran-2-
sulfonic acid, 3-formylfuran-2-sulfonic acid, 2-formylfuran-3-sulfonic acid, 4-

25 formylfuran-3-sulfonic acid, 2-formylfuran-4-sulfonic acid, 5-acetylfuran-2-
sulfonic acid, 4-acetylfuran-2-sulfonic acid, and the like. An especially
preferred furan carbonyl compound is S-formylfuran-2-sulfonic acid.

Particularly preferred furan carbonyl compounds for use in this

30 invention are those compounds of formula IV wherein X is -SO,Y and Y is as

2]



preci pitati ompesn3aeat ogr aphy, filtration and the |ike. 25  pCTUSST11960
When a sul fonated furan carbonyl conmpound is enployed in the coupling
reaction with hydroxylamine V, the sulfonate group is preferably converted
into a suitable salt, such as the lithium sodium or potassium
salt, prior to cdefiredtaboge. These compmmdy@ambplmadxtppmpaﬂadt&)estﬂfmaﬁngﬁxrhmnyl
corrpound The suI fonate ﬂ}roug readily converted into the
correspondi ng sa q’%@f‘?‘i@“&”onate with at 30 | east one
equi val ent of a sui tabl e base, such as lithium hydroxide, sodium

hydr oxi de, potassi um hydroxi de, sodi um hydride and the |ike.

Anot her preferred group of furan carbonyl conpounds for use in this

i nvention age those conpounds of forrmula IV wherein one or nore X is

-22- WD 98/ 03496 ®RYH,

PCT/ US97/ 11960 -SOerr]NRarr]Rerr] wherein Rerr] and R err]
are as' defined above. These conpoun bé =0 readily prepared fwm
t he correspondi ng sul fonated furan g¢garb |, conpound, i.e.
conpounds ?é formula IV wherein X i3 Iéj H, by converting the suI fonate
group into sul fonyl chloride and th ling the sulfonyl halide with
an 5 am ne of fornula VII: 10

[err] wherein R err] and R err] are as defined above. The am nes
of formula VII are either known compounds or comnpounds that can be
prepared by knowwhpmc&!lukéand hiGire as defingal atove| using tredgestsaandnamditions wesdl i n
this reactign inglude not limted

N- net hyl amlg i‘%ﬂ? F’lfp?‘arﬁ'?yewwe“uma? suﬂo'?’é’&ﬁrrﬁﬁﬂ“&rﬁ“ﬁg

Blijtny:):tﬁnylnfal,m Rl—en pent Wne I*ly-?’d;}{(;él_ op nlt?*jyltifatﬁL %W Mggigﬁaatrﬁ)%e'ryﬁ-cauy’
cycl ohexyl am ne, the-sulfopatjorargaction N—mducted:bylcamanmg ANucinnearboryh compourd N-
of formula VI with about 1 to about 5 molar equivalent of the sulfonating
reagent in an inert solvent, such as 1,2-dichloroethane, at a temperature ranging
20 from about 50°C to about 200°C, preferably at about 100°C to about 150°C,
for about 6 to about 48 hours. Upon completion of the reaction, the sulfonated
furan carbonyl compound is recovered by conventional methods including

precipitation, chromatography, filtration and the like.

25 When a sulfonated furan carbonyl compound is employed in the coupling
reaction with hydroxylamine V, the sulfonate group is preferably converted into
a suitable salt, such as the lithium, sodium or potassium salt, prior to contacting
the hydroxylamine with the furan carbonyl compound. The sulfonate group is
readily converted into the corresponding salt by contacting the sulfonate with at

30 least one equivalent of a suitable base, such as lithium hydroiide, sodium
hydroxide, potassium hydroxide, sodium hydride and the like.

Another preferred group of furan carbonyl compounds for use in this

invention are those compounds of formula IV wherein one or more X is
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20 di et hyl afO¥ 03444 di - n- propyl ami ne, NN-dii sopropyl ani ne, NNEGR/USR7/11960

butyl am ne, N, N-diisobutylam ne, N, N-di-sec-butylam ne, -

N, N- di - n- hexyl an ne, N- net hyl - N- et hyl ami ne,

N- et hyl - N- n- propy!l g Npethyles N, ., i sopr | a.ne

N- et hyl - N- n- but yl 535_#@‘?‘& WH%H\?I - I\E’fdegt %ﬁgﬁeﬁea%%h Tricse compounds can be

met hyl - N-tert-octylaififyep tFom tﬁ‘é@&?&sﬁ%ﬂﬂ{:%'s@m:{h@ed hbri® E¥bny¥ codipound,
e

cycl ohexyl am ne, N-ethyl-N n-propyl anm ne, yl - N-i sopropyl am ne,

N-et hyl - NHre. peamgpounidaof formsda§V-whesgiol Xliex§Odhi yeconvepingnthe siiforate
the like, o erbip e aSORy IS it B8 cBUARE e Direof L rRlG: WA

is -SHerr]H san Remirdof formly®l:ed i nto the correspondi ng sul fonyl

chl ori de using phosphorous trichloride and phosphorous
pentachloride. In addition to converting the sul fonic acid group(s)
I nto the correspondi ng sul fonyl chloride, thh_ rgaction al so VII
converts the carbonyl group of conpound IV i ﬁ? gem di chl ori de group.

WD 98/ 03496 . PCT
/' US97/ 11960 This transformation sers to protect the carbonyl
group during thsequent sul fonam de formation.

Generally, the reaction of conpound IV with PCl[err]/PCl[err] is conducted
5 usi ng about 2 to 5 nolar equival ents of phosphorous trichloride and

phosphor ous pent achilereifleR® sid Resrensalefined abow) The amimes| of fotmula Wi apes either
di chl oronet hane, at tenperature in the range of about O[err]C to about
80[err] C for kngwg rompauads;er,campanngds that can be prepared by knewa progedyresi

chloride is t nc%@ﬁ L, is readB T
equi val ents of am ne g’?‘?ﬂé’?‘?‘éﬁ?w ﬁ%sl@g%?gg}rllﬁl ng éﬁ?q%%daembgteargeenngft limited
di chl ori de conpoundo, dhineniag V:-methylimingy Nethylirhinec dhnkpedpyltamine ANt enper at ur e
rangi ng from about ,-70[err] C tq about 40[err]C fqr abo 1 .to about 24

hour s, Ty piitRRRpIAie. N O asRnE M ROREe -tk BB, e
sui tabl e base to 1%uéynmﬁﬁﬁywmcpanﬁﬁe,d~&gasg§fﬁﬂnéﬁe,'m-ﬁebazxiahﬁﬁé;tw-on-

Sui t abl e bases include, by way of éxanhpl®e, triethylamne,

di i sopr opyl et hyl armicyclohekylaming| Men-pttylamine,aNderrdoctylamine, N,Nidimaethylamine, N, N-

AL e nal L Vel sy AN SR SR, WA A blopiniRE, MV ideDrSRaRESN A he! ¢
butylamine, N,N-diisobutylamine, N,N-di-sec-butylamine, N,N-di-n-hexylamine,
N-methyl-N-ethylamine, N-methyl-N-n-propylamine, N-methyl-N-
isopropylamine, N-methyl-N-n-butylamine, N-methyl-N-zert-butylamine, N-
methyl-N-tert-octylamine, N-methyl-N-cyclopentylamine, N-methyl-N-

25 cyclohexylamine, N-ethyl-N-n-propylamine, N-ethyl-N-isopropylamine, N-ethyl-

N-n-butylamine, N-ethyl-N-cyclohexylamine, N-phenylamine, N-(4-
methyl)phenylamine, pyrrolidine, piperidine, morpholine and the like.

The sulfonic acid, i.e., where X in formula IV is -SO,;H, can be
30 converted into the corresponding sulfonyl chloride using phosphorous
trichloride and phosphorous pentachloride. In addition to converting the
sulfonic acid group(s) into the corresponding sulfonyl chloride, this reaction

also converts the carbonyl group of compound IV into a gem-dichloride group.
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20 emdichloride group is then hydrolyzed to
t he car bonylwogya?wg group. This reaction is preferably conduc?!t’cg‘gﬁég}iﬁ'tﬁ8 '

contacting the sul fonam de gem di chl ori de conpound with an aqueous
solution of formc acid (preferably about 75% at a tenperature
rangi ng from abopiis AnSforhition sctv&iio protdct el arbsty! group durirpbsubsequehp 24
hours. Upon conpletion .of the reaction, the resulting 25 sul f onam de
furan carbonyl csnifopamite formad@ner ed by conventional net hods

i ncluding precipitation, chromatography, filtration, and the Iike.

Anot her preferred group of furan carbonyl conpounds for use in this
invention are those c sthe fredcibR18f Tompoth® 1¥i witlP PELAPCIEE Eonducted30
-S(ORerr] or -SOerr] err} wherein Rlerr] and R err] are as defined
above. Thes® conwsingdbout 2 to 5 malarredyivalesusipf phospheraus frighlenide and

??;L?_Spondi ngv\i)ué‘ga‘ggé@ky Bgrﬂaglﬁéé?@é}yéither neat or in an inert solvent, such as

PCT/ US97/ 11960  dichloromethare) @0 @iskraturetin iheaasgeiofabont DOCTo|about\B0C for
-SR[err] or SR err], by oxidation using conventional reagents and
reaction condit i aut 130iabgny 48 hewtsent s for oxi di zing a sul fide
conpound to a sul foxide include, by way of exanple, hydrogen

per oxi de, 3-chl oroperoxybenzoic acid (MCPBA), sodium periodate and the

like. 5 1gDependi ngTh® siilfényd>chibriderig tieeestintaztad! witk dboithietocationo Symholgr oup

of the furan . internediate is preferably protected as,, for exanple,

an acetal or a kequiyalents of amine Vnpﬁ"eﬂfgm’ the, g aglaﬁisa%{wwﬂe gem-

The oxidation re | [ L &a ' t | 10
aﬁlio‘?ﬂé c\%n{tp\ﬁﬂgg.o ll}ttﬂ'sof% : Ofs‘é%g#é\‘aﬁi? %ﬁ&fciéage’t 2 e mpetdnaay

furan carbonyl conpoun ut 171 equivalents of the
oxi di zi ng r eagentrangingafromnabout e70°Cetat abanti 40° G Sorlatxiut drtorabohta2¢éd hours. a

t enperat ure .ranging from.about -50[err] C to abput .75[efr for
about 1 to about meﬁ@br@%s Tefighon is con “"'r‘@g{n the presenes ?d@@iﬁ%ﬁﬂ be
further oxigi Zedﬁ@eﬁé@ﬂx@%f@%&ﬁ%éd‘ﬂuﬁhﬁ tHRNRadon. SuitableEé&Eéﬁﬁ:lddéggS'%y

sul foxide wmth at |east one additional equivalent of an oxidizing 1

reagent, such asofigxamplentriethylamine, dismeepyletbylamine, iy-pethimgemigliae and thehe

like. Alternativ , e syl b . iLe t t he
Ul i de wi th at Fleks AUTRRESHR IR SRS o AP L e 5"ty St e

oxi di zi ng geﬁ@g@emﬁ;ﬁngfmda@bﬁ@d, t hese oxidation reactions can al so
be conducted after coupling the furan carbonyl conpound of formula

IV with the hydroxyl am ne 20 V.
20 ' The gem-dichloride group is then hydrolyzed to regenerate the carbonyl

group. This reaction is preferably conducted by contacting the sulfonamide
gem-dichloride compound with an aqueous solution of formic acid (preferably
about 75%) at a temperature ranging from about 50°C to about 150°C for
about 1 to 24 hours. Upon completion of the reaction, the resulting

25 sulfonamide furan carbonyl compound is recovered by conventional methods
including precipitation, chromatography, filtration, and the like.

Another preferred group of furan carbonyl compounds for use in this
invention are those compounds of formula IV wherein one or more X is
30 -S(O)R* or -SO,R’ wherein R* and R? are as defined above. These compounds
can be readily prepared from the corresponding sulfanyl furan carbonyl
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Al ternatively, MhB/B4% one compounds of fornmula |V wherein one oPCI/USY7/11960
nore Xis -SOerr]Rerr] where R err] is as defined above, can be prepared
by reacting the correspondi ng brom) furan car bonyl conpound wi t h,

f | 25 | f d. f t
formil a R{err]- 502 Nam%?m@&'r% Wiieréin"R Tpfiiniita 1y 15 SR of 5B 0 goipfon pige
reaction is typi Ca'obi(v ﬂ%%n@’m@%@ﬁé%?&dn}i‘ﬁ\s Sultable RASEME ¥orobkidizing a

carbonyl conpounds W|t an excess, prefera equi val ent’s,
of the sulfinic ac |sdlﬁde campouad to 8 sulfexide xmlmle &y Qapbﬁemeplhahyﬂrpgal

24 30 hours. - ThooTeRtR HRSRarRYEeEbI A IREERAY cofibl e la RRL pedik”

coupl ed Wg 98/ Q%%ﬁdmg on the oxidizing agent employed, the carbonyl group of the furan
PCT/-US97/ 11960 th a hydroxyl am ne corrpound of fornul'a V using
conventional react mmmedlate is preferablyoprotected as, for example, an auetal oy dr kotad, 4ani ne
conpounds of formula V e.a known 5 conpounds or conpounds
whi ch can be pr epalpéiyq"fgﬁ‘x%ﬁﬁé\ﬁxﬁﬁﬁ%unds by convent i onal
procedures. Typically, the hydroxyl am ne conpounds of formula V are

prepared by reduction of the corresponding nitro conpound (i.e
Rlerr]-NJ err], wherei n Tieconidation reactionris typicallyosanducted by cantagting thessulfanyl

CoL el SCR oo PSRRI ShARH S AT bt e

conducted at a terrmicmm gedgeivindh ﬁkﬁrmnieﬁutsu&ﬁhearchﬁmmemane dta Rhpetature
100[ err] C for about 0.5 to 12 hours preferablé about 2 to hours, 1 n_an
r

aqueous reaction nE¥HEing ﬁ?@hawtaﬁp G Rt N3’ Erforiakewtr kg %bQ“h@‘*d’&%)és offhehe
t al t f
catalyat - Lydr oxyl AR slfthdfe Bhhell Be sihelcl SpSdisdy o dBr o ARG 1Y

15 hydri de r edu@bﬂ@cwmcssulfsmb with at0kast one \addittonalodyuivalelr .of Ahi gXidiking
nitro conmpounds (in th é\rﬁ m of their salts) can also be reduced to
hydroxyl ani ne® ~ reagent,Sughy a5 BY90RH ﬂeﬁoétqeaMG?Bmpansswm te and the
hydr oxyl am nes hav | t P&lgdqﬁl@ ally
prepared i nmedi at eﬁ%p%%?ﬂ?%verlye'a%? sgltrt]'&@&n Ue pr¥ th the Qtpgﬁcogfg‘ré%g%ﬁ
conpound of for mul aulfide with at izastitwel eguivalent, artdyphefecgblyanrexcessanf diet axidizing
stored (or purchased co

| chl d lts. |
such cases, the fré?ﬁ??‘mgéﬁﬁ#’n &:"’%‘gﬁf%ﬁ?ﬁf"’“s myafisokn g tﬁdsa?tets "

i medi ately prior tgupl@iCthe Firani dafbonyE compeihdCar fopmila ROWRALRE hYdroxylamine
reaction of the hydrochloride salt wth a suitable base, such as sodi um

hydroxi de, s@® um bt hoxi de and the |ike. 25 Preferred
hydr oxyl am nes for use in this invention include, but are not

Alternatively, the sulfone compounds of formula IV wherein one or

more X is -SO,R® where R’ is as defined above, can be prepared by reacting
the corresponding bromo furan carbonyl compound with, for exarﬁple, a

25 sulfinic acid sodium salt (i.e., a compound of the formula R’-SO2Na, wherein
R?is as defined above). This reaction is typically conducted by contacting the
bromofuran carbonyl compounds with an excess, preferably 1.2 to 3
equivalents, of the sulfinic acid in an inert solvent, such as 2-ethoxyethanol, at
a temperature ranging from about 50°C to about 150°C for about 2 to 24

30 hours. The resulting sulfone furan carbonyl compound can then be coupled
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limted to, womwsikdshydr oxyl am ne, N ethyl hydroxyl am ne, N n- pCT/US97/11960
propyl hydr oxyl am ne, N-isopropyl hydroxyl am ne, N-n-butyl hydroxyl am ne, N

I sobut yl hydr oxyl am ne, N-sec-butyl hydroxyl am ne, N-tert-butyl hydroxyl am ne,
30 N- n- pent yl hydr oxyl am ne, N-cycl opentyl hydroxyl am ne, N n-

--26-- WO St a4droxylamine compound of formula V using conventional reaction -

PCT/ US97/ 11960 hexyl hydr oxyl am ne, N-cycl ohexyl hydr oxyl am ne,

N- n- oct yl hydroxyl‘i‘i’ﬁ'fi NS\ tert-octyl hydroxyl am ne,

N- phenyl hydr oxyl am ne and the |ike. In sone cases, the
furan nitrones of this invention will contain one or 5 nore chiral
centers. Typically, suFhke hyﬂrpmylaﬂinwddnhpduadspoéﬁzmmﬂh ¥sahwve avealse known

U e st er eoi o <@ROLGES OF comAdis S SH-oR PORARS B Ao AL bE, o
St er eoi Soner - enr i ypgentional Prosduréy. ! Twﬁmftmémaﬁﬁmﬁné 266ipSitds OfF8rmula

m xtures) of the furan nitrones of fornmula afe included wthin the scope
of 10 t hi s i nVAéraré preparedr by sduction af)msrwn(eqnondmg gitroccomipound k8., nay be

pr epar ed or . exan al Iy actlve art n rials or
st er eosel ecti ve r%]ﬁ'b]ggt néfeint K r?ﬁﬁe??fo'%ﬂ v )rPsf’Wea Sy bl '%‘V%ast"mégf

racem c m xtures kivaied rincPioearA6id cadillyst or an aluxﬁ%uﬁ#ﬂéfcﬂi')edmw‘ghﬂﬂcadl it
exanpl e, chiral col um chronatography, chiral resol ving agents and

the like. 180 This reacsionds Spicaliy|conduniessata temperature ranging from abputn15°C

mvent i on ar o tyrp i T KeiBobth oA AOURE GRPY dhott 2 kb houss in an
conmposi ti on conpraguedgs reacticmmiedia) suchcdsi ancaléoliodwatért mixneredn npocase di'ﬂ'.ﬂea 20

carrier or vehicle suitable for use in pharmaceutical conposjitions, i a
phar maceut i cal | y %8¢ cpfalyst ar an etheglwates RiKtuge, jn ﬂ@r@sapémsealvmmmmﬂza{me

Comosi 11 ong. plyst® AyBcRGRaE vah ilso e Bbied o \ANTRER it ines with

are adm ni st®r ed hydride reducing agdmts, rsacteas saditinycyafdborohydeidenvAliphati¢ mitranount

of the conpound actual | . nistered w,ll typjca be det et m ned
by a physi ci an, |?P'??f§‘"\ﬁf&ﬂtm8ff°%8% sa? )canalsobe&u whycﬁoxﬁammes

using borane in tetrahydrofuran. Since some hydroxylamines have limited
stability, such compounds are generally prepared imrﬁediately prior to reaction
with the furan carbonyl compound of formula IV. Altemnatively,

- 20 hydroxylamines can often be stored (or purchased commercially) as their
hydrochloride salts. In such cases, the free hydroxylamine is typically
generated immediately prior to reaction with the furan carbonyl compound by
reaction of the hydrochloride salt with a suitable base, such as sodium
hydroxide, sodium methoxide and the like.

Preferred hydroxylamines for use in this invention include, but are not
limited to, N-methylhydroxylamine, N-ethylhydroxylamine, N-n-
propylhydroxylamine, N-isopropylhydroxylamine, N-n-butylhydroxylamine, N-
isobutylhydroxylamine, N-sec-butylhydroxylamine, N-terr-butylhydroxylamine,
30 N-n-pentylhydroxylamine, N-cyclopentylhydroxylamine, N-n-
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/03496 . .
rel evant circunstances, including the condition to be treated, tRETUREEWA60

route of adm nistration, the actual conpound adm ni stered, the age,
wei ght, and 30 response of the individual patient, the severity of the
patient's synpto ”~ a
Do D 98/ gg-ngg@rﬁgdroxylamme, pecyuolﬁgxylhydroxylamme N-n-octylhydroxylamine, N
PCT/ US97/ 11960 ten—octylhydro:(zjylamuﬁ;nW—Blmrymmuiylminemmamallikleons of this

i nvention can be adm nistere y a variety of routes including oral,
rectal, transdermal, subcutaneous, i ntravenous, intranuscul ar, and

I nt-ranasal . Dependi ng v,

conpounds of this inven %’E‘%@p ? rra.g &%ﬁl %gddg @{]P'co fi one or

i nj ectabl e or§ or almérerahixal cemers. Typically, such compourﬁxe\vﬂbh@pmphrﬂdms 4 sacemial
~adm ni stration can take the form of bulk quid solutions or

suspensi ons, or bmt%vdéﬂﬁl%W@W@M%ﬁﬁF’ywﬁBMrm be prepared gz isolated as
corrpositions are c rate 10
dosing. The term %‘Eiégé%}&sage r#jor néqﬁ&?girdg o h§rsnfcgsa E'ﬁlascr %‘%nalgt S
sui t abl e as uni tarsyerdmmgaseﬁmhenummreubﬂdbm:hamfeoisbmersr(nmmchedach uni t

containing a predeterm n F%nt déﬁ’?ﬁf‘ acgttlp geéglglgg%%?{yﬁlt qqoae of
produce the
sui tabl e phaf qmce%isqmennon Pure%@?cﬁk&ﬂérs (Evemaled%iﬁmféeﬁ@qy K rbBar Bared,

i ncl ude prefi pr emeasur ed anpul es or syringes o
conposi tions or pidsing, fonekample, optically astive statting) inaterials drhstereoselective reagentsf

solid conpositions. such sitions, the furan nitron

is usually a m nor™ 'Ji)g’b‘b‘ﬁ'é %(ef mhv(?hft W’ﬁ‘ﬁdﬂ’c"%/@gﬁuﬁggwws can
preferably from alaiepdrated aéwtfoée%rhmewehmtaolma Qn}&m&gﬁwd&ﬁmbel ng
various vehicles or carriers andtﬁ)rocessmg aids hel pful for formng the
desired 20 dosrawvrngmnts and Liquid forns suitable for oral
admi ni st ratlgﬁ may include a suitable aqueous or nonaqueous vehicle
wi th buffers,” suspending and di spensing agents, colorants, flavors

and the |ike. Sol iphdrijaeeutieal Comboétiond or exanpl e, any of 25 t he
fol  owi ng ingredi ents, or corrpounds of a simlar nature: a binder such as

m crocrystal li ne cel | ul'When egiployed asRharmaceyticals) theifuranznitrene compeunds ofhiss
starch or | actose, | ;,r% fidGred I arfta i mogel ,

or corn stl%?%“gi or ﬂ%gﬁ{ such aswngigf?\%ﬁu%i;t’gar atb%lj cgfgl [ dant
such as col | oi dal composmonsciotnprmmgchtdmsdene acve=fiiram nitepnegoniposnd land a

sucrose or sgccharin;, or a_.flavo
f() carrier or vehicle suxtableq for use in pharmaceutical compositions, i.e., a

pharmaceutically acceptable carrier. Such carriers are well known in the
pharmaceutical art as are procedures for preparing pharmaceutical

compositions.

25 Generally, the compounds of this invention are administered in a
pharmaceutically effective amount., The amount of the compound actually
administered will typically be determined by a physician, in the light of the
relevant circumstances, including the condition to be treated, the chosen route
of administration, the actual compound administered, the age, weight, and

30 response of the individual patient, the severity of the patient's symptoms, and
the like.

i, 1 2



30 agentwows34s peppernmint, nethyl salicylate, or orange gdp@yas
--28- WD 98/ 03496 P Brhiko

PCT/ US97/ 11960 I nj ectabl e conpositions are typically
based upon injectable sterile saline or phosphat e-buffered saline

or other injectable cyhéipRismdceoeal cbmpbstions of this invention cancfeoadministered ur an
nitrone corrpound I n such conmposi t1ons IS t

ypi cal l'y
conponent, of t enbyaivagiety eframesiinclyding aral, reckal %Pvﬁupﬁ“%"?enai nder

e o881 ) o b popein g o menied Rt

CONpOSi ti ONs ar edélivesy,ythe tPRpDANdsGS this inGertion aretpeeferdbly formudited as either

processi ng techniques and the |like are set forth in Part 8 of
Reni ngt on’ sS Phar inirséahle @roral compositicBhces, 17th edition, 1985, Mack

Publ i shi ng Conpany, Easton, Pennsylvani a, whi ch is incorporated
herein by reference. The conpounds of this invention can

al so be admi ni stered Mheofipokitions for oral adminiseation tan mkecthe formmof bslkai ned
rel ease drug delivery systens. A description of 15 esen ative
sust ai ned r el eastqwdtsehjtians OEéHSH?ES‘PE)%rRi Quik paw ?’ﬁchB g?‘@ﬁ"’“ Y, however,

materials in Rerql[g%%al The

foll owi ng fornul ati on exe{:&? Pﬁ%ﬂs@gﬂt telq‘.iilrtgp efﬁlt-'g% R/gacﬂxtate accurate

Ehar maceut it0al cdus)ng.l t'mmrtsmf"unit idosagevformsoreferSite nhyswdbt diseretenenitsn,
owever, 20 ‘na%E limted ot ef gllowl t?sxen&) {hf'Edan? . ut i

conposi ti ons. ' suitable as Mﬁ ‘lr‘-.}g and other mamimals,, §

of formilal is ed.mmcg@ reicfrfiRAVERn amvermmemmmmmw

in an approximte 1:2 wel ght ratio. m nor anount of magnesi um 25
stearate i s addedesiredatherapeuticaefifect, Tincassociationewith af suitable pharmacentical 70 nyg

tablets . e23pi2Rt. yploaf it UGsae Biind Ink AR DréMITe PremBRLrdsAhlids b

tabl et press.
15 syringes of the liquid compositions or pills, tablets, capsules or the like in the

case of solid compositions. In such compositions, the furan nitrone compound
is usually a minor component (from about 0.1 to about 50% by weight or
preferably from about 1 to about 40% by weight) with the remainder being
various vehicles or carriers and processing aids helpful for forming the desired

20 dosing form.

Liquid forms suitable for oral administration may include a suitable
aqueous or nonaqueous vehicle with buffers, suspending and dispensing agents,
colorants, flavors and the like. Solid forms may include, for example, any of

25 the following ingredients, or compounds of a similar nature: a binder such as
microcrystalline cellulose, gum tragacanth or gelatin; an excipient such as
starch or lactose, a disintegrating agent such as alginic acid, Primogel, or com
starch; a lubricant such as magnesium stearate; a glidant such as colloidal
silicon dioxide; a sweetening agent such as sucrose or saccharin; or a flavoring

30 agent such as peppermint, methy! salicylate, or orange flavoring.
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Formul ati on 2 w%ﬂg‘ﬂ%s A compound of fornula | PCTASAT/KEE0

as a dry powder with a starch 30 diluent in an approxinmate 1:1 wei ght
ratio. The mxture is filled into 250 ny capsul es (125 ng of active
furan nitrone conpound per caPsuI e)

-20- VO 98/ 03496 Injectable compositions are typically based upon m_)ectable sterile saline

PCT/ US97/ 11960 nd
S phoa%llragés)féﬁ‘?{élr@@ gﬂﬂse OF O Erqu table carri f s known in fh Al

of formula I (50 xan an gum “are
bl ended, passed t hrbefae, mel\iuranlﬁltmashoﬁip&mdsmemh campdsimnsmbypcballyammor

wrthaprevrously made sol ution,of rgcro | i | 1 ul, ng sodi u

car boxymet hyl cel | 1905519“?’11‘%‘9“ b%gr%‘) aﬁ"%aé @!5 g@&fg ﬁé i er”
flavor, and cqf or ﬁgﬁﬁm t&ggg.t dded with sti rri ng.

Suffrcr ent (§ %ﬁlgdihb% then a edﬂ;o pré‘guce a total volune of 5 niL.
Formul ation 4 - Tablets The conpound of fornula | is adm xed
2 8y e 0's g it e SRR e

| ubricant. The m Xt&h@okmohesfeeﬂkereg}g fepfedntativ omeﬁﬂﬁwmstﬁbbarasﬁ&,@sﬁ&o

ng of active furan nitrone conpoun I'n a tabT'et press
Formul ation 5 - | njtectniques and the like are set forthhin Pam® ‘

di ssolved in buf fered st sal nje taI » ueau d' um
to a concentr ionm lgf ﬁépg iéﬁr’r@ﬁ?ﬁk P“bmh’dg& rr%ﬁ'r? %rusy[v)?n%
The furan nitrone GoRieR Y Hofforitéd ﬁekﬂyg*ryéﬁfbn@ve been di scovered to

effectively trap or scavenge free radi cal s and, accordingly, such conpounds
are useful as analytical reagents for detecting free radicals

usi ng, for exanple, ESR .0scopy tech es.. Addi nal I
furan nitrones of this .Weﬁ?‘?%‘ﬁ‘“ﬁ%gh“‘ tnveRtion mﬁfsg%gcag%?'é %g‘é’
for treating a w dqelasd firths@r frarflisgcthined séledre tdrog delivdry systamel dﬂr destziption of

As anal ytical reagents, the furan nitrone conpounds of this invention are
15 representative sustained release materials can be found in the incorparated

materials in Remington's Pharmaceutical Sciences.

The following formulation examples illustrate representative
pharmaceutical compositions of this invention. The present invention, however,
20 is not limited to the following exemplified pharmaceutical compositions.

Formulation 1 - Tablets
A compound of formula I is admixed as a dry powder with a dry gelatin
binder in an approximate 1:2 weight ratio. A minor amount of magnesium
25 stearate is added as a lubricant. The mixture is formed into 240-270 mg tablets
(80-90 mg of active furan nitrone compound per tablet) in a tablet press.

Formulation 2 - Capsules
A compound of formula I is admixed as a dry powder with a starch
30 diluent in an approximate 1:1 weight ratio. The mixture is filled into 250 mg

capsules (125 mg of active furan nitrone compound per capsule).
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useful as spwossiaqs for detecting unstable free radicals usiRge&mhi&0
spin resonance (ESR) spectroscopy and rel ated techni ques. en
used as analytical 30 reagents, the furan nitrone conmpounds of this
invention are typically contacted with the radical to be studied
in solution and peinfudticnP®Ccligiijygenerated in a WO 98/ 03496

PCT/ US97/ 11960 conventional nmanner. Any ESR.spectroneter, such
as a JEOL JES-FE3XG A compouneef forsna &(50 mp), sucresep(lofg) and kanthan gum (4

experiments. Typicall t sol ut i,on ont.atNkNg .t he Lo-tr will

be deoxygenat ed ‘B§flﬂfg\c{)‘?l=‘é‘??§nﬁf‘¥°& kﬂf%ﬂ ﬁéqoarlg?c:) A S! ge‘éﬁ’ %?ﬁk‘g'bg@%rough
the sol Ution befwitk a'greviGity e soliitioh dfsm fifle cefiulose arY sddeimbl y, an
excess of the furan nitrone is used in such ESR experi nents.

The actual Expercaseonymethyl celulose:€l1:88130,mg) imwates. sjadium bspzeate, (10 mg),
' t will @ﬁ;a ' . o SHE 98 ) S 0
(ragg:a(r::ilrren " ogﬂg‘}‘fg‘h‘& ?%gaﬁr’tféd?{vﬁ%?g ofé}qﬁe sol ven%I ang' pgagé’w é wth

respect to the spater ithen atld&bio produde 4 edtalnwolometof S mb.n adduct and the

i ke. Spin trapping procedures are well known in the art and the
exact procedure enployed can be determ ned by those skilled in the

art. Typical prwgmat us for conducting spin t rappi ng
experinments are ) anple, in C A Evans, "Spin

Trappi ng", 1& dri chi m The éampoundldf Fomulh(is jadmizSed’ss a dnyl powler withasdryi t ed 15
t herein. . e As therapeutics, the furan nifrones of this
i nvention have bSSIAN bigder inan appro ‘mﬁfefﬁsﬂ?‘gﬁ‘ Fragip. ¢ AJRINCR gmouR} ﬁé vari ety

of nedi cal dysfu Lt | : e Smixfire Y4 W :

limted to theor@,ﬁgﬂit 'S be ?ieégﬁaﬁg% a(%lrllbemr?g&\e/\hgl# act |r8\3§ 1?\%} the

furan nitrone co%¥bmgdablefs (150800 mgof activei furdnhritrone gpimpgund) in @atabley press.

of free radicals. Accordingly, the furan nitrones of fornmula |I are useful

for treating nmedi cal dysfunctions or diseases arising fromor

characteri zgd byw cal -i nduced oxi dative danage. 25

Such nedi cal dysfunctions or diseases include, by way of examle, .

di sorders of the cent ¥b¢ compoundsofsfpsmula 1 is dissolyed du aghufferedstagle saline

Par ki nsoni sm - | i : ; tricular
&e&t:abl{gﬂ&ﬁebﬂi Medfunf IS concen AT 5 Qﬁ%mgirﬁdgl}éﬁs;}rng\);ﬁi‘

henorrhage and a Ia vasospasn m gral ascul ar

headaches, spinal cord traunma, diabetic retinopat hy,

neur oanest hesi a ﬁdiunct, 3gd denentia including age-related 30

denentia, Al zhei : , multi-infarct denentia, HV denentia and
20 The furan nitrone compounds of this invention have been discovered to

effectively trap or scavenge free radicals and, accordingly, such compounds are

useful as anal)mcal reagents for detecting free radicals using, for example, ESR

spectroscopy techniques. Additionally, the furan nitrones of this invention have

been discovered to be useful for treating a wide variety of medical dysfunctions
25 and diseases.

As analytical reagents, the furan nitrone compounds of this invention are
useful as spin traps for detecting unstable free radicals using electron spin
resonance (ESR) spectroscopy and related techniques. When used as analytical

30 reagents, the furan nitrone compounds of this invention are typically contacted
with the radical to be studied in solution and an ESR spectrum generated in a
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Par ki nsoni an d¥YRMA34% di sorders of the peripheral nervous systeRCTAS®MI186
WD 98/ 03496 :

PCT/ US97/ 11960 di abetic peripheral neuropathy and traumatic nerve
damage; and di sorders of t he peripheral organs, such_as

at her oscl erosi s ( boonrventianaltmannend AORSR pectzgmeter, such ag 8 JEQle TESHEIXG on,

chronic obstructive r | i '! i . et L S,
pul nonary fibrosis sa%gljog%?%héna t%g%gglg ﬁ%"g‘é%?’@g anglt%plﬁZgntcSa/l,lthhe%ﬁx'th
trauma, buns, ischesh@inhpMie spirsaap wvill Weldedgygenated sy, Forlexummple,obubbling wpgon
ul cerative colitis, organ transplantation, renal hypertension, overexertion
of skel et al ommitzogen thrawghshe salutien beforetheESR experifent)is copdusted.

conditions th ca Codcb &3 iﬁg% | I‘?smﬁ ' ch
as arthritis; %fmdeg’ir? gﬁlbéy’o# fetgft er eﬁ@%’%&t 1 on Ogﬁ%ﬁo%kgge%ﬁ?{xeﬁ&
| i poprotein; and dysfunctions from exposure to 10 radi ati on, including

X-ray, ultraviolet, ganmma and beta radi ation, and cytotoxic ) ]
conmpounds, i ncludi ng t hd3e astuad experimentahnrpeadupss eraployed cthe Spn-tFAppineg

i nfections. Antioxi . i ME ' :
cancers and e%‘ﬁ%‘llt %@#ﬁ‘?éﬁﬁ@%ﬁron. éalg}eé,’ s %{&géh%rrpi e,epa? r7dr“étar11i
et al., Science, 2ppoducddn, the inertnesslofbthe(sbBRn) and Peagents with respect to the spin
Additionally, the furan njitrones of this i nvegt i on.have . been di scﬁocvegr ed to

effectively i%hi bi frapnthe lifeimeofdhe spin addpesandsthe fiks. |Spin frappine Precegures Are
ThFa. H evalaOulgifinsmeiart b%ﬁct%rﬁc&ﬁ%@ﬁigﬁioﬁ@d%ﬁ Be Aeitiriifhed by
variety of inflamuatory neur odegenerati ve and” adt oi nmune

condi tions, i ncl uditase Akillediinghe artdiEypicab pra@dures and @Epatatus for egnducting spin
shock, rheumatoid arthritis, .erythe

| . ng:
meni ngococcal neni FGPPING EXRETIME ?@@Fsg’%ggﬁig,"rég’%‘g@r/&" CagbesEVATS IR i ke.

See, L. Selpthodhg alaldribhinged eda, (IOPERR), P3990, afd réfetencks citél] OSaki
et al., "Chapg er- 4" Energing Opportunities in Neuroinflanmatory
Mechani sms of15 thereiReur odegener ati on" Annual Reports in Medicinal

Chem stry, pp. 3140, 25 Academ ¢ Press (1995) and reference cited
therein; and A Waage et al., J. Exp. Med. 1989, 170, 1859-1867.

Accordingly, the furan s therpsutids, te fildrinitrones of this fventitithive eef found to
treati ng di seases charact ?ri zed, by ap, over productjon or. an

unregul ated pr oducbedietyl forsreatingaswideayaniely,oh megical dysfunctipns and disgasgs. TnFa,

' ncl uding neur odegidthbiwishiiy! &' b8 Rfted i nRbry, T IsHLiBYE tial 6 iiotie BE actith

20 for the furan nitrone compounds of this invention is the trapping or scavenging
of free radicals. Accordingly, the furan nitrones of formula I are useful for
treating medical dysfunctions or diseases arising from or characterized by free
radical-induced oxidative damage.

25 Such medical dysfunctions or diseases include, by way of example,
disorders of the central nervous system, such as stroke, aging, Parkinsonism,
multiple sclerosis, concussion, aneurysm, ventricular hemorrhage and associated
vasospasm, migraine and other vascular headaches, spinal cord trauma, diabetic
retinopathy, neuroanesthesia adjunct, and dementia including age-related

30 dementia, Alzheimer’s disease, multi-infarct dementia, HIV dementia and

Parkinsonian dementia; disorders of the peripheral nervous system, such as
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WD 98/ 03496 wo 98/03496 PCT/US97/11960

PCT/ US97/ 11960 Mor eover, the furan nitrones have been
found to effectively inhibit the formation of Alerr](I-40)
bet a- pl eat ed sheets and/ or protect agai nst neuronal cell | oss.

Additionally, in cj!inéﬂc‘r’#ér@géxtaf ne%‘dﬁﬂh?W%ﬂﬁﬁﬁ@%&ﬁeﬁ%&g@ﬂﬁﬂhﬁ@g&e@ﬂdpe

the | oconotor inpalrne used by A[err](25-35). The formation o
Alerr](1-40) 5 the pecipherpl ergans] subkas sthernsclerosts (bodli diabetinsandaspontaseous),

| oi d-i nd d | Iggols . ' | t b ' i .
e o1 e | el en cronk SRR pU S DB,
aut oi mune condi t gy pﬁﬁﬁ@ﬁlgy Tibrdsis B6Eto’ sHeRibtherapeutic agerits Oatpoplasty,or nul a |

an

are useful for preventing id7 or treating neur odegener ati ve and/ or
aut oi nmune cHndi t traumsa, tmoms, ischemic bowel disease\wounds, uleersoand badqsores, lupus,

condi tions which e prevented and/or. . reat t [

nitrones of this %ﬁ?‘? gﬂﬁéﬁ' gr%mﬁQW?nUm#mgﬁgﬁg?%’a&%ﬁé#% of
condi tions invol viyaetAGhiield, En8epRtady Galrhysary dikding).0 Gthéredinditions thdtean
central nervous system anpl es _of such conditions include stroke,

condi tions 15 be treated drclude inflammatery diseasesy Sughos anthritis; yadesimblsior

henorr hage. \Wen o ' SUG Ll 0N ﬁ[?“i

conmpound w | | typ?l(t,em gx@%ﬁgﬁﬁfm aacﬁn’ ﬁﬁéglégrtéelg‘ ?%d g{?sﬁuaé]d#gﬁp a E%‘é‘\ﬁsmt he
conmpound t 01@nt er rddiionpinciuding X-ray, ultravivietp gammacandeteta) rididtion, andl cyiiotexic | y
as possible. Typically, this inpvolves I nt ravegf?us adm nj strati on.

20 compoundsningludingsthoseoysed Jor ghematherapy, for acer anddyisal)
condi tions range {{rifons &nﬁfoxﬂﬁﬂﬁtm& éméngﬁggft&?%gﬁﬂ&%“m 3nd

nmg/ kg/ hour over a period rom abo ours an
especial ly 24 to fhibibcelks prafiferatiorabSee, fan ezampis; Koflrani et al., Sciendec235: 164%ut

0.2 ng/ kg/ hour is &dﬂ‘ﬂ%ﬁ ered to the patient. A preloading bolus 25 of
from about 10 ngy i ‘500 ng nay al so be adm ni stered to achieve
adequat e stqgdy state |evels. VWi | e intravenous

adm nistration is preferred, other forns of parenteral )
admi ni stration, such aédditionally,sthe faraninifrenssiafithis dnvestion dave besn dis¢averednto

Suon 304 %0 elRSRshEiRl dbThielle drytdiBRa, 95874 098, IR "PHFR
PCT/ US97/ 11960  Elevated levels of cytokines are associated with a wide variety of inflammatory
neurodegenerative and autoimmune conditions, including Alzheimer’s disease,
20 AIDS dementia, septic shock, rheumatoid arthritis, erythema nodosum leprosy,
meningococcal meningitis, multiple sclerosis, systemic lupus and the like. See,
L. Sekut et al., Drug News Perspect. 1996, 9, 261; K. Shiosaki et al.,
*Chapter 4. Emerging Opportunities in Neuroinﬂammatory Mechanisms of
Neurodegeneration" Annual Reports in Medicinal Chemistry, pp. 31-40,
25 Academic Press (1995) and reference cited therein; and A. Waage et al., J.
Exp. Med. 1989, 170, 1859-1867. Accordingly, the furan nitrones of formula I
-are useful for treating diseases characterized by an overproduction or an
unregulated production of cytokines, particularly IL-18, IL-6 and TNFa,
including neurodegenerative, autoimmune and/or inflammatory conditions.

30
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Armong ot her f NPSPE3498 surprising and unexpected advantage of tHRCTUP%(H1960
nitrones of this invention is that such conpounds can be adm nistered at
vastly hi gher | evels than are possible with certain other known free

radi cal traps, such as N-tert-buytyl -a-phenylnitrone (P es_, of
up to 300 ng/ kg/ hour anilageover, the fugn i °P?&%§\?§%ﬂ?°mﬁo%°w§wpggﬁ¥bﬁﬂo
to 1000 my/kg may fyemeaHh 8!’9%(1—40) beta!itéaich ifegts %c?% difidteuforan celpn-

In contrast, PBN causes death or ac toxicilt gh dosages.
Accordi ngly, | ar gelossos Asiditionally uinain wivd testse sucingompalinds have beany fduad to reduce

adm ni st ered i medi at el ost stroke or qther t rovi de
si gni :‘ i cant | yI red EM‘E‘&’E W@H&?fﬁé’é“?‘ﬁ %ﬁﬁ({ég& I‘ﬁﬁ??ﬂ‘ﬁﬁ’é’&dgéﬁgrﬁo)t he

10 acconpaglyi n%@?&i&%he@é?n&ﬂ&nﬂ%ﬁil@is? aH&bef df¥loid-induced locomotor

Anot her acute con n whi ch can be advantageously treated with t

furan. ni trones of inipairnient dave beeni asseniated with neurodegenenative conditions, such as

car di ovascul ar . Syst such,as the damage which occurs in atient
Who has st for ed dAlpaeimierss Sitast /G atp B GRE nalifonco, ASeinelsa 1B Bifaa dcn
a condi tion, a phagEBREUSS fotinula I are usefi TBPPleveMingCAITTbF frestthgd furan
nitrone is adm nistered parenterally, e.g. I ntravenously, at doses
simlar to those chescoddgenerativesand/or awtbimmunecohditions: acute CNS
condi tions. 20 Q her nedi cal conditions which nay be

prevent ed anlPor treated with ~ the furan nitrone conpounds of this

i nvention are neurodegeAgiongi the vaidoub hedibal, conditions wiitle fhagyshe’prebénts® andvor

di sease, Parkinson's disease, H V-denentia and the |ike; aut oi mmune

condi tions, such deatedsttheiferan nitranes of phisdnvantionsre particulaplyeuseful for treating

povel 25 i oo afiopd vditing R pletpcORGul"Binaediph BRidTof BEERNGRY
| eprosy, ~ aRpvosesyistem. UBREMpRs of 3dcH Benditidi® indhude strékié)l dbnttionBese
di sease classifications, be appreciated by those skilled in

it will, ' €
the art, thald soneasspciated avithostenke; gprcussign and subaraghaoid berspmhage. aWhenoy
exanpl e, both aut qi e ) 5 f: lgsrrqﬁg ARHetd %EJ" . cﬁfl’«? as
mul tiple sclerosis anggﬁ{gﬂ??tdg& 0 Ritn fitfne’co nd will typi Be
--34- WO 98/ Oatieinistered in 2 manner that allows the compound to enter the patient’s
PCT/ US97/ 11960 . .As _discussed abqve, .4 he conpaounds
descri bed herein APeodstreamas.quickly &Q& directly & possible. 'Ityp‘ y. Hhis invelves

intravenous administration.

20
Intravenous dose levels for treating these medical conditions range from
about 0.1 mg/kg/hour to at least 10 mg/kg/hour over a period of from about 1
to about 120 hours and especially 24 to 96 hours. Preferably, an amount of at
Ieast about 0.2 mg/kg/hour is administered to the patient. A preloading bolus
25 of from about 10 mg to about SO0 mg may also be administered to achieve
adequate steady state levels.

While intravenous administration is preferred, other forms of parenteral
administration, such as intramuscular injection can be used, as well. In such

30 cases, dose levels similar to those described above may be employed.
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in a variet ywefosfaisg del i very systens. Injection dose |evels fpé,f.,{,gmtl' g
neur odegener ati ve, autoi nmune and inflammtory conditions range trom about

0.1 ng/ kg/ hour to at |east 10 ng/kg/ hour, all for fromabout 1 to about 120
5 hours and especially 24 to 96 hours. A preloading bolus of from about

0.1 /kg to : Of o[FNvR: Qgﬁe@ ey s fiffan
achi eve " gdequnggﬁs% égﬁ%?bﬁlsg@gﬁls%@% | wm@gﬁgﬁagg??fs not
expected to excegitrones of thisdientiofl igtas sudhocompoimds cas be lagministared b vastht |
10 For the prevention apd/or treatnent of |ong-term.condi{iQns,
such as | haheaé@g%@ﬁameosa%e é{ﬂ'tho‘?elmﬂhgth%%ﬂ?‘w g?%né’ﬁ@ ‘%é’gr %’éeéri\)'
for treatment . N-Fririﬁbi‘}i-byptﬁhgﬁim@mt DBE Tl (5S300 mEAGTious @nar al

dosing is preferred to at1 ent conveni ence and tol erance. Wth
oral dosings one highet ior éntzavtnespbaliisdbses of from 10t tacl 006 mpike mayibe ¢pployed y

th | d tati - _ . :
T N SO A RN TR IR TN ST ey
mg/ kg of furan n'%%f&lﬂgﬁ%ﬁ%@g?%@&t@ﬂ%@i 15r36 0ROV 41 Fudn hitfoe Woipousid 04

to about g an ecially ut °1 to about 10 ng/ kg
When used to prewsay b¢ hdministeteddmmediasely qustystrakiecer other trauma tmprovidsr 20

I nfl ammat ory conditign, the furan.nitrone conpounds of tai s | t] B

be adm ni%&‘?&'u@'mucﬁgthé "&t‘ﬁﬂ%ﬁ ﬁg}mamwﬂ% 44%&&%{?041 %ﬁlgon,

typically ofpthe accomgangiﬁé’ﬁéﬁéﬁtﬁrﬁe Woelpossile usin@ PBN.si on of a physici an,
escri

at the dosage |evels bed above. Patients at risk for
devel oping a particular condition generally include t hose that have

a famly history of thg condjtion . ' (£ ied
by genetic testing or gﬂ?‘ﬁ%ﬁ%‘ f%"‘@émi)g'ﬁfcﬁc%}ﬁh?('gﬂgg%ts lﬁlﬁoﬁr%at?domtmé
devel opi ng the coygnt hibiones BEthis inventisrojshacucdridativieydanmge ha theocaedibvasatilar
conposition conprising a furan nitrone,is admnistered orally to the

pr edi sposed systepatsoeh @s the-dapageswhich ocpyrs ‘Blaeﬂa“FW\_e‘Vg‘bk)&%//\f‘ffP“?‘gﬂi cally
be the samei@s tNaxgas farctiog or thé RkE WhaY E’étﬂflg %ligﬁq[édﬁgiml; A Pharnsdtkhedal g

from t he nelr odegenerati ve, aut oi rmune o | 'ammat ory condition.
- - 35- WO 98/ Osdififosition comprising a furan nitrone is administered parenterally, e.g.

PCT/ US97/ 11960 . The, C ouynds of this .invention c
admini stered as tiAEa¥ously, a} gases s‘mﬁggtﬁgﬁ?seo&sf‘w&’s@gﬁeg f i%‘ﬂi’rﬁ%gt Ed in
conbi nation with QiRetNSO&HdRtionsNC! udi ng

- 20 Other medical conditions which may be prevented and/or treated with
the furan nitrone compounds of this invention are neurodegenerative conditions,
such as Alzheimer's disease, Parkinson’s disease, HIV-dementia and the like;
autoimmune conditions, such as systemic lupus (erythematosus), multiple
sclerosis and the like; and inflammatory conditions, such as inflammatory bowel

25 disease, rheumatoid arthritis, septic shock, erythema nodosum leprosy,
septicemia, uveitis, and the like. With regard to these disease classifications, it
will be appreciated by those skilled in the art, that some disease conditions may
be classified as, for example, both autoimmune and inflammatory conditions,

such as multiple sclerosis and the like.
30 |
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other active fY¥2A34°Pone conpounds. 5 The fol | owi rECT/US97/119660

synthetic and biol ogi cal exanples are offered to illustrate . this
i nvention and are not to be construed in any way as limting the scope of
this invention. EXAVPLES

In the exanpl es bel ow, t M disgussed hpvan Becspmpauads deseribed ﬂier%ax%éumgle for use
reanings.  ADDTevi Bt DS, ok PRARIDEL IR i U Ikl P TRSHhEC

meani ng.
= broad singl et héurodegenerativedautoimmune and inflamfifttf} @dnditions range from alstsht
= . doubl et of doublets DCF

di chl or of | uor escei n0.1 mg/kg/hour to atdeast 10 mg/kg/hour, all &gcfm@gpggt 1 to about 120

dH err] O = I

enzyme- | i nked |5mTuno urs Szgign \X@@% 1696 hours. A pr&o&inﬁ'%olus of from abourt]O 1
acetate mg/kg t¥labout 10 mgkkg or mbiemay also be admlmstered EBSchxeve

= fetal bovine serum

h = hatdequate steady state levelq..|ZThe maximum to:al dosehgrqoé expected to exceed
IL-1[err = f | L-6 =

o eL I eu]ki 6 = about™ Efdaﬁ%i' B4bl 580 kg humag patient., Lps

= |'i popol ysacchari de m = mul tipl et

m n = m nut e l>/| = nol ar. .

VEM 10 pin rrunﬁ%é’é"eﬁfq"ﬁ!‘“%%ﬂ%% treatmeptipf long-teny F@“‘;}“S‘st such as
rredl um

" M1l gram Meneratme_'fnd aum:ﬂﬁ*ﬁ@'&%d:mu the r%glmen foP treatment

= mlliliter 40 usually stretchesnower many months or yearﬂ ko umll dosing is preferred for

-~ 36-- patient convenience and tolerance. With oral dosing, one to five and especially

two to four and typically three oral doses per day are representative regimens.

15 Using these dosing patterns, each dose provides from about 0.02 to about 50
mg/kg of furan nitrone, with preferred doses each providing from about 0.04 to
about 30 mg/kg and especially about 1 to about 10 mg/kg.

When used to prevent the onset of a neurodegenerative, autoimmune or

20 inflammatory condition, the furan nitrone compounds of this invention will be
administered to a patient at risk for developing the condition, typically on the
advice and under the supervision of a physician, at the dosage levels described
above. Patients at risk for developing a particular condition generally include
those that have a family history of the condition, or those who have beeﬁ

25 identified by genetic testing or screening to be particularly susceptible to
developing the condition. When used prophylactically, a pharmaceutical
composition comprising a furan nitrone is administered orally to the predisposed
patient The doses for this oral therapy will typically be the same as those set
forth above for treating persons suffering from the neurodegenerative,

30 autoimmune or inflammatory condition.
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WO 98/ 03496 wo 98/03496

PCT/US97/11960
PCT/ US97/ 11960 m p. = mel ting point
N = nor mal ' q = guart et
qui nt . = quintet 5 ROS = reactive oxygen
speci es The compounds of this invergiongiantbe admxmstcred as thetsole active

THE triplet agent of Mﬁt{égﬁg tirétered in combm%qgﬁ-%l eai'n;gtexq&l l?ﬁi:tllydmg

thioflavin T fitrone co nds. thin layer chromatography
TNFa = 9 eﬁr%cotrwen?éé&osll S Fac gau [err]g =
m cr ogram [err]L = mcrollter

= ul travi ol et

bel .
are in degr8es celsi udhefallewing synthetxc B?‘ﬁﬁ |°ﬁgﬁngi§§€g% m{lﬁh%‘?‘%
pel ow descr | be 1 s SiRIGH iy Be A 16 be constmarﬂemy&wy 46 Behififg esapeof he

furan nitrone conpo I'sS I nvention; Exanpl es 1 17 descri be

t he synthesis of thisisventions one conpounds; and Exanpl es 18-29
describe the in vitro and in vivo testing of such conpounds.

Example A 25 Synt hesi s of

N- | sopr opyl hydr oxyl am ne AEXAMPRESd (10.8 g) was added to a
cool ed sol ution of 2-nitropropane 5.35 g) and zinc dust (5.89 g) in

95% et hanol 10{ 350 i) dn theickamplesibelowpthe ollowmgaahhra\nﬁlqnséwe#pk lowing

bel ow 10[err] C. The teact stirr d.Jihe
sol vent renoved iMEAPET 0. AW SRR c@ﬁgé@ﬁgbac&fagg%)# gg?%?lr%g&lvav?ﬁ
di chl or onet hane. pfé@migeonbi ned extracts were dried over magnesium sul fate,

filtered, and solvent stri pped. The crude hydr oxyl am ne product was used
wi t hout furt her purlflhs’atlon afer Hreadbdoubleh nes may al so be prepared by

this procedure. 35 = broad singlet
15 d = doublet
dd = doublet of doublets
DCF = dichlorofluorescein
dec = decomposed
dH,0 = distilled water
20 ELISA = enzyme-linked immuno-sorbent assay
EtOAc = ethyl acetate
EtOH = ethanol
FBS = fetal bovine serum
E = grams
25 h = hours
Hz = hertz
IL-18 = interlenkin-18
IL-6 = interleukin-6
L = liter
30 LPS = lipopolysaccharide
m = multiplet
min = minutes
M = molar
MEM = minimum essential medium (or modified Eagle’s
35 medium
' MeOH = methanol
mg = milligram
MHz = megahertz
mL = milliliter
40 mmol = millimole
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WD 98/ 03496 WO 98/03496 PCT/US97/11960

PCT/ US97/ 11960 . Exanpl e B

Synt hesi s of Hydroxyl am nes By Reduction of Oxines Vari ous
hydr oxyl am nes were pr e%ﬁéed according to.the. R(Zocedur es of R F.
Borch et al. . Aner. m Soc., 197 Wg%( 897 fromthe 5

cor r espondi ng OXI ne. Sp@m ficall y a 3% ed round bottom fl ask equi pped
with a stirring notor, @ pH rreter"probﬂ“%ﬁﬁﬂ an addition funnel is charged
with a sol ution qéint.he oxi Me i nquistetanol (ca. 0.4 M. To the
stirring solugion is ROS added=0. 68rmuvwakmﬂnssp@¢leNaBH[ err]CN in
portions. The addition §unnel is & || edinglet wth 4AMHO in MeOH The
anount of the acid solujion prepaeed s bd be 10 roughly 3/4 of the
vol ume of MeOH used to i,lve the oxijnes 31'{3%% Ibutyl solution is then
added slowy to the oxi gin 1 pd conm B'ut 4 and

stabilizes ah that valu The sol ytiongl. allowed to stir at anbient
t enperature Br ca. 4 h -rrs HCl is addge ces ar keep the pH at 4.
(A small sanple can be BEriodical [y refd @'eér'l’ to determne if

the 15 reaction is cdmsl%®te). When 1“"@0‘?%‘??‘% ‘éorrpl ete, the
solution is decanted  Kg into=a 1- MHETERM ound bottom flask and MeOH i s
renmoved i n vacuo. (Wil gL =enovimigrolites met hanol by rot oevaporati on,
t he sol vent tisap shoul dBe filled= ultravieleh NaOH (1 eq.) to quench HCN
stripped off wwth MeOH). After the met hanol has been renoved, the
residue is dissolved in water and extracted 20 wi th nethyl ene chloride

(4x). The organic phasegy, %{eeﬁ&ﬂ?ms%w Jill fnpirtires are in degre&Celksiuk (Bfldss

stripped to dryness to provi he hydroxyl am ne product (as
det erni ned by NMVR athe¢n@is€jindicated). Examples A-C below describe the synthesis of an

N Oy bl ohexyT APdr oxtermesiats yeriorspa b Bl ot e Qs of (e naity’ e

Al drich, 1001 \West Eﬁiin ples A2l déseeBe the SYnthiiskstefurdli £iIORE com ; hheB. A)
was suspended in et (about 200 nmL of ether for 6 grans o the

hydr oxyl ani ne sal t Examples 8- 28 desaribe, thecin: vitre andiiip yivooresng ofi such compoundse 30
organi ¢ phase (white fluffy crystals of N-cycl ohexyl hydroxyl am ne suspended

in ether) was transferred to a round bottom flask and the ether was

renoved in Example A - - 38- WO

98/ 03496 .

PCT/ US97/ 11963 Synthesis of
N-Isopropylhydroxylamine

Acetic acid (10.8 g) was added to a cooled solution of 2-nitropropane

(5.35 g) and zinc dust (5.89 g) in 95% ethanol (350 mL) at such a rate to
maintain the temperature below 10°C. The reaction was stirred for three hours

30 and the solvent removed in vacuo. The residue was extracted three times with
dichloromethane. The combined extracts were dried over magnesium sulfate,
filtered, and solvent stripped. The crude hydroxylamine product was used
without further purification. Other hydroxylamines may also be prepared by
this procedure.

35
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vacuo. The rWOAHMS crystals were dried under a high vacuum fecre&91ieeg0
mn. to afford the title conpound. _ '
Exanple 1 5 ' Synt hesi s of

N- I sopropyl -a- (2-sul fof uran-5-yl)nitrone

N- I sopropyl hydr oxyl am ne (from Exanpl e A Exgmplg Band 5-f or nyl f ur an-

2-sul fonic acid, sodium r t hanol
(200 m_) for 24 %&IEMWHé%h%\f@fﬁf\é“&?@ @S?Hk’%eoxyl am ne
was added 10 and ti\thrrdamyumrmﬂmése\deéqﬁwemde'grhs tiopreBdurenof
stripped to provide a eI | ow solid which was recrystallized

from et hyl acet aRe F.dBorch ¢t al. 51742’”9" Chem. Soc(,7¥971y P3(3)32837 from the ¢ | e
d,
compoun U§ b of °§§ Eling (‘X%%%e ﬁ@ll i'ﬁ?%ked rﬂumz g%ﬁfsﬂﬁk%apwgd

maj or pr od I Ng “dpon

conpound was presdtha aﬁrrtdgematoe;ea plan uleteoprobefanurm ardioreAmnekischapediwith 15
cations and a hi gher pH, as the sodiumsalt. Oher salt forns can be
pr epar ed apsplusionrnfi the okiee ixmethanol (ca. 0.4 M) To thesigring selution és dat a

1637°0 (o 10 9 SR eguivplentsor Nk O phitops Pt atcyfid el it
[err]H NVR ( DIVBO\dﬂt-MM] HCY 1O MEOH. Therarhount Of @ik {cidisolutioniprepansd shiduld Be 41
0 s Yy et o ot iy
[err] C NMR (DVB gﬁf?g&g fis th%éoadhﬁ? tlowlyP{d the Dximé uffil pH‘ontts: dtho%out'L;?anﬁg

110 23, 65.23 an
Exanpl e 2 stabilizes at that value. The solution is then allowsgdrtoists iat ambient

N- P | 2-sul f of Fol | th
pr orcggﬁr eamg E>S<:1 O@%@%E‘%ﬁ’%ﬁd‘%@?ﬁ&% if addad; qsuqeé:ﬁssggy ?gweer‘]’ IPF’o?ﬁ %
?‘?{’38- sodi 3\8 S g-} gg%:ghlﬁiﬁnﬁa Gant\be b@ﬁ&da&ﬂ@f Rindved a8 work&-ip td etermine if the

PCT/ US97/ 14960 reaction is complete). When the reaction is complete, the solution is decanted
into a 1-necked round bottom flask and MeOH is removed in vacuo. (While
removing the methanol by rotoevaporation, the solvent trap should be filled
with NaOH (1 eq.) to quench HCN stripped off with MeOH). After the
methanol has been removed, tixe residue is dissolved in water and extracted

-20 with methylene chloride (4x). The organic phases are combined, dried over
MgSO, and stripped to dryness to provide the hydroxylamine product (as
determined by NMR and DSC).

Example C
25 Synthesis of N-Cyclohexylhydroxylamine
N-Cyclohexylhydroxylamine hydrochloride (commercially available from
Aldrich, 1001 West Saint Paul Avenue, Milwaukee, Wisconsin 53233 U.S.A.)
was suspended in ether (about 200 mL of ether for 6 grams of the
hydroxylamine salt) and extracted three times with 5% NaOH in brine. The
30 organic phase (white fluffy crystals of N-cyclohexylhydroxylamine suspended in
ether) was transferred to a round bottom flask and the ether was removed in
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conpound was pMW@8#RM n 41 %yield as the sodiumsalt, mp. 230PR3Ajsormiseo

(dec.). Spectroscopi c data was as fol |l ows:

[err]H NVR (DVSO-d[err], 90 MHz): [err] = 8.047 (1H, s, nitronyl CH), 7.459
5 (1H d, J = 3.4 Hz, furan CH), 6.524 (1H d, J = 3.4 Hz, furang&,
3. 865 . (2H, tvacko- Therresultingicrystaly were daed upgdes a highoragpumaieq abo

(3H, t, 7.3 Hz, . CHerrl). ..

Exanpl e 3 10 mm.toak?ord]tﬂe title compound. Synt hesi's of

N-n-Butyl -a-(2-sul fofuran-5-yl)nitrone Fol | ow ng the
procedure of Exanple 1 above and using 5-fornyl furan-2- sul fonic

acid, sodiumsalt hydrate and N-n-butyl hydr(ﬁ@}ﬂmhﬂae the title
corrpound was p%epar ed in 6.7%yield as the o0 glal t, mp. 212.8C (dec).
15 . pectroscopi ¢ data was as f!ol lf n )i | R (KBr,
(1:2{22”2]%50[2959])2 (0;)112931 9 (cly-Isoprapylre=(osulfofirg ES;&Q{EA};HE@@QM .
err an Exla?ri -
270 MHz): [err] 8. 139 (1H ﬁﬂp@xydx;og#amua_&from pl e (1H, d, Jw— ran
Hz, furan CH), 7 042—s(11f¢mcdc1d,] sodigm7sakihydrate {5. 961-3) wmozﬂumi in m(:ﬂhnolt (200

e, v Oeri)), 1369 (200 T GRLSH horstn A0 i Bt

MHz =1453. 6 ,
2o gm[ erlrgl 51853 081 thBackitd <38 16784 hours. The ;al%ewas iti‘aﬁp&ﬁfb pm,dw

Exanpl e 4 pale yellow sohd which was recrystallized frophethybacetasé to afford 5.72 g

b s 1B U AR i, ma o . oA
proceaure o anp | r ur C
acid, sodium salt hyghlysi sesrﬁmdl\k drﬁwwtlamswuywenepaﬁmg upeh &2 pH, the

corrpound was prepared |n 36% leld as the sodiumsalt, m 117-120C

(dec.). title compoun was present as the free acid, or, if.inghe presence\gf sodium
gg/T?[ch,g? /119 6(55 cations and a higher pH, as the sodium salt. Other salt forms can be prepared

by changing the cation.
Spectroscopic data was as follows:
IR (KBr, cm™): 2984.5 (CH), 2940 (CH), 1637.0 (C=N), 1216.1 (SO5)
and 1049.7 (N-O).
20 'H NMR (DMSO-d,, 270 MHz): & = 8.03 (1H, s, nitronyl H), 7.41
(1H, d, J = 3.5 Hz, 4-aryl H), 6.49 (1H, d, J = 3.3 Hz, 3-aryl H), 4.32 (1H,
m, J = 6.5 Hz; C-H), 1.27 (6H, d, ] = 6.5 Hz, CH;).
BC NMR (DMSO-d,, 270 MHz): 6 = 158.20, 147.03, 122.96, 113.89,
110.23, 65.23 and 20.63.
25
Exampie 2

Synthesis of
N-Propyl-a-(2-sulfofuran-5-yhnitrone

Following the procedure of Example 1 above and using 5-formylfuran-2-
30 sulfonic acid, sodium salt hydrate and N-propylhydroxylamine, the title
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Spect r oscopiwodamIas as fol |l ows: [err] H NMR (pMotseB6dal -
90 MHz): [err] = 7.908 (1H, s, nitronyl CH), 7.445 1H, d, J = 3.3
Hz, furan CH), 6.486 (1H, d, J = 3.3 Hz, furan CH), and 1.430 (9H,
s, 3 CHerr]). 5 Exanpl e 5

Synt hesi s of compound was prepared in 41% yield as the sodium salt, m.p. 230-233°C

N- n- Hexyl -a-(2-sk|é;c§f uran-5-yl)nitrone Fol | ow ng the
procedure of Exa *1 above and using 5-fornyl furan-2- 10 sul fonic

acid, sodium salt hydg?&&.@&k}ydgfah@wwmf | am ne, the title
n /6%Yyi

conmpound was prepared leld as the sodiumsalt, mp. 225.5C (dec.).
Spect roscopi ¢ data waiHNMR(DMEO-d,, 90 MHz): § = 8.04 R({KBs,, nitnenyk €H), 7.46%6. 8

, 2927. 1617. 2 J(£=N) . 12 S 22.
nd 11712 O 0 st = SEH i KRRy psaas, B L7 34 B T ol oS
8.050 (1H s, nijzgnyly &8.7 Hz,26H,), 1.805 gzrt,lﬁl,, aH,)Jamd 8.962H3H, turamueH)
6.517 (1H, d, J = 222 Hz, furan Cﬁ?) 3.890 (2H, t, J = 6.6 Hz,
CHerr]), 1.779 CH¥d). m CHerr]), 1.263 (2H, m CHerr]CH err]CHerr])

and 0.850 (3H, t, CHerr]). [err]C NWR (DVSO-d[err], 270
MHz): [err] = 158.275, 146.866, 125.069, 20 113. 964, 110. 258, 64.772,
30. 895, 27.142, 25.526, 22.078 and 13. 948Example 3

Exanpl e 6 . Synt hesi s of

N- Oycl ohexylf- a- (2- sul f of ur an- 5- yl ) ni t r onSynthesis of Fol | owi ng the

procedure of Exanple 1 above an¥-mBityl-os(2-sulfigfuram-Srylinitrone sul foni c

acid, sodiumsalt hydrat.e and N cyclohexyl.hydroxylam ne,, the title
conpound was prepaerF?’h°8’E!83%°>R’_ u 0%/#5{@3@1{\: v qnid yging Efé’é?}il&‘m'z’
(dec.). sulfonic aSidS SbdiRACAR !?ydiﬁh%nﬂ@@-nﬁﬁxtflﬁw@ﬂﬁanﬂﬂe, the title I R
(KBr, cnierr]): 2934.2 (Cf—l), 2858..4£C%,. 1637.2 (C=N), " 1215.5 .
) o T oS oo Ty T {6y -
8.015 (1H, ]‘§, nitrony|SI’E:?%",’”‘?*."SL:5{36’‘r"l‘y*‘i\I “d; J = 3.5 Hz, furan CH),

6.508 (1H, d, J = 3.5 IRAKHrycar'):2959.2 (CHY, 2931.9 (CH) 1 HE361(C &8 12461(S0,),
1.814-1.097 (10H, 5 CH?). [err]C NMR (DVMBO-d[err], 270
Miz): [err] = 15825%@,(59)7%9}5512ﬁ2@b, 5 113. 858, 110.197, 72.597,

30.666, 24.839 and 24.p3¢MR (DMSO-ds, 270 MHz): § = 8.139 (1H; s, nitronyl CH), 7.677
(1H, d, T = 3.7 Hz, furan CH), 7.047 (1H, d, J = 3.7 Hz, furan CH), 4.026
20  (2H,t,J = 6.9 Hz, CH,), 1.889 (2H, m, CH,), 1.373 (2H, m, CH,) and 0.950
(3H, t,J = 7.4 Hz, CH,). |
13C NMR (DMSO-d;, 270 MHz): & = 153.699, 146.774, 130.713,
118.037, 113.766, 64.742, 28.561, 18.540 and 12.438.

25 Example 4

Synthesis of
N-tert-Butyl-a-(2-sulfofuran-5-yl)nitrone

Following the procedure of Example 1 above and using 5-formylfuran-2-
sulfonic acid, sodium salt hydrate and N-terr-butylhydroxylamine, the title
30 compound was prepared in 36% yield as the sodium salt, m.p. 117-120°C
(dec.).
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Exanple 7 WO 98/03496 Synt hesi s of pCTAIS97/11960
N-tert-Cctyl -a-(2-sul fofuran-5-yl)nitrone 10 Fol | ow ng the .
proceduré of Exanple 1 above and using 5-fornylfuran-2- sul fonic
acid, sodiumsalt hydrate and N-tert-octyl hydroxylam ne, the title
corrpound was prepared | SPSUIRSCORE da@wasas W$n salt, mp. 216.9C (dec.)

o S3ce”i (i ¢ 153 R B o0 ¢ 100l SRR ISP

[err]H NMR (DVBO- d{l‘H r%’ J yg Z'Mﬁ furhﬁr(l'ﬂl) 5. 886)6111-1,( a0 = 3.3Hz( ﬁlimh (!Eh),,and

7. 492 (1 Hz, furan CH), 6.517 (1H, d, J = 3.5 Hz,
furan CH), 1. 844 1430(9“(2H3§H:)CH[err]) 1.525 (6H, s, 2 CH[err]) and
0.885 (9H, s,3 CHerr]). [err]C NWVR (DVSO-d[err], 270 MHz):
[err] = 158. 3%6 147.857, 122.079, 20 113.873, 110.182, 72.796, 50.983,
31..398, 30.452 and 28. 332. _ Example 5

Exanpl e 8 Synt hesi s of

N- Adamant yl - a- (2- sul f of ur an-5-yl ) ni t r one 23ynthesis of Fol | owi ng t he
procedure of Exanple 1 above andN:aiHexyl-o-G-sylfofuram-SsyDnitrone syl fonic
acid, sodiumsalt hydra

corrpound was prepared i eggng %?%W‘*th%ﬁeﬁ&%rﬁng%sw gqfnpg ratj-Z-

Spect r oscopi ggdat agyMhicacilObddii: salt hydrate and N-n-HeRylGxle’ox Tardine, rthé htl29 10. 7
(CH), 2853.0 (CH), 1638 (C—N) 1216.8 (S err]) and 1168. 4 s( L
-42- VO 98/ 034emmpound was prepared in 76% yield as the sodium salt, m.p. 225.5 C (dec)

7849 (1. s, nitrony Spperoscopic B AN 9,10 2L )8, 2
6.518 (1H, d, J = 3.5 Hmam Bm@)‘l)295381 , 2927.1 (CHY, 1619.2 BCEN), 124065
(6H, bs, 3 CH2) and 1. 666 [err] C NMR

(DMSO-d[err], 270 (@) %?&7]('503)133'9 13'(76 @X'ﬁ%)e44 120. 417, 5 114. 087,
110. 288, 69.¢89, 35. 639130 BRBO-d,, 270 MHz): 5 = 8.050 (1H, s, nitronyl CH), 7.448

(1H, d, J = 2.2 Hz, furan CH), 6.517 (1H, d, J = 2.2 Hz, furan CH), 3.890
(2H, t, J = 6.6 Hz, CH)), 1.779 (2H, m, CH,), 1.263 (2H, m, CH,CH,CH,)
and 0.850 (3H, t, CH,).
3C NMR (DMSO-d;, 270 MHz): § = 158.275, 146.866, 125.069,
20 113.964, 110.258, 64.772, 30.895, 27.142, 25.526, 22.078 and 13.948.

Example 6

Synthesis of
N-Cyclohexyl-a-(2-sulfofuran-5-yDnitrone

25 Following the procedure of Example 1 above and using 5-formylfuran-2-
sulfonic acid, sodium salt hydrate and N-cyclohexylhydroxylamine, the title
compound was prepared in 84.3% yield as the sodium salt, m.p. 236.1°C
(dec.).

Spectroscopic data was as follows:

30 IR (KBr, cm): 2934.2 (CH), 2858.4 (CH), 1637.2 (C=N), 1215.5

(S0;) and 1168.9 (N-0O).
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Example 9 w0 98/03496 Synt hesi s
N- Benzyl - a- (2-sul fofuran-5-yl)nitrone 10 Foll owi ng th é{{%”é‘&ﬁﬁ“e

of Exanple 1 above and using 5-fornyl furan-2- sul fonic acid, sodium
salt hydrate and N-benzyl hydroxyl am ne, the title - conmpound was

prepared in 82%yiel d g5 NMR sgna 270 MAxR-5 228. ol@dﬁee }utronyl CH), 7.439
Spectroscopi c data was as fol R (K cnferr]): 3079.2

(aromaitc O} 168, Cmp,3 Hadbi CBO 6308 (13, T =13.354 Soray £F), 4085
1173.1 (N-O). 133¢14.50 ;
8. 273 ((1H, )s i t (P> Hgmh%‘ﬂs'i‘d‘f@@;é@@ﬁﬂg ). 2 qerle%gH -

furan CH), 6.519 (1H, GCNMR MSd-d,, F2P0MHY) § = 158 230%@7@4@@212@8
CHerr]). bJ NVR (bI\/SOdBerr MHZ): [err] = 1B58.596,
146. 790, 1353319, 11H858, 192 1 92,5972 30666, 2485 @42415_% 224, 110.304 and
68. 738. Exanpl e 10

Synt hesi s of

N- I sopropyl -a- (2, 4-di sul fofuran-5-yl)nitr@ample 7 Fol | owi ng t he

procedure of Exanple 1 above and using 5-fornyl furan-

2,4-di sul fonic acid disodiumsalt and N S¥Bpesisafhydr oxyl anine, the title
corrpound coul d be prepared as tmvlﬂﬂswmﬁ-sdfofumn-s-ylmw03496

gyC'rI]'{ Egglws 13?8 B Following the procedure of Example 1 above and using gptlonnjldf&mna-

N- 1 sopropyl - a- [ 2- &ifoRiy 40i@) $odism |sil€>ﬂ{dh)a Nﬁeﬂldcfymydieﬁylamme, the title- To
a mxture of POCl[err], (160 | ) and “5-7 or ny

furansul foni c aci ¢PIBRRMN mrmré@)m%% 715157&8 &hﬁmlumsﬂfadnl@dw@ﬂ’@rﬁdpc)
(38.0 g, 1824:Em V. a 20 mn. period with
cooling. The m xture § Leo\ﬁa&daq?warség%gﬁoﬁ%om tenperature for additional
90 qu Thﬁ sol[ i ds (C pr IRNGKBE,yem™): 2954R 3NGH)) 2905.¢ (CH)PI 634, Bxcfém][msqsogpd
washed wit err r ot ary evaporation o
filtrate ga\} g@lih"bébmst hyl - 2-f ur ansul fonyl chloride 10 (16. 43
g). ThIS|IC]UIdWanI Lje rel
cooled to -45C%§Ns‘§?(lﬂh:ag§ &8 270 grﬁ%)l | nee§ ?%F(Siﬁ 5 T&égg rr)}’o?qu
Et[er 'rA} O or CH e_rﬂ]HI]Icq e A ?1 .5 Hz, furar( Eﬂ)nﬁ)Sl\ﬂ/e(éHaddd#cB 6, serauCH)L 854
m n. ter stirri or, r,eqm re, m xture was
filtered and the “3bi% ’ %ggﬂe(gﬂmft% CHy) agé%ﬁg@tf-ﬂ 5,3 &?ﬁ)
C NMR (DMSO-d,, 270 MHz): 5 = 158.336, 147.857, 122.079,
20 113.873, 110.182, 72.796, 50.983, 31.398, 30.452 and 28.332.

Example 8

Synthesis of
N-Adamantyl-a-(2-sulfofuran-5-yDnitrone

25 Following the procedure of Example 1 above and using 5-formylfuran-2-
sulfonic acid, sodium salt hydrate and N-adamantylhydroxylamine, the title
compound was prepared in 59% yield as the sodium salt, m.p. 236.9°C (dec.).

Spectroscopic data was as follows:
IR (KBr, cm™): 2910.7 (CH), 2853.0 (CH), 1638 (C=N), 1216.8 (SO,)

30 and 1168.4 (N-0).
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of the sol venwO F8#3480nbi ned filtrates were rotary evaporated tBCHASIT IS0
crude 15 2- (N- nmor phol i nosul fonyl ) -5-di chl oronet hyl furan (15.13 g) as a
yel | owi sh crystalline solid. Part of this solid (14.13 g, 47.07
mol ) was di ssolved in 75% HCOOH é nL) and refluxed for ?%}B‘I[}
The sol ution was then ro’tlﬁm (DMso-ésvaﬁ MHeh & & Zfsf‘gr(élﬂczlsu&!émny 495

'?'hl(’s\“s]glrr)gol/vagofnui(f@%‘i rf B@?é@s 6(5%99%‘)“3 Si I T ca ge? W@lo lgf

and Me[err] CHNHOH (B t, 38@H9mz>lo)75 I(GH%E;I:{ ©H,) aﬂ&ﬁ(ﬁ&ﬁ(ﬁ}ﬂr\ﬂeﬂ GHgon.

After stirring at roomterrperaturefor 1 t he mxt igéﬁ% Lf(gg_g

rotary - evapor at edCt NMR @Mfé)'ds,yaﬂ wzéh‘ssol O\gﬁlé d&2Brbbuct
tall d f | | dinmethyl eth

Uo g ve the tidle c%%%%d”“r-m-@‘?@f@é @g%%e?awoyi eld) ava

solid, mp. = 163.7C (R err] 0.31 ona25 silica gel plate using EtOAc
as the eluant). Spect roscopi c data vvas as follows:
IR (KBr, cnierr]): 2982 (CH), 2934 (CH), 28EX 9 1634 (C=N, 1584

(furan ring), 1364.8 (S(err]), 11881(!\!—% @(SQerr]) 1112. 7
Ke

gc-?0)3 6 Hz, furan 30 Lertly! N%%‘Lf’ “?'SHN‘I;#}'HA&'%“? 0517(133 c(leJ

= 3.6 Hz, furgg CH), 4. Ziiﬁllowmg the procedure of Example 1 above and using 5-formylfuran-2-
-44- WD 98/ 03496

PCT/ US97/ 11960 sulfonic acidy saddiym salt hydeate amgd szengdpyd@xylggxir(m Hhe title

LI il g VB Bl i S .

145. 920, 122.018, spégh%sadﬁc didtdAve0h, fofléwéS57, 65.947, 45.614 and
20. 538. gﬂjl e 1%)
Synt hesi s of IR (KBr, cm™): 3079.2 (aromatic CH), 1 4 (C= 1242.2 (SO,),

N- | sopr opyl - a-lg2 (Nlﬁsp{)g@e%are lﬂa furan-5-yl]nitrone

The title conpound was u5| e procedure described in 10
Exanpl e 11 above and usi ﬂgmw(wsmfd@rﬁmam—hktéad8&73rfﬂlesohitr®ylWB

(Rierr] o " or3odh S 1E‘ajcgé(; e T00 501 i 4 i St O

Spectroscopi ¢ data %5% f(g I R (KBr cn err]) 2980
(CH), 1640 (C=N), (furan’ rlng), 1356.0 15 ?B é 1177. N- 0)
and 1136.9 (Sderr]). 3C NMR (DMSO-d;, 270 MHz): § = 146.790, 135 19,
20 129.752, 129.126, 125.084, 114.224, 110.304 and 68.738.
Example 10
Synthesis of
N-Isopropyl-o-(2,4-disulfofuran-5-yDnitrone
25 Following the procedure of Example 1 above and using 5-formylfuran-

2,4-disulfonic acid disodium salt and N-isopropylhydroxylamine, the title
compound could be prepared as the disodium salt.
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[err]H NVR (Gisddio3asd . 270 MHz): [err] = 7.747 (1H d, J = 3. 7e¢usdmnged
CH), 7.653 (1H, s, nitronyl CH), 7.056 (1H, d, J = 3.7 Hz, furan CH, 4.211
(1H, septet, J = 6.6 Hz, CH), 2.794 (6H, s, CH3NCH3) and 1.457 (6H, d, J

= 6.7 Hz, 2 CH3). 20 [err]C NMR (CDCl[err], 270 MHz): [err] =
150. 435, 146.347, 122.186, 118. 64Example H75  67. 320, 37.469 and
20. 507. Synthesis of Exanpl e 13

Synt hesi f 25
N1 Sopr opy| - a- [ 2- ( NN- di eNispreapykadizr - mozpbelingsplfopyhfysan-S-yllnitrone The
title conpound was pre%raegwuﬁt X et?é}?"(fﬁ@‘?h[elﬂe%'iﬂxﬂﬁﬂahdﬁ -formyl-2-

Exanpl e 11 above and using am ne | nstead of norpholine. The
title 5§ conpmansilfoais dcid sadivn salt (49.04¢475. %1 thmel) avas@ﬂﬂ@d PEls(38.0 g,
82.9[err]C (R err

o uanty 50 o' ka2 8 g in pogionfityenacy ik tiof sifeginD? THebade * 1O

- 45- WO 98/ 03436 stirred at room tem rature for addmonal 90 min. The solids nmanl
PCT/ US97/ 11960 E cnerr]): 2981.2 élf 29 8

1633.2 (C=N), 155Na€l) werearemoved by ﬁlmgm and sashed(with §H,C),, 4R@m)

d 1135. 4 (SC2
7706 (1H, fj J) —eyaporgtion ‘Pﬁ:‘r“&rﬁ‘{"eé ‘pabe 'é'@f(%@&%w@}}u %’H&E@B‘J"
7 002 (1H, ?i? J —(iv’s 63 . i€ AguidWas dissbBed 15 Et,o o(*tlﬂph,ecqoetmL)Jandﬁod&ed-m
. 3.269 q, "2 Hz, CH2NCH2). 1.

2 CH[ err]) and 1. iﬁ)" 6IA sqlution of mogp meﬁlbﬂ @Lr 138.20 mmol) in Et,O or Ef’gpﬂzc

117, 350, aizf%g,ﬂ&% ﬁc‘a@aﬁéﬂi@aéﬁﬁa&éﬁaﬁ AR SipgH for 1 h at room
El_x?ggl re014I o[ 2- tel\lll-‘xz’lemm{eh’ tlhe mixture was {'{lte?'ed ar}d the soﬁiymhiwﬂ_sbedaw_ith 2 x 60 mL
The tPt I gycorrpoungﬂ \Fk%srr;h' yalroI pera2| e mjso R ngwlngv?&ecmde
i t16 compodtid w 3“@&%&““@95'%‘* e Tgiafitts. 1) eyasaibuh The 15
(Rlerr] = crystalline solid. Part of thxs solid (14 13 g, 47.07 mmoB was dissolved in
75% HCOOH (75 mL) and refluxed for 60 min. The solution was then rotary
evaporated to afford crude 2-(N-morpholinosulfonyl)-5-furaldehyde (12.58 g) as
a brown solid. This solid was mixed with molecular sieves (55 g), silica gel
20 (10 g) and Me,CHNHOH (6.0 g, 80 mmol) in CHCl; (250 mL) under argon.
After stirring at room temperature for 1 h, the mixture was filtered and rotary
evaporated to produce a yellowish solid. This crude product was recrystallized
from hexanes and ethylene glycol dimethyl ether to give the titie compound
(6.92 g, 30.2% overall yield) as a solid, m.p. = 163.7°C (R, = 0.31 on a
25 silica gel plate using EtOAc as the eluant).
Spectroscopic data was as follows:
IR (KBr, cm™): 2982 (CH), 2934 (CH), 2872 (CH), 1634 (C=N), 1584
(furan ring), 1364.8 (SO,), 1188.1 (N-0), 1149.3 (80,, 1112.7 (C-0-C).
'H NMR (CDCl,, 270 MHz): é = 7.763 (1H, d, J = 3.6 Hz, furan
30 CH), 7.649 (1H, s, nitronyl CH), 7.091 (1H, d, J = 3.6 Hz, furan CH), 4.218



0.19 on a siliWR%OB9| ate using EtOAc: EtOH (4: 1, v:v) as the SGHEHIg/11960

Spectroscopi c data was as fol | ows: IR (KBr, cnferr]): 2982
(CH, 2858 (CH), 1634 (C=N), 1582 (furan ring), 1364.6 (S(err]),
1182.8 (N-O d 1 . 6 .y 270
MHz) - [((ar ] ) 2 7334‘(?‘%9’%0[’6;9 § 1, &%H)’f:’u?é%“}l[ fl, rdW‘?( %@H]"s‘
nitronyl CH), 7. 07%:}“1#:}1% and 1—4152 @&HZd JIHGFBQH)ZGHgm (1H,
septet, J = 6.6 Hz H m CH2NCH2

a[ err] NCH[ err]), 2. 263 "(CBHMB (cm_:le,rmwm § = 7A50( 803, 165 930 1%2?;5&553
145365,5]3 121. 957, 349-349; ﬁékg%g% i-ﬁﬁéﬁ'e‘# §§{9"¥§5§2§[629 614, 45 523

and 20.538. g Exanpl e 15

Synt hesi s of N1 sopropyl -a

-[ 2- (N 4- et hyl pi per azi n- 1- yl sul f onyl ) - 30 Example 12

furan-5-yl]nitrone Hydrochl oride nthm;—%grochl ori de gas was
bubbled into a solution o the hove in
CHerr]C[err]. The titl Eﬁ@“’\ﬁ’smlf’é’o thy W%H"gi%ggné' yli‘m rone

- 46- WO 98/ 03496 Th t1t1 compound was re%ared sing the procedure described in
PCT/ US97/ 11960 seol y nl1)° = 1% de g err] =0 on a

silica gel plle ufixample U\abamd using N, I(Mhmg lavx)magxstqad of \merphpline. The

(Sﬁlle_bctr(z)gggpl((a_giat aé&s as fgl I ous, isal !1“?2 l? ylelfiﬁg %@Hﬁsn@%b}f (%'4_1 2

(NH+C-), 1636 (C—N)ossléﬁﬁmﬂwgemawmmgm@&c?as the eluant)( SO err]), 1188.7
(N-0) and 1141.2 (S(err]). err]H Nl\/R(D[err]O 270 MHz):

[err] = 8.205 (1H, s, ni ic)dataywas as %QHQWS J = 4.0 Hz, furan

Ez_l-l? , C|7_|) 44?1 (()i-g (gH ‘]br oi&o(}&’gﬁ[“ chlﬁl@éégm 32 (furi,%m%? 13%6_06 5

s Eueursr](N) , 3.1570 (4801);)&0&7165@1 w[aadrl]mag[(«so,j) 2.942 (3H, s, CH ﬁlrr]) and
(Derr]Q ¥ 270 MHz) : [err}'I SNHMC% Bfﬂdl’%*ﬁl é 7. ygﬂHlé’G-’ES gb%zlvgm
é)l(;nglgg 127- 243, STRPS.68% (1184, Mitodfi<CR)%.056 (18, d 115% 7 Hz, fyran CH), 4.211
(1H, septet, J = 6.6 Hz, CH), 2.794 (€H, s, CH,NCH,) and 1.457 (6H, d, J
= 6.7 Hz, 2 CH3).
20 1BC NMR (CDCl,, 270 MHz): § = 150.435, 146.347, 122.186,

118.647, 114.575, 67.320, 37.469 and 20.507.

Example 13

Synthesis of
25 N-Isopropyl-a-[2-(N,N-diethylsulfamoyl)furan-5S-yljnitrone

The title compound was prepared using the procedure described in
Example 11 above and using N,N-diethylamine instead of morpholine. The title
compound was isolated in 40.4% yield as a solid, m.p. = 82.9°C (R, = 0.34
on a silica gel plate using EtOAc as the eluant).
30 Spectroscopic data was as follows:
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N-tert-But ylw@9e$/03496|- 3-tri f | uor onet hyl phenyl sul f anoyl ) - PCT/US97/11960
furan-5-yl]nitrone 20 The title conpound was prepared using the
procedure described in Exanpl e 11 above and usi ng
3-trifluoronethylaniline instead of norpholine and

N-tert-butyl hydr oxyl anfRéKBasemay 298112 (GBhr2938! (GFD; d%§3.2niGreN),THES 6. 6 (fugan
conpound was i sol gt ed = 162. 1C (Rerr] =
0. 08 on at Ef’l 1?59.3 (S?#?’a @ %?ﬁga)cﬂde ﬁs(‘.‘ﬁn[(gpi*)] as the eluant). 25
Spectroscopi ¢ data was'RNKH® f@mén, 270 MHz) a = 7.706 (1H, d | R PsEis HzCFiRA" ] ) :
3094 (aromatic CH), 2982.9 kyl = 3.0

(CFlerr]), 1332.5CHV&0|(IH, 51 nitranyl ’Sm[)eﬂrqqz(lﬂzm Jl=( G:rﬁcﬁzaﬁmﬂ?) @.196

i) furah o, (13h scBleh) Tk M it 3o @il &' 5 781 chdind (4835

7.401-7.329 (3H, (aH pheny 6.6 Hz, 2 CHj)Sand ?1@@?6!@11"] d 73 Hz32%CHly, furan

CH) and 1.549 (9H i

ke 00 o8 0naos’ BCNMR (EDCL, 270 MHz): & = 149.703, 149,123, 122,201,

PCT/ US97/ 11960 ] | 70 Miz): [err] =
151. 442, 146, 622, 1158 beh14-758, 67[5{1%2‘&1@?(29% a3 g7 . 130, 347,

124. 260, 123.666 (q, J = 274.1 Hz) 122. 415, 120. 508 119. 852,
117.885. 114,392, 71.301 and 27. 1 s

Exanpl e 17 10 Example 14  Synt hesis of

N-tert-Butyl-a-[2-(nethylsul fonyl)-
furan-5-yl]nitrone

S 5.vi 1ni (Jypthesis of | 20
0. 01243 i) and AopraRyke iR ARRrEY IRiperazisl iellanyD i Sy ﬁxge (
mol ) in 2-ethoxyet hanoirhé &glé compound wis)prépised B§xhy¥l?éipfo€éd\§ememe8%red

into ice-water (1000 g) after cool I ng. m Xture was extracted
with CHCl[err] a ediafaverand st;ml-mﬂwﬂmmm instead of morpholine. The

0 s o151 chde AR WP IBIRFHRESR Sk AR b omp o [NEReE )

in the presence 00.19%n a silich @eliphte asiny ESOASECID(4], GMIaSItlhe elaagy! (10 Q)
at room tenperature fos 21 h and fasl refl uxing tenperature for 3 h.
After filtration and eVBSSSTOSFQRIG, datawas as follows; esi due obt ai ned was purifi ed

by col um chromat ogr apfy (RBy! &f)42982EtHN9858 (CH), 1634 (C=N), 1582 (furan

ring), 1364.6 (SO,), 1182.8 (N-O) and 1142.6 (SO,).

20 'H NMR (CDCl,, 270 MHz): § = 7.739 (1H, d, J = 3.6 Hz, furan
CH), 7.618 (1H, s, nitronyl CH), 7.071 (1H, d, J = 3.6 Hz, furan CH), 4.204
(1H, septet, J = 6.6 Hz, CH), 3.201 (4H, m, CH,NCH,), 2.450 (4H, m,
CH,NCH,), 2.263 (3H, s, CH,) and 1.470 (6H, d, J = 6.6 Hz, 2 CH,).

1BC NMR (CDCl,, 270 MHz): 5 = 150.557, 146.393, 121.957,
25  118.968, 114.559, 67.381, 53.821, 45.614, 45.523 and 20.538.

Example 15

Synthesis of
N-Isopropyl-a-[2-(N-4-methylpiperazin-1-ylsulfonyl)-
30 furan-5-yl]nitrone Hydrochloride

Hydrochloride gas was bubbled into a solution of the product from
Example 14 above in CH,Cl,. The title compound was isolated in 84.5% as a
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and ethyl acet¥P&8P3% :.v) to give the title conpound (5.37 g, FEHUS8H11960
overal | yield) as a solid, mp. 137.5C (Rerr] = 0.27 on a silica
gel plate using hexanes/ 20 EtOAc (1:1, v:v) as the eluant).

Spect i c dat f ol X . LR (KB :

??jéb Eoig EE;‘Q ?}q? s“e’ﬁéi?%p(% &gffd:o(;iwzbé&l T 0 ona st g e BOABIOH
=N) , : (1 )y an . .

[err] H NMR ( CDCI [e?@]ﬂ,’ VZ%%) :1 ?gr%r] = 7.792 (1H, s, nitronyl CH), 7.757

25 (1H, d, J = 3.6 HzSpectrosoopicHjata was@s follewsd, J = 3.6 Hz, furan CH),

3.126 3H, s, 1 LY g

Cert1C NVR (CDGIor 1], 0Ot cin e 4412 Q). 29me 0D} 8838 Aomp, 2680 awmrvcen),

119. 181, 114. 497, 7504 /QH4C1-¥3IM52NWHCIP 71636 (C=N), 1558 (furan ring), 1365.3
- 48- v\o9?3"5'90349165““3((qu 7 % (=R (

PCT/ US97/ 11960 (S0, 1188.7 (N-O)andnbl4lkd (Pdcedur es described in Exanpl es

1-17 above and the op K& Jog ,al s an t

foll owi ng furan nitrone lHM @%?ﬁﬂi@% or mﬁﬁlﬁ&ﬁ‘%@%i%f ?PH’
N-net hyl -a- (2-sul f of uf angdp nhé Rirk @19, 75443 (1H, d, J = 4.0 Hz, furan CH), 4.431 (1H,
N-net hyl - a- (2- sul fof'uran-4-yl)nitrone

N- et hyl - a- ( 2- sul f odeptetnJ 5= 15 Hizi C§He 4.018 (2H, broad s, CHL,M: Bafil3{2H, broad s,
-(3-sul fofura

Nty et %"&:ﬁ‘@ﬁjﬁm (4H, brgad s, CHuNCH,), 2.942 (3H, s, CH;) and 1.445 (6H, d,

N- et hyl - a- (3-sul f of W g5 ﬁzrb)@f{p[ one 10
N- et hyl -a- (2-sul fofuran-3-yl)nitrone
N- et hyl - a- (2- sul f of ur an- 4C {D£)e270 MHz): 6 = 150.100, 145.874, 127.967, 120.615,

N- et hyl - a- (2- sul f of s - | t
N- et hyl - a- ( 3- sul f of m@#g-%%ﬁ’tﬁéﬁ\g’ 42.884, 42.762 and 19.440.

N- et hyl -a- (3-sul fofuran-4-yl)nitrone 15

N-et hyl - a- (3-sul fof uran-5-yl)nitrone

N-n- propyl - a- §2- sul fof uran-3-yl ) ni trone Example 16
N n- propyl - a- (2-sul fof uran-4-yl)nitrone Synthesis of

N-tert-Butyl-a-[2-(N-3-trifluoromethylphenylsulfamoyl)-
furan-S-yllnitrone
20 The title compound was prepared using the procedure described in
Example 11 above and using 3-triflucromethylaniline instead of morpholine and
N-terr-butylhydroxylamine instead of N-isopropylhydroxylamine. The title
compound was isolated in 14.9% yield as a solid, m.p. = 162.1°C R, = 0.08
on a silica gel plate using CH,Cl, as the eluant).
25 Spectroscopic data was as follows:
IR (KBr, cm™): 3094 (aromatic CH), 2982.9 (alkyl CH), 1618.8
(C=N), 1363.0 (CF,), 1332.5 (SO,), 1178.8 (S0O,), 1144.1 (C-F) and 1127.6
(N-0).
'H NMR (CDCl,, 270 MHz): 6 = 7.657-7.627 (3H, m, furan CH,
30 nitronyl H & phenyl H), 7.433 (1H, s, NHSO,), 7.401-7.329 (3H, m, phenyl
H's), 7.085 (1H, d, J = 3.5 Hz, furan CH) and 1.549 (9H, s, 3 CH;).
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N n- pr opy! - aw(@desgsudeof ur an- 2-yl ) ni trone PCT/US97/11960
N-n- propyl -a- (3-sul fofuran-4-yl)nitrone 20 )

N- n- propyl - a- (3-sul fof uran-5-yl ) nitrone

N-i sopropyl -a-(2-sul fofuran-3-yl)nitrone

N-i sopropyl - a- ( 2- sul f ofA@ NMR-(CDGli,t:270nMHz): 6 = 151.442, 146.622, 136.661,

N-i sopropyl -a- (3-sul fof urap-2-yl)pitrane _

N-i sopropyl -a- ( 3- 43@131‘3961#:-’43%@ ﬂizlvr@ﬁeagfy 124.260, 123.666 (g, J = 274.1 Hz),
N-i sopropyl -a-( 3- f,oku y ' .661.

N baty| . (2 SubfAriPaittsgRyLIssz, 219.885, 114.392, 71.301 and 27.661
N-n-butyl -a-(2-sul fofuran-4-yl)nitrone .
N-n-butyl-a-ésg-sulfofuran-2-y|)nitrone Example 17

N n- but yl - a- @3- sul f of ur an-4-yl ) ni t rone 30 =Xampie

N-n- butyl -a- (3-sul fofuran-5-yl)nitrone Synthesis of

N-sec- butyl - a- (2-sul f of uran- 3-yl )W-feh%@tyl—a-[z-(methylsulfonyl)-

-49- - WD 98/ 03496 furan-S-vilnitrone

PCT/ US97/ 11960 N- sec-lbupy%!z;%- sul f of uran-4-yl)nitrone
N-sec- butyl - a- ( 2- sul f ofAlsgltidn YF Stbrbm@-®furaldehyde (20 g, 0.1143 mol) and

N-sec-butyl -a-(3-sul fofuran-2-yl)nitrone )

N sec- but yI -H ( 3- snethaesulfinicacyd sodivmesalt (25 g, 0.2427 mol) in 2-ethoxyethanol (300
N-sec- butyl - a- (3- - M s ling.
N-i sobutyl -a-(2- sﬂ%&%%ﬁ%?tﬁ%ﬁgﬁwm into ice-water (1000 g) after cooling

N-i sobut yl - a- ( 2- s WHeahixtare-wiasyéxtracted ovith CHC), and the CHCI, solution was dried over
N-i sobutyl -a-(2-sul fof uran-5-yl)nitrone . .

N-i sobutyl - a- ( 3- sdﬁzgﬂur red ypg rotary evapopted. The resulting residue (9.16 g) was

N-i sobutyl-a-(3-s J _Bi i i Cl, in th of
W. Gﬁtﬂ‘llg-‘l{/r? ?hﬁlﬁ@ﬁ%xylamme (7.0 g) in CHCY, in the presence

N-i sobutyl -a-(3-s uran
N-t ert - but yl 15- ( 2-moleéwlinsieves Y44, 50i g)randesilica gel (10 g) at room temperature for 21 h

N-terr-butyl-a-(2-sylfofuyuran-4-yl)nitron . . .
N-tert-butyl -a-(3- I#G?@‘F"é?ﬁf: ﬁ@)ﬁgi i After filtration and evaporation, the

N-tert-butyl-a-(3-resibebbranied Avasl putifiecd Byecolumn chromatography eluted with hexanes
N-tert-butyl -a-(3-sul fofuran-5-yl)nitrone

N-n- hexyl - a- ( 2- sulandreshylracatatel §lial t :¥hto give the title compound (5.37 g, 19.2% overall
N- n- hexyl - a- (2- sul §; - | yndt - T :
1%1?8%%%5@% gn:‘# f‘.ﬁr.'f"(‘z SR, 0.27 on a silica gel plate using hexanes/

N- n- hexyl - a- ( 3- sul trone
N- n- hexyl - a-3@®- sul EtQAY @1 Avivh asithe elasnt).
N-n-hexyl -a-(3-sul fof ursapnectSroXclo ﬂ:i éaré)r\;reas as follows:
IR (KBr, cm™): 3173.2 (furan CH), 2997.0 (alkyl CH), 2915.1
(alkyl CH), 1636 (C=N), 1320.9 (SO,), 1173.0 (SO,) and 1127.6 (N-O).
'H NMR (CDCl,, 270 MHz): 6 = 7.792 (1H, s, nitronyl CH), 7.757
25 (1H, d, J = 3.6 Hz, furan CH), 7.204 (1H, d, J = 3.6 Hz, furan CH), 3.126
(3H, s, CH,) and 1.549 (9H, s, 3 CH,).
BC NMR (CDCl,, 270 MHz): § = 151.930, 148.818, 120.386,

119.181, 114.407, 71.270, 43.235 and 27.737.




Ncycl ohexyl - a-Ww@-98408496f ur an- 3-yl ) ni trone PCT/US97/11960 .

N-cycl ohexyl -a- (2-sul fofuran-4-yl)nitrone

N- cycl ohexyl - a- (3-sul fof uran-2-yl)nitrone 25

N-cycl ohexyl - a- (3-sul fof uran-4-yl)nitrone .

N-cycl ohexyl - a- ( 3- sul f of Ussing-the prooesienes gescribed in Examples 1-17 above and the
N-tert-octyl-a-(2- sulfofu = 3

N-tert-octyl-a-(2- SHHAF Etzinﬁﬁ ﬁlﬁhﬁa@sﬂ%d reagents, the following furan nitrone
N-tert-octyl-a-(3- swrﬁpﬂmamzomalﬂr[tcbomebéﬁrepared

N-tert-octyl-a-(3- sulfofuran4yl&?|tr WD 98/ 03496

PCT/ US97/ 11960 N-methyl-o- Sﬂll:fP urae-Spyi) ‘3“’?@3 sul f of uran-5-yl ) nitrone
N- benzyl - a- ( 2- sul f of uran -

N- benzyl - a- (2-sul f of uran ?ﬁp?r@%gﬁbfumn-4 yDnitrone

N- benzyl - a- ( 3-sul fofuranNZm; Rbt@¥Efofiran-5-ylnitrone

N- benzyl - a- (3-sul fofuran-4-yl )nitrone

N- benzyl - a- ( 3- sul f of ur anNsmpthyhpt@osyifofuran-2-yhnitrone N et hy| -

et hyl o [2- (N ot byl sufF By GPlfoREht-yhnitrone
N-n- propyl - a- [2 (N-net hywsmb lrayas)s‘m&:axraB-Syyl):ﬁhbnene 10

N-i sopropyl - 2- (N- net hyI su am)yl ran L] nitrone
I\I—n-butyl-a[é(l\l—rrethyl {fPfg'ﬁa-‘B )y one

N sec-butyl s (2. (N met Wé“*??gﬁ%'%% i é?‘i;{“?%'.“{ Fone
N-tert-butyl-a-[2- (N et ppetyl-&4paulfpfurams-yi)nyirgme t rone 15

N n- hexyl -a-[ 2- (N-net hyl sul fapoyl ) furan-5-yl ] nitrone
N- cycl ohexyl - a- [ 2- ( N- net B @Ml‘?ﬁﬁﬁ&‘lfﬁ’ R‘)Ed“} B trone

N-tert-octyl-a-[2-(N-methyl f'“éf% 4l trone
N- benzyl - a-[ 2- (N- et hyl su Fa yI ?%érfgn- -yl)]arﬁﬂtrlr)one

N- net hyl - a- ( 2,14- di sul f of W-Myﬁas(B)snlfofmesaﬂ)mtmne

N-et hyl -a- (2, 4-di sul fof ur n-5-

N n- propyl - a- (2, 4- di sul f ¥ °§7 ‘FH%‘%BT?@'}YI)“‘W“"
N-i sopropyl -a- (2, 4-disul f A2%-12-581FdfARA-4-yD)nitrone
N-n-butyl -a-(2,4-disulfofu Hgﬁa@ Yinltrone ¥D

N-i sobutyl -a- (2, 4-di sul fdl—ufpmpﬁ-o;f[’.}-mlfcfum-&ﬂl)mtrone

N-sec-butyl-a-(2,4-disulf furan
N-tert-butyl a- (2, 4-di sul BTHEPB)H %& ';ih‘? %—yl)mtrone
N-n-hexyl - a- (3g4- di sul f ofpipaftopylyd-Y Istlfeifan-5-yl)nitrone

N-cycl ohexyl - a- (2, 4-di sul f of'uran-5-yl)nitrone
N-isopropyl-a-(2-sulfofuran-3-ylnitrone

N-isopropyl-a-(2-sulfofuran-4-yl)nitrone

N-isopropyl-a-(3-sulfofuran-2-yl)nitrone

_ N-isopropyl-a-(3-sulfofuran-4-yl)nitrone

25 N-isopropyl-a-(3-sulfofuran-5-yl)nitrone
N-n-butyl-a-(2-sulfofuran-3-yDnitrone
N-n-butyl-a-(2-sulfofuran-4-yl)nitrone
N-n-butyl-a-(3-sulfofuran-2-yl)nitrone
N—n—butyl-a-(3-sulfofuran-4~yl)nih‘one
30 N-n-butyl-a-(3-sulfofuran-5-yl)nitrone

N-sec-butyl-a-(2-sulfofuran-3-ylnitrone
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N-tert-octyl -wo@8o3sei sul f of uran-5-yl)nitrone 30
N- benzyl - a- (2, 4-di sul fof uran-5-yl ) nitrone WO 98/ 03496

PCT/US97/11960

PCT/ US97/ 11960 N- net hyl - a- (2, 3-di sul fof uran-5-yl ) nitrone

N-et hyl -a- (2, 3-di sul fofuran-5-yl)nitrone

N-n- propyl -a- (2, 3-di sulﬁ-@é&iﬁ@«gr-é-(zlshlromm -y)nitrone
N-i sopropyl -a- (2, 3-di sul f of uran- 5- nitron
N- n- butyl -a- (2, 3-di sul fMﬁcﬂ-hmyl}ay(ﬁ)mlfbfmes-yl)mmne

N-i sobutyl - a- 2,3-disu ofu n ro
N sec- gu%/yl a((2 3- di s e Biyi dﬁﬁ“%f‘mﬁeﬂ)m‘mﬂe
N-tert-butyl-a-(2, 3-di SIW:@@B&W?H é—s\ﬂfbﬂirﬁﬁ-@?ﬁ)mtmne

N- n- hexyl -a- (2, 3-di sul fofuran-5-yl)nitrone
N-cycl ohexyl -3- (2, 3- di shHséabutyba-(B-splfpfuran-5+d)nitrone

N-tert-octyl-a-(2, 3-di an;.o- ni tro0
xbe?ﬁy: ayE§ i(gl ?llilf?ﬂﬁb%f‘l&%‘ﬂ/qz)#@m r3- ri?mtronet
me a- [ { _faa(zu%(}] rone
N- et hyIy a-[2,4-di (I\I—rren?vhyl sgbﬁarmy )furan-S’ii?/'?iﬁl trone 15
N1 Sopr opyl -2 [ 2, 4-di (1 m“"*‘*&a’““”“ma’"‘ﬁ“”“? Tni trone
i sopr -a-[2, 4-
N-n-butyl -a-[2, 4-di (N- Dgl“ﬁ’&f’é' én%@?#‘f%?;ﬁg“?'ﬁl% trone
N-i sobutyl - apg 2, 4- di ( N-xopioby W{gamwﬁ)ﬁm nitrone
N sec- bu%/yl {atd [ 2, 4- dI((N- met hyl sul f anoyl )fu?gz\éS ydl] nitrone 20
xte[]t b:.lt yl [521 52d4(w— (Nisebuty-as(Gsubfofyran-Seylinitrone | ][ nitrone
n- hex a [ ura < ni trone
N-cycl o%exyl a-[2,4-di( %ﬁ’ﬁ& gaﬁo%b_} ﬁ){xg!’@ﬂ ] nitrone
N-tert-octyl-a-[2, 4-di (Azerebli l-&L@zf.ﬁmmdﬁ gq Jhiond | ni trone
N-benzyl - a[24d|(N-rrethyIsquarmy furan- | Initrone 25

the |ike; and phar macedV¥erebptyl-ac@espifahiran-2aylinitroneer eof , i ncl udi ng but

not limted {9, the sodiiyp. b{?&i-ﬁsé'-ééi?oﬁﬂ%g&ﬁ ng@ggernggicL;lr agrrea;g: tn; 20

Exanpl e 18

and

In this exanple, the ativ-kan-hum-af-(Glefomrhﬁ-Gli}&)iu@éné ormula | above to trap
free radicals in vitro js de & rated. Free radicals have been inplicated
a-

in N-n-hex
N—n—hexyl—a-(Z-sulfofuran-4-yl)mtrone

-sulfofuran-3-yDnitrone _55_ .

N-n-hexyl-a-(3-sulfofuran-2-ylnitrone

20 N-n-hexyl-a-(3—sulfofumn—4—yl)nitrone
N-n-hexyl-a-(3-sulfofuran-5-yl)nitrone
N-cyclohexyl-a-(2-sulfofuran-3-yDnitrone
N-cyclohexyl-a-(2-sulfofuran-4-yDnitrone
N-cyclohexyl-o-(3-sulfofuran-2-yl)nitrone

25 N-cyclohexyl-a-(3-sulfofuran-4-yl)nitrone
N-cyclohexyl-a-(3-sulfofuran-5-yl)nitrone
N-tert-octyl-a-(2-sulfofuran-3-yDnitrone
N-tert-octyl-a-(2-sulfofuran-4-yl)nitrone
N-tert-octyl-a-(3-sulfofuran-2-yl)nitrone

30 N-tert-octyl-a-(3-sulfofuran-4-yl)nitrone
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WO 98/ 03496 WO 98/03496 PCT/US97/11960
PCT/ US97/ 11960 Al zhei ner' s di sease and other long term

neur odegenerative conditions. A series of studies were conducted to
determne the ability of furan nitrones to trap free radicals in

hi ol ogi cal settings. N-tert-octyl-a-(3-sulfofotah<i-yl)nitronescein (DCF) is a

conpound that fluoresces %en oxi reactive oxygen species

(ROS), such as hydroxyl, Pwﬁ'(fé‘ﬁ?oip’f?&%/’lynf“r‘@\é radi cal s. Test

conpounds were eval uat ed Héﬁ%)‘lbﬁ 2-sitfitliidnyg D@nmgenge radical s by
y t

determ ning their capacit revent the oxidation in a radi cal
generating environnent. Nmnz)dﬁh-&kulgﬁnmnaz-yhgxtmylsterm were used: (i)

ferrous 10 ron and (},,) t eroxi de. When ferrous iron is
pl aced in nor né)x h&gﬂﬁ (:g l}qulm\é"{ XBBSH %Fzes to produce RGOS in the
f orm of hydroxyl rad| cal e nifdngn free radicals, and
hydrogen peroxide. Sim l)Zhenzyl\/agQ sﬂﬂﬁfaﬁ@ % g utyl hydroperoxi de is

pl aced i n non-chel at ed rrNdnethylt-di-iﬁZ-QNmethylsulfanaﬂ)fnmu-i-gllnitrone oxi dati on

hi s assay, of ther 100" [ SRt a s RS S as YMREon "
IS assay, either y

hydr oper oxi de Ve Ngy-piop 1(N-méth gﬁffh%%,ﬁﬁgl_ Heftrdner 11 M of the
test conmpound in MEM an ?ﬂa%ﬁ( m Xt gre was” i ncubated at 37C for 2

hrs. The fluol®scence waNdsapropyise-[2-(N-methyladfamoyd)furans-yijiitrone f or

excitation and 530 nmfoyf, e h t es 2

N-i sopropyl - a- ( 2- sul f of u&ﬁﬁﬂf@?ﬁg( r@ﬁé‘ygﬂﬁ éé‘ﬁ“’?’ﬁ“@ﬁ%ﬂ"&d in Exanple 1
above) reduced fl uorescegggy ]%lﬁ-tﬂnﬁéﬁ]ﬁﬂfﬂdﬂ)faﬁﬁfyﬁmﬁom 13%in the
tert- butyl hydroperoXi de assa n conpari son known free

radical trap, N-tert- N—sec-buMMylLﬁ“-meﬂly}SuMmBﬁlmml]mmed
fluorescence by 48%in t r a n the
tert-butyl hydroperoxide g{ﬁ’é%}‘ %@@P@U‘f‘gf"&@‘m §t§{‘3 t hat

N-i sopropyl - at§ 2- sul f of uyaRhéxyYle-2-(N- ﬂﬁﬁ\ﬁﬁ@hﬂi@yﬁﬁl&niﬁ%ﬂ]r@ﬁéﬁﬂ i ve at

trappi ng free radicals. Exanpl e
19 Ncycloheﬂlmf%ﬂﬁxmhﬁsﬂmm@némmmgwdy 30
In this experinment, the ni nes above to
trap free radicals is de&gﬁé é"d[ 2‘8‘ 1 OHI)?‘F%%%'M ?ecehnl gues. See,
for N-benzyl-a-[2-(N-methyisulfamoyl)furan&3yHnitrone
N-methyl-a-(2,4-disulfofuran-5-yl)nitrone
20 N-ethyl-a-(2,4-disulfofuran-5-ylnitrone

N-n-propyl-a-(2,4-disulfofuran-5-ylnitrone
N-isopropyl-a-(2,4-disulfofuran-5-yl)nitrone
N-n-butyl-a-(2,4-disulfofuran-5-yl)nitrone
N-isobutyl-a-(2,4-disulfofuran-5-yl)nitrone
25 N-sec-butyl-a-(2,4-disulfofuran-5-yl)nitrone
N-terr-butyl-a-(2,4-disulfofuran-5-yl)nitrone
N-n-hexyl-a-(2,4-disulfofuran-5-yl)nitrone
N-cyclohexyl-a-(Z,4-disﬁlfofuran—5-yl)nitrone
N-tert-octyl-a-(2,4-disulfofuran-5-yl)nitrone
30 N-benzyl-a-(2,4-disulfofuran-5-yl)nitrone
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WO 98/ 03496 wo 98/03496 PCT/US97/11960

PCT/ US97/ 11960 _ exanple, K R Mples et al., "In Vivo Detection
of Free Radical Metabolites", Free Radicals in Synthesis and
Biology (F. Mnisci, ed.) pp. 423-436 (Kl uwer Academi ¢ Publ i shers,
Bost on, 1989); and J. Mméby-ay2S-disulfofutadi-Diybgiteame Spin Tr appi ng",

El ectron Spin Resonanc 4.246- 30 94) . t.-butyl 5
hydr oper oxi de/ f err ous ﬁ?‘bﬁﬁ?&e%‘ﬁﬂﬁ%’?‘?”’é@ﬁ@%ﬂ% systemwas used in this
experinment. This free Ngfjb@m_ggpg_aghﬂgmﬁﬁgwnm&guces t - butyl - al koxyl

radi cal s, t-butyl-peroxy , and nmethyl” radicals. If the furan
nitrones are cNsdprepylfa-(2,3ghisulfofumn-SeyDoiteese r adi cal s, radi cal

adduct s shoul d be detegtapl e . ESR.spectroscopy. 10
To 490 [err]Y of a 100ﬁ?ﬁfg§§l'ﬂf@c§fdwﬂﬁ%%?wgﬁ(2-su| f of ur an- 5-
yl)nitrone sodi um sal tN%i%ﬁwle&-(msdiﬁﬂﬂﬁﬁaﬁ-i-gnﬁﬂmef | mMt-butyl

hydr oper oxi de. e reaction was Initiated by the addition of 5
[err]] of 1 mM ferrousNssetsbatyd-ca(]3-disulfofuranideyl)nitronsol uti on was qui ckly

transferred into a quagtz flat cell and.this cell.was 15 pl aced in the
cavity of a Bruker ES&?GG’W%‘Z%&&W’%&"?B@&rorreter

settings were: 9.75 -H-h [3-dishlfoRurRASeyhniffoxe 10[ err] receiver gain,
0. 20 Gnodulgﬁvon a%“% &

de, 0.080 sec tine constant, 3480 G center

field, 200 @ sNeayglohexylra-623-disdfoferansSwyBpittonee. 20

As shown in Figure 1, Nisoprapyls g 5.(2:3ulf an-5-yl ) nitrone sodi um
salt reacted with radi yﬁ?’%ﬁﬁ'ﬁ’wfwg'%?%"ﬁydroperoxi de/ ferrous
i ron _ system t ONDBAYICE-(,3-didulfcTurandSLyDhitrohge adduct is
characterized as a 4.5 G doublet of 4.5 G doublet of 16.5 G 1:1:1

triplets. The hyperfi nd-mpthyl-oiBefsdi{NrmethylsulfamoyDfumn-Z-ollpitrongs of t he
electron with the magnefic nopent .. e attached to
the N-isopropyl group, ﬁtﬁgylﬁ?'ﬁ’gg 1@@%1%%@%@@ % Hgnﬁtoﬂgs nitrone
carbon and fisom the ni Nppespydio-12)4-dii-methylsufames])furai-Seyljndarge af err]

splitting, and in conmparison to simlar results previously rig,ported for

N-tert- but yI - H-iseRRPYhal? Indi(Vimethyls llfﬂaﬂp%.éﬂ]!‘ Ofest likely a
T T o e R RS R L
salt was effective at NisppityBaf[2pedi(Ndnethylsulfamoyl)furan-5-yHaitrone used as an
Analytical Feagen O N e-tutra-15 4-AQV-methylsulfamoyl)furan-5-yljnitrone
PCT/ US97/ 11960 N-tert-butyl-a-[2,4-di(N-methylsulfamoyl)furan-5-yl]nitrone
N—n—hexyl-a—[2,4-di(N-methylsuifamoyl)furan-S-yl]nitrone
N-cyclohexyl-a-[2,4-di(N-methylsulfamoyl)furan-5-yl]nitrone
N-tert-octyl-a-[2,4-di(N-methylsulfamoyl)furan-5-yl]nitrone
N-benzyl-a-[2,4-di(N-methylsulfamoyl)furan-5-yl]nitrone
25 and the like; and pharmaceutically acceptable salts thereof, including but
not limited to, the sodium, potassium, and calcium monocitrate salts.

Example 18
Free Radical Trapping
30 In this example, the ability of furan nitrones of formula I above to trap
free radicals in vitro is demonstrated. Free radicals have been implicated in
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Example 20 ~ WO 98/03496 Treat ment of Acute CNS DPEHUSEVHIS0
In this exanple, the ability of a furan nitrone of fornula I above to
reduce the infarct volunme in an in vivo stroke nodel is denonstrated. A rat

5 per manent md cerebr.al artery occlusion 0O) . nodel .used,to
determ ne stroke tr ﬁ’é’?ﬁrse(?%&ﬂe ° @qgstsegnrnéﬁ@g%ﬁeﬁqvecm?nsof/\
acut e CNS diegigk @€ studiesoifere icondiai® detetin®thdRtiEResO0fupin altrones to
"Rodent Mbdel s of Cerebral Ischemi a (1989) Stroke, 20:1627-1642. In
this stroke nodel, trapefree radicals i biglagicadsettings. artery was permanent!ly

occl uded via cauterization to produce a 10 focal stroke.

N-i sopropyl -a-(2-sul fofuran-5-yl)nitrone, sodiumsalt (prepared in

Exanpl e 1 above) was thenimﬂu&hﬁeﬁﬂ(p@qaiswp&afﬁmd thet flD6rescesAolén bxidRed
hours post MCAO t hrough a catheter surgically inplanted in the Juglul ar

vei n. Two dbly Eeagive OXYB&0 spedies (ROS), suelsas hydroxyk deraxyd, enalkexyldiee

Fol Toned by comput PAiSHneT S SOMPTIARTeE dvaaiok 15} P i o sbovelief bt
i e, the regions ofy deasninimSmeir cApdity to prevenVERNDOK oXigitioOinreadial T at s

treated with the test conpound was 24. r;;qierr] . wher eas the mean
infarct vol ume for geRemtiagienyirenment. wwe radiealigegeratipgsysip@s were used:{i)sfegmuy

. Th N ' ' » o N l-a- .
(LUl 1 of i ant®. yi yinonf sl i) skt HyRfpePofadl [P rehibs irch s HRUEB N rofimoric
a 20 I stroke by 3sdltitidne it autororidizes ite produce RODin thepfosi cft ydrexyl qagisaled t o
controls.

. . .e.2l
I nhi bition of Al er rjupeRaXideranion frge spdicals,and hydrogen pero%g-”%u%ﬂaﬂywéen tert-
deposi t i f | of ; ' , Lbel i -
dovel oprent of A 2 Sy drbprrBBRE i¢ labds midnl dheldie 5, 68 pflilld chilfial s

(1984) Bi ochem Bi ogigationResyieldatkoxy, perbXyl, GA8-aH80 freemddisalsE. Tanzi (1989)

Ann. Med., 21;91-94. Accordingly, conpounds which effectively disrupt the
formati on of 1-40) or Alerr](1-42) beta-pleated sheets are potentially

useful for pr event hildastd\/ether SO LM RESOLEH 26 M 2 bUSA BYiicperoxide
Thioflavin T (ThT) is 30 known to rapidl éoassom ate with beta-pleated
sheets, parti cul ar | yenetraixgd gvithy5@ ¢ DCF and 100 M |of the test/eampaund in MEM and

ALerr] (1-80) - Thi S 35RRRIre Wal lnb¥ia ok 335C 18r 3 IS VR HlchbdcBibe wavelengths

PCT/US97/ 11960 measuredWted8% th farExditation dnd 330 iR AsreéniRibA S IAthése 86,
nm In this experinment, the ability of furan nitrones of fornula |

above to inhi#t t h¥-isepsenyl-a-(Zsultpfuran-p-ylnitrone sodium salt (prepared in Example 1
above) reduced fluorescence by 20% in the Fe*? assay and by 13% in the terr- -

butyl hydroperoxide assay. In comparison, a known free radical trap, N-rerr-
butyl-a-phenylnitrone (PBN) reduced fluorescence by 48% in the Fe*? assay
and by 9% in the ferr-buty! hydroperoxide assay. These results demonstrate

25 that N-isopropyl-a-(2-sulfofuran-5-yl)nitrone sodium salt was effective at
trapping free radicals.

Example 19
Electron Spin Resonance (ESR) Study
30 In this experiment, the ability of furan nitrones of formula I above to
trap free radicals is demonstrated using ESR spin trapping techniques. See, for
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Wi t h synt het Wo 9g/a3aeg ( 1- 40) or Alerr](1-42) is denonstrated byp@pasiHiless

changes in fluorescence. 5 The experinents were
performed using a CytoFluor Il fluorescence plate reader having the
fol | ow ng paraneters: 10 Filters:

Excitation 440 nmex@mple, K. R. Maples et al., "In VlVO Detection of Free Radical Metabohtes ,
Em ssion 490 nm 40

Cycle to Cycle Ti dtree RadigglspinSynthesis and Bzology '(F. Minisciz gd.)Tppred23-436 (Kluwer
Zigem Preg tzgl Cég'sfzﬂu%mﬁiceﬁﬁﬁﬁ’s%@}s Bastb, 1989); and J. A. DeGray et al., "Biological Spin
wel | ihg?, OEkmbn \Spinl Rmmwelmmammm rlA +bltyThT (3

[err] M prepared in E% dg@[le” ]L of the conpound to be
tested (10 [&r]M ysm:eée/\fmwsor%%en generating, gystem | wasoused iim tgs ( pH

?t gZa cgggoﬁnggr E)]r ep%e@ g‘}l]s é%) #Fgér]cgﬂnr%rggéhﬁgrc@u% ytyLatko Lerrlo

were tested). The ﬁﬂmﬁse&bmybwmyswﬂwmmbmlmmhafﬁemﬂ hitddhes \aPs
added and continued for a total of 12 hours. The percent inhibition of

bet a- pl efapable of trappig Any; of thessradignls, radical addunts shauld be detegtable

fl uorescence unit sg&&gwce bet ween aggregation in the presence and
in the absence of the te conpounds. The data show that the
conpounds prHpared in Exanples 1, 5, 6, 7, 9, 11 and 12 above

inhibited Alerr](1-40 et Iete sh fQI’ITB.IOI’l 15 to
(é)(zrrpalr ed go[ zhe] ((:ont I’2)|£ §\9 Hefp 'Ikﬁﬁfrmﬂ% B’Uﬁ%mﬂ)’lé‘[bﬂ’élilf?ﬂm‘s'
anpl es 3, 4, andhigbm i
mp C&lgﬁeet f‘odriurm sAfe lin Slatd} MsC@dHeM LEGR'E I%Jtill(ﬂydf'&)emx:de

bet a- pl eated 30 tion inthis
experi nents conducThedreaction wasrinitiatedrbythe ad:btmgoAﬁeuquf(llnM)fem sdﬁteaand

C\E)egg} (()%432) , the tﬁenn'ﬂloun?utpo Was St%cid u%xns@re% mt% a qgartzlﬁata cr:]e‘ill Psoé/eql was
PCT/ US97/ 11969  placed in thé Bivilj éfed Bﬁwrﬂdplsd@lasheipac@érﬂabﬁd ESRe§fectrometer
formation by 32 to 55% conpared to th controls.

settings were: 9.75 GHz frequcncy, 10 dB power, 8 x 10* receiver gain, 0.20
G modulation amplitude, 0.080 sec time constant, 3480 G center field, 200 G
sweep width and 240 sec sweep time.

20 As shown in Figure 1, N-isopropyl-a-(2-sulfofuran-5-yl)nitrone sodium
salt reacted with radicals generated by the s-butyl hydroperoxide/ferrous iron
system to produce a radical adduct. The adduct is characterized as 2 4.5 G
doublet of 4.5 G doublet of 16.5 G 1:1:1 triplets. The hyperfine splittings arise
from couplings of the electron with the magnetic moment of the hydrogen

25 atoms attached to the N-isopropyl group, the hydrogen atom attached to the
nitrone carbon and from the nitrogen of the nitrone. Based on the large a,
splitting, and in comparison to similar results previously reported for N-zert-
butyl-a-phenylnitrone, the species trapped is most likely a methyl radical.
Thus, the ESR spectrum shown in Fi;gure, 1 demonstrates that N-isopropyl-a-(2-

30 sulfofuran-5-yl)nitrone sodium salt was effective at trapping free radicals and
can be used as an analytical reagent for ESR applications.
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Exanpl e 22 5 WO 98/03496 Protection Against Al err](25-35)-1ndBEEFIS97/11960

Neuronal Cell Loss Patients with Al zheiner's di sease are
known to suffer a progressive |oss of neuronal cells. See, for
exanple, P. J. Wiitehause et al., (1982) Scignce, 215:1237-1239. In
this experinent, the ability of certain fur ample dfles of formula |

above to protect against Alerr](25-BRhtrhBiU6ER cBRUENRDistRders! 0SS 1s 10
denonstrated. Sprague Dawl ey rat hi ppocanpus 01; 18- day-gestati on enbryos

was excised and then di sdnchiategample, the abilityt ofon firan miteqreer of formuda § above to

neuronal /astrocyte cu]tures, Cells (3x10[err],) were plated on 35 mm
pol y- D- | ysi ne- reduce ¢he mfarst xply edﬁr%”aﬁ"n‘}‘g?b STE&‘@QE‘ elrﬁsrffqtﬁﬂﬂsgg@@nﬁ ant

di I t ed : ' - ,
The. or1 oi el 3ol unPairahent middie p@Hd Sty Boiditn RICH) Alddel wils BaliOhd o
nedi um Cul tur es wedeterminet stroke dreatmeil [efficacy. iMCAO is a repreSanativg moddl/diacte
T 0T o1 o EBU0 Sprirs 5o emple b} B7 iRt o, Yool GBS
-20[err]© and 100 " yr_ a
Evonpl e 1 g g, Cteori Bondnla" (F7K0) SRR 16378642, "1 I QDS flodef) the
Control s we middile vereboal darterye avasipehmanentlyeocchsied viarpauterizatihdo produce a

ercent age of ol Q@i cal |y, vi abl eur on s det er ni ned .
E ount i nggt he ddnber fﬁ%ﬁ%‘e%mpmpy l’%‘égﬂiﬁg 'g'ry?)é'\é@% ‘P%E??W in

conpared to the nuniggpmple DNab6W)wdtaher 8dministered ds' 0 ﬁ?g}ké'm. bBRisSHIE three
premarked culture regions (three regions/culture, n = 6). 25 The data

show t hat the conpohoues pasbMCAO throughaeathetsr siggically émplanted inrthe jugular vein.
above reduced Alerr]{25535) -] euronal cell..l o 3 62% conmpar.ed
to t he cont ]rr&fos‘.iayﬁtwfggﬁgéﬁr Pﬁ %g"%ﬁﬁ&&ﬁ@ g‘b&éb"a?’é%‘tioﬁ% fmasc
4 and 13 above assessed i@t terhflivii Staining/ (TPO Wkeniff Picliowsd-t3btompitercithge

neuronal cell loss in this test, . . .
-57- WO 9850349analysis to quantitate infarct volumes, i.e., the regions of dead tissue. The

manner usi ng AL err] PEdpETStelime Ry FRSIRN \au RO IR ol fhpoing wit 2k Pt
prepared in Exanpl ewherdasthe mean infdrcévohumie for4@js-not treated withdhe test coampauma|
cell Toss by 46% COQB? r3%€10 tm(gn3t h’?hecsgnrgsru tlssa're illustrated in Figure 2. Thus, N-isopropyl-a-
(2-sulfofuran-5-yl)nitrone, sodium salt reduced the mean infarct volume of a
20 stroke by 32% when administered three hours post stroke compared to controls.

Example 21
Inhibition of A@ Beta-Pleated Sheet Formation
The deposition of amyloid 8-peptide (AB) is associated with the

25 development of Alzheimer’s disease. See, for example, G. G. Glenner et al.
(1984) Biochem. Biophys. Res. Commun., 120:885-890; and R. E. Tanzi (1989)
Ann. Med., 21:91-94. Accordingly, compounds which effectively disrupt the
formation of AS(1-40) or AB(1-42) beta-pleated sheets are potentially useful for
preventing and/or reversing such amyloid deposits. Thioflavin T (ThT) is

30 known to rapidly associate with beta-pleated sheets, particularly the aggregated
fibrils of synthetic AB(1-40).. This association gives rise to a new excitation
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5 WO 98/03496 Exanpl e 23 PCT/US97/11960

Reduction of Inflammation In Al zheiner's di sease, stroke and
mul tiple sclerosis, researchers have i nplicated an inflamuatory
response in the etiology of the disease. See, for exanple, P. S

Ai sen et al., (199&1'6\%&44@%!@&&@{66%&&3 eiigSiod 44290 Pm. Vin tHis experimhat,son
et al., (1993) dia, 75-83; and S. D. Yan et al., Proc. Natl.  Acad.

Sci. USA, 94, 529@%@9@7)01‘ fyransnitrergsf Sormule Laboe io inhikit theassegiation pf THT

Slon tactors v Sl AAFHORE AR Fhitrblicd BY AERBHAE YriReag o

cause the expressfigoreséence. nitric oxide and ot her cytokines; and
i nterferon % (I NF- y), another agent 15 inmplicated in the
i nf | amrat or yPcyt oki ne response. In this exanple, the ability

of
and TNE-Terr] is denmonddsrpdtineds Ward ittinds Wsidgs CHEFIbOOH MidliSethca plate®

I'S experi nent

cel | culture syst pgdeshaving thecfollowingdparimeétefs: 20 rat pure cortical
neuronal cells (treated with 10 [err[MAra Cto retard astrocyte

growth) that had been plated on a confluent bed of two week old cortical

glial cells prepared fromthe cortices of 1 day old rat pups and
al l oned to dfow for Filters:neek. To these dxcitationaddGinméd0 LPS (20
[err]g/nmL), IL-1[err] (40 ny/pg/nl), anEnibiipre A9) naZ80 U/ L),
either wwth or without 100 [Gain:] M of the test ca@§pound 25 (i.e., a

compound of Exanple 1, 6, 1lFycfeto Gyole Tim@r 15 apauk) . Two days
later, cell viability was aqﬁﬁspiﬁq, usi ng the | aghotRindRlyy Wﬁa&ﬁbﬂ

assay to nmoni tor cytosolic protein |eakag menbr ane
damage. The 1rsesul ts Pﬂ}gw that the conpolgg rﬂH?angd es 1, 6, 11,
12, 13, 14 and 15 above " reduced the |nfla |on caused by LPS and
INF-y by fromb5 to 43% 30 conpared to the control.

- 58- -WD 98/ 03496 .

PCT/ US97/ 11960 Into each well was aliquoted 95 ul of ThT (3 uM) preggggqﬂp &FBS/ (pH
Reduction of [errlg gy hRifEsbubE 96 B8 Rfkd Mogi o%fth 0.05% of

In this experlnent ?%eﬂéblllty #‘uran nitrones rmula | to reduce
the [err]-a® oi dmeﬁhtlcﬁhﬂomané%ﬂ»ﬁe@ﬂ 61020ansl Biulcof 633(1116@(3 gg) prepared with
interleukin-1[err 1S rated I man
monocyte cell | i nbﬂ’éo eccgmpoun mq:ex%rﬁés ﬁ f, 4, 51:'_&3, 71, é:,eg, ¥ afi W

were tested). The fluorescence measurement began when the AS(1-40) was
added and continued for a total of 12 hours. The percent inhibition of beta-
pleated sheet formation was calculated from the relative fluorescence unit

25 difference between aggregation in the presence and in the absence of the test
compounds. The data show that the compounds prepared in Examples 1, 5, 6,
7,9, 11 and 12 above inhibited AS(1-40) beta-pleated sheet formation 15 to
71% compared to the controls. At 10 xM, the compounds prepared in
Examples 3, 4, and 8 above did not significantly reduce A8(1-40) beta-pleated

30 sheet formation in this test.

In experiments conducted in a similar manner using AS(1-42) instead of
AB(1-40), the compound prepared in Examples 1, 13, 14 and 15 above
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Anmeri can Type WQI9883496Col | ection, were grown in RPM -1640 nedi urkqI/use7/11960
10% fetal bovine serum (FBS, not heat-inactivated) in T-flasks. The nedi um
was changed every two days by spinning dowmn (800 rpm 5 mnutes) the cells
and added the same fresh nmedium Alternatively, the cultures_ were

mai nt ai ned 10 bynmma(ﬁaﬁahbw-mmwai‘ atipp dyc3A to 3 e% GRsrared to the
mai ntai ned at a cel‘jf, ] concentration ranging frombetween 1x10[err]
and 1x10[err] cells &E.osBecause sera may contain unknown factors
whi ch can affect nacrophage/ nonocyte IL-1 production, the FBS was
reduced to 5% for 24 hours. The FBS was further reduced to 2% over
two days prior to starting each experi ment .Exa@ple? s were 15 col l ected

by centrifugat¢ on and res Qﬂ,lﬁ% K

cal cul at ed anc1i cells wer ebﬁ%gégﬁqo'&n mgﬁﬁsﬁ%tigg%g@?re% erlﬁeuce| i s/ 0.6
m/ wel |). Cel | s Patientst withh Alzlmirnex]s diseisel 76 kpown tp anffera iprogressive loss
0-10[err]g/mM for LPS dose: '

esponse experpLments) al on r.in.
conbi nation wth A[@r'?ﬁ"?!@b??l&ess‘faj[{@’F F’Fﬂ‘ﬁf’v §: B-SWI'ute “52‘ etgff[ Z*Q%]ZWF’GP“’
dose-response expers t : t
co?rpounzlg 0?1 cy?gkiinlg?ir.&eﬁ)égzgg?%otgﬁ[e:[riﬁcgg t{l%gb@fgsgpé%%p%tgn \A‘gg&%% gd
\r/]m'th _ t he LHormaok Iﬁ?huve]tdWdé&taggdinthAﬁ(Zﬁ-&S)eﬂnduM&d{mfbathbsﬁds 48
ours prior t erformgn . . -1l err
Coer ot Pone i iy o lemATBAE s SpikyE Ay FRi-HipPesamRys of 18dsg-giiatioh embryos

presence or absenceynf exisQind thaPissifated By drifupsionCoepdre prifiry assayed
wth a commercially available ELISA kit (R )é D Sysotnerrs). Bripefl y; a

mcrotiter plate cowueehaliastrocytenciitunes. nGalis (3xi8h) wereimiatey on 3Srmmapoly-D-lysine-

A R L T T e L
the imobilized antjg¥dutal bNae Bshur) After BLPhSIrSSthatdriiNd ThalfuWads Ritfbved
hor ser adi sh per oxi dase-1i nked £o ycl onal anti body specific for

| ycl
| L-1[err] wasl®ddedrndoeplagedwithsl md. olsfrashymegium. h E€ujtures[were |maintained at 37°C in
- 59- WD 98/ 0349 . <A P
bt Use7/ 11660 8 3% COAAZ3 %, air humidified incubator. . ., After washing to
renove any unbound anti body- enzyne reagent, a substrate solution

(1: 1 hydrogen peroxide - tranmet hy] benzi dine, . y/lv) was added t
the weil's and col or deveT‘E)ﬁ)‘lﬁ)“’quﬁ('5 V) w i Qfokéﬁé':‘ér)&ﬁ%a’l" in dF5,0

I L-1[err] bound in | M b Wﬁ ‘\é\g,gpog, ed
with 2 N sulfuric a(%‘:a aﬂtdtzpﬁte:) g%fm%gﬁgﬁwo t ehgt(gﬁ'daar n ndie
the test sanp2®s wExampis i 8d4ab, 650, B2 Tnd 3aabowe) in b% methylcellvlpsqyr Eontrols
in the. sanpl es re %al C Ia&\ed aseq upon a,s ndard EULVEe. Assays
were run in were also conductéd without the test compound.” The percentage o _

morphologically viable neurons was determined counting the number of viable

neurons after 96 hours treatment compared to the number of neurons before
treatment in the same premarked culture regions (three regions/culture, n = 6).
25  The data show that the compounds prepared in Example 1, 3, 5, 6, 7, 8 and 13
above reduced AB(25-35)-induced neuronal cell loss by 3 to 62% compared to
the controls. At 100 M, the compounds prepared in Examples 4 and 13 above
did not significantly reduce AB(25-35)-induced neuronal cell loss in this test.
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quadrupl i cat qveebbses The data show that the conpounds prepar edpbg ?,[qgk@s
1, 6, 12 and 13 above reduced the [err]-anyloid-induced increase ease -

of 10 interleukin-1[err] by 22 to 48% conpared to the controls.- At 100
[err]M the conpound prepared in Exanples 11, 14 and 15 above did
hot si'gnificantly In exp@ ﬁHﬁﬁtstéiﬂd{x&éd In amﬂaﬂaﬁnaﬁiﬁweﬁkg AS(1e40) Gfistead of

rel ease of |nterleuI|nIJ)err in this test.

Exanmpl e 25 15 AB(25-35), the campound prepared iscExample 1 ahswe reduced AR(1149)-
Alerr] -Peptide. . t hi.s erinent,. t LLity of a furan
nitrone of fornmul anfucedgrurenal otif!10s! byr@E&gmpﬁgd ] ‘5? 9§ jai r ment  of
animals treated with Alerr]-peptide is denonstrated. Ml e
Sprague-Dawl ey rats (250-400 g) were given an IpSI | at er al i njection
of 20 [err]g%f Alerr](25-35) into their sBsmpla@da nigra. Prior to the 20

injection, the rats were fasted over g’; recei ved an oral
treatnent of N-isopropyl-a-(2-sulfof EFQH %‘ﬁg H}ﬁ%ﬁg?ggdi umsalt (prepared
in Exanpl e 1 abpvAR)zheibherisifisasige keokeiand Ghiviti ?le! R1e26is; Aeseatcirs Rivay |

cel l ul ose or t he vehicle al one, one hour before and {hree hours
post the Alerr] - pisplicated an in mn@t@yéms%mhp@gpmuo dhe diseasg. Seeefor

treatnment, the rat oge 1R
(dissolved in 0.1 %Weer# §qusghn|%tso ‘o 1@’932‘{’% )Pl}%é%‘}%g mmﬁfehgt rcI I hg
reflex was npmi t orBitkssn 8vald, (R093Y Glia CPIMSL83; ahd SJ IbeYay epild| Proc. Natl. Acad.
nmoni toring apparatus for the ti rre eriod, between 15 and 30 m nutes of be|

pl aced in the arendei. USdaP8nes6 G997 he Thin sespanse has beenamedeled ineell galturg b Y
det erm ned by neas Ufga@ f n d.
A0 higher notth piffo RSk Gl ety Fesbon. Théh AR
i npai rnent. The  include lqbapalymeha‘idwﬁ.RSﬂ, ﬁahgant kndmh dovcause the expression of

pg% Us97/ \1/\?923/ 03431?110 oxide and other cytokines; and interferon y (INF-v), anqtgsq agent

Loconot or | npai r 5pl@dﬁdtlﬁ the Giffahintztosd7¢ytokine response. TiaSthis example, the ability

Rot ati ons Over eat nent
M nute Period of furan gidvones nf forgla I above to reduce the inflammation caused by LPS
4 168 Sald ﬁ?F-y is demonstrated. !

16C  Alerr](25- 358" 16

In this experiment, the cell culture system used was composed of E16

20 rat pure cortical neuronal cells (treated with 10 uM Ara C to retard astrocyte
growth) that had been plated on a confluent bed of two week old cortical glial
cells prepared from the cortices of 1 day old rat pups and allowed to grow for
one week. To these cells was added LPS (20 ug/mL), IL-18 (40 mg/pg/mL),
and INFy (200 U/mL), either with or without 100 zM of the test compound

25 (i.e., a compound of Example 1, 6, 11, 12, 13, 14 or 15 above). Two days
later, cell viability was assessed using the lactate dehydrogenase (LDH) assay to
monitor cytosolic protein leakage due to cell membrane damage. The results
show that the compounds of Examples 1, 6, 11, 12, 13, 14 and 15 above
reduced the inflammation caused by LPS and INF-y by from 5 to 43%

30 compared to the control.
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16D  Alerr] ( MO98P3496100 ny/ kg of N-isopropyl -a- 6 PCT/US97/11960

(2-sul fofuran-5-yl)nitrone sodiumsalt 10 16E Alerr](25-35) + 10
ng/ kg of N-isopropyl-a- _ 9 : _

(2-sul fofuran-5-yl)nitrone sodi um salt The data in Table |
show t hat N-isopropyl -a-(2-sul fofuran-5-yl )Exampads sodi um sal t
reduced the nunber of rotatigns eri od.and ce . 1 . onot or

i mpai rment, of rats inje gﬂd\”ﬂ ﬁfﬁrﬁh‘/ &Of%gﬁe%?ﬁg!ﬂﬁ’é%&éﬁ%?%) -
treated controls. In this ex&rir_ner_xt, the ability of furan nitrones of formAdDhe reduce
Reducti on of Spatial Learning ficit 20 In this experinent,

the ability of a fuheR-amylpishiadugedriperegsed releaspookecytokines, such agintedeukinglBa|

wth N i ro- 3 ar o (B i defersia il AP UM, a NuFRbTMosdte § fins, from
cause a def | ginbritdh T Calture Collechish, were grbwh iﬁmaﬂa@meaimﬁw

et al., (1993) PNAS, 90: 9191-9194. Rat s treated wt i
N-ni tro-L-argini ne 1 detal bovineserum (FBS, not heatunarsivatedhin T-flasks.oJbeanedium

whereas untreated rgfs f ] ' ﬁlHﬁg{ '
whi ch they are initi ‘f"?ﬂgﬁ%@g‘ﬁg d%fggi’ iﬂmrd&{%"} F\sgoo?%%em )gﬁéegalﬁn
the niddle of the eind added the shiiesfréshnmediam. - Al@imatively| thdladiiresp@éreahaintained
| earning deficit is used as, a nodel for |earni nq defircits cauysed by

Al zheinmer's 10 by theadditionof Sresh medivmn Thescultyges were maintained at a cell

_-61- VIO 98/ 03 - :
PCT/ US97/ 11960 “eBicentration ranging from between 1x10 and 1x](f cellsfmL.  Because sera

N-i solpr opyl b a-(2- suhiy)éama'n-\?lknb\)miﬂctjamawhich can affectdhaumplﬁgelmmm];epwﬂ_dli E
Exa e 1 above) or a,contr adm pi ster 0 ' or e, eac
of gipne doses 012 N-RYPycsiop. ﬁwﬁw&s(ﬁﬁwgé g?}'pz‘ﬁ houfg,e The S Wik furtfer
wanderings of the rahs-4862% oo8r W&i\ﬁmr J%gfiﬁé%élﬁe Wehf12tThe ks were

dosed 5 with N-nitro-L-arginine equal I'y around the perineter of
t he encl osurel$ collectedi by sentrifygation agd tresuspended to 3% FRS. f Cell aumbprsswere

oul 5 are St ekl Sy ers e B0 2P RET5  IF bR RS
sodi um salt show a @eIRfeérenhén fredted WEthaLES (®5 [Ag7fl or 0-10ug/ml for LPS dose-
response experiments) alone or in combination with A8 peptides (5xM or 0.05-
5 uM for dose-response experiments). When determining the effect of the test
20 compounds on cytokine release, 100 uM of the test compound was added with
the LPS and AB25-35 and this mixture was incubated for 48 hours prior to
performing ELISA,

IL-1B secretions into medium by LPS-stimulated THP-1 cells, in the
25 presence or absence of amyloid peptides and a test compound, were assayed
with a commercially available ELISA kit (R & D Systems). Briefly, a
microtiter plate coated with a murine monoclonal antibody to human IL-18 was
supplied by the manufacturer. Standards and samples were pipetted into the
wells and any IL-18 present was bound by the immobilized antibody. Unbound
30 proteins were washed away and a horseradish peroxidase-linked polyclonal
antibody specific for IL-18 was added to the wells to "sandwich” the IL-18
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encl osure | ' they were first placed and rarely cross the center of
5

t he 10 encl'osure as illustrated in Figure 3C. This behavi oPCTES97/11960
essentially the sanme as rats treated with a saline control (i.e.,
w t hout N-nitro-L-arginine) (see Figure 3A). These results
denonstrate that i r o 2o SUlef of, - 9-). LLr . i um
salt prevents the%édggﬁpa‘ﬁprlggiﬁnﬁg M‘?#@éﬁggﬁ)"g’ygﬁgﬁ’ﬁ%’f*‘a{‘r“é’?’ﬁ ne.
15 enzyme reagent, a substrate solutidnx@lvphgdibgen peroxide -  Prevention

of MBP-1nduced Experinental Allergic Encephal onyelitis

Mil tipl e scl er osi @trpmeihythenziding yhy)ovasad tthe yetingndicolor dsvelopedsind
by denyel i nati on eé'?ﬁ@&%ﬁéy]s nco¥ 1246 SR0Ad il B MEFIEP. | EoftD WeflbHEA

by progr unction, Tncluding nuscul'a

trenor, 20 5 incwas stoppedewith @iNasulfiristacidoamt the, opaiedl dengitglof dlyes Stamdaird @nd
Wi th rem ssions and exacerbations._ At present, the _only treatpent
for M5 is physi caiheestsamples was measured at 450 nm, (ke amounts of [L-JSpresent in the

encephal onyelitis b0 ' 'q&;opn' ' L £:

pr otgi n (%P) or ﬁgﬁeﬁe‘&l de ‘fq‘r%tg‘yrrg#tég I'S ?‘{e]fotgé%% c%xgvebeﬂgﬁggr&réﬁé‘%rgg% ul
model for MS. Seequadeuplicaterwells. The HatalshéwrthanthetcoaipoundsSpreparedrih Examples
Experinmental Allefgjc,Enc alonyelitis.in the Lewsis Rat," Th our ngl of
| nmunol ogy, 113( 2§’: 6’7&5"’@@@&5%5““9#%%‘%&&1 : ‘Qqﬁgsﬁ‘glrﬂ\‘]]ﬁsﬁ Bf a
furan 10 Ni ti(i)&munfn-wbwhetous%)eumphf%d%fm@esmMiEi- | VOHREAME AR | S

denonstr at ed. 3 Acclimated female Lewms rats, (Harlan;

200- 250g) were usesmpoundiprepared in Examploe dil mbhtandiMicabovhidid ot significintlyat i s
geggt call %Dhlgg/h Bégé%s&%pé-mwoi&-?nﬁégd inicPeased release of interleukin-18 in this test.

PCT/ US97/ 11960 t he experinent, 100 ng/kg of
N-i sopropyl -a-(2-sul fofuran-5-yl)nitrone sodi um salt (prepared in
Exanpl e 1 above) or a vehicle al one (cont Examplgadd adni ni stered po

once a day f5om days 4 t 1i6h oﬁ'?%bg&er,no}&ﬁnﬁ@ﬁﬂeﬁ?%u‘ﬁgrgﬁ-nxfepgldﬁs 500

I njection of 100 [err]g of pep romagul nea pi g

[err]g of 5 H3 7 RAInMhisbéxpetierent;rthe abilityl of al furamngitrehe oF fermmida $ aBolveuscant
di vi ded equal ly n the two_hind foot-pad

The rats were evaﬁeﬂﬁ?%ﬂ‘egﬁt‘\é‘/’e%‘-@%“é of gaimals; frea t“é‘?ﬁ Adgpeptideds | day
demonstrated. Male Sprague-Dawley rats (250-400 g) were given an ipsilateral
injection of 20 ug of AB(25-35) into their substantia nigra. Prior to the

- 20 injection, the rats were fasted overnight and then each received an oral
treatment of N-isopropyl-a-(2-sulfofuran-5-yl)nitrone sodium salt (prepared in
Example 1 above) (10-100 mg/kg) dissolved in aqueous 1% methyl cellulose or
the vehicle alone, one hour before and three hours post the AS-peptide
stereotaxic injection. One week after treatment, the rats were dosed s.c. with

25 0.5 mg/kg apomorphine (dissolved in 0.1% vitamin C in isotonic saline) and
the circling reflex was monitored using a Rotorat computerized behavioral
monitoring apparatus for the time period between 15 -and 30 minutes of being
placed in the arena. Impairment of the animals due to AfS-peptide was
determined by measuring the number of rotations over the 15 minute period. A

30 higher number of rotations per period indicates more physical impairment. The
data are shown in Table I below.



18 (effects YEQ&MP3Megin day 10 and peak day 15). See E. HeberPGEUSIVITI®
10 Ups and Downs of EAE," International Reviews | mmunol ogy, 9: 277-285
(1992). The 0-6 evaluation scale is as follows: 0) normal; 1) abnormal

gait, hoppi ng, flaccid tail; 2) defi e.weakness in one or both
hind legs, mld ataxia; 3) noderate -B%htl ;Bar esi s, severe ataxia; 4)
m ni mal hind | eg novenent after Locomotor %mntqjd%IAﬁggL%) 5) no hind

| eg novenent; 6) nori bund state W|th little or 15 no m)verrent |rrpa| red
respirati on. ResSulses=s e S5 el ok . 6
fromO to 6. Test The results are shown in F| %@n&sﬁb&sg
results show‘g! hat I‘h sopropyl Tr g Sul fof uran- 5 yI W&%ﬁodl um
salt conmpletély coulaka -H L _V=1s WY~y lieshell

Exanpl e 28 16A  Naiv T event [ onof Wslght4 Loss
Ani mal s exposed to MBP or NBP pepti de exhibit significant weight |oss 25
as conpared to contléB s 8alimsed to Freund' s adjuvant alone. To deternine if

the furan nitrones r prevented such weight |oss, the animals in
t he EAE m)olgc é{&&%é ) | n Exarrpl e 27 above were wei ghe&gdai ly. The

resul ts [kEBF NeisBfropyl-a- 6
N-i sopropyl - a- (2 suI fof \llj\?g 1? lﬁn ri m;ﬂﬁsgﬁ | ﬁm salt exhibited
normal or above nor nal ‘#I gal.n ereas e ahinals 30 recei vi ng MBP

wi t hout the f@ran ri6B onmﬁﬂas;meoimykgwwmp@g;a. These 9 results
are shown in Fi gure S (2-sulfofuran-5-yl)nitrone sodium salt -63--
WD 98/ 03496 ; = = s
PCT/ US97/ 11960 Exarrpl e 29
Reduction of Learning icit ,in, Autpimune Mce S
experinent, the abili t%ﬁé it Lable i, g’%m FBPme“t(zasé}&f9Q"?fb‘5'YD"m"°
reduce | earni ng dedy ABSF fokft e

MRL/ MpJ controls an Fas er?r dcﬁ‘ﬁ%%ﬁ%n mce V\ergk?pﬁgr?%%@gg&%fa:ﬁ?éy with 1
% melfy| c dbtamotoe inpadtthenty of wats linjboed wjtlk 4 825-35) compared to AB(25-35)-
N-i sopropyl -a-(2-sul fof uran-5- yl)nitrone sodiumsalt (prepared in
Exampl e 1 above) ( c‘?,‘E;Yﬂ}%und ) in1l % net hyl cel | ul ose for 9-10
weeks. Fol |l owi ng dosing, aninmals of approximately 4 nont hs of age
were tested in an active avoi dance T-nmaze. In the one day test, 10

animal's were anal yzed for acquisition to alsa@pler¥ck within the first five

trials of ‘the test. Wen gl AxReE STRRAPLIRNE Biflcited (0= 14-15),
ani mal s
20 In this experiment, the ability of a furan nitrone of formula I above to

reduce spatial learning deficiencies in vivo is demonstrated. Treatment of rats
with N-nitro-L-arginine, a nitric oxide synthase inhibitor, is known to cause a
deficit in spatial leamning. See, for example, G. A. Bohme et al., (1993) PNAS,
90:9191-9194, Rats treated with N-nitro-L-arginine wander aimlessly

25 throughout their enclosure whereas untreated rats spend most of their time in
the quadrant in which they are initially placed and stay away from the open
area in the middle of the enclosure. This N-nitro-L-arginine-induced spatial
learning deficit is used as a model for learning deficits caused by Alzheimer's
disease and other dementias.

30
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adni ni st er edVOP¥AWP¢ opy!| - a- (2- sul fof uran-5-yl ) nitrone sodi um petwsshneerd a
50% protection in acquisition learning deficit conpared to Fas nutated

ani mal s receiving only 1% net hyl cellul ose as shown in Table Il. 15
Table 11 . . Mean Acqui sition Values (Maxinmm score of
5.0) Corinrthis/ expesimente 10)mg/kg of N-fsapfopyl-pr+(2isubfofttan-5-yl)nitrone
ga;%sr "]/ Test Q%ﬁﬂgﬁf Min Example 1 abovg)aﬁr a cr_aZLgt%g’l was administered SKEann-
= 14 min before'eath b nine doses of N-nitro-L-arginine (100Mng7kg 8ip?).! The

cel | ul ose. 2 The test corrpoungd waé Bk

N-i sopropyl - a- ( 2-wandegngs efthe_rpts)were thenemonitored. Theodsults shawt thatfats dosed

Surtof ur ans & y1 ) R NAROS rateiRRE ARG el Bhoulie B8 B ke e e smsonure
dgzel oped "o 98/ gggggacﬁlytabmamﬁaf the field. These results are illustrated in Fig.

PCT/ US97111960 2B. In contrast, ratsptregted: wish NonisteolreggicinecandpV-isopropybiai-@is

modi f i cations and,GhaRaes. yijhitrone sodiukl' S f SHIRPE phBRRARS B LRSS @L N1 S
invention will occur to se snkl ed n & t° / I e':,au%‘h
nodi fi cati ons corenclpsuretihionwhick tiieyoweredfirst placabar Beely Gréds the dériter of the

i included therein. . _ WD 98/03496 )
ngfl-/e ngg / E({ 8 ! ne%cl%s&re asr}ﬁustrated in Figure 3C. This behavior is essentially the same as

rats treated with a saline control (i.e., without N-nitro-L-arginine) (see Figure

3A). These results demonstrate that N-isopropyl-a-(2-sulfofuran-5-yl)nitrone
sodium salt prevents the spatial learning deficit caused by N-nitro-L-arginine.

15 Example 27
Prevention of MBP-Induced Experimental Allergic Encephalomyelitis
Multiple sclerosis (MS) is a chronic inflammatory CNS disorder caused
by demyelination in the brain and spinal cord. The disease is characterized by
progressive CNS dysfunction, including muscular weakness, tremor,
20 incontinence, ocular disturbances, and mental dysfunction, with remissions and

exacerbations. At piesent, the only treatment for MS is physical therapy.

Experimental allergic encephalomyelitis (EAE) induced by injection of
myelin basic protein (MBP) or MBP peptide fragments is reported to be a
25 useful model for MS. See, for example, D. E. McFarlin et al., "Recurrent
Experimental Allergic Encephalomyelitis in the Lewis Rat,* The Journal of
Immunology, 113(2): 712-715 (1974). In this experiment, the ability of a furan
nitrone of formula I above to prevent MBP-induced EAE is demonstrated.

30 Acclimated female Lewis rats, (Harlan; 200-250g) were used in this
experiment since this strain of rat is genetically highly susceptible to EAE. In
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WHAT 1S CLAI MY9 843496 1. A compound of for mul aPET/USE/11960
[err] wher ei n each Rerr] is independently selected
fromthe group consisti ng of hydrogen 15 -al kyl, substituted al kyI

al kenyl , al kynyl
cycl oal kenyl and hdh
consi sting of hydrqgg

al kcycl l C%P‘g’q% E‘ﬁ%ﬁdﬂ ora vehzélECyC Hﬁenglwasal kynyl ,

al karyl, aryl,

al kar

%exgerim 20 oo B MRS S i oh Bl RS

Rlerr] is selected aﬂnnmslemi po onm zday fmlm dayso4 tall&yIOn dagbét thematsireatived an

al kenyl , al kynyl,

cycl oal kenyl ;
consi sting of

njedtin of 0k of MBB pedide om EunGaris Brain, plus 0w of oup
?q‘iRA Mycobactem%%\'ﬁ]% 'iﬂl com%ﬁtﬁ "Fredides H)u@m divided equally

-ST err] NR[ er erern s hydrogen “or
phar maceuti cal | y adetyweealthe twathind fookpads. Rlerr] is sel ected from
the group consisting of alkyl, substituted al kyl, al kenyl , al kynyl,

al karyl, aryl,

al kcycl oal kyl, cycl oal kyl and cycl oal kenyl ;

Rierr] is selected fromjyirty giR aanm&:témsooésaw qmp%tre‘emhfd wHif ay

al kenyl , al kynyl,

cycl oal kenyl ;
fromthe gro
al kenyl , alk

al karyl, aryl, alkcycloal kyl, cycloa

18 (effects usqlleyr bdgimday ﬂapend]peek day rlﬂhpswEnrHepe&lﬂam;t"ame

il Wb

cycl oal kenyl ; or R[ mg amk (Rlscevaluation k€ is ¥4 fdllow’e O)'ddrﬂﬂﬁnl)adb%hﬁﬂzg it,

whi ch they are attache
carbon atons and o
from the g
- 66- WO 98/ 034

15

20

Mopping| flacaid sail; 2)defigite veakness in ohe oe bou hind
;&8%0&% pabpRRs R sQVLrOExia" 4) TR HDsh }},@1:}1&39«7% 28er,

can forma heterocyclic ring containi nq fromide
egs, suildeataxia;

painful stimuli only; 5) no hind leg movement; 6) moribund state with little or
no movement, impaired respiration. Results are expressed as a behavioral

score ranging from 0 to 6.

The results are shown in Figure 4. These results show that N-isopropyl-
a-(2-sulfofuran-5-ylnitrone sodium salt completely counteracted the effect of
MBP in this test.

Example 28
Prevention of Weight Loss

Animals exposed to MBP or MBP peptide exhibit significant weight loss
as compared to controls exposed to Freund’s adjuvant alone. To determine if
the furan nitrones of formula I prevented such weight loss, the animals in the
EAE model described in Example 27 above were 'weighcd daily. The resuits
show that those animals receiving N-isopropyl-a-(2-sulfofuran-5-yl)nitrone
sodium salt exhibited normal or above normal weight gain whereas the animals
receiving MBP without the furan nitrone showed serious weight loss. These

results are shown in Figure S.
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mis an int egyepsdyeen 1 to 3; and n is an integer fromO to 2, porasyitadse
that m+ n = 3; or pharnaceutically acceptable salts thereof.

2. The conpound according to Caim1l wherein R err] is hydrogen.

3. The conpound according to Claim1l wherein err] is hydrogen.

4. The conpound according to d ai m 1 R%Qerr] Is selected from
the group consisting of al Ika

5. The conpound accor di :%‘dPS? é%ﬁf'ﬁ%&hf@ 'P’kﬂ’ﬁ r

cycl oal kyl . In this exﬁenmen“ihﬁxecmmgmfch AGHP hilione dfdoﬁnﬂa habové&y ei n
X is -S@3Y. 15 The conpound accord| ng to d ai

wherein X is -SO mdu]cmﬂqammgrqeémpmes in autoimmpes E!“F?R[ monstzated R[‘Qr]}] are

and bycl oal kI - obREavpf SCARAIERRS Pl HRGH 1% Here cither dos AP Gitn £
ni trogen atom to Wetiiicdififoseq MICH) torabitl 100 ;ﬁgkgmﬁ)\hgbmpyly@-l(ﬂ-eullfmﬁngml ng
4 20 to 6 car bon at ons. corrpound accordl Q%to

Cl ai m 7 wherei n RyBnittonessotlipgm sajefprepated in Examplwl F@@EK&&‘@B’T‘W

group consisting of
The C_Orrpound ac_co x@é&@&%@ fo?b wm@% Eé& g,r%ﬁﬂglrsrc]f,approxlmat%ly4
wherein Rierr] i Sn&ﬁmmtéﬁihe‘wm&ktedMMpcmmanngMam k;n thecone| day| tes)

?Qd 1ar v 30 10 animals were analyzedht%r nggx(aj tg g\Conurl%Locqc w?thm tggrprs]t ﬁm er.eaisn m

of the test. When two experiments were combined (n=14-1S5), animals
administered N-isopropyl-a-(2-sulfofuran-5-yl)nitrone sodium salt showed a
50% protection in acquisition learning deficit compared to Fas mutated animals

receiving only 1% methylcellulose as shown in Table II.

15
Table I
Mean Acquisition Values (Maximum score of 5.0)

20

1 MC = methyl cellulose.

2 The test compound was N-isopropyl-a-(2-sulfofuran-5-yhnitrone

sodium salt.

25 The results shown in Table II demonstrate that N-isopropyl-a-(2-

sulfofuran-S-yl)nitrone sodium salt reduces the learning deficiencies developed

in autoimmune mice.
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PCT/ US97/ 11960 11. A conmpound of fornula I1I: 5
[err] 10 wherein Rlerr] is selected fron1the
group consi sting of hydrogen aIkyI substjtuted 15 al .k I

al kynyl , alkaryl, aryl, XKremythe fore WPE dEiRHPé‘QPky‘F"%d“Od‘%ca oris and|

Rlerr] i s select ed 0 t Séklléﬁf"t& MoRé gjuglm the
al kenyl , al kynyl #Rnlﬁﬁb%ary cycC odzgl S%V&Jdﬁ?‘ W 1k s

cycl oal kenyl ; art All such ﬁmlﬁcl(uoﬁs mﬁﬁgemdﬂnuhg/smpbmftmdaﬁpmﬂw ckaims are
group consisting of - err]Y, 20 -S(ORerr], -SOerr]Rerr] and

SO err]NRlerr] R[erlf]ten tobcmcluded thepgirein Y is hydrogen or a
pharmaceutically acceptabl e cation; Rlerr] is selected from
t he group consisting of alkyl, substituted al kyl, al kenyl , al kynyl,

al karyl, aryl, al kcycl oal kyl, cycloal kyl and cycl oal kenyl ;
Rlerr] is selected fromthe group consisting of alkyl, substituted al kyl,

25 al kenyl , al kynyl, al karyl, aryl, alkcycloal kyl, cycl oal kyl and
cycl oal kenyl ; Rlerr] and Rlerr] are independently sel ected
fromthe group consisting of hydr ogen, al kyl, substituted al kyl,
al kenyl , al kynyl, alkaryl, aryl, alkcycloal kyl, cycl oal kyl and

cycl oal kenyl; or Rlerr] and Rerr] together with the nitrogen atomto

whi ch they are attached can forma heterocyclic ring containing from2 to 8
30 carbon atons and optionally from1 to 3 additional heteroatons

sel ected from the group consisting of oxygen, nitrogen and sul fur;
and mis an integer from1l to 3; or pharmaceutically
acceptabl e salts thereof. 12. The conpound according to
Claim 11l wherein R err] is hydrogen

--68- -
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PCT/ US97/ 11960 13. The conpound according to daim11 °
wherein R err] is selected fromthe group consisting of alkyl,

al karyl, aryl and cycl oal kyl . 14. The conpo '
to C ai m 13 wher WHAS ISCRAIMEDRAS: 5 cycl oal kyl . Tﬂﬂmmmﬂhﬂﬂl‘”m
The conpound according to Claim1l1ll wherein Xis -SJerr]Y. * 0 L oMo e
16. The conpound according to Caim11l wherein mis 1. 10

17. A conpound of foy,mul asldotipourid of formula I: |

[err] 20 wherein Rlerr] is selected fromthe

group consisting of alkyl, substituted al kyl, 25 al kenyl , al kynyl,

al karyl, aryi, al kcycl oal kyl, cycl oal kyl and cycl oal kenyl ; and

Y selected fromthe group consisting @"hydrogen and a

phar maceutically acceptabl e cation. 18. The conmpound
according to Claim17 wherein r L fromthe group
consi sting of alkyl, alkaryl, aryF d cwil %ﬁg?ﬁg .
10 o R?
wherein

each R! is independently selected from the group consisting of hydrogen,
15 alkyl, substituted alkyl, alkenyl, alkynyl, alkaryl, aryl, alkoxy, alkcycloalkyl,
cycloalkyl, cycloalkenyl and halo;

R? is selected from the group consisting of hydrogen, alkyl, substituted
alkyl, atkenyl, alkynyl, alkaryl, aryl, alkcycloalkyl, cycloalkyl and
cycloalkenyl;

20 R? is selected from the group consisting of alkyl, substituted alky!l,
alkenyl, alkynyl, alkaryl, aryl, alkcycloalkyl, cycloalkyl and cycloalkenyl;

each X is independently selected from the group consisting of -SO,Y,
-S(O)_R‘, -SO,R® and -SO,NR°R’;

wherein Y is hydrogen or a pharmaceutically acceptable cation;

25 R! is selected from the group consisting of alkyl, substituted alkyl,
alkenyl, alkynyl, alkaryl, aryl, alkcycloalkyl, cycloalkyl and cycloalkenyl;

R’ is selected from the group consisting of alkyl, substituted alkyl,
alkenyl, alkynyl, alkaryl, aryl, alkcycloalkyl, cycloalkyl and cycloalkenyl;

R® and R’ are independently selected from the group consisting of

30 hydrogen, alkyl, substituted alkyl, alkenyl, alkynyl, alkaryl, aryl, alkcycloalkyl,
cycloalkyl and cycloalkenyl; or R® and R” together with the nitrogen atom to
which they are attached can form a heterocyclic ring containing from 2 to 8
carbon atoms and optionally from 1 to 3 additional heteroatoms selected from

the group consisting of oxygen, nitrogen and sulfur;

—66—



19. The conp¥NMeFEor di i erein Rerr] is al kyl mrrus11960
cycl oal kyl . OHllﬂlf Hﬂlmfﬂ “I"W"Tm . - 69- VO
98/ 03496 ¢ L ow s " PCT/US97/ 11960

20. The conpound according to Caim 17 wherein Y is hydrogen or a
sodi um cati on. m is an integer fromA lctorfyanddn sshre integr fframO foe2,gprovided
consisting of: 5 _ 2.N-isopropyl.-g-(2-sul fofuran-5-yl)nitrone

N- n- propyl - a- ( 2- sup’be"uF*'aﬁ-B-%rI‘}rrﬂ tme?ll)f accepta&:?e saits ther }”

N-n-butyl -a-(2-sul fofuran-5-yl)nitrone

N-tert-butyl-a-(2-sul fofuran-5-yl)nitrone )

< N-n- hexyl - a- (2- sul f of ur 2n- 5- \The wompouerd according to Claim 1 wherein R! is hydrogen.

N- cycl ohexyl S (2-sul fofuran-5-yl)nitrone

N-t-ert-octyl -a-(2-sul fofuran-5-yl)nitrone

N-benzyl - a- (2-sul f of ur an: 5-ythBicbhipdtnd according to Claim 1 wherein R? is hydrogen.
N-i sopropyl -a-[ 2- (N-nor phol i nosul f onyl ) furan-5-yl]nitrone

N-i sopropyl -a-[2- (N, Ndi net hyl sul fanoyl ) furan-5-yl]nitrone 15

N i | -a-[2- (N, N-di,et h | f 1) f - 5-vI ]nit g
N1 Sopr opyl - ac [ 5 (N - i hy! ghBepapRYnd sedifing o chiatm 1P Bein B? i selectycfrom
N-tert-butyl-a-[ 2- thtgrobp chhsistingnatt A1iyIp ARAYYIS dhflamaYdytidalikyRn- 5-

yl ] nitrone
N-tert-butyl 48-[ 2- (met hyl sul fonyl )-furan-5-yl]nitrone, 20

and
phar maceuti cal |y acceptgbl e t . . . 223 . e
conpound according to Og‘ai m ng\%@ﬁﬁé}‘??%r@gﬁ%ﬁl&wg wherein ﬁ ?eql&lt‘gd
fromthe group congyciéaligl. of N-isopropyl-a-(2-sul fofuran-5-yl)nitrone
and pharmaceutically acceptable salts thereof. 25 23. The
conpound according to Caim 21 wherein the conpound is sel ected

fromth i stigg of ARG srein/X)ig!
romthe group consistigg o gﬁ%%ég{p?gﬁ% cd?dx?lg B Ui 4T BRereinyX)iFL§OIPE

and pharmaceutical |y accepta ereo

7. The compound according to Claim 1 wherein X is -SO,NR°R’,
wherein R® and R are independently selected from the group consisting of
hydrogen, alkyl and cycloalkyl; or R® and R’ are joined together with the
nitrogen atom to which they are attached to form a heterocyclic ring haQing 4

20 to 6 carbon atoms. |

8. The compound according to Claim 7 wherein R® is hydrogen and
R’ is selected from the group consisting of hydrogen, alkyl and cycloalkyl.

25 9. The compound according to Claim 1 wherein X is -SO,R5,
wherein R® is selected from the group consisting of alkyl, cycloalkyl and aryl.

10. The compound according to Claim 1 wherein m is 1.

30
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PCT/ US97/ 11960 24. A pharmaceutical conposition

phar mmoeLt cal |y ef 6ot ve aount of a:é;ﬁé?ﬁ'ns o or il A0 P
I

[err] wher ei n11. A compound ok i ndependent

fromthe group consisting of hydrogen, al kyI subst I tuted aI kyl ,

al kenyl , al kynyl, al karyl, aryl, alkoxy, alkcycloalkyl, cycloalkyl,
cycl oal kenyl and hal o; Rlerr] is selected fromthe group

consi sting of hydrogen, alkyl, substi al kyl, al kenyl, al kynyl,

al karyl, aryl5 al kcycl oal kyl CR(D-O nd cycI oal kenyl ; 20
Rlerr] is selected fromthe group coRSi st of al kyl, substituted al kyl I
al kenyl, alkynyl, alkaryl, aryl, alkcyddbal Kys N{Q&-ll?dal kyl and

cycl oal kenyl ; each X is i ndepdndent |y selected fromthe
group consisting of -SJOerr]Y, -S(OMRzerr], -SOerr]Rerr] and
-SOerr]NRlgy ] R err]; wherein Y is hydrogen or a
pharmaceutically acceptabl e cation; 25 Rlerr] is selected from
t he group consisting of al kyl, substituted al kyl, al kenyl , al kynyl,

al karyl, aryl, al kmal kyl, cycl oal kyl and cycl oal kenyl ;
Rlerr] is sel ected! the group consisting of al kyl, substituted al kyl,

al kenyl, al kynyl, al karrtlis saeotbd fﬂink ﬁﬂ)@hsxsﬂﬁgcdfq?dkdgenaaﬂcyl substituted
cycl oal kenyl ; Rlerr] are in pendent 'y sel ect ed

fromthe grddp combiyd:alkepyds alkynyl ﬂkﬂf)" aryl, al ycloalkyl cycloalky
cycloalkenyl;

R? is selected from the group consisting of alkyl, substituted alkyl,
alkenyl, alkynyl, alkaryl, aryl, alkcycloalkyl, cycloalkyl and cycloalkenyl;

each X is independently selected from the group consisting of -SO,Y,

20 -S(O)R4, -SO,R® and -SO,NR‘R’;

wherein Y is hydrogen or a pharmaceutically acceptable cation;

R* is selected from the group consisting of alkyl, substituted alkyl,
alkenyl, alkynyl, alkaryl, aryl, alkcycloalkyl, cycloalkyl and cycloalkenyl;

R’ is selected from the group consisting of alkyl, substituted alkyl,

25 alkenyl, alkynyl, alkaryl, aryl, alkcycloalkyl, cycloalkyl and cycloalkenyl;

R® and R’ are independently selected from the group consisting of
hydrogen, alkyl, substituted alkyl, alkenyl, alkynyl, alkaryl, aryl, alkcycloalkyl,
cycloalkyl and cycloalkenyl; or R® and R7 together with the nitrogen atom to
which they are attached can form a heterocyclic ring containing from 2 to 8

30 carbon atoms and optionally from 1 to 3 additional heteroatoms selected from
the group consisting of oxygen, nitrogen and sulfur; and

m is an integer from 1 to 3; or pharmaceutically acceptable salts thereof.

12.  The compound according to Claim 11 wherein R? is hydrogen.
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30 hydr og¥¥Q 98403494 | “mu‘m nﬂllﬂlm , al kenyl, al kynyl, al pamyserarggh ,
al kcycl oal kyl cﬁ m ml oal kenyl; or R erct] and R err]
together with the nitrogeh atohtd *° ~ which they are attached can form
a heterocyclic ring containing from2 to 8 carbon_at ons,and

optional ly from1 to 3 additi EhmfFompundaecerding to Elaimgl k wherein R is selgqted
group consisting of i I : 6
PCT/ US97/ 11960 Froit the Brodp Mngﬁqﬁ?%%g%l@?ftgé“é{eryl’f%lm%@?@ ;and n is an

integer fromO to 2, provided that m+ n = 3; or pharmaceutically

acceptabl e salts thereof, 25. e phar paceut i cal

conposi tion according t d4al ai TR eompRYng; accarding t‘R{Eg‘F‘] v ngg&géﬁﬁlg)ﬁ‘o"r

Rlerr] is hydrogen..y. 1 26. The pharnaceutical conposition
ﬁmr'ei n

according to aim Rlerr] is selected fromthe group
consi sting of alkyl, alkaryl, aryl and cycl oal kyl . 10 27. The

phar maceuti cal conpositign acgording to C aim 26 erejn ) ] rr] is
al kyl or cycl oal kyl . i3 e com “W’ﬂ%%&g‘%ﬂm’éﬁ! Xc‘é%és‘rti on
according to C aim 24 wherein Xis -Sgerr]Y. 15 29.
The pharnmaceutical conposition according to C aim 24 wherein Xis
-SJerr]NRerr] R err], viter ei Thaextampjundratcdfding fo Elaimi Hdwhenethemtis\l. sel ect ed
fromthe groulg)r consi sting of hydrogen, alkyl and cycl oal kyl; or
Rlerr] and Rerr] are joined together with the nitrogen atomto
which they are attached g0 fOAmBotpoh& o Forphdis it N9 20 having 4 to 6

car bon at ons. 30. The pharnmaceutical conposition
according to C aim29 wherein Rlerr] is hydrogen and R err] is

sel ected fromthe group consisting of gen, al kyl and
cycl oal kyl . 25 31. Thg/ phey maceut i cal conposition
according to & aim 24 wherein i SOerr]Rerr], wherein Rerr] m
is selected fromthe group consiyg,§Mg O KyMCH=N(O)-R*

20

wherein
R is selected from the group consisting of alkyl, substituted alkyl,
25 alkenyl, alkynyl, alkaryl, aryl, alkcycloalkyl, cycloalkyl and cycloalkenyl; and
Y selected from the group consisting of hydrogen and a
pharmaceutically acceptable cation.

18.  The compound according to Claim 17 wherein R® is selected
30 from the group consisting of alkyl, alkaryl, aryl and cycloalkyl.

19.  The compound according to Claim 18 wherein R® is alkyl or
cycloalkyl.
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cycl oal kyl M@ 98/p3APs MIM”!" III" "III " IIHWZ ThHe phar maceut i caPCTRSPUEDEG ON
according to Claim?24 woTg amis 1. .

-72-- WD 98/ 03496 PCT/ US97/ 11960

33. The pharnmaceutical conposition according to C aim 24 wherein

the carrier is an oral2®ar rThe compound according to Clair847 whertia Ylisuhpdrogen ot al
conposition accordisorhqto Claim 24 wherein 5 the carrier is an

i nj ectabl e carri & Sodium cation 35. A pharnaceutical conposition
conprising a pharmaceutically acceptable carrier and a
pharmaceutically effective anmount of a conpound of formula I'l'l1: 10
15 21. Aaonjpound sglected from thegrounpiconsisting of:

Al kenyl i kGl - al kel grOPTa e s YRR o1 oal Kyl and
cycl oal kenyl ; and N-n-propyl-a-(2-Sulfefuesri-S91nitishet he group consi sting of
hydr ogen and a 25 pharmaceutical | y acceptabl e cati on.
36. The pharnmaceuti cal Nﬂbhqtyhhf(ﬂfsnlfagm-ﬂ+yinimed aim 35 wherein
" N-tert-butyl-a-(2-sulfofuran-5-yl)nitrone
N-n-hexyl-a-(2-sulfofuran-5-yhnitrone
10 N-cyclohexyl-a-(2-sulfofuran-5-yl)nitrone
N-tert-octyl-a-(2-sulfofuran-5-yl)nitrone
N-benzyl-a-(2-sulfofuran-5-yl)nitrone
N-isopropyl-a-[2-(N-morpholinosulfonyl)furan-5-yl]nitrone
N-isopropyl-a-[2-(N,N-dimethylsulfamoyl)furan-5-yl]nitrone
15 N-isopropyl-a-[2-(N, N-diethylsulfamoyl)furan-5-yl]nitrone
N-isopropyl-a-[2-(N-4-methylpiperazin-1-ylsulfonyl)furan-5-yljnitrone
N-tert-butyl-a-[2-(N-3-trifluoromethylphenylsulfamoyl)-furan-5-
yl]nitrone
N-tert-butyl-a-[2-(methylsulfonyl)-furan-5-yl]nitrone,
20 and pharmaceutically acceptable salts thereof.

22.  The compound according to Claim 21 wherein the compound is
selected from the group consisting of N-isopropyl-a-(2-sulfofuran-5-yl)nitrone
and pharmaceutically acceptable salts thereof,

23.  The compound according to Claim 21 wherein the compound is

selected from the group consisting of N-cyclohexyl-a-(2-sulfofuran-5-yl)nitrone
and pharmaceutically acceptable salts thereof.
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Rlerr] is sel éch%w:’f'?%m I'IHIH mlllllﬂmt"ﬂll ng of al kyl, alkaryl , PGFYFI741860

cycl oal kyl . rmaceutical conposition according
to Claim 36 vvhereln err] is alkyl or cycloal kyl.

38. The pharnaceutical conpositjon according to. Claim35 where
i s hydrogen or a sodi umléat i @npharmaceutical co position comprising a p aceutxcally

-73-

, ble carrier an harmageutically-efftctive amount ofa compéifid of
phar maceuti cal corrpos”a on accord? né’ to C atllm ¥5 wherein the carrier is an
oral carrier. formul®I: The pharnmaceutical conposition according to
G aim35 wherein the carrier is an injectable carrier. 41. Use

of a pharmaceutical conposition conprising a pharmaceutically acceptable
carrier and an effective acute central nervous system disorder- treating
amount of a conmpound of fornula |I: ®RY,

X)n C=N(O)R’ L

|
10 07 R

wherein _
each R! is independently selected from the group consisting of hydrogen,
15 alkyl, substituted alkyl, alkenyl, alkynyl, alkaryl, aryl, alkoxy, alkcycloalkyl,
cycloalkyl, cycloalkenyl and halo;

R? is selected from the group consisting of hydrogen, alkyl, substituted
alkyl, alkenyl, alkynyl, alkaryl, aryl, alkcycloalkyl, cycloalkyl and
cycloalkenyl;

20 R? is selected from the group consisting of alkyl, substituted alkyl,
alkenyl, alkynyl, alkaryl, aryl, alkcycloalkyl, cycloalkyl and cycloalkenyl;
each X is independently selected from the group consisting of -SO,Y,
-S(O)R*, -SO,R® and -SO,NR°R’;

wherein Y is hydrogen or a pharmaceutically acceptable cation;

25 R is selected from the group consisting of alkyl, substituted alkyl,
alkenyl, alkynyl, alkaryl, aryl, alkcycloalkyl, cycloalkyl and cycloalkenyl;

RS is selected from the group consisting of alkyl, substituted alkyl,
alkenyl, alkynyl, alkaryl, aryl, alkcycloalkyl, cycloalkyl and cycloalkenyl;

R*® and R’ are independently selected from the group consisting of

30 hydrogen, alkyl, substituted alkyl, alkenyl, alkynyl, alkaryl, aryl, alkcycloalkyl,
cycloalkyl and cycloalkenyl; or R® and R’ together with the nitrogen atom to
which they are attached can form a heterocyclic ring containing from 2 to 8
carbon atoms and optionally from 1 to 3 additional heteroatoms selected from
the group consisting of oxygen, nitrogen and sulfur;

71—



[err] wher Y@ 98/03496 eﬁlm ﬂ Iu uﬁ“m'ependently sel ect ed fr (OTIUSITEI6QIP.
consi sting of hydrogen, bt ed al kyl, al kenyl, al kynyl,

al karyl, aryl, al koxy, alkcyc oa kyI cycloalkyl cycl oal kenyl and hal o;
Rlerr] is selected fromthe group_consisting, of h dr ogen aIkY )
substituted al kyl, al k'éri§lan lauessfn&pm Lo d ynd nawn mf&sﬂcﬁreméb Qg4 provided

Consioting of al WA ASHIRYT Py prphamEaicaliyae St B BoARR 2 0I00F

al kcycl oal kyl, cycl oal kyl and cycl oal kenyl ; each X is |ndependently
selected fromthe grog&conmstlng of Sqerr]Y -S(OR errk %err Rl.err]
and -SQ err]NRlerr]R| The p WEPMMPQSIH%PW%@ laim 24 wherein

pharmaceutically g¢ LD Rlerr] is selected fromthe
group consi s?i ng gf ﬁ"a d?/& su stt{i i}ul?yedéogﬁnkyl , al kenyl, al kynyl, al karyl,
aryl, al kcycl oal kyl, cycIoaIkyI and cycl oal kenyl ;
- 75- R err] ér sel ected fromthe groug conS|st|ng of a

4y | 99

substituted alkyl, alk phasmaceytical cOMPpOsiHon according (o & k4 wherein

cycl oal kyl and cygs Ww
selected fromt heﬁgf}g!ﬁﬁg&conmIé‘ttlhﬁgmﬁI ﬁd'{i]rsggg%f%wy#@é@bﬂpw I

al kenyl , alkynyl al karyl, aryl, alkcycloal kyl, cycloal kyl and

cycl oal keny or Rerr]_and to er with the nitro .at \NhICh
they are atf#@ched can h)'rm ﬁ@i@%@%&@ﬁﬁgﬂ&%%@ﬂé tgigﬁf“z%nb"

carbon atoms and RPid ARA by/cycl to 3 additional heteroatons selected

fromthe group consisting of oxyden, nitrogen and sul fur; mis an
integer froml to 3; and nis an |nteger fromO to 2, provided that m+ n =

3; or pharnmaceutically cce able salts thereof..for th act
nedi canent for treatin h‘P"W ““c(fﬁu °3@BP§“8%W5 “ﬁé‘?\% gé/é‘[hg’r'ﬁm
di sorder. xqg.-soajd,se of Claim4l wherein said acute
central
15
29. The pharmaceutical composition according to Claim 24 wherein
X is -SO,NR®R’, wherein R® and R? are independently selected from the group
consisting of hydrogen, alkyl and cycloalkyl; or R® and R’ are joined together
with the nitrogen atom to which they are attached to form a heterocyclic ring
20 having 4 to 6 carbon atoms.

30. The pharmaceutical composition according to Claim 29 wherein
R? is hydrogen and R’ is selected from the group consisting of hydrogen, alkyl

and cycloalkyl.
25
31.  The pharmaceutical composition according to Claim 24 wherein
X is -SO,R’, wherein R?® is selected from the group consisting of alkyl,
cycloalkyl and aryl.
30 32. The pharmaceutical composition according to Claim 24 wherein
mis 1.



nervous syst efYQP¥EH¥, ruﬂmuﬂﬂ! il'lujma . 43.  Use of PCT/US97/11960
G ai m 42 wherein said phat ) sedMposition is admnistered in an
anount of at |east about 0.2 ng/ kg/ hour . 44, Use of a

phar maceuti cal conposition c rising a.pharmaceutically acceptiable carrier
‘and an effective acute ég‘r di ﬁ?@ﬁﬁ"&&ﬂ?@%ﬁﬂ@%l%&# dH‘rﬁn‘ﬁ’n&“HT’ 24 wherein
conpound of formul ghelgarrier is an oral carrie€' I |

-76- wherein - each R err] Is independently selected fromthe

group consisting of hydrogen, alkyl, substituted al kyl, alkenyl, alkynyl,

al karyl, aryl, al koxy, kcygl oal kyl , cycl oal kyl.,. cycl 0g) ken;@; and hal o; .
Rlerr] is selected fronfthe ngﬂﬁ'ﬁ‘fﬁﬁ’%“ﬁk ﬁﬂm8¥31H9EIFS‘E% Ing ool J4-whergine
al kyl, al kenyf, al fhereabrierdislenlidjectableYdarriéy, kcycl oal kyl, cycl oal kyl and

cycl oal kenyl ; Rlerr] is selected fromthe group consisting of

al kyl, substituted al kyl,
35. A pharmaceutical composition comprising a pharmaceutically

acceptable carrier and a pharmaceutically effective amount of a compound of

formula III:
10
AN .
YO,S o) CH=N(O)-R?
15
20
wherein

R* is selected from the group consisting of alkyl, substituted alkyl,
alkenyl, alkynyl, alkaryl, aryl, alkcycloalkyl, cycloalkyl and cycloalkenyl; and
Y selected from the group consisting of hydrogen and a
25 pharmaceutically acceptable cation.

36.  The pharmaceutical composition according to Claim 35 wherein
R is selected from the group consisting of alkyl, alkaryl, aryl and cycloalkyl.

30 37.  The pharmaceutical composition according to Claim 36 wherein
R® is alkyl or cycloalkyl.

38.  The pharmaceutical composition according to Claim 35 wherein
Y is hydrogen or a sodium cation.
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al kenyl , al WPRH03498 | cl oal kyl, cycl oal kyl anBCT/US97/11960
cycl oal kenyl ; dmm umml" ”meujmdent ly selected fromthe group

consi sting of -SABY, -5(JR'er™, s-Serr]Rerr] and -Serr]NRerr]Rerr];
wherein Y is hydrogen or a pharnmaceutically acceptable, catiagn;

Rlerr] is selected fr@h t hdhgrRhapmacsytical;qompasition aegording insElaim3Sowhenein |

al kenyl , al kynyl H;a% m,]zﬂ cycl oal kyl, cycl oal kyl and

cycl oal kenyl ; the’s %?s’r?ﬁf&sﬁ se eeg't ed fromthe group consisting of alkyl,
substituted al kyl, al kenyl, al kynyl, alkaryl, aryl, alkcycl oal kyl,

cycl oal kyl and cycl oal kenyl ; err] and R err] are independentl

sel ected fromthe grodf- corﬁg}"sﬂ}}aﬁ@a‘iﬁ“RLﬁ?cﬁoml,m&l r,dugmsﬂasrﬁtigdWEw@h ,

al kenyl , al lynyl &ﬁf_ Keveb oal kyl, cycl oal kyl and

cycl oal kenyl'; or "ﬁaerr yggnﬁa@éecﬁ toge%’her with the nitrogen atomto which
they are attached can forma heterocyclic ring containing from2 to 8

carbon atons and opti oqal ly fro to 3 .additi ,onalvyget eroat ons sel ected
fromthe group consistilng d* "Eﬁ%’éfﬂr Urating dRRUSAL Wi |an gcute central NERVPNS 4

nteger from 1 tgydemafithrier, Saimbibf 8mpHslif AAnfiftistering@'Shilcheiched ™ + N =
3; or pharmaceut?%a y acceptabl e sg?ts her o@ﬁo‘r&&g manufacture of a
medi cament for t pbatmacguticabgompasition comarisiag @ pharmacsuticaliy acceptabilescardier .

5 or der P dbL ¢ amnd ap cffcetiye s cohind ndeus s dlG GeiB ANAT S

-77- 46. compdfindbf formula I: Cl ai m 45 wherein said

phar maceuti cal conposition is admnistered in an anmount of at | east about
0.2 ng/ kg/ hour. 47. Use of a pharmaceutical conposition
conprising a pharmaceutically acceptable carrier and an effective

neur odegenerati ve di sease-treating an@i)t of a conpound of formula I:

15

K C=N(O)R? I
o R?

20

wherein

each R! is independently selected from the group consisting of hydrogen,
alkyl, substituted alkyl, alkenyl, alkynyl, alkaryl, aryl, alkoxy, alkcycloalkyl,
cycloalkyl, cycloalkenyl and halo;

25 R? is selected from the group consisting of hydrogen, alkyl, substituted
alkyl, alkenyl, alkynyl, alkaryl, aryl, alkcycloalkyl, cycloalkyl and
cycloalkenyl;

R3 is selected from the group consisting of alkyl, substituted alkyl,
alkenyl, alkynyl, alkaryl, aryl, alkcycloalkyl, cycloalkyl and cycloalkenyl;

30 each X is independently selected from the group consisting of -SO,Y,
-S(O)R*, -SO,R? and -SO,NR*R;

wherein Y is hydrogen or a pharmaceutically acceptable cation;
R is selected from the group consisting of alkyl, substituted alkyl,
alkenyl, alkynyl, alkaryl, aryl, alkcycloalkyl, cycloalkyl and cycloalkenyl;
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[err]
consi sting of hydr
al karyl, aryl,
Rlerr] is sel ect ed
‘'substituted al kyl,

cycl oal kyl and cyc
consi sting of alkyl,
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sel ected fron1the
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pharmaceuticakly a
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err
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fromthe group
i nteger from|
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42

of oxygen,

ni §'harm¢tho¢gecordmgrto(mam Al \plnmmchrﬂ adute central n

het er oat ons sel ect ed

nitrogen and sul fur; mis an

3; or phar maceutic%1Iel_lvymggysci?eont1

%bslo?desrails tasstttorl]:%r eof f

or the

15

- 20

43.

The method according to Claim 42 wherein said pharmaceutical

composition is administered parenterally to said patient in an amount of at least
about 0.2 mg/kg/hour.

44.  The method according to Claim 43 wherein said pharmaceutical

45,

composition is administered intravenously.

A method for treating a patient with an acute cardiovascular

disorder, said method comprising administering to said patient a pharmaceutical

composition comprising a pharmaceutically acceptable carrier and an effective

25

30

®Y,
X

This Sheet Has Been Replaced

acute cardiovascular disorder-treating amount of a compound of formula I:

C=N(O)R}

R2
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H
i

manuf act ur VO 983496 cmmtwu”m”ullt&ﬂl,ng a patient with a neRCTFAlSgnH6at i ve
* L ] § *

di sease. 48. maceuti cal conposition conprising a
pharmaceutically acceptable carrier and an effective neurodegenerative

di sease-preventing anount of a conpound of fornmula I: [err] wher ei n
each R err] is iwoefg¥hdently selected fromthe group consisting of

hyd , al kyl, bst ] . l | .
a%/kgggfanal EIicy%:ll oaISEyf&cﬁfga@é@é%d%@gr%%%nﬁ%ﬁﬁé gﬁ%@o@%hng gwg?rrqfetl"s
sel ected fromt hﬂkg[,qmpsmemaiamlyilpﬂka‘iylhaﬂymﬁﬂlkaﬂ}‘lkwyl, kb, iaékdyemaﬂdykyl :

al kenyl , al kynyl, alkaryl, aryl, alkcycloalkyl, cycloal kyl an
cycl oal kenyl; = cycloatky; syclp@iml@édéﬂalosrom the group consisting of alkyl,

bsti deal kyl, al . I | .
cyoTonl kyl fnd tyel oafsdhpstedbd HOH e bridd YonsisBhy of 13Kiath QRykbainted
the group consi salkyl dikenyRQlkynyl,Yalkar§l, Gri¥, alkclycloalk§l, eycloaliyt agd and

-Serr]NRlerr]Rerr]; wherein Y is hydrogen or a pharmaceutically
accept abl e cati oﬁycloalkenyl; -79-

e eyt o 33}l a5t g dop st a1
cycl oal kenyl ; alkenylRalkynyl, iatkasyl, aryl palkéycioalkyle cycloalkylcandseysidatienel; al kyl ,
subst tuteq al iyl ‘ol kenyl sl ynile ol karyl o eyl alkeyeloaliol oy,
-S(O)R*, -SO,R® and -SO,NR‘R’;
wherein Y is hydrogen or a pharmaceutically acceptable cation;
R is selected from the group consisting of alkyl, substituted alkyl,
alkenyl, alkynyl, alkaryl, aryl, alkcycloalkyl, cycloalkyl and cycloalkenyl;
15 R’ is selected from the group consisting of alkyl, substituted alkyl,
alkenyl, alkynyl, alkaryl, aryl, alkcycloalkyl, cycloalkyl and cycloalkenyl;
R® and R’ are independently selected from the group consisting of
hydrogen, alkyl, substituted alkyl, alkenyl, alkynyl, alkaryl, aryl, alkcycloalkyl,
cycloalkyl and cycloalkenyl; or R® and R” together with the nitrogen atom to

20 which they are attached can form a heterocyclic ring containing from 2 to 8
carbon atoms and optionally from 1 to 3 additional heteroatoms selected from
the group consisting of oxygen, nitrogen and sulfur;

m is an integer from 1 to 3; and n is an integer from O to 2, provided

that m + n = 3; or pharmaceutically acceptable salts thereof.

25
46. The method according to Claim 45 wherein said acute
cardiovascular disorder is a cardiac infarction.
47.  The method according to Claim 46 wherein said pharmaceutical
30 composition is administered parenterally to said patient in an amount of at least

about 0.2 mg/kg/hour.
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Rlerr] and R[ eVWP9882496; nl{ ik Il]l H |Htt ed fromthe group consHGIUSHI/10960
hydr ogen, al kyl, substi tHc”ﬂlﬂ Il llﬂfﬂ yl, al kynyl, alkaryl, aryl,

al kcycl oal kyl, cycl oal kyl “and dyclfoafkehyl; or Rlerr] and R err] together

with the nitrogen atomtg whigh they are attached, can forma heterocyclic

ring containing from2 t4%-8 cﬁ?%ﬂ‘ﬁ @ﬁsor;m ol Vh?rFBhﬁaldePBarﬁ‘aceunw

addi ti onal heter Oatcﬂﬂﬁm?ﬁbﬁ% g%“w&hweﬁu&%onsi sting of oxygen,
m ro

nitrogen and sul fur; I'S an I nteger 1 to 3; and n is an integer
fromO to 2, provided that m+ n = 3; or pharmaceutically acceptable salts

thereof for the manufactyre of a i.cament for preventing the onset Qf a
neur odegener ati ve di sea -iné'ﬁ%ﬁg?ﬂf%@"ﬂswﬁ t WA rgﬁcgpng‘ahvegls&se

neur odegener atg ve dj : AQ .admini ; ; tRRhyn 47 or
48 wherein t hes neur olgglggﬂeg?ogt ﬁ/%prﬁgeag?énllk%ﬁﬁfz‘%g?ﬁgfpgmoﬁ giéaggsngf:éq

50. . Use of composition comprrising) 2/pharmadéutichlly acceptabte carrien dmd)em effectivee
di sease i s Parkinson's disease. .. 51, Use (%f )

47 or 48 wherein t HEVRCEBRERINGAisRase regfing.araunt ol corapauadiof formula It 55
Use of a pharnmaceutical conposition conprising a pharnmaceutically
acceptabl e carrier and an effective autoi nmune di sease-treating anount of a

f:gg]_oound of Id)rmjl a l: [err] ®",

(0,47 C=N(O)R? I

I
07 R

15
wherein

each R! is independently selected from the group consisting of hydrogen,

alkyl, substituted alkyl, alkenyl, alkynyl, alkaryl, aryl, alkoxy, alkcycloalkyl,
20 cycloalkyl, cycloalkenyl and halo;

R? is selected from the group consisting of hydrogen, alkyl, substituted
alkyl, alkenyl, alkynyl, alkaryl, aryi, alkcycloalkyl, cycloalkyl and
cycloalkenyl;

R’ is selected from the group consisting of alkyl, substituted alkyl,

25 alkenyl, alkynyl, alkaryl, aryl, alkcycloalkyl, cycloalkyl and cycloalkenyl;

each X is independently selected from the group consisting of -SO,Y,
-S(O)R*, -SO;R® and -SO;NR'R";

wherein Y is hydrogen or a pharmaceutically acceptable cation;

R* is selected from the group consisting of alkyl, substituted alkyl,

30 alkenyl, alkynyl, alkaryl, aryl, alkcycloalkyl, cycloalkyl and cycloalkenyl;

R® is selected from the group consisting of alkyl, substituted alkyl,
alkenyl, alkynyl, alkaryl, aryl, alkcycloalkyl, cycloalkyl and cycloalkenyl;

R® and R are independently éelected from the group consisting of
hydrogen, alkyl, substituted alkyl, alkenyl, alkynyl, alkaryl, aryl, alkeycloalkyl,
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conorsting or” marogor AN oy o5 o o g

al karyl, aryl, al koxy, alkcycloalk§l, cycl oal kyl, cycl oal kenyl and hal o;
Rlerr] is selected fromthe group consisting of hydrogen, alkyl,

sublst i It Et Fd aljkyl cycﬁarle_/rhy.hfl cytlogliconyl; ot _R&layd l,R"at:Jgédth?raWRhmﬂ nifiogen atom to

cycl oa and cyc] oal kenyl ; is sel ec .romthe.grpu

e ot i ng o ar Lyhich ufigbdrel atached. canl Tormza RERPRYCIER 10R FPMAREFOR 210 8)

alkccloalkl,cgrgﬁ{( : 143 T I

sel e)ét ed f r)c/)m t hg gr ou%k{:‘%n%;d?rb?‘hgaﬁ(ﬂ%of é? ?] :at-lrorﬁ?meé%(rg)amspr i , fibin Y

- ﬁq err] R'Egrr} I arﬂe-g%di%mgtrr]slﬂﬁ%pf]oﬁ&m,]ni&ogen and sm_tfer;ei In Yt S Pydro?ﬁn or a
armaceutic accept abl e .cati op; er.r] i.s selec om

D consi Finy of Calmof a5 diesr Bam ol o piand 7t b et Fenio 3. plosided

aryl, al kcycl oal kighy mC¥Ch @I3I,%|} Eﬁﬂ%ﬂ@ﬁ@ﬂ le@FBttable salts thef@af.l S sel ected

fromthe group consisting of alkyl, substituted al kyl, al kenyl, al kynyl,
al karyl, aryl, al kcycl oal kyl, cycloal kyl and cycl oal kenyl ; Rl err]

ydr ogen alkyl " subet Sut o BERGE forpiekFing e S or s dgetersiye discase
al kcycl oal kyl, cygl :P?M%'t affisk forcdevaiopfipythe nelrodeféretatiRistaty Whichonehbe"

with the nitrogen atomto which they are attached can forma heterocyclic
ring contai @ng feamprises administering tasaidpatiend aopharmaegutigali composition 3

additional hetero : ISkl f.oxygen,
nitrogen and sul f%ﬁﬁﬂﬁfL%%%g%@&%ﬁ?%t%a??%zg%anﬁé(i S an

i nteger from O tonchrodugencrdtive tisedse-preventing amoafit Ghacompeoutid efformula I:
acceptabl e salts thereof for the manufacture of a nedicanment for treating a
patient with an autoi mune di sease. 53. Use of a

phar maceuti cal conposition conprising a pharmaceutically acceptable
carrier andl@n effective autoinmune @Ygease-preventing armount of a
conpound of formula I: -81-

[err] X)a ' C=N(O)R® 1

O R?
20
wherein

each R! is independently selected from the group consisting of hydrogen,

alkyl, substituted alkyl, alkenyl, alkynyl, alkaryl, aryl, alkoxy, alkcycloalkyl,
25 cycloalkyl, cycloalkenyl and halo;

R? is selected from the group consisting of hydrogen, alkyl, substituted
alkyl, alkenyl, alkynyl, alkaryl, aryl, alkcycloalkyl, cycloalkyl and
cycloalkenyl;

R is selected from the group consisting of alkyl, substituted alkyl,

30 alkenyl, alkynyl, alkaryl, aryl, alkcycloalkyl, cycloalkyl and cycloalkenyl;
each X is independently selected from the group consisting of -SO,Y,
-S(O)R*, -SO,R® and -SO,NRR’;

wherein Y is hydrogen or a2 pharmaceutically acceptable cation;

i | —~78--
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wher ei n WQ&GMSQPeri'Illw "" ﬁlﬂjﬂml y selected fromthe grREE/USI7/11960
consi sting of hydrogen, ! *&d al kyl, al kenyl, al kynyl,
* C s

al karyl, aryl, al koxy, alkcycl oal kyl, cycl oal kyl, cycl oal kenyl and hal o;
Rlerr] is selected fromthe group consisting of hydro?en

) .. al kyl,
substituted alkyl, al lkErE’I is seletpéh from ghecgroyp copsighng g mmsa%qwqe? alkyl,
cycl oal kyl and cycl ga : re, .
consi sting of al ky|&°§¥§;¥*¥“gk’eﬂk§ﬂk%;ﬁ’ g%li?gﬁly ) gl y%ﬂ@?ﬂa??ﬁﬁmﬁ%ﬂ
selected fromthe group consisting of - err - err .
“sO err]Rlerr] and aligaybraliyny.catkand, oyl alkeycloalkylycye d cxelgplkgavt o1
pharmaceuticald y accept | an. Rleficted
group consisting of al k ﬁ‘s“ﬁ%ﬁ#{lﬁi’%’&“gﬂ%‘% atebefrféw,sﬁgﬁ?/‘ﬁgféﬂs;&:mk%%l, :
?ryl , ﬁl kcycl oal kylhydgopeh palfklyu:s;bmul i Mlekyw_ alkkenyl; lallfy?yl, a}l@bdk ;lqylj lalll:cmlledkybh
romthe group consisting of alkyl, substjfut a , al.kenyl.. al kyn
al IéarR%/I, iary|, al g@yeloauqykm cweﬂ&%{w\k{f fﬂéﬂ?‘f&& Yph ‘eh“_y mt“’;;’h%‘@ﬁ}"
an err] are in §ﬁkﬁféh ;
hydr ogen, al kyl, sﬂ‘g@?tgtu e%ea yl', a &%%@%A ,&g%ﬁr?ﬁar m2tod

I,
al kcycl oal kyl , cyclcatbdnyitoms cind optioadllycfng; 1 msmpdiﬁopalalmem{mms]se{esgvdtm

with the nitrogen atomto which they are attached.can forma heterocyclic
ring contai ni}é f r She BrQup @“&‘é“%ﬂséi‘m’ Qm&?ﬁtaingrfgﬁly from1lto 3 _
addi tional heteroatonms sgliegh GilefdrGrom Etod3;04 £ ¥& fteges fRSm @608 provided
nitrogen and sul fur; mis an Integer froml to 3} and nis an

integer fromO0 to 2hatmo¥ined3s bapharmaceutically aceeptable saltsdhereefil | y
acceptabl e salts thereof for the manufacture of a nedicament for preventing
t he onset of an autoi mMmune disease in a patient at risk for devel oping the

aut oi nmune di sease. 51. The method according to Claim 49 or 50 wheref®2the.

15 neurodegenerative disease is Alzheimer’s disease.

52.  The method according to Claim 49 or 50 wherein the
neurodegenerative disease is Parkinson's disease.

20 53.  The method according to Claim 49 or 50 wherein the

neurodegenerative disease is HIV dementia.

54. A method for treating a patient with an autoimmune disease
which method comprises administering to said patient a pharmaceutical
25 composition comprising a pharmaceutically acceptable carrier and an effective

autoimmune disease-treating amount of a compound of formula I:

®R",
X - C=N(O)R’ I
|
0” R

30
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isease s oyorene t MM IFIRIEHRF otoodqpnere ™ tre a”"m%*";. e

or 53 wherein~he autoi nmine"di $ease fis mul ti pl e scl erosi s.

Use of a pharnaceutical conposition conprising a pharnmaceutically
acceptable carrier and an effective inflammtory disease-treating.anount
of a conpound of ywhereil a |: [err] wherein each R[err] S

i ndependent |y selected fromthe group consisting of hydrogen,

al
substituted al kyl, al mhyk‘ issindependently selaciad framthe EIP%WSI%IHB@{W@&‘PE@W

cycl oal kyl, cycl e 52!1155', group
consi sting of hy g ‘ﬁ?‘%@méu%“s‘?“%?%@ f(ﬂl%aryl F’ﬁgh?ﬁ&gg’l %5% 5

al karyl, argl, abmkg citotbalkenyt land Ihald; and cycl oal kenyl ; R[err] S
sel ect ed from the gr oup .consi sting of alkyl, substi tut ed al k al ken

al kynyl, alkaryl, aryR?insslecsed framthe sreyR consisting &Yl‘%n

each X is indepe Nt I mk]ﬂf Sq err] Y,
-S(ORerr], -S ]%&Eﬁw g%r%%% e r];éyt':ll an&/hereln Yis
hydrogen or a phgydiedRedylcal | y accept abl e cation; Rl er r] is selected

fromthe group consisting of a substituted, al k al kenyl ,  al kynyl,
al karyl, aryl, al kcycRoas slected %’F‘b W“&ﬁ@%wgﬁyﬂ%ls“bm téd alkyl,

10 alkenyl, alkynyl, alkaryl, aryl, alkcycloalkyl, cycloalkyl and cycloalkenyl;
each X is independently selected from the group consisting of -SO;Y,
-S(O)R*, -SO;R?® and -SO,NR°R’;
wherein Y is hydrogen or a pharmaceutically acceptable cation;
R* is selected from the group consisting of alkyl, substituted alkyl,
15 alkenyl, alkynyl, alkaryl, aryl, alkcycloalkyl, cycloalkyl and cycloalkenyl;
R’ is selected from the group consisting of alkyl, substituted alkyl,
alkenyl, alkynyl, alkaryl, aryl, alkcycloalkyl, cycloalkyl and cycloalkenyl;
R® and R are independently selected from the group consisting of
hydrogen, alkyl, substituted alkyl, alkenyl, alkynyl, alkaryl, aryl, alkcycloalkyl,
20 cycloalkyl and cycloalkenyl; or R® and R’ together with the nitrogen atom to
which they are attached can form a heterocyclic ring containing from 2 to 8

carbon atoms and optionally from 1 to 3 additional heteroatoms selected from
the group consisting of oxygen, nitrogen and sulfur;
m is an integer from 1 to 3; and n is an integer from O to 2, provided
25 that m + n = 3; or pharmaceutically acceptable salts thereof.

55. A method for preventing the onset of an autoimmune disease in a
patient at risk for developing the autoimmune disease which method comprises
administering to said patient a pharmaceutical composition comprising a

30 pharmaceutically acceptable carrier and an effective autoimmune disease-

preventing amount of a compound of formula I:
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- 83- Wo]usiss I ﬂﬂ ﬂ &Im group consisting of al k¥rmser11960
substituted al kyl, al ke ﬂ Im m aryl, aryl, alkcycl qal kyl,

cycl oal kyl and cycloalkenyl err] and R[err] are |ndependently
selected fromthe group consisting of hydrogen, alkyl, substituted al kyl,

al kenyl , al kynyl, al karyl, aryl, al kcycl oal kyl, cycl oal kyl and
cycl oal kenyl; or R err] and R[err] t ogeR"Mer mnth the nitrogen atomto which
they are attached can forma heterocyclAc ring containing from2 to 8
carbon atons and optionally fro t did gb pet eroatons sel ected
fromthe gro consi sting of oxygéeft, en “and sul fur; mis an
integer froml to 3; and nis an inte E} é@O to 2, provrded that m+ n =
3; or pharnmaceutically acceptabl e salts™ hereof for the manufacture of a
medi cament for treating a patient with an inflammatory di sease. 57.
Use of a pharmaceutical conposition conprising a pharnmaceutically
accept abl e carri erwheréinan ef fective infl ammatory di sease- preventing anount

f f f la iy, . i h
"ndependent 1P sel cot ed SFB R ndspatrsals JEREER ffom th, prsbceimeisaig b hidrogen,
substituted al kyl, keﬁbsbmtad Kmyvlaxk@bkadlu}nyl,?ﬂkhyladrprkogm tloalkiy,! .

cycl oal kyl, cycl oal g;i/ I s sel écted he group
consi sting of hydrayglealkyl WC‘&IWU&MQ hﬂéd al kyl , al kenyl, al kynyl,

S T A R e
al kynyl, al karyl, aikyl| alkehydcatkyasl, lajkaryl; aeylp alkcydloalksl, @ycloakdykemdy | ;
15 cycloatkenyl;
R? is selected from the group consisting of alkyl, substituted alkyl,
alkenyl, alkynyl, alkaryl, aryl, alkcycloalkyl, cycloalkyl and cycloalkenyl;
each X is independently selected from the group consisting of -SO,Y,
-S(O)R, -SO,R® and -SO,NR’R’;
20 wherein Y is hydrogen or a pharmaceutically acceptable cation;
R! is selected from the group consisting of alkyl, substituted alkyl,
alkenyl, alkynyl, alkaryl, aryl, alkcycloalkyl, cycloalkyl and cycloalkenyl;
RS is selected from the group consisting of alkyl, substituted alkyl,
alkenyl, alkynyl, alkaryl, aryl, alkcycloalkyl, cycloalkyl and cycloalkenyl;
25 R® and R are independently selected from the group consisting of
hydrogen, alkyl, substituted alkyl, alken)rl, alkynyl, alkaryl, aryl, alkcycloalkyl,
cycloalkyl and cycloalkenyl; or R® and R together with the nitrogen atom to

which they are attached can form a heterocyclic ring containing from 2 to 8
carbon atoms and optionally from 1 to 3 additional heteroatoms selected from
30 the group consisting of oxygen, nitrogen and sulfur;
m is an integer from 1 to 3; and 7 is an integer from 0 to 2, provided
that m + n = 3; or pharmaceutically acceptable salts thereof.

--81--
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wherein Y is hydrogen or a p'har maceuti cal ly acceptabl e cation; R4 is
sel ected fromthe group consisting of alkyl, substituted al kyl, alkenyl,

al kynyl, al karyl, aryl56.al KEyemethodyaccording toaClajm SArer 35y wheeeirk they | ;

Rlerr] is selected, f.romth roup consi sting of al kyl, substituted al kyl,

al kenyl , al kynyl ,a“é?‘m%e,‘ﬁ#fﬁ 13 %F%W%?‘i?é’lskyl , cycl oal kyl and

cycl oal kenyl ; Rlerr] and Rl err] are independently selected fromthe

group consisting of hydrogen, alkyl, substituted al kyl 6 alkenyl, alkynyl,
al karyl, aryl, al kcycl®&l kyThe metiodzacrgudingatp €laim §4l ey whemin Hieer r ]~ and

Rlerr] together with the nji.tr lch they are attached can form
a heterocycltc ri ‘88%‘!’!%4!?%89%‘8%% %)&'g%'ar bon atons and optionally
from1l to 3 additional heteroatons selected fromthe group consisting of
oxygen, nitrogen and sul fur; mis_ an inte?e[ froml to 3; agnd nis

an integer fromoO to 238.pr oA mehod for treatingra patient withpsinflammatory fissase

The onset of -an i WREATEAS onPsBAIASEAE ¥ snfl REEPR Ak Glucl TP 1 10

the inflammtory ehimposition comprisinizSa pharnideeutivhlly acceptable carrier and an effeaiive 56

- 84- WO 98/93496 X il Hlllﬂﬂﬂ&”iﬁﬂl’ﬂl,sel ected fromthe groupaTowss7aissng . of
SOerr]Y, -S(ORerr]) RIS flland -STerr]NRerr]Rlerr];

or 57 wherein the inflamuatory disease is rheumatoi.d arthritis, 59.
Use of 10  inflammatory dissass-treating amowi &f & sompound of fermule di y di sease
IS septic shock. 60. Use of Claimb56 or 57
wherein the inflamuatory di sease is erythema nodosum | eprosy. 61.
Use of Cl ai m 56 ohﬁ?wherei n the inflanmatory di sease
IS septicem a. 62. Use of o Claimb56 or 57

wherein the inflammtory disease is I S. 3
15 (X C=N(O)R I

I
0”7 R

20 wherein
each R! is independently selected from the group consisting of hydrogen,
alkyl, substituted alkyl, alkenyl, alkynyl, alkaryl, aryl, alkoxy, alkcycloalkyl,
cycloalkyl, cycloalkenyl and halo;
R? is selected from the group consisting of hydrogen, alkyl, substituted
25 - alkyl, alkenyl, alkynyl, alkaryl, aryl, alkcycloalkyl, cycloalkyl and
cycloalkenyl; |
R? is selected from the group consisting of alkyl, substituted alkyl,
alkenyl, alkynyl, alkaryl, aryl, alkcycloalkyl, cycloalkyl and cycloalkenyl;
each X is independently selected from the group consisting of -SO,Y,
30 -S(O)R*, -SO,R® and -SO,NR°R’;
wherein Y is hydrogen or a pharmaceutically acceptable cation;
R is selected from the group consisting of alkyl, substituted alkyl,
alkenyl, alkynyl, alkaryl, aryl, alkcycloalkyl, cycloalkyl and cycloalkenyl;

~-82— THIS SHEET HAS BEEN
REPLACED

This Sheet Has Been Repla

T




-85- Vo3 98/0349G\ ing a conpound of f ornwicanissr/11960

. Jerr] wherei n “ﬂlﬁm”m "m(ﬂm[l ndependently sel ected fromthe
group consisting of hydrbgen, “al Ryl substituted al kyl, al kenyl, al kynyl,

al karyl, aryl, al koxy, alkcycloalkyl cycl oal kyl, cycloalkenyl and hal o;

el e e e e
cycl oal kyl and cyc ny L ycloalkyle £y oatirayl;
kovel valkol, eudl g%gélgbcyc gg?f%(ndeﬂ{lfﬁél%ted eac 5(%@‘%&?& géentl

al kcycl oal kyl cycloalk

Sglcht ei:IR{ rom-t hedgydrngemmhkylssuhsgtuwd alBﬂ[. atkehyl, aéww R{lkzry], ar%']l dalkcycloalkyl

- err err an rel; rein rogen or a
phar rraceutica y af ‘%‘E’ﬂ %N%e*%ﬂlfgﬁ of RS aﬂfléf-' toge IE"'%ET‘E(,‘P% ‘f‘i/g&%“?‘?fg
group consi sting ofyhfihkthky M&bhwwdfoﬁnkavhezeﬁddyaﬁwhng%hﬁmﬁ ﬁ%hk.g. e;?;ect o

aryl, al kcycl oal kyl, cycloal kyl and cycl oal ken Rerr] 1s
fromthe group conearbon ag:m‘mdlagﬁopaliwfmm iuoédadﬂnkgdal hetetoatorhs selédtgdh fiom

al karyl, aryl, alk cI oal cl.oal cI enyl R err]
and Rlerr] are ind F¥'§Fi5§§¥é)&°§¥g ?ﬂ"g HiWonsi sting of

hydrogen, al kyl, subst | s G intelet from! kwsl m&hhyaulmtegérkﬁbmlo t@ﬁ{bmwded
al kcycl oal kyl , cycl oal kyl and cycl oal kenyl : R err] Rl err] together

with the ni trlﬁgen that m tl'onwh|3¢hrmhwnmmdlvmwammalfhet erocyclic
ring containing from2 to 8 carbon atons and optionally from1l to 3
addi tional heteroatons selected fromthe group consisting of oxygen,

nitrogen and sulfur; 59. A method for preventing the onset of an inflammatory disease in

a patient at risk for developing the inflammatory disease which method
comprises administering to said patient a pharmaceutical composition

15 comprising a pharmaceutically acceptable carrier and an effective inflammatory
disease-preventing amount of a compound of formula I:

R,
20
X)a C=N(O)R* I
I
o R?
25
wherein
each R' is independently selected from the group consisting of hydrogen,
alkyl, substituted alkyl, alkenyl, alkynyl, alkaryl, aryl, alkoxy, alkcycloalkyl,
cycloalkyl, cycloalkenyl and halo; |
30 R? is selected from the group consisting of hydrogen, alkyl, substituted
alkyl, alkenyl, alkynyl, alkaryl, aryl, alkcycloalkyl, cycloalkyl and
cycloalkenyl;

R? is selected from the group consisting of alkyl, substituted alkyl,
alkenyl, alkynyl, alkaryl, aryl, alkcycloalkyl, cycloalkyl and cycloalkenyl;
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- 86- WEh9B43496 | iﬂﬂ 1” IHMJH! HIE and n is an integer POTAISYD11960 2,.
provided that m+ n = onprising reacting a furan carbonyl

conmpound of the formJIa [err] W|th a hydroxyl am ne of formula V:
HO NH R err] to provide a conpound of
formula I. 64. mmmaa@wmenﬂvépl&pﬁeddrqﬂm grovpydonsigting of 8, ur an
nitrone of formul [ wher ei n each R is independently
sel ected fromthé )&rp S&?ﬁsﬂq ﬁ%%g ’ydrogen

wherein Y is hydrogen or a pharmaceutically acceptable cation;
R* is selected from the group consisting of alkyl, substituted alkyi,
5 alkenyl, alkynyl, alkaryl, aryl, alkcycloalkyl, cycloalkyl and cycloalkenyl;
R? is selected from the group consisting of alkyl, substituted alkyl,
alkenyl, alkynyl, alkaryl, aryl, alkcycloalkyl, cycloalkyl and cycloalkenyl;
R® and R are independently selected from the group consisting of
hydrogen, alkyl, substituted alkyl, alkenyl, alkynyl, alkaryl, aryl, alkcycloalkyl,
10 cycloalkyl and cycloalkenyl; or R® and R? together with the nitrogen atom to
which they are attached can form a heterocyclic ring containing from 2 to 8
carbon atoms and optionally from 1 to 3 additional heteroatoms selected from
the group consisting of oxygen, nitrogen and suifur;
m is an integer from 1 to 3; and » is an integer from 0 to 2, provided
15 that m + n = 3; or pharmaceutically 'acceptable salts thereof.

60. The method according to Claim 58 or 59 wherein the
inflammatory disease is rheumatoid arthritis.

20 61.  The method according to Claim 58 or 59 wherein the
inflammatory disease is septic shock.

62. The method according to Claim 58 or 59 wherein the
inflammatory disease is erythema nodosum leprosy.

25
63. The method according to Claim 58 or 59 wherein the
inflammatory disease is septicemia.
64. The method according to Clﬁm 58 or 59 wherein the
30 inflammatory disease is uveitis.
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.al kyl, subst iwomwsky l“l'u tm!“ EI] al karyl, aryl, al kaeruseniisso

al kcycl oal kyl, cycl oal k and hal o; WO 98/ 03496

PCT/ US97/ 11960 is selected fromthe group consi sting of
hydr ogen, al kyl, substituted al kyl, al kenyl, al kynyl, alkaryl, aryl,
~al kcycl oal kyl, cycl oal k§3. anA process fon‘:ytﬂpﬂﬁhg(arqolmpound of formula I: R[ err] is
sel ected fromthe group consisting of alkyl, substituted alkyl, 5

al kenyl, al kynyl, alkaryl, aryl, alkcycloalkyl, cycloal kyl and

cycl oal kenyl ; each X 1is -SC{err]NR[err]R[err] wherein R err]

and R[err] are independently sel ected ®",
hydr ogen, al k§1, substituted al kyl, al
al kcycl oal kyl , cycl oal kyl and cy(X)Q
together with the nitrogen atomto
het erocyclic ring containing from2 to

fromthe group consisting of
|, al kynyl , al karyl, aryl,
—@=R(O)RT and R[err] 1
.are attached can forma 10
n atons and optionally from1l

to 3 additional heteroatons selected fromthe group consisting of
oxygen, nit rgﬁe and sul fur; mis an integer from1l to
3; and n is |nteﬂer fromO to 2, provided that m+ n = 3, said
process conpr|5|ng W5t eps of: 15 (a) reacting a

carbonyl - substituted f ugaR F'YSimdbpendintly selebiag Ursm Ghe group conki3fing OF Rylidgen,
[err] 25 W th phosphorous trichloride and phosphorous

pent achl ori de to palkyli substitujedvalkyl, alkenyl|i alloynylli alkarylhanyl,alkexy, falkcyaloalkyl,
sul fonyl chl oride &%M’f&ﬁimﬁﬁ%ﬂ %WHLI%, 30

15 R? is selected from the group consisting of hydrogen, alkyl, substituted
alkyl, alkenyl, alkynyl, alkaryl, aryl, alkcycloalkyl, cycloalkyl and
cycloalkenyl; '

R? is selected from the grbup consisting of alkyl, substituted alkyl,
alkenyl, alkynyl, alkaryl, aryl, alkcycloalkyl, cycloalkyl and cycloalkenyl;

20 each X is independently selected from the group consisting of -SO,Y,
-S(O)R*, -SO,R? and -SO,NR*R’;

wherein Y is hydrogen or a pharmaceutically acceptable cation;

R* is selected from the group consisting of alkyl, substituted alkyl,
alkenyl, alkynyl, alkaryl, aryl, alkcycloalkyl, cycloalkyl and cycloalkenyl;

25 R? is selected from the group consisting of alkyl, substituted alkyl,
alkenyl, alkynyl, alkaryl, aryl, alkcycloalkyl, cycloalkyl and cycloalkenyl;

R® and R’ are independently selected from the group consisting of
hydrogen, alkyl, substituted alkyl, alkenyl, alkynyl, alkaryl, aryl, alkcycloalkyl,
cycloalkyl and cycloalkenyl; or R® and R together with the nitrogen atom to

30 which they are attached can form a heterocyclic ring containing from 2 to 8
carbon atoms and optionally from 1 to 3 additional heterocatoms selected from
the group consisting of oxygen, nitrogen and. sulfur;
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[err] WO 98/03496 wummmlllﬂﬂ”ww - 87- VO PETOBADEI960
(b) reacting the gent L tituted furan sul fonyl chloride

conpound with an am ne of the formul a: [err] 10 to provide a
gemdi chl ori de-substituted furan sul fonanm de conpound of the f or myl a:
15 [err] 20 m is au jnteganfror| lyto Higand e isanintegss) feom dbtos?,nrrovidst ed

L o onam destm b EE3 Ba bocBh 5 dng JeRARY s fiictdrbityi dobipoift

of the formula: _

5
®R",
X C=0
I
10 O R?
with a hydroxylamine of formula V:
15
HO-NH-R? A
20
to provide a compound of formula 1.
66. A process for preparing a sulfamoyl-substituted furan nitrone of
formula I':
25
®",
' (X")a— C=N(O)R’ I
30 (
O R?
wherein
35 each R! is independently selected from the group consisting of hydrogen,

alkyl, substituted alkyl, alkenyl, alkynyl, alkaryl, aryl, alkoxy, alkcycloalkyl,
cycloalkyl, cycloalkenyl and halo;

et v e — P 7 T2
et R b g sl
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and; 35 WO 98/034%6) Lllllwmllequlﬁmﬂrbonyl substituted furarcTaisbunmes de
.wWith a hydr oxyl am hé L

HO- NH Rl err] ' - 89- to
provi de a conpound of fornula I". 65. The use of a conpound of
formula I: [ er rR2 is selbexteri from the groemconsitingrdf h)&ircbgadepﬁcydi,emblslsjrtuted

sel ected fromthe r Si sti f hydro tltuted al kyl ,
al kenyl , al kynyl ,al Y » Ay Taﬁl%ﬂt ary), %iw@aéh&ﬂ cycggpilfyd
cycl oal kenyl and Rlerr] is.selected fromthe group consi sting

of hydrogen, al kyTl”, sulE)slyl’t uted al kyl, al kenyl, alkynyl, alkaryl, aryl,
al kcycl oal kyl, cycl oal RYls sabettexd) fromathecgrop consisting of a¥kyl] substibuedalkyl from

the group copnsi stiQ ?f Ikll’, sutisti ut Ed | kyl ., allk andacycsfoﬁf(

atkaryl, ary, al¥k§lo ; yil » SR bh X is

i ndependent |y sel ect e%ﬁchol]{" ishs NROR; C\omatﬁ.tkﬂsn@k’aéqna@an entS bR 1]
err NR[err I S

-SJerr]Rerr] and -S ]R[err] wherei n drogen or a
phar maceut i cal | y fromethe growp censisting of hydrogeRr| alky], substitutedallad, alrkamylt he

group consisting M)}l? Xik‘arﬁ,u la)rsytl,I gl%yec?oaﬂyliylcycloalkyl and cycloalkenyl; or R® and R
together with the nitrogen atom to which they are attached can form a
10 heterocyclic ring containing from 2 to 8 carbon atoms and optionally from 1 to

3 additional heteroatoms selected from the group consisting of oxygen, nitrogen
and sulfur;
m is an integer from 1 to 3; and # is an integer from 0 to 2, provided

that m + n = 3, said process comprising the steps of:

15 (@)  reacting a carbonyl-substituted furan sulfonic acid compound of-
the formula:
®). O
20 |
| (HO,5), C-R?
o
25

with phosphorous trichloride and phosphorous pentachloride to provide a gem-
dichloride-substituted furan sulfonyl chloride compound of the formula:

30
®)
!
(CIO;S), 1+ C-R*
I
35 o cl
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cyerodtcomr et <A ﬂl ﬂﬁllﬁﬂl}é' From the o1 oup cons: SRR

substituted al kyl, al kenylc Kynyl , *al karyl, aryl, al kcycl oal kyl,
cycl oal kyl and cycl oal kenyl ; R err] and Rlerr] are i ndependent |y
sel ected fromthe group) correicﬁn’grtge gémmjdrlajdmsutzstikyéd furar sulifonyl stilogidey | |

al kenyl , al kynyl, al kar al oaI , cycl oal kyl and
cycl oal kenyl ; or CR{"QPP'}X%@ #@PW *6%%% th the nitrogen atomto which
they are attached can forma het erocyclic ring containing from2 to 8

carbon atonms and optionally from1l to 3 additional heteroatons selected
fromthe group consisting of oxygen, nit rcijdﬁ-Rind sul fur;

- 90- § mis an integer from1l to 3; fand nis anlnteger fromO to
2, provided that m+ n = 3; or phar_maceuti cenﬂy acceptabl e salts thereof in
the manufacture of a formulation for a nedicinal treatnent. 66.

The use according to Caim65 wherein the nedicinal treatnment is the
t herapeutic or prophylactic treat rrent of an acute central nervous system

di der. 67.., Th i t
medici nal t Meat mdRPTOdde pSeprichiade sy saﬁu&f 458 salfoianide camaud B the

acute cardi ovascYpghuldt sor der. The use accordl ng to C aim65
wherein the nmedicinal treatnment is the therapeutl c or prophylactic
treatment of a neurodegenerative disease. 69. The use according
to Caim65 wherein the nedicinal treatnent is the therapeutic or
prophyl actic treatnent of an autoi mmuRd),di se@be. 70. The use
according tps Caim65 wherein the nedikinal {reatment is the therapeutic or
prophylactic treatnent of an (X"M. ( L GeRse.

| I

0] Ci
20

()  hydrolyzing the gem-dichloride-substituted furan sulfonamide
compound to provide a carbonyl-substituted furan sulfonamide compound of the

formula:

25
®". Cﬂ>
(X')., C-R?
30
0

and;

35 (d)  reacting the carbonyl-substituted furan sulfonamide with a

hydroxylamine of the formula:

HO-NH-R?
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to provide a compound of formula I'.

67.  The use of a compound of formula I:

®",

X C=N(O)R® I

l
07 R

wherein

each R! is independently selected from the group consisting of hydi'ogen,
alkyl, substituted alkyl, alkenyl, alkynyl, alkaryl, aryl, alkoxy, alkcycloalkyl,
cycloalkyl, cycloaikenyl and halo;

R? is selected from the group consisting of hydrogen alkyl, substituted
alkyl, alkenyl, alkynyl, alkaryl, aryl, alkcycloalkyl, cycloalkyl and
cycloalkenyl;

R? is selected from the group consisting of alkyl, substituted alkyl,
alkenyl, alkynyl, alkaryl, aryl, alkcycloalkyl, cycloalkyl and cycloalkenyl;

each X is independently selected from the group consisting of -SO,Y,
-S(O)R*, -SO,R® and -SO,NR°R’;

wherein Y is hydrogen or a pharmaceutically acceptable cation;

R* is selected from the group consisting of alkyl, substituted alkyl,
alkenyl, alkynyl, alkaryl, aryl, alkcycloalkyl, cycloalkyl and cycloalkenyl;

R’ is selected from the group consisting of alkyl, substituted alkyl,
alkenyl, alkynyl, alkaryl, aryl, alkcycloalkyl, cycloalkyl and cycloalkenyl;

R® and R are independently selected from the group consisting of
hydrogen, alkyl, substituted alkyl, alkenyl, alkynyl, alkaryl, aryl, alkcycloalkyl,
cycloalkyl and cycloalkenyl; or R® and R? together with the nitrogen atom to
which they are attached can form a heterocyclic ring containing from 2 to 8
carbon atoms and optionally from 1 to 3 additional heteroatoms selected from
the group consisting of oxygen, nitrogen and sulfur;
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m is an integer from 1 to 3; and n is an integer from O to 2, provided
that m + n = 3; or pharmaceutically acceptable salts thereof in the

manufacture of a formulation for a medicinal treatment.

68. The use according to Claim 67 wherein the medicinal treatment
is the therapeutic or prophylactic treatment of an acute central nervous system
disorder.

69. The use according to Claim 67 wherein the medicinal treatment
is the therapeutic or prophylactic treatment of an acute cardiovascular disorder.

70. The use according to Claim 67 wherein the medicinal treatment
is the therapeutic or prophylactic treatment of a neurodegenerative disease.

71.  The use according to Claim 67 wherein the medicinal treatment

is the therapeutic or prophylactic treatment of an autoimmune disease.

72.  The use according to Claim 67 wherein the medicinal treatment
is the therapeutic or prophylactic treatment of an inflammatory disease.

90—
THIS SKEEY HAS BEEN

REFLACED

This Sheet Has Been Repl

I




