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| NVENTI ON 10 Field of the Invention This invediidn rel ates {0APRNEIN02
a-aryl-N al kylnitrones and their use as therapeutic agents and anal yt| cal
reagents. More particularly, this invention concerns novel a-aryl- l
al kyl nitrones and their use as therapeu ting and/or preventing
neur ol ogi cal , autoi mune and i nfl ammat o”ﬂ“m“ﬂmml mlmE in 15 mamual s and as
anal yti cal reagents for detecting free ra |g0%$0§_, ~tatg o~F the Art

Al zhei nmer's di sease is a neurodegenerative condition in which nerve cells

in the brain are systenatical | g-AR¥L+AKYENITRONESN progressive nenory

| oss, 20 ment aANDOPHUAR VA CRUTICATNEOMPOSITIONS TOONYA INING THIS SiAEe on
Aging (NIA) has recently estimated that about ~4 mllion people in the

United States are currently afflicted with Al zheiner's disease. At present)
there is no treatnent that effectively prevents the di sease or reverses its
synptonms. 25 In recent years, significant progress has been nade in
under st andi ng the pat hogenesis of Al zheiner's di sease. For exanple) it is
now known that patients with Al zheiner's di sease devel op anyl oid pl aque
deposits around and bet ween 17 APRIL 2002 2 the nerve cells of their
brain. These pl aque deposits are made up of fibrillar aggregates of a small
pepti de called anyloid ~3-peptide or A~3. The plaque deposits initially
formin the hippocanpus and cortical regions of the brain (areas associ ated
with nmenory and cognition) and then spread to other areas as the 5 disease
progresses. The deposition of fibrils and plaques is also foll owed by

i nfl anmati on of the surroundi ng support cells, called glia, which may | ead
to further |loss of neurons. Eventually) the nerve cells in the brains of
nost Al zheiner's patients devel op tangles of a m crotubul e-associ at ed
protein, called tau, which are believed to be a response by the nerve cells

to damage. 10 BACKGROUND OF THE INVENTION
10 Field of the Invention
This invention relates to novel a-aryl-N-alkylnitrones and their use as
therapeutic agents and analytical reagents. More particularly. this invention
concerns novel a-aryl-N-alkylnitrones and their use as therapeutics for treating
and/or preventing neurological, autoimmune and inflammatory-conditions in

15 mammals and as analytical reagents for detecting free radicals.

State of the Art
Alzheimer's disease is a neurodegenerative condition in which nerve cells
in the brain are systematically destroyed resulting in progressive memory loss,
20 mental confusion and ultimately death, The National Institute on Aging (NIA)
has recently estimated that about 4 million people in the United States are
currently afflicted with Alzheimer's disease. At present, there is no treatment

that effectively prevents the disease or reverses its symptoms.

25 In recent years, significant progress has been made in understanding the
pathogenesis of Alzheimer's disease. For example, it is now known that patients

with Alzheimer's disease develop amyloid plaque deposits around and between



Progress in understandi ng the underlying mechani snms of Al zheinmer's disease
has led to the devel opnent of various in vitro and in vivo nodels to
identify conpounds effective for preventing and/or treating Al zheiner's

di sease and ot her neurodegenerative conditions. In one such i W &PRIe20R%el )
conpounds 15 are evaluatcd for their ability to intervene in A(3(1-40) or
A(3(1-42) beta-pleated sheet formatien?-Since the deposition of anyloid
p-peptide is associated with the devel opnent of Al zheinmer's di sease)
conpounds which effectively disrupt the formati on of A(3(1-40) beta-pleated
sheets are potgahémtIc¥lis'sLihelr train. PTIRXE pldgae depelitrars made sprd fibrillagi mer' s

di sease-rel ated anyloid deposits. 20 In another in vitro nodel, conpounds
are eval uat ed aggregatesiof asbialli peptide calledtamyloidofiipaptiders( 8- 3Bhe plagieced

| |1 i.n, b i hi | |
Cul'turos. s deBasis nitall 00N ) e HangcRiptn 04 SHRIHLEEL S CLBE A eress
progressive | %ﬁﬁ)c&fted]%ﬂw%@{l%@?nh%ogﬁﬁﬁﬂf %J‘He%/%sgi%?ﬁ?@%&rﬂ%?&g"ﬁ@!tﬁ@ are

effective in this In vi are-potentia educi ng or

preventi sy nediseasy proghdssdsoSFhe deposition of fibafld hnd pladues it lalsal iptiewed by s
di sease or other neunodegener ative conditions. Athird in vitro A zheiner's
di sease nodel inflammaden ghthersurigyading suprat oglls: gakled-glida Wieh maylesdses t he

I f j h i Kiyn- 1= -1~ , | L 2002
! oo LR B SR BB, bl R prpl fr 488 7007 —
nonocyte cel | AlzRGmerd patiédis UeRIGPLangRS 6 amhidforibill&assoclaték-pootdih,; éallgad TNFa

are proteins associated wth infl'ammatory and i mune responses. As

previ ousl y metay,ovideh arenbeligzedbta be amesppnge; i thesnerye ealls thdamage.of
Alzheinqr's patients is associated with 5 inflammuation of the surrounding
support Cells. See, S. D. Yan et al.. Proc. Nail. Acad. Sci. USA. 94, 5296
( 1997). Thus, comMmmypdss ﬁfﬁrﬁﬁ?dté&ﬂ_iﬁé‘ﬂfemn&pﬂ?in‘g'rhé&gahi@ﬁ'ifs A MzZRakepsi al |y
useful for reducing and/or preventing the inflammtion associated with

Al zhei mer' s didiseasschasled rthetdevelapingint ofl wavious dn visxatns ivfvive models to - 6, TNFa
and ot her cytokines are associated.wth a.w de,varief. f .inflamatory and
aut oi mune coﬁ%‘?“f‘?’bﬁ%‘,np? Slfgéeﬁfg"‘-‘s@ﬁtﬂf%"egﬂ% I?f‘d)r‘l)ﬁém{%?‘&zrﬁr“flﬁr ?Hflsggse
erythema nodo ; ' RiopsTe T BAE bich inVitrb nRddR1 SOhfolRds)
system c | upugﬂghgﬁ?ﬁgﬁﬁﬁ%@agﬁgg%@ﬁ&ggﬁﬂf%t H%I ) ,mDrG News Per specsts.
1196, 9)15261; asmevaluatathfoyeaheit ability to inlervénexip. ARG -4®ch Ag@%%lbﬂ}i)-plt&w- 1867.
Accordingly, c unds, which inhipit the producti.on aof such cytoki.nes are
potentially u§g‘?r£g$°1’l“&?r"°f‘r P?%‘&eéige??‘??ﬂ Pgﬁ‘ﬁﬁ#)b‘ﬁ b"?ﬂ?ﬂd%tﬁ %?F?ﬁ%‘ﬁ@ with the
condi tions. Sy i b dyd bfpBaRdWHRh SrREAVAY Aisrait!tRe f OF

i dentifying 23%43%‘{8%’%‘%%‘3@?@1&?é‘\rﬁ‘%%éggﬁd?i ngd and/ or treat%/ng

neur odegener aformmatioawtfA A} bata-pleated shaetsarepotensiatly usefub for@reveanting i n
vivo di sease nodel is hased on the observation that nmammls suffer

Cooni 1 ve s mpAMYRE REVERTIES AlieBEY S gfeasrreist SRHOR SR ectod fnto the

hi ppocamgus of their brain. Since anyloid ~3peptide deposits are associ ated
with Al zhei nmer's di sease, conpounds which 25 effectively reduce the

cogni tive i npairnedh anadieekh HyroABodEd; &mpounds arcewaluate fovttheit ability tousef ul

for the prevention and/or treatnent of Al zheiner's disease and ather
neur odegener aProfect agaimst ABRS-3Nnisduced neyronal gellijass 4d Bt GRIEYORIE pased on the

observation t i I3l aut ol - J1 : |:fi Ve
deficits as t oﬁ%fnéaﬁé{_é u%;engfﬁ{lgorc%exce nrlf)lfce N g?éﬁ%%gg Béﬁ’%ggﬂgv.lhﬁ\leur al
Bi ol ogy 1988, AlZeiA&'s dikBaskShffer Bgﬁ&»gtﬁwﬁlﬁw@ﬂ&f nétrehalwetly.e Mccordingiguce such

cognitive deficits 17 APRIL 2002 -- 4 - are potentially useful for
prevent i28g anddwpoundsavhicly arcceffestivg dmrisiin vigroaiest ara potentiakie useuldiori ons. |t

has now been discovered that certai el .a-aryl - | kyl ni. t e 5,
conpounds ef f éﬁfﬁ'\c%I QF RIRVTHINE ‘leHéo'F‘g F%quﬁﬁ“ Bim%@i %@?ﬁl B’é{thaé‘%ﬂ%’g?eéé sheet s
and/ or protec; i : i3dyd/ or inhibit the rel ease of

cyt oki nes) sugﬁegsg ﬁ%@%ﬁ@ﬁ#ﬁﬁ%ﬁﬁ\'@d itionally, inin vivo tests, these
conpounds have been found to reduce the cognitive inpairnent caused by

A3(25-35)/ibotenate and to reduce the cognitive deficits that develop in
certain strains of Aathirs irditre Aloheimer's diseaser modell iy passdcan e abservaLorr e

aut of migfle. andd RraFaHIniA BegPaces e Fribeee or Y inesy Sk RORBRRRGR:1g GL-1p),

al kyl ni trone conpounds of this invention are also useful as 15 anal yti cal
reagents for detecting free radicals. In this regard) the conpounds of this
i nvention function as "spin traps" by reacting with unstable free radicals
to formrelatively stable free radical spin adducts which are observabl e by
el ectron spin resonance (ESR) spectroscopy. Accordingly, when used as spin
traps, the conpounds of this invention allow free radicals to be identified

Y. - . . .




SUVMMARY COF THE | NVENTI ON Thi s invention provides novel a-aryl-

al kyl ni trone conpounds which are useful as therapeutics for treating and/or
preventing neurol ogi cal, autoimune 25 and inflamuatory condi ?i O‘:ﬂi’ [ r&

manmal s and as anal ytical reagents for detecting free radi calld ARRIL 2002
particul ar) the conpounds of this invention are useful for preventing ;
and/or treating Al zheinmer's disease. Accordingly, in one of its conposition ’
aspects, this invention is di rect ed to conpounds of formula I: 17 APRI L
2002 -- S R RZ N+ Ra wherein R_is selected fromthe

group consi sti igetdgukin- ﬁ(ﬂ(ly'ﬁ) an&wmrw@pyow fastpeioo6TNERy In Byman mppogyte

o Koxy, al keyo Pl miSk R R HBGaubA it h. FE 1D, aghe I NEY fhepiins
attached to adh@@@ﬁfed%mbﬁma%ﬁﬁsr Cﬁa dﬁ‘x?lﬂuﬁizr diBonses A@'p‘i‘@ﬂods‘]{;ﬂﬁfehﬁén&do form

an al kyl enedi oxy group; R3 Is sel om t he group consi st’ing of |
hydr ogen, al komc)depﬁsmbkoﬁcﬁbuw inatky brmm:bf)Allz{mmyeramphthaﬂsogesspcmtdlvmth

sel ected fromt group consi sting. of hydrogen d al kyl, is_sel ected
from the group! mationRf the swirpyad ‘%Wﬂf’@r%’g"ﬂseggf 15 &BBF( ?altoﬁﬁ‘b“ Natl
substituted a Ibeﬁgt o@l lped
that: 20 (i) \Aﬁgénd E\}%Y H%“%“ ‘are |(r11§9§en ent | g&ﬁdﬂé%gﬁ‘y@eﬁt V?F&ésp

not net hoxy; (ane)po&mmll%cﬁl farndditing andyod Ipﬁ@eﬂuﬁgﬁdleﬁﬁlarﬁmh@m asksuélyde)l t hen
R is not 4n-butox pentyl oxy or 4-n-hexyloxy; (iii) when R2, R3 and

R4 axe hydrogeW“& Zh@meg sidisggseopyl ) then R is not 25 4-ethoxy; (|v) when |
R and R~ are joined together to forma 3, 4-net hyl enedi ox~~ group and R

and R are hydrogen, then RS is not i~propyl or tent-butyl; (v) when R2) R |
and R4 ane hydr ogenadagion®iiy, Senévataetﬂreoéu ohmmr_m ORYFY bad btheﬁcﬁokin‘és not

2- et hoxy; 17 APRIL 2002 -- (vi) when R is 4-nethoxy, Rz Is 3-ethoxy,

and R3 and R atm@ alsma;gbmmtmmmnew obinfRrEnatenysandyaupimngIng [copditions,
1- hydr oxy- 2- e

Fnrc%ldPn Os%p%c sl)bck rﬁeumatoxd arthritis, erythema nodosum leprosy,
meningococcal meningitis. multiple sclerosis, systemic lupus and the like. See,
L. Sekut et al.., Drug News Perspect. 1196, 9, 261: and A. Waage et al., J. Exp.
15 Med. 1989, 170, 1859-1867. Accordingly, compounds which inhibit the
production of such cytokines are potentially useful for treating such inflammatory

and autoimmune conditions.

Similarly, various in vivo disease models are available for identifying
20 compounds useful for preventing and/or treating neurodegenerative, autoimmune !|
and inflammatory conditions. One such in vivo disease model is based on the |
observation that mammals suffer cognitive impairment when A(25-35) and
ibotenate are injected into the hippocampus of their brain. Since amyloid p-
peptide deposits are associated with Alzheimer's disease, compounds which \
25 effectively reduce the cognitive impairment caused by Af(25-35)/ibotenate are
potentially useful for the prevention and/or treatment of Alzheimer's disease and
other neurodegenerative conditions. Another in vivo disease model is based on
the observation that certain strains of autoimmune mice develop cognitive deficits
as they mature. See, for example, Forster et al., Behav. Neural Biology 1988,

30 49, 139-151. Thus, compounds which prevent or reduce such cognitive deficits



(vii) when R and Ra are hydrogen and RS is tent-butyl, then R is not

4met hoxy when R2 is 2-fluoro, and R is not 2-nethoxy when RZ is 4-fl uoro.
5 Preferably, in the conpounds of forrmula | above, R is sele téﬁ%ﬁfon1the
group consi sting of al koxy, al karyl oxy and cycl oal koxy. Nbre'ﬁ? eﬂﬂoﬁ, R
is al koxy having 1 to about 8 carbon_gtons or al karyl oxy having 7 to about
10 carbon atons. Particularly preferred R groups include nethoxy, ethoxy,
10 butoxy, pentyloxy, hexyl ~xy, cycl ohexyl oxy, heptyl oxy) octyl oxy)

benzyl oxy, 4f|uorobenzy|ox¥gand 4- met hoxypenzyl, ox , referably

2 . . R, 1Is
sel ect ed f r onEcHROtIKIBHY fos prexgnng Ay Péé@ﬂt,m%l};ﬁ‘ﬁ??egéﬁﬂlpml"ﬁéﬂﬁ Mor e
preferably. Rz i . al koxy having 2 to about 8 carbon 15 atons, or
fl uoro. Partig'fﬁ’§1ﬁ§9ép’)€og@§%orngd Rz groups include hydrogen) ethoxy and
fluoro. 20 When R and R~ are attached to adjacent carbon atons) R and RZ
are also preferably joined together to form an al kyl enedi oxy group having 1
to about 6 carbon Htlasmowrzen disgbeerey that etrainawvel dardrédikylyitrgnoups

i ncl ude net hyl enedi.gxy_and et hy| enedi oxy,. provj ggd at en and R~ are
j oi ned t 8get hEQMpQ} 6FffF%PVSI,M‘-"i/@t‘%‘;‘Féﬂ@é‘%fégﬁﬁé%ﬁéﬁe%ﬁﬁ e

hydr ogen, the ' P = o R RIS

hydr ogen or aﬂ@y{.’ r%k%?égdsﬁsg@ é@%ﬂ/&l@@?cﬁ%ﬁ%‘gﬁ&g r&%%%g@éﬁég%%sd 2 to 8
car bon at ons. suehras L lfpaddyTNFRf eAdditiomillyginimp sivo nests) dieseyodmpoandshigveet hoxy.

17 APRIL 2002 R4 is preferably hydrogen or | ower alkyl. Mre preferably) R4
is ' hydr ogenbesn faund o redusentyie cogmitixe impygment iaed & AB(23rds)ibetemats abl v,

R is hydroge e 1L.Sh.pr . l.ect .St of
Kyl havi ng. 48 gt nB G R B Eelob bR, SRR 5
carbon 3pons @ik, CAEdopdinkly| stichVédiBpotnid® ardeieful ¥or drrpreverionrdnd/dybdr-e
preferably, Its is alkyl having 3 to b carbon atons or cycloal kyl having 5
to 6 carbon atregimentiof meyradegencrative. puwimmusg apd igflaspmatory, epaditions iy opyl )

i sopropyl, 1-nethoxy2methyl proo-2-yl) n-butyl) but-2-yl) tert-butyl,

2- et hyl but - 2MHYPAE: net hyi but - 1yl , ~ 3, 3-di net hyl but-2-yl, 4-net hyl pent - 2-yl ,
2,4-dinmethyl -2-pentyl, 2,2,4,4-. tetranethyl pent-3-yl) cycl opropyl,

cycl obutyl, tert-octyl (2,4,4-trinethyl pent- 2y|&ﬁ,§ cycl opentyl, cycl ohexyl,
cycl ooctyl, 1-adanbhe gtarylNatkyisitrone compaunds of|thistinygntipnzzge alsatusefud ag

benzyl . en RS.is adamant yl, . 1-adanantyl. i r rred.. . her sui.table RS
or oubs Aher ucemabipalEEREaE tor acliBng T riionis, M TR TEAS, g Bfteotius 87

2- phenyl pr op- gigyinverdionSAotion AP spin/irdps? HyRh&iingy wih hasble 24 Ry )

1, 3-di hydr oxy- 2- (hydr oxynet hyl ) pr op- £y| , 1-sulfo-2-nethyl %ro - Z?II )

4-f | uor obenzyformIelatinelyestable froe nadical spin sdduntstwlaigly Bre obisepnablgmbly electron

3t hi onet hoxyprop-1-yl . ecially preferred. grqu f .conpounds qf
fornula | ar esqjxﬁtacgg}{y}?c?@sgi?%trﬂsc%g ' 5%%?%893 Wg}eﬁd‘%?d %%ﬁ%rﬂ)ﬁdﬂﬁ are
each hydr ogengongitfinG$of thifmveRidn Atbvd prR¥eadiCaIotd 66 ikmpieied aht ¥nidie!f edinged
group of compounds of fornmula | are those in which R is a 4-ethoxy group;
R2 ) R32Gnd RESRmaad ecleteditgabnigyes; and RS is as 30 defined above. 17 APRI L
2002 1 ._ g __ Still another especially preferred group of conpounds of
formula | are those in which R is a 4-benzyloxy group; Ri) R-and R4 are
each hydrogen; and RS is as ggpl $OOKerHE IXKWERTRORET especial Iy
preferred group of conpounds 0O ormula | are those in which R is a

3- et hoxy group; R-=This invefition phovigesonovep p-d28l-Aradkytditeone compouhguiwbiphrare and
RS is as definedq above. In a preferred enbodi nent, this  inventjion is
directed to a4 tharapguties)far Jreating and/or preventing neurological, autoimmune

25 and inflammatory conditions in mammals and as analytical reagents for detecting

free radicals. In particular, the compounds of this invention are useful for

preventing and/or treating Alzheimer's disease.

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

to compounds of formula I;



RE OR-1 + 11 / iNN Re ~ RO 15 Hwherein R6 is selected fromthe group
consisting of al koxy having 1 to 8 carbon atons, al karyloxy having 7 to 10
carbon atoms, aryloxy having 6 to 10 carbon 20 atons and cycH %ghﬁiy gzving
3 to 10 carbon atons: R is selected fromthe group consisting 149 y
having 1 to 8 carbon atons and fluoro)gor when R6 and R are attached to
adj acent carbon atons) R6 | and R nmay be joined together to form an

al kyl enedi oxy group having 1 to about 6 carbon atons; 25 R8 is sel ected
fromthe group consisting of hydrogen and al koxy having 1 to 8 carbon
atonms; and R9 is selected fromthe, group consisting of alkyl having 3 to
about 8 carbon atons ) substitut al kyl having 3 to about 8 carbon atons
and cycl oal kyl having 3 to about 10 bon apons; 30 provided that: 17
APRI L 2002 g~ (i) when R is nB® d Ralks hydrogen or nmethoxy, R6 is
not methoxy; (ii) when R6 and R are neg-Neget her to forma

3, 4- et hyl enedi oxy group and R~ R8 hydroggn, th& Ry is not isopropyl or
tent-butyg; and 5 (iii) when Ris 4-netho§¥, R is 3-ethoxy and R~ is

hydr ogen, “then Ry is not 2, 2-dinethyl but-®&4I or

1- hydroxy-2-nethyl prop-2-yl. In a preferred enbodi ment, R~ is al koxy having
1 to 8 carbon atons, R is alkoxy having 2 to 8 carbon atons and RRis

hydr ogen. |n t Mhsreémbodi ment, 10 particularly preferred Rb groups include

t hoxy, ethoxy, b tyl oxy, hexyl hept vyl tyl oxy, and
Dart ol arl y pr ef or ROl iR IRE e, cioun SoR Mg AT AR BKERGoRh . R f s

met hoxy and R ;9 ) .red enbodi nent) R' is ethoxy;
and R and RB g‘rkqugéﬂﬁi%r’ 832%’3’3%5%9 clBélﬁfn?j ’

10 R? is selected from the group consisting of hydrogen, alkoxy,

alkcycloalkoxy, cycloalkoxy and halogen, or when R' and R? are attached to
adjacent carbon atoms, R' and R? may be joined together to form an -
alkylenedioxy group:
R3 is selected from the group consisting of hydrogen, alkoxy,
15 alkcycloalkoxy, cycloalkoxy and halogen;
R* is selected from the group consisting of hydrogen aﬁd alkyl;
R’ is selected from the group consisting of alkyl having at least 3 carbon
atoms, substituted alkyl having at least 3 carbon atoms and cycloalkyl;
provided that:
20 (i) when R? and R® are independently hydrogen or methoxy, R' is not
methoxy; |
(i) when R?, R? and R* are hydrogen and R’ is terr-butyi. then R’ is not 4-
n-butoxy, 4-n-pentyloxy or 4-n-hexyloxy;
(iii) when R?, R® and R* are hydrogen and R? is isopropyl, then R' is not
25 4-ethoxy;
(iv) when R! and R are joined together to form a 3,4-methylenedioxy
group and R® and R* are hydrogén, then R’ is not iopropyl or tert-butyl;
(v) when R2, R® and R¢ are hydrogen and F is 1-hydroxy-2-methyiprop-
2-yl, then R! is not 2-ethoxy;



In yet another preferred enbodinent. R~ is benzyloxy) R is alkoxy having 1
to 8 carbon atons, and R' is hydrogen. In this enbodinent, particularly
preferred R groups include methoxy, ethoxy) butoxy, pentyl ox

hexyl oxy, heptyl oxy and octyl oxy. 1n another preferred enbodlﬁ%ﬁ?Rmﬁmoﬁs
benzyl oxy; and R and R~ are hydrogen. In still another preferred

enbodi nent) R6 is al koxy having 1 to 8 garbon atons) R is fluoro and RRis
hydrogen. In this enbodi nent, particularly 25 preferred R6 groups include
met hoxy) et hoxy) butoxy, pentyl oxy) hexyl oxy) heptyloxy and octyloxy. In

yet another preferr f}(ﬁﬁeng’g B,)mﬁoﬂn I3%23%1‘?0 H&@(’%ﬂ&%r&% %}dgoéﬁ%ﬂ a

met hyl enedi oxy or e i oXy group-a rogen pr ovi

17 APRIL 2002 Jtﬁen_lg’wrnmmdmhﬁbuﬁsqmmmﬁﬂrmgmylpmﬁMmaad

3, 4-rnet hyl enedi oxy group and Ra is hydrogen, then RO is not isopropyl or
tert-butyl. In the a(MU)/lél enBdandnRiase hyrogen prd:RE isagregbusylicyhenRhis ngt & t o 6
carbon 5 atons or,c yl ng 5.tq .10 carbon ato Particul arly
preferred RO grBUP®Y 'Eu ‘%Q'E‘PBB%%ndi*@dﬁr“Bb? methoxy when RY s dhfero

1- met hoxy2s nmet hyl pr oo- 2-y| , h-butyl, but-2yl) tert butyl) 2-nethyl but-2-yl,
3-net hyl but-1-yl) 3, 3-di net hyl but-2-yl, 4nethyipent-2-yl.

2, 4- di met hyl - 2- pent \Rrefefahity 4in4h¢ edmpoeridsydffermuia- Iydbpvcs,yk‘l isjselegted from the
cyclobutyl) tert-octyl 2 4, 4- trlrrethyl pent - 2-yl) cl opentyl) 10

cycl ohexyl , cytﬂr@%?‘i)/'!“s ing é?&é’fk&ﬁk’yi"}‘alé' QeYathdexe a“SP’é dﬁé‘?ﬂﬂ?f“&blﬁdg}rﬁntyl )
benzyl . V\hen q?ﬁ;@y r [ eferred
R9 groups areRl)ééugg opy nﬁe@r%bo% ? ell{o{g?r?gt af"éggé‘%‘tﬁé %Ct%)gb ‘ytofcat’ yl)

1- adamant yl , cy:aihonrammi aaﬂxcomelmfeﬂed R&ﬂoumhmtd&rmahox)t StifRyPosi tion
aspects, this invention s directed to each of the individual conmpounds:

a- (4- heptl oxy PHERY) perNyloxy ¢ hexyiquynicyelohexdoxwy- heasgjexsashdex. jpengyloxy, 4-
| t N t t - but yl t 20
2 angilhg;(y[)ﬁgny?fé% “}IQ é?@ﬁﬁ%‘ﬁ‘gﬁﬁgﬂlﬁ enzyF(r)xy-g- )r/re?lhoisgﬁenyl )-N

tent-butylnitrone a- [3 (4 met hoxyphenoxy) phenyl J N tent butyl ni trone
a- (2-ethoxyphenyl)-N_tert-but In| trone aN§‘3 4- et hyl enedi oxyphenyl ) -
tent-butyl nitrone 2R’ds pmf@qah maqu«ym e ZEQUPheODgisHNg o6 hdrogen, alkoxy
a- (4-benzyl oxy, 0X

a- ( 3- et hoxy- 4- nﬁ? ﬁg&{}ph)e('ﬁo?ﬁl}[# aylf yliﬁ 619 ﬂ?é%lg%h%l%?y having 2 to about 8 carbon
a- ( 3, 4- etlSy| enaingx vpfwoyd.) PNtmiI%ﬂrWéVderdtRbgmups include hydrogen, ethoxy and
a- (4- et hoxy- 3- net hoxyphenyl ) - N cycl ohexyl nitrone 30

a- (3, 4- et hyl en@HP&(yphenyl) N i sopropyl nitrone 17 APRIL 2002 -- 11 -

When R' and R? are attached to adjacent carbon atoms, R' and R? are also
preferably joined together to form an alkylenedioxy group having 1 to about 6
- 20 carbon atoms. Particularly preferred alkylenedioxy groups include
methylenedioxy and ethylenedioxy, provided that when R' and R? are joined
together to form a 3,4-methylenedioxy group and R*® and R* are hydrogen, then
R? is not isopropyl or tert-butyl.

25 Preferably, R? is hydrogen or alkoxy. More preferably, R® is hydrogen
or alkoxy having 2 to 8 carben atoms. Particularly preferred R® groups include

hydrogen and ethoxy.




a- ( 3- et hoxy- 4- met hoxyphenyl ) - N i sopropyi nitrone a-(2-ethoxyphenyl)-N
i sopropyl nitrone a-(2-ethoxyphenyl)-N cycl ohexyl nitrone
a- (4- benzyl oxy- 3- met hoxyphenyl )-N i sopropyl nitrone 5

a- (4- et hoxy- 3- net hoxyphenyl )-N i sopropyl nitrone

a- ( 3- et hoxy- 4- hexyl oxyphenyl ) -N cycl o fxyl ni trone

a- (4- benzyl oxy- 3l net hoxyphenyl )-N n-but ¥l ni t rone

(4- et hoxy- 3- met hoxyphenyl ) - N n-butyl nitrone a-(2-ethoxyphenyl)-N
utyl nitrone 10 a-( 3-ethoxy-4-nmet hoxyphenyl)-N n-butyl nitrone

3- et hoxy- 4. hexbeu)mefembl)) hdrogapordpyen alkybndore preferably, R is

- et hox 4he (0)'4 Nter but Initro
-fl uor)(; 4- ég &ﬁﬁ@a&a;’mﬁl t‘é’r ben, ptams, oﬂﬁl more preferably, R is

,4,6-tri etlﬁ}%y%ﬂenyl) Ntert- butyI nitrone 1S

4,6-triet enyl ) - N-cycl ohexyl ni trone a-(2-n-butoxyphenyl)-N
-butylnitrone a-(3, 4-diet hoxyphenyl) N ten-butyl nitrone
-fluoro-4- heptyl oxyphe ai/)ly N tert-butyl nitrone

-f ¥

17 APRIL 2002

e

| uo® o- 4- et hox&/ s erees eéqeaedoin@ryltm graypecoppisting of alkyl having 3 to

- quoro4 N- tr.on h pyl) - N
damant yl ni t gééﬁ?gn 4%55( &%& ﬁS@m@{\ ?tﬁl-g%%ﬁbce?% %ﬁqﬁ trone

a- (4-et hOXyphed}')élohﬂ(g‘l E:Y\ﬁhQBQGIaUMU 10 @Rsortatbhs e INIGveYHRERRAbILY - RY is alkyl

tert-octylnitrone 25 a-(4-benzyl oxyphenyl) N tent- butyI nitrone

a- (4- benzyl oxyipivingy3 pﬂxlcmnoh aarst 91 gyictoatiiyk having 5 to 6 carbon atoms.

a- (4- benzyl oxyphenyl ) - N-cycl ohexyl nitrone a-(2-ethoxyphenyl)-N

cycl opentyl nitrone a-(3-ethoxy-4-methoxyphenyl)-N tert octylnitrone 30

a- (3-et hpy- 4- met hpayRARAY prefbric R* Slolips tludé - )ig8proPNE 1-metho R L

2002 -- 12 - a-(4-et hoxyph%irjly -N n-gllt?tng | ni troneﬁgb letﬁﬁo%phenr]lyﬁc))

benzyl ni t r one raeth@peiohbyl.- rt;bmt How-2pH erzyi-Huti, 2-methylbut-2-yl 3-methylbut—1—

et SRR ook 5 RBIELCTA o o
a- (2- et hoxyphqaym.ed}ylg&h ?yb"e?%%%l{ﬁgg %é@b&@' b yg?w&% L RALD: N

tent-butylnitrone a- eth -N cyclopéntyl ni trone
a-(3-et hoxy 4- yl)atdydwmhﬂnyy()lehémyi Jeyelpbtyi tt-admn&lxﬁyla;‘l(adaimnwyl MYIOhenyI )-N

- t 1) -N:i | nit
o (3 of oy 2 otk VBB S0 Sered e & Sermh ”'nf%ﬂ%damem»hoxypheny|

>-N- (2- net hyI SH fedey! ) nitrone a (3- et hoxy- 4- met hoxyphenyl ) -
cycl ooctyl nitrone 15 a-(2-ethoxyphenyl)-N cycl obutylnit rone
a- ( 3- et hoxy- 4- net hoxyphenyl )-N cycl obut yl ni trone

s zﬁ?i.yL?mnz%“siuz%ﬂea%“é&%&@a% 5 BT A RSN e o
oo gL SR 2, S st gy )

i sopropylnitr rone
a- (4- beriy!l oxwd:pﬁ-wll,)l Bl-dlhydropy-dg(mdmkymmyapl(@-kyhdx;ulfb—hmdthydpmpehyI )-N

cycl opropyl ni t 25 a- enzyloxyphen In|tr
a- ( 3- et hoxy- 4351'5‘{]%5%99%4@4#) 41@"(“3“@1%? lh?l“hlﬁ"‘gﬂg ?ff‘éll)yrlnaf‘
a- (4-benzyl oxyp ﬁl@?‘nlo %%1% mant yl ni trone a-(3-ethoxy- 4-net hoxyphenyl) N

(1- met hoxy- 2- net )ni trone a- (4-benzyl oxyphenyl)-N
2- adamant yl ni trone 30 a- (4 et hoxyphenyl ) - N-cycl ooctyl nitrone

a-
n-
a-
a-
a
a_
a
t
a
a
a
1-

An especially preferred group of compounds of formula I are those in
25 which R! is a 2-ethoxy group; R?, R* and R* are each hydrogen; and R’ is as

defined above.

Another especially preferred group of compounds of formula I are those
in which R! is a 4-ethoxy group; R?, R’ and R* are each hydrogen; and R is as
30 defined above.



17 APRIL 2002 - 13 -_ a-(4-ethoxyphenyl)-N 1-adamantyl nitrone

a-[ 4- (4- nmet hoxybenzyl oxy) phenyl ]-N tert-butyl nitrone

a- ( 3- et hoxy- 4- net hoxyphenyl )-N (3-net hyl but-1-yl)nitrone 17 APRIL 2002

a- ( 3- et hoxy- 4- net hoxyphenyl )-N cycl ooctyl nitrone, and 5
a-[4-(4-fluorobenzyl oxy) phenyl]-N cycl opentylnitrone. Particularly
preferred conpounds include: a-(2-etko&yphenyl)-N tent-butylnitrone

a- ( 2- et hoxyphenyl ) - N-cycl ohexyl nitrone 10

a- (4- et hoxyphenyl ) - N-cycl ohexyl nitrone a-(4-benzyl oxyphenyl)-N
tert-butylnitrone @tnﬂax{w&ﬂkﬁewﬁ%}xf&ré& Bp P Binpbids' T Termula I are

a- ( 3- et hoxy- 4- net hoxyphenyl ) -N adamant yl nitrone, and

a- ( 3- et hoxy- 4-th0aeﬁn>vmi¢teRi;is)a Hbermtioxycgnoup R JReandiB! are eanyhindnogeri; dnds
conposi tion ai‘gse,ct S, tthi s invention is directed to pharnaceuti cal

conposi tions dorpaf efRpdabgKer naceuti cal |y acceptable carrier and a
pharmaceutically effective anount of a conpound of formula |I: Ra 20 RZ ~+ |
iNRs . ~ Rs Ra 25 wherein R-RS are as defined above. In additional
conposi tisHn aspect Yettalbther especiallp préferrdil geaipeof ¢compoumdsot éortrintl are

conposi ti ons conpr.i Si r_lq1 a pharmaceutical ly acceptable carrier and a

phar maceut i calthgsedn mdiigh Betsandrathoxyfgreupsdips arfamsthoxy groves Rjanddovase . 30
17 APRI L 2002 - 4. revi.Q4s ti.0 the a-aryl N al kyl nitrane
conpounds of teﬁe‘k'“(‘ﬁé%ﬁ}'ieaéihqﬁé% g‘g@%d&%ﬁg\/er ed to inhibit the formation
of A3(1-42) beta-pleated sheets and/or to protect against A3(25-35)-induced
neuronal -cell loss andlor to reduce ~3-anyl oid-induced rel ease of

cyt oki nes, such as Ina-preferrgd ¢mbgimentntids inyeavomisndiceetes ©d ¢amposad lof
conmpoun havc? al ﬁolgeen found to reduce the cognitive defects caused by
Ap( 25- 35)7 i bot 882 s wel |. as those which develop in certain strains of
aut oi nmune m ce. Conpounds having such properties are useful for preventing
and/ or treating neurodegenerativeR6autoi mune and inflamuatory conditions.
10 Accordingly, in one of its use agpexts, this invention is directed to
use of a pharnaceutical conpositg @ i sing a phar maceug- cally
acceptabl e carrier and an effectivelpe eNQati ve di sedaSe-treating
amount of a conpound of formula Ige R®

15 H

wherein
R® is selected from the group consisting of alkoxy having 1 to 8 carbon
atoms, alkaryloxy having 7 to 10 carbon atoms. aryloxy having 6 to 10 carbon
20 atoms and cycloalkoxy having 3 to 10 carbon atoms: -
R’ is selected from the group consisting of alkoxy having 1 to 8 carbon
atoms and fluoro, or when R® and R’ are attached to adjacent carbon atoms, R®
and R’ may be joiped together to form an alkylenedioxy group having 1 to about
6 carbon atoms;
25 R® is selected from the group consisting of hydrogen and alkoxy having 1
to 8 carbon atoms; and
R® is selected from the group consisting of alkyl having 3 to about 8 -
carbon atoms, substituted alkyl having 3 to about 8 carbon atoms and cycloalkyl
having 3 to about 10 carbon atoms;

30 provided that:



formula Il above for treating a patient wth a neurodegenerative di sease.
15 In another of its use aspects, this invention is directed to use of a

pharmaceutical conposition conprising a pharmaceutically acce,@t’&\]pd2 Lrier
and an effective neurodegenerative di sease-preventing anount @oé@aund

of formula | or formula |l above for éeventi ng the onset of a

neur odegenerati ve disease in a 20 patTént at risk of devel oping the

neur odegenerati ve di sease. In preferred enbodi nents of this invention, the
neur odegener atl ve di sease 25 treated an /or &)r evented in the above nethods
is Alzheiner's di sefdavhep®’lis methexy agd & a%by TPESR ERMEmOXY: B8 NOhe Like. In
still another %Mg use aspects, this invention is directed to use of a
phar maceut i cal Sition conprising a pharmaceutically acceptable carrier

and an 30 17 APRI kj)2QReh R® an7d5R7'a1€ Bi%&l td%@tlﬁk”t&fdi’ﬁl’ﬂ@ Adme@gRAedibRpt | NY
amount of a conpound of fornula I or formula Il above for treating a

patient with agrmmtandrﬁ’r‘umhydhogaasben Rhisyret isopoopys or sdre-betyl; and aspects, this
invention_s direct t har maceyt i cal on co jng a
phar maceufi cal | y acg' bf”glﬁl‘ z{(gésa‘i“i"i‘ OXymdh &h éfh"éé‘t"l“ag? it"bc’ éiﬁse-
preventing ano f fif [ a |l above for
preventi ng theﬁﬁzsgtdlxg‘?&glr?aggﬁlo%lm (E?vs%ggéﬂ){ﬂlfog tient at risk for

devel opi ng the autoi mune di sease. 10 In preferred enbodinents of this

i nvention, the autoi nmune di sease treat %d and/ or prevented in the ab1ove
methods is systeni clf ypederred embodiment If%l*i)é‘ké’x)éﬁél"'!‘&é tp Bcarbqratgmsy R’ is

anot her of its t i t

pharmaceut i cal amaff%om 220go%%“s#ﬁrgpéh%%a?srsrﬂr%ca I@fgaeccep?{l%rﬁé carrier
and' an eflDect i particulati@ prefeaed RYigsps éndliidsdinehox pahiody . butoxyc pemplerg, of a
formula | or formula 11 above for treating a patient_with ,an inflammatory
di sease. hexyloxy. heptyloxy and octyloxy. and particularly preferred R’ groups include

ethoxy. _ More preferably. R® is methoxy and R’ is ethoxy.

In another preferred embodiment, R® is ethoxy; and R’ and R® are

15 hydrogen.

In yet another preferred embodiment. R® is benzyloxy, R’ is alkoxy
having 1 to 8 carbon atoms, and R* is hydrogen. In this embodiment,
particularly preferred R’ groups include methoxy. ethoxy, butoxy. pentyloxy,

20 hexyloxy, heptyloxy and octyloxy. In another preferred embodiment, R® is
benzyloxy: and R” and R¥ are hydrogen.

In still another preferred embodiment, R® is alkoxy having 1 to 8 carbon
atoms, R’ is fluoro and R? is hydrogen. In this embodiment, particularly
25 preferred R® groups include methoxy, ethoxy, butoxy, pentyloxy, hexyloxy,
heptyloxy and octyloxy.

In yet another preferred embodiment, R® and R’ are joined together to

form a methylenedioxy or ethylenedioxy group and R® is hydrogen, provided that



20 In yet another of its use aspects, this invention is directed to use of
a pharmaceutical conposition conprising a pharnmaceutically acceptable
carrier and an effective inflammatory di sease- preventing amg%ﬁ[@o
compound of formula I or formula Il above for preventing the 2n

I nflammatory disease in a patient at risk for devel oping the inflanmatory
di sease. xs In preferred enbodi nent s=o¥0 thi s invention, the infl anmat ory

di sease treated and/or prevented in the above nmethods is rheumatoid
arthritis, septic 17 APRIL 2002 -- 16 - shock, erythenma nodosum | eprosy,
septicenia, adwhén Respd RAGeY jpindd Ibgethict 16 Youhi aBed-GRRYRnedioxy! groumamt R sowel
di sease (I1BD)) uveitis and the Like. In another of its aspects, this

i nvention is ditydsegesd then Rhis ngt isopropyl er eshpthd of fornula | or fornula I
above in the manufacture of a fornulation or nmedi canent for a nedicinal
treatnment. Preferably, the nmedical treatnment is the therapeutic or

prophyl actic treat nkyhe @bote ARHEARRAGNRY Rlpréferablp 8RGEhavifig 34b @ GERBUIE

di sease or an inflammatory di sease. 10 Particularly preferred conpounds

i ncl ude tHose atemws os epcloalkiyhhaving £o 10 aardoh latdang. oRartivularly preforld Re O | + ~
N~Rd H H 15 20 ) )

R~RnRRaH H- CH38eRps welyde ci-prppi. isanrenyl bmepioxy2epetylpraq-2-pl bl ity - o- (

ah o (H Wﬁ&&‘mﬁgﬁwgh ?&f‘ﬂ’%’&i‘%ﬁ%&@? Sy P4 o ol oo

=- 0 (CH3), C ' methipedPRyL, 28QRmdGyL2-pefityl, 2.2,4,4-tetramethylpent-3-yl,
cyclopropyl, cyclobutyl, tert-octyl (2,4,4-trimethylpent-2-yl), cyclopentyl,
10 cyclohexyl, cyclooctyl, 1-adamantyl, 2-adamantyl, 3,5-dimethyl-1-adamantyl,
benzyl. When R? is adamantyl, 1-admantyl is preferred. Especially preferred R’
groups are isopropyl, tert-butyl, 2.4-dimethyl-2-pentyl, rert-octyl, 1-adamantyl,
cyclopropyl and cyclohexyl.

15 In another of its composition aspects, this invention is directed to each of
the individual compounds:

o-(4-heptyloxyphenyl)-N-tert-butylnitrone
a-(4-hexyloxyphenyl)-N-n-propylnitrone
a-(3-ethoxy-4-methoxyphenyl)-N-ters-butylnitrone

20 a-(4-ethoxyphenyl)-N-tert-butylnitrone
a-(4-benzyloxy-3-methoxyphenyl)-N-tert-butylnitrone
«-[3-(4-methoxyphenoxy)phenyl]-N-zert-butylnitrone
o-(2-ethoxyphenyl)-N-tert-butylnitrone
«-(3,4-ethylenedioxyphenyl)-N-tert-butylnitrone

25 o-(4-ethoxyphenyl)-N-cyclohexylnitrone
«-(4-benzyloxy-3-methoxyphenyl)-N-cyclohexylnitrone
o-(3-ethoxy-4-methoxyphenyl)-N-cyclohexylnitrone
o-(3,4-ethylenedioxyphenyl)-N-cyclohexylnitrone
o-(4-ethoxy-3-methoxyphenyl)-N-cyclohexylnitrone

30 o-(3,4-ethylenedioxyphenyl)-N-isopropylnitrone



25

R' RbRRaH H- CH3CH~=0 cycl ohexyl - H CH3- O PhCH, - O cycl ohexyl - H CH3CH=- O CH3- O
cycl ohexyl - H - O CH, CH, - O cycl ohexyl - H CH3- O CH3CH, - O cycl oheé{é&%— Q CH, CH,
- O (CH~) 2CH H- CH, CH, - O- CH3- O- ( CH~) ~CH CH~CH, - O- H- H- (CH3) , CH RILZQG2H ¢y
cl ohexyl - H CH, - O- PhCHy- O ( CHa) zCH- H- CH, - O- CH3CH=- O- ( CH3) ~CH- H- CH, CH, - O- CH, (
CH,)S-OcycIohexyl-I—l—CI—|,-OPhCI—|_-OCIS—:lT,_<l‘)CT—'|~)3-I—I-CI—|,-OCI—I,CH:-OCH~(CH,)a-CH3
CH, - O H H CH, (CH, ) 3- H- CH3CH, - O CH, - O CH~( CH2) 3- H- CH3CH~- O- CH;

(CH~)s-O (CH3), CH- H CH3CH, - O- CH, (CH, ) s- O (CH3) , G- F- H- CH3(CH,) ., -O- (CH3) aC C
H3( CH~) s- O H H ( CH3PS@-athapsenethox 1)-Ibigoprepyduitrene CH3( CH~) s- O ( CH3) 3C
F- H . .

. CH3CH~- O ( CH3) 3C- FEHZRRipPheY /G SRERAINEINE Y - O H- H- 1- adamant yI - H CH3CH-

- O CH3- O 1- adamant yjy=¢2. NS - 17 APRIL 2002 -- 18 - 10
15 20 RRRRAMF - LB é‘?@@?@.ﬁ?ﬁm%ﬁ%ﬁé

(CH3) xC_H H PhCHx - Cett(@Hizn3yloti-BHivtithibkyphenyl - Neipepropy Initkoe PhCHx - O- cycl ohexyl -
CH3CHx- O B H cycl opent yl - H CH, CHx- O CH3- O .((CHB%TCCHM
CH3) xC_H- 8H, CHx- 0- Crig4tsthqxycd-methomypbeny!)-N-isopropylnitrone

CHs) XC_H- H- CH~CHx - O, Cht ) g H _O CH, - O [ (CH) 3(]
x CH- H- CH3CHX- O CHz- 6%&%&%%@&%%@@0 CH3CHx ( CH3) -
CH- CH~CHx- O- H- H- CH3 gk (et loxy-3*methoxéphenyl)w-n-butylnitrone

CH H H- 4- F- PhCHx- O ( CH3) sC- H- CH3CHi - O- CHI™- O- cycl opent yl - H CH~CHx- O- CH3- O- CH
3CHZCHX- H- H- PhCHx - Oxisthexgdcmethax pptery DaV-pampylrioiangt CH3CHx - O- CHx- O- CH3CHx (

CH3) xC- CH3CHX- O H- H- - H CH3CHx- O CH3- O cycl ooct yl - CH-CHx- O H ~H
-cycl obut yI - H CH3CHY: 'e%9g%@§8ﬂa‘?c‘§?@““°% APRIL 2002 Ig -_ 10 15 20
R R'R RalgH PhCH~- qu@mywmembk&m@m(&wﬁ%-

(CH3) zC H H 4- F- PhCHz- O cycCl ohexyl = CH3CH, - O H~ t H (CH, ) ~CCH, -

CH3) ZC_H H- 4- F- PhCHx~(Breftomg iz iRiny Btyphenyl)-M-isopropynitooe t y| - H H- PhCHz- O

ot 0 Oyel ooct yi - HERER A SRR G TS et y 1 F PRCH
- O 1-adamant yl - B CHR@hl Gk ddlocfhoxyphenyl)-N-tert-butylnitrone
a-(2.4.6-triethoxyphenyl)-N-tert-butyinitrone
15 a-(2,4,6-triethoxyphenyl)-N-cyclohexylnitrone
¢.-(2-n-butoxypheny!)-N-tert-butylnitrone
a-(3,4-diethoxyphenyl)-N-tert-butyinitrone
o-(2-fluoro-4-heptyloxyphenyl)-N-tert-butylnitrone
o-(2-fluoro-4-ethoxyphenyl)-N-tert-butylnitrone
20 a-(2-fluoro-4-ethoxyphenyl)-N-cyclohexylnitrone
o-(2-ethoxyphenyl)-N-1-adamantylinitrone
«-(3-ethoxy-4-methoxyphenyl)-N-1-adamantylnitrone
o-(4-ethoxyphenyl)-N-cyclopentylnitrone
o~(4-ethoxyphenyl)-N-tert-octylnitrone
25 o-(4-benzyloxyphenyl)-N-tert-butylnitrone
o-(4-benzyloxyphenyl)-N-cyclopentylnitrone
«-(4-benzyloxyphenyl)-N-cyclohexylnitrone
o-(2-ethoxyphenyl)-N-cyclopentylnitrone
«-(3-ethoxy-4-methoxypheny!)-N-terz-octylnitrone
30 o-(3-ethoxy-4-methoxyphenyl)-N-(2,4-dimethyl-2-pentyl)nitrone



(CH3CCH, - CH3) zCG- H H- PhCH, - O 2- adamant yl - H H CH~CH, - O cycl ooct yl

=H H CH~CHz- O 1- adamant yl - H H 4- CH30- PhCH, O ( CH3) 3C- H- CH3CH, _O CH3- O
C(CH3) zCHCHz- H~- H CH3CHz- O CH, - O-cycl ooctyl - H H 4- F- PhCH~- O cycl opent y!
25 17 APRIL 2002 -- 20 - Table Il HR~Re~ ~+ ~ N~HRn Rei H 17 APRIL 2002
RRR~R'5CH, CH, -O-CH,CH,-O-CH, CH, - O (CH~) j G- CH, CH, - O CH, CH, - O CH3CH~- O-cycl oh
exyl - BRI EF DESCRI PTI ON OF THE DRAWNG®218 Figure 1 is an electron spin
resonance (ESR) spectra of the radical adduct of

a- (2- et hoxyphenyl)-N-tert-butylnitrone and a nethyl radical. DETAILED
DESCRI PTI ON OF THE ¢ REMb kmeﬁﬂf)JMﬁ_HuE}blﬁﬂmné5 When describing the a-aryl -
al kyl ni trones) pharmaceutical conpositions and nethods of th| s invention,
t he fol |l owi ng ter nsxdi2rethokjphehpl)\ébenmy Imeand ngs The term " ~3-anyl oid

peptide" refers to a,39-43 am no acid i d Vi n ul ar. wei ght of

about 4.2 kD, whichH* &%ﬁﬁodlé"‘r@etgﬂwhﬁﬂﬁl)'g‘}'pys 2‘021%#3‘?‘%@50 ‘émg‘oylsmfgo%r m of

the protein descri b&?s Q?ﬁ g,_grmgth ﬂﬁ'))N@‘ enﬁh- es. Commun.
'nclu on pos

. 1Q 885-890 (1984)) ng TP ransl a ona nodi fications

of the ng mal ~3- arwkpemonﬁ.ptm@tﬁo;ﬁ)@nyl@JNIbutC’y—ynﬁurm refers to peptide
protein mediators that are 25 produced by imune cells to nodulate cellular

functions. Exanpl esaﬂ-e&xpxmhemelérz\l-qu-wmmn&002 - 21 - include,

:c gtéf:glr _egkl -1~ {1 L[}(yhugl)obéx?zty oxXy I%H(éngllg\’ger% bugylnlﬁgné uforhecrosts

a-(3-ethoxy—4-methoxyphenyl)-N-cyclopentylmtrone
oé-(3-ethoxy—4-methoxyphenyl)- -n-propynitrone

10 a-(4-benzyloxyphenyl)-N-n-propyinitrone
«-(4-benzyloxyphenyl)-N-isopropylnitrone -
a-(3-ethoxy-4-methoxyphenyl)-N-(2-methylbut-2-ynitrone
o-(2-ethoxyphenyl)-N-(2-methylbut-2-yl)nitrone
a-(3-ethoxy-4-methoxyphenyl)-N-cyclooctylnitrone

15 a-(2-ethoxypheny!)-N-cyclobutyinitrone
o-(3-ethoxy-4-methoxyphenyl)-N-cyclobutynitrone
a-(4-benzyloxyphenyl)-N-cyclobutylnitrone
«-(4-benzyloxyphenyl)-N-tert-octyinitrone
¢.-[4-(4-fluorobenzyloxy)phenyl]-N-cyclohexylnitrone

20 o-(2-ethoxyphenyl)-N-tert-octylnitrone
o-[4-(4-fluorobenzyloxy)phenyl}-N-isopropylnitrone
a-(2-ethoxyphenyl)-N-cyclooctylnitrone
a~(4-benzyloxyphenyl)-N-cyclopropylnitrone
o-(3-ethoxy-4-methoxyphenyl)-N-cyclopropylnitrone

25 oc-(4-benzyloxyphenyl)-N-cyclooctylﬁitrone
o-(3-ethoxy-4-methoxyphenyl)-N-(3,5-dimethyl-1-adamantyl)nitrone
o-(4-benzyloxyphenyl)-N-1-adamantylnitrone
o~(3-ethoxy-4-methoxyphenyl)-N-(1-methoxy-2-methylprop-2-yl)nitrone
a-(4-benzyloxyphenyl)-N-2-adamantylnitrone

30 o.-(4-ethoxyphenyl)-N-cyclooctylnitrone



(TNFa). "Acyl"™ refers to the group -OC(O R where Ris alkyl or aryl. 5
"Alkyl" refers to nonoval ent al kyl groups preferably having from1 to about
10 carbon atons, nore preferably 1 to 8 carbon atons and still re
preferably 1 to 6 carbon atons. This termis exenplified by gﬂ)gggusm as
met hyl , ethyl) n-propyl) isopropyl) n- li_grtyl , Isobutyl, tent-butyl) n-hexyl)
n-octyl) I 10 tent-octyl and the |ike” *¥he term"lower alkyl" refers to

al kyl groups having 1 to b carbon atons. "Substituted alkyl" refers to an
al kyl group, preferably of from1l to 10 carbon atons, having from1l to 5
substituents, and pre{&ethpxyphtnyl)A3l-addrasntylnitrane) 15 sel ected fromthe

group consisting of a , .cycl oal kyl) . c | koxy), acyl, am noacyl,

am no, ani nocar bon_yl‘ﬁ'll‘t@%ﬁﬁfho%&tf%ﬂﬁbMﬁ%@i(&ﬁf”tt&tﬂwm‘? ket 0) thi oket o)
phar maceuit | oAl 1y acossy SapeP i on s M Syl VP B 1 T L e
and d] - al kyl 4l no, 20 oo and e Sy A o e oy
di - subst i tUted am neslhfluerobamzyloxpiphenylbdkeyciopentylaitioset ed from al kyl ,
substituted al kyl and aryl. "Al kylene" refers to dival ent al kyl ene groups
preferably having from1 to 10 ‘carbon atons and nore preferably 1 to 6
carbon atoms whi ch @aRiduarhi préfedfdll compeladdinefugby anched. This termis
exenplified by groups such'as nethylene (-CHZ-), ethylene (-CH CH -), the
propyl ene isoners (&-@_ﬁth@)@ﬂh@}j}}m{eﬂmmﬂd@%) CH2-) and the liKke.

"Al kyl enedi oxy" referg tp -0 al ene- roups preferably having from30 1
to 10 carbon atons gﬁ@'ﬁﬁ?@pﬂ?@%&%FVgﬁﬁBﬁ@“ﬁar bon atons whi ch can be

17 APRIL @002 -- 22y (4Sdthéy DRI : d.” This termis exenplified
by groups such as rret%y-l enéﬁﬁ%ngp?%,h l?’“@?ﬁyl enedi oxy (-OCH-CH, O) and
the Like. "Al kenyl ~pe(4-beakdosyphenyl)-Wateesmbuiginkesne ene groups preferably

having from5 2 to 10 carbon atons _and nore preferably 2 to 6 carbon atons
whi ch can be st rai gftdicazvonphenvdhexsionsavipitong at | east 1 and

preferably from 1- 2a%wﬁg@@%gc}%@%&ggﬁpﬁgwt}l’meg_ahgr mis exenplified

by groups such as ethe rope ene’isoners (e.g.,

- CH=CHCH~- and - C( ChdB=erlidiyrtimetBdx giiiens))-N-randctyhitrbhde. 10 "Al karyl "
refers t(i -al k~l ene-aryl groups preferably having from1l to 10 carbon atons
in the al l?yl ene noiety and from6 to 14 carbon atons in the aryl noiety.

Such al karyl groupsypg %?ﬁ’tki | . | )y . he |ike. 15
"Al karyl oxy" refers to&-ﬂg‘ a kylcéir?ggsél%? gg‘%ﬁp@‘gr e gglg%kqulﬁ%\??éﬁ from1
pharmaceutical compositions comprising a pharmaceutically acceptable carrier

and a pharmaceutically effective amount of a compound of formula I:

. 1
20 R
0]
R? l+ I
— N\
R3 ) RS

R4

25 wherein R!-R’ are as defined above.

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 above. _
30



to 10 carbon atonms in the al kylene noiety and from6 to 14 carbon atons in
the aryl noiety. Such al karyl groups are exenplified by benzyl oxy) 4

fl uorobenzyl oxy) phenethyl oxy, and the |ike. 20 "Al kcycl oal k)ﬁ?&ﬁﬁLﬁrﬁ%t o]
- al kyl ene-cycl oal kyl groups preferably having from1l to 10 ca 8 in
the al kyl ene noiety and from3 to 8 ¢ r4bon atons in the cycloal kyl noiety.
Such al kcycl oal kyl groups are exenplified by -CH2-cycl opropyl)

- CHZ- cycl opentyl) -CH~CH2-cycl ohexyl, and the like. 25 "Al kcycl oal koxy"
refers to - O al kyl ene-cycl oal kyl groups preferably, having from1 to 10
carbon atons in t heAaPreyiasly wenuenedathg %‘ﬁﬁ'ﬂrﬁéﬂlkﬂ)‘/‘l}r%‘&rcs ouRdsRf this ¢ he

cycl oal kyl noi.ety.. Such al kcycl oal koxy. ) . £

OCH~- cycl opr ob?lYe?ﬁhp - c Eff?ﬂ %xﬁ%%eﬁcf);oymgéﬁ%'fo?ﬁégﬁﬁéﬁggb H"‘tg);ﬁ-ﬂgafeldke.
17 APRIL 2002 sheergand/or £ frbiect aPEih@Eﬁ%{Z@-ﬁWndﬁ'&éﬂlﬁeuraﬁdﬁébﬂ ®ss-anfilgefe8r r ed
al koxy groups 1 nclude) by way of exanple, methoxy) ethoxy, n-propoxy)

i sopropoxy) n-éxitcexyramy kid-idduced yelesse of oytokings, suchenillfrapd TNRexinl oxy)
1, 2-di met hyl but oxy, and the |like. 5 "Al koxycarbonyl" l;ef rs to the group
- C(0) OR wher e hpmag menagyte eellsi sHigh comppurnds”haye alsRi’ﬁﬁﬂ g dpsedice ths apl y

having from 2 YA ef.er ons
and havi ng at cpENlFe eleRe ey, ABATEOpBieihEse el of thete et URIGH

unsat uration. ilPeértfinsading! dfQRidimaiae Riice N Cotifpounds iaavitlg sucRipeépdrties are
n-propenyl (-CH-CH=CHI)) isopropenyl ( C(CH )=CH ), and the like. "A kynyl"
refers to al kissgful fprqupvensingfand 417] tyeaking inpwrodegsaerative, auoipmungands . at ons
and nore pref grw% 2.to G.far pon atons and having at least 1 and
preferably fr HaloFy &Qn lO%ﬁ'kynyl unsaturation. Preferred al kynyl groups
i ncl ude 1@t hynyl (-C=CH),~ propargyl (-CH=C-CH)) and the |ike.

"Am nocar bonyl" refers to the group -C(O NRR where each Ris 20

i ndependent | y hydr dgeordinglylik ghe of its use aspects, this invention is directed to use of a

pharmaceutical composition comprising a pharmaceutically acceptable carrier and an
effective neurodegenerative disease-treating amount of a compound of formula I or
formula IT above for treating a patient with a neurodegenerative disease.
15

In another of its use aspects, this invention is directed to use of a
pharmaceutical composition comprising a pharmaceutically acceptable carrier and an
effective neurodegenerative disease-preventing amount of a compound of formula I
or formula IT above for preventing the onset of a neurodegenerative disease in a

20 patient at risk of developing the neurodegenerative disease.

In preferred embodiments of this invention, the neurodegenerative disease
25 treated and/or prevented in the above methods is Alzheimer's disease,

Parkinson's disease, HIV dementia and the like.

In still another of its use aspects, this invention is directed to use of a
pharmaceutical composition comprising a pharmaceutically acceptable carrier and an
30



"Am noacyl " refers to the group -NRC(O R where each R is independently
hydrogen or alkyl. 25 "Aryl" refers to an unsaturated aronmatic carbocyclic
group of from®6 to 14 carbon atons having a single ring (e.gw,dﬁggnxgbzor
mul tiple condensed rings (e.g.) naphthyl or anthryl). Preferrg a 91

i ncl ude phenyl, naphthyl and the |ike.;j5Ual ess otherw se constrained by the
definition for the individual substituent, such aryl groups can optionally
be substituted with from1l to 3 30 substituents selected fromthe group

arkynyl . arm noeiftamiulfitte bt o0l Bamahips Tt ooy

cycl oal koxy, dymingda Idood fdi)tﬁhﬁﬁfgapmant Qjthtanl dofimiRind Miseadehi 0al koxy, and

t he t|ke 5 Aryloxy refers to -G aryl groups vvhereln ‘aryl" is as defined

above. Carboxyl refers to the group -C(O OH "Cyano" refers to the group

(O L0 Ovel oal iy fhRE B fuUEhLT: Ak oA BGe e eho_ 10 oar bon

atons having a sing cyclrc ring or T'p rin I'ncl udi ng

fused and bri @gadlarcemgzaiiy@hpcﬁﬁuow%nthsﬁm pieropédudoslyl accspmﬂé tdrviteghdvint h
from1l to 3 al kyl  groups. Such cycl oal

e( groups .i ncl ude way of

exanpl e, singl e?tiwgauigmﬂw&@w@s PERYSR nsgsalewt@ aswpw@ﬂfy cfsmlnlor

cyci opentyl, t

2- net hyl cycl og%ﬁﬂﬁyﬁgﬁ veﬁ) Wﬂlﬁ%&k%ﬂ c’?% ea‘?tlpﬁigihg%ér ug%ﬁ‘?gg@é Ht atgisk
adamant anyl , £mcﬂdvhbpingl¢heaﬁt®mhmd&1wé refers to - O cycl oal kyl groups.
Such cycloalkoxy groups 20 include) by way of exanple, cycl opentyl oxy,

cycl ohexyloxy and the like. "Cycloal kenyl" refers to cyclic al kenyl groups
of from4 to 10 carbon atonms having a single cyclic ring and at | east one
poi nt ofl0j nt er nal unsat uration which can be optionally substituted with

{ Lglmuéet C)f gr a: Eg![ anc cyc‘Fé(;penC{ E%n@ %/f%ﬁlséyc%ﬂﬁéit a&k@ﬁ%@y‘ﬁ%{ﬁ)ugsenyl

and the |ike. tréidedl @iid/or prdvehted & the’ £fove SnétBods is @y Sem@upa®, midkipe0 and i odo.

Preferred hal o groups are either fluoro or chloro.
sclerosis and the like.

15 In still another of its use aspects, this invention is directed to use of a
pharmaceutical composition comprising a pharmaceutically acceptable carrier and an
effective inflammatory disease-treating amount of a compound of a formula I or

formula IT above for treating a patient with an inflammatory disease.

20 In yet another of its use aspects, this invention is directed to use of a
pharmaceutical composition comprising a pharmaceutically acceptable carrier and an

effective inflammatory disease- preventing amount of a compound of formula I or

formula IT above for preventing the onset of an inflammatory disease in a patient at
risk for developing the inflammatory disease.
25

In preferred embodiments of this invention, the inflammatory disease

treated and/or prevented in the above methods is rheumatoid arthritis, septic



30 17 APRIL 2002 -- 25 - "Keto" or "oxo" refers to the group =O "N tro"
refers to the group -NO,. 5 "tert-Cctyl" refers to a
2,4,4-trinethyl-2-pentyl group. "Thiol" refers to the group - SH.

"Thi oal koxy" refers to the group -S-alkyl. 10 "Thi oketo" ref e?EAFB,'L?W
group =S. "Pharmaceutically acceptable salt” refers to pharmaceutically
acceptabl e salts which are derived f+df-a variety of organic and inorganic
counter-ions well 15 known in the art and include, by way of exanple only,
sodi um potassium cal cium magnesi um ammoni um tetraal kyl anmoni um and
the |ike; andghhan [ [ ' ' salts of
organi c or ingrgaﬁiegﬂg%@ggsgzgg?h&g?s?yd é@ﬁ@?ﬁiag%&%g?%gﬁgg%g tartrate,
mesyl at e, acetsghdrpmes(ARDY), inflamiraderyaboiveldisdas& dBDheveaias and the like.
"pharmaceutically acceptable cation” refers to a 20 pharnaceutically
acceptabl e cationic counter-ion of an acidic functional group. Such cations

are exenplified by ] i .cal ¢l . i ium

t et raal kyl ammoni um1§§ﬂ€)t§%@s?Pg%%%gﬁtgnqlﬁgv%@%?ﬁ%?%?ﬁj-q% %{lﬂi trones of
this inventi ogofmpbuiEoPforimalelor fopMulA@bbye AVt ndddluticiiraof & Term@agsd al S
using the follow ng general nethods and procedures. It wll be appreciated

t hat wher e ty@raeeddicament &frey medicinabtreasmenbnBrafershly . the mediczldzeatment is
t enperat ures, tiges, nmole rat 'holiz of react an%s sol,vents.. gressures_) etc.)
are given, ot Iﬁléerﬂ'gFaBE'é'é%ochrr‘?B YRos treatment el peurgdereneiaiive disgasta i se

stated. 30 OphjiBitfirufeaisend (ﬁ%%hhﬂﬂfatdl’g)ﬂiééﬁéé{ with the particular
reactants or sol vent 17 APRIL 2002 -- 26 - used, but such conditions can

be determ ned by one skilled in the art by routine optim zation procedures..

10 Particularly preferred compounds include those represented in Tables I

and II below.

Table I
Rb
RS Re
9
H ZN g
H H
15 R Rb R R
H- H- CH,(CH.);-O- | (CH),C-
H- H- CH,(CH.),-0- | CH,CH,CH;-
H- CH,CH,-O- CH,-O- (CH,),C-
H- H- CH,CH,-O- (CH,),C-
20 H-  |cn,0- PhCH,-O- (CH,),C-
| H- 4-(CH;-0)-Ph-O- | H- (CH,),C-
CH,CH,-0- |H- H- (CH,)C-
H- -O-CH,CH,-O- (CH,),C-




Additionally) as will be apparent to those skilled in the art) conventi onal
5 protecting groups may be necessary to prevent certain functional groups
from under goi ng undesired reactions. The choice of a suitable Hpé@%ﬁaﬁgﬁ?
group for a particular functional group as well as suitable c

protection and deprotection are well knomn in the art. For exanple )
nunmerous protecting groups ) and thert ITmtroduction and renoval, are
described in T. W. Geene and 10 G M Wits, Protecting Goups in Organic
Synt hesi s, Second Edition, WIey) New York) 1991, and references cited
therein. In a greferged metthod of gynthesils, thepa-aryl - aIkyhpitron:
conpounds of t Vel aran e p e o aal

conpound of forfrpla i5 111:g0 25 R~ R2 | icipd1s,.64 vvherpésgkﬁ’,exﬁ are |as
defi ned above, w-t.h_a_hyd.r.cxgd-a.m_n.e_oi_m;m_a_w—-HQ-NlJ S

as defined aboje- under cvih\emiQonal react IFHCH.‘.,OOdI tions cy‘l‘jng]egy]upl [ nc
reaction is tygrea-y—ecordgctee—by—econtacti-rg—ihe—ar-y+—v—30—carbonry

conpound |11 wi|tH+ at | east (ﬂié3(m)ceﬂ)val ent, Cﬂifl,eOerabI y abbqtcldhexylt-o abc ut
17 APRI L 2002 2T=—2—equrvatents;—of—hydroxytran etV rar rert—potijar
sol vent such ag Hret hanol) ¢t@2GHCH+04- d| oxane) tetrahyd}@fcﬁﬁl@ﬁyl di metfhyl

sul f oxi de)_ di ngTDyT T Of mam d The TTKe. action rereranly
conduct ed”at a |tHhmperat ure (ﬁﬁf bm about Céﬁlﬁ'&-’b ut 100 31‘: eX¥Wout 1to

about 48 hours. tionally, talyitd ¢ 5 anmount of an h as
hydrochl oric adiifl) acetic 4c aéﬁb@féﬁoﬁenecul fonic acid 2’6@# 1ke) ray be

—

enpl oyed in thijgyreaction. léﬁ@@;H:C@pl eti or (S‘Ifl -bhe reacti -N

al ky\| nitrone ofldermila—t—i I"’DPJ'T\IDI" ed h\l r\nn\lnnf -onad i ng
preci pitation) @H,mmt@grarrw_, f||trat|on)}u.|stlllat|on 3t);n:ﬂ{.like. 10
The aryl car bot L.,uupcrunu~1 of—forr-a—-- cupl uycuﬁ r—tpre—cotPrrg
reaction are ei|ttRCHe@wn ¢dIpounds or codpbunds t hat cajncméolpx)dpar ed |f rom

known conpoundg_ DY CONvVentionalr _procedur ey ror exanple SUch conpourgs are
readily r! epar é’l'by acyl atlh o t he correé’ﬁ@r’f&r y aryl @ﬁa&&ﬂr wi t hjt he

appropriate .a¢ys halide u riedel -Crat ati on r
conditions. 15{Additionall wﬁ‘ﬁ _fornmyl ¢ Mb m%moun S
where R is hydfggen, can bedqifepprgd by fropledd, qJ@)_of t & etk s pondiing

aryl conpound ; N
met hyl - N phenyl #r mani de) fGHpbosphor ous (Dhgme@:l de (t rEH\(I(JI-B.p_;m er - Haack

reaction), or +he—Gattermanmrreactt+om).
Nuner ous ot her | B3 net hods #CH:Kdown in th¢ C’;HiCH»dlD prep%rCH@(Q}‘bhh aryI

car bonyl _conpod ) Xa m -1. T.
Harri sonland S FH. st endi um of Ofd‘&nl c S~~nt het éﬁ%ﬁ? balr . W W]l ey)
New York, 1971 nd refere ted thergi 5 Certai n e r bonyl
conpounds of fﬁmr ula 1] ﬁﬁgpgv (ge preps rcfﬂi-(i)“ v al kyl atli nn¥(r!():f'fg
correspondi ng gyl hy_droxy _ ,Qgi (e g. 1C‘H‘XQHO)>§— enz I@qh%@q{_and t he

3

like). This re Ir oxy
conmpound with @aHsuitable bﬁﬂH,CtHme- as an aII-li,QCH,mO al kall (CH;)&art h netlal
hydroxi de) f | uprrde—or—carporat c; ==t sot-vent jol ,
DMF and the |i k& to deprofblRate the hydr&@ﬂ;(@ﬂoﬂ-@ Th| S(GHeEx-i on |
20 CH,(CH,),-O- | H- H- (CH,),C-
H- CH,CH,-O- CH,CH,-O- (CH,),C-
F- B- CH:(CHz)s‘O’ (CH,),C-
F- H- , CH,CH,-O- (CH,),C-
F- H- CH,CH,-0O- cyclohexyl-
25 CH,CH,-O- H- H- 1-adamantyl-
H- CH,CH,-O- CH,-O- 1-adamantyl-
H- H- CH,CH,-O- cyclopentyl-
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0.2S to 2 hour

about 1.0 to about 2.0 equival ents of an al kyl
brom de or iodide) at a tenperature of fromabout 2S C to abo (A
about 0.2S to about 3 days.
can be prepared by reduetl®ds of the corresponding aryl

This reaction is typically conducted by contacting the aryl

formula 111
nitrites.

_29
s.
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hal i de,

y, various aryl

al dehydes of

__generally conducted at about OC to about SOC for about
The resulting internmediate is then reacted in situ with
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. techniques and the like are set forth in Part 8 of Rem ngton's Pha~ma
eutical 10 Sciences) 17th edition, 1985. Mack Publishing Conpany) Easton.
Pennsyl vani a) which is incorporated herein by reference. . The_conpounds of
this invention can also be adninistered in sustained rel ease 16AfRI20GZ om
sust ai ned rel ease drug delivery systens. A description of IS representative
sustai ned rel ease materials can be fou@-in the incorporated materials in
Rem ngt on' ~~ar maceuti ~| Sci ences. The follow ng formul ati on exanpl es
illustrate representative pharmaceutical conpositions of this invention.
The present invention) however) 20 is not limted to the foll ow ng

phar maceuti cal conpositions. A conpound f&ﬂéﬂrnula | is adm xed as a dry
powder with a dry gelatin binder in an approximate 1:2 weight ratio. A

m nor anount of magnesium 25 stearate is added as a lubricant. The m xture
is formed into 240-270 ng,tablets (80-90 ng of active a-aryl-N al kylnitrone
conpound per tablet) in a tabl et Riress. Rb7 APRIL 2002 -- 32 - A
conpound of formula | is adm xed as™3 powdgr with a starch diluent in
an approximate 1:1 weight ratio. The ire is.filled into 2SO0 ng capsul es
(12S ng of active a-aryl-N al kyl nj Nd\per capsule). S A conpound
of formula I (12S ng), sucrose (1’75 g)| and ant h& gum (4 ng) are bl ended,
passed through a No. 10 nmesh CT. S. sieve, gpd then mixed with a previously
made sol ution of mcrocrystalline cell ®%se and sodium 10 car boxynet hyl
cellulose ( 11:89, 50 ng) in water. Sodi um benzoate ( 10 ng)) flavor, and
color are dilu Lth ter and added with stirring, Sufficient water-is

t hen added to produceea tota
The conpound o -

bi nder insan apgH@H-e 1: m.i,g:,(pi . A;oaun (HH@gsium
st ear at e i s adpeg—as—e—ttbr¢tart—rhe—dgre—t+s—ferrrea—itteo—450—300—)
t abl et S- CH:{CH:'O“ CH':CH:'O" CH;CH:"O" CyCthexyl-

BRIEF DESCRIPTION OF THE DRAWING
10 Figure 1 is an electron spin resonance (ESR) spectra of the radical adduct

of o.-(2-ethoxyphenyl)-N-rert-butyinitrone and a methyl radical.

DETAILED DESCRIPTION OF THE INVENTION
Definiti
15 When describing the a-aryl-N-alkylnitrones, pharmaceutical compositions

and methods of this invention. the following terms have the following meanings:

The term "f-amyloid peptide" refers to a 39-43 amino acid peptide
having a molecular weight of about 4.2 kD, which peptide is substantially
20 homologous to the form of the protein described by Glenner, et al., Biochem.
Biophys. Res. Commun., 120:885-890 (1984), including mutations and post-

translational modifications of the normal B-amyloid peptide.

The term "cytokines" refers to peptide protein mediators that are

25 produced by immune cells to modulate cellular functions. Examples of cytok{nes



(150-300 ng of active a-aryl-N al kylnitrone conpound) in a tablet press. 20
Formulation S - Infection The conmpound of fornula | is dissolved in a
buffered sterile saline injectable aqueous nmediumto a concen i
approximately S ng/m. Uility 25 The a-aryl-N al kyi nitrones @;Ré'h'i?-&o(a&

i nventi on have been discovered to inhibit the formati on of A3(1-42)

bet a- pl eat ed sheets and/ or protect agahst neuronal cell |oss andl or
inhibit the rel ease of cytokines, such as IL-1 ~i and TNFa andl or protect
against IL-1(3/1FNr-induced toxicity. Additionally, such conpounds have

peen found 1O [EHUEE ihldfeRAAND! ALA LY inidtiehRind@ PSS dhd tmat A8crddls factor-u

3S)libotenate as well a 0s oped by certai'n autoi nmune strains of
m ce. 17 APRITNFX)2 -- 33 - As previously discussed) the formation of
A~3( 1-42) Dbeta-pleated sheets, neuronal cell |oss, beta anyl oid-induced

cognitive deficits are associated with neurodegenerative conditions, such

as Al zheiner' s di seasg,, tQl mm b LA ﬁgldé' j.onal ly,
el evated | evel s of C?tc&?ﬂegér?gor ®%§gm¢g®%gb%}e?@z%ﬁlr delt;dergie?rati ve,
aut oi munes and/ or inflammtory conditions. Accordingly, the conpounds and

phar maceuti cal conpositions of this invention ftnd use as therapeutics for
preventing and/ or t r'ddkyligefesuoodenpyatennalkykgrouns praferably having fremdnieat or y

diti i i pcl udi h . 40 .S i Si it I b
o SCoverod t hartopHol GearBen B0 merd Preris,d D5 BRAHars 4t LiimBienos "of
formula | (i.e.prefepdbBP YRGS chfbowtisis RThANEmiids éteenpliicd byygronst dueh iab
hydrogen or R, R= and R3 are all nethoxy) have significantly higher

toxi city than trhehy; athyl,-iNpmipkl lisapromylen-butyboisoblssy b ftert-bumld 2rhexyl Duectyd,

their toxjcity, such di- and trjnmethoxy co pnds. are not. usefyl as 15

t her apeut i(‘é agdfftocy] a %ﬂﬁﬂgﬁeyt*ll"a ermei‘b‘%‘ﬂ{@?ﬁorre%gt t@c‘{fﬁﬂgfr?‘fpég‘a?’ i %Eﬂ sin
| iving biol ogi arﬁdﬁit@ﬂ?: Anong the conditions which may be treated and/or
prevented with the a aryl N alkylnitrones of fornmula | are

neur odegener ati ve conditions, -such as 20 Al zhei ner's di sease) Parkinson's
di sease) H V-denenti aut oi e conditio ch .as stem c

d the |ike;
lupus, multiple scl é'sﬁgﬁqgmﬁﬁi\g"‘tyhe%f?rﬁé? an g yFﬁfqugrrﬁﬁetfsrragﬁ'z:gsrfé‘?‘Pilcfﬂsﬁ)ys uch
as inflammat or 2ol 294 om0 3 SUbifiRkRs dafd ?{Uférﬁblﬁl REPhbRLRBAGK

eryt hema nodosum | eprosy, septicema, uveltis, adu respiratory distress
syndr one TARDS)selectdd fitven thiekgrou? Borsiktingiofaikoxy, cydlealkylt hycloalkexy, apyl,
al kyl nitrones of .this inyentian have ?een
aminoacyl, amino, aminocarbonyl, cyano. halogen. hydroxyl, carboxyl, keto,
thioketo. alkoxycarbonyl, thiol, thioalkoxy, aryl, aryloxy, nitro, -OSO;H and
pharmaceutically acceptable salts thereof, -SO-alkyl, -SO-substituted alkyl, -SO-
aryl, -SO,-alkyl, -SO,-substituted alkyl, -SO,-aryl. and mono- and di-alkylamino,
20 mono- and di-arylamino. and unsymmetric di-substituted amines having different

substituents selected from alkyl, substituted alkyl and aryl.

"Alkylene" refers to divalent alkylene groups preferably having from 1 to
10 carbon atoms and more preferably 1 to 6 carbon atoms which can be straight
25 chain or branched. This term is exemplified by groups such as methylene
(-CHy-), ethylene (-CH,CH,-), the propylene isomers (e.g., -CH,CH,CH,- and
-CH(CH,;)CH,-) and the like.

"Alkylenedioxy" refers to -O-alkylene-O- groups preferably having from

30 1 to 10 carbon atoms and more preferably 1 to 6 carbon atoms which can be



di scovered to effectively inhibit the rel ease of cytokines, such a |IL-1~3)

I L-6 and TNFa, such conpounds are useful for treating diseases
characterized by an overproduction or a dysregui ated producti Q7n I9
cytokines) particularly Ilr 1 (3) IL 30 6 and TNFa, incl udi ng1 nRiRfIL 2002

aut oi t nmune andl or inflammuatory conditions. 17 APRIL 2002 -- 34 - As

di scussed above) the conpounds descrid@.--herein are suitable for use in a
variety of drug delivery systens. Injection dose levels for treating

neur odegenerati ve, autoi nmune and inflammtory conditions range from about
0.1 ng/ kg/ hour t | kegids i f to about 120
5 hours and esB%@thﬁhbﬁgﬂl?%g%{gahgﬁ{rlg% 1B?§+%Qg?e€gﬁ}g%'ﬂlo§§9g\§chhsom about 0.1
nmy/ kg to about mikthylayedipxy (-OCHO-Ypstholeacditiy GOTHCELOF)eandt the dikbi eve
adequate steady state levels. The maxinumtotal dose is not expected to
exceed about 2 g/day for a 40 to 80 kg human patient. 10 For the prevention

and/ or treatnent of, - Jn_condi t.i S nat.i d

aut oi nmmune conditi onéﬁ&ﬁ#%gé ex %ﬂo FB’?’Q?'F %laﬁm%'% %@%%@@&@&@éﬁ%r
nmany nontgs or 2%630TafRnQicths SRPMOBLE prefddally 2 toFcdrbon Mdinsevlick eay Bei ence
and tolerance. Wth oral dosing, one to five and especially two to four and

typi cal | y t hr estraight| chdissersbrpached apd daving @p leastehand preéeraldyiframd -2 sitésaf 15

t hese dosing patterns, each dqse provides fr about 0.1 to about 20 ngl kg
of the a aryl - RKEPPSATIRORR: This id s PRI 0ok oer o8 RN ne Corm
about 0.1 10 abplcid), T bfopeafleRSRERER! k% AL CHER, ARBULGHIBLER. Vhen
used to prevent the onset o neur odegener ati ve, autoi nmune of 2

i nfl ammat ory cambi@H eC(CHRR) andathgllike. al kyl ni trones of this invention wi-ll
be adniniatered ~to a patient at risk for devel oping the condition,
typicall} on the advice and under the supervision of a physician, at the

dosage | evel s descri Rﬁ‘qf’ﬁgg&?ﬁ tg%ikﬁ%%'é'age grr%‘ﬁjfg jr#{ei-/ﬁwﬁéﬂﬂ%/?%ﬁ tl Egrlbi cul ar

condition generally inc ose t h Hi st or
condition, or tdrbsreatolns ihalwealkplene giviétg and ififomed td 4 gerbehiatorhe irt thequrylr

screening to be particularly susceptible t; vel opi.ng th ondj tion. The
conpounds of tWEeW'n\sB?ﬂiﬁE?}%'&&FP‘lﬁé a&amqmt%sa@a b&é‘gxlhgh%ﬁyiaﬂq%lﬁﬁent or

they can be admi nistered in conbination with other agents, including

15 "Alkaryloxy" refers to -O-alkylene-aryl groups preferably having from 1
to 10 carbon atoms in the alkylene moiety and from 6 to 14 carbon atoms in the
aryl moiety. Such alkaryl groups are exemplified by benzyloxy, 4-
fluorobenzyloxy, phenethyloxy, and the like.

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

25 "Alkcycloalkoxy" refers to -O-alkylene-cycloalkyl groups preferably
having from 1 to 10 carbon atoms in the alkylene moiety and from 3 to 8 carbon
atoms in the cycloalkyl moiety. Such alkcycloalkoxy groups are exemplified by -
OCH,-cyclopropyl, -OCH.-cyclopentyl, -OCH,CH,-cyclohexyl, and the like.

|



30 other active a-aryl N al kylnitrone derivatives. 17 APRIL 2002 -- 35 -
The novel a-aryl-N alkylnitrones of this invention are al so useful as

anal ytical reagents, i.e. as spin traps, for detecting unstaabﬁgj@ﬁg 02
radi cal s using el ectron spin resonance (ESR) spectroscopy an I 8

techni ques. ' Wen used as anal ytical feagents, the nitrone conpounds of
this invention are typically 5 contact®l-with the radical to be studied in
solution and an ESR spectrum generated in a conventional manner. In
particular. the a-aryl-N alkylnitrones of this invention may be used to
detect and identify "Alkoxy acfersatbghé gravpolatkyl-€al'. Pyefermed alkony gRoRs

spectronmeter. such as a JEQ. JES- FE3XG spectronmeter. nmay be enployed in -
t hese experi neﬂﬂ‘é‘?defj?ﬁi‘@é’l ‘?Cg_,xa?’ﬁ‘é’" &ﬂﬁﬁ"iyoﬁﬁ’e&‘rt'épmpﬁﬁy't CPTOBOXY i OUORY Wi | |

be deoxygenate (gR=Y, e,. NG, o] {: r t he
sol uti on befor ger?—égtoégdeg@% hgrﬁé HBQMQQ%GI%? g)g.)” L’rz gqlg{reg%ﬁ%t&ghqgg@&s of
the a-aryl-N alijkyl nitrone is used in such ESR experinents. The actual

experinmental procedures enployed in the spin-trapping 15 experinment wll
depend onJa nunber of factors) such as the manner of radical production,

the inertness of the,solvent angd reagents wth the. spin trap,
the lifetinme of the é‘g‘f%yﬁ?fh?f@{f é?ferstqﬂgﬁb? group '&)@W&éﬁiﬁoﬁf glll%ic)edures axe
well known in the art and the exact procedure enployed can be determ ned by

those skilled in the art. Typical procedures and apparatus for conducting
spin trapping 20 expdikemplitrefeas to alkenyl ighaups preferabkabrying from 220 K caEbems)

"Spin Trapping", Aldrichimca Acts, (1979)) 12(2 23-29). and references
cited therein. 3PHS WIWB’WAH‘@'{%@& ﬁé? %c?a’ét?ﬁ%‘ "6?‘8‘1g B‘éq hayjing, ﬁﬁtgsa re offered
to illustjpate fSral i ; 1 y as

| Tri i ng Une s Pang bl FnICE gl Pndy it SR Fatall B0y
EXAMPLES | n t hinchxdzrptienyl 6EHCHL 1 er-propémphi(+QH £+ €U, ntisapnepdngl/é t he

fol |l ow ng neani . revi ations not defined bel ow have their generally
accept edneani n&?gglﬁd:?@ﬁﬂ)oé Eﬂ?dg‘ieet bs- broad singletd- doubl etdd- doubl et
of doubl et sdec- deconposedl10dH, O distilled waterELI SA- enzyne-I|inked

i mmuno- sor bent assayEt OAc- ethyl acetate ; EtOH ethanol |FBS- fetal bovine
serunml5g- grans- hoUAiynyl"efergztd alkymyl groupsnirefekibly aving frot 2 to 10 carbon

i nterl eukin-620L- literLPS- |i | ysaccharide ' mul tipletm n- mnutesM
ol ar 2NEOH RS ASK TR0 A PTG REA RS Carhin ARt a0 baving piledst o
m | 1inol e30m p i 0 ot Pdirdited ald¥ivi
singlet35t- t rPlB:IféeFt?bl'I szﬂg?gtc:)zr g%%tfrf%?{ﬁ#}ﬁawﬁéﬁf Ilili'é:'\fﬁ}?]e .I_é[ ‘Ia%ﬂw?ﬁ(ih%-sl ayer
chr omat ogr aphyindksie ethymyt (-C=CH)s psofangytl (rCHAAD=ClY), anid ¢heobkeam-cL -
mcroliterUV- ultraviolet

"Aminocarbonyl" refers to the group -C(O)NRR where each R is

20 independently hydrogen or alkyl.

"Aminoacyl" refers to the group -NRC(O)R where each R is
independently hydrogen or alkyl.

25 “Aryl" refers to an unsaturated aromatic carbocyclic group of from 6 to
14 carbon atoms having a single ring (e.g., phenyi) or multiple condensed rings
(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

30 substituents selected from the group consisting of alkyl, alkoxy, alkaryloxy,



17 APRI L 2002 __ 37 In the exanples below, all tenperatures are in degrees
Cel sius (unless otherw se indicated). Exanple A-C describe the synthesis of
i nternedi ates useful for preparing a-aryl-N al kyl nitrones. Thﬁf&gﬁﬁw 29
exanpl es describe the synthesis of a-aryl-N al kyl nitrones of I's 06t i on
and conparative a-aryl 5 N alkylnitrongs, and the ESR, in vitro and in vivo
testing of such conpounds. Exanple A" Thesis of . Ntert

But yl hydroxyl amine ' 10 Zinc dust (648 g) was added in portions to a cool ed
m xture of 2-nethyl 2-nitropropane (503 g) and amoni um chloride (207 g) in
dei oni zed wat ealkeayll plkynyls aminca amineacyb aminecarbanyhtakoxycadbonphseylat.ur e

bel ow 18C. The reaction m xture was stirred mechanical.l 0 5 hours and
Chen. 1i1teredSaPAEYls gYsical ’M%d‘afﬂ'ﬂ‘ﬁg??& Wé'EOer‘“@?ef‘S&’ﬂz‘ﬁ*Pﬁ OX¥nbi ned
filtrate was sghyptigd W th 15 potassi um carbonate (4.6 Kg) and extracted
with ethyl acetate (2 x 1300 mL). The organic solution was dried over
anhydrous sodiumsulfate, filtered and rotary evaporated to give the title
conpound (329 g) 75.7 %yield) as white crystals, This material was used
without farther puri Ardaky orefersge @y @spurs wharginyard” 4 ag defingdaboye, * H NVR
(cocl,, 270 MHz) b = 1.090 (s. 3 CH3). Exanmple B Synthesis of N

| sopropyl hydroxyl am ne 25 Using the procedure of Exanple A above and

| - met hyl -1 - ni troet haggbokye réfeds! 6 tﬁ@ngnQ(@mer epared. The crude
hydr oxyl am ne product was used wi thout further purification. . 30 17

APRI L 2002 - _3g_ Exanple C Synthesis of N Cycl ohexyl hydroxyl am ne Using the-

procedure of Exanpl g~A above and 1-nitr cl ohexane, the 5 title conpound
can be prepared. Al t&¥a% ir?;gfs)}? the sSPé‘Pdmw hydr oxyl am ne hydrochl ori de nay

be purchaged commercially from Al drich Chenical Conpany) Inc., MIwaukee.
W USA and neutralized with a base, such as potassi um carbonate, to provide
the title conpound. "Ggcloalkyxidrmplees © Syhic atkyi gravps f fepmH3 50 0 earhsimeneiny - N

ten-but vl nt {1 o Thg shigld &R ThR U niRReRlRREE s il Rubd o 000 e
bridged ring systems. which can be 'optionally substituted with from 1 to 3 alkyl
groups. Such cycloalkyl groups include. by way of example, single ring

15 structures such as cyclopropyl. cyclobutyl, cyciopentyl, cyclooctyl, 1-
methylcyclopropyl. 2-methylcyclopentyl. 2-methylcyclooctyl, and the like. or

multiple ring structures such as adamantanyl. and the like.

"Cycloalkoxy" refers to -O-cycloalkyl groups. Such cycloalkoxy groups

20 include, by way of example, cyclopentyloxy. cyclohexyloxy and the like.

"Cycloalkenyl" refers to cyclic alkenyl groups of from 4 to 10 carbon
atoms having a single cyclic ring and at least one point of internal unsaturation
which can be optionally substituted with from 1 to 3 alkyl groups. Examples of

25 suitable cycloalkenyl groups include, for instance, cyclopent-3-enyl, cyclohex-2-

enyl, cyclooct-3-eny! and the like.

"Halo" or "halogen" refers to fluoro, chloro, bromo and iodo. Preferred

halo groups are either fluoro or chloro.
30



Exanpl e 2 using 4-hydroxybenzal dehyde, 1-iodoheptane and 2-nethyl-2 1S
nitropropane. The title conmpound was isolated in 60%overall yield as a

solid) mp. 68.5 C. Spectroscopic data were as follows: IR (K?%P m_@m
3076.8 (CH), 2972.3 (CH), 1601.9 (C=N)) 1250.9 (CO-C) and 1118. % = 20

"H NVMR (CDC13, 270 MHz) o = 8.25 (2H, d, J = 8.9 Hz) phenyl 2H)) 7.44 (1H)
s) nitronyl H)) 6.90 (2H) d, J = 8.9‘1—&5,"phenyl 2H), 3.98 (2H) t, J =6.7
Hz, CH2)) 1.77 (2H, quintet, J =6.7 Hz) CH)) 1.58 (9H s, 3 CH3), 1.36
(84, mM 4 CH) and 0.87 (3H, t, J =6.7 Hz) CH ). '3C NWR (CDC13) 67.9 Miz)
b = 160.9, 131.0, 12Ketd) ot 2ekal refetsitoahe gfoupo=9. 68.0, 31.5, 28.9) 28.7)
28.0, 25.6. 22.3 and 13.7. Exanple 2 Synthesis of a-(4-Hexyloxyphenyl)-N
n- propyl nitrone 30 A solution of 4-hydroxybenzal dehyde (27.11 g) 0.222

nol es) in ethanol oL of 1 diym hydroxi de (8.88 g, 0.222 nol es)
for 30 mnutes. 1 l}fq‘;ﬁﬁseg’o%tgp?ﬁg;ﬁ@? | odohexane (47.10 g, 0.222

nol es) was added in one portion and the solution refluxed for 68 hours. The
et hanol was renoved by rotary evaporation and the residue was reacted with
1- ni t ropr dpane, amUBIPEERIreferyw, a 3dsd-Himethyh2pentyl grawp. et hanol (30Q 20,
v:v) for 18 hours at roomtenperature. The reaction 5 m xture was filtered.
the solvent renpved by rotary evaporation, and the residue purified by

col utm chr omat ogr aphyhigp' R€ers tditle gro6p a81g/ hexane (1:1, v:v) as the eiuant
(R~ =20.42 on a silica gel plate using ethyl acetate/hexane~(1:1) v:v) as

the eluant). The title compound was isolated as a solid (1.63 g, 12.4%
overall yield)) m A5 C. 10 _Spect.roscopi ata was as follows: "H NWR
(CDGl z. 270 MHz): bpllhlgg%")( 2ﬁfe'g.‘° e:grQPg‘%?ﬂ‘y henyl 2H), 7.28 (1H, s,
nitronyl 1), 6.92 (2H d) J = 8.8 Hz) phenyl 2H), 3.93 (4H m 2CH-)) 2.07
(4H m cC1,). 1.36 (6Hp m 3CH/), 1.00 (3H, t, CH3)) 0.908 (3H, t, CH,).
15 Exanpl es 3-6 Usi fichioketo'prefere doithesgrdepcr$.bed herein, the fol | ow ng
conpounds were prepared: a-(3-Ethoxy-4-nmethoxyphenyl)-N tert-butyl nitrone
20-a- (4- Et hoxyphenyl ) - N ten-butyl ni trone a-(4-Henzyl oxy- 3- met hoxyphenyl)-N
tert-butylnitrone) €pfarmaceutically acceptable salt" refers to pharmaceutically acceptable

salts which are derived from a variety of organic and inorganic counter-ions welil

15 known in the art and include. by way of example only, sodium. potassium,
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,
oxalate and the like. The term "pharmaceutically acceptable cation" refers to a

20 pharmaceutically acceptabie cationic counter-ion of an acidic functional group.
Such cations are exemplified by sodium, potassium, calcium, magnesium,

ammonium, tetraalkylammonium cations, and the like.

General Synthetic Procedures

25 The «-aryl-N-alkylnitrones of this invention can be prepared from readily
available starting materials using the following general methods and procedures.
It will be appreciated that where typical or preferred process conditions (i.e.,
reaction temperatures, times, mole ratios of reactants, solvents, pressures, etc.)
are given, other process conditions can also be used unless otherwise stated. ‘

30 Optimum reaction conditions may vary with the particular reactants or solvent



a- [ 3- (4- Met hoxyphenoxy) phenyl]-N tert-butylnitrone. Exanple 7 25 Synthesis
of a-(2-Ethoxyphenyl)-N tent butylnitrone 2-Ethoxybenzal dehyde (12.0 g,
79.90 mol ) and N tent-butyl hydroxyl am ne (10.69 g) 119. 86 A wer e m xed
in chloroformw th nol ecul ar sieves (50 g, 4A) and silica gel 7( BRB)ZOG?he
m xture was seal ed 30 under argon gas and stirred for 70 h at room
tenperature. The m xture was then fil-t26ed and the solid washed wth ethyl
acetate and the conbi ned sol uti on was 17 APRIL 2002 i -- 40 - rotary
evapor ated. Pentane (SO nL) was added to the liquid residue and isol ation
of the resulti riﬂed?%ﬂt gucﬂlféoﬁaﬁ%s Eﬁn Egd&eﬁﬁﬁe@%y)ﬁtﬂ|sﬂ?lleﬁfmttﬁk?ax‘t'b&'lﬁuﬁt‘iﬁmound
as white crystals, ) ) on a Silica gel plate using ethyl
acetate as the@tmnmﬁmpﬁo@muoscopl c data were as follows: IR (1CBr)
cm'): 2976.7 (CH)) 2935 (CH) 1597. 4 (C—N)) 1567.1 (benzene ring) and
1123.6 (NNO. "H NWR (CDCf,) 270 MHz) 9.322 (1H, dd, J, = 1.7 Hz, J

17 re 16 phenyl | ﬁd‘@‘%%k‘z AL @Wffe"“@% bt o o, dorfeffhar
6.839 (1H5d) Jretedtirf gﬂbupspxh@ﬁ]bé nbﬂessa‘iy@@ﬁze(v%ht cetrain ﬁmcﬁoﬁall'g?oummm 1. 386
(9H, s, 3 CH3) ‘and 1. 423 (3H, "3C NMVR (CDOI,, 67.9

MHz): 8 = 156. 9MEsrepdg. lmggslreﬂzgacaw The chewe o:fzcs'usalye Protgetigsgronp Josss,

70.767) 63. 842 7 97 and 14. 37S. Z h r dur es
s hed hor orpaficutat b giond eraddas el 78 STRRTE coidflantten broidSudi £

a- (3, 4-Ethyl en%b%éﬁbﬁ@b@ welNkh&Wh i tHeYdrfli FoPEfampte dniflerous protecting

a- (3, 4- Met hyl enedi oxyphenyl )-N tert-butyl nitrone. a-(4-ethaxyphenyl)-N

n-butyl nitrone Mpamd their Sptmodvstion and rasovel ( arerieseriedniank. W- (Greene and
c clohex itr uLi on of 4-ethpxybenza nol n
2)(;0 L o?‘/ enzgﬁg\dﬁ eé’iofﬁfgﬂg \ﬁrf’f‘f"‘i\i” ’éﬂaﬁffe‘b%?}ﬁ% c?&@?'ﬁﬁ?% “&? Yy, )57 4
nmmol) in the PINGSE YOk, qugp e ié?é]%ﬁéékfcﬁédﬂle?ﬁhd (0.8 g, 4 mml) for 72 h.

ue

After rotary evaporation, the resi was purified by recrystalllzatlon
from hexanes and 30 ethyl ene glycol dinethyl ether ( 1 GOnm, 3 :1, v : V)

to give the title C%Tg prer:])"d rrgc? mzeﬂgod §f4sOyA)n esexls dzheac?-ataylﬂlafkglnitrpogé colnzlgdu%gé

of this invention are prepared by coupling an aryl carbonyl compound of formula

IIN

15 III:
R1
R? 0 I
20 RS

R4
wherein R'-R* are as defined above, with a hydroxylamine of formula IV:

25 HO-NH-R’ v
wherein R is as defined above, under conventional reaction conditions.

The coupling reaction is typically conducted by contacting the aryl

30 carbony! compound III with at least one equivalent, preferably about 1.1 to about




17 APRIL 2002 -- 41 - Spectroscopic data were as follows: IR (KBr) cm'):
2933.0. 2862 (CH), 1599.6 (C=N)) 1297.0 (CG-OC and 1149.4 (NO. 'H NWR

(CDA'3. 270 MHz): S = 8.20 (2H. d, J = 8.9 Hz) phenyl 2H),
nitronyl H) 6.88 (2H) d, J = 8.9 Hz, phenyl 2H), 4.05 (2H, d;éaﬁ‘-?@[.jzogz_
7.0 H, CH), 3.75 (1H) m OH) 1.94 (6H m 6 CH), 1.68 (2H m 2 CH)
1.39 (2H) t) J = 7.0 Hz, CH3) and 1.227(2H m 2 CH). "C NVR (CDd 3, 67.9
MHz): b = 160.6. 132.1, 130.7, 123.8, 114.4, 75.0, 63.4, 30.8, 24.7 and
14.3. 10 Exanple 12 Synthesis of

a- (4- Benzyl oxy2 équiviléms }afhgdydxyidthiay TV dhannhert pdslanmlvenil'huchtdstthahumlrpound
was prepared according to the procedure described in 15 l e 11 using

4- benzyl oxy- 3-cHirnRbxXyddinxaneidaiyehy dsefaran. djmebreswionidar & WF@%H@HmTFhe title

d t 97.9 % I
Soaeer oscon: ¢ MEE ik o TuE Tesrichnis PretesiBihondlid of Bupdfifd affrom o
(C=N), 1265.1 aBQDtCO“@ t@é%u?%@@?or@xb()ﬁt plo abdrh Ro(GsDDtiondily, MRAlyti® =
8.50 (1H, d, J = 2.0 Hz) phenyl H)) 4 (7H) m phenyl H & nitronyl ,

6.86 (1H,5d, amcluatafmam@rmnmas mygiroshmlc(azrq. a;;¢uho@q@)o ®lwgnesaHbpicacidCHa) )
3.78 (i H, 1. 95 1,
CcH) agllj 130 C\éﬁ{u?%f ﬁ%r@:ﬁ?be ?Qpl%&am@d;ﬁ&@c ex%ﬁ%@")‘%‘ Q‘B‘E‘Sg Et|f9'}1°‘149 4,

137.0. 132.5, 2) 70.7,
1370 35325, g2 aby ARyl offordgfy s ey g s 2)
a- ( 3- Et hoxy- 4-incitding ppdvipitatipn Nclrgmianigeaphlyn fittraioa, distlldtionland chntikeind was

prepared according to the procedure described in 5 Exanple 11 using ,
3- et hoxy- 4- met hoxybenzal dehyde and N cycl ohexyl hydroxyl am ne. The title

ot b werl9'as 1ort oudt o Aplini EbttpAdd s 3biship it Bmoklygd Bune BREAALS P
1239. 0 (G O Cyeddfionatk diiliéd khowh-cOnpoumdis\itopfgiotihds m2t7&nl‘dd4)repd®ed:ftﬁn142 (1H.

d, J = 1.8 Hz, phenyl H)) 739(1H dd) J = 7.5 and Hz) phenyl H),
7.32 ( 1H, sk;lowmqo ungs-hy) conyentipnaj prgeedures. ) For gxam ﬁ‘h%‘PWPO‘{-‘?FS 4. 14

(2H, quartet, )? é{_§c)y§ 1.96
(6H m 6 CH). are, feadl Yt‘%ﬁ“’% af%ﬁzfﬁgt?fé%s%a‘ gdrf %"’é@"d and 1.27
(3H, m) 3 CH} approphie acegaliie lﬁlaeepmaei-cmﬁs adyiftidireactiél condition. 47,
124.32) 122. 93 112.36 ) 110.91, 75 .14, 64.10, 55.71. 30. ;30 24. 75 and
14. 34. 15 Additionaily. the formyl compounds, i.e. those compounds where R" i

hydrogen. can be prepared by formylation of the corresponding aryl compound

using, for example, a disubstituted formamides, such as N-methyl-N-

phenylformamide, and phosphorous oxychloride (the Vilsmeier-Haack reaction),

or using Zn(CN), followed by water (the Gatterman reaction). Numerous other

20 methods are known in the art for preparing such aryl carbonyl compounds. Such
methods are described, for example, jn"l. T. Harrison and S. Harrison,
Compendium of Organic Synthetic Methods, Wiley, New York, 1971, and

references cited therein.

25 Certain aryl carbonyl compounds of formula III can also be prepared by
alkylation of the corresponding aryl hydroxy compound (e.g., 4-
hydroxybenzaldehyde and the like). This reaction is typically conducted by
'contacting the aryl hydroxy compound with a suitable base, such as an alkali or
alkaline earth metal hydroxide, fluoride or carbonate, in a inert solvent, such as

30 ethanol. DMF and the like, to deprotonate the hydroxyl group. This reaction is



Exanpl e 14 20 Synthesis of a-(3,4-Ethyl enedi oxyphenyl }-N-cycl ohexyl nitrone
The title conpound was prepared according to the procedure described in
Exanpl e 11 using 3, 4-et hyl enedi oxybenzal dehyde and N

cycl ohexyl hydroxyl am ne. The title conpound was isolated in 7Z%P&Lﬁ09?d as
a 25 solid) mp. 96.7C. Spectroscopic data were as foll ows: IR (KBr, cm"):
2927.9 (CH),  1575.6 (C=N}) 1319.5 (CG©28)--and _1133.9 (N-O. 'H NWR (CDC13,
270 MHz): b:’?98(1H) d, J = 2.0 Hz, phenyl H) 30 7.60 (1H) dd, J = 7.4
& 2.0 Hz) phenyl , 71.27 (1H, s, nitronyl H), 6.83 (1H, 17 APRIL 2002 _

43 __d, J =7. llymﬁﬂt{éted'ﬂt, abéutzé"(f f’d‘hbdﬁt 5@°@|foir about 8.2550(2Liburs) 'I(EED
1.94 (7H m 7 . MR (CDCl ., 67.9 Miz): b -

145. 45, 143. 45, remﬂmngmtenmﬂmes;s t]hm réiet;ed 1n3itn @vltmabDUBb 0 W)Eﬂb!l& 2.64. 50,

63. 98, 30.80 and 24.73. the ced cri bed herein,
the fol | owing cERHER e Rg%“ ﬂﬁﬂﬁ?ﬁ'@ﬁ* prg @AM 1 (:BUB aﬁyﬁ)a N
cycl ohexyl ni {1 ogecdQBRTRES §§mé*!8§b&u°1fooag(f3r ﬂb@ébyis%%oﬁwaggﬂgggt -N

i sopropyl nitroné e compound was prepared according to the pr
described $n 15 Exanple 11 using 3, 4-ethyl enedi oxybenzal dehyde and N

I sopropyl hydr oxyl am ne. The crude produce was purified by c

chromat ogr aphy over édqim@aaltye|vaugumbulﬁ9hyd§§@f seranuia 11 ﬁ%}lb‘F nfm@redme t | t I e

i1 ca el pi atBegfin SpeiAdotodind 3nf Pnts e Bf s @,Bﬁﬁg?'gd%i L as
fol lows: IR {KHy c&ﬁfﬁct C&Jﬂ@?@l ﬂltﬁg'%th %5(8.12 130 (6119 l_?uh%%@ot(ﬂ'l@r@e an
1063.8 (NNO. "H NWR =7.99 (1 0 phenyl

H, i 7.61 (1H)redut:mg ager& s:c&angAH&(pﬁthenyan igert spl»zeat such)asgliethylethary Bt H) )
6.84 {1H, 1 25 d 3 (1H,
ceptet - 10 8 A fegiperaciioranfine HoRpask 781 tosbob 25 Chorapoll 1o Sgire e
(CDCL3) 67 9 MEndadd w&ﬁﬁp%onéﬁénﬁusxﬂg%q&ou&Réidﬁherﬂ&%v@:s the/cotresponding

67.3, 64.5, 64.0 and 20.5
aryl aldehyde

Preferred aryl carbonyl compounds include, but are not limited to, 2-

15 ethoxybenzaldehyde, 4-ethoxybenzaldehyde, 2-butoxybenzaldehyde, 4-
butoxybenzaldehyde, 4-pentyloxybenzaldehyde, 4-benzyloxybenzaldehyde, 4-(4-
fluorobenzyloxy)benzaldehyde, 4-(4-methoxybenzyloxy)benzaldehyde, 4-
hexyloxybenzaldehyde, 4-heptyloxybenzaldehyde. 3-ethoxy-4-
methoxybenzaldehyde, 4-ethoxy-3-mcthoxybe'nzaldehyde, 3,4-

20 diethoxybenzaldehyde, 3-ethoxy-4-hexyloxybenzaldehyde, 2-fluoro-4-
methoxybenzaldehyde. 2-fluoro-4-ethoxybenzaldehyde, 2-fluoro-4-
heptyloxybenzaldehyde, 2-fluoro-4-octyloxybenzaldehyde, 4-benzyloxy-3-
methoxybenzaldehyde, 4-phenoxy-3-methoxybenzaldehyde, 3,4-
methylenedioxybenzaldehyde (piperonal), 3.4-ethylenedioxybenzaldehyde, 2.4,6-

25 triethoxybenzaldehyde, and the like.

The hydroxylamine compounds of formula V above are also known
compounds or compounds which can be prepared from known compounds by
conventional procedures. Typically, the hydroxylamine compounds of formula

30 V are prepared by reduction of the corresponding nitro compound (i.e.,



17 APRIL 2002 -- 44 - Exanple 17 Synthesis of

a- ( 3- Et hoxy- 4- net hoxyphenyl )-N i sopropyl nitrone The title conpound was
prepared according to the procedures described 5 in Exanpl es 4 %Z]AF%IL

3- et hoxy- 4- net hoxybenzal dehyde and N i sopropyl hydr oxyl am ne. The t|
conpound was isolated in 43.9 %yield sp_a solid) mp. 80.8C (R~ = 0. 15 on
a silica gel plate using ethyl acetate as the eluant). Spectroscopic data
were as follows: 10 IR (KBr, cm'): 2981.6 (CH), 1S96.7 (C=N)) 1443.7
(CH3)) 12633 2 ), "H NWR ( .., 270 MHz): 8 = 8.44
(IH d) J = 1. 3 ﬁ?P]'%{)IS a%d%CEfPPV%&Slng aé“é‘?glb&e‘f‘!cﬁ‘ﬂ %&‘%'E SUChed§y| H) |
7.34 (1H, s, ni ; . 4.16 (3H, m
CH and CH). 3.%% foﬁi%ce 5818, pldbayh zie E?’gmﬁldr;df °%‘B%§?§‘f MY R (coal |,
67.9 Miz): b =ahidinOm/mer8u®, aniadgamd. ThvredctichAs tipxcﬂw&oﬁdudtedlﬁlﬂ 67.2, 64.
| ) 55.7. 20.5 and 14.4. Exanple 18 20 _Synt hesis éﬁ Ethoxy enyI)-N

i sopropyl ni t r ofENPRIRUEY @P@%J@%ﬂh@tﬂéscﬁpéb%‘é@ @de’i %Ot%“’t hejrscedur e

descri bed |n

i sopr opyl hydr Eﬁ({?@&ﬁl o#ﬁﬁ ?(?631108}8 grh% 8.Lv\‘(fggaig[so @P&%I\gumﬁ BBy yield as a
solid) mp. 59a4:@161mater Rixtredn (RcRe F kn&ﬁn@ﬁdaza{zabeamsmegwtewﬁxxaﬁ@t ate
as the eluant). Spectroscopic data were as follows: IR (KBr, cmi'): 2978.8

(CH)) 1593. 6 (@thlye)cas_ezq@ho a(t@n@r@)amf@amslwlma@wmro compwmds«m:tyrrmo
MHz): 8 = 9.30

7.30 (lH td) ‘?Hhe’f saltg) %n#ﬁnge rﬁﬁg%gﬁo 51'%3'lg§1me75 using lgor!igc Sn) nitronyl H)

tetrahydrofuran. Since some hydroxylammes have limited stability, such

10 compounds are generally prepared immediately prior to reaction with the aryl

carbonyl compound of formula III.

Preferred hydroxylamines for use in this invention include, but are not
limited to, N-cyclopentylhydroxyamine. N-tert-octylhydroxyamine, N-tert-
15 butylhydroxylamine, N-isopropylhydroxylamine, N-n-propylhydroxylamine, N-n-
butylhydroxylamine, N-terr-butylhydroxylamine, N-cyclohexylhydroxylamine, N-
2.4-dimethyl-2-pentylhydroxylamine, 1-adamantylhydroxylamine and the like.

Pi ical C -

20 When employed as pharmaceuticals, the a-aryl-N-alkylnitrones of this
invention are typically administered in the form of a pharmaceutical composition.
Such compositions can be prepared in a manner well known in the

pharmaceutical art and comprise at least one active compound.

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 response

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

|



17 APRIL 2002 -- 45 _ (1H, td) J =7.7 &.7 Hz) phenyl H), 6.83 (lH
= 7.7 H) phenyl H), 4.23 (1H m CH). 4.03 (2H) quartet, J = 7.2 Hz)

and 1.44 (9H,

m 3 CHa). '3C NMR (CDC13, 67.9 MHz): 8 = 156. q§’c'i°‘®&3§§2

129.02, 126.76. 120.80) 120.04, 110.75, 67.95) 63.78. 20.55 an
Exanpl e 19 Synthesis of a-{Z-Et hoxypheg%l) N cycl ohexyl nitrone The titl

conpound was prepared according to the

using 2-ethoxybenzal dehyde and N cycl ohex~l hydroxyl am ne. The title
compound was isolated in $9%yield as a _solid, mp. 54.8C Spectroscopl

data were as fol | ondhe PMMﬂUII@hCOIPPOSADQIE of @@4}1)’3@5’93339 tecadmyinisterediby

(GO0 and 1144 8
7.9 Hz) phenyl H)ar et

phenyl H), 6 97nt£aHﬁscﬁlar hnd i tra%aﬁﬂ E&&Min&{'&n e 1ﬁénﬁéd‘¥ou% ofa%é_lﬁvzrﬁ thiz)

phenyl H),

quart et

J
CH,)

e

rocedure described in 10 Exanple 11

c

Cg'gzu(ltf céul_cimg opingﬁcla,lb tran,s(afé%/'n_%) ﬂxb%{,lt_angolf’s ,ﬁtg'ipﬁa&}s J =

5 (6H,

m 2 CH & 2 Cbt)l)lpdurﬂ? of tis mmnﬁibi) )relpxﬁﬁer@tﬂyl)fotmuldted ai’ e]Ithtnjcme)e anutall 25

(34 m 3 CH

120.8, 128. 1)@‘1’9?%“% 8, 63.8, 30.8, 24.7 and 14.4. Exanple 20 Synthesis
of 25 a-(4-Benzyl oxy-3-net hoxyphenyl)-N i sopropylnitrone The title conpound

20 "C NVR (CDCh, 67.9 MHz): S = 156.6. 131.3, 129.0, 127.

was prepared according to the procedures described in Exanples 11 using

4- benzyi oxy- 3- met hoTybeanpbsiadnsdor ard adminpatny tanyakexdyd formnss. bulloHqaidt | e
conpound was isolated in 54.6 %yield as a solid, mp. 95.5C

Spectroscopi c

10

15

20

25

30

3
selutonsr suspensigns . Abulk powders. More commonly, however, the
compositions are presented in unit dosage forms to facxhtate accurate dosing.

The term "unit dosage forms" refers to physically discrete units suitable as
unitary dosages for human subjects and other mammals, each unit containing a
predetermined quantity of active material calculated to produce the desired
therapeutic effect, in association with a suitable pharmaceutical excipient.
Typical unit dosage forms include prefilled, premeasured ampules or syringes of
the liquid compositions or pills, tablets, capsules or the like in the case of solid
compositions. In such compositions, the «-aryl-N-alkylnitrone 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

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 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 corn starch; a

Tubricant such as magnesium stearate; a glidant such as colloidal silicon dioxide;

a sweetening agent such as sucrose or saccharin: or a flavoring agent such as

peppermint, methyl salicylate, or orange flavoring.

1,



17 APRIL 2002 -- 46 - IR cm'): 2988.4 (CH)) 2935.0 (CH). 1585.1
(C=N)) 14610(CH3)) | 262 0-C) and 1126.9 (NO. 'HNI\/R(CDC13 270
MHz): b = 50 (IH d, J Hz, phenyl H), 7.33 (7H m @h 'L%Eioi
ni tronyl H), 6.86 (1H, d, J = 8.4 Hz, phenyl H), 5 5.18 (2H, 5) ) 13
(1H, septet, J = 6.4 Hz. CH), 3.93 (.3Ij)1-s CH3) and147 {6H, d) J =

Hz. 2 CHz). "C NWR (CDd 3; 67.9 Miz): = 149.8. 149.4, 136.9, 132. 2,
128.8) 128.2, 127.4, 124.6) 122.9, 113 2, 111.5) 70.7. 67~ 3, 55.7 and

comound E,QS”BL opar W éo“%eeﬁiss%&%&?wgﬁié#eﬁﬂiyﬁﬁﬁl.@é%%s‘g%‘?al%%lb\%“ "1
Exanpl e 22 Synphgisdsphaté-bafférdd balieXor orflerlifjeriabreahqery khowh G BleQfte X Wisni t rone

The title conpound was prepared according to the procedure described in
Exanpl e 28 usi befos, mmwlw-h&dhmmmmodad\ydmchlcomp@@lhemmetypmﬂly\m20

cycl ohexyl hydr ox Iamne The title und lated.in 4 %yield as
aysol i d?(ym % “@BMT@%“E 8‘?‘6?%%?%\835‘30#@? Wﬂlﬁlhhw(‘ﬁbéf’? c?/ﬂl BE

2920. 7 1 7 (CO0O, and 1129.0
(N-O . Y N%%ﬁ('?dmemgggié'“ﬁa%:‘ a@&b@n&é@g’.df 1.9 o bz, phenyl H).

7.39 (1H, dd, J 86&19Hz) phenyl H) , 731(1H s nitronyl H)) 684
(1H, d) J —86Hz e , quartet, Hz, C~2)
(2H, t, J = TE}E%VCsiembeéﬂomﬁpnm for prajly %dmwstfﬁ?lee;)r@meytﬁ Ie 42 (3H

t) 3 =70 HZ’ co%&);mo?is e ©8Hdly Fprételtitive. 2Bthel niifertali hs dell ds proceSid: 1)

17 APRI L 2002
. techniques and the like are set forth in Part 8 of Remington's Pharmaceutical
10 Sciences, 17th edition. 1985. Mack Publishing Company, Easton, Pennsylvania,

which is incorporated herein by reference.

r,
(G
7

The compounds of this invention can also be administered in sustained
release forms or from sustained release drug delivery systems. A description of

15  representative sustained release materials can be found in the incorporated

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 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 a-aryl-N-alkylnitrone compound per tablet) in a tablet press.

30



"C NWR (CDCh. 67.9 MHz): 8 = 150.8, 157.6, 132.b) 124.2) 123.0, 113.2,
112.6, 75.1, b9.0, 64.4) 31.3. 30.8, 28.7,.25.3) 24.8, 22.2) 14.4 and 13.6.
5 Exanpl e 23 Synthesis of a-(4-Qenzyl oxy- 3-net hoxyphenyl)-N n-but Imtrone
The title conpound was prepared according to the procedures d@s%'? be2PORn
Exanpl es’ 11 using 4-benzyl oxy- 3- met hoxybenzal dehyde and N n 10

but yl hydroxyl anine. The title conpound“was isolated in 41.7 %yield as a
solid) mp. 81.2C Spectroscopic data were as follows: IR (KBr, cm):

2925.1 (CH), 2856.9 (CH), 1593.2 W) 1263.1 (C-0 0 and
1156.1 (N-O). 15 'H NMR (CDCL, . H d, J =20 H,
henyl 7.34 (7 6. 86 J.=8 4 H
Bhgﬂzl t{)')) 5. 18 Ez "Q‘“P&il?%%’r@g‘a(&’shad égﬂa{% dry 5%’”‘{“%#’%&35?’“ 7.3 He, )
CH)) 1.96 (2 ot 1 Hz
o g)and 0. g;ﬂ%ﬂ?ﬁ)ﬂﬂ 1'ﬁ)a?1 :)pplloxrmZteg’l Hév%@frhno 'I~°n% rﬁ&hﬁre $§ﬁﬂé‘d }ntt; 230 33g3
150. 0, 149. 4, caphule (lzsmgsg)fd&ﬁe&-armw ﬂkymn?orw)cohmund pmea;fsulems 2,

111.4, 70.7) 66.6) 5S.8) 29.4, 19.4 and 13.2. Exanple 24 25 Using t he
pr ocedure% descri bed herein) the follow ng conpound was prepared:

a- (4- Et hoxy- 3- met hoxyphenyl ) -N n- %W 17 APRI L 2002 49 - _
Exanpl e 25 Synthesis of a-(2-Etho utylnitrone The title
conmpound was pr epark¢ompoendon@ringlat g 28 m%)edutrrege e g) Meixdnthdn ﬁﬁm(ml es
11 using 2-et hoxybenzal dehyde and N n-butyl hydroxyl am ne. The tit

conpound was i8Sl ae dipnded prssdothg U@hd’ Ne. 30 meqh iLyS. sigeetandgberpmixedawith ver e

fol T 59 C= 54 8 (CH3
E324501 (Co c@ é’%@‘g&?%é"@e%%@? &W? B‘(‘Ol‘f%‘dﬁﬁa i g (b (1 H)
d, J = 8@ HZ,caﬂ:begHetﬂs‘] iel)ﬁ.ﬂ&@ { 1}39 SO n‘ig)tthér F@edn?mafénﬁédtb( mg),~ 8.0

Hz, phenyl , 1 (1H, d) J = 8.0 Hz)
phenyl H)) 4 cﬂ@vgxzrandcmmrtae@ d:lum& vetlewataz)md:aﬂq mt@@tu(rmg Suffigient water Hz)

CH)) 1.93 (2 = 7.3 S [CH & CH) and 0.93
(3Hg)t J _(7‘51"1%5'39@%0”?‘3““@@%("% f%éée( H) b < 156. 6. )122 5,

129.0, 128.9, 120.7) 119.9, 110.8, 67.2, 63.8, 29.5, I 9. 3) 4.3 and 13. 2.
Formulation 4 - Tablets
15 The 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
stearate is added as a lubricant. The mixture is formed into 450-900 mg tablets

(150-300 mg of active a-aryl-N-alkylnitrone compound) in a tablet press.

20 E lation 5 - Iniecti
The compound of formula I is dissolved in a buffered sterile saline

injectable aqueous medium to a concentration of approximately 5 mg/ml.

Utility

25 The «-aryl-N-alkylnitrones of this invention have been discovered to
inhibit the formation of AB(1-42) beta-pleated sheets and/or protect against
neuronal cell loss and/or inhibit the release of cytokines, such as IL-1f and
TNFo and/or protect against IL-1B/IFN,-induced toxicity. Additionally, such
compounds have been found to reduce the cognitive deficits caused by Ap(25-

30 35)/ibotenate as well as those developed by certain autoimmune strains of mice.



Exanpl e 26 Synthesis of 20 a-(3-Et hoxy-4-nmet hoxyphenyl )-N n-butyl nitrone
The title conpound was prepared according to the procedures described in
Exanpl es 11 using 3-et hoxy-4-net hoxybenzal dehyde and N nbutyl r}p&;'%i_éog

The title conmpound was isolated in 41.1 %yield as a solid, r'?] 25
Spectroscopic data were as fol |l ows: J_I33(_L<Br) cm'): 2953.1 (CH), 1593 9
(C=N) 1265.4 (GOC and 11293(N—O) HNI\/R(CDCI , 270 MHz): 8 = 8.35
(1H) d, J = 1.8 Hz, phenyl | 7.42 (iH dd, J 85&18Hz) phenyl H) ,

(o quattel, B &r‘%@@wwe@;&% ol 1 080545 St BrabiSid, b,
CH3), 1.94 (Z%euqygsnb@ch anggdfmdudéa)cogﬂh)/e défidils a(ré'd%soﬁiate@fﬁttﬁnd CH3) and
0.95 (3H) t, ) CDCh, 67.9 MHz): 8 = 151.2, 148.2,

132.3, 124.1, rreamdegerrbmm copditiofs. ®meh las Adzheme s dlzeasgeam/oq@tmmmxe3 and

}gopz)rogy:z)r(]?[nr) Lﬁ%@g'f‘ﬁgg/? mﬁéioééﬁ%oﬁﬁéﬁ@c%?éﬁﬁy gxré df}{?%wfthe procedur e

descri beds b Eﬁﬁg Yopsagrhse
1-i odohexane anaﬁﬁggmggi}%%y?ﬁ%%én gﬁnq?%"ﬁtﬁ tt&p %%comou%gﬁngén%l)é'ol at ed
in 47.1 % overthd tonip@inds and phaddceuticalrcPmp oGS, ofShmanvanaom;ﬁmd udahs were as

follows: IR (KBr cm): 2995 0 (CH), 1596.9 (C-N)) 1393 8 (IPr)) 12612
(C-015 C) and therapeutics forgyreventingand/{arixgating powrodegeneragive, @Bmzl!m ang J =

o tr oy p“e”y'"ﬁ%*"e%ﬁﬂ?aé’ fiofln gl fofyind Wiyt 1, 7,52 (2l

CH)) 4.02 (2H, t) J = 6.9 Hz) CHI), 1.82 (2H, quintet. J = 7.4 Hz, CHI),
1.48 (6H,_d, J = 6.7 Hx. 2 CH3), 20 1.42 (3H t, J = 6.9 Hz, CH)) 1.31
(6H, m ¥ CH ) and Surpssing, itthas glse b@e@dmzovm}hatﬂed\mhem@ 67.9 Mi):

31 3) 257, oirieih3 sfdlohe s i sobalned i Gy EG B e unEin et

a- ( 3- Et hoxy- 4-aR@>R? lap iR ahd"it’t@ﬂ&dﬂég&ﬁ/bﬁRﬂ.rRhﬁldAR’Sﬂblallirﬁ&"th@fy) have
3- et hoxy- 4- hydr oxybenzal de de 2 79.9 mol ) and sodi um hydr oxi de
(3.20 g, 79. 9srgm€ 1gantly hegmmxcnmmnm amxl-lwéﬂk)dm&rem eempindy offormutn ¢ he

por 1 on and.r ot 104 BRI eh BF S el Bpnainh Rt WD) o ane

17 APRI 1152002 therapeutic agents or as analytical reagents for detecting free radicals in living

biological systems.

Among the conditions which may be treated and/or prevented with the «-
aryl-N-alkylnitrones of formula I are neurodegenerative conditions, such as
20 Alzheimer's disease, Parkinson's disease, HIV-dementia and the like;
autoimmune conditions, such as systemic lupus. multiple sclerosis and the like;
and inflammatory conditions, such as inflammatory bowel disease (IBD),
rheumatoid arthritis, septic shock, erythema nodosum leprosy, septicemia,
uveitis, adult respiratory distress syndrome (ARDS) and the like.
25
Additionally, since the a-aryl-N-alkylnitrones of this invention have been
discovered to effectively inhibit the release of cytokines, such a IL-10, IL-6 and
TNFa, such compounds are useful for treating diseases characterized by an
overproduction or a dysregulated production of cytokines, particularly IL-1pB, IL-

30 6 and TNFa, including many autoimmune and/or inflammatory conditions.



__ 50 __ the ethanol renoved on a rotary evaporator. The residue was
dissolved in ethyl acetate and this solution filtered and rotary

evaporated. The resulting residue was reacted with N ten-buty | am ne
(6.94 g) in 200 nL of benzene in the presence of p-tol uenesul#ﬂ%’gléﬁﬁqog

(0.8 g) at refluxing tenperature for 2 h S After evaporation, the residue .
obtai ned was purified by recrystalliza |on from hexanes to give the title '
conmpound (11.02 g) 57.2%overall yield) as a solid, mp. 35.5C ‘
Spectroscopic data were as follows: IR (KBr :..2900 ~1596.

(C=N), 1361.1 (CH,); smwsspd(zbome. me@pmaﬁmdmdmcrsqume@m a&ﬁs_aqmlq @D@lse) 27Q
I\/Hz):b-838 1H 5&1.7
Hz, phenyl a&"f[fl—‘ﬁf cgug HFW%%;"?SQ %m%‘lqa—%%ew }]s ﬂgg eémll-&, phenyl

H, 4.13 ( 2H) %ﬁoﬁ@éene?atrvﬂmﬁoiﬂ?mm@ ﬁ)d mﬁaﬁﬁlaﬁ&b‘ cohdltrbns-raﬁlfg fitin abdht) |

1. (2H m CH'), 176 .S8 (9H, S, 51.42 (3H, t,

J

N

82

= 7.0 Hz, CHﬂ)l, ntg/lfgllhomtp amlcaBt m—mg/legﬂhbt(r. ] f()Bﬁiomtaboyt kt@aBOlelZOCI—B) "C
MR ( CDCl 130. 1 4) 123, 1

112. Es 70. é'OBfS %2@ %Pe%ﬂﬂilys?“ 5’896}}‘0‘2’8 G P%"aﬁ)‘“gz é‘ES l"iﬁmﬁl é#?& E’s‘ 6. 20 '
Exampl e 29 Syn one .
To dry dinet hy?@?%gom%d%ﬁ?géagﬁg@%é}g?&ydr‘gygpP ?ﬂﬁl%e%hﬁggé%%%d@g%&t rile |
(13.71 g) 100 nuealy state- leo€lo.0 Tha mraximbmaata dose?id nurexpeced taredcqedtaboai 2im
fluoride (11.6 200 mmol ). This m xture was stirred at roomtenperature

for 16 h) and far agifcor&rkphymampatieRbn at 90C for 2 h. The mixture was

then poured into wet-ice (400 g) and 37% HO (10 nL). The resulting
solution was extracted with diethyl ether (3 x 200 nL). The ether |ayer was

washed wifgh water (Zo¥ tﬂ@ﬁre%ﬂu@%dwriﬂitmmrombﬂ% ddinttfonk) $uchaki on, 30
rotary evaporation gave the crude desired internediate

2-f | uor o- 4- n- odeylodegaReratiyaiand anwirpmpng goggitionwjthe fqgﬂﬂ?’uquﬁf“@ﬂﬁ@ﬂl"éﬂﬁlms

then 17 APRI t 3C toa
flask containi kdg‘gﬁé m&%@%ﬁ%ﬁg %%%ggegﬁa{? rQJ g‘é‘ Elppg?ée&éa%l{rjfeog PR ﬁ%‘# Li Al H4
(5.03 g, 0. 132féoﬂwnlenaedn@wlwan@s:emmaox@ll&osmg g)nerinndmbbec@dllyamol n

di et hyl ether &130 )j. The reaction m xture was stirred at 5C for, 75 mn

and 5 N H, SO- slysr@alu! thyee orap doses pesdaw areagpeaserialbysuesimens: NUEBS! i ng.
At er Segﬁr ati gheéghgﬁﬂgﬁfa@%%gxéaﬁgpgé“ﬁﬁg%E 5eh GHolt o 1 ed kR RS ARE e (2 X

100 i) dth
the a-aryl-N-alkylnitrone, with preferred doses each providing from about 0.1 to

about 10 mg/kg and especially about 1 to about 5 mg/kg.

When used to prevent the onset of a neurodegenerative, autoimmune or |
20 inflammatory condition, the a-aryl-N-alkylnitrones 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 been
25 identified by genetic testing or screening to be particularly susceptible to

developing the condition.

The compounds of this invention can be administered as the sole active
agent or they can be administered in combination with other agents, including

30 other active o-aryl-N-alkylnitrone derivatives.



washed with water (2 x 100 nL). Standard work-up procedures afforded crude
2-fluoro-4-n-octyl oxybenzal dehyde (26.07 g). The crude nmaterial was then

m xed with N tert-butyl hydroxylamne (8.6 g, 96.4 nmol)) nol eﬁ_}l % épeves
(50 10 g, 4A) and silica gel (10 g) in chloroform (250 niL). ARRIL 2092 was
stirred at roomtenperature for 23 h_ggngl__retl uxed for 3 h under argon gas.
The m xture was then filtered and rotary evaporated to give a residue which
was purified by colum chromatography aver silica gel eluted with hexanes/

t hyl tate (4:1, The ti . 12.90 bt.gi ned i
39. 0% overal | §/i ol a e’ ka“%ﬂ‘ijk‘?ﬁvf% RS élﬁlsybwemogﬁqe\&ﬁssog@se@@'a?% 0. 36

| |
O et ShLca, il Walche, SEXANGH F&ﬁ?“‘f% bericf sl ARl
(CH). 1617.8 ( @iddonkphbreSoranen¢ESR) sp edlgis&opy%'d 1@1afed¥ teEhniquiet 6 TWRer( d¥edO) .
1129.4 (N-O and 1105.4 20 (al kyI-O). H NVR (CDCL3) 270 MHz): 8 = 9.288
(1H) t) JH = JFaS:anslygcalizr\;am@rrmmtrwqcommyzde( affhissinventiom)are svmaly( 1H, dd)
JH=18.9 JH Hz) JH =
2.5 Hr) ) | Conag °53"H§%3, “° RE 3&“’8&@9??“‘}‘5?4@%??%‘ rr? CHI )
1.568 (9H, s, Zehbfdled iR e%né&ﬁroﬁal%ﬁém{eiloha paRtictiat] thé c)arpA- ﬂcﬁﬁllmﬁéﬁaft J
6.9 Hz, CH3).° 3C NVR (CDCL3, .9, MHz): 8 = 161.959 {d) J = 11.4 Hz))

161 959 (d) J :th@EiBV@ubn)T)ayll&()mtd)m d¢tec2 and Mentify freeragli@lsin)biologizaB63 (d, J

= 8.3 09. 892 0 d, = 25.9 2, 3 S9
28. 958HZ)28 éSI sysieggs ézfé‘y é@‘é@“é"\‘]’%‘%g%cﬁzé)aé@@aﬁg@ )fgggéggp"%m%‘e‘%fi )APRl L
2002 -- 52 - E&ﬂép@bﬁerﬁ@ ??,’J‘H‘@n%esexggnﬁeﬁ@ “’I‘ygic-gﬂy e@h@%%ﬂﬁﬁ @uﬁ&m  the

tent-butylnitroné T e conpound ared according t
procedur el@escrspbeatap wilbbExdeonyigenated bgmfngeﬂ,xﬁplﬁ-bubbhh@avgphmznﬂro@myde and N

T DU O S 5, PRI UL, e 3
R R s s R
phenyl H), 3.98 (6H m 3 CH) 156 (9H) s) 3 CHB) and 1. 32 (9H n) 3

pr epar ed accorgﬂgg tgrﬂt hel pPoced’ﬁrg‘%‘egcrq%Eﬁ 0 Exanple 11 us?e%g

2,4,6-triet hoxpnedmabd,edhydnermeds of thy solgbrarapd hyztgemsywmqspccﬂ'mmetspm gap,

corrpound was | Sl?e fi } %gneI of tﬁg spﬁ% a cliueclt gng the like. %! épm trapgmg prgcechl:res are well

known in the art and the exact procedure employed can be determined by those

skilled in the art. Typical procedures and apparatus for conducting spin trapping
20 experiments are described. for exampie, in C. A. Evans, "Spin Trapping",

Aldrichimica Acta, (1979), 12(2), 23-29, and references cited therein.

The following synthetic and biological examples are offered to illustrate

this invention and are not to be construed in any way as limiting the scope of this

25 invention.
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Spectroscopic data were as follows: IR (KBr) cmi'): 2935 (CH), 1601 (C:N),
1391 (CH,)) 1167 (GO C and 1133 (NO). 25 "H NWR (CDC13, 270 MHz): 8 =
7.34 (1H, s, nitronyl H)) 6.06 (2H, s) 2 phenyl H)) 3.99 (6H) ﬂ % %a@)
3.80 (1H m CH), 1.94 (10H m 5 CHZ) and 1.32 (9H m 3 cH3) ARRIL
(CDA 3, 67.9 Miz): 8 = 162.1, 159.4, 127.2) 102.0, 92.2, 74.1, 64.0, 63.4,
31.0) 29.6) 24.8) 14.5 and 14.4. 30 ~3§-APRIL 2002 - 53 .. Exanple 32
Synt hesi s of a-(2-n-Butoxyphenyl)-N tent-butylnitrone The title conmpound
was prepared according to the procedure described in 5 Exanple 28 using
2- hydroxybenzonitrile, 1-iodobutane argXxANMBLESbutyl hydroxyl arnine. The
title conpound was isolated in 77.4%overal| yield as a viscous oil

Spect roscopi ¢ data Weths examplgsibelasy, th folieydng aéh;eV)auosmmve(s&F qulwngez
1594 1468 10 12 C d
E%I . 270( NH’E\'% h“"b‘g& é\.(bggg‘)cdmﬂs gat gﬁﬁ‘{e @&hgpﬁ %B% ‘? acﬁﬁp“’ 06 (lH)

s, nitronyl g(lH, td, J =7.9 & 1.7 Hz, phenyl H)) 696(1H t. =
7.9 Hz, phenyln}—i) 82 (1H, d. J = 7.9 Hz, phenyl H, 3.98 (2H) t) J = 6.3
Hz, CH) 51. 75 (2H) bdui ntet = 6b@oatdzdom}d;t)) 1.57 (9H m 3 15 CH3)) 1.50
(2H. m CH,) and 0.86 (3H, =] = bréadEinegleti3). '3C NWVR (CDCl,, 67.9 Mz):
b = 157.1, 131.4) 1g8.8, 1247,_.12 %4)1108 70.7) 67.9, 30.9,
28.0) 19.0 and 13.4 dExarrpl e 33 20 d?l’lﬂltefr‘gf;h&lb? {is 2- (3, 4- Di et hoxyphenyl) - N
tent butylnitrone The title corrpoun Was epared according to the
procedure descri bed<fh Exanpl & 11 %S%gf d| et hoxybenzal dehyde and N

t ent - but yllohydrbxyl afh@. The t‘TtIed&S ffwas isolated in 93.7%vyield as
a solid, mp. 57.9CELISA enzyme-lmked immuno-sorbent assay

EtOAc = ethyl acetate
EtOH = ethanol
FBS = fetal bovine serum
15 g = grams
h = hours
Hz = hertz
IL-1B = interleukin-1p
IL-6 = interleukin-6
20 L = liter
LPS = lipopolysaccharide
m = multiplet
min = minutes
M = molar
25 MeOH = methanol
mg = milligram
MHz = megahertz
mL = milliliter
mmol = millimole
30 m.p. = melting point
N = normal
q = quartet
quint = quintet
s = singlet
35 t = triplet
THF = tetrahydrofuran
ThT = thioflavin T
tic = thin layer chromatography
TNFo. = tumor necrosis factor-o
40 Ug = microgram
uL = microliter
uv = ultraviolet



25 Spectroscopic data were as foIIovvs IR (KBr, cm'): 2984 {CH)) 1596
(C=N)) 1272 (C-0-C) and 1146 (NO. 'H I\/R(CDC13) 270 MHz): b = 8.41 (I H
d J =1.9 Hz, phenyl H)) 7.46 (1H) dd, J 8.4 & 1.9 Hz) phe y&P@ 0h223
(1H s, nitronyl H), 6.86 (1H, 30 d, J = 8.4 Hz, phenyl 1PR%2
quartet, J = 7.0 Hz) CH,)) 4.13 (2H 37 17 APRI L 2002 --54 quartet) J =
7.0 Hz, CH=), 1.58 (9H, s, 3 CH3). L5 (3H, t, J =7.0 Hz, CH3) and 1.44
(3H, t) J =7.0 Hz, CH3). CNI\/R(CDC13 67.9 MHz): 8 = 1S0.5. 1484
130.2, 124.4) 123.4) 113.0, 112.3, 70.1, 64.3, 28.0, 14. nd 14. 3.

Exanpl e 34 Synt hesi B the exampleshelow oall 191apargiugss,ase i Jegress @éﬁ‘ﬂ‘s @ml%sm trone

Examl ¢ 28 oy SoiPaifE BaRaEHr| BeafRe . Solibe IS/BESSriRedaiLc] 11 10
tertbutyl hydr oa@ehﬂrtbxn@repifm &-'aIg‘lQV ﬁmgiﬁﬁﬂﬂbswaﬁld fealanting emnﬁés Qesteibyer al |

yield as a white solid. 21 on a silica gel plate using
hexanesl et hyl ﬂ!@@}’ﬂh@ﬁls df Q-aryl-Malkamlm'mseifubmtu)venSpeend ocsmpwtiativelatarylrer e as

12568 nzefk!(%ﬁ%'y ronass ahd g BOR i wigd gad & pixp 15k of E'écjhzlc‘(mlg%cﬁf“_j%tnl\l)d)

1105. 4 (al kyl - "H NVR (CDCl,, 270 MHz): S—929I1(1H t. J'" = JF =
8.9 Hz) aron'at|cH) 7.723 (1H, s) CH=N). 6.700 (1H. dd, J" = 8.9 e, J" =
2.6 Hz, 20 aromatic H)) 6.603 (1H, dd,Exdmple 3.1 Hz. J" 2.6 Hz, aromatic
H, 3.954 (2H, t, J = 6.6 Hz, OCH~), 1.747 (2H, m CH=), 1.585 (9H) s, 3

CHB). 1.445-1.286 (8 H) m (CH-)4) andynthesafsn t 3°% 6.8 Hz, CH3). ' 3C
NVR (CDCl 3) 67.9 Miz): b = 161. 9§7etButyihydroxylamine 161. 990 (d) J = 253.9

101, 716 18, ) = 22 Goei 4 ghis afdeyn poiot 0% copleg sty oégf%@@?g?zz’
22.216 d 13. ride(2D
a-(2-Fl 3(r)lro 4- %tﬁ ﬁ?)%%%ﬁg?\ﬁ?o)%a? graﬁggﬁu;?n% one ng)éﬁ? gégﬂ%g&nggﬁeﬁg

prepar ed accoralisnch 2 vate ke aproomaidtaie thtgempetatute ibelay B(@pﬂ'élezeaqmnng

RS bl S o 5o O B Yl = e
yel | owi sh crysgahed vﬁﬂlﬂ)ot &%te‘%@l GRiLyT 'ﬁiel&rﬁlﬁln@d filthdt€ ¥ad Shrupleét RitHS! NQ
hexanes/ est hyl acetate) 4:1. v:v, as the eluant).

potassium carbonate (4.6 Kg) and extracted with ethyl acetate (2 x 1300 mL).

The organic solution was dried over anhydrous sodium sulfate. filtered and
rotary evaporated to give the title compound (329 g. 75.7% yield) as white
crystals. This material was used without further purification.
Spectroscopic data were as follows:
20 'H NMR (CDCl,, 270 MHz) & = 1.090 (s. 3 CHy).

Example B

Synthesis of
N-Isopropylhydroxylamine

25 Using the procedure of Exampie A above and 1-methyl-1-nitroethane, the
title compound was prepared. The crude hydroxylamine product was used

without further purification.

30



Spectroscopic data were as follows: 10 IR (I1CBr, cm'): ?978.4 (CH), 2938.0
(CH)) 1616. 3" (C=N), 1560.7 (benzene ring), 1290.0 (Ar-O, 1128.7 (NO),
1112.9 (Ar-F) and 1042.3 (alkyl-O. "H NWR (CDCl,, ~70 MHz): Pl—'ﬁl'ng)%Z(lH’
t. 3 =90 Hz, aromatic H) 7.716 (IH, s, nitronyl CH), 6.695 (AR-AO2) =
9.0 Hz) J = 2.4 Hz) 15 aromatic H), 6.597 ( 1 H dd. J =13.1 Hz, J = 2. 4
Hz) aromatic H), 4.035 (2H) q) J = 6-93&%z OCH-)) 1.581 (9H, s) 3 CH,) and
1.396 (3H, t) J =6.9 Hz, CH ). "CNWR (CDCl,, 67.9 MHz): b = 161.952 (d)
JF = 254.9 Hz)) 161.738 (d) JF = 12.4 Hz). 130.118. 122.285 (d, JF = 9.3
Hz), 112.409 (d, J~ = 8.3 i 20 Hz)) 10%Q@fple €01.708 (d. JF = 25.9 Hz))

70. 660. 63.842, 27.936 and 14.177. Exanple 36 Synthesis of

a- (2- Fl uor o- 4- et hoxyphenyl ) - N cycl ohex§ymthesioof | 25 The title conpound was

prepared according to the pr ocedme%demylwmﬁaﬁimpl e 29 using
2-fluoro-4.-hydroxybenzonitrile, ethyl iodide and N

cycl ohexyl hydr oxy| asing. tha peocedyrecof 4 abgye |l piggeycleheyang, dheoyer al |
yield as glight. el |l ow sh .crystals) . 112 7 = silica
gel plat e§usi nbhﬁgérgﬂ%‘g}\ge‘fwe Iéggqrgﬁ.e1Amﬁq3tlv5%vf&géﬁl}$éy&yég{)ﬁ(& ﬁ"ﬂ%

Spect roscopi ¢ Hgdrﬁcl‘ﬂﬁﬁﬁe?rﬁt f&?u?c‘ﬁﬁbed cOrhmerlly #6f2AldrichCHemi¢dBr, cm " ):
2956,5 (CH)) 2933.2 (CH), X61 .9 (C=N), 15S8.7 (benzene ring). 1287.4
(Ar-0) . 1158. 7Cohip@hy, Ihd Q) MBwiukee FWhHUSALGE NedtrahtedywitlDp based subiRag CDCl 3,
270 MHz): b = 9.245 (1H, t. J = 9.0 Hz, qrorraticqazl—l)) 7.580 (1H, s)
nitronyl CH, B?tewféfﬁsboaﬁ,evHJEmg!Q?tP&}“SCQmEP%“- . aromatic H), 6.580
(1H, dd. J = 14.3 Hz, J = 2.5 Hz, aromatic H), 4.022 (2H) g, J = 6.9 Hz)
OCH:), 3.805 (1H) tt, J = 11.3 Hz, J = 4.1 Hz, N-CH), 2.069 1.990 (2H m
cycl ohexyD 2H)) 1.958-1.862 (4H, m cydxamplel 4H), 1.6941.651 (1H m
cycl ohexyl H). 1.386 (3H t, J =6.9 Hz) CH ) and 1.333-1.176 10 (3H m
cycl ohexyl 3H). "C NVR (CDCh, 67.9 MASynthesisals1 734 (d) JF = 13.0 Hz),
161.639 (d) JF = 253.9 Hz))odédaquploxyphenydsVer-ontylmitgone Hz) | 112, 165 (d;

JF = 8.3 Hz), 109,953, 101 731 (d. JF = 24 9 .Hz) .7 0. 819,
24 702 and 14. 17 _hcltgleégmugé véaf_gggpared acco?dmg ko thespx’gggdurgﬁes%?lzed it

Example 2 using 4-hydroxybenzaldehyde, 1-iodoheptane and 2-methyl-2-
15 nitropropane. The title compound was isolated in 60% overall yield as a solid,
m.p. 68.5°C.
Spectroscopic data were as follows:
IR (KBr, cm™): 3076.8 (CH), 2972.3 (CH). 1601.9 (C=N), 1250.9 (C-
O-C) and 1118.8 (N-O).
20 'H NMR (CDCl,, 270 MHz) 6 = 8.25 (2H. d. J = 8.9 Hz, phenyl 2H),
7.44 (1H, s, nitronyl H), 6.90 (2H, d, J = 8.9 Hz, phenyl 2H), 3.98 2H, t,J =
6.7 Hz, éHz), 1.77 (2H, quintet, J = 6.7 Hz, CH,), 1.58 (%H, s, 3 CH,), 1.36
(8H, m, 4 CH,) and 0.87 (3H, t, ] = 6.7 Hz, CH,).
BC NMR (CDCl,, 67.9 MHz) & = 160.9, 131.0, 129.8, 124.0, 114.4,
25 69.9, 68.0, 31.5, 28.9, 28.7, 28.0, 25.6. 22.3 and 13.7.

Example 2

Synthesis of
o-(4-Hexyloxyphenyl)-N-n-propylnitrone

30 A solution of 4-hydroxybenzaldehyde (27.11 g, 0.222 moles) in ethanol was
refluxed with sodium hydroxide (8.88 g, 0.222 moles) for 30 minutes. 1-

|



Usi ng the procedures described herein, the follow ng conpounds were
prepared: a-(2-Ethoxyphenyl)-N 1-adamantylnitrone, and 20

a- ( 3- Et hoxy- 4- net hoxyphenyl )-N 1-adanmantyl nitrone. Exanpl e 39@ he%)i of
a (4-Ethoxyphenyl)-N-cyciopentyl nitrone 25 4-Et hoxybenzal dehy ’%%”z Oé,
0.14b7 nmol) and N cycl opentyl hydroxylam ne (14.1 g, 0.1398 nol) were m xed
into toluene (200 nL) with p-tol uenesuB9oni c acid nonohydrate (1.0 g, 5.26
mol ). The m xture was refluxed for 3 hrs under argon atnosphere with a
Dean-Stark trap to renove generated water. The solution was rotary

evapor at ed t o dJiodéheRanes@7 406z, 122 1mdfesywas pidedfin @ie ippriidneaid thaselotibwgr aphy
over silica gel wwth EtOAc as an eluant and then recrystallization froma
ni xed sol vent Jefluxedfae68 hawrs EtThecethaned wap rergovediby 1odRy |€vapryation andsthe

d bt ai.ned l.id, (21.24 g 65 1 % vi . 95,1
O e D ea e S o SEooti) B ey
el uant) . ~ Spectp; oy Gan6l @o020W0Ng f8s 18 AblRVE rodrftdrifRratufd.” The readfloy’ (CH),
2873 (CH), 1601 (C=N & benzene ring), 5 1575 (benzene ring)) 1251 (Ar-0O

and 1169 (§\- O) .mixkrélvRs fiB@d3 Jhexoivet-Edmovedhyxatary levappratien apd khe, residuerat i ¢
2H), 7.41 (1H, s,.CHN,. 6.9 2H, d =9.0 Hz, .arommtic 2H), 4.4 tt,
JSZS. 3 & 7.% Hz Puiified bgl?ceb""tféﬁj‘hf matography Ysing e@m,af?taae?%fé@ae%l(w? aér&'@

cycl opentyl 2 -1, : (2 0
cyol opentyl  oryctuah L 502 o Ssilth gel Gl pfHleale ARkab RO B 1l
MHZ) : b=160. 13.eldadd). 4Fhe titBOcaBthound wdsG3oldted ad 9 solid (.6} g632415% o8drall5) 2S. 56

and 14. 66 ppm Exanple 40 15 Synthesis of a (4-Ethoxyphenyl)N
tent-octyl ni t r oiddrep: #37C conmpound was prepared by oxidation of N

(4-et hoxyﬁyenyl )-N tﬁﬁé&&%ﬁk ﬁgéaqﬁas"!‘stfﬁll%gzhl or oper oxybenzoic acid in
e a

met hyl ene chl ori de. m'ne was synthesized via NaBH4 reduction fromthe
correspondi ng i m ne 'HINMR @DCRS27C MEHz)ed b)8.2D(2i¢nd.ak =08.80Hz, phenyl 2H),
4- et hoxybenzal de%éde and tert-octylam ne in nethan onpound

was isol ated i n-85(dbosovitranyl H)i 6158 @H. gt &8 ?’&t EL%‘)YT%t I—’*-tft’légf*ﬁenmf =0. 33
oot beoel BT 401 PLRRTES, Fublei & Scik] ot U bos on.
t, CH,).
15
Examples 3-6
Using the procedures described herein, the following compounds were
prepared:
o-(3-Ethoxy-4-methoxyphenyl)-N-terr-butylnitrone
20 o.-(4-Ethoxyphenyl)-N-tert-butylnitrone
«-(4-Benzyloxy-3-methoxyphenyl)-N-zert-butylnitrone, and
o-[3-(4-Methoxyphenoxy)phenyl}]-N-tert-butylnitrone.

Example 7

25 Synthesis of
o-(2-Ethoxyphenyl)-N-tert-butylnitrone

2-Ethoxybenzaldehyde (12.0 g, 79.90 mmol) and
" N-tert-butylhydroxylamine (10.69 g, 119.86 mmol) were mixed in chloroform
with molecular sieves (50 g, 4A) and silica gel (10 g). The mixture was sealed
30 under argon gas and stirred for 70 h at room temperature. The mixture was then

filtered and the solid washed with ethyl acetate and the combined solution was



25 IR (Kbr, cm): 2978 & 29S 1 (CH), 1605 (C = N & benzene ring), 1563
(benzene ring)) 1263 (Ar-O and 1114 (NNO. "H NMR (CDC13) 270 MHZ): b =
8.27 (2H, d, J=9.0 Hz, aromatic 2H), 7.49 (1H s, CH=N)) 6. 91@_@5‘5{@{@

Hz) aromatic 2H), 4.08 (2H, q) J=7.0 Hz, OCH3), 1.97 (2H) s s
(6H) s, 2 CH3), 1.42 (3H, t, J=7.0 Hz, 30 CH3) and 0.97, (9H, s,

ppm 17 APRIL 2002 _ gg- "C NMR (cBCH0-67.9 MZ): b=160. 12) 130. 55)
130.17) 124.11, 114.20, 73.20) 63.49) 51.3S) 31.61) 30.69, 28.82 and 14.72
ppm Exanple 41 S Synthesis of a (4-Benzyl oxyphenyl)-N tent-butylnitrone A
m xture of 4- benaryi evaporaal Ehlime(SomlL)awabaddﬁd Ity theoliquiid résitinezand iscdatidnyt i ¢

anount of p-toluenesul fonic acid nonohydrat e%%gvég s refl u ed under
argon at nosphe?%mﬁnfﬁwlﬂﬂmm@f%ﬂﬂdtlﬁéé&gsr b%fﬁ‘gFé'\EI@&OWQPB? aThe 10
m xture wa th jed b
re)ér;st al | ;Szatl gﬁegiﬁiﬁg}if apogﬁgirfgggfd_ QH’?O g?ﬁ:‘g%‘é?g}‘ﬁ@g&s}hgﬁﬁy lp#giags&a d
white powder) {ReRluahtl. OC (Rr=0.66 on a SI I | ca gel plate using EtOAc as an

el uant). Spectroscopic data were as follows: IR (KBr, cm'): 2982 (CH))
1601 (C=NS5& benzeneSpeMg)syopizsdaa(mnzeuﬁ@lom ring)) 1242 (Ar-0O. 1170 (NO.

d 1005 (benzyl - VR
aronati o (2H§3)nz¥ 46 Ewé) %737(@%5@ 1%1%73;@@@?8]@%012 7.00 (2H,
d) J=9.2 Hz '), and 1.60 (9H, s, 3 CH)
p|)om e NNR)(%WeCr}@md 1596(_@9)39 136. 117 130, 64, 156 38 20 12%. 52,

| 28. 00, 127.42, 124'BNMRUCHEL, 7T0 BHz)60.9 D 324 (128425 Jpsni . BHa), = 19

2 bensyl ix%eﬁg(afa@e{&ﬁ{)( SR I s S PSR LA b SE Vi9ate: dhn b
(14.3 g, 1$41. 3@1@?% P??H' FLEV‘@SHQGﬁp——% 2 aﬁkﬁaggﬂ)' 6%39%1{{ 45] 9) in

chloroform(30 irre room t effperat ure rargon at nosphere
for 48 hrs and=t N@nHwaphengf HYx4055 ©2Haq, Add619 HnaOCBL)Y r1sS86T(98, 51 3tGHL was
filtered and rotary ev ﬁorated to _give crystals whi ch were 30

recrystal | i zeda#d bARRdRHnbs! an@ 981864eHo provide the title conpound as
white crystals, 23.% o0 3-&§3@ nasilica
gel plate using hexa%@@&bc %?Qj MH?ngs zal§834§a§1:%§82 1 Alggel L 2002

5g __ Spect r ostph688.dERS 19311203886 Q10 368 70.R6T, KB 842 127.997 @5 . 3T3) , 2867
(cH, 16% (C=N & benzene ring),

Examples 8-10
Using the procedures described herein, the following compounds were
prepared:
a-(3.4-Ethylenedioxyphenyl)-N-tert-butyinitrone, and
20 a-(3,4-Methylenedioxyphenyl)-N-tert-butylnitrone.
a-(4-ethoxyphenyl)-N-n-butylnitrone

Example 11

Synthesis of
25 o-(4-Ethoxyphenyl)-N-cyclohexylnitrone

A solution of 4-ethoxybenzaldehyde (6.62 g, 44.1 mmol) in 200 mL of
benzene was refluxed with N—éyclohexylhydroxylamine (6.61 g, 57.4 mmol) in
the presence of p-toluenesulfonic acid (0.8 g, 4 mmol) for 72 h. After rotary
evaporation, the residue was purified by recrystallization from hexanes and

30 ethylene glycol dimethyl ether (100 mL, 3:1, v:v) to give the title compound (9.2
g, 84% yield) as a solid, m.p. 124.0°C.

|



1505 (benzene ring), 1251 (Ar-O) 1139 (NO. and 1009 (benzyl-O. '"H NWR
(CbCl,. 270 MHZ): b=8.23 (2H, d) J=9.2 Hz, aromatic 2H), 5 7.40 (1H, s,
CH=N), 7.43-7.27 (SH, m aromatic 5H), 6.98 (2H, d) J=9 2H) ,
5.08 (2H, s) OCH, ), 4.36 (1H tt, J=7.7 & 6.1 Hz, CH), 2. 331278%5@39%2
cycl opentyl 2H), 2.04-1.86 (4H m cyclopentyl 4H)) 1.70-1.54 (2H)

cycl opentyl 2H) ppm "C NMVR (CDCl,, 674b-vHz): 8=159. 79) 136. 39, 132 21,
130. 30, 10 128.47, 127.94. 127.3G | 23.96. 1 14'.56, 75.71, 69.85, 31.21
and 25.50 ppm Exanpl e 43 Synthesis of a (4-Benzytoxyphenyl)-N

cycl ohexyl ni trone 1ZFpéfreoscopic dataongreusdotees:pr epared according to the
procedure described in Exarrpl e 42 using 4-benz on benzal dgfrq]h%de and N

cycl ohexyl hydr oxyl adRAEBryae'):i2983.0z 286 (GH)- GrNadl# 9 -@{CA4)apd g as

slightly yellowag &W mp. 129.0C (R-=0. 30 on a silica gel plate using
hexanes: Et CAc as an eluant}. 20 Spectroscopic data were as

follows: IR (KBr) ciy MR 01\/?18546(9'920 P34 (IC=N\8 @ MenAeAs TH)0) .
1507 (benzene ring), 1251 (Ar- (23) 1138 (N-O). aﬁd 1012 Sbenz Irthe 7 H)IQII\/R

(CDC13, 27D MA)32 H:Ha Qaiteanyl H, 68892, iz J a8tz phenyf 21, 495@H) s)

S:D:N) 5, 114?2Z|) 3‘1@)" _m7 &ﬁmgﬂfﬁr{ PZ?H}‘) cé{_?slw% o %Eﬁ) i@@a(é gﬁt;f

6H), 1.7D (1H 5 j.opentyl 3H)
ppm  3C NVR ( 2@3%) 1?“61(:@3%%‘?1% @bzmlgo 44, 128.58,
128. 05, 127. 45 124 ‘EBNMRZ(CGB'JI, ?35 A MHH9 69%,16816. 1122ahd399 GQSF&)rhMS!O 17
APRI L 2002 -- | e 44 Synthesis of a

(2- Et hoxyphenyl7}5 %@%I%&-&"y Ardddde The title conpound was prepared

accordi nggg 0 the procedure described in 5 Exanple 42 using

2- et hoxybenzal dehyde and N cycl opentyl hydroxyl am ne. The title conpound was
obtained in ?2.6%yield as white cryst @xampla 2 87.3C (R~=0.43 on a silica
gel plate using hexanes: Et QAc, 2:1, Vv:yv, s an el uant) Spectroscopi ¢ data
were as follows: IR (KBr, cm'): 2976 CHA 1636(C—N) 1597 &
1564 10 (benzene ri ng))diﬂﬁﬂﬂbxﬁﬁ-mﬁ @&VRhﬂnﬂ)-NiMé exyinitrone O)

The title compound was prepared according to the procedure described in
15 Example 11 using 4-benzyloxy-3-methoxybenzaldehyde and N-
cyclohexylhydroxylaminé. The title compound was isolated in 97.9% yield as a
solid, m.p. 154.1°C.
Spectroscopic data were as follows:
IR (KBr, cm’): 2935.3 (CH), 1595.4 (C=N), 1265.1 (C-O-C) and
20 1147.6 (N-O).
'H NMR (CDCl,, 270 MHz): 6 = 8.50 (1H. d, J = 2.0 Hz, phenyl H),
7.34 (7TH, m, phenyl H & nitronyl H), 6.86 (1H. d, ] = 8.4 Hz, phenyl H), 5.19
(2H, s, CH,), 3.94 (3H, s, CH,), 3.78 (1H, m, cyclohexyl H), 1.95 (6H, m, 6
cyclohexyl H), 1.67 (2H, m, 2 CH) and 1.30 (2H. m, 2 CH).
25 13C NMR (CDCl,, 67.9 MHz): d = 150.0. 149.4, 137.0. 132.5, 128.8,
128.2, 127.4, 124.8, 122.9, 113.3, 111.6, 75.2, 70.7, 55.7, 30.8 and 24.7.

30



"H NVMR (CDCl,. 270 MHZ): b=9.33 (1H, dd) 7.
(1H, s. CH=N)) 7.32 (1H, ddd, J=8.2, 7.5 & 1.
td, J=6.1 & 7.8 Hz) CH), 4.07 (2H q, J=7.0Hz, OCH, )) 2.3S-2 _ég & H _m
cycl opentyl 2H), 2.07-1.88 (4H m cyclopentyl 1S 4H). 1.72- EAP 0G2,
cyclopentyl 2H) and 1.45 (3H) t, J=7.0 Hz, CH,) ppm '3C NWR (CDC 3, 67 9
MHZ) : b=156.11. 131.00, 128.b4, 127.3K42420.S0, 119.88, 110.57, 76. b4,
63.85, 31.38, 25.55 and 14.74 ppm Exanple 45 20 Synthesis of a

(3- Et hoxy- 4- met hoxyphenyl )-N tert-octylnitrone A solution of

3- et hoxy- 4net hoxybenzal dehyde) N tert mﬂaygroxyl amne and catal ytic
anount of HO in nethanol was refluxed for 90 hrs with nol ecul ar sieves in
a soxhlet for waster renoval. The titiSynthesis@find 25 was obtai ned in 60.0%
yield as white powder, m-3-Ethox$Q-mettiekypRernyi)-N-gicldherylgétrond at e usi ng
hexanes: Et OAc, 3:2, v:v, as an eluant). Spectroscopic data were as foll ows:

IR (KBr) ctm t): 20Fhe (l@ﬂwmmm y&-piepared ggcogding g theypregeduse desegibpd im79

Ar-0 45 d:LO | k CcDal 3, 270 MHZ
A (1%« Ei_fa'éplﬁq '%ﬂlé‘ﬁm‘?x’%“}dﬁﬁgﬁ&m AR H) )
aromati c 1H)) é’ycﬁhek?‘-l dx%:xyﬁhﬁ'\\‘? Tﬁc ﬂ@e Eéxlﬁpo@hd Wadisdlatéd A ITTRlyickd ash) 4. 20
(2H, q, J=7. 3H) , 17 APRIL 2002 - 61 - 1. 97
(2H) s ) CH=) 3olid, aup(msg:) 2CHS)) 1. 48 (3H t, J=7. 0 Hz. CH), 0.98
(9H) s, 3CH3)) pprn %‘Sfl 67, 8 =150.44, |47.71, 130.41,
124. 56, 122. 85, 1123&"2“0{{@@' ta ’WS’%% OBQWEB 55. 87) 51. 43, 31.63, 30. 68,

238,005 18 T2 PITUR 58 SIOkp 9lca, et 190 00
10 and 1126.1 (N-O).
'H NMR (CDCl. 270 MHz): 6 = 8.42 (1H. d.J = 1.8 Hz, phenyl H),
7.39 (1H, dd. J = 7.5 and 1.8 Hz, phenyl H). 7.32 (1H, s, nitronyl H), 6.84
(1H, d,J = 7.5 Hz, phenyl H). 4.14 (2H, quartet, J = 7.0 Hz, CH,), 3.88 (3H,
s, CH,), 3.76 (1H, m. CH), 1.96 (6H, m, 6 CH). 1.68 (1H, m. CH), 1.44 (3H,
15 t,J = 7.0 Hz. CH;) and 1.27 (3H, m, 3 CH).
3C NMR (CDCl,, 67.9 MHz): 6 = 150.95, 148.13. 132.47, 124.32,
122.93, 112.36, 110.91, 75.14, 64.10, 55.71. 30.80. 24.75 and 14.34.

1.7 Hz. aromatic 1H), 7.98
a

8 &
7 Hz, aromatic 1H) 6.99 (1H,

Example 14

20 Synthesis of
a-(3,4-Ethylenedioxyphenyl)-N-cyclohexylnitrone

The title compound was prepared according to the procedure described in
Example 11 using 3,4-ethylenedioxybenzaldehyde and N-
cyclohexylhydroxylamine. The title compound was isolated in 74.5% yield as a
25 solid, m.p. 96.7°C.
Spectroscopic data were as follows:
IR (KBr, cm): 2927.9 (CH), 1575.6 (C=N), 1319.5 (C-O-C) and
1133.9 (N-0).
'H NMR (CDCl,, 270 MHz): 6 = 7.98 (1H, d, J = 2.0 Hz, phenyl H),
30 7.60 (1H,dd,J = 7.4 & 2.0 Hz, phenyl H), 7.27 (1H, s, nitronyl H), 6.83 (1H,



10 The title conpound can be prepared according to the procedure descri bed
i n Exanpl e 45 usi ng 3-ethoxy-4-net hoxybenzal dehyde and N

2, 4, -di net hyl - 2pent yl hydr oxyl am ne. Exanple 47 15 Synthesis o

a[ 4- (4- Fl uor obenzyl oxy) phenyl]-N tent butylnitrone The title 1{:70%'8“1&?0\%@5
prepared by refluxing a benzene sol ution of

4- (4f | uor obenzyl oxy) benzal dehyde and- #Bt-ent - but yl hydr oxyi ami ne far 21 hours
with p-toluenesuifonic acid as a catalyst. The title conpound was obt ai ned
as a solid 20 in 98.5 %yield, mp. 180.3 C (R . = 0.16 an a silica gel

pl at e usi ng hegahesy. 4Elﬁimen3ilHl) 4V1avEdHR I a2 CHL Yy 75 (1Kpme Oibs ¢ 94 (FH]at a
were as follows: IR (KBr, cmi'): 2984 (CH). 1607 (C=N & benzene ring), 1509
(benzene ring)M i’ﬁ!é)mrlaﬁ(%lﬁdnﬂﬂﬂ)(wc» 25 '"H NMR (CDCl 3, 270 MHz): 8 =

8.29 (2 d J = 47 H, dd J
= 8. 7(&H)5. 3) Hz, ar ongm%a @7&%) o= MSI_%S §4I§Izquar or§a%t 1243 ) 6.99
(2H, d, J = 9-?22"@8 14F7%ﬁt1'1¢2afb5 1@ &75026’5 98, 3038@%dandi31 61 (9H, s,

C(CH3) 3) ppm ' 3C NMR (CDA .49 (d, JF = 246.5 Hz),
159. 69, 36 132. 26, 130 66, 129 37 129 27 124 39 115.47 (d) JF = 21.3
Hz), 114.55, 70.12, b9.25, 28.27 ppm Afg?l L 2002 --62 Exanple 48

Synt hesi s of a-(3-Ethoxy-4- rret hoxyphe cycl obutylnitrone A solution

of 3 ethoxy- 4- et hoRe Al SERNAS ceC i éihaiiﬁbf}sllévihé%ﬁ%hﬁd yde salt,

nol ecul ar sieves a I'n oroformwas refluxed for 20 hours
Filtration andprepiredy evaporation gave the corresponding im ne i nter rredl ate
whi ch was reduced with_NaBH4 i'n ethanol to give N gycl obutyl -

( 3- et hoxy- 4- met hoxy®&EMoxsH-methoxyphenyhyiNreyglohesy IidEPN% ¢ was OXI dized with
HBO=I Na~Y§4 in acetone/water to afford the nitrone product. The title 10
conpound was obtained in 19.9 %overall yield as creamcol ored crystals,
mp. 112.7C (R~ = 0.30 on a silica geiExahpleldisi ng Et OAc as an el uant).
Spectroscopic data were as follows: IR (K Br, cm'): 2980 (CH), 2935 (CH))
1634 (C=N), 1597 and 1586 (benzene ri Byithesise (ArZ0). 1134 (N-O) and 1047
and 1021 (alkyl-O. 15 H-@W(MEdjomemilebpmmimg'omH d J = 2 0
Hz) aromatic 1H), 7 42 . (1H ar o i C (1H,
s, CHEN), 6.89 (1H, Inftt w’@%h%asé’f%‘f‘ﬁ“ﬂﬁq“% n&%"“&%ﬁ}&%@?ed m-"g1

Hz) CyC'QPUtWEQﬁple‘ﬂl %&n?%ﬂetﬁ%leﬂeﬁoé&nmde d1\3 91 (3H s, CH3))
2.84-2.68 (2H) m ‘cycl obu ea/clobutyl 2H) ,

1.91-1.75 (2H, 1s¢nromahrd;oxximwl The)orude ns)d(ugﬂwaﬁ puuﬁ bygolumm ) ppm "C NWR
(CDC13) 67.9

110. 71, 67.45,° 331‘“‘1‘8?‘“8 5§§e6'8“§‘6°]5g?‘ K%g SN ‘i‘%%‘%ége el%%&z Tiudd 2 14
compound was isolated in 53% yield as a solid. m.p. 108.8°C (R; = 0.31 ona
silica gel plate using EtOAc as the eluant).

20 Spectroscopic data were as follows:
IR (KBr, cm): 2978.9 (CH), 1582.3 (C=N), 1297.0 (C-0-C) and
1063.8 (N-0).
'H NMR (CDCl,, 270 MHz): 6 = 7.99 (1H. d, J = 2.0 Hz, phenyl H),
7.61 (1H, dd, J = 8.5 & 2.0 Hz, phenyl H), 7.28 (1H. s, nitronyl H), 6.84 (1H,
25 d, J = 8.5 Hz, phenyl H), 4.25 (4H, m, 2 CH,), 4.13 (1H. septet, ] = 6.7 Hz,
CH) and 1.46 (6H, d, J = 6.7 Hz, 2 CH;).
13C NMR (CDCl,, 67.9 MHz): 6 = 145.5, 143.5, 131.6, 124.7, 123.0,
117.8, 117.3, 67.3, 64.5, 64.0 and 20.5.

30



Exanpl e 49 25 Synthesis of a-(3-Ethoxy-4-nmethoxyphenyl)-N

(4..nmethyl pent-2-yl)nitrone 3-Ethoxy-4-nethoxybenzal dehyde (12.0 g, 0.0666
nol) and N (4 net hyl pent-2-yl)hydroxylamne (9.36 g, 0.0799 e m xed
into benzene (200 nL) with p-tol uenesul fonic acid nonohydrate %fP%QZO@Z 26
nol.). The 30 m xture was refluxed for 16 hours under an argon atnosphere
with a Dean-Stark trap to renove the-.giinerated water. The sol ution was
rotary evaporated) dissolved in ethyl acetate, vvashed with 5 % aqueous
sodi um hydr oxi de sol ution, 17 APRIL 2002 .._ dried over magnesium
sulfate, filtered and concentrated. Thg atdéﬁ}bgworrpound was obtai ned as a
white solid (17.07 g) 91.8%yield), C (R 0.31 on a silica gel
pl ate usi ng hexanes; Et QAc" 1:1, v/v) @nﬂmsislofant) The N

(4met hyl - 2- pentyl)hydrowkﬁmmvm-ﬁfétrn&gr ?l)-flms%pmlﬁmo‘iﬁdl um S _
cyanobor ohydri de reduction of 4-methyl-2Z-pentanone oxime in methanol, wth

hydrochl oric acid C'Eheauq&;cmnp@mdcm&)mcpmd admrdmgéoéhworscdurmﬂnbecx KBr,
cm'): 2962 (CH) 2(C—Nadbenzener|n8g S, (b% ene ring)) 126S
(Ar-0 a 2‘@“'(’1@ és Ligsigg Ayp %ﬂéj?y oW (1H, d, J = 2.0
SH)Z Cilrzﬁl)rmt IGC Sg&%q_ép}ﬁﬁyéék&lgg@'l ‘]Tﬁ% ?i(t)l% Igo@nﬁﬁ)wﬁg 1soﬁﬁéanﬁt43097{)\]ylcla_/a§é (I H,
OCH, ). 4.07 (Isdlidm.pN(80.8*¢ (R3=XL 16, a si)icdped, @lateﬁsﬂ@elhﬂ&ce{tﬁﬂdas%e pentyl
CH, 1.66-1.34 (8H m CH, of EtO pentyl CH,, and pentyl CH), 0.9S
(3H, d, J = 8.<ua) 1S pentyl CsH3)) and 0.94 (3H, d) J = 8.6 Hz, 4-nethyl

of pentyl) ppm 8 = 150.595) 117 75, 132 S9,
| 23. 88, 122. 64, 11%"%@’%%% 1 %%ﬁﬁ“ﬁg 55.83, 43.00, 24.74) 22.80,
22.10, 1gg64, 1,4. &R@m caﬂ)Ez%mds@cﬁ@ Bo6t heS=N)PN443.7 (CH,), 1263.3 (C-

a- (4- Benzyl oxy henyl -N cyclooCtyl nltrone A solution of
4- benzyl oxybe -&I)d@ﬁ}déS@l@'-@)g) 0.060 nol), N cycl ooctyl hydroxyl am ne

vas refiued for ShFNHE GPIH- KPR Busalrhy, €132 47 K Bkand 70T
7.40 (1H, dd. J = 8.5 & 1.9 Hz. phenyl H), 7.34 (1H, s, nitronyl CH), 6.87
(1H, d, J = 8.5 Hz, phenyl H). 4.16 (3H, m, CH, and CH). 3.8%9 (3H, s, CH;)
15 and 1.48 (9H. m, 3 CH,).
3C NMR (CDCl,. 67.9 MHz): = 151.0, 148.2, 132.2, 124.2, 123.0,

112.3, 110.9, 67.2, 64.1, 55.7, 20.5 and 14.4.

Example 18

20 Synthesis of
a-(2-Ethoxyphenyl)-N-isopropylnitrone

The title compound was prepared according to the procedure described in
Example 11 using 2-ethoxybenzaldehyde and N-isopropylhydroxylamine. The
title compound was isolated in 48.8% yield as a solid, m.p. 59.4°C (R, = 0.48
25 on a silica gel plate using ethyl acetate as the eluant).
Spectroscopic data were as follows:
IR (KBr, cm): 2978.8 (CH), 1593.6 (C=N), 1245.0 (C-O-C) and
1149.3 (N-0).
'H NMR (CDC},, 270 MHz): 6 = 9.30 (1H, d, J = 7.7 Hz, phenyl H),
30 7.961 (1H, s, nitronyl H), 7.30 (1H, td, J = 7.7 & 1.7 Hz, phenyl H), 6.98 .



for water renoval. The reaction m xture was concentrated and dry fl ash
columed on silica with hexanes/ethyl acetate to give the title conpound as
a pale yell ow powder) (9.S3 g, 47.0%yvyield), mp. 107.SC (It,,_=_0.46 on a
silica gel plate using hexanes: Et QAc, 1:1) v:iv, as an el uant)17 ARBILNPGRR
cycl ooct yl hydr oxyl am ne precursor was obtai ned by sodi um cyanobor ohydri de
reduction of cycl ooctanone oxine in aeé$ic acid/tetrahydrofuran. 17 APRIL
2002 w64 Spectroscopic data were as follows: FR (KBr, cm'): 3061 (CH),
2967 (CH)) 1648 (C=N)) 1603 (benzene ring), 1579 (benzene ring), 12S 1

(Ar-0) and 114THNIOY.= Hm((-@ﬁheﬂylﬁi) $.89a X, db J== §.2Hz( ghenytlH)J4.239. O
Hz, aromatic S 2H)) 74772 6H) m aromatic SH & CH=N) g699 2H, d) J =
9.0 Hz, aromat (2w CIB. 403 @H, quartpledzy17.2Hz) CHy) sl 440K am, 3 Hgl‘)l(O)CH)

e iE (0, SRRl B e 1

67.9 Miz): b =13680800.8861 1775 363719§763‘l33 0349 andQ4L38. S6, 128. 02. 127 44
124.07, 114.64) 76.73, 69.93, 31.96," 26.54) 26.01, 24.70 ppm Exanples S

1-80 Usin§ the procedures descri bed herel n and the appropriate starting 15
materials, the follow ng additional n’gounds wer e prepared:

a-(2-et hoxyphenyl) N benzyl nitrone a- (@ E*PH’GX -4 nmet hoxyphenyl ) - N
(2,2,4,4-tetrarnet hyl pent - 3- yI)nltron% ?‘% foxy- 4- met hoxyphenyl ) - N

bui -yl e . (2 et oxyphengdc el S

a- ( 3- et hoxy- 4- met hoxy® BE8 tbipbldt %9?%! lfe'&ira‘éB&dﬂTg(t61lh?@ﬂl%¥éd!Péé’BBsQﬁ}5Ea A
n- propyl ni trone a-(4-benzyl oxyphenyi IQISO ropyl ni trone

a- (3- et hdQy- 4- E&mgypn@m 3-eth0((2bmalldyh)bi§ttan§Nc))qi@heﬁblha!dm;'lamme The

a- (2- et hoxyphe Ibut 2- o

a- ( 3- et hoxy- 4- %ﬁ%@%ﬁ@n‘(ﬁs) Nﬁ*@f}dl‘c%’g) yleﬁc{ﬁs[ar $fid. m.p. 54.8°C.

a- ( 2- et hoxyphenyl ) - &ﬁ%kéﬁiﬁﬂ Al ek & 28 follows:

a- (4- benzyl oxyphenyl )-N-cycl obutyl ni trone a-(4-benzyl oxyphenyl) -
tert-octyl nitrone IR KBa-qmil)f LY. BERY 1 553y§ (Bem)l 1244 %ﬁe’r(b-lﬁ?é)ayltim trone
17 APRIL 2002 4% (2- et hoxyphenyl)-N tent-octyl nitrone

a-[4-(4-fl uorolo Egyp% phenyl ]-N i sopropyl nitrone a-(2-ethoxyphenyl)-N

cycl oocty§ni trone ayf ANIRNTHQXYIHOEME Z)- =S YS20QHORY I 71 ® RS, Bhenyl H),

a- ( 3- et hoxy- 4. - net hoxy hen Iz N- cycl opr opyl ni trone
a- ( 3- et hoxy- 4- 189 ﬁHiyﬁ)-hmn}my ). (BZ%(l:ﬁirretJh’yIlQ_sz&PMlﬁ)) Ai%7r@Het, J =

(1 et hoxy- 2. Eo MR shepvoaf RPReE & £ A3 Bl 0 Vi woarer 37 -
2- adamant yl ni t7. 90, 1¥HH; 8 B4t RO PORNY1 bs 6RY /1, 20CHy &M EHINE.67 (1H, m,
CH), 1.66 (3H, t. J = 7.1 Hz, CH,) and 1.25 (3H, m. 3 CH).
20 3C NMR (CDCl,, 67.9 MHz): 6 = 156.6. 131.3, 129.0, 127.1, 120.8,
120.1, 110.7, 75.8, 63.8, 30.8, 24.7 and 14.4. i

Example 20

Synthesis of
25 «~(4-Benzyloxy-3-methoxyphenyl)-N-isopropylnitrone

The title compound was prepared according to the procedures described
in Examples 11 using 4-benzyloxy-3-methoxybenzaldehyde and N-
isopropylhydroxylamine. The title compound was isolated in 54.6% yield as a
solid, m.p. 95.5°C.

30 Spectroscopic data were as follows:



a- (4-ethoxyphenyl)-N 1-adamantyl nitrone a-[4-(4-net hoxybenzyl oxy)phenyl]-N
tert-butylnitrone a-(3-ethoxy-4-nethoxyphenyl)-N (3-nethyl but-I1-yl)nitrone
a- ( 3- et hoxy- 4- net hoxyphenyl ) - N-cycl ooctyl nitrone, and 15

a- [ 4- (4-f1 uor obenzyl oxy) phenyl ] - N- cycl opent yl ni t rone. Conpar al? {BREx2082 e 1
Synt hesi s of a-(2-Methoxyphenyl)-N ten-butylnitrone 20 The title conpound
was prepared according to the proceduy 8 descri bed in Exanple 7 using

2- met hoxybenzal dehyde and N ten- butylﬁydroxylanlne The title conpound was
isolated in 82.9% overall yield as white crystals, mp. 109.1 C (R = 0.53

dat & were as 1ol | o 045 6 T ad8s £ty 25aBR, R i'ﬁgﬁaiq@éﬁfﬁé&ié."(%;?m ,
1593. 4 (C=N), . | Ar-0) 1125.S (NO

1017, 3 (al kyi -G RV ERAPOIEHOE %5 9% 110 o) 9L 776 e,
J = %Z Hz, aromat i NMRGClizg QidHMHi) r&&rwﬂvl(IHHh)JESZBH(zlbheﬁy@'H)J —5; 9

Hz) 1.,7 Hz, aromatic 993 1HZ3 aromat | c
(1H d) J = 307-83 f7hm, érpdiml%&mtr@y H), Q§§i)(11§) dO!':FB)S 4 Ha. phawt )9H) s, 3

oy 353) %zaﬁ@ s Q%S éé(ggesepi“z‘é%cf‘li’%gcj?wzg?o@&@ G A g

28. 058. Conparpiy y6H Examel €444 Sygpihesi s of
a- (3- Met hoxyphenyl') - N-t ent - but 'yl nltrone The title conpound was prepared

according to the pr'tCdMRECDEY 6702 MEz): Iéxarrtﬁ%S 11494, h3ﬁ 9, 132.2, 128.8,

3- met hoxybenz Y, | ~I rt yl hy | e conpound

was i sol ated ?lr?%sjﬁ]lgs‘ﬂ?g%rﬁallpﬁ$ éllg'iasllé 7@?%@% 5&5# p. 10 93.4C.
Spectroscopic data were as follows: IR (KBr, cm'): 2977 (CH)) 1589 (C=N), !
1110 (NO and 1035 (C-O. 'H NWR (DVSO-dh, 270 M—Iz): b =820 (1H m -
phenyl HQ 7.84 (1H, s, nitronyl H). Exiﬁlp(ell-l d J 8 0 Hz) phenyl H))
7.33 (IH) t, J = 8. 215 phenyl 6.98 q 1) 2.5 Hz,
phenyl H), 3 77 (31Ysing hemfs?ceéiHEFSldeﬂ“{eémef%m @eéﬂl 9W'ng»se"mmnmvso dn,
67.9 Mz) é;,gdm 133.55, 129.80) 129.40, 121.96, 116.41) 113. 34,
70. 89) 55 35 aFn 04. 20 Conparative Exanple 3 Synthesfs of

a- (4- Et hoxyphenyl ) -odN(4-EthokpByrnethbx yphenyireV-isoplopybdmrpeund was pr epar ed
according to the procedure described in Exanple 11 using

4- et hoxybenzal dehyde and N isopropyl hydroxyl am ne. The 25 title conpound
was isolgfed in 41. 2% vyield as a soli @é‘ ?.}8%%2115. 1 C. Spectroscopic data

were as follows: IR (KBr) cm'): 2979 1597.5 (C=N), 1302.4 (CH3))
1259.2 (C 0-C) and 1169.4 (N-O. 'H NBfth&iEdB) 270 Miz): b = 8.2D (2H) d,
J = 9.0 Hz) phenyl o-(3-Ethoxy-4-hexyloxyphenyl)-N-cyclohexylnitrone

The title compound was prepared according to the procedure described in
Example 28 using 3-ethoxy-4-hydroxybenzaldehyde. 1-iodohexane and N-
20 cyclohexylhydroxylamine. The title compound was isolated in 41.3% yield as a
solid, m.p. 67.3°C.
Spectroscopic data were as follows:
IR (KBr, cm™): 2920.7 (CH), 1597.7 (C=N), 1341.2 (CHy), 1267.7 (C-
0-C), and 1129.0 (N-0).
25 'H NMR (CDCl,, 270 MHz): 6 = 8.36 (1H, d, J] = 1.9 Hz, phenyl H),
7.39 (1H, dd, J = 8.6 & 1.9 Hz, pheny!l H), 7.31 (1H, s. nitronyl H), 6.84 (1H,
d, J = 8.6 Hz, phenyl H). 4.12 (2H. quartet. ] = 7.0 Hz, CH,), 4.01 2H, t, J
= 6.8 Hz, CH,), 3.76 (1H, m, CH), 1.93 (10H. m. 5 CH,), 1.42 3H, t,J =
7.0 Hz, CH,), 1.32 (8H, m, 4 CH,) and 0.88 (3H, t, ] = 7.0 Hz, CH,).



30 2CH)) 7.33 (1H) s, nitronyl CH), 6.88 (2H, d, J = 9.0 Hx, phenyl 2CH),
4.06 (3H, m CH, and CH), 1.46 (6H m 2 CH/) and 1.40 (3H, m CH3). 17
APRIL 2002 ,_ 67 "3C NWR (CDO 3, 67.9 MHz): 8 = 160.6) 131.8, 130.7) 123.8,
114.4) 67.1 ) 63.4) 20.5 and 14.3. Conparative Exanple 4 5 SyhtABRIL2Q02
a- (4-But oxypheny!)-N tent-butylnitrone The title conmpound was prepared
according to the procedure described-i47 Exanpl e 11 using

4- but oxybenzal dehyde and N tert-butyl hydroxylam ne. The title conpound was
isolated in 96 %yield (7.18 g) as a solid, mp. 68.5 C. 10 Spectroscopic
data were as fol | owsC NMRKEDCLDEY.9 MHR): 84=2)150.8, $5R62132.8H12412, 123708. 8,
phenyl 2H)) 7.45 (1H, s. nitronyl IZ 6. 91é2H, d. J =8.8 Hz} phenyl 2H),
4.00 {2 H t, CHP, 112.6075d1i69.05 p4tder3l-HA08. 28 7. 25.5024. 4182.% 19éai, 0. 97
(3H t) J = 6. (Igz) CH3). 15 Conparative Exanple 5 Synthesis of

a- (4- Pentyl oxyg%' nyl)-N tent-butylnitrone The title conpound was prepared
according to the procedure described in 20 Exanple 2 using

4- hydr oxybenzal dehyde, 1-iodopentane and 2-nethyl -2nitropropane. The title
conpound Was isolated in 75 % overal | Exahple28 a solid, mp. 43.2C
Spectroscopic data were as follows: IR (KBr, ¢gm'): 3092.7 (CH, 2972.1
(CH)) 1604.9 (C=N), 1362.9 25 (CH3), 8’.“’3‘5("%—0@ and 1117.3 (NO. 'H
NVR (CDC13) 270 MHz): b e=(4Benzylesy-3-amethoxyphenylN-nbygylpitrane ) -7 43 (1H,
S, nitronyl H), 6.6 .S, J =91 H . 3 fu.— 6.4
Hz) CH) 1.76 (2H) ﬁ}h£ gﬂf)cf’“‘ff’%"/" Y’ﬁh?‘eé’?mgq%%“@f%be ?’%ﬁ““ﬁ% ‘ﬁ",scrd#ﬁd)_ and
0.90.(3H) t. JirERarlplel 11 S5k 4- ey 3Gy W hoBBeraldelyle Mal-sb = 160.8)
130.9) 129.7) 124.0, 114.4, 69.9, 68.0). 28.5, 28.0, 27.8) 22.1 and 13.6.
17 APRI L10002 butgthyd@mytamiaci e Eitlzrmomposndyas Isokited infd1.7% yield as a solid,

a- { 4- Hexyl oxypheny%-%t ent-butylnitrone A solution of
4- hexyl oxybenzﬁ’l'%‘e te (3.83 g, 18.6 mmol) in 120 nL of 5 benzene was

refluxed with N tengphifostdpidafy Weddhdollods32 9. 37.2 mmol) for 18 hours.
The reaction m xture was then concentrated by rotar evaﬁorati on and f the

resul ting residue WE (KBridm8d2835.$i(CH)a28f8.9 €GHunb$93 2 §rralNdgh463hl using .
Jield) s a soldi: A 1060 iy 143 Fbhop: o “data wers as foilov:
15 'H NMR (CDCl,. 270 MHz): & = 8.42 (1H, d. J] = 2.0 Hz, phenyl H),
7.34 (7TH, m, 6 phenyl H & nitronyl H), 6.86 (1H, d, ] = 8.4 Hz, phenyl H),
5.18 (2H, s, CH,), 3.93 (3H. s, CHy), 3.93 (2H., t, ] = 7.3 Hz, CH,), 1.96 (2H,
quintet, J = 7.3 Hz, CH,), 1.39 (2H, sextet, J = 7.3 Hz, CH,) and 0.95 (3H, t,
J = 7.3 Hz. CHy).

20 BC NMR (CDCl,. 67.9 MHz): 8 = 150.0, 149.4, 136.9. 134.3, 128.8,
128.2, 127.4, 124 .4, 122.9, 113.2, 111.4, 70.7, 66.6, 55.8, 29.4, 19.4 and
13.2.
Example 24
25 Using the procedures described herein, the following compound was
prepared:

o~(4-Ethoxy-3-methoxyphenyl)-N-n-butylnitrone.

30



Il "HNWR (CDCl,. 270 MHz) b = 8.27 (2H, d, J = 8.8 Hz, phenyl 2H)) 7.45
(1H s, nitronyl H. 6.91 (2H) d) J 8.8 Hz, phenyl 2H), 4.00 {2H) t, J =
6.4 Hz, OCH), 1.60 (9H) singlet) tert butyI H. 1.36 (8H m 4 CH) and
0.90 (3H, t) CH3). 15 i Exanple | Electron Spin Resonance (ESFQY%ERJ@I?OO&
this experiment. the ability of a-aryl-N alkylnitrones of fornmula I above
to trap free radicals is denonstrated.ygi.ng ESR spin trapping techniques.
20 See, for exanple, K R Mples et al.) "In Vivo Detection of Free

Radical , . Metabolites") Free Radicals in Synthesis and Bi ol ogy (F.
M nisci, ed.) pp. 423 436 (Kl uwer Acad%g‘gfugii shers) Boston. 1989); and
J. A DeGay et al., "Biological Spin ) Electron Spin Resonance

14: 246- 300 (1994). A t but yl hydroperoxsgﬂlhggg ppus iron free radical
generating systemwas used in,t @m A5 onk’ €e radical
generating system produces t- (?y?t ?ﬁ xy?br adi %%vﬁm nEutyl per oxyl
radi cal s, and met hyl Theatitlecednspountl waseprepared/ hechirding & thelprodedoressiesdriteli S
i nvention are capabl e of trappl n&@gn of these radicals to forma stable

radi cal adtuct ,indix@mplesdilcusingadtd eGaldelyds and dY-sdubihwdregylagime. The
spectroscopy 7. APRI | T9, 490 .of a 100 tn. M sol ution
of a-(2-et hoxygtﬁlfn‘iﬂ]"'}l’%“?&bei?%?%ﬂ‘?‘gﬁgY l %P S added 5 ~ul of 100
tnM ferrous sulfate. S-Ebt?o{cﬁﬁﬁtda&nwmsas'fﬂlléd@t ed by the addition of 5 ~cl of
100 nmM t - but yl hydroperOX| de) The final concentrations of reagents are 1 nM

ferrous iron, 1 mM tIRo@Nagl, ¢mdx 6959@(019 3598 (Cs=NM 1464 8rE€H),t Y24 (C-

conpound i n wat the solution was quickly transferred into a
quartz fl at ce|‘$%} Oaclﬁpgsc(&dp)was placed in the cavity of a Bruker ESP 300

Setti ngs aret SAB0 D B M 2 2 e e
tine) 9.7b GHz 7f8(bqué.rmy1)trdxﬁrld-8 ﬂdme(rlH 1. b = 8|0-HeepleinyEH) g&PA (1HOt,A. 200 G

Fesul 11 ng Eor SpRetr ahpsl 8D R 1 dm e He! pbemi e 5@%?.%@ ne
speci s, ‘char gt oS igeda 2od b Ol H CHP! €8 el g, (151 gyl €1 )

representing aN and aH, respectivel I's species s |eved to be

met hyl radi cal @dﬂutﬂOdﬁHan( Im&cﬂlylphmdﬁ 93 &Hetntl %ﬂt&’HZLOHa)Ie Thus, the

ESR 15 spectrum sho ' [ 1 _de nstrates t hat, t

al kyl ni tHones. of fo%@ﬁ@bﬁefﬁf Mo 4= tﬁép%alr?d 41 g ‘fa}égc‘gl‘@o hd that

such conpounds 198y Rgosed. 2 [ £3364848 4 or ESR applications.

Exanpl e n 20 I nhibi'tion o? %3%%2%9?'3 eg’t fedg E‘eet Formati on The deposition

of anyloid (3-peptide (A/3) is associated with the devel opnent of

Al zhei ner' s di sease. See) for exanple, G enner et al. (1984) Bi ochem
chPé"GEZ%r

Bi ophys. Res. Commun.) 120:885-890; an anzi (1989) Ann. Med.)
21:91-94. Accordingly) conpounds whi ch brely disrupt the 25 formation

) ) e S,

known to rapidly asqueitalegompolindd ias ppé 2@ pédesbconBRg fo the Prodedites describag
aggregated fibrils of synt hetl c A3(1-4 This association gives rise to an

excitation rraxﬂlh‘@#@lapleﬂdﬁ) unm&w@ho&yﬁm@ho@%ml@ahyd%nd - 1n this

:Eg\?(ral [rﬁnlt nhi bi P%%?%c'))lcy' ! IRE’RI gorr?po%rnxlwalél 19(')15%11 til'l hi lgnylel fas ifi %l%l a |
m.p. 117.3°C.
25 Spectroscopic data were as follows:
IR (KBr, cm'!): 2953.1 (CH), 1593.9 (C=N), 1265.4 (C-O-C) and
1129.3 (N-O). '

'H NMR (CDCl,, 270 MHz): 6 = 8.35 (1H, d,J = 1.8 Hz, phenyl H),
7.42 (1H, dd, J = 8.5 & 1.8 Hz, phenyl H), 7.27 (1H, s, nitronyl H), 6.86 (1H,
30 d, J = 8.5 Hz, phenyl H), 4.16 (2H, quartet, J = 6.9 Hz, CH,), 3.87 (5H, m,



7p __ association of ThT with synthetic A3(1-42) is dcnonstrated by
nmeasuri ng changes in fluorescence. The experinents were perfornmed using a
CytoFl uor Il fluorescence plate S reader having the foll ow ng ers:
Filters: Gain: 10 Cycle to Cycle Tine: Run Tinme: Plate: 15 201728'5%(}03“ on
440 nm 20 Em ssion 490 nm40 75 30 mn 720 mn (24 cycles) or dependent on
experimental design 96 well Into each 4t was aliyuoted 95 ul of ThT (3
p.M prepared in PBS (pH 6.0)) 2 ~cL of the conmpound to be tested ( 10 p,M
prepared with 0.05 % of methylcellulose in PBS (pH 6.0), and 3 ~L of

A~i (1-42) (3 ~CcOHPirREHHI 1 WtDHI higiatet, The: 714Uz eCHHN G 215NEEE th eCHY kndegan
when the A(3(1-42) was added and continued for a total of 12 hours. The
per cent i nhi bi tGby aod 098t @Hpltebred 4dMbanefH)or mat i on was cal cul ated fromthe

oLt ve 1 ot escency it b LAt ST PA0ngRa. 199 141 BEEree
bet a-pl eat ed shesls fi9f 6k @Ry, 351,995, 190 Hacoapgngd.to the controls is

considered significant in this test. The results of these in vitro tests

are descrided bel ow. Exanple Il Protection Against Ap(25-35)-1nduced
Neuronal Cell Loss Patients with Al zhejner' szgi sease are known to suffer a
progressive | oss 30 of neuronal ceIIs.E’SEEPle r exanple, P. J. Witehause
et al., (1982) Science) 215:1237-1239 gi experinment, the ability of

; . ) .
certain a-aryl N alkylnitr of tor rlﬂ a e to protect against
A3( 25- 35) -i nduced neur on%1(?'@§$?"yr%'i‘§x¥ axyphieax W'ést"@&‘_’l%g ‘L9 Dawl ey rat

hi ppocanpus of 18-d%egiﬂé?caﬁ\b&mdemm?aﬂea%c@fainiqetﬁél rdcB@ire HeSct el 3 ed by
trituration to prepare primary neurona 17 APRI'L 2002 ~1 cul tures.

Cel |'s (3x003) \Exrmplel 28t wingire®Oxyndhhydrgxybenzaddehgde. oliodoherane @sd dbnt ai ni ng
Eagl e' s m ni num essepti.al diu uppl emented, with 10 % f bovi pe serum
ooy 3-8 hour Bobrargihypfe Hasineraha s compans, bt soledin £1.8% qrarsil's oo of

fresh medi um Qud W £85I HE pTBY Q@i ned at 37C in a S%5 Q0/95 %air
hum di fied incubator. dial growth is observed as a nonol ayer under
neur ons. Spectroscopic data were as follows:

IR (KBr, cm'): 2995.0 (CH), 1596.9 (C=N), 1393.8 (iPr), 1261.2 (C-O-
15 C) and 1128.7 (N-0).
'H NMR (CDCl,, 270 MHz): & = 8.36 (1H, d, J = 2.0 Hz. phenyl H),
7.40 (1H, dd. J = 8.4 & 2.0 Hz, phenyl H), 7.32 (1H. s, nitronyl H), 6.86 (1H,
d, J = 8.4 Hz, phenyl H). 4.13 (3H. m, CH, and CH), 4.02 2H, t, J = 6.9 Hz,
CH,). 1.82 (2H. quintet, J] = 7.4 Hz, CH,), 1.48 (6H. d, J = 6.7 Hz, 2 CH;),
20 1.42 3H.t,J = 6.9 Hz. CH,), 1.31 (6H, m, 3 CH,) and 0.88 (3H, ¢, J = 6.9
Hz, CH,).
13C NMR (CDCl,, 67.9 MHz): 6 = 150.8. 148.6, 132.2, 124.1, 123.1,
133.2, 112.6, 69.0, 67.2, 64.4, 31.3, 28.7, 25.3, 22.2, 20.5, 14.4 and 13.6.

(@)

25 Example 28

Synthesis of
a-(3-Ethoxy-4-hexyloxyphenyl)-N-tert-butylnitrone

A solution of 3-ethoxy-4-hydroxybenzaldehyde (13.28 g, 79.9 mmol) and
sodium hydroxide (3.20 g, 79.9 mmol) in ethanol (120 mL) was refluxed for 30
30 min. To the refluxing solution was added 1-iodohexane (18.6 g, 87.9 mmol) in

one portion and reflux was continued for 24 h. The solution was then cooled and



To the cells (7 DIV) was added 30 ~, M of A~i (25-35) dissolved in dl~O
(stored at -20C) and 100 uM of the test conmpound in 1 % nethyl cellul ose. 10
Controls were al so conducted wi thout the test conpound. The pﬁréﬁgh'raﬂﬁ)ﬁof
nor phol ogi cal |y vi abl e neurons was determ ned by counting the

vi abl e neurons after 96 hours treatnent (three regions/well, n =6 wells).

| nhi bition of A3(25-35)-induced neurend-cell |oss by at |east 30% conpared
to the controls is considered signiticant in this test. The results of
these in vitro 15 tests are descri bed bel ow Exanple |1V Reduction of

~i - Anyl oi d- | ndyeaghdndt r@AGRd died RREE Glapbiatd! | Bhekiesidhe was disdolVedraif ethigicr osi s
Factor-a 20 In this experinent, the abi Flty of certain a-aryl-N

al kyl ni trones sadetftoandiithis solation &lteredrand rotary Reaparatesy (The gesultingcissidugicr eased

factor a ( TNFa)es CagBaoHds teéﬁu%w’i‘w&mné (&34 i A i FenBGRIRY | e
from American gung.gadbt 4E - (ggge%gfg%,ﬁﬁ)ac mvvaﬂusamgl?%pr&%& fmuqm pl us

10% fetal bovi ne 'serum t| vat ed fl asks.

medi um was chapges eWrMIdMMXﬁubwbmddnwmtduﬁuﬂ b)hmcqestallhza(laﬁ)(ﬁronpm 5

m nutes) and adding the sanme fresh nedium_ Alternativel t he cultures wer e

mei ntai ned by beNapeeitesivatheorlarempoynsst L2, - 2%h‘é"e&ﬁ/¥‘6m§5 fuspld

mai nt ai ned at a ceg gencentratl on rangi ng from between | x 105 and 1 X 20~

cel I's/mL. Becalls® ePa fray contai n unknown 30 factors which can affect

nmacr ophage/ nonocyt e shécrlosBdpél dsh i vaste ak TglldwES Was reduced to 5 % for 24

hours The FBS was further reduced to 2 % over two 17 APRI L 2002
prior to starIRf§Beawn™eRpe0 (@HNr 1592 (€& 1\§E¥é (Ebh). 42728 (650-

centrlfu tion I d in nmedia containing 2 % FBS. Cell nunbers
wer e cal 3§| ate 3%1@2}(]?8%& pl ated on 24-well plates (3 x 105 cells/0.6
ni/well). Cells wergiiNIIR {CI5ef, eo70WHz)L BS=()38 (18] al J & 1 9-HHUsHerty1 Hpr LPS

dose-response experinents) 5 alone or in conmbination with A(3 peptides
(S~cM or 0. 05- 2;4,5L(N/Hf@id dl@s@-fr &spdnHe ghepit Hiehdg (1HBeritrgay ldd hit8th G H.he

effect of the t ( nd TNF e 0 he

t est compound aag —ag FE'@ klﬂé éhﬁ qﬂ%’("’z‘;‘)?%)e} g%@ %:ﬁ#) g‘n?i%fé 3\@

i ncubat ed for 486*80H£Scm) qrsi @}P%f eHD "6 5 18Am, HH Lt .58 Rnd THER),
secretions into nmedium by LPS stimufated TI-iP-1 cells, in the presence or
absence @§ anyléEdBHeptIeteg (eHd. €H e gt 3k Hbonnd)CHeaad 8388 twl +=h 63
commercially \?\ﬁi bgphg ELISA kit (R & D Systens). Briefly) a mcrotiter

pl at e coated h ri ne nmonocl onal antibody to human IL-1 ~i or 15 TNFa

was supplied by theﬂ@ﬂMl@@éEW 673 MA: ds=ar5d. §.a148.& 513061, € 20iQapBe i nto
the wells and any IL-1 (3 or TNFa present was bound by the i nmobi | i zed

anti body. Unboliiti4pl12.6i #.006P&. \ﬁds‘h.e'bi 3R 7 aP8l-Oa 2A 6k %r?adﬁsﬁﬂand 13.6.

per oxi dasel i nked pol ycl onal antibody specific for IL-1 p or TNFa was added
to the wells to "sandwi ch"” the IL-1~3 and TNFa bound in the initial step.
After wagping to 20 renove any unbound@{g,g.%go@b/-enzyrre reagent, a substrate
solution (1:1 hydrogen peroxi deaetranet hyl benzi di ne, v/v) was added to the
wel I s and col or devel oped in proporti oSyrthegihref anount of IL-1(i or TNFa

bound in the initial steg-2Q0uoro-deoctylo yhyaN-retrdmpylditrerteh 2 N sul furic

acid and the optical density of the standard and thec}est sanpl es was
measur ed at 450 nm Toxky dimethylformamide (200 mL) were added 2-fluoro-

4-hydroxybenzonitrile (13.71 g, 100 mmol), 1-iodooctane (28.82 g, 120 mmol)
25 and potassium fluoride (11.6 g, 200 mmol). This mixwre was stirred at room
temperature for 16 h, and thqn at 50°C for 2 h and then at 90°C for 2 h. The
mixture was then poured into wet-ice (400 g) and 37% HCl (10 mL). The
resulting solution was extracted with diethyl ether (3 x 200 mL). The ether layer
was washed with water (2 x 200 mL) and dried over Na,SO,. After filtration,
30 rotary evaporation gave the crude desired intermediate '
2-fluoro-4-n-octyloxybenzonitrile (27.83 g). This liquid intermediate was then



25 amounts of IL-1 ~i or TNFa present in the sanples were cal cul ated based
upon a standard curve. Assays were run in quadruplicate wells. Inhibition
of ~3anyl oi d-i nduced increase release of interleukin-1 (3 or tunor necrosis
factor by at |east 30% conpared to controls is considered si ghi APRHn€002,
these tests. The results of these in vitro tests are described bel ow. 30
17 APRI L 2002 -- 73 - Exanple V Prateagt-on Against |L-1~3 and

| FNy. - I nduced Toxicity In this experinent) the ability of certain a-aryl-N
al kyl nitrones of fornula | above to reduce the IL-1~3 and | FNy-i nduced

neur onal toxic} i 1 YT ]p‘%tq} Ty ] {

denonstr at ed. agd'hébgglg?:frbpﬁgﬁ 8?"%%;%2@?&%% e #“3}‘3‘?& H&gﬂg%&éect ed

free and i ncubgpgiich hdd tdepFresBiptprepired OmLLIAIR$5 033 031B26fmel) 3Ad eihpLt es.
Ti ssue was then s;\s}aended i nﬂfl ating nmedi um consi sting of Eagle's mninum

essential nediaaiagdpI st EB0meh ap 3rid in diethixl etser (130 7al v e reactiomy

ui . ot opt oriyBwe Sap R el 810 For 2h AR Bt 2o s hiefly RERIGH wabty”
pIpet te. el | Switeigaed e 2l ORRer ik, WRdicBhusgyatgh anc

seeded at a density of mL/we on Fal con 6-well plates which were
precoat ed wi t hexp@cted gvithidipthlyletiet (2sx 1@0 frdy) add3héocombinatiory exsractsewmerer at ur e,
and washed tw ce. with HBSS. Af -5 hours) the original i wa
renoved 15 andw?s@\é\é ¥ dvagen ¢ ’iaﬁé"ﬁf)-f&@é‘{?r (?Fh]EJ'HP p%“ﬂﬁ?é%ﬂ%@ﬂ?&?%t ai ned
at 37Cin a 5%_ b Y%oAi 3, i £ [2%cePas.o : \Y

hi ppocanpal Clﬁ ﬁgz?ljgéév'{mo?l Ao{yg%%liéhﬁgﬂ ons g}ridTgé?fugéé?ﬂgyﬁe\yé%ﬂged to
perform t he expixed wetht N-rérn-baddiydastylamime (84600628 tnmbllmoleclar sievaan®0 nant
mouse IL-1 ~i (Genzyne)_ and 1,000 U nmi of IEN~y (Genzyne). 10 ~cL of the
test conpBund & Fd0 angsiicage! dOBdnichigrpionm 2A0 mb), yEhexters| Wan Bueedals
added i nmedi at . r.ol I I%n:'n % net hyl
cel | ul ose. Dexrgheéltthlglg%ﬁgﬂ?%lé R%R%@%ggéoﬁghaﬁggglﬁﬁo@%gggg roﬁ“}r&xl tures
wer e i ncubat edwatthéyy filtered and wotach évapdraddmosgine a aesiduet which vens pubifie®By25 f or

48 or 96 hours. Neuronal injury was_estimated in all experinents bﬁ
exani nati on ofcolmn chremaigeraphyinyse siish gebaluted; vt Bexapss/ sHuy! aersatg édidei i ed

b ty. i tat j th
ot ture medr un - $ Gi2biingRe’ A SOBVE SERATT 1900 ol EUPIRRAN T o
was esti i@t ed slighiy yélRywistcsulide ms.ipoB5 6P CNRD=t 0.3¢ b sidith gel plaetsing addi ti on.

and was neasur.ed spectrophotonetrically fromthe rate of decrease in 340 nm
absor bance. LOFXEsiBIOAG, fd. ¥aY.asdhe 8apat anmount of enzyme that catal yzed
the formation of o LGl NAQbwer mnute under the conditions of
t he assay procedur e@e&g&%&@%%ﬁv&%la&e} ‘8505 mL medi um col | ected from each
sanpl e was added t dRaK®Bri tvar):r2928d (@H)Y) 28530 (@HY. déy28t(C=NMISB618 20 kit
(Sigma). The p]ate was immedi ately placed into the SpectralMax 340 pl ate
reader to r eadL%{’cze%‘ZlG“&?ﬁnlaﬁ?fQI(éﬁg‘%()h 1361.24A8 Qo L 1@-&“&0@@%"&%%“ setond

i nt ervalg Reqm*cgt’_gp of neuronal 10 injury <y at |east 30% conpared to
controls™ is considered significant in this test. The results of this in
vitro test are descHiNNR (EDOW, 270 MHLY: & Fe9.28RETH L, Vg = Geet §OHNf t he
conpounds prepared, in the above exanples were tested in 15 at |east_one of

the above des@omatic Hh 7,70% 0 H.e5tEH =M 608 thdd, &f =t $O0HZentd-dHZei t her
i nhi bited A(3(l= t f i k y nd d
nour onal el | Bpodic BE€séh B 50 30 SF 1 PRTH, 800 3 Hodd Y Spbat nduce

i nterl eukin-12H, and:ag,6HAWCHS 1 oRIS2Ha e 0CHAN /388 (BH; §, 3EH KN - i nduced
toxicity by at |east 30 % conpared to the controls or are expected to be
effectivd i n dt40801.28k6k0Hma, 6FHppdand D851 BHo tak 0§ BpdeH)urt her testi ng.

A3 1-42) bet a- pi eat coSHRE DGk ALY MIAH 1 o s BEcead = 1 B Baihal
cel | 1oss andj@ry Eﬁmg@dis‘lﬁ?@jﬁh@ﬂe@?? £ ¢ 9365, P2.368 @, !Jeé'@.S‘H%g,p

and/ or tunor necrosis f ‘or” andl’or L-1pl il FNY-1nduced toxicity by a
30% conpar ed t1691882, H3IN69D(d3.J 2525.9 Hz), 70.630, 68.372, 31.459, 28.958, 28.851,

28.683, 27.936, 25.587, 22.261 and 13.658.

| east
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Exanpl e VI Reduction of Cognitive Defects Due to Ap-Peptide/lbotenate In
this experinent, the ability of certain a-aryl-N alkylnitrones of fornula I
above to reduce the in vivo inpairnent of aninmals treated with_ibotenate
and, 30 A(3(25-35) is denonstrated. The procedures enpl oyed i W ARRY- 20Q2pl e
are 17 APRIL 2002 simlar to those described in Dornan et al.)

Neur oReport 5, 165-168 (1993). Ml e Spfague-Dawl ey rats (200-300 g) were
wei ghed and gi ven 10 ng/ kg of a(2-ethoxyphenyl)-Nrert-butylnitrone or 1 %
met hyl cel | ul ose by oral gavage. One hour later, the rats were
stereotaxically injected into the CA 1gtgghmrisoof their 5 hippocanpus with 8
nmol of A~i (25-35) and 6 nnol of ibotenate per side '(coordinates from
bregma -3.6 = AP, t2.2 = M, -3.0 = D\Symthwsistdfe top of the dura). Controls
were injected with PBS (p"&-?2,4%6-THeihdx’_9bﬁ_€ﬂy‘lPNSteMﬂflﬁ lhitPorecL i n vol ume. The
animals receiving PBS were orally dosed with 1 % nethyfcellulose. ' Oal
dosi ng conti nued daiThy titiatcompohed was pepatedectardingsiowba procedurawegseribedtin ng.

Ni t I d fal | ow i njection, i mal ' Morri
hater nagd t oo R RHDleulotE Sk AR NI ehen g e DRHBEP S GBI gi ven
three days of 48etiiBYoMpblind GHE jdoRuct if 9238 elB S a0Bka, P fodsiocirial an

the fourth 15 y eras triral where the platformwas renoved and

time in quadrant anSpsnstapdc diaserags follows: det er mi ned. Fol | owi ng t he
behavi oral testing)_animls .\(\erlzg.]ggrf use 10 % neutral formalin. The
ekt = i

d with |
brain was post-fi xelR{BBr.c 16 b@qvgai Q=g 1#3%A (CHkdd31.8r(C

hi st ol ogi cal epa i anal ysis of cresyl violet staining was used
to conpare the%ﬁ?’%dngkzl’%gggﬁesi on volune) in 20 the hi ppocanpus between

groups. Toe data shtlvNMRU(CGDCR: EthRHANNE Ry 7) 46N TRt hittatynHY | 610¢ (2HJ¥ced
the A~3 peptide/ibotenate-induced | earning deficit. Exanple VII Reduction
of Cognitive DaéphemtdDi g WS mud&HA.ce50OH ns.thiHs BHEM. mBe ability
of certain a-a@q -N al kyl nitrones of fornula | above to reduce cognitive
deficits in autoPtnnune strains of mice is denonstrated. MRL/MJfas' P~
("mutant mce" or' BEISMR-(CDEN,! 87 1sMfz)Nd ce 16R9e 1hR8N12R6co2 Begoas usef ul
nodel s of Lupus due to their autoitnnune | ynphoproliferative pathology. In
particul ar, th@3-Bubhd 28ilcd4shand .8ognitive 30 deficit at approxi mately

f our m)ngs of age) which is not observed at two nonths 17 APRIL 2002
of age. See, for exanple, Forster et al.. 1988. Behav. Neural Biology) 49,
139 151. In the experinent, male MRL/ Magadysie'3t~ and normal MRL/MpJ + + mice
5 of 8 weeks of age were wei ghed and adm ni stered 100 ng/ kg of the test
conmpound (either a-(2-ethoxyphenyl)- NSysthesiswfy| ni trone or

a- (4- et hoxyphenyl ) N cycl obe2)4,6iTnietheyyplvengl) N-opdehdxyblitrohese vehicl e by
oral gavage daily f g.to 9 weeks. At 4 nt hg, of e, the m.ce were
tested for avoi dancﬁ‘e fitle cpmpe W%pregggg{%gffpral,n,gttg?gcabrgﬁgﬁﬁgg&Eﬁcgl}g?ﬁigh ina
one day nmaz it R; TR | A ASA Gkt i wth
four of ?-?ve te‘?’i*{ag?ﬁsie\ggyrgle tﬂgﬁﬁﬁ[%ﬁ%@%&%@g rl\éé:ﬁl? ?%P@d\é@%ﬁm
consecuti ve i nThevtilcleompowmddwak Solatedi ind@7i47% .yiclt as Baslid,-mip.dd5sHE@red a
deficit in both avojdance and acquisition conpared to the normal m ce which
recei ved the 1 % nePhSGHOOPI dte WerhatolloWsst) the Fas' P~ mice treated with

t he test conpounds W@ [-RY ' u.q‘ge)d_ Ayt | 9] and
acqui red avoi dance g §%g§i I ?%%5 %ﬂqﬁgg (r?gat ed lﬁgggtﬁ’)h‘?g@ ?(?%'@?aén?m | ar
to the normal KI3@3t(NeO3). These results denonstrate that a-aryl-N
al kyl ni trones of .
25 'H NMR (CDCl,, 270 MHz): 8 = 7.34 (1H, s, nitronyl H), 6.06 (2H, s,
2 phenyl H), 3.99 (6H, m, 3 CH,), 3.80 (1H, m, CH), 1.94 (10H, m, 5 CH,)
and 1.32 (9H, m, 3 CH,).
3C NMR (CDCl,, 67.9 MHz): 6 = 162.1, 159.4, 127.2, 102.0, 92.2,
74.1, 64.0, 63.4, 31.0, 29.6, 24.8, 14.5 and 14.4.
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formul a | above reduced the cognitive deficits of the autoi mmune strains of
m ce. Exanple VII1 20 Prevention of MBP-Induced Experinental Allergic
Encephal onyelitis Miltiple sclerosis {MS) is a chronic inflammatory CNS
di sorder caused by denyelination in the brain and spinal cordﬂ7fW§¥HQQ@ése
is characterized by progressive CNS dyshunction, including nmuscul ar
weakness, trenor) incontinence) ocul ar disturbances, and nental
dysfunction) with rem ssions and 25 exacerbations. Experinental allergic
encephal omyelitis (EAE) induced by inqutioz gi gui nea pig nyelin basic
protein (MBP) or MBP peptide fragments #@MPpdrted to be a useful nodel for
MS. See, for exanple, D. E. MFarlin egég%?hﬁb ecurrent 30 Experinental

e

Al ic E hal litis i ' f 17 APRIL
2003\ o il agy, - (3 VOBVl il

't experiment, the
abi lity of certain aThe jile Bbrapdidtdnyds [ ESFe®@bccopdifiitdithe procRdard desBrifatEm!

MBP-i nduced EAE is denonstrated. 5 Fenale. Lewis rats of 8 weeks of age (.
180- 250 g)3 wer eExnpjadd using 2-hysiioxybeazonitride i Iniodabsaneaand Mireret i ons (0. 1 il

h f 0.4 f culin ion 0.1 nlL . | d j d
cach) o 0. &, Mgl B! 1 bl el BB o7 3 G,

tail. Animals weygcoRighed daily and given a clinical score beginning on

Day 8, post inoculation) according to the following criteria: 10 0.0 = No

illness 0.5 = Tip ofSpeairbscopmatatadwdre@sfollows:re tail flaccid 1.5~ = Hind
aralysis 15 2.5 = Hi par al ysis and

front i veakness & (Nl S0 (ADRED) 206 (S 1908 <CxND. 436h ¢ Hang
ci ther a foat | 20 e o) RTINS or 1 o6 met hyl cel | ul ose venicl e by
oral gavage up to an#l NMR (CDCl,. 270 MHz): 6 = 9.29 (1H. dd. J = 7.9 & 1.7 Hz,

phenyl H), 8.06 (1H, s. nitronyl H), 7.29 (1H, td. J = 7.9 & 1.7 Hz, phenyl H),

6.96 (1H. t. J = 7.9 Hz. phenyl H), 6.82 (1H. d. ] = 7.9 Hz, phenyl H), 3.98

‘ (2H, t, J = 6.3 Hz, CH.). 1.75 (2H, quintet, J] = 6.9 Hz, CH,), 1.57 (9H, m, 3
15 CH,), 1.50 (2H. m, CH,) and 0.96 (3H, t, J = 7.3 Hz. CH,).
*C NMR (CDCl,, 67.9 MHz): 6 = 157.1. 131.4, 128.8, 124.7, 120.7,

120.4, 110.8, 70.7, 67.9, 30.9, 28.0, 19.0 and 13 4.

Example 33

20 Synthesis of
o~(3,4-Diethoxyphenyl)-N-tert-butylnitrone

The title compound was prepared according to the procedure described in
Example 11 using 3,4-diethoxybenzaldehyde and N-rert-butylhydroxylamine.
The title compound was isolated in 93.7% yield as a solid, m.p. 57.9°C.
25 Spectroscopic data were as follows:
IR (KBr, cm™): 2984 (CH), 1596 (C=N), 1272 (C-O-C) and 1146 .-
(N-0).
'H NMR (CDCl,, 270 MHz): 8 = 8.41 (1H, d, ] = 1.9 Hz, phenyl H),
7.46 (1H. dd, J = 8.4 & 1.9 Hz, phenyl H), 7.43 (1H, s, nitronyl H), 6.86 (1H,
30 d, J = 8.4 Hz, phenyl H), 4.14 (2H, quairtet, J = 7.0 Hz, CH), 4.13 (2H.



including day 16. The results denonstrate that the conpounds of Exanples 3,
11, 17, 22, 41, 42 and 45 reduced the CNS inflamuatory deficit in acute EAE
animals. At the dosages tested, the conpounds of Exanples 4, 5){ 7, 10,

and 29 did not significantly reduce the CNS inflanmatory defid APRﬂSZ@Q?om

t he foregoing description) various rmgﬂl cations and changes in the
conpositions and nethods of this inve on will occur to those skilled in
the art. Al such nodifications coni ng W|thi n the scope of the appended

clains are intended to be included there 17 APRI L 2002 ;& VWHAT
|'S CLAI MED | S: quartet, !:OTrT‘BCQJHQ’ GH)sérSrM%I |s 3CHR 145 (3H. 4, I)\e 7.0 Hz, TBL)-

wherein R is _t ro consi sting of al koxy, alkaryl oxy)

al kcycl oal koxy%géﬁy#“oég' 2&ﬁ6a¢ﬁ35<y R is selected fromthe group

consi sting of hydrowmﬁtgem ol locmet 9ab koxps0. 5y @saf! 190xy, mmhﬂaoaen or

when R and R are attached to 15 adj acent carbon atons) R and R may be

j oi ned toget hed13.0, 162.5 0. 1ab#k3l, éﬁéﬁllé)éyalgi 43, ' R3 is selected from t he

group co_n;i sting of hydrogen) al koxy, al kcycl oal koxy, cycl oal koxy and

hal ogen; is selected fromthe group consisti ng of hydrogen and al kyl; 20

RS is selected fromthe group consistifg, @I’ {) having at | east 3_carbon
car

atons, substituted al kyl having at | east on atoms and cycl oal kyl ;
provi ded t hat: (i) when R and R are Synteg@isnofent |y hydrogen or net hoxy, R

i's not methoxy; 25 (ii) wkeriRte-4ie ?‘ﬁx RériyIPAdrePOBatyRileoRe | S
tent-butyl, then R is not 4-n- butoxl); 4??1 plg,jl | oxy ory~4 n- hexyl oxy; (iii)

when R, R3 and R4 The tlﬂy@pmgemndawels Reparedjaco 10) thcrpeeceﬂum desaibed in
4- ethoxy

3. 4 ot f0EnedEERgPIeRS e ARy Siady e an iy e PEPATRGHARL 7S ot
i sopropyl or t gy tHydEokylamind. 7 THERE cBRfpéund was isolated in 66.0% overall yield as
a white solid. m.p. 38.8°C (R, = 0.21 on a silica gel plate using hexanes/ethyl
acetate, 4:1, v:v, as the eluant).
Spectroscopic data were as follows:
15 IR (KBr. cm™): 2930.1 (CH). 2857.5 (CH). 1618.6 (C=N), 1556.6
(benzene ring), 1286.8 (Ar-F), 1161.6 (Ar-O), 1129.4 (N-O) and 1105.4
(alkyl-O).
'H NMR (CDCl,. 270 MHz): & = 9.291 (IH. .}, = J; = 8.9 Hz,
aromatic H), 7.723 (1H. s, CH=N). 6.700 (1H. dd. J,;, = 8.9 Hz, J,; = 2.6 Hz,
20 aromatic H), 6.603 (1H. dd. J; = 13.1 Hz. J,, = 2.6 Hz. aromatic H), 3.954
(2H, t, ] = 6.6 Hz, OCH,), 1.747 (2H, m. CH,). 1.585 (9H, s, 3 CH,),
1.445-1.286 (8 H, m, (CH,),) and 0.872 (3H, t. J = 6.8 Hz, CH,).
BC NMR (CDCl,, 67.9 MHz): 6 = 161.997 (d.J = 12.4 Hz), 161.990
d, J = 253.9 Hz), 130.133, 122.354 (d. J = 8.3 Hz), 112.332 (d, J = 8.3 Hz),
25 109.922, 101.716 (d, J = 24.9 Hz), 70.645, 68.387. 31.429, 28.683, 27.951,

25.556, 22.216 and 13.658.
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(v) when RZ, R3 and Rd are hydrogen and RS is 1-hydroxy-2-nethylprop 2-yl,
then R is not 2-ethoxy; (vi) when R is 4-nmethoxy) R is 3-ethoxy, and R3
and Ra are hydrogen) then RS is not 2, 2-dinethyl but-3-yl or

1- hydr oxy- 2-net hyl prop-2-yl; and 5 (vii) when R3 and R are h%f‘g&'ﬂz% Ri
is tert-butyl, then R is not 4 methoxyswhen R is 2-fluoro, and R is not

2-met hoxy when R=is 4-fluoro. 2. The Conpound according to Caim1 wherein

R' is hydrogen. 10 3. The conpound according to Claim2 wherein R3 is
sel ected fromthe group consi sgi ng of E)é/dr oggg and al koxy. 4. The conpound
according to Claim3 wherein R is sel FBRESPom t he group consisting of
hydr ogen. al koxy and fluoro. 15 5. Th%ﬁmg%}d according to Claim4

o)

XY

Syol oal koxy. 6. The conpotintrrisusragxiensavhi Ae P unhiRibhe “and R e
joined 20 together e fifle Fompodhd<vhePRBARYMcEITAMZ to the ProBedifERBRMbed in
according to Caim5 or 6 wherein RS is selected fromthe group consisting

of al kyl Ravi n§xampls 28nusing 3 flvardéiydtoxyberzonitrite c bbyl iodidetandiMeer8 t o about
i o RN G
L e R oL RSB . B8 b S s i
4- met hyl pent - 2hgpanedetiiylicemtei i | 2v:pend the ehidng, 4, 4- t et r amet hyl pent - 3-yl ,
Cycl ohexyl . oyST ooGSRrORRRARRH YEIe s GIBMEN y1 | 3. 5- Ui et hyl - 1- adamanty
and benzyp. 9. A cofpeRif G 96784 3ch). 2938.0 (CH). 1616.3 (C=N), 1560.7
(benzene ring), 1290.0 (Ar-0). 1128.7 (N-0), 1112.9 (Ar-F) and 1042.3
(alkyl-0).
'H NMR (CDCl,. 270 MHz): 6 = 9.300 (1H, t. J = 9.0 Hz, aromatic
H), 7.716 (1H, s. nitronyl CH), 6.695 (1H, dd. J = 9.0 Hz, J] = 2.4 Hz,
15 aromatic H), 6.597 (1H, dd. J = 13.1 Hz, J = 2.4 Hz, aromatic H).. 4.035 (2H,
q,J = 6.9 Hz, OCH,). 1.581 (%H, s. 3 CH,) and 1.396 3H.t,. J = 6.9 Hz,
CH,).
BC NMR (CDCl,. 67.9 MHz): & = 161.952 (d, J; = 254.9 Hz), 161.738
(d. Jz = 12.4 Hz), 130.118. 122.285 (d. J; = 9.3 Hz). 112.409 (d, J; = 8.3
20 Hz), 109.846, 101.708 (d. J; = 25.9 Hz), 70.660, 63.842, 27.936 and 14.177.

-

Example 36

Synthesis of
o~(2-Fluoro-4-ethoxyphenyl)-N-cyclohexylnitrone

25 The title compound was prepared according to the procedure described in
Example 29 using 2-fluoro-4-hydroxybenzonitrile, ethyl iodide and N-
cyclohexylhydroxylamine. The title compound was isolated in 58.8% overall
yield as slightly yellowish crystals, m.p. 112.7°C (R; = 0.17 on a silica gel plate
using hexanes/ethyl acetate, 4:1, v:v, as the eluant).

30 Spectroscopic data were as follows:



5S5RER~\ ~+ 11 /. iNNRs ~-~Rs H10 wherein R~ is selected fromthe
group consisting of al koxy having 1 to 8 carbon atons) al karyl oxy having 7
to 10 carbon atons and aryl oxy having 6 to 10 carbon atons; ﬁ)l% th
selected fromthe group consisting of alkoxy having 1 to 8 ca BRRY 2082 and
fluoro, or when R~ and R are attachedgto adjacent carbon atons, R and R
may be joined together to form an al kyl enedi oxy group having 1 to about 6
carbon atons: R~ is selected fromthe group consisting of hydrogen and

consi 2ting of al kyl Ra07Ha oA T ARon (CFF casd el nBTe S RO L85 81 T
having 3 to abowending #y pruzemn@\r If Qgsl oAk ',ylgq%sggr-ﬁgaﬁdgwk 10 carbon

atons; provi ded t hat : IS me ydrogen or
met hoxy, Ris r(@tkyiFél)hoxy, (||) when R and R are joined together to forma

3. 4- et hyl enedi oxy RB i dro en, then R~ is not isopropyl or
ten-butyl; and (iii %iﬁﬁ&f@)%  =r9.245 (BHet.Hoxyd-§ridz.Romatic

hydr ogen, & hen t | cQr

1- hydr oxy52 rretlﬁe)(jljpsrssop ni’%ro%ﬁbgﬁ F%S?&Efdﬁ él 90]1[5 JThg %gﬁpound
according to Claxbmut: HHGS. ssm(ﬂl | g, 3l eopa/3 HByiIng 4,518y, %r&ﬂﬂtﬁ@ﬂ%a«i 093 (IR
al koxy having 2 to 8 carbon atons and RR i s hydrogen. e conpound

according to A%ilnT 169 ke QGH) F5808 (Hdt iokyy 1R3 He. behéxyHanN-GH),i 5069-
hydrogen. 12. Tl n cor t wher ei n. R6 et hoxy; and
R.y logand Rx ar 25%(?@%31@ %'cﬁ)?lexylcaﬁ')g 1. &SSCi %651 (A?H m, cyclohexyl 4?{) 1.6 4¥
1.651 (1H, m, cyclohexyl H). 1.386 (3H, t, J = 6.9 Hz, CH,) and 1.333-1.176
10 (3H. m, cyclohexyl 3H).
“C NMR (CDCl,. 67.9 MHz): & = 161.734 (d, J; = 13.0 Hz), 161.639
(d, Jp = 253.9 Hz), 130.255, 124.703 (d, J; = 8.3 Hz), 112.165 (d, J; = 8.3

Hz), 109.953. 101.731 (d. J = 24.9 Hz), 75.587, 63.857, 30.819, 24.702 and
14.177.

15
Examples 37-38

Using the procedures described herein, the following compounds were

prepared:
o~(2-Ethoxypheny1)-N-1-adamantylnitrone. and
20 «-(3-Ethoxy-4-methoxypheny!)-N-1-adamantylnitrone.

Example 39

Synthesis of
a-(4-Ethoxyphenyl)-N-cyclopentyinitrone
25 4-Ethoxybenzaldehyde (22.0 g, 0.1467 mol) and N-

cyclopentylhydroxylamine (14.1 g, 0.1398 mol) were mixed into toluene (200
mL) with p-toluenesulfonic acid monohydrate (1.0 g, 5.26 mmol). The mixture
was refluxed for 3 hrs under argon atmosphere with a Dean-Stark trap to remove
generated water. The solution was rotary evaporated to give a residue which

30 was purified by flash chromatography over silica gel with EtOAc as an eluant

and then recrystallization from a mixed solvent of hexanes and EtOAc. The title



13. The conpound according to Claim9 wherein R~ is benzyloxy) R is

al koxy having 1 to 8 carbon atons, and R' is hydrogen. 1~ 14. The conpound
according to Claim9 wherein R' is benzyloxy; and R and R~ are _hydrogen.
15. The conpound according to Claim9 wherein R6 is al koxy haWﬁ\E L2
carbon atonms. R is fluoro and R~ is--I§Jd~ogen. 20 16. The conpound
according to Caim9 wherein R6 and R are joined together to forma

met hyl enedi oxy or et hyl enedi oxy group and R8 is hydrogen. 17. The conpound

according to Q@muadwmr&mnmsﬁ%ﬁr@lm é‘Glﬁ.l%ymhxﬂ.ﬂdﬁ?P@mQO{l@' koxy

having 2 to 8 carbon atons. 18. npound Sel ected fromthe group

consi sti ng of : oma §ilichgpl plaexgspigdrexheshEtOAT, Rut yv/vi s ameluant).:

a- (4- hexyl oxyphenyl )-N n-propyl nitrone. 30 a- ( 3-et hoxy-4- net hoxyphenyl)-N
tert-butylnitrone g@?“ﬁ?ﬂQPE ‘é’@ﬁ)‘é’eﬁasgf?“ﬂ”sé- (4- et hoxyphenyl ) - N
tert-butylnitrone 1.02%73 t y LRt Ltrone
a-[ 3-(4-net hoxyphe%%ﬁgﬁw] - tgj}?)-’ gg?%?'ﬁ g %%%Ng—(elg%:ﬁ%%b%hég& )-N
tert-butypnitrisms (Ser&eﬁériﬁFﬁ‘tlDSl eAeD)endANEoYN)ON tent - butyl nitrone

a- (3, 4- met hyl enedi Onﬁ heny bj;")l\l tent-butyl nitrone_a-(4-ethoxypheny 1)-N-cyc
| ohexy | nitrone a- (‘H NMBYCOG), 270MHY prdndd (2H) dytt S0z anoma ),

a- ( 3- et hoxy- 4- y VIR exyl-nitrone 1Q.

(3t hoxs: - B RNERIN, B Y RPIALEY oMol 280, 440 1. v,
a- (4- et hoxy- 3- yeeg 3% YR8 12y IOH) N4 D7C28N @) V= DA ©OCH,), 2.33-2.20 (2H, m,
a- (3, 4- et hyl enedi oxyphenyl )-N i sopropyl ni trene

a- ( 3- et hoxy- 4-gystopenty bBEhy2.04-1. §6s@bt. opy tytilopennd 44X 2.78t Hdx(@Bheny! ) - N
i sopropylnitrone, 15 a-(2-et hox yl) - I xyl nitrone
o2 Che Dol oy BSionerRb T b o (L ol fitfa- i oo
a- (4- et hoxy- 3- met hoxy phRYicond '§P9r1v?ﬁ2'):n&1=_r190.€13. 132.45, 130.39. 125.56,
a- ( 3- et hoxy- 4- hexyl oxyphenyl) - N cycl ohexyl nitrone
a- (4- benzyl oxyt3- e 7605y 6B etdy B) -29, 256t aridn14. 66 ppm20
a- (4- et hoxy- 3- met hoxyphenyl )-N n-butyl nitrone a-(2-ethoxyphenyl)-N
n- butyl ni trone a- (3-ethoxy-4-net hoxyphenyl)-N n-butyl nitrone
a- ( 3- et hoxy- 4- hexyl oxyphenyl ) N i sopr qgyhiyid s@ne
a- ( 3- et hoxy- 4- hexyl oxyphenyl )-N ten-butylnitrone 25
a- (2-fl ub¥ o- 4- oct yl oxyphenyl ) - N t ent - SyhgHesistafone .
-(2,4,6-tri et hoxyphenyl ) - Nat@Ethonyphenyl)Nrtertsodtlndtrond r i et hoxyphenyl ) - N
ycl ohexyl ni trone aFHeditl doMpoune vaRYrepdied B bxidativh BF AL@thoxyphenyl)-N-
- (3, 4-di et hoxyphenyl )-N ten-butyl nitrone 30
fl uor o- 4.terf&@pw¥axr&m9pvim+cyﬂw0pmymwcmctd shaethylene pidpride.2Bbe - - g3

Cc

(2

(311 uor o- 4 SBRE G0 REROTIE 4 NeBH toelif st W corresponding imine which
(2-

am

DY O D

- ( 2- et hpxy pheiigl abqi¥r@dByBotdehdiioh VT -&héxdrRhaddhyde ARd ROXydamYie mN
ntylnitrone 5 a-(4-ethoxyphenyl)-N cycl opentylnitrone
methanol. The title compound was isolated in 65.0% overall yield as white

LoD

d

crystals, m.p. 100.8°C (R,=0.33 on silica gel plate using hexanes:EtOAc, 7.3,
vlv, as an eluant).
Spectroscopic data were as follows:
25 IR (Kbr, cm!): 2978 & 2951 (CH), 1605 (C=N & benzene ring), 1563
(benzene ring), 1263 (Ar-O) and 1114 (N-0).
'H NMR (CDCl,;, 270 MHZ): 6=8.27 (2H, d, J=9.0 Hz, aromatic 2H),
7.49 (1H, s, CH=N), 6.91 (2H,d, J=9.0 Hz, aromatic 2H), 4.08 2H, q, J=7.0
Hz, OCH,;), 1.97 2H, s, CH, ), 1.64 (6H, s, 2 CH;), 1.42 (3H, t, /=7.0 Hz,
30 CH,) and 0.97, (9H, s, 3 CH,) ppm.



a- (4-ethoxyphenyl)-N tert-octyl nitrone a-(4-benzyl oxyphenyl)-N
tert-butylnitrone a-(4-benzyl oxyphenyl)-N cycl opentyl nitrone

a- (4- benzyl oxyphenyl )-N cycl ohexyl nitrone , 10 a-(2-et hoxypheﬁll h I\E
cycl opentyl nitrone a-(3-ethoxy-4-methoxyphenyl)-N tert-octyln ABRU- 2002
a- ( 3- et hoxy- 4- met hoxyphenyl ) -N (2, 4- di-r$8t-hyl - 2- pentyl ) ni trone

a-{4- et hoxyphenyl )-N-n-butylnitrone a-(2-ethoxyphenyl )-N-benzylnitrone 15
a- ( 3- et hoxy- 4- net hoxyphenyl )-N (2,2, 4 4-t etramet hyl pent 3-yl)nitrone

a- ( 3- et hoxy- 4- met hoxyp IS

a- (3- et hoxy- 4- met hoxyphenrﬂ() % Pzﬁtélo}\go gh{ ﬁ“ﬁso 7en12I4)uN
but - 2- yI ni t r ond 14:704 76 2, I&d%b&rﬁdjmzﬁd), 3069y 2883 atndrlt4 mepﬂ'ml trone 20
a- ( 3- et hoxy- 4- net hoxyphenyl )-N cycl opentyl nitrone

a- ( 3- et hoxy- 4- net hoxyphenyl) - N n-propyl nitrone a-(4-benzyl oxyphenyl)-N
n- propyl nitrone a-(4-benzyl oxyphenyl ) - %’{?Wé‘? ytni trone

a- ( 3- et hoxy- 4- net hoxyphenyl )-N (2-nmeth | )nitrone 25

a- (2- et hosyphenyl)-N (2-net hyl but - 2-yl Bp,g{egggf

a- ( 3- et hoxy- 4- met hoxyphenyl ). _ﬁé{ﬂ &[,“‘ -Buits 1_tngxyphenyl) N
cycl obutyl ni trone a%ﬁ'kf?&pé)f)( ALA? fg;g%g ‘3, ﬁ rane. 4
a- (4- benzyl oxyphenyl cyclob t %’ Hf/la?
tert-octylnit r@ﬂlﬁlynchﬁoﬁﬂRbf—p&QﬁZnesulfSﬁicacxd monohydrate in benzene was reﬂux?
a-[4-(4-fluorobenzyl oxy) phen N=cycl ohexyl ni trone a-(2-et hoxypheny ‘§ N

tert octylnitr @nécraargan @mqspgmedb@maﬁeanﬂqshenwt])-anD@ognmrm:mwateoné‘he

h h |
22 (- bend) ooy ek Yo eIy PupAtes o give 2 Fesidus MBED WS RIGR heny ! ) - N

cycl opropyl ni t p@ppstallibdtidye T W
a- (3-et hoxy-4- <§b'i'ﬁsct)xylp {an Hé ﬁ?gﬁgﬁﬂ?’lﬁg‘%{%hg&g%%?%’ §ni|@ {ﬁraosnaewhlte

a- (4- benzyl oxyphweded, m.N. 11 h@é&a(r&yﬂrﬁﬁt oromsilitgel plate using EtOAc as an eluant).

a- E:Z gt hoxly 4, - Lret hsxg(ﬁr enao/mé H’t‘(j?"ﬁ aﬁffé}w 2-met hyl prop-2-yl)nitrone
a enzyl oxyphenyP? [
a- (4- et hoxyphenyl) - IV(R¥Bs! &a%§: ﬁQ’SQt(Cmelﬁl{é‘ﬁﬁrl@b\é%E‘Yﬁ@ N 508 (benzene

1- adamantgl nitrone a-(4-(4-nmethoxybenz hen -Ntert-butylnitrone 15
a- ( 3- et hdRy- 4- NBghdRFBKAMD)) 1170 ENtQ)etahg (1005 (tengy @) t r one

A P o (Y A S ——

a- (2- Ethoxyphenyg)i, fsem{mut)ybmt’f 30 ¢5H ﬁk. afbmatic 5H). 7.00 H, d, J=9.2 Hz,
a- ( 2- Et hoxyphenyl ) - N cycl ohexyl hi't rone. .

a- ( 4- Et hoxyphearpmatisk2H)c I5ol0e@H ,nd, tOCHE), aﬁ& 1260 (94 (4 3Bl ypipaxyphenyl ) - N
tent-butylnit l) - | t it . 24,
ae?3 E'ltjhgxgl 4r %Shoxgpﬂ%?gﬁﬁizﬁréﬁﬁnh% ﬁeg%&:%%&e’? l%%l“ rl%ngs

20 128.52, 128.00., 127.42, 124.23, 114.58. 70.05. 69.91 and 28.25 ppm

3"&

Example 42

Synthesis of
a~(4-Benzyloxyphenyl)-N-cyclopentylnitrone
- 25 A mixture of 4-benzyloxybenzaldehyde (20 g, 94.23 mmol), N-

cyclopentylhydroxylamine (14.3 g, 141.34 mmol), molecular sieves (60 g, 4A)
and silica gel (15 g) in chloroform (300 mL) was stirred at room temperature
under argon atmosphere for 48 hrs and then was refluxed for an additional 3 hrs.
The mixture was filtered and rotary evaporated to give crystals which were

30 recrystallized from hexanes and EtOAc to provide the title compound as white
crystals, 23.7 g, 85.1% yield), m.p. 115.1°C (R=0.35 on a silica gel plate ~

using hexanes:EtOAc, 1:1, v:v, as an eluant).



17 APRIL 2002 -- 85 - 25. a-(3-Ethoxy.-~-nmethoxyphenyl)-N
tent-octylnitrone. 26. A pharnaceutical conposition conprising a
pharmaceutically acceptable carrier and a pharmaceutically effective anount
of a compound of S formulal: R~ RZ O 10 R3 ~/ i N~ RS | RaliiéiRILR0OGR s
sel ected fromthe group consisting of_gykoxy, alkaryloxy, 15

al kcycl oal koxy, aryloxy) and cycl oal koxy; R=is selected fromthe group
consi sting of hydrogen, al koxy, al kcycl oal koxy) cycl oal koxy and hal ogen, or

when R and R' are @attached to ad‘iéace carbon atons, R and R= may be

L .
j oi ned together to PP OSHORIF datacy iaBE?)logWSOUp; 20 R is selected fromthe
group consi sting of mmm?@,ﬁ-,l);qlgmwﬂ),aimy@dgnﬁ!1*604)(0515(%%%%}%3@}1(1
hal ogen; R ' is selected fromthe group consisting of hydrogen and~al kyl ;
Rs is sel ect ed 1505 fbenzenegrim)p 125IncA1s0).nid 38f(NaDXk yandhiddP iberayl-Ogast 3 car bon

, alk | oal kyl d | oal kyl : 25 ' c (J)., wh R2 d R
RN e T I R
d R hyd d ' t v ol | ' - PYLC :
IO PRIC TN, 5560 Ll Rl 4. 890 YNy

and R4 are hydregriticadld), 308 @H SQCRY), . 4 3BIHRIt, Vs D& é160AH), 1.33) when
R and R - are joined together to forma 3, 4-nethyl enedi oxy group and R3

and R4 are hydreft@H,tmesychpenty! 3. 2.960x8p(AH on, exsiepenil ¢H), .70-1.§4 when
Eg% ZR?e?ngs; ar(meﬁc'irC? ggen?ﬂcalﬁspﬂn? 1- hydrgxy- Z-nmethyl prop 2-yl, then R is

*C NMR (CDCl,. 67.9 MHZ): 6=159.79, 136.39, 132.21, 130.30,
10 128.47, 127.94. 127.36. 123.96. 114.56, 75.71, 69.85, 31.21 and 25.50 ppm

Example 43

Synthesis of
a-(4-Benzyloxyphenyl)-N-cyclohexylnitrone
15 The title compound was prepared according to the procedure described in

Example 42 using 4-benzyloxybenzaldehyde and N-cyclohexylhydroxylamine.
The title compound was obtained in 81.2% yield as slightly yellowish solid, m.p.
129.0°C (R=0.30 on a silica gel plate using hexanes:EtOAc, 1:1, v:v, as an
eluant).
20 Spectroscopic data were as follows:
IR (KBr, cm™): 2993 (CH), 2854 (CH), 1603 (C=N & benzene ring),
1507 (benzene ring), 1251 (Ar-Q), 1138 (N-O). and 1012 (benzyl-O)
'H NMR (CDCl;, 270 MHZ): 6=8.24 (2H. d. J=8.9 Hz, aromatic 2H),
7.35 (1H, s, CH=N), 7.44-7.32 (5H. m, aromatic 5H), 7.00 (2H, d, /=8.9 Hz,
25 aromatic 2H), 5.11 (2H, s. OCH, ), 3.79 (1H, m, CH), 2.10-1.89 (6H, m.
cyclopentyl 6H), 1.70 (1H, m, cyclopentyl 1H), and 1.22-1.45 (3H, m,
cyclopentyl 3H) ppm.
13C NMR (CDCl;, 67.9 MHZ): 6=159.90, 136.51, 131.70, 130.44,
128.58, 128.05, 127.45, 124.05, 114.68, 75.14, 69.97, 31.12 and 25.09 ppm.
30



(vi) when R is 4-nmethoxy, R is 3-ethoxy, and R3 and R4 are hydrogen, then
RS i s not 2,2-dinethyl but-3-yl or 1-hydroxy-2-nmethyl prop-2-yl; and (vii)
when R3 and Ra are hydrogen and RS is tent-butyl, then R is not 4 10
met hoxy when RZ is 2-fluoro, and R is not 2-nmethoxy when R ild APRIL2808.
27. The pharmaceutical conposition agcgyding to Caim2b wherein Ris
hydr ogen. 15 28. The pharmaceutical conposition according to Caim 27
wherein R3 is selected fromthe group consisting of hydrogen and al koxy.
29. The pharmaceutical conposition accgr di to Claim28 wherein RZ is
selected fromthe group consisting of &g al koxy and fluoro. 20 30.
The pharnaceutical conposition accord|$‘% @i m 29 wherein R is selected
@réé{.
PE‘}RW rAGER! 1"52‘0

fromthe group consisting of @(# gl%l g_al koxy. 31. The
phar maceuti cal conmp |t|on & (E\ iﬁl n 25 R andb@nare
joi ned together to FOF kS FOMPRYALY Br‘i‘?ﬁ

conpositian ac | ;_l,i;)@a i m
group congl sti %&@P ﬁg*zk&ﬁl g\?fﬂﬁg%&?alaa ou %)g N‘c Ol?lé“?ﬁ#’r@%&g% {1/:53' og yl
having 3 to abel c&npﬁlﬂﬂbﬂamtﬁﬂmed #072. GWyﬁMd_wRE@érystalgm p. 833°CThe
phar maceuti cal U&oom tion according to Claim32 wherein R$ is sel ected
from the groupRaist3onagilism ge! plagpysing hexgpesByPAc, 2:1, viv, as an eluant).

1- met hoxy2met hyl pro bu |) tert-butyl, 2-nmethylbut-2-yl,
3- et hyl %ut ],yly P gpéct%é?(?%ﬁ gﬁ%x‘?’??s I'ojll%»ét ¥1yl pent - 2- §|) y y
2, 4- di met hyl - 2- pentm)(KEr?on% y42976 fm)a@shxclnnléﬁm =N)Y E5PPBOPSH4,

cyclobutyl tert-octyl, cyclopent cycl ohexyl, cycl-ooctyl, 1- adanmantyl .

2- adamantl?I 3(lz¢nmn¢mng)l lillﬁla@err@htl’;lfﬁ&Naobeméyl|043:{Et-QA phar maceut i cal
conposition conpri sj t| | ri gr,and a
pharmaceutical ly ef f@&'ﬁ luum %1903?"‘?%%831?7%3& f ‘?HZIS Re ~ / i
NWRs H wher ei Qro%atm'lﬂ)”'%%ﬂd sf coneNie7 82 @i, 880sISBINg 9k alkgsy having

1 to 8 carbon 20 atons, aikaryl'oxy having 7 to 10 carbon atons and aryl oxy
having 6 to )<®r0nmtlbdﬁ)a6&9leR'td|.é=6dl&c7t&cﬂiztlc‘dih 47 @Ibtm LandHa, i ng of

al koxy havin oms d fluo R, are attached
to adjy acent g afbﬁ%g )aizﬁﬁsfggé?ﬁ openty il—?} 67 Wmﬁ m, cyclopentyl
15 4H). 1.72-1.57 (2H, m. cyclopenty! 2H) and 1.45 (3H, t, J=7.0 Hz, CH;) ppm.
BC NMR (CDCl,. 67.9 MHZ): 6=156.11, 131.00, 128.64, 127.31,
120.50, 119.88, 110.57, 76.64. 63.85. 31.38, 25.55 and 14.74 ppm.

Example 45

20 Synthesis of
a-(3-Ethoxy-4-methoxyphenyl)-N-tert-octylnitrone
A solution of 3-ethoxy-4methoxybenzaldehyde, N-tert-

octylhydroxylamine and catalytic amount of HCI in methanol was refluxed for 90
hrs with molecular sieves in a soxhlet for waster removal. The title compound
25 was obtained in 60.0% yield as white powder, m.p. 77.5°C (R;=0.40 on a silica
gel plate using hexanes:EtOAc, 3:2, v:v, as an eluant).
Spectroscopic data were as follows:
IR (KBr, cm): 2975 (CH), 1636 (C=N), 1597 & 1575 (benzene ring),
1279 (Ar-0), 1145 (N-0). and 1039 & 1026 (alkyl-O).
30 'H NMR (CDCl,, 270 MHZ): 6=8.44 (1H, d, J=2.0 Hz, aromatic 1H),
7.50 (1H, dd, J=8.3 & 2.0 Hz, aromatic 1H), 7.48 (1H, s, CH=N), 6.90 (1H,
d, J=8.3 HZ aromatic 1H), 4.20 (2H, q, /J=7.0Hz, OCH, ), 3.91 (3H, s, CHj),



and R may be joined together to forman al kyl enedi oxy group having 1 to
about 25 6 carbon atoms; Re is selected fromthe group consisting of

hydr ogen and al koxy haV|ng 1 to 8 carbon atons; and R9 is selected fromthe
group consisting of alkyl having 3 to about 8 carbon atons) sibAPRIL2QQ2

al kyl having 3 to about 8 carbon atemd and cycl oal kyl 30 having 3 to about
10 carbon atons; 17 APRIL 2002 __ gg provided that: (i) when R is

nmet hoxy and R~ i s hydrogen or nmethoxy) R~ is not nethoxy; (ii) mhen R6 and
R are | oi ned {igraolner i), MI064NGH S, SOHRS, hvhgmlpwﬁo%owpreﬂg

hydrogen) then Ry 1s not "I sopropyl or rert - butyl ;' and (iri) when

4- met hoxy, F?s;&Cngphmxy and RR i s hydrogen, then R9 is not

2, 2-di met hyl but - 3-y,

dr oxy- 2- net hyl pr.op- 2- 3 har maceut i cal
conposi ti on accor di QgNW@éqm Qi ﬁ 15§64R6XJ,§1 f%;- 5519 1to 8
car bon atons, S X [ 2 8 a rogen.
b, The phar ekttt Ha-FRoHSREl 3o et a5 804 3T 2%52%%%@
met hoxy. 5R i ¢48g2hgpay. and R~ is hydrogen. 15 37. The pharnaceuti cal
conposition according to Claim34 wherein Ris benzyl oxy, 4-fluorobenzyl oxy
or 4-nmet hoxybenzyl oxy and R and R' are hydrogen. 20 38. The pharnmaceuti cal
conposition according to Claim 34 V\/n el an§6' s ethoxy and R and Ra are
hydrogen. 39. The pharnaceutical conp ’§q"l‘l?8 according to C aim 34 wherein
R6 is atkoxy having 1 to 8 carbon at @Qyhthelds gfs fluoro and RR i s hydrogen.
25 40. The pharmacg

nd e€i N R and
R are j i ned toge 5%kﬂkﬁgﬁég}ﬁﬁ?&%ﬁ&&@%ﬁ@&%ﬁ?ﬂ %aig}ggég oup and

R$ is h rogen har eu I ca osition

according to fd Bxdmplé 48heinei NerBoxy4-nthoNydeiafdchfddand W naiaiRiHyY-2al koxy
having 2 to 8 carbon atons.
pentylhydroxylamine.

Example 47

15 Synthesis of
a-{4-(4-Fluorobenzyloxy)phenyl]-N-tert-butylnitrone
The title compound was prepared by refluxing a benzene solution of 4~(4-

fluorobenzyloxy)benzaldehyde and N-tert-butylhydroxylamine for 21 hours with
p-toluenesuifonic acid as a catalyst. The title compound was obtained as a solid
20 in 98.5% yield. m.p. 180.3°C (R, = 0.16 on a silica gel plate using hexanes:
EtOAc, 1:1, v/v, as an eluant).
Spectroscopic data were as follows:
IR (KBr, cm): 2984 (CH), 1607 (C=N & benzene ring), 1509 (benzene
ring), 1218 (Ar-O) and 1121 (N-O).
25 'H NMR (CDCl;, 270 MHz): 6 = 8.29 (2H, d, J = 9.0 Hz, aromatic
2H), 7.47 (1H, s, CH=N), 7.40 2H, dd, J = 8.7 & 5.3 Hz, aromatic 2H), 7.07
(2H, t, J = 8.7 Hz, aromatic 2H), 6.99 (2H, d,J = 9.0 Hz, aromatic 2H),
5.07 2H, s, CH,0) and 1.61 (9H, s, C(CH;),) ppm.
3C NMR (CDCl,, 67.9 MHz): 6 = 162.49 (d, J; = 246.5 Hz), 159.69,
30 132.26, 130.66, 129.37, 129.27, 124.39, 115.47 (d, J; = 21.3 Hz), 114.55,
70.12, 69.25, 28.27 ppm. '



42. The pharmaceutical conposition according to Caim26 or 34 wherein the
carrier is an oral carrier. 43. The pharmaceutical conposition according to
Claim 26 or 34 wherein the carrier is an injectable carrier. 4f P@_ éh%
pharmaceutical conposition conprising a pharmaceutically acceb éB ¢ i er
and an effective neurodegenerative dLggase-treating anount of a conpound of
formulal: R R O+ Ra, / i N\ R I R4 wherein R is selected fromthe
group consi sting of al koxy, al karyl oxy, al kcycl oal koxy, aryl oxy) and
cycl oal koxy; R2 is selected fromthe H@ c&gsisting of hydrogen, al koxy,
al kcycl oal koxy, cycl oal koxy and haloggﬁ¥ en R and Rl are attached to

adj acent carbon atons) R and Rz may B m@g,ggd t oget her to form an
al kyl enedi oxy group; ,%) %@ﬁw qV_g:(,aBB i ng of

hydr ogen, al koxy, s selected
fromthe group conggﬁiﬁ i ?‘3 &5]1%[3 é fromthe
group corsi st 'h@ﬂrdéﬁloﬂd@khlt hﬁ&leﬁ@laﬁ%neb&azﬁid ﬁll@ﬂ%éﬁ@@chloﬂ&oﬁﬂmds réfddeed-for 90 -

atons) substitltuted al kyl having at |east 3 carbon atons and cycl oal kyl ;
provi ded t hat 20(tioprsahEiitritionsand rneBaryegaparadqegakerihe gomespoodisg iminenet hoxy, R

Bl o 0O e SRR SR8 B Rl IR
0 e e B et gy
R~ are hydr og&hpD.MNeWRSniagetond/wiasops affptd the rivone frotiuet, The tithen R~, R
A GRS R A TR L
yt
112.7°C (R, = 0.30 on a silica gel plate using EtOAc as an eluant).
Spectroscopic data were as follows:
IR (KBr, cm): 2980 (CH), 2935 (CH). 1634 (C=N), 1597 and 1586
(benzene ring), 1265 (Ar-0), 1134 (N-O) and 1047 and 1021 (alkyl-O).
15 'H NMR (CDCl,, 270 MHz): & = 8.48 (1H, d, J = 2.0 Hz, aromatic
1H), 7.42 (1H, dd, J = 8.5 and 2.0 Hz, aromatic 1H), 7.30 (1H, s, CH=N),
6.89 (1H, d, J = 8.5 Hz, aromatic 1H), 4.53 (1H, quintet, J = 8.1 Hz,
cyclobutyl CH), 4.19 (2H, q, J = 7.0 Hz, OCH,). 3.91 (3H. s, CH,), 2.84-2.68
(2H, m, cyclobutyl 2H), 2.36-2.25 (2H, m. cyclobutyl 2H), 1.91-1.75 (2H, m,
20 cyclobutyl 2H), 1.48 (3H. t. J = 7.0. CH,) ppm.
BC NMR (CDCl,, 67.9 MHz): 6 = 150.68, 147.73, 132.30, 123.77,

122.86, 112.11, 110.71, 67.45, 64.18, 55.83, 26.97, 14.69 and 14.15 ppm.

Example 49

25 Synthesis of
o~(3-Ethoxy-~4-methoxyphenyl)-N-(4-methylpent-2-yhnitrone
3-Ethoxy-4-methoxybenzaldehyde (12.0 g, 0.0666 mol) and N-(4-

methylpent-2-yl)hydroxylamine (9.36 g, 0.0799 mol) were mixed into benzene
(200 mL) with p-toluenesulfonic acid monohydrate (1.0 g, 5.26 mol.). The

30 mixture was refluxed for 16 hours under an argon atmosphere with a Dean-Stark
trap to remove the generated water. The solution was rotary evaporated,

dissolved in ethyl acetate, washed with 5% aqueous sodium hydroxide solution,



(vi) when R is 4-nethoxy, Rl is 3-ethoxy, and R and R~ are hydrogen) then
RS i s not 2,2-dinethyl but-3-yl or 1-hydroxy-2-nmethyl prop-2-yl; and (vii)
when R and R4 are hydrogen and RS is tent-butyl) then R is not 4 methoxy
when R2 is 2-fluoro) and R is not 2-nmethoxy when R=is 4- f I udf &PRY 2002
treating a patient with a neurodegendidati ve di sease 45. Use of a

phar maceuti cal conposition conprising a pharmaceutically acceptable carrier
and an effective neurodegenerative di sease preventing anount of a conpound

of formula I: dRed BQer'maéneBﬁm sulfateR%mE’&dvmrwneexﬁateds Bled ﬁﬂé esmpéunad t he
group consi sting of al Koxy, al karyl oxy, al kcycl oal koxy, onxy and

cycl oal koxy; Wwagd pbtaiei las 20ﬂﬁte-sohg (R%O?g,@dl.%t)edd)‘,mm B8R @'@aﬁ Q3isi sting
and Kz are at PRRINEAES! BajFcksark MOAPBOROA Oy RV e etuatay, b Mefned

an are a ne
together to f A _ m t he group
consi sting of ﬂmﬂc}?gﬁh&xé‘?{’z@gg%ﬁ‘i“ﬁé@gﬁoaﬁ&3"‘%@15??{’3 g’?(@ and hal ogen; R4
i s sel ected fcymobdehpdrideredanivnsifidigerhyl-2yptnagene axldacahlméthaxﬁs wihsel ect ed

fromthe grou consi st ng of al kyl having at |east 3 carbon atons,
substi t ut ut ed HIYRS*P OFi@ 9 gafab'slseast 3 carbon atons and cycl oal kyl; provided

1) e, = Sal iy L GRRP IRy T ogen o rethony) K T et
i's not 4-n-butoxy, IR(KBR&RA Y! 2962 @HY-163D €& NiKd benzene ring), 1588
(benzene ring), 1265 (Ar-O) and 1129 (N-0).
10 'H NMR (CDCl,. 270 MHz): 6 = 8.44 (1H, d, J = 2.0 HZ, aromatic
H), 7.45 (1H. dd. J = 8.5 and 2.0 Hz. aromatic H), 7.33 (1H, s, CH=N), 6.89
(H, d, J = 8.5 Hz. aromatic H). 4.19 (2H, q, J = 7.0 Hz, OCH,). 4.07 (1H,
m, N(O)CH). 3..91 (3H, s. OCH,), 2.09-1.99 (1H. m, pentyl C'H), 1.66-1.34
(8H, m, CH, of EtO, pentyl C'H,. and pentyl C*H,), 0.95 3H. d, J = 8.4 Hz,
15 pentyl C*H,), and 0.94 (3H. d, J = 8.6 Hz, 4-methyl of pentyl) ppm.
BC NMR (CDCl;. 67.9 MHz): 6 = 150.55, 117.75, 132.59, 123.88,
122.64, 112.12, 110.69, 69.93, 64.19. 55.83, 43.09, 24.74, 22.80, 22.10,

19.64, 14.67 ppm.

20 Example 50

Synthesis of
a-(4-Benzyloxyphenyl)-N-cyclooctylnitrone
A solution of 4-benzyloxybenzaldehyde (12.7 g, 0.060 mol), N-

cyclooctylhydroxylamine (10.0 g, 0.070 mol) and a catalytic amount of HCI in
25 methanol (300mL) was refluxed for 56 hours with molecular sieves in a soxhlet
for water removal. The reaction mixture was concentrated and dry flash
columned on silica with hexanes/ethyl acetate to give the title compound as a
pale yellow powder, (9.53 g, 47.0% yield), m.p. 107.5°C (R; = 0.46 on a silica
gel plate using hexanes:EtOAc, 1:1, v:v, as an eluant). The N-
30 cyclooctylhydroxylamine precursor was obtained by sodium cyanoborohydride

reduction of cyclooctanone oxime in acetic acid/tetrahydrofuran.



(iii) when RZ) R and R~ are hydrogen and R is isopropyl, then R

4-ethoxy; (iv) when R and R~ are joined together to forma
group and R3 and R are hydrogen, then RS is not

3, 4- et hyl enedi oxy

i sopropyl or tert-butyl;

1. - hydroxy-2-nmethyl prop 2-yi, then R (J&s not 2-ethoxy; (vi) when R
4

4-met hoxy) R2 is 3-

et hoxy, and R and

i S not

{v) when Rx) R3 arid R4 are hydrogen TdrPRIE 2092
IS
“are hydrogen, then RS is not

2, 2-di met hyl but - 3-yl or 1-hydroxy-2-nethyl prop-2-yl; and (vii) when R3 and
R4 are hydrogen and RS is tent-butyl, then R is not 4 nmethoxy when R2 is
2-fluoro, and R .ssmtmg:mmy/em@m followss 4-f| uoro for preventing the

onset of a neurode
t he neurodegener at

wherein the ne,qﬁg)dggmlgj@kédéq-,

2002 47. The us
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a accordi ng Clarm 44 or 45 wherein the
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44 4 X
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conpound of C? (drbfhuc DN 2 IBORE! Y HERLITRAE 97 S fr NG
fromthe gr ouq2ﬂomsqucldwty®)‘ 2210007, (281, mrwcmoybyl)alll@s%‘tl76dﬂﬁom) aryl OXY)

and ~cyci oal koxy;

cyclooctyl), 1.76-1.40 (8H. m, cyclooctyl) ppm.

CHYY 23904

1'Ss “Sel e

3C NMR (CDCl,, 67.9 MHz): 6 = 159.80, 136.47, 131.27, 130.34,
10 128.56, 128.02. 127.44, 124.07. 114.64, 76.73, 69.93, 31.96, 26.54, 26.01,
24.70 ppm.

Examples 51-80

Using the procedures described herein and the appropriate starting

15 materials, the following additional compounds were prepared:

20

25

30

o-(2-ethoxyphenyl)-N-benzyInitrone

a-~(3-ethoxy-4-methoxyphenyl)-N-(2,2,4,4-tetramethylpent-3-ynitrone

a.-(3-ethoxy-4-methoxyphenyl)-N-but-2-ylnitrone
a-(2-ethoxyphenyl)-N-but-2-ylnitrone
o-(3-ethoxy-4-methoxyphenyl)-N-cyclopentylnitrone
o-(3-ethoxy-4-methoxyphenyl)-N-n-propylnitrone
a-(4-benzyloxyphenyl)-N-n-propylnitrone
a~(4-benzyloxyphenyl)-N-isopropy!nitrone
a-(3-ethoxy-4-methquphenyl)-N-(Z-mcthylbut-2-yl)nitronc
o-(2-ethoxyphenyl)-N-(2-methylbut-2-yl)nitrone
o-(3-ethoxy-4-methoxyphenyl)-N-cyclooctylnitrone
a-(2-ethoxyphenyl)-N-cyclobutylnitrone
a-(4-benzyloxyphenyl)-N-cyclobutyinitrone
a-(4-benzyloxyphenyl)-N-tert-octylnitrone
a-{4-(4-fluorobenzyloxy)phenyl]-N-cyclohexylnitrone

ntia.
cally

2? of a



R2 is selected fromthe group consisting of hydrogen, al kaxy)

al kcycl oal koxy) cycl oal koxy and hal ogen) or when R and R2 are attached to
adj acent carbon atons) R and R2 may be joined together to form an

al kyl enedi oxy group; R3 is selected fromthe group consistingl6APRI2@Pen)
al koxy) al kcycl oal koxy, cycloalkoxy'ggg_palogen; R4 is selected fromthe
group consisting of hydrogen and al kyl; RS is selected fromthe group
consi sting of alkyl having at |east 3 carbon atonms, substitututed al kyl

having at | east 3 carbon atans,. and cycloal kyl; provided that: 17 APRIL
2002 93 (i) V\hen"“l@eﬁ’ﬁﬁy&?“&» 'feﬁ’d%%ﬂﬁﬁ@?\ély hydrogen or methoxy) R is
not met hoxy; (ii) [T )l Eiéﬁio @ | RS is tert-butyl,
then R is not 4- n\-MgE?(gxy,o@-%ﬁ- en’{§ h%)é ]?}%fgﬁgﬁ-ﬁﬂlexy gxy; (i) when RZ) R
and R are hydrogen @{zlefioxyphenglN-oytdoctyilfigonék is not 4-ethoxy; (iv) when

R and R2 are joined together to forma 3, 4-nethyl enedi oxy group and R~ and
R4 are hydrogen) t hefd-RenaytoxyphenyboNcyglopropylniteone butyl ; (v) when R~) R?
and R4 arg hydrogen d.RS i s 1-hydroxy-2-nmethyl prap 2-yl, then R is not
2- et hoxy;§ (vi) when“%ﬂeﬁ“g’%f‘F@?‘H@i’&?ﬁe‘ﬁé)"&§yﬁf°8¥?@‘§}&°%d R3 and R ~ are
hydrogen, then RS |gNethogy-d=Hit{BhyPHERH)-NI3Y5-difdethyl-1-adamantybnit

1- hydr oxy- 2- net hyl pr(()p- 29y:r; and (Wi@%mee(n}gl? zfn R~ are Hy)g}godlgn and Rs
is ten-butyl, then dR(4-benzytixyghenyl)a¥:yadaimentyRitrose 2-f | uoro) and R is not

2-met hoxy when RZ is 4-fluoro far treating.a patient wth an autoi nmune
di sease. 50. use of®%&-plaryrdcacthorpherydhydd methoxy-dmstidpLog-2;ynitrone

br event i ng amount - of (AR iy B 3daRn e Eihe7” LS T N R R
10 o-(4-ethoxyphenyl)-N-cyclooctylnitrone
a-(4-ethoxyphenyl)-N-1-adamantyinitrone
¢.-[4-(4-methoxybenzyloxy)phenyl]-N-tert-butylnitrone
o-(3-ethoxy-4-methoxyphenyl)-N-(3-methylbut-1-yDnitrone
«-(3-ethoxy-4-methoxyphenyl)-N-cyclooctylnitrone, and
15 «-{4-(4-fluorobenzyloxy)phenyl]-N-cyclopentylnitrone.

Comparative Example 1

Synthesis of
a-(2-Methoxyphenyl)-N-tert-butylnitrone
20 The title compound was prepared according to the procedure described in

Example 7 using 2-methoxybenzaldehyde and N-rert-butylhydroxylamine. The
title compound was isolated in 82.9% overall yield as white crystals, m.p.
109.1°C (R; = 0.53 on a silica gel plate using ethyl acetate as the eluant).
Spectroscopic data were as follows:
25 IR (KBr, cm™): 3004.0 (aromatic CH), 2966.0 (CH), 1593.4 (C=N),
1556.1 (benzene ring), 1235.4 (Ar-0), 1125.5 (N-0), and 1017.3 (alkyl-O).
'H NMR (CDCl,, 270 MHz2): & = 9.343 (1H,dd,J = 79Hz,J = 1.7
-Hz, aromatic H), 8.025 (1H, s, nitronyl CH), 7.329 (1H, td, J = 7.9 Hz,J =
- 1.7 Hz, aromatic H), 6.993 (1H, t, J = 7.7 Hz. aromatic H), 6.856 (1H, d, ] =
30 8.4 Hz, aromatic H), 3.841 (3H, s, OCH,) and 1.587 (%H, s, 3 CH,).



wherein R is selected fromthe group consisting of al koxy) al karyl oxy,
al kcycl oal koxy, aryl oxy, and cycl oal koxy; Rz is selected fromthe group
consi sting of hydrogen, al kvxy, al kcycl oal koxy, cycl oal koxy apd Pﬁh;‘%g}% or
when R arid Rl are attached to 17 APRIL 2002 _ g4 . adja eﬁ n
atons, R and R2 may be joined toget__hgé__to form an al kyl enedi oxy group; R
Is selected fromthe group consisting of hydrogen, al koxy, alkcycl oal kaxy)
cycl oal koxy and hal ogen; R4 is selected fromthe group consisting of

hydrogen and al kyl ;. RS i el ected fromf{he o) LSt al kyl

havi ng at |east 3 & gMﬁé@Qﬁ& 65190@3‘?4)11%6‘? égaélggyﬁ?ﬂgbgngiggg'east 3
carbon atons C l4; Vi 24 | R are
independentlyng‘(;?%‘gie%ﬁ%ép{n%?%gy;ls%%?’ﬁi%‘%j'n%t’%@;d?sl'ie?g\/\hen RZ) R and
R4 are hydrogen and RS is tent-butyl, then R is not 4-n-butoxy)
4-n-pentyloxy or 4-n-hexyloxy; (iii) when R2) R and R4 are hydrogen and RS
is isopropyl) then R is not 4-et@GomparafiveExemplé R and R are joi ned

together .to forma 3, 4-net hyi enedi oxy, grou d R3 and R are hydrogen)
then RS Ps not I sopropyl or tert-butﬁ’,g‘"?‘?ffs% and R~ are

en .. R
hydrogen and RS is 1- hydrOWGZM%QWPBFWQ'MWT‘PWRQ‘WO“FS not 2-ethoxy;

(vi) when R is 4- ' p , : . t hen
RS s not. 2, 2- i met iy FRGEompgyid yis Bepdith acBiling (oA pRICcRLR INEHORER) )
when R and RExampledispges-niittbxydensidehpde id Mirerr-bubdhydtoxylamied. Fheret hoxy
when RZ is 2-fluoro, and R is not 2-nmethoxy when R2 is 4-fluoro far
preventing t hétlegempowid was isolatsidrinfiént% diveedksyieldasa ¢rystalliine selidy msk. f or
devel opilag thSS%UI:Oi nmune di sease.

Spectroscopic data were as follows: _

IR (KBr, cm): 2977 (CH), 1589 (C=N), 1110 (N-O) and 1035 (C-O).

'H NMR (DMSO-d,. 270 MHz): & = 8.20 (1H, m, phenyl H), 7.84 (1H,
s, nitronyl H), 7.78 (1H. d. J = 8.0 Hz, phenyl H), 7.33 (1H, t,J = 8.0 Hz,

15 phenyl H), 6.98 (1H. dd. J = 8.1, 2.5 Hz, phenyl H), 3.77 (3H, s, CH;) and

1.51 (%H, s, 3 CHy).

BC NMR (DMSO-d,. 67.9 MHz): & = 159.76, 133.55, 129.80, 129.40,
121.96, 116.41, 113.34, 70.89, 55.35 and 28.04.

20 Comparative Example 3

Synthesis of
a-(4-Ethoxyphenyl)-N-isopropylnitrone

The title compound was prepared according to the procedure described in
Example 11 using 4-ethoxybenzaldehyde and N-isopropylhydroxylamine. The
25 title compound was isolated in 41.2% yield as a solid, m.p. 115.1°C.
Spectroscopic data were as follows:
IR (KBr, cm); 2979.6 (CH), 1597.5 (C=N), 1302.4 (CH;), 1259.2 (C-
0-C) and 1169.4 (N-0).
'H NMR (CDCl,, 270 MHz): 6 = 8.20 (2H, d, J = 9.0 Hz, phenyl
30 2CH), 7.33 (1H, s, nitronyl CH), 6.88 (2H, d, J = 9.0 Hz, phenyl 2CH), 4.06
(3H, m, CH, and CH), 1.46 (6H, m, 2 CH,) and 1.40 (3H, m, CH,).



51. The us a according to Caim49 or 50 wherein the autoi nunune di sease is
system ¢ |lupus. 52. The use according to Caim49 or 50 wherein the

aut oi mune di sease is nultiple sclerosis. 17 APRI L 2002 g é@ ldae of
a pharmaceuti cal conposition conprising a pharmaceutically a%c?@%‘t; 129
carrier and an effective inflan~rnat @7y di sease-treating anount of a
conpound of formula I: R~ R Dr RB' / i NNRS |1 R ~ wherein R is selected
fromthe group consisting of al koxy) alkaryl oxy, al kcycl oal koxy, aryl oxy,

and cycl oal koxy; Rbc iwaettﬁélefﬁjé RMErH)DS Q1 @ons C¥1sE SE30E, @ flypiuogen,

al koxy, al kcycl oal koxy, cycloél oxy and hal ogen) or when R~ and R2 are
attached to aff.bcéhd, 2hblaad 14t30ns, R and RZ nmay be joined together to form
an al kyl enedi oxy group; R3 is selected fromthe group consisting of '
hydr ogen, al koxy, al kcycl oal koxy, cycl oal koxy and hal ogen; R4 is sel ected

fromthe group consisting of hyd J ,42RS is selected fromthe
group consisting of al kyl havi ngbgﬁlwgas?%a@&%%n atons) substitututed

al kyl haging at |east 3 carbon atonsgyitHediy6f 0al kyl; provided that: (i)
(1) when R2) RS and R - a SohuyoR¥RAgRIVIEr IR IRINenE 1 Then R 15 hot |
4-n- but oxy, 4- n- pefteytitexgonapoudd wab prepacedyaccording torthe préedui® desoribédlimar e
e DS et domeis 1T SEn kou bael Ry MLV AT SOOI SRR Thes e
hydrogen, t hegeRRntpoull®ivab FOBRAPIH 96% vidtd{(7.28'0Y as a solid, m.p. 68.5°C.
10 Spectroscopic data were as follows: ‘
'H NMR (CDCl,. 270 MHz): 6 = 8.27 2H. d,J = 8.8, phenyl 2H),
7.45 (1H, s. nitronyl H). 6.91 (2H. d. J = 8.8 Hz, phenyl 2H), 4.00 2 H, ¢,
CH,), 1.60 (9H, s. tert-butyl H). 1.50 (4H, m, 2CH,), 0.97 3H, t,J = 6.7 Hz,
CH,).
15
Comparative Example 5

Synthesis of
o~-(4-Pentyloxyphenyl)-N-tert-butylnitrone

The title compound was prepared according to the procedure described in
20 Example 2 using 4-hydroxybenzaldehyde. 1-iodopentane and 2-methyl-2-
nitropropane. The title compound was isolated in 75% overall yield as a solid,
m.p. 43.2°C,
Spectroscopic data were as follows:
IR (KBr, cm™): 3092.7 (CH), 2972.1 (CH), 1604.9 (C=N), 1362.9
25  (CH,), 1258.8 (C-O-C) and 1117.3 (N-0). '
'H NMR (CDCl,, 270 MHz): d = 8.24 (2H, d. J = 9.1 Hz, phenyl 2H),
-7.43 (1H. s, nitronyl H), 6.69 (2H, s, J = 9.1 Hz, phenyl 2H), 3.97 QH, t, ] =
6.4 Hz, CH,), 1.76 (2H, m, CH,), 1.57 (SH, s, 3 CH,), 1.39 (4H,' m, 2, CHy)
and 0.90 (3H, t, ] = 6.9 Hz, CH,).
30 BC NMR (CDCl,, 67.9 MHz) & = 160.8, 130.9, 129.7, 124.0, 114.4,
69.9, 68.0, 28.5, 28.0, 27.8, 22.1 and 13.6.



17 APRIL 2002 .~ g6 __ (v) when R2, R3 and R4 axe hydrogen and RS is
1- hydroxy-2-nethyl prop 2-yl, then R is not 2-ethoxy; (vi) when R is
4-met haxy) RZ is ~-ethaxy, and R3 and R4 are hydrogen, then Iﬁimn%z
2, 2-di net hyl but - 3-yl or 1-hydroxy-2-nethyl prop-2-yl; and (vii arid
R’ are hydrogen and RS is tert-butylgethen R is not 4 methoxy when R2 is
2-fluoro, and R is not 2-nmethoxy when R2 is 4-fluoro. for treating a
patient with an inflammtory di sease. 54. use of a pharnaceuti cal
conposition conprising a pharmaceyti cal l. cceptable carrier and an
effective inflammatory di sease pr(g%mrl"‘ﬂ EmﬁlFa%f a conpound of formula
l: R R~ ~~+ R | R4 wherein R is 5.:?1 ﬁdofromthe group consi sting of
g

al koxy, al karyl oxy) al kcycl ggl.kox a Fﬁég C, koxy; R2 is

sel ected fromthe group coﬁ'g?'sl%‘?%g’gp ﬁ?@}( gﬁﬂg'é%gb&%al kecycl oal koxy,
cycl oal koxy and Agd|a661 of #heXy)6Ry iRnzAEhyd2 (383 Atlgas hdblj i FZ0 Mgeett carbon
atons, R and R2 may be joined t'ogether to form an al kyl enedi oxy group; R3
is sel ecSed fbamencheagrefluped wichi Nvembutythydyeiydaraine (3132« \37. 2 imnoly Faral koxy)

cycl oal koxy and hal ogen; R4, is selected fromthe up consi sting of
hydrogen and 3 hoyrs. %%eirga%’@PéE‘Pcéﬁef‘Y%rﬂ‘?mg"ﬁF%gé8)’1§?‘§’Ey| t\fPgratign apd

having at |eagf dufiHg’Rlidue Was Phftted $§%ica gel column chromatography using
50:50 ethyl acetate/hexane to afford the title compound (2.88 g, 55.8 % yield) as
a solid, m.p. 69.0°C.
10 Spectroscopic data were as follows:
'H NMR (CDCl,. 270 MHz) & = 8.27 (2H. d. J = 8.8 Hz, phenyl 2H),

7.45 (1H., s, nitronyl H). 6.91 (2H, d, J = 8.8 Hz, phenyl 2H), 4.00 2H, t,J =
6.4 Hz, O-CH,), 1.60 (9H., singlet, rert-butyl H), 1.36 (8H. m. 4 CH,) and 0.90
(3H, t, CH,).

15
Example I
Electron Spin Resonance (ESR) Study
In this experiment. the ability of a-aryl-N-alkylnitrones of formula I
above to trap free radicals is demonstrated using ESR spin trapping techniques.
20 See, for example, K. R. Maples et al., "In Vivo Detection of Free Radical
* . Metabolites", Free Radicals in Synthesis and Biology (F. Minisci, ed.) pp. 423-
436 (Kluwer Academic Publishers, Boston. 1989); and J. A. DeGray et al.,
“Biological Spin Trapping", Electron Spin Resonance 14:246-300 (1994). A t-
butyl hydroperoxide/ferrous iron free radical generating system was used in this
25 experiment. This free radical generating system produces r-butyl-alkoxyl
radicals, r-butyl-peroxyl radicals, and methyl radicals. If the o-aryl-N-
alkylnitrones of this invention are capable of trapping any of these radicals to
form a stable radical adduct, such radical adducts should be detectable by ESR
spectroscopy.
30



-- 97 - atons) substitututed al kyl having at |east 3 carbon atons and

cycl oal kyl; provided that: (i) when R2 and R axe independently hydrogen or
met hoxy) R is not methoxy; (ii) when R2, R and R4 are hydroge d@ % S
ten-butyl, then R is not 4-n-butoxy) 4-n-pentyloxy or 4-n- he ;fp’ Q; OE?SH)
when Ri) R and R' are hydrogen and.g9 .is isopropyl, then R is not
4-ethoxy; (iv) when R and RZ are joined together to forma

3, 4- et hyl enedi oxy group and R and R4 are hydrogen, then RS is not

i sopropyl or tent-hutyl; en,R2, R 1R, o _and RS is

1- hydroxy- 2- met hyl JB? %ém’ﬁtlﬁ@ﬂﬁ}%s°_I‘§'°H&%£’§‘R§*Q@;“%?Wen R is

4- met hoxy) R2yjipinfedileh>wateraist dddedsi,d df 1@0enMyféfrogesulfatd) eThéreatiornot

2, 2-di met hyl but=3-yl or 1-hydroxy-2-methyl prop-2-yl; and (vii) when R3 and
R are hydr ogewasinitidR®l by theadditiontof!5, ultchfe}OQ:ml\'{ sbutyt hydreperaxide. Whe fingz i s
~2-fluoro) and R is,  not 2-nethoxy wh R~ is 4-fluoro. r.preventing the
onset of an iSAOCeRHALIOs O FRAGYHS are| hmﬁggftf?w%tl ?‘B@f{&%{%ﬁ‘@'@%‘f% fig the

i nflammatory dj u r.di t | ein the

i nfl ammal ory @%@@@I Pgﬁ}ehlgﬁﬁ%igﬁgﬁ@%? Hﬁl‘{]“?%r Q%‘ge ﬁg&ﬁtgg%%l?égr ifﬁg to
Claim 53 or Squivki§iRhsfeiree intofl quare fiar velllamitiecellswasoplaced inhhecéavity 6f The
use according to Caimb53 or 54 wherein the inf]lapmtory di sease, is

eryt hema nodcsBrukes BSBs3P0 BSR smastromster aardbscanngsl Wihipy Samiputes of mixingnher ei n

t he i nfl anmat di sease is..septiceni , 9. The us
a according t%é%lsg?c?ﬁoﬁ?%rscgﬁlg%ﬁ%ﬁ@%g %ﬁ?ﬁ?ﬁ%t@? ?/}? to-l|elge‘f'31igteh'_i4§§uvei tis.
60. The use ageekddish@ep finfe, 9179 GBzGFeqadéniy)d0RIBIpéwe, 116 & ddfretaiver gligease i s
adul t respi rator& di stress syndronme. 61. The us a accordi ngoto Claim 53 or
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I.AL. A. A ALn. AL59. Ay. Ar. AY. AH. Ae. AH. AY. A. A A Ay. A& A . A2. AL A2. A. AV. A . An_. A

. A9. A9. A. A% AEpreseding oy and/myAnespectively. This species is believed to be the methyl —
radical adduct of a-(2-ethoxyphenyl)-N-tert-butyinitrone. Thus, the ESR

15 spectrum shown in Figure 1 demonstrates that the e-aryl-N-alkylnitrones of
formula I are effective at trapping free radicals and that such compounds can be

used as analytical reagents for ESR applications.

Example II
20 Inhibition of Ap Beta-Pleated Sheet Formation
The deposition of amyloid p-peptide (AP) is associated with the
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
25 formation of AP(1-40) or AP(1-42) beta-pleated sheets are potentially useful for
preventing and/or reversing such amyloid deposits. Thioflavin T (ThT) is
known to rapidly associate with beta-pleated sheets, particularly the aggregated
fibrils of synthetic AB(1-42). This association gives rise to an excitation
maximum at 440 nm and to an emission at 490 nm. In this experiment, the

30 ability of certain a-aryl-N-alkylnitrones of formula I above to inhibit the
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Reduction of B-Amylond-lnduced Increased Release of
Interleukin-1p and Tumor Necrosis Factor-o

20 In this experiment. the ability of certain a-aryl-N-alkylnitrones of formula
I above to reduce the f-amyloid-induced increased release over LPS alone of
interleukin-1 (IL-18) and tumor necrosis factor-a (TNFe) is demonstrated.
THP-1 cells. a human monocyte cell line from American Type Culture
Collection, were grown in RPMI-1640 medium plus 10% fetal bovine serum

25 (FBS, not heat-inactivated) in T-flasks. The medium was changed every two
days by spinning down the cells (800 rpm, 5 minutes) and adding the same fresh
medium. Alternatively, the cuftures were maintained by supplementation with
fresh medium. The cultures were maintained at a cell concentration ranging
from between 1x10° and 1x10° cells/mL. Because sera may contain unknown

30 factors which can affect macrophage/monocyte IL-1 production, the FBS was '

reduced to 5% for 24 hours. The FBS was further reduced to 2% over two days
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) TNFa release, 100 uM of the test compound was added with the LPS and
AB(25-35) and this mixture was incubated for 48 hours prior to performing
ELISA. |
10 '
IL-1f and TNFa secretions into medium by LPS-stimulated THP-1 cells,
in the 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-1§ or
15 TNFo was supplied by the manufacturer. Standards and samples were pipetted
into the wells and any IL-1p or TNFa present was bound by the immobilized
antibody. Unbound proteins were washed away and a horseradish peroxidase-
linked polyclonal antibody specific for IL-1p or TNFa was added to the wells to
"sandwich" the IL-1f and TNFa bound in the initial step. After washing to
20 remove any unbound antibody-enzyme reagent. a substrate solution (1:1
hydrogen peroxide:tetramethylbenzidine, v/v) was added to the wells and color
developed in proportion to the amount of IL-1f or TNFo bound in the initial
step. Color development was stopped with 2 N sulfuric acid and the optical
density of the standard and the test samples was measured at 450 nm. The
25 amounts of IL-1p or TNFa present in the samples were calculated based upon a
standard curve. Assays were run in quadruplicate wells. Inhibition of B-
amyloid-induced increase release of interleukin-1p or tumor necrosis factor by at
.least 30% compared to controls is considered significant in these tests. The
results of these in vitro tests are described below.
30
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consisting of Eagle's minimum essential medium supplemented with 2 mM L-
glutamine, 14.75 mM KCI. 1 mM pyruvic acid, 16% fetal bovine serum and 100

10 units/mL penicillin/100 ug/mL streptomycin. After trituration through a flame-
polished Pasteur pipette. cells were diluted in additional plating medium, counted
and seeded at a density of 3.5 x 10°/mL/well on Falcon 6-well plates which were
precoated with 20 ug/mL poly-D-lysine for 2-3 hours at room temperature, and
washed twice with HBSS. After 3-5 hours, the original medium was removed

15 and replaced with 1 mL of fresh medium. Cultures were maintained at 37°C in a
5% CO,/95% air humidified incubator for 12 days.

12 DIV hippocampal cultures which contain neurons and astrocytes were

used to perform the experiment. In each well was added 200 U/mL of

20 recombinant mouse IL-1f (Genzyme) and 1,000 U/mL of IFNy (Genzyme). 10
¢L of the test compound (100 uM final concentration) in 1% methyl cellulose
was added immediately to each well. To control wells were added only 1%
methyl cellulose. Dexamethasone (30 pM) was used as a positive control.
Cultures were incubated at 37°C in a humidified atmosphere containing 5% CO,

25 for 48 or 96 hours. Neuronal injury was estimated in all experiments by
examination of cultures with phase-contrast microscopy and was quantified by
measurement of cytosolic lactate dehydrogenase (LDH) release into the culture

medium.
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Release of LDH into the bathing medium was estimated from the
conversion of NAD to NADH. after lactate addition. and was measured
spectrophotometrically from the rate of decrease in 340 nm absorbance. LDH
activity is defined as that amount of enzyme that catalyzed the formation of one

5 micromole of NADH per minute under the conditions of the assay procedure.
To a 96-well plate, 0.05 mL medjum collected from each sample was added to
and then mixed with 0.10 mL reagent from LD-L 20 kit (Sigma). The plate was
immediately placed into the SpectraMax 340 plate reader to read at 340 nm
wavelength at 25°C for 3 minutes at 30 second intervals. Reduction of neuronal

10 injury by at least 30% compared to controls is considered significant in this test.

The results of this in vitro test are described below.

In vitro Test Results:
Certain of the compounds prepared in the above examples were tested in
15 at least one of the above described in vitro tests. The compounds of this
invention either inhibited AB(1-42) beta-pleated sheet formation and/or AB(25-
35)-induced neuronal cell loss and/or $-amyloid-induced increase release of
interleukin-1p and/or tumor necrosis factor and/or IL-1B/IFN,-induced toxicity
by at least 30% compared to the controls or are expected to be effective in at
20 least one of these in vitro assays upon further testing. In contrast, the
compounds of Comparative Examples 1-6 failed to inhibit AB(1-42) beta-pleated
sheet formation and/or AP(25-35)-induced neuronal cell loss and/or f-amyloid-
induced increase release of interleukin-1p and/or tumor necrosis factor and/or
IL-1B/IFN, -induced toxicity by at least 30% compared to the controls.
25
Example VI
Reduction of Cognitive Defects Due to AB-Peptide/Ibotenate
In this experiment. the ability of certain o-aryl-N-alkylnitrones of formula
I above to reduce the in vivo impairment of animals treated with ibotenate and

30 AP(25-35) is demonstrated. The procedures employed in this example are




@OY& () - #10%' () - +YyYYYY>ZZdEYNC °
10% 109%&' () - Y109&' ()- 1098 () - &L0%& ()- &Lz 10%& ()- &310%& ()-ZZZ?[[[!\aBYNC
©109% S 109 ()-$10%& ()-, #910%& ()-! 109%& ()-!& 10% ()-

@o%& ()-'\t\\] G J]]dEYNC ° 17 APRIL 2002
109" 109%& () - sOL0%&' () - . 109%& () - 9- |1o%;&__() 3+109%& ()-), 10% ()-1111111*"b@
© 10!yl 109% & () - Lf10% & () - &10% 0&' () - 8$10% o0& ()- 10 10

10Y710%: ()-G°_@H J°U'\"}[9b@! " " 10%0& ()-'c " 10% () f

A S B S A3 Bl 20

10% 0& ()-*10 : N

X*{10% 0& () - ?@ ﬁé&/‘gﬁe D%Q/‘i” XF S(%gojgos%) T5F {T0% o&?"(d By l0mekeof g,

“““ eAb@ (2-ethoxyphenyl)-N-tert-butylnitrone or 1% methyicellulose by oral gavage One

I #3{ x*{10% o0& () - {x* {10% o0& ()-{x*{10% 0& ()-{x*{10% o0& ()-{#3{ " " " dJ+@
x*{10% o& ) o& X*
X*{ () - PQurlaisss BTty Weps irreotasaly '(‘beﬁfﬂﬂv@d% %( °g{°>@*<{ffb% (0)-{

{#3(x- (1006 o Pposaried i A Relo? B AL 34 48 & henehof AGRR Adboidt,! (7 2V g
08 () (x 1000 WOAIBNE. {5 4R XSID% L (1 ﬂmﬂ%ﬁ&aé@&ﬂeﬁf@(*{ 1

0% 0#3{ x*{10% o0& ()-{x*{10% o0& ()-{x*{10% o0& Q {x*{10% o&' () - {#3{ BaEaRaSa"
a_a" aaabai PE: fe{dura)y' Gontrols were mjectcd wnth PBS (pH 7.4). All injections were 1.5

10" ox*{10% o0& % O& & 0%. 0. x*{10% o0&
D bonaat anas AR, (EREAR TS S rOPH o i AR AR AL, 30T ¢
10% #& () -{ Shtiytciilhibse. Oral dosme continued daily until the end of the Morris water
10' 0oaaaaaaa{ 7/ : BLOBLO% #& {) - 2BIOY #&' () - 2#3n~AB10% #& () - 2B10% #&' () - 2B10
% #&' () 1Daaaamaze t:esmmomo% #8&' ()-2BLO% #& () - 2BLO% #&' () - 2#3n~ABLOY #&' () -
2B10% #&' () - 2aaaaaaa_7?/: B10B10% #& () - 2B10% #& () - 2B10% #& () - 2B10% #&' () -2
#3n~AB10% #& () - 2aaaaabbd@ : BLO#3n~ABL0% #& () - 2B10% #& () - 2B10% #& () - 2B10
% #& () - 2#3n~ Abbbbﬁh\ehotélé%n@&%i‘gﬁﬂl%%i# ifjectim3 Al Weitsebia AP MArtig () - 2B1
0% #& () - 2BLO% #& () - 2*b7bSDBOCHFDPDCC : BIO#B10% #&' () - 2BLO% #& () - 2#3n~ABL
0% #& () - 2510%#&11@# BK 004neasyry saﬂwwmmmwmdrlbammgm@mm% were(givenB10% #&'

2B10% #& 0% #&' () - 2BL0% #8& () - 2r.b] 2/: B1OBL0%4 #&' () - 2B
(2)% #& () - 25(1%'@ #% %‘é&'ﬁ%"’ (")"é‘#&‘ﬁ ‘fa@% hé?’(%ﬁfﬁ?fg ~AB(12)%#
& () - 2B1§% #8&if )W%Blg?@b@&nﬁl)wﬁéEQ% ﬁ:ﬁﬁm%#%%ﬁbb@@hh@u@/e @ﬁaﬂﬂrQﬁMﬁ& ()-2#3

n~ABL0% #&' () - 2B10% #&' () - 2B10% #& () - 2BL0% #& () - 2bbbbbcc{ "7/ : B#BL0% #& ()
- 2B10% #& () - orBlae ABIBirgs vefs dewmoired & Hollopig thettahayiopad ¢esting, animals

1c_7/ : B#BLO% #& o4 #8 () - 2B10% #& #3n~ABL10% B109% #&
glg<g cGeJc M YEre ’9‘*"@%% }B@%&j‘%‘&é%{‘%“t)%%%b%r‘lﬁv&s@f’sﬁ#ﬁfﬂvfg’&i k/&Z#BnQAB
10% #&' () - 2YCHAC0v8 St Gand/ chBt AnceABS P Mstiodidal LRARM S fhageBhafhder() - 2B10%

| #& () - 2#3n~Azc}cccece DY : B#3B10% #&' () - 2#3n~ABL0% #&' () - 2B10% #& () - 2B10%
#&' () - 2B10% #exesy) vinlelotaining wWas: tsﬁgmwmax(e)thm@wad&b@ dezignvolmnerinys () - 2B

109 #& B1Q%, #& CCC ?/ B#B % 2B10% B10 ) - 2#3n
“aB10% 2 () - DR HOTAmR o AR o b RO D SRR () -2
B10% #& () - Zmﬁﬁﬂ&% rédaced l?éj fe/ibotenate- mduced learning deficit,

d<d” </: B#3n~AB10% #&' () - 2B10% # -2B10% #&' () - 2B10% #& () - 2#3n~A<d?dDdNdW
dXd[ d° D/ : B#3B10% #&' () - 2#3n~ ABlO% H& () 2810% #& () - 2B10% #& () - 2B10% #& ()

- 2[ d*dhdt duddd{ _?/ : B#¥B10% #& () - 2510 p&%‘v?fSn~ABlo% #& ()-2B10% #& ()- 2B
109 #& () - 2ddddddd_?/ : B#B109% #& () - 2 2B109% #& () - 2#3n~ABL10% #& ()

oo s 0 R S e BREA SludRififeiic - 2610% 7 (-2
L$10%s#8& () - 101 # 1l it @xpErimenes Shd abiAGSor-cdediicldeaeyt*MakdyInitrones of formula

Ld&10%s#s&' () a(@@d&lofys#s& ()-(2d&10%s#s& () - (2d&10%s#s& () -(2 L410%s#s& () -
LY+10%#s&' ()Lahe¥eto C@ggpmve deficits in autoimmune strains of mice is

LA10% 5% () LRI MR E AR PIRIER hcch SIS o o BB AP O~

2#3" +e, el e2e; €

#g d&l([))(;,/s#S& tekn G@s&%@&@#ﬁé’ef@ mbdalébe Tapasdie td BrflRigmatne) - (2#3° EeHeKeTea

ebeee

#3d8&10%s#s&' (lymphepoliktae mthaldey.2 dxpaicue. the nBastioize shav @ )cogritizd 096 #s &'

2ee e}

%&(10%; g )dﬂﬁsﬁgﬁeﬁ/&@wa@w (foursmerisf 28 Vhichds Beteksaed ) YO BeEMS s #s & (
- (2eeeeeee ?yX7

;)#d<(&10%3#s&' ()Y( 2d&10%#s&' () - (2d&10%s#s& () - (2#3 d&10%#s&' () - (2d&10%s#s&' (

) - (2eeeeeee{ ?yX7

#d&10%s#s& () - (2d&10Ys#s&' () - (2#3 d&10%s#s&' () - (2d&10%s#s&' () - (2d&1L0%s#s& (

) - (2eeeeeee[ ?y X7

#d&10Ys#s& () - (2#3" d&10%s#s&' () - (2d&10%s#s&' () - (2d&10%s#s&' () - (2d&10%s#s& (

) (n?eelfffff{ ’>yX7

"~ 1A NA7 11 61 7\ L AN IIASSN LA ASNAZ 1T Sy £\ I M~ LA ANNAZ 11 OSYy £\ 7 M~ LA ASNA7Z 1T Sy

|

|
|

|
|



" 109EH#&E () - p" 109E#& () - p" LOYEH#& () - p" 109&#& () - pvkk% Kl YI | n{ 295/
| 9-1 10%/9/& ()- nL' "10%1 H& ()-Y!'wL' "10%QQ& ()-Y &% 10%& ()-p

n""10%1 H& ()-F “"10% & () - FmXnnnnnnnovU4 &Y&10% ) & () - (
&#10% ) & () - (107#107#107# &8B&IOWT#& ()- p d&B&L0%>& () - 17 APRIL 2002
n9-!10% H& () - o\ odooo3p~p|[: VU4 & & 10% )& ()-& &10% )& () -

1096-) 58 ()- &S10%)& ()- p &NnO%)&'g’g & 910% )& ()- ~pp+q; qqcss{zgvu4
& "10% )& ()- VI"10%-)J& ()- zZf" 10%\1 N& ()- &&10% ) & ()-la&<)10%) )& () -
<) 1099&' ()-sstt=uuuuu| [ NA410-)10-)10-) &8G'10% & ()- &2s10% ) &

&F110% ) & () - ofagg16896.)fer example; Bosjeg et 3L 1988, {avy NVeuwahBiolagy; 4 0%9& () -
&10% & () - &w& ()- &s10% & ()- & 910% & ()- &#10% & () -
WXXXXXXAY| [ 1o & Y'10% & ()- &GLO% & ()-  &10% & ()-' &@ 10% & () -
8s10% & ()- & 10% & ()-AyyyyJzzz|[:NA4L0 &y, 10% & ()- & 10%& ()- &9)

10% & ()- &%@10% & ()- &9%-10% & ()- &"

10% & ()-z% 1 {{| T| whwwxp[ewmbm rhéle MRL&dﬁw%'v&a.@q norngal MBE4/MIpl ¥+ mice
8&93710% & ()- &91 10% & ()- & . 10% & ()-We|n %%& 10 &10%&R& () -

& s109%8&Y) - @fﬁmemo(?ge wervweighsd an wmﬂ 1 /kg of the test

caovea () acrnpeg bhiid ey 4%@@1@8&% (R s

109&& ()- & @Q?’ﬁ&dx}’hxt@éﬁe)‘élﬂ%&iefﬁyice&ﬁﬂd@&’&&liék by btat-pavaigé daily for 8 to
&#10% & ()- 10&10&10& &9 10%R& ()- &210%&& ()- & &L 0! 109R&’ ()- & 109&&' () -
bus & &sRoweaks( At kronthsiaf agy. the micowere eyted fosavpigapce) - g10% & () -

L
&10%&() JI [ | #109% & ( 0% 0 % & () -
& &10% & () - éﬁ’é‘%}“ 108y SERIOP: %Lﬁ" ‘&%‘?"’l—‘lfgd}f‘)éé '(‘)85 i ‘{% E%‘Z %}S Wit &
& +L10% 19 () - mBAIA6rE 5(thials, SSAteHA%a% ther will TS0 oF ﬁ%t@&%o&eﬂ%ﬂﬂl%éo 10
&&9 10% & ()- &7:10% & ()- & 610% & ()- &23
last two correct trials being consecutive in avoidance and discrimination. The
Fas™ mice showed a deficit in both avoidance and acquisition compared to the
normal mice which received the 1% methylcellulose. In contrast, the FasP" mice
treated with the test compounds of this invention had reduced acquisition values
15 and acquired avoidance skills earlier than untreated mutant mice (i.e., similar to
the normal controls). These results demonstrate that «-aryl-N-alkylnitrones of

formula I above reduced the cognitive deficits of the autoimmune strains of mice.

Example VIII
20 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,
incontinence, ocular disturbances. aﬁd mental dysfunction. with remissions and

25 exacerbations.

Experimental allergic encephalomyelitis (EAE) induced by injection of
guinea pig myelin basic protein (MBP) or MBP peptide fragments is reported to
be a useful model for MS. See, for example, D. E. McFarlin et al., “Recurrent

30 Experimental Allergic Encephalomyelitis in the Lewis Rat," The Journal of
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1.0 = Entire tail flaccid

1.5 = Hind limb weakness

2.0 = Hind limb paralysis

15 2.5 = Hind limb paralysis and front limb weakness
3.0 = Hind and front limb paralysis '
4.0 = Moribund state or death

On day 3, post-inoculation animals were administered b.i.d either a test
20 compound (100 mg/kg) or 1% methylcellulose vehicle by oral gavage up to and
including day 16. The results demonstrate that the compounds of Examples 3,
11, 17, 22, 41, 42 and 45 reduced the CNS inflammatory deficit in acute EAE
animals. At the dosages tested, the compounds of Examples 4, 5, 7, 10, 15 and
29 did not significantly reduce the CNS inflammatory deficit.
25
From the foregoing description, various modifications and changes in the
compositions and methods of this invention will occur to those skilled in the art.
All such modifications coming within the scope of the appended claims are i

intended to be included therein.
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R! is selected from the group consisting of alkoxy, alkaryloxy,
alkcycloalkoxy, aryloxy. and cycloalkoxy:
R? is selected from the group consisting of hydrogen, alkoxy,
alkcycloalkoxy, cycloalkoxy and halogen. or when R' and R? are attached to
15 adjacent carbon atoms, R' and R* may be joined together to form an :
alkylenedioxy group;
R’ is selected from the group consisting of hydrogen, alkoxy,
alkcycloalkoxy, cycloalkoxy and halogen;
R* is selected from the group consisting of hydrogen and alkyl;
20 R? is selected from the group consisting of alkyl having at least 3_carbon |
atoms, substituted alkyl having at least 3 carbon atoms and cycloalkyl;
provided that:
(i) when R? and R? are independently hydrogen or methoxy, R' is not
methoxy; '
25 (ii) when R?, R? and R* are hydrogen and R? is tert-butyl, then R' is not
4-n-butoxy, 4-n-pentyloxy or'4-n-hexyloxy;
(iii) when R?, R? and R* are hydrogen and R® is isopropyl, then R' is not
4-ethoxy;
(iv) when R! and R? are joined together to form a 3,4-methylenedioxy

30 group and R® and R* are hydrogen, then R’ is not isopropyl or rerr-butyl;
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8. The compound according to Claim 7 wherein R’ is selected from

the group consisting of n-propyl, isopropyl, 1-methoxy2-methylproo-2-yl, n-

butyl, but-2-yl, ferr-butyl, 2-methylbut-2-yl, 3-methylbut-1-yl, 3,3-dimethylbut-

2-yl, 4-methylpent-2-yl, 2,4-dimethyl-2-pentyl, 2,2,4,4-tetramethylpent-3-yl,
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15 R’ is selected from the group consisting of alkoxy having 1 to 8 carbon

atoms and fluoro, or when R® and R’ are attached to adjacent carbon atoms, R
and R” may be joined together to form an alkylenedioxy group having 1 to about
6 carbon atoms:
RY is selected from the group consisting of hydrogen and alkoxy having 1
20 to 8 carbon atoms: and
R’ is selected from the group consisting of alkyl having 3 to about 8
carbon atoms, substituted alky! having 3 to about 8 carbon atoms and cycloalkyl
having 3 to about 10 carbon atoms; ‘
provided that:
25 (i) when R is methoxy and R? is hydrogen or methoxy, R® is not
methoxy,
(ii) when R® and R’ are joined together to form a 3.4-methylenedioxy
group and R® is hydrogen, then R’ is not isopropy! or ferr-butyl; and
(iii) when R® is 4-methoxy, R’ is 3-ethoxy and R® is hydrogen, then R’ is
30 not 2,2-dimethylbut-3-yl or 1-hydroxy-2-methylprop-2-yl.

!
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12.  The compound according to Claim 9 wherein RS is ethoxy; and R’

10 and R* are hydrogen.

13.  The compound according to Claim 9 wherein R® is benzyloxy, R’

is alkoxy having 1 to 8 carbon atoms. and R is hydrogen.

15 14.  The compound according to Claim 9 wherein R® is benzyloxy; and

R” and R® are hydrogen.

15.  The compound according to Claim 9 wherein R® is alkoxy having

1 to 8 carbon atoms, R’ is fluoro and R* is hydrogen.

20
16.  The compound according to Claim 9 wherein R® and R’ are joined
together to form a methylenedioxy or ethylenedioxy group and R® is hydrogen.
17.  The compound according to Claim 9 wherein R®, R” and R® are
25 each independently alkoxy having 2 to 8 carbon atoms.

18. A compound selected from the group consisting of:
®-(4-heptyloxyphenyl)-N-tert-butylnitrone
o-(4-hexyloxyphenyl)-N-n-propyinitrone

30 o~(3-ethoxy-4-methoxyphenyl)-N-tert-butylnitrone
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a-(2-ethoxyphenyl)-N-isopropyinitrone

15 a-(2-ethoxyphenyl)-N-cyclohexyinitrone
o.~(4-benzyloxy-3-methoxyphenyl)-N-isopropylnitrone
o-(4-ethoxy-3-methoxyphenyl)-N-isopropylinitrone
o-(3-ethoxy-4-hexyloxyphenyl)-N-cyclohexylnitrone
a-(4-benzyloxy-3-methoxyphenyl)-N-n-butylnjtrone

20 o-(4-ethoxy-3-methoxyphenyl)-N-n-butylnitrone
a-(2-ethoxyphenyl)-N-n-butylnitrone
o-~(3-ethoxy-4-methoxyphenyl)-N-n-butyInitrone
o.-(3-ethoxy-4-hexyloxyphenyl)-N-isopropylnitrone
a-(3-ethoxy-4-hexyloxyphenyl)-N-tert-butyinitrone

25 «-(2-fluoro-4-octyloxyphenyl)-N-tert-butylnitrone
a-(2,4,6-triethoxyphenyl)-N-tert-butylnitrone
o-(2,4,6-triethoxyphenyl)-N-cyclohexylnitrone
a-(2-n-butoxyphenyl)-N-tert-butylnitrone
o-(3,4-diethoxyphenyl)-N-terr-butylnitrone

30 .~(2-fluoro-4-heptyloxyphenyl)-N-terr-butylnitrone



109R& ()- 9& 109&R& ()- 9109R& ()- OIFMLOYRE ()- p::J;;;<Mk|[: A410& " &

9"y109R& ()- 9! 109&& ()- 9l 109R& ()- 9109R& ()- 9y~#10% & ()-

9@L0%R& ()- MeX<<<$=| ==|[: A410&! ' & 9 f/109R& ()- 9-4109&& () 70@ %ﬁ%

9s*mMLO%&&' ()- ' 10% | & ()-- 9, &109&& () - ===>g>>>>>| [ NA41010RR 29974

10988 ()- 996Z109%&& ()- 9410%8& ()- g,9210%& ()- 9

110988 () - >>>>?22?| ZONA41010 " "109% & (7-16""10%ve& ()- " "10%] & & ()-
"10%' n& ()- 910% & () - 9$10%& () ?RAVABLBj CFD{ ZONA41010 9! 9#" 10% & () - S

OHO#" 10% & () - S! mo#" L0%URG2& ()-S d "10%$>& ()- B "109& ()-

9°"10% & ()-FDaDdDéWDB WCQ@MEPQL}W ltmn;clo%& ()-(

99$10% & ()-' 10’ 10’ 1 FKFFG| [ 9vU410
Ly 1(@/& 8 10%& S]‘?‘ﬁgg"pe/@&}ﬁ/é‘%he %’épéh%f%é 1109 & ()- 9Y
FLON (), S S AR VI e
y' " 109 & () - }|JJJJw@mme49mam&h¢r)w) Mam@ﬁt&lmt)'or(e 9#109%&& () -' 101010
9y 109 () |y " 109 $\& : O 3% KK<LL|[:vU410 9 9F109%&& ()-9 9Z10%&& ()- 9
“110%& ()- 9 s169 el bdieyciope @I@%&& ()- LMZMAMMVNN| [ : vU410 9

9 109%&&’ 9 9100 - 910%k&
9310%/& 8 NN) Nrrt\ﬁﬁ%\ﬁ) e[tﬁo’%ﬁ%‘%%@ ‘s f@‘}ﬁ@f?‘&g 98 109&& (§) 9 994.0%&& () -
of #s109%&&' () - 9! Nﬂx%@&n@lox m&w&nan-wymm& Q" Q [NA41010&10&10&9

9910%8& ()-9 9L, 8! 109&& ()- " 9Y11098& (1 +S1098& () - +s10%q
QQ7 QQQQLR| p-Arneyloxepheny hg¥gye wn(y)lmsroge 10%&! ' &&' () -9

9& ()-"Q i
égﬁwﬁ' éé-'d’ > %3%%(‘%@?’{‘3’%&%%%%% '%%“’%() 9 9s109&! ' && ()-9

9s, - 10940 && () - 9&0Zeethcdphenyl AN %g: itrome
9&10%&! ' &&' () - SST6T] T: U5V f) NA4101 10% E& & ()-9 &' 10%m&né& ()-9
| &' 1096A68&' ()- 9&" ¢oBRL®xY)4- mtmy&her&& Wyertgc_tylmtrone

e PSSR 6 R e O
#1098" & ()-y ' 9 #10%& ektoxyBnéd A Iiork 109&! ' && ()
a-(2-ethoxyphenyl)-N-benzylnitrone
15 a-(3-ethoxy-4-methoxyphenyl)-N-(2,2.4,4-tetramethylpent-3-yl)nitrone
a-(3-ethoxy-4-methoxyphenyl)-N-(4-methylpent-2-yl)nitrone
a-(3-ethoxy-4-methoxyphenyl)-N-but-2-ylnitrone
a-(2-ethoxyphenyl)-N-but-2-ylnitrone
o-[4-(4-fluorobenzyloxy)phenyl]-N-tert-butylnitrone
20 a-(3-ethoxy-4-methoxyphenyl)-N-cyclopentylnitrone
a-(3-ethoxy-4-methoxyphenyl)-N-n-propylinitrone
a-(4-benzyloxyphenyl)-N-n-propylnitrone
«-(4-benzyloxyphenyl)-N-isopropylnitrone
a-(3-ethoxy-4-methoxyphenyl)-N-(2-methylbut-2-yl)nitrone
25 a-(2-ethoxyphenyl)-N-(2-methylbut-2-yl)nitrone
o~(3-ethoxy-4-methoxyphenyl)-N-cyclooctylnitrone
a-(2-ethoxyphenyl)-N-cyclobutylnitrone
a-~(3-ethoxy-4-methoxyphenyl)-N-cyclobutylnitrone
a-(4-benzyloxyphenyl)-N-cyclobutylnitrone
30 - a-(4-benzyloxyphenyl)-N-tert-octylnitrone
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9. "10%R& () - a-(4-benzyloxypheny!)-N-cyclopropyinitrone
a~(3-ethoxy-4-methoxyphenyl)-N-cyclopropyInitrone
a-(4-benzyloxyphenyl)-N-cyclooctyinitrone
oc-(3—ethoxy-4-methoxyphenyl)-N—(3 S-dimethyl- l—adamamyl)mtrone
a-(4-benzyloxyphenyl)-N-1 -adamantylmtronc
10 a-(3-ethoxy-4-methoxyphenyl)-N-(1-methoxy-2-methylprop-2-yl)nitrone
a-(4-benzyloxyphenyl)-N-2-adamantylnitrone
a-(4-ethoxyphenyl)-N-cyclooctylnitrone
a-(4-ethoxyphenyl)-N-1-adamantylnitrone
o-[4-(4-methoxybenzyloxy)phenyl]-N-tert-butylnitrone
15 o-(3-ethoxy-4-methoxyphenyl)-N-(3-methylbut-1-yl)nitrone
a-(3-ethoxy-4-methoxyphenyl)-N-cyclooctylnitrone. and

a-[4-(4-fluorobenzyloxy)phenyl}-N-cyclopentylinitrone.

19. a-(2-Ethoxyphenyl)-N-tert-butylnitrone.

20
20.  o-(2-Ethoxyphenyl)-N-cyclohexylnitrone.
21.  a-(4-Ethoxypheny!)-N-cyclohexyInitrone.

25 22.  o-(4-Benzyloxyphenyl)-N-tert-butylnitrone.
23.  a-(4-Benzyloxyphenyl)-N-cyclopentylnitrone.

24.  o-(3-Ethoxy-4-methoxyphenyl)-N-adamantylnitrone.
30
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10% a) T &5() - alkcycloalkoxy. aryloxy. and cycloalkoxy;

R* is selected from the group consisting of hydrogen, alkoxy,
alkcycloalkoxy, cycloalkoxy and halogen, or when R' and R? are attached to
adjacent carbon atoms, R' and R? may be joined together to form an
alkylenedioxy group:

20 B’ is selected from the group consisting of hydrogen, alkoxy,
alkcycloalkoxy, cycloalkoxy and halogen;

R* is selected from the group consisting of hydrogen and alkyl;

R? is selected from the group consisting of alkyl having at least 3 carbon
atoms. alkcycloalkyl and cycloalkyl;

25 provided that:

(i) when R? and R?® are independently hydrogen or methoxy, R! is not
methoxy; |

(ii) when R*, R? and R* are hydrogen and R’ is ferr-butyl, then R! is not

4-n-butoxy, 4-n-pentyloxy or 4-n-hexyloxy;
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(v) when R?, R? and R* are hydrogen and R’ is 1-hydroxy-2-methylprop-

2-yl, then R! is not 2-ethoxy;

(vi) when R! is 4-methoxy, R? is 3-ethoxy, and R® and R* are hydrogen,

then R® is not 2,2-dimethylbut-3-y! or 1-hydroxy-2-methylprop-2-yl; and

(vii) when R® and R* are hydrogen and R’ is tert-butyl, then R! is not 4-

10 methoxy when R? is 2-fluoro. and R' is not 2-methoxy when R? is 4-fluoro.

27.  The pharmaceutical composition according to Claim 26 wherein

R is hydrogen.

15 28.  The pharmaceutical composition according to Claim 27 wherein

R? is selected from the group consisting of hydrogen and alkoxy.

29.  The pharmaceutical composition according to Claim 28 wherein

R? is selected from the group consisting of hydrogen, alkoxy and fluoro.

20
30.  The pharmaceutical composition according to Claim 29 wherein
R! is selected from the group consisting of alkoxy, alkaryloxy and cycloalkoxy.
31.  The pharmaceutical composition according to Claim 29 wherein
25 R' and R? are joined together to form an alkylenedioxy group.

32.  The pharmaceutical composition according to Claim 30 or 31

wherein R? is selected from the group consisting of alkyl having 3 to about 8

carbon atoms and cycloalkyl having 3 to about 8 carbon atoms.

30

1
}
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wherein
RS is selected from the group consisting of alkoxy having 1 to 8 carbon
20 atoms, alkaryloxy having 7 to 10 carbon atoms and aryloxy having 6 to 10
carbon atoms;

R’ is selected from the group consisting of alkoxy having 1 to 8 carbon
atoms and fluoro, or when R® and R’ are attached to adjacent carbon atoms, R®
and R" may be joined together to form an alkylenedioxy group having 1 to about

25 6 carbon atoms;

R3 is selected from the group consisting of hydrogen and alkoxy having 1
to 8 carbon atoms; and

R’ is selected from the group consisting of alkyl having 3 to about 8
carbon atoms, substituted alkyl having 3 to about 8 carbon atoms and cycloalkyl

30 having 3 to about 10 carbon atoms;
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36. The pharmaceutical composition according to Claim 35 wherein

R® is methoxy. R’ is ethoxy and R® is hydrogen.

15
37. The pharmaceutical composition according to Claim 34 wherein
RS is benzyloxy, 4-fluorobenzyloxy or 4-methoxybenzyloxy and R’ and R are
hydrogen.
20 38.  The pharmaceutical composition according to Claim 34 wherein
R® is ethoxy and R’ and R® are hydrogen.
39.  The pharmaceutical composition according to Claim 34 wherein
R® is alkoxy having 1 to 8 carbon atoms, R’ is fluoro and R® is hydrogen.
25

40.  The pharmaceutical composition according to Claim 34 wherein
R® and R’ are joined together to form a methylenedioxy or ethylenedioxy group

and R® is hydrogen.



& ()-" 9s10% & ()- 9Y 10% & ()- 9910% & ()-3A*:|[:vU410 9 9FXRI0% & ()-9
OHMOW & ()- 1 @' 10% & ()- 9&S10% & ()- 9& 10% & () -

9910% & ()-:3Ve|[:vU410 9 9S/10% & ()-9 Q5/ 10%& ()- 9- 10% & gl%, 2

99* F10%9&' ()- 9(10% & ()- 9&10% & ()- ;zm S210 9#10%n' s& ()-& Rilo 9%2
9910% & ()-- 6310%l' d& ()-- 96310%t& ()-- 19210%0 Qo & ()-dnp|[: S210 9
93F10%sn' s& ()- 99,10%n' s& ()- QSslog§n s& ()- 99 10%n's& ()- 9LY
10%n' s& () - 910%;n s& ()-*~|[: S210 9*F10%sn' s& ()- 91 ( 10%n' s& ()-
9&940%sn' s& () - "10%"' & ()- 9&10%sn' s& ()- 9,10%n' s& () - DEFGU"vU410

910% & 9#010%t& 0s=s10s=s 9.! 1Q% B@ ! 109
9&. ! 10%(521' S& ?) f’\EE U&ibpﬁ%ﬁ‘@ms C‘lwpwlgf&&‘mgl(‘; 9 ﬂWﬁj@L?}%

0T11006 & (). i Privo R At asiihipeiOly dRar Rt 8 ble dlpaf pbins.
OSY10% & ()- 9ss10% & () - 9& 109 & ()- 9& 109 & ()- 99 109 & ()-
910% & ()-)~@n\ | [ : bUA10 i{' 10%"[ & ()- y!10%)s& ()- _y! 10%& ()-

y! 10% ' & ()- C9109%8% ()ThED U%a&et{t)caraoapmsymma@or@wm/&haan yr 34
910%n' s& () - 01010 9y! 109%& ()- y!10%#8"H& ()-

?5. k| [ : vUAL0 %ﬁg'ie?’i%’@ofﬁ‘g“? ‘i?“@f Cafffisn"s& ()-9 % "10%n & ()- 9
"10%%& ()- s10%' & ()- s1l0%' & ()- 2A [:vU410 9 9410%n' s& ()-9
9Y110%n’ s& ()- 9 9- 10%n's& ()- 9* 10%;n S& ()- 9(10%n's& ()-

IL' ~10%sn' s& ()- HvUAL0 Tbd pharsiacéuticabddpaRition according to Claim 26 or 34

99%$10% & () - 10s s:LO n'sipsn's 99 o%sn' s& ()- 9S810%n' s& ()-H [:vWwilo0
9910% & () -9 \)"’E‘:‘L 9&‘"(”’9‘ an ﬂ%&!‘&%‘)‘mgslo%& ()- 9° 10% & ()-

9910% & ()-3HUW | [: VU410 9 L$F"1096& ()-9 WeF" 10%+&' ()-9 $F"10% & () -
9110% & ()- 9 10% & ()- 9 910% & ()- r

Use of a pharmaceutical

composition comprising a pharmaceutically acceptable carrier and an effective

neurodegenerative disease-treating amount of a compound of formula I

R1
o)
R2 [+
N I
R3 RS
R4

wherein

R!is selected from the group consisting of alkoxy, alkaryloxy,
alkcycloalkoxy, aryloxy, and cycloalkoxy:

R? is selected from the group consisting of hydrogen, alkoxy,
alkcycloalkoxy, cycloalkoxy and halogen, or when R' and R? are attached to
adjacent carbon atoms, R' and R? may be joined together to form an
alkylenedioxy group;

R? is selected from the group consisting of hydrogen, alkoxy,
alkcycloalkoxy, cycloalkoxy and halogen;

R* is selected from the group consisting of hydrogen and alkyl;

R’ is selected from the group consisting of alkyl having at least 3 carbon
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(v) when R?, R?® and R! are hydrogen and R’ is 1-hydroxy-2-methylprop-
2-yl, then R! is not 2-ethoxy:

(vi) when R' is 4-methoxy, R? is 3-ethoxy, and R® and R* are hydrogen,
then R® is not 2,2-dimethylbut-3-y1 or 1-hydroxy-2-methylprop-2-yl; and
(vii) when R? and R* are hydrogen and R’ is tert-butyl, then R! is not 4-

methoxy when R? is 2-fluoro, and R! is not 2-methoxy when R? is 4-fluoro

for treating a patient with a neurodegenerative disease.

45. Use of a pharmaceutical composition comprising
a pharmaceutically acceptable carrier and an effective neurodegenerative disease-

preventing amount of a compound of formula I:

R1
0
R2 T+ I
; N
R3 RS
R4

wherein

R' is selected from the group consisting of alkoxy, alkaryloxy,
alkeycloalkoxy, aryloxy, and cycloalkoxy;
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alkylenedioxy group:
R? is selected from the group consisting of hydrogen, alkoxy,
alkcycloalkoxy, cycloalkoxy and halogen;
R* is selected from the group consisting of hydrogen and alkyl;
R? is selected from the group consisting of alkyl having at least 3 carbon
atoms, substitututed alkyl having at least 3 carbon atoms and cycloalkyl;

provided that:

.

(i) when R* and R* are independently hydrogen or methoxy, R' is not
methoxy:

(ii) when R?, R? and R* are hydrogen and R is rerr-butyl, then R! is not
4-n-butoxy, 4-n-pentyloxy or 4-n-hexyloxy:

(iii) when R?, R and R* are hydrogen and R® is isopropyl, then R' is not
4-ethoxy;

(iv) when R' and R* are joined together to form a 3,4-methylenedioxy
group and R? and R* are hydrogen, then R® is not isopropyl or tert-butyl;

(v) when R?, R® and R* are hydrogen and R® is l-hydroxy-Z-methylpr;)p-
2-yl, then R! is not 2-ethoxy;

(vi) when R' is 4-methoxy, R* is 3-ethoxy. and R’ and R* are hydrogen,
then R’ is not 2,2-dimethyibut-3-yl or 1-hydroxy-2-methylprop-2-yl; and

(vii) when R® and R* are hydrogen and R’ is zert-butyl, then R! is not 4-

methoxy when R? is 2-fluoro, and R' is not 2-methoxy when R? is 4-fluoro

for preventing the onset of a neurodegenerative disease

in a patient at risk for developing the neurodegenerative disease.

46. The use according to Claim 44 or 45 wherein the

neurodegenerative disease is Alzheimer's disease.
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48. The use according to Claim 44 or 45 wherein the

neurodegenerative disease is HIV dementia.

49, _ Use of a pharmaceutical composition
comprising a pharmaceutically acceptable carrier and an effective autoimmune N

disease-treating amouint of a compound of formula I

R‘l
o
R? " I
= N\
R3 R5
R4

wherein

R' is selected from the gfoup consisting of alkoxy, alkaryloxy,
-alkcycloalkoxy, aryloxy, and cycloalkoxy:

R? is selected from the group consisting of hydrogen, alkoxy,
alkcycloalkoxy, cycloalkoxy and halogen, or when R' and R* are attached to
-adjacent carbon atoms, R' and R? may be joined together to form an
alkylenedioxy group;

R? is selected from the group consisting of hydrogen, alkoxy,
alkcycloalkoxy, cycloalkoxy and halogen;

R* is selected from the group consisting of hydrogen and alkyl;

R? is selected from the group consisting of alkyl having at least 3 carbon
atoms, substitututed alkyl having at least 3 carbon atoms and cycloalkyl;

provided that:




, 10% & ()- 9-10% & ()- 3333+44444|[OC710 10)10)10)2 97' 10% & ()-9

9555109 & ()- 9 310% & ()-3 92' 10%9 & ()- 9|y)10% & ()- 4445 5e55|[: OC710 1

O Y1098& ()- 2 9, 1098& ()- 9 9S@0%& ()- 9S1008& () 98% % 2
99$10%& () - 556¢6r 666] [: OC710 1 9, f 1008& ()-2 9' 10984& ( 21

9, NMLOWE ()- 910%& ()- 910%@& ()g3 £747~7778|[: 00710 1 oL! 10% & () 2 9
Fri 1098 ()-n9 91090& ()- 9YL098& ()- 91098& ()- 9310%& ()-

8-89Y999: | [: OC710 1 9/ 1099& ()-2 9s- 1098& ()- 9 9F+ 10%8& ()- 9

) FL098&' ()- 9L! 1fipaden R? and R @p@midépendButly hydrogen obhiéthdxy, R' is not
OL$109&&" () - 80/‘100/‘100/‘9 089@L0%W& ()- 9 710%& ()-3 93 10%& ()- 9
@109 () -methoxy;. bU410 9 910%&& ()- =}0YL0%R& ()- 9 9Y10%& ()- 93

S . S AT i e

F10%&& () - %n%ﬁ'ﬁﬁ@?ﬁ“—p%fh‘iy%r%nﬂeﬂﬁ@@ﬁ ()- 9Y. 109%&& ()- 9 93

(iii) when R?, R? and R* are hydrogen and R’ is isopropyl, then R! is not
4-ethoxy;

(iv) when R' and R? are joined together to form a 3,4-methylenedioxy
group and R? and R* are hydrogen, then R® is not isopropy! or rerr-butyl;

(v) when R?, R? and R* are hydrogen and R® is 1-hydroxy-2-methylprop-
2-yl, then R! is not 2-ethoxy:

(vi) when R! is 4-methoxy, R? is 3-ethoxy, and R? and R* are hydrogen,
then R® is not 2,2-dimethylbut-3-yl or 1-hydroxy-2-methylprop-2-yl; and

(vii) when R? and R* are hydrogen and R’ is rert-butyl, then R! is not 4-

methoxy when R? is 2-fluoro, and R is not 2-methoxy when R? is 4-fluoro
for treating a patient with an autoimmune disease.
50. Use of a pharmaceutical composition comprising a

pharmaceutically acceptable carrier and an effective autoimmune disease-

preventing amount of a compound of formula I:

R1
0
R? | +
~ N\ 1
R3 R6
R4

wherein

R! is selected from the group consisting of alkoxy, alkaryloxy,
alkcycloalkoxy, aryloxy, and cycloalkoxy;

R? is selected from the group consisting of hydrogen, alkoxy,
alkcycloalkoxy, cycloalkoxy and halogen, or when R' and R? are attached to
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atoms, substitututed alkyl having at least 3 carbon atoms and cycloalkyl;
provided that:
(i) when R? and R? are independently hydrogen or methoxy, R! is not
methoxy; |
(ii) when R?, R? and R? are hydrogen and R’ is tert-butyl, then R' is not
4-n-butoxy, 4-n-pentyloxy or 4-n-hexyloxy;
(iii) when R?, R® and R* are hydrogen and R’ is isopropyl, then R! is not
4-cthoxy;
(iv) when R! and R? are joined together to form a 3,4-methylenedioxy
group and R? and R* are hydrogen, then R is not isopropyl or tert-butyl;
(v) when R?, R? and R* are hydrogen and R® is 1-hydroxy-2-methylprop-
2-yl, then R! is not 2-ethoxy:; i}
(vi) whenR!is 4-metho;y. R? is 3-ethoxy, and R? and R* are hydrogen,
then RS is not 2,2-dimethylbut-3-yl or 1-hydroxy-2-methylprop-2-yl; and
(vii) when R® and R* are hydrogen and R® is ferr-butyl, then R! is not 4-

methoxy when R? is 2-fluoro, and R! is not 2-methoxy when R? is 4-fluoro

for preventing the onset of an autoimmune disease in a
patient at risk for developing the autoimmune disease.

51, The use according to Claim 49 or 50 wherein the autoimmune

disease is systemic lupus.

52. The use according to Claim 49 or 50 wherein the autoimmune

disease is multiple sclerosis.
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wherein

R! is selected from the group consisting of alkoxy, alkaryloxy,
alkcycloalkoxy, aryloxy. and cycloalkoxy;

R? is selected from the group consisting of hydrogen, alkoxy,
alkcycloalkoxy, cycloalkoxy and halogen, or when R' and R? are attached to
adjacent carbon atoms, R' and R? may be joined together to form an
alkylenedioxy group;

R? is selected from the group consisting of hydrogen, alkoxy,
alkcycloalkoxy, cycloalkoxy and halogen;

Riis selqcted from the group consisting of hydrogen and alkyl;

R’ is selected from the group consisting of alkyl having at least 3 carbon
atoms, substitututed alkyl having at least 3 carbon atoms and cycloalkyl;

provided that:

(i) when R? and R? are independently hydrogen or methoxy, R! is not
methoxy;

(ii) when R?, R® and R* are hydrogen and R’ is fert-butyl, then R! is not

4-n-butoxy, 4-n-pentyloxy or 4-n-hexyloxy;
(iif) when R?, R?® and R* are hydrogen and R’ is isopropyl, then R! is not
4-cthoxy:

(iv) when R' and R? are joined together to form a 3,4-methylenedioxy

group and R’ and R* are hydrogen, then R’ is not isopropyl or fert-butyl;
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(v) when R?, R? and R* are hydrogen and R® is 1-hydroxy-2-methylprop-
2-yl, then R! is not 2-ethoxy;
(vi) when R! is 4-methoxy, R? is 3-ethoxy, and R® and R* are hydrogen,
then R’ is not 2,2-dimethylbut-3-yl or 1-hydroxy-2-methylprop-2-yl; and
(vii) when R* and R* are hydrogen and R’ is rers-butyl, then R! is not 4-

methoxy when R? is 2-fluoro, and R! is not 2-methoxy when R? is 4-fluoro.

for treating a patient with an inflammatory disease.

54. Use of a pharmaceutical composition comprising a
pharmaceutically acceptable carrier and an effective inflammatory disease-

preventing amount of a compound of formula I

R?
R? T
~ N\
RS RS I
R4

wherein

R! is selected from the group consisting of alkoxy, alkaryloxy,
alkcycloalkoxy, aryloxy, and cycloalkoxy,

R? is selected from the group consisting of hydrogen, alkoxy,
alkeycloalkoxy, cycloalkoxy and halogen, or when R' and R? are attached to
adjacent carbon atoms, R! and R? may be joined together to form an |
alkylenedioxy group;

R? is selected from the group consisting of hydrogen, alkoxy,
alkcycloalkoxy, cycloalkoxy and halogen; '

R* is selected from the group consisting of hydrogen and alkyl;

R’ is selected from the group consisting of alkyl having at least 3 carbon
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atoms, substitututed alkyl having at least 3 carbon atoms and cycloalkyl;

provided that:

(i) when R? énd R® are independently hydrogen or methoxy, R' is not
methoxy;

(ii) when R?, R® and R* are hydrogen and R® is terr-butyl, then R is not
4-n-butoxy, 4-n-pentyloxy or 4-n-hexyloxy;

(i) when R?, R® and R* are hydrogen and R’ is isopropyl, then R! is not
4-ethoxy;

(iv) when R! and R? are joined together to form a 3,4-methylenedioxy
group and R® and R? are hydrogen, then R’ is not isopropy! or tert-butyl;

(v) when R?, R® and R* are hydrogen and R® is 1-hydroxy-2-methylprop-
2-yl, then R! is not 2-ethoxy;

(vi) when R' is 4-methoxy, R? is 3-ethoxy, and R® and R* are hydrogen,
then R’ is not 2,2-dimethylbut-3-yl or 1-hydroxy-2-methylprop-2-yl; and

(vii) when R? and R* are hydrogen and R’ is rert-butyl, then R' is not 4-

methoxy when R? is 2-fluoro, and R' is not 2-methoxy when R? is 4-fluoro.

for preventing the onset of an inflammatory disease in a

patient at risk for developing the inflammatory disease.

55. The use according to Claim 53 or 54 wherein the

inflammatory disease is rheumatoid arthritis.

56. The use according to Claim 53 or 54 wherein the

inflammatory disease is septic shock.

57. The use according to Claim 53 or 54 wherein the

inflammatory disease is erythema nodosum leprosy.

58. The use according to Claim 53 or 54 wherein the

inflammatory disease is septicemia.
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59. The use according to Claim 53 or 54 wherein the
inflammatory disease is uveitis.

60. The use according to Claim 53 or 54 wherein the

inflammatory disease is adult respiratory distress syndrome.

61. The use according to Claim 53 or 54 wherein the
- inflammatory disease is inflammatory bowel disease.




