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CONTAI NI NG THE . SAVE CROSS- REFERENCE TO Egbﬁ%% :
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Provi sional Application No. 5 60/ 063, 736. filed Cctober 29, 1997; and
U S. Provisional Application No. 60/ 090, 475. filed June 24, 1998.
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entirety. BACKGROUND OF THE | NVENTI ON 10

Field of the Invention a-ARYLIMALKYLNEFRONESe| at es to novel [err]
-aryl - N-al kyl ni t rANB PHARMAIGEUTICHL €OMPOSITIGNSCONTAININGIEHE S AMB

anal ytical reagents. Mre particularly, this invention concerns

novel a-aryl-Nalkylnitrones and their use as therapeutics for treating
and/ or preventing neurol ogical, autoimune and inflammatory conditions in

15, mnmls and as angROSsAREEERAMEY 70/ RELATESAPPAICATONSUI cal 5.

f
State of the Art einmer's disease 1S a neurodegenerative

condition in which n . i r@i : | cal |y
destroyed resulting ?%h\{s[e;?pg’gjrxje@g iceém%bﬁg?rfletf?ggg,' éégo‘%lgm%ﬁ)g{mé%ﬁ@mi on and
ul ti mat el y deat h60/062324afiledr@diobend7.j 1997 UG PAgnisional Mipplication No. has recently

estimated that a m_l l.ion peqple in t United States are
currently aPfli c?@&?\nﬁsh ﬁiﬂdzﬁfé?lﬁéggsﬁgks%rs}zs Rf‘?vbﬁ"@’é{e%?ﬁmf‘%@rgo'i s no
treat ment 60/099, 4B, HRAUTLNEDA, 1098V ThES abPlRaGorR QRS RicShoraBY e @by t S
synpt ons. 25 In recent years, significant progress has been

nmade i n under st afféfTeRye ithieir entirety. hat hogenesi s of Al zhei mer’ s di sease. For
exanple, it is now known that patients with Al zhei ner's di sease

devel op anyl oi d pl aque deposits around and between
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 patiehts

with Alzheimer's disease develop amyloid plaque deposits around and between
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nerve cells Q;I/ 39 i brain. These plaque deposits are made up of fibrillar
aggr egat es of % ol peptide called anyloid [err] -peptid®cBrusggaezsd]. The

pl aque deposits initially formin the hi ppocanpus and corti cal
regions of the brain (areas associated with nenory and cognition)
and then spread to other areas as the-- 5 di sease progresses. The
deposition of fibrils and plaques is also followed by i nfl anmati on

of the surrounding support cells, called glia, which may lead to
further | oss die neexeraplisof theiehtaiml These plaguerdeposits @aed inadei up ¢fHfbriiami ns of nost

Al zheiner's patients devel t angl of . a, picrofubul £-assaoci ated protein,
cal | ed AEETHEQLFS °gﬁisgﬁﬁﬁ?péﬁﬁgflﬁ%\?wmﬂ%gll?gmé&eroéspb%nilie Yhe nerve cells
to damage. 10 deposits initially form in thd KiffceHfpusiantd BORICAItr8gidhs\¢f thdBrain@REs Vi Ng
mechani sns of Al zheiner' s di sease has led to the devel opnent of

various in vi BYECI3AY With mempsy adrogitipy) and then spreadi i ethenareasapdisnds ef f ecti ve
for prevent i ngisaRehfiprdsted 2trhe derds AR bFBbrilS afll SIRGRS is also fol ot her

neur odegener at %sve qr%trzﬁts.i or?g. ?pr%\)l%lﬁglosugrﬁ iaﬂd\ﬁlifetrﬁeg1Srr?é)%loefo,lo‘(":’?)d1 ounds 15
are eval uat ed irfflamumtatien of &b suriqupding sippodreein gailed gifaewhich may(dadao
Alerr](1-42) a-pl e e .0 S t he deposition of
anyloid [err] BJ g{ehﬁff% egfitrgcg%ogg‘s'ogi"%’?“ea@pvﬁ% ngg'%ggl I e brL@g\?sfe S%rrent of

Al zhei mer' s diAdzhainer's patigncudesdopvingles ef £ mixronillaagdbcate protdie called

formation of Aler 1-40), beta-pl eated sheets are potentially useful for
preventing @% WLJC&HH?‘E?)“YEE\’%PQFﬁﬁpﬂsiﬁléiﬁ??é?“‘ée “tﬂlg@a‘g@alg%l ated anyl oi d
deposi t sig 20 In another in vitro nodel, conpounds are
evaluated for their abiljity to rotect against .

Al err] (25- 35) - i ndudsegresfeiugsrstarding the yacerly g meachaigms, i lgheimer's .

i ppocanpal - nawt SNl 1Bt BENRIBHAN Girioi T hRGHI T thya R, iat T ents wi th

Al zhei ner' s di sease s%? er a prgg-r essive loss of neurona

Accordi ngly, entify compeyndsieffiestivhfoc prexemingfandlot ireating letvirgeri sdiseaser 0 t est are
potentially usef f s T I.Ng {0r J r Il loss in
R O e b A e R
neur odegEner atre\eealgaadlior tieirsability to intervene in AB(1-40Aot AB(1d42)rbemsipieaedAl zhei mer'.s

di del i d .th cvat | 0 t hat I - |.oi d
ner oases.t e BREODT St B B SBtAme pr ik nSTdd P RL 1 o)),

development of Alzheimer's disease, compounds which effectively disrupt the

formation of AB(1-40) beta-pleated sheets are potentially useful for preventing

and/or reversing Alzheimer's disease-related amyloid deposits.

20 ; |
In another in vitro model, compounds are evaluated for their ability to |
protect against AB(25-35)-induced neuronal cell loss in rat embryonic
hippocampal neuronal/astrocyte cultures. As discussed above, ﬁatients with ,l
Alzheimer's disease suffer a progressive loss of neuronal cells. Accordingly, _:

25 compounds which are effective in this in vitro test are potentially useful for

reducing or preventing neuronal cell loss in patients afflicted with Alzheimer's

disease or other neurodegenerative conditions.

A third in vitro Alzheimer's disease model is based on the observation

30 that B-amyloid increases the release of cytokines. such as interleukin-1p (IL-1p),
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interleukin-6 @doobsornd tunor necrosis factor-[err] (TNF[ er rddyusosigsyman
nonocyt e cells induced with |ipopol ysaccharide (LPS). IL-1[err],
IL-6 and TNF[err] are proteins associated with inflammatory and

i nmune responses. As previously nentioped, the deposition of fibrils
in the brains of Al zheinmer's patients TS associated with 5

inflammation of the surrounding support cells. See, S. D. Yan et al., Proc.

Nat | . Acad. S 94. 5296 ective in
this in vitro térg?rleu 6 Hﬁgpén‘bgir'éoﬁt"iegﬁflf/%ﬁlo Wap ﬁ’g?%g’“g‘% 7 or
preventing the icafsliadaued wan 1@5?@9%@&1@6@ (LPS). IWi1phILAG ziIrETNEa ase pimsmase

10 Addi tionally evated levels of IL- é%er rl}o (II\IF[ err]
and. ot her cyt okiagfesiated with infaramaieryand AMEYNG FASPONSES,j R PIH Ps@f WeB‘Fone
inflammatory and,ay 8§1{HHJ it RO ¢ hé Bﬂﬁns of AlzheimdrtGlatiétit)8 a5RPBhie8 wAthOCK,
rheumatoid arthritis, ery henma nodosum | eprosy, meni ngococcal

meni ngi tis.snul nnﬂﬂnﬂnamh@f deissrrosndngesvpport oplss SaadS-ttheYan gtal.. Bugs, Narl. L.

Seki l ., 6,9, 261; .
Egpfjt 1§t : Med. Afg‘é ct.q @ggg%l(éé E@b‘%ﬁ&f’ﬂ?&ﬁ“@d@ e{:fgertrlﬁ%ﬁxﬁ%s l\ﬁ;\/?{ftc te?tnhl bi t

the pr OQ%:ﬁdtQﬁxaﬁir u&lﬁqhoxcx\ém&inmﬁi/@rr;ﬁemﬁ@me adflayhmesiof adsodiared
treating such inflanmatory and aut oi mune conditions.

Simlarly, variotith Algheimgps diseastise nodel s are available for identifying 20
conmpounds useful for preventing and/or treating neurodegenerative,

aut oi nmune and inflamatory conditions. One such in vivo disease
model is ba8ed on t hédditionally, elelated tesels of lli-hidyt ILrfh e os angh gthes cytoliges t i ve

i mpai rment when Alerr to the
hi ppocanpus of t% ?ﬁS"Jd%‘a‘?SW.“Eéi“H@%V%{P%ﬂ 'Bﬂfrglg%?%n% aﬁ{ommee&tngﬁo éposits
are associ at ed Whéididy gdpéit BRick sridimsarieartheidasEoythersa Mﬂostkmldi»rosy, effectively

reduce the cognitive inpairnent cau err] (25 tenate, are
8Ot enti al | é usefwn‘g;@ﬂﬁﬁ?%ﬁ@quﬁ%?%% 't""ﬁé‘g afﬁﬂé E@i %ﬁ s

i sease an L.S al.. DRI REBIeSH. 119%, O0P6lI; tah® AS WABOE rJJExle VO
di sease nodel is be‘lased ad jgiJeobservatl on that certain strains of

aut oi mune 16i ce Med:d98%H Uéghfiﬂrlﬁﬁdé’fcp@,ﬁdtnsl% compoundg which djhitieher e,  See, for
exanmpl e, For st er%\ﬁéucﬂbn of El%ﬁ' mm%'@&l %ot@ht@dllﬁgﬁef&pég treﬁglg such iﬂﬁamﬂ@t%ryl51

Thus, conpounds reven e such cognitive deficits
and autoimmune COﬂdltIODS

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 AB(25-35) and
ibotenate are injected into the hippocampus of their brain. Since amyloid -
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
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are potenti ay&/ 9#?6?: ul for preventing and/or treating neurodegenerative and
aut oi rmune c&id It has now been di BEBVEM8EH24 hat

certain novel [err]-aryl-Nalkylnitrone 5 conpounds effectively
inhibit the formation of Alerr] (1-42) beta-pl eated sheets and/ or
protect agai nst neuronal cell | oss™And/ or inhibit the rel ease of cyt oki nes,

such as IL-1[err] and TNF[err] . Additionally, inin vivo tests, these
conmpounds have . %ﬁgr} ound toﬁlﬁduce .the coc%m tive inpairnment caused
by Al err] (25-85RMEHiBILH or preventing, apd/orfTeating, RUTPYTECNERANE ARG/ e deficits

t hat devel op aubimRhteddond®ibagl Ns of aut oi mmune 10 m ce. Accordingly,
such conmpounds are useful for the prevention and/or treat ment of
neur odegener ati ve. autoi mmune and inflammtory conditions in

manmal s. - ounds of this

i nvention are al S(I)t hlijlgg Wbemic[gg&re& I%Flg%r?pkmv@& gggﬁ;en?@hﬁgwdet ecting free
radicals5 In cbinpamdegﬁemively lehitsiothp demntitionndf AB(1-42) bethpleated mheetst i on functi on

as "spin traps’ reacting with table free.r di als to . form
rel atively staayloé feébagaé[ﬁ\g'&ﬁéﬂor@’pﬁrﬂlslgﬁcﬁﬁ'@toé r&ﬁhx %Bé‘é’_r“?}‘éfw’e by

el ectron such asIBLIB efnawcm&:ﬁ&ﬁlnysmetﬁtvrvasés&pmesé@&syodﬁdaqwe when used
as spin traps, the conpounds of this invention allow free radicals

to be identi fbie@dfoai*fhwslﬂﬂfl‘:éhf Gegnitiye irpairmengeansedrhy ARREBEMibpterdini ques.
SUMVARY' OF T'ﬂﬁ? }(J\ﬁ\é tﬁg\l:ognmve defic ats than -Emgsin c&Yﬁﬁ'Et’rﬁﬁE CW P%Frgxﬁﬁ enovel

[err]-aryl - ni t rone “conpounds
t her apedi®i cs nhics. Ac@admgig wnbll:mnpqyméwmmsqﬁgl fnethpqvmgmmlqndlaut oi mmune 25

and e R g SRl VTR S AR S R SR BRGET S o

detecting n-par of this

i nvention ar enangedlyl for preventlng and/or treating Al zheinmer's
di sease. Accordingly, in one of its conposition aspects,
this invention is directed to conpounds of fornula .l:

The «-aryl-N-alkylnitrone compounds of this invention are also useful as
15 analytical reagents for detecting free radicals. In this regard, the compounds of
this invention function as "spin traps” by reacting with unstable free radicals to
form relatively stable free radical spin adducts which are observable by electron
spin resonance (ESR) spectroscopy. Accordingly, when used as spin traps, the
compounds of this invention allow free radicals to be identified and studied using

20 ESR and related techniques.

SUMMARY OF THE INVENTION
This invention provides novel a-aryl-N-alkylnitrone compounds which are
useful as therapeutics for treating 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:
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[err] wo 99720601 WET €1 N Rierr] is selegigd; AL he
group consisting of al koxy, al karyl oxy, alkcycloalkoxy, ary oxy,
and cycl oal koxy; 10 Rlerr] is selected fromthe group consisting
of hydrogen, al koxy, al kcyclopl koxy, cycl oal koxy and hal ogen, or
when Rlerr] and Rlerr] are attached to adj acent carbon atons,
Rlerr] and Rlerr] may be joined together to form an al kyl enedi oxy
group; Rlerr] is selected fromthe group consisting of

hydrogen, al koxy, 15 al kcycl oRkoxy,

Rlerr] is selected fromthe group !i

cycl oal koxy and hal ogen;

sting of hydrogen and al kyl ;

stin% of alkyl havipg at least 3
‘ulng at | east 3 carbon atons and

Rlerr] is selected fromthe gropp
car bon atons, substituted

cycl oal kyl ; pr ovreted ™t hat 20 RS (i) when Rerr] and
Rl err] are jndependently hydrogen or nmethoxy, R err] is not

met hoxy; (ii) when RlerrR* Rlerr] and R err] are hydrogen
and Rlerr] is tert-butyl then Rlerr] is not 4- n- but oxy,

4-n-pentyl oxy or 4-n-hexyl oxy; (iii1) when Rerr], Rerr]
and Rlerr] are Mpeielgen and Rlerr] is isopropyl, then Rlerr] is not 25

4- et hoxy; e r Ri.ped together to
forma 3, 4- et hyl ene |lcs)>§dm"$d b @[%Jsis %ﬁe{lﬁcx@éﬁgaﬂﬁfbg?’r] are

hydr ogen, then Elkeyaldalkoxy rmjdox)s,capd(omlbalmxyt ert-butyl; (v)

shen e o] 8 RS bt YSD A S BEIED Ao, o1 oy
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,
15 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, 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;
(ii) when R?, R® and R* are hydrogen and R® is terz-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
25 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 iopropyl or terr-butyl;
(v) when R?, R? and R* are hydrogen and F is 1-hydroxy-2-methylprop-
2-yl, then R! is not 2-ethoxy;
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(vi) when R[e&5]99/'505604- met hoxy, Rlerr] is 3-ethoxy, and Rl err] and R err]
are hydrogen, ' then Rlerr] is not 2.2-dinethyl but - 3rgarusssniez4

1- hydr oxy- 2- net hyl prop-2-yl; and (vii) when Rerr] and

Rl err] are hydrogen and R5 is tert-butyl, then Rlerr] is not 4-

met hoxy when Rlerr] is 2-fluoro, and&ferr] is not 2-nethoxy when Rerr] is
4-fluoro. 5 Preferably, in the conmpounds of fornula I
above, R err] is selected fromthe group consi sting of al koxy,

al karyl oxy and cycl(edl wienR' idBmethoxef BT ial3teghoxiy] adrR® and R* are hydrogad, koxy
having 1 to about .8. carbqgn..at I | oxy, haying 7, to apout 10

carbon at ons. %5’? i1?Lﬂo([a?‘lajfh?Flg%?t?%@a‘ﬁ[klgﬁ%0"5?%@%%3@%&{%‘9a t hoxy, et hoxy,
10 but oxy, pent yigyyhen T anl ®X ¥re HMEgOM BX/ROX Yars-Bayll YA RY is EHY | OXY,
benzyl oxy, 4- f | yor obenzyl OXﬁl and 4- et hoxybenzyl oxy.

Rlerr] is prefBshgyywhenRde 2dluprepgd Re

and fluorg. Mrre preferably. Rerr] is hydrogen, alkoxy having 2 to about 8

carbon 15 atonms, or fluoro. Particularly preferred R err] groups include

hydr ogen, ethoxy ameferably, in th¢ coropannds of formula I above, R' is salyetad fRirethe] and
yare also

Rlerr] are attached to.adj.acent r bon ns err nd r
preferably | oi%{é‘ép fo(?élé&n?%eért_at?@x%?clﬁqrglﬁx%ﬁ&;‘fygﬁ%%’gxyhé)&p‘ffﬁg%gr r ]ﬁglsl ~to about
6 20 car bonliaixg mavingard asouk drchipop awhe fof alkagidgy lhaviagl7 oxybogt bQpPs i ncl ude

met hyl enedi oxy_and et hyl enedi oxy, proyjded that when err] and Rlerr] are
j oi ned ca&?gé’f Ragtiquiariy péerpr,rﬁ‘i/ hegrl‘?ﬂ’se’ﬂ%lﬂ‘?eo‘??h oﬁ‘Bl”éYnd Rlerr] and
Rlerr] ang hydaes®Nperdiy18y, hexyloxy. cyiéiekiokys hBftylok ,Qﬁfﬂlﬁ%l b&kzylb@y, 4= but yl .
25 Preferably, err] "i s hydrogen or alioxy. re preferably,
Rlerr] is hydribgespenzyloxy and drmethqeyRenzile¥y.ng 2 to 8 carbon atons.
Particularly preferred R err] groups include hydr ogen and et hoxy.
WD 99/ 20601
PCTI USS8/ 1624 R? is preferably selected from the group consisting of hydrogef, alkoxy
and fluoro. More preferably. R® is hydrogen, alkoxy having 2 to about 8 carbon
15 atoms, or fluoro. Particularly preferred R? groups include hydrogen, ethoxy and
fluoro.
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 zert-butyl.
25 Preferably, R® is hydrogen or alkoxy. More preferably, R? is hydrogen

or alkoxy having 2 to 8 carbon atoms. Particularly preferred R® groups include

hydrogen and ethoxy.

isgbnpedont ween Rgis driMRir ogen, al koxy-



Rlerr] is preferably hydrogen or |ower alkyl. Mre preferably, Rerr] is

hydr ogen or alkyl having 1 to 4 carbon atons. Still nore preferably, R err]
is hydr egesdb20601 5 Rlerr] is preferably sel /@S&&fsﬂn t he
group consisting of alkyl having 3 to about 8 carbon "at ons.
substituted al kyl having 3 to 8 carbon atons and cycl oal kyl havi ng
3 to about 10 carbon atons. More preferably, Rerr] is alkyl havi ng
3 to 6 carbon atons or cycloal kyl having 5 to 6 carbon atons. 10
Particularly preferred Rl err] groups include n-propyl, isopropyl,

1- met hoxy2- hyl-pDrQos 2s - Y, by - 2- rgeput yl,
2- et hyl but - 2-y! , 5 K Hgﬁf‘%ﬁ‘??ﬁd%&e“& 'w‘éﬁ A,lkyé', y‘ﬂ%#&fﬁ’?‘f’lguﬁg- vl .
4- et hyl pent - 2- yjdrogenér dikyEhdvitlg- Rropecurydn, atéing, 8tiltmore preferably, R is
tetramet hyl pent-3-yl, cyclopropyl, cyclobutyl, tert-octyl

(2,.4, 4-tri met hy hysapgeny.- yl), cyclopentyl. cyclohexyl, cyclooctyl,
1- adamantyl, 2-adamantyl, 3,5- 15 di nmet hyl - 1- adamantyl and benzyl. When
Rlerr] is adamantyl, 1-adanmantyl is preferred

Q her suitabl e R er ri¥ igipmfesably seleaserbfrom phesgroup consising plalkyl havisg et hyl | 1-
phenyl prop- 2-yl - - - r-on-o2-< - hoxycar bonyl ) -
20 prop-2-y Fbc’%iggg@% gl(r??%xséB%k[{(‘(ﬁ% 8‘ ?glmr@ r?gﬁg)%‘%%%’“za%iff’%

1- sul f 0- 2- et hy tyuleafkyR having 3 to aboyl 10 ¢hrdnimomd eMipyd preferably]iRhist dikplybenzyl ,

3-t hi onet hoxybut - 1- apd 3- hj opet ho rop-, 1-yl.
An e!speci al i(z gﬁ'%‘f“é% Ehg ﬁarrg‘ﬁfba‘?)‘f‘s eb%iﬂﬂkag‘?adfnﬁ%?%b?“ %?rBs't hose in 25
which Rlerr] is a 2-ethoxy group; Rerr, Rerr] and Rlerr] are each

hydrogen; and Rlerr] is as (sjefi ned above. . Anot her
especi al | yibr ef er r edPyHeUorreEgs Bl awsromclude mprepyl. isgpEoRyhdsmethoxy2-

R R i T~
PCT/ US9821624  yl, 3,3-dimethylbut-2-yl. 4-methylpent-2-yl, 2,4-dimethyl-2-pentyl, 2,2,4.4-
tetramethylpent-3-yl, cyclopropyl, cyclobutyl. tert-octyl (2,4,4-trimethylpent-2-
yl), cyclopentyl, cyclohexyl, cyclooctyl, 1-adamantyl, 2-adamantyl, 3,5-
15 dimethyl-1-adamantyl and benzyl. When R’ is adamantyl, 1-adamanty! is

preferred.

Other suitable R® groups include, by way of cxample. 1-phenylethyl, 1-
phenylprop-2-yl. 2-phenylprop-2-yl, 2-benzylprop-2-yl, 2-(methoxycarbonyl)-
20 prop-2-yl, 1,3-dihydroxy-2-(hydroxymethyl)prop-2-yl, 1-sulfo-2-methylprop-2-
yl, 4-fluorobenzyl, 3,4-dimethoxybenzyl, 3-thiomethoxybut-1-yl and 3-
thiomethoxyprop-1-yl.

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.



8- Still another especially preferred group of conpounds

of formula | are those in which Rlerr] is a 4-benzyl oxy group:
Rlerr] and R[‘s{)rg;m%e each hydrogen; and Rlerr] is as defined
above. 5 1 Yet anot her especially- preferred gresasss2iezanpounds
of formula | are those in which Rlerr] is a 3-ethoxy group; R err]
is a 4-nethoxy group; R err] and R err] are each hydrogen; and
Rlerr] is as defined above. - 8- In a preferred enbodi nent,
this invention is directed to a conpound of 10 formula I1:

[err] wherein Rlerr] is selected fromthe

group consi sting oftilhhiathey espavinkiypreferred graupraf gampounds of fopmuaE areal kar yl oxy
having 7 to 1 ons. , aryl Vi 30,6 n 20 at ons
and cycl oal kog?/o(é%gn\?\?ﬁaﬁg {% ﬁ%’%grgi%%ljag?o%sk aﬁdOR“]aQe gﬁh%dmgﬂhﬁdr r] is

sel ect ed fr omR®heasglefitga abowsi sting of al koxy having 1 to 8 carbon
atons and fluoro, or when Rerr] and R err] are attached to adjacent carbon®

atons, R err] and R[err] may be joined together to form an

al kyl eneds oxy gr ougef@a¥inBlespedifllydOtired group of confbobfdsRE Fordfu®Bare 25 _

Rlerr] is selected fromthe group consisti ng of "hydrogen and al koxy having -

1 t o tigse by Wejrh Rt isres3-ethory group; R’ is a 4-methoxy grospr R 4nd Réareect ed from
o} about 8 car bon atons,

t he group congjsty . y k
substituted a?i@lﬂyﬁg)\%%ﬁéﬁéﬁt E)S agg%ﬁ Sa%car'bon atons and cycl oal kyl
having 3 to about 10 carbon atons; 30 provi ded that:

In a preferred embodiment. this invention is directed to a compound of

10 formula 1I:
R6

R7 |4 1I
RS R®

15

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 joix}ed together to form an alkylenedioxy group having I 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:
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i) when R7 iswoedhaesoy and Rl err] is hydrogen or nethoxy, R6 4

Ere% hoxy; (ii) when Rlerr] and R7 are joined tﬂgé‘g{%&%/zrm %o
forma 3, 4-net hyl enedi oxy group and Rlerr] is hydrogen. then Rl err]
is not isopropyl or tert-butyl; and & _ (iii1) when Rerr] is
4-met hoxy, R7 is 3-ethoxy and R err] i's hydrogen, then Rerr] is

not 2, 2-di met hyl but-3-yl or 1-hydroxy-2-nethyl prop-2-yl.

Al koxy having 2 to eUarEas rsaed M SRR Rl R PO N7 1S

enbodi nent, 10 methogy;ticularly preferred R err] groups include nethoxy,

et hoxy, butoxy, pentylo hexyl ox hept vl and oct.yl oxy, and
particularly prefer r%‘h W?%“&?%’l?pg FRE emgé(r1er 10 Poré%%we%qngé%pef erably,
Rlerr] is methogsoupasd Rf Brhyliroesn, @hdhOR®is not isopropyl or ferr-butyl; aridn anot her
preferred enbodi nent ,,_R[errdb_i s ethoxy; and R7 and err] are 15 o

hydr ogen. 3 (iii) when R°|i,d-methoxyioR s 3-gosy apd By isdwdmasmehan Rigerr] is
benzyl oxy, R er | 5. 3. R il &@rbon atons, and R err]
i s hydrogen. | nh‘%{hzi'% dgﬁnéig%?ﬁrtrérﬁl ’or ! hyBl%%&Q%g%t?%lErS?ﬁy preferred R err]
groups include methoxy, ethoxy, butoxy. pentyloxy, 20 hexyl oxy,
e o A o ) O RO RS B YREL TE08 oL
anot her p,r ef er r eltoenimyitigneints caRjomratdms sndeR*koKydrbgeni 114 this émbdliiedipon
at ons, e is flugro an rr] is _hydrogen. In this enbodi nent,
parti ch[ar{ 25par“°‘8?f?3é?r§&|"gé%ﬁﬁg"‘i’f "6?“85]5‘%‘110&4 XY R pEntEiORb X y
but oxy, pentyl Okyxyldx§XNepdpidxy and octyloxy.hEer-]Bﬁlr@c)&l/arggﬂef@ﬁ&dkpg%u s include
In yet another preferred enbodi nent, err anq. are joined together to
form a net hyl enéfip®syMere refiabbn &diiongtheroand Rirddethpxrr] is hydrogen,
provi ded t hat

still

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
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when Rl err] a%s';%osg{e j oi ned together to forma 3, 4- et hyl enedi oxy group
and Rlerr] is hydrogen, then RO is not isopropyl orPCrussaised vl .
In the above enbodi nents, Rlerr] is preferably alkyl having 3 to 6 carbon
5 atons or cycl oal kyI having 5 to 10 carbon atons. Particularly
preferred Rl err] groups i nclde n-propyl, isopropyl,

1- met hoxy2- et hyl proo-2-yl, n-butyl, but-2- yI, tert-butyl,

2- met hyl but - 2-yl, 36 met hyI but-1-yl, 3,3-dinethylbut-2-yl, 4-

met hyl pent - 2- ywhean@nélRmmymthqserh@rytp form 2 3 4-methgenedipxy Iquup@nd R3isy| |
cycl opropyl, t § ri met hyl pent-2-yl),

cycl opentyl, %%L&QHC[% 1(%hlgx l@(%'yé:yl éﬁf:e H?‘ht}l -adamantyl, 2-adamantyl .
3, 5-di net hyl - 1- adamantyl benzyl . V\hen Rlerr] is adamantyl, |

-admantyl is preferred. Es preferr d rel . oups are
i sopropyl . tert-but® (Ia'l YFDW%?@P"P%‘PS % ﬁé’ﬁ?fgﬁab "ilfytlki’)‘e’f‘%& Qe %é%ﬂmntyl
cycl opropyl andorfiyéd @bﬁmyl having to 10 carbon atoms' Patit0Iah@ predérrddl}® conposi tion
aspects, this invention is directed to each t he indivi dual .

conpounds: groups include n-propyy IS?PTPEDdhb‘WV‘PIS)’(%fEﬁ@DISPF‘)Q 3k erbuth u2ni t r one
-(4-h
o] (3- ot nodr KRR 2 minBr o9k SHohABR 11, 3 dmetyfpur 241 4-
[err]-(4-et hoxxyq:lhﬂpgﬂt)l -yi-2 @dimdah;tlﬂmnwr @24 4-tetramethylpent-3-y1, [err]
4-b | N- t -pyt vl nit
- perey) 06 SLRELR RIS k5] LU 6200 cxcoeny
[ err] - (2-16t hoxyplarskyl, )cyNo&diflI 1-Badnyentyil tZ-ﬁtﬁﬁmntyl 3.5-dimethyl-1-adarhdiyl] - ( 3

, 4- et hyl enedi oxyphenyl ) tert- but¥ln|tron 25
a- ( 4- et hoxyph - W(ﬂ @gwﬁy]t dmanty! is preferred. Especially preferred R®

a- (4- benzyl oxyg r&fg%}éﬁ@ emrwh)bulyx Oy &L 2 ehfyPNBrr-octyl, 1-adamantyl,

[err]-(3-ethoxy- t hoxyphenyl ) “N-cycl ohéxyl'ni tr'one
[err]-(3 ,4- eﬁﬁﬁpﬂﬁéﬂﬁwﬂybﬂéﬁvﬂ) N- cycl ohexyl ni trone
a- (4- ethoxy 3- net hoxyphenyl ) - N- cycl ohexyl nitrone 30
[err]-(3, 4-ethyl enedi oxyphenyl)-N-i sopropyl nitrone
15 In another of its composition aspects, this invention is directed to each of

the individual compounds:

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

20 a-~(4-ethoxyphenyl)-N-tert-butylnitrone
t~(4-benzyloxy-3-methoxyphenyl)-N-tert-butylnitrone
o-[3-(4-methoxyphenoxy)phenyl}-N-tert-butylnitrone
o-(2-ethoxyphenyl)-N-rerz-butylnitrone
&-(3,4-ethylenedioxyphenyl)-N-terz-butylnitrone

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

30 «-(3,4-ethylenedioxyphenyl)-N-isopropylnitrone
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[err]-(3-et hoxywbwrodeexyphenyl )-N-i sopropyl nitrone
[err]-(2-ethoxyphenyl)-N-isopropyl nitrone
[err]-(2-ethoxyphenyl)-N-cycl ohexyl nitrone

[err]-(4-benzyl oxy- 3- net hoxyphenyl )'-Nﬂ sopropyl nitrone 5
a- (4- et hoxy- 3- net hoxyphenyl ) - N-i sopropyl nitrone
[err]-(3-ethoxy-4-hexyl oxyphenyl)-N-cycl ohexyl nitrone

-(4-b I - 3; < - LEE
[orr]- (4ot hoxy- 3. et R ROERS KPR iobl Pl hifete
[err]-(2-et hoxyphen>d-02=é‘thdxarbhﬁnlyl)mi\-ﬁsbpgp¥liiilf)ro_n?

-(3-eth - 4- net en -N-n-hut yl ni trone
% g;H - E 3- gt hgg- 4- ?&&Q%Hﬁy?)ﬂﬂq% BHOMG trone
[err]-(3-ethoxy-4-hexy. ﬁb@nﬂln%etﬂlé_x?;g{eﬁxyilgmiYAﬂFdaﬁ)ﬂirﬁﬁé‘ne

[err]-(2-fluoro-4-octyl oxyphényl)- ut yl'ni't'rone
[err]-(2 , 4. 6-tri et oldygshaxyyd-mneioxyphenybudVysopiopy niteont 5

-(2,4,6-triethoxyphenwl cy | Nit R .
ag (2- n- but oxyphenyl ?ﬁ%‘%%‘ﬁﬁ%"%ﬁﬁ'FBﬂé I\P&@lohexylmtrone a-(3
, 4- di et hoxyphenyl ) - I\dc-(4e‘tlsdnzi]bli}y3-ﬁ}e’;ﬂo@ﬂﬁwny1)-137—n—b1ftylnitronc
[err]-(2-fluoro-4-he | oxyphen -N-tert-butyl nitrone
[err]-(2-fluoro-4- et‘ﬁ@filbﬂérﬁfv‘f&%ﬂéﬂiy-‘b’é{mwweﬁ% 20
[err]-(2-fluoro-4- etﬁ@x&%@gy&@bw_g;ﬁg{},@{}ﬁ&*l nitrone

i

- (2-et hoxyphenyl)-N 1-adafmantyl ni trone )
a- ( 3- et hoxdf- 4- net hoxy(PeshgHyy4-methoxypheryh)-Amebptyinitroon e

O
o-(3-ethoxy-4-hexyloxyphenyl)-N-zert-butylnitrone
a-(2-fluoro-4-octyloxypheny!l)-N-rerz-butylnitrone
0.-(2,4,6-triethoxyphenyl)-N-rert-butylnitrone

15 0.-(2,4,6-triethoxyphenyl)-N-cyclohexylnitrone
o-(2-n-butoxyphenyl)-N-terr-butylnitrone
a-(3,4-diethoxyphenyl)-N-tert-butylnitrone
o-(2-fluoro-4-heptyloxyphenyl)-N-ters-butylnitrone
o-(2-fluoro-4-ethoxypheny!l)-N-ter:-butylnitrone

20 a-(2-fluoro-4-ethoxyphenyl)-N-cyclohexylnitrone
«-(2-ethoxyphenyl)-N-1-adamantylnitrone
a-(3-ethoxy-4-methoxyphenyl)-N-1-adamantylnitrone
a-(4-ethoxyphenyl)-N-cyclopentylnitrone
«-(4-ethoxyphenyl)-N-tert-octylnitrone

25 o-(4-benzyloxyphenyl)-N-terr-butylnitrone
o-(4-benzyloxyphenyl)-N-cyclopentylnitrone
o.-(4-benzyloxyphenyl)-N-cyclohexylnitrone
o~(2-ethoxyphenyl)-N-cyclopentylnitrone
a-(3-ethoxy-4-methoxyphenyl)-N-tert-octylnitrone

30 a—(3-ethoxy-4—methoxypheny1)-N-(2,4¥dimethyl-2-pentyl)nitrone

PCT/US98/21624

[err]

[err]

[err]



25 [err]-(4-benzyl oxyphenyl)-N-tert-butylnitrone

[err]-(4- benzyl oxyphenyl )-N-cycl opentyl ni trone [err]
- (4- benzyl oxy %ﬁ N- cycl ohexyl nitrone
[err]-(2-ethoxyphe nyf) N-cycl opentyl nitrone PCT/US98/21624

[err]-(3-ethoxy-4-net hoxyphenyl)-Ntert-octylnitrone 30
[err]-(3-ethoxy-4-net hoxyphenyl)-N ( 2 4 di met hyl - 2-pentyl ) nitrone
WO 99/ 20601

PCTI US98) 21624 12-
[err]-(4-et hoxyphenyl%@l\l— n- but | nitrone

a- (2- et hoxyphenyl ) -o( h@gyplpﬁny -¥-butylnitrone

[err]-(3-ethoxy-4 P%g _)_ fe . 4-tetranet hyl pent-3-yl)nitrone
a- ( 3- et hoxy- 4- net hz)agyzh‘ﬂeny KI—(VAfrrnv% 13%/liopeent 2-yl)nitrone 5

[ err] - (3-ethoxy- 4- me(3akoxyHemythdxyidhényt)- 93,2 4i4-reoapsethylpent-3-yDnitrone
[err]-(2-ethoxyphe

a-[4-(4-fluor obenzy {}xi}i}\éﬁ‘ﬁenWF‘Pg’%‘X%&‘%{YB[}g(‘{-WWHng#éyl)nitrone

[err]-(3-athoxy-4- rm(s@mphaﬂ&hén%awglmammhnt&é one
[err]-(3-ethoxy-4-net hoxyphenyl -N-n-propyl nitrone 10
[err] - (4-benzyl oxypherf WP@eﬁylb‘%‘MﬂnﬁltﬂFfeﬂ%

4-b I I
Larr] (3ot hoxy- 4. REprb ARl R BRI IO Ruyinront L one
S e e e
[err]-(2-et hoxypheﬁ@b)%@? %h%ﬁyﬂ‘ﬂmﬂg‘ﬁé”gpypm°“e
[err]-(3-10t hoxy- 4- rm@%mh@pyd@nb&g»&l@mwem trone

[err]-(4-benzyl oxyphenyl obutyl ni trone
[err]- (4-benzyl oxy%@rHFP%YIWPéNDG’%F’?WHPX‘P’HHBC

4-(4-f1 20
1L (T e oot oersoshpstaipicon

[err]-[4-(4-fluor oMﬂh%prﬁéﬁ&ﬂZ]mmﬂ%ﬁrldwrWt rone
R L e
15 o-(2-ethoxyphenyl)-N-cyclobutylnitrone
u-(3-ethoxy-4-methoxyphenyl)-N-cyclobutyinitrone
«-(4-benzyloxyphenyl)-N-cyclobutylnitrone
®-(4-benzyloxyphenyl)-N-tert-octylnitrone
o-[4-(4-fluorobenzyloxy)phenyl]-N-cyclohexylnitrone
20 o-(2-ethoxyphenyl)-N-tert-octyinitrone
a-[4-(4-fluorobenzyloxy)phenyl]-N-isopropylnitrone
a-(2-ethoxyphenyl)-N-cyclooctylnitrone
a-(4-benzyloxypheny!)-N-cyclopropyinitrone
o-(3-ethoxy-4-methoxyphenyl)-N-cyclopropylnitrone
25 a-(4-benzyloxyphenyl)-N-cyclooctylnitrone
o-(3-ethoxy-4-methoxyphenyl)-N-(3,5-dimethyl-1-adamantyDnitrone
¢-(4-benzyloxyphenyl)-N-1-adamantyinitrone
«-(3-ethoxy-4-methoxyphenyl)-N-(1-methoxy-2-methylprop-2-yDnitrone
a-(4-benzyloxypheny!)-N-2-adamantylnitrone
30 o-(4-ethoxyphenyl)-N-cyclooctylnitrone




[err]-(3-ethoxy-4-net hoxyphenyl)-Ncycl opropyl nitrone 25

[err]-(4-benzyl oxyphenyl)-N-cycl ooctyl nitrone

a- ( 3- et hoxy- 4- v v@¢saahenyl ) -N- (3 , 5-dinmethyl - | -adamantyl) nj e
[err]-(4-benzyl oxyphenyl)-N 1-adamantyl nitrone r&lé{,(?sr;mmu
[err]-(3-ethoxy-4-nmet hoxyphenyl)-N-(1 -nethoxy-2-nethyl prop-2-yl)nitrone
[err]-(4-benzyl oxyphenyl)- N 2- adamant Y nitrone 30

[err] - (4-ethoxyphenyl)-N-cycl ooctyl nitrone WO 99/ 20601

PCTUS9821624

--13--

4-eth h |
%2”} E4 ((34 %?Eoigﬁe)%)?hg zél%iIaraﬁﬁ‘f&?ﬁltﬁ)ﬁfyl nitrone

[err]-(3-ethoxy-4- rretxt[cnwaiaemy;}b)snishdx?y)mieﬁmywbm-wymaml trone
[err]-(3-ethoxy4- nmet hoxyggﬂ e N-cycl ooctél ni trone,

[err]-[4- (4-fl uor obefAgE

HWYDINI‘E?/M ﬂ@?ﬁlﬂw‘)l}{ﬂfylaﬂtéone

Particul arly preferrggdseaapRuntienox ?ﬁ'!eﬂﬂ?N—cyclooctylmtrone and

[err]-(2-ethoxyphenyl)-Ntert-butyl'n

trone

[ err] - (2- ethoxyphenykj4H@-Syerobdnexoxyiphenpi}ev-q@lopentylnitrone.
[err]-(4-ethoxyphenyl)-N-cycl ohexyl nitrone
[err]-(4-benzyl oxyphenyl)-N-tert-butylnitrone

[ err] - (4-benzyl oxyphpmyitylaty pryfebepesmpdunids imelude:
[err]-(3-ethoxy-4-net h2§é|ﬁhen I -N-adamantyl nitrone. and

[err] - (3- et hoxy4- net fd

ByRpFy] NV Putgloitiangi ¢ r one. 15 I n

another of its cOMPOgI® B pRBRALA-cylibictyiniihet i on i's directed to

phar maceut i cal

carrier

formula I:

conpositions corprising a pharmaceutically acceptable
and acgfrathasxpbenyllcMicyslokexyisrange anount of a conpound of

[err] a-(4-benzyloxyphenyl)-N-tert-butylnitrone
o-(4-benzyloxyphenyl)-N-cyclopentylnitrone
o~(3-ethoxy-4-methoxyphenyl)-N-adamantyInitrone, and
¢-(3-ethoxy-4-methoxyphenyl)-N-rert-octylnitrone.

15

20

25

30

In another of its composition aspects, this invention is directed to
pharmaceutical compositions comprising a pharmaceutically acceptable carrier

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

R1
X 0
R2— T I
R3 RS

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.



25 wherein [err] are as defined above. I n additional

conposition aspects, this invention is directed to phar maceuti cal
conposi tions ﬁ'?) )’é+q%| ng a pharnmaceutically acceptable carrier and a
phar maceuti ca g}g bctive anount of a conpound of fornul a PCY/ESPSRE24 30
WO 99/ 20601
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As previously mentioned, the a-aryl=Mal kyl nitrone conpounds of this

i nvention have been discovered to inhibit the formation of Alerr] (1-42)

bet a- pl eat ed sheets and/or to protect against A[err]ﬁ)%ZS,- 35) -i nduced
neuronal cell | oss AfRieGpusipmentioned, the eard<V-glkylpioopsfammogudsitied rel ease
of cytokines, ; - : e _ ijg’gylp_ cyte
cells. Such co@rp%ﬂ@ga‘{?;b\%ﬁ g{sédg e%gg%wg{ljﬁgé %o(gm ? %&u&;feAq(hg lg}%&fgogni tive
def ect s causedshests Afddor fp(p2Se@ Bpdind APE2iad D-imbiceehduram! ¢etidess anffocte devel op

in certain strains of gut.ai e.mce ounds Y properties are-
useful for pr eR?%?ﬁeiﬁﬁﬂ“Qﬂ‘(ﬁ‘ﬂ #Hg?‘?éeé?af%‘bfcﬁgi?f%ﬁes&g'h@hﬁﬂ@%’fis‘ﬁ%ilﬂwne and
i nflammat gry clameintohétidsyte £€lls. Such compounds havAgRe bebinTgind, to irdtiubdithe Of it S

met hod aspects, this invention is directed to a net hé:)d for treating:
a patient wit wogn%f_aéﬁa%ewé?daw %%(2313§Eb\’§§n%ﬁ pE Welhas WIB& which e""1°.Bo.rrpri ses
admi ni stering heéth decRid bf&i@.&oiﬁnﬂh@ﬁmcGcgfnxp%aﬁdsqﬁwag%&ﬂp%eﬁme si ng
a pharmaceutical l'y acceptable carrier and an effectrve neurodegenerative
di sease- 15  ustfubforipreyentingantd/opftreatingoeptodegenerfativep pptgimmunegnd f or mul a | |
above. . | n.. anot her of its nethod aspects, this invention is
directed to a 1%%%§o¥yocronﬁm%ns. preventing the onset of a
neur odegeader ati ve disease in a patient at risk for devel opi ng the
neur odegenerati ve dj sease whi ch net hod conprises admnistering. 20 to
said patient a phaﬁ?ﬁ gy 4p 0 ?fdﬁé?et‘?%?ggﬁﬁpr‘ ‘%1“%‘3‘"8“%@?%8&% cally
accept abl e carpéRéd P re@ihgef faE6kt with G SIREGRAGIVEHIssaee FhisE afethopr event i ng
anount of a compound of formula |I or formula Il _above. . .

comprises administering to said patient a pharmaceutical composition comprising

a pharmaceuticaily acceptable carrier and an effective neurodegenerative disease-

15 treating amount of a compound of formula I or formula II above.

In another of its method aspects, this invention is directed to a method for
preventing the onset of a neurodegenerative disease in a patient at risk for
developing the neurodegenerative disease which method comprises administering

20 to said patient a pharmaceutical composition comprising a pharmaceutically
acceptable carrier and an effective neurodegenerative disease-preventing amount

of a2 compound of formula [ or formula II above.

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 method aspects, this invention is directed to a
method for treating a patient with an autoimmune disease which method

30 comprises administering to said patient a pharmaceutical composition comprising

THIS SHEET HAS BEEN
REPLACED




In preferred enbodi nents of this invention, the neurodegenerative di sease
25 treated and/or prevented in the above nethods is Al zheiner's di sease,
Par ki nson' s di weem2e60H V denentia and the |ike. till
anot her of its nmethod aspects, this invention is directed toPngswngu
method for treating a patient with an autoi mune di sease whi ch nethod 30
conprises adm nistering to said pat i_@rig _a pharmaceutical conposition

conpri si ng WO 99/ 20601
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a pharmaceuti call I | er. et A ne di sease-
Froati ng_ amount 1 Seannean oble ifridt Ay @ et kit it

I n yet anot her ttatingamopttindd campewtdnf forimua I onverthilel ateveli rected to a
method 5 for preventing the onset of an autoi nmune disease in a
patient at risk for devel opi ng the autoi mune di sease whi ch net hod
conprises adm ni st erinn@t imdther of its methad Bspe@s.| tBRtin@nBGRis MRe&bd toCAhethod

conposi tion conprising,a pharmaceutically . acceptable carrier and an
ef fective aut o%ﬁ@em@é & RS A8t Hpfplisaasein apatient at risk fafonpound of

formula I or f Oﬂéﬂélc?in'ghh@il@dﬁﬁmunéggcase which method con{p?ig%{aghﬁrg%g%&%gom ment s

of this invention, the autoi mmune disease revent ed
in the above nefaidpafichka phasmengiiical eqrogosition compttisng a pharmacenttatlyosi s and t he

i ke. 15 il t her of s..et hod aspects, this
invention is di FEcvEdef %Rglsénd an eﬁ@gtwﬁé‘f’ Wgamr"(tf)erdlfelaéeéi’rieﬁedm gﬁ'&?‘?‘ﬁﬁ? Awith an
i nfl ammat ory di s@aandvbf folmuie T o €ormula II aboveonpri ses adm nistering to said
patient a pharnmaceutical conposition conprising a pharmaceutically
acceptabl e carrier and an effective inflammatory di sease-

In preferred embodiments of this invention, the autoimmune disease

treated and/or prevented in the above methods is systemic lupus, multiple

sclerosis and the like.

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

treating amount of a compound of formula I or formula II above.

20
In yet another of its method aspects, this invention is directed to a method
for preventing the onset of an inflammatory disease in a patient at risk for
developing the inflammatory disease which method comprises administering to
said patient a pharmaceutical composition comprising a pharmaceutically
25 acceptable carrier and an effective inflammatory disease-preventing amount of a

compound of formula I or formula II above.

In preferred embodiments of this invention, the inflammatory disease

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

THIS SHEET HAS BEEN
REPLACED




treati ng anount of a conmpound of formula I

In yet anot
met hod
pati ent at

her of

rfggg?%}

its nethod aspects,

met hod conprises admnistering to
conposition conprising a pharmaceutically 25
effective inflammtory di sease-prevdfting anmount of a

formul a |
this invent

PCT/ US98/ 21
eryt hema no

syndronme (ARDS),

I n anot her

conmpound of
formul ati ®n
nedi cal tre
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Particularly breferred compounds include those represented in Tables I

and II below.
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H- CH,CH,-O- CH,-O- (CH,),C-
H- H- CH,CH,-O- (CH,),C-
H- CH;-O- PhCH,-O- (CH;),C-
H- 4-(CH;-0)-Ph-O- H- (CH;),C-
CH,;CH,-O- H- H- (CH,),C-
H- -0-CH,CH,-O- (CH;),C-
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H- CH,CH.-O- CH,-O- cyclohexyl-
H- -0-CH,CH,-O- cyclohexyl-
H- CH,-O- CH,CH,-O- cyclohexyl-
H- -0-CH,CH,-O- (CH,),CH-
H- CH,CH,-O- CH,-O- (CH,),CH-
CH,CH,-O- H- H- (CH,),CH-
CH,CH,-O- H- H- cyclohexyl-
H- CH,-O- PhCH,-O- (CH,),CH-
H- CH,-O- CH,CH,-O- (CH,),CH-
H- CH,CH.-O- CH,(CH.),-O- cyclohexyl-
H- CH;-0O- PhCH,-O- CH,(CH,)s-
H- CH,-O- CH,CH,-O- CH,(CH,);-
CH,CH,-O- H- H- CH,(CH.,),-
H- CH,CH.,-O- CH,-O- CH,(CH,),-
H- CH,CH,-0O- CH,(CH,);-O- (CH,),CH-
H- CH,CH,-O- CH,(CH,)5-O- (CH,;),C-
F- H- CH,(CH.),-O- (CH,),C-
CH,(CH,),-O- | H- H- (CH;),C-
H- CH,CH,-0O- CH,CH,-O- (CH,),C-
F- H- CH,(CH.,)s-O- (CH;),C-
F- H- CH,CH,-0O- (CH,;),C-
F- H- CH,CH,-O- cyclohexyl-
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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PCT/ US98/ 21624 y. CH,CH,-O- CH,-0- (CH,);CCH,-
(CH;),C-
H- CH,;CH,-O- CH;-O- (CH;),CHCH,-
) (CH;),C-
H- H- CH,CH,-O- CH,(CH,),-
CH,CH,-O- H- H- PhCH,-
10 H- CH,CH,-O- CH,-O- [(CH;);C]),CH-
H- CH,CH,-O- CH,-O- (CH;),CHCH,-
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H" CHJCHI‘O' CHa'O‘ CH3CH2(CH3)‘
CH-
CH3CH2"O' H‘ H’ CH3CH1(CH3)'
CH-
H- H- 4-F-PhCH,-0O- (CH;),C-
15 H- CH,CH,-O- CH;—O- cyclopentyl-
H- CH,CH,-O- CH;-O- CH,CH,CH,-
H- H- PhCH,-O- CH,CH,CH,-
H- H- PhCH,-O- (CH,),CH-
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H- CH,CH,-O- CH,-O- 2-adamantyl-
H- CH,CH,-O- CH,-0- cyclopropy!-
H- H- PhCH,-O- cyclooctyl-
H- CH,CH,-O- CH,-O- 3,5-di(CH,)-1-
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H- H- PhCH,-O- 1-adamantyl-
H- CH,;CH.-O- CH,-O- CH,0CH,-
(CH;),C-
H- H- PhCH,-O- 2-adamantyl-
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(CH3)2C 5 H H 4-F-PhCH err]-0O
(CH3) 2CH [err] H- Table I1 H
cycl ooctyl - H PhCH err]-O
cycl opropyl - H CHerr]-O
2- adamant y| - H CHerr]-O '
cycl opropyl - 10 H PhCH err]-O
cycl ooctyl - H CHerr]3-0
3,5-di(CHerr])-I-
adamant y| - H PhCH err] -0
1- adamant yl - H CHerr]-O
[err]
R* R' RE R
5 CH,CH.-O- CH,CH,-O- CH,CH,-O- (CH,),C-
CH,CH,-O- CH.CH,-O- CH,CH,-O- cyclohexyl-
BRIEF DESCRIPTION OF THE DRAWING
10 Figure 1 is an electron spin resonance (ESR) spectra of the radical adduct
of n-(2-ethoxyphenyl)-N-terr-butylnitrone and a methyl radical.
DETAILED DESCRIPTION OF THE INVENTION
Definitions
15 When describing the a-aryl-NV-alkylinitrones. pharmaceutical compositions
and methods of this invention, the following terms have the following meanings:
The term "B-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 cytokines
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H [err] [err] ( CH3) 2CHCH2-

CH err] H [err]__21__ CH err]-0-

cycl ooctyl - 20 H H 4-F-PhCH err]-O

cycl opentyl - 25 WO 99/ 20601

-I?gtl;: (laJS??/ 21624 include, interleukin-1B (IL-1p), interleukin-6 q}r-ﬁ) Tn'éi;tt?tiqér' necrosis factor-o
(TNFa).

"Acyl" refers to the group -OC(O)R where R is alkyl or aryl.

" Alkyl" refers to monovalent alkyl groups preferably having from 1 to
about 10 carbon atoms, more preferably 1 to 8 carbon atoms and still more
preferably 1 to 6 carbon atoms. This term is exemplified by groups such as
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, fert-butyl, n-hexyl, r-octyl,

10 tert-octyl and the like. The term "lower alkyl" refers to alkyl groups having 1 to

6 carbon atoms.

"Substituted alkyl” refers to an alkyl group, preferably of from 1 to 10
carbon atoms, having from 1 to 5 substituents, and preferably 1 to 3 substituents,
15 selected from the group consisting of alkoxy, cycloalkyl, cycloalkoxy, acyl,
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
(-CH,-), 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
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spectra of the radical adduct of
[err]-(2-ethoxyphenyl)-Ntert-butylnitrone and a nethyl radical.

DETAI LED DESCRI PTI ON OF THE | NVENTH3Y -- Definitions 15 When

describing the [err]-aryl-N-al kylnitrones. pharnaceutical conpositions

and nethods of this invention, the follow ng terns have the foll ow ng
neani ngs: straight chain or braneheda  Fhis feap iy exgmpliiedibypergupsgich asef ers to a 39-43
am no aci d peptdififenedioxy (-0 0N ey BTMdRiRY | BCHRIEZOL) Qb (R 4- 2 kD, which
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descri bed by denner, et al., Biochem Bi ophys. Res. Commun.,
ransl.ati onal

120: 885- 890 (1984), fgfkﬁgrl?lfgl%}' r}%g{srﬁ _3%%,5,(31“32&1%98'8‘8"?&592‘?8 prefeably Ha@hg KM opo o

nodi fi cations of th 0

"cytoki nes" r eftern6 chrbopainsAfd fogd sreferabBd2 & ®cGbéhabmawhick tan be produced by

cyt qki nes

i mmune cells to npdul ate cel | ul ar functions, ExanPI %? Pf )
VO 99/ 20601  Straight chain or branched and having at least 1 and preferably from 1-2 sites of

PCTl US98t _216241keny1 unsaturation. This term is exemplified by %roups_ such as c‘the%%leﬁé -
include, inter]leukin-l[err] (IL-1[err]), interlTeukin-6 (IL-6) and tunor
necrosis fact &H$€H) the propenylemasemers (¢.g., -CH=CHCH;- and *G{€§}}=Glef ers to the
group - OO R p&He=R(EH,)F k) bheQfied" V! -
' 10
"Alkaryl” refers to -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 benzyl, phenethyl, and the like.

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 cycloalkyl 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.



5 "Alkyl" refers to nonoval ent al kyl groups preferably

having from1l to about 10 carbon atons, nore preferably 1 to 8
carbon atons aRrgb §ddokdy nor e preferably 1 to 6 carbon 81;%98?}&45
termis exenplified by groups such as met hyl , ethyl, n-propy

i sopropyl, n-butyl, isobutyl, tert-butyl, n- hexyl n-octyl, 10
tert-octyl and the like. The term "l owgr_al kyl" refers to aIkyI gr oups

having 1 to 6 carbon atons. "Substituted al kyl ™
refers to an al kyl group, preferably of from1l to 10 carbon atons,
having from1 to 5 SuRﬁéo'xguFt%@to tﬂg'g dﬁgeé LRl ﬁrefcﬂe@aﬁtH@Et‘oﬁb&ent s, 15
sel ected fromthe group consisting 11: oxy, cycloal kyl, cycl oal koxy

acyl , anineiodes Py waarmf mmp&nmadmyb@hgﬂy,, nepyepvsy. h@prgwm "'ﬂW@Kbxyl
car boxyl ket o, oket o , ar yI
aryl oxy, nitro. ’e’(‘ﬁ@f’éy’r“]eﬁk"étﬂﬁy ’i'pemy °xyyﬁ3ﬂ:ﬁ3a8’§htllic§ﬁ%§/hyé@gdé‘ J%tg; eé(sal ts

t hereof, -SO al ke, - SO substituted al kyl, -SO aryl,

-Sqerr]-al kKyl, -SO err]-substituted al kyI , -Sderr]-aryl. and mono- and
di - al kyl am Ao, 20 nono- and di-arylam no, and unsymetric

di -'substituted anm nes uf h C @Rtwﬁeygntﬁlﬁ | ected from
al kyl, substituted al hlF)O\!(gnd a?f rEfefito ¢ e group -C) yleneﬁq refers to

di val ent al kyl ene groups pref erabl y having from1l to 10 carbon

atons and nore preferghl t carbgn_at ons r

chain or branched. Thﬁk‘%‘éﬂ" ﬁ?fotssq&?g(ﬁwagf?u@apbefe 1g&a&ﬁgfr%§. fI()ﬁ‘fétiﬂ)toflene
(-CH2-), ethyl enﬁo:h?éﬁd mbﬂaq)réré:@ﬂylzezae; daﬁmﬂimtc&ns(amdglavmé at lehst druld
-CH(CH3)CH2-) and the lik ZA fgkqf{ refers to
-0 al kyl end90 gPTGf?ﬁ@bbf"@Fér%ﬂ%c?oﬁ%l{i?Wb“?ﬁaB’mt@G s T 8X'Bbn at ons
gg;jzgg(r)i pref er apkide ethéhy (-EA=NEH,) 3%-Bropenyl (UM, CRE=OR,), isopropenyl (- WO
PCT/ US98/ 21624 C(CH;)=CH,), and the like. -- 22--

straight chain or branched. This termis exenplified by groups such as

met hyl enedi oxy (-OCH err] O ), ethylenedioxy [err] and the |iKke.
"Alkynyl" refers to alkynyl groups preferably having from 2 to 10 carbon

15 atoms and more preferably 2 to 6 carbon atoms and having at least 1 and
preferably from 1-2 sites of alkynyl unsaturation. Preferred alkynyl groups
include ethynyl (-C=CH), propargyl (-CH,C=CH), and the like.

" 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., phenyl) 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 aryt groups can optionally be substituted with from 1 to 3

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



"Al kenyl ene" refers to dival ent al kenyl ene groups preferably having from 5
2 to 10 carbon atons and nore preferably 2 to 6 carbon atons which can be
st rai ght Cha'@o%m{& anched and having at least 1 and preferably from 1-2

sites of enyl unsaturation. This termis exenpl i FQTAIREM6 OUpPS
such as et henyl ene (- CH=CH ), the propenylene isoners (e.qg.,
-CH=CHCH err]- and -C(CH err])=CH and -CH=C(CHerr])-) and the
like. 10 "Al karyl " refers to -al kyl ene-aryl groups
preferably having from1l to 10 carbon atoms in the al kylene noiety
and from6 to 14 carbon atons in the ary iety. Such al karyl

groups are exé‘HﬁPY"ﬁ F’é&“%ya"b‘é?rzaﬂ‘maﬁﬂeﬁ‘@t‘ﬁﬁqrbm&'hd’”f%écm?%‘ aryly 5
"Al karyl oxy" rafueks, Eﬂloaﬁ}oi‘* Wbrﬁﬁ%al@rwdrgiyo%ﬂ?o %ﬁﬁ&ﬁeﬁghymtbarkb%sg nf rom1

to 10 carbon atons in the a l'ene noiety and from6 to 14 car atons in
t he arapdl thediket y. Such al karyl groups are exenplified by benzyl oxy,
4- fl uor obenzyl oxy, phenethyl oxy, and the |iKke. 20

"Al kcycl oal kyl " refers to -al kyl ene-cycl oal kyl groups preferably having
from1l to510 car bofAstlexnys réferstide0-ahll gtompe wiereizt 'wryahid af defined abeve8 car bon
at ons in the cycloal kyl noiety. Such al kcycl oal kyl groups are
exenplified by -CH err]-cHerr]lopropyl, -CHerr]-cycl opentyl,

-[err]-cycl ohexyl, s@fifodyiraretet s the grggp -C(O)OH. "Al kcycl oal koxy" refers
to - O al kyl ene- cycl oal kyl groups prefer ab?y having from1 to 10

carbon atons in the al kylene noiety and from3 to 8 carbon atons in

t he cycl oal kyl I oxy groups are exenplified by -
OCH err]-cycl oprop;'ﬁyano%af] AL F@%@)g i(lf;lgntyl -OCH err]CH err]-cycl ohexyl,

and the 00 ke. WO 99/ 20601

PCr TUS98/ 21624 "
"Al koxy" refers to THACHPESErso8yrlicatkyl grpups of fram atPIégf?rbaPBE?Hg

i ncl ude, by wayving aemambranc rﬁ@tdmmyuplebdsmmysed Rinpg, ijﬁjnz fuSedmapoxy,
n- but oxy, tert-but ox")l/hlc sec- but erzllly Suéase:nt thfron hexyl oxy,

1, 2- di met hyl beSg(eS;l Ting SYSIEMmS, h can be optio tituted wit m 1 to 3alkyl
groups. Such cycloalkyl groups include, by way of example, single ring

15 structures such as cyclopropyl, cyclobutyl, cyclopentyl, 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-enyl and the like.

"Halo" or "halogen” refers to fluoro, chloro, bromo and iodo. Preferred
halo groups are either fluoro or chloro.
30



like. 5 "Al koxycarbonyl" refers to the group -C(O OR where R
is al kyl. "Al kenyl" refers to al kenyl groups preferably
havi ng from 2 wo shdespar bon atonms and nore preferably P% ZL% ?gzlg?a‘r bon
atons and having at |east 1 and 10 preferably from1-2 Sitet g kenyl
unsaturation. Preferred al kenyl groups i ncl ude et henyl

(-CH=CH err]), n-propenyl (-C|—|[err]CI:|_2:5(:I_:|[err]), i sopropenyl (-

C(CH err])=CH err]), and the I|ike. "Alkynyl" refers to

al kynyl groups preferably having from2 to 10 carbon 15 atons and nore

preferably 2 to 6 caupgn. at QY5 AR, hayk Q%ugt___beast 1 and preferably
from1l-2 sites of al kynyl "unSaturation. “Preferred al kynyl groups

i ncl ude ethynyl (-C=CH), propargyl (-CHerr]C=CH), and the Ilike.

"Am nocar bonyl" refers. tq the group - NRR where each Ris 20

i ndependent |y hydr ogeﬁ“‘ﬁ?? 'ﬁ‘}fgwg.the é)m“pc'(l%!' "Am noacyl " refers to the
group -NRC(O R where each Ris i ndependent |y hydrogen or al kyl.

25 "Aryl" refers to an unsaturated aromatic carbocyclic group
of from6 té “re-Qaty 1 sefers o A Avbiritgihd-2spasgil €qupng (e. g., phenyl) or
mul ti pl e condensed rings (e.g., naphthyl or anthryl). Preferred
aryl s include phenyl, naphthyl and the like. Unless otherw se
constrai ned by the défThiol'"t tefens focthe gtoep FSHI vi dual substituent, such
aryl groups can optionally be substituted with from1l to 3 30

substituents selected fromthe group consisting of alkyl, alkoxy,

al karyl oxy, "Thioalk¥¥§) "38fe20R Qe group -S-alkyl.
PcTl uS9/ 1624 --24 -

al kenyl , allenyI , am no. am noacyl, am nocarbonyl, al koxycarbonyl, aryl,
“Thioketo” refers to the group =S.

"Pharmaceutically acceptable salt" refers to pharmaceutically acceptable

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

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

ammonium. tetraalkylammonium cations, and the like.

Genera] Synthetic Procedures

25 The a-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



car boxyl, cycl oal koxy, cyano. halo, hydroxy, nitro, trihal onmethyl.

t hi oal koxy, and the |ike. 5 "Aryl oxy" refers to
-OGaryl grou }9@;‘{6 "aryl" is as defined above.

"Carboxyl" re 2 the group -C(O COH. "ROAIRg8216% ers to
the group -CN. 10 "Cycl oal kyl " ref ers to cyclic alkyl
groups of from3 to 10 carbon atons having a single cyclic ring or
mul ti pl e condensed rings, including-f&sed and bri dged ring systens.
whi ch can be optionally substituted with froml to 3 al kyl groups.
Such cycl oal kyl groups i ncl ude by way of exanp single ring

structures sucHsedsbuypushoondigons, cag)pgpggmxqu bYc‘gﬂ@l %B@ﬁt‘%hc aE‘}’dIrB‘éiéleyl 1-

met hyl cycl oprog%{thnguog?trm‘hlﬁﬁgl opentyl. 2-methylcycl ooctyl and the || ke, or
mul tiple ring struct s such as adamantanyl. and the |ike.

"Cycl oal koxy" refers to -Ocycl oal kyl groups. Such cycl oal koxy groups 20

Qe oal kenyl - r of chQupaagy o i BE BT by e BT b e, hon

atoms havisg aporedbhLgroNss hay be wgessdidl t@prel@d Sérdin funpidrial grdfips fidner nal
unsat uration whi ch can be optionally substituted with from1l to 3
al kyl groups. psdergoingaungesirsg reactionsy,iThg sheice-9fa yatrile AIAtEHPH BIPUP @ ude, for

i nstance, cycl B%mlaﬁﬁ_mhallgﬁﬂjﬁloa?%? “a$ Suitable condm@ﬂkYIJor proYeliGPsa- 3- enyl and

the |ike. ) hal ogen” refers to fluoro, chloro,
brono and i ododepPotedtionaesdwell known in el ast. gFas g3 &mple enusnerpusrproteciisgo or chl or o.

30° 99/ 2
PCT/ US98/ 2162 4gr ups, an(? 91914‘ introduction and removal, are described in T. W. Greg)é': anc_i

10 G. M. Wuts, Protecting Groups in Organic Synthesis, Second Edition, Wiley,

New York, 1991, and references cited therein.

In a preferred method of synthesis, the a-aryl-N-alkylnitrone compounds

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

15 I
Rt
R? o Im
20 R3

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 ' carbonyl compound III with at least one equivalent, preferably about 1.1 to about




"Keto" or "oxo" refers to the group =0 "Nitro" refers to
the group -NJ err]. 5 "tert-Cctyl" refers to a

2,4, 4-trinet hywdegmesury! group. "Thiol " ref

group -SH. "Thi oal koxy" refers to the gr oupefcél/%ﬁ;ﬁ@#% 10
"Thi oketo" refers to the group =S. "Pharmaceutical ly
acceptable salt" refers to pharmaceutigally acceptable salts which
are derived froma variety of organic and inorganic counter-ions well 15
known in the art and include, by way of exanple only, sodium potassium

cal ci um  magnes i, ARHR N ok kAR T0Yih QRN bl BfvEntishen o di@thardd when
the nol ecul e contdins a basic functionality, salts of organic or_inorganic
aci ds, sthatpl a b.4Hijekans Heteahly drefuriny dlimeshyrsutfexide, dimpethylormamidg| at e,
acetate, maleate . xal . an ' T, ’ I eutically
acceptabl e cati Sﬁd thF el1k8'r él‘ h org%cﬁéxgls%rgfe%ﬁg'r#ﬁ@gcﬁ dl%élt%ﬁ égé:%%rp}? aft e cationic
counter-ion of atodOrdite abannCO0°Ofal algsud o about 48 hourSu Opticialy pn satalyrc
exenplified by sodium_ potassium_ cal ¢ium nesi u amoni um
t et r aal kyl ahmonBRPRAL a8 A4S stqh a3 Rudrpehleric aci dcetic acﬁ‘e@-ﬁ@v%ﬂes‘ég?mcwe ic

Procedures 25 anq the like. m_a;f tyaceerhﬁsyéd-iartm& réﬂnﬁérkybguﬁémio%f tRirgactiby,ent i on

can be prepared fromreadily avail able starting materials using the
fol | owi ng gener ahe erethrdbalkyinitrops efcferronled is recovered by|qonygntipnah methods eci at ed

that where tYP! Sbe BEBhEIGS R AREAApRR 8 Bl ana e e, T 82011 O

tenperatures, timnmes 05 0 sol vents, pressures, etc.)
are given, other process conditions can al so be used unl ess ot herw se
stated. 30 ti reactjon conditions m ry with the particular
react ant s (‘J9 Soﬂjent e ary carLonyl corwsug% %tgfgmlklla YI?eleloyedh n tpe cd%p{mg

PCT/ US98/ 21624  reaction are either known compounds or compounds that can be prepé’r@d from
known compounds by conventional procedures. For example, such compounds
are readily prepared by acylation of the corresponding aryl compound with the
appropriate acyl halide under Friedel-Crafts acylation reaction conditions.

15 Additionally. the formyl compounds, i.e. those compounds where R is
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, in I. 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



used, but such conditions can be determi ned by one skilled in the art by
Addi tional ly,

routine optim zation procedures.

as

Wi Il be apparggbeseget N0se skilled in the art, conventional 5 protecting

groups may be necessary to prevent certain functlonal

gr ouFETs8831624

under goi ng undesired reactions. The choice of a suitable protecting group

for a particular functional group as well as suitable conditions
for protection and deprot ectt®m are well known in the art. For
exanpl e, numerous protecting groups, and their introduction and

renoval , are descrjbed | . W Geene and 1 G
Groups in O gagﬁ"ﬁrab;bﬁ?'ﬁi@%tf’gat a?;@\’,‘g]&: IEGP?‘F%H g\fqu apgut 035 109 houfge\heor k
and ref er encesregilf; mﬁebxﬁécﬁit@ is then reacted in situ with abblﬂ 190 &Y fb&'7. @d met hod of

synthesis, the [err]-aryl-N-alkylnitrone conmpounds

i nvention are qanivplents @f By alkplplitia preferablyyan abkyi b@mﬂﬂe Q!'dﬂﬁbdﬁmda of fornula 15
e eratyre f from abou% %5 C 'f? agcr)%txlyf)ge rf(l;r about %)Srtr?u out 3\;iays o5 '

[err] are as (fe?‘ ove, am ne o

HO NH- R] ebr ]

this

Wit s, Protecting

1991,

wher ei n

wherel n Rlerr]

defined above, under cony nti onal
coupling reaction iA9diHps B’aIVFS’O‘ES @Fé’ﬂj%ﬁﬁg P’ﬁéﬁl"%b"t prepared by 30
car bonyl conmpaudgtibh bfWetcbn@boﬂcmigssrymeu@qurma}eemm iPtyplcaiiypnfucdbout 1.1 to

about

by contacting the aryl nitrile with about 1.0 to 1.5 equivalents of a hydride

reducing agent, such as LiAIH(OEt),, in an inert solvent such as diethyl ether, at

10 a temperature ranging from about -78° to about 25°C for about 1 to 6 hours.

Standard work-up conditions using aqueous acid then provides the corresponding

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-methoxybenzaldehyde, 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-ethylenedloxybenzaldehyde 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.,

is as

The.
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equi val ents, olygwgsdxyl amine IV in an inert polar solvent syehaidsriead

met hanol , et hanol , 1.4-di oxane, tetrahydrofuran, dinethyl sulfoxide,
di met hyl f or mam de and the like. This reaction is preferably
conducted at a tenperature of from _329.. about O[err]C to about 100[err]C
for about 1 to about 48 hours. Optionally, a catalytic 5 anount of an

acid, such as hydrochloric acid, acetic acid, p-toluenesulfonic acid

and the like. may. l@@,,%‘ﬁé}éﬂyﬂdm'a@ défitied ab®RY Lidifa siipoR redlnfiﬂeeigbmrsuﬂf ast he
reaction, the [err]-aryl-N-alkylnitrone ofd:%orlgu i's recovered by
for Pb’f‘r‘ht

convent i onal retagtsed zinc/aceti¢ agid. L?GPY?&%%"}%‘P?‘H\“?‘ ogr aphy,
filtration, dist 'IJ x%x}-xﬂ-{?e é\%la}ng kﬁns reactdn is typlcally cordictéd ala car bonyl

conmpounds of f or'iu in the coupl i ng reaction are
e| t her known conpmperasreomngiogrfroorabsutt 134€ tcabpubéOerCéf@al&lenpri)‘mlz hours, Kknown

B A e Bt

are readi |y prep rrespon aryl” conmpound with

the appr ofiédnai/RaeEMixniialin the chiade Itheﬁﬁmdadeien@rcﬁfahs:ﬂmdyviamt mixureeact i on
conditions. 15 Addi tionally, the forny rrFounds i tho e_conpounds

where Rlerr] is in the case ofe alygugum @aﬁg% p*t\’élﬁﬁ %B“WWPW}?’IS 1 BRIER ¢ he

corresponding ary ﬁéﬁ?}‘% be reductfio 1 drokPlaménes WEhe bordndlins ubst i t ut ed
f or mam des, such as(g qlals0 ¢ redue rhg glfor mam %e and phosphor ous

oxychl ori de (t heteivahysinfuran- Sinse komﬁamﬂlm)@lﬁ)mnes have limiteg stahilitygsueh( CN) [err] ,

foll oned by, water (the, Gatt n rea t hods
are known i3 t he®® 5‘5&“?%“?)?%‘5 reparc ﬁ ordp 5;{ Eogg;é/ %‘E@r{p%ﬁ}glg.a uch

met hods are descgarbsg c&nwoum(aﬂmhﬁulam |. T. Harrison and S. Harrison.
Conmpendi um of Organic Synthetic Methods, WIley, New York, 1971, and
references cited therein. 25 Certain aryl carbonyl conpounds

of formula I'll can almerehed RydRBRAIARiInBYfor use m this &lvisitical in€adeQ but 4r€ not
correspondi ng aryl hydroxy conpound (e.g Q/dr owbenzal dehyde
and the |ike). Thinge @aé‘rqye\qu%ylhxfbwtyawry é’d?fd‘l?&‘tygﬁdwy mine, N-Ierfsont act i ng

the aryl hygdroxyy ‘ﬁgﬁﬂyﬁggﬂ R thsf ?wgﬁ,ﬁgg Bxfidffie, AULStofANRR0BAdMdbd, Nh-

al kal i ne earth oxXl or carbonate, in ainert solvent,
such as 30 et hwammydro%nmndmt&rebtlltylhgdroxldald@prUtcaﬁaheéiﬂhwémhxlémmylv‘ gr oup.

This reaction | S2,4—d1methyl-2-pemylhydroxylamme, l-adamantylhydroxylam_me and the like.

harmaceuti mpositions
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.
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general ly 00%1&52(3&!) at about O[err]C to about 50[err]C for about 0.25 to 2
hours. The Pesul ti ng intermediate is then reacted PATASWRIMHK h
about 1.0 to about 2.0 equi val ents of an al kyl halide, preferably
an al kyl brom de or iodide, at a tenperature of from about 25[err]C
to about 100[err]C for about 0.25 t3%bout 3 days. 5

Additionally, various aryl al dehydes of formula Il can be prepared by

reduction of the cqrrespondi ng, a nitri Thi.s reaction.is |caIIy

Conduct o B0 GRRbazuh Srosiob] o mentich fah o5 sifitisietes 45 1

equi val ent's oh varidty @f tdliees including oraE détedl NGard@eiial, sebtGRness Linkdvehdds! ) [ er r]

in an inert solvent such as diethyl ether, at 10 a tenperature ranging

from about - 78@RuEcuas. aonramsle endingronghe intended gputs of sighvery, the

St andard wor k-

cor r espondi ng c%p&ﬂ@bf&?% '}ﬁverhgdrﬂﬂ e gP&f&QH? f&ﬁiuf’atédha%'lnﬂérq}rﬁg gﬁ? éﬂ&glr yl

car bonyl Eonpeempisitions| ude, but are not limted to, 2- 15

et hoxybenzal dehyde, 4-ethoxybenzal dehyde, 2-butoxybenzal dehyde, 4- .
but oxybenzal dehyde, 4-pentyl oxybenzal dehyde. 4-benzyl oxybenzal dehyde, 4-(4-
f 1 uor obenzyl oxy) beTheadogoyilens fr brat fahineutivartay kaks yhelfona af blakyiged 4-

hexyloxybenzaldehyde 4- hept yl oxybenzal dehyde. 3-et hoxy- 4-
met hoxybenzal ERIBHRRE OF USBENSIFRS-OF_BR IECTSe rM%ﬂed’@WlfP@lY’ §°‘H°V°126h°

di et hoxybenzabggiyins é’re%fré}&%ié/cﬂmhﬁﬂ%o% B&Aab @lfchm@ acc%raf:é dHng: 4-

met hoxybenzal dehyde, 2-fluoro-4-ethoxybenzal dehyde, 2-fl uoro-

hept yl ox!ﬁbenzih@l@ﬂyd’émt QOSMQJ@F@S'ZE&E% 1ol phwsierdly Adcrrshymits, Suwab!?e%ﬁzyl oxy- 3-

met hoxybenzal nz.al.daby,

nmet hyl enedi oxﬁ@%g?sggﬁqg % pI psg?gﬁg o & -et hyl e%%ﬁ?%&%ghnzlzﬁ dehyde,
2,4,6- 25 predeleﬂqudxmantak @éhgld'e ,mmiall tdimldtedkte. produce the desired The
hydroxylanlne conpo get roul a V. aboy %)ar% al so.. go%p. . conpounds
or conpounds WKIR “fae B "b?sé%éﬁngﬂ With & RUPARIR RPAIB RS B GRy EXiRjent.

conventi onal m‘ymczﬂﬁiun Gesaga' fipine adclude ptdfﬂle&,ypiémda)shmnmpuleoﬁmﬂngks oof fornula
30 Ve PR et gt b, Bblels! Eapilts &R e e tasd O SAFPOUN

(i.e. WS 91 P!

PCT/ uS98/ 21624ompositions. In such compositions, the e-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

20 dosing form.

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

25 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
lubricant 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

30 peppermint, methyl salicylate, or orange flavoring.



-- 29 - [err] wherein Rlerr] is as defined above) using a suitable

reduci ng agent such as activated zinc/acetic acid, activated

Zi nc/ amoni um @l ®Rrodd¢ Or an al um-nunt mercury amal gampe H‘{ﬁ% ﬁctl on
is typically conducted at a tenperature rangi ng from abo Ferr] C

to about 100[err]C for about 0.5 to 12 hours, 5. pr ef erably about to 6

hours, in an aqueous reaction nedia,..ggch as an al cohol/vvater

m xture in the case of the zinc reagents or an ether/water m xture
in the case of the al um num anmal gans. Aliphatic nitro conpounds (in the

form of t hei I infedlable)cofipbsifidrs ArdGpiceitBAed Lfon ey kdflienaineusi ng
borane in tetrahydrofuran. Since sone hydroxylam nes have |imted

stability, suchouphosphashyffaretsaling o Qjasrdpisetable ﬁ?‘éﬁﬁrl@ﬂwphﬁ@ﬂlagt Yy prior to
reaction with t . REorh %h@'
Preferred hydr o?yl ar’nmneeoéa O{Va& ,Pﬁﬁ[a%/q pﬁeg{lgtilcogolél% | 'ud St d%a"arae not
limted to. I\I-cymh(!rp:empyhdny.dxfmu}aam frem d%oued.05 extl% Hvydrecghymthrﬂ@ N-tert- 15
but yl hydr oxyl am ne i sopr.opyl h 15 oxyl am n n propyl hydr oxyl am ne, N-n-
but‘yl hydr ox%//I ant W‘““ék%‘f’gﬂﬁdi{’ﬁ% tﬁ%h N cycl ohexyl hydr oxyl ani ne,

, 4- di met hyl - 2- pent yl hydr oxyl am ne, 1- adamantyl hydr oxyI am ne and
the like. Phar maceut i cal Conpositions
enpl oyed as phar mace#§ ave-described camppnglry, for mraéllyw\}mw%l%& ‘?J?"“Ebrlﬁ s
invention are tmhﬁ@s'.tgs mge I regintaﬂvé herHeP hltephlsas REA RS BoBLking 2!

conposi tion. |ons can be prepared in a manner wel |
known in the techquﬁpMdedd@tam:@It fetht indRagr &offpamingtonls Pharmaceutical acti ve

acm i st er 487 n Ssiences, 1760 iR, Woct HIBSRY CUBH Sy PR,

t he conpound actwiidh iy incorporated tegkth Bi; $éfe|reﬁd: will typically be determnined by
a physician, in the light of the rel evant circunstances, including
the condition to be treated, the chosen route of adm ni stration,
the actual compound Qﬁ@b&hﬁ&uﬁ&ﬁ& this ffvefiGith catilsaiYe, aditikidred RORGRInd) of

the individual patient, the severity of the patient's synptons, and the
like. release \i@nggv Frpgpsustained release drug delivery systems. description of

PCTI US98f | §£4

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.

ulation 1 - Table
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



-- 30 -- The pharnmaceutical conpositions of this

i nvention can be adm ni stered by a variety of routes including
oral, rectal,gwhb ermal . subcut aneous, intravenous,

i ntramuscul ar, and I ntranasal. Depending on the intended r RATES3$21624 | very,
t he conpounds of this invention are preferably fornul ated as either
injectabte or oral 5 conposi ti aas. The conpositions
for oral adm nistration can take tﬁg’&fﬁr m of bulk liquid sol utions

or suspensions, or bul k powders. Mdre conmonly, however, the

conpositions are presented in ug%; &g@ggﬁ_&ggg& to facilitate accurate
dosing. 10 The term"unit d rs to physically discrete
units suitable as A compoundisf fofmiyla Hzsdgiedfaos diupmnics wixthactasciand ot her
manmal s, each ynit containing a ) .predet erm ne uantity of active
material cal cgﬂ“&?’@d" ?"_baHW‘Bﬂ'B%E Iilh%e‘&}&srf‘r“gd—?he mixfure ‘ﬁﬁ&ﬁd‘ﬂ)‘@@?? Beffect in
associ ation Wchpsufes %m%?bmab&&mw&nm%&&&:&m& per capsule). TyPical unit
dosage forns include prefilled, premeasured anpules or syringes of 15

the l'iquid conpositions or pills, tablets, capsules or the like in the case

of solid conposi tions. I% quﬂbﬁggaga&&ions, t he

[err]-aryl-N-al kyl nitrone conpou sually a m nor conponent

(from about 0.1 toAaempouraDShfbymuiel (JBS @), sucrose (1.75g)aind xamhyn funo@ about 1
us_vehicles

to about 40% by weight) with the rengi nger g . var i

or carriers aﬁ%g)ﬂfeo@?é%iir@“ﬁid‘g?‘r‘@ ‘gﬁm fh‘B?S?ﬁg)'snf'ﬁbe’?ﬁ%thﬂ’ég}"fegd“_ﬁ’o_ _
dosing form apreviously made solution-bficebckRtaNine Tllilode] aad &tiuM@r al adm ni stration
may include a suitable ous or nonagueous vehicle with buffers,

ague
suspendi A8 anGa@f’&lﬂ%@i‘ﬁémﬁéM%é}g- 30 mg) in watsT-opediem bepzoaig 4k&mehd t he | i ke.
Solid forms n%véﬂ?ﬁﬁdj&ﬁ(gsafrg?ihﬁm FateP RN Ried Qgh %t_%ring. Stxfﬂch:‘ﬂ%ﬂgr

i ngredi ents, or conpoun a simlar nature: I nder such as
m crocryst al | iihder edded toproducgartotal vaduoaef hmbe gel atin; an exci pi ent such as

starch or lactose, a disintegrating agent such as al ginic acid,
Prinogel, or corn starch; a | ubri cant such as nmagnesium stearate; a
glidant such as colloidal sili caForohutakpmé - Tablets a sweet eni ng agent such

as sucro or saccharin; or | avoring agent such as 30 erm nt,
oot o o0t r e T tetmefha Bt ot R T |AnREE o W7 Bovfier $8in 2 iy FERER
PCT/ US98/ 21624inder in an approximate 1:2 weight ratio. A minor amount of magnesidi - -

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 ormulation 5 - Injecti
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 a-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-1p and
TNFa and/or protect against IL-18/IFN, -induced toxicity. Additionally, such
compounds have been found to reduce the cognitive deficits caused by AB(25-

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



I nj ectabl e conpositions are typically based upon injectable sterile saline
or phosphate-buffered saline or other injectable carriers known in the art.
As bef ommp oskdoéni[ err] -aryl - N-al kyl ni trone conpound i n Sgeiusesi624
conpositions is typically a m nor conponent. often being from about
0.05 to 10% by weight with the 5 remai nder being the injectable carrier
and the |ike. The abmsge-~descri bed conponents for orally
adm ni strabl e or injectable conpositions are nerely representative.
QO her materials as well as processing techniques and the |ike are
set forth in Pargs grevibusBedisougdednths fothariomofAp(le4d) bi@-pleateBsheets asyromal't h
edition. 1985. Mack Publi shi n_g _Corrpangl, . Eastfonf Pennsgif%/@nj a, whi ch
i s i ncor por at ed BB less PR amdeidrindyiced cognitive deficits are asso Y npounds of this
I nvention can alr&ProQ@geﬁE’r@iiW Sh&kisak. sienSd4SA1hARE s disease, ah@bEARSImUHET OF
from sustai ned release drug delivery systens. A description of 15
representative sosditipnsedAddationally cleyated ileyels of gyrokiaes yg aosinted Wihi ncor por at ed
material s ig Rem ngt.on' 2har |.C LRRESS s . The

fol | ow ng fgr rruI‘g?ﬁ’g?ge@%g%’3{si%%ﬂseta?lgl[°§%t§pr es%rxtcg;[xclht\}%ns. Accordingly,

phar maceut i cal chepaspduhdyendphartmucauticaiwentpbsirions dfehip inysmivn findweaas on,

however, 20 is not limted to thg foll own har maceut i cal com sitions.
Formul ation 1 - tmeé;pgs for prevemmg and/or trg@t@grgﬁ&?ﬁ%gemmﬁ\gr ﬁlf}f’lgmim"f’ a cg dmi xed
as a dry powder iwhihm#tofl d6n8iBbA infmammals inchidingdfmahd) an approxi mate 1:2

wei ght ratio. A mnor arount of nmagnesium 25 Stearate is added as a

| ubricant. The mxture is fornmed into 240-270 ny tablets (80-90 ny

of active [grr]-ary! eildngly) a0 Ao bUHPAMYerbF thal e laftheind: aflat abl et press.

PCT/ US98/ 21624 trimethoxy analogs of the compounds of formula I (i.e., compounds in which R!

and R? are methoxy and R? is hydrogen or R'. R? and R’ are all methoxy) have
significantly higher toxicity than the a-aryl-N-alkylnitrone compounds of formula
1. Due to their toxicity. such di- and trimethoxy compounds are not useful as

15 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 c-aryl-N-alkylnitrones of this invention have been
discovered to effectively inhibit the release of cytokines, such a IL-1B, IL-6 and
TNFe., such compounds are useful for treating diseases characterized by an
overproduction or a dysregulated production of cytokines, particularly IL-1p, IL-

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



-- 32 -- Forrmul ation 2 - Capsul es
A conmpound of fornula | is adm xed as a dry powder with a starch _
diluent in anWBBf}i(B&' mate 1 :1 weight ratio. The mxture is filled into 250

ny capsul es (125 ngy of active [err]-aryl - N-al kyl ni t PERAS8/éRround
per capsule). 5 Forrmul ation 3 -
Liquid A conpound of Jormjl al (125 ng), sucrose (1.75 Q)
and xant han gum (4 ng) are b? ended, passed through a No. 10 nesh
U S. sieve, and then m xed with a previously nmade sol ution of

m crocrystalline cgld se (11:89.
50 ng) in water. %ldiuin%g e%g‘gbg'te &?%%Hﬁr%]gds des&%&a%ﬁ%@@n cfmuh% are

di l uted with wataemriengef adxtelihw:ry lsysadmsr rInjemonSin‘sé levele fdr treatigy S

t hen addedto oduce a.total . volu
Fornul ation 4 ‘ng%eéf'?“i% alltoimumune and mﬂ?ﬁgnaé%ﬁ&am@%fm’fgsﬂ?m apopt j 5 adni xed

as a dry IOOWdGU 1 Wk /Roudl kY atd@dseto ﬁlg/kg/hour allForn@&h abdutano abdk 920 nate 1:2
wei ght ratio. A minor anmpunt of nagnesiu stearate is added as a

| ubri cant 3 Thehoyrsandeapecially 3¢ (a9 hqma Awlmgr@htsamf@psabouml (150- 300
mg of active [rﬁélfc%lﬂ%ht 0 ik P indor ORGy QQQEQMISt&dZ;oB@B{;@aaP u%és 20

Formul ation 5 oun or rru S
di ssol ved i n ostdady ‘stenedd/eiyt €Fhiel ngaxgaihm m}al dose is not ¢xpp@cd mtalxeeedqumas medi umto

a concentration,of 25 The
[err]-aryl-N—ép%Vﬂﬁfgggg géﬁkﬁq%hﬁfq' ention have been discovered to
inhibit the formation of Alerr](1-42) beta-pleated sheets and/or protect
agai nst neuronal cell loss and/or inhibit the rel ease of cytokines,

cuch as M0-1 [err] Fanihe prevention apjor SERimenl Rl IGAE-BTB EAtOR DA RS

I'L-1[err]/ 1 FN, gehfodebetatiRdndialdbimMeil doh@Rshs. Yhe r'élz!ﬁﬁn for treatmenpﬁgwnds have
been found to reduce the cognitive deficits caused by Alerr]|(25- "30

35) /i bot enat e sestchgs| avenmamhoewhsienyerisse @rad ylogieg isdireferaet 9 paterline strains of

g C'(I:'/e US981 624 convemngg!u%qglgljance. With oral dosing, one to five and especially two to
four and typically three oral doses per day are representative regimens. Using
15 these dosing patterns, each dose provides from about 0.1 to about 20 mg/kg of

the c-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 bf 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 ¢-aryl-N-alkylnitrone derivatives.



-- 338 -- As previously discussed, the formation of Alerr](1-42)

bet a- pl eat ed sheets, neuronal cell loss, beta anyl oid-induced
cognitive defi qyd soraégg@ associ ated with neur odegener at i jfjons,
such as Al zheimer's di sease, and/or autoi mmune condi ti%ﬁs’ﬁsgg/gkﬂ

Additionally, elevated |levels of cytokines are associated wth 5

neur odegener ati ve, autoi nmune and/or _j4¥lammatory conditions. Accordingly,

t he conpounds and pharmaceutical conpositions of this invention find use as
t herapeutics for preventing and/or treating neurodegenerative, autoimune
and inflammat qhy neENdLdrI0NaIklMitFOREITBY tisl ieentich Ad alloRetEl as 10
Surprisingly, it has also been discovered that the dinethoxy and,

trimet hoxy anal cgslyti¢al réagenthiodmebin Gapsi firgtegting ynistable freg sadicaléring n whi ch

Rlerr] . ' cogengal, Rlrrl] .
Rlerr] and R3 araegéig% gﬁé%{ﬁgéﬁf%‘é\;@wﬁﬁ%&o& gl:i({:;%ﬁwft?dc%ér?ﬁ@gﬁi aﬁ’gr’ @fegxi city

t han t he a- aryl -astaailiktidanteiagense thearippanerodmpoiinds of thid svention are typicalue to their
toxicity. sych di- and tripmethoxy conpounds are not u ul _as 15

t her apeut i cgagerﬁogtawgﬁ’é&éﬁg‘iag'f:%&é%%e g@‘ﬁ’@@l’ﬂ %"?‘ftlﬁ’r" a&g%?ﬁkﬁ@‘*?‘}“& radicals in
l'iving DieAtra@h GRth cSeARINBI manner. In particular. the AP alklyMiteshaélof | ons

whi ch may be treated and/or prevented with the [err]-

aryl - N-al kyl ni t rtbisdrveptiorf mpyybg used tudesech angd ilartify Aee sadicals ddilegicddns, such as
20 Al zhei ' i P, i ' i i the |ike;
zhei merg, gL s ?‘?‘Zéﬁ?“a@ééﬁyg‘%@' ﬁlcﬁ'assﬁéGL JF%-?#‘&@%?@‘;@F&?OM. e 11Ke

aut oi mune condi i ons, s em c lupus. nu erosis and the
like; anday be ¢maptowtion thesorxgpetiments, Tgpicdllya sheisafutiomparttanipg dewel

di sease (1BD), . rheumatoid arthritis ept.i,¢c. shock, erythema nodosum
epr ooy, sdBl | cemmsirap wil e dEBiiefy BBy ot pmpEe Bielig BSHox FIOEE ol one
(ARDS) and the |thiigh & solution before the ESR Adsbrimeancoiducted N Peefefably, an
[err]-aryl-Nal kyl nitrones of this inventiaon have_ been di scover ed

to effectively ifaEe®iof theearyblValiytnigoneds pesdiin gich ESReerpsrimenty  err], IL-6 and
TNF[err], such conpounds are useful for treating di seases characterized by
an over production or a dysregul ated production of cytokines,
particul arly | L-1[ er rlhe actugl-expgimental progadurasindeyed in thespindrargingany

gg}j IUngmglng fggg/ OéxerWnLrﬂ Wtd%e}‘.d 6R Q%Hbgpéf factors, such as the ma\qgrgtﬁ{ r;ZcRLGaQ 1

production, the inertness of the solvent and reagents with respect to the spin trap,
the lifetime of the spin adduct and the like. Spin trapping procedures 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 example, 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.

30



As di scussed above, the conpounds described herein are suitable for use

in a variety of drug delivery systens. Injection dose levels for treating
neurodegenerak&b¥§ 0 @ut oi mmune and i nflamratory conditions range from about
0.1 ny/ kg/ hou G% | east 10 ng/ kg/ hour, all for from abowcTiUspgriedaout 120
5 hours and especially 24 to 96 hours. A preloading bolus of from about
0.1 ng/ kg to about 10 ng/kg or nore may al so be admnistered to
achi eve adequate st eady stat¥ revel s. The nmaxi num total dose is not
expected to exceed about 2 g/day for a 40 to 80 kg human patient.
10 For the prevention a&gé%[}, atment of |ong-termconditions,
such as neur odegenerative a i ne conditions, the reginen
for treatnent usualihyhe examples beléw &thé REBWMLILbARAKoM¥HAVE he FblloARY S SO _or al
dosing is preferred for patient conveni ence and tol erance. Wth
oral dosing, oneaningsf /Abbresigtonsgioedsfined pelpwdiayeptheir generallyfageaptednd typi cal |y
three oral dosxgganggr day are representative reginens. Using 15 t hese
dosi ng patterns, edch dose provides fromabout 0.1 to about 20 ngy/ kg of
the [err]Saryl - N albldyl ni trone w tbnoadrdeiler ed doses each provi ding from

about 0.1 to bs about 18 ny/bkepdaingleespeci al |y about | to about 5

ng/ kg. d When=usedohisletpr event the onset of a

neur odegener ati ve, dgut oi nrun2 or Jabbiet ofideiibl@gmmat ory condition, the
[err]-aryl-N-al kyl ged rones of thiggcdmpssedt i on Wi Il be adm ni st ered

to a patijgnt at ri gk,dor devel opigagntdgagendi tion, typically on the
advi ce and under tkggyupervision gfoa &%ﬁ&@tﬁrsoﬁfenf{é@zaﬂosage | evel s
h% or deve

descri bed Xg. Patients, oping a particular

condi tion general | g dicl ude et I ﬁ?g’se that have a famly history of the
condi tion, or thosgpwho have beer}eltzg)ov.mis%%&ti fied by genetic testing or
tB|c & 5¢'6 devel opi ng the

screeninqsto be par ularly_susc§ t1b
& The ¢&onpounds of this invention can be

condi tion:
adnini stered as thd sole actTve 10U agent or they can be adm ni stered
in conbi nation witlk? bher agent s i ¢ udjng 30 ot her active
a-aryl-N-al kylnitr '3 deri vati vederienkin-1p WD 99/ 20601
PCT/ US98/.21624 -6 = interleukin-6 -35 --
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
3 = 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



The novel [err]-aryl-N-alkylnitrones of this invention are al so useful as
anal ytical reagents, i.e. as spin traps, for detecting unstable free

radi cal s usi Ngwg 9920601 €/ €CtrON spin resonance (ESR) spect rosc&ﬁ'}hs@{}?wu
rel ated techni ques. \Wen used as anal ytical reagents. e nrtrone

conpounds of this invention are typically 5 contacted with the
radical to be studied in solution andjan. ESR spectrum generated in
a conventional manner. In particular. the [err]-aryl-Nalkylnitrones of
this invention may be used to detect and identify free radicals in

bi ol ogi cal ShSthé @?qggﬂl%efg Q&ﬁﬁe‘iﬂﬁf'@g 8fe: in AerBesAelus)Bhless] ES- FE3XG
oy

spectroneter, I'n these experinents. Typically, the
sol ution cont ai nmagwsd"lmdit:@ted) lbpmplem-é.‘pdtw:ﬂﬂte the synshstis 96 Higregdips  f or

cxampl e, PULO! | 10 o0 oL APy, MBS Qa0eTor e (e

[err]-aryl-Nal kyd ghihegosr &-Srylll%ﬂﬂkylﬁitr&mfbf ktRine¥mivni ane obraparative o- aryl-

The actual experinéntal procedures enployed. in the, spin- ‘h‘ec E’E

experi ment i || Niadjdnigrones. andhgiESR. 8t vipr ﬁé{“?)f"s""’%iﬁﬁtwgé’g Sp

radi cal production, the inertness of the solvent and reagents wth
respect to the spin trap, the lifetinme of the spin adduct and the
| i ke. Spin trapping procedures are wel ExampleA known in the art and the
exact procedure enployed can be deter n d b?l?&t hose skilled in the

art. Typical procedures and appar cting spin trapping 20
experinents are described, for x’gﬁeﬁfgut iy 5”‘!@' Blans, " Spin Trappi ng",

Al drichimgg Acta, (mgaust 648 2) waatuédin poitors 86 Qlt:&ﬂécﬁﬁ)lmr‘éeﬂztn’iwyfl}l n.
The follow ng synthetic and biol ogi cal exanples are offered to illustrate

this invention aneitraprepsnstSebe)ned ammeniureeniones3y’ ki GNP PEFHE bhe scope

(Ig‘fCT; BISS 8/22 1624 aEl\bll?C'ﬂt '1'9{} 50 as to mainth the temperature beloW( 898/ Zﬂﬁ%acuon

mixture was stirred mechanically for 15 hours and then ﬁltcred The solid was
washed with hot water (1.75 L). The combined filtrate was saturated with

15 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) 6 = 1.090 (s, 3 CH).

Example B

Synthesis of
N-Isopropylhydroxylamine

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

without further purification.

30



EXAMPLES In the exanpl es below, the follow ng abbreviations

have the foll ow ng meani ngs. Abbrevi ations not defined bel ow have
their generally accepted meani ng. 5 bd =
br oad doubl etVC 99720601 bs = broad si ngl etrws9sries -
d = doubl et dd = doubl et of
doubl et s dec = deconposed 10 dHO
= distilled water - 381+ SA = enzyme- | i nked
I muno- sor bent assay Et OAc = et hyl acetate
Et OH = et hanol FBS = fetal bovine
serum 15 g = Exang),leaﬁg h =
hours _ Hz Synt o IL-1[err]
E interl egkl n- | I[Ie{ ;]r N-Cyclohexyl xvlamme = interleukin-6 20
| i popol ysacchar | deUsing the procedure of Example A above ared l-mtronydldhexﬂnetthe

nol 25
%na—l 5 mlc comppélpfb: aq,{bl?e prepared. AlternatwewgN—cyclohexylhydr.oxy]amqu] | ?Ir gram
Mz ﬁydrochlmqw Hezpurchased commerc1ally"ﬂ=om Aldrich Chemical mlliliter
nmol i nol e 30 m p. mel ting point
N £ompany, MP( nMilwaukee, WI USA and ngutralized with a base, such aguart et
qui nt . singlet 35
t gotassnunﬂ;lrflrg(fng{e, to provide the title co@gwynd. _
t et rahydr of uran ThT = thioflavin T
tlc thin | ayer chronatography TNF[ err]
= tHﬁDr necrosis factor-[err] 4 mpic 1 [err]=
m crogram _ [err]L Synthesis ofi croliter uv
= ul travi ol et a~(4-Heptyloxyphenyl)-N-tert-butylnitrone

The title compound was prepared according to the procedure described in
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) & = 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, CH,), 1.77 (2H, quintet, ] = 6.7 Hz, CH,), 1.58 (9H, s, 3 CH,), 1.36
(8H, m, 4 CH,) and 0.87 (3H, t, ] = 6.7 Hz. CH,).
13C NMR (CDCl,, 67.9 MHz) 6 = 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-r-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-
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I n the exanpl eswBabsyypy al | tenperatures are in degrees Cel si ui _é/ﬁnl ess

ot herwi se indicated). Exanple A-C describe the synthesis of FUPREE %t oS
useful for preparing [err]-aryl-Nalkylnitrones. The remai ni ng exanpl es

descri be the synthesis of [err] -gryl-Nalkylnitrones of this
invention and conparative a-aryl- 5 N-al kyl nitrones, and the ESR, in
vitro and in vivo testing of such conpounds.

Exanpl e A I d DRSthe séio
N-tert-Butyl hydr(I)°><d3?Pexane gﬂ 1&; 0.222 moles) waszdde l%ﬁg%po?}é% g) vvsés ?iélded in

portions to a cocfededifoxt6fmeursf The ethatoi|was removed b2-rntiatyrtzyppqmtm1@n(15m g) and

anmoni um chl oride ni.zed water (6 .L . such .a rate so
as to maintain tﬁ"é‘{% g%‘?ﬂﬁ? ‘b§| YCRTSPAE Y TT:&‘OWH%’ crhg’égf’i "ok ik i Ui xture
was stirred rrechmopah&xy)l {300:205v 9 tirsl 8aiddrstah esont tekiperatile. Thereagiond was
washed with hot water (1.75 L). The conbined filtrate was saturated with 15
pot assi um cat bon&iEU{ENE flEsTedaig selventdemerPdfiymtagy Fxpporaten. 2pd theesiduesg

m). Thepw.ﬂ@dwgﬁcoiﬂwéﬂreﬂa%@é s%gl&e{ﬁrcamm%am -pogi, 5@' fate,

filtered and tary evaporate ve the title conpoun 329 g.
75. 7% yiel d) as wehantgR; = 0.42 on grifisa a¢l$lata’ hsing ethylecetate/haxane (Eddv:w astbet
further purificat ,uarrl}

[orr]H VR (DO FURRY, Thbissapopey e BOGAGEE BRIFEE 10505 ol o1 T oV 20

Exanpl e B yield), m.p. 45°C. Synt hesi s of
N- | sopr opyl hydr oxyl a Usi ng the procedure of Exanple A
above and 11 dret hyl - nhﬁ’ethB%PWiaﬂé'a vagas follows: "t {| e conpound was prepar ed.

The crude hydroxyl am e NMRUCSE) W MRS & = 8.22 2HMd, hous & M5 U fiehyl 2H),
purification. 7. 28 (1H. s. nitronyl H). 6.92 (2H. d, J = 8.8 Hz, pheny! 2H), 3.93 (4H, m,
2CH,), 2.07 (411. m. CH,). 1.36 (6H, m. 3CH,), 1.00 (3H, t, CH;), 0.908 (3H,
t, CH,).
15
Examples 3-6
Using the procedures described herein. the following compounds were
prepared:
o-(3-Ethoxy-4-methoxyphenyl)-N-terz-butyinitrone
20 o-(4-Ethoxyphenyl)-N-rert-butylnitrone
o-(4-Benzyloxy-3-methoxyphenyl)-N-zert-butylnitrone, and
o-[3-(4-Methoxyphenoxy)phenyl]-N-zert-butylnitrone.

Example 7

25 Synthesis of
a-(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 mixwre 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
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Exanple C Synt hesi s of

N- Cycl ohexyl FRAPB9E ani ne Usi ng the proceduperoésskraspl e A
above and 1-nitrocycl ohexane, the 5 title conpound can be prepared.

Al ternatively, N cyclohexylhydroxylam ne hydr ochl ori de may be

pur chased conmercial ly from Al dri ch4@heni cal Company, Inc.,

M | waukee, W USA and neutralized with a base such as pot assi um

carbonate, to provide the title con}z
Exanpl e 1 rotary evaporated. Pentane (50 ml.) was added to the hqtgd Egsjiue and isplation

[err]-(4-Hept yt@xy, Dmglsaud\!ﬁ ddd- @Lr@yé Wstd%)l;’{%ld) of the title comaaﬁdfastle Cormound

was prepared accor |ng e procedure descCri bed Exanpl e 2

usi ng 4- hydr owybemaaldemydés 31Ci(BdsHBpI amesxandaﬂpmmgr@hyl a6etate as
nitropropane ﬁmnbtle conpound was isolated in 60%overall yield as a
solid, 68.5[err] C. Spectroscoplc data were as

follows: 5 Spectroscdnﬁi: {dtBwvereciifeltaws) : 3076.8 (CH), 2972.3 (CH). 1601.9

O Fer il 270 MwﬁBér?q\‘?—-%?ez%(qr%)H%?@ g st oy

7.44 (1H, s, hicQE‘Y d 19296 (N = 8.9 Hz phenyl 2H), 3 98 (2H, t,
J = (He 1&)@;” ( 1? ui nt et = 6.7 Hz, CHerr]), 1.58

(9H, s, 3 CHS) ‘316N L,(zépiMH;) z& 132218, @shd: 5. 87Heal =19 J=6. 7 Hz.
CHerr]). [ r ] T )i 160. 9.
1310 120, 8, HERpp! By §07 (9%% &Egﬁgﬂ(&e{ih édig g’zd H% "285sz28 0, 25.6.
22. 3 andl0l3. 7phenyl H), 6.979 (1H. td. J, = 7.9 Hz, J, = 0.5 Hz, phenyl H). 6.83EEnd| B 2

Synt hesi s of

[err] - (4- Hexyoky pieROTY! K- 4%5|5 G A 1 Fofid Hgp OCH). 1.386 (3R, 8,13 GH ¢

4- hydr oxybenzaldde4gai@H| 2.7 £16.9Hz0CRJ2 nol es) in ethanol was , refl uxed
WL sodium hyar oxi gL 85 o 24, 25ks B 3088 1485,

124.688, 120.813, 120.386. 110.868, 70.767, 63.842, 27.997 and 14.375.

15
Examples 8-10
Using the procedures described herein, the following compounds were
prepared:
a-(3,4-Ethylenedioxyphenyl)-N-tert-butylnitrone, and
20 oc—(3,4-Methylenedioxypheny1)-N—tert—butylnitrone.

o-(4-ethoxyphenyl)-N-n-butylnitrone

Example 11

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

A solution of 4-ethoxybenzaldehyde (6.62 g, 44.1 mmol) in 200 mL of
benzene was refluxed with N-cyclohexylhydroxylamine (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.
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| odohexane (47 wolddnbeo: 0- 222 nol es) was added in one portion and the

sol ution refluxed for 68 hours. The ethanol was renn\}’éamr?ﬁs’?lﬁ“ary
evaporation and the resi due was reacted with 1-nitropropane,
amoni um chl oride, and zinc dust in _,q_ Herr]d ethanol (300:20. v
:v) for 18 hours at roomtenperature. The reaction 5 m xture was

filtered, the solvent renoved by rotary evaporation, and the residue
purified by colum c%&%%c%g{cgjgng&gwgmg Lyl acetate/hexane (1: 1, viv) as
t he eluant (R{err] = 0.42 on a silica gel plate using ethyl

acet at e/ hexane (1:1, IR{KBr,am"):I2933.0, 2862 (CE)uEN) G (CFhY).11207.6 (CEdamtl was

i solated as a saql ig S(é 63 g, 12.4% overall yield). mp. 45 err]C
10. %é £ é%)opic data was as foll ows: [err]H NWR
(CDCl[err]. 270 Mz) *H[NMR](CDELS222MIEN!. b & 8. 202K, & JHz,8.PHepHenAtH),

7.28 (1H s. ni tronzll H, 6.92 (2H._ d, J = 8.8 Hz, phenﬁl 4%? 3.93 (4H, m
2CH err],), 52. 07 -34@H. sphittonyyHD), 6.88d2M 6t 1 8-3E 7 Bheny] 2H), 49 @HH, ¢ .
CH'err]), 0.908 =1 Exanpl es
56 W] o O PR ST QB Ju G A Gl . € O, L8 PR, 0
conpounds were m.2CH), b®fRk.ad] = 7.0 Hz, CH;) and 1.27 (2H, m, 2 CH).

a- ( 3- Et hoxy- 4- net hoxy. w0k et s | it

[err]-(4-Ethoxyphenyl )™ e‘% - ]ﬂte‘{';rgnl ‘né(;— 16Y6. 13%9’ 130.7, %&%%-%‘é‘rﬁyl oxy-3
- met hoxyphenyl ) -1$.0, @314, 13018y Rai7tahdng,3. and

[err]-[3-(4-Methoxyphenoxy) phenyl]-N-tert-butylnitrone.

Exampl e 7 Synt hesi s of

a- ( 2- Et hoxyphenyl) - N-tert-butyl ni t r onegxample 12 2- Et hoxybenzal dehyde
(12.0 g. 79.90 mmol ) and N-tert-butyl hydroxyl am ne (10.69 g, 119.86
nmol ) were mixed in chloroform Synthesis ofrpl ecul ar si eves (50 g, 4A)

and silica gel (10 g). TPhe-Binzyloxe3upstheaahenyl)3y-cyclohexytnitrongr gon gas and
stirred for 70 h at e Tt %Em&fu% Wak pre-EL}%d %8&-&[5«5 to'fRe pI'cQ?cﬂlre described in
15 Example 11 using 4-benzyloxy-3-methoxybenzaldehyde and N-
cyclohexylhydroxylamine. 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): & = 8.50 (1H. d, J = 2.0 Hz, phenyl H),
7.34 (7H, m, phenyl H & nitronyl H), 6.86 (1H. d, J = 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
cyclohexyt H), 1.67 2H, m, 2 CH) and 1.30 (2H. m, 2 CH).
25 BC NMR (CDCl,, 67.9 MHz): § = 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



filtered and the solid washed with ethyl acetate and the conbi ned sol ution
was WD 99/ 20601

PTU9112 --40 -- rotary
evapor at ed. PeRtaAE® 50 ) was added to the liquid resi ducPCRABRRBISAL i On

of the resulting solid afforded 13.79 g (78.0%yield) of the title conpound

as white crystals, mp. 58.3[err]C (R err] = 0.55 on a silica gel
pl ate using ethyl acetate as ~™Te eluant). 5
Spectroscopi c data were as foll ows: IR (KBr, cnierr]):

2976. 7 . 2935 , 1597.0 (C= 1567 benzene rin and
1123. 6 E(I\ZF)O). (e [eﬁr]h')ﬁmpﬁfck%[err], 2(70 Mz—|z): [Ier?% = 9.322

(IH dd, J= 1.7 Hz, J[err] =7.9 Synthesi§é¢ phenyl H), 8.067 (1H. s.

CH=N), 7.302 (1H td, Qx[-%E&ofy-!?—n%tﬂ&gp%&lg-W-cyciohlxﬂﬁitroﬁ@ phenyl H),
6.979 (1H. td. J, = 7.9 Hz, J[err] = 0.5 Hz, phenyl”  H), 6.839 (1H, d, J
= 7.9 Hz, phenyl Hjfhe ftlpemngoppd wgs prepared acgording '@@f/{mrqu)lr,e desosiped nOH, s, 3

CH err] ) 423 A4 =.6 err]).

[err]C NVR (C&f?@r@ﬁq.‘&%‘?%getﬁﬁﬁi?ﬁ ‘t“%‘hi"yf?!éi’f“@ﬁ'g{’efﬁi. 323, 128. 836,

124.688. 120. 838phck@hy®&Bylarhibd. 8 title Condfioind 63s 84R1ed 20 5DB Fiekhak dl4. 375. 15
Exanpl es 8-10 . 0 Usi ng the procedures described herein, the
fol | owi ng compSithd®Pudt3sd C- pr epar ed:

[err]- (3, 4- Et hyl enggicaystapieila)wdre hfollowdit Yl ni trone, and 20

[err]-(3, 4- Met hyl enedi oxypne%l%- N-tert-butylnitrone.

[ er r] - ( 4- et hoxyphe*&ﬂ}BlN.CﬁL b 9 .ﬁ|(g}{é)n]é908 ( =N). 1265.0, 1239.0 (C-O~C)

Exanple 14  and 1126.] (N-0). Synt hesi s of 25
[err]-(4-Et hoxypheny1 s N-cycl ohexyl nitrone A sol ution of

4- et hoxybenzal dehy té NMR ¢2Dg1:. 270 MHairgl ¥ 8.42 08D dal o .8 Hz, phenyl Bdnzene was
bresence of o e OB B F S LE AT el B 2 BGH S BB, 68, o oy
g\éapor at iholn, t(hig, d,elsTdu.ij\zat phh epvir HY, ideld (?lgquysft:amo Ha.tﬁiﬂ_? ¥.3DEH) ,te>r<]ante;~:t ?nd

et hyl ene ViC e r o Joer VIV, i e title
conpound (9.2 5 Eh,)‘ 9-“3?%‘4‘%%%#-3? (szl‘é N %ghz)digsw "12‘2“5%49‘ (}fﬁ

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.

Example 14

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

The title compound was prepared according to the procedure described in
Example 11 using 3,4-cthylenedioxybenzaldehyde 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-O).
'H NMR (CDCl,, 270 MHz): 8 = 7.98 (1H, d, J = 2.0 Hz, phenyl H),
30 7.60 (1H, dd, ] = 7.4 & 2.0 Hz, phenyl H), 7.27 (1H, s, nitronyl H), 6.83 (1H,
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Spectroscopi ¢ {afsuiie as foll ows: | R (KBr, S,M L%ﬁf
2933.0. 2862 (CH), 1599.6 (C=N), 1297.0 (C-O-C) and 1153008 ’t‘>)
[err]H NVR (CDCl[err]. 270 MHz): [err] 820(2H d J = 8.9 Hz, phenyl
2H), 5 7.32 (1H, s, nitronyl , 6 %—1 (2H, d, 8. 9 Hz. phenyl 2H) ,
4.05 (2H, quartet. J :70Hz [err]), 375(1H, m CH), 1.94 (6H,
m 6 CH, 1.68 (2H, m 2 CH, 1.39 (2H, t, = 7.0 Hz, CHerr]) and
1.27 (2H m 2 €4 ( r 7 ): [err]
= 160.6. 132.1, 130 T4 B ghegyl 1), -3 @gﬂﬁﬁh% %%%}?4'{’ %Hpsl, W)
14.3. 10 m, 7 CH) and 1.28 (3H, m, 3CH) Exanpl e 12

Synt hesi s of

[err] - (4-Benzyl oxy- 3-GbPR(GBHENST-S W@&él%ﬂé&ﬁ‘n}@rﬁném'86‘ 124.75, The

title conpound ymsofriepas e 7o 95 dbNgs. 5@ 63098, B0@oadaee.78escribed in 15
Exarrpl e 11 using 4- benzyl oxy- 3- met hoxybenzal dehyde and N-

cycl ohexyl hsydr oxylam ne. The title conpound was isolated in 97.9%vyield as
a solid, mp. 154.1C mple leqBeCt roscopic data were as

fol | ows: | R (KBr, crr[errF]) 2935.3 (CH), 1595.4 (C=N), 1265.1
(GOQO and 20 11YsingGthe [r@pdures described herein, ttpeeﬁoil])vunulvpm(JMWagrr] 270
MAz): 8 =8.50 (1H d, J = 2.0 Hz, phenyl H), 7.34 (7TH, m phenyl H
& nitronyl H, B"BE{1H. d, J = 8.4 Hz, phenyl H), 5.19 (2H, s,
CHerr]), 3.94 (3H, &(4-EtHdxy-3-Ietdx¢dtonylV-oybhotydaiirbnet) , 1.95 (6H m 6
cycl ohexyl H, 1.67 (2H m 2 CH) and 1.30 (2H m 2 CH). 25

[err]C NI\/RIQCDCI[err] 67.9 MHz): [err] = 150.0. 149.4, 137.0. 132.5,

128. 8, 128.2, 127.4, 124.8, 13Z.8plelk3.3, 111. 6, 75.2. 70.7, 55.7.

30.8 and 24.7. 30
Synthesis of

o-(3,4-Ethylenedioxyphenyl)-N-isopropylnitrone
The title compound was prepared according to the procedure described in
15 Example 11 using 3.4-ethylenedioxybenzaldehyde and N-
isopropylhydroxylamine. The crude produce was purified by column
chromatography over silica gel using ethyl acetate as the eluant. The title
compound was isolated in 53% yield as a solid. m.p. 108.8°C (R, = 0.31ona
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-O-C) and
1063.8 (N-O).
'H NMR (CDCl,, 270 MHz): § = 7.99 (1H, d, J = 2.0 Hz, pheny! H),
7.61 (1H, dd, J = 8.5 & 2.0 Hz, phenyl H), 7.28 (1H, s, nitronyl H), 6.84 (1H,
25 d, ¥ = 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;).
3C NMR (CDCl,, 67.9 MHz): d = 145.5, 143.5, 131.6, 124.7, 123.0,
117.8, 117.3, 67.3, 64.5, 64.0 and 20.5.

30
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Exanpl e 13 o Synt hesi s of
[err]-(3-Et hoX¥- 2208 hoxyphenyl ) - N- cycl ohexyl ni t rone PCT/USISR1624The

title conpound was prepared according to the procedure described in 5
Exanpl e 11 using 3-ethoxy-4-net hoxybenzal dehyde and N

cycl ohexyl hydroxyl ami ne. The title-tthpound was isolated in 57%yield as a
solid, mp. 113.5 [err]C Spectroscopi c data were as

fol | ows: IR (KBr, cnjerr]): 2857.3 (CH), 1590.8 (C=N),
1265.0. 1239.0 (C-O 0O 10 and 112Bxamplad?) . 'H NMR
(CDCJ[err]. 270 MHz): 6 = 8.42 (IH ?@;?E .8 Hz. phenyl H), 7.39
(1H, dd. J = 7.5 and 1.8 r 200 nitronyl H), 6.84
(1H d, J = 7.5 Hz. phe‘%ﬁ%"?p‘?%éfh her alrv{';e”?f"@’g{’r‘/’q'% Hz. CH), 3.88
(3H, s, CHTae titlg corSponfid (WhHpreparedCeficordingdto thGptocaninres dédefibedl. 68 ( 1H.

, 1.44 (34, 1 t, J .0 . .CH ) d 1.27 (3H, 3 .
[ner ﬂ_l)c NVR (CE@:EF%‘P&P, Tgysing %ﬁé?%y'gz“‘fmféﬁ’.eer@gﬁefg‘%“fé.";‘ls(z. 47, "oa. ?C,Ig)
122. 93, 112. 36GsoptdginYdsoxylrminé. Té 1iHe compouhid wad Gsoftitbd i3 43.0% fied at4. 34.
Exanpl e 14 20 Synt hesi s of

[err]- (3, 4- Et Bplibredi 8% ph&RyT V- N-enasilisrcsel platerusing£thyl acetate as the The
title corrpouncjﬂm@ prepared according to the procedure described in

Exanpl e 11 using 3, 4-et hyl enedi oxybenzal dehyde and N

cycl ohexyl hydr oxy| Spéctrescopiaalatiwdreaciolipesind was i sol ated in 74.5% yield as

a 25 lid, mp 7C .. ecl.r i e as
foll ows: 18 R ?(éBr. R t@?lééﬁ{{%rlrsjg?ﬁgg%) gi%oﬂ&{’ggf?gséﬁ{:&l\l) ,
1319.5 (G O C)O-amend 1128.6 (N-01.33.9 (N-O). "H NVR (CDCl[err],
270 MHz): [err] =7 1 d, J =20 Hz h %I—D 7.60 (1H, dd,
J=7.48&20 H, r}ﬁiﬁgﬁ (E?F'W?%M("%Hé g, 8.4F (b 1151;93’8?-8@6'(3’1#1‘,?’

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), 3.89 (3H, s. CH,)

15 and 1.48 (9H, m, 3 CH,).
BC NMR (CDCL,. 67.9 MHz): § = 151.0, 148.2, 132.2, 124.2, 123.0,
112.3, 1109, 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 (CDCl;, 270 MHz): 8 = 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 .
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J = 7.4 Hz, phwoybrdsdy, 4.24 (4H m 2 CHerr]), 3.75 (1H m sgsz]z o4 (7H
m 7 CH and 1.28 (3H m 3 CH). [err]C NMR ( 67, 9
MHz): [err] = 145.45. 143.45, 131.86. 124.75, 122. 98, 117. 76,
117.26, 75.16. 64.50. 63.98, 30.80 angs24.73. 5

Exanpl e 15 Usi ng the procedures described herein, the

foll owi ng conmpound was pr epar ed:

[err]-(4- Ethoxya g, ReyhoxypReryis, d}ke@{qbomzxmlarpaenHJzOpnenyx H), 4.23

Exanpl e 16 hesi s of

[err] - (3, 4- Et hyll8aadi@Ry gH8r$H) quartes dpr dp3/ Hai @Hﬂﬁe‘ll“ (9H m,3CHy). The title
compound vas prepar ag: REOICHAR §Fo MIEIPECCTHER HIS! 1REGh 1535, Examml e

11: usi ng 3, 4- et hyl enedi oxy enzé‘l and
i sopr opy! hydr oxy20280, 120.03 hEH0CISU 6. gﬁrsM&,eovsasAnﬂums'Dl ed by col um

chr omat ogwgphy over silica gel using ethyl acetate as the eluant. The title

conpound s isolated in 53%yield as a solid. mp. 108.8[err]C (Rerr] =
0.31 on a silica gel plate usngqgmﬁg%c as the eluant). 20
Spectroscopic data were as foll ows IR (KBr, cnferr]):
2978.9 (CH), 1582.3 (C=N), 1297.0 (C—Mesumﬂ 1063.8 (N-O.

[err]H NVR (CDCl[err], 270 M—-IZZ)-Ethpleyph}mﬁ)-w-@'@lobexﬂnitt‘,ond = 2.0 Hz. phenyl
H) 7.61 (1

, henyl 7.28 (I1H s
Vo oo na el e erdrfoec RN koo ofdlbed
CH err]), #. 13 Eddmplsephsig 2-&thex}ﬁ)eﬂzaldéhyde and N-cycﬁﬂ}xﬁi}drokyl‘k&u(e&‘l‘hed J
6.7 Hz, 2 CH3). i [err], 67.9 Miz): [err]
145.5, 143.5,  14te gomppynd was @‘zlste@) in 89% Yleld aSﬁSP“é myp P48°Ce7 3 " 64.5, 64.0

and 20. 5. 30 Spectroscopic data were as follows:
IR (KBr, cm™'): 2932.9 (CH), 1593.8 (C=N), 1244.9 (C-O-C) and
1144.8 (N-0).
15 '"H NMR (CDCl,, 270 MHz): § = 9.32 (1H, d, J = 7.9 Hz, phenyl H),

7.89 (1H, s, nitronyl H), 7.29 (1H, t,J = 7.9 Hz, phenyl H), 6.97 (1H. t,J =
7.9 Hz, phenyl H), 6.84 (1H, d, J = 7.9 Hz, phenyl H), 4.06 (2H, quartet, J
7.1 Hz, CH,), 3.84 (1H, m, CH), 1.95 (6H, m, 2 CH, & 2 CH), 1.67 (1H, m,
CH), 1.66 (3H, t. J = 7.1 Hz, CH;) and 1.25 (3H, m, 3 CH).

20 13C NMR (CDCl;, 67.9 MHz): d = 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.

Example 20

Synthesis of
25 c-(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:
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Exanpl e 17 9720601 Synt hesi s of

a- ( 3- Et hoxy- 4- n'e oxXyphenyl ) - N-i sopropyl ni trone PCT/USHEIR#L | €
conpound was prepared according to the procedures described 5 in

Exanpl es 11 using 3-ethoxy-4-nmet hoxybenzal dehyde and N-
i sopropyl hydroxyl am ne. The tit I e cof‘ﬁ)Uund was isolated in 43.9%yvyield as a
solid, mp. 80.8err]C (Rerr] = 0.15 on a silica gel plate using ethyl

roetate 250 i o Rk ap, s o, SRR T 53 -
(CHerr]), 126&:}'13)](@529@ O-C)arg st&ﬁﬁl 9}28.6 (NO. [err]H
NVR (CDCl[err] d, J = 1.9 Hz, phenyl ,

7.40 (1H, dd, J 8H5NMR1(O@GHZ 27%%@163 8.50.(84. d.0H= k7 Hai phemnlylli) CH), 6.87
(1H, d, J = [eryL 9 (3H s.
CH3) 15 and?f% p’BHg] ¥ﬁe"%éf'%%n’f‘% 686 (+H 81 @Qf[k O?é&yﬁﬂg

(CDCl [err]5. 67598 Kﬂi)s awy, I4]l3=(llﬁ5§ep€ht 148.2 Hz18H) 23.91 B3H, X, CH)%nd,

112.3, 110.9, 64.1, 55 5 and 14. 4.

Exanpl e 18 20 7%6H d.J=64Hz. 28&) Synt hesi s of

[err]-(2- Et hoxyphenyt MR {GIS0, Y9 MHAHOHE 149.8, 149.4, 136.9, 13bhe mstsl e conpound

was prepared accor di ng to the procedure descri bed Exanpl e 11
usi ng 2- et hoxyk&zdPdén{Heb.alda- Mﬂ%éplﬂp@bl%‘brﬁ&@yﬁéﬂl@é 20Phe title
conpound was isolated in 48.8%yield as a solid, mp. 59.4C (R err] = 0.48
25 on a silica gel plate using ethyl acetate as the eluant).
Spectrosd@pi c data were as foll ows: Exampie 21 IR (KBr, cnierr]):
2978.8 (CH), 1593. C— 1245. 0 (G O
"H NVR (CDOI[err], WFE’)"““{‘&W’]‘”(“ Dbgd %%53‘(‘1&3 f%i‘°wjng—°°F‘P?“‘iﬂ§‘”g‘pheny| H, 30
7.961 (1H, s, ;samnyl , 7.30 (1H, td, J =7.7 & 1.7 Hz, phenyl H), 6.98
WO 99/ 20601 . )
PCTI US98/ 21624 oc-(4-Ethoxy-3-methoxyphenyl)-N-lsopropylmtrone.
15 | Example 22
Synthesis of
c-(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 cyclobexylhydroxylamine. 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 (CH;), 1267.7 (C-
0-C), and 1129.0 (N-0).

25 'H NMR (CDCl,, 270 MHz): & = 8.36 (1H, d, J = 1.9 Hz, phenyl H),

7.39 (1H, dd, J = 8.6 & 1.9 Hz, phenyl H), 7.31 (1H, s, nitronyl H), 6.84 (1H,
d, ] = 8.6 Hz, phenyl H), 4.12 (2H, quartet. J = 7.0 Hz, CH,), 4.01 2H, ¢, J
= 6.8 Hz, CH,), 3.76 (1H, m, CH), 1.93 (10H. m.5CH,), 1.42 (3H,t,J =
7.0 Hz, CH;), 1.32 (8H, m, 4 CH,) and 0.88 (3H, t, J] = 7.0 Hz, CH;).



- 45 - (1H. td, J = 7.7 &.7 Hz. phenyl H). 6.83 (1H, d. J = 7.7

Hz, phenyl H), 4.23 (1H m CH. 4.03 (2H, quartet, J = 7.2 Hz,
CH[err]) andl m 3 CH3) : 13C NWR ( CDC

Mz): [err] = 9&@“‘131 38, Do, 02, 126. 76, 120. soﬁﬁ@‘iﬁfg

110. 75. 67.95, 63 78. 20.55 and 14.39. 5

Exanpl e 19 47 - Synt hesi s of
[err]-(2-Ethoxyphenyl)-N-cycl ohexyl ni t'rone The title conpound
was prepared according to the procedure described in 10 Exanpl e 11 using

2- et hoxybenzal dehyde,ééir%d@g@s%‘e ‘?)éMﬁg'Pd 50x3i36|§| ey, 6,5 8(‘:124'2’ 133l e

conpound was isol ate a~as sol i
Spect roscopi ¢ datBn2Wewnes. 5.1, 6bl006s 4. 31.3. 30.8, 28.7, 253&4(8(39_2 défdend] ): 2932.9
(CH), 1593.8 (C=N), 1244.9 (GO C and 1144.8 (NNO. 15
[err] H NVR (CDCIl?érr]. 270 MHz): [err] = 9.32 (1H, d, J = 7.9 Hz, phenyl
.89 (1H, s, nitronyl H). 29 (1H t,J =7.9 Hz, phenyl H),
6.97(1H, t,J = 7.9 Hz, phenyl B 84(1H d, J = 7.9 Hz, phenyl
H, 4.06 (2H, quartet, J = piHd3err]), 3.84 (1H, m CH), 1.95
(6H, m 2 CHerr] &2 CH, 1.67 (lH thes‘sof CH, 1.66 (3H, t. J =7.1
Hz, CHerr]) and 1.25 (3H, wgh‘ AL (CDCl[err],
67.9 MHz): [err] = 156. 6. “f’?f“é‘/'g’&é)z?a‘ °i‘§9hei‘y')ﬁ5[bg’w‘ﬁ°ww 120.1, 110.7,
75.8, 63.8, 30.8, 24THe fiiélcaldpofind was prepared according to the procedures described
Exampl e 20 sis of 25
[err]- (4-Benzyl dx§xamnples HoysingprpeyloRy-p+ Wéﬁ?ﬁ“ﬁ?‘?ﬁhgﬁéand%

title compeynd Wag ik graﬁﬁ'neaomnﬂlenﬂ E&ﬂdhﬂlsﬂﬁ&&&ﬂmrtﬂ$7%l@&w*m¢lid,
in Exanpl es 11 using 4-benzyl oxy-3 oxybenzal dehyde and N

i sopropyl hydr oxyk-anBh@’C.The title conpound was isolated in 54.6%yield as a

solid, mp. 95.5C 3 I [ pi.c data were as follows:
VO 99/ 20601 gpectroscopu, dataREGE LORNORS:

The

PcTrus98l 21624 IR (KBr. cm): 2925.1 (CH). 2856.9 (CH), 1593.2 (C=N);d463.1
(CH,), 1263.1 (C-O-C) and 1156.1 (N-O).
15 'H NMR (CDCl. 270 MHz): 8 = 8.42 (1H. d, J = 2.0 Hz, phenyl H),

7.34 (7H, m, 6 phenyl H & nitronyl H), 6.86 (1H. d, J = 8.4 Hz, phenyl H),
5.18 (2H, s, CH,), 3.93 (3H, s, CH,), 3.93 (2I1. t, J = 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 13C NMR (CDCl.. 67.9 MHz): 6 = 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.
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(KBr, cnferr]): 2988.4 (CH), 2935.0 (CH). 1585.1 (C=N), 1461.0

I R ,

(CHerr]), 1262.9 (CGOC and 1126.9 (NO. [err]H NMR
(CbCl[err], 270 MHz): [err] =8.50 (1H d, J = 1.7 Hz. phenyl H),

7.33 (7H, m oMY H & nitronyl H), 6.86 (1H. d, J :8¢dﬂm9mhmy| H) ,
5 5.18 (2H, s, CHerr]), 4.13 (1H, septet, J = 6.4 Hz. CH), 3.93 (3H, s,
CAlerr]) and 1.47 (6H, d, J =6.4 Hz. 2 CHerr]).

[err]C NWVR (CDCl[err], 67.9 MHz): f{eW8ri = 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 20.5. 10 Exampl e 21

Usi ng the procedures described her ei¥kamplee5f ol | owi ng conpound was

prepar ed: nthes IS 0

[err] - (4- Et hoxy- 3- met hoxypheQi(lE)thoxypl% Hh MK Bl hRNGe

Exampl e 22 Sy nt he5| s of

a- (3- Et hoxy- 4- hexyirwwmamﬂo)md\lwewkmacbmtﬂgqame procedures described The title -

conmpound was prepared accord mg? o the procedure descyibed.in

Exanpl e 28 usih*auRiesnid,iping herexahsmsaliciyde and der-butylh erire BFd N- 20

cycl ohexyl hydmwmﬁeuaewa‘s“ih%mwdtlhaa;@?m@rdaga\m.aldl solated in 41.3%yield as .

solid Spectroscopi c data were as
foI | ows: SPeCtrOSCPRC (imrwerecars[fe}lq\YS) 2920.7 (CH), 1597.7 (C=N),
1341.2 (CH3), 1267 1 2 2
[err] H NWVR (CDCl 3, “g%&f{aﬁ‘z’? ) f%jﬁrﬁq&%l?l%% ?sz 14§1‘\|-8%I‘H§ %45 | %enyl ,
.39 (1H, dd, QJC):arﬂ R68.5(NO}z, phenyl , 7.31 (1H, s, nitronyl , 6 84

21151 (2Ht, & Hﬁ“&%’@[) @By ’éﬁ%&fﬁrnﬁﬁﬁ%{d(? 5&?%’613#""%@2 (H§0HCR)m

5 CHerr]"), 32 8621038, nutronyﬂﬁ) 7.28 (1H. 7] & $10, HLphéyl h) 6.95 Q2,3 m 4

CH err]) and 88 (3H, J 7.0 Hz, CH3). WO 99/ 20601
PCT/ US98/ 2162§0Hz phenyl H) 6.81 (1H.d.J = 8.0 Hz, phenyl H), 4.02 (2H, quamet, J =

[e”] C NMR (C@@s[}?{ de, @79(9(2%%)} _[vem]z CH])5@9§ (2ﬁ5Jun§et }327@ Hz124 2,

123.0 '25.3, 24.8.

22. 2, 14 4 an@Hz) 140 (SH m CH,&CHK) and093 (3H t, J = 74Hz CH,)
15 BC NMR (CDCl,. 67.9 MHz): 8 = 156.6. 131.5, 129.0, 128.9, 120.7,
119.9, 110.8, 67.2, 63.8, 29.5, 19.3, 14.3 and 13.2.

Example 26

Synthesis of
20 o-(3-Ethexy-4-methoxyphenyl)-N-n-butylnitrone

The title compound was prepared according to the procedures described
in Examples 11 using 3-ethoxy-4-methoxybenzaldehyde and N-n-
butylhydroxylamine. The title compound was isolated in 41.1% yield as a solid,

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): § = 8.35 (1H, d, ] = 1.8 Hz, phenyl H),
7.42 (1H, dd, J = 8.5 & 1.8 Hz, phenyl H), 7.27 (1H, s, nitrony! 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,




13. 6. 5 Exanpl e 23
Synt hesi s of ] - o nit /ﬂ}
[ err] - (4-Benzylvwoge/dsaret hoxypheny N- n- but yl ni trone

title conpound was prepared according to the procedures descripLEs Z
Exanpl es 11 using 4-benzyl oxy-3-met hoxybenzal dehyde and N-n- 10

butyl hydroxyl am ne. The title conpounggwas isolated in 41.7%yield as a
solid, m p. 81.2C. Spectroscopi c data were as fol |l ows:
IR (KBr. cnferr]): 2925.1 (CH). 2856.9 (CH), 1593.2 (C=N), 1463.1
(CHerr]), 1263cH, ﬁﬂér@ﬂ 1@&32}%%:& G D4 1y Jé{? 1.45 (5H, mH:ﬁ"\ﬁd(CDC' [err].
270 WHz): [err] 0 Hz, pheny 4 (7H m 6
phenyl H & nltrGHy)Ia“Iil)O 956(3§6t(11=|=|7 H4Hz)CH)8. 4 Hz, phen | , 5.18

(201 2, FLorr). SR o, APty 34 of ot 2 15%%@[5”]37 3

Hz, CH err]) annmsglal(oslsb.st54.2,55.7,2914._1974_a4t&and0~3[arr]) 20
[err]C NVR{ CDCI [err]. 67.9 Miz): [err] = 150.0, 149.4, 136.9. 1343,

in

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 27 _
Exarrpl e 24 25 Usi ng the procedures described herein, the follow ng
conpound was pr epar ed: Synthesis of

a- (4- Et hoxy- 3- net hoxy phe#y3-Ethoxp=dobaxyloxyphenyk-N-isopropglnitrone WO

99/ 20601

PCT/ US98al 624 The title compound was prepared according to the procec_iqrﬁges_cgibed in
10 Example 28 using 3-ethoxy-4-hydroxybenzaldehyde. 1-iodohexane and N-
isopropylhydroxylamine. The title compound was isolated in 47.1% overall
yield as a solid, m.p. 69.0°C.
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 = 8.36 (1H, d, J = 2.0 Hz, pheny! 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, ] = 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, t, ] = 6.9
Hz, CH,). _
C NMR (CDCl,, 67.9 MHz): 8 = 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
u-(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



Exampl e 25 Synt hesi s of
[err]-(2-Ethoxyphenyl)-N-n-butylnitrone The title conpound
was prepared according to the procedures described 5 in Exanples 11
using 2-et hox}‘ﬁ)e???gf%ehyde and N-n-butyl hydroxyl am ne. The PCI/US9821@i#t | e
conmpound was isolated in 44.5 %yield as a |iquid.

Spectroscopic data were as foll ows: IR (NaCl . cnferr] ):
2959.6 (CH), 1594.9 (C=N), 1454.8 (€H8); 1245.1 (C OC) and 1163.5
(N-O). 10 [err]H NVR (CDCl[err], 270 MHz): [err] 924(1H d

J 8.0 Hz. phenyl H), 7.80 (1H s, nitronyl H. 7. 28 (1H t, J
8.0 Hz. phenyl the)ethapolosmoyed ona prary evaporator. ghg regidue yyas dispolyed msthsh (1H, d.
J

(2

; 8. t? He. ph?%e la_\%_‘fx% sgﬁ gn?ﬁ‘lt@rgé’?l&#_ﬁﬁar{lgv%porated Th@fgtglnag ’resgd[:er r1), CHg) 90

1.40 (5H. m Gd[ae rera}:te&“ﬁhi[l\éren}@utyalﬂyﬂr@cy%u(xe?&d, 94t g) i0 260 mLAof IHznzeﬁH—&)

[err]C NMR ( | [err] 3. 67 | = 156 1.5 12 28.9,
120.7, F§65§1‘°°1°f6 ‘8'%e Mﬁ%’m‘%"é “Es 0.85g &re e'&%‘%‘“’&?f&' )

Exarrpl e 265 After evaporation. the residue obtained was purified by recr@émzhﬁtﬁi o f 20
[err]-(3-E hoxi/1 4-me hoxyggenyl) N-n- butyi ni trone The title

conpound was pheyaesie ginedbe dilaepmpsunhd | K2dk 8% svesalbppidbase solid, in
Exanples 1 1 ug ﬁ thoxy 4- met hoxybenzal dehyde and N n-

but yl hydr oxyl am™e. he title conpound was isolated in 41.1 %yield as a
sol id, m p. S;ieﬂ:ﬁ‘o@ﬁjnc g2&a were as follows: Spectroscopic data were as

flgleg?\f:(c-oq and IR (<Br. En) ?éﬂ%&{{h 546?2(3 2Ry, 136t %H[) ﬁs#" N

(CDCl[err]o 27@)%11)144[89(Nb)‘ 8.35 (1H, d, J = 1.8 Hz, phenyl ,
7.42 (1H, dd, J = 8,5 & 1.8 Hz, phenyl H), 7. 1 |tron
(1H, 30  d, J = gEENMR (%‘Pi%y%%rlbfmh 515 8(32‘%41Hq§1 F ref E“‘B‘Ygﬂhz
CHerr]), 3.87 (éwmﬁhd J = 8.5 & 1.7 Hz, ¥En9PHROGHL(1H, s, nitrony H) 686 (1H,
PCT/ US98/ 21624

CH err] and CHief ] $§-5 Hz. phenybH). 413 AFbtquartet] 7 710 He, CH, ?021211-51 f5H m
CH err] and r ( g )
[err]C NMR (CDCIfeSr ;ﬂéz&t@ﬁ&&i) %‘5& 6_6%28145#(9{132@“&@ i24 1,
122.9, 15 1.42 (3H.1.J = 7.0 Hz, CH,). 131(4HmZCHw)and088(3HtJ-—63

Hz. CH,).
BC NMR (CDCl,. 67.9 MHz): 8 = 150.8. 148.6, 130.1. 124.4, 123 .4,
113.4, 112.6, 70.0, 69.0, 64.4, 31.3, 28.7. 28.0. 25.3, 22.2, 14.4 and 13.6.

.86

20 Example 29

Synthesis of
o~(2-Fluoro-4-octyloxyphenyl)-N-tert-butylnitrone

To dry dimethylformamide (200 mL) were added 2-fluoro-
4-hydroxybenzonitrile (13.71 g, 100 mmol), 1-iodooctane (28.82 g, 120 mmotl)
25 and potassium fluoride (11.6 g, 200 mmol). This mixture was stirred at room
temperature for 16 h, and then 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% HC] (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,SQ,. After filtration,
30 rotary evaporation gave the crude desired intermediate )

2-fluoro-4-n-octyloxybenzonitrile (27.83 g). This liquid intermediate was then

M



112.3. 111.0, 66.6, 64.2, 55.7, 29.4, 19.4, 14.3 and 13.2. 5
Exanpl e 27 Synt hesi s of

[err] - (3- Et hoxywédsbyepédd oxyphenyl ) - N-i sopropyl ni trone e
title conpound was prepared according to the procedure descri B%W?’ﬁ’zi%"

Exanpl e 28 using 3-ethoxy-4-hydroxybenzal dehyde. |-iodohexane and N

i sopropyl hydroxyl am ne. The title corrp?und was isolated in 47.1 %overall
yield as a solid, mp. 69.0[err]C Spectroscopi c data were
as follows: IR (KBr. cnjerr]): 2995.0 (CH), 1596.9 (C=N),

]N:I\)’/%S ( 8CD(CII I[DQ (] 12%82?{)&%‘(} 01 rlnln] perlgé g‘gq ‘Jéftg 3 ﬂagk c%ﬂlwnﬁ%lAlHrgOEt);‘ H) | [err]H

7.40 (1H, dd, J [whx8h Had?be'én@rekﬂﬂy pﬁbm&h’rohbmﬂﬁsa (1313—,! (B1326Imo‘l))m5d|et . 6.86
(1H, §!1¥ 1[ % , 4.02
(2H, t, J = 6. 9‘*??28‘8(152% 0&%?@99‘ 3t 3- %Cewd(l lem?r,(.lt m ) The; regcij

CHerr]), 1 48 (nﬁﬂuredwas]surre@at?S‘*@forZSM%JkNH%Q) aque%uél?ﬂhft%h'(léo mﬂ) = 6.9
Hz, CHerr]), 1.31 (6 3 CHerr]) and 0. Hz,

Cl [er rj)y. 3  was added dro;{ve$er\]l® pvRng CHOEL e;qpnr]anomh@amt)s la)[eéwa} = 150. 8.

148.6, 132.2, 124, %&dgg a&éetﬂyl eth r{B él%&nﬁ.ﬁggi&%ie COm%?naQOn ggragt‘s v\%}e 4, 3L.3,

28.7, 25.3. 22. 57
Exarrpl e 28 washed with water (2 x 100 mL). Standard work-up proceByres affeidsd ofude

3-Eth 4-h | he N-tert
[sglrtrJL E)n of gxg H&eﬁ’)y%l O)F(f%}&l %%ﬁ@%ygréﬁ%@%}él%}%rbde ‘?@eréalr’f‘f?ﬁﬁ)e“and
sodi um hydr oxi denife with mzer?%u&hrgrm&%nammeqsfsagﬁ% 4381 MnblebRsr dickd ged for

30 30 mn. To the refluxing 5ol ution was added 1-i odohexane (18.6 g,
87.9 nmol ) 1@n 8. 4A) andosikicasst F10) imelloroform RSGE.) c Fhe Mixmute wasistizad &, The

I?’CC)lT;JtUISSQ / \é\’i‘gzzh'?@orﬁ %%p%ganﬂ‘g q’or 23 h and refluxed fm R%{'xgqupg]on gas._"gg. mixture

t he et hanol renmaemeorﬁlaradm\amta@mmxraed)ro giﬂ’merds'elsé shichwees pdriSsibyed i n
O g r ot ANl B e kS BB AR 200,
g) in 200 nL of vbgnzmeeitle @Bompound (12.0H1§) Msexamﬁda iaf399% eldtangiedias@ni ¢ acid
(0.8 g) at lg el léﬁlghrgl% )}eﬁg\}\?g{l g(ghlélr ?n Lo:’rs 62°C (R; = 0.36 on a silica gel plate using
hexanes/EtOAc, 4:1. v:v, as the eluant).
Spectroscopic data were as follows:
IR (KBr, cm™): 2928.1 (CH), 2855.1 (CH). 1617.8 (C=N), 1556.8
(benzene ring), 1287.0 (Ar-F). 1161.2 (Ar-O). 1129.4 (N-O) and 1105.4
20 (alkyl-O).
'H NMR (CDCl,;, 270 MHz): & = 9.288 (1H, t, J; = J; = 8.9 Hz,
aromatic H), 7.702 (1H, s. CH=N), 6.684 (1H, dd, J;, = 8.9 Hz, J, = 2.5 Hz,
aromatic H), 6.586 (1H, dd. J; = 13.7 Hz, J; = 2.5 Hz, aromatic H), 3.937 -
(2H, t, J = 6.6 Hz, OCH,), 1.745 (2H, m, CH,), 1.568 (SH, s, 3 CH,),
25 1.408-1.251 (10H, m, (CH,); ) and 0.851 (3H, t, J = 6.9 Hz, CHy).
“C NMR (CDCl,, 67.9 MHz): & = 161.959 (d, J = 11.4 Hz), 161.959
(d, J = 253.9 Hz), 130.103, 122.232 (d, J = 8.3 Hz), 112.363 (d, ] = 8.3 Hz),
109.892, 101.693 (d, J = 25.9 Hz), 70.630, 68.372, 31.459, 28.958, 28.851,
28.683, 27.936, 25.587, 22.261 and 13.658.
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5 After evaporation. the residue obtained was purified by

recrystallization from hexanes to give the title conmpound (11.02 g,
57.2% overall_yield) as a solid, mp. 35.5err]C

Spect r oscopi cwéﬁ?’%{"‘ re as foll ows: | R ( KBr ,porndsesmib: 2900
(CH), 1596.2 (C=N), 1361.1 (CHerr]), 1276.0 (GO 10 C) and 1144.8
(NO. [err]H NVMR (CDCl[err]. 270 MHz): 6 = 8.38 (1H d, J =
1.7 Hz, phenyl H), 7.45 (I+$2ed. J = 8.5 & 1.7 Hz. phenyl H), 7.42
(1H, s, nitronyl H, 6.86 (1H, d. J 8.5 Hz, phenyl H). 4.13 (2H,

quartet. J = 7.0 Hz, CHerr]), 4.02 (2H, t, 3 = 6.8 Hz. CHerr]),
1.82 (2H. m CHerr]), 1.65 (2H, m Ecwp@edd), 1.58 (9H, s, 3 CH3), 15

1.42 (3H t. J =7.0 Hz, CHerr]). én%sé%kl m 2 CHerr]) and 0.88 (3H, t,
J =6.3 Hz. CH e = [0 MR (CDCl[err]. 67.9
MHz): [err] = 150.8. 14 4, Ftethoxypheny)- Azt ﬁ‘fty']“‘q“;\'l‘e 113.4, 112.6.

70. 0, I 69. 0, 64. 4, Tht.tide caipolind 28s Prepaizd AccoZfngto thdp%cﬁi&ﬁbhde?crﬁ)ed fin 20

Exanpl e 29 . . Synthesis. o

[err]-( 231 uokEmRlsoth YAy hiteHgThexReRzaldehyde g Nrter-Spgihydroxylamine. To dry

di met hyl f or meppedie(céRiBouHd) walBicta@tides 37 fleW04sQr solid, m.p. 109.1°C. .
4- hydr oxybenzonitrile (13.71 100 mol 1-i odooctane (28.82 g, 120 nmol)

25 and pot assi @mthromwmbw(\&qzees @3,1102'&0' mmol). This mixture was stirred
at room t (RVIet] , W_ vl r nd then at
90C for 2 h. The TRREF, cwn?’x%gﬁ)?'g]@vg@’ %@g% our)égh?sgﬁgcé\lgt lzl%é‘re} @200 g) and
37% HA (10 n@)C) andh@132.3 (N-O). resul ting solution was extracted with diethyl
ether (3.,x 200 m) r s s washed . t ter (2 x 200
) and%gri ed overlﬂ[%gg](shﬁeﬁ?ﬁ‘[@a{? Foﬁ?séﬁ?' s, njipanyl K. & péflaf’i on gave
the crude desj pieeyli HY, 8I9¥REHAME 3 CH,), 1.56 @H, lsUD OPLYland-1082 ¥y Benzoni tril e
(27.83 g). This liquid internediate was then WO 99/ 20601

PCT/ US9821624Ha). -- 51 --

added, over a 5- 10’G‘NMR0§J” Ad @Alo Rk 3lELr 16¥.9,11903, 1296 02cPRoaA Ni ng

Li AIH( OEt) 3 év\,hl ch had been freshly prepared fromLiAiH err] (5.03

g, 0.1326 nol®3-%kd-4eehyl 14.5and 143¢cetate (15.24 g. 0.1730 nol) at 3-8[err]C

in diethyl ether (130 nL)]. The reaction m xture was stirred at

5[err]1C for 75 mn and 5 N [err] aqueous solution (120 nL) 5 was added

dropwi se with cooling. After separaExample 3lhe aqueous | ayer was

extracted with diethyl ether (2 x §00 rrL;0 nd the conbi nation extracts were
U o

washed V\/lth.vvater (2 x %—?Q&Hﬁeﬂ?&xyp Sy ;cliaku&yﬁlrug&%dures af f orded crude

The title compound was prepared according to the procedure described in

20 Example 11 using 2,4,6-triethoxybenzaldehyde and N-cyclohexylhydroxylamine.
The title compound was isolated in 87.4% yield as a solid, m.p. 145.7°C.

Spectroscopic data were as follows:
IR (KBr, cm'): 2935 (CH), 1601 (C=N), 1391 (CH,), 1167 (C-O-C) and
1133 (N-0).

25 'H NMR (CDCl,, 270 MHz): & = 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;).

13C NMR (CDC},, 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.
30




2-fluoro-4-n-octyl oxybenzal dehyde (26.07 g). The crude material was then
mxed wth N-tert-butyl hydroxylamne (8.6 g, 96.4 mol ), nol ecul ar si eves

(50 10 0, 4o éndeosi | i ca gel (10 g) in chloroform (250 niL) T@@g%ﬁjure

was stirred at roomtenperature for 23 h and refl uxe nder
argon gas. The m xture was then filtered and rotary evaporated to
give a residue which was purified by o, col um chr omat ogr aphy over
silica gel eluted with hexanes/ ethyl “acetate (4:1, v:v). The title
conmpound (12.90 g) was obtained in 39.9% overall yield as a 15 slightly
yellowi sh solid, mp. 35.6[err]C (Kf _&nﬁﬁeﬁ" a silica gel plate using
hexanes/ Et OAc, 4:1, v:v, as the el uant—g‘. Spectroscopi ¢ data
were as follows: | R (KBynthesifof r]): 2928.1 (CH), 2855.1
(CH), 1617.8 (C=N), 1556.8 a-(2-n-Buté:@@nafyﬂoeNrtémgaxtyhﬁ&Bﬂe 0 (Ar-F). 1161.2
(Ar-0O. 1129.4 (NO _and 1105.4 20 FC; hf JH NVR
(CDCl[err], 270 M) Thetide g)nzg)gnq yaq._pret)arcg F@p ing_to ﬂ\eeprpfeduresdegcr di
aronatch) 7. - . .89H[err]
Jerr] = % 7E9(gmf>l¥+i8 ﬁxng%ﬁoxy%rﬁgrﬁtr 1 ko@ébutaﬁ[‘:fﬁﬁd ][V etﬁ[] A N T
Jlerr] = 2 5 Hz bua{ﬂhydmxlytarnﬂ)e BeaBlz compound w:(szseplatgd inJ774% ogergfl yie@a err] ),
1.745 (2H, m CHLagr%l)ig .568 (9H, s, 3 CH3), 25 1.408-1.251 (10H, m
(CHJ[err] ) and H t, J =6.9 H, CHerr]). [err]C
NVR (CDCl [err], 67. QSMd&bscoﬁxc%athﬂerQEQfoﬂldwsJ = 11.4 Hz), 161.959

(d, J = 253.9 Hz), 130.103, 12 36 = 8.3
Hz) , 109. 892 IR {NaClgem )(ci(”‘h(Ar %) 39% &;)';‘é}%é}_?% @52%?(3%; 459,
28.958, 28,851, 1244 (C-0-CPEniBA32 (R1)936, 25. 587 22.261 and 13.658. 30

WD 99/ 20601
PCT/ US98/ 21624 'H NMR (CDCl,. 270 MHz): 8 = 9.29 (1H, dd, J = 7.9 &_15pHz,

Exanpl e 30 — Y

[err]-(2, 4, 6- Trlpgf'rﬁy Qb%’g I')I ﬁ\l-nft ty”t-)lzjty%ngré%ej 79§pt]tifzsbﬁengf]"H"ie title

(i(irrpo_und \évaf1 gr iﬁ@&ﬁdl ;acker 1D ity. Eberith)rﬁ&ttﬁdh{deldfgfrﬁlbememmm&.% Exanpl e
using 2,4, 6- et hoxy, ert- X ne.

The title corrpod?\i(-}' EAQS s%ﬂé‘?éﬂg WS [%tréi_ag}éaﬁzs(w&,q'# %ﬁl m,’3

109. 1[err] @s CH,), 1.50 (ZI-I m @QQhﬂOS)GQBHct data. mzecng fol | ows:

| R (KB 2 8. 6 1231.2 (G
o C§ a;ld (irlrggr g] % N- 0)%C NMR( Cls’ 615 ZS] EH% é%é]“fé ﬁe%,] I\ﬁé)7 Eer r]=
7.46 (1H s, nitpenylhidly, 7607067.9,2d.9,98.0, 19.0 and 13 .4.

Example 33

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

The title compound was prepared aécording to the procedure described in
Example 11 using 3,4-diethoxybenzaldehyde and N-rerr-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): = 8.41 (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, quartet, J = 7.0 Hz, Cl},), 4.13 (2H,



2 phenyl H. 3.98 (6H m 3 CHerr]). 1.56 (9H, s, 3 CHerr]) and 1.32 (9H,

m 3 CHerr]). [err]C NWR (CDCl[err], 67.9 Miz):
[err] 161. 9Wo 5’/? 3, 125.0, 92.3. 69.3, 63.9, 63.4, 28.1, 14.5 and
14.3. 15 0601 Exanpl epciusos/21624

Synt hesi s of

[err]-(2,4,6-Triethoxyphenyl)-N-cycl ohexyl nitrone The title
conpound was prepared accordi ng to—t¥e-procedure described in 20 Exanpl e

11 using 2,4, 6-triethoxybenzal dehyde and N-cycl ohexyl hydroxyl am ne.
The title corrpound was isolated in 87.4%yield as a solid, mp.
145. 7[err] C. quartet, J = 7.0 Hz, CHaledt58d8Hopi TCHat 4.43d3B. b d = 10 BneCH,)

IR (KBr, 3 C=N), 1391 (CH 1167 (C-OC) and
3 (rN-O§:m il hléa R ?J(O#)(}g%%)ECDCN:)B 270 ﬁwger{]eir] Lo (1H) .

ni tronyl , 6.06 CZHYMR (CDCL, 67. 9MH|2)1@1#I153|)5, 138.9913002), 1244, B2H err]),
3.80 (1H, m 94 (1 err].) and 1.32 (9H m 3

CH err]). %0%1234()?2&3]68%[\/%{% 1Ifle-”rr] 67.9 MHz): [err] = 162.1,
159. 4, 12%.2, 102.0, 92.2, 74.1, 64.0, 63.4, 31.0, 29.6, 24.8, 14.5
and 14.4. 30 VO 99/ 20601

PCT/ US98J21624 Example 34 -- 53 --

Exanpl e 32 ?, §| Synt hesi s of
[err]-(2-n-Butoxyphenyl ti The title
conmpound was prepared a‘% 04%5’&%?1 \ F%@eg"%b&%’gf’m%d inb5 Exanpl e
28 using 2-hydr oxyb‘hﬂﬁmm:rrpohm wd&pnemm;icamelu&nd thd-redetiure described in

but yl hydr oxyl am ne he title c und was | olated in 77. 4% overall yield
s 18! HrapBisobising i PG hettapby 1 Sobhpniihe dhi Mkt ¢ as

fol |l ows: but lhydroxylamﬁdg (NR Ghle cop&Unkilwas isdtalél inA6. O@'Q)verzapﬁgld(ag") 1594
(C=N), 1468 (CH err]’}1 1244 E) OO and 1132

[err] H NMR ( CBOYHiEsphd, IQP03M&C§ R[=Pr3l oB sibm é(ehplatedlelngjiem@rs/@h)& 1.7 Hz,

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-0). 1129.4 (N-O) and 1105.4
(alkyl-0).

'H NMR (CDCl,, 270 MHz): 6 = 9.291 (1H. t, J,; = J. = 8.9 Hz,
. aromatic H), 7.723 (1H, s, CH=N). 6.700 (1H. dd. }; = 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, J] = 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. ] = 6.8 Hz, CH,).

13C NMR (CDCl,, 67.9 MHz): = 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.

30




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. J = 7.9 Hz,
phenyl H), 3. 9&099/20601 (2H, t, J = 6.3 Hz. C:H[err]). 1.75 (ZFET %g, J =
6.9 Hz, CHerr]), 1.57 (9H m 3 15 CH3), 1.50 (2H. m CHer’riié and 0. 96
(3H, t, J =7.3 Hz. CHerr]). [errC NWVR (CDCl[err], 67.9
MHz): [err] = 157.1. 131.4, 128.8, 1_2%52_, 120. 7, 120. 4, 110.8,
70.7, 67.9, 30.9, 28.0, 19.0 and 13.4:

Exanmpl e 33 20 Synt hesi s of
[err]-(3,4-D et hoxyphenyl)-I\I—tert-but)gxgrinhlre ge The title
conpound was prepared according to the“procedure described in

Exanpl e 11 using 3, 4-di et hoxybenzal deByithesissf N-t ert-butyl hydroxyl am ne.

The title conpound was i Spl@iFbrod-QBoxsPhtiydlM-r@sbatyhritrone m p. 57.9C. 25
Spectroscopic data were as fol |l ows: . | R SKBr, cn{r%r({ ;n) 2984
(CH), 1596 (C=N), 12T tét@.c@n@yu%wasmgwred accordmg(tp\l_tl-@)pr cedure describe [err]H
0 o Ty P Sy b oS ey 0.
(1H, 30  d. JbmyBydrokilaminee The titly compduhd (W@ljsotpes ingf,7%) overgll giekdzas

CHerr]), 4.13 H, . WO 120601 - .
PCEI'/ US]923 / 21624 gl%ghtly yellowish crystals. m.p. 88% % (ﬁf = 0.16 on a silica gel_p_lat%lﬁs_lr_lg

quartet, J = 7. QeddBes/ddfiQtetdnd, 4:1. &, 49k eldant CH err]), 1.45 (3H t, J =
7.0 Hz, CH3) and 1.44 (3H, t, J = 7.0 Hz, CHerr]).
[err] C NVR ( CDCI [ er r $PeCBoscopifpgty wereas tpllowsiso 5. 148. 4, 130.2, 124. 4,

123. 4, 113. 1. 39 (Om 116, 1860.75
Examml ¢ 341 R (82 crd): 59784 (6, 2938.8-(BH) 11b16 38(%3;1;1% elgieos 75

[err]-(2-Fl uor o{tenknptringbXi2ph8 ik LI NL k28¢7 MNoCH.yI 142 Or(4fd) and 1042.3 The
title conpound agy]%)epar ed according to the procedure described in 10

Exanpl e 28 usi n\é\q ~f1‘Uor 0- 4- hydr oxybenzonitrile. 1-iodoheptane and N-tert-
but yl hydr oxyl am ne. TH®MR (CBCLONTOMEL):vias 9.300 dikd, 1 + 56 HYaowatial | yiel d

s g hexangs)M;i ;ﬁ%i(lq{. M Riongrels: d Bt of P=2lo®h, 7 Shlygp gl plate
15  aromatic H). 6.597 (1H. dd. J = 13.1 Hz, J = 2.4 Hz, aromatic H), 4.035 (2H,
q. ] = 6.9 Hz. OCH,), 1.581 (9H, s. 3 CH;) and 1.396 3H. t, J = 6.9 Hz,
CH,).
3C NMR (CDCl,. 67.9 MHz): & = 161.952 (d, J; = 254.9 Hz), 161.738
. Js = 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. Jr = 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:



acetate, 4: 1, v:v, as the eluant). Spectroscopi c data were

as follows: 15 IR (KBr. cnferr]: 2930.1 (CH). 2857.5 (CH). 1618.6
(C=N), 1556. 6‘3/0 9120601 (benzene ring), 1286.8 (Ar-F), 1161.6 (Ar-O . 1129.4
(NO and 110 o2 (al kyl -0O. [err] H NNR/YSS8634er 1| ,
270 MHz): [err] = 9.291 (1H t. J[err] = J[err]= 8.9 Hz, aromatic

H, 7.723 (1H, s, CHerr]=N. 6.700 (1H dd. J[err] = 8.9 Hz, J[err] = 2.6
Hz, 20 aromatic H), 6.603 (1H. d-d5.6-3[err] = 13.1 Hz. Jerr] = 2.6 Hz.
aromatic H), 3.954 (2H t, J 6.6 Hz, OCHZ) 1.747 (2H, m
CHerr],). 1.585 (9H, s, 1445 286 (8 H m

(CH err],)4) and ol%?Iéme )t2 5@5£CH)8233|§2(§FB)16169(C N), 1558.7 [err]C NWR

cDCl 990

(o < Ohs o (pehebieine L6574 Bt BB 6oL yTa St e 1dl V0 ) _ g
Hz), 25 1G8ik@20). 101. 716 (d, J = 24.9 Hz), 70.645, 68.387. 31.429,
28 683, 27.951, 1y v REDBRS RS SRR 1 = 0.0 5 omaric o

PCT/ US98/ 216241), 7.580 (1H. s, nitronyl CH), 6.689 (1H, dd, J = 9.0 Hz, J =25 H0--
Exampl e 35 ynt hesi s of

[err] - (2- Fl uorsematistie 280 &k dd. &= & 8 Hrud yF ﬁtilflbr?éoma“c H) 4.022 2H, The

title conpoun Q cedur inb
Ecampl o 25 usihy 200 h O b d, 3 - 13 IS e AT, S0 T Per

but yl hydr oxy| drf¥¢2HTiie cyclahexyl @bhpb9hdt1.862 (4H;ohatyehbh¢xyl GH) 6¥veral | yield

as sli eIIo 8 C 0.16 on a
silica gel pl ghésllLfm h’é’ c)\'%(ﬁ] xﬁﬁéxg%gt?; I'Enhylr égﬁg dﬂ’)ﬂf 'ﬁﬁ[ %hvj 176?5 t he
el uant). 10 (3H, m, cyclohegpS8HY.r oscopi ¢ data were as foI | ows: I R
(KBr, cnferr]): 29% E‘ 2 560 7
(benzene ring), 129% Iﬁl)M 2&5)‘3 %igﬂg}[ ) @Mé%?%%i‘b J'9' )dﬁ&l 63%42. 3
E ?ka{ ?] (d JF = 253.9 Hzi a50 ks N3, 7(0@@@1,7@; B3 H37912'\4'$§)(dtjpe=5 8]3 (=:H§9 320695
: = aromatic nitron ,
(1H dd. J = giz(), 1,92953 101573) (d ]y = 24. 9|_Fle) 75. 587 sg 857, 30.819, 24.70 and
14.177.
15
Examples 37-38
Using the procedures described herein, the following compounds were
prepared:
a-(2-Ethoxyphenyl)-N-1-adamantylnitrone, and
20 o-(3-Ethoxy-4-methoxyphenyl)-N-1-adamantylnitrone.

Example 39

Synthesis of
a-(4-Ethoxyphenyl)-N-cyclopentylnitrone
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




15 aromatic H. 6.597 (1H dd. J = 13.1 Hz, J = 2.4 Hz, aromatic H),

4. 035 (2H, g, J =6.9 Hz. CCH err]), 1.581 (9H, s. 3 CHerr]) and
1.396 (3H, t, wWwos9Redd1 Hz, CH err]).
(CDCI[(err], 67.?&4‘2‘?:‘ [err] = 161. 9\[32 (]d? JF = 254.9 He), E?fx'l}gém“

(d, J[err] = 12.4 Hz), 130.118. 122.285 (d. J[err] = 9.3 Hz). 112.409 (d,
Jlerr] 8.3 20 Hz), 109.846, 101.¢08 (d. J[err] = 25.9 Hz), 70.660,
63. 842, 27 936 and 14.177.

Exanpl e 36 Synt hesi s of
[err]-(2-Fluoro I h l-Qi 0 .The
title conpound wa °5}“§%E‘H§g’§$§§g§%%a§r%ﬂg ?log‘%(%gg'pl%gggﬂre d(ggclrlctg(;'dﬁl1n8
Exanpl e 29 usi ngn Rsﬂxbugefl(platﬂelhw}mxyﬂmMGAcnﬂle/v et dndluangdi de and N

cycl ohexyl hydr oxyl ag* 5 | e cor}ﬁﬁ)und was isolated in 58. 8% overal |
yield as slightly y H%‘\F\?sg?f"% 3R Pafesas $:112. 7[err]C (Rlerr] = 0.17 on a

silica gel plate IR (KBri&h g 20mex@mys &3 0IH)Ac601a(0e= N & Eenz&he\tmgﬁs t he
eluant). 30 Spectroscopic data were as follo
WO 99t 206015 1575 (benzene ring), 1251 (Ar-O) and 1169 (N-O).

PCT/ us98n1624 5=
| R (lIiSBr. ncrr[ err]): Z&gl\g{ ECCE)—EI?’ 2278%3%)'(%1-—&,22{6 B. I{&Z %manc 2H)'

(benzene ring). 7¥28YH4s,(CH =B), 6.91.681.d, (&0 O)Hz, hidBats Q(HAr4FF§) (&hdt,1039. 6

al kyl - O r 0 rr 9. 245
ElH, S ) - = 9. 07783 &ThHE @ﬁ éﬂﬁ\'{\% %C?Clgégﬁ ]?F%é rbﬁ{y??‘zé’n@ﬁ &’14) 6. 689
(1H, dd, J 9 Qymﬂpem}l ZHY, 2204 86 (4H m, cycﬁwjn@rifjiME) i)70- 1645ﬁ® flH dd. J =
14.3 Hz, J = ,aromatché 022 (2 = 6.9 Hz,

ocH err]), 18, 8osyqlqnqmyi%H> Fud142 GHpg J JﬂlH& GEHHZPP“N-CI—I) 2. 069-

1.990 (2H. m cycl ohe, £ |f§@e_§9| 1. 694-
1.651 (1H, m cycl oheéﬁM%%Df%?,g%g?%ﬁﬁﬁ% ﬂdd]jn13§)4§ grlgﬁbaand
1.333-1.176 10 114.0BHS5.73, 636! Bhdx\2A5. BHnd 14 66 PPm [err]C NVR
(CbCl[err], 67.9 MHz): [err] = 161.734 (d, J[err] = 13.0 Hz), 161.639

(d, J[err] = 253.9 Hz), 130.255, 124.703 (d, J[err] = 8.3 Hz), 112.165 (d,

Jerr] = 8.3 Hz), 109.953. 1OIEx3fh'ble(4ll Jerr] 24.9 Hz), 75.587,
63. 857, 30,819, 24.702 and 14. 17;\5

Exanpl es 3123 8 Usi ng SHBHHGSIS . described herein, the
fol 1 owi ng conpounds were af-(4-Ethoxyphenyl) N—tert-octy nitrone

The title compound was prepared by oxidation of N-(4-ethoxyphenyl)-N-
tert-octylamine with m-chloroperoxybenzoic acid in methylene chloride. The
amine was synthesized via NaBH, reduction from the corresponding imine which

20  was acquired by condensation of 4-ethoxybenzaldehyde and fert-octylamine in
methanol. The title compound was isolated in 65.0% overall yield as white
crystals, m.p. 100.8°C (R;=0.33 on silica gel plate using hexanes:EtOAc, 7:3,
v/v, 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-O).

'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, /=7.0
Hz, OCH;), 1.97 (2H, s, CH, ), 1.64 (6H, s, 2 CH;), 1.42 (3H, t, J=7.0 Hz,

30 CH,) and 0.97, (9H, s, 3 CH;) ppm.



pr epar ed: a- (2- Et hoxyphenyl ) - N- 1- adanmant yl ni trone. and 20
[err]-(3-Ethoxy-4-net hoxyphenyl)-N 1 -adanmantyl nitrone.

Exanpl e 39 Synt hesi s of

[err]-(4-Et hoxyp ﬁg}l) N-cycl opentylnitrone 25 . PCT/US98/21624

4- Et hoxybenzal dehyde (22.0 g, 0.1467 nol) and N

cycl opentyl hydroxylamne (14.1 g, 0.1398 nol) were m xed into tol uene (200
m.) with p-toluenesul fonic acid m)m)??ydrate (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 rot ar(g evaporated to give

a resi due which 30 "C NMR (GRS 1673ME2) P2dA0-dBr BRePoddlbhy2bder silica gel
Wi th ECOAC as AR ) y8mb 6340, 51.3523fs] kol Q8IRYShakizERpnON [rom a i xed

sol vent of hexanes'and Et OAC.” Thé 120601
PCT/ US98/ 21624 --57 --
conpound was obtained as a solid (21 24L q gg 1 %yield), mp. 95 1[err] C -
(R[err]=0.18 on a silica gel pl ‘At'e” USi ng hexanes: Et OAc, 2:1, v/v, as

an eluanty. Spect r oscofiinthedidlof Were as fol | ows:
IR (KBr, cni err]) 2977 ((}-Mg&gyﬁxj yI)-ANoeit-Iy ,@ﬁmt&nbenzene ring), 5

.41

1575 (benzene ring)a mbdpré of&rben@yloiﬁl n%él@e%gﬁé\l‘l\@en-butylhydmxglamme andl err] H NVR

(CDCl[err], 270 MHZ): 6=8 aronmat’i c
(1H, s, CH:N) caglygie a(nzuntcpf pJelyex@sw@mcan\c@rm@nqbym in hemgne(waq reflyxed

J=6.3 & 7.8 2H,
cycl opentyl 2 ndg?‘%%a’fggg&%ﬁﬁﬁm Bg%c openpwﬁ%% ﬂ}% %gﬁfgr \ (m 1(r)n
cycl opentiQl 2Hhixuanerasl thd® rot i evztporaied?to@:ddza, reGie w}npmwas punﬁed by [err]C

114,10, 75 72 et 7 SUELTRUNG Vinergniip © 3% yad s

Exanpl e 40 1%owder, m.p. 111.0°C (R;=0.66 on a silica gel plate using FtPAt Bes Quaik).
[err]-(4-Ethoxyphenyl)-N-tert-octylnitrone The title
conpound was pr epalSB‘?f“BVOBB‘Eldd'étW‘?ﬁﬁ%ﬁ‘”RW’(4 et hoxyphenyl ) - N-

IR (KBr. cm™): 2982 (CH), 1601 (C=N & benzene ring), 1508 (benzene
15 ring), 1242 (Ar-0), 1170 (N-O). and 1005 (benzyl-O)
'H NMR (CDCl,, 270 MHZ): 8=8.29 (2H, d, J=9.2 Hz. aromatic 2H),
7.46 (1H, s, CH=N), 7.41-7.31 (5H, m, aromatic 5H), 7.00 (2H, d, J=9.2 Hz,
aromatic 2H), 5.10 2H, s, OCH, ), and 1.60 (SH. s, 3 CH;) ppm.
BC NMR (CDCl,, 67.9 MHZ): 6=159.89, 136.47, 130.64. 129.35,
20 128.52, 128.00, 127.42, 124.23, 114.58. 70.05. 69.91 and 28.25 ppm

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:EtQAc, 1:1, v:v, as an eluant).




tert-octylam ne with mchl oroperoxybenzoic acid in nmethylene chloride. The

am ne was synthesized via NaBH err] reduction fromthe corresponding i mne

whi ch 20 vvaw(mmuof ed by condensation of 4-ethoxybenzal def;,yﬁl ?’{Hj&“
ated In

tert-octylamne in met hanol . The title conpound was iSo

65. 0% overall yield as white crystals m p. 100.8C (R err]=0.33 on
silica gel plate using hexanes: Et CAc vlv, as an eluant).
Spectroscopi c data were as fol |l ows: 252 IR (Kbr, cnierr]): 2978 &

2951 (CH), 1605 (C=N & benzene ring), 1563 (benzene ring), 1263

(Ar-O and 1114 (N [ H NVR (CDCl[err, 270 MAZ):
[err]=8.27 (2H d, ?:;_pgctbos%plcdatawereasfglﬁgv}s 7.49 (1H s, CHEN),

6.91 (2H,d, J=9.0 HAR &Byvnatt)c223)(CH), 287 &H), 460U ¢7=N & benzene ring)iz,

U L eS8 s bR el (70

99/ 20601 'H NMR (CDCl,. 270 MHZ): $=8.23 (2H, d, J=9.2 Hz. aromatxc 2H)
PCT/ US9s/ 21624

[err] C NVR Y CDCF p8r(HH, s.67H 5Nj1z43-7 23 (P}, mearomatic $Hp, 6,88 2 1’7=9 282 11,

éigm%?e Zi’ 2g Qrdniitie 28} 5508 28 s5bC13Y;: @36 (28; 827299 éﬁtlzlgéfés’m 2.33-

[err]-(4-Benzyl 2:2pq2Enml icyclkbpbmytZ}bquO%l .86 GHE m, cyclopentyl 4H), 1.78-1nd4xt ur e of
4- benzyl oxybenzzjé_ﬂeh yde gat) but yl hydr oxyl am ne and catal ytic
anount of p-tol ergu‘fyF[S’H?'Ey ®PPbonohydrate in benzene was refl uxed

under argon at nosphere NMRRCBCRe8sN9MHLZK 8=EE§9 19 18€.6DVES20xNas@Bed wat er .
The 10 m Xture was then rot aré;éeva orated 71 ggl ve a residue whi ch was
t'h

purified biP  128.47,12d X1 39. 238 96n! 1473w 7P| R0 ned i n
89.3 %yield as a white powder, mp. 111.0[err]C (Rr=0.66 on a
silica gel plate using EtQAc as an el uant). Spectroscopi ¢
data were as follows: |Bxamgier43 cm ' ): 2982 (CH), 1601 (C=N &
benzene ring), 1508 (benzene 15 ri 31242 (Ar-O. 1170 (N-O). and 1005

(benEyI -0 “_(J Elenzl\/ﬁ S' SN b cto @Y‘;gl)? [err] .29 (2H,
d, ‘]_9.' 2 ar omat | gﬁ: I_a]eco u S pre arg ac’cor nlé'!@ T ure de ﬂ’) éSH m
aromatic 5H). 7.00 ( W@%‘W&PP §nﬁ cpﬂﬁfi 5di°(5€
CCH err] ), and Ekafple @2 dsing 4-b3nZpdxg benzildeyae 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-0), 1138 (N-0O). and 1012 (benzyl-O)
'H NMR (CDCl,, 270 MHZ): 8=8.24 (2H, d, J=8.9 Hz, aromatic 2H),
7.35 (1H, s, CH=N), 7.44-7.32 (5H, m, aromatic SH), 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



[err]C NWR (CDCl[err], 67.9 MHZ): [err]=159.89, 136.47, 130.64. 129.35. 20
128.52, 128.00. 127.42, 124.23, 114.58. 70.05. 69.91 and 28.25 ppm

Exanpl e 42 Synt hesi s of

[err]-(4- Benzvpg?(ﬂﬂ‘fenyl) N-cycl opentyl nitrone 25 PCT/Us982634ur € Of

4-benzyl oxybenzal dehyde (20 g, 94.23 mmol ), N
cycl opentyl hydroxyl am ne (14.3 g, 141.34 mol ), nol ecul ar sieves (60 g, 4A)

and silica gel (15 g) in chloroformé60300 nL) was stirred at room

tenperature under argon atnosphere for 48 hrs and then was refl uxed
for an additional 3 hrs. The m xture was filtered and rotary
evaporated to give crystals which \/velb@ﬂ@&“ recrystallized from hexanes
and Et OAc to provide the t|tIe corrp%un Mlte crystals, 23.7 g,
85.1 %yield), mp. 1151 lﬁ[herr ] ; tagel plate usi ng
hexanes: Et OAc, 1:1 - 'cyc opentylnitro 0 99/ 206

PCT/ US98/ 21624 The t\tYe compound was prep';red according to the procedure ggscri ed in

Spect r oscopi ¢ EQ%@eW@ru‘@inQQ efidkyK¥ABaldehyde and N-cyclopentyRydfoRylamme] eftel ) : 2953
(CH, 2867 (CH), 160 C=N & benzene tin % (benzene ring),
1251 (Ar-0), tdggom wag phjaingbin 12k 2¥eld @y white crystals, mp 87.3f@rr]1H NWVR

(0 L iy 0 an il o e B0 Rt A B ] %, 740

aromatic 2H), 5. 08Sge2trbscepic OThwererds fpllows: 36 (1H, tt, J=7.7 & 6.1 Hz, CH),

2. 33- 2. 20 QY y 2 - 1. ¢ ycl opent yl
4H), 1.70-1.54 I(RZ&BTFE‘H% z#%g@*)oé%ﬁﬁg?ﬁ)ﬂé}%ﬂém%' 1597 5. Toef [err]C
NVR ( CDCl{ er r Ibenfehe 9inpH 251 ([,A&r(D)l=f1655@~I m,anaaﬁ:;ﬁaat-d;sz 21, 130.30, 10
128.47, 127.94. 127.36. 123 96._ 114 75 9.85. 31. 21 and 25:50 ppm
Exanpl e 43 H NMR (CDCI,, 270 MHZ) %93 (m dd J=8B&HeLHa. of

[ err] - (4-Benzyjomaue 15Y7.98 MG ¥ CERRNY h¥ldiANGadl 7=8.2, 7.5 & 1,7 HENe title

conpound was prepared according to the procedure describ ed I n

Exanpl e 42 ushiggpatic thM%&ﬁb@hzfaﬁjbﬁyﬂé Hea €HY- €92 (3hex yI=W/@HDxy| ami ne.
OCH,; ), 2.35-2.22 (2H. m. cyclopentyl 2H), 2.07-1.88 (4H, m, cyclopentyl

15 4H), 1.72-1.57 (2H, m. cyclopenty} 2H) and 1.45 (3H, t, /=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 HCl 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-O). 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, CH,),




The title conmpound was obtained in 81.2%yield as slightly yell ow sh solid,
m p. 129.0C (Rf=0.30 on a silica gel plate using hexanes: Et OAc. 1:
1, v:v, as an woooneedt! UaNt). 20 Spectroscopi c data, were as

fol | ows: IR (KBr, cmi): 2993 (CH), 2854 (CH), 1608 %
benzene ring), 1507 (benzene ring), 1251 (Ar-O, 1138 (NO. and
1012 (benzyl -0 [err]H (CDCl[err], 270 WHZ): 6=8.24 (2H,
d, J=8.9 Hz, aromatic 2H), 7. 3' ('iH s, CH=N), 7.44-7.32 (5H, m
aromatic 5H), 7.00 (2H, d, J=8.9 Hz, aromatic 2H), 5.11 (2H, s.

D70 (1H i ey drgdH 51 O 1.6k (gt 3%??8@}1”-701@%@5 PRI a1y

ppm S, 30H9[p;hﬁ; NIVR (CDCl[err], 67.9 MHZ): [err]= 159.90, 136.51,

131. 70, 130. 44, 128 58, 12805 127,45, 124 1 75. 14,
69..97, 31.12 and 25. 5§ WMR CRL. 7% MHiz): 62 15Q585-04 278 413856,

PCTI US98t 21624 127 85, 112.22, 110.67, 73.36, 64.23, 55.87, 51.43, 31.63, 30.6828.78 and

Exanpl e 44 Synt hesi s of
[err] - (2-EthoxydhedyppmN- cycl opent yl nitrone The title
conmpound was prepared according to the procedure described in 5 Exanpl e

42 usi ng 2-et hoxybenzal dehyde. and N-cycl opent yl hydr oxyl am ne. The

title conpound was obtained in 72. 6% yEsinghleds whit e crystal s, mp. 87.3C
(Rr=0.43 on a silica gel plate using hex%ges t OAc, :1, v v, as an

el uant) . Spect r oscopi c N e.as foI

| R (KBr, crrher r]): 2&fbEtoy-4-methoxyphenyl)-Ve3ef, dimethyl %Bwyl&nﬁem 10
(benzene ril g), 125 1Tpg\lml@yomg_ollggc{q\pecgrepaa%acggr,glgag(tgfhe@rocedure described "H
NI\/R(CDCI[err] | 9 /a .

aromacic 11y, 7 SENPIRCE ERITeY Iyt bipaiatel afs Aol imany 2,
aromatic 1H), 6p©9ty(hyﬂtoxyldmmt.—6 1 & 7 8 Hz, CH), 4.07 (2H, q, J=7.0Hz,
OCH err] ), 2.35-2.22 (2H m cycl opentyl 2H). 2.07-1.88 (4H, m

cycl opentyl 15 4H), 1.72-1.57 (2H, m cyclopentyl 2H) and 1.45 (3H, t,

J=7.0 Hz, CHerr]) ppm Eeanigl&ANVR (CDCl [err]. 67.9 MHZ):
[err] = 156 1. 131.00, 128.64, 127.31, . 120.50, 119.88, 110.57,
76. 64. 63. é 31.38, 25.55 and_14.74 p??ﬁ\ﬂ‘es's of

Exanpl e 45 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-rerz-butylhydroxylamine for 21 hours with
p-toluenesulfonic 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): & = 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): 8 = 162.49 (4, 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. )



20 Synt hesi s of
[err]-(3-Ethoxy-4-net hoxyphenyl)-Ntert-octylnitrone A

sol ution of 3w§1t9$}g3§§n4net hoxybenzal dehyde, N-tert-
octyl hydroxyl a d catalytic anmount of HCl in methanol rewvsyetiszaxed for

90 hrs with nol ecul ar sieves in a soxhlet for waster renoval. The
title conpound 25 was obtained in 60.0%yvyield as white powder, mp.
77.5C (Rlerr]=0.40 on a silica —~62gel plate using hexanes: Et OAc, 3:2,
v:v, as an eluant). Spectroscopi c data were as fol |l ows:
IR (KBr, cnferr]): 2975 (CH), 1636 (C=N), 1597 & 1575 (benzene ring),
1279 (Ar-0O), 1145 (NO. and 1039 &Emwlf(%ﬁ kyl-O). 30 "H NWR
(CCl[err], 270 MHZ): [err]=8.44 (1K FS?OHZ aromatic 1H),

ox§p

7.50 (1H, dd, J=8.3 & ﬂ; 48 '1nm$ 6.90 (1H,
d, J=8.3 HZ aromat 'As U%@%ﬂ%@b Moxi B d &k 3 91 (3H, s,
CHerr]), ime oxyenzae ecyo
PCT/ US98/ 316241ydrochlor1de salt, molecular sneves and silica zel in chloroform was ﬁiﬂuxed for

1.97 (2H, s, CH[err ) 1.64 (6H, s, g‘err ,.,1.48 (3H, t, J= 7.0 Hz,

CH err]), O. g0 (hgst Filtration ang ro@u{vgpgrja on %ﬁYFn[he corresponding imine [err] C NMVR

(CDCl[err], 6a4n@mMdtle whigh thgeﬁgce&%nh%%]m ethdflo] 4d give éféﬁbutyl -N-
122. 85, 112. 22 110.67, 73.36, 64.23 7, 51.43,°31.6 30768, 28.78 and

5 14. 72 ppr@-ethoxy-4-methoxybenzyl)ammc This amine 1ntermed1ate was oxldxzeEmanhpl e 46

Synt hesi s of
[err]-(3-Et hoxy2 a’ Na,V,é/Rbg(nyap tgrrll?fv?te'f\ﬁo(affoﬁd g mtrc%nﬁﬁr Odfcpentfe tfts nitrone 10
The titl eoconmompchrﬂan’nsbbtapeenar%el%aweﬂn@nmas aeid}eolpredmeﬁ:muse nggscri bed

in Ex le 4 [ I 2.4, -di hyl - 2-
Ip(ra]nt y?ggdfoxglli?r:‘;'gg (&‘ et(pé)d(ryn a s1[TEa qc?XPz/ipeeurélznaz gtgtlxc as an el?larlx\l)- - di nEEE(a)r/rpI e 47

Spectroscopxc data were as follows Synt hesi s of

[err] [4-(4- FIuoroben @ﬁgp ené}}l rt-butyl nitrone The
T L Lot wnal e co: BIS (N RPN CIDR AL N 1897 14 1686 4-  4-
f1 uorobenzyl Oxy&@&iezrﬁigyielbw@ma@ﬂ 1%'34 &40y kd Yd)-'h?ygﬁq)@ﬂ amyl@ for 21 hours
with p-tol uenesul fonic acid as a catal t|t| e corrpound was
obt ai nedi%s a soli H‘I NMR (CDCl,, 270 MHz): 6 = 8.48 (1 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, cyciobutyl 2H), 1.91-1.75 (2H, m,

20 cyclobutyl 2H), 1.48 3H. t.J = 7.0, CH,) ppm.
3C NMR (CDCl;, 67.9 MHz): & = 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
«-(3-Ethoxy-4-methoxyphenyl)-N-(4-methylpent-2-yDnitrone
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,



20 in 98.5%yield. mp. 180.3[err]C (Rerr] = 0.16 on a silica gel plate

usi ng hexanes: EtOCAc, 1. 1. v/v, as an eluant).

Spectroscopi ¢ dajiaqueie as foll ows: IR (KBr, (i'rcdf%gzl/%l 42984
(CH), 1607 (C=N & benzene ring), 1509 (benzene ring) ¥ o

and 1121 (NO. 25 [err]H NVR (CDCl[err], 270 MHz): [err] 829
(2H, d, J = 9.0 Hz, aromatic __%g—b 7.47 (1H, s, CH=N), 7.40 (2H, dd,
J =87 &5.3 H, arorratic 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, CHerr]O

ond 61 (5H g Sl Bl s Bl Mk 1, o2

129. 37, 129. 27, wigébi@ifled dslbwHie sotld (U1.67 g, 918 B yidd)iim).p. &712F 5@ = 0.31

70.12, 69.25, 28.27 m 99/ 20601
PCTI US9821624 onasﬂt&? gel plate using hexaneS'EtX\gc,,%‘lzﬁv as an elugn)._ The N-(4-

Exanpl e 48 methyl-2- pentyl)hydroxylamme precursor was obtained byp¥dtfiligsi s of _
a- ( 3- Et hoxy- 4- net hoxyphenyl’) - N- cycl obut éﬁnl trone A sol ution

of 3- et hoxy5 4- nexanoboyblerdride ep@lnsxm of dymethtlA-gentanpreeoxime in mppanobciltibr i de
salt, nol ecul ar hf r&‘:ﬂ‘:r‘on ‘ijd akal)bs fa gel in chloroformwas refluxed for

20 hours Fil tr 3{9°0n and evaporation gave the correspondi ng imne
i ntermedi ate Whl ch valrradopiedatu\M:kb dNABitews: n et hanol to give

N- | obut yl 3-e '
mt%?rrgdlua%/e was oxﬂﬁgg% (i\i?‘t)i'ngz)%l2 éﬁ&%ﬁfﬁ?ﬁéﬁ%@ﬁ%&f t‘éﬁs?? gsf ord the

ni trone product (bepRt@e trink) qzéy(Ar_opg{aplqggqle@s obt ained in 19. 9% overal |
yi el d as cream col ored crlésta S, 12. 7[e r]C%R[err%q— 0.30 on
2.0HZ,a

a silica gl plate ust Ny (@@wa%mdﬂﬂé) l%ﬂt%“‘m d,J r oscopi c
data were as fo 9 935
(CH . 1634 (C:NH)%\%?;? Hodd. {5 and 2.6 RZ% ?ﬁfﬁ?‘éﬁg{’ﬁﬁj KI,H %2%%1 (A0 %92 1134
(N0 and 1047 @i, W0218.8 dlokyionic H5#.19 CH. g I=T &Hw\m(:ﬂmy €], 270

326 5 ant 2. 0Ol 91T OoHp 2B B Ui genev c1B) 1 bl 1a, 4

J = 8.5 Hz, al’Ol(liﬂ-leﬁ d:H) of Euﬁ%eﬁt#t:'mumt@myl 0:311;)8)95&1 d,J = 8.4 Hegycl obutyl
CH), 4.19 (2H, q, r]) ? Cl—gerr]) 2.84-2.68
(2H, m cy obuPWY'éFiﬁa) 2"%892 (%% {2 %r?ﬂ,zyé "eﬂslmly POYYY PPMG1. 1. 75 (2H, m

20 cycl obut yl 2H)13c3Nr6i§ (f:%kil3 67. 9JMHz)7 0= 1Gblls8r 112.79A82. 59 123 88,
[err]C NVR (CDCl[err]9 MHz): [err]50.68. 147.73, 132. 30, 77,

122.86, 112.11, 122.64,/m12. 1@713356963?91386458 §383.28.097 24 74, 23238(&&3 4. 15 ppm
19.64, 14.67 ppm.

20 Example 50

Synthesis of
a-(4-Benzyloxyphenyl)-N-cycloactylnitrone
A solution of 4-benzyloxybenzaldehyde (12.7 g, 0.060 mol), N-

cycldoctylhydroxylamine (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.



Exampl e 49 25 Synt hesi s of
[ err] Et hoxy4- net hoxyphenyl ) - N-(4 nmet hyl pent - 2-yl ) ni trone
3- Et hoxy- 4- ne%lﬁ &epnzal dehyde (12.0 g, 0.0666 nol) and N-(4-
met hyl pent - 2- é xyI amne (9.36 g, 0.0799 nol) were n xXpdr/ususRidde£nzene
(200 nL) with p-toluenesul fonic acid nonohydrate (1.0 g, 5.26 nol.). The 30
m xture was refluxed for 16 hours under an argon atnosphere with a
Dean- St ar k trap to renove thebdgenerated water. The sol ution was
rotary evapor at ed, di ssolved in ethyl acetate, washed with 5%
aqueous sodi um hydr oxi de sol uti on, WO 99/ 20601
PCT/ US98t 21624 Spectroscopic data were as follows: --63--

title conpound

was obt ai ned a5 a Akl Fpoph 18] o7 BHEIREFE 6. Thon Bl 7,
(Rl err] = 0. 3king), 1579 (tehzene $ink), 135 DEAr-Q) ﬂideu%i(lﬂg))hexanes Et OAc,, 1: 1,
brebur sor was. obt AT RAIMBYCOGH HPME Byadebngal S e BPEh o
precursor was obt ai b ya 0

4- et hyl - pe@ﬁ-ﬂ”@ﬁ?—@(@ﬁ W) afBRiBERA & U LR, 6.99 2H, WQV-OQ*UPH' c acid
catal ysis. Spectroscopi ¢ data were as | ows:

| R (KBr, cni erarqmatic28H25.1CKJH. s1 eyl CHN, 4:98-3:8ndHna, rN(ﬂQf;H) 25882.15
b 6 - H NVR
S ] 90 DO ety

7.45 (1H, dd cgcleocﬁylﬁ 1a761.20 (8HHzm, @kloayi)pphd) , 7. 33 (1H, s, , 6.89

B G b, o AL

Clerr]H) 01 662§534128.02. 127.48H24107. ©H4.64,176. 0 6608 310969)08|54] 86,01, and pent yl
[err] 0.95 (3H, d, J 8.4 Hz, 15 pentyl [err] and 0.94 (3H d, J = 8.6

Hz. 4- et hyl 8f‘78é’rﬁffyl) ppm [err]C NVMR (CDCl[err]. 67.9

MHz): [err] = 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 Examples 51-80 Exanpl e 50

Synt hesi s of _— . . .

[err] (4- Benzyl oxypﬁmﬁy?e)prﬁﬁeg‘f/rg S%S?tgﬁdnt}eﬁ'%%ned the appropriate starting A sol ution of
4- benzyl dXxybe mrsdridish yatfol| dvBing adylitichalDénponhds, welke prepared:

a-(2-ethoxyphenyl)-N-benzyinitrone

(D

o~(3-ethoxy-4-methoxyphenyl)-N-(2,2,4,4-tetramethylpent-3-yl)nitrone
«-(3-ethoxy-4-methoxyphenyl)-N-but-2-ylnitrone
a-(2-ethoxyphenyl)-N-but-2-ylnitrone

20 o-(3-ethoxy-4-methoxyphenyl)-N-cyclopentylnitrone
«-(3-ethoxy-4-methoxypheny1)-N-n-propylnitrone
&t-(4-benzyloxyphenyl)-N-n-propylnitrone
«~(4-benzyloxyphenyl)-N-isopropyInitrone
a-(3-ethoxy-4-methoxyphenyl)-N-(2-methylbut-2-ynitrone

25 a~(2-ethoxyphenyl)-N-(2-methylbut-2-yl)nitrone
o~(3-ethoxy-4-methoxyphenyl)-N-cyclooctylnitrone
a-(2-ethoxyphenyl)-N-cyclobutylnitrone
«-(4-benzyloxyphenyl)-N-cyclobutylnitrone
o-(4-benzyloxyphenyl)-N-tert-octylnitrone

30 a-[4-(4-fluorobenzyloxy)phenyl]-N-cyclohexylnitrone




cycl ooct yl hydroxyl am ne (10.0 g, 0.070 nol) and a catal ytic amount of HC
in 25 nmet hanol (300m.) was refluxed for 56 hours wi th nol ecul ar sieves
in a soxhlet wooonpsoior water renmoval. The reaction m xture MBSusosnisd
concentrated and dry flash col ummed on silica with hexaneers tﬁ
acetate to give the title conpound as a pal e yel | ow powder, (9 53
g, 47.0%vyield), mp. 107.5C (R err] 0.46 on a silica gel plate
usi ng hexanes: Et OAc, 1:1, v:v, as an g?uant) The N 30

cycl ooct yl hydr oxyl am ne precursor was obtai ned by sodi um cyanobor ohydri de
{/\Edggtllzggoif cycl ooct ?E'ehoxyp eﬁ"ﬁ) Nr)er? &ymﬁm%gl d/ t et r ahydr of ur an.

PCT/ US98/ 21624 o-[4-(4- ﬂuorobenzyloxy)phenyl]-N-1sopropylnitrone - 64- -

Spectroscopi c data were as foll IR (KBr, cnjerr]): 3061
(CH), 2967 (CH), 1648- (%e&wyphEW(%@ﬂ%H@tme ring), 1579 (benzene

ring), 1251 (Ar-O a ] H NVR (CDCI .
67.8) MHz) : [(err] lsagi%%l&gh%ynmyﬁb °pyl;§11?t8°r?§ti[§”]5 2H§ 7. EL(;”?] 29

(6H, m arofmtic 5H &-(Hlethnky-48neditoxftidny I} N-cyclopBap@lnitzone aromatic 2H),
5.10 (2H, s, benzyl er.r 4.08-3. 97 2.15

(2H, gn cycl ooct yl>/) ngﬁm%}é'fﬂ%%ya?ww‘&g"l 43’05%%}91% '%yn}%"?an, m

cycl ooctyl), 1.76-1. &Q4(b8hyldxyprfemylbipppﬁdalrﬁan@nmrone [err] C NWR

(CDClI[err]. 67.9 Mz): [erf] = 159.80, 136,47, 131,27, 130.34, 10
128.56. 128.02. 127. 8A3-ethpay-dmethoxyphenyl)-Ns(1ymethexy-meihylprogs2-ybpitrgee 26 01,

24.70 ppm R 1)-N-2-ada Init Exanpl es 51-80
Usi ng the procedures O(gsbgrrleygjoxwd/ptﬁn? |Nn gng'anWemarB%eroprl ate starting 15

mat eri al s, 10he f ol | ovidgtimdyphendndlcycloopyoidse wer e pr epar ed:

-(2-eth h | ) - N-b
E;E g] e'g hoiy- Zi(?;gt ﬁgiy)p(ﬁgﬁg?%?%ﬂwﬂ %ﬁﬂ‘a?téwté?fgt hyl pent - 3-yl ) ni trone

[err]-(3-ethoxy-4- neut[axym)(yeenhylbmp}ﬁnymwz@mjwmnrone
[err]-(2-ethoxyphenyl)-Nbut-2-ylnitro

[err]-(3-ethoxy4- net Hd)?;ﬁﬂ}?éhﬁrfyeq\?w%qnwé\ﬁ@yqnﬁmyl,bghbyl)mtrone

[err]-(3-ethoxy-4-ne
[or] - (- benzyl oxyphengl LRt oy o Prity DOk itcone, an

[err]-(4-bdfzyl oxypheua[w(}-ﬂuorowwlvpy)lpmrwl]dﬁeyclopemylmtrone
[err]-(3-ethoxy-4-nmet hoxyphenyl)-N(2-nethyl but-2-yl)nitrone

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-tert-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 MHz): 8 = 9.343 (1H,dd,J =7.9Hz,J = 1.7
Hz, aromatic H), 8.025 (1H, s, nitronyl CH), 7.329 (1H, td,J = 79 Hz,J =
1.7 Hz, aromatic H), 6.993 (1H, t, J] = 7.7 Hz, aromatic H), 6.856 (1H, d,J =
30 8.4 Hz, aromatic H), 3.841 (3H, s, OCH,) and 1.587 (9H, s, 3 CH,).



25 [err]-(2-ethoxyphenyl)-N-(2-nethyl but-2-yl)nitrone
[err]-(3-ethoxy-4-net hoxyphenyl)-N-cycl ooctyl nitrone

[err]-(2-etho h | )-N-cycl obutyl nitrone

a- (4- benzyl oxgéﬁg’ﬁé}i% -N-cycl obutyl nitrone PCT/US98/21624
[err]-(4-benzyl oxyphenyl)-Ntert-octylnitrone 30

[err][4-(4-fl uorobenzyl oxy) phenyl]-N-cycl ohexyl nitrone WO
99/ 20601 - 66 -

PCT/ US98/ 21624 -- 65 --
[err]-(2-et hoxyphen}/I & N-tert-octyl nitrone

[err]-[4- (4-fl uor oBEhEMRGEDPhGTYI MHR) & ept TpdaZnil3.353% 128.836,

-(2-eth - i
or1]- (2 noumhagy e Mo 54 8¢ 504 T 592 aa 28058

a- ( 3- et hoxy4- net hoxyphenyl ) - N- cycl opr opyl ni trone

[err]-(3-ethoxy-4-nmet hoxyphenyl)-N-(3.5-dinethyl-1-adamanryl)nitrone
[err]-(4-benzyl oxyphenyl)-N-1- adgﬁﬁ'éﬁ"ﬂ‘ X8R i

[err]-(3-gthoxy4-met hoxyphenyl)-N-( ]synm@gigngf(y- 2- et hyl prop-2-yl)nitrone

[err]-(4-benzyl oxyphenyl) - bt@ppd hilyDLA SR Butbthitrone
[err]-(4-ethoxyphenyl)-N-cyclooctyl'nitrone
[ err] - (4- et hoxypherypk yitlxicompayedd map piepered aesaeding to the procedure described in

err]-[4-(4- hepyl ], - 3 ' ;
Lerr]- (3 et o eatblec BBt BOSAppigehah i AP Pudlbofiifiomine. Toe
[ err] - (3- et hoxitle4onpbinawaslsitrdd inM$6c3% boerall yiehl dsracnystalidmedolid m.p.
[err]-]4- 64-f | Yo ‘%)enzyl oxy) phenyl ] - N-cycl opentyl nitrone.
Conpar at Ve E>?§ré) e 1 Synt hesi s of

[ err]-(2- Met hoxyphgpathobsdiplcQiata-wast Xd folibwene 20 _ The title
conpound was prepared according to the&qrocedure described in

Exanpl e 7 using 2- %KKB%WB@NZ’-’QEHWH& (€ RNY-¥1d0 DI aRG dPBHEH-@hi ne. The
title conpound was i@t i1, 83- e al [ Ihe 7 Gl als. mp.
109.1 C (Rlerr] = Oﬁg‘gdgrgﬁgmg] 11'1' géﬁgﬁ‘yﬁ at éezgéﬁ%gn?ﬁw Ig)ég't%ggﬁhs t he

el uant). s, nitronyl H). 7§8<¢Hr dst &p8.6 Heavhenyxktb 733 €18, L.ows:8.-0Hz. | R

(KBr, cmy&r ] ohedRf): 608 Y R 1S &), 25280 Gnlnyt H) 3.73 283, ¢ byl
1.51 OH, s, 3 CHy).
C NMR (DMSO-d;. 67.9 MHz): 8 = 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-
O-C) and 1169.4 (N-O).
'H NMR (CDCl;, 270 MHz): 8 = 8.20 (2H, d, J = 9.0 Hz, phenyl
30 2CH), 7.33 (IH, 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,).




1556. 1 (benzene ring), 1235.4 (Ar-0O, 1125.5 (N-O, and 1017.3 (al kyI O)

[err]H NVMR (CDCl[err], 270 WHz): [err] = 9.343 (1H, dd, J = 7.9 Hz, =1.7
Hz, aromatic Hwo&ehr (1H, s, nitronyl CH), 7.329 (1H, td é’%ré%”? ﬁﬁ =
1.7 Hz, aromatic H), 6.993 (1H, t, J = 7.7 Hz, aromatic &

= 30 8.4 Hz, aromatic H), 3.841 (3H, s, OCH3) and 1. 587 (9H, s, 3 CHB)
WD 99120601 67 -

PCT/ US98/ 21624 -- 66 --

[err]C NWR (CDCl[err], 67.9 MHz): [err] = 157.452, 131.353, 128. 836,
124. 535, 120.890, 124 7 3. n
Comorative Bl o c@ﬂk(éﬁ%i 399 ME,343= 188:639%1.8N3028- 1938, WA esi s of
[err]-(3-Met hoxgpheay.H) 20M5 aad 14.But yl ni trone The title
conpound was prepared according to the procedure described in

Exanpl e 11 using 3-nmet hoxybenzal dehyde and N-tert-butyl hydroxyl am ne. The
title conpound was isolated in 56.&fhmYRIvelExamprlad as a crystalline solid,

mp. 10 93.4[err] C Spectroscopi c data were as foll ows:
IR (KBr, crerr]): 2977 (CH), 1589 (CSKpthesisiafp (N-O) and 1035 (C0).
[err]H NMR (DIVBO d,. 270 M—lz)!~(4{lhnw]yphex&'I)ZN-tm-hutyrhltlpheny| , 7.84 (1H,

T Tl b S g 41

CHerr]) and Example 11 mding 9tutoxyientiffiehydd and N-rerr-butylhydroxylamines mhe€ NVR
(DVBO-d[ err] (. 67 55, 129.80, 129, 40,

121. 96, 116. 41, "ﬁi%%“)"éo‘laBQJ*OJa?é '@ggﬁﬁdﬂé?g& ) as pyplid, m.p. 68.5°C.

Conpar at i vep Exa éc%o?toplc data were as follows: Synt hesi s of
[err]-(4- Ethoxyp eny I\I-|s¢£ %/ylnltrone The title conpound
was prepared accordil Chy 594tz dd=fe?T @84 6.4 = 8.8, phenghifipl e 11

usi ng 4-et hoxyb ehy, | b Y, title
conpound was |sglrh§f(gg pﬂﬁiﬁgg) ' as )g s>§d§§§ %QI%SI?%Z% &

Spect roscopi ¢ d&iR),iese(98s sfxahlrbmvyéﬂ) 1.50 (4H, m, 2CH,), 0.87 (¥Brt, J enP SrH3,) :
2979.6 (OH), 15¢g5 (C=N), 1302.4 (CH3), 1259.2 (C
3 .
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 (XBr, cm): 3092.7 (CH), 2972.1 (CH), 1604.9 (C=N), 1362.9
25 (CH;), 1258.8 (C-0-C) and 1117.3 (N-0).
'H NMR (CDCl,, 270 MHz): 8 = 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 2H, t, ] =
6.4 Hz, CH,), 1.76 (2H, m, CH,), 1.57 (9H, s, 3 CH,), 1.39 (4H, m, 2, CH,)
and 0.90 3H, t, J = 6.9 Hz, CH,).
30 BC NMR (CDCl,;, 67.9 MHz) 6 = 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.



O C and 1169.4 (N-0). [err]H NVR (CDCl[err], 270 MHz): [err]
=8.20 (2H, d, J = 9.0 Hz, phenyl 30 2CH), 7.33 (1H, s, nitronyl CH),

6.88 (2H, d, % = 9 0 Hz, phenyl 2CH), 4.06 (3H, m CHerr] and CH),
1.46 (6H, m Oéﬂf‘EPlr]) and 1.40 (3H, m CHerr]). PCT/USHER 8 20601
PCTI US98) 21624 --67--

[err]C NWR (CDCl[err]. 67.9 MHz): [err] = 160.6, 131.8, 130.7, 123.8,

114. 4, 67.1, 63.4, 20.5 and G%--3.

Conparative Exanple 4 5 Synt hesi s of
[err]-(4-Butoxyphenyl)-N-tert-butylnitrone The title

conpound was prepared according €9mpﬁém{$r1§9@§¥ﬂ'lﬁ@ described in

Exanpl e 11 using 4-but oxybenzal dehy E,% thert but yl hydr oxyl am ne. The
title conpound wasrsolated solid, mp. 68.5C
10 Spectroscopi c data we §\9 )' 'te'}%“g)'mﬁ%ng [err] H NVR

ECDCI [err]. 270 M—E)uxwﬁoﬁ-ﬂa:@?ox@%izaldehyde 8.8 8, 1836181&;0“) iaH20 mL of 7.45
1H, s, nrtron 4.00 (2 H, t,
CHerr]), 31 ee%me was fftférrdz Wik Mte'robutY@YB@xramPn8§ 3%@-4?2?6113100 Bro7 (3H t,
J = 6.7 Hz, 18 hours. GeSkactibn misture was then concentrated by rotary evaporation and -
Corrpar ative Exanple 5 Synt hesi s of
[ err] - (4- Pent ythorepyiting yasiduspwaepurifisdtby Isiice gelrrelumn chromatographiyeusingt | e conpound
was prepar ed 0 2 using
4- hydr oxybenzd dﬂ{rgigggc%lﬂelh%ngegotagﬁ)g&gﬁéﬁg-%%’t)ﬁ@ﬁ-%{gsé’ 55'8%E§ Wragpr opane.
The trtle conposotid. mrqséBmCated in 75 %overall yield as a solid,

m p. ?15 trosc ic data were as follows:

IR (KBr rr[err]) Spergrosoppic a‘”’z"é?‘z °V®H), 1604.9 (C=N), 1362.9 25
(CHerr]), 1258.8 (’@mﬁ)(cami. iﬁolmﬁ)(sl\h @)27 (2H d J = s 8 Hz, pﬁ@?rinj\INR
(CDCl[err], 270 ]& hen

.43 (1H s, rH—“rG s H}mn)d 1@96(92# sd, JJ"S @Hz plzenylfﬁ!r@ﬂgnoog té=97 (2H, t,
= 6. é‘4k¥z o(éi[l? £.60 (9}11 SYrgreé %Hrr-bmyr ﬁ'y'21) 36 68}57 (@UH ()%nd@Q@H[ err]),
.39 (4H, m 2, err

err] C NWR (C[@H[b Hy). 67.9 I\/Hz) [err] = 160 8 130 9 129 7, 124 0, 114 4,

15

7
J
1
[

Example I
Electron Spin Resonance (ESR) Study
In this experiment, the ability of «-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 f-butyl-alkoxyl
radicals, z-butyl-peroxyl radicals, and methyl radicals. If the a-aryl-V-
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




69.9, 68.0, 28.5, 28.0, 27.8, 22.1 and 13.86. WD 99/ 20601
PCT/ US98/ 21624 .- 68--

Conpar at i ve Exwopb/e2oedi SI s
of [err]-(4- Hexyl oxyphenyl )-N-ter chm?é@f&?“ trone

A sol ution of 4-hexyl oxybenzal dehyde (3.83 g. 18.6 mmol) in 120 nL of 5
benzene was refluxed with N-tert-butﬁkﬁxﬂroxylan1ne (3.32 g, 37.2 mol ) for
18 hours. The reaction m xture was then concentrated by rotary evaporation
and the resulting residue was purified by silica gel colum

h h ' fford th it
Compound (2 8% . sa A5 g0 B Shlton SFEZLALARARE- MRy T 00 |

Spectroscopi c dauﬁnmnexmatémiﬂdﬂed 5 pl of 100 mM ferrouq smifadeH THbReaCGhCl [ err] .

T T

6.4 Hz, OCH eré&ﬁentrln&@ dof %Talﬁeﬁk B! 1BhM fefrohs i?b'ﬁ Vil mM £-buky 3R déBlioxide 4
CH err]) and 0 CHerr]).

Exanple | 5 and 98 mM of the nitrone compound m \@Qj@t}* oqanqunme@ébq)wgw@g “(aESR) St udy

In this experi iy bl ?f%gdlné}é réﬁétrc]eﬁéa/mé\teﬁ"%@pm éca% ?”“J'a'

above to trap f nonstra usin rapp
t echni ques. 20 aBmk&ESP 300 ESR apgotremetir, aid sd‘ﬁpd:demthm Sahinute$ bfrmis{ingo

Det ecti on of Fr Radi c ljtes" al Synt hesi s
and Biol ogy (F.ER Specispiiegrsofings weigs P80 C contr el 3 HgLd S 3R,

Publ i shers, BOS{e@shds W& im&Nd76)GHA freRRACAYI0B Power, 1.6 x 10° recelaércﬂaﬁg' cal
Spin Trappi ng", Electron Spin Resonance 14:246-300 (1994 . At-

butyl hydri@per oXPeRGrreeduintion pmplitufe.L2330grend| timposanstant syl LPSpbasevas used in

this 25 ex L l; t ces
t-butyl-al koxyﬁﬁém{mg %?%Jgrﬁﬁ ?%'Bf’?'“g g(@ dOHg %%M{])Qg%ethl

radi cal s. |f t hspegies, charaggrizefiias a 16.8 G (1: éﬂkyﬁmﬂ:ltqférfeﬁ (bﬂ) toubiets, nventi on are
capabl e of trap e r adi,cal cies i . %g S | e radical
adduct, such r a‘%k’&g?nﬁggaﬂc?ép g&mc V%l% (ﬁ‘ ° § TR b%lile v {Qrgeame E&Ryl
spectroscopy. 3fddical adduct of o-(2-ethoxyphenyl)-N-tert-butylnitrone. Thus, the ESR
15 spectrum shown in Figure 1 demonstrates that the ¢-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 1I
20 Inhibition of AP Beta-Pleated Sheet Formation
The deposition of amyloid B-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 AB(1-40) or AB(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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To 490 [err]l _of a 100 nM sol uti on of a-(2-ethoxyphenyl)-Ntert-

butyl ni trone MPRAPE} was added 5 [err]| of 100.-nM ferrous pat/bssseisahe
reaction was initiated by the addition of 5 [err]l of 100 nM
t-butyl hydroperoxide. The final concentrations of reagents are 1
mM ferrous iron, 1 mMt-butyl hydrepiroxide 5 and 98 mM of the nitrone
conpound in water. Once m xed, the solution was qui ckly transferred
into a quartz flat cell and this cell was placed in the cavity of a
Bruker ESP 30GsicSRtispefThTOowih eynthesin dhf¢t-d2)nie demorsirated by meauties of m xi ng.

ESR spectrorretcg:1 Setngh ges were: 3480 G center field, 200 Gfield wi dth, 480
seconds sweep TFHE P BH 1 requency, 10 dB power, 1.6 x 10[err] receiver
gain, 10 0.200 G nodul ation anplitude, 0.320 second tinme constant, and
270[err] phase. The resulting ESR spectrum as shown in Figure 1,
consi sted of pri nalif §*R§Fments were Pe"@ﬁé%q wing aqypEReeH fherpseraceplalg. 8 G
(1:1:1) teipl representing aferr] and
alerr], rgspegth}d\?;e?@?@% goqig%élgfbgﬁeg& elieved to be the nethyl )
r adi cal adduct of [err]-(2-ethoxyphenyl)-N-tert-butylnitrone. Thus, the ESR
15 spect rum shown i nFikegure 1 denonst r dxegaridnad40ning20

[err]-aryl -N-al kyl nitrones of f or rthissibn 490enmeMbecti ve at trappi ng
free radicals and that Gaiah conpounds can #se used as anal yti cal
reagent sipor ESR appli cgydio@<ycle Time: 30 min

Exanple Il 20 Run Time: | nhi bi ti20minf24 ¢RIes] orBRpariBlt@at ed Sheet
Formati on The deposition ofexgépth&ik gdgs@g,{] peptide (Alerr])
is associated with the ppe: devel oprmentggQfejAl zhei ner' s di sease. See, for
exanple, G G denner et al. (1984) Bi ochem Biophys. Res.

Commun., 120:885-890; and R E. Tanzi (1989) _ Ann. Med., 21:91-94.

Accordin , conpo Ve r.omti on of
Alerr] (13 ) or Al e??‘f afo?%eta ttééiaét%I OSEZ'Z#E ar)g)?dgif ?I(éﬁuseful for
preventing andi/Q)r2wé\pélthﬂmglpsmrdho@ﬂydsmddl(lisdepsred"ﬁhih(ﬂOSaﬁnoﬁ (ThT) is
known to rapi ) |at rly the
aggr egat ed %Jhﬁceﬁ Pori s Bg:‘(pltsif%he? “g[O?S{P ??ﬁ?ﬂg)%%?a%eﬁa%s}%om ation

gives rise to dMgOeXRheiﬂabneﬁuance measuremﬁf&)ﬁegﬁnnwlain tﬁéﬁﬂﬂmzamds addedanem ssi on at

490 In thi t
[err ]nm ar yln- N- I&S?f%ﬁ‘ﬁ‘#%&? ‘gflg?‘ﬁ}‘ﬁulqle peﬁﬁ'ﬂfv‘ ’6‘01‘ ﬁht’eé? -plegtprhsheet

20 formation was calculated from the relative fluorescence unit difference between
aggregation in the presence and in the absence of the test compounds. Inhibition
of AB(1-42) beta-pleated sheet formation by at least 30% compared to the
controls is considered significant in this test. The results of these in vitro tests
are described below.

25

Example III
Protection Against APB(25-35)-Induced Neuronal Cell Loss

Patients with Alzheimer's disease are known to suffer a progressive loss
of neuronal cells. See, for example, P. J. Whitehause et al., (1982) Science,

30 215:1237-1239. In this experiment, the ability of certain c-aryl-N-alkylnitrones

of formula I above to protect against Af(25-35)-induced neuronal cell loss is
demonstrated. Sprague Dawley rat hippocampus of 18-day-gestation embryos~

was excised and then dissociated by trituration to prepare primary neuronal

HElg
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associ ation of wivbpudek  synthetic Alerr](1-42) is denonst rat #}B@furl ng
changes in fluorescence. The experinents vvere pertorned
using a CytoFluor Il fluorescence plate 5 reader having the follow ng
paraneters: EAIters:

Excitation 440 nm 20 -

Em ssion 490 nm 40 Gai n: 75
10 cl cle Tine; m n

Run Time:  culres. CRHS (b wstepiied 56 53 gum gy sl sensRes
experinmental degdiining Fagle's minimum essential medilth@hsplemented with 10% fetal 96
wel | 15 Into each well was allquoted 95 [err]l of ThT (3

[err]M prepar eBovire B Biffer 3-5 hours. gewyiginl medipm wagrempyed apthseplaced t o be

tested (10 [err 0, l4qil 0se i n PBS
(pH 6.0). and 3 erﬁ‘ﬁgg r@ l)gér&r' C%%‘ég{ereerﬁlm amﬁ‘rigg%?gdﬁ\%%%l

dH err] O The fCOpi98%cenmenidifies tinoebmmt Gl growth enobskryed\per rmopdlaye?) was

added and continued for a total of 12 hours. The percent inhibition
of bet a-pl eat ed"8FEEFI9:  formation was calcul ated fromthe rel ative
fluorescence unit difference between aggregation in the presence

and in the absence of the test_ conpoun

Alerr](1-42) beta- pIE‘éf‘@d:egthIP“‘f)d’i‘Wfiﬁh’(S‘rﬁothé’f “‘lﬁé@s"ts)ﬂf%l&?ﬂﬂﬂé’ll’e(a to the
cont rol s i's” congsies §loBiundBNM biink WseohtSnd H19% FREMcEAuR. Lhese in

vitro tests are describ el ow.
Exanpl e |10 Controls were also condm@etdewhoonthAgw eenepopér Ah¢ pEcaBAzeiofiduced

Neur onal = Cel | LOSS holo u.all% vxate)le neuron?&msedettésrm\{\r'#etdl’f)guPéﬂgﬁg Ceﬁuﬁn&&‘é ase are

known to suffer "¢ I es for
exanple, P. J. %bteﬁiammeaimr%lhours(tﬂc@%ht @hriee repions 311, n-B]vEeslli)ZS? 1239. In

this experinent, the a ertain rr-ar N-al k itrone

of formula | Mb‘[‘?f’?)’J%f?‘ég‘l?’gbﬁ‘é??’fgt“e?&f’é? e g’asyg%i“ le?‘fblﬁéycfoﬁlgﬁﬁeiﬁqal cel |
loss is uiteiERRSH iPdoRsidered i@ fititandyhiytedt AtThB irdRE SMEREss i birro

18- day-gest ati on enbryos was exci sed and then dissociated by

triturati o to [sBEas despribaddelpwheur onal

Example IV

Reduction of B-Amyloid-Induced 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 B-amyloid-induced increased release over LPS alone of
interleukin-1p (IL-1B) and tumor necrosis factor-a (TNFa) 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 cultures 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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cultures. Cells (3xIO[err]) were plated on 35 mm pol y-D-| ysi ne- coat ed

pl at es WOMRRYChi ng Eagl e' s mi ni mum essential medi um seopusssRrzed Wit h
10% f et al bovine serum After 3-5 hours. the original nmedi umwas
renoved and repl aced with 1 nL of fresh nedium Cultures were

mai ntai ned at 37[err]Cin a 5%5 --70err]/95 %air humdified incubator.
Gial growh is observed as a nonol ayer under neurons.

To the cells (7 DIV) was added 30 [err]Mof Alerr](25-35) dissolved in

dH err] O priof $¢ siantidg a@ch-emt{rbnem} CYhexcalls #@6e §odlectbdvbyfentrifegdtios indconpound

% et hyl cel | ul d h h
compound.  The BB patafa condiind Rt CoPrdhel kBBl s vae” | °

deternmi ned by ceRuwtdeptatédiéh mwblepla&fs (3 X 10s ceuslo Bhhle/weR)r 08B v @ien 96 hour's
treatnent (three regiaons/we I nhi bition of

Al err] (25- 35) -Feated T W&@M’"&@FP 1P/é%’§ﬂt§‘gﬂa*%5 JsgrESPANOS RSHPERSd t o

the contrels iforeQRHl Liphtsishidh WihfA Jfgébhdésf‘(shlbl'o"‘rd.@ﬁﬁ uM R do&elgofisc0l these
invitro 15 tests are describe W. )
Exanpl e |V  experiments). When deterrﬁaeduaha effecodf thetest comppinsls dnllbdGe@edl | ncr eased
Rel ease of e Tu r Necrosis
Factor-[err] qu Fo release, 100 N{ o tP Ri%8 éel)xtm ej#ll?(}rjr‘g#lstaddécﬁ&’{tgg}%qr M8f certain
[err]-aryl - N- aA(@5-05)t and nigis miktufeoraviihabated for 48 hbuxalpﬂuetotparfbﬁﬁiuge t he
[err]-anyl oi dé&ag ced increased rel ease over LPS al one of

i nterl eukin-1[ # (re- 1[err]) and tunor necrosis factor-[err] (TNF[err])
i s denongpr at ed. THP-1 cells, a human nonocyte cell line from
Anerican Type Culture Col | ection, were grown in RPM-1640 nedi um

plus 10% f et al bovillfrél3 aud TNFasecretiqus ity megimryakPS-stimaulaighTHR dels. T- f | asks.

The nedi um wa W Malal the cells
(800 Tpm 5 it aagteiked Aot amyloid pepilfia et RORhAG YT

Al t er nati vel y assapsl with & ooremernaile avealable HLABA kb R Su Polyetenn). aBriafly, wi t h

fresh nmedium _T r ty | on ranging
from bet ween B(% &?H‘al’é C%gt W[g[aeqﬁl?‘te %%glf)gﬁtl aﬁggggh%g@@%ﬁg : y contain
unknown 39 Tﬂ%ms&upﬂnedhydbmmaﬂdfautrenaﬁmﬂa#daged smmaneHee bipetiledpr oducti on,

ﬁgguggg }[Ngsz% ét}e vﬁdﬁg ltLolﬁ?o Q‘Itlga plzelslenrtlc\)wl’alxg %oundn) tﬁe 1mmo 1hze3| rther

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-1p 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-1p or TNFa 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 -
amyloid-induced increase release of interleukin-1f 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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prior to startiwmsemeh experinment. The cells were collected

centrifugation and resuspended in media containing %%%?’2'&1 I
nunbers were cal cul ated and cells were plated on 24-wel| plates (3
x 10[err] cells/0.6 nL/well). Cells V\ggethen treated with LPS
(0.5 [err]g/m or O-10[err]g/mM for dose-response experinments) 5

al one or in conbination with Alerr] peptides (5[err]Mor 0.05-5 [err]Mfor
dose-response experinments). V@,g‘pnpqiﬁ;er mning the effect of the
test conmpounds on IL-1[err], and TNF[ err] release, 100 [err] M of

the test conpound was adﬁe@clwrt Agamst ILAS andIFNy-Induced T@Bﬂt)] (25-35) and

h
1o 5 mxeure vas TneHg S ent tnd GHif of bl bR B es of forge '

LPS- stimul at ed Thibbve te eddbee the IL-1B and IFN{-hr@lugdareraal wkickpaanixed gk anyl oi d
pepti des an est cor‘rpound wer e assgﬁ ed with a conmercially

avai | abl e |§A51mp9cam eheprogglquinyres is dgmagstrajed. sRat hippocampys of d8ltker pl at e
coated with a mgegtaﬁn@m% WA difBL P REY addCinfUHARA ih HBLE@bhthinfe oL P%

TNF[err] was supplied y t he manufacturer. Standards and sanples were
pi pett ed trypsie at 37M€ foredQ minueed. diissue wasifhen sﬂspcndeif iFpleting mediesent  was

bound by the i nti bo nbo protein washed
away and a hor gg?% |ls%8§%argoexs ‘&“‘“mg e met) g‘ﬁ’p]""c n??c‘)”di‘liﬂe'&kf Fbody

specific for |Lghtaaind. 14175 TAK QA g rﬂd@ﬁx\h@adidlemwh’dtaﬂ bboine serum and 16@Ndw ch”
theIL-l[e ] and Nf'[pg g’hi}"? ndl the initial step. After washing to 20
remove any nboﬂﬂ’&s I rsérS@‘@?Wc‘“a 'Asf%é’t“}"&flen dppughiadiamer ;1

hydr ogen per oxi gefished Pateat pipkias Rl & diled In m&m@ﬂ,ﬂﬁﬂgqnémn vighiheq and

col or devel oped in proportion to the anount L-1[err] or

TNF[err] bound PR teReediapdengity of 3.5 x lo’élﬂle’p'd'@ml:@lcoﬂémlmiﬁfehwhmye@t opped
with 2 N sulfur gfec@ﬁécfjwﬁipgo L%ﬁﬂ.?ﬁ%l%—?hsme {_(ﬁ' 2- gglﬁ'gﬁf ﬂ%mqg éé}gt]ms% ?l?cfljar d and

the test sanpleS was neasured a anoun [err] or
TNF[ err] pr esentwajhed tige sathpiBss. VMKGJ 3c$1hmub ahe dngnasledeciitpm Waaremoved

Cerr)o o 18V dREREMETREL I ot M REE) LB B B B AR ) o

tunor necrosis B&COyII%H a&thumidxﬁed nnclhba&ﬁtfoﬁﬁ?/day@.rrpar ed to controls is
considered significant in these tests. The results of these in
vitro tests are described bel ow. 30 WD 99/ 20601

PCT/ US98/ 21624 12 DIV hippocampal cultures which contain neurons and astrb8ytes were
used to perform the experiment. In each well was added 200 U/mL of

20 recombinant mouse IL-1B (Genzyme) and 1,000 U/mL of IFNy (Genzyme). 10

pL 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 uM) 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.



Exanmpl e V Protection Against IL-1[err and | FNy-Induced
Toxicity In this experinent. the ability of certain
[err]-aryl-Nal kylnitrones of fornula | above to reduce the
IL-1[err] and™ERP¥hduced neuronal toxicity in mixed rat BCTUSIS21624

hi ppocanpal neuronal cultures is denonstrated. Rat hi ppocanpus of 18-day-
gestation enbryos were dissected free and i ncubated in HBSS containing 0.1

% trypsin at 37[err]C for 307nutes. Tissue was then suspended in
pl ati ng nmedi um consi sting of Eagle's m ninmum essential nedi um
suppl enented with 2 nM L- glutamne. 14.75 mM KO, 1 nM pyruvic

acid. 10% fetal bovRelerssef LitHantd thonthige mediumi was/estimgiechfremithe n/ 100
[err]g/mL strept ci fier i tion.thr - pol i shed
Past eur pi pett‘rfe)o.n %%Wls%f rﬁe%dliv‘}\bptééﬁ%nlaa a?‘?‘!‘@ér%gp"%?"é{ '?’%mr?gdi um counted
and seeded at gpectedphibloyhetrfcally from tAfaey df]decredsadn B400mm kbdoctanced- WBHI pl at es
whi ch were .. precoated with 20 [erg}%ﬁq/m pokga—_\%lég/si ne for 2-3 hours
at room t enper #Hfe!s deffged as that amoypfQf ERRYIG 1R Coiply _ rmalgnef 08¢ 5 hour s,
the origigal nggroHINRE NADIPY&nihitte und@ ke CRBIBRESE the Aaylpritedtie. f r €Sh
medium Cultures were maintained at 37[err]Cin a 5% C err]/95%
ai r humi di fi edT¢ aQtyeetlarate.d)-051mLdnadium collected from each sample wagidgediioppocanpal
cul tures which ' Ak QI r S : per form
the. exper | ment el SR A3 BL BT #6LE jgmn. TelIREWAE P DL
IL-1[err] ( Genimyneijaicdngladeddion th¥ SpecoiMbEB40 flae mexeretp reaiat 340nm  [err] L of

the test conpound (100 [err]1M.final copncentration) in 1% nethyl cellul ose
was added i m’re‘H?‘f’He&gg‘ ag%? é%bﬁ 3, pginpes af‘oﬂ’c%?ﬂ"fid?te%eﬁ gég\)éﬁl@“ 3%18%‘6‘_”8ﬁ ly 1%
net hyl celol ul oppury Bp%eeRt Ba% LMpardd 1d &ntrbMis YéSideee SigaFicant PP teste control .
Cultures were incubated at 37C in a hum dified atnosphere containing 5%

cerr] 25 Flasy resdts of thisinge st e deseribad helg™ury was estinmated in all

0

experinents by exam nation of cultures wi th phase-contrast

m croscopy and was quantified by measur enent of cytosolic lactate
dehydr ogenase vBE) TestResudts: i nto the culture medi um

WD 99/ 20601

PCT/ USO8/ 21624 Certain of the compounds prepared in the above examples wex:e_tes}eil in

Rel ease df LDthtilessoorelof tHeabbvendesenitdd unvimaseses t Theatbmgodnde of thise

conversion of NAD to DH. .af tar, tate .addjti and red

spect r ophot oneP¥FHEP F@'\Aelr ;’W“{ehéﬁr( L{%@ bé#a-%l%a ?deigéq?wagﬂﬁ%rgmg’bance. LDH
afct ivity is deddyigbbcétbndubonkhl cilositandror pramlyloid-indaded Gadredsy 7ededsd 6fc f or mat i on
of one

interleukin-1P and/or tumor necrosis factor and/or IL-13/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 B-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 c-aryl-N-alkylnitrones of formula

I above to reduce the in vive impairment of animals treated with ibotenate and

30 AP(25-35) is demonstrated. The procedures employed in this example are



5 m cronol e of NADH per mnute under the conditions of the assay

pr ocedure. To a 96-well plate, 0.05 nL nmedium coll ected from each
sanpl e was addead do2o601 and then mxed with 0.10 nL reagent fromLD L
20 kit (Sigma). The plate was i medi ately placed i nt g <ffH§?8/21624
SpectraMax 340 plate reader to read at 340 nm wavel engt h at

25[err]C for 3 mnutes at 30 second iﬁ%erval s. Reduction of neuronal 10
injury by at |east 30% conpared to controls is considered significant in
this test. The results of this in vitro test are described bel ow

In vitro Test Resul ts: o tain aof the prepared in
t he above exanp %‘Eﬁ al\'/\fgrtgosteélgfcélacq 1 Qggnan et it Wf@(g&fp Bt 1§$ %ﬁzﬂggbve
described in vi Male Speagus-DaWey 1QBRO0BOBg)Ohert Mefzhed and given IV@RAE @R i t her

i nhibited A err1(142)2 bet a- pl eat ed sheet formation and/or Alerr](25-
35) - i nduced neukofigXyeRany isies-bunrnigeng o 1% mawipilesilyloss by erabigvags: eQree

rel ease of ) | 1= : : ! L or and/ or
E o 1w, - ous et Bcel ke defebfakicAinbied WP 1nc oY Raloh TR AT

control s ord ar ehiprerempeciwitio 8 nmob bf AB(25+38) amd GhmBDof iboteresesper side of t hese in

Comparat ve. Exafearitale? Fopl FRmt s T AP A2 AceMEy (2072 P om iy Bt
sheet formati ontheridfa)r Céhesls MeRSinRbled WHHIRBSApHELL R NA ij@tibnd Were 1891d/ or
[err]-anyl oi d- uced increase release of interleukin-1[err]

. in ! . .
and/ or tunor ne&?d%?’%'“‘?‘%rc&ﬁ? anjpals geceiving PBS ware prafly dpsedpithel %] - i nduced
toxicity by at he;§lcelRIféeC Wﬁ’ﬁfo@ﬁ)ekgnﬁﬂﬁf@d AR fhe cf@ ]pf the M(ﬁaig »\g[ag,r

Exanpl e VI i Reduction of Cognitive Defects
Al err] - Peptd del Mazs tesige In this experiment, the ability of
certain [err]-aryl-Nalkylnitrones of formula | above to reduce the

in vivo inpairnment of aninmals treated with i botenate and 30

Al err] (25-35) is dendmsty eted.dayhiollpwngdniection, snimbloywe fested I SMexanpl e are
WD 99120601 . . . .

PCT| US98t 21624 Water maze task to measure spatial memory and learning. AnimalsAgere given

simlar to thosetreakgs bitreding wilBoforl soi rials.per MNBUT PIREBA tial Dn HbukRS (1993).
Mal e Spragye- Daévl eNZ; rats, (200-300 g) were wei ghed and given 10 ng/ kg of a-
(2- et hoxyptleny | J2N¥AS RIOBRT ] WGP Sieplisform wasempYadawt tifieds guasjasaed ~gavage.
One. housnrufk @fossihgtewdrd iSieMBih&. SEQTRRMRNE Halavibrdl Qésﬁgé,%ggrﬁzﬁ'} o the CAl
region of their 5 hi ppocanpus with 8 nnmol of Alerr](25-3 and 6 nnol
of ibotenate pelewsingefused with 10% peusraliformelis Theobralw wagmmst-fxed for AReek2. 2 = M.,
-3.0 = DV from Of: . : . t.r Ol injected with
PBS (pH 7.4). N&M%\?’g??lﬁ%%ng t\tflv'semr Sehc{ié.]E’rql%&gglca%garl?ajqfﬁi \rfl\ﬁgv%%la&a > %he animal s
recei vi ng PBS weresyl giokt byinihgswat used to cbrffare the neuronal loss (lesion volume) in

20 the hippocampus between groups. The data show that o-(2-ethoxyphenyl)-N-tert-

butylnitrone reduced the AP peptide/ibotenate-induced learning deficit.

Example VII
Reduction of Cognitive Deficits in Autoimmune Mice
25 In this experiment. the ability of certain a-aryl-N-alkylnitrones of formula
I above to reduce cognitive deficits in autoimmune strains of mice is
demonstrated. MRL/MpJfas® ("mutant mice" or "Fas®™") strains of mice have
been described as useful models of Lupus due to their autoimmune
lymphoproliferative pathology. In particular, the mutant mice show a cognitive

30 deficit at approximately four months of age, which is not observed at two months



met hyl cel | ul ose. Oral dosing continued daily until the end of the Mrris

wat er 10 maze testing. Nine to el even days foll ow ng
i nj ection, Wﬁéwretestedinal\/mris wat er naze task to
measure spati y and learning. Animals were given PCT/USS3It&@¢ days

of testing wwth four to six trials per day. The last trial on the fourth 15
day was a probe trial where the platformwas renoved and tine in quadrant
and annul ae crossings were-d&erm ned. Followi ng the behavi oral
testing, aninmals were perfused with 10% neutral formalin. The brain
was post-fixed for 1 week in 10%formalin and then sliced for

hi stol ogi cal eefgaadenifor axample. Horsteyehal.. 4P88, Behav. Newiab Biplogyi 61.d89st ai ni ng
was used to coygare the neuronal |oss (lesion volunme) in 20 t he

hi ppocanpus bet'wéen groups. The data show that a-(2-ethoxyphenyl)-Ntert-
butyl nitrone reduced the Alerr] peptide/ibotenate-induced |earning deficit.

Exanpl e VI , Re t f Conitiv ficits in
Aut oi rmrune M ce 25 In the experiment. mae S’Hﬁs’k’&?&g i prm@”@l&ﬁl}d‘pﬂ»y B certain

a-aryl - N- 3l kyl §fid weuks of e viedé Wellghed and admlmitex@@QU@nfgﬂ(grcﬂ’@%tCOQH' tive
deficits in autoimune strains of mice is denonstrat ed.

MRL/ MpJf as| er rqomponast (gitker g-@ecthozyphepyly-Vereribptydniveneff oo -Hhaxypheayly
been descri bedyas clbﬁﬁgﬂ]roﬁ%qﬁll% Bfern Hgﬁiﬁos'(é%hxuéhbgb%] o2tk QLATTIORS to

Iyrrphoprollferat ve p n partic tant” m ce show a
cognitive 30 9 wedsf |m|4tmauhsaqugq>¢h¢mioelvgeré ested forravbidarse, age, which is not

g-tl)-fg/r \]/_gd at t V\ascrrTxDmr};[mrt]i%n, session criteria and a\c{\gxig%nzggogne day T-maze task witha . age.
See, for @xanpheximb@rcistrias. Gtiteria W8 Ther Bethdsur oINeiue alalRioptetOyith 9. 139-
151. In the experinent, nale )J Fas err and nor nal

MRL/ MpJ+ + rri clést 1o correchriajs %@@k@nw%jénm@%r* RETIHEA9A M HFstered 100

ng/ kg of the tggk mice showed 5 ABRGHADolEAVORBAce and acquisition compared to the
[err]-(2-ethoxyphenyl)-N-tert-butylnitrone or a-{4-ethoxyphen

N- cycl ohexyl ni Rar@alahice Whichgsaeived hecldh methyirsliviess; clpé‘oﬂffﬁsbrﬂéﬂ F"dé\?&@e daily
for 8 to treated \w:/j)ﬁxs éé test o :bpﬁ%gto? thiQfnvaiin nkd ?edme‘ae‘ac?{mﬁﬁor{ Falegd for

avoi dance, rimnation, session criteria and acquisition in a
one day TMS5maz eand asdquingd aoidance skills earlier than untreated mutant mice (i.e., similar to
the normal controls). These results demonstrate that a-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. and 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



10 maxi rum of 25 trials. Criteria was nmet with four of five trials

correct with the |l ast two correct trials being consecutive in
avoi dance and gig994degi Nati on. The Fas[err] mce sho it in
bot h avoi dance and acqui sition conpared to the V‘?@ani‘;g% V\#‘lzlgch

received the 1 % nmethylcellulose. In contrast, the Fas[err] m ce

treated with the test conpounds of thl7 i nvent| on had reduced acquisition
val ues 15 and acqui red avoi dance skills earlier than untreated nutant
mce (i.e.. simlar to the normal controls). These results
dermnstrate thai [err o] above
reduced the cogh?%"f’(?g}ga#g)t S oflysl Qbﬂgu? g?’rﬁ% 8rlg‘e?ta}hﬁ§9g$91 Jr)fcggélﬂ

Exanmpl e VI11 20a-aryl-N-alkjinizioned ofcdormfla Miiove noipreecht BARR indneedtBAE 8l | er gi ¢

Encephal onyelitis Mul tiple sclerosis (MS) is a chronic

i nflammatory CNEERASEHELr caused by denyelination in the brain and
spinal cord. The disease is characterized by progressive CNS
dysfunction, including nuscul ar weakness, trenor i ncont i nence,

ocul ar di stiur bances, Femade. hemistatschf  weeks poage (WQ'#WQWY%%WS&SEC%’S thep .
exacer bat i ons. en two %mradcrm?l mjegtxé?\gr(b 'ﬁ&ﬁ @Jchﬂ)é ¢h ?%FC? BQ@!&!H\"%%I jtis

(EAE) i nduced b§W| njec aS| C protein
(MBP) or MBP pepil sieoriplerg Fesunds adsuvaepnmdw@dng of myelm basic tpeotanun;@ﬂuhL obdel for

Al erglt EncephaBRyEp i 5 of e, e iere wigied sl g iypn  clRIAF" TN\

99/ 20601 score beginning on Day 8, post inoculation, according to the following criteria:
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| munol ogy10 113(2): 712- @ < Xo7Uness | n this experinment, the ability of
certain [err]-aryl0N=alipofriril flagsis of fornula | above to prevent
MBP- i nduced EAE is 1.9 enbninertail 8apcid 5 Fermal e. Lewis rats
of 8 weeks of age (180- 2505 Himsklgnbwicaimess and t hen given two

intradermal injections (@®.0=nHimesblih) pohklySis4 ng of M tuberculinin 0.1
nmL i nconpl 88 e Freunds adj2u§anHimhldimb Panatysie indrireiti imtbwedkpessr otein in 0.1 nL

of sal i ne into the3.0asHimfarkiifeont timb.parlysisal s wer e wei ghed daily and
given a clinical s&.0r=e Mieipunidhstng opdeddlay 8, post i nocul ation,
according to the following criteria: 10 0.0 = No illness

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

intended to be included therein.



0.5 =Tip of tail flaccid : 1.0 = Entire tail flaccid
1.5 = Hnd Iinb weakness 2.0 = Hnd linb paraIyS|s 15
2.5 = Hnd Iirrbgparaly5|s and front |inb weakness 3.0
= Hind and fr&%2P8b paral ysis 4.0 =pdhyusdeungs st at e
or death On day 3, post-inoculation aninmals were
admnistered b.i.d either a test 20 conmpound (100 ng/kg) or 1 %

nmet hyl cel | ul ose vehicle by oral gawagg&-up to and i ncl udi ng day 16

The results denonstrate that the conpounds of Exa mles 3,  —tt:
22. 41, 42 and 45 reduced the CNS inflammatory derErj wﬂ“ﬂﬂuﬂ,
ani mal s. At t h&VHATd§4SLABMERAS: t he conpounds of 10, 15

and 29 did not significantly reduce the CNS i nf | afmdt orsy deficit.
25 From the foregoing description. various nodifications and
changes in the 1. OEdRsuhd ONPramd 1et hods of this invention will
occur to those skilled in the art. Al'l such nodifications com ng
wi thin the scope of the appended clains are i ntended to be
i ncl uded tqerein. WIRD9/-:20601
PCT/ US98) 21624 0 -- 78--
1. A conmpound of formula |I: R2 T, I

/N\

R3 RS
R4
10 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
15 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,
alkcycloalkoxy, cycioalkoxy 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 zert-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 ferz-butyl;




[err] 10 wherein Rlerr] is selected fromthe group

consi sting of al koxy, alkaryl oxy, Ikoxy, aryl oxy, and
T e R | L e

hydr ogen, al koxy, al kcycloahkoxy,tcyc cal koxy and hal en
Rlerr] and Rlerr] are attached to 15 adj acent carbon atons, R err] and
Rlerr] may be joined together to form an alkylenedloxy group;
Rlerr] is selected fromthe group cons?%rlng of hydrogen, al koxy,

al kcycl oal koxy, cycl oal koxy and hal ogen; Rlerr] is selected

fromthe group consistin n and al kyl ;20 err] is
sel ect ed 19 rom the gréth g‘%g 2%4 aﬁg%‘gﬁrcanyawgeﬁé%q ﬁész}fhfoé’égtz‘@etE@PR{?@h

atons, substi tutggll AR 1@96('2%0%9 | east 3 carbon atons and cycl oal kyl ;

pr ovi ded that: (i) when R2 and Rlerr] are independently
hydrogen or met hoxy, (Fevhen R'ds tanethoxy, R? is 3rpthaxyxgnd BPmind R are hydrogen,(j i )
when R err], R r hy ghr R butyl, then
Rlerr] is not b Rﬁﬂimﬁig ({&etg‘}l&ﬁ[hyhﬁpogﬁt lgyd%]g ﬂn&%‘h ‘h’?)(%fg%

(iii) when R err], R[(eiywhearRd aRf &' nie lydeoghyy adoR’ein raxributid], eéren]R'iisndtgopr opyl ,
then R is not noxy: . i v g and R err]
are joi ned toget'H%tpo"tyow?e(?ﬁn'%é’\y!}],“ﬁr-"rréf'qﬁl @ﬁ‘@b?'&&t}‘("éﬁ)‘"hm rgl?L Rerr] and
Rlerr] are hydrogen, then R5 is not isopropyl or tert-butyl;

WD 99/ 20601 PCT/ US98/ 21624 ) )

-- 79 -- 2. Thegyorppauad recerdipg torflaim | whereiR'eis hydragen. hydr ogen
and R err] is 1-hydroxy-2-nethyl prop- 2-yl, then Rerr] is not

2- et hoxy; (vi) when Rlerr] is 4-methoxy, R err] is 3-ethoxy,

and Rl err] 1&nd R[err]3 ar eThyckvrmgmngl according to €laiem2 Rfhereir R is seledted from

2. 2-di met hyl but 2-neth rop-2-yl; and 5

(vii) when R[err'?l éw&pﬁﬁ%sﬂs} f@%%fldl&%ﬁikgﬁyd R[err] is tert-butyl, then
Rlerr] is not 4- rrethoxy when Rlerr] is 2- quoro and R[err] i s not
2-met hoxy when Rlerr] is 4-flu he conpound

according to O aim 1 %her th?lc‘f‘-if'%?“l“]‘ agcordipgiiofglaim 3 Whﬂ?m R'is Selec‘edsf M The
conmpound accor di g gidap ebRiding oFRRIrSden. Bk&¥y dndifluoss! ected from

15
5. The compound according to Claim 4 wherein R' is selected from

the group consisting of alkoxy, alkaryloxy and cycloalkoxy.

6. The compound according to Claim 4 wherein R' and R? are joined

20 together to form an alkylenedioxy group.

7. The compound according to Claim 5 or 6 wherein R’ is selected
from the group consisting of alkyl having 3 to about 8 carbon atoms and
cycloalkyl having 3 to about 10 carbon atoms.

25

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, zert-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,



the group consisting of hydrogen—and- al koxy\

4. The

conpound according to Claim3 sel ected from t he
group consi st ng of hydrogen. , Mi ﬂwﬂl 5.
The conpound ¥OCH*¥Phg to O ai i s sel ect epciwsIsnicas

the group consisting of al koxy, al karyl oxy and cycloalkoxy
6. The conpound according to Claim4 wherein Rerr] and R err] are

j oi ned 20 together to form an ak8d-enedi oxy group.
The conpound according to Caim5 or 6 wherein R err]
fromthe group consisting of al kyl having 3 to about

is sel ected
8 carbon atons and

cycl oal kyl hawiyclgpi®pylo cydbabutyl ]Jert@anybccmclapantm cy2lhexyl, cyclooctyl, 1- 8. The
conmpound acco t.0,C.aim er ei e |l ected from t he
group consi st ﬁa %F 1 ZSF%W)Z %IVE E‘S}T 5 %m%?&ﬂﬁ%@f? "ﬁﬂet hyl proo-2-yl, n-

butyl, but-2-yl, tert- butyI 2- rrethyl but 2-yl, 3-nethyl but-1-yl,

3, 3- d| nmet hyl but - , 4-meth lpent 2-y| , 2,4-di met hyl - 2-pentyl,
2,2, 4, 4-t et r anet hprentAscowouﬂd of formula II WO 99/ 20601
PCTUS98/ 2624 -- 80--

cycl opropyl, cyclobutyl, tert ﬁ%Ctyl cycl opentyl, cycl ohexyl, cyclooctyl,
1- I

adamantyl 2- adama
9. A conpound of for mul a ;|q|7

O
IIQ+
RS Re

=
H
10

wherein

3, 5-di net hyl -I -adamantyl and benzyl .
R6

II

R® is selected from the group consisting of alkoxy having 1 to 8 carbon

atoms. alkaryloxy having 7 to 10 carbon atoms and aryloxy having 6 to 10

carbon atoms;

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:

R® 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 alkyl 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 isopropyl or ferz-butyl; and

(ii) 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.




[err] 10 wherein R[err] is selected fromthe group
consi sting of al koxy having 1 to atons. al karyl oxy havi ng
7 to 10 carbon nd aryloxy carb

Rlerr] is seleg?idaﬁﬂgn1the grou ﬁ%arbon
atons and fluoro, or when Rerr] and R[err] are attached to adjacent car bon
atons, R err] and R err] may b&jm ned together to form an

al kyl enedi oxy group having 1 to abodat 6 carbon atons:

Rlerr] is selected fromthe group consisting of hydrogen and al koxy havi ng
1 20 to 8 carbon atons: and Rlerr] is selected fromthe
group consisting of al kyl having 3 to about 8 car bon at ons,
substituted al kyl hagl ng T8e tonadaccdrding RODIaith 0 whemirRTiy alkoay kavling

having 3 to about 10 carbon atons rOV|drﬂd§hat 25

(i) when R[err]1t<s8ﬁ@bm%9marl’élwlkmhwwgr?y'a@ofgé‘wncﬁmw ¥ Rlerr] is not
met hoxy; h en. (i1) when Rlerr] and Rierr] are joined together to
forma 3.4-methy)f rFe(rjllo group and Rlerr] is hydrogen, then RO is
not isopro@yl or tert- butyI and (tii) when Rerr] is

4- et hoxy, R7 is 3-e hox and d 7 not
2. 2-di met hyl but - 3-yI 1l ! ;?8??"8??[&7 L%%?ﬁ%} éﬁgﬁgo “{hp‘%ﬂlﬁ&“l“&“%gy 99/ 20601
PCT/ US9S/ 21624 is ethoxy and RB is hydrogen. -- 81 --

10. The conpound according to Caim9 wherein R err] is al koxy having

1 to 8 carbon atoms, Rlerr] is alkoxy having 2 to 8 carbon atoms and Rlerr]
IS hydrogen. p  The compound accong to Chn GO RGaXXG] g o C aim

10 wherein R err] is nethoxy, err| is ethoxy and Rlerr] is
hydr ogen. 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:
a-(4-heptyloxyphenyl)-N-terz-butylnitrone
o-(4-hexyloxyphenyl)-N-n-propylnitrone

30 o~(3-ethoxy-4-methoxyphenyl)-N-tert-butylnitrone



12. The conpound according to CI a| m 9 wherein R err] is ethoxy; and R7 10

and R err] are hydrogen. ' 13.—7Fhe conpound according to
Claim9 wherein err is benzylo al koxy having 1 to 8

car bon at ons. er?gLW["err] i s hydrmum ""m,“m,”m Tierosvsmpeend
according to Caim9 wherein Rlerrf] fs Lbenlz soxy,; and Rlerr] and

R err] are hydrogen. The conpound according to Claim
9 wherein Rlerr] is alkoxy having --82-- 1 to 8 carbon atons. R7 is fluoro
and Rlerr] is hydrogen. 20 16. The conpound according to
Claim9 wherein R err] and R7 are joined together to forma

met hyl enedi oxy or eetmdtlmxgphenwyNgeMptyamﬂorﬁ[ err] is hydrogen.
17. The conpound agccordi n err], Rlerr] and Rerr]
are 25 each i ndé‘péﬁff@’rﬁl?’&' a'i"ﬁ PWWF)%"@Z"{"BY‘@["&@{? bon at ons.

18. A conpound sel@quagktidxPpheh N2l rithshe O -
[err]-(4-heptyl oxyph%ﬁyl ) tl\l-x?%}]ret&g&%?ﬁﬁrone & lritiéhe

[err] - (4-hexyl oxyplﬁ‘e@;ﬁﬂ)“bﬁphﬁﬂﬂ)‘b(p@!ﬁpwfbtﬁ@e 30
Sl ellasagpi i o

--82-- a-(3.4-metheglenedioxyiplehyipMphrdniylnitrdbet er t - but yl ni trone

[orr]- (5 {a- mot hox FoERARAT RNy R RSy | i 17 one

[ err] - (2- et hoxyphegyi)ehylidiiiz-RethdlyphddyHecyciohexylnitrone

[err]-(3, 4-ethyl enedi oxyphenyl )-N-tert-butylnitrone a-(3
, 4- net hyl enedi oxy p&e@ethioxy4ragt QXMBHWY'BHA{“FYG exylnitrone '
10 a-(3.4-ethylenedioxyphenyl)-N-cyclohexylnitrone

«-(4-cthoxy-3-methoxyphenyl)-N-cyclohexylnitrone
«-(3.,4-ethylenedioxyphenyl)-N-isopropylnitrone
o-(3-ethoxy-4-methoxyphenyl)-N-isopropylnitrone
o-(2-ethoxypheny!)-N-isopropyinitrone

15 o.-(2-ethoxyphenyl)-N-cyclohexylnitrone
a—(4—benzyloxy-3-methoxyphenyl)-N-isopropylrﬁtrone
a-(4-ethoxy-3-methoxyphenyl)-N-isopropylnitrone
o-(3-ethoxy-4-hexyloxyphenyl)-N-cyclohexylnitrone
o-(4-benzyloxy-3-methoxyphenyl)-N-n-butylnitrone

20 o-(4-ethoxy-3-methoxyphenyl)-N-n-buty!nitrone
o-(2-ethoxyphenyl)-N-n-butylnitrone
o-(3-ethoxy-4-methoxyphenyl)-N-n-butylinitrone
a-(3-ethoxy-4-hexyloxyphenyl)-N-isopropylnitrone
«-(3-ethoxy-4-hexyloxyphenyl)-N-terr-butylnitrone

25 o-(2-fluoro-4-octyloxyphenyl)-N-tert-butylnitrone
o-(2,4,6-triethoxyphenyl)-N-zert-butylnitrone
u-(2,4,6-triethoxyphenyl)-N-cyclohexylnitrone
«-(2-n-butoxyphenyl)-N-tert-butylnitrone
o-(3,4-diethoxyphenyl)-N-tert-butylnitrone

30 o.-(2-fluoro-4-heptyloxyphenyl)-N-tert-butylnitrone




[err]-(4-ethoxyphenyl)-N-cycl ohexyl n.i trone

[eEr] -(ﬁ- benzyl oxg%g- 3- rrﬁt horg/phenyl |)r’\]|- gﬂbﬂ . l l l
a- ( 3- et hoxy- 4- weldaL enyl)-N-cyclo eq i m>' ‘“I:Ilm (nl“ -(3
4- et hyl enedi oxyphen?lflﬂg)- N-cycl ohexyl nitr c LK s % Pcmg”(’mz"
[err]-(4-ethoxy-3-nmet hoxyphenyl)-Ncycl ohexyl nitrone

[err]-(3 4-ethyl enedi oxyphenyl )-N-i sog opyl nitrone
[err]-(3-ethoxy-4-nmet hoxyphenyl)-N-i$ ér"opyl ni trone
[err]-(2-ethoxyphenyl)-N-isopropylnitrone 15

-(2-eth henyl ).; | i .
Lorr]- (4 bensyl oxy. PATHEEERIPIRDIEREIRIODS one
[ err]-(4-ethoxy- 3- meg RRNEFESthoxyPhdns DIN-ORYdhek fihie0se

[err]-(3-ethoxy-4-hexyl oxyphenyl )-N-cycl ochexylnitrone
[ err] - (4-benzyl oxy- 3¢{EEHOXPRERYRyY-RdaPARMRITORG t r one 20

rr]-(4-et hoxy- 3- o i ' i
{ :; ; } : E 4 :t hgigpheg‘h@ﬁﬁgﬁ%ﬁﬂﬁhﬁﬁﬁgﬁ%{S-ﬂ-d&hﬁﬁrﬁﬂﬂumne

[ err] - (3-ethoxy- 4- netibrphyphsry))-Mcpelbpentylniironicone
err]-(3-ethoxy-4-he 0 hen - N-i sopropyl nitrone

% er r} - g 3- et hog- 4- heé’ﬁﬁéé&‘?ﬁﬂ%%‘N‘l(ﬁrlf'g‘ft%—“}ﬂ%ﬁI Ini trone 25

[err]-(2-fl uoro-4- ocgy4-8&upRRPHehyINM BAr bulititydrei t r one

[err]-(2 ,4,6-triethox ghen |)-N-tert-butylnitrone
[err]-(2,4,6-triet ho%yﬁ% engyloxymieayitNowelepeniy lnitrgpe

R e ol

, 4- di et hoxyphenyl) -

[err]-(2-fl@or o- 4- hepi3-etryyphemyl-V-chelomntyliuone ni t r one WO

99120601

PCTI us9Sf | 624 «-(3-ethoxy-4-methoxyphenyl)-N-zert-octylnitrone .. 83 --

[err]-(2-fl uoro-4- et Rex¥ihbRNY metxysHchy Pt 2| 4dieyB2-pentyhnitrone
[err]-(2-fluoro-4-ethoxyphenyl)-N-cycl ohexyl nitrone
[err]-(2-et hoxypheny%)(‘}'ﬂl-ha@él%ﬁm'&Nﬂr‘t‘#‘ldﬁ‘ém“e [err]

- ( 3- et hoxy- 4- met hoxyphs. 5 AN irdf.one 5
[err]-(4-et hoxyphenyP??%%ﬁE;’%,%p:h%%gﬁt 8 ﬁ%&w%é{{ee

[ err] - (4- ethoxyphenyby3-sthpry-¢-meghoxyplieny (2,24 ,4-tetramethylpent-3-ghnifrone
- (4- benzyl oxyphenyl ) -

[err]-(4-benzyl oxyph %’R@’%?’E’ ; %%ﬁy}l’?% g%}iegﬁﬁﬁ'ﬂf"brﬁeéhy Ipent-2-ylnitrone
a-(3-ethoxy-4-methoxyphenyl)-N-but-2-ylnitrone
o.-(2-ethoxyphenyl)-N-but-2-ylnitrone
a-[4-(4-fluorobenzyloxy)phenyl]-N-tert-butylnitrone

20 a-(3-ethoxy-4-methoxyphenyl)-N-cyclopentylnitrone
o-(3-ethoxy-4-methoxyphenyl)-N-n-propyInitrone
o-(4-benzyloxyphenyl)-N-n-propylnitrone
a-(4-benzyloxyphenyl)-N-isopropylnitrone
«-(3-ethoxy-4-methoxyphenyl)-N-(2-methylbut-2-yl)nitrone

25 o-(2-ethoxyphenyl)-N-(2-methylbut-2-yl)nitrone
o-(3-ethoxy-4-methoxyphenyl)-N-cyclooctylnitrone
o-(2-ethoxyphenyl)-N-cyclobutylnitrone
o.-(3-ethoxy-4-methoxyphenyl)-N-cyclobutylnitrone
e.-(4-benzyloxyphenyl)-N-cyclobutylnitrone

30 o-(4-benzyloxyphenyl)-N-tert-octylnitrone



[ er]-(4-benzyl oxyphenyl) - N-cycl ohexytnitrofre—360——
[err]-(2-ethoxyphenyl)-N-cyclop i
[err]-(3-ethoxy-4-net hoxyphenyl ﬁmmﬂ'ﬂlmglﬂﬁwf one
[err]-(3-et ho%q%?-’zror@? hoxyphenyl ) -N- (€2. 4- d# - 2- pent yl ) nPCrwses/21624
[err]-(4-ethoxyphenyl)-Nn-butylnitrone : a- ( 2- et hoxyphenyl
) - N-benzyl nitrone 15 _
[err]-(3-ethoxy-4-net hoxyphenyl)-N+£342- 4, 4-tetranet hyl pent-3-yl)nitrone
[err]-(3-ethoxy4-nmet hoxyphenyl)-N-(4-nethyl pent-2-yl)nitrone

a- ( 3- et hoxy- 4- net hoxyphenyl ) - N-but - 2-yl ni trone

a- ( 2- et hoxyphenyl ) - &{$@-flGorytenzitiognghenyl]-NV-cyclohexylnitrone
a-[4-(4-fluorobenzvl henyl 1.-N-tert-butylnitrone 20

a- ( 3- et hoxy- 4- net ho&%ﬁ%ﬁﬂﬁgﬂ)ﬁﬁ”&féﬂf’vpﬁ? trone

[ err] - (3- et hoxy- 4- ngifexfiestiiylodpheRy PRV dprégydii€one

[err]-(4-benzyl oxyphenyl)-N-n-propyl nitrone

[ err] - (4- benzyl oxyptéhghoxyrbenyBpY-eysjaostyinisene
- ( 3- ef hoxy- 4- - hut - 2-yl ) nit 25
[orr]- (2- & hoxyphengl] PSRl cragbiiithe © vl )i trone
% er r} - E g e% ony- ;]1 nefhdﬁ_wh@rry%:)axﬁh&p?)—ﬂmgﬂyﬂzmpylnidmae
err]-(2-ethoxyphenyl)-N-cyc u nitrone ,
[err]-(3-et hox§P4- rfg‘f%iBWblﬁ@’ ?'P'Eﬁ"&%?%ﬁ?wm trone
[ err]-(4-benzyl oxyphenythdxyM-mgdbofprensy W3 8iEmefyl-1-adamantyl)nitrone

[err]-(4-benzyl oxyphengl )-N-tert-octylnitrone W 99/ 20601
WO 99120601 a-(4-benzyloxyphanyD¥id sipmang plnitrone

-~ 84-- 0 - -4-meth 1)-N-(}-methoxy-2-methylprop-2-yl)ni

[err]-[ 4-%4-f | uor oboé#z.‘f/tfl%x)%’y) rgﬁ[eﬁﬂpr?nl%-)cyéf o} eé)?ﬂ nintler[ oynl()arop yhnitrone

[ err] - ( 2- et hoxyphens4-baxzylexypheryl)yV-3iadampangynitrone

[err]-[4-(4-fluoroben 0Xx h |l < N-1 sopraopyl nitrone

a- (2- et hoxyphenyl) -ﬁ%éh‘?xgﬁ@ﬁ%ﬁc&oﬁgtyﬁ% one

a- (4- benzyl oxyphenyd-{4-éhaxyphenph- O y-addrian6ititrone

[err]-(3-ethoxy-4-ne X enyl ) - cl opr | ni trone

[err]- (4-benzyl oxypﬁtz{%&l'%g&"géﬂ%zﬁgéﬁépwg#@%'b“w Initrone _

a- ( 3- et hopsy - 4- met haxyPRRKYLY-mBth6:3/ phémyt Aed-Réthy but-26BA@0AY | ) Ni trone.
[err]-(4-benzyl oxyphenyl)-N- | -adamantylnitrone 1

[ err]-(3- et hoxy- 4- rethdRgHemgthexyRbey D CHAQIFIIBIHRIRPPDr 0p- 2- yI ) ni trone
a-[4-(4-fluorobenzyloxy)phenyl]-N-cyclopentylnitrone.

19.  a-(2-Ethoxyphenyl)-N-tert-butylnitrone.

20
20.  o-(2-Ethoxyphenyl)-N-cyclohexyinitrone.
21.  a-(4-Ethoxyphenyl)-N-cyclohexylnitrone.
25 22.  w-(4-Benzyloxyphenyl)-N-zert-butylnitrone.

23.  «-(4-Benzyloxyphenyl)-N-cyclopentylnitrone.

24.  «a-(3-Ethoxy-4-methoxyphenyl)-N-adamantylnitrone.
30




[err]-(4-benzyl oxyphenyl)- N 2-adamantyl nitrone

a- (4- et hoxyphenyl ) - N- cycl ooctylnit rom“

[err]-(4-ethoxygh I -adanant
[err]-[4-(4-net qox&%enz | oxy _L iYone 15 PCT/US9821624

[err]-(3-ethoxy-4-net hoxyphenyl ) N—(3 met hyl but - 1 yl)nitrone
[err]-(3-ethoxy-4-net hoxyphenyl)-N-cycl ooctyl nitrone, and

a-[ 4- (4-fluorobenzyl oxy) phenyl-] - N cyt:?%b'ent yl ni trone. 19.
[err]-(2-Ethoxyphenyl)-Ntert-butyl nitrone. 20 20.
[err]-(2-Et hoxyphenyl ) - N-cycl ohexyl ni trone. 21.

[err] - (4-Et hoxypheny?d) - l\l—"té(‘ﬁ%‘ﬁ@' RAthpRphenyD-Noggrr-octylnitrone. 55
[err]-(4-Benzyl oxyphenyl )-N-tert-butylnitrone. 23.

a- (4-Benzyl oxyphenyl ) -N-cycl opentyl ni trone. 24,

[ err] - (3- Et hoxy- 4- meithox yppammhceunah eRmRasition SPIPLTRE a geprmaceutically  \\p
_93%25)5301 acceptable gegrler and a pharmacgggaﬁisgﬁécaw%ﬁoum of a compound of

[ err] - (3- Etshoxyfotmumtinoxyphenyl ) - N-tert-octyl nitrone. 26.

A pharmaceutical conposition conprising a pharmaceutically
acceptabl e carrier and a pharmaceutically effective anbunt of a conpound of
5 formula 1:

R’
(o)
R2 I{l+
v,
R4

wherein
R! is selected from the group consisting of alkoxy. alkaryloxy,
15 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 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. alkcycloalky! and cycloalkyl;

25 provided that:

(i) when R? and R? are independently hydrogen or methoxy, R' is not
methoxy;

(if) when R?, R? and R* are hydrogen and R® is rers-butyl, then R! is not

4-n-butoxy, 4-n-pentyloxy or 4-a-hexyloxy;



[err] wherein "Rerr] +s—selected fromthe group

consi sting of al koxy. alkaryl oxy mmw!”mh( | koxy. aryl oxy, and
cycl oal koxy; Rl err mumm t he group consi sting of
hydr ogen, al kERy20601 al kcycl oal kbxy, @yckoalkoxy and hatcrmses2iezs Wwhen
Rlerr] and Rlerr] are attached to adj acent carbon atons. R err] and
Rl err] may be joined together to forman al kyl enedi oxy group; 20
Rlerr] is selected fromthe group edsststing of hydrogen, al koxy,

al kcycl oal koxy, cycl oal koxy and hal ogen; Rlerr] is selected
fromthe group consisting of hydrogen and al kyl; Rlerr] is
sel ected fromthe @iipwpercRHR: abd Rbarehydrogen andaR’iinsoprbpylcthen RBisamt bon

atons, al kcycl oa%%él and cycl oal kyl ; 25 provi ded t hat:

(1) when R[er Rlerr] are independently hydrogen or nethoxy, Rerr] is

not net hoxiy) when R' and R are joinkd togethbed ek 3]4-mEhpenddioapd Rlerr] are

hydr ogen and R err] |s tert-butyl, then RLerr] i's not 4- n- but oxy,
4-n- pent yl oxy séwpzanﬁﬂqénc}/ﬂoa@ hydrogen, then R*'is napgsopogpybesoers-butyl;

PCT/ US98/ 21624 R2 R’ and R hvd AR is 1- ]
(iii) when Rerr] eVrVF1 " and RT er rTe a}r' em%en rnogerlls an)éldrg[‘yer F]ﬂ@g) I sopr opyl,
then Rlerr] i<-ylothen R! is not 24th91qnoxy (iv) when R[err] and

R2 d t t 4 et di o \ d R3
hd Rierr] are hydrabete R 8 pudol BTE SEPSIE ahP Y and &S ars iy 11 2
(1 v%} \é\,hen R[Zer m}er:]u FlR[xsnds:]z aaﬁheﬂlyafut B-y&bﬁl-hyaimgennwmbﬁberyn,]anas oy

r OX met is not 2-etho
(V|§/ Whe% R[err]y E""S“H‘E’E Rox RJFQ[T%KH“"?? agdng; “butyh, fhey %r'FPmeﬁ'id Rl err]

are hydr@g@en, 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




then Rlerr] is not 2,2-dinethyl but-3-yl or 1-hydroxy-2-nethyl prop-2-yl; and

(vii) when R3 and R err] are hydrogen l "’ t-butyl, then R err]
is not 4- 10 womkbéxy When Rerr] i sﬂ ﬁfﬂ Hﬂj,[ isn = oxy
when Rlerr] is 4-fluoro. * €2 , ar mc%&?ﬁ@gﬁlg‘*
conposition according to Claim 26 wherein Rlerr] is hydrogen. 15
28. The pharnmaceutical conposition gzc_ordi ng to Caim27 wherein

R3 is selected fromthe group consisti'hg of hydrogen and al koxy.

29. The pharnmaceutical conposition according to C aim 28 wherein
Rlerr] is selected fgom rou onsi sting of hydr . xv .and
fluoro. 20 cEk %gggamagﬁgﬂﬁﬁgl ?rsﬁtgoenu Clc%réfnggg%ggiaétzilﬂ%#e é@cor di ng
to C ai m 29 wheRe&isrselected from i goup comsising 6fq-pebphT, asvptdpel, grmethoxydnsi sti ng of
al koxy, al karyl oxy and cycl oal koxy. 31..,. TIh

phar maceut i cal E’S&%%‘?Q‘?'&h nzRugdy Bty 7 ’C?“éﬁln;ﬂ?‘W‘%Tyir 3ZB““_{:‘Y]%F‘Q'1‘and
Rlerr]_are | o ngd slogeiioul 2yl ALk AApaloN ORI RO Ry, 22,44

32. The pharnaceuti cal "conpdsition according to aim 30 or 31

wherein R érr] letragethplpensd-yly arelophepyyroyclpbuspln sdrsedtylgcysiopatyyl  having 3 to
about 8 SRR, BellPy s 2 MhemldAN 3% by PR malyf 8PN
PCTMJUS98121624 benzyl. -- 87 --

33. The pharnmaceutical conposition according to C aim 32 wherein

R5 is selected fromthe group consisting of n-propyl, isopropyl,

1- met hoxy2- gy, hyl,@gﬁh?mg&mical Bopdsition cBHibriging b ﬁhérﬁ{aéeugéﬁl?ﬂ ;

2-met hyl but -2-yl, 3-nethyl but - 1- ~yl, 3,3-dinethyl but-2-yl.

4- et hy| peHt - 2- g¢cepiable cafTipand\d pharmacautdally effectize amours of formula II:

tetramet hyl pent-3-yl, cyclopropyl. cyclobutyl, tert-octyl, cyclopentyl,

cycl ohexyl, cyclooctyl. 1-adamantyl. 2-adamantyl. 3,5-di nethyl-1-adamantyl
and

Ré6
R7 P I
15 - AN\ o
H

wherein
R® 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;

R8 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;



benzyl . 34. A_pharmaceutical conposition conprising a

phar maceutical |y 10 acceptabl e carrier and a phar rraceutl cally effective
amount of fornula jw U (,"”"‘!L" "L [err]
wher ei n B0 Soransen Rlerr] is group conm?usmlsm
al koxy having 1 to 8 carbon 20 at ons, kar¥yl oxy having 7 to 10 carbon
atons and aryl oxy having 6 to 10 car bon at ons; R err]

is selected fromthe group consisti rB80+ al koxy having 1 to 8 carbon

atons and fluoro, or when Rlerr] and Rerr] are attached to adjacent carbon
atons, R err] and R[err] may be joined together to form an

al kyl enedi oxy grouppimdedghal: t o about 25 6 carbon atom;

R8 is selected from pup._consi st Lpg ,of h dr oge xy having 1
to 8 carbon atons; &518'%‘*% 15 'methoxy a“‘sg[%rl}yfmig ’%8‘8? ﬂf the gr oup
consi sting of aﬂ\dmdxyhaw ng 3 to about 8 car bon atoms, substituted

al kyl having 3 to about 8 carbon atons and cycl oal k}' having 3 to
about 10 carbon at Ol(,nt)w en R and R’ are joipgd t9gethgyfo form a 4—methylenedloxy

PCT/ US98/ 2 624 8 ; 9 88- -
ro d R? is hydrogen, then R’ is not_isopropyl or fert-butyl; and” ~
provi ded t group an i n(h) V\,hxen R/ r|)spym=3t hoxy %md R err]

hydr ogen or rret hoxy (iliRpvben R° is §-mashoxy, R’ is 3-ethaxyraog | is hydrogen, then R’ i ls (ii)
when Rlerr] and r i.ne he ryn.a 3, 4-net hyl enedi oxy 5
group and R[er r“fﬁf‘(i dﬁ'l‘%‘ﬁﬁg% yltoﬁg hyaﬁgyl’%emet}’}qﬁltog &lopr opyl or tert-butyl;

and (rii) V\,hen Rlerr] is 4-nmethoxy, R err] is 3-ethoxy and
err] is hydrogen, _then_R9
R ] y g g The pharmaceuncal composition according to Claim 34 wherein
10 R® is alkoxy having 1 to 8 carbon atoms, R is alkoxy having 2 to 8 carbon atoms

and R® is hydrogen.

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
R® 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
RS 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
RS and R’ are joined together to form a methylenedioxy or ethylenedioxy group

and R® is hydrogen.




not 2, 2-dimethyl but-3-yl or 1-hydroxy-2-nethyl prop- 2- yI

35. The pharnaceutical conposition accord in
ot oot 58 oo RN s gae o
pharmaceutical conposition accordlng to d'aim 35 wherein R[eg;] IS

nmet hoxy Rlerr] is ethoxy and R err] ﬁ hydr ogen. 15 .

The pharnaceutical conposition accord %g to Claim 34 wherein Rl err]
i s benzyl oxy, 4-fluorobenzyloxy or 4- nethoxybenzyloxy and R[err] and Rlerr]
are hydr ogen

. 38. .. The eut conposition
according to O ai m 3% mé&\glpnamaceuncal CRFBPHON %cc fﬂ%& Y %[“gfefﬂ M and
Rlerr] are hydrRgeRT.and R® are each independently Qikoxy B\@ndD & 8B4B6K 4t6@s. Conposi tion

according to C aim 34 wherein Rlerr] is alkoxy having 1 to 8 carbon
atons. R err] is fluoro and Rerr] is hydrogen. 25 40. The

har maceuti cal conpogiti r i R err] and
%[err] are j oi ned to‘gzet hg?‘e?ﬁﬁﬁggé#]ﬁgaltﬁg?%%én %I oxy ot§ d'alwy%Georl{eséi oXy group
and Rl err] 3 s hyderetpahe carrier is an oral carrier. --89
- - 41. The pharnmaceutical conposition according to daim
34 wherein Rl err] are each independently al koxy having 2 to 8 carbon
at ons. 43. 42Che pharficquliodl FBMPLNiticiPdcc6:Aimpas iOldiaearaar di ng to
Claim?26 or 34 5 wherein the carrier is an oral carrier.

wherein the carrier is an injectable carrier.

10 44. A method for treating a patient with a neurodegenerative disease
which method comprises administering to said patient a pharmaceutical
composition comprising a pharmaceutically acceptable carrier and an effective

neurodegenerative disease-treating amount of a compound of formula I:

15 R1
(0]
R2 [
N I
R3 RS
R4
20 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

25 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;

REZPLACED
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43. The pharnmaceuti cal conposition according to Caim26 or 34
wherein the carrier is an injectable—earrier. 10 44, A

met hod for treatl ngw? patient wt tive disease whi ch
met hod corrprl ni stering tJ ﬂ”m %Ezﬂﬁfhar maceut PCPUS98/21624
a b

conposi tion conprising a pharnaceuti ¢ |l e carrier and an

ef fective neur odegener ati ve di sease-treating anount of a conpound of
formula I: [err] 20 wheggi-n Rlerr] is selected
fromthe group consisting of al koxy, alkaryl oxy, al kcycl oal koxy,

aryl oxy, and cycl oal koxy; ' Rlerr] is selected fromthe group

consi sting of hydr oRER seledtébitym the group ccﬁisismgidfaﬂtykhx\bing ajeksoBtdbory and
hal ogen, or when err] are attached to dj acent carbon
atons, Rlerr] é‘ﬁﬁ“ﬂ“@f‘l‘]‘mﬁgﬁﬁ%éhﬂ"&%éFaf‘osg‘é’flPPé‘ra‘?rﬁs ?nﬂrc%?laﬂg

al kyl enedi OXY gr OUPprovided that: Rlerr] is selected fromthe group
consi sting of hydrogen, alkox al kcycl oal koxy, cycloalkoxy and
hal ogen; ® thn[lbzralnii R’l3 aresipdependsatly hyshozenor giethony . ABrishest i ng of
hydr ogen Hééﬁ'oxy, WD 99120601

PCT/ US9BI 1624 --90 --
Rlerr] is select ed (lixb oter RE Rjrand B4 mﬁgﬁmgémguddi’ inlekyutyiathemB’ Btnot east 3

car bon 4 iubstl ut ut d al having at | east 3 carbon atons
and cycl oal kyl % SRy, ‘”’pe"ty OXY OF \ﬂ'l&é °i‘¥1at (i) when
Rierr] and Rierr] i) wiH FRERUARR\ard Wyl 28 And® R FRIPLOPY), G i ndtS nNot 5
met hoxy; (ii) when Rlerr], Rerr] and err are hydrogen and
Rlerr] is tert36ho¥: then Rlerr] is not

10 (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 ferr-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,
15 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 ferz-butyl, then R! is not 4-

methoxy when R? is 2-fluoro, and R’ is not 2-methoxy when R? is 4-fluoro.

45. A method for preventing the onset of a neurodegenerative disease

20 in a patient at risk for developing the neurodegenerative disease which method
comprises administering to said patient a pharmaceutical composition comprising
a pharmaceutically acceptable carrier and an effective ncurodegenerative disease-

preventing amount of a compound of formula I:

1
25 R
0O
R2 |4 1
R RS
R4
30 wherein
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4-n- but oxy, 4-n-pentyl oxy or 4-n-hexytoxy; (iii1) when Rerr]

are hydrogen and Rerr] is isopropyl$ ﬂ rl] i s not 4- et hoxy;
10 wowniben Rl err] are | m Elﬂ u Luu forma

3, 4- met hyl enedi oxy group and [+er ’ W d¥en, t heRERUSPAISHS not
| sopropyl or tert-butyl; (v) when Rerr].Rerr] and R err]
are hydrogen and Rerr] is 1- hydroxy_-gl- nmet hyl prop- 2-yl, then

Rlerr] is not 2-ethoxy; Tvi) when R err] is 4-nethoxy,
Rlerr] is 3-ethoxy, and R err] and R err] are hydrogen, 15 then R err]

I's not 2,2-dinethylyt-3-yl qr 1-hydroxy-2-net rop-,2-yl; and
(vii) when Rlerr] ya F eéééfef Fb‘hm%&?“&gcéﬁﬂﬁwa OEQ%Q(BH alllganﬁg);yt butyl, then
Rlerr] is not 4elkcycloalkoxy, B X ¥ndBiRdalRbey;r] is 2-fluoro, and Rlerr] is not

2-met hoxy when Rferr] is 4-fluoro. . 45. A met hod for
preventing the onsefR’ d¥selecicd drostidg @rawsonygingjof dydregerp alkoxy.n a patient at

risk for devel opj gloglpgxy)%wlga:ﬂﬁﬁ RGE Rhibyen, gt@ﬂé’éﬁ‘ %!I@QFJ@E%‘E{ to .

conprises adnministering to s ati ent” a pharnmaceutical conposition
conpri si ngS adjacers cpfban awmeuR| and| R*ymaycedpined togetber toiferm amd an ef f ecti ve
neur odegener at i e digease- . preventing amount of a conpound of
formula I: [a lfyllﬁne 10Xy’ Ero4p; wher ei n WO 99/ 20601

PCT/ US98/ 21624 R? is selected from the group consisting of hydrogen, alkoxy,- - 91 - -
Rlerr] is selected fromthe group consisting of al koxy, alkaryl oxy,

al kcycl oal koxy, 2lkgretoglkoxy. sydoalkaxy 3ad kejesen: Rerr] is

sel ected fromthe grRAYPsGRRAITRIN M pPlupOHERRRDF hPdrloQenYand alkyl;
al kcycl oal koxy, cycl oal koxy and hal ogen, or when err] and R err] are

attached t18 5 &djinecdasted deanbie esqupreensisngrof plkyhkaviRg atlepstifecarbinned
together to f OT AL substitututed é\k;‘%a@i’ﬁ@q{ fe&sf 3%afR atoms and cycloalkyl;
provided that:
(i) when R® and R® are independently hydrogen or methoxy, R! is not
methoxy:
15 (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
20 group and R? and R* are hydrogen, then R® is not isopropyl or rert-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
25 (vii) when R? and R*® are hydrogen and R’ is rerz-butyl, then R! is not 4-

methoxy when R? is 2-fluoro, and R' is not 2-methoxy when R? is 4-fluoro.

46.  The method according to Claim 44 or 45 wherein the

neurodegenerative disease is Alzheimer's disease.
30
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Rlerr] is selected fromthe gr oup—eensi-sLLngMydr ogen, al koxy,

al kcycl oal koxy, cycl oal koxy and h Rlerr] is selected
fromthe group consisting of hyd E mmﬂtﬂ'& ,mgm Rl err] el ected
fromthe gr ou&v%??ﬁgf Lt ng of al ky t 3 car bonPcCT/USIERI62at ONS,

substitututed al kyl having at |east 3 car bon°’at bns and cycl oal kyl ;

provi ded that: (i) when R2 and R err]are |ndependently
hydrogen or nethoxy, R err] is not --92-- nmet hoxy, 15 (ii) when
Rlerr], Rerr] and R err] are hydrogen and R er] is tert-butyl, then Rerr]
IS not 4- n- but oxy, 4-n-pentyloxy or 4-n-hexyl oxy,

(iii) when R err], 4% er The asthoRpenordingtocClhipnidbges wheteiR[tlr r] i s i sopropyl,
then R err] is_not . d.4-eth:}><ﬁ¥(;é s di (iv) when Rerr] and
Rlerr] are joi WRIPUPESTETYG 4ipess s Fatkinsgn’s dISE3sRo | enedi oxy 20 group and

Rlerr] and Rl err] are hydrogen then R[err] is not isopropyl or tert-butyl;

(v) when R err], Rerr] and Rerr] are en and R5 is

1- hydr oxy- 2- met hy| f8ep- The method ag:pgqmgtp ‘bP‘i?S Vhergigither_ ot hoxy:

(vi) whensR erﬁ&rddﬁgeﬂe%@@&%se .B[mvrden;eﬁné ethoxy, and Rlerr] and Rerr]
are hydrogen err] is not 2,2-dinmethyl but-3-yl or

1- hydr oxy- 2- net hyl prop- 2-yl ; and 25 (VII) when R err] and R err]
are hydrogen and R54i S 1€ met hoxy
when Rlerr] is 2- fll:a'aoro '{:’Etﬁpﬁ‘)}e{ rFa]un?%r]:a ’ﬁ U%%’Winedl »ﬁucl?

4-fl uoro. method compnses adnﬁaﬁstermthbeanﬂ'qahhmﬂ aqmﬁzmadcungaltwmﬁsﬁﬂdﬁl 44 or 45

wherein the IhOde enerati ve glsea se i el ner' s d| sease. 30
VWO 99/ 2601 comprlsmg a armateutical Yy acceptable carrier and an ﬁéﬁ"l&

--92-- 10 disease-treating! Zmount Ih@cd'f@éohﬁ&ioﬁfb?ﬂﬁﬂllng to Gaim 44 or 45 wherein
t he neur odegenerati ve di sease i s Parkinson's di sease.

48. The met hod according to Caim44 or 45 wherein the 5
neur odegenerati ve di sease i s H™A denenti a. 49. A et hod
for treating a patient with an ay gqnuneodi sease whi ch met hod
R gnt alllphar maceut i cdl conposition
~

conprises adm nistering to saRd

R3 RS
15 R
wherein
R! is selected from the group consisting of alkoxy, alkaryloxy,
alkcycloalkoxy, aryloxy, and cycloalkoxy:
20 R? is selected from the group consiéting 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,

25 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:
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aut oi mmune 10 di sease-treating amu | nd of fornmula I:
[err] WoH84601 m B !w%ﬂm d fromthe group
consi sting of al koxy, alkaryl oxy, H!I N L| oxy, ar y|P61‘9{%98éq1§p4

cycl oal koxy: 20 Rlerr] is selected fromthe group consisting of

hydr ogen, al koxy, alkcycloalkoxx, cycl oal koxy and hal ogen, or when

Rlerr] and Rlerr] are attached to -9 — adj acent carbon atons, R err] and
Rlerr] may be joined together to form an al kyl enedi oxy group;

Rlerr] is selected f.on&%{}% royp consisting of hydrogen, al koxy, 25
al kcycl oal koxy, cycl'¥ay agﬂgl YA BRPAR emlghydmgm or m"IQZPszRIls(’élnébt ed from.

the group consi fifkihgy;0f hydrogen and al kyl ; Rlerr] is selected
fromthe group consisting 01; a}l kyl having at |east 3 carbon _ at ons,
substitututed al kyl @awheyR&tR’28d &K ae hydragem and Bhis rermbutyly dhea R’ is/hot

provided that: 4, o 12060 .
* PCT/ US98/ 216244 n-butoxy, 4-n pe\(@lo%? o%gqpﬂexyloxy, .93 --

(i) when RSerr] and @fewhech Rir B® anicR{mea Hpdrogen ang & dsgisopropyl nehRXig noR[ err] is
not rrethgx o (i1i) when Rerr], Rerr] and R err] are
hydr ogen and R] -reﬁoxy,s tert-butyl, then Rlerr] is not 4- n- but oxy,

4-n-pentyl oxy or 4-nGhameh® ¥nd Rbare joined together(th fdrin 39 AlndthAédelioxR €rr]1 and
Rlerr] are hydrogen and Rl err] is isopr Opﬁlﬁ" then Rlerr] i's not
4- et hoxy; group and R and B" app Byfrpgeay ten 27 ¢ L isopopyras (erébuisl t oget her to

then Riorr] s ot | eoprhn’ Ry an g el & oS d pelfprop 295
Rl err] andlOR[ er 2iyl.dhen Ryidmoigethaxyd Rl err] is 1-hydroxy-2-net hyl prop- 10
2-yl, then Rerr] i S(vﬁo&ihezn_ RY irs]gz(rXéthoxy, 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 terz-butyl, then R! is not 4-
methoxy when R? is 2-fluoro. and R’ is not 2-methoxy when R? is 4-fluoro.
15
50. A method for preventing the onset of an autoimmune disease in a
patient at risk for developing the autoimmune disease which method comprises
administering to said patient a pharmaceutical composition comprising a
pharmaceutically acceptable carrier and an effective autoimmune disease-

20 preventing amount of a compound of formula I:

R?

0
R? .
-
R s I

R4

wherein

R! is selected from the group consisting of alkoxy, alkaryloxy,

alkcycloalkoxy, aryloxy, and cycloalkoxy;
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(vi) when Rlerr] is 4-nethoxy, -Rlerr] is ’% P]‘hOXV and Rlerr] and R err]

are hydrogen, then RS is ut-3-yl or
1- hydr oxy- 2- n%%ysﬁarop 2-yl; and m' m l ||) when Rlerr] and Rlerr]
are hydrogen a gqlr] is tert- ) i s not 4-pcrus9sniemet hoxy

when R2 is 2-fluoro, and R err] is not 2- rrethoxy V\/nen Rlerr] is 4-fluoro.

15 50. A nethod for preventing the onset of an autoi mmune
di sease in a pati ent at risk-Pér devel opi ng the autoi nmune di sease
whi ch nmet hod conpri ses adm nistering to said patient a

phar maceuti cal conposition conprising a pharmaceutically acceptabl e

carrier and an ef f eBliswelecied ormhengrout enmaising ofthydrogepralliosyt i ng anount of a
conmpound of for )

R4 3 c%alkoxy, cyLl%glu)xy anﬂ[%nglog(fn +i0L wS Ie{ C?réd C]Rfarre ﬁﬁtz}cPFé‘ [8r oup

consi sting Of adljk@nycarlainlﬂ&rn}ﬁ ®Xynd R? may be joired yedethat tooisym afr yl oxy, and

cycl oal koxy; WO 99120601 PCT/ US98/ 21624 -
--94- alkylenedioxy ge9Up; 11 i s sefected fromthe group consisting of

hydrogen, =l koxy, g3 1sselectedaflnl)'rﬁﬁfel@%Mnstz@&'l@@oﬁ&ﬂél@ﬂﬁ hal ogen, or when

Rlerr] and Rlerr] are attached to adj acent car bon at ons, R err]
and Rlerr may B&Cyclatkeqy.tayejeativeny and hrlogen: an al kyl enedi oxy group;

5 RLET k¢ i SR theldr E ISt fo‘}fﬁlﬁgﬁgﬁgeiﬁ%”m hydr ogen,

al koxy, al cyc oa oxy, oxy a
Rlerr] is sel ected Rriosel¢des fgom e groupsiontibting affalldyylhvdxggean laanB alrbonl ;

carbon - o sy bteE sl O Bedy) el p BB Car bon et oms
and cycl ol kyl ; 10 provided that: provi ded that: (i) when
e AN R e ] A e o o T o ey i ot © "
methoxy;
(ii) when R?, R® and R* are hydrogen and R’ is zert-butyl, then R is not
4-n-butoxy, 4-n-pentyloxy or 4-n-hexyloxy;
15 (iii) when R?, R® and R* are hydrogen and R’ is isopropy), 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 1-hydroxy-2-methylprop-
20 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 ters-butyl, then R! is not 4-

methoxy when R? is 2-fluoro, and R' is not 2-methoxy when R? is 4-fluoro.

25
51.  The method according to Claim 49 or 50 wherein the autoimmune
disease is systemic lupus.
52.  The method according to Claim 49 or 50 wherein the autoimmune
30 disease is multiple sclerosis.
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(i1i1) when Rerr], Rerr] and R err] are hydrogen and R err] is tert-butyl,

then R err] is not 4- n- but oxy, tyloxy or 4-n-hexyloxy; 15
(iii) when R ewblosr2486: and Rl err] are i,"ﬁll Fmrﬂm !ﬂ/ﬂ is |so gg% t hen
Rlerr] is not 4- et hoxy; en R & “zR[err]
are joined together to forma 3, 4-net hyI enedl oxy group and R3 and

Rl err] are hydrogen, then Rerr] is n%ft isopropyl or tert-butyl;
(v) when Rlerr], R3 and Rlerr] are hydrogen and R[err] is
1- hydr oxy- 2- et hyl prop- 20 2-yl, then R err] is not 2-ethoxy;

wh AgTe) j S, 3- d. d R.
ﬁ;hz oge(r?n Rerr] Itshsgnrre err °‘?§%ﬁﬂ8§“’%“§éa}§‘?ﬁe‘ﬁq€?fh érg{af\}nﬁoryﬁlgagé are

1- hydr oxy- 2- matMylblpnﬁmoacmhprlsam&kimmlstermg to said patien( & phatmidegiicaR3 and Rl err]
are hydrogen and err] is tert- henﬁg%err] IS, not 4-

met hoxy when RFOPPOSte ERS’FHS'S'“&?(P F‘]‘“‘?gy PObIR AR Andametiertiver r] i s
4-fluoro. 25  inflammatory disease-teehting arhbight BB h Q%{)&ﬁﬁ%"f‘f’érﬁﬁlatlo G aima49 or 50

wher ei n t he aut oi mmune di sease i s system c | upus
52. The rethod accor di ng to C aim49 or 50 wherein the autoi mune 30
di sease is multiple sclerosis.R? WO MUMR0601
- 95 -- 53. or treating a patient with an

i nfl ammat ory di sease
patient a pharnmaceuti cal
acceptable carrier and an eff

Iconprl ses adm nistering to said
qu conprising a pharmaceutically
Ref | ammat or yI di sease-treating

anmount of a conpound of forrmula I: 10
[err] wherein MRerr] is selected fromthe group
consistindoof al koxy, al karyl oxy, al kcycl oal koxy, aryl oxy, and

cycl oal koxy; wherein
R! is selected from the group consisting of alkoxy, alkaryloxy,
alkeycloalkoxy, aryloxy, and cycloalkoxy;
R? is selected from the group consisting of hydrogen, alkoxy,

15 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;

20 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

25 methoxy;

(i) when R?, R? and R’ are hydrogen and R’ is terz-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-ethoxy;
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Rlerr] is selected fromthe group €ens+sting—of-hydrogen, al koxy, 15

al kcycl oal koxy, cycl oal koxy and haI mmmﬁmme”] and R2 are attached
to a jcarbon atons, be j oi ned t oget her to
%&‘5!9{3{5( %&@&’r‘ed from

form an yl enedi oxy group; = R[err]

the group consisting of hydrogen, alkoxy, alkcycloalkoxy,
cycl oal koxy and hal ogen; 20 _ggRlerr] is selected fromthe group
consi sting of hydrogen and al kyl ; Rlerr] is selected from
t he group consisting of alkyl having at |east 3 carbon atons
substitututed al kyl hayj fferfk? Anaqefar%oﬁemgemermnﬁta@ £WEPRh,

provi ded that: 1) wh Rerr] and Rl err] are |ndggendently

hydrogen or net hexgup ari &’ mpd I&amdwdmsen thenRétih oatyisopropyl or ters-butyl; (ii)

wh d th
Rerr] ts hot o RY. R RS R R BG0eaRGede bR et
(ii1) when R[errh,ylwheﬁmlsamdzla{mky] are hydrogen and R err] is isopropyl,

then Rlerr] is not -eth 9920601

PCT1US98121624 (vi) when R'is 4—meﬂ10xy, R%is 3-cthoxy, and R’ andyB* are hydrogen,

(iv) when Rerr] r - .
3, 4-met hyl enedi oﬁéﬁq{s% ﬁétﬂ%—ﬁfn?etﬂﬂdd?@ lg??%&gﬁﬁytzqgérﬂl%?e yhycPr ogen, then

Rlerr] is not isopropii)ohen & anchﬁ are hydrogen and R’ is zerr-bufyl) thesBhis Rped-r | |

Rlerr] and R err e h Q98 r-4,]. hydr ox 2rre op-

2-yl, then R[err}mﬁ%’soxﬁ E-efsﬂ‘)ﬁa ; ’Ria“%ﬂ s mtzlmety'f”\()'yx EI[%PB’[

4-met hoxy, Rlerr] is 3-ethoxy, and Rlerr] and Rerr] are hydrogen

then Rlerr] is not 2,2-dinmethylbut-3-yl or 1-hydraoxy-2-nethyl prop-2-y and
(vii) when Herr] and h[err\]rne&roéfﬁwﬁwengmpnrqt@fﬁrmﬂgmr@msrﬁra;r m% hen
Rlerr] is not 4- IS not
2+ et hoxy when gtrrer at nskrﬁ% F@(‘; gﬂ@% igh&hinhtotyP digeald Hﬂiﬁ:ﬁ’mﬁﬂf&g Eﬂa 1sre1;
preventing the omémtms@efmurto said patiemti2 pharmaieyticsd eomppsition comprisipga i ent at risk
for devel oping th

adm ni stering toP E?J{méc mpta,?c%)ta%?] %ﬁi%g"@flﬁgf&? %gnglgﬁ'%rﬁ;' ?'3??5?7 sing a

phar maceuti cal | ypmemmgahioanmﬂaroompowmtbfahrmﬂi Bctive inflammtory di sease-

preventing i;lsm)unt of a compound of formula I: 15
R1
o

R2 "
/N\

R3 RS I

20 R4
wherein

R! is selected from the group consisting of alkoxy, alkaryloxy,
alkcycloalkoxy, aryloxy, and cycloalkoxy;

25 . 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,

30 alkcycloalkoxy, cycloalkoxy and halogen;
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[err] wherein Rlerr] is selected fromthe group

consi sting of al koxy, al karyl oxy, aryl oxy, and

cycl oal koxy; 2Wo 99720601 Rerr] is SJmmmﬂ "@WQE Blbroup consi sting o
hydr ogen, al koxy, al kcycl oal koxy,* cycl oa hal 3 &S %%“Mhen
Rlerr] and Rlerr] are attached to adj acent carbon atons, R err] and
Rlerr] nmay be joined together to fornéf al kyl enedi oxy group;

Rlerr] is selected fromthe group c6hsisting of hydrogen, al koxy, 30

al kcycl oal koxy, cycl oal koxy and hal ogen;

;gll-/sugg g/E-Zrlggi BEEN R is selected from th\é\%rogu%/c%gsqgt%g of hydrogen and alkyl; . g7.

Rlerr] is selected fnsema;&&&dcff&wmewﬁlcmla&gqifahar//ﬂﬁmgm:@éaﬁ ?&a‘fﬁﬂn’
a

Rlerr] is selected fromthe glroup consi sting of having at |east 3
#

car bon atgmyp Febstisied alkylhauing aklgpst Rprbeg atams @éﬂld@lb&r bon at oms and
cycl oal kyl ; rovided thatPf OVi ded that: 5 (i) when R err] and
Rlerr] are independé’ntly hydrogen or nethoxy, Rlerr] is not

met hoxy; S (i) when R and Rivre indepexdeitly Hidesgeh onmethBke R Jis mote hydr ogen
and Rlerr] is terth butyl, then R err] is not 4- n- but oxy,

4- n- pent yl oxy oPeYN: hexyl oxXYy; (iii1) when Rerr]. Rerr]
and Rlerr] are hydr ggerhargt, RE@xﬁdk"drshy@re O (RS i$ Rebuldll Shéd Ri 8 ngpt 10

4- et hoxy; (tv) when Rlerr] and Rlerr] are joined together

to form a 3, 4- ifstilosnetirdsatyloxy or 4-ﬂ-he§;Y1@’EYp and Rlerr] and Rlerr] are
when Brerr] . Riorr] Conerep R SRR pofosk R idd R opropyl, ten RUis ot ()
1- hydr oxy19- metsthenyop-
(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 terz-butyl;
(v) when R?, R® and R’ are hydrogen and R’ is 1-hydroxy-2-methylprop-
2-yl, then R! is not 2-ethoxy;
15 (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.

20 55.  The method according to Claim 53 or 54 wherein the

inflammatory disease is rheumatoid arthritis.

56.  The method according to Claim 53 or 54 wherein the

inflammatory disease is septic shock.

25
57.  The method according to Claim 53 or 54 wherein the
inflammatory disease is erythema nodosum leprosy.
58.  The method according to Claim 53 or 54 wherein the
30 inflammatory disease is septicemia.
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2-yl, then Rerr] is not 2- ethW vi) when Rerr] is

4-met hoxy, Rlerr] is 3-ethoxy, err] are hydrogen,

then Rl err] is_not 2 2-di rrethylb ﬂ'l oxy 2- et hyl prop-2-yl; and
(vii) when R ¥PP"26 Rlerr] are hy rr] i s t er pcpwsya16dshen
Rlerr] is not 4- met hoxy V\/nen R[err] is 2- quoro and R[err] is not
2-met hoxy when R err] is 4-fluoro. The met hod
according to Caim53 or 54 wherei n.-tgbe- i nf I amat ory disease is
rheumatoid arthritis. 56. The met hod according to Claim
53 or 54 wherein the inflammatory di sease is septic shock. 25

57. The net hod ac8%r di Tig thahdd @terding to Cldid 53fve 156 iwhetelirethe

i nflammat ory di.sease is erythema nodosum | eprosy. 58.

The met hod accb‘%@f%t‘fréﬁdéf’éﬁ‘ﬁ“\?gl Br 54 wherein the 30 i nfl amat ory

di sease i s septicem a. WO 99/ 20601

PCT/ US98/ 21624

59.  The nethod ac®®r diThs meshed) ageoring to Claim m.«iémetenethe

inflammatogy di ‘The met hod accordi ng
to Claimb53 or @%ﬁﬁm{didgyﬁhgﬁuk resP}r?lt? drﬁtrlﬁcts%?yf |seéase is adult
respiratory distress syndrone. 61 The nmethod according to ’
anllelm g?sg;sg.ﬂf Whergf : tﬂ% method accordmg tonEPEn%g Sie%gx%ml the nflammat ory

inﬂammatory disease is inflammatory bowel disease.

10
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