;e3e’yp vP 6Tp 02 June 2003 3,4, 5- TRI SUBSTI TUTED ARYL NI TRENEnEC2BEFIDUNDS
AND PHARMACEUTI CAL COVPCSI TI ONS coNTAI NIl NG THE SAME BACKGROUND COF THE

I NVENTI ON Thi s invention rel | 3,4,5-trisubstituted aryl nitrone
conpounds and their use as tmaﬁammmﬂ‘ﬂlﬂw&gents for the treatnent of

i nfl ammati on-rel ated conditi r | s, such as arthritis, and as

anal ytical reagents for detecti ng¥®tee radicals. Arthritis and rel ated

i nfl ammat ory di sease conditions occur in nore than 100 di fferent forns;

i ncluding rheumatoid arthritis (RA), osteoarthritis (OA), ankyl osing
spondylitis and system c |upus erythematosus (SLE). Mpst forns of arthritis
are characterized by sone ty mmmm"m‘m i nfl ammati on. For exanple, RA
typically involves chroiuc i ﬂmmm f the lining of the joints and/or
the internal organs. Such chronic jspfd anmati on generally causes pain and
swelling in the joints of those afflicted and may result in damage to

cartil age, Rhope, i ik | eadi

def or ity a%f ;%@B@fggg;g BEE B Shole tomRivnos: B, Pk Bidital EPMEeritus

i nvolved in % I on process. Accordingly, a nunber of inhibitors
of prostagl andin synthesis have been devel oped for the treatnent of
arthritis and related inflamatory di sease conditions. Such non-steroidal
antiinflamuatory drugs (NSAIDS), such as aspirin, ibuprofen, naproxen and

i ndonmet hacin, typically prevent the production of prostaal andins by

i nhi biting enzynes in the arachi donic acid/ prostagl andin 02 June 2003 2
pat hway, including the enzyne cycl oxygenase (COX). The enzynme COX catal yzes
t he conversion of arachi doni BACKEROUNDOOFAHMEMINVENTFI®N the first step in

t he bi osynt hesi s _of prostagl andins such as prost;acyclin and thronboxanes.
The enzynme COX ﬁéﬁlda%&hk#m% exist intw forms. COX-1 is a constitutive

formof the enzyne f el tld |

properties) COX-1 prgg{&g%senpgeﬁ)ge?? %ééﬁ?Ug%ﬁ]gé%g% Etegﬁ%;&ggﬁgﬁg’m??%
necessary for mandithairnsags therepeuticagerts for die ttdaamga of irdlaninegionelatddr act .
COX-2, on the other.hand, is an inducibl.e formof the enzyne_ associ ated

Wi th the i nor eaSHRIRTSH ety s 5 Brfis ABT AS SRR SRR PR AT BT yRE
conditions. Singee AMAISNSAI DS inhibit both forms of COX, they interfere

wi th prostagl andi n-regul ated processes not associated with the inflanmation
process. As a result, many NSA>DS cause severe side effects, such as
stomach ul cers l, damage, which limt their effectiveness as

t her apeuti cs. Tﬁ%@é@ﬁp i nvention enpl oys certain nmenbers of the class of
conpounds | nown as niAithfitiesnd Mlateddnfanfarey dieese votfitias opbdiimegetiagal s and
in other applications. See, for exanple, EP 0 945 426 Al which shows one
group of nitronééog'ééfq%?olm&rm?l“ ing Rgumatqid Aghatin (&) tspaghaus(QAR 37 619
whi ch shows var LQysoditld $,8RGAIR 0@ st Nl Sryiffent HERS (ST EISRAS9t Formhs®F2 Whi ch
shows PBN and PBNl%cfesrigf/gt ?@2‘5 u[sle%l inm?ﬁe Eyrte_at_rrent(ofé‘jstroske; WO 99
20601 whi ch showshritissarg thasacadrizgd hy serontype bbctimgic apflangm@ian. fpr sydsple RANt s

d thei th ti f or. t .od .at | \ t oi
2nd i nf 1 ammat or YRR St e Ratoryfthn iR MRS il e Up to 3
ring substituengfieriflGrgdsNGue Hirbific inBlalidtion geRdthIlPeHuYdsPairdand Wellgsy in

hydroxi es, and carboxys; WO 95111227 whi ch shows various para hydroxy
ni trones havi ngthedeints ofihasa gitlieRy pndsmpy rasuly indamagado eanblage. bome; tandonsat i ng

or preventing | jpj g per oxi 0kl Qi A0Y 08,911 0BRDR WAL E R LigARNes that PBN

and a variety o derivatives can’béu to tr sordérs associ at ed
w th oxidative danmage. 02 June 2003 --2A Accordingly, a need exists for
novel classes of therapeuti ¢ conpqunds ) . ) _
Prostaglandins have long been known to be involved in the inflammation
process. Accordingly, a number of inhibitors of prostaglandin synthesis have been
developed for the treatment of arthritis and related inflammatory disease
conditions. Such non-steroidal antiinflammatory drugs (NSAIDS), such as aspirin,
ibuprofen, naproxen and indomethacin, typically prevent the production of

prostaglandins by inhibiting enzymes in the arachidonic acid/prostaglandin



5 which effectively treat arthritis and other inflammati on-O2eluaee§03

condi tions w thout producing undesired side effects. SUMVARY OF THE

| NVENTI ON Thi s invention provides novel 3,4,5-trisubstituted aryl nitrone
conpounds whi ch are useful as therapeutics for reducing inflammation in
mammal s. In particular, the conpounds of this invention are useful for
treating arthritis and other inflammuation-related conditions. Accordingly,
in one of its conposition aspects, this invention is directed to conmpounds

of formulal: R~ R+ i ~Ra 02 June 2008 --3 wherein R is selected from
the group consisting of: RFCG , Rs ~; -CR7 Rs and R8-~(-~CH; each R2 is

I ndependently selected froma group of the formula: Ro R~ ~CR is
selected. fromthe group.consisting of hydrogen,_ alkyl, cycloal kyl and

pathway, including the enzyme cycloxygenase (COX). The enzyme COX
catalyzes the conversion of arachidonic acid to prostaglandin H2, the first step in
the biosynthesis of prostaglandins such as prostacyclin and thromboxanes. The
enzyme COX is now known to exist in two forms. COX-1 is a constitutive form
of the enzyme found in most tissues and organs. Among other properties, COX-1
produces relatively small amounts of prostoglandins necessary for maintaining the
iptegrity of the gastrointestinal tract. COX-2, on the other hand, is an inducible
form of the enzyme associated with the increased production of prostoglandins
during inflammatory conditions. Since many NSAIDS inhibit both forms of COX,
they interfere with prostaglandin-regulated processes not associated with the
inflammation process. As a result, many NSAIDS cause severe side effects, such
as stomach ulcers and renal damage, which limit their effectiveness as
therapeutics.

The present invention employs certain members of the class of compounds
known as nitrones. Nitrones have been used as pharmaceuticals and in other
applications. See, for example, EP 0 945 426 Al which shows one group of
nitrones having 1 or 2 aromatic ring substituents; GB 2 137 619 which shows
various nitrones as antiozonants in rubber; USP 5,025,032 which shows PBN and
PBN derivatives useful in the treatment of stroke; WO 99 20601 which shows o
aryl-N alkylnitrones having up tp 3 ring substituents and their use as therapeutics
for treating neurodegenerative, autoimmune and inflammatory conduction; WO
97139751 which shows nitrones with up to 3 ring substituents including alkyls,
alkoxies, aminoaryls, acyloxies, hydroxies, and carboxys; WO 95/11227 which
shows various para hydroxy nitropes having two flanking arkyl substituents and
their use in treating or preventing lipid peroxidation; and WO 91/05552 which
teaches that PBN and a variety of PBN derivatives can be used to treat disorders
associated with oxidative damage.



aryl; R4 is selected fromthe group consisting of alkyl, sOBdyne WY al kyl)
al kenyl , substituted al kenyl, al kynyl) substituted al kynyl, cycloallryl)
substituted cycl oal kyl) cycl oal kenyl, substituted cycl oal kenyl and aryl; RS
is selected fromthe group consisting of al kyl, substituted al kyl, alLkenyl,
substituted al kenyl, al kynyl, substituted al kynyl, cycloallryl, substituted
cycl oal kyl, cycl oal keayl and substituted cycl oal kenyl; R6 and R are

i ndependent |y selected fromthe group camgisting of hydrogen, alkyl,
substituted al kyl, al kenyl, substituted al kenyl, al kynyl, substituted

al kynyl, cycloal kyl, substituted cycloal kyl, cycloalkenyl and substituted

cycloalkenyl or R6,and,R_ ca ed to form al kyl eae or substituted
al kyl ene group haV|ﬁﬁcqfﬁl‘8&W2af‘5°‘fi®{‘%EQfd}?vﬁlt%ﬁsées ‘Fré €empeuadsom t he
group consksti f t kenyl
al kynyl , sabst‘l% up 5‘%‘5'#%? cyc ﬁgo@klk %%?JPFS?‘\‘%A&&HP&HPE \ﬁﬂxoﬁ
cycloalkenyl aﬁ@d@ﬂbgﬁm&gﬁaﬂmnyeﬂanékenyl R is selected fronlthe group

consi sting of hydrogen, alkyl, substituted al kyl, al kenyl, substituted
al kenyl , aIkynyI substituted al kynyl, cycloalkyl 02 June 2003 __ 4

substituted cycloalkyl, cycloghﬁg&%$$ l cl oal kenyl ; or Rs
and R can be joined to form ‘gggFgﬁagbggﬁkﬁ@Fg% al kyl ene group
having from2 to 10 carbon atons; R~ is selected fromthe group consisting
of hydrogen, |ower alkyl and | ower cycloal kyL; or R and R can be joined
to form an al ky( eneThis iinentionproorides hyirtdri!ect 54 tﬁ.ﬁlﬁ)sﬁmteﬂ{aﬁyl-nitmne@(nmcﬂnddo oup;
R~ and Ri are |ndependently sel ected om the groyp consistjn | ower

al kyl and t oweWhichareuseljas tgrapguti %Snﬁ‘ I’?‘&‘ &%@Wmﬁiﬁn ai kyl ene

group having fr 9?? pﬁgnﬁ ,

-S(O 2-; and -P %@c@%glé%goo@@?ds an‘d’eﬁar?gra?r%ceu |f8§#+‘4ujﬂgccepép%?e salts
t her eof ; mnthoﬂﬁﬁ“ﬂﬁﬁﬁmﬁ@n&ﬂ@kdwbﬂﬂn&mih RzS and R4 are each tert butyl
and R is hydrogen, R is not -C(O-CH3 . Preferably, R is hydrogen oc

| ower al kyl. More preferably, R is hydrogen or al kyl having | to 4 carbon

ﬁ;gp g;énrmr e prefer gcc(}/tdmgﬁl, in oﬁ:ea(r) ncoantq?ost on%tsf)elc{s § fv rrlt‘i:"ofnelg 3u|eé/tbd 8 'S

compounds of formula I:

R2
RO -

R2 N



R is preferably selected fromthe group consisting of aIkQ?QU@%%@thuted
al kyl and cycloal kyl. Mre preferably, R is alkyl having 3 to 6 carbon
atons or cycloal kyl having Sto 6 carbon atons. Particularly preferred R
groups include nethyl, n-propyl, isopropyl) | -hydroxy-2-nethyl prop-2-yl,
n-butyl, tert-butyl, 3th|onethylpropyl) 3- éthronethoxy)but-l-yl

cyc(ohexyl, 4- trlfluoconethybenzyl and 3,4, 5-trinmet hoxybenzyl . R5 IS
preferably selected fromthe group consisting of al kyl and cycl oal kyl. Mbore
preferably, Rs is | ®RE¥Mhl kyl. Particularly preferred RS groups incl ude

met hyl , ethyl, rc-pgo lest cﬁ(s@t’ih R6 is pref erably sel ected
fromt he group consrksﬁygr%ccof %R:fcﬁlﬁ?é anglSi oxycar bonyl al ky( (i.
ROC(O -al kyl -, where Ris alkyl or cycloalkyl) Particularly preferred R6

groups include ethyl, n-propyl, isopropyl) n- butyl, ethoxycarbo y| met hyl
and ?-(ethoxycarbonylJl er"ﬁyl. R is pref er ab hydr ogen. 02 Juge 2003

Preferably,: R8 is alkyl I r al koxyal k R4- al , S alkyl):
Particul arly preferr%—@—groups i nciRy “T and thoxyexery H R is
preferably hydrogen. Preferably) X is oxy en Preferably, R, R and R Z
are independently lower alkyl. Mre prefdlably, R, ~R' and RZ are net hyl .
" Wis preferably oxygen In a preferred enbodinent, this invention is
directed to a conpoun CH3 Rts-C CH3 ~ ~/
iN~- QR4 CH3 CH3 H €2 r‘ér CR?'?%FéyégF‘eiqgaqur&ﬁ’PPﬁeﬂljrfBEFBm&onsr sting of

al kyl) substituted al kyl, cycloalkyl and substituted cycloalkyl; R is

sel ected fromthe group consisting of alkyl, substituted al kyl) cycl oal kyl
and substituted cycloal kyl; and pharﬁé‘beutl cal | y-acceptabl e salts thereof.
subject to the proviso that when R i i tert butyl R'" is not nethyl.
Preferably, R 3 is lower alkyl. RR—€-preferably selected fromthe group
consisting of alkyl, substituted al k]rl and cycloal kyl.. Mre preferably, R
is alkyl having 3 to 6 carbon atons f@t2cycl oal kyl having 5 to 6 carbon
atons. Particularly preferred R4 groups include nethyl, n-propyl)

i sopropyl) 1-hydroxy 2-nethylprop 2-yl, n-butyl, ten-butyl) 3

R? is selected from the group consisting of hydrogen, alkyl, cycloalkyl and
aryl;

R* is selected from the group consisting of alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, substituted cycloalkyl,
cycloalkenyl, substituted cycloalkeny! and aryl;

R’ is selected from the group consisting of alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, substituted cycloalkyl,
cycloalkenyl and substituted cycloalkenyl;

R® and R’ are independently selected from the group consisting of
hydrogen, alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted
alkynyl, cycloalkyl, substituted cycloalkyl, cycloalkenyl and substituted
cycloalkenyl; or R® and R” can be joined to form an alkylene or substituted
alkylene group having from 2 to 10 carbon atoms;

R? is selected from the group consisting of alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, substituted cycloalkyl,
cycloalkenyl and substituted cycloalkenyl; =

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

alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl,



02 June 2003 --6_ thiomethyl propyl, 3-(thionmethoxy)but - 1-yP2 JE9RE8¥exy!
4-trifluoronet hybenzyl and 3, 4,5-trinmethoxybenzyl. In another preferred
enbodi ment) this invention is directed to a conmpound of forrmula Il1: O CH3
CH3 Rs -NCOO RsCH3 ( ~/ i NR4 CH3 CH3 H wherein Ru and R16 are

I ndependeat|ly selected fromthe-group consisting of hydrogen, alkyl,
substituted al kyl, cycloal kyl, substituted cycloalkyl; or Rs and R 6 caa
be joined to forman alkylene or substituted alkylene group having from 2
to 10 c kS it i ngpoof al kyl ,
bt £ o P MR Y I ah ) Bl

pbar mac dayéioed toyfoancaptiagite aaubsitutedadioficneRibup Bavingfiemabloyitsel ect ed from

t he grouF con stl ng of alkyl and al koxycarbonylal kyl (i.e., ROC(O) -alkyl -,
where R€ '? Sior cycloal kyl). Particularly preferred R s groups include
ethyl, n-pr OW? is sbﬁ:@@ﬂqﬁiﬁh thcrgrb&lﬁ &dlnsms@fh%@f‘}ig@ﬂb@&m(&@@[tﬂﬂl aafd

2- (ethoxycarboayl)eth . QQIS preferably hydrogen. R 1s preferably

sel ect eéPVf"?lcerFlOHH()’br% s eanihegoisted ¢ karm amsalloene, stledtitateky|  and

cycl oal I K R4 al kyl having 3 to 6 carbon atons or

cycl oal Egﬂyl%a\/’i 8?5%t@ (angﬂgﬁgrrs Particularly preferred R groups -

i ncl ude net hyw", and Ep'IZ@&yihdepead@ftlymﬂccteﬂ-ﬁ’(y{dIﬂﬁB( rodp 084IRHRTRawrery! . N-butyl,
t ent - but&l 3t hi onet hyl gﬂgpyl &fbl omet hoxyg{but -l-yl, cycl ohexyl
4-trifl abybind kyseryspaliylionRY agd R casbegQisd b farm an atkylene group

- having from 2 to 10 carbon atoms;
X is oxygen, sulfur, -S(O)- or -5(0),-; and

W is oxygen or sulfur; and pharmaceutically-acceptable salts thereof
with the proviso that when both R*S and R* are each tert butyl and R® is hydrogen, R' is not

-C(0)-CH; .
Preferably, R’ is hydrogen or lower alkyl. Morce preferably, R is hydrogen

or alkyl having [ to 4 carbon atoms, more preferably 1 or 2 carbon atoms. Still

more preferably, R is hydrogen.

R' is preferably selected from the group consisting of alkyl, substituted
alkyl and cycloalkyl. More preferably, R* is alkyl having 3 to 6 carbon atoms oc
cycloalkyl having 5 to 6 carbon atoms. Pacticulacly preferred R* groups include
methyl, n-propyl, isopropyl, 1-hydroxy-2-methylprop-2-yl, n-butyl, tert-butyl, 3-
thiomethylpropyl, 3-(thiomethoxy)but-1-yl, cyclohexyl, 4-trifluocomethybenzyl
and 3,4,5-tnmethoxybeazyl.

R’ is preferably selected from the group consisting of alkyl and cycloatkyl.
More preferably, R’ is lower alkyl. Particularly preferred R’ groups include

inethyl, ethyl, n-propyl, isopropyl and n-butyl.

R¢ is preferably selected from the group coasisting of alkyl and
alkoxycarboaylalkyl (i.e., ROC(O)-alkyl-, where R 1s alkyl or cycloalkyl).
- Particulacly preferred R groups include ethyl, n-propyl, isopropyl, n-butyl,
‘ ethoxycarboaylmethyl and 2-(ethoxycarbonylethyl. R is prcfcrabl)f hydrogen.



02 June 2003 ~ In still another preferred enbodi nent, thi02 JuA¢@A®Ion-is
directed to a conpound of fornmula 1V: H3 R19 CH3 R $-O-CH O, CH3 CH3 i
wherein 3 O ~+ ~NNR4A IVH R 8 is selected fromthe group consisting of

al kyl, substituted al kyl, cycloal kyl and substituted cycloallyl; R "' is
selected fromthe group consisting of hydrogen) al kyl, substituted al kyl,
cycl oal kyl and substituted cycloalkyl 7or R 8 and R 9 can'be joined to form
an al kyl eae or substituted al kyl ene group having from2 to 14 carbon atons;
R4 is sel ected fRreferabhe, Rftisafkyt onslkexyabigyi ¢i.c aRQ-alkyby bdierd Rtigdiikal)ky!| ,

cycl oal kyl _and substituted., cycl phar maceuti cal | y-accept abl e

oal kyl; an
salts ther é’@irt.lc“hfb‘fI(FF%T"Q,Rsl%.@“i’%‘“ﬁﬁﬁ?F“CQ}Y?QP‘?(H%XWQWWH Rels RO al kyl -)
where Ris [cu r of. Ri-$ groups include nethyl and
nmet hoxyet h)?l%éég?ly lil)gd% ée"feir)lgegﬁl[%blgygrl‘gék 124 i s preferably selected from
the group consisting of al kyl, substituted al kyl and cycl oal kyl. More
preferably, R4 is alkyl having 3 to 6 carbon atons or cycl oal kyl having 5

to 6 carbon at olfsctermbly,iR RY agd BFetre indegemdenty dawer dlindl Wdeoreret hyl , n

propyl, isopr , oy dr oxy- 2- met.hyl prop-2-yl, n-butyl) ten-butyl,
3t hi onet hyIpB‘ng%{Y,' Pé-v(ﬁ%‘ﬂéf%ﬁ% “1-yl) cycl ohexyl |
4-t~i fl uor omet hybenzyl and 3, 4, 5-tri net hoxybenzyl .

W is preferably oxygen.

In a preferred embodiment, this invention is directed to a compound of
formula II:

wherein

RP is selected from the group consisting of alkyl, substituted alkyl,
cycloalkyl and substituted cycloalkyl;

R* is selected from the group consisting of alkyl, substituted alkyl,
}:ycloa]kyl and substituted cycloalkyl; and pharmaceutically-acceptable salts
thereof.

subject to the proviso that when R*is tert butyl R" is not methyl.

Preferably, R" is lower alkyl.

R* is preferably selected from the group comnsisting of alkyl, substituted
alkyl and cycloalkyl.. Mare preferably, R* is alkyl having 3 to 6 carbon atoms or
cycloalkyl having 5 to 6 carbon atoms. Particularly preferred R* groups include
methyl, z#-propyl, isopropyl, 1-hydroxy-2-methylprop-2-yl, n-butyl, fert-butyl, 3-



02 June 2003 _g_ Particularly preferred 3,4,5-trisubsti tut%‘]‘éﬂeﬂooﬁi trone
conpounds include those having the fornul ae shown in Tables | ) Il and I1l1.
Table ]| OCH3 CH3 R~3 GO, _ ., .+ CH3 H

Number - | CH3- C( CH3) 32( CH~2CH- - C( CH~, 3CH3CHZCH2- C( CH3) 34CH3- - CH( CH3) 25CH3- - C(
CH~ZCH20H6CH3CHZCl i 2CH2- - C( CH~37CH3- 4- CF3gPh- 8CH3CHz - C( CH3) , 9CH3- - CH3I OCH3-
3,4,5-tri (CH30-) Ph- 02 June 2003 9 abIeII CH3 ROOCCH3 CH3 C\ O

104304.-0(043@ ey W‘%" ‘%‘1’?&9@3‘ cﬂ%’ﬁ? h*&t%“ﬁ‘i‘ﬁ‘lﬁ%"&ﬁ&@’&(qwm

x--qa+315maga+gop5@%xﬁe@m3 Table 111 CH3 R-a_O CHi
N~ CH3 CH3 H R4

In another preferred embodiment, this invention is directed to a compound
of formula III:

wherein

RY and R are independently selected from the group consisting of
hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl; or R* and
R can be joined to form an alkylene or substituted alkylene group having from 2
to 10 carbon atoms;

R* is selected from the group consisting of alkyl, substituted alkyl,
cycloalkyl and substituted cycloalkyl; and pharmaceutically-acceptable salts

thereof.

RY is preferably selected from the group consisting of alkyl and
alkoxycarbonylalkyl (i.e., ROC(O)-alkyl-, where R is alkyl or cycloalkyl).
Particularly preferred R¥ groups include ethyl, n-propyl, isopropyl, n-butyl,
ethoxycarbonylmethyl and 2-(ethoxycarbonyl)ethyl. R is preferably hydrogen.

R* is preferably selected from the group consisting of alkyl, substituted
alkyl and cycloalkyl. More preferably, R* is alkyl having 3 to 6 carbon atoms or
cycloalkyl having 5 to 6 carbon atoms. Particularly preferred R* groups include
methyl, n-propyl, isopropyl, 1-hydroxy-2-methylprop-2-yl, n-butyl, terz-butyl, 3-

thiomethylpropyl, 3-(thiomethoxy)but-1-yl, cyclohexyl, 4-trifluoromethybenzyl
and 3,4,5-trimethoxybenzyl.

oy meavn.



Nunber Ri gR ' 16CH3- - C( CH3) 317CH3 02 June 2003

O CH2CH2- - C( CH3) 318CH3- CHz CHZCH( SCH3) CH319CH3- - CHZCH2CH2- SCH3 02 June
2003 -- 10 - Accordingly, in another of its conposition aspects, this
invention is directed to each of the individual conpounds:

a- (4-acetoxy-3,5-di-tert-butyl phenyl)-N tert-butylnitrone

a- (4-isobut anoyl oxy-3,5-di-tert-butyl phefif#)-N tert-butylnitrone

a- (4- n- but anoyl oxy-3,5-di -l ert-butyl phenyl)-N tert-butylnitrone

a- (4-acetoxy-3,5-di-tert-butyl phenyl)-Nisopropylnitrone

a- (4-acetoxy-3,5-di-tert butylphe | )-N_I -hydroxy-2-nmet hyl prop-2yl nitrone
a- (4- n- pent-anoy! ox§n of prefe Eg R‘)mtﬂgpﬂumﬁﬂmtﬁdm]e

a- (4- acet oxy phenyl )-N-4-trifiuoronethyl benzyl nitrone
a-(4-propiony%§99 éﬁéﬁﬂwg?ﬁbbutylphenyl) N tert-butyl nitrone

a- (4- acet oxy- 3, S—dl-tert but yl phenyl ) - N-net hyl ni trone

a- (4-acetoxy-3,5-di-tert-butyl phenyl) N 3,4 tri met hoxybenzyl nitrone

a-[ 4- (et hyl am nocar bonyl oxy) - 3, 5-di -t ert - butfyl'phenyi J-N tert-butyl nitrone
a- [

a- [

a- [

t-b

- (n-propyl am nocar bonyl oxy)-3,5 - 1 tyﬂﬁhenle-N tertbutyl nitrone
- (n-but yl am nocar bonyl oxy,)z3.-5- enyl]-N tertbutyl nitrone
- (2- et hoxycar bonyl ) et hyl nS%a 5-dp-tert-butyl phenyl ] N-ter
utyl nitrone .
a-[4-(2-ethoxycarbony|)nethylaninocarQ 2. Ni-tertbutyl gigenyl ]-N
tert-butyl nitrone a-{4-nmethoxynmet hoxy- “ter -bufypphenyl)-N
tert-butylnitrone a-[4-(2-netthy)e(Hq%wgp;hoxy- 5-di-tert-butyl phenyl]-N
tertbutyl nitrone a-(4-nethoxynet hoxy-3,5-di-tert-butyl phenyl)-N

3- (t hi omet hoxy) but - 1yl ni trone

wherein

R™ is selected from the group consisting of alkyl, substituted alkyl,
cycloalkyl and substituted cycloalkyl;

RY is selected from the group consisting of hydrogen, alkyl, substituted
alkyl, cycloalkyl and substituted cycloalkyl; or R' and R" can be joined to form
an alkylene or substituted alkylene group having from 2 to 10 carbon atoms;

R* is selected from the group consisting of alkyl, substituted alkyl,
cycloalkyl and substituted cycloalkyl; and pharmaceutically-acceptable salts

thereof.

Preferably, R" is alkyl or alkoxyalkyl (i.e., RO-alkyl-, where R is alkyl).
Particularly preferred R™® groups include methyl and methoxyethyl. R is
preferably hydrogen.

R* is preferably selected from the group consisting of alkyl, substituted
alkyl and cycloalkyl. More preferably, R* is alkyl having 3 to 6 carbon atoms or
cycloalkyl having 5 to 6 carbon atoms. Particularly preferred R* groups include
methyl, n-propyl, isopropyl, 1-hydroxy-2-methylprop-2-yl, n-butyl, terz-butyl, 3-
thiomethylpropyl, 3-(thiomethoxy)but-1-yl, cyclohexyl, 4-trifluoromethybenzyl
and 3,4,5-trimethoxybenzyl. -



02 June 2003 -- | | - a-(4-methoxymet hoxy-3, 5-di-tert - but P2pERZOPEN

3t hi onet hoxypr opyl nitrone and pharnmaceutically acceptable salts thereof. In
anot her of its conposition aspects, this invention is directed to
pharmaceutical conpositions conprising a pharmaceutically acceptable
carrier and a pharmaceutically effectivei?nnunt of a compound of formula I
R O wherein R--R are as defined above. O%Ra In additional conposition
aspects,

this invention is directed to.pharnaceutical conpositions
conprising a phar magiGHiaEY pr e%E‘LSﬁbéfHPg‘E%E\“F&éFYIM‘]& GomipoRBdsincde | | y
effective ano . “;1135 M lipor N above. Anong ot her
properties, t%&ﬂé“ﬁg?%@u @tg?%te ;T}ijyfes%' régﬁemgorrpounds of this

invention are believed to inhibit the induction of cycl ooxygenase
associated wth prostagladin E2 (PGEZ) synthesis and inflammti on.
Conpounds having such properties are usBbl¢ Ifar reducing inflammti on,
including inflammation resulting fromarthritis and related inflammtory
conditions. Accordingly, in one of its nmethod aspects, this invention is
directed to a nmethod for treating a mamualcpd th an inflammati on-rel ated
condi tion which nmethod conprises adm ni st rihg to said manmal a

phar maceuti cal conposition conpri ng(aip f£utically acceptable carrier
and an effective inflammti onreducingy anouint of a conpound of formula I,

[1, 1l or 1V above. 02 June 2 |
CH, _ N+\ ”
CH, CH, H

Number R" R*
1 CH,- -C(CH,),
2 (CHy),CH- -C(CH,),
3 CH,CH,CH,- -C(CH,),
4 CH,- -CH(CHy),
5 CH,- -C(CH,),CH,OH
6 CH,CH,CH,CH,- -C(CH,),
7 CH,- 4-CF;-Ph-
8 CH,CH,- -C(CH,;),
9 CH,- -CH,
10 CH,- 3,4,5-tri(CH,0-)Ph-




--12- In preferred enbodi nents of this invention, the infl #3809 el ated
condition treated in the above nethods is rheumatoid arthritis,
osteoarthritis, ankylosing spondylitis, system c |upus erythematosus or
psoriatic arthritis. DETAILED DESCRI PTI ON OF THE | NVENTI ON For the purposes
of this inventioa) the 3,4,5-trisubstituted aryl nitrone conpounds of
formula | are named using conventional nitrone nonenclature) i.e.) the
carbon atom of the carbon-nitrogen double bond (C=N) is designated the
acposition and substituents on the nitrgggﬁnétonlof t he carbon-nitrogen
doubl e bond are gives the N- prefix. In some cases, the
3,4,5,-trisubstituted aryl nitrones of this.jnvention may contain one or
nore chiral centers. Typically, such conpodbﬁs will be prepared as a
racemc mxture. |f desired, howevep, sgph—Forpqunds can be prepared or

i sol ated as pure stereoisoners, _i.ell, as Pnfi vi dial enantioners or

di astereomers, or as stereoi sBEN=GriQ iatturgs. Pure stereoisoners
(or enriched m xtures) may be préﬂared ugj for ?xanple, optically active
starting materials or stereosel ectivé& *known is the art.
Alternatively, racem c mxtures of su canpae separated using,
for exanple) chiral colum chromat qgqap or chikal resolving agents. 02
June 2003 -13- Definitions Wen descr?bln@ t he ﬂﬂ4,5-trisubstituted aryl

ni trones, pharmaceutical conpositions and nethods of this invention, the
followi ng terns have the foll ow ng neani ngs unl ess ot herw se specifi ed.
"Acyl" refers to the group -C(OR where R is hydrogen, alkyl, aryl or
cycl oal kyl . "Acyl am[nqQ” r ferF to the g&pup -NRCCOR wherg eachlR is

i ndependent |y hydr og yli _aryl or-cvcloalkyll * - ers to the

group -OC(OR where [R i hydrjogen, a aryl orfcycl . "Al kenyl"
refers to a nonval erjt hfgmrhe or .mmﬁ ed uns urarﬁb@ﬂmo;ﬁr bon group

preferably having frjom 24t 0 1O car hgg .and npre p g)ably 2tod
carbon atons and ha»i—ag-a&—l—ea-s—t-—l—anﬁ%gzer-abw- j of
carbon-carbon doubl § bong unspt ur TH,OH,CA,EHS I ed | al keayCHY, oupy i ncl ude

et henyl (-CH=CHI, n-jproepery -cHAE i3) =CHI .
"Substituted al kenylf" refders [ oCHICH,QREMICHCHp havi n€(CHY 1 tjo 5
substituents) and prigferabty from I TO 3 substiut fromthe

group consisting of facyl} acy) amiGR:CEROLONHal kdxy, €6kt ut dd al koxy,
al koxycar bonyl, al koxycarbonyi am no, am no, substituted am no,

am nocar bonyl, am nocar bonyl am no) am nocar bonyl oxy, aryl, aryl oxy) azido,
car boxyl, cyano, cycloal kyl, substituted cycl oal kyl) hal ogen, hydroxyl,
keto, vitro, thioal koxy, substituted thigal lﬁjxy) t hi oaryl oxy, thioketo,
thiol, alkyl-S(O-, aryl-S(O-, alkyl Sl(l'@ﬁ nd aryl-S{0O 2-. "Al koxy"
refers to the group -OR where R is alkyl. Preferred al koxy groups include,
by way of exanple, nethoxy, ethoxy, n propoxH. i SOpropoxy, 02 June 2003
--14- n-butoxy, tert-butoxy, sec-butoxy, n-pgentoxy, n-hexoxy and

1, 2-di net hyl but oxy. "Substituted al koxy"CH QH;,-O an al koxy group havi ng

from1l to 5 18— -
R1-0 CH2 0O C|)
CH3 +
N
~ Ré
CH, CH, H
Number R'® R
16 CH.- -C(CH,),
17 CH,-O-CH,CH,- -C(CH,),
18 CH;- -CH,CH,CH(SCH,)CH;, -
19 CH;- -CH,CH,CH,-SCH,




substituents, and preferably from1l to 3 substiutents, sel ed2ehinkr2008t he
group consisting of acyl, acylam no) acyloxy) alkoxy, substituted al koxy,

al koxycar bonyl , al koxycar bonyl am no, am no, substituted am no,

am nocar bonyl, am nocar bonyl am no, am nocar bonyl oxy) aryl, aryl oxy, azi do)
car boxyl, cyano, cycl oal kyl, substi&gted cycl oal kyl, halogen, hydr oxyl ,
keto, vitro, thioal koxy) substituted”thi oal koxy, thioaryloxy, thioketo,
thiol) a), kyl-S(O-, aryl-S(O-, alkyl-S(O2- and aryl-S(O) 2-.

" Al koxycarbonyl" refers to the grou -C(O R where Ris al kyl or

cycl oal kyl . "Al ko&m%g'uyrnampmvofrl GOMPOpision [gepegisotlis INKFRLC)IOR where R is
hydr ogen, al 0 is al kyl or cycloal kyl. "Al kyi”*
refers to a(irﬁn}gzﬁoc\(/ig Cth({)“gé/n%ﬁ&ga‘ﬁudmng&ggghed sat urated hydrocarbon group
preferably havi ngz-f(tt-adiﬂtdxyt 8, Satveurt-bd@iptieiyipV-@iimylnitione preferably from 1
to 8 carbon atons and still mare preferably 1 to 6 carbon atons. This term

is exenplified byyg4 %Bﬁmﬁd&ﬂ@xﬁ? Sf@-TtJ}YbutyfﬁHEM )-NrePC i thierdngoPr opy!
nbutyl |sobutyl tent-butyl, 'n-hexyl, n-octyl, and tert-octyl. The term

"l ower al kyl" ref er t | & @ f arbon at ons.
"Substituted al ky (Er"e é"?‘gyﬁwéhs*gil ’%ﬁ"g’?éfb%‘gﬂa’w%ﬂ’?‘&ﬂ“& n¢o 5
substituents, and ef erab Sti ut selected fromthe
group consi sting ‘6 3&??“ %rg)ﬁ"é‘?ﬁnhlbty Pg‘e&‘l)flg' VSOR{P ﬁ? 021§ubsti tuted al koxy,
al koxycar bonyl, al koxycar bonyl amni Qot) am no subs t%t ec{ al

ani nocar bonyl , arfhagatopnd.d et “Xrﬁhﬁﬂi@hfvbbhwfe)’(xr -ethy P“%Pr%rl oxy, azido,
car boxyl, cyano, Yndrosal kyl , substituted cycloal kyl, hal ogen, hydroxyl)
keto, vitro, thioal koxy, substituted thioal kaxy, t hi oaryl oxy) thioketo,

t hiol, 02 June &Q%-pch&noﬁbkyl},-5S{i@r_-t-,buﬁyrlpﬂenﬁ)ﬂ-terthhyhﬁlmﬁ(r)i and
arYl-S(4)i . "A kylene" refers to a divalent branched or unbranched

saturated hydr 003&@@@0&6)@“3’ SIHi-?ér?-Bthlp‘l‘\eﬁﬁ)’Wtﬂﬂ%xﬁeth?lbé&ﬁxﬂfr&w atoms and
nor e preferablyfromlto carbon atons. This termis exenplified by

groups such as ne | propylene
isoners (e.g., - E ‘%r%{’“ dﬂﬂm‘%t%%ﬂﬂdé%g“lﬂﬂ%@g al kyl ene" refers

to an al kyl ene gro vin aad preferably from1
to 3 substiutents?® L@éf“g%’fye'#r‘#'g‘?ﬁ'%ﬂ‘g%&r?@};‘ ti’?'@‘ﬂf‘ﬂ'ﬁ of acyl, acyl anino,
acyl oxy, al koxy, substr tuted al koxy I kox rbonyl al koxycar bonyl am no,
am no, substi t ut e&-{(Arstexy- éﬁ‘r%&’éhﬁ%’@ﬁ‘y‘& Séa‘F‘BBHW&Pﬁ‘H%b‘" trone

am nocar bonyl ozy) aryl) aryl O(ﬂ% azi do) car boxyle cyano) hal o? hydr oxyl ,
keto, vitro, thi oxdl#&dethylamunesarbeuplery)tIni-diaderoify phmyﬂdVyrrekyty nipEsk et o,
thiol, alkyl-S{O-, aryl-S(O-, alkyl-S(OZ and aryl-S(Oz . "A kynyl"
refers to a rmnoval[e;mﬁ pbfp&hﬁﬁﬁnﬂ:aﬂfony!hby)a}lﬁhb-derﬂ-bﬁt&lphbm}tl}}w dayelr ocar bon group
preferably havi ngbftyRittohet 0 10 carbon atoms and nore preferably 2 to 6
carbon atons and having at least | and preferably from1-2 sites of

car bon~arbon trinp, YU k5 &di 96/ SdtyfneMNYIV-@Foups i ncl ude

et hyayl (-G -- &%E\Pmt opara%d;é%hy%%)? Qi(A. tSUlﬁrif‘ﬂ{ed al kynyl " refers
to an al kynyl group”having froml to 5 substltuents aad preferably froml

to 3 substiutents edfro I .of ar acyl am ao,

acyl oxy, al koxy, %&%ﬁ \Chq @@ﬁa&r 85¥ B’éﬂgﬂr?‘gsf%éﬁﬁ‘%% ani no,

am no, substitut eﬂ‘ﬁ’r{‘le Ingansocar bonyl, ami nocar bonyl ani no,

am nocar bonyl oxy, aryl, aryl oxy, azido, carboxyl, cyano, cycl oal kyl,

substituted cycl oa[#y2-cthoayasgwayl)mpthylaminocagtamyloxy)-3.5dli-teréi oal koxy,

substi t ut ed t hi odbitglphenyl hNaem-putylnitronehi oket o, thiol, al kyl ~(O) -

aryl-S(O -, alkyl-S(O2 and aryl-S(O~--. "Am no" refers to the group -1 VH2.
o-(4-methoxymethoxy-3,5-di-tert-butylphenyl)-N-tert-butylnitrone

«-{4-(2-methoxy)ethoxymethoxy-3,5-di-tert-butylphenyl}-N-zert-
butylnitrone

a-(4-methoxymethoxy-3,5-di-tert-butylphenyl)-N-3-(thiomethoxy)but-1-
ylnitrone



02 June 2003 -16 "Substituted am no" refers to the group - NOR)Junef80& each
R is independently selected fromthe group consisting of hydrogen, allyl,
substituted al kyl, al kenyl, substituted allcenyl, alkynyl, substituted

al kyayl, aryl, cycloal kyl, substituted cycl oal kyl, and where both R groups
are joined to forman al kyl ene group. \Wen both R groups are hydrogen,
-N(R)2 is an am no group. "Am nocar‘bdh;ﬂ " refers to the group -C(O NRR
where each R is independently hydrogen, alkyl, aryl and cycl oal kyl, or
where the R groups are joined to forman al kyl ene group.

" Ami nocar bonyl am ng<{(+mgtpymethoxya. ynigry-butppheyNRR 3nher e each R i's

i ndependent | y hydr Ségspcthegypyapylmtrgne or cycl oal kyl, or where two R groups
are joined to forman al kyl ene group. "Am nocarbonyl oxy" refers to the
group -0OC(O NRR whandephaanireiticatlyi aockpabiciaits therdogdr ogen) al kyl, aryl or

cycl oal ky, or where the R groups are joined to forman al kyl ene group.
"Aryl" refers to an unsaturated aromatic carbocyclic group of from6 to 14
carbon atons havi nHt 2rotiepgl ¥s gamppsition gspecisyibisinyension ig digggidtoc ondensed

rings {e.g., oels . rr [ d
napht hyl . Unl glsiusm%t g?@wc‘s’ eﬁéﬂﬂﬁﬁgﬂﬁfgﬁﬁﬁ; @ﬂ@%ﬁﬁ@%@%&’?@?ﬁ% A i dual
substituent, sphémacauticghoeffestiecaamonnttiod nabmpord of Wasula it ed with from1l to
5 substitueats, preferably i to 3 substituents) selected fromthe group
consisting of aryl) acylam no, acyloxy, alkenyl, substituted al kenyl)

al koxy, substituted al koxy, all coxyc&rébonyl , al kyl, substituted al kyl,

al kynyl, substituted al kynyl, am no, fsubstituted am no, am nocarbonyl,

am nocar bonyl am no, ami aocar bqnyl oxy) aryl, aryloxy, azido, carboxyl,
cyano, cycloal kyl, substituted St |, Il ogen) hydroxyl, vitro)

t hi oal koxy, substituted thioal koxy par yljgxy, thiol) alkyl-S(O-)
aryl-S(O -, alkyl-S{Oi and acyl-S "AcpNoxy" refers to the group -0OR
where Ris aryl. 02 June 200)2" 1~ "(Cycl oél\hyl " refers to a cyclic

al kyl group of from3 to 10 carbon atoms having a singlelcyclic ring or
mul ti pl e condensed or bridged rings whichRian be optionally substituted
with from1 to 3 al kyl groups. Such cycl oal kyl groups include, by way of
exanpl e, single ring structures such as cycl opropyl) cycl obutyl,

cycl opentyl, cycloactyl) 1- hyl cycl opropyl, 2-nethyl cycl opentyl,

2net hyl cycl oo%?F‘“%'%‘?%@'ﬁﬁaﬁg‘fedged ring structures such as

adamant anyl. The term "l ower cycloal kyl" refers to a cycloal kyl group

having from3 to 6 carbon atons. "Substituted cycloallryl" refers to a
cycl oal kyl group hlndddiionlnempositios aspects, this invention is directed to

pharmaceutical compositions comprising a pharmaceutically acceptable carmrier and

a pharmaceutically effective amount of a compound of formula II, IIf or IV above.

Among other properties, the 3,4,5-trisubstituted aryl nitrone compounds of
this invention are believed to inhibit the induction of cyclooxygenase associated
with prostagladin E, (PGE,) synthesis and inflammation. Compounds having such
properties are useful for reducing inflammation, including inflammation resulting

from arthritis and related inflammatory conditions.

Accordingly, in one of its method aspects, this invention is directed to a
method for treating a mammal with an inflammation-related condition which
method comprises administering to said mammal a pharmaceutical composition
comprising a pharmaceutically acceptable carrier and an effective inflammation-

reducing amount of a compound of formula I, I, Il or IV above.



substituents, and preferably from1 to 3 substiutents, sel B2¢@€ 29%n t he
group consisting of acyl) acylam no, acyl oxy, al koxy, substituted al koxy,
al koxycar bonyl , al koxycar bonyl am no, am no, substituted am ne,

am nocar bonyl ) am nocar bonyl am no, am nocar bonyl oxy, aryl, aryloxy) azido,
car boxyl, cyano, cycloal kyl, substituted cycl oal kyl, hal ogen, hydroxyl,
keto, vitro, thioal koxy, substituted thioal koxy, thioaryloxy, thioketo,
thiol, alkyl-S(~)-, aryl-S(~)-, alkyl-StQp2 and aryl-S(OZ . "Cycl oal koxy"
refers to the group -OR where R is cycloal kyl. Such cycl oal koxy groups
include, by way of Ig}aMBk&l efibsdiMBAS bP1is in%Bﬂﬁcﬁ%ﬁléiBﬂ%Mﬁoﬁ—%:M?' kenyl "
refers to a cyclic alkenyl group of from4 to 10 carbon atons having a
singl e cycli c coudijomtrdated i tha aboermethodnis rbéumatoidranthiritisnesigoarthritisn whi ch

can be optional substituted with from21l to 3 al kyl grouyps. Exanples of
sui tabl e cycl 5198 spangufids. ismlﬂﬁéypqscﬁfyﬁiﬁ@?'&ﬁﬁe& ngﬁﬁ@fg%‘mﬂ@:enyl ,

cycl ohex-2enyl, and cycl oact-3-enyl. "Substituted cycl oal kenyl" refers to a
cycl oal kenyl group having from1l to 5 substituents, and preferably from1l
to 3 substiutents) sel cDEFAILEDDESORIPTION OFEHEIINVENTIONY! , acylLam no,
acyl oxy, al koxy, substituted al koxy, al koxycarbony|, al koicycarbonylam no,
anmi no, subst it ut ed Eoritiecpurpesen o€ thihuwwonton, tg3.4 Snisisplstigrted gryl nitrone

am nocar bonyl am ng m.nocar.bonyl ox aryl . aryl oxy.. azido. carboxyl,
cyano, cycl oal%[?g'lp?“%‘ﬁt?g???ﬂ{lﬁga%w%‘ggl g c%&?‘é’g?@ﬁ?/mﬁ%ﬁ 5959‘1"9‘:? o?l'e'ni tro,
thioall coxy, sbedrbéd'aleh étheBhdsex hitrdgh ABHIE BiNd §(§Q'I\9|1§H&ig&a@d%e a-

al kyl -S(O -, aryl-S(O-, alkyl-S(OZ and aryl-S(OZ . ""Hal 0 or "hal ogen"
refers to ~| ugositionlahd suhstitments oo the ditiogem atoBr eff the cardboh-aitcoggn dopbledond ei t her
fluoro or chloro., " I—%rﬁx%/&" refers to the group -OH "Keto" or "oxo"

refers to the 3 SR refers to the group -N02. "Thioal koxy"
refers to the group -SR where R is al kyl.

In some cases, the 3,4,5,-trisubstituted aryl nitrones of this invention may
contain one or more chiral centers. Typically, such compounds will be prepared
as a racemic mixture. If desired, however, such compounds can be prepared or
isolated as pure stereoisomers, i.e., as individual enantiomers or diastereomers, or
as stereoisomer-enriched mixtures. Pure stereoisomers (or enriched mixtures)
may be prepared using, for example, optically active starting materials or
stereoselective reagents well known in the art. Alternatively, racemic mixtures of
such compounds can be separated using, for example, chiral column
chromatography or chiral resolving agents.



"Substituted thioal koxy" refers to a thioal koxy group havi 8¢ June@P83to 5
substituents) and preferably from1l to 3 substiutents, selected fromthe
group consi sting of acyl, acyiam no, acyloxy, alkoxy, substituted al koxy,
al koxycar bonyl , al koxycar bonyl am no, am no, substituted am no)

am nocar bonyl, am nocar bonyl am no, am nocar bonyl oxy, aryl, aryl oxy, azido,
car boxyl, cyano, cycl oal kyl, substituted‘%&tloalkyl, hal ogen, hydroxyl,
keto, vitro, thioal koxy, substituted thioal koxy, thioaryloxy, thioketo,
thiol, alkyl-$efnitionsry| -S(0Q) -, alkyl-S(Oi- and aryl-S(OZ . "Thioaryioxy"

refers to the group, SR, wher.e i | .. "Thioketo! refers to the group =S
"Thiol" refers tot °"g‘?%&‘§5‘9§§?° §,4%¥§5Wg@68§ry pyrones, harmaceutical .
" Pbar maceut i C%h]?bﬁﬁ_gm%&ha‘&| 5f'm{gqﬁ%§0ﬁ’%@mmg%%?ﬂ@mgound of this

invention which fetains its biological properties a I'S not

bi ol ogi cal | y dolleving méanmgs ndless otherdwdse spacifiedal t s nay be derived firoma
variety of organic and inorganic counter-ions well known in the art and
i ncl ude, by way of exanple illustration, sodium potassium calcium

Contains b basic et o i BeSkpATTIPME AR s ARG 0L SIBE cuc

as ‘hydrochl or igggloaltyfr obromi de, tartrate, nesylate, acetate) naleate,.and
oxal ate. The term "pharnaceutically- acceptable ration" refers to a
pharmaceutically acceptabl e cationic counter-ion of an acidic functional

group. Such rations are ex lified by sodi tassi u cal ci um

nmagnesi um amoni umﬁcgmﬁq%ﬁs@ﬂ?r%ﬂw W@Qﬁﬁ?.ﬁe@ﬁ@ %“gﬁﬁwé‘ﬁ%y
Procedures The, - IS YRA Rt ebQdaigfly! nitrones of this invention can be
prepared from ryggfﬁeﬁi/&ggéi%ﬁgbl eslstialrﬁﬂ ng materials using the foll ow ng
general nethods and procedures. It wll be appreciated that where typical

or preferred procesg conditions (i.e., reaction tengeratures, times, nole
rati os of reactants,AYMRYefeferoio the group OGO avhgra R is hyrdrpgen, ghkybaryd

conditions can aé §Ba@§ used unl ess otherw se stated. Optinmumreaction
conditions may var %‘h the particul ar reactants or solvent used, but such
conditions can be determ ned by one skilled in the art by routine

optim zation procedures. Additionally, as will be apparent to those skilled
in the art, convent'Alkenylpreferse pmpuyalsnilranehed 98 chedrupsataragadey ent

certain functional aroups fro I QO u hred reactions. The choice
of a suitabl e.ll#@ q"n%"&? Bffgé#@?%ﬁg’ﬁlg&ﬁ%g%ﬁbfﬂ%&lia% a“éf%ﬁ’ﬁ’ as well as
sui tabl e condi §repibly rto B AbRfatdtiis AtChAMY Atest | ARd preferdblly! firdid QWNsiteyl t he

art. For exanple, nunerous protecting groups, and their infroduction and
renoval , are defsmarbdmecirhon doublyybondrunsaturation. Erefitred\atkenylproupsdudlede G oups

in Organic Synthesi second Edition, Wley) New Yark, 1991, and references
cited therei n_etﬁeqygf-ﬁﬁéaggbgz-prﬁpgnygﬂ-m-acm@ﬂﬁsqﬁmgw hesis, the

3,4, 5-trisubstiutgg=aty)y. nitrones of this invention are prepared by
coupling an aryl cat bonyT conmpound of formula V: Fs R3V

“Substituted alkenyl” refers to an alkenyl group having from 1 to §
substituents, and preferably from 1 to 3 substiutents, selected from the group
consisting of acyl, acylamino, acyloxy, alkoxy, substituted alkoxy,
alkoxycarbonyl, alkoxycarbonylamino, amino, substituted amino, aminocarbonyl,
aminocarbonylamino, aminocarbonyloxy, aryl, aryloxy, azido, carboxyl, cyano,
cycloalkyl, substituted cycloalkyl, halogen, hydroxyl, keto, nitro, thioalkoxy,
substituted thioalkoxy, thioaryloxy, thioketo, thiol,
alkyl-S(O)-, aryl-S(0)-, alkyl-S(O),- and aryl-S(O),-.

“Alkoxy" refers to the group -OR where R is alkyl. Preferred alkoxy
groups include, by way of example, methoxy, ethoxy, n-propoxy, isopropoxy, -



wherein RL, R2 and R3 are as def ned above, with a hydroxyPanRe28%3 f or nul a
VI: . HONHR VI wherein R4 is as defined above, under conventiona
reaction conditions. This coupling reaction is typically conducted by
contacting the aryl carbonyl compound V with at |east one equival ent,
preferably about 1.1 to about 2 equivalents, of hydroxylamne VI in an

i nert polar solvent such as nethanol, ethanol, 1,4-dioxane,

t et rahydrof uran, dinethyl sulfoude, or dijgethylformam de. This reaction is
preferably conducted at a tenperature of Tromabout 0 C to about 100C for

about 1 to aboui 4 f jonally, a catalytic a Nt of cid, such
as hydrochl or i’?:"{"é‘S?’&f}géé’Z‘f‘%‘% g‘%??‘ﬂﬂ’ﬂg{‘a?“i?g‘ﬂ%’s P‘?HCF‘E}% %%glc#-%?ﬁgpﬁo&% gel
rnay be enployed in this reaction. Whien R in formula Vis -C(OR,, at

| east two equi val en"ItSZbOf tt;édr oxylamne VI are enployed in this coupling
reaction. Upon conpiSubstinted falkopy” refarstto an alkaxg geoup, laving e dttotSut sd ar yl
nitroae of formula i is recccvei)g’d by conyenti.onal tho%{s i ncl udi ng

preci pi t at i on, SUPFHRERE. 39H REsferablyciram l toohsubstintents, selosted drom fhey EPWR N, and

sublimtion. The . “ﬁ-&mg ~ radl-a yed in the above
descri bed coup%%%lgﬁﬁlrée%@c%&g%%ﬁre er't glrgqfrr%%\% Cgun[f)sg,rﬁ%sﬁjt@ygorrpounds t hat
can be prepar eﬂkdmgoarbllmﬂy\mko Fantiio, Cmiing NdubStitaded RfndRE QiR arboRyl,

exanpl e, aryl car onég1 conpounds of fornmula V where R_is -C(OzRS are
readi |y pr eparaminocarponylspiao pgomocarbonylexy, acyl) anylaxy, azide,trarhosyk €3pmndi ng

4- hydr oxy deriyati For.. N referred, enpodi nent. S5-di-tert
but yl - 4. hydro%?ﬁ%’&ﬁ&s&.eé‘}?%@%?%‘gﬂﬁlaﬁ%’g?‘%&%dﬂ”ﬂﬁ%ﬁ' &%%Q@S?ﬁ?ﬂ', 1001 W
St. Paul Aven%s%@mbmxwmio%,@gaﬁmm@s acetyl at.ed by contacting
t he benzal dehyde with excess acetic anhydri de is the presence of an acid

cat al yst) suchalld-S§(0)- rdr$E©)aclkyl-$(@)}-and drydsS(@)er ol ysi s of the
internedi ate acetal, to afford 4-acetoxy-3,5-di-serf-butyl benzal dehyde.
Q her carboxylic anhydrides may al so be enployed is this reaction

i ncl udi ng, by way of ﬁﬁ@{ rapl.onj drA i i de or

i sobutyric anhydri deA.‘IE erbﬁ’g?(?vtgr&,pwsﬁ%%p%rrgéﬁg%%%tgﬁé%gs pr p%; ed by
acyl atioa of tdeloatkyydroxy conpound with other acylating agents, such as
acyl halides, under conventional reaction conditions. The acyl halides
enployed is this reaction are preferably acyl chlorides or acyl brom des,

such as acetyl chl od}] ] Ri i (e - yryl

chl ori de or isobutyr#&’ﬁ%%@%ﬁi@f,l@ﬁﬁ%gsF%ghgtqré{pr{}/ibfsﬁgao(ﬁgukc&é‘g%g he
presence of a mydrégday ARl Nyl loakyl,randtHryik alkyhér cycalklgt ral i ze the acid
generated during the reaction. Simlarly, the aryl carbonyl conpounds of
formula V where R~ is -C(ONR6R are readily prepared by reaction of the
Co e o LY BH LA B Wk RRF P B b B OO

3, 5-di -t ert - buhydrodarbot }i??éféﬁb f frém' EAGhEEL 19 datbdif Wyhi,SAGéanate to
afford 4-(ethylam nocarbonyl oxy) -3, 5-di tertbutyl benzal dehyde. Typi cally,
this reaction pefarahlydvmed taf carlivinatems ambstilbmorespreferably 1 te6 cadbon atoms, such

as N, N-di net hylformanj de, in_t resence of ap excess of trial kyl am ne,
Such as t 1 e Myt cepmpliard By iops ot W B8l ZPTPRL PROPEAR | on

i ncl udi ng, by L k4100 40510 i I L Socyanat e.
Addi tionally, pﬁil’ ggr%'/’}‘{’{‘:'g‘? t[otﬂlﬁl’ gg‘r?pg%lﬂ% S (%T éﬁ)’%ﬁurﬁ%?\/%% %Mv?lg '
- CHRO- X- R8 ar ealkglidifeys @ apdkyrbyp hedng from 1 ke6 caboeapandi ng 4 hydr oxy

derivative with a conpound of the fornmula L-CHR -X-R8) where L is a |eaving
group, such as a halogen or a sulfonate ester, and R8, RO and X are as

defined herein. Typkgall. | §»reaction i.s.conduct ed gntacting the
4- hydr oxy 02 June %é@%@l \fﬁéﬁ/ 4 lﬁom tﬁc?m;\lhtgégl kyl at ng
agent in the pLARRRERsCindtefFHITRIOM 1 3B 4Ebstilend, Eéléc?é(i(ﬁfbﬁrﬂxé‘%muﬁlmh as
N, N-di i sopropyl ethylam ne,  in an inert diluent such as 1, 2-dichl oroethane.
Preferred al kytedsisting af ecytl sadytamine cadyfoxiyh aikoxp asnbstituted alkbxyle, by way of

exanmpl e, net hoxynet hyl chl ori de and 2-pet hoxyet hoxynet hy| chl ori de.
i a]Ycoxyca¥bonyl, alkoxycarbonylamino, amin%, substiXLted an%lino,( al\r/l!illl\llpocarbony{,

aminocarbonylamino, aminocarbonyloxy, aryl, aryloxy, azido, carboxyl, cyano,
cycloalkyl, substituted cycloalkyl, halogen, hydroxyl, keto, nitro, thioalkoxy,
substituted thioalkoxy, thioaryloxy, thioketo, thiol,



The hydr oxyl am ne conpounds of formula Vr above are al so kﬁgmnégﬂ%%unds or
conpounds whi ch can be prepared from known conpounds by conventi onal
procedures. Typi caQy) the hydroxyl am ne conpounds of forrmula VI are
prepared by reducing the corresponding vitro conpound (i.e., R -NO-,
wherein R is as defined above) using a suitable reducing agent such as
activated zinclacetic acid, activated z+msd-amoni um chloride or an

al um num mercury amal gam This reaction is typically conducted at a
tenperature ramgl'.&@))f,r@ym.ggw,ta]&ﬁc:s@)rﬁ@m—ylmgg-‘f or about 0.5 to 12 hours,
preferably about 2 to 6 hours, in an aqueous reaction nedia, such as an

al cohol /water m xture in the case of the zinc reagents or an etherlwater

i xt inth f.th 1 NUK .. Ali phat. it d i
the form of their cARvEpecrien s ButEhtneh & WaRcis: SHHEL "o ng bor ane
i s tetrahydr ofyd@Barbdi gﬁgpgﬁ@@dmsdmmag RGNED 10%4fodn! M | 1 Ly, such

conpounds are Qgenerall pared i nmedi ately prior to reaction wth the

aryl carbony! pooferpblyrfcomnfl tb érombom adomr Thisreradistexemphifjddy groapd suchuse in
this invention include N isopropyl hydr oxij/l am ne, N n propyl hydroxyl am ne, N

n- bur yl hydr ox {egiylene (-G ot frHx)y | thgprpylergigomers (€.g.,

N- cycl ohexyl hy, 1 . ki cal Conpositions Wen enpl oyed as
phar maceut i calgﬁmﬁg 2&%6&?@@5@%}),{ uted aryl nitrones of this invention
are typically admnistered in the formof a pharm-lceuticai conposition.

Such conpositions can be prepared using procedures well laiown in the
phar maceut i cal art“Slﬂhsaﬂm&leae”aneff{rpmﬂh]llem:gmuphmng)&mnl‘to5 02 June

omormmeeut coPRpabepbe BN I SRR MRSl )"
adm ni stered %ﬁs‘isﬁ?%%‘f‘i@}‘l! &%ﬂg%?{@x?emgﬁth%ggg’l n the light of

the relevant circunstances, “inclu he ¢ treated) the

chosen rout e alkoaybartwinyl,ralitoxyoarbbindaminb|iahino sobstitackd adhing)i tiaccadbordyhe age,
wei ght) and response of the individual patient and the severity of the
patient's synpEdasarbopdaming, spdrqearbopylozy gk REylenYs agido ¢arkoxyh\@@89.0n can

be adm nist Lt . Cncl udi . tion.
oral) toptcal {pBet AP AN T ERRY, il oo idandity ot on
i ntranuscul ar thiekeio,i thiol 2alidlsd(0)HapArSiO)y allky115(0),- akages(@)ut e of delivery,

t he conpounds of this invention are preferably fornulated as either oral,
topical or injectable conpositions. Pharmaceutical conpositions for oral

adm ni stration can.take ~e fo bul k | i gui ol utio ensi ons) or
bul k powders. More %‘@ﬂ%}ml&_??ef%%b‘é’ﬁvaiﬁh%é‘ﬁ%’g .@%@M‘@Eﬁt ed in
unit dosage f @pafciBoh dedup profefabdy BaVing BofiOB M caftsh dt8hshnd/floke dosage
forms" refers to physically discrete units suitable as unitary dosages for

human subj ect preferablytZhter 6 narham Rwmsciad having tat leasitlzndipreferably ot le? sitesed
gquantity of active material. calculated to oduc he desired therapeutic
affect. Vi asObeiderranroph Hipls bor phisfiatih,  bRle iy CERMb BARIE Ty D; o

unit dosage fg&{yﬁ#@egm m@{“iogb | (-eHEOBefyr ed anpul es or syringes of the

| i qui d conpositrons or pills, ets, 3absu es or the like is the case of
solid conpositions. In such conpositions, the nitrone conmpound is usually a
m nor conponent (fromabout 0.1 to about 509 by weight or preferably from

about 1 to about 40Substiutadaliamyl” yefers toan alkyayl geup h3gingfram A s vehi cl es

Form Li qui o FavRuREE: B Brchudiy OaR o 3 b, Bl B B S P o
aqueous or aoRgflifREOM B, ﬁbﬁaﬂdoha%%iy‘?'éﬁdoxﬂ@pﬁt@lb@ﬁlk@ﬂﬁ di spensi ng
agents, colorants and fl avors. Solid forms may i nclude, for exanple, any of

t he fo(iow ng alkegyeubenyl salkexycebopylamitw, afming, substited aminos amingcasbomyds such

as mcrocrystall.ine cel]ul.ose) .gumtragacanth or, gel atin: an ezcini eat such

as starch or awcmym’-%wﬂﬂ%@"a@é%w i@‘ﬂg%g"rz iﬁﬁgﬁﬂgn?y@lﬂch as

al gini c acid, i I Ch, I Lean ag. si um

stearate; a glﬁgg%gggg%%%%%ﬁ10| gelﬂ Ehsl?%nbgﬁd[g}le}gk?%@?ﬁgo’s%eten hg agent

such as sucr osgbstitutsd tibdkaxy, tdoargioxy athivketq tidgignt such as pepperm nt,

met hyl salicylate) or orange flavori n?. Topi cal conpositions are typically
- -

fornul at ed as akH&Or-anrrydiH{Ods alkydS(0),- and aryl-S(0),-.

“Amino” refers to the group -NH,.



cream containing the active ingredient(s), generally is an Gnet2008ngi ng
fromabout 0.01 to about 20 % by weight, preferably fromabout 0.1 to about
10 % by weight, and nore preferably fromabout 0.5 to about i5% by wei ght.
When fornul ated as an ointnent, the active ingredients will typically be
conbined with either a paraffinic or a water-m scible oi ntnent base.
Alternatively, the active ingredients nmayide fornmulated in a creamwth,
for exanple, an oil-in-water cream base. Such topical fornulations are

wel | -known in the arguRfRAMEhS tefers B8 tddRodf FidR) ORRbreledd RYE ent's to
enhance the dermal penetration or stability of thée active Ingredients or

t he fornul at i oindeféndenttynyetactedSranh thehgreup ocomisting of hydrogdis alkyé, sabistitaiedt er ed
by a transdermal deyice. Accordingly. topical admnistration can be
atcompl i shed udionl lkepsh spsERtRALke. alig L subspigred alvpd, sl weleslihe ¢ ype

or of a solid FdoX, vard J C 1L i based
upon i nj ect abl ?Jg'?gﬁdl té’%%é@ﬁ%ﬁ%@ﬁﬁ%%*&r@@gg‘? ?oréaﬁ/% &%H?é?
i nj ectabl e car ptdaps Whevboth R gro@pedre hydtogoef-DI(R), it &R amind @rolrpr i substi t ut ed

aryl nitrone conpound in such conpositions is typically a m nor conponent,
often being fromabout 0.0S to 10% by weight with the renmai nder being the

injectable carrier. ,JThe above-describ conpo éﬁy{o or al and topically
admi ni strabl e or inj %H%P@%%%ﬁ%@ﬁ@gﬁ%g@}q&m WHSIRERS ive. Ot her
material s as wﬁ{degaﬂem)pﬁﬁﬁé'ea £ A1 A8 2y ABAch N Gr Whkfe BE R Srohpd At h 10
Part 8 of Renm~~ton's [|° har rr%cg&?‘?éraa?y Sci e%ce%l,&li’g%h editléongﬂl%go, Mack
Publ i shi ng Conjuingd) toFamm an alkiplenagydupani a, 18042, which is incorporated
herein by reference. 02 June 2003 -- 25 - The conpounds of this invention
can al so be'administered in sustained release forms or from sustai ned

rel ease drug deli vemén%%&%%lgﬁ aﬁ%asrgfc'. wiﬂ@@%éﬁ“&ﬁ@?ﬁ?@f@ﬂ?ﬁéﬁtﬁwed

rel ease materials ca nd 1T n the T ncorpora

Remirigton's Phaef@lentty hydtbgen, alkyl,Refisor cjiiBalkyl, lopwitRe: fwe Rigk@lps ke exanpl es
iiiustrate representative pharnmaceutical conpositions of this invention.
The present i njeined Orformenalkylencigroupot linited to the fol | owi ng

phar maceuti cal conpositions. A conpound of fornmula | is adm xed as a dry
powder with a dry gelatin binder in an approXimate 1:2 weight ratio. A

m nor amount of nagMRsiikdBafiof ’erdfé‘s%jdﬂ%r@ﬁ) DE@INREERhere Bagh Riixture is
formed into 240-270 ng tablets {80-90 ng of active nitrone conpound per
tablet) in a t andependentdy bydrogennalkyl,iasyl a cycloalbyudrwhere the R groups are

joined to form an alkylene group.

“Aryl" refers to an unsaturated aromatic carbocyclic group of from 6 to 14
carbon atoms having a single ring (¢.g., phenyl) or multiple condensed rings (e.g.,
naphthyl or anthryl). Preferred aryls include phenyl and naphthyl. Unless
otherwise constrained by the definition for the individual substituent, such éryl
groups can optionally be substituted with from 1 to 5 substituents, preferably 1 to
3 substituents, selected from the group consisting of acyl, acylamino, acyloxy,
alkenyl, substituted alkenyl, alkoxy, substituted alkoxy, alkoxycarbonyl, alkyl,
substinuted alkyl, alkynyl, substituted alkynyl, amino, substituted amino,
aminocarbonyl, aminocarbonylamino, aminocarbonyloxy, aryl, aryloxy, azido,
carboxyl, cyano, cycloalkyl, substituted cycloalkyl, halogen, hydroxyl, nitro,
thioalkoxy, substituted thioalkoxy, thioaryloxy, thiol, alkyl-S(O)-, aryl-S(O)-,
alkyl-S(0),- and aryl-S(O),-. -

"Aryloxy" refers to the group -OR where R is aryl.



A conpound of formula | is admixed as a dry powder with a $2avB8289% uent in
an approximate 1:1 weight ratio. The mxture is filled into 2S0 ng capsul es
(125 ng of active nitrone conmpound per capsule). A conpound of fornula I
(125 ny), sucrose (1.75 g) and xanthan gum (4 ng) are bl ended, passed
through a No. 10 nesh U. S. sieve, and then mxed with a previously nade
solution of mcrocrystaliine cellul ose and sodi um car boxynet hyl cell ul ose
(11:89, 50 ng) in water. Sodi um benzoate;10 ng)) flavor, and color are
diluted with water and added with stirring. Sufficient water is then added
to produce a total - wggq,pf i gmg, g | | i ssol ved
in a buffered steri?(gjcsal I nerﬁ?%?goc?-ggtﬁlg agu ou ge%‘?‘ﬁ%@(}ﬂgaﬁﬂgﬁc%ﬂtﬁfati on
of appr oxi mat eliayiry agingit cyclic i dumeltipODndens2®d or bridgeelarings vettictobal bg 2S0 Q)
and white petrol atum (2 are nelted at about 75C and then a m xture of

; SO
a compound of QRSHOH%”YaS“let{tS%%d)’I,‘h fremn tophalkylegroups. oS cycloalisl groupsinen (0. 15
, sodium | o : e di ssol ved
T ater ( aboundisg ) PhEoerathef®, st ik ARCOEE sBS Byctbordgi 1) 1500t T
it congeal s. AfRembusiiclopeapE icytiosctyk, h&n&hﬂcﬁ:lbﬁlb?jﬁl?i!lﬁlétbil@ﬁl@géﬁ]tylm-t rones

of this invention have been discovered to inhibit e induction o
i nduci bl e cyl coethylyeclaeatyl(qanulppleardiridged ving stmudsines such assidamertanyl. The

physi ol ogical ly agtive | eukotriepnes and/ or to be effectjve_in_varjious in
Yo arthr it SRl cxEaRU B ot rcRaiksd ermie Tk o Aub Surrtod

conposi tions of is invention find use as therapeutics for treating

i nflammation-related conditions in mammal s i ncludi ng humans. | n particular,
t he conpounds of this invention have been discovered to effectively inhibit
the induction of inducible cyclooxygenase (COX-2), the release of which
results in prostagl ambstifted cyplepkyl™ refess 1 pxcloalioptigroup having fzem 19 X he

COX ¢ ) . : h h
known t o ex: ot Abptets. 08 RERERF A6 27 SRR iR SRRt |2 1O
of the enzyne é@gﬁﬁngafm,tacyhgﬁﬁ@sacmﬁy,omgms _he ot her hand,

3§
is an inducible fornn of the enzyme associated with the production of PGEZ
and i nf | anmat | dkoxyeatbiooyl, alkekyearbanylanino,i asning cmbstituied aming giniinecasbanyih t
selective inhibition of COX-2 formation will proyide t.herapeutic agents
whi oh of fect ] vEPOPERCRTIRG) RN h A dnamiay. AHE GRotHb SRl

ef fects associ ajpehidi ! fubsitiieRichbioRiyf, heie¥er HAY, Kot nitro, ShidaRokfe
conpounds of this invention have been discovered to inhibit the release
PGE2, such conpistisitedshivalioxy,thicagdoxy, dkivkete, ioddeases or conditions

characterized verpr cti a dysr ted production of

prost agl adi n %ﬁ%aﬂ@*ﬁ@v q"ﬁﬂl‘ @ﬁt@ﬁfﬁ%ﬂbﬁﬁ ons. 02 June 2003 --27
Anmong the inflammtion related conditions which my be~treated with the
3,4,5-trisubstituted aryl nitrone conpounds and pharmaceutical conpositions
of this invention al@ycleakexys réferate thé group RORt where Rnislcyclioalfrylou8uchot | i mit ed
to, rheumatoid arthritis) osteoarthritis ankill osi.ng spoadylitis, systemc

| upus eryt hem?&%@’%{rﬂowdﬁlﬁ‘??s@a‘?’%ﬂﬁ eXagplenCHEPPSIEINY a ARhEYRler@Yat ed
conditions include, by way of illustration, inflammatory bowel disease
(1BD)) septic shock, erythema nodosum | eprosy, septicem a, uveitis, adult
respiratory distressCelodkat fféitPR i cpilidalkengl £oiph O froned (010 edrbadmmat ory
condi tions, and cardioinflammatory conditions. As discussed above, the
conpounds descriomsdaninge single eydigiringoind at dgastens pointpf irteinal yasaturationg
delivery systens, .Injectian se, |l evels . treat) i nfl ammtion- rel ated
condi ti ons rang’z‘cﬁ%%ﬁlﬁ’gﬂ? Yy Iﬁ'ﬁ?l‘f’d&‘%?% lafptzl B9y xl?{ﬂpﬂeétﬂf ., all
for fxom about  }: . had |

pr el oadi ng bol El‘ém?))& @?%&g&@fﬁrﬂ%ﬁ% 'gﬁfgﬁgggédtcy?éﬁeﬁ%?g@%r brr‘%rﬁgx %ay al so
be admi ni st er ednylpadd&yctooet-3@dagluat e steady state |evels. The nmaxi num tot al

dose is not expected to exceed about 2 glday for a 40 to 80 kg human
patient.

“Substituted cycloalkenyl” refers to a cycloalkenyl group having from 1 to
5 substituents, and preferably from 1 to 3 substiutents, selected from the group -
consisting of acyl, acylamino, acyloxy, alkoxy, substituted alkoxy,
alkoxycarbonyl, alkoxycarbonylamino, amino, substituted amino, aminocarbonyl,



For the treatnent of long-termconditions, such as arthritig? Juhe20@i nen
for treatnment nay stretch over many nonths or years so oral dosing is
preferred for patient conveni ence and tol erance. Wth oral dosing, one to
five and especially two to four and typically three oral doses per day are
representative reginens. Using thesia dosi ng patterns, each dose provides
fromabout 0.1 to about 20 ng/ kg of qﬁe nitrone, wth preferred doses each
provi ding fromabout 0.1 to about 10 ng/ kg and especially about 1 to about
5 ng/ kg. The conpounds of this invention can be adm nistered as the sole
acti ve agenf@mgocarhonylaming amsgneaniosyloxpdrylnarylonyi #7449, sabakylhcxdoner active

ve POyt s HBRer ot
Perortal anl o AR ERRRIURET AR R AR vt RO ARREBEoatk . el gosi ¢

agent s such satstingedihicaimxyathibatylbkyithiskdto, thiotl ot her active nitrone
derivati ves. June 3 novel 5-trisubstituted aryl
ni trones of awl-gg%mkﬁgﬂ%—a‘?@%‘%@q ‘H‘Qé"’ﬁ%@)ﬁl ytical reagents, i.e. as

spin traps, for detecting unstable free radicals using electron spin
resonance (FSR) spectroscopy and rel ated techni ques. Wen used as

Halo" ohthakegend refers dorf b f
anal yti cal reagefiHglo" ohthategend refers dorfuemdshlerd, brioimn dnduedd.i Prefemed t ypical |y
cont act ed 'tlh t he radi.gﬁl to be fl{ udied is solution and an ESR spectrum
generated i 20 BRI ¢ 5Iﬂ“ﬂ§§’n‘f{é: S particular, the nitrones of this
invention may be used to detect and identify free radicals in biological
systems. Any ESR spectromet er) such as a JEOL JES- FE3XG spectroneter, may
be enpl oyed in t fidydrogxlpsefersda the erqymiQid) | y) the sol ution containing the
spin trap will be deoxygenated by, for exanple, bubbling argon or nitrogen
t hrough the solution before the ESR experinent is conducted. Preferably, as
excess of the ni tKetweor x0% sders ito thiegdtodp.=<ER experinents. The act ual
experinmental procedures enployed in the spin-trapping experinent wll
depend on a nunber of'factors, such as the nmanner of radical production,
the inertness of «\hg"$&Heitq tm;.a%.g ajgents with respect to the spin trap,
and the lifetine of the sp?n a LLilcg:t. ¥pin trapping procedures are well
known in the art and the exact procedure enployed can be determ ned by
Spim trappi ng expEPRRERE SR §dte BoBR ek Paredk A, n . A Cvans. - Spin
Trapping") Aldrichimca Acta, (1.979), 12(2), 23 29) and references cited
therein. The follg&ng S rﬁ'_thetic agfg bi ollggilgal exanpl es gre offered to
illustrate this i“hubstiyteshthinalikoxye refers to a tiyeatkoxysgroup Having fam Wy as
Fol 1 owi ng. gt uraer skt fah Off s PAlibles b RoER BRI ATRER, O ooy °
defined bel oansisting of eyl acyianeing,| dcyloay.caiuxgdsulssiiated. alkoty; broad doubl et bs -
decomposeddFkesy | AlexER TR, BHEG O ML AT ARSI,
deconposeddP¥e¥ - [BE@X: 0. 3HHQPHD 1 t
assayEt OAC- 4t vk RfPhAlREhidocEbBAIBk r;ﬁ?m- DY, S4Box 1 Syhkd,P- .
i ntraperi toﬁeal L- | i?‘er m  mul toicpl e?%‘i n)garn}lg'nu esK}L mol ar I\/(lzex met’hanol ng ' -
m | i gr amvHeycloalgphsubstituted aycloalkyl, thalogem hydmxyl, keto] mitropthioalikeiyj ng poi nt N-

nor mal po- per, Qs ral q- quartetquint..- quiniets- singlett~ tripletTHF-
t et r ahydr of ﬁ?béﬂfqtﬁ‘f&‘f%?xaa%r@ﬂ%‘%ﬁﬂ?ﬁfﬁ'%ﬂbp. g- mcrogramulL- mcroliterW
ul travi ol et 41kyl-S(0O)-, aryl-S(0)-, alkyl-S(0),- and aryl-S(0),-.

[e)2

“Thioaryloxy"” refers to the group -SR where R is aryl.

“Thioketo” refers to the group =S.

“Thiol” refers to the group -SH.



In the exanpl es bel ow, all tenperatures are in degrees Cel Q?dé‘“?aﬂﬁa%ss

ot herwi se indicated). Exanple A-N describe the synthesis of internedi ates
useful for preparing nitrones of this invention; Exanples 1-19 describe the
synt hesi s of various nitrones; and Exanples |-Vl describe the testing of
such conpounds. 02 June 2003 --30- Exami A Synthesis of N

t ent - But yt hydr oxyl am ae Zi nc dust (648 g)‘ Was added in portions to a cool ed
m xture of 2-nethyl - 2 ni t ropr gpane (503 and anmoni um chl ori de (207 g) in
dei oni zed water (6 [Bhagmacayss WR%&@%S%E Keferntg Hyasal Qfﬁém@ia ise

Chen fi1t6; elh?wsﬁ%vﬁ@h&%%% e g S sty bRiogigmy 3”2
filtrate was sginefwiketndisiribld0Sadsdals nty teabdived fbaba Kaietd 3¢ ofshicampied Wi th

ethyl acetate (2 x 1300 nL). The organi C solution was dried over anhydrous
sodi um sul f at einotgduimmmmﬁobsrmlbkqovm/muhe attewid fimcladey by tvhay dfiexhmpleonpound

(329 g, 75.7% Id) as ite crystal This material was used w t hout
further purifl Qﬁ‘g ‘@'E%‘FE ‘a’i‘f‘ SSIIm, AMPEANM, ANA\R ( CDJ 3,

?ngy;f))w ﬁy;rox%&#&%g’ﬂl ng’ %ﬁproceé&r%%ﬁ? agi*ﬁgge%mg% salts of

2-ni tropropaneor driihdrgamio apids\sickvas hpdreptdodde, h-ﬁhﬁ)lﬁémi& Birgsexyl am ne
product was used without further purification. Exanp Ie C Synthesis of N

Cycl ohexyi hydr m@?ﬂ&tﬁ) aeetatyi meatpeangdrazelatn r Ehetermx phiyms Yreacgeniable

t | oh the.titl { l
Cyc onexy! hydr Saine et G p RS R ol SARRE &ﬁiﬁ&ﬁﬁg&?ﬁ?‘ﬁﬁﬁeﬁ‘ﬁéf om
Al drich Chem caincleRM3potp. | Stch cMohy\@l‘é@@m ’ﬁﬁe@@ﬁs&ﬂﬁ&nnﬁb‘%ﬁﬁ Z(%Eu?ﬁht h a

base) such as potassium carbonate, to provi de the title conpound
magnesium, ammonium, and tetraalkylammonium cations.

()

General Synthetic Procedures

The 3,4,5-trisubstituted aryl nitrones 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 or
pressures) are given, other process conditions can also be used unless otherwise
stated. Optimum reaction conditions may vary with the particular reactants or
solvent used, but such conditions can be determined by one skilled in the art by

routine optimization procedures.

Additionally, as will be apparent to those skilled in the art, conventional
protecting groups may be necessary to prevent certain functional groups from
undergoing undesired reactions. The choice of a suitable protecting group for a
particular functional group as well as suitable conditions for protection and
deprotection are well known id the art. For example, aumerous protecting
groups, and their introduction and removal, are described in T. W. Greene and G.

M. Wuts, Protecting Groups in Organic Synthesis, Second Edition, Wiley, New
York, 1991, and references cited therein. -



02 June 2003 -- 31 - Exanple D Synthesis of 02 June 2003

4- Acet oxy-3,5-di -tert-butyl benzal dehyde

3,S-Di-tert-butyl -4-hydroxybenzal dehyde (100 g, 0.411 noles) was placed in
a 5 L round-bottonmed flask equi pped with a nechanical stirrer. Acetic
anhydride (300 nL) was added with stirri ng foll owed by 70% perchloric acid
(0.600 nL). The solid immedi ate di ssol ved28nd a bl ue col ored sol ution
formed. The reaction mxture was stirred overnight under nitrogen. The

reactions progress was prefeaedinetwdiof syntissisathest, 4 Sdnigubstitued agfl nitrames efact i on)
thé flask was cgol.ed i.n an ice bath, ile stirring the reagction mxture

vi gorous(y) i ce®RPERIRR CRHA %%%\F‘Fg%ﬁy:lfjﬁb? ﬁ%m?‘?“&gl?%t"ér@éfﬁle&(\/varm
during addition of the water. A total of 2 L of water was added. An oil
separated and upon continuous stirring R oil solidified to provide brown
| unps. The brown | unps were separated irl a Buchner funnel and the solid was
washed freely with water to renow'Ggeti’c_acid. The solid was then dried

et hanol (250 nL) was added
concentrated hydrochloric acid (25 nL e regylting splution was boil ed

was poured into 2 L of water and al sepatrjat ed. - Upon conti nuous
stirring, the oil solidified to formbrown | gsps. The solid was separat ed
and packed in Buchner funnel and washed freely with water (about one
liter). The solid was then dried on a nechanical punp to afford the title
conmpound in 99.4%yield as a Light brown solid, mp. 6S.2-74. 5C
Spectroscopi ¢ dwhereindt'e Riand B |age\ss definedinpovecmith 2 hydoxyhmine of forgmdsVE1H s, .
carbonyl H, 7.86 (2H, s, phenyl H, 2.38 (3H, s, 3CH3), |1.39 (18H, s, 18
CH3) . 02 June 2003 -- 32 - Exanple E Synthesis of 4-1sob a tan oyt-3,5-d
i-tert-b a tyl benzal dehyde 3,5-Di -tert - BIO-WH-R¢ hydr oxybenzal dehyde (MO g,
0.041 nmol) was placed in a 500-nmL round-bottoned flask fitted with a
mechani cal stirrer. Isobutyric anhydride (40 nL) was added with stirring,
foll owed by 0.2 409 [ ' : Ld ] at el

di ssol ved %/o forg'%e%lnrlg‘dmég of?%éosp{ﬂ |’gﬁq&%hgvern§§@?%ﬁ%é? urgb‘(’a\i\/as gti rred
over ni ght under nitrogen. The reaction progress was determ ned by TLC.
After conpletion of reactign) the reactiqon mxture was cooled in an ice

bath and added to 408higrogplingFeasBenirdypically; qonductsd by cpatagting theiatyki xt ur e
becane war m and j i t 1 e

chl ori de and thgﬁg?[gg%?cf I agg‘{r %g?v\i%%t?gg c\%ﬁ?ﬂgﬁg W@Pb{rﬁ%% QX 100
m), water 2 X &Qfvakints,afliydrogylaniinedd ioweinerappiassolventssutl at methdiok, sol vent
was renoved in vacu fford a.red oil. To_ a solution of red.oil in
et hanol (200 m fosid. LBrfh Sy s an; AP R e o el Fripmide
resul ting sol ut THR pARKoR N prefrdblf conlictBd A Rmpaitird HEfrsRlabdit 9PC\Webduef t to
cool. Wiile stirring, the mxture was then poured into 2 L of water and an

oi | separated. URRIC fovaboutldosbeuti4Briionts, @ptivnaily, asualalyticfameuntief apraoidn | unps.
Wt vater o S MmeRer s ettt P epeUpic 474 o SEHER AR ien -
dried on a mch%&?gﬁﬁmr&&aﬁf Wﬁéntlthntfaﬁdlﬁavqymgy@,@é?smai el d) which

was used w thout er purifcation. Exanple F Synthesis o

S 5Dt or 2 but y i by vxybenzal dohyde. L1500, 062 ol ) s placed
,5-Di-tert-butyl -4- r enzal de . .0, 0. . D S aced in a
200- L 1 ound: botPBREHOT P FaPgt diand 1o Sistied sl nicin PEITRNBAR yr i
anhydride (50 VEsd gglq, iddal mikeihbid el I et cgm%@l@q npf 40%
perchloric aci 311- he sg?i iem%l at&\ y di gg{)u?\ﬂé%o ?%rm a blue col ored

sol ution. The r eguatdtion, filt@fon) Wistill3A6H and s@imationxt ure was stirred overni ght

under nitrogen. The reaction progress was determ ned by TLC. After
conpl etion of reaction, the reaction mxture was cooled in an ice bath and

added to 400 nmlL of wvi . I E’ud.dg- . ] ane warm
and an oil separat edﬂ‘?’%@v%}‘o%g’é&t ractggﬁﬁ{ahv-r%lﬁﬁ e{rllltem%ﬁ?’ggi de and the
organi c | ayer wasscribsheshplibg feablonNaididiet kiodl @ompoundbd vi coengouiddsthdt@dn ) )

water (4 X 100 nL) and dried ‘over SCa.. The solvent was renpved in vacuo
to aff ((_.,r d ared bgi)prqpared from known comlvpgounds by conventional procedures. For example,

aryl carbonyl compounds of formula V where R! is -C(O)R® are readily prepared



To a solution of the red oil in ethanol (200 m.) was added @ohuter00dt ed
hydrochloric acid (40 nm.). The resulting solution was boiled for ten

m nutes and left to cool. Wile stirring, the m xture was then poured into
2 L of water and an oil separated. Upon continuous stirring, the oil did
not solidify) so the mxture was extracted with nethyl ene chloride. The
organic | ayer was washed with saturated-f8HC03 (2 X 100 nlL), water (3 X 100
m.) and dried over MySGa. The sol vent was renoved in vacuo to afford the
title conpoundyasylatioreof he kcolréspotidiny ideiydromyhdesivatives Eurakaiple)@uh f urt her
purification. Exanple G Synthesis, of )

4- n- Pent anoy| Peefered embodimgpt, ) Hdnieet- syl ey droxybenzaldehyde (available from

= 500 . r ounduiiet GBeR Gy 19B| FE NG Falt Aveihud heiduree oWy D5 SR 7"

anhydri de (50 2641) i8a8eridia by WohBoid e bRGzaldeRYAOWRS eftésachl aflydtide %

perchloric acid. The solid inmedi ately dissolVed to m a green col ored
sol uti on. The theepresdénoe ofrax acid eatakyst, suchr asqebrchlerianacid)tfollawal bynhydrolysis .of The

[ eacti on i xt ORCEeA B GO 40 AHONL AT b BV DGR oDther
' I ti I el ' 4 ' t ed.
The oil vos exPosyiEpRiEe miy Radhe blyRfRPaR HHEh M Afe Y waPBE T ©

washed wi th S5%Naple, propioniariliyliridd) rbubio ahhydid: (Eﬂ-i);obu?'lo%nhbarid%.loo n) and
dried over magnesium sul fate. The solvent was renoved in vacuo to afford a
thick oil.  Gdtcguativelyoesh conmounds cps be prepaned bynacylation of dhe 4-hydrexhanol (200

m dded hydrochl or | id (5 . Th | L
Col ut | on” s, ORGP Bt lee APYISSHER, ik eyl Etes. wier SSRiPRl ¢ ne
m xture was thenaR\haditiom! Orite deyPhaliRl %& gziﬁ{khﬁ'rlaac%%ﬁﬁf &?eraﬁl’?‘&?};lr act ed

continuous stirring, the oil did not soll so the mxture was™ e
wi t h et hyl enehixrides ddacyl Promidesyanclcad aptyl chinsideyesétgtbrontide, paopiomied NaHCO-

(3 X50 m), er. {5,X 100 and dried qyer. SOa. The sol vept S
removed in va\gﬁf""t“&' ﬁﬂ‘ﬁ’?’% %qu@q’é‘g'ﬁglouml%?él aﬁ%‘&a‘iﬁqn W@(ﬁg“used
W thout furth Lfn) i‘@‘“!?’ j: : .

4- ( Et hyl am no?g?g%%/ %%%‘ , l?ﬂ@ékﬁc%%% nza dgi?e e To gllesaS}duti on of

3, 5-di - t er t - byjeyératedinging xhyebeactidndehyde (5 g, 20 mmoi) in DMF (100 nl) was

added triethylamne (3.5 nL, 25 mmol) and the solution was stirred for 15
mn at roomtenperature. Ethyl isocyanate ( 1.9S nL, 25 mmol) was added and

the reaction m xtur, i (o) til no nore
hydr oxybenzal dehydeﬁ%ggéﬁzt%g{yzwaﬁewhg&ég%@y‘gﬁ%ég’bl?pand 0.89 for
starting nat ericpd)NRIRTArd rchdite prspeased by @eadtion bif thef daeipoadingCl-bifdroxy Was

concentrated by azeotropic removal of DM- with water. The resulting
suspensi on wadletivative with apisopyanatg (i-p., BaRAN =4reiONr Ferexample, ia e prefeacdn to

afford 96% of the .title,commound a.liaght buf Qlid, Spectroscopi ¢
data were as Ot Og\lléﬁ.’m’ i‘gﬁiﬁﬂ#’m&aﬁmlﬁ&gq@@fﬂy @'gqagtgdﬁlﬁ, S, ZI dglhyde
CHO, 8.04 (1 3 mé%gg . 1S3 inbedtb i 3.09 (2H

et hi/l CHz), (i |_é?fhﬂ.!';h(sl H, s@%ﬁ%@g ,(ediﬁf 07 (3H, O%Oﬂg?ﬁw&cﬁtg. i'C (NI\/R m
(DVSO- d6, 270 tutidbenzaldetiyaie. Aypicafly, thisifedctivn id dehdidyted 3GaBbiedtAgmPerasise O,

3t.4, 30.5. 02 June 2003 -- 35 - Exanple | Synthesis of
4- (n- Propy! ani lﬂ@éd?%ﬁ‘}‘!%%ﬂm%?%l“d?‘%%ﬂé 6,28 theRFacerAkAn ¢RCPss

compound was piesr At PSS! Dot~ OB sltls dulHcHIRIR! dohyde

and n-propyl isocyan ccording procedure
this reaction including, by way of illustration, n-propylisocyanate or n-

butylisocyanate.

Additionally, the aryl carbonyl compounds of formula V where R! is
-CHR®-X-R® are readily prepared by reacting the corresponding 4-hydroxy
derivative with a compound of the formula L-CHR’-X-R®, where L is a leaving -
group, such as a halogen or a sulfonate ester, and R®, R® and X are as defined
herein. Typically, this reaction is conducted by contacting the 4-hydroxy



described in Exanple H. The title conpound was i sol at ed |n020@n@@993el d as
an off white solid. Exanple J Synthesis of

4- (n- But yl am nocar bonyl oxy) - 3, 5-di -tert-butyl benzal dehyde The title
conmpound was prepared in DVF using 3,5-di-tert-butyl-4 hydroxybenzal dehyde
and n-butyl isocyanate according to tpe-procedure described in Exanple H
The title conpound was isolated in 87.5%yield~as a buff solid. Exanple K
Synt hesi s Oferivative with an excess of the alkylating agent in the presence of an equimolar

4- (2- Et hoxycar bonyl ) et hyl am nocar bon | oxy) - 3 5-di-tert-butyl benzal dehyde
The title cHBPEELA a%“%ﬁ‘@%\ﬁf%’& b ap N ropylethybanine. 1 ip an inaxt giluent

hydr oxybenz nat. [ to the
procedure d%lscg?l?%%eadl 9:@)@(&19&{4 ﬁﬁt&%#ﬁ?at page(%#p%ég{ﬁ%@va(@gf%g ed in 100%
yi el d as anijnefulle yi W&y @ﬁ&mdxpleEmmbkﬁnémﬁscnIohﬁsaﬁd Rimethoxyethoxymethyl

4- (2- Et hoxycar bo,@él ) et hyl am nocar bonyl oxy) -3, 5-di -tert-butyl benzal dehyde
The title cOWF ofide. prepared in DVF using 3,5-di-tert-butyl-

hydr oxybenzal dehyde and et hyl 2-isocyanatoacetate according to the

- procedure described in Exanple H The title conpound was isolated in 100%
yield as an off mnﬁ:@;qﬂdnﬁmmrﬁﬁodwﬁﬁﬂﬁawaﬁoﬁwm@km@ynt hesi s of

4- Met hoxynet hoxy- 3, 5-di -tert butyl benzal dehyde To a sol ution of

3, S-di - t er t coyupaundsiongamReRNdsawbich cpnhequenarey fgom kgowpsompounds by

40 ol ) andPRRY %ﬂ#ﬁf??eg%“’ﬁ?fﬁﬂfﬁﬁe% i A

Chl or onet hom&ﬂyﬁ@ﬂn@m&&moﬁm@m@mmsmﬂeq and the reaction

mxture was stirred for 1 h at roomtenperature and then refluxed for 16 h

“until no noReNQrawbsspihZaRs defingd abpre) udng suigblsyreducingagentsuch 78 f or
product and, Gy 201 R{c/a%éci’ﬁf&cgd‘ﬁic&%&&fi Iatﬁfﬁéﬁit%ﬁjchl% qd€§PARES/ Et GAc) . The

reaction m xture was cO00 room tenperature Snd washed with water. The

organi ¢ | ay elumimsn/erfmey hnalgesd. Ahis feletion éstypicsilypaumtuctet 4ta a silica gel
colum and eluted with m xture of pentanel Et QAc, The title _conpound was
i sol ated i nlCHRRSTAYLGrEIZNEEON BPw i Gl“P about 100°C for about 0.5 to 12 hous,

preferably about 2 to 6 hours, in an aqueous reaction media, such as an

=

N

alcohol/water mixture in the case of the zinc reagents or an ether/water mixture in
the case of the aluminum amalgams. Aliphatic pitto compounds (in the form of
their salts) can also be reduced to hydroxylamines using borane in tetrahydrofuran.
Since some hydroxylamines have limited stability, such compouﬁds are generally
prepared immediately prior to reaction with the aryl carbonyl compound of
formula V. | ‘

Preferred hydroxylamines for use {n this invention include N-
isopropylhydroxylamine, N-n-propylhydroxylamine, N-r-butylhydroxylamine, N-
tert-butylhydroxylamine, and N-cyclohexylhydroxylamine.

Pharmaceuti itions

When employed as pharmaceuticals, the 3,4,5-trisubstituted aryl nitrones
of this invention are typically administered in the form of a pharmdceutical
composition. Such compositions can be prepared using procedures well known in
the pharmaceutical art and t_:c'amnrife at least ane active compound.



Spectroscopic data were as follows: “H NVR (DVBO d6, 270 M32)Jung 2803 gg
(1H, s, aldehyde CHO, 7.80 (2H, s, phenyl H), 4.92 (2H, s) CH2), 3.64 (3H,
s, CH), 1.46 (18H, s, 6 CH).- "C NWR (DVsO-db, 270 MHz): S =192.1 |,

160. 11 ) 145.77, 131.6S, 128.SS) t00.98, S7.66, 3S.99 and 30.16. Exanple N
Synthesi s of 4-(2-Methoxy)ethoxymet ho*$=3, S-di -tert-butyl benzal dehyde To a
solution of 3,S-di-tert-butyl-4-hydroxybenzal dehyde (8 g, 33 mmol) in

1, 2- di chi or oet hahenefaliypthgicpmppunds g s imveqtign feeedHyRami ne (6.97 ni,
40 mmol ) ang th Lt i S | rred for t _room.te rature.

2Met hoxyet h xyﬁ&%@@%ﬁ%‘%%@%eﬁf@?ﬂ@%ﬁ%@% dded and t he
reaction m xdriinBteréiswitl typic Al HeQletetmihed by AGBRitiaNTIA R Kohe ofhd t hen at reflax
for 26 h until no _nore hydroxybenzal dehyde was detected by TLC (R~= 0.92

for product rel¢vantrircomstgnces;: ineluding thercondifion to be treated, thetehosengonteobAc) . The
reaction m xture s ¢ool ed, to roo r re and hed with water. The
organic | ayg‘i&%. onogheﬁﬁlgl M@W‘%ﬁ%ﬁer gﬁéﬁééﬁgr?ﬁgsFesi due
applied to af éklindddd@e patieat aithe sbefilyldfakk pitiefir's¥ykigises. of pent ane/ Et CAc.
The title conmpound was isolated (98 %yield) as a brown oil. Exanple 1

Synt hesis of a-(4-Acetoxy-3,5-di-tart-butyl phenyl) N tart-butyl nitrone

4- Acet oxy- 3, S-di - . : I 4] . ol s placed in
a 2 L round- bott@ﬁ%@#%qwggﬁm@wgﬁ?cwﬁot?ergrdgﬁs%geﬁg’gne (S00 ni)
was added aﬁ?ﬁﬁﬁblﬁ&@ﬂt&ﬂiﬁdmﬁﬁg, JiWi)eéfiuﬁHdaﬁoﬁ,hﬁaliﬁﬁiﬁdiﬁ rédegsol ved. To the

e

resulting r solution was added tart-butyl hydroxyl am ne {43.80 g, O0.49-
mol ) and si Feedegedl, suboutgpeoust jifgrayegous. igtramuscular; and detrapgsal.nDgpending whi ch
time TLC sh . i ni | i al, . =.0. oduct and
0.80 for ot ShuenieaBlEor dael she SRy b lveiadhlé sl e

. renoved in foraiuhteas@ithe! A Bopical ¢y igjeceble 2o@p6siticg] | d. The solid was
di ssolved in a m ni mum anount of ethyl acetate and the flask was left to

stand in the freezer. The white crystals which fornmed were separat ed,

washed wi th hexa Ea? ?PQI i Sade F %@m!ﬁ;ﬁ r the title
conmpound as a crgs a |rtfgz[l\§ﬁ'g?elso |f(¥ . 4% Y1 gog)c,gn#]@gpégggpgfm& 9C.
Spect r oscopibalkdiguiil sebutiensisr fuspensioss, or bulldew(iéRCiMor2 €8midda)y, b = 8.32 (LH,
3 oy 1. 3 howeier e rimposoniRR HesRbb i Sitigs s GiFGE | 4o - | 142, 6
129.7, 128. ’“}%g dine! ' -y . ' Egﬁ_gmié 2. Syt hesi's of
a- (4-1sobut éﬁ%y g -d%%?ﬁbﬁ%%ﬁén@ﬁ?{ a"f"g%?-q’é‘a'tw itr(r)‘%‘?aﬁéll'%k a solution
of 4-i sabut auitaple £ uBitaly-dosages fow hyunbe sibgécthedmd dehef Thadinags, edctO@dt nol ) in
benzene (200 nl).was gglded,t rt-butxkg%grox&gggﬁ?e WG 0..029 nol) and
p- t ol uenesul*PHAEEIHRT WW g ley] tpf(g'b‘,“que resul ting

desired therapeutic effect, in association with a suitable pharmaceutical excipient.

Typical unit dosage forms include prefilled, premeasured ampules or syringes of
the liquid compositions or pills, tablets, capsules or the like in the case of solid
compositions. In such compositions, the nitrone compound is usually a minor
component (from about 0.1 to about 50% by weight or preferably from about | to
about 40% by weight) with the remainder being various vehicles or carriers and
processing aids helpful for forming the desired dosing form.

Liquid forms suitable for oral administration may include a suitable
aqueous or nonaqueous vehicle with buffers, suspending and dispensing agents,
colorants and flavors. Solid forms may include, for example, any of the following
ingredients, or compounds of a similar nature: a binder such as microcrystalline

cellulose, gum tragacanth or gelatin: an excinient such as starch or



02 June 2003 __ 3g __ mxture was refluxed until no nore a@%éH%l%o%as
detected by TLC (R~ = 0.30 for product and 0.89 for starting material using
3:1 hexanes/ Et OAc). The solvent was renpved in vacuo and the residue was
thoroughly washed wi th hexanes. The title conpound was isolated in 50.8%
yield as a white solid, mp. 197.1- 208 ]%g Spectroscopi c data were as

fol | ows: H NVR (CDC13, 270 MHz): 8 = 8 (2H) s, phenyl) 7.51 (1H, s,

?iESLrogle l9cto§§cé‘l<%;{smt%gr§ %71%?791 s‘i i sobut . ra\émdclﬁ;i | . ol : 2 CHI) i 38
176.0, 130. 2  lubAcant such%3- :@agfu&ﬁ&n]steakﬁg alghdzdﬁt Juch?a§c§|z101aﬁ sﬁtcoﬁ%l %%dezg S
18.7. Exanple 3 Synthesis o 4-n-But anoyl - 3, 5-di -tert-butyl phenyl)

tert-butyl ni tsweetening zgestcﬂuuh amsucodse or saccharin; or a flavoring agent such as

4- n- but anoyl - 3, S-di -ter enzal dehyde (9.63 g, 0.032 nol) in benzene
(200 nl) was REPREminG M ?ﬂ?cﬁsﬁfaﬁ*ﬂe vogng)> g 0.040 nol) and

p-tol uenesul fonic acid (0 100 g). Using a Dean-Stark trap) the resulting
solution was refluxed until no nore al dehyde was detected by TLC (Rr= 0. 30
for product and O.PépitfdcompadifiorRGretipRiall fornmilatd & 4 tdpicad BREh&It@RC) . The
sol vent was renoved |n vacuo and the residue was crystallized from Et OAc

and hexanes meaﬁﬂgn@mngemmcm@dngrmmdgcmﬂb%qn@mmmmwﬁom sol i d,
N S e
(18H, s, 18%%@1111 afd "%”gypr%rﬂy?“ﬁg %‘)”“tm aboky Q%\K/Rmcﬁg' g@%

=1 73. 2, 149. Sforthifated asbaDintfhent, 2k tive Ingradientd will tﬁicaﬂiy baTofibingd. vﬁ)h 28 S
17.7, 13.8. 02 June 2003 -39 Exanple 4 ' Synthesis of

a- (4- Acet oxy- &t raumcya@wwﬁwwlwmmb%emmwb shesagtije i on of

L L i, 1 B g™ o

concentrat ed p¥shdake.oSich t@ﬁllcﬁi fohfllgfieiard welldindtmdn Beadit Midgdnetdlign, the

resul ting solution was refluxed until no nore al dehyde was detected by TLC
(Rt = 0.23 f oinclydecadditionabiingredicnisdp eghance itheydermabpengiration orstability of the
hexanesl Et OA\C% .The sol.vent s re ved in. vacuo and the residue was a red
oi | whi ch whefPVFRErFYFEy © H%‘% it turned into solid. The solid was
separated and washed conpl etel y W|th hexanes. The titled conpound was
isolated in 52.3 %yield as a white solid, mp. 176.8-180.4C. Spectroscopic
data were as foll o'\l\hccﬁmpdm oﬁmmvemmsolﬁadmiﬁstémbyamécmal

7.42 (1H, s, |t,ron 4. 20 2..35 , BCHB
1.50 EsH, d, 9e igghys fopical @%ﬁpﬁog |_%«%ﬁ:@)():rli?phfhedusm apatcil )

cither ot‘ the reservoir or porous membrane type or of a solid matrix variety.

Injectable compositions are typically based upon injectable sterile saline or
phosphate-buffered saline or other injectable carriers known in the art. As before,
the 3,4,5-trisubstituted aryl nitrone compound in such compositions is typically a
minor component, often being from about 0.05 to 10% by weight with the

rémainder being the injectable carrier.

The above-described components for orally and topically administrable or
injectable compositions are merely representative. Other materials as well as
processing techniques and the like are set forth in Part 8 of gemigg;bn's
Pharmaceutical Sciences, 18th edition, 1990, Mack Publishing Company, Easton, -

Pennsylvania, 18042, which is incorporated herein by reference.



13C NWR (CDC13, 270 MHz): a =170.7, 150.1, 142.7, 131.9, 12820un&2p08,

67.8, 35.5, 31.3, 22.6, 20.9. Exanple 5 Synthesis of

a- (4- Acetoxy-3,5-di-tert butyl pheapl)-N 1-hydrogy 2-nethpl prop-~ylnitrone
To a solution of 4-acetoxy-3,5-di-tert butyl benzal dehyde (10.0 g, 0.0362
nol ) in benzene (200 ni) was added N (1-hydroxy-2-nethyl prap-2-yl)

hydr oxyl amhi e (5.55 g, 0.0543 nol )“&ﬁd p-tol ueaesul fonic acid (0.090g).

Usi ng a Dean-Stark trap, the resultlng m xture was refluxed until no nore
al dehyde was detected by TLC(Rf 0.20 for product and 0.98 for starting
materiat using 1: I\mmﬂ@bh&)mvmﬁlénfrmvl%bemnwwustnln@écuo and the

resi due was e t t 8BS i.sol ated (83.9
% vyield) as :\é’?e B#%)Ef@&lsugs%%a‘?aeaéggﬁbg%38%9 pecgr 03¢ [t)llmclzogata wer e
as foll ows: repfégentative stiSihed reldde matdriald\dan GEDSUnd, in Hhenddpdrated=8. 30 (2H) s)
phenyl H), 7.46 (1H s, .nitronyl H). 3 79, (2H) s, 2 CHz), 2.36 (3H, s, 3
CH3), t. 60, @?tc{t}al@% - ¥ - cutigal o s 3C NVR (CDO 3, 270 I\/Hz) 8
=171 .1, 150.1, 142.9, 1323 I277) 72.8, 698 35.5, 31.6, 31.3, 23.9,
22.6. Exanple 6 Synthesis of a-(4-n-Pentanoyl-3,5-di-tert-butyl phenyl)-N
t ert - but yl ni t r oneThofodlosuigiforranlatdn examples illustrate rcprcsentative

4- pent anoyl - 3, 5- di -tert but yl.ben ﬁdeh de ( 0. 050 n&lﬁ@S i n_benzene
(250 ey wasPhaREr BT o BRPY iRt g e (Hicpreght vemiooRavEn

p- t ol uenesul {AMinfitedqb thd R116RthgpharkideliScab cdRpRitdndl K trap) the resulting

m xture was refluxed unfit no nore al dehyde was detected by TLC (RE. = 0.43
for product using 1. i hexanes/EtOAc). The solvent was renoved in vacuo and
t he residue rau shed with hexanes. The title conpound was

i sol ated (56. 0 a white solid, mp. 195.5-204.8C. Spectroscopic
data were as fol | Awsin ohhd\hﬁoﬁﬁﬁl@lliis acﬂxﬁch\&ﬁZzidrylpewﬁeraﬂutlﬁ aldry gelatiphenyl H),
7.50 (1H, s, nitronyl H) t).1=7.80 2CH), 1.85- | .67 (2H, m

2CHz), 1.6 |bindgyinan Wwatqll?yz"els'éeat(oz% plor2AEiquRt off magnesiygysteagate 18CHS)

12878{ 3T28 S idady g%héﬁ‘ 3@'%“83%239“%@’27@8333@%(82&4@@ 142.

Exanpl es 7- Mddamgltntohecampompirpeatabl&tlmraltabigprwser| al s and the procedures
descri bed herein, the follow ng additional conpounds were prepared:
a- (4-acetoxy-3,5-di-tert-butyl phenyl)-N 4-triftuoromnethyi benzyl nitrone

(mp. 217- ZWY' oxy-3,5-di-tert-butyl phenyl)-N
tert-butylnitrone (mp 02-222 C); a-(4-acetoxy-3,5-di-tert-butyl phenyl)-N
met hyl ni t rone (m 4§ compeundiaf @)-mular{@s admixed as a dry powder with a starch diluent

in an approximate 1:1 weight ratio. The mixture is filled into 250 mg capsules

(125 mg of active nitrone compound per capsule).

E lation 3 - Liquid
A compound of formula I (125 mg), sucrose (1.75 g) and xanthan gum (4
mg) are blended, passed through a No. 10 mesh U.S. sieve, and then mixed with a
previously made solution of microcrystalline cellulose and sodium carboxymethyl
cellulose (11:89, 50 mg) in water. Sodium benzoate (10 mg), flavor, and color are
diluted with water and added with stirring. Sufficient water is then added to

produce a total volume of 5 mL.

F lafi - Iniecti
The compound of formula I is dissolved in a buffered sterile saline

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



02 June 2003 -- 41 - a-(4-acetoxy-3,5-di-tert-butyl phenyl)-N2 June 2003
3,4,S-trinmethoxybenzylnitrone (mp. 231.7-23 S C). Exanple 11 Synthesis of
a- (4- (Et hyl am oocar bonyl oxy-3, 5-di -tert-butyl pbeuyl]-N tort-butyluitrone To
a solution of 3) S-di-tert-butyl-4-(ethyl am nocarbonyl oxy) benzal dehyde (S
g, 16 mml) in benzene (200 nL) was,added tertbutyl hydroxylamne (2.14 g,
24 mmol ). The resulting solution was refluxed for 96 h until no nore

al dehyde was detected by TLC (R f = 0.57 for product and_0.78 for starting

mat eri al usi 1- 1 hexagnesl Et OAc) . The sol vent was renoved in vacuo and the
resi due applég’g@"’taé‘ﬂggs'?c&%el colum and eluted with nixture of

hexane/ Et CAc. Th %t&drﬁzﬂ ﬁcd}{é[@%@ aW@Wwhits 9&@5&% @58f) %e%&l&i zﬁ‘%b@utvm' te
solid, mp. 202. Spectroscopi c data were as H NWVR

( DVBO- d6, 277(5 fVranyl then adngctm 0(f 2 qompousheffprmuly I (50 %memlpmyb@ ©.25.3 Hz)

b te N 3 t et
cthyl ) | 2 erdpyigaubdy (0530, Pl By Shignd (el 284 pilbhhSaiyeay 1o ;7
6.4 Hz) et hyd) digsblved ilGviidRabEWBR0F) is 2ided M dhe résuttin®omBauré49stfived
143. 30, 129. S, 128.7, 126.9, 70.6, 3S.8, 31.6, 28.5 and 15.7. Exanple 12

Synt hesi s ofungil jteopgeals: opyt ami aocar bonyl oxy- 3, 5-di -t ert - but yl pheny!]-N
tert-butylnitrone The title conpound was prepared in benzene using
3,S-di-tert-butyl-4-(n propyl am nocar bonyl oxy) benzal dehyde and

tert-butyl hyChnepoundWitilty accor di ng to the procedure descri bed in Exanple 11.

The title conmpound was solatedl %. |eI sawhlte sol.id, mp.
206. S-214. 0C. Spe"c'i‘%%e@faﬁ E!OB%({'%F g aryl nitrones of this

invention have been discovered to mhxblt the mductlon of inducible
cylcooxygenase (COX-2) and/or to inhibit the release of physiologically active
leukotrienes and/or to be effective in various in vivo arthritis models. Accordingly,
the compounds and pharmaceutical compositions of this invention find use as
therapeutics for treating inflammation-related conditions in mammals including

humans.

In particular, the compounds of this invention have been discovered to
effectively inhibit the induction of inducible cyclooxygenase (COX-2), the release
of which results in prostagladin E, (PGE,) synthesis. PGE, is produced by the
enzyme COX as part of the arachidonic acid pathway. The enzyme COX is now
known to exist in two forms, COX-I and COX-2. COX-1 is a constitutive form of
the enzyme found in most tissues and organs. COX-2, on the other hand, is an
inducible form of the enzyme associated with the production of PGE, and
inflammation. Without being limited to theory, it is believed that selective
inhibition of COX-2 formation will provide therapeutic agents which effectively
reduce inflammation with fewer or none of the side effects associated with
inhibition of COX-1 and/or COX-2. Since the compounds of this invention have
been discovered to inhibit the release PGE,, such compounds are useful for
treating diseases or conditions characterized by an overproduction or a
dysregulated production of prostagladin E, including many inflammatory

conditions. -



02 June 2003 -- 42 - 'H NWVR (DVSO-db, 270 MHz): b = 8.38 (2RJuse 28fdnyl H),
7.90 (1H, t, J = 5.8 Hz, carbamate NH), 7.84 (1H) s, nitronyl H), 3.02 (2H,
g, J = 6.5 Hz, propyl NCH ), 1.50 (9H, s, 3 CH3), t .45 (3H, hextet, J =
7.2 Hz, propyl CHz), 1.32 ( 18H) s) 6 CH3), 0.88 (3H, t, J = 7.3 Hz, propyl
CH ). "C NWR (DMBO-d6, 270 MHz): b =155.7) 149.7, 143.3, 129.5, 128.7,
127.0, 70.6, 42.8, 35.8, 3.7, 28.5, 23.1 and 11.8. Exanple 13 Synthesis of
a- (4- (n- But yl anmi nocar bonyl oxy- 3, 5-di -t erdZ-but yl pheayl ] -N tert-butyl oitrone
The title conpound was prepared in benzene using 3,5-di-tert-butyl-4-(n

but yl am nocar bonylbmhbmﬁaﬂaminyﬂmmm&dmndidmswmmhmybémw“&mam ding to
the procedure described le 11. The t|tIe conpound was_jsolated in

93. 4% vyi el d a%’ 4g0- W#P‘f”é“‘ét@fp?"al njroge compoyds gnd pharmaceiitical ompasitio ﬂﬁﬁfa wer e

foll ' , 7.88

ool 0w BGOSR dmod flticalter, fodBal Bk pivuileril, 1 7.8
= 6.3 Hz, n- bﬂieMinaﬁiﬁ‘Eihnds ookt S GloRi)sporkyhs eysimctum 1 but y1” 2
CH)) 1.31 ( | 8H, s, 6 CH), 0.87 (3H, Jn-butyl CH3). "C NMR

{ DMSO- db, 27oermh;)natqsus;m6pagnmgrthma49ﬂz¢r m:aaumlmd daditiops 70. 6,

40.7, 35.8, 3.1 19. 9, dI42Ex nt hesi s  of

a- [ 4- ( 2- Et hox ey 3‘P?W %Pﬁ&f“é‘ﬁ#‘ﬁ’&c Q’“&’ega}d) SERAC SRRk 1 1 - N

tert-butyl t

33[3 g 9t gr {” béx?ﬁf:mﬂ"k%?&éuﬂ RpfRYPpRELME Surieh 36@¢ rdsPirRoR7 GRkeddS| NI
syndrome (ARDS), organ rejection, neuro-inflammatory conditions, and cardio-

inflammatory conditions.

As discussed above, the compounds described herein are suitable for use in
a variety of drug delivery systems. Injection dose levels for treating
inflammation- related conditions range from about 0.1 mg/kg/hour to at least 10
mg/kg/hour, all for from about 1 to about 120 hours and especially 24 to 96
hours. A preloading bolus of from about 0.1 mg/kg to about 10 mg/kg or more
may also be administered to achieve adequate steady state levels. The maximum
total dose is not expected to exceed about 2 g/day for a 40 to 80 kg human patient.

For the treatment of long-term conditions, such as arthritis, the regimen for
treatment may stretch over many months or years so oral dosing is preferred for
patient convenience and tolerance. With oral dosing, one to five and especially
two to four and typically three oral doses per day are representative regimens.
Using these dosing patterns, each dose provides from about 0.1 to about 20 mg/kg
of the mitrone, with preferred doses each providing from about 0.1 to about 10
mg/kg and especially about 1 to about 5 mg/kg.

The compounds of this invention can be administered as the sole active
agent or they can be administered in combination with other active agents, such as
cyclooxygenase inhibitors, 5-lipoxygenase. inhibitors, non-steroidal
antiinflammatory drugs (NSAIDs), steroids, peripheral analgesic agents such as

zomepirac, and diflunisol, and other active nitrone derivatives.



et hoxycar bonyl ) et hyl ami nocar bony! oxy) benzal dehyde and tert 02 June 2003

but yl hydr oxyl am ne according to the procedure described in Exanple 11. The
title conpound was isolated in 88.4%vyield as a white solid, mp.

130. 5-146.3 C. Spectroscopic data were as foll ows: 02 June 2003 -- 43 -
~H NVR (DMSO-d6, 270 MHz): b = 8.38 (2H, s, phenyl H, 8.0l {1H, t, J =6.0
Hz, carbamate NH)) 7.84 { 1 H, s, nitrony8-H), 4.08 (2H, g, J = 7.0 Hz,
ethyl OCHz), 3.28 (2H, t, J = 6.0 Hz, propionate NCHZ)) 2.50 (2H, t, J =
6.0 Hz, propi onat eTRES¥E) 3,4]15-4Psubtituted aryd oifrbnes oitlﬂ.ﬁu(veﬂtﬁiﬂ.alﬁ)ﬁﬁdﬂd ), 1.19
(3H, t, J =7.0 Hz, ethyl CH,). ~3C hIMR (DMSO d6, 270 MHz): b =171.5,

155. 6, 149. 5, anamlysicalyrpagents, 1.0gapspin traps, forxdetesting wnstablg frep radigalgusing. 6,

21[Zf (?E?hoiyg%%%uf%k?géﬁg%&%onﬁyoxy '§Ia§°d tfné%esb%qupwgﬁﬁ] N

tert-butylnit th%a dritd, %@ﬂmﬁywbﬁm&ﬁemnb@s g fidcted
3,5-di-tert- bl;’ﬂ& (2 et hoxycar bonyl ) net hyl am nocar bonyl oxy) benzal dehyde

(ﬂd 'El_ﬁrt _bu]ty dheoredicahtorhe @u}lﬁimds@mgém/den;ﬁﬁbm%@nmteﬂ?dgl n Exanpl e
. e title conpound was i sol ate In 0 as. a Ite s | mp
177.2-181. 6C. © gg‘f?"ag er. dPaTtGulaE te q&sag mvmmu(rws%md 970

MZz): b = 8.3 te NH),
A , s,ﬁetéu&l#%%ﬁ“aﬁ%%@{s%ﬁﬁ%,&é‘gm sljetgs. A%YWFP@ ’3?83H% 2H)

( 1H
d J =57 HZkudH@kthEDEIE&-FEsXGschMétcrlmgf e edSmtﬁes@'") 1,19 (3H)
t, J = 7.0 Hz) ethyl CHB) CNNRI(DMSOdes ): 8 =170.3) 155.9,
143. 3) 129. 4, expegingnts. Typically, the solution contmmng the spm-trap wﬂl be deoxygenated

by, for example, bubbling argon or nitrogen through the solution before the ESR
experiment is conducted. Preferably, an excess of the nitrone is used in such ESR

experiments.

The actual experimental procedures employed in the spin-trapping
experiment will depend on a number of factors, such as the manner of radical
production, the inertness of the solvent and reagents with respect to the spin trap,
and the lifetime of the spin adduct. 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 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

invention.

EXAMPLES
In the examples below, the following abbreviations have the following

meanings. Abbreviations not defined below have their generally accepted

meaning. -
bd = broad doublet
bs = broad singlet



127.0, 70.7, 61.0) 42.9, 35.8, 31.7, 28.5, and 14.6. Exanpl @2lmn8w00Besi s
of a-(4-Methoxynet hoxy-3,5-di-tert-butyl phenyl)-Ntert-butylnitrone To a
solution of 3,5-di-tert-butyl-4-nethoxymet hoxybenzal dehyde ( 11.42 g, 40
mmol ) in benzene (200 nL) was added tert-butyl hydroxylamne (4.0 g, 50
mmol ). The resulting solution was relluxed for 72 h until no nore al dehyde
was detected by TLC (Rr = 0.56 for pE8duct and 0.78 for starting nateri al
in 1:1 hexanes/ Et QAc). The sol vent was renoved in vacuo and the residue was
02 June 2003 -- 44 - suspended in hexane/ Et OAc. The suspensi on was
filtered, washed with hexanes anddahbletd to afford the title conpound (69 %
yield) as a white &blid, mps 202dcbBO6f @ubletSpect roscopi ¢ data were as
follows: 'H NVR (RO db, 270 MHzjecofpased. 37 (2H, s, phenyl H), 7.79 (1H)
s, nitronyl H, 4§40 2H s,=0CH gistiled3¢adr3H,. s, OCH3), 1.48 (9H s, 3
?2_3)21 1|. 121(; (8 1??7 E’LIS?& CH).="C %&ﬂﬁm&?@sm&%ﬁyﬂ%- 3, 143.9,
.4, . 8, .%ACOLO, 0. 5, ¢4 ,.a@%wéa.o, 32.3, 28.S.7 Exanple 17
Synt hesis of a-[4- t hoxy) et ho& oxy-3,5-di-tert-butyl phenyl ~-N
tert-butylnitrone € title conpound was prepared in benzene with
3,5-di-tert-butyl 5- (2 net hoxy) et A8XY net hoxybenzal dehyde and
tert-butyl hydroxyllhn‘i ne usi ng thehob‘F cedure described in Exanple 16. The
title conpound wadl? sol at ed T70. 1!‘CWeI d) as a white solid, mp.

169..6-173. 5C. 1p = intraperitoneal
. L = liter

m = multiplet
min = minutes
M = molar
MeOH = methanol
mg = milligram
MHz = megahertz
mL = milliliter
mmol = millimole
m.p. = melting point
N = normal
po = per os, oral
q = quartet
quint. = quintet
s = singlet
t = triplet
THF = tetrahydrofuran
tic = thin layer chromatography
ug = microgram
pL = microliter
uv = ultraviolet

In the examples below, all temperatures are in degrees Celsius (unless
otherwise indicated). Example A-N describe the synthesis of intermediates useful
for preparing nitrones of this invention; Examples 1-19 describe the synthesis of

various nitrones; and Examples I-VI describe the testing of such compounds.



Spectroscopic data were as follows: 'H NVR (DVMSO- d6) 270 MHz02 Jupe209338
(2H, s, phenyl H, 7.80 (IH, s, nitronyl H), 4.91 (2H, s) OCH ), 3.87 (2H,
m J = 4.7b Hz, ethoxy OCHZ), 3.54 {2H, m J = 4.76 Hz, OCHZ), 3.28 (3H, s,
OCH,), 1.49 (9H, s, 3 CH ), |I .40 ( 18H, s, 6 CH). '3C NWVR (DVEO d6, 270
MHz): a =1S5.3) 143.9, 129.4, 127.8 0l27. 4, 100.12 ) 71.7, 70.S) 69.3, 58.7,
36.0, 32.3, 28.5. Exanples 18 and Ig Usi ng the appropriate starting
materials and the procedures described herein, the foll ow ng additional
conpounds were prepared: a-(4-nethoxynet t]ogy-B,S-di -tert-butyl phenyl)-N

3- (t hi omet hoxy) but - 1yl ni trone (m p. g’ﬁ?‘.’?’-% . 00); and

a- (4- met hoxynet hoxy- 3, 5-di - tert - but ghphiRgiler- N 3- thiometti oxypropyl nitrone

(mp. SS-630). 02 June 2003 pn:teABu ﬁ%m idedCk of Inhibition of COX-1
aad COX-2 In this experinent, thg cou ound argarrpl e 1 was tested to

determine if it iZincldustdG48 pewaraidedm mortidmoe pgenkdanikturEoR2-hethayld -

cycl ooxygenase 2 (CO The inhibitiogn o -1. was neasured by incubating
o ache 1 doni CHEPEPRR WOLEIEN HERPYUE o Gl Shin fnFaoYErds hte

i nhi bi tion ofuck@¥aé svas wmamifthemprauRBANN 198CATRE RaLAO midald W th
COX-2 derived from sheep pl acenta. These assays are further described in

Evans et al . waBitorsdanechpigzliyaooll 5 hourgand drs filegd7 Thesohdwias aashed t he

formati on of st.agl iy E24( P asur ed spect rophotonetric
quantitati onw§§ R%‘P’% @lgﬁé%é&%.cgﬁgm%ﬁrﬁs 8%“%?%%&@ pﬁf{ WMadded to
i ncubat i on selbina®@.63K g Pard@xGacted @ith ethyDhcesO (1M 360 mill)i TheerGanrt rati on,

i ndonet haci n, a, known inhibitor of COX-1 and X-2, conpletely inhibits
bot h enzynessolujegeyasdiied oyppanhydions sosium subfate fdtased pnd rofarggwnoraed tadi d not

significantl - t.: i.QN . These
Fequl s demohied Hetile eifPoin@ 028 1577 yiRaEANGRRE LR s Bl 0% o
t he enzynes wusgd Matwoyofarnthercputificalidft. 1) and cycl ooxygenase 2 (COX-2). Exanple

Il Inhibition of PGEI In H}is exper}rl’rent, the ability of nitrones of
formula | to inhidRectPirgpicidathvere as follows:

'H NMR (CDCl,, 270 MHz) & = 1.090 (s, 3 CH,).

Example B

Synthesis of
N-Isopropylhydroxylamine

Using the procedure of Example A above and 2-nitropropane, the title
compound was prepared. The crude hydroxylamine product was used without

further purification.

Example C

Synthesis of
N-Cyclohexylhydroxylamine

Using the procedure of Example A above and nitrocyclohexane, the title
.compound can be prepared. Altematively, N-cyclohexylhydroxylamine
hydrochloride may be purchased commercially from Aldrich Chemical Company,
Inc., Milwaukee, WI USA and neutralized with a base, such as potassium

carbonate, to provide the title compound.



of prostaglandin EZ (PGEZ) is denpnstrated. For this assay, ORhkine@603
conpounds were solubilized in 500 ~.cL of EtOH and then adj usted to 10 nL
with conplete DMEMwith 1 ~cglcnL |ipopoplysaccharide (LPS) to obtain a |
O™ sol ution. This solution was then diluted 1 / | 00 to obtain a 100uM As
a reference, indonethacin was solubilized in 500 ~cL DVBO and t hen adj usted
to SOnm with conplete DVMEM wi th |=3}m_ LPS. This 2 nM sol ution was then
diluted 11200 to obtain a 10M solution. This solution was used as a
reference. Al dilutions were nade vvlth corrpl ete DMEM 02 June 2003 -- 46
- Macrophages (nurine macrophages RABya@de ) were obtai ned from Anerican
Type Cul ture Collection, Rockville, vvere cultured in 75 cm fl asks
b

wi th DVEM (Dul beco Modi fi %/g Fet.a( Bovi ne Serum
penicillin, streptonycin, Q %giye% T b\gh'c!n% (5' fto a 96 wel | plate at
20 x 106 cells/ 10 20 100% conf |l uence,

macr ophages were :évg?ﬂetﬂn%i“{yh‘* ?"(Y\RFWAQ{?Q}??“CWP%;O 44} F@&SbWEPHCCdand

gl ut ami ne) an.chsnf‘rumt@ditomeamaslb Fpdd WP RIKE éalemrr&f cepee diluted into

DMVEM (with 10% FCS) penicillin, re to cin, and glutanmne) with |~g/nL
LPS for 18 hmﬂwdnda’ﬁ@OwL)IV@swéd@i whhntlma\grfeklbwdlbyF(BZG@ca:hhbncmld)at ed with

30~cM ar achi i n..HBSS f.0 t e.super nat ant was
taken to det r‘iﬁ"d&@ééﬁ%@é‘f‘?eﬂ‘é ‘éss(?g]ﬁg ‘?F&’ﬁ’éﬁ &8%@%%0 ults were
expressed asTREfa&MN thixfirdiwhé QivedSVERapMAMdESHHEERD THRYedNBHEplogRsOf PCE-
by at | east about 30% conpared to the control were considered erfective in
this assay. WA dgtegmiged hyeBiC.c Aftgoentapletw of the reagherd the flasbvasivpoled fpounds
show ng acti r | . on 0 an | CS.
For sueh scribisd kiR SRR BeR AUEhERGARYL R 0P R BTy

di | utions t osmdlt pertio) lYe fla€k-bédanle-vedvin diringaiRiohof tensaterT he tolﬂMfSoI ution

was dil uted to obtaip . a 3~M solution which is then diluted in a series
to produce sél"at“’a&’ﬁé"’aﬁﬁ SA(‘,‘M Ba@t@@QWOWﬁ@‘g’é‘PV%ﬂ“rﬂi‘gﬂFl%s are used
to determ neg Foot pad
Edema Assay | Jh'ﬂﬂ‘héd% gidgﬁrf%éﬂg&ﬁﬁﬁﬁ abi |t %{)%un n!gt@%r{ﬁ%ﬁ&ﬂx@:ﬂ

reduce car r afyascicand fticotopd ovas sianteedi ﬁbdl)awiihmtqteormlm\matefch acichi Fheasdidy i s
comonl y used ttgl arr.e n and eval uate anti-inflammatory drug candi dates.

See, for exafpi VIGH 1% Met al . ) Carrageenin-i nduced Edema in Hind
Paw of the Rat as an Assay for Anti-inflammatory Drugs,” Proc. Sci. Exp.
Biol. Med. 111, $44-547 ( 1962) and references cited therein. In this
assay, a cacr ageehaf selutiereithesolidinaihangh2 5P mdpays@edicd eangermtab ny of

carrageenan e

June 2003 l({@é&&u&% a°‘d1{%5 b téé;}ersg't"é‘g%%h{"g%’%%ﬁ“@eﬁ Dl hiles. fy@ct ed |
subcut aneousthgn Vift to cibGD Wluldﬁtlrtlhg: theareaagnﬂnbam:smppnmcd)mto 2 It bewgkant ar
portion of the rig rear, paw. The test co 2 n.) or a
vehi cl e cont‘i“tﬁ*laW%PW}‘aWQsﬁf%W"&BH?‘Fﬂ%‘% Fi?i‘dé.ol"g t‘g?" oM tial foot
paw vol une é)@EQ‘ﬁUE&ﬁi iR r%c&'ab{d Bﬁ‘tfk‘éfl?‘n BAdurdr HESind W RhedRENPICENAN
chal | enge usi ng pl et hysnography (Ugo-Basile). The difference between the
3-hour and tweh waitdri(@loupene liter).uihe selsi Wuthaaddncd@sa ngclonpabpumpitaral s was

o ound at i fu gt BETSTRL sl AR 0 iR AL s T S eonds

reduci ng edena bysggctr},@a?kdg@ngrewm%o,@par ed to the vehicl e control group
were considered to be effective in this assa nple IV A(Ljd%uvant Assay In

this exanmple, theTaBMR (GDGE, Ziohba)ds= 8961 rmlcafbpﬂlfld{) 7 888, fdj uvant
phenyl H), 2.38 (3H, 5, 3CH,), 1.39 (18 5, 18 CH,).




i nduced footpad edema in rats is denonstrated. This assay i 92alune@e0d3f or
chronic inflammation. See, for exanple, B. M Wichman, "Rat Adjuvant
Arthritis: A Mdel of Chronic Inflammation," Pharmacol ogi cal Methods in the
Control of Inflammation) 363-380 ( 1989) and references cited therein. In
this assay, Male Lewi s rats weighi_ng, between 180-220 g were lightly
anesthetized with an ip injection of” 30 ng/!cg of sodium pentobarbital (50
ng/ mL) . Desiccated Mycobacteriumbutyrium (Difco, 20 ng/aL) suspended in
mneral oil was injected (50 E, clL) bot h.si des of the base of the tail
under the skin. Aline was tattooed "15’??1 rear paws at 5 mm above the
angl e of the ankle. The paw vol unesgyitheds of he 1ine) were neasured by

vol ume di spl acenment usi nQrgbRlafbysBTREA bHBEnBA@dHyaL at the day of

adj uvant injection (day 0) and on day 14. On day , 14, animals with paw

vol unes equal to the nean of paw volunes ~ SD were random zed into

t reat nent gr oups 3,5RBi-gernbutyh4fhyttoxgbdrzaldeh§del( 181, 004 Emod) wasgeated in 4 he

experi nment. e group .recei vehicle 1 % nethyl cellul ose) by the po
route and tﬁ&'&ilh@r““ ﬂ?ﬁfﬁ“ﬁ%?@f‘%gﬁaﬁf%%&?Fé%?‘ﬁal(%mﬁb%?é“%@pended in 1%
net hyl cel | ghigigide gi?ﬁiﬂ)@&@ﬂd’&l With S@YingHolBAEd 690200 Wed opidY,! i nal

assessnent on ‘day ? 1 post-adjuvant injection. A separate group, which did
not recei veperchiRriganid. Ahgolid imgediately dissaivedio foaw a redorpbensotittiongkheal so

noni tored as_a..cont rtol .wThsitls roo‘tfjfﬁligkhgs (g sI.i%ptl osif.ive vol une increase
when paw vol (TR Bk gy o °F UReH Ty rﬁ“dﬁg) G UBDEHRED growth

of the rat. qbidRiNed BRI, (Rftéokipletin)of réadkiBR Ve Adattion MiAtdieWek cosled 0MPOUNd,
significantly reduced paw vol une as conpared to vehicle controls. Conpounds

reduci ng paw arice bathapd addedtextO0 b of vizosaushnyiared deet watere Hihel mixtwsit r ol gr oup
were considered effective l.n this # . Y/ | agen Arthritis Assay
In this exaﬁfi‘fagfe‘? %“%rbdlvﬂ ‘%‘g“ ngegngg%ﬁﬂ?%@@%@‘ fnetghc?’ 76 B‘E’é'dgm | agen

f oot pad edeand the orgdaic lageldemOwnashedivitt. 1. I 19a@H Salntibs (TG0, waee( t o
screen and eval uate anti-inf]ammtory drug candidates. See, for exanple,
Larsson et #1X 100ydpand thenglrieoxenas @%““B%!‘%%-%f?lvf%‘ﬁasarﬁﬂmi"’é* #r ences
cited therejp., JfiBarbhRfsfediiperi ments, Female DA rats (7-8 weeks of age)
wer e i nmuni zed‘ W tﬁ Type Il collagen derived 6rom bovi ne nasal septum as
described in Crener et al. of | mmunol ogy) 149:1045-i053) 1992. The

) J.

col | agen was di sgol ved and adm ni st.ered w i nconpl et e, Freund' § adj uvant.
St andard precaut Frgr?ss Pé’%‘?‘kﬂe'ﬁgf’ﬁ 'ﬁﬁg\aﬂ%ﬂ%ﬁﬁi%ﬁiﬁ@gﬁwﬁ_ before its
admi ni st r at hodrosiieHc aSid (S RIL!Y m@eesam_n?gtsbmaiowa@l belléd o0 tdAivatedbhdn. Rats
wer e inununi zed in the base of the tai|” on day 0. Dosing began on day 10
with rats sthsrselittion wasleft 1o enol Whie stirring, hemistureyesthen powed miei2for gai t
(0-3), swellphdief %&%ﬁ%%ﬁﬁate@%& caﬁ%ﬂ&hsssﬁrﬁﬁ %‘Eea&%lﬁi%%% piw the

hi ghest scores given Tor e nosi’ swell1ng or impariment. |”"scoring was
done in a blimske dTHees0lid fwas Sepaparedhals] paztied imBuctaier faand) and theneashedabout 30%

conpared to the controls were considered effective in this assay., The
arthritis wisely v watsr %W%?“’(S’Gﬁﬁ%@h@“ﬁ&ﬁﬁ%) g'lli’?éd&{] wasrendiiedoo npounds
reduci ng pa i : 0 : wer e

al so consi dgp\ggh%?%%lc%li@ténq t(rala‘lt‘fr I@tﬁggiggé&{?p%gg@%ﬁfg/o g%b&g%l&%}ﬁsf&gch
compound of withbaufuether gurificatioes t ested in the above assays was found to be
effective for reducing the induction 4f PGEz and/or effective in the
carrageenan, adjuvant and/or collagen assay. Exanple VI Electron Spin
Resonance (ESR) Study Using the fol g procedures, the nitrones of this
i nvention could be shown to trap free radicals using ESR spin trapping

t echni ques. For additional experinebyathesieokil|s, see, for exanple, K R
Mapl es et al., "In Vivo 4etRachnayl-355-diFraebrtydbaehaldebyddol i t es”, Free
Radicals in Synthesis and Biology (F. Mnisci, ed.) pp. 423-436 (Kl uwer
Academ ¢ Publishers, Boston, 1989); and J. A DeGay et al., "Biological
Spin Trappinb', Biebifesmbuyl-d-hrdeibsnzaldehydesds 30@0%/21@9!1))“.’35IH‘|‘*°P‘I’1F’53

exper i nent, sfobarhuh oRYARRAMOK RG] Lith akknbhiol) sfifie hasligal ai5aRIA N -
systemis uSed. I's free radical generating system produtces

t - but yl - al k@5yinL)) adis addesl with titting - folowrd by 0200 auall of 403 gerwbloniglacidadi cal s. | f
the nitrones_of this invepti.on are capab of tr in of .t hese -
radi cal s toTﬁ‘SFﬂll“é"’é'Pﬁ“b‘P@& fobved t‘&g‘aﬁ’c? ;’&GBW“?‘@%’?‘E'&F{' in&élﬁ??f:gmb houl d be
det ect abl e by ESR spectroscopy. To 490 ~cl of a 100 n~I'Vf solution of the
nitrone in water is added 5 ul of




100 mM ferrous sulfate. The reaction is initiated by the ad@2tumn2@d3 S ~cl
of 100 mMt-butyl hydroperoxide. The final concentrations of reagents are 1
mM ferrous iron, 1 mMt-butyl hydroperoxide and 98 mM of the nitrone
conmpound in water. Once m xed, the solution is quickly transferred into a
quartz flat cell and this cell is placed in the cavity of a Broker ESP 300
ESR spectroneter, and scanned withi#3S m nutes of m xing. ESR spectroneter
settings are: 3480 G center field, 200 Gfield width, 480 seconds sweep
tinme, 9.76 GHz frequency, 10 dB power, 1.6 x 105 receiver gain) 0.200 G
modul ati on ampitinteuwdss, stibred 20erorzhd nutler nitwgew nEheamaction pdo 2B washase. The

Iting ESR spect | & sh t the nit s effecti trappi
oo radical SRt o TG g obalte” etworin GERSaSL R GE Pt gont &

for ESR appl incatit®Bsth and @dded b a0@ Qﬁ%fﬁ%&Qusiy frRAiddWatkR PO Xure
description, va~ous nodifications and changes in the conpositions and

met hods of t bgcamiewasmy andangill sepyraieds Theil wassaxtragted with mathylene chlarideal | such

modi fi cation ] it i 'S claj LRI Nt ended
o be i nol udiyt reAgal syl ysRERRE % 1k RPRORSHL T hAKCR S " ¢
fo~muia f: ImLRwWater @ X 106ehL) ahd driedlover MgSO4. Thegobvent Whas tetncsed ect ed from
the group consisting of: RO.s - | and RB Rs-C , Ri -C="' X-CHRT each R2

i s i ndepende¥tfyodeplierdared Pdm a group of the Formula: RIO Rt i-G-- _ Rsz R3
is selected fromthe group consisting of hydrogen, alkyl, cycLoal kyl and

To a solution of the red oil in ethanol (200 mL) was added concentrated
hydrochloric acid (40 mL). The resulting solution was boiled for ten minutes and
left to cool. While stirring, the mixture was then poured into 2 L of water and an
oil separated. Upon continuous stirring, the oil did not solidify, so the mixture was
extracted with methylene chloride. The organic layer was washed with saturated
NaHCO3 (2 X 100 mL), water (3 X 100 mL) and dried over MgSQOa4. The solvent
was removed in vacuo to afford the title compound as a red oil (77.6% yield)

which was used without further purification.

Example G

Synthesis of
4-n-Pentanoyl-3,5-di-tert-butylbenzaldehyde

3,5-Di-tert-butyl-4-hydroxybenzaldehyde (10.0 g, 0.0.081 mol) was placed
in a 500-mL round-bottomed flask fitted with a mechanical stirrer. Valeric
anhydride (50 mL) was added with stirring, followed by 0.200 mL of 40%
perchloric acid. The solid immediately dissolved to form a green colared solution. .
The reaction mixture was stirred overnight under nitrogen. The reaction progress
was determined by TLC. Afier completion of reaction, the reaction mixture was
cooled in an ice bath and added to 400 mL of vigorously stirred ice water. The
mixture became warm and an oil separated. The oil was extracted with methylene
chloride and the organic layer was washed with 5% NaOH (3 X 50 mL), brine (3 X
50 mL), water (3 X 100 mL) and dried over magnesium sulfate. The solvent was

removed in vacuo to afford a thick oil.



aryl; R is setect~ed fromthe group consisting of alkyl, soBstunhéaoesl

al kyl, al kenyl, substituted. al kenyl, al kyayl, substituted al kyayl,
cycl oal kyl, substituted cycl oal kyl, cycl oal kenyl, substituted cycl oall ceayl
and aryl; Rf is selected fromthe group consisting of alkyl, substituted

al kyl, altceayl, substituted al keayl, alkynyi, substituted al kyayt,
cycl oal kyl, substituted cycl oal kyl-; 3¢ycl oal kenyl and substituted

cycl oal keayl ; 02 June 2D03 52 R6 and R are independently selected from
the group consisting of hydrogen, alkyl, suhstituted-al ky(, al keayi,
substituted al henyl) al kyayl, substibut~ed al kyayl, cycl oal kyl, substituted

cycl oaLkyl) cycla Ike yl. an stitut oal kepyl ; or R6 and R can be
joined to forman'% PE?fbogF‘eQ %F'&‘?‘Hﬁ&&é@%ﬂéﬁ@{%ﬁ%%%ﬂeﬂg from2 to
10 carbon atmochforl%&ci@ SHAIEL 'AH rEdutin seﬁn@a% bsnéwro%tt x?ﬂuﬂ[gesaz{nlﬁyl

substituted al kyl) at keayl subst zbat e b eayl, atkyay stituted
al kyayl! , cydleﬁad) kgal, V&élub@ttlrmmg,@cbmmrgmakﬂienpoymﬂMblédnpfwamdasdIMt| tuted

cyci oal keayl ecGd.from the nsi s of, h -al kyl)
substitut ed %t F‘ma:éirs jconnyols Ftllﬁnf‘g ﬁgh‘{j)ﬁmts lﬁé&@ﬁﬁ? the é‘%g%“faét ed
al kynyl, cycé&abttsa hithSHEA Y bﬁ&&m&wwm&é@yﬁo la?wgwsﬁ&ﬁwhm%a&rﬁbwst ituted
cycl oatlcenyl O ﬁg and can be hgl ned to forman allryl eue or

e

substi t ut ed Mﬂl@ Xf0gub), veatar g X 19mb) and dI@d@e(beMﬂSQBo > sokent s sel ect ed
fromthe gr ou%(r%ﬁ\% }an\yrtlr uo&agyogagqchomp 6 car b§.9 lHXlé and to 6

carbon cycl oa ; can

substituted \aiukc)dtmlerpﬁiﬁﬁl)auou.(o) or S(o)y group, R' and R 2 are
i ndependently selected fromthe group consisting of 1 to 6 carbon all ey(

and 3 to 6 carbon cycloalkyl; or R" and R ~ ca-o be joined to form as

allryl ene group-having from2 to LO%\B& ngatons; X is oxygen, sulfur,

-S(OQ- or S(OZ; and Wis oxygen or suffur; and

pharmaceutical | y-accept abl e sail s t Rputhedis of
4-(Ethylaminocarbonyloxy)-3,5-di-tert-butylbenzaldehyde

To a solution of 3,5-di-tert-butyl-4-hydroxybenzaldehyde (5 g, 20 mmol)
in DMF (100 mL) was added tnethylamine (3.5 mL, 25 mmol) and the solution
was stirred for 15 min at room temperature. Ethyl isocyanate (1.95 mL, 25 mmol)
was added and the reaction mixture was stirred for 2 h at room temperature until
no more hydroxybenzaldehyde was detected by TLC (R,=0.78 for product and
0.89 for starting material using 1:1 hexanes/EtOAc). The reaction solution was
concentrated by azeotropic removal of DMF with water. The resulting suspension
was filtered, washed with water and dried in a vacuum oven to afford 96% of the
title compound as a light buff solid.

Spectroscopic data were as follows:

'H NMR (DMSO-d,, 270 MHz):  =9.96 (1H, s, aldehyde CHO), 8.04 (1H,
t, carbamate NH), 7.83 (2H, s, phenyl H), 3.09 (2H, m, ethyl CH,), 1.34 (18H, s, 6
CH,), 1.07 (3H, t, ethyl CH,).

BC NMR (DMSO-d;, 270 MHz): 8 =193 4, 155.1, 154.2, 145.0, 133.3,
127.8, 35.9, 31.4, 30.5.



" subject to the proviso that when both RCS and R4 are eachO2dumne B0Q3/I and
R3 is hydrogen, R~ is not -C(O-CH3 2. The conpound of Caim1l wherein Wis
oxygen. - 3. Th-a compound of Caim2 wherein R3 is hydrogen oc 1 to 6
carbon al kyl. 4. The compound of Claim3 wherein R is hydrogen. 5. The
compound of Claim4 wherein R4 is se|lected fromthe group consisting of

al kyl, substiwted al kyl and cycl oal'kyt =". 02 June 2003 53 6_ The conpound
of Caim$S wherein R is selected fromthe group consisti-ng of nethyl,
n- propyt) isopropyl, |-hydroxy-2-nethylprop-2-yl, n-butyl, tent-butyl,

3-t hi onet hyl propyi, 3-(thi onet hoxy) bukxampl¢l cycl ohexyl |
4bri f | uar omet hybenzyt and 3, 4, 5-hri n@ﬂgmg) zyl. 7. The conpound of Claim

. ! : of'2y’ -
Syeloalkyl 8. Tho CErpeeiotBo Vi) KSR bt Ben PR 01 1

group consisting of methyl, ethyl) ri-propyl, isopropyl and n-butyl. 9 The
conmpound of O ai MPhewhRI®iipolhid was prégured RIMDRMICusRE: 3,5-d2426u844- from the
group consisting of alkyl and al koxycar6oayl al kyl. 10. The conpound of

C ai m 9 wher diydraxgbesizaldebydesand apropy dsocyansts acserdingstoghe presedire ng of et hyl)

n- propyl) isq < Bzl o)
2-{ et hoxycar b&c%‘%(ﬁﬁé?é? E§3Hlmﬂ{ %egm%crqr)g‘{(@ﬁggg@?ggékeﬁﬁgqv%gr%?’lﬁm)@siaé‘ oxygen;
R9 i s hydrogesff-whitelsétal.i s al kyl or al koxyal kyl. 12. The conpound of Caim|l
1 wherein LZa is selected fromthe group consisting of nethyl and

met hoxyet hyl . 13. The conmpound of Claim4 wherein R) R' and R Z are

i ndependently | to 6 carbon alkyl. 1zhxa};{b¢eporrpound of Claiml3 wherein R,
R' and R ~ are nethyl.

Synthesis of
4-(n-Butylaminocarbonyloxy)-3,5-di-tert-butylbenzaldehyde

The title compound was prepared in DMF using 3,5-di-ter¢-butyl-4-
hydroxybenzaldehyde and n-butyl isocyanate according to the procedure described

in Example H. The title compound was isolated in 87.5% yicld‘as a buff solid.

Example K

Syathesis of
4-(2-Ethoxycarbonyl)ethylaminocarbonyloxy)-3,5-di-tert-butylbenzaldehyde

The title compound was prepared in DMF using 3,5-di-tert-butyl-4-
hydroxybenzaldehyde and ethyl 3-isocyanatopropionate according to the procedure
described in Example H. The title compound was isolated in 100% yield as an off-

white solid.

Example L

Synthesis of
4-(2-Ethoxycarbonyl)methylaminocarbonyloxy)-3,5-di-fert-butylbenzaldehyde

The title compound was prepared in DMF using 3,5-di-tert-butyl-4-
hydroxybenzaldehyde and ethyl 2-isocyanatoacetate according to the procedure
described in Example H. The title compound was isolated in 100% yield as an off-

white solid.



02 June 2003 54 15. A conpound of claim1 having the fornul 2 Jon€2803
R3-CO CH CH3 H3 -CN3 O ~+ ~N~ R~ Hwherein Rr3 is selected fromthe
group consisting of alkyl) substituted al kyl, cycloal kyl and substituted
cycloalkyl; R~ is selected fromthe group consisting of alkyl) substituted
al kyl, cycloallyl and substituted cycl oal kyl; and

phar maceuti cal | y-acceptabl e salts ttreof. ~ subject to the proviso that
when R4 is tert butyl R~ is not nethyl. I~ The conpound of C aim15
wherein R" is 1 to 6 carbon alkyl _ | 7_ The conpound of ClaimLS wherein R
I's selected fromthe group con5|st|ﬁ§maphdﬂkyl) substituted aryl and
cycl oal kyl . 18. The conpound of O grein R is sel ected fromthe

T yar ony- 2- met byl pr o 4eqHorT ef)llﬂo’é’rﬁns'tdéi‘(fw%’&%}’é“?lqwgﬁet ny( pr opyl |

3- (thi omet hoxy) but-L-yl, cycl ohexyl) 4tri Quoronethybenzyl and
3,4,5-tri met hoxyirsazsxsruuo&%fafs &m%ggfﬁyﬁ%%mﬁmmdﬁmfﬂml a: 0GB

Rl~--N.COR 6

inl 2-dlchlorocthane (200 mL) was added N,N-diisopropylethylamine (6.97 mL,
40 mmol) and the solution was stirred for 1 h at room temperature.
Chloromethoxymethyl ether (3.77 mL, 50 mmol) was added and the reaction
mixture was stirred for 1 h at room temperature and then refluxed for 16 h until no
more hydroxybenzaldehyde was detected by TLC (R,= 0.78 for product and 0.70
for starting matenal using 1:1 hexanes/EtOAc). The reaction mixture was cooled
to room tchperature and washed with water. The organic layer was concentrated
and the residue applied to a silica gel column and eluted with mixture of
pentane/EtOAc. The title compound was isolated in 100 % yield as a brown oil.

Spectroscopic data were as follows:

'H NMR (DMSO-d,, 270 MHz): & = 9.89 (1H, s, aldehyde CHO), 7.80
(2H, s, phenyl H), 4.92 (2H, s, CH,), 3.64 (3H, s, CH,), 1.46 (18H, s, 6 CH,).

“C NMR (DMSQ-d,, 270 MHz): 6 =192.11, 160.11, 145.77, 131.65,
128.55, 100.98, 57.66, 35.99 and 30.16.

Example N

Syuthesis of
4-(2-Methoxy)ethoxymethoxy-3,5-di-tert-butylbenzaldehyde

To a solution of 3,5-di-tert-butyl-4-hydroxybenzaldehyde (8 g, 33 mmol)
in 1,2-dichloroethane (150 mL) was added N,N-diisopropylethylamine (6.97 mL,
40 mmol) and the solution was stirred for 1 h at room temperature. 2-
Methoxyethoxymethyl (MEM) chioride (5.7 mL, 50 mmol) was added and the
reaction mixture was stirred for 1 h at room temperature and then at reflux for 26 h
until no more hydroxybenzaldehyde was detected by TLC (R,= 0.92 for product
and 0.70 for starting matenial using 1:1 hexanes/EtOAc). The reaction mixture

was cooled to room temperature and washed with water. The organic layer was



02 June 2003 55 wherein RS anti R 6 are independently sei e@2 dgte 2603m t he
group consisting of hydrogen, alkyl, substituted al kyl) cycloal kyl )
substituted cycloalkyl; or R~ and R 6 can be joined to forman al kyl ene or
substituted al kyi ene group having firom2 to 10 carbon atons; R is

sel ected fromthe group consisting g% _alkyl) substituted alkyl, cycloalkyl
and substituted cycl oal kyl ; and pharmaceutically-acceptable salts thereof.
20. The conpound of Claiml9 wherein R6 is hydrogen and-R s is selected

fromthe gro nsi St nd al koxycar bonyl al kyl . .21. The
Compound of -eastiaby e fhidi el ity St LGS | g of
ethyl, n-proghfentah&BRORBYI e tittedVatipoun®iwadrsyRedIDY] yiBldh Y4 a 8RRk oil.

2(et hoxycar bonyl ~t hyI 22. The conpound of Claim 19 wherein Ris selected

fromthe group consisting of alkyl, substituted alkyl and cycloal kyl. 23.
The conpound of C aim 22 wherein R~ %ngﬂ gcted fromthe group consisting
of nethyl, n-propyl, isopropyl, ~l-hydroxy-2-nmethylprop-2-yl) n-butyl,
ten-butyl) 3-thionethyl propyl) 3-(t8ymhesihoky)but-I-yi, cyclohexyl) 4
trilluoronet hybeazyly-@nscetody- 55td111m1bhqupbagay)v.teﬁ_4,u$g apsound of claiml
having the formula: R 9 w R $-OCH N~ CH3 02 June 2003

56 wherein R 8 | -deptoryBed-dirgrrundbenzaldehyds (813516 Q. Hrmaliwasplacedibst i t ut ed
ST vy SN AP YRR i Bt
subst i but ~edwmadue:ah:k¢/ihz nUKture Wamdrela lﬁtltme sblids didsolkred t '(Foftl&rmlﬂrhg‘ al kyl eae
or substitut e séalltxtklgrll \evggagc{e?i tert- %uty\hy%roxy amine E43 8 Og, 8%5%)31) grtld silica gel
(20 g). The mixture was refluxed overnight at which time TLC showed no
remaining starting material (R, =0.31 for product and 0.80 for starting material
using 3:1 hexanes/EtOAc). The benzene was removed in vacuo on a rotovap to
provide a grey solid. The solid was dissolved in a minimum amount of ethyl
acetate and the flask was left to stand in the freezer. The white crystals which
formed were separated, washed with hexanes and dried under vaéuum to afford
105.78 g of the title compound as a crystalline white solid (74.4% yield), m.p.
227.0-248.9°C.
Spectroscopic data were as follows: )
'H NMR (CDCl,, 270 MHz): 6 = 8.32 (1H, s, phenyl H), 7.50 (1H, s,
nitronyl H). 2.35 (3H, s, 1 CH, ), 1.61 (SH, s, 3 CH,), 1.37, s, 18 CH,).
C NMR (CDCl,, 270 MHz): & =170.7, 149.2, 142.6, 129.7, 128.4, 127.2,

70.7,35.5, 31.4, 28.5, 22.6.

Example 2

Synthesis of
a~(4-Isobutanoyl-3,5-di-tert-butylphenyl)-N-tert-butyluitrone

To a solution of 4-isobutanoyl-3,5-di-tert-butylbenzaldehyde (7.00 g, 0.023
mol) in benzene (200 mL) was added tert-butythydroxylamine (2.56 g, 0.029 mol) -
and p-toluenesulfonic acid (0.100 g). Using a Dean-Stark trap, the resulting



R is selected. fromdie group consisting of alkyl, substit02ddneal634 ,
cycl oal kyl and substituted cycl oal kyl ; and pharmaceutical |l y-accept abl e
salts thereof. 25. The conpound of C aim 24 wherein R' is hydrogen and R 8
is alkyl or al koxyal kyl. 26. The compound of C aim25 wherei n~R~B i s net hyl
or met hoxyet hyl. 27. The conpound of Claim?24 wherein R is selected from
the group consisting of al kyl, substitd8ed al kyl and cycl oal kyl. 28. The
conmpound of Claim 27 wherein R is selected fromthe group coasjsting of
met hyl , n-propyl, isopropyl) 1-hydroxy-2-nethy(prop-2-yl, n-butyl, '

ten-butyl) 3-t hhiceee kak peyxped uni@-fd MbRraddhgdy Wasilietdetyd by TV.0 @)exyi0 for
4t ri Quor onet hybearyl and 3,4, S-trinmet hoxybenzyl. 29. A conpound of claiml
sel ect ed from triedust aagh0.88 fey séarting material using 3.1 hexanes/EtOAc). The solvent was

a- (4-acetoxy-3, 2-diz{erl,- Nt - I 1 .

a- (4-isobut anoy?rg%?%'?lg{aa%j%‘%dr @Q g‘%%/dy%p%g ﬁ@&)&’“ﬁwﬁt{d‘g@f‘ﬁxﬁ? £¥ gg& title

a- (4- n- but aaoylmmpodndwds isobatdd-ih S0YBOP hizhd/ bs) a Whitesilidont jy.| 19711-268e1 °C.

a- (4-acet oxy-3, 5-di-¢ ertabut,yl pheayl ) - Nl‘i)sopr opyl ni troae _

a-{ 4- acet oxy- 3, 5- di -YREFFOI5PIFIdaRSYSIF 7S fo My dr oxy- 2- met hyl prop- 2-yl ni troae
02 June 2003 57 a'(4HrNﬂﬁ@((?@@M,l ??OyMgl’z):%'J—* '8.'3@?%{,‘&%‘5&3%]@@’1' ()1H|,\|s nitronyl

ten-butyl ai trone
a- (4- acet oxy- 3,1), i87t(&Ht q et\il7Placwsgytyyl )t 1.6 F (kL soPEH)y | B8 46K diJ=7 dide
a- (4- propi onyl oxy=3, 5; dj-Lert- | phenyl ) -N-tert-butyl nitraae
a- (4- acet oxy- S@f’iltggp%fy\%iyl )-N nethy(nitroae ' _
a- (4-acet nxy- 3, 5- di -t*@NMRYEDCRNETY MHZY: 8 ~4178:¢, 1502} mmhggpﬁmj,rmg,
a-[ 4- (et hyl am nocar bonyl oxi/Z)-S,]S-dl -tert=buhyl pheny(] N ten-butylnitt-one
a- (4-(n propyl aihdéar Bodys b3xy28-8 18.7d. i -tert - but yl phenyl] N :
tertbutylnitrone ' a-[4-(n-butylam nocarbonyi oxy)-3, 5-di -ten butyi phenytj-N
ten- butyl ni troae

Example 3

Synthesis of
a-(4-n-Butanoyl-3,5-di-tert-butylphenyl)-N-tert-butylnitrone

To a solution of 4-n-butanoyl-3,5-di-tert-butylbenzaldehyde (9.63 g, 0.032
mol) in benzene (200 mL) was added tert-butylhydroxylamine (3.52 g, 0.040 mol)
and p-toluenesulfonic acid (0.100 g). Using a Dean-Stark trap, the resulting
solution was refluxed until no more aldehyde was detected by TLC (R;= 0.30 for
product and 0.91 for starting material using 3:1 hexanes/EtOAc). The solvent was
removed in vacuo and the residue was crystallized from EtOAc and hexanes to
afford the titled compound (50.2% yield) as a white solid, m.p. 216.9-236.5°C.

Spectroscopic data were as follows:

'H NMR (CDCl,, 270 MHz): & = 8.32 (2H, s, phenyl H), 7.50 (1H, s,
nitronyl H), 2.61 (2H, t, J=7.67Hz, 2CH,), 1.78 (2H, m, J=4.70Hz, 2CH,), 1.61
(94, s, 9CH,), 1.36 (18H, s, 18CH,), 1.05 (3H, t, J=7.42Hz, 3CH,).

BC NMR (CDCl,, 270 MHz): 8 =173.2, 149.5, 142.7, 129..8, 128.2, 127.1,
70.7,37.6, 35.5,31.4,28.5,17.7, 13.8.



a- [ 4- (2- et hoxycar bonyl ) et hyl am nocar boayl oxy) - 3, 5-di - t ert - 2JungREATI ] - N

tent - butyl nitroae

a- [ 4- (2~t hoxycar boayi ) met hyl am nocar boayl oxy) - 3, 5-di -t ert - but yl pheayl j N

tent-butylaitrone a-(4-nethoxynet hoxy- 3,
S-di-tert-butyl pheny()-Ntent-butylnitroae

a- [ 4- (2- met hoxy) et hoxynet hoxy- 3, S~ii -t en-3t yl pheayl ] - N tent-butyinitrone

a- (4- met hoxynet hoxy- 3, 5di -t ent - but yl phenyl) - N 3- (thi om_
et hoxy) but - 1yl ni trone a- (4-net hoxyui et Erapl8 45di - t ent - butyl pheayl ) - N

3t hi onet hoxypropytni trone and pharnaceuti cal l
. A conpound of fornula I: RO R2 O Synthegis Ra Ry 02 June 2003 58
wherein R is select edaf@oﬁnﬁdm-@pshﬁeiébnmlphﬁnﬁb -NfisobRFyinitromes -

and R8- X- CH-

formula: Rro R ~--C

each R2 is indepeadeatiy selected firoma group of the
To a solution of 4-acetoxy-3,5-di-fert-butylbenzaldehyde (17.0 g, 0.0615
mol) in methanol (250 mlL) was added isobutylhydroxylamine (5.36 g, 0.0609
mol) and concentrated hydrochloric acid (10 drops ). Using a Dean-Stark trap, the
resulting solution was refluxed until no more aldehyde was detected by TLC (R, =
0.23 for product and 0.84 for starting material using 3:1 hexanes/EtOAc) The
solvent was removed in vacuo and the residue was a red oil which when tritarated
with hexanes it turned into solid. The solid was separated and washed completely
with hexanes. The titled compound was isolated in 52.3% yield as a white solid,
m.p. 176.8-180.4°C. '

"Spectroscopic data were as follows:

'H NMR (CDCl,, 270 MHz): § =8.3 (2H, s, phenyl H), 7.42 (1H, s,
nitronyl H), 4.20 (1H, q, J=6.50Hz, 1CH), 2.35 (3H, s, 3CH,), 1.50 (6H, d,
J=6.43 Hz, 6CH,), 1.37 (18H, s, 18CH,).

BC NMR (CDCl,, 270 MHz): § =170.7, 150.1, 142.7, 131.9, 128.0,
127.0, 67.8, 35.5, 31.3, 22.6, 20.9.

Example 5

Synthesis of
a-(4-Acetoxy-3,5-di-fert-butylphenyl)-N-1-hydroxy-2-methylprop-2-ylnitrone

To a solution of 4-acetoxy-3,5-di-rerr-butylbenzaldehyde (10.0 g, 0.0362
mol) in benzene (200 mL) was added N-(1-hydroxy-2-methylprop-2-yl)
hydroxylamine (5.55 g, 0.0543 mol) and p-toluenesulfonic acid (0.090g). Using a
Dean-Stark trap, the resulting mixture was refluxed until no more aldehyde was
detected by TLC(R; = 0.20 for product and 0.98 for starting material using 1:1
hexanes/EtOAc). The solvent was removed in vacuo and the residue was washed
with hot hexanes. The title compound was isolated (83.9 % yicld) as a off white
solid, m.p. 204.3-204.8°C.

Spectroscopic data were as follows:

acceptabl e salts thereof.

_CR7 Rs

30



1 Rz R is hydrogen; R is selected 6romthe d oup consi stioaguoé 280kyl and
substituted alkyl; Rs is alkyl: R6 is alkyl: R is hydrogen; RE is selected
6romthe group consisting of alkyl and al koxyl; Rg is hydrogen; R) Rat and
Rti are methyLs. X is o ~cygea; and Wis oxygen; and
pharnnaceutical | y-acceptabl e salts thereof. The conpound of C aim 30
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-5-di-tert-butyl phen N tert-hbut onpound of claiml,
wherei n the corrpOLﬂ‘r@X P "(5‘1“'{%"&ér‘ilfa‘ﬂ'/rmtﬁ'm“%')"v‘ﬁ”‘b“ty'“'"’““e
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f claiml, wh . '
g dIC- ?:am - bul yle:)ﬁ[:adqny #&Nﬁgéﬁlﬁ%%{[ ﬁk%?%-é%ﬂgﬁﬁwhmg (ﬁ 488,005

mol) in benzene (250 mL) was added tert-butylhydroxylamine (4.57 g, 0.0510

mol) and p-toluenesulfonic acid (0.080 g). Using a Dean-Stark trap, the resulting
mixture was refluxed until no more aldehyde was detected by TLC (R;= 0.43 for
product using 1:1 hexanes/EtOAc). The solvent was removed in vacuo and the
residue was thoroughly washed with hexanes. The title compound was isolated
(56.50 % yield) as a white solid, m.p. 195.5-204.8°C.

Spectroscopic data were as follows:

'H NMR (CDCl,, 270 MHz): &= 8.31 (2H, s, phenyl H), 7.50 (1H, s,
nitronyl H). 2.63 (2H, t, J=7.80 2CH), 1.85-1.67 (2H, m, 2CH,), 1.61 (9H, s,
9CH,), 1.52-1.36 (2H, m, 2CH,), 1.36 (18H, s, 18CH,), 0.97 (3H, ¢, J=7.30, 3CH,).

C NMR (CDCl,, 270 MHz): 6 =173.2, 149.4, 142.7, 129.8, 128.2, 127.1,
70.7,35.5,35.4,31.4,284,26.2,22.2, 13.8.

Examples 7-10

Using the appropriate starting materials and the procedures described
herein, the following additional compounds were prepared:

a-(4-acetoxy-3,5-di-tert-butylphenyl)-N-4-trifluoromethylbenzylnitrone

(m.p. 217-232°C),

«-(4-propionyloxy-3,5-di-tert-butylphenyl)-N-tert-butylnitrone

(m.p. 202-222°C);

«-(4-acetoxy-3,5-di-tert-butylphenyl)-N-methylnitrone (m.p. 136-143°C);

and



4i . A pharn~aceutical conposition conprising a phactnaccuti ©lJupe 2003
accxptat~(e carrier and a pl~actrtaceulic.tlly effective nnmourtt of a

cot npouad of any of clainms 1-40. ' 42. Use of the pharnmaceuti cal
conposition according to claim4l conprising a pharnmaceutically acceptable
caai ec and an ef~'ective inflammtion-reduci ng anount of a comnmpound of
formulal: 1 \R4A RB RO~ OiN Rz a-wherein 02 June 2003 59 R~ is
selected from the group coasistiag of: WR~~C , Rs -HC Rr RO aad R8- X-CH
each RZ is independenlly selected froma group of the formula: .Rte Ry ~-C

Rtz R is select E‘doc-f(4~@.&t6f)e3 grcmz&t-sampt&hylw i S(mMiag@Benzglnlﬁydne
cycl oal kyl and aril 02 June 2003
(m.p. 231.7-235°C).

Example 11

Syunthesis of
a-[{4-(Ethylaminocarbonyloxy-3,5-di-tert-butylphenyl}-/N-tert-butylnitrone

To a solution of 3, 5-di-tert-butyl-4-(ethylaminocarbonyloxy)-
benzaldehyde (5 g, 16 mmol) in benzene (200 mL) was added tert-
butylhydroxylamine (2.14 g, 24 mmol). The resulting solution was refluxed for 96
h until no more aldehyde was detected by TLC (R, = 0.57 for product and 0.78 for
starting material using 1:1 hexanes/EtOAc). The solvent was removed in vacuo
and the residue applied to a silica gel column and eluted with mixture of
hexane/EtOAc. The title compound was isolated in 57 % yield as a white solid,
m.p. 202.2-212.2°C.

Spectroscopic data were as follows:

'H NMR (DMSO-d;, 270 MHz): 6 = 8.37 (2H, s, phenyl H), 7.86 (1H, ¢, J
=6.3 Hz, carbamate NH), 7.83 (1H, s, nitronyl H), 3.08 (2H, quintet, J =6.3 Hz,
ethyl CH,), 1.49 (9H, s, 3 CH,), 1.31 (18H, s, 6 CH,), 1.06 (3H, t, J = 6.4 Hz, ethyl
CH,).

BC NMR (DMSO-d,, 270 MHz): & = 155.8, 149.6, 143.30, 129.5, 128.7,
126.9, 70.6, 35.8, 31.6, 28.5 and 15.7.

Example 12

Synthesis of
a-[4-(r-Propylaminocarboanyloxy-3,5-di-tert-butylphenyl}-N-tert-butylnitrone

The title compound was prepared in benzene using 3,5-di-tert-butyl-4-(n-
propylaminocarbonyloxy)benzaldehyde and tert-butylhydroxylamine according to
the procedure described in Example 11. The title compound was isolated in 96.6%
yield as a white solid, m.p. 206.5-214.0°C.

Spectroscopic data were as follows:
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= 5.7 Hz, carbamate NH), 7.84 (1H, s, nitronyl H), 3.05 (2H, q, J = 6.3 Hz, n-butyl
NCH,), 1.50 (9H, s, 3 CH,), 1.45-1.37 (4H, m, n-butyl 2 CH,), 1.31 (18H, 5, 6
CH,), 0.87 (3H, t, ] = 7.1 Hz, n-butyl CH,).
3C NMR (DMSO-d,, 270 MHz): 8 =155.6, 149.7, 143.3, 129.5, 128.7,

127.0, 70.6, 40.7, 35.8, 31.9, 31.6, 28.5, 19.9 and 14.2.

Example 14

Synthesis of
a-{4-(2-Ethoxycarbonyl)ethylaminocarbonyloxy-3,5-di-tert-butylphenyl]-/V-
tert-butylnitrone

The title compound was prepared in benzene using 3,5-di-tert-butyl-4-(2-
ethoxycarbonyl)ethylaminocarbonyloxy)benzaldehyde and ters- '
butylhydroxylamine according to the procedure described in Example 11. The title
compound was isolated in 88.4% yield as a white solid, m.p. 130.5-146.3°C.

Spectroscopic data were as follows:
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hexanes/EtOAc). The solvent was removed in vacuo and the residue was
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yield) as a white solid, m.p. 169.6-173.5°C.
Spectroscopic data were as follows:
'H NMR (DMSO-d,, 270 MHz): 6 = 8.38 (2H, s, phenyl H), 7.80 (1H, s,
nitronyl H), 4.91 (2H, s, OCH,), 3.87 (2H, m, J = 4.76 Hz, ethoxy OCH,), 3.54
(2H, m, J = 4.76 Hz, OCH,), 3.28 (3H, s, OCH,), 1.49 (9H, s, 3 CH,), 1.40 (18H, s,
6 CH,).
BC NMR (DMSO-d;, 270 MHz): 6 =155.3, 143.9, 129.4, 127.8, 127.4,
100.1, 71.7, 70.5, 69.3, 58.7, 36.0, 32.3, 28.5.

Examples 18 and 19
Using the appropriate starting materials and the procedures described
herein, the following additional compounds were prepared:
«-(4-methoxymethoxy-3,5-di-tert-butylphenyl)-N-3-(thiomethoxy)but-1-
ylnitrone (m.p. 76.7-80.0°C); and

a-(4-methoxymethoxy-3,5-di-tert-butylphenyl)-N-3- -
thiomethoxypropylnitrone (m.p. 55-63°C).
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Lack of Inhibition of COX-1 and COX-2
In this experiment, the compound of Example 1 was tested to determine if

it inhibited the enzymes cyclooxygenase 1 (COX-1) and cyclooxygenase 2 (COX-
2).

The inhibition of COX-1 was measured by incubating arachidonic acid
with COX-1 derived from ram seminal vesicles. The inhibition of COX-2 was
measured by incubation of arachidonic acid with COX-2 derived from sheep
placenta. These assays are further described in Evans et al., Biochem. Pharmacol.,
36:2035, 1987. In each assay, the formation of prostaglandin E, (PGE,) was
measured by spectrophotometric quantitation of malondialdehyde. The compound
of Example 1 was added to incubation solutions at a concentration of 300 uM. At
this concentration, indomethacin, a known inhibitor of COX-1 and COX-2,
completely inhibits both enzymes. Under the same conditions, the compound of
Example 1 did not significantly affect COX-1 or COX-2 at a concentration of 300
pM. These results demonstrate that the compound of Example 1 is not an inhibitor

of the enzymes cyclooxygenase 1 (COX-1) and cyclooxygenase 2 (COX-2).

Example II
Inhibition of PGE,
In this experiment, the ability of nitrones of formula I to inhibit induction

of prostaglandin E, (PGE,) is demonstrated.

For this assay, the test compounds were solubilized in 500 xL of EtOH and
then adjusted to 10 mL with complete DMEM with 1.g/mL lipopoplysaccharide
(LPS) to obtain a 10mM solution. This solution was then diluted 1/100 to obtain a
100uM. As a reference, indomethacin was solubilized in 500 L. DMSO and then
adjusted to 50 mL with complete DMEM with 1.g/mL LPS. This 2 mM solution
was then diluted 1/200 to obtain a 10.M solution. This solution was used as a

reference. All dilutions were made with complete DMEM -
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Macrophages (murine macrophages RAW 264.7) were obtained from
American Type Culture Collection, Rockville, MD. They were cultured in 75 cm?®
flasks with DMEM (Dulbeco Modified Eagle Medium with 10% Fetal Bovine
Serum, penicillin, streptomycin, and glutamine) and seeded into a 96 well plate at
20 x 10° cells/10 mL, 200uL per well. At 80-100% confluence, the macrophages
were washed with HBSS (with penicillin, streptomycin, and glutamine) and
incubated with the test compound or a reference diluted into DMEM (with 10%
FCS, penicillin, streptomycin, and glutamine) with 1.g/mL LPS for 18 hours. The
c.clls were then washed with HBSS and incubated with 30.¢M arachidonic acid in
HBSS for 15 minutes at 37°C. The supernatant was taken to determine PGE,
levels using conventional procedures. Results were expressed as percent
inhibition. Compounds reducing the induction of PGE, by at least about 30%

compared to the control were considered effective in this assay.

Initially, test compounds were screened at 100.:M. Compounds showing
activity were screened at lower concentrations to obtain an IC,,. For such
screening, the stock solution was diluted in a series 1:10 dilutions to obtain 30uM,
10uM, 1uM, 0.14M solutions. The 10uM solution was diluted 1:3 to obtain a
3uM solution which is then diluted in a series to produce solutions of 0.3u4M and

0.03uM. The serial dilutions are used to determine the ICq, of the test compound.

Example III
Carrageenan Footpad Edema Assay
In this example, the ability of compounds of formula [ to reduce
carrageenan footpad edema in rats is demonstrated. This assay is commonly used
to screen and evaluate anti-inflammatory drug candidates. See, for example, C. A.
Winter et al., “Carrageenin-induced Edema in Hind Paw of the Rat as an Assay for
Anti-inflammatory Drugs,” Proc. Sci. Exp. Biol. Med. 111, 544-547 (1962) and

references cited therein.

In this assay, a carrageenan suspension (0.5%) was prepared by mixing 50

mg of carrageenan (Type IV, 1) in 10 mL of sterile saline solution. Male
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po or ip. The initial foot paw volume was measured immediately before and 3

hours after carrageenan challenge using plethysmography (Ugo-Basile). The
difference between the 3-hour and the initial paw volume was for each test group
of animals was used to calculate the percent inhibition of edema achieved by the
test compound at the test dose compared with vehicle control group. Compounds
reducing edema by at least.about 10% compared to the vehicle control group were

considered to be effective in this assay.

Example IV
Adjuvant Assay
In this example, the ability of compounds of formula I to reduce adjuvant- )
induced footpad edema in rats is demonstrated. This assay is a model for chronic
inflammation. See, for example, B. M. Weichman, “Rat Adjuvant Arthritis: A
Model of Chronic Inflammation,” Pharmacological Methods in the Control of
Inflammation, 363-380 (1989) and references cited therein.

In this assay, Male Lewis rats weighing between 180-220 g were lightly
anesthetized with an ip injection of 30 mg/kg of sodium pentobarbital (50 mg/mL).
Desiccated Mycobacterium butyrium (Difco, 20 mg/mL) suspended in mineral oil
was injected (50 pL) at both sides of the base of the tail under the skin. A line was
tattooed on both rear paws at S mm above the angle of the ankle. The paw
volumes, under the line, were measured by volume displacement using a ‘
plethysmometer (Ugo Basile) at the day of adjuvant injection (day 0) and on day
14. On day 14, animals with paw volumes equal to the mean of paw volumes +
SD were randomized into treatment groups. Rats which fell outside + 1 SD were
not used in the experiment. One group received vehicle (1% methyl cellulose) by
the po route and the other group received indomethacin (3 mg/kg suspended in 1%
methyl cellulose). Dosing began on day 14, and continued until final assessment -

on day 21 post-adjuvant injection. A separate group, which did not receive
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adjuvant or test compound, was also monitored as a control. This group has a
slightly positive volume increase when paw volumes on day 21 are subtracted
from day O values due to growth of the rat. Indomethacin (3 mg/kg, po), a known
anti-inflammation compound, significantly reduced paw volume as compared to
vehicle controls. Compounds reducing paw volume by at least about 30%

compared to vehicle control group were considered effective in this test.

Example V
Collagen Arthritis Assay
In this example, the ability of compounds of formula I to reduce collagen
footpad edema in rats is demonstrated. This assay is commonly used to screen and
evaluate anti-inflammatory drug candidates. See, for example, Larsson et al.,
Arthritis & Rheumatism, 33:693-701, 1990 and references cited therein.

For these experiments, Female DA rats (7-8 weeks of age) were immunized
with Type II collagen derived from bovine nasal septum as described in Cremer et
al., J. of Immunology, 149:1045-1053, 1992. The collagen was dissolved and
administered with incomplete Freund’s adjuvant. Standard precautions were taken
to avoid denaturing the collagen before its administration such as keeping the
solution cold during preparation. Rats were immunized in the base of the tail on
day 0. Dosing began on day 10 with rats scored on day 21 on a severity scale.
Rats are scored for gait (0-3), swelling (metatarsals, ankle, carpals, metacarpals, 0-
3) with the highest scores given for the most swelling or impariment. All scoring-
was done in a blinded manner. Compounds reducing scores by at least about 30%
compared to the controls were considered effective in this assay. The arthritis was
also evaluated by comparing paw weights at day 21. Compounds reducing paw
weight by at least about 30% compared to the controls were also considered

effective in this assay.
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Assay Results:
Each compound of formuila I that was tested in the above assays was found
to be effective for reducing the induction of PGE, and/or effective in the

carrageenan, adjuvant and/or collagen assay.

Example VI
Electron Spin Resonance (ESR) Study

Using the following procedures, the nitrones of this invention could be
shown to trap free radicals using ESR spin trapping techniques. For additional
experimental details, 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).
In this experiment, a t-butyl hydroperoxide/ferrous iron free radical generating
system is used. This free radical generating system produces ¢-butyl-alkoxyl
radicals, ¢-butyl-peroxyl radicals, and methyl radicals. If the nitrones 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.

To 490 ul of a 100 mM solution of the nitrone in water is added 5 ul of
100 mM ferrous sulfate. The reaction is initiated by the addition of 5 ul of 100
mM ¢-butyl hydroperoxide. The final concentrations of reagents are | mM ferrous
iron, 1 mM ¢-butyl hydroperoxide and 98 mM of the nitrone compound in water.
Once mixed, the solution 1s quickly transferred into a quartz flat cell and this cell
is placed in the cavity of a Bruker ESP 300 ESR spectrometer, and scanned within
5 minutes of mixing. ESR spectrometer settings are: 3480 G center field, 200 G
field width, 480 seconds sweep time, 9.76 GHz frequency, 10 dB power, 1.6 x 10°
receiver gain, 0.200 G modulation amplitude, 0.320 second time constant, and
270° phase. The resulting ESR spectrum would show that the nitrone is effective
at trapping free radicals and that such compounds can be used as analytical

reagents for ESR applications. -
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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.
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each R? is independendy selected from a group of the formula:

R
RIt—C—

Rz

R} is selected from the group coasisting of hydrogen, alkyl, cycloalkyl and
aryl;

R* is selected from the group coansisting of alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, substituted cycloalkyl,
cycloalkenyl, substituted cycloalkenyl and aryl; -

RY is selected from the group coasisting of alkyl, substituted alkyl, alkeayl,
substituted alkeayl, alkyayl, substituted alkynyl, cycloalkyl, substituted cycloalkyt,
cycloalkenyl and substituted cycloalkeayl;
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s@ o lecg}ed from Gva gyoRp cQosisting of altkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, substituted cycloalkyl,
qycloalkényl and substituted cycloalkeayl; -

R? is selected from the group consisting of kydrogen, -alkyl, substituted -
alkyl, alkeayl, substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl,
substituted cycloalkyl, cycloalkenyl and substituted cycloalkenyl; or R® and R® can
be joined to form an alkyleae or substituted alkyleae group having from 2 to 10
carbqn atoms; '

RY is selected from the group cousisting of hydrogen, 1 to 6 carbon alkyl
and 3 to 6 carbon cycloalkyl; or R' and R" can be joined to form aa alkylene,
substituted alkyleae, -C(O)- -S(O)- ot -5(0),- group;

R'* and R are independeatly selected from the group coasisting of L t0 6
carbon alkyl and 3 to 6 cacbon cycloalkyl; or R* and R" can be joined to form an
alkylene group having from 2 to 10 carbon atoms;

X is oxygeq, sulfur, -S(0)- ot -S(0),-; and

W is oxygen or sulfur; and pharmaceutically-acceptable salts thereof. |

" subject to the proviso that when both RS and R*are each tert butyl and R’ is hydrogen, R'

is not —C(0)-CHj;

2. The compound of Claim | wherein W is oxygea.

3. The compound of Claim 2 wherein R? is hydcogen oc 1 to 6 carboa

q. The compound of Claim 3 wherein R’ is hydrogea.

5. The compound of Claim 4 wherein R4 is selected from the group
counsisting of alkyl substitated alkyl and cycloalkyl.

Y
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8.  The compound of Claim 7 wherein R® is selected from the group
consisting of methyl, ethyl, n-propyl, isopropyl and n-butyl.

9. The compouad of Claim 4 whecein R7 is hydrogen aod R® is selected
from the group consisting of alkyl and alkoxycarbonylalkyl.

10.  The compound of Claim 9 wherein RS groups is selected from the
group consisting_ of ethyl, n-propyl, isopropyl, n-butyl, ethoxycarbonylmethyl and

2-(ethoxycarbonyl)ethyl.

11.  The compound of Claim 4 wherein X is oxygen; R’ is hydrogen; and
R? is alkyl or alkoxyalkyl.

12.  The compound of Claim 11 wherein R® is selected from the group
consisting of methyl and methoxyethyl.

13.  The compound of Claim 4 wherein R', R" and R™ are

independently 1 ¢o 6 carbon alkyl.

14.  The compound of Claim {3 whecein R, R" and R" are methyl.
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L- MLO%& () - <Dj kl mzvU5S1010%& () -1 " 109%& ()- SHF@LO%& ()- 101010 & 10%&' ()-
$9° 1098 ()-sW510109%& ()-!10%& ()-! 10%& §4-! 109%&' ()-!109%&' ()-!XxX@1010%&' ()
-1109& ()-!10%& ()-!109%& ()-!& )pX<51010%& ()-!10%& ()-!109%& ()-!10%& ()-'1
0% ()-!) 124<=@1% W 1010 Birppusd 6P@ai 1 'ndOHE thd fockQME () - ! 100 ()- ! HI L™ aij
XX@1010%& ()-!10%& ()-!10%& ()-!10%&' ()-!]j[xy}pX<51010%& ()-!10%& ()-!10%&
() -1109% () -1 109& ()-!sW510109& ()-! 109& () -1109%& ()-!109%& ()-!109%& ()-!x
X@10109&' ()-!10%& ()-!109& ()-!10%& ()-! F>X&510109& ()-!109%& ()-!10%& ()-'1
0%& ()-!10%& ()-!!+SW51010%& () - !(;O%Ef;}g, - g ()-110%& ()-!109%& ()-!+, 3=>
@KxX@1010%&' ()-! 10%& ()-!10%& () 109&° (- 'KNKY] opt pX<510109& () - ! 109%& ()
“110%& ()-!109%& ()-! 109 ()-! FSWEI01DIUR 10983 - | 109& 1 1098 ()-!10%
& ()-1yXK>1010 10 -t10% & ()- 10%& ()-! E)%&' )-11G%& ()-!) CoN >
OF10%ss& ()-1 F 10%s& ()- F 10% Lga,( )t Z1A%s&p(") - 10%ss& () -
y#3@0%s& ()-10 1: Ha[[:-> @' 10%sXA) FL0%A & Wza S 310%58& () -
S10%s& ()- @ 10%sé& ()- y310%sgf ()d\_/p6| [:->1 @9, z10%s& () -
=9, z109&' ()- +F109%s& ()- y' Z10%s& ()" Y, &S1098s& () -
@A0Y%ss& ()-6}|}~vU4 310%s& ()- 10%s& ()- @ @O0%s& ()-10ss10ss10ss
y010%s& ()- @/ &10%s& ()- Q-{ ZMA@B10sWs10sWs&10s\Ws
y"10% W& () -WherdiooQQR' () - y"10%ss& ()- y 10%s& ()-s
10%ss& ()-*3=J] | [: @310 W & ()- F 109 & ()- 109%FF& ().- F10% & () -
10% & (): @3@0% & ke n%‘b‘ﬁ “&%ngfc”ﬁkyio?gi‘w@ﬁ%@y L @ 109
& ()- &1S10%8Ridhhyt 4rdfl Qfscifackd cycldatiy@¥® & ()-L|n[[:bU4 L9GLOMR & ()- LS
1092 & ()- ylo% & ()- ~S109% & ()- 2109 & ()-Y 109 & ()-O6678ENVUA f
3109 ()-: 109%& ()R*is sd@6Y/E o) the @RoupiDadiStng GEALMR s@stiyutcd kIR
& ()-u0[Z9, 4101 f109%4& ()-.f1Q%& ()-1f10% . & ()- f1QU& ()- . s109%&' ()- F
109 ()-mA4de1°3¢1b%}§§é%’§@m@a g g%‘_fzé!i (’5“{1’!1 EE‘W?Y-&%&'&f ﬁa-ﬁsﬂlcmf-i
@0% & () - 10:d12d \\Hk pA¥ ik that WAQPR'Ss felt-busl B%hiSadt jnetllyB10% &' () - 10% & () -
S10% & ()- 10% & ()-.8 p|[:A4101 s*10% & ()- (10% & ()- L' F10% & ()-
L#: 10% & ()- 3! Y10% & (Dhe cotrguigd 0§ Chim [ wikddio R"” 51066 &cfrpon alk§L0% & () -
AF10%. & ()- 010% & ()- Ff/310%& ()- ,,Z10% & ()- & U410

17.  The compound of Claim L5 wherein R" is selected from the group
consisting of alkyl, substituted alkyl and cycloalkyl.

18.  The compound of Claim 17 wherein RY is selected from the group
consisting of methyl, n-propyl, isopropyl, 1-hydroxy-2-methylprop-2-yl, n-butyl,
ten‘*l-)utyl, 3-thiomethylpropyl, 3-(thiomethoxy)but-1-yl, cyclohexyl, 4-
trifluoromethybenzyl and 3,4,5-tcimethoxybenzyl.

19. A compound of claim | having the formula:
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9710% & () - &B9CzY8vM10 )109E & ()- (Z109%E & ()-! @OYBBE& ()-f

@OY%& ()-f!@O0% ()-f @OY%E & ()-fRvU4AL0 fF 109& ()- y109%& ()- 109%& ()-
-10%& ()- (10E 10E 10E s- 109 & ()-M Y}|[:vU410 @AO%& ()- @AO%& ()-
fYS109& ()- , 10% ()- 10%&' ()- 109& ()-Nv |[:vU410 @710% ()- 310%& () -
110% ()- y+3 109%&' ()- @10%& ()- YyF(@G¥& ()- $vU310! &310% f& ()-s
&3109R& ()-s | &109R& ()- # @OYR& ()-101010 y8! 10%& ()-$GQ [ 9vU310!!'S

109 ()- @S 1%5&&) @ 109R& ()- 109R& ()- &3109RE& ()-s &3109RE ()-s& ()6;

ovu410! |, 109 & 10%y& ()- "@O0%y& ()-10RLORIOR S 109R& ()- @S
109& () - @5 | [ : VUALQRE and T Ybeyididépendadiblyseected- ﬁdmﬁib/%ﬁé% gﬂ&%/y& (-9
10%y& ()- @O0%y& ()-.9]j{z9vU410! 10% 0%

(MLO% * &' () - hy@gw&ﬂ(y)lrsub@mww@l( <)5=cloaﬂqxbw»}o&i¢9ed c'yuﬂddl]@l oS&{L'O%Ed RIE- m(

Tosa ) @%B@%ﬂ% iﬁ% S lkytoh or SRS ke inov bayingfrom o 19.

109&' () - 8&10("@@9/%} :-410 fO 109 ()-& fO10%i & ()-& fO 10%%& () - &
fO 10%& ()-& EO) SLlO%& ()- @bA410 FrlOYK&' ()- 109%K& ()- 9109K&' () -
LOMOYKE' ()- @F3@LORKE selectdifom |the{ FiDAg LONsidtihg WK &IKY),-skbSitud W&, ) - Y& S
109 () -y 109K& () - | S10UK&' () - - 109%K&' () | [: A410 2: 109K&' () -

9. s109K& ()- 9wla and yubsgyu %@&Da(lyy.l g{d%ﬁlﬂ@ar(c:}mcaﬂy—acccptablc salts thereof.

20.  The compound of Claim 19 wherein R is hydrogen and RY is
selected from the group consisting of alkyl and alkexycarbonylalkyl.

21.  The compound of Claim 20 wherein R" is selected from the group
cousisting of ethyl, n-propyl, isopropyl, n-butyl, ethoxycarboaylmethyl and 2-
{ethoxycarbonyl)ethyl.

22.  The compound of Claim 19 wherein R* is selected from the group
couosisting of alkyl, substituted alkyl and cycloalkyl.

23.  The compound of Claim 22 wherein R' is selected from the group
consisting of methyl, n-propyl, isopropyl, ‘l-hydroxy-Z-methylprop-2—yl, n-butyl,
tert-butyl, 3-thiomethylpropyl, 3-(thiomethoxy)but-1-yl, cyclohexyl, 4-

trifluoromethybenzyl and 3,4,5-trimethoxybenzyl.

24. A compouad of claim [ having the formula:

R1B_




. YA0YKE! ()-Jv| obU410 , #3@L0%&' () - 10K10K10K 93 109K& ()- | 710%&&uhe 2003
5109K& ()- 4S109K& ()-L |[:bUs10 SLO% ()- f,10%& ()- f10%& ()- f
109& ()- S910%& ()- L10%& ()- F Q >|[:bU4l0 S@B109%& ()- fMLO%& () -
@O%& ()- YMLO%&' ()- 109%&' ()- yys1O0%& ()-%|[:bUsl0 S&F10%& () -
SFU@L0%& ()- SHI0& ()- @10%& ()-z @109%& ()-z S310%& ()-8 r }  -|Z9bU410
3t 109 () -1/ 109%QTQT& () - /109%&' ()- s-109R ()- y& glo%& ()- @ (yL0%& ()-
“i*+ -1 0bUALO # - 10988& ()- (101010 @:F 10%: ()- S810% ()- S 7310%& ()-
S510%& ()-: C [ : bU4 0%R&&' ()- -10%8&8& ()- f109R&& ()-  10%R&&' () -
10988& () -3 10%&8& I‘PH‘ [{Z9bU410 & 109R&& ()- 109&&& ()- 10%&&& () -

3 -”ﬂé%‘féiﬁ )" oaovabal(ebid SRR exbiad CQupHBERE plit, HB el 1754 O
6! 109%&&&: () - o@blbm@&?&d(élbsmﬂ&dg, YASAK(L) - F1- 10%&&& ()- 1 mOY&&E () -

f, 109&&& ()- !"/8bA410&& f s109%& ()- f &10%& ()- f10%& ()- &LOY& ()-
@3@L0%& () - 10&&1@@@%@&@ {he1youp equsww@ QI)ageu Syl v@utstituted

@ovi (), Habogelplrt Bttt e sad B chdotpeq o fom d
+109%& () - fY)al ' desubstituks Dene @f&%&h )&m@%%ﬁéﬂ(&u athiwk] : - 410
@3109% () - 109& () - f4 00&' ()- @L10%& ()-

yY. 109%& () - VW(e nx M@wcgqtm:a c(n) gmlﬁp consisting of alkyl, substituted alkyl,
cyclaalkyl and substituted cycloalkyl; and pharmaceutically-acceptable salts thereof.

25.  The compound of Claim 24 wherein RY is hydrogen and R* is alkyl
or alkoxyalkyl. "

26.  The compound of Claim 25 wherein'R" is methyl or methoxyethyl.

27.  The compound of Claim 24 wherein R is selected from the group .
consisting of alkyl, substituted alkyl and cycloalkyl.

28.  The compound of Claim 27 wherein R is selected from the group
couosisting of methyl, n-propyl, isopropyl, 1-hydroxy-2-methylprop-2-yl, n-butyl,
‘ tert-butyl, 3-thiomethylpropyl, 3-(thiomethoxy)but-1-yl, cyclohexyl, 4-
trifluoromethybeozyl and 3 4,5 —giﬁxcdzxoxybcuzyl.

29. A compound of claim | selected from the group coasisting of:
a-(4-acetoxy-3,5-di-tert-butylpheayl)-N-tert-butylnitrone

o-(4-isobutanoyloxy-3,5-di-fert-butylphenyl)-N-tert-butylnitrone
a(4-n-butanoyloxy-3,5-di-tert-butylpbhenyl)-N-tert-butylnitrone
«-(4-acetoxy-3,5-di-fert-butylphenyl)-N-isopropylnitrone

«-(4-acetoxy-3,5-di-tert-butylpheayl)-N-1-hydroxy-2-methylprop-2-ylnitrone



10% & ()- 1910% & ()- &10% & ()- #3@O0% & ()-10107|  3!|[: A210On& 90034 & () -
S)MOo% & ()- 3 10% & ()- yl0% & ()- f10% & ()-
10% & ()-z3! ! h#ti #j #k#x##vU410 S109%E & ()- "@L0% & ()-10r10r10r -
Y110% & ()- /10% & ()- ,Z10% & ()-##D ')& F)|[:vU410 Yy, 10% & ()- L*10%
& ()- & 10% & ()-m 10% & ()- Z10% & ()- @O0%
& ()-F))**+t +u+v+w++| obU410 #3-10% & ()5710E 10E 10E ; 10%E & ()-
“910% & ()- /109 & ()-F .'10% & ()- ++....0|[:bWw10 ML0% & ()-
S310% & ()- "~ 10%,,& ()-. 10% " & L), 910% " & ().- )
910% * & () - OmbSBﬁﬁZ‘Jé@ﬂf)é%%y/? -iht'ﬂeﬂ]“,’%ylp%g)é?"z“‘(’f‘%@*m%“e 10"
_f)110% & ()- f)110% & ()- S 10% & ()-45617S9K; L; M N; | [ NAM41010X 10X 10X

1 3109 & ()- | 310%{4acetpxy-B,5rdusrrsbutylphenyl) ohkd griflyorogedypbegizynitnide; d;
 ¥<0<| [: NAA1010 nlO0%ss& ()- 109%s& ()- 10%s& ()- fl 10%s& ()-
10%s& ()- ,# @O rdpiofd <3 3 cer Gupi A ML RFsHRpmERs e Y(10%6s& () -
S ' 10%ss& ()- 1022(3% (%-@ﬂfgow“&' ()-@gﬁ&w%;s&' () - =CJCSCCC8DYDZD| [ : - 410 S

109& ()- SYL109& ()-/,SE ) 2 2008 ) < LO0R! () - ‘

@#F@g%/e&' () - ZD( o ﬁ%%ﬁﬂ%‘mgh%@}g“( 9]’@@@%‘%% ()- 3:10% & & ()-
 10% & & ()~ "10% & & () - 1010DDDDDESE [ - AGL0 LI 1098 & ()~ x. LI 109%& () -

L! 1092$72&' () - 910%(¢aeetpyy-3 P-digegtrbutyighien)-\idded trymeshgwsbearyiatmos 79, 410080
@S 109%08&0& ()- @S 109D&D& ()-!4@S 109%& ()- /10% & & ()- C &Y 1097 &7

& ()- &Y 10% & &[4<anpo@iudooilory)in o rert-bi@bedyl[ N-rek-buldtitesned () - &
@o%' & ()-3 s@o0%' & ()- " @O0%' & ()-100&0100&00HHH) I 111][: A4100&0

MLO%' & ()- &310944&, Yo YOO o e & ()- 9L
10%3?3&' (§) |JFKK@%§(@OO&OJ&#§% g/qug(,()_ ¢ 310%%‘:'%@9%”%0%' & ()-
&10%' & ()- 310% =™10%' & () - gLLLM MW [ : A4100&0  eFy/ $10% e'

a-[4-(n-butylaminocarbonyloxy)-3,5-di-tert-butylphenyl]-N-tert-butylnitrone

«-[4-(2-ethoxycarbounyl)ethylaminocarbonyloxy)-3,5-di-fert-butylphenyl]-N-
tert-butyloitrone

a-[4-(2-ethoxycarbonyl)methylaminocarbonyloxy)-3,5-di-ferr-butylphenylj-
N-tert-butylnitrone

o-(4-methoxymethoxy-3,5-di-fert-butylphenyl)-N-tert-butylaitrone
o-[4-(2-methoxy)ethoxymethoxy-3,5-di-fert-butylpheayl]-N-tert-butyloitrone

a~(4-methoxymethoxy-3,5-di-ferz-butylphenyl)-N-3-(thiomethoxy)but-1-
ylnitrone

a-{4-methoxymethoxy-3,5-di-tert-butylphenyl)-N-3-
thiomethoxypropylnitrone

and pharmaceutically acceptable salts thegeof.

30. A compound of formula I:

R2
R'O; -

R2 7N
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| 940% " & () - MViFNI NNNNNIN| obU4100 | " @0% & () - 10e' 10e' 10e' : 10%' & ()-4 H S8

10% e'b & ()-3 4F10%' & ()- |110%' & ()-NNOP' PPP| [: bU4100 @0% & () -

@L0% & ()- @ 10% & ()- \&$P10% & ()- LS '10% & ()-

910% & ()-P) QQR RRS| [ : bU4100 ,010% & (kg O, +10% & ()-: ,3(10% & () -

f& 10% & ()- ,10% & ()-F ,10% & () - SBSCSDSESRSUSSSVU4100 pLLt 10984& () -

, 1099&' ()- L10%9&' ()- S#3@0%& ()-10'10'10° 5 10% & ()- SSSSST' T| Z9vU4100

FI109& ()- !B+ 10%& ()- @L0%& ()-, @10%g#c& ()-, 10%#& ()-

ymlO%& () -m TniT vdidckdwV| [ : vU4100 Ol 1099& () " 10984 ()-: "109%& ()-

Lf110% & ()- f!1008& ()-  =f110% & ( VOVBW [ : vU4100

0>310%69%6& ()-S R1ipsslagied from G@%‘P “§S‘1‘\g1 B& ()-Y 241098& () -

41099&' () - SW W WEWEW WA/ XV T310 Wrr(10%< & ()-@0?fm(109 ] & ()-@

C109' &' () - #@O0W' & ()-109%40%0% ,# 1098&" () - VXXwWYzbZZu[ | [:vT310 W

y&I0%' & ()- @10%' &w)- 110" & ()- M Wo% x'z & ()-Z &10X" & () -

Rf m( 109%#& () - @1[[[[[[[” :vT310 W3 10%' &{[)- 2 10%' %26() 10%&& ()-
T31098&' ()- /10%’ _+10%' & () RI-HNLO-ervus1end y

s109%&&' ()- , #3@L0% -10x' 10x' 10x" 91Pp%' & ()-Z

$f510% & ()-c\\v] ’\X’\h’\’\| [:vU410  y109&&t ()- 109&& ()- 10%&& () -

oY 10% & () -

each R? is independendy selected from a group of the formula:

Rt
R +—C—

R12

R? is hydrogen;

R* is selected from the group consisting of alkyl and substituted alkyl;
R® is alkyl;

RS is alkyl;

R is hydrogen;

R* is selected from the group coasisting of alkyl and alkoxyl;

R® is hydrogen;

R, R*" and R" are methyls.

X is oxygen; and

W is oxygen; and pharmaceutically-acceptable salts thereof.

31. Thecompound of Claim 30 wherein R’ is selected from the group

consisting of methyl, ethyl, n-propyl, isopropyl and n-butyl.



Y 10%G8G& ()- | 0Y 10%& ()-~"& 4 |[:vU410 1 109R& ()- P22009280%)-
%BW10% #) & ()-° X W10% & & ()-° !10%8& ()- y 10%&& ()- " 2akaaaaaaavU410
&s109%" & ()- , #3@0%" & ()-108&108&10& f810%&& ()- L6, 104C&CE () -

f310%8&' ()-a bQbbbcXc|[:vU410  S310%' & ()- & #109%' & ()- f 109" & ()- f
1099 & ()- X 9409%.?' L& ()-3 ysl0%"' & ()- XcccMiddde|[:vU410 @10%' & () -
@"109%' & ()- S10%' & ()- @O0%' & ()- SHeaR' & ()- S

109" & ()-4eeeef f"f|[:vUA10 18 109" & ()- S5100@' & ()- 90m 10%" & ()-
@ @O%" & () - 1B 1Y Riiud ama@@m&an BeCdmgoluBfis D EE Y tafificEboRPoKY)

10" y&6S10984): L)r g@ﬁ O W& ()- d5t10% & ()- 5t109% & ()- -

5t 109 ! &' (? A410 0%08&. ( )+ Zy §4-DiLOMDy Biiikdcarbori ()
10% & ( '°F °‘“‘“ '(d‘)" g gﬁ' & 'SI'10% & (

L10% &' () 3.5 ‘L‘fﬁé?éfgo@)e“ya' ‘ﬂ‘ 0% & ()- grrg}ggg)g hxV5A410 010%

& ()-( .I 010%&- L() - ! W(’{ & c(a)m L wherem the compouad is a-[4-(n-butylaminocarbonyloxy)
S$10%& ()3531?1%( yl]s ,{gb},gy g,,) @hhhhthl i VU410 0°"10%!& ()-

109! ﬁ%”?‘ 10 10 - ;
B ey vt
& ()- nKrrmMmmp@abeMM)')-3l§:‘-llﬂ%ﬁb“§' le‘ °"YU bt Wty aitrong, 10% & ()-
#10% & ()-  FLQ% &Aeampoaae%a@m(mmdeeommdow{i -ei@pxycadunyB, () - 10! 10! 10!
F . methylaminocarbonyloxy)-3, S-di-tert-butylphenyl]-N- -teri- buty!uitrone.

37. A compound of claim {, whecein the compouad is! (1 (4-mcth0xymcthoxy~3

5«li—tert—buiylphcnyl)-N-teﬂ-bu tylnitrone.
38. A compound of claim [, whecein the compound is a-[4 -(2-methoxy)ethoxymethoxy-3,

-5-di-tert-butylphenyl]-N-tere-butylnitronce,
" 39. A compound of claim [, wheceia the compcuad is 0.-(4-methoxymethoxy-3,

. S~di-tert-butylphenyl)-N-3-(thiomethoxy)but-1-ylaitrone.
40. A compouad of claim {, whereia the compound is a-(4-mcrhoxymethoxy-‘3

5-di-tert-butylphenyl)-N-3-thiomethoxypropylnitrone.

41. A phacmiaceatical composition compcisiag a phacimaccutically acceptable caccier and a .
plarmaceutically effective amouat of a campouad of any of claims 1-40.

42, Use of the pharmaceutical composition according to claim 41 comprising a

pharmaceutically acceptable cacrier and an effective inflammation-reducing amouat of a

compound of formula [:

RZ
RO -

R? /\

wherewn
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910%y& () - 10%y& ()-!'P "109LM.& ()- < “10%y& ()- 9mOWy& ()- y
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9 "10% & ()- 91 "109%&k ()- L109& 8?1 Hw xxxxx. xfxvU410 S10%s& ()-( S
109%s& ()-' #@ 0% R 1§ yelertrdifspopihe gayoceo3yuoesxos & () - f xxxx4y' y| [ vU410
S10%s& ()-( ylo%s& ()- @O0%s& ()- y:10%s& ()- @ 10%s& ()-

10%ss& ()- Normal" "Heading 13]c" "Heading 23]c" "Headi ng 33]c" "Heading
43] ¢c" "Headi ng 53] c" "Hgadi ng 63]c" "Headi ng¢ 73] c" "Headi ng 83] 7 " Headi ng
93] c"A "Default Paragr a|ﬂ1 Font !',-A/ 4" :0?VENLSZ} bdgl ou- ~eDul ~n QJI LW
v(1MB<@ Af DKDP<TX’\<7;gJ__@J,‘_s/z| ~&, 18BTRES{H—UD+T<ZEHRRN 4t ToXyogeH—

B'! #$%&wW x**+U-$///0+0Y0Ou0001&101{1112- 2|X23N578Y9;

(=/BaCCGHK| OSVnXY] " b, efirj "pssxT}. yl Es#<) Ig@™+Kt a6| W& $G : -: xV3! #F) +04N;
0<=CZDDSEe GoHI gLMNPSS' TVSW/Xu[ [ c\ " aXc4e"f; ff g: hi moo! psHM x" y

I"#B9& ()*+,-./0123456789: ;

<=>? @\BCDEFGHI JKL MyaBRSE indsyaically selatfed bdogha giduprodlag fxcmiday z{ | } ~6Ti nes
New RomanAri al Courier New'h Root EntryWrdDocunentp

I"#$9R ()*+,-./0123456789: ;

<=>7? @\BCDEFGH JKLMNOPQRSTUWWKYZ[ \ ] * .p@bcdef ghi j kI mopqr st uvwxyz{|} ~
I"#B9& ()*+,-./0123456789: ; '

<=>? @\BCDEFGHI JKLMNOPQRSTUVWKYZh{-2.¢Cabcedef ghi j kI mopgr st uvwxyz{| }~. -
I"#S9R ()*+,-./0123456789:;

<=>? @GABCDEFGHI JKLMNOPQRSTUVWKYZ[ \ ] ’\_Ra;bcdef ghi-j kl mopqr st uvwxyz{| } ~

R3 is selected from the group cousisting of hydrogea, alkyl, cycloalkyl and
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R‘ is selected from the group coasisting of alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, substituted cycloalkyl,
cycloalkeayl aod substituted cycloalkenyl;

RS is selected from the group consisting of alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, substituted cycloalkyl,
cycloalkeayl and substituted cycloalkenyl; . '

R® and R” are independently selected Erom the group cousisting of hydrogea,
alkyl, substituted alkyl, alkeayl, substituted alkenyl, alkynyl, substituted alkyayl,
cycloalkyl, substituted cycloalkyl, cycloallcéuy[ and substituted cycloalkenyl; oc RY
and R can be joined to form an alkylene or substituted alkylege group having from
2 to 10 carbon atoms;

R® is selected from the group coasisting of alkyl, substituted alkyl, alkeayl,
substituted alkeayl, alkynyl, sul.)stimtcd alkyanyl, cycloalkyl, substituted cycloalkyl,
cycloalkenyl and substituted cycloalkeay!;

R? is selected from the group coasisting of hydrogen, alkyl, substitxted,
alkyl, alkeayl, substtuted alkenyl, alkynyl, substtuted alkynyl, cycloalkyl,
substituted cycloalkyl, cycloalicenyl and substituted cycloalkeayl; oc R* aad R’ can
be joined to form an alkylege oc substituted alkylene group haviag from 2 to [0
cacbon atoms;

- RY is selected from the group cogsisting of hydcogen, lower alkyl and lowecr
cycloalkyl; or R' and R" can be joined to form an alkylene, substituted alkylene, -
C(0)- -5(0)- ot -5(0);- group;

R and R" are indepeadently selected from the group coasisting of 1 to 6
carbon alkyl and 3 to 6 carboa cycloalkyl; or R** and R' can be joined to-focm an
alkylene group having from 2 o 10 carbon atoms;

X 15 oxygeu, sulfur, -S(0)- or -S(0).-; asd

W is oxygen oc sulfuc; and phacmaceutically-acceptable salts thereof.,

in the manufacture of a medicament for the treatment of an inflammation-related coadition

43. The -method according to Claim 42 wherein the inflammation-related

condition is rheumatoid arthritis.
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44, The method according to Claim 42 wherein the inflammation-related

condition is osteoarthritis.

45. The method according to Claim 42 wherein the inflammation-related

condition is ankylosing spondylitis.

46. The method according to Claim 42 wherein the inflammation-related

condition is systemic lupus erythemoatosus.



