HYDROGEN SULFIDE DERIVATIVES OF NON-STEROIDAL ANTI- INFLAMMATORY DRUGS
ThisapplicationisfiledasaContinuation-in-Partof PCT/CA2006/000484, filed March 31, 2006, which
claims priority to 5 PCT/CA2005/000819, filed May 27, 2005. This application further claims priority to
U.S. provisitvabpaterzipplications nos. 60/807,639, filed July 18, 2006, Bati 6E/88PUEE, filed January
30, 2007. FIELD OF INVENTION The present invention rel t ivatives of non-steroidal anti- 10
inflammatory drugs W@B%ﬂiw | qﬁ%aﬁ%nﬁ%ﬁﬁﬂ%%ﬁ%@‘u@%fﬁr in the treatment of
inflammation, pain and fever. More parti¢el#&WiMaSADSRReIGEivatized with a hydrogen sulfide (H2S)

releasing moiety to produce novel anti-inflammatory compounds having reduced side effects.
BACKGROUND OF THE INMEMIA@N 15Non-gtetoidalsantisinflafimétorjidnigs éNSAIDS) are widely

used for the tregr lety, of candi SgQciay ith,pain, feverand dntlamgation, including
mRORSI el Of aRdians pssacialgdavityngin, IBRtand iam

osteoanhritis, rheumatoid arthritis, gout an losing spondylitis. They are also widely used for
treating acite pHin AdSHEaIREORIH iflarc¥and SurdiCal profEd GRS WY 8era Brocedures) and
headaches. 20pAhepenefisiapeffestsaf NSt Depiientargelydse kvedrtedse aktrdblitabidto their ability
to suppress pr landi g}hfgéé'sfp ' Mg clagxygenase-1 (COX-1) and cyclooxygenase-2
(COX-2). &3}\%\%}3 I%(r%g-te’rm useé(gtr’}l%sm s§% significantly limited by their ability to cause
clinically significant injury in the gastrointgstinal , J.L. 25 Nonsteroidal anti-inflammatory
drugs and gastroenteropathy: the second- 5. troenterology. 1997; 112:1000-1016).
Selective inhibitors of COX-2 were seen as an advance n o !r\}\éesntci}?na&l}[g@i[[)iaa’a% %%gy appeared to
cause less gastrointegﬁﬁapﬁgﬁﬁw I—Wﬁ@%? E%ﬁﬁeesrngoh V6 edhraise regar(?ing the cardiovascular
toxicity these dinisyamtbpossitly dN6/80wghating dopistoasiNtAIDEaIchod8ePetas, Biological

basis for the  |,seti in the wreatment of infiammation, pain and fever. More particularly,

NSAIDs are derivatized with a hydrogen sulfide (H.8) releasing moiety to
oroduce novel anti-inflamimatory compounds having reduced side effects.

BACKGROUND OF THE INVENTION

13 Non-steroidal anti-inflammatory drugs (NSAIDs) are widely used for the
treatment of a variety of conditions associated with pain, fever and
inflammation, including osteoarthritis, rheumatoid arthritis, gout and ankylosing
spondylitis. They are also widely used for treating acute pain associated with
injuries and surgical procedures (including dental procedures) and headaches.

20  The beneficial efiects of NSAIDs are largely believed to be atiributable to their
ability to suppress prostaglandin synthesis by inhibiting cyclooxygenase-1
(COX-1) and cyclooxygenase-2 (COX-2).

However, long-term use of NSAIDs is significantly limited by their ability

to cause clinically significant injury in the gastrointestinal tract (Wallace, J.L.

25  Nonsteroidal anti-inflammatory drugs and gastroenteropathy: the second
hundred vears. Gastroenterology. 1997, 112:1000-1016). Selective inhibitors

of COX-2 were seen as an advance on conventional NSAIDs, as they
appeared 10 cause less gastrointestinal injury. However,- concerns have been
raised regarding the cardiovascular toxicity these drugs, and possibly aiso

30 regarding conventional NSAIDs {Grosser et al., Biological basis for the
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DMSLegal\ 054688\00001 \ 2656596v1 WO 200810(19127PCT/CA2007/001289 cardiovascular
consequences of COX-2 inhibition: therapeutic challenges and opportunities. JO/in Invest, 2006; 116:
4-15). It is well known that NSAIDs stimulate leukocyte adherence and reduce gastric mucosal
blood flow, amithesm@ations are widely held to be important 5 contributogg-todhapaihagenesis of
NSAID-induced gastrointestinal damage (Wallace, 1997). Induction of leukocyte adherence by
non-selective andEERYZSEHRARRORPSAFIREM &) GRY-8dnbilkties: 1t etarkotiasthabengsmplidations of
these drugs. Recemtiyrithsssbe Enrobsesrezbtsat: hgdrogan sulfide (H2S) exerts anti- 10 inflammatory
and analgesic activities. H2S is an endogenous substance, produced in many tissues and affecting

many functions (Wang, FoiseampanHKesisn eiowskean i Beie ik epdoggnaus gaseous
transmitter? EAS gs‘;]f%%%éo%gé 7% -%gvg8%h Ié ;)ras_ alsot.been shown to be a vasodilator and can
suppress leukocyte adherence to the vascular endothatium 1% (Y, 5663 Bfolteeiiabhl., inhibition
of hydrogen sulfid&géReteitoly dbatmsiitesatrgastic iy tulwed lypsintiFitizinamdtonygronsteroidal
dhrugs. Gastroentqwh:@}tezm}_lz;&xM@Qﬁ&gﬁ&ﬁEﬁg@h&gmﬁg@ %%@%&@ggﬁm[éonstrated
that pretreatment.yi r can diminish the seyerity of NSAID-induced gastric damage in
the rat. ZOSurpris%vét‘%‘/%ﬂgé‘iﬁ%%ﬁt)grgs ha eaé%oov?/%qtﬁ%ﬁtee p%scé%%%g‘ﬁ%‘ef %ﬁ?ﬁﬁ){"ﬁ%’%i%ﬂammatory
activity of a varietﬁf‘%ﬁ\l@%@ﬁ)s is significantly enhanced when covalently linked to or NSAID salts are
formed with an H2S releasing moiety. Further, these NSAID derivatives have been shown to have
reduced side effects. Infpidicivail, the raasntbesvavetishiowd it NGHR desBatives;ofithe 25 present
invention have ongrpRkmRkerefihe fallawiag aglditianal c@g@qgeré%ti%d@&t&gu%g%ﬁ&astrointestinaI
injury than conventié)@uacleIQS{AIDS' r%) fccelerate thereaIing of pre-existing gastric ulcers;;’ and (3) elicit
significantly less 6f an mcrease i SyStEHHTE bty BFOSENfe AW coRiienA a8 D¥ Eurthermore,
the NSAID derivaf¥@gaithdpresent itrrustionaredds® lbakdeytéhd0 atdhiemneado dhessascular
endothelium, whistamasepnirisieto bosh; reguppsborstigintestinal and sardigyasaylpp side effects.

DMSLegal \ 054688100001 \2656596v1 .
vasodialor and Can suppress leukocyte adherence 1o the vascular endothelium

15 (Wang, 2002; Fiorucci et al, Inhibifion of hydrogen suffide generation

contributes to gastric injury caused by anti-inflammatory nonstercidal drugs.
Gastroenterology. 2005; 12€: 1210-1224). Further, Fiorucci et al. (2005) have
demonstrated that pretreatment with an H.S donor can diminish the severity of
NSAID-induced gastric damage in the rat.

20 Surprisingly, the inventors have shown in the present application that the
anti-inflammatory activity of a variety of NSAIDs is significantly enhanced when
covalently linked to or NSAID salts are formed with an H,S releasing moiety.
Further, these NSAID derivatives have been shown to have reduced side
effects. in particular, the inventors have shown that NSAID derivatives of the

25  present invention have one or more of the following additional characteristics:
(1) produce less gastrointestinal injury than conventional NSAIDs; (2
accelerate the healing of pre-existing gastric ulcers; and (3) elicit significantly
less of an increase in systemic blood pressure than conventional NSAIDs.
Furthermore, the NSAID derivatives of the present invention reduce leukocyte

3¢ adherence to the vascuiar endothelium, which may contribute to both reduced
gastrointestinal and cardiovascular side effects.

DMSLegah054688\0000142656596v 1 2z



SUMMARY OF THE INVENTION In a first aspect, there is provided a compound of the general
formula. B-C(0)0--X(Formula 1) where B-C(0)0- is derived from an NSAID having a free carboxyl
group and X is selected from the groux caRsisEngOF TRRMEVENTICaSecond aspect, there is
provided a pharmaceutical composition comprising a compound as defined above and a
pharmaceutically acceptable excipient or carrier. In a third aspect, there is provided the use of a
compound as definediahdve inpha, mardfastuveded a sedicandaiftifer deaatidonflainmation in a subject
in need of such treatment. In a fourth aspect, there is provided the use of a compound as defined
above in the manufacture of a medicament fertrgatiog-pain in a gubjegizinneed of such treatment. In a
fifth aspect, there is provided the use of a compound as defined above in the manufacture of a

medicament fopieeating femenin a siubiect inneed 08 sUeh A8ameRts 3arboxyl group and X is

selecied from the group consisting of:

B

Nk
: ;s , and
mm_Q

In a second aspect, there is provided a pharmaceutical composition comprising a

compound as defined above and a pharmaceutically acceptable excipient or carrier.

In a third aspect, there is provided the use of a compound as defined above in the
manufacture of a medicament for treatiﬁg inflammation in a subject in need of such

freatment.

In a fourth aspect, there is provided the use of a compound as defined above in the

manufacture of a medicament for treating pain in a subject in need of such treatment.

In a fifth aspect, there is provided the use of a compound as defined above in the

manufacture of a medicament for treating fever in a subject in need of such treatment.
3



In one embodiment of the present invention, derivatives of NSAIDs are provided, said derivatives.
comprising an H2S-releasing moiety that is either covalently linked to an NSAID or forms a salt with an
NSAID. Surprisingly, the compounds of the present invention exhibit enhanced anti-inflammatory
activity in a rat carfageenarhidiieschpaw adenmiaimeoiébwyidericorgsaret ¥a-thie NSAID alone, the

H2S-releasingmeietyAloRsriaas the cembinagamofNSAxand MaGrelpasing seiety administered

separately but concomitantly. Furthermore, the NSAID derivaii f the pr t lnyention Produce a
modest, sh8ﬁvﬁéféﬁi¥da‘é%%§iﬁ%&%&@ﬁﬂ‘f§‘ Scoanscae!}[n‘fur%%gﬁas&.%%‘iﬁn%I %ré)fﬁgg%%&uﬁ?to theory, the
short-lived inwrgasedn pldsener 428t doneeintratisiil wiiendssanthiitharmatphyaisityical range, may
contribute tq,theiy; enhanceshantidnfammateneaativibie wHSHrBsisiRgb: thareompeunds of the present
invention may also exhibit an enhanced abiiI:% to Suppress g%}%?&%@%’é%%ﬁ'éﬂ ¥-2) activity and/or
cyclooxyge 1E Cr- 5aRaIE WheR oMpared 16 thair reapactive nondéhvatized NSAID
counterparts:Susihganesihsrntethiatsiiof teepappebs s oXxpaiarndy COXtramag alstecontribute to the
increased ani-inflammalanacivinopsened iFurhiermesautie sompaundsiefthesaresent invention
having enhanced inhibition of COX-1 shov%/e a sig@{ﬁt%ap[% u%pr%ssdgg %)fl;E r%mb xane 32 production
in platelets, W@ iy @b i (G FEHUEEH € i diovasetlar toxicy, ' “Flfthet: the compounds of the
present invehtidriexhibitfewser sideiadfosts tiananedniedpaetiveisonie ailanié dbenterparts. For
example, SQMREAIBRUNGS UrPHisinoboiadused sigmilisaniiiers @astic inmyihar the NSAID alone,
despite the compounds markedly suppressing gastric prostaglandin synthesis. While gastric safety is
observed with'4fiése H2S-releasing derivatives of NSAIDs, the same is not the case if the NSAID and
the H2Sreleasing moiety are administered separately, but concomitantly to rats. Without being bound
to theory, the compBaFRIBDY.tHE SESERIHOR WErS LT IB T ERICETR FR & Adherence to the
vascular engaiiaebui, apliioh toayscoptedntetodhenogestad sdfety-Eurthaiviredasd@dideukocyte

adherence (9 g, Y2008 RIZTR CHLAZIREOUARR ¥ase RE e dataglivn pay reduce the

cardiovascular sid ects frequently seen with prolonged use of NSAIDs. Further, the
compoundsErMaEZRE SR\ ROMTERT RS risTGH) SRRIEEISH FRUEAIR THREEPA N Piti2ase in systolic
blood pressaie/whe0xdmiristarss todiypertertsvénratathaunbistirseied/witgntgonventional
NSAIDs Weﬁ%ﬁéé%@'ste%mﬁ%e%%ﬁ@%a% clevate Hood, pressHismAxieguce the

ar si

cardiovascu e effects frequently seen with prolonged use of NSAIDs. - In accordance with the
present invERIBACEHerd RS viAE d ColipouRBR YRRy tFOIRWIng YRGS 8 Rila:
10A---Y-X(RommbaxBnehBse graganidtS Al Dptaigiets, Yidchelvateddranbiihe growpemusisting of
-C(O)NH-, -gépg%%ggmép&gwprZC(O)-, or zero, and X is a moiety capable of releasing hydrogen
sulfide either alone or when coupled to the NSAID (hereinafter referred to as an 1-12S-releasing
moiety), or a 15phar eyticall b %t? .Y r e NSAID
derivative may be a @%%tﬁoyke %WSSR% !éﬁ;?_r% e r%réee ﬁnﬁ%ﬁgﬁt\%ﬁé@%ggﬁhﬁé ’Ik%g selected from the
group Consgﬁgﬁ%ﬁﬁ%their respective non-derivatized counterparts. For example, some

compounds surprisingly induced significantly less gastric injury than the NSAID
alone, despite the compounds markedly suppressing gastric prostagiandin
synthesis. While gastric safety is observed with these HaS-releasing
derivatives of NSAIDs, the same is not the case i the NSAID and the HoS-
releasing moiety are administered separately, bul concomitantly ‘to rats.
Without being bound to theory, the compounds of the present invention were
shown 1o reduce leukocyte adherence to the vascular endotheiium, which may
contribute 1o their gastric safety. Further, reduced leukocyte adherence {o the

3a



DMSLegal \05468810000R2656596v14 and It is understood, however, that any non-toxic,_
effective moiety capable of releasing 1-123, either alone or when coupled to an NSAID, can k?e used in
the 10present invention. In one embodiment, compounds of the invention have the following
general formula:26008/009127 PCT/CAZ007/001289

vascular endothelium may reduce the cardiovascular side effects frequently

seen with prolonged use of NSAIDs.

Further, the compounds of the present invention surprisingly induced
significanily iess of an increase in systolic blood pressure when administered 1o

LA

hypertensive rats than was observed when conventional NSAIDs were
administered. A reduced propensity to elevate blood pressure may reduce the
cardiovascular side efiects frequently seen with prolonged use of NSAIDs,

in accordance with the present invention, there are provided compounds
having the following general formula:

10 A —X (Formula 1)

where A is an NSAID radical, Y is selected from the group consisting of

“CH{OYO-, ~C{OYNH-, -C{OYOC(O)-, -C{OYNHCHC(O)-, or zero, and X is a

moiety capable of releasing hydrogen sulfide either alone or when coupled to

the NSAID (hereinafter referred fo as an H.S-releasing moiety), or a
15 pharmaceutically acceptable salt thereof, whereby when VY is zero, the NSAID

derivative may be a sait of A and X.

in a preferred embodiment, X of Formula | is selected from the group
consisting of:

™~

1,

20 )

N

=]
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(Formula Il)  where B-C(0)0- is derived from an NSAID having a free carboxyl group or a
15carboxy-substituted NSAID and X is an H2S-releasing moiety, or a pharmaceutically acceptable salt

thereof. In one embodiment, B-C(0)0- of Formula Il is selected from the group consisting of:
DMSLegatlQﬁé&B&ﬁ)ﬁlﬁ@i12656596V15 HC HaGO POTICAIIOT/H012RS

/3

Vi

AN

/0
s
\QC{\/
NHy

and

smmoﬁv

it is understood, however, that any non-toxic, effective moiety capable of
releasing M5, either alone or when coupled to an NSAID, can be used in the
10 present invention.

in one embodiment, compounds of the invention have the following
general formuia:

B—C(O)O—X (Formula 11

where B—C{O)O— is derived from an NSAID having a free carboxy! group or a
15 carboxy-substituied NSAID and X is an HoS-releasing moiety, or a
pharmaceuticaily acceptable sait thereof,

In one embodiment, B—C{0)O— of Formula Il is selected from the
group consisting of:

D#SLogal0S468800001\2656506v 1 5



WO 2008/009127PCT/CA2007/001289 CH3 , and 5 and X is a hydrogen sulfide (I-12S) releasing
moiety. In one embodiment, X of Formula Il is selected from the group consisting of: Jo

WO 20068/009127 PCEICAZO07/061289

DMSLegal\05468800001\2650 596 v]



DINSLegnl1 \ 054688100001 \2656596y17 5and It is understood, however, that any
non-toxic, effective moiety capable of releasing H2S, either alone or when coupled to an NSAID, can
be used in the 10present invention. NSAIDs contemplated for incorporation in the compounds of
the present imentigmenciude acetylsalicylic acid (ASA), diclofenac, naproxeiyidemathiasain,
flurbiprofen, sulindac, ibuprofen, aceclofenac, acemetggin, benoxaprofen, benzofenac, bromfenac,
bucloxic acid, butibufen, carprof en, 15celecoxib, ciclo rof%‘u, cinmetacin, clidenac, clopirac, diflusinal,
etodolac, etoricoxib, fenbufen, fenclofenac, fe ac, feroprofen, fentiazac, flunoxaprofen, furaprofen,
furobufen, furafenac, ibufenac, indoprofen, isoxe _-‘| , ketoprofen, ketorolac, loxoprofen, lonazolac,
lumiracoxib, metiazinic, mefenamic acid, mgcloféenamic atid, meloxicam, nabumetone, piromidic acid,
20 salsalate, miroprofen, oxaprozin, oxepigrag, paracoxib, phenylbutazone, pirprof en, piroxicam,
pirozolac, protizinic acid, rofecoxib, sodigm salicylate, suprofen, tiaprofenic acid, tolmetin, valdecoxib,
zomepirac, and the like. DMSLe8aR0546881 00001 \ 265659648

O

and X is a hydrogen sulfide (H»S) releasing moiety.

in one embodiment, X of Formula i is selected from the group consisting
of:

10

DMSLegnAO54GREI000 26565961 7



WO 2008/009127PCT/CA20071001289 Preferred compounds are those of the following formulae:
4-(51hioxo-5H-1,2-dithiol-3-yl)phenyl 2-acetoxybenzoate (1), NH CI
4-(5-thioxo-5H-1,2-dithio1-3-yOphenyl 2-(2-(265dichlorophenylamino)phenyl)acetate H3Cw-y0 CI
2-(2-(2-chloreve-Alugsephenylamino)-5-methylphenyOacetate (lII) DMSLeg@IW&GW{}M_;sg
05468810000112656596v19 CH3 2-(6-Methoxy-~naphthalen-2-y0-propionic acid
4-(5-thioxo5H-[1,2)dithiol-3-yl)-phenyl ester (V)

&

M,

/
..

. ;"NHz
. 3

i

it is understood, however, that any non-toxic, effective moiety capable of
releasing H.8, either alone or when coupled to an NSAID, can be used in the
10 present invention.

NSAIDs contemplated for incorporation in the compounds of the present
invention include acetylsalicylic acid (ASA), diclofenac, naproxen,
indomethacin, fiurbiprofen, suiindac, ibuprofen, aceciofenac, acemstacin,
benoxaprofen, benzofenac, bromfenac, bucloxic acid, butibufen, carprofen,

15 celecoxib, cicloprofen, cinmetacin, clidenac, clopirac, difiusinal, etodolas,
etoricoxib,  fenbufen, fenclofenac, fenclorag, fenoprofen, fentiazac,
flunoxaprofen, furaprofen, furobuten, furafenac, ibufenac, indoprofen, isoxepac,
ketoprofen, ketorolac, loxoprofen, lonazolag, lumiracoxib, metiazinic,
mefenamic acid, meclofenamic acid, meloxicam, nabumetone, piromidic acid,

20  salsalate, miroprofen, oxaprozin, oxepinac, paracoxib, phenylbutazone,
pirprofen, piroxicam, pirozolac, protizinic acid, rofecoxib, sodium salicylate,
suprofen, tiaprofenic acid, tolmetin, valdecoxib, zomepirac, and the like.

DMSLegaN0S4EEE0000 12656596 v 8



2-Acetoxy-benzoic acid 4-(5-oxo-5H-[1,2]clithiol-3- y1)-phenyl ester (VI) DMSLegal1054688
00001?2656596v 110 [2-(2,6-Dichloro-phenylamino)-phenyl]-acetic acid
4-(5-0z051-141,2)dithiol-3-y1)-phenyl ester (VII) H3C CI
[242-Chloro-6vitupke:piemylamino)-5-methyl-phenylpacelic acid 4-(5-oxo-5k-p2Jdithigt>35y1)-phenyl
ester (VIII) DMSLegal \.054688 \ 00001126 6596@ CFE-i3 2-(6-Methoxy-naphthalen-2-yl)-propionic
i 4-(5-0x0-SHTL 2 I L S o BHORDT ECRaP S BV oot fouizd

4-(5-thioxo-5H-1,2-dithiol-3-yl)phenyl 2-(2-(2,6-
3 dichlorophenylamino)phenylacetate {38

4-(5-thioxe-5H-1,2-dithiol-3-yl)phenyl 2-(2-(2-chloro-8-
fluorophenylamino)-&-methyiphenyljacetate (i)

%

DRSLegal054638\0000 1\Z656595v] 9



L)LO 0 "?0 2-Acetoxy-benzoic acid 4-(5 hydroxyimino-5H-[1,21clithiol-3-y1)-phenyl ester (XI), 0 NH
CI\OH [2-(2,6-Dichloro-phenylamino)-phenyl)-acetic acid 4-(5-
hydroxyimino-5H41,23clithiol-3-y1)-phenyl ester (XII)
[2-(2-Chloro-6wtiuamepbenylamino)-5-methyl-phenyli-acetic acid BOT/CA2007 g
4-(5-hydroxyimino-51-1-11,2)dithiol-3-y1)-phenyl ester (XIll), DMSLegal1054688 WOW 6565 612 t 1
-(4-Chloro-benzoy1)-5-methoxy-2-methy1-1H-indo1-3-ylkageti¢ acid 4 S
(5-hydroxyimino-5H41,2idithiol-3-y1)-phenyl ester (Xky)—¢ N & ]
HeCO —~ S

[1-{4-Chloro-benzoy!) —5—meoxy-2~%1!ethyl-‘i H-inaol-3-yl)-

acstic acid 4-(5-thioxo-5H[1 y2jdithiol-3-yl)-phenyt ester (1V)

%

2—(6-Methoxy'naphtl:tal.en-2—yi}-propionic acid 4-(5-thioxo-
SH-[1,2}dithio)-3-yl)-phenyl ester {V)

2-Acetoxy-benzoic acid 4-(5-oxo-5H1,2]dithiol-3-
yi}-phenyl ester {¥)

]

DMSLepal\I5468810000112656506v] 10



CH3 2-(6-Methoxy-naphthalen-2-yl)-propionic acid 4- (5-hydroxyimino-51-1-[1,2]dithiol-3-y1)-phenyl
ester (XV) CH3 2-Acetoxy- nzoic acid 4-thiocarbamoyl-phenyl ester (XVI), DMSLegal \
054688Vv0000112656596v113 0 NH CI [2-(2,6-Oichloro-phenylamino)-phenylpacetic acid 4-
thiocarbamow«phamnyliester (XVII) [2-(2-Chloro-6-fluoro-phenylamino)-5-methy-phemyvli-agetic acid
4-thiocarbamoyl-phenyl ester (XVIII)

i12-(2,8-Dichloro-phenylamino)-phenyij-acetic acid 4-(5-oxo-
SH-[1,2)dithiol-3-yI)-phenyl ester (Vi)

[2-(2-Chioro-6-fluoro-phenylamino)-5-methyl-phenyl]-acetic
acid 4-{5-oxo-5H-[1,2]dithiol-3-yi}-pheny! ester {VII)

- . —c

[1-{4-Chiorc-benzoyl)-5-methoxy-2-methyl-1 H-indol-3-yi}-
5 acetic acid 4-(5-oxo-5H-[1,2]dithicl-3-yi}-phenyt ester 4X)

DMSLegal\054685\0000 12656596y 1 i1



ClI [1-(4-Chloro-benzoy1)-5-methosy-2-methyl-IN-indol-3- y1]-acetc acd 4-thiocarbamoyl-phenyl ester
(XIX) DMSLegall054688 \ 00001 \ 2656596vI14 CH3 2-(6-Mettiostinaphthalen-2-y1)-prapionic acid
4-thiocarbamoyliiphenyl ester (XX) N% 4-isothiocyanatophenyl 2-acetoxybenzoate (XXI), 5
4-isothiocyarvatophemd127(2-(2,6-dichlorophenylamino)phenyl)acetate (XX#b)/ca2007/001289

CH,
2-{6-Mathoxy-naphthalen-2-yl)-proplonic acid 4-(5-oxo0-5H-
[1,2]dithiol-3-yl}-phenyt aster (¥)

[2-(2,6-Dichloro-phenylamino)-phenyll-acetic acid 4-(5-

5 hydroxyimino-5H-{1,2idithiol-3-yl}-phenyl ester (X#)

{2-(2-Chloro-8-fluoro-phenylaming)-5-meihyl-phenyl]-acetic
acid 4-(5-hydroxyimino-5H-[1,2]dithiol-3-yl}-phenyl ester (Xil!),

DMSLegah05468R\000 12656 596+ 1 12



H3C 104-isothiocyanatophenyl 2-(2-(2-chloro-6-fluorophenylamino)-5-methylphenyl)acetate (XXIlII),
DMSLegal \ 0546813 \ 00001 \ 2656596v115 4-(isothiocyano)-phenyl
-2-0-(4-chlorobenzoyl)-5-methoxy-2-methyl-indo1-3-yli-aceta e (XXXIV), H3CO
4-isothiocyanatepluenyb 2(2-methoxynaphtahlen-6-yl)propanoate (XXV), pcricazeo7/601289
4-(5-thioxo-5H-1,2-dithiol-3-yl)phenyl 2-(4-isobutylphenyl)propanoate (XXVI), DMSLega 1\05 4688 \
0000 | 2656596 v 116

[1-(4-Chloro-benzoyl)-5-methoxy-2-methyl-1 H-ndol-3-yil-acetic acid 4-
{B-hydroxyimine-BHH1,2]dithicl-3-vi)-phenyl ester (XIV)

H

CHg
2-{8-Methoxy-naphthalen-2-y)-propionic acid 4-
5 (5-hydroxyimino-5H-{1,2]dithiol-3-yl}-phenyl ester (XV)

==

2-Acetoxy-benzoic acid 4-thiocarbamoyl-phenyt ester P4}

DMSLegal\)5468810000 112656506+ 1 13



4-(5-thioxo-51-1-1,2-dithio1-3-yl)phenyl 2-(3-benzoylphenyl)propanoate (XXVII),
54-(5-thioxo-5H-12-dithiol-3-yl)phenyl 2-(2-Fluoro-4-biphenylyl)propar-wjaje (XXVIII),
4-thiocarbamoylphenyl 2-(4-isobutylphenyl)propanoate (XXIX), DMSLegalk 054688=001 \256596v 117
4-thiocarbamwaiydphesiyledz(4-oxophenyl)-phenyl propanoate (XXX), 54-thiggarhamaovipheny!
2-(2-Fluoro-4-biphenylyl)propanoate (XXXI), N"..;c 4-isothiocyanatophenyl
2-(4-isobutylphenyl)propanoate (XXXII), DMSLega|10546881®001 V2656596v18 WO

2008/009127PCT/CA2007/001289 C\NH
2

[2-(2,8- Dschiom—phenylammo) -phenyl]-acetic acid 4-
thiocarbamoyi-pheny! ester (Xv1)

¥

Ormmin

{2-{2-Chloro-6- fiuoro-phenylammo} -S-methyl-phenyl]-acetic
acid 4-thiocarbamoyi-phenyt ester oty

HaCO

Cl

[1-(4-Chloro-benzoyl)-5-methoxy-2-methyl- H-indol-3-
5 yll-acetic acid 4-thiocarbamoyi-phenyl ester {(XiX)

DMSLegaliCS4688Y00001 2636596y 14



Oh 4-(isothiocyano)-phenyl 2-(4-oxophenyl)-phenyl propanoate (XXXIII), and

54-(isothiocyano)-phenyl 2-(2-Fluoro-4-biphenylyl)propanoate (XXXIV). The above mentioned
precursor NSAIDs (A) are prepared according to the methods known in the prior art. See, for example,
The Merck IndexpdiEdition (2001), Merck & Co., Whitehouse Station, Ngkdneqrpaiated herein by
reference. When available, the corresponding isomers, comprising optical 10 isomers, can be used.
Pharmaceutical acceptable saltshoa‘ the compounds of the presentjinvention such as, for example, salts
with alkaline metals and alkaline éarth-fietas, hon-taxic amfines antdvamino acids are also part of the
present invention. Preferred salts of the.compotinds &f thelg dent invention are the 15salts with
arginine and agmatine.Also included arepharmac utlcé)lly acceptable acid addition salts. DMSLegal
054688100001 \ 2656596v 119 WO gg%@%@ﬁﬁ]ﬁ%’Qgéﬂg'glgA%%QC?éQg)1289 In a preferred
embodiment, the NSAIDs of the present4nventionahewl exwatized with the H2S-releasing moiety
4-hydroxythiobenzamide (referred to herein as 1137). The TBZ derivatives consistently showed better
overall anti-inflammatory activity and reduced side effects when compared to the 5-p- 5
hydroxyphenyl1-1,2-dithiole-3-thione (ADT-OH) derivatives. Surprisingly, the TEL derivatives
generated significantly more H2S than thecdADT-OH derivatives, which may contribute to both the
increase in anti-inflammatory activity and the reduced side effects. Further, the TBZ derivatives
retained the ability to inhibit COX-1/CCR¢-2 re consistently than the ADT-OH derivatives. In tact,
many TBZ derivatives actually showed an in&
Furthermore, Compound XX (naproxen-TE
thromboxane 132 synthesis than the ADT-C
Compound XIX (indomethacin-TBZ

4-isothiocyanatophenyl 2-(2-(2,6-dichiorophenylamino)phenyljacetate (XXi1),

o ll
Ny

10 4-isothiocyanatopheny! 2-(2-(2-chloro-6-fluorophenylamino)-5-methyiphenylacetate (XX,

DMSLegal\(S4688\00001\2656 596v 1 15



15 derivative) was significantly better at inhibiting thromboxane 32 synthesis than the ADT-OH
equivalent, Compound IV (indomethacin-ADT-OH derivative). Enhanced thromboxane B2 inhibition
may contribute to the cardiovascular safety of the present derivatives. Compounds of the
present invertionsoemndbeprepared as illustrated in the 20 following two schemessssheme 1

Scheme 1 is shown below using as an example thesis of 4-(5- thioxo-5H-1,2-dithio1-3-yl)phenyl

1,3- dlcyclohexylcarbodnmlde (DCC) are 5 added. To
sulfide-releasing moiety such as 5- p-hydroxyphenyl-1,2-gdjthiple-3+thione (ADT-OH) (2) under

(2-(2,6-dichlorophenylamino)phenyl)acet; o/(3).\t is inderstood that@®ther hydrogen-sulfide releasing
moieties can be used with this scheme suchas.4- 10hydroxyphenylisothiocyanate (referred to herein
as HPI) Scheme 2 Scheme 2 is shown below using as an example the synthesis of [2-(2,6-
dichloro-phenylamine)xeharyihacetsyacith 44thiveadiasnoyinabenyt-estey-(Eampasa X VIl). In this
scheme, Lawesson reagent is used to add a sulfupd&group to the hydrogen sulfide releasing moiety
after it is covalently bound to the

O=Z

A
==

4-isothiocyanatopheny! 2-(2-methoxynaphtahlen-6-yl)propanocate (0{V),

4-{5-thioxo-5H-1,2-dithiol-3-vl}phenyt 2-(4-isocbutylphenyl)propancate (XX,

10

DMSLegali05468B0000 1 26565%6v1 16



NSAID. Lawesson reagent/ vAnhydrous benzene An NSAID having a free carboxyl group (or
a carboxy-substituted 20NSAID), for example, diclofenac (1), is first dissolved in dimethylformamide,
DMSLegail05468810000 | \2556596v 121 and hydroxybenzotriazole (HOBO and
1,3-dicyclohexylcaskegiinide (DCC) are added. To this mixture is added agaygeagan auifigle-releasing
precursor such as 4-hydroxybenzamide under conditions suitable to form a precursor (e.g., 4-
carbamoylphenyl 2-(2-(2,6- dlchlorophenylamlno ﬁhenyl)acetate (2)) of a 5 compound of the present

the present invention prowdes a phar pasition of the compounds of the present
invention, and a pharmaceutically a cepable ex0|p|ent r caffier speiticularly one for use in the
treatment of an inflammatory conditigh-of the Gl tract. Co°’mpounds of the present invention would
be useful for, but not limited to, the treatment of inflammation in a subject, and for treatment of other
15 inflammation-associatetidisGtersiibiotindshas aanalggsienn thedreatmamtipf pain and
headaches, or as an antipyretic for the treatment of fever. For example, compounds of the invention
would be useful to treat arthritis, including but not limited to rheumatoid arthritis, spondyloarthopathies,
gouty arthritis, osteoarthritis, systemic lupus erythematosus and juvenile arthritis. 20 Such compounds
of the invention would be useful in the treatm@t of asthma, bronchitis, menstrual cramps, tendinitis,
bursitis, skln related condltlons such ASPEOriagis; & md, burns and dermatitis, and from

\fronf opRthalmic 'surgery such as cataract surgery and refractive
surgery. Compounds of the invention also would be uséfllto treat 25 gastrointestinal conditions such
as inflammatory bowel disease, Crohn's disease, gastriis, irritable bowel syndrome and ulcerative

matter disease including multiple sclerosis, sarcoidosis, ‘:‘o" syndrome, Behcet's syndrome,
polymyosms gingivitis, nephritis, hypersensitivity, swelling DMSLegal \ 05468810000 | 12656596vI22
4-{5-thioxo-5H-1,2-dithiol-3-yl)phenyl 2-(2-Fluoro-4-biphenyivl)propanoate (AXvm,

4-thiocarbamoylphenyt 2-(4-isobutyiphenyl)propanoate (XXIX),

DMSLegah0S4685\0000 1 2656596v1 17



WO 2008/009127PCT/CA2007/001289 occurring after injury, myocardial ischemia, and the like. The
compounds would also be useful in the treatment of ophthalmic diseases, such as retinitis,
retinopathies, uveitis, ocular photophobia, and of acute injury to the eye tissue. The compounds would
also be usefukin theweaiment of pulmonary 5 inflammation, such as that psspciaigdywmithgviral
infections and cystic fibrosis. The compounds would also be useful for the treatment or certain central
nervous system disorders such as cortical dementi&Sincluding Alzheimer's disease. The compounds
of the invention are useful as anti-inflammato ; §uch as for the treatment of arthritis, with the

compounds would also be useful in the tregtment of pain, ut nagtt limited to postoperative pain, 15
dental pain, muscular pain, and pain reswing from cancer. Besitles being useful for human treatment,
these compounds are also useful for treatment of mammals, including horses, dogs, cats, rats, mice,
sheep, pigs, etc.  Dependihjienathesrbeific2céaditiondrtdisgasestete tadig treated, subjects may
be administered compounds of the present invention at any 20 suitable therapeutically effective and
safe dosage, as may be readily determined within the skill of the art. These compounds are, most
desirably, administered in dosages ranging from about 1 to about 2000 mg per day, in a single or
divided doses, although variations will necessarify _occur depending upon the weight and condition of
ar Q ﬁgﬂwlstratlon chosen. It is understood that
RN SAID Ysed to form the compounds of the present invention.
However, a dosage level that is in the range of about 0. 1 6 about 100 mg/kg, preferably between
about 5 and 90 mg/kg, and more preferably between abo 5 and 50 mg/kg, is most desirable.
Variations may nevertheless occur 30 depending upon t ht and conditions of the persons being
treated and their individual responses to said medicamen ell as on the type of pharmaceutical
formulation chosen and the time period and interval during whigh-guch administration is carried out. In
some instances, dosage levels DMSLegal \ 0546E8 \ 00001,}2656596v123 WO
2008/009127PCT/CA2007/001289 below the lower limit of the aforesaid range may be more than
adequate, wisile in other casessilblaigahaasesmayleRmARRWIhAULSaYSIng any harmful side
effects, provided that such large doses are first divided into several small doses for administration
throughout the day. 5The compounds of the present invention can be administered in the form of any
pharmaceutical formulation, the nature of which will depend upon the route of administration. These
pharmaceutical compositions can be prepared by conventional methods, using compatible,
pharmaceutically acceptable excipients or vehicles. Examples of such compositions include capsules,

4-isothiocyanatophenyl 2-(4-isobutyiphenyl)propancate (000D,

10
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10 tablets, transdermal patches, lozenges, troches, sprays, syrups, powders, granulates, gels, elixirs,
suppositories, and the like, for the preparation of extemporaneous solutions, injectable preparations,
rectal, nasal, ocular, vaginal etc. A preferred route of administration is the oral and rectal route. For
oral administrationedabiess containing various excipients such as 15 microggysiallipg sglllose, sodium
citrate, calcium carbonate, dicalcium phosphate andcglycme may be employed along with various
disintegrants such as starch (preferably corn, potatojor tapioca starch), alginic acid and certain
complex silicates, together with granulation by likepolyvinylpyrrolidone, sucrose, gelatin and
acacia. Additionally, lubricating agents such. (y magnesium stearate, sodium lauryl sulfate and talc
can be used for tabletting purposes. Solld composmons imilar type may also be employed as fillers
in gelatin capsules; preferred materials jgthis connectigh aI include lactose or milk sugar, as well as
high molecular weight polyethylene glydals. When aquedtsisuspensions and/or elixirs are desired for
oral administration the 25 active ingredient may be combinedwith sweetening or flavoring agents,
coloring matter and, if so desired, emulsifying and/or suspendfyg agents, together with such diluents
as water, ethanol, propylene glycol, glycerin and various combifiations thereof. The dosage form can
be designed for |mmed|ate release, controlled 30 release, extended release, delayed release or
targeted delayed releas& (THACOERRRERAY o THESPIEMHESRY RIBAIRAS SHELI SEfled in the art.
Furthermore, the dosage form release profile can be effected by a polymeric mixture DINSLeg al \
054688 \ 0000 | 12656596V 124 composition, a coated matrix compaosition, a multiparticulate
composition, a coated multiparticulate composition, an ion-exchange resin-based composition, an
osmosis-based composition, or a biodegradablespolymerj¢, composition. Without wishing to be bound
by theory, it is believed that the releasé maj.he acted tﬁrough favorable diffusion, dissolution,
erosion, ion-exchange, 0smosis or co Noirtions g FOr parenteral administration, a solution
of an active compound in either sesame or peanut 0|I oglIn aqueous propylene glycol can be
employed. The agueous solutions should be suitably buffered (preferably pH greater than 8), if 10
necessary, and the liquid diluent first rendered isotonic. &he Yqueous solutions are suitable for
intravenous injection purposes. The preparation of all these=§olutions under sterile conditions is readily
accomplished by standard pharmaceutical techniques well k Qwn to those skilled in the art. The
following examples further describe and enable a person ordin rily 15 skilled in the art to make and
use the invention. It should be appreciated however that these ednbodiments are for the purpose of

illustrating the invention, and are not to be construed as limiting the scope of the invention as defined
by the cl airﬁs_ 4-{isothiocyano)-phenyl 2-{2-Fluoro-4-biphenylyilpropanoate (KIXIV).

The above mentioned precursor NSAIDs (A) are prepared according to
the methods known in the prior art. See, for example, The Merck index, 13"
Edition (2001), Merck & Co., Whitehouse Station, N..J., incorporated herein by

reference. When available, the corresponding isomers, comprising optical
10 isomers, can be used.

Pharmaceutical acceptable salts of the compounds of the present
invention such as, for example, salts with alkaline metals and alkaline earth
metals, non-toxic amines and amino acids are aiso part of the present
invention. Preferred salts of the compounds of the present invention are the

15 salts with arginine and agmatine.  Also included are pharmaceutically
acceptabie acid addition salts.

DMSLegal05568BY0000 1126363961 19



BRIEF DESCRIPTION OF THE FIGURES 20Figure 1 illustrates the gastric damage score measured
in rats treated with vehicle, diclofenac, and two diclofenac derivatives of the present invention,
Compound Il and Compound XVII. Figure 2 illustrates the amount of gastric prostaglandin E2
(PGE2) prodweoeddismatstreated with vehicle, diclofenac, Compound Il ang:&opmpeiig 2ak VIl

e o ates ihe dAl - dREDLARIT AR RS Uegle bIlINCHILG Gppen, 2nd o

naproxen derivatives of the present jnvention, Compoun ompoun

|IIu2trates the amgﬁﬁ%tﬁ%%%%&%@%ﬁegﬂﬁﬂgﬁF’i%r%@éf%?%ﬂ'@%féa%fﬁg(ﬁé%‘eﬁmSLegaI
054688 \ 0000112886596% IRL\W 2008009 12T RE THGARCOTHD 8286 beﬁgm@mmﬁrates the total
length of small integHRmhalssT RGN sats Hepiersd Witk vehicle. didlafenac, g%@ﬁ%’% Figure

6 illustrates thje percen nt hemato crlt rats before and after being treated with ve ofenac and

Compound I 5F|g¥1 P s g°8%&}H'P@?e%"dg’t@@G@é‘ﬁ%%ed%rﬁf@@%’cﬁ%eous pouch
of rats using the r&Paiflstueivassapadied siguifadwithmpehiclé dimtofenad TCompewdiveand

Cfompound XVIL whickrigyecBrithsiiatesie amawntaiovholrdignsempaxans 8241%62) in the rats
of Figure 7

.

reduced side effecis.

Further, the TBZ derivatives retained the ability to inhibit COX-1/COX-2

10 more consistently than the ADT-OH derivatives. In fact, many TBZ derivatives

actuaily showed an increase in COX-1 inhibition or COX-2 inhibition or both.

Furthermore, Compound XX (naproxen-TBZ derivative) was significantly better

at inhibiting thromboxane B2 synthesis than the ADT-OH squivalent,

Compound ¥ (naproxen-ADT-OH), and Compound XX (indomethacin-TBZ

15 derivative) was significantly betier at inhibifing thromboxane B2 synthesis than

the ADT-OH equivalent, Compound IV (indomethacin-ADT-OH derivative).

Enhanced thromboxane B2 inhibition may contribute to the cardiovascular
safety of the present derivatives.

Compounds of the present invention can be prepared as illusirated in the
20 following two schemes:

Scheme 1

Scheme 1 is shown below using as an example the synthesis of 4-(5-
thioxo-5H-1,2-dithiol-3-yljpheny!  2-(2-(2,8-dichlorophenylamino)phenyljacetate
(Compound i)

COOH s
R
Seyg 2

LG DCC / HOBt

25
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10Figure 9 illustrates the inhibition of paw volume increase in rats treated With vehicle, diclofenac and
Compound II. Figure 10 illustrates the inhibition of paw volume increase in rats treated with
vehicle, diclofenac and Compound XVII. Figure 11 illustrates the amount of exudate PG E2
produced in the i@suBertaneous pouch of rats using the rat pouch assaymwhen tigaigewith vehicle,
naproxen, Compound V and Compound XX. Figure 12 illustrates thromboxane synthesis (ng/mL)
by human blood (in vitro) as a function of concentration of indomethacin, Compound IV and

Compound XIX. 20Figure 13 illustrates the surface area, in mmz2, of gastric ulcers in the rat following
daily treatment for oné%éﬁ%h%ﬂﬁglf d%8fe%§%?”(¥%rﬁ%ﬁn§q<\ﬂl,% ?Wgﬁbgﬁa%%mpound XX.
Figure 14 illustratdsithe incressecie.systofieblo 6t .pie setirdigsivédgindimetratiotreamadewith vehicle,

Pyctogen Sulics Lot e ol et At el o e el
ydrogen sulfide concentration when ra re treated with 50 pmol/kg p.o, of Compound II.
DMSLegah 054648100001 156BE8/1 26557 HEraTs ALt EE MK RMBIGN BfHyBrdgen sulfide
generated from /EoydppuntandrideEniperhthiae Henihtufateddarbdfeliong indiiabienomogenate.
DhETAILtED Di%?%r%ﬂ%n%%awr@%@% %@N@ﬁ?@éﬁﬁ%ﬁﬁﬁ@%ﬁ )phermi%laxée_r o and
chromatography,was performed on Macherey-Nage| silica gel 50 plates with fluprescent indicator an
the plates were{%é%afiﬁ%é‘q&ﬁ?ﬁ%wF&H&”@)BHJH%? @%%I&hg 6(}?/\/5?5%55?89 olURh P omatography.
All synthetic redgsheoevess!iine driessihtronitiesatariche Sigedav@hdhigcadi@orapmeh aadtwere 10 used

without puﬁi{jcatj%r@@w%p{gimg}@ﬁ{g%fg@ggm gEAsle 9« higher purity and were used as
supplied. A Buchi R-114 rotavapor was utilized for the removal of the solvents in vacuo The structures

were verified spectroscopically by proton 1H-NMR,and 43C-NMR. Spectra were recorded on Varian
Mercury Plus 400 instrument. Chemical shifts are referred to Me4Si as internal standard.

Scheme 2 is shown below using as an example the synthesis of [2-(2,8-
dichloro-phenylamino)-phenyl}-acetic  acid  4-thiocarbamoyl-phenyl  ester
{Compound XVIl). In this scheme, Lawesson reagent is used to add a sulfur

15 group to the hydrogen sulfide releasing moiety after it is covalently bound to the
NSAID.

COOHHaN O N
s
Cle__#~_.Cl  DCC/HOBY ol I _

NHs
z

-

Lawesson reagent/
niydrous benzene

H
8
Q.
G

NH,

(.

N4
= 0
NH
w

An NSAID having a free carboxyl group (or a carboxy-substituted

L8]
Gl
3

20 NBSAID), for example, diclofenac (1), is first dissolved in dimethylformamide,
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15 Mass spectra of the synthesized products were performed on Applied Biosygtem API 2000 mass
spectrometry. Melting point was performed on Buchi B-540 instrument. The purity of the final
compound was determined by RPHPLC. The column was connected to Rheodyne model 7725

injector, a Waterai6@0obiPL C system, a Waters 486 tunable absorbance defesior5g1i9:24p or 20 235
nm and a Waters 746 chart recorder. The synthesized compounds gave satisfactory elemental

analyses; where &78ly¥eeonvbanaitieda (DBY) thedsy Mo gaidH e eleelitside sDitsaravithin - 0.4 %
of theoretical valugsddaX AMRKE rhixiure @&ﬂﬁ%%’s AR -dighlorpheny P%%&é“jég‘?s*}‘%%'kace“c acid

d Il) DIVISLega 001\
B R s o8 ek o .
carbamoylphenyl  2-(2-( 2 B d:chiompher&yiammo)phenyi)aceta‘te (2)) of a
5 compound of the present invention, which precursor lacks a sulfur. A suitable
compound which can add & sulfur group such as Lawesson reagent is added to
form a compound of the present invention (e.g., i2-(2,6-dichloro-phenyiaming)-
phenyll-acetic acid 4-thiocarbamoyi-phenyl ester (3).

In a further aspect the present invention provides a pharmaceutical

10 composition of the compounds of the present invertion, and a pharmaceutically

acceptable excipient or carrier, particularly one for use in the treatment of an
infiammatory condition of the Gl tract.

Compounds of the present invention would be useful for, but not limited

to, the treatment of inflammation in a subject, and for treatment of other

15 inflammation-associated disorders, such as, as an analgesic in the treatment of
pain and headaches, or as an antipyretic for the treaiment of fever. For
example, compounds of the invention would be useful to treat arthritis,
including but not fimited fo rheumatoid arthritis, spondyloarthopathies, gouty
arihritis, osteoarthritis, systemic lupus erythematosus and juvenile arthritis,

20 Such compounds of the invention would be useful in the treatment of asthma,
bronchitis, menstrual cramps, tendinitis, bursitis, skin-related conditions such

as psoriasis, eczema, burns and dermatitis, and from post-operative
inflammation including from ophthalmic surgery such as cataract surgery and
refractive surgery. Compounds of the invention also would be useful to treat

25  gastrointestinal conditions such as inflammatory bowel disease, Crohn's
disease, gastritis, irritable bowel syndrome and uicerative colitis, and for the
prevention or treatment of cancer, such as colorectal cancer. Compounds of

the invention would be useful in treating inflammation in such diseases as
vascular diseases, migraine headaches, periarteritic nodosa, thyroiditis,

30 aplastic anemia, Hodgkin’s disease, sclerodoma, rheumatic fever, tvpe |
diabetes, neuromuscular junction disease including myasthenia gravis, white
matter disease including multiple sclerosis, sarcoidosis, nephrotic syndrome,
Behcet's syndrome, polymyositis, gingivitis, nephritis, hypersensitivity, swelling

DMSLepzl054688100001\2656596v1 22



Synthesis of 5-p-hydroxypheny1-1,2-dithiole-3-thione (2; ADT-OH) 52 (ADT-011) Anethole (31 g,
0.21 mol) and sulfur (44.8 g, 1.40 mol) were heated in N,N-dimethylformamide (250 ml) for 8 hrs; after
removal of solvent, the residue was almost completely soluble in toluene. An attempt to extract the
toluene 10 liquorsosighe2M-aqueous sodium hydroxide, gave an orange saohgmpresipiate 8.5 g; m.p.
over 300C). This product was dissolved in b0|I|n%;j water and, after addition of hydrochloric acid, gave 2

as an orange prEGHTRR 8 PUNeITOsATIR 5C18813 g8ne the fike. ThecompdddB NI d6) 5 6.86 (d,
2H), 7.68 (s, 1H)sP. 18 (ds@H), N0U5d. {atit 18 MSESHicse2e{MILSyrabesitrifs,

[2-(2,6-dichlorosahepdaminahien ulasssis-Asife-dhiososshid h-AlelhialS L mbayi ester (3
To the solutlon? 1 (diclofenac, 890}‘#&n Sg g;%déln 50 mL of N,Ndimethylformamide,
n

hydroxybenzotriazolé (A8 HE" 3%4 S8sd ™ r%g“@%@ﬁﬁ%ol%v@f@%ﬁéﬁ with stirring at
0C for 1 h. Fo tmimamnwmh@mpmmwmmymwmmmee@amode:m@mmm 3 mmol) was

added and stirteqdotdripabs 3Rl aksopen iearperac: AlatliRtan e it ups evaporated
under reduced pressure and the 0|I¥ residue, thus obtained was Dmatga054688\0mo012656596028

WO 2008/009137Be45CXI60Y 81586 et ?R%%l%%&?é?@%ﬁ@%ﬁ'&ﬂ&'&%%&é washed with
brine, dried on aifepgroub ¥ gBOHofitdsediatic tiysaivenaeyapefates: Eng-orimerpacsiyct 3 was

loaded on a siligggel oe&mcg&umn aRdwlutedyyith %%%Wﬁ%ﬂé%é&ﬁm] R of

51- cllthlol 3-y1)-phenyl ester (3
[2-(2.,6- dlchboro?% r‘gﬂamlp %%B%y? sl] h%a?%c as%% gﬁ(ecttshl%?rg%se c{)m oun & would aégo) Bren ©)
was obtalned (1 g

useful in the treatment of allergic rhinitis, respiratory distress syndrome,
endotoxin  shock syndrome, atherosclerosis and central nervous system
damage resulting from stroke, ischemia and trauma. The compounds would
also be useiul in the treatment of pain, but not limited io postoperative pain,

15 dental pain, muscular pain, and pain resulting from cancer. Besides being
usetul for human treatment, these compounds are also useful for treatment of
mammals, including horses, dogs, cats, rats, mice, sheep, pigs, eic.

Depending on the specific condiion or disease staie to be trealed,

subjects may be administered compounds of the present invention at any

20 suitable therapeutically effective and safe dosage, as may be readily
determined within the skill of the art. These compounds are, most gesirably,
administered in dosages ranging from about 1 to about 2000 mg per day, in a
single or divided doses, although variations will necessarily occur depending
upon the weight and condition of the subject being treated and the particular

25 route of administration chosen. It is understood that dosages will be affected
by the particutar NSAID used to form the compounds of the present invention.
However, a dosage level that is in the range of about 0.1 to about 100 mg’kg,
preferably between about 5 and 90 mg/kg, and more preferably between about

5 and 50 mg/kg, is most desirable. Variations may nevertheless occur

30 depending upon the weight and conditions of the persons being treated and
their individual responses to said medicament, as well as on the vpe of
pharmaceutical formulation chosen and the time period and interval guring
which such administration is carried out. In some instances, dosage levels

DMSLegal\3S4688\D000 142656596 v1 23



NMR (DMSO-d6): 64.12 (s, 2H), 6,21 (d, 1H), 6.87 (t, 1H), 7.14 (t, 1H), 7.19 (d, 1H), 7.22 (t, 1H), 7.34
(d, 2H), 7.54 (d, 2H), 7.80(s, 1H), 7.97 (d, 2H); 13C NMR (DMSO-d6): 6 37.4, 116.1, 121.0, 122.3,
123.5,123.7, 127.0, 128.7, 129.3, 129.8, 132.0, 132.2, 136,4, 137.7, 143.8, 154.2, 170.3, 173,3,
213.2. 10 MSwEbrasriestd4 (W); m.p.: 83-86C. EXAMPLE 2 Synthesis of pcticazenrmoizgse
12-(2,6-dich|oro-§2§i%¥lamii%%ﬁhenyll-acetic acid 4- thiocarbamoyl-phenyl ester (Compound XVII)

Scheme 2 Synth AEERh STIBIRE AR RIS 5 dRIMIB rSiaM 1% TR pRRARHRIE c1REE 5)

DMSLegala054688 00041265680 8y(29 AMBs2008/H08EPINET IGMHA00TH00188y hafferihe solution of
L (dlclofenac, 890 mRibe d L0l NI RG e dadinseRea aggle (445 Mo,

3.3 mmol) and DC, , 3.,3tmmol were added with stirring at OC tor 1 h. To the reaction mixture

C (680
dg%gfﬁ,e %%] AU PR AT S5 4B8E8Yand stirred for 1 h at 5 0C and 3hs at room

4-hydroxybenzami
temperature. After filtration, the filtrate was evaporated under reduced pressure and the oily residue
thus obtainedwas dissdVeaT RIS SN aREcERGRINCriRsT Wadw admidsintacoiias &ied on
anhydrous MgSO#, fitte redh@mnattheisoentutstaponatedaitine of udedpreduelparaseadaskon a silica gel

open column and,gliites Wit GEZG R/ Mﬁ@é‘e@%ﬁ%@bﬁ\g&if:@oﬁipwiﬁam can be prepared
by conventional methods, using compatible, pharmaceutically acceptable
excipients or vehicles. Examples of such compositions include capsules,
10 tablets, transdermal paiches, lozenges, troches, sprays, syrups, powders,
granuiates, gels, elixirs, suppositories, and the like, for the preparation of
extemnporaneous solutions, injectable preparations, rectal, nasal, ocular,
vaginal eic. A preferred route of administration is the oral and rectal route.

For oral administration, tablets containing various excipients such as

15 microcrystaliine cellulose, sodium citrate, caicium carbonate, dicalcium
phosphate and glycine may be employed along with various disintegrants such

as starch (preferably corn, potato or tapioca starch), aiginic acid and certain
complex silicates, together with granulation binders like polyvinyipyrroiidone,
sucrose, gelatin and acacia.  Additionally, lubricating agents such as

20 magnesium stearate, sodium lauryl sulfate and talc can be used for tabletting
purposes. Solid compositions of similar type may also be employed as fillers in
gelatin capsules; preferred materials in this connection also include lactose or

milk sugar, as well as high molecular weight polysthylene glycols. When
agueous suspensions and/or elixirs are desired for oral administration the

25 active ingredient may be combined with sweetening or flavoring agents,
coloring matter and, if so desired, emulsifying and/or suspending agents,
together with such diluents as water, ethanol, propylene glycol, glycerin and

various combinations thereof,

The dosage form can be designed for immediate release, controlied

30 release, extended release, delayed release or targeted delayed release. The
definitions of these terms are known to those skilled in the art. Furthermore,

the dosage form release profile can be effected by a polymeric mixture
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10carbamoylphenyl2-(2-(2,6-dichlorophenylamino)phenyl)acetate(6)was obtained (212 mg, 17%
yield). Synthesis of [2-(2,6-clichloro-phenylamino)-phenylFacetic acid 4- thiocarbamoyl-phenyi ester
(6) 4-Carbamoylphenyl 2-(2-(2,6-dichlorophenylamino)phenyl)acetate (5, 15 480 mg, 1.14 mmol) and
Lawesson reagenio@@:1mg, 1.14 mmol) were dissolved in 20 ml of anhydqusdenzeng.dhe reaction
was warmed to 50C and stirred for 6h. The solvent was removed under reduced pressure; the crude
residue was purffréBASF 4Rk aPyEPEISH MR IHCRIPERTE AN S/ MetHprEIcdR SEPSIiisTumish the pure
compound 6 (44€omgy Suipyiatd)a20ddhDOERo(C BICHB)e Soh g dSeinh£:59 {dmbdliie67 (s, 1H), 6.98

t, 1H), 7.14 (t, 1H), d, 1H). 7,28 (1, AH), 7,33 (d, , 97 (d. 2H): 13C NMR
EDMS)O-dG): (63%%?, (1;31%885591%%1?%{? 102%%%%%@‘7 Ciefzi'.(zjﬁ %%gt%bﬁf%g 1@@.%‘%&3%‘1%5%5; 137.8, 142.9,
153.5, 170.5, 1999138 1stig (& penhrind Pvbseasihip beryad fet rAREase B8¢Rthesis of
12-(2-chloros6-flatieofe nytamiho fapinestyikaditicianid diSsliioxo-blodict,, 2iddithieh3-g}phenyl ester

(Compound 11I) QMKLe0al \ 054688 00001 \ 2656596vI30

or parenteral administration, a solution of an active compound in either

sesame or peanut oll or in agueous propylene glycol can be empioyed. The

aqueous solutions should be suitably buffered (preferably pH greater than 8), if

10 necessary, and the liguid diluent first rendered isofonic. The aquecus solutions

are sultable for intravenous injection purposes. The preparation of all these

solutions under sterile conditions is readily accomplished by standard
pharmaceutical technigues well known 10 those skilled in the art.

The following examples further describe and enable a person ordinarily

15 skilled in the art to make and use the invention. It should be appreciated

however that these embodiments are for the purpose of illusirating the

invention, and are not to be construed as limiting the scope of the invention as
defined by the claims.

BRIEF DESCRIPTION OF THE FIGURES

20 Figure 1 illustrates the gastric damage score measured in rats treated
with vehicle, diclofenac, and two diclofenac derivatives of the present invention,
Compound Il and Compound XV,

Figure 2 illustrates the amount of gastric prostaglandin B, (PGE,)
produced in rats treated with vehicle, diclofenac, Compound Il and Compound
25 XVH.

Figure 3 illustrates the gastric damage score measured in rafs treated
with vehicle, naproxen, and two naproxen derivatives of the present invention,
Compound ¥ and Compound XX.

Figure 4 illustrates the amount of thromboxane B, synthesis in blood of
3¢ the rats of Figure 3.
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Scheme 1 Synthesisof4-(5-thioxo-5H-1,2-dithiol-3-yl)phenyl-2-(2-(2-cliloro-6- 5
fluorophenylamino)-5-methylphenyl)acetate (3) To the solution of 1 (lumiracoxib, 600 mg, 2.03
mmol) in 40 mL of dimethylforrnamide, hydroxybenzotriazole (301 mg, 2.23 mmol) and DCC (459 mg,
2.23 mmol) wetezadgachyvith stirring at 0 C for 1 h. To the reaction mixturepey;cazo07/001280

5-p-hydroxyphenyl-l,zwglgﬁag};g% (t%iest%%g%} hzgfrgmgip i\rflxéggﬁ%% atﬁg%gt%?‘d stirredfor1 hat0

C and 3 h at room temperature. Atfter filtration, ltrate was evaporated under redgﬁégif pressure to
remove the solvelEaH "SR VRtisif Sfiaienant G 9mroarBived in ethyl acetate; the organic layer
was washed with brine, dried on anhydrous MgSO4, filtered and the solvent evaporated. The crude
product 3 was loaded oR' 'SR 4 ¢Rrype i eorgfRATaNG 18 etiitdd WithiCleaCIRdfesier Wwhirc
4-(5-thioxo-5H-1, RdithriodisB-yDiphe ayclsfe(dd 2ngliiermmbaaarophenylamino)-5-methylphenyl)acetate
(3) was obtained (299 mg, 37 % yield). 11-I NMR (DM50): 6 2.32 (s, 31-1), 4.02 (s, 2H), 6.41 (s, 1H),

o 52 LD it 1 G e B0 1) 210
NMR (DM50): 620.8, 38.7, 115.2 ]i%LQ. 22.5 2, .0, A, 2, 3, ).3, 7,
132.2, 133.6, 1369%%%?{‘??‘1%?%6 52’.21? EH9 9 8t @ipguchy gspay when treated with
vehicle, diclofenac, Compound If and Compound XVt
Figure 8 Hliustrates the armount of whole blood thromboxane Bs (TXB2) in
the rats of Figure 7.

10 Figure 8 illustrates the inhibition of paw volume increase in rats treated
with vehicie, diclofenac and Compound #.

Figure 10 illustrates the inhibition of paw volume increase in rais treated
with vehicle, diclofenac and Compound XV,

Figure 11 iliustrates the amount of exudate PGE, produced in the
15 subcutaneous pouch of rats using the rat pouch assay when treated with
vehicle, naproxen, Compound V and Compound XX.

Figure 12 illustrates thromboxane synthesis (ng/ml.) by human blood (in
vitro) as a function of concentration of indomethacin, Compound IV and
Compound XiX.

20 Figure 13 illustrates the surface area, in mm?, of gastric uicers in the rat
following daily treatment for one week with vehicle, diclofenac, Compound XV,
naproxen and Compound XX,

Figure 14 illustrates the increase in systolic blood pressure {(mm Hg) in
rats treated with vehicle, diclofenac, Compound i, naproxen and Compaound
25 XX

Figure 15 illustrates the plasma hydrogen sulfide concentration when
rats were treated with 50 pmol/kg p.o. of Compound Ji.
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MS (El), m/e 503 (Mt); m.p.: 131-133C. 25

WO 2008/009127 PCT/CAZO07/0061289

Figure 16 illustrates the amount of -hydrogen sulfide generated from
Compound I and Compound XVE when incubated in buffer and in liver
homogenate.

DETAILED DESCRIPTION OF THE INVENTION

5 Preparation of Compounds

Thin layer chromatography was performed on Macherey-Nagel silica gel

50 plates with fluorescent indicator and the plates were visualized with UV light

(254 nm). Kieselge! 60 was used for column chromatography. All synthetic

reagents were purchased from the Aldrich-Sigma Chemical Company and were

10 used without purification. Solvents were analytical reagent grade or higher

purity and were used as supplied. A Buchi B-114 rotavapor was utilized for the

removal of the solvents in vacuo. The structures were verified spectroscopically

by proton "H-NMR and "*C-NMR. Spectra were recorded on Varian Mercury

Plus 400 instrument. Chemical shifts are referred to Me,Si as internal standard.

15 Mass spectra of the synthesized products were performed on Applied

Biosystem AP| 2000 mass spectrometry. Melting point was performed on Buchi

B-340 instrument. The purity of the final compound was determined by RP-

HPLC. The column was connected to Rheodyne model 7725 injector, a Waters

600 HPLC system, a Waters 486 tunable absorbance detector set to 215 or

20 235 nm and a Waters 746 chart recorder. The synthesized compounds gave

satistactory elemental analyses; where analyses are indicated only by the
symbols of the elements, results are within + 0.4 % of theoretical values.

EXAMPLE 1

Synthesis of [2-(2,6-dichioro-phenylamino)-phenyli]-acetic acid 4-{5.
25 thioxo-5H-{1,2]dithiol-3-yi)-phenyl ester (Compound i
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DMSLegal 054688 \ 00001 \ 2656596v1 31 WO 2008/009127PCT/CA2007/001289 EXAMPLE 4
Synthesis of 4-thiocarbamoylphenyl 2-(2-(2-chloro-6-fluorophenylamino)- 5-methylphenyl)acetate
(Compound XVIII) Scheme 2

WO 2008/009127 PCT/CA2007/001289

Scheme 1

Synthesis of 5-p-hydroxyphenyi-1,2-dithicle-3-thione (2; ADT-0H)

Sulphuir / DIVIF

5 2 (ADT-OH)

Anethole (31 g, 0.21 mol) and sulfur (44.8 g, 1.40 mol) were heated in
N,N-dimethyiformamide (250 mi) for 8 hrs; after removal of solvent, the residue
was almost completely soluble in toluene. An attempt to exiract the toluene

10 figuors with 2N-agueous sodium hydroxide, gave an orange solid precipitate
(8.5 g; m.p. over 300°C). This product was dissolved in boiling water and, after
addition of hydrochtoric acid, gave 2 as an orange precipitate (6.2 g, vield 13%)
m.p. 188-186 °C.

'H NMR (DMSO-tg) 8 6.86 (d, 2H), 7.68 (s, 1H), 7.75 (d, 2H), 10.51 (s, -OH);
15 MS (ESI), m/z 225 (M).

Synthesis of [2-(2,8-dichloro-phenylamino}-phenyil-acetic acid 4-(5-
thioxo-5H-[1,2]dithiol-3-yl}-pheny! ester (3)

To the solution of 1 (diclofenac, 890 mg, 3.0 mmol) in 50 mi of N,N-
dimethylformamide, hydroxybenzotriazole (445 mg, 3.3 mmol) and DCC (680

20 mg, 3.3 mmol) were added with stirring at 0°C for 1 h. To the reaction mixture
5-p-hydroxyphenyl-1,2-dithicle-3-thione (2; 678 mg, 3 mmol) was added and
stirred for 1 h at 0°C and 3h at room temperature. After filtration, the filtraie was
evaporated under reduced pressure and the oily residue thus obtained was
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Synthesis of 4-carbamoylpheny1-2-(2-(2-chloro-6-fluorophenylamino)-5- methylphenyl)acetate (5) To
the solution of 1 (lumiracoxib, 223 mg, 0.75 mmol) in 15 mL of 10 dimethylformamide,
hydroxybenzotriazole (111 mg, 0.825 mmol) and DCC (170 mg, 0.825 mmol) were added with stirring
at 0 C for 1 hwbashegoseaetion mixture 4-hydroxybenzamide (4, 154 mg, 1.429,mmabwasadded and

stimed for 1 h aeoad & I RIRIAR B IEI Il o e iR akas gyapaypied under

reduced pressure to remove the solvent. The olly residue 15 thus obtained was dissolved in
chloroform; the BFg%HiRUSYEPHs W%ﬁ@cﬁﬁﬁtﬁhﬁrﬁﬁvﬁ? {etBROSHRTd SR RHFS PAOHEred and the
solvent evaporates. [Bhgecrodeapsiidagied weas: loadethama silicadgetiopaiColvaniang/¢juted with

CH2C12/MeOH {941 fFah ‘{‘Q‘g%‘hﬁﬁ!&%ﬂ&%ﬂ%fp%é?ﬂ%% %md 4—(54%;;

fluorophenylamino)-5-methylphenybacetate (5) was obtained (111 mg, 3 Oyled% WASItgaI\
054688 \ 00D0Ik> %‘@éﬁégp@?ﬂi’h%ﬁ%"é@ was obtained (1.1 9, 74% yieid
4-thiocarbamoy|pheny1-2-(2-(2-chloro-6- quorophenyIamlno) 5-methylp henyl) acetate (6)
4-Carbamoylph ﬁ?ﬁ%ﬁ o4l iBpHEhfierhitto)Ls), @rﬁ%ﬁﬁy‘]ﬁﬁeﬁ?l‘}dée’thiﬁe 7518110 mg, 027

mmol) and Lawesso rezgent (@09 g (4. 26 nwmsal) ayere dissokeedn, Fmmpianhydrous benzene.
The reaction was warmed to 60C and stirred for 3h. The solvent was removed under reduced

(o furish the puts CompUNLS (L8 407, 51 PR gghqplms(ﬂmrmméﬁ? A 0L (o 2
6.46 (s, 1H), 6%(%&5”%? % 53(%)5%1#;571% (d' %?f]?d 1%)5 7‘%) 139131% %“éz(% N)H), 7.821 (d. :
2H); 10 MS (EN), m/e 504 (M":
m.p.: 83-86°C.
EXAMPLE 2

Synthesis of [2-(2,6-dichloro-phenylamino)-phenyl!}-acetic acid 4-
thiocarbamoyl-pheny! ester (Compound XVii}

Agew

Ci

15

O ~GOOH H;*N)—_@_

NH
................w,.
DCC / HOBL ol

Q%

5

Lawesgson reagent/
nhydious banzene

Rl

B

Q%

Scheme 2

Synthesis of  4-carbamoylphenyl 2-{2-(2,6-dichlorophenylamino)-
phenyilacetate (5)
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13C NMR (DMSO-d6): 620.8, 30.7, 115.1, 119.2, 122.0, 122.3, 124.1, 124.9, 126.1,128.2,
129.2,1323,134.8, 138.6, 140.9, 153.7, 154.6, 156.2, 170.4, 15

WO 2008/609127 PCT/CA2067/001289
To the solution of 1 (diclofenac, 890 mg, 3.0 mmol) in 80 ml of N,N-
dimethylformamide, hydroxybenzotriazole (445 mg, 3.3 mmol} and DCC (680
mg, 3.3 mmol) were added with stirring at 0°C for 1 h. To the reaction mixture
4-hydroxybenzamide (4, 616 mg, 4.5 mmol) was added and stirred for 1 h at
5 0°C and 3hs at room temperature. After filtration, the fittrate was evaporated
under reduced pressure and the oily residue thus obtained was dissolved in
chioroform; the organic layer was washed with brine, dried on anhydrous
Mg8Qs,, filtered and the solvent evaporated. The crude product 5 was loaded
on a sflica get open column and eiuted with CH.ClL/MeOH (9/1), from which 4-
10 carbamoyiphenyl  2-(2-(2,6-dichlorophenylaminoiphenyl)acetate (8) was
obtained (212 mg, 17% vield).

Synthesis of [2-(2 6-dichloro-phenylamino)-phenyil-acetic acid 4
thiocarbamoyl-phenyl ester (6)

4-Carbamoylphenyl  2-(2-(2,6-dichlorophenylamino)phenyljacetate (5,

15 480 mg, 1.14 mmol) and Lawesson reagent (460 mg, 1.14 mmol) were

dissolved in 20 ml of anhydrous benzene. The reaction was warmed to 50°C

and stirred for 6h. The solvent was removed under reduced pressure; the crude

residue was purified by silica ge! column (dichloromethane/methyl alcohol
9.5/0.5) to furnish the pure compound 6 (448 mg, 91 % vield).

20 "H NMR (CDCIs): 5 4.07 (s, 2H), 6.59 (d, 1H), 6.67 (s, 1H), 6.98 (t, 1H), 7.14 (t,
1H), 7.18 (d, 1H), 7.28 (¢, 1H), 7.33 (d, 2H), 7.63 (s, TH), 7.97 (d, 2H);

C NMR (DMSO-dg): 638.8, 118.8, 121.8, 122.6, 123.7, 124.4, 128.7, 129.1,
129.8, 131.2, 137.2, 137.8, 142.9, 153.5, 170.5, 163.2, 201.7

MS (El), m/e 431 (M™);
25 m.apo 170-172°C.
EXAMPLE 3

Synthesis of [2-{2-chloro-6-fluorophenylamino}-phenyi-acetic acid 4-(5-
thioxo-5H-{1,2]dithiol-3-yi)-phenyl ester (Compound i)
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201.7 MS (El), m/e 429 (Mt); m.o.: 120-122C. EXAMPLE 5 Synthesis of
4-(5-thioxo-51-1-1,2-dithioi-3-yhphenyi 2-acetoxybenzoate 20(Compouno.l!).Scheme 1
DMAzgal05468MOOMM656596v133 Synthesis of 4-(5-thioxo-5H-1,2-dithiol-3-yl)phenyl

2-acetoxybenzoai@B)si27 PCT/CA2007/601289
HsC HaC ;
A “GOOH ot 3 e
;\)—Q— or
NH g 2
_.mmm_%
Gl DCC /08

Scheme 1

Synthesis of 4-{5-thioxo-bH-1,2-dithiol-3-yl)phenyl-2-(2-{2-chioro-6-
5 fluorophenylaminoj-5-methylphenyijacetate (3)

To the solution of 1 (lumiracoxib, 800 mg, 2.03 mmol) in 40 mL of
dimethylformamide, hydroxybenzotriazole (301 mg, 2.23 mmol) and DCC (459
mg, 2.23 mmol) were added with stirring at 0° C for 1 h. To the reaction
mixture 5-p-hydroxyphenyl-1,2-dithiole-3-thione (2; 504 mg, 2.23 mimol) was

10 added and stirred for 1 h at 0° C and 3 h at room temperature. After filtration,
the filirate was evaporated under reduced pressure to remove the solvent. The
oily residue thus obtained was dissolved in ethy! acetate; the organic layer was
washed with brine, dried on anhydrous MgSQ,, filtered and the solvent
evaporated. The crude product 3 was loaded on a silica gel open column ang

15 eluted with CH.Clp, from which 4-(5-thioxo-5H-1,2-dithiol-3-yl)phenyl-2-(2-(2-
chioro-6-fluorophenylamino)-5-methylphenyl)acetate (3) was obtained (299 myg,
37 % vyield).

"H NMR (DMSO): 5 2.32 (s, 3H), 4.02 (s, 2H), 6.41 (s, 1H), 6.71 (d, 1H), 6,03
(t, 1H), 6,95 (d, 2H}, 7.14 (d, TH), 7.19(d, 2H), 7.39 (s, 1H), 7.66 (d, 2H);

20 C NMR (DMSO): 520.8, 38.7, 115.2, 119.2, 122.5, 123.2, 124.0, 126.1,127.2,
129.3, 130.3, 131.7, 132.2, 133.6, 136.4, 140.3, 153.7, 154.4, 156.8, 170.3,
171.6, 215.7

MS (El), m/e 503 (M™);
m.p.: 131-133°C,
25
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To the solution of 1 (acetylsalicylic acid, 416 mg, 2.31 mmol) in 40 mL of dimethylformamide,
hydroxybenzotriazole (343 mg, 2.54 mmol) and DCC (523 5 mg, 2.54 mmol) were added with stirring
at OC for 1 h. To the reaction mixture 5-p-hydroxypheny1-1,2-dithiole-3-thione (2; 574 mg, 2.54 mmol)
was added andsimeshdorsl h at OC and 3 h at room temperature. After filtgatiop,, the-filfraie was
evaporated under reduced pressure to remove the solvent. The oily residue thus obtained was
dissolved in ethyl acetate; the organic layer wasEMa#igsEet with brine, dried on anhydrous MgSO4,
filtered and the solvent evaporated The crude product was Ioaded ona S|I|ca gel open column and
eluted with ethyl efiyerfpeti lithialr3-vliphenyl
2-acetoxybenzoate (3) was obtai MR (DMSO 6): 6 2.32 (s,
3H), 7.20 (d, 1H), 7.33 (d, 2H), 7%%%&%%?9 g’fa "(&%Q%E%W%?‘i?dr%? 73 (d, 2H), 8.21 (d, 1H) 13C
NMR (DMSO-d6): 621.3, 122.1, 123.4, 124 .4, 126 6, 128.6, 129.7, 132.4, 135.4, 136.4, 151.6, 153.7,
162.6, 169.8, 171.9, 215.7 MS (El), m/e 389 (M+); m.p.: 120-122C. 20EXAMPLE 6 Synthesis of
2-Acetoxy-benzoic aC|d443-th|oarmoyI pheny ester (Compound XVI?}DMSLegaI \ 054688 \ 0000 I\
2656596V 134 Scheme 2 Sfnthadis d?@ftagba ala |pH% i 2-aeetoxybenggate (5)

Lawesson reagent/
Anhydrous benzene

Scheme 2

Synthesis of @»carbamoyiphenyi«Q»(?—(?—chEom-ﬁ-ﬂuompheﬁyiamEm}~5«
methylphenyljacetate (5)

To the solution of 1 (lumiracoxib, 223 mg, 0.75 mmoly in 15 mL of
10 dimethylformarnide, hydroxybenzotriazole (111 mg, 0.825 mmol) and DCC (170
mg, 0.825 mmol) were added with stirring at 0° C for 1 h. To the reaction
mixture 4-hydroxybenzamide (4, 154 mg, 1.125 mmol) was added and stirred
for 1 hat 0° C and 3 h at room temperature. After filtration, the filtrate was
evaporated under reduced pressure to remove the solvent. The oily residue
13 thus obtained was dissolved in chioroform; the organic layer was washed with
brine, dried on anhydrous MgSO,, filtered and the solvent evaporated. The
crude product 5 was loaded on a silica gel open column and eiuted with
CHCl/MeOH  (9/1), from  which 4-carbamoylphenyl-2-(2-(2-chlore-6-
fluorophenylamino)-5-methyiphenyl)acetate (5) was obtained (111 mg, 35%

20 vield).
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To the solution of 1 (acetylsalicylic acid, 500 mg, 2.77 mmol) in 15 mL of 5 dimethylformamide,
hydroxybenzotriazole (412 mg, 3.05 mmol) and DCC (628 mg, 3.05 mmol) were added with stirring at
0C for 111. To the reaction mixture 4-hydroxybenzamide (4, 418 mg, 3.05 mmol) was added and
stirred for 1 hwat Géasane:37h at room temperature. After filtration, the filtratg:wags exapasaigd under
reduced pressure to remove the solvent. The oily residue thus obtained 10 was dissolved in
chloroform; the organic layer was washed with brine, dried on anhydrous MgSO4, filtered and the
solvent evaporated. The crude product 5 was loaded on a silica gel open column and eluted with
CH2C12/Me0OH @jﬂaﬁh&ﬁm wihichhibeathamoyiphanyt2:aqelexihenzgnis-tphuagieni@iped (410 mg,
47% vyield). 15 Sé/%@ %feé g %&[&g yIphenyl -2-(2-(2-chloro-6-fluorophenylamino)-
5-methylphenyl) acetate (6) 4- amoylphenyl 2-acetoxybenzoate, 5 (410 mg, 1.37 mmol) and

Lawesson reagent (554 1.37 0 olved.in 35 Io anhydrous benzene. The reaction
was warmed to 60C and sti rrera%n}%% Qféyé?é%%gﬁ Wgésjf% %?ﬁ%%ﬁrﬁ ﬁgP reduced pressure; the
crude residue wEShiHEmBRCHieR ool tolumd Midhiorom et hevestio waobs! © B 01S) to furnish 470

mg of crude conpmuchfaiThero ainrseampoundivaspuiis by sreparalive RisHRLS DMSLcgal \
054688100001 /g ?9 woz )08/009 J%b 1/c 2007/001289 carried out by two solvent
ace Onltrl %

systems: A: 100 e G0 PHOY T 0", PER YRS LAEHE om 10% A to
60%A over 35 nﬁif?s@vfﬁet@&lorﬁﬁt@m R e 3ouritinsin)oyivisdithe mele catopound 6 (324

mg, 71% yield). @IioNMBHEIGH3N 023816 8o, By1i6 @ikl 1le2d ik, 25ndAQ € &b). 7.66 (t, 1H),
7.94 (d, 2|_ll)e3)8 %%8 %ﬁ% vield).

'H NMR (CDCh): 5 2.32 (s, 3H), 4.01 (s, 2H), 6.46 (s, 1H), 6.70 (d, 1H), 6.92 ¢,
1H), 7.01 (d, 2H), 7.11 (d, 2H), 7.19 (d, 1H), 7.62 (s, NH), 7.84 (d, 2H);

BC NMR (DMSO-dg): 520.8, 30.7, 115.1, 118.2, 122.0, 122.3, 124.1, 124.9,

126.1, 128.2, 120.2, 132.3, 134.8, 138.6, 140.9, 153.7, 154.6, 156.2, 170.4,
15 20%.7

MS (EI), m/e 429 (M™);
m.p.; 120-122 °C.
EXAMPLE 5

Synthesis of 4-(5-thioxo-5H-1,2-dithiol-3-yvijphen yi Z-aceloxybeanzoate
20 (Compound 1)

Scheme 1
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130 NMR (DM50-d6): 621.2, 121.9, 122.4, 124.3, 126.4, 128.7, 132.4, 135.1, 137.3, 151.5, 153.7,
162.7, 169.8, 201.8 MS (El), m/e 316 (W); 10m.p.: 154156C. EXAMPLE 7 Synthesis of
(1-(4-Chloro-benzoyl)-5-methoxy-2-methy14-H4ndol-3-y1J- acetic acid
4-(5-thioxo-53(da@kaiiiol-3-y1)-phenyl ester (Compound IV)  Scheme bericazentieoizse
Synthesisof4-[4-(5-thioxo-5H-1,2-dithiol-3-yi)-phenyl-241-(4- _
chlorobenzoy1)-5-methoxy-2-methyl-indol-3-ylkacetate (3) To the solution of 1 (indomethacin, 720 mg,
2.01 mmol) in 30 mL of 20 dimethylformamide, hydroxybenzotriazole (301 mg, 2.21 mmol) and DCC
(456 mg, 2.21 mnidipiass fide@whimating tditbiprniiphenitreactiony hurumate (3}

To the solution of 1 (acetylsalicylic acid, 416 mg, 2.31 mmol) in 40 mL of
dimethylforrmamide, hydroxybenzotriazole (343 mg, 2.54 mmol) and DCC (523
5 mg, 2.54 mmol) were added with stiring at 0°C for 1 h. To the reaction mixturs
5-p-hydroxyphenyi-1,2-dithiole-3-thione (2; 574 mg, 2.54 mmol) was added and
stirred for 1 h at 0°C and 3 h at room temperature. Afier filtration, the filtrate
was evaporated under reduced pressure o remove the solvent. The oily
residue thus obtained was dissoived in ethyl acetate; the organic layer was
10 washed with brine, dried on anhydrous MgSO,, fillered and the solvent
evaporated. The crude product was loaded on a silica gel open column and
eluted with ethyl ether/petroleum ether (1/1), from which 4-(5-thioxo-5H-1,2-
dithiol-3-yljphenyl 2-acetoxybenzoate (3) was obtained (354 mg, 40 % vield).

"H NMR (DMSO-dg): 5 2.32 (s, 3H), 7.20 (d, 1H), 7.33 (d, 2H), 7.40 (s, TH),
15 7.41(t 1H), 7.67 (1, 1H), 7.73 (d, 2H), 8.21 (d, 1H)

3C NMR (DMSO-dg): 521.3, 122.1, 123.4, 124.4, 126.6, 128.6, 120.7, 132.4,
135.4, 136.4, 151.6, 153.7, 162.8, 169.8, 171.9, 2158.7

MS (E1), m/e 389 (M™);
m.p.. 120-122°C.
20 EXAMPLE 8§

Synthesis of 2-Acetoxy-benzoic acid 4-thiocarbamoyl-pheny ester
(Compound X Vi)
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5-p-hydroxypheny1-1,2-dithiole-3-thione (2; 500 mg, 2.21 mmol) was added and stirred for 1 h at 0C
and 2 h at room temperature. After filtration, the filtrate DINSLegal \ 054688 \ODOM \2656596v136
WO 2008/009127PCT/CA2007/001289 was evaporated under reduced pressure to remove the
solvent. The wily resitssezthus obtained was dissolved in ethyl acetate; theQrganic;|axgy was washed
with brine, with NaHCO3 5%, with citric acid 10% and than dried on anhydrous MgSO4, filtered and
the solvent evaporated. The cru o._- product was 5 Ioaded oft a silica gel ogen column and eluted with
dichloromethane/methyl E Yot ; ' 1, 2/dithio1-3-y1)]-phenyl-211
-(4- chlorobenzoy1)-5-methoyy-. dot-3-yJ|-ac ptained (257 mg, 23 % vyield).
1H NMR (CDCI3): 62.47 (s, 3H), .84 (s, 38, -QCH3), 93 Sr 2H) 6.70 (d, 1H), 106.88 (d, 1H), 7.04
(s, 1H), 7.21 (d, 2H), 7.37 (s, 1139"17\4:&@ Y565 (d, 24767 (d, 2H) 130 NMR (DMSO-d6): 6 13.6,
30.8, 56.0, 101.5, 111.6, 111.9, 115.3, 122.9, 128.4, 1294 129i 430.,6,,131.1,131.4, 133.9, 136.3,

SHOT i

136.6, 139.7, 153.8, 156.4, 167.5, 168.9, 170.4, 215.7 15MS (El) WV@@@%{Mﬂ m.p.: 90-92 C.
EXAMPLE 8 Synthesis of [1-(4-Chloro-benzoy1)-5- methoxyGZ mgthyl-1-H- |ndol 3-ylk acetic acid

4-thiocarbamoyl-phenyl ester (Compound XIX)

Scheme 2
Synthesis of 4-carbamoyiphenyl 2-acetoxybenzoate (5)

To the solution of 1 (acetylsalicylic acid, 500 mg, 2.77 mmol) in 15 mL of
5 dimethylformamide, hydroxybenzotriazole (412 mg, 3.05 mmel) and DCC (628
mg, 3.05 mmol) were added with stirring at 0°C for 1h. To the reaction mixiure
4-hydroxybenzamide (4, 418 mg, 3.05 mmol) was added and stirred for 1 h at
0°C and 3 h at room temperature. After filtration, the filrate was evaporated
under reduced pressure to remove the solvent. The oily residue thus obtained
10 was dissolved in chioroform; the organic layer was washed with brine, dried on
anhydrous MgSO,, filtered and the sclvent evaporated. The crude product 5
was Joaded on a silica gel open column and eluted with CHCl./MeOH (8/1),
from which 4-carbamoyiphenyl 2-acetoxybenzoate (5) was obtained (410 mg,
47% yield).

15 Synthesis of 4-thiocarbamoyiphenyl-2-(2-(2-chiore-6-flucrophenylamino)-
S-methylphenyl) acetate (6}

4-Carbamoyiphenyl 2-acetoxybenzoate, § (410 mg, 1.37 mmol) and

LLawesson reagent (554 mg, 1.37 mmol) were dissolved in 35 mi of anhydrous
benzene. The reaction was warmed to 60°C and stirred for 3h. The solvent was

20 removed under reduced pressure; the crude residue was purified by silica gel
column (dichicromethane/methyl alcohol 9,5:0,5) to furnish 470 mg of crude
compound 6. The obtained compound was purified by preparative RP-HPLC
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20 DMSLegaik 054688100001 \ 2456596 vI37 H3CO NH2 6 Scheme 2 Synthesis of
4-carbamoylpheny1-241-(4-chlorobenzoyl)-5-methoxy-2- methyl-indo1-3-y1Facetate (5) 5To the
solution of 1 (indomethacin, 3 g, 8.38 mmol) in 60 mL of dimethylformamide, hydroxybenzotriazole

(1.25 g, 9.22ywunnikansi CC (1.9 g, 9.22 mmol) were added with stirring a-Qf fo5Lh,TR4Lhe reaction
mixture 4- hydroxybenzamide (4, 1.72 g, 12.6 mmol) was added and stirred for 1 h at 0C and 2 h at

room temperaturESREORBLIHTD B9/ ANtk SHS'AAS: v ASEPAtedotoTieieliD FthiCEMDIBSS0DEH0 remove the
solvent. The oily regiduedhys Obl:alr(umbwagrgm@ql\f%n1@tj@yha§§t§§3e/bAhg\;yrg§g|qy{@yeu\was washed

with brine, with NaklG () itgjc aci dt an. dried on anhydrous MgSO4, filtered and
the solvent evaporateg% %’%é{ %% r%rﬂ uct%ewasrpoa'g gh'a (%héeapé%?éi?g}PEHm%rﬁ (aqﬁé eluted with
CH2C12/MeOH (8'8/3 5% ¥i®fi-which 4- 15carbamoylp

henyl1-2-[1- (4 chlorobenzoyl) -5-methoxy-2-methyl-i ndo1-3-yll-acetate
" NMR (CDCla): 5 2.30 (s, 3H), 7.17 (d, 1H), 7.21 (d, 2H), 7.40 (&, 1H), 7.66 (1,

1H), 7.94 (d, 2H), 8.2 (d, 1H).

°C NMR (DMSO-dg): §21.2, 121.9, 122.4,124.3, 126.4, 128.7, 132.4, 135.1,
137.3, 151.5, 153.7, 162.7, 160.8, 201.8

MS (ED), m/e 316 (M™M;
16 m.p. 154-166 °C,
EXAMPLE 7

Synthesis of [1-(4-Chloro-benzoyl)-5-methoxy-2-meith b T bi-indol-3-yij-
acefic acld 4-(5-thioxo-5-H-[1,2]dithiol-3-yi}-phenyl ester (Compound | Vi

H4aCO
Ok :

15 Gl |

Scheme 1

Synthesis of 4-[4-(5-thioxo-5H-1,2-dithiol-3-yi}}-phenyl-2-{1-{4-
chiorobenzoyl)-5-methoxy-2-methyl-indol-3-yil-acetate (3)

To the solution of 1 {indomethacin, 720 mg, 2.01 mmol) in 30 mL of

20 dimethylformamide, hydroxybenzotriazole (301 mg, 2.21 mmol) and DCC (456
mg, 2.21 mmol} were added with stirring at 0°C for 1 h. To the reaction mixture
5-p-hydroxyphenyl-1,2-dithicle-3-thione (2; 500 mg, 2.21 mmol) was added and
stirred for 1 h at 0°C and 2 h at room temperature. After filtration, the filtrate
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(5) was obtained (479 mg, 12% yield). Synthesis of
4-thiocarbamoylpheny1-241-(4-chlorobenzoy1)-5-methoxy-2- methyl-indol-3-yll-acetate (6)
DNISLegal1054608'00001 \2656596v138

4-carbamoylphenydsgdls¢4-chlorobenzoyl)-5-methoxy-2-methyl-indol-3- ydraceiate,n 440 mg, 0.71
mmol) and Lawesson re dgr %céz%dergrodﬁ mol) were dissolved in 15 ml of anhydrous benzene.
The reaction was warmed to B0C and strred rp ISP QIR e fiBVaatundEr f¥uced

pressure; the 5r@ﬁh@é«’r@'ﬁ#@l@W&@%Wﬁ%dil@@ﬁda!@eitbwlmﬂﬁitatﬁheromemmjmeﬂm alcohol
9,5:0,5) to furnisnammmm@ewq@nmm@@s?mv@@ta@%daemm%%@l.e;vaw%wﬁé%d&y preparative

RP-HPLC carrldéjn ﬁt s%/ rgs%hA 100% acetonitrile in 0.1% TFA, B: 100% H20 in 0.1%
TFA (linear gradi rom Af’ to @65 A'Gver: W%@%@ﬂoﬁﬁ STRAGROHH ¥4 10 30
mUmin) givihg t@%ﬁ@ﬁo@n%@%cﬁ@ (%m@ﬂmﬁ’?%%ﬁél@)u@wﬁm@ct@m@hm&ﬁ%wm 3.83 (s,
3H, OCHB3), 3.9%i¢shaH)e6/70 (FokHWi6cB8 @A R4E A, & Jtﬂ:&i@wyﬁf%?%ﬂg?@% 2\‘;1) 7.67(d, 2H),

120.4" 1308, 190 3 PSR 30 A0V 574617 b5 187(8) 165765166 825615 MS (€1,

m/e 493 (M+ m.F% 2% Yi6ld) EXAMPLE 9 Synthesis of 2-(6-Methoxy-naphthale-2-y1)-propioic
acid 4-(5-thioxo- 5 H- 20(1,21dithiol-3-y1)-phenyl ester (Compound V)
H NMR (CDCl): B 2.47 (s, 3H), 3.84 (s, 3H, OCH3), 3.83 (s, 2H), 6.70 (d, 1H),

10 6.88(d, 1H), 7.04 (s, TH), 7.21 (d, 2H), 7.37 (s,1H) 7.48 (d, 2H), 7.65 (d, 2H),
7.87 (d, 2H)

3C NMR (DMSO-dg): & 13.6, 30.8, 56.0, 101.5, 111.6, 111.9, 116.3, 122.9,
128.4, 128.4, 129.6, 130.6, 131.1, 131.4, 133.9, 136.3, 136.6, 139.7, 153.8,
156.4, 167.5, 168.9, 170.4, 215.7

15 MS (El), m/e 567 (M™);
m.p.; 80-82 °C.
EXAMPLE B

Synthesis of [1 {(4-Chloro-benzoyl)-5-methoxy-2-meih Yi=1-H-indof-3-yi}-
acelic acid 4-thiocarbamoyl-phenyl ester (Compound XiX)

20
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Scheme 1 DMSLegal\ 054628 \ 00001 \ 2656596v139
Synthesisof4-(5-thioxo-5H-1,2-dithiol-3-yl)phenyl2-(2- methoxynaphthalen-6-yl)propanoate (3) . To
the solution of 1 (naproxen, 595 mg, 2.58 mmol) in 20 mL of dimethylformamide, hydroxybenzotriazole
(388 mg, 2.8¥vmnaed)easd-DCC (593 5 mg, 2.67 mmol) were added with stigring a5 fpJeb h- To the

reaction mixture 5-p-hydroxyphenyl-1 2 dithiole-3-thione (2; 650 mg, 2.87 mmol) was added and
stirred for 1 h at OC and 2 h at room tej perature. After filtration, the flltrate was gvaporated under

3 0
anhydrous MgSO4, filtered ang-l rxsolvent gycamggated ]
open column and efuted with dichlo

! 24 (ddb-#4), 7.18 (d, 1H), 7.22 (d, 21-0, 7.31 (s,
1H), 750 (d, 1H), 7.77 (s,ll—ﬁ785 (d, 1H), 7.86 (s, 1H)7.8 éghﬁg}ﬂ%gggggl (d, 2H) 13C NMR
(DMSO-d6): 5 19.1, 45.2, 55.9, 4

Scheme 2

Synihesis of 4-carbamoyiphenyl-2-[1-{4-chiorobenzoyl)-5-methoxy-2-
methyi-indol-3-yil-acetate (5)

5 To the solution of 1 (indomethacin, 3 g, 8.38 mmol) in 60 mL of
dimethylformamide, hydroxybenzotriazole (1.25 g, 8.22 mmol) and DCC (19g,
9.22 mmol) were added with stirring at 0°C for th. To the reaction mixiure 4~
hydroxybenzamide (4, 1.72 g, 12.86 mmol) was added and stirred for 1 h at 0°C
and 2 h at room temperature. Afier filtration, the filtrate was evaporated under

10 reduced pressure to remove the solvent. The oily residue thus obtained was
dissolved in ethyl acetate; the organic layer was washed with brine, with
NaHCO; 5%, with citric acid 10% and than dried on anhydrous MgSQO,, filtered
and the solvent evaporated. The crude product 5 was loaded on a silica gel
open column and ejuted with CH.Cl/MeOH (9.5/0.5), from which 4-

15 carbamoylphenyl-2-{1-{4-chiorobenzoyl)-5-methoxy-2-methyl-indol-3-yi}-acetate
(5) was obtained (479 mg, 12% vield).

Synthesis of 4-thiocarbamoyiphenyl-2-[1-(4-chlorobenzoyl}-5-methoxy-2-
methyl-indol-3-yij-acetaie (8)
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106.5, 119.6, 123.5, 126.6, 126.9, 128.0,129.2, 129.4,129.5,129.6, 129.9, 134.2, 135.6, 136.5, 154.2,
158.1, 20 173.2, 216.2

WO 2008/009127 PCT/ICAZ00TH0128%

4-carbamoylphenyl-2-[1-{4-chlorobenzoyl)-B-methoxy-2-methyl-indol-3-
yll-acetate, 5 (340 mg, 0.71 mmol) and Lawesson reagent (287 mg, 0.71 mmol)
were dissolved in 15 ml of anhydrous benzene. The reaction was warmed to
60°C and stirred for 4h. The solvent was removed under reduced pressure; the
5 orude residue was purified by sflica gel column (dichioromethane/methyl
alcohol ©,5:0,5) to furnish 178 mg of crude compound 6. The obtained
compound was purified by preparative RP-HPLC carried out by two solvent
systems: A: 100% acetonitrile in 0.1% TFA, B: 100% M0 in 0.1% TFA (linear
gradient from 10% A to BO%A over 30 min, UV detection at 254 nm, flow rate
10 30 ml/min) giving the pure compound 6 (56 mg, 18 % vield).

"M NMR (CDClg): 5 2.45 (s, 3H), 3.B3 (5, 3H, OCHg), 3.91 (s, 2H), 6.70 (d, 1H),
6.88 (d, 1H), 7.04 (s, 1H), 7.11 (d, 2H), 7.47 (d, 2H), 7.67 (d, 2H), 7.88 (d, 2H).

*C NMR (DMSO-de): 513.6, 30.8, 56.0, 101.5, 111.9, 112.0, 115.3, 121.7,
128.6, 120.4, , 130.8, 131.2, 131.4, 134.0, 136.8, 137.1, 129.7, 156.2, 157.9,
15 167.6, 160.8, 201.8

MS (El), m/e 483 (M™);
m.p.; 224-226 °C.
EXAMPLE S

Synthesis of 2-{6-Methoxy-naphthaie-2-yl)-propioic acid G Bthioxo-G-H-
20 [1,2]dithioi-3-yi)-pheny! ester (Compound V)

o
E
wi
o 5
Q] ™
91w
%i
@
g
CI;’
"
i
14:1
w

Scheme 1
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MS (El), m/e 439 (Mt); m.p.: 111-113C. EXAMPLE 10 Synthesis of
2-(6-Methoxy-naphthalen-2-0)-propionic acid 4- 25thiocarbamyl-phenyl ester (Compound XX)
DMSLegal\054688 \ 00001 \2656596v140 Lawesson reagenY Anhydrous benzene
WO 2008/009127 PCT/CA2007/601289
Synthesis of 4-{5-thioxo-5H-1,2-dithicl-3-ylipheny! 2+{2-
methoxynaphthalen-8-ylipropanoate (3)

To the solution of 1 (naproxen, 595 mg, 2.58 mmol) in 20 mL of
dimethylformarnide, hydroxybenzotriazole (388 mg, 2.87 mmal) and DCC (583
5 myg, 287 mmol) were added with stirring at 0°C for 1 h. To the reaction mbdure
5-p-hydroxyphenyl-1,2-dithiole-3-thione (2; 850 mg, 2.87 mmol) was added and
stirred for 1 h gt 0°C and 2 h ai room temperature. After filtration, the filtrate
was evaporated under reduced pressure to remove the solvent. The oily
residue thus obtained was dissolved in ethyl acetate; the organic laver was
10 washed with brine, with NaMCOs; 5%, with citric acid 10% and than dried on
anhydrous MgSQ,, fiftered and the solvent evaporated. The crude product was
loaded on a silica gel open column and ehited with dichloromethane, from
which 4~{5-thioxo-5H-1,2-dithiol-3-yphenyl 2-(2-methoxynaphthalen-6-
yhpropanoate (3) was obtained (406 mg, 36 % vield).

15 *H NMR (DMSO-de): 6 1.59 (d, 3H), 3.86 (s, 3H, OCHa), 4.24 (dd, 1H), 7.18 (d,
1H), 7.22 (d, 2H), 7.31 (s, 1H), 7.50 (4, 1H), 7.77 (s,1H) 7.85 (d, 1H), 7.86 (s,
1H), 7.87 (d, 1H), 7.91 {d, 2H)

°C NMR (DMSO-de): & 19.1, 45.2, 55.9, 106.5, 119.6, 123.5, 126.6, 126.9,
128.0, 129.2, 129.4, 129.5, 120.8, 129.8, 134.2, 135.5, 136.5, 154.2, 158.1,
20 173.2, 2162

MS (EI), m/e 439 (M™);
m.p.:111-113 °C.
EXAMPLE 10

Synthesis of 2-(6-Methoxy-naphthalen-2-yl)-propionic acid 4-
25 thiocarbamyi-phenyl ester {Compound XX)
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Scheme 2 Synthesis of 4-carbamoylphenyi 2-(2-methoxynaphthalen-6-yl)propanoate (5) 5To the
solution of 1 (naproxen, 4 g, 17.4 mmol) in 80 mL of dimethylformamide, hydroxybenzotriazole (2.59 g,
19.14 mmol) and DCC (2.59 g, 19.14 mmol) were added with stirring at OC for 1h. To the reaction
mixture 4-hydvexyoeneamide (4, 3.58 g, 26.1 mmol) was added and stirregdercl bvat@@and 2 h at
room temperature. After filtration, the filtrate was evaporated 10 under reduced pressure to remove the
solvent. The oily residue thus obta|ned wmlve% in ethyl acetate the organig layer was washed
with brine, with NaHCOg 3% WiftT CittfC aci ; m@nd , nhy g8®4, filtered and
the solvent evaporated~Ihe-cre product 33 )-8 1 ge lumn and eluted with
CH2C12/MeOH (9 %’fS.S) from which 4- 150arbamoy|pheny| 2- (2 mthoxynaphth%len 6-yl)-propanoate
(5) was obtained (1.91 g, 32% yield). Synthesisof4-thiocarbamoylFigeigg2zmethoxynaphthalen-6-
yl)propanoate (6). 4-Carbamoylphenyl 2-(2- methoxynaphthalen- -yI) propanoate; 5 (1.80 g, 20 4.34
mmol) and Lawesson reagent (1.75 g, 4.34 mmol) weve,_dissolye 1 Mgrous benzene.
dunder reduced

1 e/rpethyl alcohol
9,75:0 25) to furnish 2.9 g of crude compound 6. The obtalned compound was purified by a
DMSLegah054688 \ 00001 \2656596v141

Schems 2

Synthesis of 4-carbamoyipheny! 2-{2-methoxynaphihalen-6-ylipropanoats
{5

5 To the solution of 1 (naproxen, 4 ¢, 17.4 mmol) in 80 mbL of
dimethyiformamide, hydroxybenzotriazole (2.59 g, 19.14 mmol) and DCC (2.59
g, 18.14 mmol) were added with stirring at 0°C for 1h. To the reaction mixiure
4-hydroxybenzamide (4, 3.58 g, 26.1 mmol) was added and stirred for 1 h at
0°C and 2 h at room temperature. After filiration, the filiraie was evaporated

10 under reduced pressure to remove the solvent. The oily residue thus obtained
was dissolved in ethyl acetate; the organic layer was washed with brine, with
NaHCO; 5%, with citric acid 10% and than dried on anhydrous MgSQ,, fittered
and the solvent evaporated. The crude product 5 was loaded on a silica gel
open column and eiuted with CH.Cl/MeOH (9.5/0.5), from which 4-

15  carbamoylphenyl 2-(2-methoxynaphthalen-6-yl)-propanocate (5) was cbtained
(1.91 g, 32% vyield).

Synihesis of 4-thiocarbamoyiphenyl 2-(2-methoxynaphthalen-6-
viipropanoate {8).

4-Carbamoylpheny! 2-(2-methoxynaphthalen-6-yl}-propanocate, 5 (1.80 g,

20 4.34 mmal) and Lawesson reagent (1.75 g, 4.34 mmol) were dissolved in 130
mi of anhydrous benzene. The reaction was warmed to 60°C and stirred for 4h.

The solvent was removed under reduced pressure; the crude residue was
purified by silica gel column (dichloromethane/methyl alcohot 8,75:0,25) to
furnish 2.9 ¢ of crude compound 6. The obtained compound was purified by a
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WO 20081009127PCT/CA2007/001289 silica gel open column and eluted with CH2C12/MeOH
(9.5/0.5)) giving the pure compound 6 (970 mg, 61 % yield). 1H NMR (DMSO-c16): 5 1.59 (d, 3H),
3.86 (s, 3H, OCH3), 4.24 (dd, 1H), 7.06 (d, 2H), 7.18 (d, 1H), 7.31 (s, 1H), 7.50 (d, 1H), 7.84 (s,1H)
7.85 (d, 1H), W86us/keiid), 7.89 (d, 2I-1), 9.47 and 9.84 (s, 2H, NH2 )- 13GNMRAlaMeE466): 6 19.1,
45.2,55.9, 106.5, 119.6, 121.6, 126.6, 126.9, 128.0, 129.4, 129.9, 134.2, 135.6, 137.8, 153.4, 158.1,
173.3, 199.7. MS {EI}: HPB8B ERyTRARS beonth GUESHANRBIE( 5/ @twenadhe pure
4-thiocarbamoylpbemybRs@l & sobotylpenyOpenpanoate (Compound XXIX) 15To the solution of 1
(ibuprofen, 3.87 g, 18.8 mmol) in 80 mL of dimethylformamide, hydroxybenzotriazole (2.8 g, 20.7

mmol) and DCC (#429MRR (DMSO-de): 5 1.59 (d, 3H}, 3.86 (s, 3H, OCHg), 4.24 (dd, 1H), 7.06 (d,
2H), 7.18 {d, 1H), 7.31 (s, 1H), 7.50 (d, 1H), 7.84 (s,1H) 7.85 (d, 1H}, 7.86 (s,
5 1H), 7.88 (d, 2H), 9.47 and .84 (s, 2H, NH. ).

PC NMR (DMSO-dg): 8 19.1, 45.2, 55.9, 106.5, 119.6, 121.6, 126.5, 126.9,
128.0, 129.4, 129.9, 134.2, 135.6, 137.8, 153.4, 158.1, 173.3, 199.7.

MS (El), m/e 366 (M");
m.p.: 196-198 °C,
10 EXAMPLE 11

Synthesis of 4-thiccarbamoyipheny! 2-(4-isobutylphenylipropancaite

(Compound XXIX)
p DOCIHOB& \:Qﬂk /‘“\
“W;m;%i%
T Q*
i5 To the solution of 1 (ibuprofen, 3.87 ¢, 18.8 mmol} in 80 mL of

dimnethylformamide, hydroxybenzotriazole (2.8 g, 20.7 mmol) and DCC (4.27 g,
20.7 mmotl) were added with stirring at 0°C for 1h. To the reaction mixture 4-
hydroxybenzamide (2, 3.9 g, 28mmol) was added and stirred for 1 h at 0°C
and 2 h at room temperature. After filtration, the filtrate was evaporated under
20 reduced pressure to remove the solvent. The oily residue thus obtained was
dissolved in ethyl acetate; the organic layer was washed with brine, with
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20.7 mmol) were added with stirring at OC for 1h. To the reaction mixture 4- hydroxybenzamide (2, 3.9
g, 28mmol) was added and stirred for 1 h at OC and 2 h at room temperature. After filtration, the filtrate
was evaporated under 20 reduced pressure to remove the solvent. The oily residue thus obtained was
dissolved in ethy:t@eetate; the organic layer was washed with brine, with DM$Jceg3354683 \ 00001 \
2656596y 142 NaHCO3 5%, with citric acid 10% and than dried on anhydrous MgSO4, filtered and the
solvent evaporat¥eFRe BideiBrobiscead iS4 ansc@sndietien gehyonschaRiaitwidted with

CH2C12/MeOH &5 sdram: whmétmrmam@w@bqwbaﬁslmtwmnw&%ﬁﬁo (3) was
obtained (2.48 9053

0% t fa- is butyl ropanoate(4)
4- carbamoylpheny?%]z (%élfs %tgﬁﬂe}%ﬁyi&o patrﬁagfcﬁ g’w r%%% %OI)PE g‘n reagent (3.1
g, 7.62 mmol) werEPaTREHRIE 1??3@ P t&ﬁﬁ?ﬂk’&ﬁ%@ﬁ?@ﬁe (%h@?éa@ﬁtﬂ*f%s(%éﬁm@d to 60C and
stirred for 415. Th%Oygstyent was removed under reduced pressure. The obtained compound was
purified by a S|I|ca gel open column and eluted with CH2C12/MeOH (9.5/0.5) giving the pure compound
4 (1.45 g, 55 % gighthesi ; 43/(thrainbaf8r4)82 (M, 1H), 2.42

(d, 2H), 4.05 (dd, 1H) 7.05 (d, 2H), 715 (d 2H), 7 28 (d 2H) 7. 4 (d, 21-1), 9.49and 159.87(s, 2H,

NH2 ). 13C NMR (DMﬁ»@a@ﬁ}néyk%gmﬁzQ(@%gmﬂﬂi‘&\ér%&oﬂagr?ogtelzg Sl A9-Qy 13768, 138.0,
140.8,153.3, 173, 34}5} c? Lawesson rea
gent (3.1 g, 7.62 mmol) were dissolved in 130 mi of

anhydrous benzene. The reaciion was warmed to 60°C and stirred for 4h. The

10 solvent was removed under reduced pressure. The obtained compound was
purified by a silica gel open column and eiuted with CHLClo/MeOH {9.5/0.5)
giving the pure compound 4 (1.45 g, 55 % yieid).

'H NMR (DMSO-dg): 5 0.84 (d, 6H), 1.48 (d, 3H), 1.78-1.82 (m, TH), 2.42 (d,
2H), 4.05 (dd, 1H), 7.05 (d, 2H), 7.15 (d, 2H), 7.28 (d,2H) 7.88 (d, 2H), 8.49and
15 9.87(s, 2H, NHy ).

°C NMR (DMSO-dg): 6 19.2, 22.9, 30.3, 44.9, 121.6, 127.9, 129.5, 130.0,
137.8, 138.0, 140.8, 153.3, 173.3, 199.5.

MS (Ef), m/e 341 (M™);
m.p: 121-123 °C.
20 EXAMPLE 12

Synihesis of 4-thiocarbamoyiphenyi 2-( 4-axophenyl}-phenyi propanoate
{Compound XXX}
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MS (El), m/e 341 (Mt); m.p: 121-123C. 20EXAMPLE 12 Synthesis of 4-thiocarbamoylphenyl
2-(4-oxophenyh-phenyl propanoate (Compound XXX) DMSLegal \ 05468800001 \2656596v143
Synthesis of 4-carbamoylphenyl 2-(4-oxophenyl)-phenyl propanoate (3). To the solution of 1
(ketoprofen, $vg,2bdsBawurvol) in 80 mL of dimethylformamide, hydroxybenzm%gj@ﬂ(,;l&@@;g, 13 mmol)
and DCC (2.68 g, 5 13 mmol) were added with stirring at OC for 1 h. To the reaction mixture 4-
hydroxybenzamide (2, 2.43 g, 17.7 mmol) was adgled}and stirred for 1 h at 0C and 2 h at room
temperature After f||trat|on the filt ate was evapo ated under reduced pllgessure to remove the solvent

solvent evaporated. The &fud
CH2C12/MeOH (9.5/0.5)#1rgm which 4- carbamoylphenyl 2- 4%oxophenyl) phenyl propanoate (3) was

n_- ey »@%«soxophenyl) phenyl

pure compound 4 (0.45 g, 23 % yield). ONISLegal \ 05468B \ 0001 \ 265659‘6v|44
Synthesls of 4-carbamoyiphenyl 2-{4-oxophenyl)-phenyi propanoate (3).

To the solution of 1 (ketoprofen, 3 g, 11.8 mmol) in 80 mL of

dimethylformarnide, hydroxybenzotriazole (1.76 g, 13 mmol) and DCC (2.68 g,

5 13 mmol) were added with stirring at 0°C for 1h. To the reaction mixiure 4-

hydroxybenzamide (2, 2.43 g, 17.7 mmeol) was added and stirred for 1 h at 0°C

and 2 h at room temperature. After filtration, the filtrate was evaporated under

reduced pressure 1o remove the solveni. The oily residue thus obtained was

dissolved in ethyl acetate; the organic layer was washed with brine, with

10 NaHCO; 5%, with citric acid 10% and than dried on anhydrous MgSQ,, filtered

and the solvent evaporated. The crude product 3 was loaded on a silica gel

open column and eluted with CH.Cl/MeOH (8.5/0.5), from which 4-

carbamoylphenyl 2-(4-oxophenyl)-pheny! propanocate (3) was obtained (1.84 Q,
42% vield).

15 Synthesis of 4-thiocarbamoylphenyl 2-(4-oxophenyl)-phenyl propanoate
{4).

4-carbamoyiphenyt 2-(4-oxophenyl)-phenyl propancate (3) (1.84 g, 4.93
mmol} and Lawesson reagent (2 g, 4.93 mmol) were dissolved in 100 m! of
anhydrous benzene. The reaction was warmed to 60°C and stirred for 4h. The

20 solvent was removed under reduced pressure. The obtained compound was
purified by a silica gel open column and eluted with CHoClo/MeOH (2.5/0.5)
giving the pure compound 4 (0.45 g, 23 % vield).
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WO 2008/009127PCT/CA2007/001289 1H NMR (DMSO-d6): 6 1.53 (d, 3H), 4.25 (dd, 1H), 7.08 (d,
2H), 7.54-7.73 (m, 9H), 7.90 (d,2H), 9. 51 and 9.88 (s, 2H, NH2 ). 13C NMR (DMSO-d6): 6 19.2, 44.9,
121.6,129.3, 129.5, 129.8, 130.3, 132.6, 133.5, 137.6, 137.9" 138.1, 141.2, 153.3, 154.5, 156.1,
163.8, 172.9u4k9%6s/6MS7(El), m/e 390 (Me); m.p: 114-116C. EXAMPLE @%m%%i&)&fgg_
44hiocarbamoylphenyl 2(3-fluoro, 4-phenyl)phenyi propanoate (Compound XXXI) SyntheS|S_, of
4-carbamoylpheRyNMEBENER6-delpBeh§B ik ptafattdart-(3) 716 édiHRHS oTUsoN 88 Yriflurbiprofen, 2
g, 8.2 mmol) in &9)n.cofdimetin/lformanyde, (lgygmwpgﬂzotriazole (1..22 g, 9.02 mmol) and DC_:C (1,86
g, 9.02 mmol) were added with stirring at OC for 1h. To the reaction mixture 4- hydroxybenzamide (2,

L7 0. 12.2 mmoibuaaredsiad 6ng See.lond d 06 459 2 414005 [empratyie After filtration, the

filtrate was evaggéaé;ad dgt%nger_ 20reduced pressure to remove the solvent. Theé Oily résidue thus

obtained was dissoNet ‘et dcetats] tHé brodfic tayef waidsiEd Wit HAned%ith DMSLegal \

054688\00001 \2656596v145
5 MS(ED, m/e 380 (M");

m.p: 114-116 °C.
EXAMPLE 13

Synthesis of 4-thiccarbamoyiphenyl 2-(3-flucro, 4-phenviocheny!

propanoate (Compound XXX1)

16
é Loyesan agead
Synthesis of 4-carbamoyiphenyl 2-(3-fluoro, 4-phenyl)pheny! propanocate
@
15 To the solution of 1 (flurbiprofen, 2 g, 8.2 mmol) in 80 mi. of

dimethylformamide, hydroxybenzotiiazole (1.22 g, 9.02 mmol) and DCC (1.86
@, 9.02 mmol} were added with stirring at 0°C for 1h. To the reaction mixiure 4-
hydroxybenzamide (2, 1.7 g, 12.2 mmol) was added and stirred for 1 h at 0°C
and 2 h at room temperature. After filtration, the filtrate was evaporated under
20 reduced pressure to remove the solvent, The oily residue thus obtained was
dissolved in ethyl acetate; the organic layer was washed with brine, with
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WO 2008/009127PCT/CA2007/001289 NaHCO3 5%, with citric acid 10% and than dried on
anhydrous MgSO4, filtered and the solvent evaporated. The crude product 3 was loaded on a silica gel
open column and eluted with CH2C12/MeOH (9.5/0.5), from which 4- carbamoylphenyl 2-(3-fluoro,
4-phenyl)phewy) prepangate (3) was obtained 5(1.09 g, 37% yield). Synthesigeh »007/001289
4-thiocarbamoylphenyl 2-§-fluqro, 4-pheny9phenyl propanoate (4) 4-carbamoylphenyl 2-(3-fluoro,
4-phenyl)phenyl Mﬁé@é &, S ehTs %CHXH%% aRd Paivesss PRyt qes I aR Qenfiftfsdvere
dissolved in 70 miraf 1€ asthydronspenzeneT i erechionivas warmesde:60Casistiad for 4h. The

solvent was rem u duced urea T j 0 w urified by,a silica gel
open column an((}xe?ﬁietlja %ﬁ%ggglgmée%Hﬁ%‘%%@?ﬁ%%&gggér@om%%ﬁndm L% %.3%-9, 31 %

yield). 1HFRIRAR QORI 4% 514058, (4 PPRAYIRDoAV i CRR)OF S A% SrAEmOREingd7.90
15(d,2H), 9. 51 atidi®.889&-2IdH2 ). 13C NMR (DMSO-c15): 6 19.1, 44.7, 115.9, 116.2, 121.7,
124.8, 126.6, 129.3, 129.4, 129.5, 131.7, 135.8, 137.7, 142.6, 153.7, 158.3, 163.5, 173.1, 199.6. MS
(El), m/e 380 (Me3ymiaisl42- 144 Q- 2dsAMbiziddebynthesis.alidrosotiomn@nelphapy!
2-(2-methoxynapg;gggg{g&éog@}ropanoate (Compound XXV)

4-carbamoylpheny! 2-(3-fluoro, 4-phenyljphenyl propanoate, 3 (1.09 g, 3

mmol) and Lawesson reagent (1.21 ¢, 3 mmol) were dissolved in 70 ml of

10 anhydrous benzene. The reaction was warmed to 80°C and stirred for 4h. The

solvent was removed under reduced pressure. The obtained compound was

purified by a silica gel open column and eluted with CHxCl/MeOH (9.5/0.5)
giving the pure compound 4 {0.35 g, 31 % yield).

"H NMR (DMSO-de): 8 1.55 (d, 3H), 4.21 (dd, 1H), 7.32-7.55 (m, 8H), 7.90
15 (d,2H), 9. 51 and 9.88 (s, 2H, NH, ).

3G NMR (DMSO-de): 6 19.1, 44.7, 115.9, 118.2, 121.7, 124.8, 128.6, 120.3,
129.4, 120.5, 131.7, 135.8, 137.7, 142.6, 153.7, 158.3, 163.5, 173.1, 199.6.

MS (El), m/e 380 (M");
m.p: 142-144 °C.
20 EXAMPLE 14

Synthesis of 4-(isothiocyano)-pheny! 2-{2-methoxynaphthalen-6-
vipropanoate (Compound XXV)

<,
°x,

OB
L oM HaCO., - ) N.:}
e 2 O CQS
- o R oo >
HaCO DCC/HOB (8}

25
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OH N HaCO DCC/HOB( 325 nmstegaho54688mool 0656596v146 WO _
2008/009127PCT/C42007/001289 To the solution of 1 (naproxene, 691 mg, 3 mmol) in 20 mL of
dimethylformamide, hydroxybenzotriazole (446 mg, 3.3 mmol) and DCC (619 rug, 3.3 mmol) were

added with stiing@@& for 1 h. To the reaction mixture 4-hydroxyphenyligethiogyanalg & 500 mg,

3.3 mmol) was added‘fi(g]diﬁsetlrrs%ution of 1 (naproxene, 691 mg, 3 mmol) in 20 mL of

dimethyiformamide, hydroxybenzotriazole (446 mg, 3.3 mmol) and DCC (619
mg, 3.3 mmol) were added with stirring at 0°C for 1 h. To the reaction mixiure
4-hydroxyphenylisothiocyanate (2; 500 mg, 3.3 mmol) was added and stirred

5 for 1 h at 0°C and 2 h at room temperature. After filtration, the filtrate was
evaporated under reduced pressure to remove the solvent. The oily residue
thus obtained was dissolved in ethyl acetate and the precipitate was removed.
The solvent was evaporated and the crude product was loaded on a silica gel
open column and eluted with dichloromethane, from which 4-(iscthiocyano)-

10 phenyt 2-(2-methoxynaphthalen-6-yhpropanoaie (3) was obtained (230 mg, 21
% yieid).

"H NMR (DMSO-de): 5 1.57 (d, 3H), 3.86 (s, 3H, OCHa), 4.20 (dd, 1H), 7.10 (d,
2H), 7.15 (d, 1H), 7.26 (s, 1H), 7.43 (d, 2H), 7.48 (d, 1H), 7.78 (d,1H) 7.80 (s,
1H), 7.83 (d, 1H),

15 °C NMR (DMSO-de): 5 19.1, 45.2, 55.9, 106.5, 119.6, 123.8, 126.6, 126.9,
128.0, 128.3, 129.2, 120.9, 134.2, 134.6, 135.7, 150.2, 158.1, 173.2, 215.1.

m. p. 66-68 °C; MS (El), m/e 364 (M").
EXAMPLE 15

Synthesis of 4-isothiocyanatophenyl 2-(2-(2,6-
20 dichlorophenyiamino)phenyl)acetate (Compound XX

OH
o] e
NR LQN/@ Gi Cl
ct s 2 SN Mo
oy T O Co
L DCC/HOBt . s
1 ) o)

3

d4-isothiocyanatophenyl 2-(2-(2,6-dichlorophenylamino)phenyi)acetate {3)
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5 for 1 h at 0C and 2 h at room temperature. After filtration, the filtrate was evaporated under reduced
pressure to remove the solvent. The oily residue thus obtained was dissolved in ethyl acetate and the
precipitate was removed. The solvent was evaporated and the crude product was loaded on a silica
gel open columnzaswheduied with dichloromethane, from which 4-(isothiocyang)-s36:phenyh
2-(2-methoxynaphthalen-6-yl)propanoate (3% was obtained (230 mg, 21 % yield). NMR (DMSO-d6):
6 1.57 (d, 31), 3.86 (s, 3 fescrptyion28 (da(diEyferan ('EZHHW.fsB(d?mg{ N280srkHpt 7.43 (d, 2H),
7.48 (d, 1H), 7.78i(detty)atr8enisid Mydis@ ez ditr)izbB1BENMRs(BEVG M 6)idbrk 114562, 55.9, 106.5,
11961238126 426 Sridh el B SAZA AR H A iR oSG, 1732

215.1. m. p. 66-689&:; MS (EIl), m/e 364 (M+). EXAM Synthesis of 4-isothiocyanatophenyl
2-(2-(2,6- 20dichfoPSPIRMH GBI PIRRATOAEE T Bt dRdTOaN) WasHARSL AR SEFEny |
2-(2-(2,6-dichiloréphény (ainfifo)phe iy Biase taten( 3} BohiiSlueg A k5688900000 1265 6526v147 To
the solution of 1 (diclofepac, Add’ Mead }énzéf?e'é\b\%f ﬂ!@%@%ﬁy fgﬁ@“&!ﬁf fe

hydroxybenzotriazo eq%86,2 mg, 6.38 mmol) and DCC (1316 m mmol) were agéijeugwith stirring at
0C for 1 h. To th&'&4 F@H’?ﬁ&fﬁ?ed@ﬁﬂi/‘&? @ﬁ%ﬁ@é@ﬁ&%%@@?@%%%@@%%l) was added
and stirred 5 forthé spio@iands2eagioratm teoh feratuce. pidudilwatonatize fitrateivaspevaporated
under reduced pessUrEigHEMANS WGSPIaN- TheBinpsidugdis optainedwasdissplved in ethyl

acetate and the gsregi itate was removed. The solvent was evaporated and the crude product was
loaded on a SilicX g i%ﬁ’@ﬂaé%?@w TR P BT B I RIRRSAA R R R o i W HHIBR 4-
10isothiocyanatopti@nghiZ 5306 (246-deftoyshienylamino)phenyl)acetate (3) was

'H NMR (DMSO-de): 5 4.09 (s, 2H), 6.19 (d, 1H), 6.83 (t, 1H), 7.05 {t, 1H), 7.14
(bs, 1H, NH), 7.21 (d, 2H), 7,25 (d, 2H), 7,47-7,54 (m, 3H).

G NMR (DMSO-dg): § 37.4, 116.1, 121.0, 122.7, 124.0, 127.1, 127.8, 128.3,
15 1287, 129.8, 132.0, 132.2, 137.7, 144.0, 150.3, 170.5, 215.1.

m. p. 132-134°C; MS (EI), m/e 430 (M").
EXAMPLE 16

Synthesis of 4-isothiocyanatophenyl 2-acetoxybenzoate (Compound XXi)

S T 2

Q DCC/HOBY G O C
A \\n/ i
i

20 © © 3
4-isothiocyanatopheny! Z-acetoxybenzoate (3)

To the solution of 1 (aspirin, 1200 mg, 6.67 mmol) in 60 mL of
dimethylformamide, hydroxybenzotriazole (892 mg, 7.34 mmo!) and DCC (1520
mg, 7.34 mmol} were added with stirring at 0°C for 1 h. To the reaction mixture

25 4-hydroxyphenyliscthiocyanate (2; 1108 mg, 7.34 mmol) was added and stirred
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obtained (580 mg, 23 To yield). 111 NMR (DMSO-d5): 54.09 (s, 2H), 6.19 (d, 1H), 6.83 (t, 1H), 7.05 (t,
1H), 7.14 (bs, 1H, NH), 7.21 (d, 2H), 7,25 (d, 2H), 7,47-7,54 (m, 3H). 13C NMR (DMSO-d6): 5 37.4,
116.1, 121.0, 122.7, 124.0, 127.1, 127.8, 128.3, 15128.7, 129.8, 132.0, 132.2, 137.7, 144.0, 150.3,
170.5, 215.1%m0. 3008801184C; MS (El), m/e 430 (Mt). EXAMPLE 16 Synthesisf2007/061289

4- ISOthIocyanatﬂphf:wgewtgﬁarb@wg%é&ot@m%%mm‘% mgamymamms%s
2-acetoxybenzoate Sﬁ%@% the solution of 1 (aspirin, 1200 mg, 6.67 mmo(}jln 60 mL of

dimethylformanfi VERZSHHESGIY rﬁ‘do 'f%ﬁ%n%ﬁ SRBEC PEsHY riRFI9H84 mmol) were
added with stirringsae@red Vis Fosheaacttynandtiate 25d thy drexiplatnylisothiooyamate (2; 1109

mg, 7.34 mmoljryagaekiadandelipseRMRLaraRARAES AL 2928-P8Y LA8ca gel

5 open column and elued with chioroform/ n-hexane 6:4 from which 4-
isothicoyanatopheny! 2-acetoxybenzoate (3) was obtained {150 mg, 7 % vield).

"H NMR (CDCla): 6 2.31 (s, 3H), 7.17 (&, 1H), 7.19(d, 2H), 7.29 (d, 2H), 7.38 (t,
iH), 7.66 (1, 1H, B.20 (d, 1H).

5C NMR (CDCLg): 8 21.3, 1222, 123.3, 124.4, 126.6, 127.2, 129.4, 132.4,
10 135.2, 149.3, 151.5, 163.0, 170.0, 215.1.

m. p. 84-86°C; MS (EY, m/e 272 {W).
EXAMPLE 17
Gastrointestinal Safety of the Compounds of the Present Invention

Twa diclofenac derivatives of the present invention, Compound # and
15 Gompound XVH, were evaluated for their gastrointestinal safety in rats. In
particular, gastric damage, gastric PGE; synthesis, small intestine ulceration

and hematocrit were measured.

Male Wistar rats weighing 175-200 g were fasted for 18 h pricr {0 oral

administration of 1% carboxymethylcellulose (vehicle; 0.2 mL) alone, or one of

20 the following dissolved in this vehicle: diclofenac (20 mg/kg), Compound 1 (32

mg/kg), ADT-OH (12 mg/kg), diclofenac plus ADT-OH, Compound XVii (27.3

mo/kg), 4-hydroxythiobenzamide (TBZ) (7.3 mglkg), the hydrogen suifide

releasing moliety on Compound XV, or diclofenac pius TRZ. The doses of

Compound I and Compound XVIi are equimolar to a 20 mg/kg dose of

25 diclofenac. Similarly, the doses of ADT-OH and TBZ are equimolar to the
doses of Compound il and Compound XVHI, respectively.

There were 5 rats in each group. Three hours after administration of
the test compounds, the rats were euthanized and the extent of gastric
hemorrhagic damage was biindly measured (in mm). A "gastric damage score"
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WO 2008/009127T/CA2007/001289 for 1 h at OC and 2 h at room temperature. Aftgr filtration, the_
filtrate was evaporated under reduced pressure to remove the solvent. The oily residue thus obtained
was dissolved in ethyl acetate and the precipitate was removed. The solvent was evaporated and the
crude productweasdoageti on a silica gel 5open column and eluted with ch&rp,@;g‘}{}mg)ﬁ%@ne 6:4, from
which 4- isothiocyanatophenyl 2-acetoxybenzoate (S%as obtained (150 mg, 7 % yield). NMR
(CDCI3): 62.31 (s‘f”%iﬂ’?’g.“f%/‘%g?&ﬁﬁ%@(di‘%—‘ﬁ[‘% 4, BHrsiPas |, aHfomeen(, Yiths.20 (d, 1H).
13C NMR (CDCL3yegepae3fiBR 2@ FIQR83, 11240404266 faRAG:, 128 4sckid2 i, ﬂ:@_l%&c[éﬂr,&& 151.5,
163.0, 170.0, 215GompduriSEOARIEINIOIR Gl EXAMBLEILLCRsminIARIIRg)Salety of the

Compounds of the Present Invention Two diclog%enac erivatives of the present invention, Compound Il

and 15 Compound’ {?ﬁ ki nr'écg\r}i UATSART thetP G5k e dridiesaren MArparen P pRtidttar, gastric

damage, gasfric PEFREFRENESIBS siwlatibisrestihé ledafoh antdiydmatdsnioyere measiged. Male

Wistar rats weighiagdeiy20RigtyveredasigsLinr A8h@riosioqral adpinisiation %Jg%m
carboxymethylcelil

ose. (vehicle; 0.2 mL) alone, or one of 20 the follln,g dissolved in this vehicle:
diclofenac (20 mgi&?cﬁ{éemo‘“ﬁﬁ%%%’(ﬂﬁ%ﬁe ?f}g%qi?@kpﬁf%ﬁﬁﬁ}ﬁminaﬁ %IUS ADT-%I;,
Compound XVII (27.3 mg/kg), 4-hydroxythiobenzamide (TBZ) (7.3 mg/kg), the hydrogen sulfide
releasing moiety on Comfis n%bﬁ%ri'la iéT’@F@nﬁ%"BfU%%@Z. THseBess dliosmipdlpgariand
Compound XVII &ssesfuieislar tEar2gangReeiass) of@Sgietefenaesmilarty, thaidesesef ADT-OH

and TBZ are @quim@laitdif of prostagiandin B, (PGE,) synthesis, as described in detail
‘previously (Wallace et al., Cyclooxygenase 1 contributes to inflammatory
responses in rais and mice: implications for gastrointestinal toxicity.
Gastroenterology 1998; 115: 101-109, incorporated herein by reference),

Briefly, the tissue samples were minced with scissors for 30 min, then placed in

15 1 ml of sodium phosphate buffer (pH 7.4) and placed in a shaking water bath
(37°C) for 20 min. immediately thereafter, the samples were centrifuged for 1
min at 8,000 g and the supernatant was immediately frozen at -80°C for
subsequent measurement of PGE, concentration using a specific ELISA
{(Wallace et al., 1998).

20 With reference to Figure 2, it can be seen that diclofenac {with or without
concomitant administration of ADT-OH or TBZ), Compound I and Cormpound
XVH all significantly reduced the amount of gastric PGE, synthesis, indicating
inhibition of COX-1 and/or COX-2. ADT-OH and TBZ alone did not reduce
gastric PGE. synthesis when compared to vehicle. Thus, the lack of gastric

25 damage in rats treated with Compound #f or Compound XVIl as shown in
Figure 1 was not attributable to an alteration in the ability of these drugs fo
suppress gastric prostaglandin synthesis.  Suppression of gastric PGE,
synthesis was near-complete with these drugs, and with an equimolar dose of
diclofenac.

30 Figure 3 shows that iwo naproxen derivatives of the present invention
{(Compounds ¥ and XX) elicited significantly less damage than naproxen itself.
These experiment were performed in exactly the same manner as those shown
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doses of Compound Il and Compound XVII, respectively. There were 5 rats in each group. Three
hours after administration of the test compounds, the rats were euthanized and the extent of gastric
hemorrhagic damage was blindly measured (in mm). A "gastric damage score" DNISLega |
\054688S0000¢12666606v149 WO 2008/009127PCT/CA2007/001289 was-Rroduresddyssumming the

lengths of all legjons | om igreé%r nce first,to Figure 1. no gasfgc damage was seen in the
"vehicle", "Com?oourﬁ;léﬂﬁa g{r'"ngnXB%réi XV ‘g&géﬁ‘ﬁrs.%coa‘r’%cggﬁﬁﬁ‘?l“’gﬂ% ?(j%cnb’vtﬁﬂﬁd Vi elicited

significantly les@g/astisctrchigly thha HRIBIENSE. WRNEE eI gastitcIBMessrigsefiinstvas not
observed if the MaAIRMGiebUlsicieienae)nditieabe Rtelersingsoristy f £79mperndd and

Compound XVI - [ re.administered sepatately, but at the same time.
These observatlli(r'gér‘?Eﬁlpe\-/%eg‘?r(iﬂh c%&%%{)??f%g&géﬁsbﬁ%% E@?&%&“ﬁ gé%sglsgtéenqebrﬁ. jétgtrﬁfoles (100-200)
of gastric tissue \WEFE eRERBYPHSINSL0WRERSGREWEHICO ProStRRaAdRTIE 2IPG EPistynaiessis, as

described in detabpreriausly (Wallace et al., Cyclooxygenase 1 contributes to inflammatory responses
in rats and mice: implications for gastrointestinal toxicity. Gastroenterology 1998; 115: 101-109,
incorporated herein by-eferance). Brsty, thexéissue,sanplagaeradnipcedwithsgissges for 30 min,
then placed in 1 mL. of sodium phasphate buffe 7.4) and placed in a gB king water bath (37C)
for 20 min. Immjrer%nhetgl?}tt e?gi%#é?ﬁ'g%‘;g” tlrﬁgle‘a%(%g{reég?:%% i uﬁe%o‘%:gi I a"i’?, 4Rd the
supernatant waS T &dEEN friguer FE080E fardutisagiab nrtheasurissrshirof RBER Iobacentration

using a spesific 4rkl ShciVallace-t aby 1@8-)&ﬁowitaéﬁéﬁ%acgr@n%wet}@véy&é@ be geen that

diclof ith ar without itant.administration of ADT-OH or TBZ), C d H and
Compound X1 A LA RLLR) 1oak ol Ine ARUAT b B g E BB iR LA imibition of

COX-1 and/or GO IKDIURSHaaa TBE dlerendil rist Fedoice astiemGrEzsyrtesisahen compared

to vehicle. Thusibentaskeef Basticafdamadsingatsdeeatediwith CompruRdAl gh&empound XVII as
shown in Figur o) i to an alteratign,in the ability of these S [0 suppress gastric
prostaglandin @%%yg’?eﬁ é{%ﬁ rgé%té%géf %?%aéesqwg %E@igyaff e ?@‘%‘%}v/ﬂanésﬁl ﬁ@%ﬁﬁi@?@b&ﬁ these drugs,
and with afPequitRéidr @6EtsfaficrFeRateBoridirevBRievicated taoumprdten edenatpies of the

present inventidnHSinorpsiuDOX Y aad on elisierkaiomdicebhpiermdamanedhandpaprexen itself.
These experim%?td%ﬁ{gogﬁgmed in exactly the same manner as those shown

NSAIDs can also cause significant small intestinal injury and the effects

of diclofenac on induction of small intestinal injury after repeated administration

20 was compared to Compound ll. Groups of 5 male, Wistar rats were given

diclofenac or Compound H at a dose of 50 pmol/kg at fime 0 and again 12 and

24  bhours later. Another group of rats received vehicle (1%
carboxymethylcellulose).

Hematocrit, the portion of blood that consists of packed red blood cells,

25  which is expressed as a percentage by volume, was measured in a sample of

biood taken from a tail vein at the start of the experiment, and 24 h after the

final dose of drugs. The rats were euthanized 24 h after the final dose of the

drugs and the abdomen was opened. An investigator unaware of the

reatments the rats had received measured the lengths of all hemorragic

30 erosions/ulcers in the small intestine. A small intestinal da?nage SCOre was
calculated by summing the lengths of all of the lesions in each rat.
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DMSLcgal \ 054688 \WOO' \ 2656596v 150 WO 2008/009127PCT/CA2007/001289 in Figure 1.
Naproxen, Compound V and Compound XX were each administered orally at a dose of 60 pmol/kg,
and gastric damage was blindly evaluated 3 hours later. Gastric damage was not detectable in any of
the rats treatedbwitiz@ompound V or Compound XX. Each group consisteg©f,e Lalsy i hase
observations were confirmed by subsequent, blind histological assessment. Inhibition of COX-1
was also measured usiftt THECAIRE RYE ?nﬁﬂ@d?aﬁréﬂtﬁ%ﬁ r Spibedifr thiessinaa@efdRftthe pouch, 1
mL of blood was dimaviedroraulies inférieteenamaeat off cactreataapebwasspiaceddara glass tube 10 and

allowed to clot fogdamifeddeserbad RERYIONSH (\ﬁtella&a@ta' oGRS SRLRIRIRY, %?gg) The
samples were th%n c%tnfdg%ﬁfor 3 min at 9,000 g and the supernatant was frozen at for
f

subsequent meadaree Al O tRIBPRHE dhe 8 c%%’eﬁﬁﬁt 1678 Rahdratepe@tc tasied i shown in
Figure 4, naproxéit!@ermapobtndhéram rXHoatlesty nittzdety: (=00t iriliitetinl5 COX-1
activity as compa%@%&h@ MRRISHRHERLRFLGIUR-( M%& ntat'a%&hﬂ%%&%%emﬁomevvhat

less with Comp than with naproxen or Com s can also cause significant
small intestinal m%e o t’hieee%ctgeawato%ﬁa@%‘ﬂ%i]gtl%rf’ﬁfisﬂ?aﬁgmgﬁ%leﬁﬁﬁtﬁﬁﬁer repeated
administration 20'@astesihpared to Compound 1. Groups of 5 male, Wistar rats were given diclofenac
or Compound Il at a dose of 50 pmol/kg at time 0 and again 12 and 24 hours later. Another group of
rats received vehicle (1% carboxymethylcellul@&aliird@atcrit, the portion of blood that consists of
packed red blood cells, 25 which is expressed as a percentage by volume, was measured in a sample
of blood takan frormmaitaitaieisr aiAriecsiagis TN e i QE?W@QQ@G of drugs. The
rats were euthanized 24 h after the final dose of the drugs and the abdomen was opened. An

investigator unaware of grderadeniesn jals bad deetved IR Sed iR daNAIER oL R hemorragic

30erosions/ulcers in the M all in e tine. §% ntestl al dama e score was calculated by summing

s L P c& %n% YT RIBEBEEY1Fcacy

the lengths of all BFihe ?ey sions i eali?
of cydlo-oxygenase-2 inhibition in carrageenan-airpouch inflammation. Br J

Pharmacol 1989, 126:1200-1204, incorporated herein by reference). Briefly, a

NI

15  subcutaneous “"pouch® is created by repeated injections of air over several
days. Once established, inflammation in the pouch can be induced by injection
of 1 mL of 1% zymosan. This induces a large increase in prostaglandin E,
(PGEy) within the pouch, which has been shown to be derived almost
exclusively from COX-2. Groups of 5 rats each were orally treated, 30 min

20 before the carrageenan injection, with vehicle (1% carboxymethylceliulose),
diclofenac (3 mg/kg), Compound H (4.8 mg/kg) or Compound XV (4.1 mo/kg).
Another group of 5 rats was treated with the vehicle, but received an injection
of 0.9% sterile saline into the pouch rather than zymosan.

As can be seen in Figure 7, pretreatment with diclofenac, Compound i
25 or Compound XVit markedly reduced the concentrations of PGE, within the
pouch that were produced in response to injection of zymosan. *p<0.05 versus
the group treated with vehicle + zymosan, These results indicate that ali three
compounds significantly inhibited COX-2. In contrast, neither of the hydrogen
sulfide releasing moieties (ADT-OH and TBZ) significantly affected COX-2

30 activity.
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WO 2008/009127PCT/CA2007/001289 As shown in Figure 5, administration of diclofenac three
times over a 24- h period resulted in the development of extensive erosions and ulcers in the small
intestine. On the other hand, the extent of damage observed in rats treated with Compound Il was
>90% less thane that/indtre rats treated with 5 diclofenac. Furthermore, asghowi:igfiguse 6,
diclofenac treatment resulted in a profound reduction of hematocrit ("p<0.05), likely a result of small
intestinal bleeding, wHBPEROR & tRft WIASURRIBERATHTEASFRE g‘&nﬁ‘?&%f@ﬁeb’?lﬂﬁ Hfnatocrit.
EXAMPLE 18 1sintabitiegthcef &y cesipgenas e=Ri(GOX -2 astic@ycliookggendsedit (G0ac,1)

Inhibition of Coéc@nkﬁbMH@ wvaadﬂeﬁsﬁ%m WQ @a@pmﬂﬁﬂé@&@m%@mm%m”bed model

(Wallace et al. ed antj-i Iammatoay e |c c o- oxy enase-2 inhibition In
carrageenan- alﬁﬁmﬁﬁf Cii{s] o= {8 @@b hﬁ%@ﬁdﬁ%ﬁrﬁﬁﬁdﬁg}%ﬁ@é herein by
reference). Briefly dﬁﬂ@wbcammu@%m mwtemd@l?’@beat&d iffebticimdkaitigver several
days. Once estaliishadq i jon in the pouch can be induced by injection of 1 mL of 1%
zymosan. This induces a large increase in prostaglandin E2 (PGE2) within the pouch, which has been
shown to be derived almost exclusively from EQxXad: Grogps of 5 rats each were orally treated, 30 min
20 before the carrageenan injection, with vehicle (1% carboxymethylcellulose), diclofenac (3 mg/kg),
Compound 11 (4.8 y % gé%[ nother s treated with the
vehicle, but recelve%}%/hg]&h)f%&;tlon of /o%i%% lle sali ne}?f%’) D%imaﬁqoﬂg@gﬁéar %@ﬁosan As can be
seen in Figure 7, pretreatment with dlclofena@?@@?ﬁ%%‘ﬁﬁll 25 or Compound XVII markedly reduced
the concentrations of PGE2 within the pouch that were produced in response to injection of zymosan.
*p<0.05 vefdus the grolp Hdabatpitigenriiectz (osSanatheserésulibiinticatestisas it three

compounds Slg@tff@wwﬁvanmmm @Q&r%owhégm@étc&aﬁa%@uéh@ hvdragensaliidegeleasing

g?ngZéﬁg&%%kgooiﬁez)é g(li%/afnSt %\%C%?éig/‘go ;C%ﬂéaglaﬁﬁgd\jSAi%lbltlon of

COX-1 was als631ebgigniGampanisdinaagts, bwgtie SenreSriethosl as drebatives 6br Figure 4. As
shown in Figurer giciesanas<Aeanpanewcd aﬁ@rﬁ%apeéﬁﬂ&(ééle@ﬁ%i%ﬁEﬁ%&’h@'@r@wd
thromboxae sYAeRis, WDICH OEF USRS AotV AiFE P AR S Fhy Nuconiast fgither of
maintained or actually increased their ability o inhibit COX-1 and/or COX-2
when compared to the parent drug.

TABLE 1

Effects of NSAID Derivatives on Gastric Damage, COX-1 and COX-2
20 Aectivity In Vivo

Compound | NSAID Moiety | HzS Moiety Dose Gastric | Inhibition | inhibition

' (wmolkg) | Damage | of COX-1 | of COX-2
i Diciofenac ADT-OH 30 4 4 =
Xvil Diclofenac T8z 30 + <> <>
V Naproxen ADT-OH 80 3 4 =
XX Naproxen TBZ 60 & o T
v indomethacin | ADT-OH 30 d “ «
XX indomethacin TBZ 30 ¥ 1) “»

Definitions

T: statistically significant increase versus the parent drug (p<0.05)
{: statistically significant decrease versus the parent drug (p<0.05)
> no significant change versus the parent drug

ADT-OH: 5-p-hydroxyphenyl-1,2-dithiole-3-thione

TBZ: 4-hydroxythiobenzamide
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5the hydrogen sulfide releasing moieties (ADT-OH and TBZ) significantly affected COX-1 activity.
EXAMPLE 19 Effects of NSAID Derivatives on Gastric Damage, COX4 and COX-2 Activity In Vivo
10The anti-inflammatory effects (COX-2 and COX-1 inhibition) and gastric safety of a number of
compounds wese@smpared using the assays described above. The resultscagg guigyized in Table
1. All of the parent NSAIDs caused significant gasifiggamgge. However, the H2S-releasing derivatives
of the present invention showed improved gastric safety as compared to the 15 parent drugs. It can

also be seen from Tabjexl thak MMM%@}W&@%@% m@%%%}%gﬁgrﬁ@%ﬂa’%{t@geased their ability

to inhibit COX-1 and/or COX-2 when compared to the parent ects of NSAID
I

Derivatives on Gastric € - d COX-2.20 Activity In Vivo.DM.SLegan! 546 11\ 00001
\2656596v153 WO 20(%2_?,”%()}8@9!!1g T%%%%@&%&fﬁ@’@%ﬁﬁ% Rreicon Wﬁﬁds of the
Present Inventiof 678 afifieifions werehevakwinddFintatss effsaswrediistand ¢bamé Compound
XVII with those ofdiibienaewsreevalugied usingithe eaHR0SeNAEIBANSY S8sENAaie,

Wistar rats weighing 175-200 g were given the fest compounds orally 30 min

prior to subplantar injection of 100 ul of 1% lambda carrageenan. Paw volume
measured using an Ugo Basile hydroplethysmometer prior to carrageenan
injection and at 1-h intervals thereafter for 5 h. Each group, which consisted of
10 B rais, were treated with diciofenac at doses of 1, 3 or 10 mo/kg, or with
Compound i or Compound XVl at doses equimoiar to diclofenac ai 3 mg/kg.

As shown in Figure 9, diclotenac dose-dependently fecéuced_paw edema
induced by subplantar injection of carrageenan. Compound i, given at a dose
equimolar to diclofenac at 3 mg/kg, reduced paw edema to a greater extent.

15 Indeed, the effect of Compound !l on paw edema was comparable to the effect
of diclofenac at a dose of 10 mg/kg. Similarly, as shown in Figure 190,
Compound XVil, which was also given at a dose equimolar to diclofenac at 3
mg/kg, reduced paw edema to a greater extent, comparable to the effect of
diclofenac at a dose of 10 mg/kg.

20 Because both Compound Il and Compound XVil suppress prostaglandin
synthesis 1o the same extent as diclofenac, the enhanced activity of the new
compounds of the invention in the paw edema model is most likely related 1o
another attribute of these compounds. It has previously been demonstrated
that hydrogen sulfide donors can significantly reduce carrageenan-induced paw

25 edema in the rat (Zanardo et al, Hydrogen sulphide is an endogenous
modulator of leukocyte-mediated inflammation. FASEB J 2008; 20: 2118-2120,
incorporated herein by reference), so, without being bound to theory, it is likely
that H:S release from Compound Il and Compound XVIi accounts for the
enhanced anti-inflammatory effects in comparison to diciofenac.

30 Without being bound to theory, it is also possible that some of the
additional activity of the compounds of this invention in models of inflammation
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5 model as previously described in Wallace et al., Gastroenterology 1998. Male, Wistar rats weighing
175-200 g were given the test compounds orally 30 min prior to subplantar injection of 100 ul of 1%
lambda carrageenan. Paw volume measured using an Ugo Basile hydroplethysmometer prior to
carrageenanvwijentiomand at 1-h intervals thereafter for 5 h. Each group, which camsisiegof 105 rats,

were reated wilh diclofenat #0058 af 4381 ARMAN QLU Compound,|l gn Compound XVt at
doses equimolar ?3’ IClofenac at 3 mgﬁ<g. As shown'in Figure @ diclofenic dose: ependently
reduced paw ed@RigiendBaREN By SUBPPEHEE i SGrroPesnadeeare Conmsorm ihgitn at a dose
equimolar to dicipfenan atchiengisodsecinad pamgeems taadgyepdap adentiedoindesd, tht/ekeffect of
Compound Il o e ) rahle to th ct of diclofenac at.a dose of, 10 mg/kg.
Simiarly, as shop R e S e B o o
diclofenac at 3 ﬁfgﬁﬂgéf?@%%@e&\ww)@@éﬁwﬁiwﬁ dreatb st goRipaliap t Fureread of diclofenac
at a dose of 10 gkkg. 20RegausedaihLampound Ihang GempaundrXVErssippressprostaglandin
synthesis to the. t ic ctivity of the new compounds of the
invention in the s%:/a@ 'm%%ll’ igﬁﬁ%ﬁii%grrgﬁﬁ%gto agﬁglh%afngﬁr%%?%e%ﬁﬂ%%}eogogripounds. It has
previously bee RStk U eRY 5 SPSHHIB AR WRIhEF SeRIPEIRIfCaIP buce
carrageenan-induced paw 25 edema in the rat (Zanardo et al., Hydrogen sulphide is an endogenous
modulator of leukocytBifiedidheiihfimmwraatiot FORG EBIg 2066 ; P@sibld 8t 2@ nwcof pbwated herein by

reference)étso, W@dﬂl@@kﬁ@@éf@ﬂpdﬂfﬂaﬁocmﬁ%@ﬁnﬁé%ﬁlﬁﬂh/immr@ffem{mff@ fiﬂffé@%@%ﬁdl ! |fand
Compound XVI| accounts for the enhanced anti-inflammato cts.in comparison to diclofenac.
30Without beiné“%%ugned%%“ "ét%kgr’?ﬁiﬁs@é*fi%”%%cgéfb{f‘é’%%‘t Co bt s idito B iy B the
compounds of thi§iGeRfem e Fotes b wileermateds DMB: sgativos468800801126856596v154

WO 2008/0091 ZHHad e 206 /Qla88maxrbe atirimwdableteenbansedanhibiian aide@X-2 activity,
The effects of vghj oxe mpound Y and Compo XX were compared in the rat airpouch
model (as descﬁgé%%?f)}%%%uré %X%@gcﬁ gfpoﬁfpr%or%[l's %%go#%q‘?a Séﬁfpﬁ)ﬁg%mm%&ﬂgé}t d V and

Compound XX [Iére ek BgsimiveR dddat dosaiassofbep eRIMREINGs Bholrrfnmgwecl 1, all three
p0.01) HOWeEr, CampOunLk St S Aot ettt U ity than e
s%en with napro%geg'?d?%})g%é)% E?A?c:gg%%??%trﬁo?j?%’eeglnia Sber'if? %Jto%t@eggrair), nggg?s%%ossible that
some of the  Shaking for 45 min, after which they were centrifuged (1,000 xg) for 10 minutes.
The concentration of thromboxane Bp in each sample was then determined
20 using a specific ELISA, as in the studies shown in Figure 4. As shown in
Figure 12, all three drugs produced a conceniration-dependent inhibition of
COX-1 activily as compared to the vehicle-treated group. However, at
concentrations of 1 and 3 pM, Compound XIX, produced a significantly greater

{*p=<0.05) inhibition of COX-1 activity than that produced by indomethacin.
25 EXAMPLE 21

Leukocyte Adherence to the Vascular Endothelium of Compounds of the
Present invention

Leukocyte adherence to the vascular endothelium is an early event in
inflammatory reactions and contributes to thrombus formation. Hydrogen

30 sulfide donors have been shown to reduce leukocyte adherence induced by
aspirin or by the pro-inflammatory tripeptide, IMLP (Zanardo et al., FASEB .J
2006; 20: 2118-2120). The eifects of several derivatives of NSAIDs of the
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10 additional activity of the compounds of this invention in models of inflammation may be attributable
to enhanced inhibition of COX-1 activity. The effects of vehicle, indomethacin, and two compounds of
this invention, Compound IV and Compound XIX, were compared for their effects on human whole
blood thrombexarmesBassynthesis in vitro. Aliquots (0.5 mL) of blood from headthy kg man volunteers
were added to gl e taini 0 uL of mer%?anol alone, or one of the test drugs prepared such
that the final conﬁ%?%ﬁoﬁ%v%%k b%‘go}?‘f%“ Y G %’F)i‘.c?h‘é"?ﬁ%e%"arsﬁ%eé|a%@é"&9id%§¥é‘£‘bath (37C)
with gentle shakifg61548°iin tafteatnAicPrasEp sddrededtit iy deaa o@D g PED wadttes. The
concentration of tatoathexair®.B2 in each sample was then determined 20 using a specific ELISA, as
in the studies shown in Figure 4. As shown in Figure 12, all three drugs produced a
concentration-dependentimpibiion-e5M%- laclivitas sariRared 9 thayahicle-tiaated group.
However, at conce rgﬁrﬂa}}igns 0 a]}., aqp lrC_?,tpl\ll Compound XIX, produced a significantly greater (tp<0.05)
inhibition of COX- achw?ykipuan t%algproraﬁrcoés& indOHethAeTR! SN PPESS 19 Sibbyte
Adherence to the®&s&IafE feitheditinrerongietings Dlthe Rrdsdow ventiommisiakoeyte adherence
to the vascular encnibstivbais ancashe orentmbiiammater ssaginnsAnd Gordibes o thrombus

formation. Hydro ulfide donors.have been,sho reduce leukocyte adherence induced by
aspirin or by the %%ﬁﬁn?ﬁaﬁmér%%\%%y ﬁé@gﬁ&%‘?%ﬁ%ﬁiiﬁ%& & éﬁ% PREEH TIoEEEI A 18-2120).
The effects of set#ef&l Befidaifedier NSAIEHE 6PHRODMS hayal AOB4ESSIN G001 26565396v155 WO

2008/0091 27> C THZAROR A0 BBIRE SETkARYEBtiaN AR de koY AFReraREs WeLe R¥alyated using
intravital microsc einrg&%r@ﬁ asg E(t;l_]escrit\)ne@% Ei}n getai!_ by %anﬁr o et 15I. FASEB J 2006, 20: 2118-2120.
Briefly, post-capillary mesentefic venules in aneStheiizEd Tats ard® 1€ microscope,  and

quantification of the numbers of adherent leukocytes was performed in a blind

manner through svaluation of the videotaped images. Each group consisted of
5 male, Wistar rats weighing 150-175 g. A leukocyte was considered
15 “adherent” if if remained stationary for 30 seconds or more (results below are
expressed as the mean = SEM). At the end of the experiment the stomach was
opened and examined for the presence of gastric damage, under a dissecting

microscope.
TABLE 2
20 lLeukocyis Adherence to the Vascular Endothelium
Compound Tested Number of Adherent Leukocytes Percent Incidence
{per 100 pm vessel length) of Gastric Damage
Vehicle (1%) 2002 0
Aspirin 7.3+ 0.4* 80
Compound § 25+0.3 20
Compound XVI 2.3+0.3 0
Diclofenac 8.6+ 06" 100
Compound i 30x05 0
Compound XVH 28205 20
Lumiracoxib 9.3+ 1.0 0
Compound I 1.7 +03 0
Compound XV 23+£04 0
Indomethacin 14.4 0.7 100
Compound 1V 36+£07 20
Compound XIX 3004 0
Naproxen 10.2 + 0.4* 100
Compound ¥ 3.5+07 0
Compound XX 2.3+05 0
jrp<o).05 versus the vehicle-treated group (ANOVA and Dunnett’'s Multiple Comparison
esi).
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5 examined under a light microscope. After a basal recording period of 5 min, one of the test
compounds listed in Table 2 below was administered intragastrically at a dose of 30 pmol/kg, with the
exception of naproxen and the naproxen derivatives (Compounds V and XX), which were administered
at a dose of &dopmmlileg1All test compounds were prepared in a vehicle ofgk%d Q6671061289
carboxymethylcellulose. Changes in leukocyte adherence within the venule were recorded with a video
camera attached to thé FAtRBESSEE, e dabififc i rrervabves mbaspbinaghdiemfsakbeytes was
performed in a blirghiibanneptrieush evatusdigmiokneavideotapsshimagasctkach-grausagonsisted of 5
male, Wistar ra ighi -175 g. onsi d 15 "adherent" if it remained
stationary for 3(%% gg&%}pﬁ%%?h%%gr(?gs%%sgtéléﬁ%%h}%%%%grééggg I&%‘ the’ erﬁ%%ﬁ[eﬁﬁw 'the end of the
experiment the SEHIRAES WadsHhtned ind Bxasidiiey RoftHeopresent ¥t gadthomamagd, under a
dissecting micrasgope:ABldn2 2@k erdosyterAidbarensegia the Maseyankadetheliisy Th<0.05
versus the vehigle: Up. V t' tiple Co rison, Test). DMSLegal \
054688100001?\$2%g 5%1%\%%96{8‘ , %’ﬁ% bﬁ%ﬁfm%}r‘%% l@e‘g‘tg e%\ga‘?%ﬁ%s"%@g?s%?ﬁﬁ"of the present
invention, in pafticti&r SR TIMENiRN. afd RESHRPBUNE ¢ Rswndidhifiesnererritat ¥l number of
adherent leukocygesigetijGeqredessehianpth wheorepmpageria@spidn almeninvagdslition, both

Compound XV andh CamraiitbintSiaaificei isdusad b dricentigienge ol agellic damage

when compared to aspirin alone. Similarly, Table 2 further shows th IClofenac of the

present invBntidi? B SRCUIE CEBR%BRR |58 BB BB NI ShRiTR Sl RENaEES the number of
adherent leukocytespperetb @) pmpresee iergtivand sigrifitantlysrestusectithepesepbineidence of
gastric damage%@%!@n%%&ﬁ@%&&&9&%@8@9&'8&%%%@ ﬁScé@QEg?\)fgﬁg%\%‘s%‘é’is that

derivatives of naproxen of thé present invention, in particular, Compou ompound XX,
significantly redGREH A RIRRIBSRINRRERSH: farIREESRBE Dif et Y PRMBEs ¥hESignificantly
reduced the perentangidemegokgasiricedamage when compared to naproxen alone. 15Interestingly,
derivatives of lumiracoxib, a COX-2 selective inhibitor having reduced gastric side effect, in particular,

Compounddll and ComipesstidgiV | Hestiliraewsd inmingidences ol pastrisstamagehuileoth derivatives
significantly redugce b r ukocyte r 100 pm vessel length when compared to
lumiracoxib alone. ?ﬁtl?gd %%@aé%#&ﬁ%%% S@%%ﬁ?ﬁ%%g%f{gfm I %n?%)férédsf?l%apncgl >r/n %OMX-Z selective
NSAIDs might retilite Stk $20RSy ARG SsaeesietigTitive SaTTHOR - Db isilordetvalss  Thus, the

NSAID derivativgsficthehpredecednirentiomisenayof estitiame tlukedytas dieyasmlpmsideeifects of the
NSAID by redu%ﬂg&?%@é}ytgmg@% “lumiracoxib alone. Thus, covalently linking a
20 hydrogen sulfide releasing moiety to COX-2 selective NSAIDs might reduce the
cardiovascular side effects of these COX-2 inhibitors as well.

Thus, the NSAID derivatives of the present invention may result in

reduced cardiovascular side effects of the NSAID by reducing leukocyte
adherence.

25 EXAMPLE 22
Effects of compounds of the present invention on gasiric ulcer healing

NSAIDs, including those selective for COX-2, often inhibit healing of pre-
existing gastric ulcers (Stadler et al, Diclofenac delays healing of
gastroduodenal mucosal lesions. Double-blind, placebo-controfled endoscopic

30 study in healthy volunteers. Digestive Diseases and Sciences 1991: 38: 594-
600). To determine the effects of two compounds of the present invention
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25EXAMPLE 22 Effects of compounds of the present invention on gastric ulcer healing  NSAIDs,
including those selective for COX-2, often inhibit healing of preexisting gastric ulcers (Stadler et al.,
Diclofenac delays healing of gastroduodenal mucosal lesions. Double-blind, placebo-controlled
endoscopic 30studg/inshealthy volunteers. Digestive Diseases and Sciencesi1824:36s284- 600). To

determine the e t invention DMSLegal 054688 \
oooo1(%265&3592[@%i % 2%0%@@ %@%&‘,&%ﬁ/‘o@bé’é"f@omg&n ii(iﬂ"ﬁ%ﬁ% @Bfhpound xx),
as compared to Bﬁﬁé‘?éﬁ%crﬁ%eﬁ*é‘fﬁiﬁxé’ﬁ PESH R, Brisulveiehbafieg, vals irers tieeged with these
drugs after ulcersittad:eenHndveed indinait ﬁﬂmﬁbﬁ)r@@ﬁﬁlc(%é%@ W@é@s@@r‘é@ﬁdﬁ@@msm

application of ac@itécSae%aﬁ%&%%ﬂg%%g%cer%?aa eE& §a§| nlg%;[ roidal

anti-inflammatory drug accelerates gastrrc ealing in rats astroen erology “109: 524-530.

Beginning thtee BEYE 157 HbG9E @"fja’{!s%H’cﬁfr’ﬁér’é’ﬁf@%’té&%vr@%ﬂﬂﬁﬂ%f@ér@WW@rtWG@h|cle

diclofenac, (30 ph@@l’lkg)m@ramp@ramarmprmmmﬁgagmm@mm@m@@%@und XX (60

pmol/kg). After %géys&géb@rb;r%aqé@néa@? @%V\{%&% gd an ﬁl the %]I %ch was excised
€ ally

and photographed. The area (in mm i he ulcer was termrne planr metri y an' individual

unaware of the tHRIGEARs GUerRiEee RRTRAURLINNGHD re kels RirtrareR 4803 M8/ eiter induction
of gastric ulcers . €:ppriouto KKidtionmbikg trdmeds)dhe soelansarface anea st therplcers was 24

2 mm2. AS siiajed 10w 1% LrAts e LSS B ElaleRa orappxen pihibied

similar degrees of h,r;allni%I However, rats treated with Compoun or Compoun >82 exhibited

significantly gred&? h&AITRG ss6 W%SCG%?J’%@&%’!%?%H%’&M REPFERERUFREPRMENRIGY. Treatment
with the hydrogehestrifigteesiis agireg: oty refthdsestwobgempaniriss(3 BZ)rdicinet sSigaificantly affect

the healing of gagiéic RAUABIS A SemPAEdLObe KRB HRRIRS Q{P&rﬁ;ﬁﬁi\%‘égﬁf ehl, ReCrects of

compounds of the present invention on blood pressure NSAIDs, inc 0Se ex |b|t|ng
selectivity for COEH! REFE AR DD FECEGNAT A9 ﬁé?t@?@rorfﬁrfﬂ‘ﬁﬁf@?f‘éiré"vrf \BPtRel éffectiveness of

15 rats treated with vehicle, diclofenac or naproxen exhibited similar degrees of
healing. However, rats treated with Compound XVE or Compound XX
exhibited significantly greater healing ("p<0.05 compared to diclofenac and
naproxen, respectively). Treatment with the hydrogen sulfide releasing moiety
of these fwo compounds (TBZ) did not significantly affect the healing of gastric

20 ulcers as compared to the vehicle-treated group.

EXAMPLE 23
Effects of compounds of the present invention on blood pressure

NSAIDs, including those exhibiting selectivity for COX-2, may

exacerbate pre-existing hypertension and interfere with the effectiveness of

25 some anti-hypertensive medications (Whelton, A. Nephrotoxicity of
nonsteroidal anti-inflammaltory drugs: physiologic foundations and clinical
implications. Am. J. Med. 1989; 106 (5B): 138-248). To determine the effects

of two compounds of the present invention (Compound B and Compound 3X),

as compared to diclofenac and naproxen, respectively, on blood pressure, rats

30 given these drugs intraperitoneally after first inducing hypertension. The rats
were provided with drinking water suppimented with Ne-nitro-L-arginine

methylester (400 mg/l) for 7 days prior to the experiment, as described
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25 some anti-hypertensive medications (VVhelton, A. Nephrotoxicity of nonsteroidal anti-inflammatory
drugs: physiologic foundations and clinical implications. Am. J. Med. 1999; 106 (5B): 13S-24S). To
determine the effects of two compounds of the present invention (Compound Il and Compound XX), as
compared towieienaeiand naproxen, respectively, on blood pressure, ragg8@ givernthese drugs
intraperitoneally after first inducing hypertension. The rats were provided with drinking water
supplmented WREBNBBS;WH‘?&S-@'-%%%ﬁ%/éa‘rn‘éfﬁgﬂ’gﬁé?'(ﬁ’@@?nﬁf/ﬂff@rof“gﬁfé’ PSP tHe/B¥periment, as
described DIVI3tmyald GoGa8HYDE061s\26564R6vEbBIopreédin) sy RpRGEyo &halr4EREonic inhibition
of nitric oxide sygtg%%?:g%asyv\mpéjgln%ﬁ%@ 'UMG?’ﬁ%ﬂﬁ%é’%&?@e&@%@ﬁ%ég%%%)- The

rats (5 to 8 per group) were anesthetized with Halothane and a carotid artery was Cannulated for
measurement ofBIBYE BredSlrd "GP EY rorheqds BT UNGR a st RECETBEr. After
measuring a stm@ibmipmssmm%_w@dmt_ %iminmewma)éméedhm(pmsmxerimdiclofenac,
Compound Il or;CRMROENE,XKkwas,nscied &U@Q?H&@%@éh{ @%:@f;%ﬁ&é? %@B@. }%Csi"%ﬂ Compound I

were administered at 3%%mollk§] while nagro_xen and Compound XX were administered at 60
d'pte

pmol/kg). Chang&&PH &SrdTioSHeY 10 TRRBILRIERYY 6B nfintitiS aftiF HENAfe &Th. The mean
basal blood pregsureowad 1566 mmikigefid waSt4ituiatebith atdicleienad Snshpapnoxen caused a

substantial incregse,ssysinlinibloed RiesaUEEVEANt At FoRPAURLdhaRd ComPQIRd XX did not
increase systolic blog p, esé%ﬁre,as com{)ared to the vehicle-treated group, and the change in blood
i er siFa T

d
pressure wis sigRIEaAt e FASIFRETBY oSt S RPRLBIRBE RFEEEctively.
EXAMPLE 24 MeasUieméntof ipdashguds 125lceemstibtionis!of fioad etel mipeotte kineties of H2S
released from GOmpoWRE i reHRs Al syérin Wristisatedwith Compound &l ihe fase of SO pmolkg

p.o. and 20 sacrificed after.10 @O, 60 and 180 minutes. A time-course curve of plasma H2S
concentrations WASTRENCARSHTCHRL Biiase BIPQIG MR BIRITY R dre FRERAIRS8s e scribed
previously (Ubwetidle Aesiad astimdsidtakbibiogieah totes] girtabiles swifsigniditand) iesees. J
Chromatogs B AnaidesanesBigarbldiaSsh?00707at Rasadkgnd Zhao W, Zhang J, Lu Y, Wang
R. The 25 vasorelaxant effect of H26 as a novel endogenous gaseous K(ATP) channel opener. EMBO
J. 2001; 20: 6008-6016, both of which are inceyparalpd bgreto by reference) with modifications. Briefly,
250 pl of plasma were added to ice-cold 250 pl of NaOH 0.1 N in a sealed 3-neck reactor. A constant

stream of nitrogen was passeqmtgég t ixture vi as-inlet.capillary. The reactor 30 was
maintained at 37C and H2S extract%%%itgyﬁég"gﬁk?% u’(?;?heé’ iﬂLam?%f 10% trichloroacetic acid

solution. The stre f nitrogen carried the If'gie cid in another reactor hy cooled connector and
bubbling in 2 ml o Eugﬁé%”ght‘?-%iﬂa%ﬂ%?b"ﬁllfiéﬁé é’??ﬁﬁﬁ?fgl%% BOYBg ' groups of 5
rats were treated with Compound i at the dose of 50 pmolkg p.o. and

20 sacrificed after 10, 30, 60 and 180 minutes. A time-course curve of plasma
HzS concentrations was then constructed. Plasma H.S concentrations were
measured as described previously (Ubuka, T. Assay methods and biological
roles of iabile sulfur in animal tissues. J Chromatogr B Analyt Techno! Biomed
Life Sci. 2002, 781 227-249 and Zhao W, Zhang J, Lu Y, Wang R. The

25  vasorelaxant effect of H:S as a novel endogenous gaseous K(ATP) channel
opener. EMBO J. 2001; 20: 6008-6016, both of which are incorporated hereto
by reference) with modifications. Briefly, 250 1 of plasma were added 1o ice-
cold 250 p! of NaOH 0.1 N in a sealed 3-neck reactor. A constant stream of
nitrogen was passed through the mixiure via a gas-inlet capillary. The reactor

30 was maintained at 37°C and HeS extraction was started by introducing 1 mi of
10% trichloroacetic acid solution. The stream of nitrogen carried the sulfide
acid in another reactor by cooled connector and bubbling in 2 ml of sulfide anti-
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WO 2008/009127PCT/CA2007/001289 oxidant buffer (SAOB) solution, consisting of 2 M KOH, 1 M
salicylic acid and 0.22 M ascorbic acid at pH 12.8. After 30 minutes the SAOB solution was removed,
and the sulfide concentration was measured with a sulfide sensitive electrode (Model 9616 S27Ag+

electrode, Oripo Reseaich, Beverly, MA, USA) 5and expressed as H2S (Uhuka.,, 2002, Khan et al.,
1980). To comB%re t%n vjtro H2S release induc{edo?e%/ Cor\nﬁound XVII and Compound II, and
TBZ and ADT-OF {H& HIE FIey iy FRivERas crels nel MVAPEhd dbRaiediscenidesgectively,
100-150 mg of is@iate#lligersieracibatiogieni2atl intemBof iseuteldnE-RBERDIQiRioaxiastor. The H25

release 10 was lqamoninesame wariehelaRaR AN gh an sy deadton mixiure was
introduced in the%Fa%%éT&e r’%%%%%%%ped 1 mM Compoundll, 1 m ompoun %\/II, 1mM
TBZ or 1 mM ADTOI disS8RE FRFIRP pOTARI R PG E RSN BUIMA (M9 .4).
Incubations Weredied & pits st fibsbnce0og108ar(wi\g liveshomogenate and 2 mM pyridoxal 5'-

15 phosphate. A constant stream of nitrogen was passed through the mixture via gas-inlet capillary.
Reactions were initiateddbytrapsfentiagitheitobe.§ amdasdoai ie@ BY Cuvaterhatvihg,gtream of

nitrogen carried the-sifidka ACichin A9 saeandreastarcanain) | 3[3208 as described
previously. After %&E ating.at 37C for 90 minut?g,?’lﬂ rieﬂgo S%QJ/%I%% |{)”r%‘§?§% igl?a@%né)&ﬁﬁcgn was 20
t

added to mixture’td St8PnETERAHDH. FhéSHnciMedr H9% 1hAhBehistuiroiwes clireisd weitevia nitrogen
stream by other 30omuigenésdfintubatioicat 33 . TTRER groentratinacafsulfise IS ARBsolUtion was

neasured wih awuiidecsnibe.Aledade a3 praviausidesciRed (RUR. 2007 Khaet ol 1980)

As shown in Figure 15, oral administration of Compound II resu Ina &gmﬁcaﬁ? 8'20.05)

increase in plasniA TEVRIYHT Uk thsueesihSisten T sa sonamedhaMiSowasuisserved for
180 minutes aftel.tfienshmdleraptrministiéiion mhMCHBIpaund- BigweH Giskewsathabnguhsation of

Compound II or GempRMREILIR @}g@rh@%mmge Agl;wﬂgu%eﬂge%%arg%%ﬂ% than an

if
equivalent amount of ADT-OH or T res;fectively. Simila ere was reater release of H2S

from Compound YRR FBRTSEER LKV Al Mol R DB B ZaRfed milinérwathTver
homogenaté? DRIStssiaies468Mor00 stefb63 It den WE Gl ihlodgeompasadrefiae general

formula: B (0)0-Xf0pm BeliliiaryV her&BibrONare IRifiREYES, TR NS MR {184ing,a free carboxyl
group and X is 5§ege ted ggget e group caonsisting of: ]
ath 10 a watér bath. The stréam of nitrogen carried the sulfide acid in
the second reactor containing 2 ml of SAOR as described previously. After
incubating at 37°C for 90 minutes, 1 mi of 50% trichloroacetic acid solution was
20 added to mixture to stop the reaction. The remainder H,S in the mixture was
carried out via nitrogen stream by other 30 minutes of incubation at 37°C. The
concentration of sulfide in SAOB solution was measured with a sulfide sensitive

electrode as previously described (Ubuka, 2002; Khan et al., 1980},

As shown in Figure 15, oral administration of Compound B resulted in a

25 significant (p<0.05) increase in plasma levels of HS. A small but consistent

increase in plasma H.S was observed for 180 minutes after the single

administration of Compound Il. Figure 16 shows that incubation of Compound

it or Compound XVIi# in buffer resuited in significantly more refease of H,S than

an equivalent amount of ADT-OH or TBZ, respectively. Similarly, there was

36 greater release of HpS from Compound i and Compound XV than from ADT-
OH or TBZ when incubated with liver homogenate.
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10 NH,and 2. The compound according to claim 1, wherein the NSAID is selected from the group
consisting of acetylsalicylic acid (ASA), diclofenac, naproxen, indomethacin,
flurbiprofen,sulindac,ibuprofen, aceclofenac,acemetacin,benoxaprofen, 5 benzofenac, bromfenac,
bucioxic acid, butibufen, carprofen, cicloprofen, cinmetacin, clopirac, diflunisal, etodolac, fenbufen,
fenclofenac, fenclorac, fenoprofen, fentiazac, flunoxaprofen, furaprofen, furobufen, ibufenac,
indoprofen, isoxepac, ketoprofen, ketorolac, loxoprofen, lonazolac, lumiracoxib, metiazinic, mefenamic
acid, meclofena¥¥ic @ictdiMpiromidic acid, salsalate, miroprofen, oxaprozin, oxepinac, 10pirprofen,
protizinic acid, sodium salicylate, suprofen, tiaprofenic acid, tolmetin, and zomepirac. 3. The
compound according to ¢laimpleoneigia the-N il is:selqgted from the group consisting of
acetylsalicylic acid, diclofenac, indomethacin, lumiracoxib, naproxen, ibuprofen, ketoprofen and
flurbiprofen. 154.The compound according to§@%cy_v__r}grein X iﬁ?ggﬁge%from the

where B—C(O)0w—— is derived from an NSAID having & free carboxyl group and Xis
5 selected from the group consisting of:

J/'/ \‘//
H i
. e,\\T‘/ ,/-\}\_:Q/ s
\
\ff"_ -
/
//\// -

= iz
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J
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group consisting of: 20 and 5. The compound according to claim 1, wherein the NSAID is selected
from thegroupconsistingof acetylsalicylicacid,diclofenac,indomethacin, iumiracoxib, naproxen,
ibuprofen, ketoprofen and flurbiprofen; and X is 6. The compound according to claim 1, wherein the
NSAID is selected from thegroupconsistingof acetylsalicylic acid,diclofenac,indomethacin, lumiracoxib,
naproxen, ibuprofen, ketoprofen and flurbiprofen; and X is

2. The compound according to claim 1, wherein the NSAID s selected from the
group consisting of acetyisalicylic acid (ASA), diclofenac, naproxen, indomethacin,

flurbiprofen, sulindac, ibuprofen, aceclofenac, acemetacin, benoxaprofen,

[

benzofenac, bromfenac, bucloxic acid, butibufen, carprofen, cicloprofen, cinmetacin,
clopirac, diflunisal, etodolac, fenbufen, fenclofenac, fenciorac, fenoprofen, fentiazac,
flunoxaprofen, furaprofen, furobufen, ibufenac, indoprofen, isoxepac, ketoprofen,
ketoroiac, loxcprofen, lonazolac, lumiracoxib, metiazinic, mefenamic acid,
meclofenamic acid, piromidic acid, salsalate, miroprefen, oxaprozin, oxepinac,
10 pirprofen, protizinic acid, sodium salicylate, suprofen, fiaprofenic acid, tolmetin, and

Zemepirac,

3, The compound according to claim 1, wherein the NSAID is selected from the
group consisting of acetylsalicylic acid, diclofenac, indomethacin, lumiracoxib,

naproxen, ibuprofen, ketoprofen and flurbiproten.

5 4. The compound according fo claim 1, wherein X is selected from the

group consisting of:

and

20



107.The compound according to claim 1, wherein the NSAID is selected from the group consisting of
acetylsalicylic acid,diclofenac,indomethacin, 15 20 58.Compound of claim 1 where the compound is
4-(5-thioxo-5H-1,2-dithiol-3-yl)phenyi 2-acetoxybenzoate (), or a pharmaceutically acceptable salt
thereof. 9. Compound of claim 1 where the compound is 4-(5-thioxo-5H 1,2-dithio1-3-Aphenyl
2-(2-(2,6- dichlorophenylamino)phenyOacetate (II) 10or a pharmaceutically acceptable salt thereof.

10

5

20

2 NH,
S

5. The compound azccording to claim 1, wherein the NSAID is selectad from
the group consisting of acetylsalicylic acid,  diclofenac,  indomethacin,

fumiracoxib, naproxen, ibuprofen, ketoprofen and flurbiprofern,

and Xis

B, The compound according to claim 1, wherein the NSAID is selected from
the group consisting of acetylsalicylic acid, diclofenac, Indomethacin,

tumiracoxib, naproxen, ibuprofen, ketoprofen and furbiprofen,

NH,
and X is : s .

7. The compound according to claim 1, wherein the NSAID is selected from

the group consisting of acelylsalicylic acid, diciofenac, indomethacin,



10. Compound of claim 1 where the compound is 4-(5-thioxo-5H-1,2-dithiol-3-yl)phenyl
2-(2-(2-chloro-6- fluorophenylamino)-5-methylphenyhacetate (111) or a pharmaceutically acceptable
salt thereof 11. Compound of claim 1 where the compound is or a pharmaceutically acceptable salt
thereof. 12. Compound of claim 1 where the compound is CH3
2-(6-Methoxy-naphthalen-2-yl)-propionic acid 4-(5-thioxo5H-(1,2]dithio1-3-yb-phenyl ester (V) 10or a
pharmaceutically@ateeptiblezsatitne rbabr o i3 Gempmiadapiddaistofdnere theaodpound is

SZC:N@OH

5 8 Compound of claim 1 where the compound is

CHg
02\0
S

4-(5-thioxo-5H-1,2-dithiol-3-yl)phenyl 2-acetoxybenzoate (1)

or a pharmaceuiically acceptable salt thereof.

9. Compeound of claim 1 where the compound is

;
U S

4-{5-thioxo-5H-1,2-dithiol-3-yhphenyi 2-(2-(2,6-
dichlorophenylamino)phenyliacetate (i}

10 or e pharmaceutically accepiable salt thereof.

10. Compound of claim 1 where the compound is

64



2-Acetoxy-benzoic acid 4-thiocarbamoyl-phenyl ester (XVI) or a pharmaceutically acceptable salt
thereof. 514.Compound of claim 1 where the compound is
[2-(2,6-Dichloro-phenylamino)-phenylpacetic acid 4- thiocarbamoyl-phenye ester (XVII) or a
pharmaceutically acceptable salt thereof. 15.Compound of claim 1 where the compound is
[2-(2-Chloro-6-fluoro-phenylamino)-5-methyl-phenyl]-acetic acid 4-thiocarbamoyl-phenyl ester (XVIII)
or a pharmaceutically acceptable:Salt t of.426,C f claim 1 where the compound is

|
//K?!HO

ol - F S gf

R
4-{5-thioxo-5H-1,2-dithiol-3-yhpheny! 2-(2-{2-chicro-6-
fluorophenylamino)-5-methyiphenylacetate (i)

bl

or a pharmaceutically acceptable salf thereof,

5 11 Compound of claim 1 where the compound is

Ci
[1-(4-Chloro-benzoyly-5-methoxy-2-methyl-1H-indol-3-yl]-
acetic acid 4-(5-thioxo-5H-[1,2}dithiol-3-yi)-phenyi ester (1Y)

or a pharmaceufically acceptable salt thereof.

12. Compound of claim 1 where the compound is

CHs
2-{B-Methoxy-naphthalen-2-yl)-propionic acid 4-(5-thioxo-
SH-[1,Z2]dithiol-3-yl)-pheny! ester {V}

10 or & pharmaceutically accepiable salt thereof.
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ClI [1-(4-Chloro-benzoy1)-5-methoxy-2-methy1-1H-indo1-3- yl]-acetic acid 4-thiocarbamoyl-phenyl
ester (XIX) 5or a pharmaceutically acceptable salt thereof. 17.Compound of claim 1 where the
compound is CH3 2-(6-Methoxy-naphthalen-2-y1)-propionic acid 44hiocarbamoyl-phenyl ester (0OC) or
a pharmaceutically acceptable salt thereof. 18. Compound of claim 1 where the compound is
54-isothiocyanatophenyl 2-acetoxybenzoate (XXI), or a pharmaceutically acceptable salt thereof. 19.
Compound of cléim 1 Whetneotivel obwigiouhd/iere the compound is

CHs ﬁ
o o 0 I/ﬁ/“‘“r\mz
S Q’J\\f"z
! ra

Z-Acetoxy-benzoic acid 4-thiocarbamoyl-pheny! ester {XWi)

or a pharmaceutically accepiable salt thereof.

14, Compound of claim 1 where the compound is

H

[2-(2.6-Dichloro-phenylamino}-phenyli-acetic acid 4-
thiccarbamoyl-phenvl ester (XVih) ,

or a pharmaceutically acceptable salt thereof.

15. Compound of claim 1 where the compound is
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4-isothiocyanatophenyl 2-(2-(2,6-dichlorophenylamino)phenyl)acetate (XXIlI), 10or a pharmaceutically
acceptable salt thereof. 20. Compound of claim 1 where the compound is H3CO sl
4-isothiocyanatophenyl 2-(2-methoxynaphtahlen-6-yl)propanoate (XXV), or a pharmaceutically
acceptable salt thereof. 21. Compound of claim 1 where the compound is S H2N
4-thiocarbamoylphenyl 2-(4-isobutylphenyl)propanoate (XXIX), or a pharmaceutlcally acceptable salt
thereof. 22.Compound of claim 1 where the compound is i!

\\}/
[2-{2-Chiloto-8-fluoro-phenylamino)-5-methyl-phenyll-acetic
acid 4-thioccarbamoyl-phanyl esier (KWl

or a pharmaceutically acceptable salt thereof.

18. Compound of claim 1 where the compound is

Ci

[1-(4-Chioro-benzovl}-5-methoxy-2-methyl-1 H-indol-3-
yll-acetic acid 4-thiocarbamoyl-phenyi ester (XD}

5 or a pharmaceutically acceptable sailt thereof.

17. Compound of claim 1 where the compound is
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4-thiocarbarnoylphenyl 2-(4-oxophenyl)-phenyl propanoate (XXX), or a pharmaceutically acceptable
salt thereof. 523.Compound of claim 1 where the compound is H2N 4-thiocarbamoylphenyl
2-(2-Fluoro-4-biphenylyl)propanoate (XXXI), or a pharmaceutically acceptable salt thereof. 24. A
pharmaceutical composition comprising a compound as claimed in 10any one of claims 1 to 23 and a
pharmaceutically acceptable excipient or carrier. 25. Use of a compound according to any of claims 1
to 23 in the manufacture of a medicament for treating inflammation in ajsubject in need of such

such treatment.

2-{6-Methoxy-naphthalen-Z-yh-propionic acid
4-thincarbamoyl-phenyl esier (40

or a pharmaceutically acceptable salf thereof.

18. Compound of claim 1 where the compound is

O

Ly

4d-isothiocyanatopheny! 2-acetoxybenzoate (3041),
or a pharmaceutically acceptabie salt thereof,

18, Compound of claim 1 where the compound is
(g
O k/\>
= NH A M
} N
Cl ] C Vg

4-isothiocyanatophenyl 2-(2-(2,6-dichiorophenylamino)phenyl)acetate (XXKi),

16 or a pharmaceutically acceptable salt thereof.

08



20, Compound of claim 1 where the compound is

HiCOL o~ .

R Xy

(=2

d-igothiocyanatophenyl 2-{Z2-methomynaphizhlen-6-yDpropancate (XXV),
or a pharmaceutically acceptable salf thereof,
5 21, Compound of claim 1 where the compound is

Chg

4-thiocarbamoylphenyl 2-(4-iscbutylphenyhpropanocate (XXIX),

or a pharmaceutically acceptable salt thereof.

10
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22. Compound of claim 1 where the compound is

NH,

4-thiocarbamoyiphenyl 2-(4-oxophenyl)-phenyl propanocate (000,
or a pharmaceuiically accepiable salt thereof,

5 28 Compound of claim 1 where the compound is

4-thiocarbamoylpheny| 2-(2-Fluoro-4-biphenylyl)propanocate (OO,

or a pharmaceutically acceptabie salt thereof.

24. A pharmaceuiical composition comprising & compound as claimed in

10 any one of claims 1 to 23 and a pharmaceutically acceptabie excipient or
carrier.
25. Use of a compeund according to any of claims 1 fo 23 in the manufacture of

a medicament for freating inflammation in a subject in need of such

freatment.

.._.
[
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28.

27.

Use of a compound according to any of claims 1 to 23 in the manufacture

of a medicament for freating pain in a subject in need of such treaiment.

Use of a compound according to any of claims 1 to 23 in the manufacture of

a medicament for freating fever in a subject in need of such ireatment.
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