DERI VATI VES OF 4 or 5- AM NCSALI CYLI C ACI D FI ELD OF

THE | NVENTI ON The present invention relates to

compounds useful in the treatnent of an intestina
wolb®easgessuch as inflammatory bowel disease etBok2év0800484

irritable bowel syndrone (I1BS) and in col on cancer

chenoprevention. In particular, 4- and 5-

am nosal i cyDERBIVAGIVESIOFidv at 5-ABNOSAEICYEENAGHY el oped

havi ng a hydrogen sulfide releasing noiety |linked via

an azo, an ester, an anhydride, a thioester or an

am de |inkage to a nol ecul.e of 5- or 4-am nosalicylic

aC|d BACKGROUND OFEIER OFNIHE INVENTION Inflannatory

dlsease t h ener al nane for_disease
Chat @geéGanP§%rﬁa?étfﬁ%¥$s f e a1 i Bt drSaa of an
|9tg|?t%gl d gs%r @E&hvgf qg érr‘irhéo Sb : t a % and 1rr:tabie bowel

ory i’dease’ an I ou
(ﬁrbh]@nﬁBgf ahd'Gn GBBK! QirRkeShdriirevelfion. t rIl‘?"cﬁarht:ular 4- and 5-

particularly the lower G tract, and nore

ddhddafisi@rdcld Ubat@soRadn beo creeabpm hévis® CH Ndidgbh | Sulfide

Crohn's di sease, which predom nates in the snal

relbsisd oty lilkedivja andzd, hen bdergen ianhebitie ne tificedt@ngr. an amide

U cerative colitis can be difficult to diagnose in

linkeztte th Bgnaigoistad Asordraminpsaiityéie 2¢id ot her i nt esti nal

di sorders and to Crohn's di sease. Crohn's di sease

differs fromulcerative colitis because it causes

deeper inflammatj o g . ' wal I . Al so,
Crohn' s di sease ' [

inte tflérﬂ%ato §Jt %ﬂ%ﬁj ﬁge%su O@ﬁ?} 1§ltr§e] %&%Faltj a#ng f{aﬁc‘ﬁsé&gé lEhat cause

esop agus nte

It in #RdsRLUStestleCelRLdINe QQlarlaENeschﬁé’ lso%g%oét Rommon

eop e of any age, but nobst often it starts between
iAERATMaSy MAePlscBE onB SSafdcRAMABEd Yorl@isWe eRe gﬂﬁﬁjlr%)stlnai (GI)
and 70. Children and adol escents soneti mes devel op
itdat, padicsianstre. |dle eklatacy @nd ohdré pariiadldnycihs coen aag@dr rectum. A
wonen equal |y and appears to run in sone famlies.
SeporilcslBél g drohmyodisease. wvoicl orpgpoetes imthezywlt in®stner(jeum) and

people with ulcerative colitis develop col on

%%H%Qﬂ““e$ﬁ@ (¥R of cancer increases with the

d d t.h i f th
For _ LT colty %ﬁ% Sl B st o ok SY’BB‘t%ﬁ‘ﬁqaé? Similar 10

ot e\-/ro{n e%gl?%tclj sorcgerg f C%pg}% dl‘gearé h'c%%‘ td se dlﬁtehs from

I're colon 1s 1 nvo

, Jlée?&w@fco&%%%éus%ﬁﬁ/ cet?ﬁe@%eéﬂé? thiigmafort in{BBt?xe :M@stﬁngﬂﬁi Also,

rate. Thus, it is possible that drugs useful

tropaé H@eﬁseqfsuhuﬁtbo&w ib@Osrid e sifngl aithBudh e chr ams I’d)t:«t@l‘h the
of col on cancer. The pat hogenesis of IBD likely
oo eseshagus, tstdnaeeh oduodénun tegaittdstns agrondy, geineis.Cc
factors, imunol ogical factors and environnental

t ri gybemiiveReatibnnar vtate nareogla ghamt apet hidimogt gienhioitaty teiween
activation of the nucosal inmmne systemin response
to antigens is a key factor in the pathogenesis of

| BD. The presentation of antigen in the

i nflammatory process is closely foll owed by
generation of cytokines, small glycoprotein peptide
nol ecul es, which provide signals for the

comuni cation anong different cell popul ations
determining the direction of subsequent imrune and

i nfl ammatory response. Pro-inflammtory cytokines
include interleukin (1L)-1, 1L-6, |L-8 and tunor
necrosis factor-al pha (TNF-a). Macrophages are the
maj or source of cytokines, with epithelial cells also
bei ng able to produce a nunber of these peptide
factors. T hel per (Th) cells are a further

i mportant source of cytokines. Thl cells, which are
associated with a cell-nedi ated i mune response,
produce |L-2, interferon gama
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A key transcription factor involved in the regulation

of inflamrati on, NFkB, which is specifically
W(bmnlimzsaased in the pathogenesis of |BD, regubatea2iokeonsss

HH B LS T EP] Bl L S S5
sogrr%ot! ce I %Bﬁ?n ?E Egégjyu%gr%nnaeédhﬁ %e&s &Ehlaﬁai‘rv%ﬁ%e(n eaeugily and
ap@;%ﬁrsa(!o%& %h Hg,hf&mhgscont ribute to the pathogenesis of

e

nmoki nes are pro-inflammtory proteins

‘thay Ragdd mhiRilaRt td) chRBEIahahdun b b QF mg;sewa.ﬂ% BRerative

t hrough the chenpattraction and activation

c;o'hﬁ‘éJ KOG Bolof Rhn&afaMHeLsisiANTHRSed BcRaleCwiih g lﬂbl%‘ﬁon and the

that pronotes the recruitnment and activation of

extdHt bR VBV OMYNCR khScise hF@r%xﬁ'ﬁE%CWbﬁ@ thé WWBPEEWR @R rectum are
mast cells and eosinophils NTES has recently been

invEM@EN thoridkeoretRicat Rondl Hfgh@lgthbh%eﬁﬁéloﬂﬁ&mdmﬁﬁﬁtﬁéf entire colon is
colitis (see Ajuebor et al. (2001) J. |Inmunol. 166:

inih2dd 88 risk of cancdir @ay ends thash 4 e tialcs iee @otrhilirate. Thus, it is
depends on the seriousness of the illness. Mst

popsiblel ibaidragd vedilad g trbaimedi slaBDanay hiso He\LERI GABRDrevention
a patient nmay need surgery to renove the diseased

of colbomancer. Irritable bowel syndrome (IBS) is a
common but poorly understood di sorder that causes a
var The patrbgirmsel ofdi Bpkelgsmiolveb udittiiartadzd onemafiorgainmng genetic
di arrhea and/ or consti pation, bloating, gassiness and

fagtpranmjyhmgnolaificd! dactbre sandssnvpoomsntatelyigdsss.c Mesent dwdeance suggests
nunber of different bowel diseases, IBSis usually

thatisappibelegic ealivatian peihegriedogsl iomure sistaorie remoineiso antigens is a
problem There is increasing evidence suggesting the

key dacdorgh tergathnaenesiont IBY. t he pat hogenesi s of | BS.
The_goal of therapy is to induce and nmintain
r en B8 iptRSentatien b anhgaroinetne Heflamimatetyypregessiis eldsely followed by
people with IBD/ I BS. Sever al pes of drugs are

9eRgRLiPa B efw@esvwztbewquszfgem%ﬁwtﬁ@e lepoBRIga provide signals for
Am nosal i cyl ates, which are drugs that contain

theg_ %ﬁq\rﬁ%%tﬁoeypmengicqh@eregt p@A pq@g@%@r}ﬁndﬁ@ym@fng the direction of
4-am nosall cid (t4 ASA), help to control the

Sopi i P R g o ﬁPh‘g'aﬂﬁ%ﬁtﬂwA‘é’ﬁPW inciude

B, 5 OSBRSS, P e e
reaches the lower @ tract, particularly the coI on

th%ﬁ‘é}qréEFrGﬁ]OT PHEkNeS, A ARG P8 ACs) FRIP 4 PIHNCE a number
have eecF?lntroduced in an attenpt to protect

OWP@%IF’&PN dad8'S t passes through the gut and upper €

dd d :
e risien T 50 e ek R Ba SR o iPkeg. | i cells, which
I Th
ST RN LN O —
gut and upper G tract and thus can nore easily reach
t he col on. " :



Sul fasal azine is a conbination of sul fapyridi ne and
5-ASA and is enployed to i nduce and mai ntain
rem ssion. Sulfasalazine is nmetabolized in the body
wo toé/0158955- ASA and sul fapyri di ne. The sul f apypei/gisiec/0004s4
conponent carries the anti-inflanmatory 5-ASA to the
(IFND)) @Bl TR0, A key trERYRIpBSn fa8tdr fraplved  the reayatopad idf@mmation,
side effects, such as nausea, voniting, heartburn,
NFBahiBR % spRfichRanditifed Thes pamdyeissr SiBD, RigiR&sSthe amount
are usually attributed to the activity of
of §%bf(iﬁe§2§/ﬁﬂodbcﬂﬁ Byntht: T 1 Qellé (@t Newasthvelal. (8896) adture Med. 2; 998-
absorbed into the system O her 5-ASA agents
10843¢ hT1es chllssahadden antitiops alyainesle baitlcdirl sl moddes iLeqab-5, L6,
of which have a different carrier, offer fewer side
angflf-egt s, and may be used by peopl e who cannot take
sul fasal azi ne. Unlike sul fasal azi ne, the breakdown of
t heSkerbok®A aamatson dwought tiheconhibeit itndhe tpadioogemayis naft colitis.
give rise to undesirable nmetabolic products. In
Chgenkinat arcbpraSdlanongioyraistesehafi pasivipsteain| ipymurer aruigihflaammatory
‘enenmm, or in a suppository, depending on the |ocation
regpbnsdse trirofghatneathepmvaitractibe and| antivatidhse! Ipelopivies4s Fai ekample,
mld or noderate ulcerative colitis are treated wth
RANTIES gs oupC-6f cemgkingi thet préoniesethe resrgiemantaknd t4utigation  of
t herapy cannot be considered optimal, mainly because ]
inflafmmaierypodlis pushe g ymonoayirs, dymighadiies, ¢asseeellg) ged sosinophils.
poor conpliance for the patient. - O her drugs .
RANTAIS hae repsety Been sbown dobe alopies d4ive 1B ChrXtm Pg%ﬁ‘?e‘?f colitis
hydrocorti sone, budesonide etc. and i munonodul at ors
{seguidhelzes eh2h{AR0bhy-i/meunat 166: 352558hpt opuri ne (6- MP).
These dr u%s can cause side effects such as ,
hy pEieamRIt dor, ulsarativeaabitls Ferandsion e seiqusnsseptthe liness. Most
Sul f asal azi ne, ol sal azi de and .bal sal %Tzﬁi?g.e re
oeRpls Ara e diwEh (IeHICRRIN- R YRR &2H6n Ak *EPgmeeﬂeed surgery to
carrier is linked to nesal anmine via a diazo bond.
repAvs e s8R E%hre not as readily absorbed in the

%ép@ggiﬁg{;ﬁ% gygglﬁqgrfi? ?l@?ggatcggﬁwgﬁg@ rgggr P ur% e%sté%ii gﬁs%der that
caffod & ahdhy S BSS Sfmbtod VAR B8, FRIL' Shrea andor

colF RS DA r R by AR e SrTidRs MR causea
h . . ' f .
bygallﬁ rgng%re&%ﬂ? rﬁ:ﬁ‘%ﬂ%l Eggﬁ%ss ﬁsél}':ghsplﬁasgjgw @Eérﬂﬂzeﬁ or@ﬁ&ﬁérsexclusmn

des Wi am no - aci -setine an
ofg %é’rg'%é‘?iogg r&ﬁerﬂdd%b%n'soﬁncgéég% blidregi esting the role of
conpound suc as T aurine has been repor ted. ese

: - ﬂ%a%q ehLis @€fdavity on the action of
'ncm%!(d&gépti agids% anla am nopeptidases A for releasing
nesalaoReof (Hragyek! thCifb@td afd ndintaib 139siohOWhBab iflprove the
Medi ci nal Chemi stry, , pg. 4201-7). Most  of
qual¥§ P lifeQbr FHohIeGATH 1B8YIBD1 SveRS ikt aCdags e drsadiam ne
are inert. Thus, it is desirable to link carrier
noi eties to either 5-ASA or 4-ASA, which are al so
bi ol ogically active and usefBl in the treatnment of
IBD/IBS. 5



SUVWARY OF THE | NVENTI ON In general, a
hydrogen sul fide (H2S) rel easing noiety that is
capabl e of releasing H2S in tissue is |inked via an
wERD0s/18msest er, an anhydri de, a thioester orpancarieenosss
i nkage to a nol ecule of 4- or 5-amnosalicylic acid
(4- AptindsalSest avifich Brea déugsOthab cABAndBamiishitglic aiciafl (5-ASA:
the present invention. By covalently attaching the
mdf2Brmind)e as i Lgmimosdicylid acdl- (bASBE), ASA, id hentier theatnflaegnation.
of the present disclosure may act as pro-drugs that
Hosregely ot atlebglainEssantefdiSihymah e rabedrbed astiepaases dmdugh the Gl
upper G tract and thus can nore easily reach the
tragiogmmh maphedvarsely- affefct drenamouyt grropsalanies todt rgackms the lower Gl
5-ASA and their use to treat ulcerative 10 colitis
tragy, @atiistlard deundan edd rectusr Bwaswariogd eessiagune formulations have
i nfl ammati on, diahhrea (stool frequency), rectal
bepi éé@dH@eChﬁoar‘s@W Ho pEdiert mesaliamize B%ér?als%@?eﬁfquh the gut and
shown to function as a neuronodul atory and to exert
upeRitE- 739t anmat ory actions. Further, H2S has been
shown to nodul ate n00|cePt|on to col orect al
di sneafldfion. evere! piosdrkgt of mesalaine {‘QYR)%%G”EOV%H@%W*PI‘FBFE‘” aid
drogen. Sul fi de Exerts Antipociceptive Effects in
in PHEN-EREGHG FRVESt Pin@Psalqingr 5 essypfﬁéwa?a%fﬁrﬁgeﬂp@&b less readily
Thor. 316: 325-3
ab??@%fﬂ wﬁﬁe%aweweﬂhbﬁagégﬁﬁaﬁ&@p riqpg B3y SapIB3 s glon

ot h .nu

i m%g'f’%'sa@“m?|'%,éu%og"tz'é%@nféasaﬁavvﬂemeeﬁma Fasosshie qmeored to

ndgE BhY A R iR B S g e lERER P b o snon
an{i%bl?&ipyg&ﬂb %Qtsﬁﬁgacig)ngfn%%bm%gn%ntJcaP %rtﬂggﬁ)ii—m}lgéamtory 5-ASA to

I'ncor por erence
|neg, coval ently attachlng t he H2S rel easi ng
ﬂmﬁHﬁB{h&to 4- or 5-ASA inproves the H2S rel easing

Cap}g%lvévetr' @éifag:ﬁln& H& rﬁ%ﬁla@?ﬁ' &t }éld@Seffé‘an)asru@!q 40 nglgé%a, vomiting,

moi ety al one. I s suggests that H2S may

neh@RASEERAL BndhbddachbeThis d&b@@%ﬁé@eﬁ@a{s% ubSally attributed to
coval ently attached to 4- or 5-ASA as wel|l as af (

the &QNW& §uﬁ£;§ﬁ‘§ilﬂé§ln R Gl ack, Sas vidlIGAURE afb‘s@:'ﬂib& Mo fhre Rbtem.
A by hydrolysis or cleavage by various enzynes

pr e@ﬂf& 5-Ash h@yefits BlickC s tolsalArRasgmaldfict Wi d6lshMeide, each of
i ngredi ents, nanely, 4- or 5-am nosalicylic acid and

whidhehahve B2SHi&r8heasiidtdofariieher siq eftditd, AAB ndGitcOmsed by people who
The derivatives of the present di scl osure are
cafid ik slif@sdlaziod, SUABR alinnalaziddsS thelwasidagnoi eldse 5-ASA
alone and a m xture of 4- or 5-ASA and H2S rel easing
cotfipb@rids ih thel in@Etna gattnhidyamorgiveoe t6 eddesiragie haatuie aroducts.
and fecal occult blood in subjects with colitis, and
r edluc gergerat| $eABAl copgionnds sce ighteadomily, hthepigbr &cteabma, or in a
di stention. Further, the derivatives of the present
sughcstbys deerdirgoon tduceativtRNA the indkgingttiot yre Iheosorge nbiset people
(COX)-1, COX-2, constitutive endothelial nitric oxide
synt hase (eNOS), and inducible NOS (i NOS), all of
10whi ch are enzynes believed to be involved in
i nfl ammati on. Thus, in one enbodi nent of the
present disclosure, the disclosed derivatives are
useful in treating an inflammatory condition of the
gastrointestinal (G) tract, such as inflammtory
bowel disease (I1BD) and irritable bowel syndrone
(IBS). Wthout being bound to theory, it is thought
that the hydrogen sul fide rel eased fromthe hydrogen
sul fide



15 releasing noiety exerts anti-inflammtory effects

via the inhibition of NFkB, the transcription factor

that regulates the expression of several of the
wpmosrizsfdsanmat ory genes. Further, it is thouBgH/CAINAE/000454

t he antinociceptive effects of H2S may invol ve the

wit Wcﬁ??%ﬁ%‘é@el%rﬁﬁ-rgelﬁis chianpeisd with this groud Bf drugs first,

il
anot I ment of the present disclosure, the

Hoxgé@é%,' AsRAeh, 195 RerARAcAPoBs cYideres optirBalefriagmt batubs of the

ecreasing the viability of HT-29 human col on cancer

ro&§lotehcf Bk insy Maecdigsd sko apobheomplienentor te Eai@hor
treatment of col on cancer. Broadl y stat ed,

conpeundgugé the presesdd dascl asiooetdeive shen as prednisone,

followi ng general formula: A-L-R(l1) where: Ais
hydPe¥disonBe bedesbiidesetei drideimnatnopusiutaian sdclormsSazathioprine and 6-
rercaptopurine (6-MP). These drugs can cause side effects such as hypertension,
increased risk of infections etc.

Sulfasalazine, olsalazide and balsalazide are mesalamine derivatives where fhe
non-mesalamine carrier is linked to mesalamine via a diazo bond. These pro-drugs are
not as readily absorbed in the gut and upper Gl tract and thus can reach the colon
where they are split by azo-reductases of the colonic microfiora to release the
mesalamine and carrier directly in the color.

Other derivatives of mesalamine comprise a carrier attached to mesalamine via
the carboxylic and hydroxyl functional groups of the molecule. Among these, the
preparation of esters or amides with amino acids such as L-serine and L-glycine or the
addition of other biclogical compound such as taurine has been reported. These pro-
drugs base their activity on the action of carboxypeptidases and aminopeptidases A for
releasing mesalamine. (R. Pellicciari et al. (1993} Journal of Medicinal Chemistry, 36,
pg. 4201-7).

Most of the prior art carrier moieties attached to mesalamine are inert. Thus, itis
desirable to link carrier moieties to either 5-ASA or 4-ASA, which are also biologically

active anc useful in the treatment of IBD/IBS.
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C-OH where -NHis either at position 4 or 5, 8 CH
H2N where -NH2 is either at position 4 or 5, O O
C OH H2N :

SUMMARY OF THE INVENTION

In general, a hydrogen sulfide (HZS) releasing moiety that is capable of releasing
H,S in tissue is linked via an azo, an ester, an anhydride, a thioester or an amide linkage
to-a molecule of 4- or 5-aminosalicylic acid (4- or 5-ASA) to form a 4- or 5-ASA derivative
of the present ihvention. By covalently attaching the H,S releasing moiety to 4- or 5-
ASA, the derivatives of the presen;irdisclosure may act as pro-drugs that are generally
less readily absorbed in the gut and upper Gl fract and thus can more easily reach the
colon.

The anti-inflammatory properties of 4- or 5-ASA and their use to treat ulcerative
colitis are well documented. 4- or 5-ASA reduces bowel inflammation, diahhrea (stool
frequency), rectal bleeding and stomach pain. H,S has been recently shown to functioh
as a neuromodulatory and to exért anti-inflammatory actions. Further, H,S has been
shown to modulate nociception to colorectal distention {see Distrutti et al. {2005}
Evidence That Hydrogen Sulfide Exerts Antinociceptive Effects in the Gastrointestinal
Tract by Activating Karp Channels. J. Pharm. and Exp. Ther. 31_6: 325-335, indorporated
herein by reference). Finally, H,S has been shown to be a smooth muscle relaxant in
intestinal tissues (see Teague, B. et al. (2002) The Smooth Muscle Relaxant effect of
Hydrogen Sulfide In Vitro: Evidence for a Physiological Role to Control Intestinal .
Contractility. Br. J. Pharmacol. 137: 139-145, incorporatéd herein by reference).

Surprisingly, covalently attaching the H.S releasing moiety to 4- or 5-ASA
improves the H.S reléasing capabilities of the H.5 fnoiéfy/ as compared to the H,S moiety |
alone. This suggests that H,S may be released both while the H,S releasing moiety is

covalently attached to 4- or 5-ASA as well as after the H,S releasing moiety is
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where -NH2 is either at position 4 or 5; L is either
0O, 0-0=0, S, N or a covalent bond to forman ester

| i nkage, an anhydride |inkage, a thioester |inkage,
an am de |inkage or an azo linkage; and Ris a
hydrogen sul fide releasing noiety that rel eases H2S
in tissue. It is understood that any non-toxic,

ef fective hydrogen sulfide rel easi ng noi ety that

rel eases H23 in t presence of tissue can be used

AT ERTOPY B EriohbY SIS & FlepEIgeaRpBREIRUS PRRATESS| Ryesent in

i B 1SS0 P BF Rt e R BonuS rREIova - okpEg Rl acd and

tl§é H.S releasing moiety for further action.
The derivatives of the present disclosure are superior to 4- or 5-ASA alone, H,S

releasing moiety alone and a mixture of 4- or 5-ASA and H.S releasing moiety in

rreducing inflammation, reducing diahhrea and fecal occult blood in subjects with colitis,

and reducing vi'scerr'a'l pain associated with colorectal distention. Further, the derivatives
of the present discloéure also reduce mRNA levels of cyclooxygenase (COX)-1, COX-2,
constitutive endothelial nitric oxide synthase (eNOS), and inducible NOS (iNOS), all of
which are enzymes believed to be involved in inflammation. |

Thus, in one embodiment of the present disclosure, the disclosed derivatives are
useful in tre'at'ing)'an inﬂamrﬁatory condition of the gastrointestinal (Gl) tract, such as
inflammatory bowel disease (IBD) and irritable bowel rsyndrome (IBS). Without being
bound to theory, it is thought that the hydrogen sulfide releaéed from the hydrogen sulfide
releasing moiety exerts anti-inflammatory effects via the inhibition of NFkB, the
transcription factor that regulates the expression of several of the pro-inflammatory
genes. Further, “it is thought that the antinociceptive effects of H,S may involve the ATP-
sensitive K' (Kap) channels. | ”

Ih another embodiment of tﬁe present disclosure, the disclosed 4- or 5-ASA
derivatives are effective in deéreasing the viability of HT-29 human colon cancer cells
and thus are useful in the prevéntion and/or treatment of colon cancer.

.Broadly stated, compounds of the present disclosure have the following general

formula;



Lis either 0, 0-C=0, S, N or a covalent bond, to

forman ester |inkage, an anhydride |inkage, a

t hi oester |inkage, an am de |inkage or an azo

[ - and R is a hydrogen sulfide r ' '
W#Dzlﬂe gﬁ?ﬂat rel eases hydrogen sulfide in ti ggb‘gﬁsibo%omw

sel ected from t heAgtlet® conpri si ng: 0 () HO- 0\

-CH2 c-NH/CHCH2 SH 01 | CHOH2 SHH3CO0O NHO
where: - : '
Alis
COOH
GH
/ I
SA

where —N=is either at position 4 or 5,

wheré ~NH is either at position 4 or 5,



l." GC “H2C0
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0
|
G
N OH
| "
HoN

where -NH; is either at position 4 or 5,

or

HN

where —NHs: is either at position 4 or 5;

L is either Q, O-C=0, S, N or a covalent bond to form an ester linkage, an anhydride

linkage, a thioester linkage, an amide ’Iinkage or an azo linkage; and
R is a hydrogen sulfide releasing moiety that releases HoS in tissue. Mt is understood

- that any non-toxic, effective hydrogen sulfide releasing moiety that releases H2S in the

9



COOH CH zNH2 11 COOH 11° C-N COON O NH2

| presence of tissue can be used in the present invention.
In a first aspect, there is provided a compound of general a formula:
A—L—R | {1
where: - |

Alis

" HpN

| " where —NH:z is éftﬁer at position 4 or 5;
L is either O, 0-C=0, S, N or a covalent bond, to form an ester linkage, an
anhydride linkage, a thioester linkage, an amide linkage or an azo linkage; and

Ris a hydrogen-su!ﬁde releasing moiety that releases "hydrogen sulfide in fissue
selected from the group comprising: |

S“S

10



CHNH2 11 0 I!

-0-C NH2 H2NCH C 11

CH~——CH,.——SH
~ 2
CH——CHy,——SH

0
ot
N
C——NH
. D
NE
C
e

CH,
Hsc—-—-ﬁ-—-—NH
o)

0

_

|

CH——CH,——8H

U

-~

 HsC——C——NH
|

i0a

O



Oli GNH2 0 0-S-0 or a salt thereof. In a
preferred enbodinent, Ris selected fromthe group
.consisting of: O ' :

—H,CO

-OCHs

10b



HOQ\ CH -CH2-C NH Il GH2SH O CH CEI2 SH 0

o
I
—C—0 |
| Op/s s
' S_"4?\ lé?
S/
OH
.TOOH
L
_____H,/”C \\\CHzf—,—CHzﬁﬁ\C)/fNHZ
g
COOH

CH - '
NH
/ \CHZ/CHZ\C/ 2

)

10¢



COOH
0 |
—ﬂ———--—'n/ CH-\CHz/ CHa 2
o
. - . - _S
o
Al
HQN/ \CHZ/CHZ‘\C/ 2
|
S
0
i
—0—C
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or a salt thereof.
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In a preferred embodiment, R is selected from the group consisting of:

O

I

HO—C

——CHy——c—nH

O

Qo

—0—¢C
~ _CH—CH,——8H
HyC——C——NH

o]

O

‘ —C
H,C——C——NH

O
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CNH2 14 01l CGCNH2 O Al'l of the above
noi eties release H2S in biol ogical tissues; however,
nost of the H2S rel easing noieties do so by a
W(EEJOE@ mechani smthan N-acetyl cystei ne. péricg2008600484
nown that N-acetylcysteine is converted to cysteine
in various tissues, and that cysteine netabolismin
vivo produces H2S. H2Slii s produced mainly by two
types of pyridoxal-g-pghosphate dependent enzynes
responsi bl e for netabolji smof L-cysteine, nanely,
cystathione y-1lyase a cystat hi one | 3-synthase (see
Fujii et al. (20Q§h/¥&dfbgémrsybﬂid§_as‘ Endogenous
Mbdul ator of Bilidry Bicarbonate Excfietion in the Rat
Li ver. Antioxid. Fiedox Signal. 7: 788-794,
i ncorporated herein by reference). S
Phar maceuti cal acceptable salts such as for exanplé
salts with al kaline netals and al kaline earth netal s,
non-toxi ¢ am nes and am no acids are also part of the
present invention. Preferred salts are the salts with
argi nine and agmating. Al sg included are

phar maceutically ae€éep id addition salts. 15
| s
7
AN
NH,
T
o]
S
7
AN
NH; ,
8
—o__|
C——NH;
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In a further enbodi ment the present disclosure
provi des a pharnmaceutical conposition of the
di scl osed conpounds, and a pharnaceutically
Wﬂ‘i&(}%ﬂﬁsﬁ%e exci pient or carrier, particular g¥ &%00%@60484
use 1n e treatment of an inflammtory con |?|on'o
the @ tract. In a second aspect, there is
provi ded a pharmaceuti@al conposition conprising a
conmpound as defi ned aq ve or a plsarmaceutically
acceptable salt th -—anﬂ\iez_ﬁharnaceuticalIy
accept abl e exci pi ent or carrtser—chknp-gqf hird aspect,
there is provided the use of a conpound as defined
above for the preparation of a nmedicanment for the
treatnment of an inflammtory condition of the
agiastroi ntestinal tract in a subject. Accor di ng
to ot her enbodi nents of the present disclosure,
met hods of treating an inflanmatory condition of the
G tract, such as inflanmatory bowel di sease (I BD)
and irritable bowel syndrone (IBS), in a subject in
need of such treatnent, jjnclude adm nistering to the
subj ect- an effective amount of A4~_or 5-#86A
derivatives and tRertosants. °Further, methods for the
treatnment or prevention ¢f colon cancer in a subject
in need thereof are provifded conprising adninistering
to the subject an effective anmount of 4- or 5-ASA
derivatives and their salts. In a further

ermb Ol TR aindyACBIoASE el #4585 LioRGRAAKSHES. HAMovH Snost of the

erivatives an elr salts

h&igh B iR M-aBetyloysteine. 1t is well
B PSSP B [P RS TIASE il atoypone. s ve
kel OG- e k' @flend® RYSSAB indl S RS tsBies, and that
ka spﬂgﬁggﬁgégkpﬁgghse of 3? or E&ASA_erivatives gadan 2
cjdighd nRdtoRsthOh JiRPplobeRisNRRL. RS &NpicaliteTFRAMY ]6% two types of
pondltlpn of the @ tract. In a fourth aspect, there
p¥r§io§£]‘B’Jpg§§bi{aE1@ dHSEhdRht BnAyRIEE QubnaBlctRf ntRdoMBAVE! L-cysteine,
or the preparation of a nmedicament for the
nithely e Y stk 90*@,@ 6 G blathidiee Baiyhibess QBPOURGE @ al. (2005)
those of the follow ng fornul ae:
Hydrogen Sulfide as an Endogenous Modulator of Biliary Bicarbonate Excretion in the .

Rat Liver. Antioxid. Redox Signa!. 7:788-794, incorporated herein by reference).

Pharmaceutical acceptable salts such as for example salts with alkaline metals
and alkaline earth metals, non-toxic amines and amino acids are also part of the
nresent invention. Preferred salts are the salts with arginine and agmatine. Also

includad are pharmaceutically acceptabie acid addition salts.

15



2- Hydr oxy-4- or .
544- (5-t hi oxo-5H H, 2] di t hi 01- 3-y1) - phenyl azokbenzoi c
acid (11) ,NH 4-or 5- Am no- 2- hydr oxy- benzoi c
~acid 4-(5-thioxo-5H[1, 2]dithiol-3-yh-phenyl ester
(rer)y, 4 or
5- Am no- 244- (5-t hi oxo-51-141, 21clithi 0ol-3-yl) - phenoxy
car bonyl oxyl -benzoic acid (1V), 2-Hydroxy-4 or
5[ 4- (5-thioxo-5H[1, 2] clithiol-3-yh-phenoxycarbonyl am
i nokbmnaofuctharc iechbipWdment #he present disclosure provides a pharmaceutical
composition of the disclosed compounds, and a pharmaceutically-acceptable excipient
or carrier, particularly one for use in the treatment of an inflammatory condition of the Gl
tract.

In a second aspect, there is provided a pharmaceutical composition compriéing
a cbmpound as defined above or a pharmaceutically acceptable salt thereof and a
- pharmaceutically acceptable excipient or carrier.

In a third aspect, there is provided the use of a compound as defined above for
the preparation of a medicament for the treatment of an inﬂarhmatory condition of the

gastrointestinal tract in a subject.

According to other er_nbodiments of the present disclosure, methods of treating
an inﬂammatory condition of the Gl tract, such as inflam_matory‘bowel disease (IBD) and
irritable bowel syndrome (IBS), in a subject 'in need of such treatment, include
administering to the subject an effective amount of 4- or 5-ASA derivatives and their
~ salts. Fu‘fther, methods for the freatment or prevention of colon cancer in a subject in
need thereof are provided comprising administering to the subject an effective amount
of 4- or 5-ASA derivalives and their salts.

| In a further embodiment, the present disclosure provides the use of 4- or 5-ASA
derivatives and their salts of the present disclosure for the manufacture of a
medicament for the treatment of an inflammatory condition of the GI tract.” The present
disclosure also provides the use of 4- or 5-ASA derivatives and their salts for fhe
treatment of an inflammatory condition of the Gl tract.

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

for the preparation of a medicament for the prevention of colon cancer.
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4-or 5-([(1

- Car boxy- 2- ner capt o- et hyi car banoyl) - net hyl ] - azol - 2- hy
dr oxy-benzoi c acid OOH NH HSNH2 HO 4-or

5- Ami nc- 2- hydr oxy- benzoi c acid

(1- car boxy- 2- mer capt o- et hyl car barmyl) met hyl ester
(M1), OOHHOO

Preferred compounds are those of the following formulae:

/o

HO

HOOC

2-Hydroxy-4- or 5-[4-(5-thioxo-5H-[1,2[dithiol-3-yl)-phenylazo]-benzoic acid (II)

i6a



4-or-

5- Am no- 2-[ ( 1- car boxy- 2- nmer capt o- et hyl car banoyl) - net h
oxycar bonyl oxyk benzoic acid (VIIl1), 18 COON O OCOON
wo boos/2589321 - 0- NH- CHSH 4- or 5-[(1 PCT/CA2006/000484
- Car boxy- 2- mer capt O et hYIl Car ban©OyYi ) 4f | O hOXYcar bCf | VI

am f| OF2hYdr OXt benzoic acid (1 X), SH OH

/X

G

4-or 5-Amino-2-hydroxy-benzoic acid 4-(5-thioxo-5H-[1,2]dithiol-3-yl)-phenyl ester (1ll),

5‘“‘-—5 HO /

4 or 5-Amino-2-[4~-(5-thioxo-5H-[1,2]dithiol-3-yl)-phenoxycarbonyloxyl-benzoic acid (1V),

S--____S

2-Hydroxy-4 or 5[4-(5-thioxo-5H-[1,2]dithiol-3-yl}-phenoxycarbonylamino]-benzoic acid

V),



0 /1000 4- or 5- am no-2-hydroxy-benzoic acid
anhydride with N-acetyl cysteine (X), COOH CH3 4-
or

wobzobrémet yl ani no- 3- ner capt o- pr opi onyl am no) PCHOXTINEB0¥434
-benzoic acid (X) 19

2- (2- Acet yl amBno- 3- ner capt o- pr opi onyl oxy) - 4 5
5-am no-benzoic acid (Xil),
HO N I N OH
N Y ,
H =
OH

4-or 5-{[{1-Carboxy-2-mercapto-ethylcarbamoyl}-methyli-azo}-2-hydroxy-benzoic acid

(V1)
T
s " A

HO o]

4-or 5-Amino-2-hydroxy-benzoic acid (1-carboxy-2-mercapte-ethylcarbamoyl)-methyl

ester {VI),
NH»
Q N
Y\O I A
NH )\ /
HS o] O
0 OH HO 0

4-or 5-Amino-2-[{1-carboxy-2-mercaplo-ethyicarbamoyl)-methoxycarbonytoxy]-

benzoic acid (V1Il},

18



HOOC 2- Hydr oxy-4 or
5- ({444- (4- net hoxy- phenyl) -2, 4-di t hi oxo- 2k5, 4X5-

[1, 3, 2, 41di t hi adi phosphet an- 2-yl 1- phenoxymnet hyl | - azo)
wo-2oenzsies acid (XI11), 20 4- or PCT/CA2006/000484
5- Am no- 2- (444- (4- met hoxy- pheny1) - 2, 4- d1t hi 0x0- 2X5, 42

t5-
'Cﬂﬁ%sphet an- 211] - phenoxymet hoxycar bon
d (XIV),

S ICI) COOH
8\ O CHz——C——NH——CH SH

k ~

4- or 5-{(1-Carboxy-2-mercapto-ethylcarbamoyl}-methoxycarbonylamino]-2-hydroxy-

benzoic acid {1X},

o SH
0
HNT N / I o

4- or 5- amino-2-hydroxy-benzoic acid anhydride with N-acetylcysteine (X),

SH

CHy

Iz

4- or 5-(2-Acetylamine-3-mercapto-propionylamino)-2-hydroxy-benzoic acid (XI)

i9



HOOC 2- Hydr oxy- 4- or
5-{4-[4-(4-net hoxy- phenyl) -2, 4-di t hi oxo- 215, 4X5-0

, 3,2, 4] di thi adi phosphet an- 2-y1) - phenoxynet hoxycar bony

wol28051n2os benzoi c acid (XV), H2N OH 4-or PCT/CA2006/000484

5- Ami no- 2- hydr oxy- benzoi c acid
444-(4-nethoxy-phenyl)-2,4-dithiox02X5,42',541,3,2,4]
di t hi adi phosphet an- 2-y11- Phenoxynet hyl ester (XVl),
21 4- or 5- Amino-2-hydroxy-benzoi cRacid
444- (4- hydr oxy- phenyl) -2, 4- dlthloxo X5,4X5-[1

, 3, 2, 4]cI|th|ad|Phosphetan 219- Phe er (Xvil),

COOH

(j/fv

2-(2-Acetylamino-3-mercapto-propionyloxy}-4 or 5b-amino-benzoic acid (X1l),

= @A\/ \

HO \ /

HOOGC

2-Hydroxy-4 or 5-({4-[4-(4-methoxy-pheny!)-2 4-dithioxo-21° 4%

11,3,2 4]dithiadiphosphetan-2-yl]-phenoxymethyl}-azo)-benzoic acid (XIH},



4- or
5- Am no- 2- {444- (4- hydr oxy- Phenyl) - 2, 4-di t hi 0x0- 2X5, 4X

5- [-1
wo Bo&12434di t hi adi phosphet an- 2- yi kohenoxycar bOpgtmexydos/hmiss
nz0i 0 acid (XVI1l), HO 2- Hydr oxy-4- or

5-{4-[4-(4-hydroxy-phenyl)-2, 4-dithi oxo-2X5,4-45- [1
, 3,2, 4] dithi adi phosphet an- 2- A- phenoxycar bonylani n0) - b
enzoi ¢ acid éXI X) 0. 0 WD 2006/ 125295PCT/ CA2006/ 000484

COCH
| \O\ //-Q—OCH
| \ / \

HaN—;
P

COOH

4- or 5-Amino-2-{4-{4-(4-methoxy-phenyl)-2,4-dithioxo-2)2 42°-

(1 ,3,2!4]dithiadiphosphetan-z-yl]-phenoxymethdxycarbonyloxy}~benzoic acid (XIV),

OO O

HOOC

2-Hydroxy- 4- or 5-{4-[4-(4-methoxy-phenyl)-2,4- dithioxo-24.° 42°-1,3,2,4]dithia-

diphosphetan-2-yl]-phenoxymethoxycarbonylamino}-benzoic acid (XV),

\\/\ OGH
o \\ < > s

A-or 5-Amino-2-hydroxy-benzoic acid 4-[4-{4-methoxy-phenyl)-2,4-dithioxo-

HaN

235 425[1,3,2,4]dithiadiphosphetan-2-yl}-phenoxymethyl ester (XVI),

21



4- or
5- (1- Car boxy- 3-t hi ocar banoYIl - PropYl azo) - 2- hydr oxY- ben
zoic acid (XX), 2-(4- or

w2066128®52- hydr oxy- benzoyl am no) - 4- t hi ocar baroy/it At o484
ic acid (XXI), 23 4- or
5- Am no- 2- (1- car boxy- 3-t hi ocar banoyl - propyl car banoyl o
Xy) - benzoi c acigl (XXl |

\/ \

\/\\

OH

Hoh

oH

4- or 5-Amino-2-hydroxy-benzoic acid 4-[4-(4-hydroxy-phenyl)-2,4-dithioxo-

218 435-[1,3,2,4]dithiadiphosphetan-2-yil-phenyl ester (XVH),

COCH
N

HzN-—l-- i NN on
AL A

4- or 5-Amino-2~{4-[4—(4-hydroxy-phenyl)—2,4—dithioxo-2}u5,47\,5—

1 ,3,2-,4]dithiadiphosphetan—z—yi];phenoxycarbgnyloxy}-benzoic acid (XVIiT},

HOOC N i — S\, /S\P W N
D\L/@ N \\8/\}

2-Hydroxy-4- or 5-{4-[4-(4—hydroxy-phenyl)-2,4-dithioxo—2k5 ARS-

il ,3,2,4]dithiadipho'sphetan-2-y[]-pheno><ycarbonytamino}—benzoic acid (XIX),

22



2- Hydr oxy-4- or
5-[3-(1- hydroxynet hyl- 3-thi ocar banoyl - propyl) - ur ei dok
benzoic acid (XXI'l1), 24 4- or

wbz0861i238952- ( 2- anmi no- 4-t hi ocar banoyl - but yr y| oR§Y/Ch2n06/010484
c acid (XXIV), HO " 4- or COOH
5- (2- Am no- 4-t hi ocar banoyl - but yryl am po) - 2- hydr oxy- be
nzoi c acid (XXV),

S

HpN
HO 0

4- or 5-(1-Carboxy-3-thiocarbamoyl-propylazo)-2-hydroxy-benzoic acid (XX),

0

HN" N o NH,

2-(4- or 5-Aminc-2-hydroxy-benzoylamino)-4-thiocarbamoyl-butyric acid (XXI),

23



NH2 4- or 5- Am no-2-hydroxy-benzoi c acid anhydride
W th 2-am no-4-thiocarbanoyl - butyric acid (XXVl), 25
WO 2006/ 125295PCT/ CA2006/ 000484 HO

wdhobéHesar banoyi phenyl 4- or 5-am no- 2- hydr opgBerzegb@iss
(XXVI ), 4- or o
5- Am no- 2- (4-t hi ogzar banoyl - phenoxycar Qggyl oxy) - benzoi

c acid (XX N
\_/

NH
Y
OH O

4- or 5-Amine-2-(1-carboxy-3-thiocarbamoyl-propylcarbamoyloxy)-benzoic acid (XXII),

H
- /HN\)-(N
HO X | ©
o) OH

2-Hydroxy-4- or 5-[3-(1-hydroxymethyl-3-thiocarbamoyl-propyl)-ureido}-benzoic acid

(XXHI),

24



OH 0 2- Hydroxy-4- or
5- (4-t hi ocar banoyl - phenoxycar bonyl am no) - benzoi ¢ acid -
(XXI X), 26 WD 2006/ 125295PCT/ CA2006/ 000484 OH |- 12N

w@0bbA2sss or 5- Ami no- 2- hydr oxy-benzoi ¢ aci d pCT/CA2006/000484
t hi ocar banoyl met hyl ester (XXX), COOHO I

. - NH \ /
S
_ 0 OH
HoN o o)

4- or 5-Amino-2-{2-amino-4-thiocarbamoyl-butyryloxy)-benzoic acid (XXIV),

HO
Hal
0) s
s
/
\ /o
HO
‘ O NHaz ‘

4- or 5-(2-Amino-4-thiocarbamoyl-butyrylamino)-2-hydroxy-benzoic acid (XXV),

. \ . OH B SR
- : . s
p— O 0
NH
\ / 2
HzN/< 0
NH,

4- or 5- Amino-2-hydroxy-benzoic acid anhydride with 2-amino-4-thiocarbamoyl-

butyric acid {(XXVI),

25



4- or

5- Am no- 2-t hi ocar banoyl nmet hoxycar bonyl oxy- benzoi c

acid (XXXI'), COCH HO HNCI A . 2-0-NH2 2- Hydroxy-4- or
wp2dérisear banoyl met hoxycar bonyl ani no- benzoi creaticd2006/000484

(XXXI'l1), 27 WO 2006/ 125295PCT/ CA2006/ 000484 H2N O

SH H 4-or 5- Am no-2- hydroxy-benzoi ¢ aci d anhydri de

with sulfuric acid nono- (2-nmercapto- ) ester

(XXXIT1),

HaN

HoN

4- or 5-Amino-2-(4-thiocarbamoyl-phenoxycarbonyloxy)-benzoic acid (XXVHI),

OH

2-Hydroxy-4- or 5-(4-thiocarbamoyi-phenoxycarbonylamino)-benzoic acid (XXIX),



O SHO 4- or

5- Am no- 2- ( 2- mer capt o- et hoxYsul f onYl oxY) - benzOi ¢ acid

(XXXI'V), and \/ N OH 5- Am no- 2- hydr oxy-benzoi ¢ aci d
wobkoi&rashisoxo- 5H41, 21di t hi ol - 311) - Phenyl est epc&X2068/000484

28 WO 2006/ 125295PCT/ CA2006/ @00484 54 :

HoM
W(\O i
s

4- or 5-Amino-2-hydroxy-benzoic acid thiocarbamoylmethyl ester (XXX),

AN
/\/ NH,

COOH (IJI o S
I N o_c/ \CHE..__ u__NHE
A

HoN

4- or 5-Amino-2-thiocarbamoylmethoxycarbonyloxy-benzoic acid (XXXI),

COOH

HO.

I

|

/\H/N——ﬂ/ O\CH ﬁ

2 C'_“'_"'NHQ

2-Hydroxy-4- or 5—thiocarbarﬁoylmethoxycarbonyiamino-benzoic acid {XXX11),

27



The nost preferred conpounds are as foll ows:

5- Am no- 2- hydr oxy- benzoi c acid

4- (5-thi oxo-5H[ 1, 2] dithiol-3-yl)-phenyl ester
wo(240d¢k39sHO  4-t hi ocar banoyl phenyl 4- or PCT/CA2006/000484

5-am no- 2- hydr oxybenzoate (XXVil); and 4- or 5-

am no- 2- hydr oxy- benzoi ¢ acid anhydride with

N-acet yl cyshcﬂ n 29 BRI EF DESCRI PTI ON OF THE

DRAW NGS 1 shgws the Disease Activity

Score of mce |ndu d colitis after
treatment with\ si ng Joseg| of am_néHand
Compound XXXV o presen®—i on. Fi gure

2 shows the nyel operoxi dase ( b) activity in mce
havi ng TNBSi nduced coPfitis after treatnent with

i ncreasi ng doses of nesal am ne and Conpound XXXV of
the present invention.

4-or 5- Amino-2-hydroxy-benzoic acid anhydride with sulfuric acid mono- (2-mercapio-

ethyl} ester (XXX},

COOH

{< L
/R B

e\

4- or 5-Amino-2-(2-mercapto-ethoxysulfonyloxy)-benzoic acid (XXXIV), and

S-"‘--S
\C/O \
OH

5-Amino-2-hydroxy-benzoic acid 4-(5-thioxo-5H-{t 2]dithiol-3-yl}-phenyl ester (XXXV).



Figure 3 shows the Di sease Activity Score of mce
havi ng TNBS-i nduced colitis after treatnent with
Compound XXXV, mesal am ne al one,

- woRogshyms oxyphenyl- 1, 2- di t hi one- 3-t hi one ( ABTFHCOM)006/000484

I ' ] ADT- OH
Fi gure anen e PR e B0 et ity i

m ce havi ng TNBSi nduced colitis after treatment with
Compound XXXV, nesal am ne & GH al one and a

m xture of nesal ani He a2 Figure 5

shows the Disease Actijvity 0 m Ces havi ng

TNBS-i nduced colitis ofOftlr eat ment wi th Conpound

XXVI'l, mesal am ne al|b 4- hydr oxyt hi obenzam de (4-

HTB) al one and ?ﬁl. ¢ of rnesal am ne and 4-HIB

Figure 6 shows e nmyel oper oxi dase (MPO) activity in

m ce havi ng TNBSi nduced colitis after treatment with
Compound XXVI1, nesal am ne al one, 4-HIB al one and a
sIANEIEhRIro RS ol a0R 2cthibxbiEB-1,2]dithiol-Biyhusreny! et (EXX V),
t he nyel operoxi dase (MPO activity in mce having

TNBSi nduced colitis after treatment with 50 ng/ kg
mesal am ne and equi nol ar dose of Conpound XXXV of the
present invention. 30 WO

2006/ 125295PCT/ CA2006/ 000484 H&i gure 8 shows the

Di sease Activity Score of m ce haviny TNBS-i nduced
colitis after treatnment with Wg
ng/ kg nesa&g"ne and_equi nol ar
of the presént i

col oni ¢ tunour
expression in

] b -
INBS- i nduced colitis after

treatnent W g vehi‘ s (1% CMC), 50 ng/ kg nesal am ne
and equi nol ar dose of Conpound XXXV of the present
i nventi on. Figure 10 shows interferon gamm

(1 FN- 4 rhiodRiarexpplessi ©or Branined-yptpviamsented d&dy); and
colitis after treatnent with vehicle (1% CMC), 50 i
ng/ kg nesal am ne and equi nol ar dose of Conmpound XXXV
of the present inventi.on. Figure 11 shows
various interleukin (I
IL-1, -2, 10 and -12
colitis after treatne
ng/ kg mesal am ne /and
of the present i(venti
colonic levels -w\RA
TNBS- i nduced "B i & after Jreatngnt with vehicle (1%
CMO), 50 ng/ kg mesal am ne and equi nol ar dose of
Conpound XXXV of the present invention.

4- or 5- amino-2-hydroxy-benzoic acid anhydride with N-acetyleysteine (X).

29



Fi gure 13 shows colonic COX-1 and COX-2 nRNA
expression in mce with. TNBS-induced colitis after
treatment with vehicle (1% CMC), 50 ng/ kg nesal am ne
woaok/esies nol ar dose of Conpound XXXV. of t hep@r/esmné/000484
i nvention. Fi gure 14 shows col onic eNOS and
i NOS mRNA expiBH RIRTHN @it THETNRAWINGSed colitis
after treatnent vvlth vehicle (1% CVMC), 50 rrg/kg
nmesal am ne and equi nol ar dose of Conpound XXXV of the
present invention. Figures 15(a) and (b) show the
per degire drshswsribe iDhsease Activiydeqors pf (ics v H&?% ‘@]{C‘ed colitis
WO 20061125295PCT1CA20061000484 per.ception usin
aﬁ?és%@%ﬁ‘?ﬁ‘ew%d”@éﬁ%%ﬁ&smfl,mqségﬁw 20y m%?U“%héxxv of the
present invention. Fi gures 16(a) and (b) show
pr@ﬁ%n“'i*r‘terng?rect al pressure in a rat nodel of visceral

P BSE 2B ] BT AL a3 RS s

m%@ﬁars it S e v S

i,bencl am d re 18 shows the pain perception
Xg%%rog eoqre%gﬁ'ﬁg Compound

Figure 3 shows the Disease Activity Score of mice having TNBS-induced colitis

after treatment with Compound XXXV, mesalamine alone, 5-p-hydroxyphenyt-1,2-
dithione-3-thione (ADT-OH) alone and a mixture of mesalamine and ADT-OH.

Figure 4 shows the myeloperoxidase (MPQ) aciivity in mice having TNBS-
induced colitis after treatment with Compound XXXV, mesalamine ann‘e, ADT-CH
7 alone and a mixture of mesalamine and ADT-OH.

Figure 5 shows the Disease Activity Score of mice having TNBS-induced colitis
after treatment with Compound XXVII, mesalamine alone, 4-hydroxythiobenzamide (4~
HTB) alone and a mixture of mesalamine and 4-HTB.

Figure 6 shows the myeloperoxidase (MPQO) activity in mice having TNBS-
induced colilis after treatment with Compound XXVI, mesalamine alone, 4-HTB alone
and a mixture of mesalamine and 4-HTB.

Figure 7 shows the myeloperoxidase {MPQ) activity in mice having TNBS-
induced colitis after treatment with 50 mg/kg mesatamine and equimolar dose of

Compound XXXV of the present invention.
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XXVI'l, mnesal am ne, ADT-OH and 4-HBT. Figure 19 shows

| eukocyt e adherence in response to intragastric

adm ni stration of aspirin Figure 20 is a bar graph of
wd fa6s/i26kocyt e adherence for the final tine percanoeéoosss

G RGN
o PO, S 9, PO oY N LY G o
a | t effects .of H2S I ' ieti f
L3S N bRSb g BD LeLsarLo et of e

SPEEF H%&?g%%%%%@ﬁoug ge%r;ggg éércgb\efgﬂgﬂa—%z mMn!{Ie% Fg&\g’sggn in mice

wwﬁ?ﬁééﬁ@_@e@ﬁ%gaan'aﬁnvéa‘%%%étdwiﬁfve?ﬁcﬁef@ﬁfa: 89, BPNRNE mesalamine
trat : .

s aas o PArePie kel ot BEP Rt fatklenti on as

def IF?g%ge ? (y srtwhwes i%J[e%lerrBBn' ga:%nzma (IFN-y} mRNA expression in mice with TNBS-

induced calitis after treatment with vehicle (1% CMC), 50 mg/kg mesalamine and
equimolar dose of Compound XXXV of the present invention.

Figure 11 shows various interleukin (IL} mRNA expression, namely, 1L-1, -2, 10
and -12 mRBNA, in mice with TNBS-induced colitis after treatment with vehicle (1%
CMC)}, 50 méikg mesalamine and equimolar dose of Compound XXXV of the present
invention.

Figure 12 shows colonic levels of RANTES mRNA in mice with TNBS_—induced
colitis after-treatment with vehicle (1% CMC), 50 mg/kg mesalarhin_e and équimolar
dose of Compound XXXV of the present invention.

| Figure 13 shows colonic COX-1 and COX-2 mRNA expression in mic-e with -
TNBS-induced colitis after treatment with vehicle (1% CMC), 50 mg/kg mesalamine and
equimolar dose of Compound XXXV-of the present invention.

Figure 14 shows colonic eNOS and iINOS mRNA expression in mice with TNBS-
induced colitis after treatment with vehicle (1% CMC), 50 mg/kg mesalamine and
aquimolar dose of Compound XXXV of the present invention.

Figures 15(a) and (b) show the perception score in a rat model of visceral pain
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The conpounds of the present invention contain two

active noieties, either 4- or 5-ASA and a hydrogen

sul fide rel easing noiety, |inked together by an azo,
wERbe2s2@nhydri de, thioester or am de | i nkagecr/EAs006/000484

presence of azo-reductasg enz ow for the .
PR U Aroegle TG COTPPTE S0 borE Bty Blgdro Present
_thys allowing a targeted delivery to the colon and
INYed{Bdi ng at the sane tine the systenic absorption.

Siml arl the p enc i : :

i FpEpY 1o B SR e s BRARER, 1 8008 & visgoral pain

5-ASA fromthe . d ' I Qs ih t
oepiplien 198y ReETlf, B8 RO 300D RefEHBy. of dne prosen
in%#ﬁgxe ester and thioester |inkages, respectively.

inal'ly, lipases will cleave anhydride |inkages. The

COwgﬁ70Jhoaggg%>gsﬁ%cépmaﬁ%b@g & e RRTIRS bR XXXV

kno arting rials and reagents.

aqﬁ%ﬂ}ﬂ Bbvit ieh BNGERUE gibBMeRkhiden may be utilized
or the prophylaxis or treatnent of various diseases,
par ﬂ?ﬁl% 3B! sholRf haPap pexesRMdiddrénst Chmbbend3XXKvatiompound
i nc ing, but not limted to, inflammtory
xPANGhddepsnofadheHaithnsuch as nmucositis, infectious
di seases (e.g., viral, bacterial and funga
di sear@sho AbHs WURBES adhseacein lespdragrmtraragastric administration
conditions of the esophagus such as esophagitis,
of@@pitht i ons resulting fromchemcal injury (e.g., lye
i ngestion), gastroesophageal reflux disease, bile
aci gigued R0Xs aBair rgedph’ of ths epplagyis adiBerehes B thestad dme period of
and esophageal stricture; inflamuatory conditions
ths egheraserg asinuidsiad-§%. g. , Hel i cobacter pylori,
aci d-peptic disease and atrophic gastritis), celiac
di seapee pept ix har cgaphlishendw, HPSe geadretigows dveisingnsADT-OH,
of the stomach, non-ul cer dyspepsia, and Crohn's
CoinpaaseXXXwf4-difend Cormpendd KXols of the stomach such
as Crohn's di sease, bacterial overgrowth, peptic
ul c&iguie £84s @, Canngnirpliphdiespopse CHE® showiipjte vasorelaxant effects
i nflammatory conditions of the colon such as Crohn's
ofdi:-Sgaleasing Irexgtiesiof hequesant ventan t abl e bowel
syndrone, infectious colitis (e.g., pseudonenbranous
colitis such 33 WD 2006/ 125295PCT/ CA20061000484 as

Clostridiumdifficile colitis,_ salnppne 3 ﬁ [ ,

shi gel PET;] P DR %E,'?f Jsprabgﬁgéhi,

m crospridial infections, d viral infections), .

r adi el BHET I 9 F‘%‘?C%S‘éﬁji“t“f "§SReEthIE bidféeut embodiments
i mmunoconpr om sed. host

.d.., hliti ]
d%ﬁcgeelgfﬁ Egr,egb .gt ; teq 69@&%@1%3 ﬁg?\%gﬁar&hftl(’tﬁ%sﬁ e’mbodlments are for the
| a, | mat t _ .
3B P00 P H PR LBl i scope o

I ONn asSocCl a

wi.t h _henorrhoi d [Q gi a fugax, and rectal
“PN@?@B%%?SP?@EF%BQF?Bﬁgg%er and/or bilary tract

condi tions such as cholangitis, sclerosing

choi angitis, primary bilary gjrrhosis, -and

chol ecystitis; and intestinal- abscess.

Dependi ng on the specific condition or disease state
to be treated, subjects may be adm ni stered conpounds
of the present invention at any suitable
therapeutically effective and safe dosage, as may be
readily determned within the skill of the art. These
conpounds are, nost desirably, admnistered in
dosages ranging fromabout 1 to about 2000 ngy per
day, in a single or divided doses, although
variations will necessarily occur dependi ng upon the
wei ght and condition of the subject being treated and
the particular route of admi nistration chosen.
However, a dosage level that is in the range of about
0.1 to about 100 ng/ kg, preferably between about 5



route. For oral admnistration, tablets

contai ni ng various excipients such as

m crocrystalline cellulose, sodiumcitrate, cal cium
wooakdaeset e, di cal ci um phosphate and gl yci ne WeEyCAXDo6/000484

enpl oyed along with various disintegrants such as

star P% &%‘Eﬁ?%]%rg% taJ e lp? Bt |rR/%Eﬁ1tnocoﬂ{aJ ola[MeToY: rﬁ&t@ﬁe%h%]nher 4- or

al gi arn conpl ex M i cates, toget

AT Q{oag%éﬂ]:dtggﬁ sglﬁﬂéj%léaélr{gkﬁwolégjl Yivikedy {o@whbmby d@PN&:0, ester,

Sucrose n and acaci a tionally,
lar%g&;‘ldéamld&teagﬁ BinfieSHRAYeASTHERgERS bl 0l Sbaatutase shogihesaliow
[alryl sulfate and talc can be used for tabletting
puEfROSREse Sbhi of BABpdeiI thermodfondipnd-tiags thpsealinvipg &l isweted
be enployed as fillers in gelatin capsules preferred
teivey itathe dofentand sedsishaabte GAMEITEE i BYStRTdc pREYRicE. Gimilarly,

| k || as high nol ecuyl
balesengh @sergrpee) @3«5’%&%@5@9@5‘: s%‘%éw@ﬁ%“awgorawdva@ﬁ% o

RN e %62%%&?@{&%@8% Srn RELUR FEbER e rerapes and
g{ﬁ%\ls/tg{alﬁgg wzﬂga‘les savS QLQF 1 G g@étéﬁfnk@g{ég : re’spfec%i@el;id eﬁhélﬁdhpases

G suspendi ng agent’s, together wt

'i%a% Hliﬂigée firkal efhe &nha0Rds of AR Prek&Hl em@hiidHodan be made

ycerin vari ous conbi nations thereof. The dosage
LQEQ{TM)% banitasiengdadoeagomeedi at e rel ease,
rolled rel ease, 35 extended rel ease, del ayed
r el e@snppUNdsAby eteerodelt dyedtiore egse uliaed def thei piopigaxis or
of these terns are known to those skilled in the art
Froatnhelr o various h@smssag@ﬂrﬂiwlaﬁv r'@ﬂ‘@ﬁ%@o%r@ﬂﬁﬂ’é"s‘c &h trI!?‘e G’ tract
effected by a %FETIC m xture _conposition

intuing, LOTMPsGTITbIp MHERERETDETERE0N B BeCERtgbSit| gt

L

gﬁﬁ%g@ c{r* g?}fdltW? ﬁftg’ &%%ﬂ@@%ﬂ&?asgééoéﬁ%mg %ci/ndihorésorre;t’xlhng from
{ herhléaik%ﬁjpge(%%d %J‘ %ge&ﬁﬁ gﬁé’tﬁ}%%@pﬂiﬁéfal benugfdigebe ile acid reflux,

rough vorab i ffusion, dissolution, erosion,

'B&He@§ce§diﬁ§guﬁsﬂﬂ>‘hh'§ @rse@;@rrbﬁrﬁtﬁt esapﬁagbhier%mﬁure inflammatory
For parenteral adm nistration, a solution of an
aghdittms Gonmp asl pestids @id, heglicsrestameylor. asileneptic dispasgrandratrophic
aqueous propyl ene glycol can be enpl oyed. The agueous
gyabtiits) orsias ek, @eptmlmml%ﬁa%fﬁf%ra@@ew? éGrSé?na ;ﬂ‘epﬁcmach
greater than 8), if necessary, and the 13 ﬁ dent, en
frionsicer eysaersdl and SPRisCisertrs lrgaﬁlgwgv Gorlips b e suc

suitable for intravenous injection 0
prepaFati ¢iPest ct Sr e Bl LB G BRc B RAEE  pf Busures of e

Cﬁtg? {Htg;: ?nrﬁ?uingé Vf %gl‘lldlt}éne%q qg@ lel%E eﬁncl*?)ésséﬁﬂﬁi@rcﬁjsease ul(aeratlve

echniques wel nown to those skil
I&)Ht‘s it@bik -bowel syndr-lc;h"n@ hREIRBEisNe:, bhdidbatmbeanous colitis such
exanpl es further describe and enabie a person
ordinarily skilled in the art to nmake and use the
i nvention. Preparation of Coapounds EXAMPLE 1
Synt hesi s of : S
2- Hydr oxy-544- (5-t hi oxo-51-1[ 1, 2] di t hi ol - 3- 1/ 0- Pheny!l
azol- benzoic acid (4) [Conpound of Fornula I1]



36 HW-( 2 . FIA/NaNO2 2. Salicylic acid /
KOH
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as Clostridium difficile colitis, salmonella enteritis, shigella infections, yersiniosis,
cryptospiridiosis, microspridial infections, and viral infections), radiation-induced colitis,
coliiis in the immunocompromised host (e.g., typhlitis), precancerous conditions of the
colon (e.g., dysplasia, inflammatory conditions of the bowsl, and colonic polyps).
proctitis, inflammation associated with hemorrhoids, proctaigia fugax, and rectal
fissures; liver galibladder and/or bilary tract conditions such as cholangitis, sclerosing
cholangitis, primary bilary cirrhosis, and cholecystitis; and intestinal abscess.

Depending on the specific condition or disease state to be treated, subjects may
be administered compounds of the present invention at any 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, afthough variations will necessarily
occur depending upon the weight and condition of the subject being treated and the
particular route of administration chosen. However, a dosage level that is in the range
of about 0.1 to about 100 mg/kg, preferably between about 5 and 80 mg/kg, and more
preferably between about 5 and 50 mg/kg, is mosi desirabie. Variations may
nevertheless occur depending upon the weight and conditions of the persons being
treated and their individual responses to said medicament, as well as on the type of
pharmaceutical formulation chosen and the time period and interval during which such
administration is carried out. In some instances, dosage levels below the lower limit of
the aforesaid range may be more than adequate, while in other cases still farger doses
may be employed without causing any harmful side effects, provided ihat such large

doses are first divided into several small doses for administration throughout the day.
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Synt hesi s of (4-Propenyl-phenyl)-carbam c acid

tert-butyl ester (2) To the solution of

4- propenyl - phenyl amne (1) (10.0 mmol) in 25 nlL of
wodsp@gesand 12.5 nL of water, triethyl am nepqTiGAD06/000484

mmol ) and di-tert-butyl-dicarbonate (15.0 nmol) were

added, with Sf {jg bt 1“ ?etselgcr}\\feﬂﬁcfnzcalﬂ beTﬁﬁuﬁlﬁ@r%Ethfhe form of any

mi xt uPeRUETS rre Prechani ca for 24 h at room
%Jegﬂéér | SorrfidiBh, §ARSMAL 'oBWvHth tvilie degndenpon 3heMroute of
, was added drop wise to the residue. The

RMnesikstRiioat ankse phdringstical washestions thn hatperpasstdbydedrgentional
The residue was | oaded on a silica gel open colum

@aBdosd, Utishl WOH@ﬁMCdeWNE@HC@@/ i‘)CGPTaF"@memP‘éWS or vehicles.
(4- Propenyl - phenyl ) -carbam c acid terﬁé but es

E@)mpiees ob rugh nesehRegigons, |r3¢'u§ipd§ap5§9&ht nsderma patches,
5- (4- Am no- phenyl ) 1, 21di t hi ol e- 3-1

casreee ey 5H’fé¥ﬁrls)(’“€%u98‘é{ﬁ‘frﬁ Giipee P?'S»b%%‘%? sygRogjories. and

h
&‘F"Hﬁ Iil%thtsf Q)YFB\EH @Hc:haglégn%lsgol EILITH: |njt Eﬁlega‘?é}%?ﬁohghema;
Lol EMRMAh soeftc.% gm,@n%gq%;?&?ﬂgﬁqa@try.@f\%om@/dmm%ﬁm

BV é nost conpl etely soluble in tol uene

Alfenmpt to extract the toluene liquors wth 2N

aqueous sodi um hydroxi de, gave a precipitate of an

or an@gg; Seal JadniifibEatioh 0 dalaiéts wasntdiniag ovargdsi r@xbplehhsnguch as
water, treated with 4N hydrochloric acid for 30 min
aficrsopgtaline npiiaty sediura diiats, caicion carpoRpierHiEiEiMgegPhate and
the desired product (3) (yield 55%. nt hesi s h
zww@nmxpesemm»(ssi Q"Pﬁgo\%'éil RO ARG PUCE 35§18 16R dRigTeranly
azofrbenzoic acid

50r(1,4pqt@$p %Iargﬁﬁﬂequ aiq zah: taﬁ'fj dellng cgrtqlrh F%rﬂp E)t §1I|caée g)gether with

8@‘?8%}&%?@‘%&5 ‘s_% D V@Y%Ylgﬂiﬁlﬁ %)efé rgg ﬁj'd gcf! g%%:tlal A éhtzonaily
mgt h%tﬁﬂéager%’c% 's {h of m?‘-.agrqéé‘b?ﬂogﬂe&rra{et Sodith PRIRkdte ah® tdid1€an be

IC a , potassium

g ka@%ttkg] p%%o%@' Qol@ﬁ:@n@@ﬂ‘dldmmocaﬁh@'nﬁieerrﬁy also be employed

I SSO ved In water. The diazo suspension is added in
RO Kildre MSgdiAintdapsatds pdfsrexdsniatidlom tak cemlecty leo meluge lactose
and the alkalinity maintained at a sufficiently high
loe vk sdgari agwehes Wbl reclemiss tvieight pylyefbﬁ@f@ @JFC% dVhpip gauecus
of further quantities of potassium hy dient
sobrenpions anderelixizs rayiesifaseior %Tél:%%wsﬁ‘ﬁ*%f‘ H?eea‘ft‘ge oSzt may
for 30 mn at 50C. .The azo conpo ;
@eé@nmwtegtvg@ Weﬁeé%or f? viz_»wg %%&P ?Igarér)rge@@ an(j if 50 ddesnred
f-”!@fﬁ{}"{}%f%gf? i”‘at(pgﬁd'gﬁ?, ggém@go&;the’: %tﬁ‘"gu@h lyliwents as water, ethanol,
%rrgp]g/te%la%iy{:&,i gﬂyce?ln Yt vRREO¥bABRAREO BRI aci d. 38

The dosage form can be designed for immediate release, controlled release,
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V&)20061125295PCT/CA2006/000484 EXAVPLE 2 SyntheSIS
0]

2- Hydr oxy- 444- (5-t hi oxo-51-1-[ 1, 2] di t hi 01- 3-y1) - pheny

wd AseHe_mRzoi ¢ acid (2) [Conpound of Formul a pdl/cAE0kA00484
Synt hesi s of

2- Hyd -

A ke
Tg'(f:ﬂl’sgéfr(?ibgﬁl[}"f‘?gg S Wallgilgﬂ dﬁc’ %nﬁyir? g fFI aaal’mo e ]fg'mn%iease
@'aftg?h) e%gis %l ULk on, éigfgés b&g)né}lct IrdidiGre ( éorﬂEH%lh))n -Eh%o&b@zrﬁatnx

'S a tions to a solution of

%’n&@%ﬂ% “o hufiddidi o E@r%p&sﬁ?ioﬁ Ng cbdtedriltipartibutate composition, an

yI'formam de. After 2 days the reaction nixture
bS-cheahgs faih-p30edni BorAdosBOE. aAf teamosiobhieny doositin, or a
compound (2) was precipitated by nmeans-of HCl and
bibddgerdatie afdyn(eyic edothp6SH4n, themdmgh@ e peifhly dfeory, it is
Formula 11, 2-Hydroxy-544-(5-

eiesdo 1Bl i, BJerbe ol bo- JEFBHERYIE AR, Bfesige dEsontion

39 WD 2006/ 125295 PCT/ CA2006/ 000484
erosion, ion-exchange, osmosis or combinations thereof.

For parenteral administration, a solution of an active compound in either sesame
or peanut oil or in agusous propylene glycol can be employed. The aqueous solutions
should be suitably buffered (preferably pH greater than 8), if necessary, and the liquid
diluent first rendered isotonic. The aqueous solutions are suitable for intravenous
injection purpases. The preparation of all these solutions under sterile conditions is
readily accomplishad by standard pharmaceutical techniques well known to those
skllled in the art.

The following non-fimitative examples further describe and enable a person

ordinarily skifled in the art to make and use the invention.

Preparation of Compounds
EXAMPLE 1

Synthesis of 2-Hydroxy-5-[4-(5-thioxo-5H-{1 ,2]dithiol-3-yi}-phenylazo]-benzoic

acid (4) [Compound of Formuia li]
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EXAMPLE 3 General synthetic procedure of: 4- or
5- Am no- 2- hydr oxy- benzoi c acid
4- (5-thi oxo-5H[1, 2] dithiol-3-yl)-Phenyl ester (4)
wd Zoegmemsd of Fornula XXXV] HO ADT- OH 11P81/CcA2006M00484
Synt hesi s of 5-p-hydroxyphenyl -1, 2-dithl0ne-3-th10ne
(ADT- CH) Anethole (1) (32,5 g; 0.21 nol) and
sul phur (45 g; 1.40 nol) were heated in
di mathylfor ami-de (250 ml) for 8 hr;
after renovg &
solublen t g ‘
l'i quors with ZN-aqueous sodi um hydrexi de, gave a
precipitate of an orange solid (8.5 g). mp. over
300C. This product was dissolved in boiling water and
gave an orange.spi.L6wpi t ate ( af *8rs addi ti on of
hydrochl ori ¢ agid TY'd . 188-189 C. 1H NMWR
(DVMBO) 6 6.86 (d, 2H), 7.6 ) N5 (d, 2H),
10.51 (s, -OH); Ms (ESI), rn/z 225(M)

1. HCUNaNO,

[%7)

2. Salicylic acid / KOH
HOOC,

S

Synthesis of (4~Propenyl-phenyl);carbamic acid tert-butyl ester (2}
To the solution of 4-propenyl-phenylamine (1) (10.0 mmol} in 25 mL of dioxane

and 12.5 mbL of water, triethylamine (15.0 mmol} and di—reﬂ—butyi—dicarbonate (15.0

mmol) were added with stirring at 0°C for %2 h. The reaction mixture was stirred

mechanically for 24 h at room temperature. After evaporation of the solvent, 3 M HCI

(15 mL), was added drop wise to the residue. The precipitate is filtered, washed with

water and dried. The residue was loaded on a silica gel open column and eluted with
| CH.Clo/ MeOH (9/1), from which (4-Propenyl-phenyl)-carbamic acid tert-buty! ester (2)

was obtainad (90 % vield).

Synthesis of 5-(4-Amino-phenyl)-{1,2]dithiole-3-thione (3)

(4-Propenyl-phenyl)-carbamic acid tert-butyl ester {2, 4.5 mmol) and sulphur (31.5

mmol) were heated in dimethyl formamide (500 ml) for 8 hr; the residue after removal of
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40 WD 2006/ 125295PCT/ CA2006/ 000484 2 ( ADT-014)
Synthesis of 4- or
5-tert - But oxycar bonyl am no- 2- hydr oxy-benzoi c acid (1)
wd Shob/e0! ution of 4- or 5-anino salicylic gipfabdeBrofbasa
mol ) in 25 nL of dioxane and 12.5 nL of water,
solviehe iy | smibsteconidietly raoiib)e @mnidluene. An attempt to extract the toluene
di -fert-butyl -di carbonate (15.0 mmol) were added with
ligabisritn BN atjuouE doglium hirbxide heve @gredipitaterpikarup@ngasolid. This
stirred nechanically for 24 h at roomtenperature.
préduce wasvdigohatiioboting whtersiorarenhwith 3M hudrodhipsicacid, fopd8 min at
added drop wise to the residue. The precipitate is
rofin|terpediurgaasiddional #N Nestreturmishpddpe a@slremwwuaa (eld 55%).
was | oaded on a silica open colum and el uted
SyathesigHpef 2 a-HxémJW( ﬂ%—fhﬂxenﬁfvﬂp%ﬁ'mm"éwf)'ﬁhenyfaZOJ-be"zofc
5-tert - But oxycar bonyl am no- 2- hydr oxy- benzoic acid (1)
agjgé¥)obt ai ned (80 @6y|eld) Synt hesis of 4- or

5-tert- Butox carbonyl am no-2- tert-huto benzoi c
ool B Amn o RO %if)'o'a@lé%or#n fol) gt ciselysdl in a

! d,
mw%%etm%é%%f GRS a5 N Gy “”2;%4 ity solution
of Iﬁ??'“é'ﬁ 8H%ponggaq@mﬁ WI? %%ﬁegat?rﬁ%\gil%%% a%ﬁlggée mmoi) poqassxum

REORRCE 52 (it At SOl eRTaPteRs iy Eespled hoymter e o
sutg%?rfs&gri( |tsr %8&& q1 %gd{h?ﬁaa %&A@Qﬂng%ﬁj%n Sf%aﬁ (ﬁ? Qoﬂ‘a\%ﬁ tf}@&lkahmty

was ar evapor ate

m%‘glﬁ‘%%d%)e d%‘é(‘H éj‘ﬁ‘\y\fx@x l%ﬁeg %Mﬁr‘i #He' v%t‘r:o?e @écMy H@éﬁ’é‘@f addition of
fuiﬁ%gal{%%n%exsgé’f%h?ﬁ u@ﬁﬁfo‘? r%‘g%lg’no Aﬁeﬁ ezn(flallys et'g? éerac’ét%r; mixture is

heg%ot % Dbt e %f '1419 #£2b compound (4) was precipitated by me(agss of HCI

tert-butoxycarbonyl am no-2- hydr oxy- benzoi ¢ acid

n(r:|3fu%rEEif%kf) ylel é@%ﬁ”—to%eiéltﬁ@tcB»proQﬁdTerTFG@nula 1 2H d)roxy -5[4-(5-

hy roxybenzotrl azol e .3 mmol ) and DCC (3
th%@kﬁﬁ‘bﬁ}eﬂth\?ﬁlhm Sﬁnehpnaftg tehz8lc Gcfior 1 h. To the

reacti on m xture

5- phydroxyphenyl 1, 2-dithione-3-thione (ADT-OH) (3.0

mmol ) was added and stirred nechanically for 3 h at 0

Cand 72 h at roomtenperature. After filtration, the

filtrate was evaporated under reduced pressure to

renmove the solvent. The oily residue thus obtained

was dissolved in ethyl acetate; the organic |ayer was

washed with brine, dried on anhydrous MgSO™4, filtered

and the sol vent evaporated. The crude internediate

(3) was treated with a solution of 40 % TFA in

CH2CA 2. After 2 h the solvent was renoved to obtain

compound 3 as a crude residue. The residue was | oaded

on a silica gel open colum and eluted with

CH2C12/ MeOH (8/2), from which 4- or

5- am no- 2- hydr oxybenzoi ¢ acid

4- (5-thi oxo-5H11, 21di t hi ol-\::%%l) - Phenyl ester (4)

[ compound of Fornul a XXXV] obt ai ned (40% yi el d).

Compound 5- am no- 2- hydr oxy- benzoi c acid

4- (5-thi oxo-5H (1, 21dithi 0l1-3-y1l)- phenyl ester (4):

1H NV\R (DVMBSO) 6 7.07 (d, 2H), 7.38 (d, 2H), 7.46 (d,

2H), 7.79 (s, 1H), 7.85(s, 1H), 8.01 (d, 2H), 10.35

(s, -OH); M5 (ESI), mz 362 (M).



42 EXAMPLE 4 General synthetic procedure of:

2-(tert-butoxycarbonyl)-4- or 5-am nophenyi hydrogen

carbonate (5) 3-(tert-butoxycarbonyl)-4- or
worobBEaxyphenyl - carbanic acid (6) HOE( / p&¥Ea2006/000484

t - howhol
EXAMPLE 2
Synthesis of 2-Hydroxy-4-[4-(5-thioxo-5H-[1,2]dithiol-3-yi)-phenylazo]-benzoic

acid (2) [Compound of Formula H]

COOCH

COOH
OH

OH

I. HCUNaNG,
B .l
S~
Sy 3
o & NN \
NHsy 3
1 s

Synthesis of 2-Hydroxy-4-[4-(5-thioxo-5H-[1,2]dithiol-3-yi)-phenylazo]-benzoic

acid (2)

4-Amino-2-hydroxy-benzoic acid (1, 1 mmol) was dissolved in a mixture of 10 mL

of concentrated HC! and 5 mL of water and diazotized with a solution of sodium nitrite (1

mmol). The diazo suspension is added in portions to a solution of 5-phenyi-[1,2]dithiole-

3-thione (1 mmo!) in dimethylformamide. After 2 days the reaction mixture is heated for

30 min at 50°C. After cooling the azo compound (2) was precipitated by means-of HCI

and filtered off (yield 65%), 10 yieid the compound of Formula |, 2-Hydroxy-5-[4-(5-

thioxo-5H-[1,2]dithiol-3-yl)-phenylazo]-benzoic acid.
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OH HACH20000HN 34 OCOOHOH COOCLCHs) 3 H231HOOCHN

Synthesis of 4- or

5- Ami no- 2- et hoxycar bonyl oxy-benzoic acid (1) and 4-
woors®E hoxycar bonyl am no- 2- hydr oxy- benzoi cp@eC 820080060484

4- or 5-amno salicylic acid (3.0 nmol) was dissol ved

in 40 nL chloroformin Z4XAMELE 3

2006/ 125295PCT/ CA2006/ 000484 round- bottomed fl ask

fitted with a drying tube. Ethyl chloroformate (3.0

mmol ) was added @endsallsypthetia arpeedise gfii on ref | uxed
4- 355 %rﬁﬂ%%—ﬁycg-éﬁﬁ—b%nkg&%%m({Wﬁrﬁm@dLQHq{ 2idthibIa- ﬁiialheny! ester

e res e’ then in ether. The et
phase was decoloFQE@@“BQPWb°€ﬁ@W@H%W XM tered and
the sol vent renoved in vacuo. The residue obtained
was then dissolved in ethanol and the product
recover gg by precipitationousing n- hexane asma crude

oi |y senisoljigd. The crude gl was puri fied LBy
FI ash- ?Oogr aphy on S [ a gel elutin WY h

di et hy /€ heg-fhexamen7: 3; v) torobtaintype title
compoundsS: 4- @hmbmidm no-#k et ti oxy®HF bonykgxy- benz01c
acid (1: yield: 58% and 4-*or 5- Boe

Et hpxyGardenRyk am no- 2- hydr oxy- benzoic acid ¥2: yield:

349) .
S~g
o ),
. s
ADT-OH
HOBL/ BCC
55
g5 - S
‘ S g OB O
Ol o]
TFA e o)
CH,Cl1
I R 0 B2 | //
/ L : HN 3
HyN ) 4 Boe

Synthesis of 5-p-hydroxyphenyl-1,2-dithione-3-thione (ADT-OH}

Anethole (1) (32.5 g; 0.21 mol) and sulphur (45 g; 1.40 mol} were heated in
dimethylformamide (250 mi) for 8 hr; the residue after removal of solvent was almost
completely soluble in toluene. An attempt io extract the toluene liquors with 2N-
agueous sodium hydroxide, gave a precipitate of an orange solid (8.5 g). m.p. over
300°C. This product was dissolved in boiling water and gave an orange precipitate (2)
after addition of hydrochloric acid {Yield 50%), m.p. 188-189 °C. *H NMR (DMSO) &

6.86 (d, 2H), 7.68 (s, 1H), 7.75 {d, 2H), 10.51 (s, -OH); MS (ESI), m/z 225(1).
40



-Synt hesi s of 4- or

5- Am no- 2- et hoxycar bonyl oxy- benzoic acid tert-butyl

ester (3) To the solution of (1) (3.0 nmol) in
woRodHzs®E di net hyl f or mami de, hydr oxybenzot r i BzoC£2008008484

mol ) and DCC (3.3 nmmol) were added with stirring at

OC for 1 h. To the reaction m xture, t-butanol (3.0

nol ) was added and stirred nmechanically for 3 h at 0

Cand 72 h at room tenmpergfturg. After filt=ations the

filtrate wa vaorated—ﬂﬁé{er——ﬁedmedo 0|

r enpov 8¢ e vent. The oily residue thu

was di ssol Ved in ethyl acetate; the organig:D_

washed with brine, dried on anhydrous Ngs&f, I'ltered

and the sol vent evaporated. The residue was | oaded on

a silica gel open colum and eluted with CH2C12/ MeOH

(9.5/0.5), fromwhich 4- or 5-

1.N0- 26t = IhCo BB b BE b i)
S i PR PR 5 A B id )
2006/ 125295PCT/ CA2006/ 000484 Synt hesis of 4- or
5- etrhany caibsy! Anbmeadidty shieyi- Renaoicmariidin 25 mL of dioxane
tert-butyl ester (4) Conpound (4) was obt ai ned
arRC §25dhN i ke D tASBAIME e BB hefbll and ki-airrbepinficdibshate (15.0
(3). Yield: 74% Synt hesi s of
maol) vsrk -dddb @ wisasthamy &) 4° MforSt/am. nTpd esactioh yroikRge was stirred
carbonate (5) To a solution of the conpound (3)
mbchaicgly fbr@4lh aDlgon ensidiann. ABE evhporatien atithedsdiadelt] 3M HGI
IN (40 mM). The reaction m xture was stirred 2 h at
(16001 Waspeadad drop. wishen tHehesiiak utTiherpreasitate defilieeard, vedshed with
with HCl 1IN Ethanol was renoved and the extraction
wier fied oesh. Withd reatdugl waclebddde oif 3 siick 5@ apgny colhen and eluted with
organic | ayers were washed with brine, dried on -
CHsly dMe@H [ B0 &ont ivhicbre dor dnteit Brdoxyoknvenitiaminapohyired-benzoic
2- (tertbut oxycarbonyl)-4- or 5-am nophenyl hydrogen
agid (b ematodbtaired (@RS wbidai ned (3 g; 0.010 nol; yield: 89
%9 as a white solid. Synthesis of
3-(tert-butoxycarbonyl)-4- or
5- hydr oxyphenyl - carbam c acid (6) Conpound (6) was _ =~ -
Smiapised 4aet teliRye N Aph TUaTIne-F-dBTAURRY-BoGrAIB PRI (2
conmpound (5). Yield: 91% EXAMPLE 5 Gener al SE()Et h?ti C
pr o&cipaeng (1) #2.0gmmol), conc. H2S04 (6.0 mmol), and DCM (100 mL) were
5- Ani no- Z-Ogl- car boxy-3-t hj ocar bam)OyI - pr OE'PXI car b[%m)gll 0.
SWW-WE& utyjeng gas (5 psi) for 6 h at room temperature. e solution was

washed with cold 10% NaHCOs (2 x 100 mL) and brine (100 mL), dried (NazSO,) and

evaporated. The residue was dissolved in 1:1 MeOH/CCl, (400 mL), washed with water
{300 mi), and then extracted with 1:1 MeOH/ water {2 x 200 mLi}. The extracl was
dried (NapS04) and evaporated to a white solid (2), which was recrystailized by DCM/

hexane (83 % yield).
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(11) [ Compound of Formula XXI1] 4- or.

513- (1- Car boxy- 3-t hi ocar banoyl - propyl) - ur ei doj - 2- hydr

oxy-benzoic acid (12) 45 O0COOC(Cl13)2 NH O
wdSdesA@3 HN But TFA CH C12 9 - PCT/CA2006/000484

Synthesis of 4-or 5-Amino-2-hydroxy-benzoic acid 4-(5-thioxo-5H-[1,2]dithiol-3-yl)-

phenyl ester (4)

To the solution of 4- or 5-tert-butoxycarbonylamino-2-hydroxy-benzoic acid (2}
(3.0 mmol) in 50 mL of dimethylformamide, hydroxybenzotriazole (3.3 mmol) and DCC
(3.3 mmol) were added with stiring at 0° C for 1 h. To the reaction mixiure, 5-p-
_hydroxyphenyl-1,2~dithione~3-thione (ADT-OH) (3.0 mmol) was added and stirred
mechanically for 3 h at 0° C and 72 h at room temperature. After filiration, 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 MgSO0,, filtered and the solvent evaporated. The crude intermediate (3)
was treated with a solution of 40 % TFA in CHxClo. After 2 h the solvent was removed
to obtain compound 3 as a crude residue. The residue was loaded on a silica gel open
column and eluted with CHoCly/MeOH (8/2), from which 4- or 5-amino-2-fiydroxy-
benzoic acid 4-(5-thioxo-5H-[1,2]dithiol-3-yl}-pheny! ester (4) [compound of Formula

XXXV] was obtained (40% yield).

Compound 5-amino-2-hydroxy-benzoic  acid 4~(5-thioxo-5H-{1,2]dithiol-3-y!)-
phenyl ester (4): 'H NMR (DMSO) & 7.07 (d, 2H), 7.38 (d, 2H), 7.46 (d, 2H), 7.79 (s,

1H), 7.85 (s, 1H), 8.01 (d, 2H), 10.35 (s, -OH); MS (ESI), m/z 362 (M").
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OH CDOH RN 12N 11 CDO11 12 46 Synthesis of
5-thio-L-glutamne -QBu (2)

WO 2006/125295 PCT/CA2006100.0484
EXAMPLE 4
General synthetic procedure of:

2-(tert-butoxycarbonyl)-4- or 5-aminophenyl hydrogen carbonate (5)
3-{tert-butoxycarbonyl)-4- or 5-hydroxyphenyl-carbamic acid {6)

OH OCOOCH,CHy o
\\ COOH \ COOH \\ COOH
CICOOCH,Cl;
e *
/ L CHCly anhydrous / P / P
HN HpN H2,CH,CO0CHN
&- ar S-aminnsalicylic aekd
1 2
HORLIDOC r-pulanot
OCOOCH,CH; OH
\ COOC(CHi) \ CEOCICH, b
l ! I
HoN HyCH,COOCHN
3 4
NaOH | M
OCO0E oH
\ COOT(CH \\ COCC{CH )
’ -+ / /
H;N HOOCHN

5 ]
Synthesis of 4- or 5-Amino-2-ethoxycarbonyloxy-benzoic acid (1) and 4- or 5-

ethoxycarbonylamino-2-hydroxy-benzoic acid (2)
4- or 5-amino salicylic acid (3.0 mmol) was dissolved in 40 mL chloroform in
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L-glutamne-GBu ' HC (1) (1.2 mmol; 0.3 g) and
Lawesson's reagent (0.75 mml; 0.3 g) were added to
benzene (20 nL) and the m xture was heated under
woredciigzees or 15 nmin. The reaction was then cowtTaA2aNd00484
evapor at ed under vacuum The crude product was

chromat ogr aphed over 1009 of sil] C)"f(‘ ﬁ‘el feI uE e& 0Wi H&n was
ravingtbgtteedflaskt fifpd withed dpendaiyhe n-Fiek OB il

obt ai ned 0. 2 (76% vyi el d), .of ., prod [
aes aracupil Rk coete) i 82 RO il Bt Bigprares
4.0-4.8 (m .3H: ; CORGE ) Bh 2Nl &cborized
InSYAPRSES ofresggu{et%@t]%%% gg)}’iﬂgﬁgonyl ) - 4- %r

- - Byt lsBI0a R GaheY iin tatde 0ges regitiuzostedined was
“?‘9§%F‘£'°§£T@é%éﬁ?r§%%ti on of (5) (10.0 mmol) in 25 ni
v fBxa8 e @nthol 2ndtralpraafictwatasered by ipetchpjthizom useg(iBxa@ne as
nol ) and di-tert-butyl-dicarbonate (15.0 nmol) were
sadlgd owi sdmisdlitlr ritegerade PreHdadwag parifted byhBastegrerpaipgraphy on
m xture was stirred nechani call/y for 24 h a]t room .. . o
stiiearpelrehiting avith Afetiedt cbodirarng (7o VI lortairs e JWR £oMBRURs: 4- 0

HCl (15 m.) was added drop wse to the resjidue B The .
SoABIEP F ataRECA ROy -BRAGIC V%ﬁ“le@' Wi t%eq‘i'/at%?/i’)an deriqeg.r 7

The residue was | oaded on a.sj).ica.4g8d,0pen col um
By BRI G 7Y ‘%/’Z%gﬁf?%/y%@'%?r/ 5m whi ch 2-
(tert-butoxycarbonyl)-4- or

s BRI Q¥ ¥Gah hebmbkyapoenily byrag acid ae-boiybester (3)
%’f‘;’ﬂm%ssag&b%igned (80% yiyealg d). 47 WO

2006/ 125295PCT/ CA20061000484 nt hesi s of a _
3- (teot tHoutsokijorar or(§) )(34- mgpol) in 50 mL of dimethylformamide,

5- hyd h | - bam id (8 und. o

fPodni't erffel&t {?Iag‘.‘onTHE’g‘é'S’l ﬁ’ ‘i’et%?}d \%g? \&\]/gns egzagvi ét%{?e%o cdiaet’med
LO%ona | i itrat
ngﬁwhé%é% ol%oaﬁﬂ-%zeggﬂ o3k B, Mhder ke 8||€j, the filtrate

evapor a The residue was di ssol ved

| ' GO 4400 Edslire Washedd we tsbivival eme (CBPRsidue thus
“ﬁ%%vaéﬁ%%ﬁﬁgenn e&tract%d with 1:1 MeOF1l/ water (2 X

200nd0-Nas T Nulin atl At teadgrMaARBOHas aveghed with brine, dried
evaporated to a white solid (8), which was

breahnyatoak INgaed, fiterddCMd theselyest &8RO elhg)residue was loaded on
a silica gel open column and eluted with CH,Cl/MeCH (8.5/0.5), from which 4- or 5-

Amino-2-ethoxycarbonyloxy-benzoic acid tert-buty! ester (3) was obtained (55% yield).
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10 Synthesis of 4- or
5- Am no- 2- (1- car boxy- 3-t hi ocar banoyi - ProPyl car banoyl o
Xy)- benzoic acid (11) To the solution of (7) (3.0
woBhsden 50 nL of di net hyl f or mam de, PCTICA2006/000484
hydr oxybenzotri azole (3.3 nmol) and DCC (3 r2
Synethesis o ddonp-ethaoicarhanylaming- Yasexyrbenzofe, aﬂﬁ%fe -butyl ester
reaction m xture, 2-am no-4-thiocarbanoyl-butyric
(4hcid tert-butyl ester 15 (3.0 nmol) and triethyl am ne
(3.0 mol ) were added and stirred mechanically for 3

hat 0 Ca r.0Q r
fil PP&PPB?M#MN?SI bt g S{é‘rga?m&é%‘%ge FeROEG ¢ iy oPtain
press o I ve t he solvent. The oily reS|due t hus
“%H?H?#Qﬁ‘tﬁg g?%solved in ethyl acetate; the organic
Iayer was washed with brine, dried on anhydrous

?%5 of bl fe‘f'lr ﬁﬁoﬂ'&%{c’rbgﬁyﬁ—m Hﬁﬁhnﬁl’/ﬂﬂﬁhﬁﬁ BetirobBA cﬁf‘ﬁtﬁ%te (5)

ernedl reated with 20 sol ution of
40% TFA |n CF 12C12. After 2 h the solvent was

r enpyed shigi@bbRiHe conpamad3l {15 @©.6 1cmullen resisareli€d0 ml) was
The residue was | oaded on a silica gel open colum

acied NIOH el Dtrh) . CrIdEl rdadtioMafiktu(Bivay stifedEntwhi alomttengperature.
5- Ami no- 2- ( 1- car boxy- 3-

Then the solution was made neutral with HCI 1N. Ethanol .was removed and the

extraction performed with ethyl acetate (3 x 150 ml); the organic layers were washed

with brine, dried on anhydrous MgSQ,, filtered and the solvent evaporated: 2-(tert-

butoxycarbonyl)-4- or 5-aminophenyl hydrogen carbonate (5} was obtained (3 g; 0.010

mol; vield: 89 %) as a white solid.
Synthesis of 3-(tert-butoxycarbonyl)-4- or 5-hydroxyphenyl-carbamic acid (6)

Compound (6) was obtained according the procedure reported to obtain

compound (5). Yield: 91%

EXAMPLE 5

General synthetic procedure of:
4- or 5-Amino-2-(1-carboxy-3-thiocarbamoyi-propylcarbamoyloxy)-benzoic acid
(11) [Compound of Formula XXII]
4- or 5-[3-(1-Carboxy- -3~ thlocarbamoyl propyl)-ureidol- 2—hydroxy—benzmc acid (12)
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48 WO 20061125295PCT/ CA2006/ 000484
t hi ocar banoyl - pr opyl car banoyl oxy) - benzoic acid (11)
was obt ai ned (45% vyield), Conpound of Formula XXII.

wo2bd/esks of 4- or PCT/CA2006/000484
543- ( 1- Car boxy- 3-t hi ocar banoyl - pr oPy1) - ur ei do] - 2- hydr
ozy5 benzoic acid (12) Conpound (12) was

obt ai ned accor g
conpound (11).
synt hetic pr dey'e of: 4-or
5- Ami no- 214- (
r bonyl ong- bepza
2- Hydr oxy- 4- or
544- (5-t hi oxo- 3dm
[

T1g the procedure rep orted to obtaln

of Formul a 1V]

dithiol-3-yl)- nggoxycarbonylam

i nok benzoic a ?@-g% [ Conpound of éﬁnula V]

OCOOH

\ COOCKCH 3, \ COOCLCH ),
HN/ / /
\

o]
Hah —cimlé— Q(CHy)y
g
c,
=
NI

COOH

- F
&

HOBYDIC

TioGhimmine-QiBu

COOC(CHj; Olby
\ COOC(CH3)
| ;
COOCICHy), / =
R H
N
Ny
/ ra "
HN\ o OCOT(CH,,
But TFA 18
CHCl
[}
o
/ﬁ\
N
by i
Cl

S S |
@/ m Y\(\/L

HaM COOH
11

/k/\[r e 1 X o
on A
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49 Synt hesi s of
5- p- hydr oxyphenyl- 1, 2-di t hi one- 3-t hi one (ADT- CH)
Anethole (1) (32.5 g; 0.21 nol) and sul phur (45 g;

wobofd28mk) were heated in di nethyl formam de $@HOAR0000484
for 8 hr; the residue after renoval of solvent was
SPHHBSTE F Grplet-glotamtleud®BU @) t ol uene. An attenpt to
extract the toluene liquors with 2 N-aqueous sodium
hydr oxi de, gave a precipitate of an orange solid (8
9). Lrgnpamme@thooeCl Thi - pryaoe ©-3ak 287 deuiepeen's ﬁeagent (075
boi Il i ng water and %ave an orange precjipitate

matbt &3 elduerei ased o Agitree kPO ML aﬁ% ﬂzf g %‘1? waéo‘%azednwef reflux
188-189 C. 1H NVR (DVBO) 6. 86

for7 35 npig, Ti-yeactien was then oqglgd a e(%g ted HY‘ rzé@ﬂd{“)l_b The crude
proocs-was S BRASRFB P AAPAGH [@w??teﬂy%tﬁamﬂ?’ iitdires of ethyl
aq%?,z{gg )%23 :ﬁnergagaﬂq_ 'Blfteral\r@@é:}pg‘g 0. 2(;! (?%,ﬁ_yig#j?%&adijct (2) as a white
st FhAVAD (st i Gomeve 368 6mndieh Gkl M (50 ™2

Stll‘l‘lng at OC for 1/2 h. The reaction m xture was

stirred nechapkgal |y for 24 h at room t espefalure.
After evapofation of thecs@oveks 3 M HCl (15 rrL)sJ was
added drgp The resigye—Tie preci pita

filtered, washed W th water and dried. The res due

2 1R, oaded on a silica gel open colum and el uted
wth CH2C12/ MeOH (9/1), fromwhich 2-

(tert-butoxycarbony0-4- O
5-tart - But oxycar bonyl am nophenyl hydr ogen car bonate

(7) was obtained (80 %yield 51
Synthesis of 2-(tert-butoxycarbonyl)-4- or 5-tert-Butoxycarbonylaminophenyl

hydrogen carbonate (7)

To the solution of (5) (10.0 mmol} in 25 mL of dioxane and 12.5 mL of water,
triethylamine (15.0 mmol) and di-fert-butyl-dicarbonate (15.0 mmol) were added with
stirring at 0°C for % h. The reaction mixture was stirred mechanically for 24 h at room
temperature. After evaporation of the soivent, 3 M HCI (15 mL) was added drop wise to
the residue. The precipitate is filtered, washed with water and dried, The residue was
joaded on a silica get open column and eluted with CH2Cl/ MeOH (9/1), from which 2-
(tert-butoxycarbonyli)-4- or 5-rert~8utoxyca._rbonylaminopheny! hydrogen carbonate (7)

was obtained (80 % yield). -
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Synt hesis of 3-(tert-butoxycarbonyl)-4- or
5- hydr oxyphenyl - carbam c acid (8) Conpound (6)
(12.0 mmol ), concentrated H2SO4 (6.0 mmol ), and DCM
woldfP2Edey Were stirred under isobutene gas (EcHcAodmniss
6 h at roomtenperature. The solution was washed wth
cold 10% NaHCO3 (2 x 100 nml) and brine (10 m.gé d (8
St i MGt LRI AN duuds 3PV AR YPRYT ﬁafzwﬁg cid (8)
di ssolved in 1.1 MOH Q014 0 i
wat erorRyHd f Y 2 CanEe 'h%oﬁ‘ce%sfc%c(tegia%vm\nop\ﬁ%%cw t1Bo me) were
0 Le i nfE] @fle solution was
S'(\(‘Fi%‘gvéﬁ ' '%ﬁgégéﬁéggé%gd’ fof ®h B IdoP ool Lg(ilzs) TWhi ch
ﬁezL Bk XSk abdd 1astdy2R0OMo MEeXarein8 31 B iL)e ied (NaxSO4) and
ynt hesi sof 4- or 5- Am no- 214- (5-t hi oxo-5H 11, 21cl it hi ol
5 evdndlateBheROxyeas hanybopptien dlaOHCCE (4003)L), washed Wgh water
the solution of (7) (3.0 mmol) in 50 nL of
(@daTeiLhydridanernextchetedhwitir bk s ovaterd2 ol 209 BLB g pytract was
and DCC (3.3 mmol) were added with stirri n% at 0 C
dried (Nap0.: Tend vaperaisdite ariviiiegolig Q’}, which was retrystallized by DCM/
5- p- hydr oxyphenyl - 1, 2-di t hi one-3-thi one (ADT-OH) (3.0
hexarfpiep “deldadded and stirred nechanically for 3 h at
OC and 72 h at roomtenperature. After filtration,
the filtrate was evaporated under reduced pressure to
enpve the,s i -9 gy B RhARfhoyloxy)-
0 SR el St Blloky Sy PRy bRy )
y@%g%daéf&hh) brine, dried on anhydrous MySM, filtered
and the solvent evaporated. The crude internediate
(13) Twasd raatied wi tdy a390lmmolpninofs0408k THA dinethylformamide,
CH2A 2. After 2 h the solvent was renoved to obtain
IsarpoLsdotidi)e (@3 ammof ade DIGEs (3immotiiwere addedydthgiging at 0° C
| oaded on a silica gel open colum and el uted. V\{Itlg | ost
6H2 @ zpmHeegpg)rplxtpqeoﬁﬂm«\rquﬁ-ttmca&amoykbutync acid fert-butyl ester
5- Am no- 244- (5-t hi oxo-5H 0, 21cl it hi ol -.3-4) - [
15 Gongrengrs ety respeaib el iRy i n
conmpound of Formula N. 5 - :
PRSP PR dPBRy S sr Sl PR s B, STRTERT g™
|k G 1 BiERZAE£hat bBlahd®as dissolved
@8%%5%%“?%6@%%@%%%%? Ilcpgara rrum{sa V, was obtai ned
r?iéér;aﬁ di-Ddiet fie dP%a%aM ok ARBREE it Prirebtisddiorc amydwas MgSO,,

Yi el d: 38% EXAMPLE 7 ‘
fillered and the solvent evaporated. The crude intermediate (8) was treated with a
20 solution of 40% TFA in CH.Cl,. After 2 h the solvent was removed to obtain compound

(11) as a crude residue. The residue was loaded on a siica gel open column and

ciuted with CH.Cl,. / MeOH (8/2), from which 4- or 5-Amino-2-(1-carboxy-3-
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General synthetic procedure of: 4- or
5- Am no- 2- (444- (4- hydr oxy- phenyl) - 2, 4-di t hi oxo- 2A5, 4A
5-

wd 2boéhi282¢4] di t hi adi phosphet an- 2- y1) - phenoxy c apfiox200&h04s4
-benz0ic acid (19) [Conmpound of Formula XlV]

thidc i ErR¥orépyicirbamoyloxy)-benzoic acid (11) was obiained (45% yield),
5-{444-(4- hydr oxy-Pherw ) -2, 4-di t hi oxo- - 2A5, 417?5-

Cdrdpchind, o Fdintina agtiiphosphet an- 2- yl i - phenoxycar bonyl ani n
obbenzoic acid (20) [Conpound of Formula XIlI1] 53
OCOCH COOC( CHO2 H2N

Synthesis ~of 4- or 5—[3-(1-Carboxy-3-thiocarbamoyl~propyl)~ureido]-z-hydroxy-
5  benzoic acid (12)
Corﬁpound (12) was obtained according the procedure reported io obtain
compound (11). Yield: 38%
EXAMPLE &

10 General synthetic procedure of:
4-or 5-Amino-2-[4-(5-thioxo-5H-[1,2]dithioi-3-yl}-phenoxycarbenyloxyl-benzoic
acid (15) [Compound of Formula IV]
2-Hydroxy-4-or 5-[4~(5-thioxo-5H-[1,2]dithiol-3-yl}-phenoxycarbonylamino]-
benzoic acid (16) [Compound of Formula V]
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| 1sobthenc 112804 01136 ---COOC(Cl1213)2 54 WO
2006/ 125295PCT/ CA2006/ 000484 Synt hesi s of
( p- hydr oxyphenyi ) di t hi ophosphoni ¢ anhydri de . Red

woP006h128i950. 129 ol ), S (4 g; 0.125 nol) and Rafobe/aniosss
0.042 nol) were healed for 5. 5 hr at 155-158 C; the

reaction m xture was cqa om t ure and a
Syalersif pate- WO RBR Py e irione- IR GPARR)

224-226 C. The NWR and_NB_anaIyS|s are conS|stent

Wi t h aRaRyidr@xyRhepyb o diddd arhasmhemscganhy dididgere heated in
dimethylformamide (250 mi) for 8 hr; the residue after removal of solvent was almost
compistely solubie in toluene. An attempt to extract the toluene liquors with 2 N-
agueous sodium hydroxide, gave a precipitate of an orange solid (8.5 g). m.p. over
300°C. This product was dissolved in boiling water and gave an orange precipitate (2)

after addition of hydrochioric acid (Yieid 50%), m.p. 188-188 °C. '"H NMR (DMSO) 8

6.86 {d, 2H), 7.68 (s, 1H), 7.75 (d, 2H), 10.51 (s, -OH); MS (ESI), m/z 225(M).

/ Sulphur / DMF S
o OH
(O \

S

N 2 (ADT-OH)

Synthesis of 2-(tert-butoxycarbonyl)-4- or 5-tert-butoxycarbonylaminophenyl
hydrogen carbonate (7) |

To the solution of (8) {(10.0 mmol) in 25 mL of dicxane and 12.5 mL of water,
triethylamine (15.0 mmol) and di-fert-butyl-dicarbonate (15.0 mmol) were added with
stirring at 0°C for % h. The reaction mixture was stirred mechanically for 24 h at room
temperature. After evaporation of the solvent, 3 M HCI (15 mL) was added drop wise to
the residue. The precipitate is filtered, washed with water and dried. The residue was
loaded on a silica gel open column and elu’ted with CH,Cla/MeQOH {8/1), from which 2-
(teri-butoxycarbonyl)-4- or 5-tert-Butoxycarbonylaminopheny! hydrogen carbonate (7)

was obtained (80 % vield).
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OH Synt hesis of 2-(tert-butoxycarbonyl)-4- or
5-tert-but oxycarbonyl am nophenyl hydrogen carbonate

(7) To the solution of (5) (10.0 mmol) in 25 nL

woRhocia@sane and 12.5 nL of water, triethyl amawecA{20be/ho4ss

mmol ) and di-tert-butyl-di carbonate (15 0 mol) were
added with stirring at 0OC for_1/2 %actlonds
B¥ehesie olvifer butaxyaarhaeyifi 44T WW;, 8% (©)
tenperature. After evaporation of the solvent, 3 M

I-1C &ipg’%rli%) $ rﬁ\qg?gorq(fegf?ai% 58503, Q6 loMHmbif Shel e filbe mL)

precipi el's |Itere washed with water and drled

JJQ% figSd S8r MBsutbRAREds 08 Rr 6inldt ey MPoRERNe. CTHasItion was
eluted with CH2C12/ MeOH (9/1), from which 2-

Wheel ~Rrutconyioar Rangdy (2 1@ mL) and brme {100 mL), dried (Na,SO.) and

5-tert-But oxycarbonyl am nophen dro en carbonate

éviposaesi, bt adsived Wag 0iseslyadah d)t. M %0 9k}, washed with water

3-(tert-butoxycarbonyl)-4- or

Bopy) oyl ShrsrRtraetad ASE MaQR{wigy (2 x 200 mig, e gt ygs dried
12.0 mml ), trated
A SR 7 R g PO o

%h at oomtenperature The sol ution vvas 55 washed
3Ch A 109 NaHCCB (2 x 100 nL) and brine (100 ni),
drl ed (Na2SO4) and evaporated. The resi due was
ﬁi‘ﬁ%‘(éed i g 1: 1 4MeOHLCl 4 £AQRnsTRY4-(5emedxecsHN T d]dithiol-3-yl)-
300 mL), and then extracted with 1:1
E/E L:%n_&!Bxyy -BeRBoitakid (Th)e extract was dried
Na2SO4) and evaporated to a white solid (8) whi ch
was recryst sddtioaedt by) DG meehni (939wl & gimethylformamide,
Synt hesis of 4- or

Bydigviyhenz2ttiazole (3 FyeH) oaw Rﬁféﬁiﬁi}““?')zt’“@a? PRTSYS A IR O C

%éﬁz chgtrllgI@tagllog%}tG%Sg mg 1IR3 ?%‘%ﬁg@’%h (3.0
)) ‘2%?'?‘1 %Iil’g? éne(:@aréc %F?Wagsq%%g 720 at r%c%rrg iemperature.

:?@ {?ononmtli((}% ot WE\% 939 péthted UndbOfedbicdt ﬁfﬁ@sdrbao remove the

ure, roxyphenyl di t hi ophosPhoni c

QQlU%rq r 'qumfy?i‘egddgﬁﬁhg oM@ﬁecﬁﬂé’@@iss%ﬂrdd & dthyl @eetate; the organic layer

ani cal for 3 h at OC and 72 h at room
LRERRE RSt brNatdBredfoh|ahhy?ir¢LIBngSCheﬂl1ferddtm’Gﬁ@e wdneent evaporated.
evapor at ed under reduced pressure to renove th
ok e, intdiredatd §3) esd teated Withsa apletipnié 405%kals AdD Q‘@P\?e Gfter 2
in ethyl acetate; the organic Ia%/er was vvasheéi h i
br heepiventinad removesty @PBITsCoNPSERd (1) A% 8 CEfedRp0 ! e residue

sol vent evaporated. The crud .
e Lgetc a7 B3 G8cReT BouSh Saeob R i e G Ay wtion

' 24-%)?3— Ql V%{%@V}ﬁ O)ﬁ!,]efq?y ,?g Jf Sﬁ&tﬁ'eﬁm‘ggégﬁ%y](b%%%%g%ld (15)
98l RGN MBIANrBhuHeA Fulri GH2CL2/ VEOH (8/2),

5- Am no- 244- 14- ( 4- hydr oxy- phenyl) 2, 4-clithioxo-205, 4
05-

[1, 3, 2, 41di t hi adi phosphet an- 2 A- phenoxycar boyl Oxy} - be
nz0ic acid (19) was obtained (65%yield), conmpound of
Formul a Xl V.



Synt hesi s of 2-Hydroxy-4- or

5-{414- (4- hydr oxy- phenyi) -2, 4-di t hi oxo- 210, 4A5-

f1,3,2,41dithi adi phosphet an- 2- y1J- phenOxycar bOnyl ani n
woQboshesz9i c acid (20) 56 WD PCT/CA2006/000484

20061125295PCT/ CA2006/ 000484 Conpound (20), a

conpound of Fornmula Xl I], was obtaj accqr di Jhe .
Synehesdur e PEpor Edtrdtvubt ai 1?7 con‘p%ﬁqf{gg?'f§7%h%’g?c{i;:m§3 vl
ARY M idnife Resmabicaght f16) | ¢ procedure of : 4- or

'5- Ami'no- 2- (4-t hi ocar banoyl - phenoxycar bonyl oxy) - benzoi

c acid (23) [Conmpound of Formula XXVI|I] 2-Hydroxy-4-

or Seodpounddtar sameynd gk damss AYRERT Ay Hemipgipgpcedure

881488 ah CompasRd gl visaraska XXX 57
EXAMPLE 7

General synthetic procedure of:
4- or 5-Amino-2-{4-[4-(4-hydroxy-phenyl)-2,4-dithioxo-2A° 4A°-
i ,3,2,4]dithiadiphosphetan-2-y|]-phenoxycarbonyloxy}wbenzoic acid (19}
[Compound of Formula XIV] .
2-Hydroxy-4- or 5-{4-[4-(4—hyd-roxy-phenyl)-2,4-d?thioxo~-2]\.,4)\ -
1 ',3,2,4]dithiadiphosphetan-2-yl]-phenoxycarbnnylammu}-benzolc acid (20)
[Compound of Formuia XIil]
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| sobutcnc 11, 504 130 ...,,COOC(CH3)3 O

WO 2006/125295 PCT/CA2006/000484
Synthesis of (p-hydroxyphenyl)dithiophosphonic anhydride

Red P (4 g; 0.129 mol), S (4 g; 0.125 mol) and PhOH (4 g; 0.042 mol) were
heated for 5.5 hr at 155-158 °C; the reaction mixiure was cooled at room temperature
and a precipitaie was collected (5.5 g 34% vieid). m.p. 224-226 °C. The NMR and MS

analysis are consistent with p-hydroxyphenyl dithiophosphonic anhydride.

s
red P / sulphur . Ho P<S\E"f/ ol
155 - 158 °C S/a’ s~

Synthesis of 2<iert-butoxycarbonyl)-4- or 5-tert-butoxycarbonylaminopheny!

OH

hydrogen carbonate (7)

To the solution of {5) (10.0 mmol) in 25 mL of dioxane and 12.5 mL of water,
triethylamine (15.0 mmol) and di-tert-butyl-dicarbonate (15.0 mmol) were added with
stirring at 0°C for ¥ h. The reaction mixture was stirred mechanically for 24 h at room
temnperature, After evaporation of the solvent, 3 M HC! (15 mL) was added drop wise to
the residue. The precipitate is filtered, washed with waier and dried. The residus was
ioaded on a silica ge! open column and eluted with CHaClo/MeQlH (97/1), from which 2-
(tert-butoxycarbonyh)-4- or 5-teri-Butoxycarbonylaminopheny! hydrogen carbonate (7)

was obiained (80 % yield).

Synthesis of 3-(tert-butoxycarbonyi)-4- or 5-hydroxyphenyi-carbamic acid (8)

Compound (6) (12.0 mmol), concentrated HzSC, (6.0 mmol), and DCM {100 mL)

were stirred under isobutene gas (& psi) for 6 h at room temperature. The solution was
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HNIL N BacCOOH 8 OH NH2 58 WO
20061125295PCT/ &t 2006/ 000484 Synt hesi s of
2-(tert-butoxycarbony0O-4- or

woembdakz08ut oxycar bonyl am nophenyl hydrogen cpehoRAb&000454
(7) To the solution of (5) (10.0 mml) in 25 nL
of dioxane and 12.5 niL of water, triethylarnine(15.0
mmg’gé% witin colel 1 0%ciaH st (F X @Ol (50 418 (P8 nifisr)NgeOa) and
added with stirring at 0C. for t
eeﬁsar%rﬁé ResTesityg W%%jd'??é%’ﬁg f"l%‘?%‘f%?‘* %2’8 g vasghytn water
erat Af t f t
AL e BT Pl

fl\%ﬁﬁ\fﬁpérﬁteﬁ i legﬁ’éjso M’@h\ﬁﬁ*cmy\&? re‘é@%ﬁﬂ;z&!‘lﬂ/ Iﬁhiﬂmerﬁzxane

e resi due was d on a silica gel open colum
ggwbﬁégbted with CH2A 2/ MeOH (9/1), from which 2-
(tert-butoxycarbonyl)-4- or

5-tert-But oxycar bonyl am noPheny dro%en car bonat e
Qynihesis obt d ned (W%{W(tl-hydmxy phenyl}-2,4-dithioxo-2\° 4\’

[1 ,3,2,4]dithiadiphosphetan-Z—yl]—phenoxycarbon yioxy}-benzoic acid (19)

To the solution of (7) (3.0 mmol) in 50 mL of dimethylformamice,
hydroxybenzotriazole (3.3 mmol) and DCC (3.3 mmol) were added with stirring at 0° G
for 1 h. To the reaction mixture, p-hydroxyphenyidithiophosphonic anhydride (3.0
mmal) was added and stirred mechanically for 3 h at 0°C and 72 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; the organic layer
was washed with brine, dried on anhydrous MgSQ, filttered and the solvent evaporated.
The crude intermediate {17) was treated with a solution of 40% TI—;A in CHoClo. After 2
h the solvent was removed to obtain compound (19) as a crude residue. The residue
was loaded on a silica gel open column and eluted with CHoCl/MeOH (8!2), fram which
4- or 5-Amino-2-{4-[4-(4-hydroxy-phenyl)-2,4-dithioxo-20°, 40 *-
[ 1,3,2, 4)dithiadiphosphetan-2-yll-phenoxycarboyloxy}-benzoic acid {(19) was obtained

(65% vield), compound of Formula XIV.

Synthesis of 2-Hydroxy-4- or 5-{4-f4-(4-hydroxy-phenyl)-2,4-dithioxo—-2A°,4h°-

[1,3,2,4]dithiadiphosphetan-2.yl}-phenoxycarbon ylamino}-benzoic acid (20)
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Synt hesis of 3-(tert-butoxycarbonyl)4- or

5- hydr oxyphenyl - carbam c acid (8) Conpound (6)

(12.0 mmol ), concentrated H2SO4 (6.0 mmol ), and DCM
wd 20061283e5 were stirred under isobutene gas (pcp8eilook@foass

6 h at rt. The solution was washed with cold 10%

NaHCGppadnk (280 aricpmanchdiol ferai@0XiL )wasdpbidhed according the

(Na2304) and evaporated. The residue was dissolved in
prdcetubd b @1 1 obi0 compount($Ble diald: #B%wat er (300 ni),

and then extracted with 1:1 MeOH water (2 x 200 nL).

The extract was dried (NeXSWF}LESd evaporated to a

white solid (8), which was recrystallized by DCM

hexane (83 % yi el @gnerslsyieaticspropeduregt:

5- mmAmmwzﬁﬁtb@aWamﬂ PheRMORehanyingy) &ﬁwo'séﬁmﬂ)

c acid (23) [Gempaend af TeTmHa JKV ujéﬁé %C

RrilyoRy-40pr §4ritia rPemﬁuhmwxwig%gf Sl-Perzply feid (24)

(3.3 mmol ) and d with

stirring at 0 C 59 WO 2006/125295PCT/C%2006/000484

for 1 h. To the reaction m xture,

4- hydr oxy-t hi obenzam de (3.0 mmol ) was added and

stirred nechanically for 3 h at 0 Cand 72 h at room

tenperature. After filtration, the filtrate was

evapor at ed under reduced pressure to renove the

solvent. The oily residue thus obtained was di ssol ved

in ethyl acetate; the organic |ayer was washed with

brine, dried on anhydrous MgS™, filtered and the

sol vent evaporated. The crude internediate (21) was

treated with a solution of 40% TFA in CH2O 2. After 2

h the solvent was renoved to obtain conpound (23) as

a crude residue. The residue was | oaded on a silica

gel open colum and eluted with CH2C 2 / MOON (8/2),

fromwhich 4- or

5- Am no- 2- (44hi ocar banoyl - phenoxycar bonyl oxy) - benzoi c

acid (23) was obtained (71%yield), conpound of

Formula XXVII. Synthesis of 2-Hydroxy-4- or

5- (4-t hi ocar banoyl - phenoxycar bonyl am no) - benzoi ¢ aci d

(24) Compound (24), conpound of Fornmula XXI X,

was obt ai ned according the procedure reported to

obtai n conpound (23). Yield: 68% 60
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WD 2006/ 125295PCT/ CA2006/ 000484 EXAMPLE 9 Cener al

synthetic procedure of:. 2-(4- or .

5- Ami no- 2- hydr oxy- benzoyl am no) - 4- t hi ocar banoyl - but yr
woO #o@ekms (6) [ Compound of Formul a XX ] 4- POT/CA2006/000484
- 5-amino salicylic,ggdd O 1-12N-y-tc-oc(ck03 cH2 cH2

. COOT(CHy) N COOGITH M
l/ ar l/
N HN
5
cooiln
di-tertbutyl-dicsrhonits Isohulene
Fricthylamine H,50,
OCOOH
OBy
COOC({CH;):
N (CHz)s . COOC(CHy)
| . |
HN HN\
Boc COOH 8
7 NHj
HOBUDCC O“_Q—‘g
4-0H-T'hichenzamide
NH;
OtBu
5 . COOC(CH;),

)(L
O )

HN 0
\ COOCCH): or Y
‘ / / C il
TFA-
HN\ CH,Cly 3
Bor 2 22
oH
NH,
\ COOH

S

COOH

HaN E

o
» e
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NH2 Tiod utamine-OBu  HOBE / DCC

WO 2006/125295 PCT/CA2006/000484
Synthesis of 2-ftert-butoxycarbonyl)-4- or 5-tert-butoxycarbonylaminophenyl

hydrogen carbonate (7)

To the solution of (5) (10.0 mmol) in 25 mL of dioxane and 12.5 mL of water,
triethylamine(15.0 mmol) and di-tert-butyl-dicarbonate (15.0 mmol) were added with
stirring at 0°C for ¥ h. The reaction mixture was stirred mechanically for 24 h at room
temperature. After evaporation of the solvent, 3 M HCI (15 mL) was added drop wise to
the residue. The precipitate is filtered, washed with water and dried. The residue was
loaded on a silica gel open column and eluted with CHzClo/ MeOH (9/1), from which 2-
(teri-butoxycarbonylj-4- or 5-tert-Butoxycarbonylaminophenyl hydrogen carbonate (7)

was obtained (80 % yield).
Synthesis of 3-(tert-butoxycarbonyl)-4- or 5-hydroxyphenyl-carbamic acid (8)

Compound (6) (12.0 mmol), concentrated H.50, (6.0 mmol), and DCM (100 mL}
were stirred under isobutene gas (5 psi) for 6 h at rt. The solution was washed with cold
10% NaHCOs (2 x 100 mL) and brine (100 mL), dried (NapS0Q,) and evaporated. The
residue was dissolved in 1:1 MeOH/CCl, (400 mL), washed with water {300 mL}, and
then extracted with 1:1 MeOH/ water (2 x 200 mL). The extract was dried (Na»>SO4) and

evaporated to a white solid (8), which was recrystallized by DCM/ hexane (83 % yield).

Synthesis of 4- or 5-Amino-2-(4-thiocarbamoyl-phenoxycarbonyloxy)-benzoic acid

(23)

To the solution of (7) (3.0 mmol) in 50 mL of dimethyliormamide,

hydroxybenzotriazole (3.3 mmol) and DCC (3.3 mmol) were added with stirring at 0° C
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Synthesis of 5-thio-L-glutamne -0tBu (2)

L-glutamne-xBu HCl (1) (1.2 nmol; 0.3 g) and

Lawesson's reagent (0.75 mmol; 0.3g) were added to
womoes®s (20 nl) and the m xture was heat ed BOIEA2006/000484

fob AP IBR MO CP RN B, TAG) W Sdded ang

PR Lok AR i

ﬂltéab%a %vl(i\rs]e%ﬂg)ckl%}ﬁg H%@ggﬁb%cdari%ur@{oqg‘;ﬁ%bi ié)s?ﬁ% ? W%h@ residue
oy i B el O 8RR i o

dr@%a%ﬁnﬁn%%d'g Nittered and the solvent evaporated. The crude
intermediate (21) was treated with a solution of 40% TFA in CHxCle. Afier 2 h the
solvent was removed to obtain compound (23} as a crude residue. The residue was
loaded on a silica gel open column and eluted with CH.Cl, / MeOH (8/2), from which 4-
or 5-Amino-2-(4-thiocarbamoyl-phenoxycarbonyloxy)-benzoic acid (23) was obtained

(71% vield), compound of Formula XXVIil.

Synthesis of 2-Hydroxy-4- or 5-(4-thiocarbamoyi-phenoxycarbonylamino}-benzoic

acid (24)

Compound. (24), compound of Formula XXIX, was obtained according the

procedurs reported to obtain compound (23}. Yield: 868%
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Benzene 2 Synthesis of 4- or
5-tert-But oxycarbonyl am no- 2- hydr Oxy- ben20ic acid (1)
To the solution of 4- or 5-amno salicylic acid (10.0
woBRsdon 25 nl of dioxane and 12.5 nL of WaREFCA2006/000484
triethylamne (15.0 mmol ) _a
di -tert-butyl -di carbonat éxf\%l‘g%mol) were added with
stirring at OC for 1/2 h. The reaction m xture was
stirred nechani caGeyerbsyrtietic ptocedura efenper at ur e.
Af t e [ vy ]
add oG BRhP 2By bR e barkén Mkic 463 @)
f| | tered, vvashed wilEampatiegd Obﬁ@FWH*Pé&} The residue
was Ioaded on a silica gel open colum and el uted
with CH2C12/ MeOH (9/1), from which 4- or
5-tert-But oxycarbonyl am no- 241ydr Oxy-benzO0i c aC| d (1)
was obg¢mined (80 %yield). nt hesi s of 4-
€1 - but oxy-b i eogici d
mmol ), conc. |—|28 (6.0
& sti rrBEnder S~
i soliat |l ene gasthsBinpsi ) By 6 h at "¥. Theitgol uti on
was washed with cold 10% N&MCO8 (2 x 100 ni) ®4nd
brbcBand hflcaat ), dried (Na2$SO4) and evaporated. The
resi due was dissolved in 1:1 MeOH CCl 4 (400 ni),
washed with water (300 nL), and theﬁqN@g}g_E,@@,g) d with
1:1 MeOH/ water (2 x 200 mL). The extrast was |dried
(Na2SO4) and evaporated to a white solifd (2),|nnkieie
was recrystallized by DCM hexane (83 ‘%ﬂyl eld). 62 WO
20061125295PCT/ CA2006/.000484 Synt hegiugmgfosg- (4- or
5- am no- 2- hydr oxy- benzoyl am no) - 4-t hi ocar banoyl - but yr
it acid (6)

on 0 COOH OBu O COOC(CH3)3

NH, TFA E N . NH;
I \ E)\/\n/ CHZCIZ l ll\_';
3
A s .. < / L
H,N HN\
6 Boc

Synthesis of 5-thio-L-glutamine —OtBu (2}

L-glutamine-OtBu * HCI (1) (1.2 mmol; 0.3 g) and Lawesson’s reagent (0.75
mmol; 0.3g) were added to benzene (20 mL) and the mixture was heated under reflux
for 15 min. The reaction was then cooled and evaporated under vacuum. The crude
product was chromatographed over 100 g of silica gel eluted with mixtures of ethyl
acetate and n-hexane. There was obtained 0.2 g (76% yield) of product (2) as a white
solid: 'H NMR (CDCls) & 1.4 {s, 9H), 1.8-2.B (m, 5H), 4.0-4.8 (m, 3H); MS (ESI), nv/z
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To the solution of 4- or

5-tert-but oxycarbonyl am no-2-tert-but oxy-benzoic acid

(2) (3.0 nmol) in 50 att. of dinethylformm de,
wohsiiexgbenzotriazole (3.3 mmol ) and DOC ( 3. RMOanods/000484
o1Mkfe added with stirring at 0OC for 1 h. To the

reaction mxture, 2-am no-4- thiocarbanoyl-butyric

acid tert-butyl ester (3.0 nmol) and trletéc%I am ne

(3.0 mml ) & E=added and stirred mechanic Py for 3
h at 0C a f,1 0OMT L-BAPEFatH €., MN“I
filtrat |“é§hD,A\t:h}e\hmal trate W vaporated under |[reduced
pressure to renp¥e the solvent. The oily residtue thus
obt ai ned was di ssolved in ethyl acetate; the organic
| ayers were washed with brine, dried on anh dro
Syhtjfe®ds of 4 daréHled-Buiexyersbany i evno-2 vy FEPYran Ofﬂﬂff"@ flde
internediate (5) was treated with a solution of TFA

409 CH2012. Aft 2 h d
Gore e o ocpbAl: B G R IR o
oaded on a. sili

an%'ltzrﬁ @@e&ypg%oﬁse(@laﬂmg%% r8np'§/ﬁ" g Argin‘?i—tgﬁ%uﬁ)l-lﬁ:%onate (15.0

A b -t rre

mmq}) y&peg agig wrtgn%l&r d}eggétogﬁléﬁr?rﬁ% X)ZJN o@gét%gg%ugg%éér stirred
0% ESI 9

e%g é‘y %ﬁm I% lgr%jgl gbafuer@ ?\f{ewéb%po‘?é”tuonwgévéfq 3M HCI

g ed wi

15eg,f}g" 09 2NN BBeDERk odlihd! ol DlRGAERATRNroBNASed wit

water andehrlte%b%%%ﬁe '\_Agétlocjlde@% a silica gel open column and eluted with

CH.Clo/MeOH (8/1), from which 4- or 5-tert-Butoxycarbonylamino-2-hydroxy-benzoic

acid (1) was obtained (80 % yield).
Synthesis of 4- or 5-tert-Butoxycarbonylamino-2- tert-butoxy-benzoic acid (2)

Compound (1) (12.0 mmol), conc. H2504 (6.0 mmol), and DCM (100 mL) were
stirred under isobutylene gas (5 psi) for 6 h at rt. The solution was washed with cold
10% NaHCO;3 (2 x 100 mL) and brine (100 mL), dried (Na,S0O,) and evaporated. The
residue was dissolved in 1:1 MeOH/CCl, (400 mL), washed with water (300 mL}, and
then extracted with 1:1 MeOH/water (2 x 200 mL). The extract was dried (NapS04) and

evaporated o a white solid (2), which was recrystallized by DCM/hexane (83 % yield).
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Synt hesis of 4- or
5-tert-Butoxycarbonyl am no- 2- hydr oxy- benzoi ¢ aci d (1)
To the solution of 4- or 5-amno salicylic acid (10.0

wopRbA2skgs 25 b of dioxane and 12.5 nL of wabeficazeesnoosss
triethylamne (15.0 mml) and

Sﬁjhthte.?fs oP YLl ofli S BMAIAPdkokG-BerZBPlamiNG)L1AEERBaoy Pbutyric
stirring at OC for 1/2 h. The reaction m xture was

adbigy ed mechanically for 24 h at room tenperature.
After evaporation of the solvent, 3MHC (15 ni) was
added drop wi se to the residue. The precipitate is
fi | tTerted solbierhefd-wir tohie ivbtioxyGanebrytanan-2-Terebuegy-tarezoic acid (2)
was | oaded on a silica gel open colum and el uted

(vd tnlmcﬂ)Hﬁcsnzhh/@(ﬁlme(t@ﬂtpymamidgmmwhemzotri@rzole {3.3 mmel} and DCC
5-tett-Butoxycarbonyl am no- 2- hydr oxy- benzoic acid (1)

(asretitwera edd¢@ 04t whieing pt 082 for dyfht he diesregetion migture, 2-amino-4-
5-tert-Butoxycarbonyl am no-2- tert-but oxr\rl1 benzoi c

thipcadpa(rRyi-butyric acbiepidemid eptey (3.4 mreplhans! Yiethylgmine (&omnol) were
(6.0 nmmol ), and DCM (100 nlL) were stirred under

addegdndystered machanasfor I Brat@°k and & th reemuterpsralire.  After
washed with cold 10% NaHCO3 (2 x 100 nli) and brine

filratpn, #h9 fitrgle was Enapzesey WRgr é‘?ﬂéﬁ@? REFUETH: rﬁ‘@%‘{edbh@ solvent.
was di ssolved in 11 MeOH CCl 4 (400 nl), washed w th

Thaafiyr regigige thys) obigirpd W@éﬁ“sé?’t"%& étﬁ‘yb\ﬁ“ﬁﬁa"& Ti‘el\%@?fwc layers were

h
Rkt b S R s
The grhgghﬁ‘érgeﬁem?%g%yw D Rex n@b%gg?/ Eiﬂ;A (NN, After 2

h?he\t ch)i\(/)gna’}rv?a%n:p QQ Gf‘ %Lta%sct:c?mp un)d (6) as a crude residue. The residue

was loaded on a silica gel open column and eluted with CH,Clo/MeOH (8/2), from which
2-{4- or 5-Amino-2-hydroxy-benzoylamino)-4-thiocarbamoyl-butyric acid (6}, compound

of Formula XXI, was obtained (80% vyield). MS (ES1), m/z 298 (M™).

63



To the solution of 4- or

5-t en- but oxycar bonyl am no- 2- hydr oxy- benzoic acid (2)

(3.0 mmol) in 50 nL of dinethylformm de,
wolgtresybenzotri azole (3.3 Mol ) and DCC ( 3. ECmOagod6/000484

were added with stirring at OC for 1 h. To the

reaction m xture, 4- hydrEQ(MFPﬁE)bénzam de (3.0 mmol)

was added and stig Mofs3 at 0C and

72 h S roomtenper%lture Cﬂ%bfgtégtqfon t he

f i 14- roatbeAmirns- mgmmeemd patigsatbamavkphesyiaster (8)

renove the sol vendCompeund p{FeeailgdXus obt ai ned

was di ssolved in ethyl acet at e; the organic | ayer was

washed wit h brine, dried on ®hhydrous MySO4, fifttered

and the_sol vest evaporated, A

(7) wag treated with a sol

After 2/h- he-ghlvye S pr

(El) &' a crudereesidue. THe

silica gel open colum and ef{ited W|th CH2C12/%%%e0H

( 8/ L2 5-anfivk GARNMAE Ch 4- or 5- Ami, no- 2- hydr oxy- benzoi c

acid 4-thi ocarbanoyl phenyl ester (8), conmpound of

Formul a XXVI1, was obtained (48%vyield). N

2006/ 125295PCT/ CA2006/ 000484 EXAI\/PLEol@e—r(erzal

synthetic procedure of: 4- or _ 8 | BoBU/DCE

5- Ami no- 2- hydr oxy- benzoi ¢ acid 4 OF-Thiobenzamide

444- (4- hydr oxy- phenyl ) -2, 4-di t hi oxo- NIty

2A5, 4A511, 3, 2, 4] di t hisadi phosPhet an-2111- Phenyl st

(10) [OOrrpound of F nrul a Xvil] Oty
o o
~TTHC,

Synthesis of 4- or 5-tert-Butoxycarbonylamino-2-fiydroxy-benzoic acid (1)

To the solution of 4- or 5-amino salicylic acid (10.0 mmol) in 25 mL of dioxane
and 12.5 mL of water, triethylamine (15.0 mmol) and _di-rert-butyi—dicarbonate (15.0
mmol) were added with stirring at 0°C for 1/2 h. The reaction mixture was stirred
mechanically for 24 h at room temperature. After evaporation of the solvent, 3M HCI
(15 mL) was added drop wise to the residue. The precipitate is filtered, washed with
water and dried. The residue was loaded on 2 silica ge! open column and eluted with
CH-Cl/MeOH (9/1), from which 4- or 5-tert-Butoxycarbonylamino-2-hydroxy-benzoic

acid (1) was obtained (80 % yield).
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4- or 5-amno salicylic acid O Hu O RN \ Doc

Synt hesi s of (p-hydroxyphenyl)dithi ophosphonic

anhydri de Red P (4 g; 0.129 nbo, S (4 g; 0.125
wome)izseesl PhOH (4 g; 0.042 nol) were heat ed RCHCA2086/000484

at 155-158C;, the reaction m xture was cool ed at room

31) "Se? rF 'gltoclﬁl)r‘;eor%l%ﬁq 5{?}%248@ %}Wa%hger %u%ﬁéf g%rgazlofc acld 2)

are consi stent w th p-hydroxyphenyl dithi ophosphonl c
anhydddnsb%un&ﬁ) (VD) 2006/ 4322 85RET(ECAARREH/ HROBEK (100 mL) were

stirred under isobutylene gas (5 psi) for 6 h at rt. The solution was washed with cold
10% NaHCOs (2 x 100 mL) and brine (100 mi), dried (Na»5C4) and evaporated. The
residue was dissolved in 1:1 MeOH/CCl, (400 mL), washed with water (300 mL), and
then extracted with 1:1 MeQH/ water (2 x 200 mL}). The extract was dried (Na2SQ4) and

evaporated o a white solid (2), which was recrystallized by DCM/ hexane {83 % vield).

Synthesis of 4- or 5-Amino-2-hydroxy-benzoic acid 4-thiocarbamoyl-phenyl ester
(8)

To the solution of 4- or 5-tert-butoxycarbonylamino-2-hydroxy-benzoic acid (2)
(3.0 mmel) in 50 mt. of dimethyiformamide, hydroxybenzotriazole (3.3 mmotl) and DCC
(3.3 mmol) were added with stirring at 0°G for 1 h. To the reaction mixture, 4-hydroxy-
thiobenzamide (3.0 mmol) was added and stirred mechanically for 3 h at 0°C and 72 h
at room.temperature. After filiration, the filtrate was evaporated under reduced pressure
to re.move the solvent. The oily residue thus obtained was dissolved in eihyl acetate;
the organic layer was washed with brine, dried on anhydrous MgSQ, fittered and the
solvent evaporated. The crude intermediate (7) was treated with a solution of 40% TFA
in CH.Clo. After 2 h the solvent was removed to obtain compound {8) as a crude
residue. The residue was loaded on a silica gel open column and eluted with
CH:Cl/MeOH (8/2), from which 4- or 5-Amino-2-hydroxy-benzoic acid 4-thiocarbamoyl-

phenyl ester (8), compound of Formula XXVII, was obtained {48% yield).
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OH Synt hesis of 4- or ‘

5-tert-But oxycarbonyl am no- 2- hydr Oxy- ben20i ¢ acid (1)

To the solution of 4- or 5-amno salicylic acid (10.0
wo¥/2sie8 25 nL of dioxane and 12.5 nlL of waber/ca2006/000484

triethylamne (15.0 mmg&%

di -t ed- butyl - di car bonat . Hrml ) were added with
stirring at OC f 1/2 h..The r ' m xture was
stirred nechani c;tFEfrVrTZ'osryn?fh% pégge%dégn% ‘enper at ur e.

Ab+ @1 5-AvdanoRdtyidooxyebenidvic scidl Viedt(4-hINraNGHP ereyrd. 3 -djihioxo-
added dr,Qp, . . BS | T a6 { S

i1 ter el bR B Rd R IR R ol 2

was | oaded on a silCosmpayeid o Ferme XYW and el ut ed

with CH2C12/ MeOH (9/1), from which 4- or

5-tert- Byt oxycarbonyl am no- 2ehydr oxy- benzoi c agid (1)
was obt af ned %80 % vyield). nt hesjis of 4- or
5-tert- §P€ar bonyl am no{2-3tert - but oxy- bernzdi
acid ( s (1 (12,0 Ml corlc, 42504

(6.0 , W@X‘m were STigkd,ed un
i sobutyl ene gas ( psi) for B«<h at it The sol Wi on

Was, swasheci.wat h col d 10% NaHCO8 (2 x 100 ni) apd
brine (100 nL), dried (Na2SO4) and evaporated., The

COOH

resi due was dissolved in 1:1 MO 4 £468Q i),
washed with water (300 nL), an®f Jax @ & | Wpr/mee
1:1 MeOH water (2 x 200 nL). The extract was (ried
(Na2SO4) and evaporated to a white solid (2), ich

was recrystallized by hexane (83 %yield). 67 ok
Synt hesis of 4- or ﬁ@ﬁg- 2- hydr oxy- benzoi c acisd
444- (4- hydr oxy- phefry , 4- di t hi oxo0- 2A5, 4 r
A5-[ 1,18, 2 ja1dighiddFphosphet an- 2- y{T* p en/)@’sfér

sol ution of 4- et o
@ oxy-benzoi c acid
A or mami de,

ut oxycar bonyl ami me- 2-t er
(2) mol ) in 50 nL ©Of*:di net])

hyqﬂfoxybenzot riazole (3.3 mml) and DCC (3 3 mmmol )
were added with stirring at OC fd™ 1 h. To the
reacti on m xture, phydroxyphenyl dithi ophosphonic

sytiewin oL Pyeps Py BT S ey b

tenperature. After filtration, the filtrate was
eva U heflused PressSuhe) fd BBV g4 t1@.042 mol) were
sol \E}gﬁf\$ %%ﬁé%g‘%éy r@’s?guegot hus obgéai ned vvag dqlhssol ved)

' |5 ACSt Aleisd-be i BUEE WBSobRSNa oMt tBmperat
f a%dﬁﬁgF%dsr ?'g% gft‘rﬁsnéh?aﬁﬁ’%@%@a@ filter eo? and tﬁe Mperatire

i r 18 CBAHEIdId)L @ pEstiates 8. Wae NMR and MS

a@%eg%g e IR a@%ﬁﬁ?@oﬁ%f TEA d240O in CH2d 2. After

artayRistdie ﬁﬁ&@_@ﬂtwiwg&hmwamn gitaBsRIsphariRabdd0 as
a ‘crude residue. The residue was | oaded on a silica
gel open colum and eluted with CH2A 2 / MeOH (8/2),
fromwhich 4- or 5-am no-2-hydroxybenzoic acid
4-14- (4- hydr oxy- phenyl ) -2, 4-di t hi oxo- 2A5, 4A5-[ 1, 3, 2,4
Jdi t hi adi phosphet an-2- vyl | -phenyi ester (10),
conpound of Fornula XVII, wag obtained (73%yield).
Synt hesis of 4-. or 5- am no-2-hydroxy-benzoic acid
mer capt oet hanesul f onate (2)




01404 COOHOC OH 118-C112-012-0S0211 Et hyl acetate
NH OSSOz e ' 2 HS A m xture of sulfurous acid-
2-mercapto-ethyl ester (0.1 nol) in 100mL of et hyl

woaoetias®swas added to the 4- or 5-am nosal i CBOT/EAZ964/@P0484
(1) (0.1 gple in 100m of ethyl 68

. S
red P / sulphor /S\ Vi
: — HO P\ P QOH
155 158°C s/'l e

Synthesis of 4- or 5-tert-Butoxycarbonylamino-2-hydroxy-benzoic acid (1)

To the solution of 4- or 5-amino salicylic acid (10.0 mmol} in 25 mlL of dioxane
and 12.5 mL of water, tristhylamine (15.0 mmol) and di-ter-butyl-dicarbonate (15.0
mmol) were added with stirring at 0°C for 1/2 h. The reaction mixture was stirred
mechanically for 24 h at room temperature. After evaporation of the solvent, 3M HCI
(15 mL) was added drop wise to the residue. The precipitate is filtered, washed with
water and dried. The residue was loaded on a silica ge! open column and eluted with
CHoClo/MeOH (9/1), from which 4- or 5-tert-Buioxycarbonylarmino-2-hydroxy-benzoic

acid (1) was obtained (80 % yield).

Synthesis of 4- or 5-tert-Butoxycarbon yiamino-2- teri-butoxy-benzoic acid (2)

Compound (1) (12.0 mma), conc. HSO4 (6.0 mmol), and DCM (100 mL) were
stired under isobutylene gas (5 psi) for 8 h at rt. The solution was washed with cold
10% NaHCOj3; (2 x 100 mL) and brine (100 mL), dried {Na,S0,) and evaporated. The
residue was dissolved in 1:1 MeQH/CCIl, (400 mL), washed with water (300 mL}, and
then extracted with 1:1 MeOH/ water (2 x 200 mL). The extract was dried (Na,S04) and

evaporated to a white solid (2), which was recrystallized by DCM/hexane (83 % yield).

67



WD 2006/ 125295PCT/ CA2006/ 000484 acetate) "solution in

30-45 mn at 20-25C under an inert atnosphere. Then

the m xture was stirred at 0-5C for 1 hour and
wajohe/e5298 to give 4- or 5- am no- 2- hydr oxy- b@aTigiag006/000484

aci d nmercapt oet hanesul fonate (2) (yield: 98%.

EXAMPLE 12 nt hesi s_of 4 or 5-am no

Sy 1A B R SRS R O, (S RSP Roy )24

i.d 5 - 0f XbL1 1. gg;g)ﬁé,xxm
%?"—'?xeé"%)buit&l-gi’%@?ﬁ%ﬁgfggﬁ_hi r'l?%ly hfl aﬂ neb  Poc 4-
or 5-amno salicylic acid OHC( ? Gl
To the solution of 4- or 5-tert-butoxycarbonylaminc-2-tert-butoxy-benzoic acid (2)

(3.0 mmol) in 50 mL of dimethylformamide, hydroxybenzotriazole (3.3 mmof) and DGGC
(3.3 mmol) were added with stirring at 0°C for t h. To the reaction mixture, p-
hydroxyphenyldithiophosphonic  anhydride (2.0 mmol) was added and stirred
mechanically for 3 h at 0°C and 72 h at room temperature. After filtration, the filirate
was evaborated under reduced pressure to remove the solvent. The oily residue thus
obtained was dissolved in ethyl acetate; the organic layer was washed with brine, dried
on anhydrous Mg30,, filtered and the solvent evaporated. The crude intermediate 9
was treated with a solution of TFA (40%) in CH.Clo. After 2 h the solvent was removed
to obtain compound 10 as a crude residue. The residue was loaded on a silica gel open
column and eluted with CH»Cl, / MeOH (8/2), from which 4- or 5-amino-2-hydroxy-
benzoic acid 4-[4-(4-hydroxy-phenyl)-2,4-dithioxo-24°,4A°-[1,3,2,4]dithiadiphosphetan-2-

ylJ-phenyi ester (16), compound of Formula XVil, was obtained (73% yield).

Synthesis of 4- or 5- amino-2-hydroxy-benzoic acid mercaptoethanesulfonate (2)

OH OH
COOH
COOH
\\ ) \\
l HS-CH,-CH,-080.H ‘
/ / Ethyl acotste o / /
H,M 5
1 OS50, 2
HS PN

A mixture of sulfurous acid 2-mercapto-gthyl ester (0.1 mol) in 100mi of ethyl

acetate was addad to the 4- or 5-aminosalicylic acid (1) (0.1 mole in 100ml of ethyl
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HOBt / DCC Synt hesis of 4- or
5-tert-But oxycar bonyl am no- 2- hydr oxy- benzoic acid (1)
To the solution of 4- or 5-amno salicylic acid (10.0
wonoé/I25293 25 nL of di oxane and 12.5 nL of WaPET/CA2006/000484
triethylarnine (15.0 mmol) and
acdtaté)eddlbioh Y 30H4B aib an20-5(CQL Gnder mvehgrt weosp betde Than the mixture
stirring at OC for 1/2 h. The reaction m xture was
wat sirrregicht AECA diori Chduryantl ditter2d thgiae 4r obn amingErfadiaxg-benzoic acid
After evaporation of the solvent, 3 MHCl 69 (15 nli)
memspadthiedesiiopiai@dyield: 88fé).r esi due. The precipitate
is filtered, washed vvith vvater and dried. The residue
was | oaded on a silica Wﬁen col um and el uted
with OH2C12/ MeOH ( 9/ 1) WRilén 4- or

5- tert-But (0)4 car bon no- 2- e(nzm C aclﬂ g%é
Siuhee el (HAE g%e%%'ﬁ g% IB&P&PP@'%{ xylBenzoic
-2-(2- Acetyl ami %! nfl of fp Uy - benzoi ¢

acid (3) To the sol ution of

2-acetyl am no- 3-ngycapto-propionic acégd (3.0 mmol) in

50 nL of dinet honrrrarri de, hydroxybepzot i gzol e (3.3
pnically for 3 h

mmol ) and DCC ( 3-SymfPj were added rStirring at
OC for 1 h. To E@ e Gk b QNaichat Ur € or

5-tertBut oxycar owyl a 0= 2-hyaroxy; hzoic acid (2)
(3.0 mml ) was added and el e

at 0OC and 72 h at roomtenperature. After filtration,
the filtrate"Was™evadfat ed under reduced pressure to
renmove the solvent. The oily residue thuspgobtained
was dissolved in ethyl acetate; the o g‘*‘a—ic liayer was
washed with brine, dried on anhydrous|MSO., filtered
and the sol vent evaporated. The crude mteri»redl ate

(2) was treated with a solution of TFA (49%2¢n
CH2C 2. After 2 h the solvent was renoved to obtain

conpound (3) pAas a,crude residue. The resi due was
| oaded on a SM | open col um aWed Wit h
CH2C12/ MeOH ‘qom whi % 4 or 5-Am Yo (2-

€

G

Acet yl am no- 3- g pr | oxy) ¥benZoi 6, acid
(3), conpo , was optqj newpH( 52 %
yield). 70 |/ |
S N
3 \ 2

Synthesis of 4- or 5-tert-Butoxycarbonylamino-2-hydroxy-benzoic acid (1)

To the sclution of 4- or 5-amino salicylic acid (10.0 mmol) in 25 mL of dioxane
and 12.5 mbL of water, triethylamine (15.0 mmol) and di-tertbutyl-dicarbonate (15.0
mmol} were added with stirring at 0°C for 1/2 h. The reaction mixture was stirred

mechanically for 24 h at room temperature. After evaporation of the solvent, 3 M HCI
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EXAMPLE 13 Synthesis of 4 or
5- Am no- 2- hydr oxy- benzoi ¢ acid anhydride with
2- Acetyl am no- 3-nmercapto- propionic acid (4)
wQ oerpsensd of Fornula X] Synthesis of 4- or PCT/CA2006/000484
5-tert-But oxycar bonyi am no- 2- hydr oxy- benzoic acid (1)
(1Ponbheas atided drepofisd t@atrienesidlad.l dykireapiate Elfdtetdmmaished with
in 25 nL of dioxane and 12.5 nL of water,
water et yried Tie (esBiue wasdbgd@mh a silica gel open column and eluted with
di -tertbutyl -di carbonate (15.0 mmol ) were added with
ChGl/MeRY! 43/10 fom gyhidy #- 1r Sried-BEROrR@ANRRINGrZe RXy-benzoic
stirred nechanically for 24 h at room tenperature.
agi tlavas\rifsdnest 887> ¥Pd-he sol vent, 3M HCI (15 ni), was
added drop wi se to the residue. The precipitate is

filtered nd d ied. The residye
SYabeFiaahd Bh berae, BB G s B BP Py benzoic
vm&t@ CH2C12/ MeOH 71 (9/1), from which 4- or
l( rt - But oxycar bonyl am no- 2- hydr oxy- benzoic acid (1)
was obtained (BO %yield). Synthesis of 4- or

5-t eft ) i i
o\ & mg%mﬁanrg B %gea&k@mrm At Qa%rgﬁaés a*asan@cu A 50 mi

of NaiRethyif8fAthrked Wd?@xy'ﬂibhzdﬁ@dz%teSLS 8 frﬁr%tyl%%f DCC (33 mmol) were

|sobutyl ene-gas (5 psi) for 6 rt. The solution

addeg Wﬁtﬁhgﬂriﬁ%tﬁt aetd k0% NaHCES (h% ¥edddOn Malxu@Bd 4- o 5-tert-
brine (100 dried (Na2SO4) and evaporated. The

BJt@@chtﬁmy@ﬁnrw S6drRebdrYolt: dcidBBIHY L0 Amol Glhdhdided and stirred

washed wth water (300 nL), and then extracted wth
mdchlniforedt Bat 02C and 02 tirk) roofh @eneperatart Aes fltkdtied, the filtrate
(Na2SO4) and evaporated to a white solid (2), whi ch
waRSvApRedtys Liaddri raackdaybréXMrd ex@nevée 8l %olyérel dhe oily residue thus
Synthesis of 4 or 5-Am no-2-hydroxy-benzoic acid -
obdaritwyttl miad eisablivdd 2r dibgtagbtarg; raeSsmmnic dpyko wps epsiosl witabiitk, dried
(4) To the solution of 4- or
orbanfeciteus g9 alﬁbr@dyalnar‘rhmeelﬂemteavap@ate@xy'Fmemdb m:teamedlate (2)
(2) (3.0 mol) in 50 nL of dinethylformam de, DCC
was3treatedmith avembitiad 9 TFM(4096 5N GHiaGhy Adter @0 thersolveht. waoremoved
the reaction m xture,
to 2kigge topimamrinmiid {3 - ared caysieoresidopi olfiecreaidiiel WeB. Ioadntbdr) a silica gel
was added and stirred nechanically for 3 h at 0 C and
oppp eelamn ransheiutadhwitat b/ MeClr (7)1 fiom whish ¢ e S-amino -2-(2-
filtrate was evaporated under reduced pressure to
Aqe@ﬁwwOt%@egapwewppwmwéwbﬁyzq«éé@@i&?é PATROUHBCA T AERMIa X, was
was dissolved in ethyl acetate; the organic |ayers
ohjained (REsh¥®!i th brine, dried on anhydrous MySO4,
filtered and the sol vent evaporated. The crude
internmediate (3) was treated with a solution of TFA
(40%9 in CH2A 2. After 2 h the solvent was renoved to
obtai n conpound 4 as a crude residue. The residue was
‘| oaded on a silica gel open colum and eluted wth
CH2A 2 / MeOH (8/2), fromwhich 4 or
5- Am no- 2- hydr oxy- benzoi c acid anhydride with 2- 72
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WD 2006/ 125295PCT/ CA2006/ 000484

Acet yl am no- 3- ner capt o- Propionic acid (4), conpound

of ‘Forrmula X, was obtained (68 % yield). EXAMPLE 14
woyntheaess of 4 or PCT/CA2006/000484

5- (2- Acet yl am no- 3- ner capt o- pr opi onyl am no) - 2- hydr oxy

- benzoic acid (5) [ConmeExamMPlE 1Formula Xl] Synthesis

of 4 or

5- (9H Fl uor en- 9-yi r net hoxycar bonylam no) - 2- hydr oxy- be

Syoihesigf f qr P Am'”0"2""}’F15_°¥3ﬁ€9’§;ﬁf‘iﬂ‘i"6ﬁ"’$%)” e v Z)S(A%\‘?H”HB"""'

sal i cyl | HErGaPIrPrePiamsarid () 15ampeups off iz Xhnd

12.5 nL of water, Na2CO3 10% (15 nL) and Fnoc- OSu

(15.0 mpl) were added withustirring at 0C fgr 1/2 h.

The reaction mxture was stji rregmechanical ljy for 24

h at r Effjer at ure. Afgers@vaporati on oOH

sol ven M kGduid-ASrvohble) dded erap 73 | wise to

t he rﬁ;s% ue.  THERLRCT pi tal’e is fiksared, yWdshed with

water and dried. The residueswas | oaded on &silica

gel, opEN, LOL WM and el ut ed ]\NI th CH2A 2 / MeOH (9/1),

fromwhich 4- or

5-tert-But oxycar bonyl am no- 2- hydr oxy- benzoi cyacid (1)

was obtained (90 ")/c. yield). Synt hgcgi(s of or

5- Ami no- 2-tert - but oxy-benzoic acid ter tH.r_klanLy p&St er

(3) s

aH

OtBu O

OH 9} 4] a
H H
N CHs TFA 0 N CHy
@/“\O)k( \l( o, K\j)l\o/N\E T
// SH © ' HN/ & SH ©
N
‘Boc 3

H,N
4

Synthesis of 4- or 5-tert-Butoxycarbonylamino-2-hydroxy-benzoic acid (1)

To the solution of 5-amino salicylic acid (10.0 mmeol) in 25 mL of dioxane and
12.5 ml of water, triethylamine {(15.0 mmo!) and di-tertbutyl-dicarbonate (15.0 mmol)
were added with stirring at 0° G for 1/2 h. The reaction mixture was stirred mechanically
for 24 h at room temperature. After evaporation of the solvent, 3M HCI (15 mL), was
added drop wise to the residue. The precipitate is filtered, washed with water and dried.

The residue was ioaded on a silica gel open column and eluted with CHCla/MeOH
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Conpound (1) (12.0 mmol), conc. H2$04 (6.0 mmol), and

DCM (100 nmL) were stirred under isobutylene gas (7

psi) for 24 h at roomtenperature. The sol ution was
wonmedieszosi th col d 10% NaHCO3 (2 x 100 nl) aneChEAI06/000484

(100 mL), dried (Na2SO4) and evaporated. The residue

SiMED IR sliok- MR AESHalnfHo2-Hykloxywasddedastd () was

@ﬁ?egbﬁ 300 nmL), and then extrgcted with 1:1 MeOH

Mﬂhﬁkﬂ@@%%waap m.). The extract was dried (Na2304)

and evaporated to a white solid (2) The crude

internedi ate (2) was treated MAtB g é

Syrehes/s Shi-R8 S(fsﬁfgutwcwﬂﬁnﬂm e LR

renmoved to obtain conpound (3) as a crude residue.

The i | g WN+L) were

e L R e e e e

é;rré@‘uﬂ@er%s&b%fyte%tg%ggs Eﬁﬁfb@lam &0t dTheesdiutot twds veshet with coid
was obtained (67 %yield). Synthesis of 4 or

ﬁ)% RaACEL Y2 RITO0 L3 -ane brapt! 00 prid Riried yNaSDroyndevhpelriedy The
benzoi c acid (5) To the solution of
@sidee b diseoied3in et MaPHEPr 6190 vl cwahied VWi vatgr{BPg mibh and
50 nL of dinethylformam de, hydroxybenzotri azol (g %
i v 5QF it . KPR GBI e S T figepa and
or To the reaction m X o i
SaarIPI 02l B Bx AN G ERRR IR D greng 5 Vi
(3) (3.0 nmmol) was added and stirred nmechanically for

%_ﬁ}h@érs UesDP G- A?tgmla BhydrOR b SBRE4AI HhBydribb With 2-Acetylamino-

tration, the filtrate was evaporated under 74 WO

Wt Api 6Tk @A2Q@6/ 000484 reduced pressure to

renmove the solvent. The oily residue thus obtained

was di ssolved in ethyl acetate; the organic Iﬁger was
washde ths sclution iohé:, or ripe-auigycamkpaBie: 2%55@4‘“3? 9neeiF agd (2

(?\}Qfgm%dg gla\r/\%nc%fﬁ?n\g/l& @f?:%rteqengﬂe ﬁk?q-&iA’y %@%ﬂt er %Htﬂéshmng at
{ |
DU P Pty £ TS AL B8

SI l | C%ageagﬁ]gcfvzﬁaﬂg ﬁ&#rrlém}n%gm@élh}t 1%?’ Akt iy §HECLRA MeOH at room

@n&%nﬁ&%tYAﬁﬂHﬂQm§nmﬁéQﬁ@hpﬁhQRwQﬂyMQMMHﬂ% 2dinedroEysure o
benzoic acid (5), conpound of Fornula X, was

abicvb MRS s§vEBYo Thebil)resiENANRL Bbidbedynt Hiesiledaf ethylgreetate; the
5- Ami no- 2- ( 2- mer capt o- et hoxysul f onyl oxy) - benzoi ¢ aci d
6@pnik Coyapowack whshEo rwithl ink ( Mokd/pn @pfiidrous MgSO,, filtered and the

solvent evaporated. The crude intermediate (3) was trealed with a solution of TFA
| (40%) in CHuClo. After 2 h the solvent was removed to obtain compound 4 as a crude
residue. The residue was loaded on a silica gel open column and eluted with CHxClz /

MaQH (8/2), from which 4 or 5-Amino-2-hydroxy-benzoic acid anhydride with 2-
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4- or 5-ansino salicylic acid 110Bt / DCC TEA, 0\

Boc Synthesis of 4- or

5-tort - But oxycar bonyl am no- 2- hydroxy benzoic acid (1)
WO 2006/125295 PCT/CA2006/000484

Acetylarnino-3-mercapto-propionic acid (4), compound of Formula X, was obtained (68

% yield).
EXAMPLE 14

Synthesis of 4 or 5-(2-Acetylamino-3-mercapto-propionyiamino}-2-hydroxy-
benzoic acid (5) [Compound of Formula XI]

OH OH OtBu OlBu
S COOH SN COOH S COOtBu SN COOB
| / L Fmoc-05a NapCOs 11‘1:% ‘ / A Isobotene I / P Dietheylantine 33% | / /
HyN Dioxane HN H.80, HN THF HaN
4- pr S-amino salicylic acid Fmoc 1 Fmacz 3

Qa
H,C—‘{ ‘ﬁ
H“—C!?H-C—OH DCC/HOBL
Gty

|
sH

OiBu
COOH
» D
7 "TFA l

Hl’! CH,Cl, HN/ ~

— o]
HS
NH
O 5 Ie; 4
CHy CH,

Synthesis of 4 or 5-(9H-Fiuoren-9-yimethoxycarbonylamino)-2-hydroxy-benzoic

acid (1)

To the solution of 4- or 5-amino salicylic acid (10.0 mmol) in 256 mL of dioxane
and 12.5 mL of water, Na,CQa 10 % (15 mL) and Fmoc-OSu (15.0 mmol) were added
with stirring at 0°C for 1/2 h. The reaction mixture was stimred mechanically for 24 h at

room temperature. After evaporation of the solvent, 3M HCI (15 mL) was added drop
' 73



75 WD 2006/ 125295PCT/ CA2006/ 000484 To the
solution of 4- or 5-amno salicylic acid (10.0 mmol)
in 25 nL of dioxane and 12.5 nL of water,
wolt0deabirys ami ne (15.0 nmol ) and PCT/CA2006100I}484
di -tertbutyl -di carbonate (15.0 mmol) were added wi
wisst {or tentgsidue 0 (T Heo pretipitale. is Tillerade a@ehesh viih watpe a%@ffed The
stirred nechanically for 24 h at room tenperature,
resigueevaeipages ap i2otilicef 0a! pee’ 6PHERE 2NdgtREhwW n;BﬁHa&af WaQH (©/1),
added drop wise to the residue. recipita
o Whieh e SR o PABKBIP M T Ao 9B A gas obtained
was | oaded on a silica gel open colum and el uted
(OQwerie!&2C12/ MeOH (911), from which 4- or
5-tert-But oxycar bonyl am no- 2- hydr oxy- benzoic acid (1)

Sy\é?hs SQSbE”a% ?g Arﬁ?’czg?{ég?é?%x%ysu ‘?onyﬁ)x%b ﬁ%%tfzf: A cid

(3) To the solution of sulfuric acid
D NGohBodiRl @RR{L00 eﬂirhaﬂb eoRstgssd, 36 A ahd DM rlomofl) were

di net hyl f or mam de, dr oxybenzotriazole (3.3 mol)

stlﬁél:gulm i€ cbuB/idHEDs (’Peﬂ')ﬁ ) REldacth W fobrsichpetageat THGsdidion was
. To the reaction thure 4- or

waéné@wtzﬁ@bQXW@mmaa(m NBRmb)Y anid ¥ind erpahk), aced (2250, and
(3.0 mol ) was added and stirred nechanically for 3 h

ev@tor®ed amde fesiducaliay diesoheaimpe ratie©B/CA (400 rhil) tvastiddorith water
the filtrate was evaporated under reduced pressure to

(300emLy, caridh®es alxradtied withet:0iNMgOHewhdud2 XD olhd.aiTihedxiract was
was dissolved in ethyl acetate; the organic |ayer was

driv@shasb oy thd kvapeatedr toexd white anlit () o UBeMySGH intbineadiate ¢2) was
and the sol vent evaporated. The crude internediate

treb@} withsa $otetiinend diitivieraing @333%6) ioTHET AFRA2(Mtbeqsoivant was removed
CH2C12. After 2 h the solvent was renoved to obtain

to obmpouordp@inas(3h asraideidegssidure. TiRdesidet wae loated andestica gel
on a silica gel open colum and eluted with

opSH2ZALEINVBHe[LFD With fGda@lavh MePH (&8), from wh1ch 4 or 5-Amino-2-tert-
5- Am no- 2- ( 2- mer caPt oet hoxysul f onyf oxy) - ben20| c acid

butexy-beaznip atid derbbulrbrsien (@ W@@@Wﬂlna%@?o tiHed (57 A
yleld) 76 EXAMPLE 16 SyntheS|s of 4 or

5- Anmi_no- 2- hydr ox dg Zoi C ac g dride with . )
SYUGRI | o7 adh (o SAL TRt G Ry -Aep Iy faino)-2-hydroxy
|'n n%of Forrmula XXXI'1!) OHOHO Bu
benzoic ac:d )

To the solution of 2-acetylamino-3-mercapto-propionic acid (3.0 mmol) in 50 mL
of dimethylformamide, hydroxybenzotriazole (3.3 mmol) and DCC (3.3 mmol} were
added with stirring at 0°C for 1 h. To the reaction mixture, 4 or 5-amino-2-tert-butoxy-
benzoic acid tert-butyl ester (3) (3.0 mmol) was added and stired mechanically for 3 h

at 0°C and 72 h at room temperature. After filtration, the filtrate was evaporated under
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4- or 5-amno salicylic acid2 Synt hesis of 4- or
5-tert-Sut oxycar bonyl am no- 2- hydr oxy- benzoic acid (1)
To the solution of 5-amino salicylic acid (10.0 mol)
wo o@bsps of dioxane and 12.5 nL of water, pcr/cA2006/000484
triethylamne (15.0 mmol) and
refliicddesrb ity to @iresehion adieent 1 Fhe ofiymdsjduedne alstdiedd wiat hiissolved
stirring at OC for 1/2 h. The reaction m xture was
in $thyl beetatze tHeampaait ligyef ems Mdshedivith ddne, tdrieperrasnnydious MgSOs,,
After evaporation of the solvent, 3MHC (15 nL) was
fitackdie endirticgp swivert ewapohmed. esirgueudd Hetopnastidtpi 4 atas irgated with a
filtered, washed with water and dried. The residue
sohdion| Fa@ied @a%a isi CHZ getftasparh ¢l saieringae| remeged to obtain
with CH2C12/ MeOH 77 WD 2006/ 125295PCT/ CA20061000484
cofrgyound (F)rasra eie fiesdduegrThe residue was loaded on a silica gel open column
5-tert-Butoxycar bonyl anm no- 2- hydr Oxy- benzOi c acid (1)
anflaslusist with é?:Hz@W@Qé‘i &) fromy W%W@s‘i‘ 1 oF-(24Acgiylamino-3-mercapto-
y

5-tert-But oxycarbonyl am no-2- tert-butoxy-benzoic )
prg@ip@yisergipo)-z-hydroxy-benzcuc acid (5), compound of Formula X, was obtained

(78% vyield).

EXAMPLE 15

Synthesis of 4 or S-Amino-2-(2~mercapto—ethoxysulf_onyloicy)-benzoic acid (3)
[Compound of Formula XXXIV]

OH OH

COOH COOH
5 ®
di-tertbutyl-dicarbonate
/ P y te / .
HyN ‘Triethylamine HN\
: Boe
4- or 5-amino salicylic acid 1
i
m/\/"\ﬁxm‘
("3
HOBt/ DCC
SH ’ SH
Q Q,
N o \_/
R ° 5—0
d \\o A /N
CH,CI, d b
CCOH
I N Sy COOH
A L 7
H,N HN
3 N 2

Boc

Synthesis of 4- or 5-tert-Butoxycarbonylamino-2-hydroxy-benzoic acid (1)
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Compound (1) ( 12.0 mmol ), conc. H2SHM (6.0 mmol ),

and DCM (100 nL) were stirred under isobutyl ene gas

(5 psi) for 6 h at rt. The solution was washed with
weRbe258% NaHCO3 (2 x 100 nL) and brine (100poisiA2006/000484

dried (Na2SO4) and evaporated. The residue was ,

di SE®theesblition of B- e GHIrGOb 420 a¢id ) 10-QayRely ine$ L of dioxane

water (300 nlL), and then extracted with 1:1 :
andVERLS walt @f wagerx trigylamine (TR exidlashd Whierguivkdicarbonate (15.0

(Na2SO4) and evaporated to a white %olrd é?),_mhich firred
mivells weee egldech WIth Atieringy DRI forekale (188 "Ractipneingyure was stime

Synthesis of 4 or 5-Am no-2- hydr oxy-benzoi cid
meshayigalydler o hrat SAPTUPTESEAIT MR SESRIPE B sPkgT oM HO
ester (4) To the solution of 4- or , . . .
(1% ML MESBest peaR By PART I8 oF1e BEEBIT db ilged washge with

2) (3.0 mol) in 50 of .di nethylfqr ' .
w2 cfiee RN AR ReS T PR S e op Gy S elyisd wih
the react] 1 xture ul fur,i ' . : :
CHeROIO e Bafio. bRy T R P FQBl e yamino g ydipy-benzoi
and stirred nically for 3 hat 0 Cand 72 h at
3@66“1"?%%@‘%%%2% e i 't rati on, the filtrate was
evapor at ed under reduced pressure to renove the
SOAIELL e 41415 R N0 2GBLAMS ap St B AUIORPIONFS b BN EHO bYiE|3)
_sﬁngﬁjegigﬁér' 4a(§:}25t'§ é%‘otzﬁ(g or gg}r)ﬂ c | agjfer_s V\grdg?j\ﬁ/ashed with
brine, dried on anhydrous MgSO4, filtered and the
sol ¥gnte eMama at dkurid Reidchuste (J-mbeapeditatieest8) (I smol) in 50
treated with a solution of TEA (40% in CH2O 2. After
mi2 oNdihEnyieEitie Wagirs:gtevetiszoledBBanmol emg AP (§4)mms!) were
a crude residue. The residue was | oaded on a silica :
added @penstemigunTatant efout €dh.wi (T G2 GARfiNROMDEGER)4- or S-tert-
fromwhich 4 or 5-Am no-2-hydroxy-benzoic acid )
BLaGHySibopgaminbie-Mairosubdruoiccace (@) (3.0 mmol) was added and stirred
rnono- ( 2- nercapto-ethyl) ester (4), conmpound of . -
méshanichly ORI H Bt 0@ snobRal Ak hofTs Brmeydtuled ) After filtration, the filtrate
Characterization of Conpounds EXAMPLE 17 . _
wis drdpoid hydkr oggudedrressuraats @move the solvent. The oily residue thus
4- (5-thi oxo-5F1-[1, 2]dithiol-3-yl)-Phenyi ester . . .
otfiesenae dissgved pnetheraseifte: thes OgBAB HREWRSCRgEhed with brine, dried
S SR 00T RN MRS PSLL LIS B cruce imermediate 2
fluorescent indicator and the pl ates re. visualized
wasi trepte/with grelytios £f ffﬁﬁ.(“@(‘@b%‘e@‘ga% RS e Gl oS removed
col umm chr omat ogr aphy. Al

/| t het | t
topiptaim 48@ECYNHohRE RET EqﬁS@He-gi Bﬁﬁgﬁy%ﬁe{f%ggae n%rﬁﬁ;;}fﬁgangel open
ot o0 canes sugon 2RO DI Al BN i€ Shlngr e mereant
d i ed. Sol uf i - _ )
etﬁ%@sg%&yﬁ%%pﬁ%% &)é&&%@%%& gér{nﬁﬁ? gggr\%,g’?gs?%gamed (57 %

renmoval of the solvents in vacuo. The structures were
Vigldli fi ed spectroscopically by proton 1H NMVR and
13C-NVMR. Spectra were recorded on Varian Mercury Pl us
400 instrunent. Spectra were_recorded in DMSO. The
foll owi ng abbreviations are (fsed to describe peak
patterns when appropriate: s (singlet), d (doublet).
Chem cal shifts are referred to Me4Si as internal

standard. Mass spectra of the synthesized products
wer e



79 WD 2006/ 125295PCT/ CA2006/ 000484 performnmed on

Appl ayed Bi osysteniim API 2000 nmass spectronetry.

Mel ting point was determ ned using a KoflerTM -
wohbe/Bsmge apparatus and are uncorrect ed. 1HeddVBA2006/000484

(DI\/BO) 57.07 (d, 2H), 7.38 2H), 7.46 (d, 2H),

.79 (s, 1H), 7.85 (s EXA Bl-ﬁjlﬁ(d 2H), 10.35 (s,

O—|); " 3C NWMR (DMSO) 114.6; 119.6; 123.9; 127.7;
 s98th@sisiald ar, 5-Aptn®2- Ww—bqw1%3°=§@@hsdr'fiw i Sulfuric acid

173.2; 18@omo-umerrapty-elyl) estprd4BEPmngHnd of Rprmula XXXIi]

93- 950 EXAMPLE 18 5- Am no- 2- hydr oxy- benzoi c acid

4-t hi ocar banoyl - phenyl ester [Referred to hereonin as
1] Thin leayer chromat ogr aphy. was

on Macherey-Nagel slilicgaxgel 50 plat s V\Mop
fl uores i“Kdi cator and t e prates were vi 7ed
W th i ght gifcRdh-ahnae Ki € el 60Wwase Use
col um, omatograni. A | & nt het| € H@agent §N re
4. or 5-amine salicylic acid 1 2

[+)
NN LAY
i
[+]

OH 0] ﬁ OtBa O (ﬁ
S SH
l 5 CH,Ci, | )
[~ [
H,N . HN\
4 Boe 3

Synthesis of 4- or 5-teri-Butoxycarbonylamino-2-hydroxy-benzoic acid (1)

To the solution of 5-amino salicylic acid (10.0 mmol) in 25 ml. of dioxane and
12.5 mL of water, triethylamine {15.0 mmol) and di-tertbutyl-dicarbonate (15.0 mmol)
were added with stirring at 0°C for 1/2 h. The reaction mixture was stirred mechanically
for 24 h at room temperature. After evaporation of the solvent, 3M HCI (15 mL) was
added drop wise to the residue. The precipitate is filtered, washed with water and dried.

The residue was loaded on a silica gel open column and eluted with CH:Clo/MeOH
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80 WD 20061125295PCT/ CA2006/ 000484 purchased from
the Al drich-Sigm Chem cal Conpany and were used
wi t hout purification. Solvents were anal yti cal

woreagesios gr ade or higher purity and were userCTAGA2006/000484
suppli.ed. Solutions were dried over

_ &%804 and. a_ .. 4y was
(9/Budiim Ruhidhy 4r ot ol SFOFUIRASATRONY IR -3 BY PR ERIG VAT o)

the solvents in vacuo. The structures were verified
obtainedt(B®cipitkal Iy by proton 1H NVR and 13C- NMR

Spectra were recorded on Varian Mercury Plus 400

i nstru t. ec -0ed .. N ic acid (2
SyPRIaG PG Aob PR AP Boh BRI ALE, L LA poRie poid 2)

patterns when appropriate: s (singlet), d (doublet).

Chegy it S 2@ BmbE @Ircer, 40, MXABImols ah@ DB 00 mL) were
st agbc{g‘?%umssg spectrg of thze s4ynt hesi zed products

stitféd Sncﬂ@ﬁééﬂumeo?hs'“@ms@wade& asy.s ThRensAldtior? A6 waahsd with cold
spectronetry. Melting point was determ ned using a

10‘%%5#%%%}8& XS0BUAL AR rleUs oantl ) adreduNegB®4 cinddivapetated. The
NVR ( ): 67.03 (d, 1H), 7.31 (d, 2H), 7.32 (s,
reskdile wds Gkséided BH):1 Me®H/AQ, (4DB)mLIO WaShddswittNmajer (80@mL), and
(s, NH2); 10.25 (s, -OH); 13C NWR (DMBO): 6114. 4,
thdFlStBctcl2atnly ;1 MaDHwaib2 @ 2 200 29.) 5Thd 88rac! was Zrigd (NaxS04) and
157.7, 165.9, 189.7, 199.7 Ms (El), me 289 (M); )
evBbdrated 193wk Golid (Bpsttiiciowas reCosstedignd by PRMVIPEEND(E3 % yield).
Dose- Rangi ng Study of 2-hydroxy-5-an no-benzoic acid
4- (thioxo-5H[1,2]clithiol- 3-yl)-phenyl ester. , i
Symjhiesis fdf ot PO G-ATREUHArPOCRPZPiE akig astvtide kit Sulfuric acid
Colitis in Mce
mono-(2-mercapto-ethyl) ester (4)
To the solution of 4- or 5-tert-Butoxycarbonylamino-2-tert-butoxy-benzoic acid (2)
(3.0 mmol) in 50 mL of dimethylformamide, DCC (3.3 mmol) was addsd with stirring at
0° C for 1 h. To the reaction mixture, sulfuric acid mono-{2-mercapto-ethyl) ester (3.0
mmol) was added and stirred mechanically for 3 h at 0° C and 72 h at rcom
temperature.  After filtration, the filtrate was evaporaied under reduced pressure to
remove the solvent. The cily residue thus obtained was dissolved in ethyl acetate, the
organic layers were washed with brine, dried on anhydrous MgSQy, filtered and the
solvent evaporated. The crude intermediate (3) was treated with a solution of TFA
(40%) in CH.Cl.. After 2 h the solvent was removad to obiain compound (4) as a crude

residue. The residue was loaded on a silica gel open column and eluted with

CH.Clo/MeOH (8/2), from which 4 or 5-Amino-2-hydroxy-benzoic acid anhydride with
o 18



A standard experinental animal nodel of colitis

i nduced by intracol onic adm ni stration of

2,4,6-trinitrobenzene sulfonic acid (TNBS) to mice is
woumesh2smst he fol | owi ng exanple. A detail ed dBS’ﬁCMlm'ﬁlmmm

of this nodel has been published (Santucci et a

(2003) Gastroenterol

*T"Lf’fé’fﬁ? ﬁﬁfparp@ra) ﬁé?%rﬁpt%g%yéfegter g@e cgé%)l SRy 01J ?gmyla XX&IH WaSs

A ce were given TNBS |ntracolon|cally at a
gﬁ@ ‘gkg’pgtd in 0.1 nL of 30%ethanol. The mice

were random zed to the various treatnent groups (n=6
BB4rabicfitdtijon dBE@@nipdiungs one hour | ater and continuing
every 12 h for 5 days, the nmice were treated orally
with vehicle (1% carboxynet hyicellul ose (CMC)), 5-ASA
(rmesal am ne) (25, 50 or M%b or with equinol ar
doses of 2-hydroxy-5-anm nobenzoic acid

?‘g‘é'ﬁ%’ -hggl'l- ochi &%Jﬁ%:& QE% w&oﬂhf{@,ﬁ dlt@t%l-%r -yi)- phﬁnﬁl ester

nmpound , Or W
66%(100 g/ hgaerreg(io/‘ilﬁﬁﬁhém&’ﬁﬂ)as@ﬁ%;ﬁﬁﬂfd (x&&\nm/ kg) of
t hat dose. {he m ce were evaluated (blindly) on the
final day of the study for the presence of diarrhea
and fecal occult blood, and their "o&y wei ghts were
nmeasured. A "di sease act|V|ty vas cal cul at ed
based on these data (® t % outlined in the
paper cited above).
col on was excised f as&renent of nyeloperOX|dase
(MPO activity, as rker of granul ocyte
infiltration. Al resjults were conpared to those
obt ai ned with heal t hy'Hat eecoass wel |, 82 WO
20061125295PCT/ CA20061000484 The results for

the di sease activity score and MPO acti Vit
L0 Fiteh Brardveneeobe Sepst e pn e el so

lpﬁiéesa |{h f{HOEE‘):?ceSrE B}déca %éla né)‘?[a%%oses gziedggthrﬁ\?ﬂg gﬂséi nmy.
ﬁesg%/elk"g éd f&scoﬂ}gﬁmhbﬂ*laﬁig%ﬁw A SYRR@RCHdavbiy were

|gn| cant reduc al most” In half) at the

%‘b%ss%td %ﬁe%et %&r%ﬂ-&dﬁ%%t&@ CHpag | Stﬁm Wire used without

sease Activity Index and MPO Activity of Conpound
XS anbit, B oeABAVeldasaY R reegenfigarie or (IDHT- k)Y Allcbwere used as
and a M xture of Mesal! am ne and ADT- CH Fi gures
Iupidd4Ssions hre dhies eaerdNaAS®i #id 8/ Byaghd¥ B- Hidrotgrepor was utilized
activity, respectively, using the same experinment
dori the rermaydedf tef seleinis Nyaguo- dBE E1ryayees %@v\@f‘f‘?qnsRﬁﬁV%ﬁ%Op'Ca"y

RS B 1k GO ShErran ey i e T MR e o0
(%%“H}jﬁk &%gétp X%g hergélor ed % %\oéﬁ' T'o?l’ovs Hd; ?gl?reg ﬁgﬁs% used to

ure am ne

VG%I@' eg?' b Q%Eg)approerﬁ}eogs s‘%@[eﬁua Lif\Biet). Chemlcal shifts are

at ed group. Each group conS|sted of at
| gastd % M@ISﬁ as internal stdridaH &8s shaws of hatsyGoepiosnehoducis were
XXXV is alnmost twice as effegtive as either
nmesal am ne al one, ADT-CH al one or a m xture of
nmesal am ne and ADT-OH i n reduci ng di sease synptons.
Further, Figure 4 shows that Conpound XXXV
significantly reduced inflammation as indicated by
the reduction in granulocyte infiltration (reduced
MPO activity). 83




EXAMPLE 21 Conparison of Disease Activity |Index and

MPO Activity of 5-Ami no-2-(4-

t hi ocar banoyl - phenoxycar bonyl oxy) - benzoi ¢ aci d
wotnpsgnd XXVI 1) Figures 6 and 7 showqTi€A2006/0006484

Di sease Activity Index and MPO respectively, using

t he ' anj folatiy] Ml int w
pa&@??ﬁ%ﬁé’@%%%% %’hﬂi cﬁﬁpc%oﬁ'ggﬁ%cﬁ S%g\:}ll (tqooerrgg/ E%‘;t s

| IRSNRSITREA £4 Kber O-BRE@ Bprdeaesarafard ixcotrated.
constituents, nesal am ne (50 ng/kg) and

4- hydr oxyt hi obenzam de (4-HTB)_(50 | K nmesal_am ne
"dINpIR (PWBONG/7KY) (dadid). 4- Ei%fll)oﬁéaédsmss.'1 Edo% C. 1)
versus the vehicle-treated group. Each group
8eBridiADetP 3 SatCleast 5 rats. Figure 5 shows

that Conmpound XXVII is alnost three tines as

i el ERLL: 48] ne; Al e, 14s WTBrabonss Qri53.8;
1? #&% LSL?‘@S@? 6n¥3£{ﬁa1r¥1@§?qund 4-HTB in reducing di sease

1SYBPIey® 1 784! {daer o1dpgure 6 shows that Conpound XXV |
significantly reduced inflammati on as indicated by
the reduction in granulocyte infiltration (reduced
NBEhaot'e 862 ('), EXAMPLE 22 Effects of Mesal ami ne and
Compound XXXV in TNBS-1nduced Colitis in Mce

The s nodel was used as descri bed above. In this
%Ré%%g?c't he effects of nesal anmine (50 ng/kg) were
conpared to those of equinolar doses of Conpound
XXXV. In addition to ne&xamMPLE tehe severity of
colitis by neasuring disease activity 84 WO

2006/ 125295PCT/ CA2006/ 000484 scor e and I\/chaaac ivity,
ti ssues-hmine-bhydrexy-bangoiy agig AduieetrBATORPheny FibT ~ of

genes for inflamatory cytaokin and medi at ors.
I'n particul ar [RefRNRC é‘ib?’é%%’ﬁ?ﬁ c’l’i"ﬂﬂuggs%?‘q urour
necrosis factor-al pha (TNF-a), interferon ganma
(IFN-y), colonic interleukin (IL)-1, IL-2, IL-10,
I'L-12 p40, RANTES, cycl,0oxygenase (COX)-1, COX-2,
constitutive endotheliagl nitri [ synt hase
(eNOSs), and i nduci bl [ s\ measur ed as

> Nk CE
descri bed in Wall ace (1999) Gast r oent er ol ogy
117: 557-566, incorporfited herein by reference.

NH; * CFyCOOH

Thin layer chromatography was performed on Macherey-Nage! sifica gel 50
plates with fluorescent indicator and the plates were visualized with UV light (254 nm).

Kieselgel 80 was used for column chromatography. All synthelic reagents were
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Briefly, reverse transcription-pol ynerase chain
reaction (RT-PCR) was used to detect and quantify
MRNA of the particul ar cytoki ne/ chenoki ne/ enzyne. -
woQowygesskdehyde- 3- phosphat e dehydr ogenase ( QGAPIER20e&600484
used as the "housekeepi ng gene"” for mRNA expression
nrthaded fiSmathel Miagiohadigmenheinjcal Foympsawhapdnpkes, ushd without
ratio-of the anplification of the target gene to the
paiipiichi Salves valre GARREGY(| eogoest glade oo higbachulity and were used as
nmeasur ed by perform ng densitonet on gel s)
suplptied. ristitioGo wpeer Héesh avardiaeSOhend @a%\echbat\/uéewtqwaéor was utilized
relative anplification (expression) of the target
fog thearemovali of diresolyants tm@WPeﬁfﬂ%H{dL@?%WB? Ygjified Spectroscopically
conparj son to the expression in tissues fron1hea| hy
DRSNS CHM B SpesHB e PepriggsY i) s 40
represent the relatlve expressi_gn o & et. gene
INGHETOR PP AR T 5&/@%n§wég 99("”?%? lipffoare used to
expression in healthy control s gd%eren e
dessTifs gafteRatierIy Whep ARGt ﬁ'ﬂg'eft%h%h( hifts are

i BB 3 fn?ﬁrggéé‘?ﬁq%c? i B Gho0r

ps“pr‘%%&?q%e%?éx‘"e BRiP0kinall B BireRgREHEL s Ra MRl point wes
e g %&3@%‘ B 7283 5P RAS 0t BB R seasc.
However, Conpound XXXV di d not suppress expression of

o ERGTRy HEhy, AP AT AL YR 7 o
9%%%%’ rjﬁgé%éX%@g ) 39d5@Xopyare involved in the

pr o8t ag andlns which are inportant in

i nfl ammati on. Further, Cbnpound XXXV al so suppressed
ReNGR PR oME DRSS TRING. 1&35,h1zﬁ\@51mu 12405 tevs, baen, 1521, 157.7,
inplicated in diseases of the G tract EXAVPLE 23
1609pmui5ap0.ef the Effects of Conpound XXXV versus
Mesa[amine in Inhibiting Viability of HT-29 Human
Colon Cancer Cells In Vitro HT-29 cells were
Mg G mian28{M*"ltir e usi ng standard net hods. The cells
wer e exposed to vehicle (DVSO, nesal am ne or
Conmpound XXXV. Concentrations ranging fromO0.1 to 10
mip-x M3IECt est ed, with each concentration tested in 6
wells. At the end of 72 h of exposure to the test
drugs, cell viability was nmeasured using the WTT
[3-(4,5-

di met hyl t hi axol-2-y1) -2, 5-di phenyl tetrazol i um

brom de] assay (Carm chael et at (1978) Cancer Res.
47, 936-942), incorporated herein by reference. Cel
viability rates were calcul ated as a percent of the
vehicle (DVS0)-treated cells and results are given in

i S
emzed products were
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Table 1. 86 WD 2006/ 125295PCT/ CA2006/ 000484 Table 1
Concentrations (itM Drug 0.1 1 10 Mesa!am ne 103.8
.- 2.5101.2 3.5

WO 2006/125295 . _ PCT/CA2006/000484

Testing of Compounds

EXAMPLE 19

Dose-Ranging Study of 2-hydroxy-5-amino-benzoic acid 4-{thioxo-5H-[1,2}dithiol-
3-yl}-phenyl ester hydrochioride (Compound XXXV}
In TNBS-Induced Colitis in Mice

A standard experimental animal model of colitis induced by intracolonic
administration of 2.,4,8-trinitrobenzene sulfonic acid (TNBS) to rhice is used in the
following example. A detailed description of this model has been published (Santucci et
al. (2003) Gastroenterology 124:1381-94) and is incorporated herein by reference.
Briefly, 6-8 week old Balb/c mice were given TNBS intracolonically at a dose of 1.5 mg
in 0.1 mL of 30% ethancl. The mice were randomized to the various treatment groups
(n=6 per group). Begining one hour later and continuing every 12 h for 5 days, the
mice were treated orally with vehicie (1% carboxymethyicellulose (CMC)), 5-ASA
(mesalaming) (25, 50 or 75 mg/kg) or with equimolar doses of 2-hydroxy-5-amino-
benzoic acid 4-(thioxo-5H-[1,2]dithiol-3-yl)-phenyl ester hydrochloride {Compound
XXXV) (130 mg/kg), or with 86% (100 mg/kg), 50% (66 mg/kg) and 25% (33 mg/kg) of
that dose. The mice were evaluated (blindly) on the final day of the study for the
presence of diarrhea and fecal occult blood, and their body weights were measured. A
"disease activity score" was calculated based on these data (0 to 4 scale, as outlined in
the paper cited above).  After sacrifice, a sample of the colon was excised for
measurement of myeloperoxidase (MPO) activity, as a marker of granulocyie infiltration,

All results were compared to those obtained with healthy mice as well.



91.1 3.2 XXXV 88.4 - 2.9*" 87.3 2.3** 79.6 - 1.9**
- **p<0. 01 versus the nesal am ne-treatedgroup sane
concentrati on EXAMPLE 24 Conpari son of the Effects of

woRpeispgd XXXV versus Mesal amne in a Rat Méget/caboos/o004s4
Vi sceral Pain Perception. A rat nodel of visceral
pai Mhpeesgdigtiboihe disgase -aclivitpiscale arolddP Oofctivity ateagiiosn in FIG. 1
~bowel syndrone, was used in the follow ng exanpl e. :
ar@aFiG . ( Anlrespedinathar , FIZO0- 2Bowgy, thalb Campednd rel\Cheas ggperior 1o
River, Mnza, Italy), were housed in plastic cages
masaiamae nin aledecnq ke CBEY t5eaTe 8l cayR@iarideRes f t39 mg/kg and 75
- 12-hours light/dark cycle with |jights on _at 7.00 AM )
mykp Wattber, anahewmindHgWe RaMEPADBVYY WRdAoHEFanty red opd (almost in
avai | abl e. Before experinents, rats were individually
nalfy ai the dighessErsaeiesF®2- 3 hours per day in a plexigl ass
cage for 2-3 days. It allowed themto adjust to a
novenent-restriction environnent. Food was w t hhel d

for 12 hours before colqr i.stensi on (CRD)
recordi ng were perfor rregﬁ)?@g{s‘?%ﬁents wer e perforned
in awake rats and were conducted in a blind nmanner in

Céﬁ?@rfggﬁi oﬁﬁ%?éa\é%zﬁ%ﬁgg@iem fpef Abi\ity cﬁﬁlﬂ%nhé%m‘?é XXXV with

ere ani mal .

S5 Mo B RO TR A6, £ S ki e

intrarectally 2 cmfromtt)ﬁ)-lla_P@J verge and fixed at
the base of the tail. The ball oon was connected via a

doubl e-barrel ed cannula to a pressure transducer 87

Figures 3 and 4 show the Disease Activity Index and MPO activity, respectively,
using the same experimental animal model of colitis as described above, in which
Compound XXXV (130 mg/kg) was compared to equimolar doses of its two
constituéhts, mesalamine (50 mg/kg) and 5-p-hydroxyphenyl—1,2—dithione-3-thione
(ADT-OH) (80 mg/kg), and a mixture of mesalamine (50 mg/kg) and ADT-OH (80
mg/kg). *p<0.05 versus the vehicle-treated group. Each group consisted of at least 5
rats.

Figure 3 shows that Compound XXXV is almost twice as effective as either
mesalamine alones, ADT-OH alone or a mixture of mesalamine and ADT-OH in reducing
disease symptoms. Furiher, Figure 4 shows that Compound XXXV significantly
reduced inflammation as indicated by the reduction in granulocyte infiltration (reduced

MPO activity).
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WO 2006/ 125295PCT/ CA2006/ 000484 to conti nuously

nmonitoring the rectal pressure by a conputer

(PowerLab PC, A D. Instrunents, MIford, MA USA) and
wo Rod2§Ei nge for inflation/deflation of thepvBaCADOE000484

The rats were then housed in a small cage (20 x 8 x 8

cn) on an el evated Pl exiglasTM pl atform and al | oned

to wake up and adapt for_1 hour. After recovery from

sedation, aninal's under ¥tMEHE2ERD procedure and

behavi oral responses were tested. The night before

the _experi ' n
A e St i e S L
bec ' :
eveRiyoesiRidEBhenorycarborihPheftie SRNEO Mgl LR
starting from0.4 mM up to 1.6 ml water. To achieve

an accurate neasurenent of the col onic paraneters and

per ﬁ@%és% antl st HRNSkOns NEK Ay [RIBRIhE MDD Rpb&ively, using
each i ntensity and data for each ani nal were average

th%%\%m@ RAbdrhéntalERGRadRbdBRbi cHES BYaBicriBed QBB i @hicR Compound
. Twenty mnutes after the first sequence of CAD

bl 4168~ hgfRgiMwatRtcBmbaredl ¥ SediRhGla @b fefetwo constituents,
|ntraper|?oneally (i.p.) and a second set of CRD was

meNd-ehaesh rBalR vhe ulydFSsPRLeASartits (DB TBh 60 mgady),anskalamine
the second set of CAD were assessed and "conpared.

al@ehed afglg) resPons® anERBOWAG/KES SpsGes veysurethewdnige-treated
t he abdom nal withdrawal reflex (AWR) using a
gre@T ERrolpEdneBsteCor ldat) 5 rathe AWR is an involuntary
notor reflex simlar to the visceronotor reflex, but
it PRard hehgretiat Sdw@nuadEXVh i aimost thmettingst ag effertie as either
|atter, it does not require abdom nal surgery to
méggnaing aleeoKdi Tl sddrecor adastuendf mesdgming ante4-HTB in reducing
abdom nal nuscle wall which may cause additiona
disens isying@nisorFufthes Apes 6 siows thahGompeiral XXVIGsignificantly reduced
(1990) Pain 41:167-234, incorporated herein by
inflepfroatemc e§ .in@@ated by the Medadiioans rarawflogyke infijiRRtion (reduced MPO
consi sted of visual observation of the ani nmal
“adtigétyponse to graded CRD by blinded observer and
- assignnment of an AWR score according with the
behavi oral scale as previously described in Al-Chaer,
E.D. et a/. (2000) Gastroenterol ogy 19: 1276- 85,
i ncor porated herein by ref®BhES2 i n which grade 0

corresponds to no behavioral respo D, grade 1 .
dfacds phNgsalaping ppg %&M%@ﬁ’i\ﬁt“ﬁ%ﬁ%ﬁi&d&%' Sin'Mice
the_stinmulus faoll owed by i nmb

ity, de 2
cor TBE SO MPEF 4% 1O ARERI bW dbdiheRavle, the effects o
les although the rat € Jift ¢t d
RIS G drPETmel SEPSetopr BaRo RSB RgRgT Compound
t ti.o f th bdaom nal . . it i fti ..
SV 18 S oo RS U BNea S il S faddifind 'dd:bd acivy

corresponds to a severe contraction of the abdom na
muscl e mani fested by body arching and the lifting of
t he abdonen and of the pelvi§ structures and scrotum
The effects of nesal am ne ané’Cbnpound XXXV on

col onic conpliance and sensitivity were determ ned
using a total of 8 fasting rats. To investigate

whet her the adm nistration of nesal am ne and Conpound
XXXV coul d revert pain induced by CRD, after the
first sequence of CRD, 4 rats were treated with
nmesal am ne at the dose of 100 ng/kg i.p. or Conpound
XXXV at the dose of 100 ng/kg i.p., after which a
second set of CRD was repeated. Results fromthese
experiments are shown in Figures 15(a) and (b).

To determ ne the effect of nesal am ne or Conpound
XXXV on col onic snooth nuscle, the conpliance of the
cob-rectum during CRD was obtai ned from

i ntracol orectal volune and pressure and expressed as



WD 20061125295PCT/ CA20061000484 Al data are
presented as the nean SEM wth sanple sizes of 4
rats/group; statistical conparison of paired data was

woRGis195208d by the W coxon signed rank test.pcinCcA2006/000484
associ ated probability (p value) of |less that 5% was

sc6RNFdIPE icavigniidsueantre processedfgunessureB(ea) obmauTb" of genes
show t hat Conpound XXXV is nore effective than

folTBBarhraatonecyakires\eelicties ;nadiatereduci ng vi sceral pain i n
response to colorectal distension. Further, Conpou
XXXW sartime's inANAy exnsersisadn inties f BEoHT NPATRYS lﬁ%or-aé@a (TNF o),
shown in Figure 16(b). Thus, Conpound XXXV,

intefboh dememal(5ol- t)eeoiosnhommriQmeﬁtb1,e'ILf%dHOeiL 12 p40, RANTES,
anti-inflamatory activity, is useful in treating

cy¥idbkyQeBadef0GHIMRICDX-2 camdtitiiengndstheliblnital i orrsistsynipase (eNOS),
tract, as well as functional gastrointestinal

ardi Eﬂndﬁi@sN@SchNé)sS)l wad masiseredoar| desgifgdoie Wallace et al. (1999)
dyspepsia, etc., that are characterized by increased

Guitmesieaiogyoti7c BHT-60R Inosindated hajethaueiae Smanyi ng
i nflammation). EXAMPLE 25 Conpound XXXV and _Co
XXVBtieRairavePer trapsdriptiorSedyresave thaiprregeioRditT-PC WaS used 1o
d i bencl am de A rat nodel of visceral pa )

depent ceptd oquagifdeseRNpedofablive RAZICYIEd Cvtekleaﬁﬁawekmefenzyme
pai n perception scores for both Conpound XXXV ang

Gigoarpldenytiexdwhesphiatetdabydiap e trsgt Ca H‘@Iséﬁ?ﬁé‘s ”éen housekeeping
i nhi bitor of ATP-sensitive r

ch
o ot e IVA GHERSS PR & e P BN EB OO DI PRl 1200
to 0.8 nL of colorectal d|stent|on| r %
th(a@mnh@;@g,spn gf t@@rtar@pbgﬂﬂa tp iﬂg?aqrg@p R 3&%}‘:’% expressmn of eachis
nmesal am ne (100 ny

measHiew R pm;mlnq g}_l@@pltﬁﬁ\p%):n gggﬁy ?frag‘(?bta\yég OOCgHégr%)ons were then

mggg %@%ﬁa%%gtgg (r:-erllatz%aéz gr?ig{lfl(t):gt?é"ns(d'expressmn) of the target gene in tissues for

the treatment groups in comparison to the expression in tissues from healthy controls.
Thus, the data shown in Figures 7-14 represent the relative expression of the target
gene {normalized to GAPDH expression) as a ratio to the expression in healthy
controls.

With reference to Figures 7-14, it is noteworthy that Compound XXXV was
superior to mesalamine in every endpoint. It is particuiarly interesting that Compound
XXXV suppressed expression of mRNA for several pro-inflammatory cytokines and

chemokines that have been implicated in the pathogenesis of inflammatory bowel
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Conpound XXXV and XXVII| significantly reduced the
pai n perception (*p<0.05 versus the vehicle-treated
group), while nesal am ne had no significant effect.
wolhes/1288gct i on of pain perception by ConpounscEEXiboermm4iss
Compound XXVI|1 was reversed by pretreatnent_mﬁtF
disghéd e riddwaviet Cermpoyng X5XY .G n3h SHRRfeEPEIRSIOMA [lg10 MANA,
gl i bencl am de pretreatment did not affect the pain
whibrie @ptanbinfimmaARY §¥elP8: treated with vehicle or

e e RO 0] ORI MBEE R oy o0
1 @)qngby A;’}F)}g %ﬁ? i(iﬁte\/io\égﬂgérﬁrs] Ké h isgﬁfggrn et%%@aﬁﬁé%ﬁ 2"2% iirrr11portamt in
P [ Wth ' i _
lsaiae oy Fomraireiad, A Maenrt RISt fios mena
d d i b ' t
oql SFbsR e e ERseh ey TR, 8hdseh o Bl drig) o

wer e conpared t
effects of equinolar doses Conpound XXXV (130 ny/kg),
ADT- CH (80 ng/ kg), Conpound XXVII (100 ng/kg) and
4-HTB (50 ng/kg). Only neloxXXV and Conpound
XXVI'l significantly reduced pain perception (*p<0.05)
' t lafetVRLiBhibitin
%ﬁ%ﬁg@?g{ tgg ééf)éc"té‘@f dd&h%s(l)x(@d 5(5(8(& Wils @ PMePala g

npounds and XXVI| on Leukocyte

Adher ence &qgg}%f‘%ﬁsfyhahaﬁrcmn Sahbed ¢alsinvgindl VO

2006/ 1252 CA2006/ 000484 Leukocyt e

adherence was studied using intravital mcroscopy, as

deserfifedelisnweet gidwrpinevilos Lying \Mdrdeee metthads, , The cells were

(1993) Am J. Physiol. 265: 993-998, incorporated _
ofBsa! © HicleDMBOL eesakhiteson@orepamdsORes.i Zedecanitaions ranging

pent obarbital sodium (60 ng/kg i.p.) and cautery
frdnf Ol 1SicOTTBUMEYeRs tamtial, alitb mgch hencabtiatinnriasted dyf oiells. AAL the end of

tracheotony was perfornmed to facilitate breathing.
7oTHef kRpSsureicethpl tasedtugs) call siapilityewgrosieaswad uaing tae MTT [3-(4.5-

segnment of the nesentery was exteriorized through the
dibohghiadl-2hmez, Sidiphenitetrar@isien bemyideieassen(@amtichael et al (1978)

pl aced over an optically clear view ng pedestal that
Cahdeo\Wad. ADro3pra43): incbiparated heminopy ioreer Galifhiitygptes were

tissue. Al exposed tissue was covered with . .
calldtee ssomkedegaol et @hidlen (PSO)-treaipd raatls AT regidts are given in

tenperature of the pedestal was kept at 37C and the
Tamsént ery was superfused w th warnmed

bi car bonat e-buffered saline (pH 74). An intravital

m croscope (N kon L25/0.35) and a x10 eyepi ece were

used to observe the nmesenteric mcrocirculation.

Post-capillary venules with dianeters ranging from 20

to 40 prn were selected for the study. A video canera

mounted on the m croscope (Panasoni cTM di gital 5000)

projected the image onto a nonitor, and the inmages

were recorded for playback anal ysis using a

vi deocassette recorder. Inmages of the mesenteric

m crocirculation were recorded 5 mnutes prior to

aspirin adm ni stration (base&ine), at the tine of

aspirin adninistration (tinme"0-5) and every 15

m nutes for 60 m nutes. Leukocyte adherence was

blindly quantified fromvi deotaped i nages of the

vessel s nade over 5-min periods as the nunber of

| eukocytes that remained stationary along the vesse

wal | for 30s or nore (expressed per 100 pin venul e

l ength). Goups of rats (at least 5 in each) were

pretreated with Conpound XXXV (130 ng/kg), Conpound

XXVI'T (100 ng/ kg), nesalam ne (50 ny/kg), or vehicle

60 min prior to aspirin (or vehicle) adm nistration.

These drugs were given intragastrically. In sone

experiments, 92



rats were treated with glibenclamde (10 ng/kg i.p.)
or vehicle 30 mn prior to admnistration of these
compounds. Fi gure 19 shows | eukocyte adherence
wo odigsRonse to intragastric adm ni stration mfT/CA2006/000484
aspirin, and the effects of the conpounds. Aspirin
mar kedl y i ncreased | eukocyliableatiher ence over that
observed in the baseline period i*p<0.05 versus the
vehicle + vehicle grobpnceptatippaii®nt with conpound
XXXV, but not wth nesalam ne, prevented the
Dragpi ri n-indyced i n@ftease ijn | eukdcyte adherenc#?
G i benclam de alone did nat affect |eukocyte
viadherigece, dnd dgzlgsraots af flect 18'h2+@egni tude 99f1 = 3.2
aspi rin-inddced | eukocyt e jadherence. d iibencl ani de
xoakg0 had no ef fegt sim9the |gr okip3tr2e@it ed |wi t 2.6 = 1.9™
nmesal am ne plus aspirin. However, glibenclamde
=g ENEr el the mashiamitotyated feup (efmaCumgetingdiotkXV on
aspi rin-induced | eukocyte adherence. Fi gure 20
shows the | eukocyte adherence for the final tine
period of the experinent (mnutes 60-65). This graph
illustrates the ability E¥AMBRBEANnd XXXV and Conpound
XXVIl to suppress aspirin-induced | eukocyte =
Caniparison ef thenfffedte of Bompopng POV wrsiie Mesalagine in a Rat Model
pretreatnment to reverse this inhibitor effect on
| eukocyt e adher enceof Visgeupl Raip Betse@pbPAt i on of H29 by
5- Ami no- 2- hydr oxy- benzoi c acid

4- (5-thi oxo-5H41, 21dithiol - 3-y1)-phenyl ester .. .
( ComprIRCRY iS5 Ramgreraentn® B ieh e st ipie bowel
s;%gefﬁg%%%g;&%ﬁq ?llrl) t%)éxf I_Ioeve:rrl]gzgiacmp é:.lﬂgak%g%ge{u %%a&gzrogiso g, obtained
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aﬁo;&fé&ytﬂéﬁm tsl?iﬁ RPN é AoV s&ichbS eniRARIhE dFob Was withheld for

ease was tested under three conditions: (i) when

15 NRURCIROMN L, ¥R 1al RidHsIR! (CHDY dec¥aRl Wére sereradExperiments

was 1 n a liver honogenate, and (il) when the conpound

WARS o8 Il ¥REKD AR OARALRd @gfdudRid W Eholi@8 manner in that the
i nhibitor of cystathionine ylyase (FAG =

ol e QRAT Y h@h)Ches iddnithbt dibdgsdirgsteree ¢ bastnarimal.

Figure 13. tp<0.05 conpared to the release fromthe

vehi gl esabp dag' razOndB seantsd withheha ontratetiparatidng 2 cm long latex
" honobgenat e’ group. The enzymatic capacity for H2S
bRNRAUS iaserwasintiekeraly peth tisinige e veaemnddaetiart tesbase of the
descri bed previously (Khan et al. (1980) M crochem J.

125 TH3a4i39bwas booreptdatiaed dnevlebarbyd cefredeivce presTyie transducer
m of an assay reaction m xture was introduced in the
reactor. The mixture containéd 1 nM L-cysteine (or
conmpound), 2 nmM pyridoxal 6-phosphate, 100 nmM

pot assi um phosphate buffer (pH=7.4). A constant

stream of nitrogen was passed through the m xture via
gas-inlet capillary. Reactions were initiated by
transferring the tubes fromice bath to a 37C water

bath. The stream of nitrogen carried the sulfide acid

in the second reactor containing 4ml of sulfide

anti oxi dant buffer (SAOB) solution, consisting of 2M

KOH, 1M salicylic acid and 0.22M ascorbic acid at pH
12.8[5]. After incubating at 37C for 90 m nutes, 1mdl

of 10%trichl oroacetic acid solution was added to

m xture to stop the reaction. The remai nder H23 in

the m xture was carried out via nitrogen stream by




94 150ngy of isolated rat |ivers were honpgenized in

iml of ice-cold T-PER protein extractor. The

honogenat es were added to the reaction mxture at a
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Vasor el axant Effects of H2S Rel easi ng Moieties

The follow ng experinents were perforned essentially

using the protocol as disclosed in Bucci, M et al.
woldttAd308 abeti c nouse angi opathy is |inked #EI/CA2006/000484
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WO 2006/ 125295PCT/ CA2006/ 000484 Further, the %
rel axation curves were all conparable to those
obt ai ned when using NaHS and Na2S. W CLAIM 1. A

weapednd of general fornmula: A-L-R(1) wher epcPcihsy

All data are presented as the mean * SEM, with sample sizes of 4 rats/group;
statistical comparison of paired data was performed by the Wilcoxon signed rank test.
An associated probability (p value) of less that 5% was considered significant.

Figures 15(a) and (b) show that Compound XXXV is more effective than
mesalamine (and vehicle) in reducing visceral pain in response to colorectal distension.
Further, Compound XXXV successfully reduced intrarectal pressure, as shown in Figure
16(b).

Thus, Compound XXXV, which has also been shown to have effeclive anti-
inflammatory activity, is useful in treating various inflammatory conditions of the
alimentary tract, as well as functional gastrointestinal disorders such as irritable bowel

syndrome, dyspepsia, etc., that are characterized by increased visceral nociception

(with or without accompanying inflammation).

EXAMPLE 25
Compound XXXV and Com@ound XXVII Pain Perception Scores

With or Without Glibenclamide

A rat model of visceral pain perception as described above was used to compare
pain perception scores for both Compound XXXV and Compound XXVIil with or without
glibenclamide, an inhibitor of ATP-sensitive K* (Kate) channeis.

Figure 17 shows the pain perception score in response {0 0.8 mL of colorectal
distention in groups of rats (at least 5 par group) treated with vehicle, mesalamine (100

mg/kg), Compound XXXV (100 mg/kg) or Compound XXVII (100 mg/kg). Both
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Lis either 0, 0-C=0, S, N or a covalent bond, to
forman ester |inkage, an anhydride |inkage, a
t hi oester |inkage, an am de |inkage or an azo

wd Jopkypess and Ris a hydrogen sul fi depeBlaamit@ass

noi ety that rel eases h n.tissue,
chgpcé@tj S amd f(ﬁgilgsrlgﬂl}%: ﬁ)}?rﬁrap%sch £ pairbp?_ﬁeaond_i_)ﬂ_&'s versus
the’ %olgiggged group? v%lle mgsg%amme he(Ed r’}'gvagmficant effect. The reduction of
pain perception by Compound XXXV and Compound XXVIi was reversed by
pretreatment with glibenclamide (10 mg/kg i.p. 30 min before), while glibenclamide
pretreatment did not affect the pain perception in the groups treated with vehicie or
mesalamine, suggesting that the anti-nociceptive activity of Compounds XXXV and

XXVl may be mediated by ATP-sensitive K* (Karp) channels.

EXAMPLE 26
Comparison of Compound XXXV and Compound XXVII Pain Perception Scores

With Mesalamine

Figure 19 shows results from an experiment using the same pain model as
described ahove. The effects of treatment with mesalamine (50 mg/kg) were compared
to the effects of equimolar doses Compound XXXV (130 mg/kg), ADT-OH {80 mg/kg),
Compdund XXVII (100 mg/kg) and 4-HTB (50 mg/kg). Only Compound XXXV and
Compound XXVIi éigniﬁcantly reduced pain perception (*p<0.05) when compared to the

vehicle-treated group.

EXAMPLE 27
Effects of Compounds XXXV and XXVl on Leukocyte Adherence to the Vascular

Endotheiium In Vivo
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Leukocyte adherence was siudied using intravital microscopy, as described in
detail previously (Wallace et al., (1988) Am. J. Physiol. 265: 983-888, incorporated
hereto by reference). Rats were anesthetized with pentobarbital sodium (60 mg/kg i.p.}
and cautery incisions were made along the abdominal region. A tracheotomy was
performed to facilitate breathing. The rats were placed in a supine position, and a
segment of the mesentery was exteriorized through the abdominal incision. The
mesentery was carefully placed over an optically clear viewing pedestal that allowed for
trans-illumination of a 2-cm® segment of tissue. All exposed tissue was covered with
saline-soaked gauze to minimize dehydration. The temperature of the pedestal was
kept at 37°C and the mesentery was superfused with warmed bicarbonate-buffered
saline (pH 7.4). An intravital microscope (Nikon L25/0.35) and a x10 eyepiece were
used to observe the mesenteric microcirculation. Post-capillary venules with diameters
ranging from 20 to 40 um were selected for the study. A video camera mounted on the
microscope (Panasonic™ digital 5000) projected the image onto a monitor, and the
images were recorded for playback analysis using a videocassette recorder. Images of
the mesenteric microcirculation were recorded 5 minutes prior to aspirin administration
(baseline), at the time of aspirin administration (time 0-5) and every 15 minutes for 60
minutes. Leukocyte adherence was blindly quantified from videotaped images of the
- vessels made over 5-min periods as the number of leukocytes that remained stationary
along the vessel wall for 30 s or more (expressed per 100 um venule length). Groups of
rats (at least 5 in each) were pretreated with Compound XXXV (130 mg/kg), Compound
XXVIl (100 mg/kg), mesalamine (50 mg/kg), or vehicie 60 min prior o aspirin {or

vehicle) administration. These drugs were given intragastrically. In some experiments,
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rats were treaied with glibenciamide (10 mg/kg ip.} or vehicle 30 min prior to
administration of these compounds.

Figure 19 shows leukocyte adherence in response to intragastric administration
of aspirin, and the effects of the compounds. Aspirin markedly increased leukocyte
adherence over that observed in the baseline period {*p<0.05 versus the vehicle +
vehicle group. Pretreatment with compound XXXV, but not with mesalamine, prevenied
the aspirin-induced increase in leukocyte adherence. Glibenclamide alone did not affect
leukocyte adherence, and did not affect the magnitude of aspirin-induced leukocyte
adherence. Glibenclamide also had no effect in the group treated with mesalamine plus
aspirin. However, glibenclamide reversed the inhibitory effect of Compound XXXV on
aspirin-induced leukocyte adherence.

Figure 20 shows the leukocyte adherence for the final time period of the
experiment (minutes 80-65). This graph illusirates the ability of Compound XXXV and
Compound XXVI! to suppress aspirin—i;'lducecj leukocyte adherence, and the ability of

glibenclamide pretreatment to reverse this inhibitor effect on leukocyte adherence.

EXAMPLE 28
Generation of H,S by 5-Amino-2-hydroxy-benzoic acid 4-(5-thioxo-5H-[1,2]dithiol-
3-yl)-phenyl ester (Compound XXXV) and 4- or 5-Amino-2-(4-thiocarbamoyl-

phenoxycarbonyloxy)-benzoic acid (referred to as Compound XXVII)

Two compounds were tested, Compound XXXV and Compound XXVH, for
H:S generation under three different conditions. Concentrations of H:S that were
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generated within 1 hour from 1 mM concentrations of L-cysteine, the HS-releasing
moiety of Compound XXXV, ADT-OH (5-(4-Amino-phenyl)-[1,2]dithicle-3-thione, the
HQS releasing moiety of Compound XXVI, 4-HBT {4-hydroxythiobenzamide) were also
measured. H,S release was tested under three conditions: (i) when the compound was
in buffer, (i) when the compound was in a liver homogenate, and (i} when the
compound was in the liver homogenate together with an inhibitor of cystathionine y-
lyase (PAG = DL-propargylglycine; 2 mM). Results are shown in Figure 13. *p<0.05
compared to the release from the vehicle group. ¥p>0.05 versus the corresponding
’homogenate’ group. The enzymatic capacity for H.S production was determined using
the same reactor as described previously (Khan et al. (1880) Microchem J. 25: 386-395,
incorporated herein by reference). Two mi of an assay reaction mixture was introduced
in the reactor. The mixture contained 1 mM L-cysteine (or compound), 2 mM pyridoxal
5-phosphate, 100 mM potassium phosphate buffer {pH=7.4). - A constant stream of
nitrogen was passed through the mixture via gas-inlet capillary. Reactions were
initiated by transferring the tubes from ice bath to a 37°C water bath. The stream of
nitrogen carried the sulfide acid in the second reactor containing 4ml of sulfide anti-
oxidant buffer {SAOB) solution, consisting of 2M KOH, 1M salicylic acid and 0.22M
ascorbic acid at pH 12.8{5]. After incubating at 37°C for 90 minutes, 1ml of 10%
trichloroacetic acid solution was added to mixture to stop the reaction. The remainder
HsS in the mixture was carried out via nitrogen stream by other 60 minutes of incubation
at 37°C. The concentration of sulfide in SAOB solution was measured with a sulfide
sensitive electrode (Model 9616 $*/Ag* electrode, Orion Research, Beverly, MA, USA.

For studies in which the test compounds were incubated in liver hormogenate, 100-
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150mg of isolated rat livers were hohwogenized in 1mt of ice-cold T-PER protein
extractor. The homogenates were added io the reaction mixture at a concentration of
10% (wit/ivol). DL-propargylglyctne 2mM was incubated with liver homogenates for Smin
at 37°C prior the enzyme reaction. Khan, S.U. Morris, G.F. and Hidiroglou, M. (1980)
Rapid estimation of suifide in rumen and blood with a sulfide-specific ion electrode.
Microchem J. 25:388-395, incorporated herein by reference.

The results shown in Figure 21 suggest that 4- or 5-ASA derivatives of the
present invention and, in particular, Compound XXXV and XXV, have the following

distinct fealures:

1. The derivatives release H.S spontaneously (in buffer), which is desirable for a
topical effect in the gut. The HsS-releasing moieties alone, ADT-OH and 4-HTB,

and L-cysteine did not release significant HxS when incubated only in buffer,
2. “The release of H.,S is greater when in the presence of tissue;

3. The release of HyS from 4- or 5-ASA derivatives (other than 4- or 5- amino-2-
hydroxy-benzoic acid anhydride with N-acetyl cysteine (Formula X}, occurs
independent of the activity of the two main enzymes for endogenous synthesis of
H.S (cystathionine B-synthase and cystathionine-y-lyase). This is demonstrated
by lack of effect of an inhibitor of those enzymes (PAG; DL—propargylglycine), on
H»S generation from Compound XXXV and Compound XXVH. In contrast, the

release of H,S from L-cysteine is markedly inhibited by PAG;

4. The concentrations of H»S produced from Compound XXXV and Compound
XXVIl are in the 10-20 uM range when 1 mM of the compound was used.

Caoncentrations of up to 5 mM mesalamine can be measured in the colonic lumen
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C-NH2 or a salt thereof. 2. A conpound according to
claiml, selected fromthe group conprising: 4- or
5- Ami no- 2- hydr oxy- benzoi c acid

wofmb@nbis0xo- 5HA1, 2] di t hi 01- 3-y1) - phenyl est gijicaz
4~ 0r 5- Ani no- 2- hydr oxy- benzoi ¢ aC| q BPET/ICA2006/000484

(1 %%Er %%éé”tﬁﬁ%@ge}ggﬂegi%&gd% li%grlug‘?b\%/ ‘?{S 45010989 34:
NZ%?%%; éysbﬁbg%ypgséﬁggcegﬁg@c{né of HzS can be as much as 160 yuM

414 &%Oggsp%&%( }_2,;9:}’%?0? 5128k 1501 ngtﬁ%&%éﬁﬂw&ﬂx%%ﬂu XXV

th| hénoxynet hyl ester;

or 21 e%@hy i Zat%qﬁtg'mé]h?r%\?vm‘uﬁt@cb}%swl '&1503! range thereby mln;mmng

414- oXy-phen 4-di t hi oxo2 4A- 541, 3, 2,
It r‘ﬂh%%r@%@ﬁ?%ﬁ-@@ r@taﬁé@ltbf?iﬁiﬁﬁykt BStrRerstebod( 4low@tfer that when n-

Am no- r oxy- benzoyl ani no) - 4-t hi ocar banoyl - but yr

' ¢ athfleysteine is thé-HS re%asﬁgrﬂ@e@ (byEpeXtis g IFzpinaladk), @ lower
anhydride with 2-am no- i ocar banoyl butyric acid;

dose will he used due to the greater release of HzS from cysteine.

EXAMPLE 29
Vasorelaxant Effects of H.S Releasing Moieties

The foliowing experiments were performed essentially using the protocol as
disclosed in Bucci, M. et al. {(2004) Diabetic mouse angiopathy is linked to progressive
sympathetic receptor deletion coupled to an enhanced caveolin-1 expression.
Arterioscler Thromb Vasc Biol 24: 721-726, incorporated herein by reference. CD-1
mice were sacrificed and thoracic aorta was rapidly dissected and cleaned from fat and
connective issue. Rings of 1.5-2 mm length were cut and mounted on isolated organ
bath (Fort 10 World Precision Instruments, USA) filled with gassed Krebs solution (95%
02+ 5% CO2) at 37°C. Changes in isometric tension were recorded with Powertab™
data acquisition system {Ugo Basile, italy). The composition of the Krebs solution was
as follows (mol/l): NaCl 0.118, KCI 0.0047, MgCl2 0.0012, KH2PO4 0.0012, CaClz
0.0025, NaHCO3 0.025 and glucose 0.010. Rings were initially stretched until a resting
tension of 1.5 g was reached and allowed to equilibrate for at least 40 minutes during

which tension was adjusted, when necessary, to 1.5 g and bathing solution was
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4-t hi ocar banoyl phenyl 4- or

5- am no- 2- hydr oxybenzoate; 4- or

5- Ami no- 2- hydr oxy- benzoi ¢ aci d thi ocar banoyl net hyl
WOEB@25295 4-or 5- Am no- 2- hydr oxy- benz orCI/e£3006/000484

anhydride wth sulfuric acid nono- (2-

pe [;i QtéP\aﬁ Wi £ptBminadndiudy a resting tension of 1.5 g was found to
m nho- 2- hydr oxy- benzoic aci d

de@el&éir{emp‘ﬂ?fﬁf Bheiba 12 tehhdiktionl witrotderpdtmgydgesist er ; or a
salt thereof. 3. A conpound according to claiml1,

sel pedRfl eikpOimériiaings owere stangardigecgsingL- obenylephrine (PE) 1 pmolt
5- am no- 2- hydr oxy- benzoi c acid
urft te- lebpanses THitd  raprdittdibiel TQ-cydlupleethy | vaseiedranyefient of tested
5- am no- 2- hydr oxy-benzoi c acid anhydride with
ﬂoNrpansylcuﬁmiﬂtle@ rencentration-responsgr curves were performed (10nM- 3m)
5- Ami no- 2- hydr oxy- benzoi c acid
ondE (iAW) Ipyetookgetpt engslipr hedoliiving eprepundsi4xs11, 3, 2, 4] d
i t hi adi phosphet an- 2-y11-phenyl ester; 2-(4- or
5-ani no- 2- hydr oxy- benzoyl am no) - 4- t hi ocar banoyl - but yr
ic acid; 4-thiocarbanoyl phenyl 4- or

5- am no- 2- hydr oxybenzoat e; .or 5-
am no- 2- hydr oxy- benzoi ¢ a® dsa@?de with sulfuric

acid nono- (2- nercapt IQ a salt
t her eof .
o)

2,4-bis(4-methoxyphenyl}-1,3,2,4-dithiadiphosphetane2,4-disulfide {Lawesson’s Reagent),

thioacetamide, NaHS, 4-HTB and Na,S. Vehicle represents buffer but no compound.
Curves to tested compounds were constructed in presence of endothelium. To assess
endothelium integrity cumulative concentration-response curve 1o Ach (10nM-30uM)
was performed on PE precontracted rings.

Data obtained are shown in Figure 22 and are expressed as mean + SEM. The
level of statistical significance was determined by 2-way analysis of variance (ANOVA)
followed by Bonferroni's test for multiple comparison, using the GraphPad™ software.

Figure 22 shows that the H2S releasing moieties of the present invention,
namely, Lawesson's Reagent, 4-HTB and thioacetarmide, all showed significant

vasorelaxant effects, which were concentration dependent, when compared to vehicle.
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4. A'conpound according to claim1, 4- or
5- am no- 2- hydr oxy- benzoic acid 4-(5- )
t hi oxo-5H[1, 2] di t hi ol-3-yl)-phenyl ester, or a salt

w0 heé/BRtes 5. A conpound according to clai m lpcfiraSi06/000484
5- am no- 2- hydr oxy- benzoi ¢ acid anhydride with

Fuh‘r’\&c% b, Qéiﬂa%ranecun%rs Were it cdridraé o Ghos &ﬁﬂ"ﬂ@ﬂi%en using
according to claim1, 4-thiocarbanoyl phenyl 4- _
Nai Qa4 hydroxybenzoate, or a salt thereof. 7. A
conpoun%zaccordlng to claim1,

5- am no- 2- hydr oxy- benzoic acid 4-(5-thi oxo-

5H[ 1, 2] di thi 0ol-3-y1)-phenyl ester, or a salt
thereof. 8. A conpound according to claim 1,

4-t hi ocar banoyl phenyl-5-am no-2- hydroxybenzoate, or
a salt thereof. 9. A conpound according to claim1,
5- am no- 2- hydr oxy- benzoi ¢ acid anhydride with
N-acetyl cysteine, or a salt thereof.
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10. A pharmaceutical conposition conprising a
conpound according to any one of clains 1 to 9 or a
pharmaceutically acceptable salt thereof and a
pharmaceutically acceptabl e excipient or carrier.
11. Use of a compound according to any one of clains
1to 9 for the preparation of a nmedicanent for the
treatnment of an inflammatory condition of the
astrointestinal tract in a subject. 12. Use of a

WE CEAMound as clained in claim11l, wherein the: '
inflammatory condition is selected fromthe group

1. dotrnpeinthofoden@ralfolmeuidi sease, ul cerative colitis and
irritable bowel syndrome. 13. Use of a conpound
according to ang—dneRof clains 1 to 9 fon the
preparation-of a nmedi cament for the prevention of

wherexcol on cancer.

Ais

HoN

" where —NH; is efttier at position 4 or 5;

L is either O, 0-C=0, S, N or a covalent bond, to form an ester linkage, an
anhydride linkage, a thioester linkage, an amide linkage or an azo linkage; and

R is a hydrogen sulfide releasing moiety that releases hydrogen sulfide in tissue
selected from the group comprising:

S<g
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of a salf thereof.

2. A compound according to claim 1, selected from the group comprising:

4- or 5-Amino-2-hydroxy-benzoic acid 4-(5-thioxo-5H-[1,2]dithiol-3-yl)-phenyl
ester; '

4- or 5-Amino-2-hydroxy-benzoic acid (1-carboxy-2-mercapto-ethylcarbamoyl)-
methyl; - ’

4-or5- aminoéz-hydrdxy~benzoic acid anhydride with N-acetylcysteine;

4-or  5-Amino-2-hydroxy-benzoic acid  4-[4-(4-methoxy-phenyl)-2,4-dithioxo-
22°,4).°1 ,3,2,4]dithiadiphosphetan-2-yl]-phenoxymethyl ester;

4- or 5-Arﬁino-2~hydroxy—behzoic acid 4-[4-(4-hydroxy-phenyl)-2,4-dithioxo-
21° 42511 ,3,2,4]dithiadiphosphetan-2-yl]-phenyl ester;

2-(4- or 5~Amino—2-hydroxy-benzoylamino)—4—thiocarbambyi—but_yn’c acid;

~4- or 5- Amino-2-hydroxy-benzoic acid anhydride with 2-amino-4-thiocarbamoyl-

butyric acid;

4-thiocarbamoylphenyl 4- or 5-amino-2-hydroxybenzoate;

4- or 5-Amino-2-hydroxy-benzoic acid thiocarbamoylmethyl ester;

4-or 5- Amino~2-hydroxy-benzoic- acid anhydride with sulfuric acid mono- (2-
mercapto-ethyl) ester; and |

5-Amino-2-hydroxy-benzoic acid 4-(5-thioxo-5H-[1 ,2}dith-iof-3-yi)~phenyl ester;

or a salt thereof.

3. . Acompound according to claim 1, selected from the group comprising:
4- -or S5-amino-2-hydroxy-benzoic acid 44(5—thiqxo-5H-[1,2]dithio]-3-yi)-pheny|
ester;

4- or 5- amino-2-hydroxy-benzoic acid anhydride with N-acetyl cysteine;
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4- or 5-Amino-2-hydroxy-benzoic acid 4-[4-(4-hydroxy-phenyl)-2,4-dithioxo-
23°,42.°1,3,2 4]dithiadiphosphetan-2-yl}-phenyl ester:

2~(4- or 5-amino-2-hydroxy-benzoylamino)-4-thiocarbamoyi-butyric acid;

4-thiocarbamoylphenyl 4- or 5-amino-2-hydroxybenzoate;

4- or 5- aminb—Z—hydroxy~benzoic acid anhydride with sulfuric acid mono- (2-

mercapto-ethyl) ester;

or a salt théreof.

4, A compound according to claim 1, 4- or 5~amino-2—hydroxy~benzoic acid 4-(5-

thioxo-5H-[1,2]dithiol-3-yl)-pheny! ester, or a salt thereof.

5. A compound according to claim 1, 4- or S-amino-2-hydroxy-benzoic acid

anhydride with N-acetyl cysteine, or a salt thereof.

6. A Compound according to claim 1, 4-thiocarbamoylphenyl 4- or 5-amino-2-

hydroxybenzoate, or a salt thereof.

7. A compound according to claim 1, 5-amino-2-hydroxy-benzoic acid 4-(5-thioxo-
SH-[1,2]dithiol-3-yl)-pheny! ester, or a salt thereof. '

8. A compound according to claim 1, 4-thiocarbamoylphenyl-5-amino-2-

hydroxybenzoate, or a salt thereof.

9. A compound according to claim 1, 5-amino-2-hydroxy-benzoic acid anhydride

with N-acetyl cysteine, or a salt thereof.
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10. A pharmaceutical corhposition comprising a compound according to any one of
claims 1 to 9 or a pharmaceutically acceptable salt thereof and a pharmaceutically

acceptable excipient or carrier.

11.  Use of a compound according to any one of claims 1 to 9 for the preparation of a

medicament for the treatment of an inflammatory condition of the gastrointestinal tract in

a subject.

12, Use of a compound as claimed in claim 11, wherein the inflammatory condition is
selected from the group consisting of Crohn’s disease, ulcerative colitis and irritable

bowel syndrome.

13. Usé of a compound according to any one of claims 1 to 9 for the préparation ofa

medicament for the prevention of colon cancer.
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