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CROSS- TO RELATED APPLI CATIONS [001] This ' ,0n i s based on
and cl gﬁ?@%@benef it of US. Provisional Applicat ?)g}ri:%ﬁwég/ 353, 233,
filed February 4, 2002 (Attorney Docket No. 08907.6000) The entire
di sclosure of this application is relied wupon and incorporated by
reference herein. BACKGROUND COF THE | NVENTI ON [ 002] The history of
anal gesi c ang’ﬁanti-i nfl anmatory nedicines started wth the use of decocted

{0
salicylate-c H’l‘qprfg:’ ITRRATING A MAMMALB Y ADMINISTRATON %ci ans. WI I ow
bark was alr NETHE ABILEY: TQ RELEASE COLCOMPRUNRSI um

sal i cyl at e WASAVING THEABILITY TORELEASE GOAND PHARMAGEUTICAler i n Ger many
the | ess corrosive acetyl sadCOVPOSITIONS THEREQINt hesi zed and i ntroduced
into nmedicine in 1899 under the nane of aspirin. [003] The inpressive .
anti-inflammtory, anal gesic and antipyretic effects of aspirin pronpted

e o gani ¢ aci ds CRABSIREEERENRHTO RETATERAPELICAFIINE T, e Gr uge or

nonsteroidal anti-infla tory.drugs (NSAIDs) are a heterogeneous group of
subst ances whi E@%a@l@sﬁg’r&ﬂ?@éﬂ%ﬁ&#ﬂ °ﬁi€'§ﬁ€???'&%ﬁt8ﬁp-%hare t he sane

t herapeutic effects as well as unwanted side effects. In 1971 Vane and
col I eaguedrR¥Fienainplicalnn Naii/ 35323 fled fiebruarnd AR0R2 (Atlomsivt ed t he

synt hesi s of prostagl andi ns. Prostagl andi ns serve nmany
Docket No. 08907.6000) The entire disclosure of this application is relied

upon and incorporated by reference herein.

BACKGROUND OF THE INVENTION

[002] The history of analgesic and anti-inflammatory medicines started
with the use of decocted salicylate-containing plants by ancient Greek and
~ Roman physicians. Willow bark was already used 300 BC for treating fever
and pain. Sodium salicylate was introduced in 1875 as an antipyretic. At
Bayer in Germany the less corrosive acetylsalicylic acid was synthesized and
introduced into medicine in 1899 under the name of aspirin.
[003] The impressive anti-inflammatory, analgesic and antipyretic
~ effects of aspirin prompted researchers to develop a large number of related
- -compounds most of which are organic acids. These compounds, referred to
as aspirin-like drugs or nonsteroidal anti-inflammatory drugs (NSAIDs) are a
heterogeneous group of substances which have no uniform chemicat:
properties but share the same therapeutic effects as well as unwanted side
effectg. in 1971 Vane and colleagues have shown that aspirin and other

h - NSAIDs inhibited the synthesis of prbstaglandins. Prostaglandins serve many




1 4 August 2006 WD 03/066067 PCT/1B03/00932 diverse functions throughout
- the body, with inportant roles in blood clotting, ovul %tAuonstzio Itiation of
| abor, bone metabolism nerve growth and devel opnent, wouird: hea i ng,

ki dney i.on, bl ood vessel tone, and inmune respo is RN et al
FASEB Jﬁﬂ?ggdg,&"rlz, 1063). Prostagl andins are producegéﬁpc())g@é% I n many

different tissue types and have different |ocal actions. PGE2!s generally
-thought to be the nost inportant pro-inflamuatory prostaglandin nediating
tissue swelling, fever and hyperal gesia (heightened pain sensitivity).

. However, ot her prostanpi ds, nmay be equally inportant. . Prostacyclin (PGlL2),
for exanpl ‘{erﬁ%quc@%;gwgb?gﬁh%ﬁoghﬂﬂ“’t'éﬁpgg@ﬂ"EleﬁI'F blagd cloBingi opnent  of

i nflammatory pain &K R Bley, J.C Hunter, RM Eglen and J.A M Smth;
1998, Tr er¥yliatian Aptiatiereeflahsr ckanegpetahelism gervergrowin and dexslonme; ost anoi d,
t hronboxane, is produced by platelets and plays a crucial role in

t hr onbot i svaundrirealingkidney sunctinnybleod vesskktope cartddginzundi responsehet i ¢ pat hway
is fatty acid cycl ooxygenase, which occurs in two forns, COMand COX-2.
COM i s corBuBbistR.NeblalEASEES 36199801 2/eiDp 3% Hrbstaglandins ammedeceh as st onmach,
ki dney and platelets, while COX-2 is induced at sites of injury by

exogenous Iedlly /NARef dRfefent BSduRMTYBEPaNd RRY EfGHERt 0AF Riclidrs. FGERligt es serine
residues in COX-1 and COX-2 thus resulting in irreversible inhibition of

these enzyaRsralPtitfighNeNehe Mddt IfpdHamk E}r?gingﬁg‘@% bosBadidHHili tors of

cycl ooxygenases. [ 00/] Because aspirin ‘Ds "are organic acids
13 hoe® T ERISSlNnd 1ol e Bl kB 7 o
Tarrow. TQSﬁgti\];i@'it Plofever, other prostanoids may be equally important.
Prostacyclin (PGI2), for example, is likely to play an important role in the
development of inflammatory pain {K.R. Bley, J.C. Hunter, R.M. Eglen and
| ~ J.AM. Smith; 1998, Trends in Pharrﬁaco!ogical Science 19, 141-147).
Another prostanoid, thromboxane, is produced by plat.elets and plays a crucial
role in thrombotic events.The first enzyme in the prostaglandin synthetic
pathway is fatty acid cyclooxygenase, which occurs in two forms, COX-1 and
COX-2. COX-1 is constitutively expressed in many cells and tissues such as
stomach, kidney and platelets, while COX-2 is induced at sites of injury by
. exogenous and endogenous inflammatory mediators. Aspirin acetylates
serine residues in COX-1 and COX-2 thus resulting in irreversible inhibition of
these enzymes. Other NSAIDs are reversible, competitive inhibitors of
cyclooxygenases.
[007] Bebause aspirin and other NSAIDs are organic acids and have a
high capacity to bind to proteins, they accu_muléte in inflamed tissues, the Gl
ﬁ1ucosa. the renél_cqrtéx, the blod_d and.in the bone marfow. These facts are

2




2 4 August 2006 WO 03/066067 PCT/11B03/00932 well known and can be found
i n textbooks of Pharmacol ogy such as Goodmann and G | WBZPAE sPt%Béracol ogi cal
Basis O Therapeutics, McGaw Hill, New York. [008] Aspi MRS rapidly

deacet yl.at the liver. However, COX-1 in platel i nhi bited by
| ow dos‘ggogfﬁﬁgésépi rin in the portal circulation, the?éﬁ%ﬁgig(grgfng COX-1 in

endot helial cells and prostacylin synthesis (Benett 2001). NSAIDs are the
nost widely used drugs in the world; about 70 mllion people each day take
prescri bed NSAI Ds, and about 200 mIlion people each day take
over-the-counter NSAIDs (Smith T.G Rheum Dis. din. North Am 1998, 24,
501- 523) . well knewnamdican betfaurd indextbpoks ¢fiPhaspaeqlogy stisheass are consuned
annual ly (Flieger K FDA Consum January-February 1994) and about 50
mllion péiuidmapend Gifndrls Phbtmanologica\BAsiDOf Jhetapeatics, Md@EBaws R N. et al
FASEB J. 1998, 12, 1063). Since the determ nation of these figures in
1999, it iHill,NNst Ybrikkel y that the use of NSAIDs has further increased.
Popul ati on studi es have shown that 10-20% of all people who are 65 years or

ol der are eit hgDsy UASSI is)(‘aﬁi_ﬂ[gfdeﬁbégl_aﬁd B\Pthe IIVEIC SHidwever, SCOXKVER a
prescription for a nonsteroidal anti-inflamuatory drug. During the next 20

~years the are i q ' from 380
mllion tggég%gnﬁﬂeo'ﬁ%%%té lbﬁi_\{]de%%rs gagﬁ?ﬁﬁggﬁ ﬁﬁllsﬂféhm%ﬂlég based on the

fact that tﬁére@§p%d@ar¢'?§{‘lﬁﬂé?%fﬂgﬁal!cﬂﬁéé‘ﬁﬂ st ;cillﬁg%g\ﬂ%ﬁ@gn@ﬁ nstrual pain,

fever, chronrc’ p ! , psoriaticar \ I'ng spondylitis,
post oper aPPOL Rl are it REPEINSBR dhuenif B woriF SFBLLR ol o and”
vaseul It s e R oy take Bredcibed NSAIDs, and about 200 million people each
day take over-the-counter NSAIDs (Smith T.G. Rheum. Dis. Clin. North Am.
1998, 24, 501-523). In the United States 80 billion aspirin tablets are
consumed annually (Flieger K. FDA Consum. January-February 1994) and
about 50 million people spend $5-10 billion on NSAIDs each year (DuBois
R.N. et él FASEB J. 1998, 12, 1063). Since the determination of these figures
in 1999, it is most likely that the use of NSAIDs has further increased.
-Population studies have shown that 10-20% of all people who are 65 years or
older are either currently receiving or have recently received a prescription for
a nonsteroidal anti-inflammatory drug. During the next 20 years the number
of people over 65 is expected to increase from 380 million to 600 million.
[009] The frequent use of NSAIDs is based on the fact that it has
many indications including mild headache, menstrual pain, fever, chronic
polyarthritis, psoﬁatic arthritis, ankylosing spondylitis, osteoarthritis, gout,
e inflammatory soft tissue rheumatis, low back paén, postoperative and post-
iraumatic inflammation, thrombo_ph_l_e_bi'tis. and vasculiti_é (Jﬁérgen .steinmeyer, .
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3 4 August 2006 WO 03/066067 PCT/1B03/00932 2000, Arthritis Research 2,
379-385). In addition to the traditional use for the agoA/e it\r;g&écat i ons,
NSAl Ds have been shown to be effective in the prevention & vascul ar

di sord i rinis the nost widely used inhibitor _of platelet function
and is%’ﬁ«gs@%@ﬂdard agai nst which other agents are jﬁgyﬁ?’gqgﬁzthe
Antiplatelet Trialist Collaboration (46 trials with patients wth acute

myocardial infarction, prior nmyocardial infarGion, unstable angina,
stroke, or transient ischernic attack, aspirin reduced the long termrisk
of recurrent infarction, 'stroke, or death froma vascul ar cause by 25%

Aspi ri n acd09| Arkslis@Rpseardhad, 37836p).i in gsiditios|te the traditional wse fonthendot hel i al
cells thereby preventing the synthesis of prostacyclin, a potent

vasodi | at @bove mditatibns, NSAIDS iiavé been shdverstoi iaceffdutive inmthe Ipravieotiom f
prostacyclin, aspirin has a net anti-platelet effect by inhibiting

t hr ombox arn vastutardisorddrs. iAspirihd theehdst Witahetised2iBAibitor ¢f@ldlgleNot al |
bi ol ogi cal effects of NSAIDs are related to the inhibition of

cycl ooxygemastieR anSid e stARcAR b@dinstavtic SthbNadetiCarlGdRR. Ih@sept ors such  as
per oxi some proliferator activated receptor gamma and delta (PPAR Yy and 6),

K nases suclipaiikiaissispélatiidles £l ElsdenobRsaRdBatagasco such as

PDE5 and 2. ITnteractions o t target s on the

St AP R, R SR S
2200 00 o RO o B AT R of R RB R TorE LT S 1
rg[ glt Cei ijt KI§E8%’9 %glrdtggghi f}'alm a v-la-ggulgro c%usg ;IZ%B}‘;S Assipciir?n géét;?lgi[es%co -S1 Ior%curti n and
only in platelets, but also in endothelial cells thereby preventing the synthesis
of prostacyciin, a potent vasodilatator and platelet inhibitor. Despite the
inhibition of prostacyclin, aspirin hasr a net anti-platelet effect by inhibiting
thromboxane A2 synthesis in platelets (Benett 2001).
[010] Not alt biological effects of NSAIDs are related to the inhibition
- of cyclooxygenases. Other potential targets include nuclear receptors such
as peroxisome proliferator activated receptor gamma and delta (PPAR y and
), kinases such as:lkb kinase (IKKB), and certain phosphodiesterases such
as PDES and 2. Interactions of NSAIDs with such target depends on the
- structure and dose of the compound, and may have beneficial or adverse
consequences.
[011] NSAIDs are generally well tolerated; however, adverse reactions
do occur in a small- but important percentage of patients. Because of the very
extensive use of NSAIDs this results in s_ubstan‘t_ial morbidity__an_d_ mortality.
- The most serious side effect of aspirin énd related __NS_AI_D_S are-_. '

4-_:




4 4 August 2006 WO 03/066067 PCT/1B03/00932 gastrointestinal disorders, in
particul ar the induction of gastroduodenal ulcers. Long term

adm nistration of aspirin also leads to a snall increase Mustd96 unber  of
heror r | okes. There is a dose dependent rel at bot h

conpl i r(}g |0%?16§56r7They can be mnimzed, but not elim ng€@5@09520adm ni stering
the I owest effective dose of aspirin. The annual nunber of

hospitalizations in the United States for serious gastrointestinal
conplications of NSAID use is at |east 100,000 and the annual direct costs
of such conpljcations exceed U.S. $2 billion. The nortality rate anong
pati ent s \gastroigtesting lisarderszie partisulakthe induetion o gastrsiiodgnal ulceTst est i nal

bl eeding is about 5 to 10 % (for references to original articles see Wl ke
M M, Li chosagders adminitratiomof @spiri algh|leads ¢oa smadl indseas@rigittend Jour nal  of

Medi ci ne 340, 1888-1899). [012] Extensive efforts have been nmade to prevent
the adver swndfel ethemonhadiSsirddes. Dheresis iaadosg\depbndént halatignshipeo t o be
effective is to supplement NSAIDs nedication with protective prostaglandin

derivati vepth somplications] B cadtd minimized, tHut AobélivigaedUyp | nhi bitor, such as
ranitidine. Another strategy is to rmdlfy NSAl Ds thensel ves elther to

make thema@ﬁrﬁs@ﬂhgmé meswfrercﬂv@a’&enff%sﬁh' e HphBAl tibepdf €7 NSAI Ds have
been devel oped, which selectively inhibit only the inducible

i it o7 Soraligatiiiein K GntSERET0r sorBLE DYl est o BBt < gener at e
%t Famrat PHNSATREE é?ﬁsﬁﬂéaeéta@ﬁ@ﬁg%ﬁﬁ?@@é@%@"ﬁ“&‘ﬁ% 0?%5@1‘322”aﬁ3dby
oL PP SLAE RS T Tehs it raulons U (7

are hospitalized for NSAID induced upper gastrointestinal bleeding is about 5

to 10 % (for references to otiginal articles see Wolke M.M., Lichtenstein D.R.

and G. Singh, 1999; The New Englahd Journal of Medicine 340, 1888-1899).

[012]) Extensive efforts have been made to prevent the adverse effects

.of NSAIDs. One strategy which has proven to be effective is to supplement

NSAIDs medication with protective prostaglandin derivatives, such as

misoprostoi, or with a proton pump inhibitor, such as ranitidine. Another
strategy is to modify NSAIDs themselves either to make them more selective

- or to add protective moieties. Safer NSAIDs have been developed, which
selectively inhibit only the inducible cyclooxygenase, COX-2. The increased
safety profile of selective COX-2 inhibitors is thought to be due to the fact that
prostaglandins generated by COX-2 at the sites of injury cause tissue
swelling, pain and inflammation, while those generated by COX-1 in the

- mucosa and by platelets have protectlve functlons Two selectlve COX—2

Y -lnhabltors celcoxib (Celebrex®) and rofeooxsb (V|0xx®) have become o .




5 4 August 2006 WD 03/066067 PCT/I1B03/00932 avail able and several rel ated
conpounds are in early clinical devel opnent. Cel ecoxi b@gd rgqgé:oxi b
maintain selectivity for COX-2 even at high doses. It Hhes"&

denons | n several clinical trials that these n Ds do cause
| ess gé’@?’%&ﬁéﬁ stinal conplications than nonsel ecti vg&%ﬁ%ﬁﬁ | bitors. [013]
Recent studi es have shown that selective COX-2 inhibitors mght open up a
‘Wi de spectrum of new indications for NSAI Ds. The degeneration of |arge
areas of the brain in Al zheiner's disease is supposed to occur with the

I nvol venment of COX-2. Selective COX-2 inhibitors m %ht al so be directed

t owar ds t [vailable apd sexeralgelgtedqompoynde prfdmearly cinical deyglerenton s al so

i ncreased in gastric and breast carcinomas, suggesting that selective

COX- 2 i nhiGslecoxib aridyofecakibendintainaelegbivityt o SQXr2 gven at highdosessédl i ng t hose
turnours. Recently the US FDA approved the selective COX-2 inhibitor

cel ecoxi b hiasbethdemoasitratedin sdveta elinical drige that thesdinsvelNSAIDsldoed fami | i al
adenonat ous pol yposis. Ani mal experinents have shown that COX-2 inhibitors

i nhi bit argisHRESFhstrandsinaBomplitafithdthan nansslsctive€I@X fhhibiitorsranner . COX- 2
Is expressed in the newy created bl ood vessels (especially in the

-endot hel ial cefd13) ReaMedubRs haVaBrowd tHatsBlechdldbxEiahibaygnt of COX-2

sel'ective conpounds has notivated scientists to revisit the physiol ogical

lff)l £widle séﬁgﬁrﬁdp’i"g{ é%\?‘imgiceﬁiéﬁé ﬂgﬂ%ﬂ@.’s §hbsozymes. These

_gtngdgogtshﬁm@t@\?g; ed sever _ I sadvantages of cycl ooxygenase
o 2 27 B S e o B P EidgPs REAMY BSRRRRAEL! Lo
_and possi %Icgure‘mliﬁ'nhlﬁia rﬁvro ve(tjr%ezsr]?ca)lfS 805(]_20 nglec%\/e &5%2( ighibitors might also
be directed towards the therapy of colorectal carcinomas. COX-2 expression
is also increased in gastric and breast carcinomas, suggesting that selective
COX-2 inhibitors might also be therabeuﬁcally useful for treating those
tumours. Recently the US FDA approved the selectivel COX-2 inhibitor
celecoxib for the treatment of the rare genetic disorder called familial |
adenomatous polyposis. Animal experiments have shown that COX-2
inhibitors inhibit angiogenesis and tumour growth in a dose dependent
manner. COX-2 is expressed in the newly created blood vessels (especially in
the endothelial cells) needed for tumour growth.
[014] The advent of COX-2 selective compounds has motivated
o - scientists to revisit the physiological and pathological role of the two known
‘cyclooxygenase isozymes. These studies have reQeaIed several potential
~ disadvantages of cyclooxygenase inhibitors in general, and of selective COX-
~ 2iinhibitors in particular. While selecf_ive CQX-_Z_ i’nhi_b_itors are effective in |
o preventing _'cbl_o.n' .'t;an(.:er and pos's_ib_l.y_Alzhéime_ré diseése_ (T o@ .G.', 'Fréire-' T




6 4 August 2006 WD 03/066067 PCT/|1B03/00932 MbarJ. and Schreiber S. S.;
1997, Exp. Neurol 144, 339), they do not provide the prﬁp&é& é c benefits
of aspirin in vascular disease, which is largely, if not & ver based
on the n of COX-1 nediated thronboxane A2 sy n platel ets.
COX- 2 m‘ggqgﬁégé‘/\ﬁz to have not only pro- but also anti- /Fif{ﬁ}oﬁggi

properties (reviewed by P.R Colville-Nash and DW @G I roy; 2001 Bi oDr ugs
15,11-9). In a crageenan induced pleurisy nodel in rats COX- 2 first
generated PGE2, which increased the transactivation function of NFkB and

t her eby upregul at he expLessiton of many in tory nediajors. At a
ater 11 nbig ang Schidher Sk ciEREaErn Newari4pgd) Byt et Breiles rm,  Poe>
production was down regul ated, while the production of cyclopentenone

pr ost agl ai® REPPRMscligRenefitseef aspina in v@%ﬂarﬁmﬁ%\gﬂmmn&large%|f@ﬁt i ncl ude PGD2
and its derivatives, in particular PG2, inhibit inflanmtion, at |least in
part by iexdiusivelybgseskmths reduttian efGAdtmediated themboxane®ARapahl , G ,
Natoli, T. Takahashi, Y. Chen, M Karin and MG Santoro; 2000, Nature
403, 103- ByBthesisTinplateldts. COXSwas dhawn B hdvatnot goly pry-drit atse antiki bi t ors may
del ay the resolution of inflammation (see B. Poligone and A S. Bal dw n;

2001, The ipfraatmsioryopropéities previewkd BydMRUaNillezNash 366 BIWEG)Iroyt ndeed

cycl ooxygenase inhibitors have been shown to delay gastric ulcer healing

in mce (kooM gBeDARR5, 199 a &agéér%nﬁal%ea';ﬂ@yus}%deﬁ&ﬁaﬁﬁébxand to

exacerbate induced coliti$ in ra Schrmassnann, B. Peskar, C.

ST e, s g i g v
218, i S O S P O s A 1o
' later time point a shift occurred in which, by unknown mechanisms, PGE2
production was down regulated, while the production of cyclopentenone
prostaglandins was increased. The “iate” prostaglandins, which include PGD2
and its derivatives, in particular PGJ2, inhibit inflammation, at least in part by
inhibiting NFkB signal transduction (A. Rossi, P.Kapahi, G. Natoli, T. |
Takahashi, Y. Chen, M. Karin and M.G. Santoro; 2000, Nature 403, 103-108).
These findings indicate that cycloxygenase inhibitors may delay the resolution
-of inflammation (see B. Poligone and A.S. Baldwin; 2001, The Journal of
Biological Chemistry 276, 38658-64). Indeed cyclooxygenase inhibitors have
been shown to delay gastric ulcer healing in mice (H. Mizunonet; 1997,
- Gastroeneterology 112, 387-397) and to exacerbate induced .colitis in rats (A.
Schmassmann, B.M. Peskar, C. Stetiler, et al; 1998, Br. J.Pharmacology 123,
~ 795-804; M.N. Ajuebor. A. Singh, and J.L. Wallace; 2000, Am J. Physiol.
Gastrointest Liv_ef Physiol 279, (3_238-44);_ In sphe_patients treated with
o . sel_ectiﬁr_e _COX-?' inhibitors _uicers hé\ié progressed :furth.e.._r'_t_czx pé:rfﬁr_aﬁdn. |




7 4 August 2006 WD 03/066067 PCT/ EB03/ 00932 [015] Anmore recent study
suggests that COX-2 nedi ated prostaglandin production i4s regghéf)ed for the
generation of TGFa producing regulatory T cells that med A al

tol er awsé’%@#“ ary antigens (for references see OP?%QF@%XNQQ, Nat ur e

Medi ci ne -8). Sugawa and col |l eagues pointed ou -2

I nhi bitors may i ncrease the production of |eukotrienes, such as

| eukotriene B4 (LTB4), which is one of the npbst potent
chenotactic/inflammatory factors (K Sugawa, T. Uz, V. Kumar and H. Manev;

2000, Jpn J Ph col 82, 85). In chronical | nf | d, pul nonary tissue,
NSAI Ds | ead to@ﬁi&%ﬁéﬁ%ﬁwg‘éﬁgﬁtﬁb‘ﬁaﬁ éé&#ﬂeg{%%d and in this way to
asthma-1i ke reactions due to the inhibition of praostaglandin synthesis.
COX-2 hadrestagandie pradustion isqequrasdor thegenermtion of REFRIYRAUSINGDN of t he
renin- angl otensin system and to possess vasoactive anti-atherogenic
proper t i esegyl@onDhnellsthat madidtegraktolerance t@ d@tary BotiggresaforJour nal  of _

Medi ci nal Chemistry 36,109-126). Based on these findings, COX-2 inhibitors

m ght be eaefeesriced se¢ Q. ddriaut 1299, datire Meditiraf 5, 867-8)Buigaws dnelsi ons and to
exacer bate hypertension and atherocl eosis. Thus, selective COX-2

i nhi bi t i oreollsaduil PbintetPbutitRatGOX 2einfibists mdyTih¢rease Ble grbguctieaeh f or
i nproved version of sodiumsalicylate, which began nore than 100 years

'ago. [ 016]lekafidnes, stichasehkotrfeneTHETRUNYHRIS oRbid? BieSmBSt potgiitr i N and
aspirin-like drugs has been the attachnment of NSAIDs wth protective

COMPOUNGS ool RS BAFaGY s RXSbAa ¥, LIS RrbPanReMeASE:  bed Lo

their abill erionr c¥phdsphoti p [ provi de the

mucus gl JodSJon JehdinfiR 45 55 o orRERE rRied LiABRES 1BLISI0 NSA Do wi th

NSAIDs {ead to an increased production of leukotrienes and in this way to

- asthma-like reactions due to the inhibition of prostaglandin synthesis. COX-2
has also been reported to be involvéd in the regulation of the renin-
angiotensin system, and to possess vasoactive anti-afherogenic properties
(G. Dannhardt and W. Kiefer; 2001, European Journal of Medicinal Cﬁemistry
36, 109-126). Based on these findings, COX-2 inhibitors might be expecied
to delay the resolution of inflammatory lesions and to exacerbate hypertension
and atherocleosis. Thus, selective COX-2 inhibition is likely not to be the final
triumph of the search for improved version of sodium salicylate, which began

. more than 100 years ago.

[016] Another strategy to reduce the side effects of aspirin and
aspirin-like drugs has been the attachment of NSAIDs with protective
compounds. At ieast part of the toxicity of NSAIDs has been ascribed té their

' ability to bind to zwitter_ionic phospho!ipids,.whic_vh provide the mucus gel layer
o wnth non-@etté_blé ._;'_:'u_:r_c_)perti_e_s. Pr_eéséc_ici_éﬁné NSAIDs Wlth exogenous L B

o8




8 4 Auguét 2006 WD 03/ 066067 PCT/ | BO3/ 00932 zwitterionic phosphol i pi ds
prevented themfromincreasing the wettability of the nucus %é | ayer and
protected rats against the injurious gastrointestinal <taveugiPRet 7 of

t hese il e enhancing their lipid perneabilit |- pyretic and
anti-i E\i’?#gﬁ%ﬁ@gry activity (L.M Lichtenberg, Z M V\gﬂg,&%{mﬁ;’p Ronero, C.
Uloa, J.C Rerez, MN Graud and J.C. Baretto, 1995, Nat Medicine 1,
154). [017] Anot her approach, which is currently in clinical testing,
utilizes NSAIDs that are covalently derivatized with a nitric oxide (NO
releasing noiety (NO-NSAIDs). This strategy, which has been described in a
seri es of zwitgriepicphospimlipsiatpsemestesl them fiayo incseasiw the wettabiiynf426;

-6, 040, 341; 6,218,417 1311; 6,218,417 131; and 6, 242,432) is based on the
obser vat i theg mubias geiNEydiasd pogtedpd cate against the injaniausegastrointgstinali cul ar in t he
stomach, NO exhibits many of the sane actions as prostagl andins, such as
sti mul at i sideddffectscaftheseodrags, while @nbamangitheirdipicepedineabititysati-bl ood f1 ow.
| ndeed, NO- NSAI Ds did not cause any gastrointestinal injuries in animals,

and exhi bb%@ﬂc&ﬂbiantiﬂﬁﬂa@r'mﬁfo@rwiaitﬂL.Mﬂﬁblﬁl@ﬁbé‘rg,eZMW&adg,thi.Ch exceeded
t hose of the parent conpounds (for references see P. del Soldato, R

Sor rent i nRoffto/c. Bid, 9ic. Fifék, MINEGHud andIE ERGOIRAbSSINGRT ence 20, 319).

- The NO rel-ease fromthese conpounds I1s a netabolic rather than a
spont aneo : S The anti-inflamatory effects of these conpounds are
- t hought t%g%‘g’ fS#)'part to the inhibition of cyclooxygenases, and in

AR s T R LA T W R IR
cytoki nes \ JahE AL cdvaantly datiatizd with atric oxide (N0} FSleasiag O
moiety (NO-NSAIDs). This strategy, which has been described in a series of
patents (U.S. patents 5,621,100; 5,700,947; 5,861,426, 6,040,341, 6,218,417
'B1; 6,218,417 B1; and 6,242 432) is based on the observation, that, NO has
‘cytoprotective properties. In particular in the stomach,. NO exhibits many of
the same actions as prostaglandins, such as stimulation of mucus seéretion
and maintenance of mucosal blood flow. Indeed, NO-NSAIDs did not cause
- any gastrointestinal injuries in animals, and exhibited anti-inflammatory and
analgesic effects, which exceeded those of the parent compounds (for
- references see P. del Soldato, R. Sorrentino and A. Pinto; 1999, Trends |
: PharmacoiogicalScience 20, 319). The NO release from these compounds is
-a metabolic rather than a spontaneous process. The anti-inflammatory effects
- of these compounds are thought to be due in part to the inhibition of
'cyc!ooxygenaseé. and in part to the nitrosation and inactivation of caspase 1,
an enzyme, t_h_a_t_is required for the_gene_ratio_n of at teast twp inﬂammation |
i éromoting".c:yﬁ.)”k_i'hie's_;. ihte'rieukin 1and i'r.n_.téfrl:euk_in 18(8 Fibm'cqi;:25_0_1,-_-' |




9 4 August 2006 WD 03/066067 PCT/1B03100932 Trends in |nmunol ogy 22,
232-235). Cinical studies nmust be undertaken to conpare NO NSAI Ds and
their parent drugs with regard to safety profile and tl‘}e"t‘“&b%@ff)@% ef ficacy.
[018] | ntrast to COX-2 inhibitors nitro-aspirin is expected to retain
or even‘ggtc??’ﬂ%&‘ﬁt the prophylactic effect of aspirin FﬁT’M WP ascul ar

di sease. One of the nitro-aspirin conpounds, referred to as NC4016,

| . inhibited arachidonic acid -stinulated aggregation of platelets at a

concentration of 100 pM whereas aspirin induced the sane effect at 10 pM
However NG4016 was nore efficient than aspirin in inhibiting platelet

‘aggr egat i direadsiindtimeiotagy 22n202:236)h \Clintpabstudies mustbaetindertakentiot i c ef f ect of
NC4016 appears to be due at least in part to the release of NO which
resul ts i mompare NEENSAB&and:their parent dpigatwilheregardde safelty prafiletand he

I nhibition of prostanoid synthesis. [019] Many diverse effects have been
ascribed ttherapéatircsticiityy produced NO and to therapeutical ly adm nistered
NO or NO donors. These include regulation of blood flow, maintenance of

vascul ar tone, (@]t 19toffast ) CORLLhhBHASISGHIRS-EEPIrin Rkpketeti®/ fethl €S in the
central and peripheral nervous system The phenonenol ogy described in the

£ " S aeh S B A RIS AR Ry T Er o
e 15 SRl AR MR BRI MR . o
e s i RS onicobRof b s ot b fdp om0 ter
pM, whereas aspirin induced the same effect at 10 uM. However NC4016
was more efficient than aspirin in inhibiting platelet aggregation and adhesion
induced by thrombin.. The antithrombotic effect of NC4016 appears to be due
at least in part to the release of NO, 'which results in increased ¢cGMP levels in
platelets, as well as to the inhibition of prostanoid synfhesis.
{019] Many diverse effects have been ascribed to endogenoﬁsly
- produced NO and to therapeutically administered NO or NO donors. These
include regulation of blood flow, maintenance of vascular tone, control of .
- platelet aggregation, and various roles in the central and peripheral nervous
-system. The phenomenology described in the literature is rather complex.
NO has been reported to have either pro- or anti-inflammatory effects (H. Kolb |
| .~ and V. Kolb-Bachofen; 1998, Immunology Today 19, 556) and pro- or anti-
. atherogenic effects (R.P. Patel, A. Levonen, J.H. Crawford, and V.M. Darley-
. smar; 2000, Cafdiovascular.Research 47, 465-74). Therefore, it is difficult to
E - predict the long term _:éffe_ct_s_'_qf compounds, w_hibh exhibit sustained NO




10 4 August 2006 WD 03/066067 PCT/1B03/00932 1020] There exists a need in
the art for nmethods for preventing and/or treating dis% 65 26&{ exanpl e,
inflanmatory di seases. In addition, there is a need éﬂﬁ;; gunds and
pharnd@@&@@%@f’conpositions for preventing and/or tF seases, for
exanpl e, inflammatory di seases. SUVMARY COF THE | NVENTI ON A first aspect of
the present ‘invention provides a use of a conpound having the ability to
rel ease carbon nonoxide (CO in vivo, wherein the conpound is a CO
contai ning organonetal lic conplex in a supranolecule aggregate, for the
manuf act ur e off020]nFtecenisis afneedtim thet arh fpr onethods/don pravgnting and/pr anmat ory

di sease, a disease with a strong inflanmmtory conponent, asthma, injury,
i nfarcti areatifg disedses,ybeéxanmple| isfeasmatony dissasemlIn additieapthéreisgect of the
present invention provides a conmpound for preventing and/or treating a

di sease ijped 1OPEBMAboIMIR dNd pHaRRaSEUTIRALESnpSFBAG fergSreferttidgemaler ni ng
organonetal lic conplex in a supranol ecule aggregate and an

Bt g o (ARG PhiskaB8E Ror Slarfbl® IARMARIT UReBEed] PROSPRONAT €, dori vat] ve. A

third aspect resent ‘I nventi on ovi des a pharnmaceuti cal

conposition, conprising W%&gd aspect and a :

phar maceutically accepta al sed herein is a nmethod for
preventing and/or treati di sease | '

Compr 1 ses a. ot AgTBrasaar A as BrasRgt MVEMSh BogRTEI s D GOURAIh  ng he
‘capability to release COin vivo. The conpound has the ahility to rel ease
CO i n vi viaving the ahilyto egleqse qq;porémﬂgx@ei( Oli in vivo, wherem R1e .
o compound is a CO containing organometallic complex in a supramolecule
aggregate, for the manufacture of a medicament for treating or preventing an
inflammatory disease, a disease with a strong inflammatory component,
'asthma, injury, infarction, or a circulatory disease in a mammal.
A second aspect of the present invention provides a compound for
- preventing and/or freating a disease in a marﬁmal wherein the compound
comprises a CO containing organometallic complex in a supramolecule
aggregate and an anti-inflammatory agent or a biphosphonate or
biphosphonate derivative.
A third aspect of the present invention provides a pharmaceutical

composition, comprising the compound of the second aspect and a

-pharmaceutically acceptable carrier.

[021] Disclosed herein. is a method fpr preventing and/or treating a -
...... disease in a mammal, wherein said method comprises a step of administering
to said mammal a compound having the capability to release CO in vivo. The
_ t_:O__mDOUn_d.ha_S the abi!ity _td relea_se CO in vivo in a target site, _for_ exampje in

-~ aninflammatory or pre-inflammatory site.




an inflammatory or pre-inflammatory site. 4 August 2006 [022] In preferred
enbodi nents, the nethod is used for preventing and/or treating |Inflamuatory
di sease or disease with a strong inflammtory conponenﬁ,‘ﬁ%?%Wg? injury,
infarction, circulatory disease. [023] As used herein, a target site neans
a site where a therapeutic effect is expected by use of a conpound of the .
i nvention. Such therapeutic effect can be obtained at |east partly by
nmeans of the released CO as active principle. [024] Thus, a conpound for -
use in the nethod disclosed herein is characterized in that it conprises
at | east one COreleasing noiety. [025] As used herein, a COreleasing

noi ety nmeans a noiety having the ability to rel ease carbon nonoxide in
vivo. Exanples of such noieties are 1la 4 August 2006 WD 03/066067
PCT/ 1 BO3/ 00932 noi eties containing CO and include a noiety.that conprises
of CO. O her exanples of COreleasing noieties are noieties 'capable of
generating CO. CO can be released in certain conditions (e.g. oxidative
conditions of a targeted pre-inflamuatory or inflammuatory site.) [026] In
a particul ar enbodinent, the COreleasing noiety is linked to a second
noiety. This second noiety is, for exanple, a drug carder and/or a

t her apeuti c adezd] éwptefersed émbodimentsnthe methodris usedfdr preventing agent. 1t may
be sel ected depending on its known capacity to target the site/tissue in

“which a driwsrarsiiing infRiniriatory diseageanidishasteithex siiprceinflammatdry - i nf | anmat ory
agent can be selected for its known capacity to accumulate in an

| -1 nfl ammat Qindrizat, Ydthma, injury, infarction, circulatory disease.

.[023] As used herein, a target site means a site where a therapeutic
effect is expected by use of a compound of the invention. Such therapeutic
effect can be obtained at least partly by means of the released CO as active
principle. | |

[0241 Thus, a compound for use in the methoﬁ disclosed herein is
éharacteﬁzed in that it comprises at least one CO-releasing moiety. |

[025] As used herein, a CO-releasing moiety means a moiety having

the ability to release carbon monoxide in vivo. Examples of such moieties are




[027] Anti-inflammtory drugs, which accunulate in inflamed tissues,
I ncl ude aspirin, indonethacin, ninesulide, vioxx, cel ecolﬁ%b a@g ét her
nonst eroi dal anti-inflamuatory drugs that are organic ac St[ 9 ] The CO

rel easiw@oiibgty nmay al so be targeted to bones by ustigsdip®sphonates as
carriers. [029] The CO releasing noiety may al so be targeted to any
particular tissue or cell type by using proteins as carrier. Carder
proteins include but are not limted to antibodies which are specific for
a cell surface protein or a conmponent of the extracellular matrix. [030]

In a preferred enbodi.nent. the mpound, having the ability.to release

car bon noHIBE?etlfé ‘fcw?"?}?'{)%&%33&98%8&{30'9%@?&)%8"%39???2did)lémrng cl asses:
12 4 August 2006 03/ 066067, PCT/ | BO3/ 00932 ss 1 - CO caontaining
orgarr one?é?mpl?séﬁ\é‘ﬁ‘éﬁi‘?a%ﬁ'%"% AffotRtpties a‘??i’gg'aed?sf%li?%ag G0

physi ol ogi cal | y conpati bl e support. Cass 2 - CO containing organonetallic
conpl ex | kkean be releasasys certain @oRditioph ta-geisiabye canditionsgfé t ant nol ecul e.
For exanple, said pharnacologically inportant nolecule is a carrier, a
drug (e. gtgrgetedpre-inflammatarymrtiaflapnmagient yite.Fur t her nore, the CO contai ni ng
orgarronetal lic conplex and the at |east other pharmacol ogically inportant

mol ecul e are of@6priald parti¢ularkanbdiymentatiee OO-releasingmagietyds bnleydetoer . C ass 3
- Supranol ecul e aggregates nade of CO containing organonetallic conpl exes

opti onal | ¥ sebeRPidiaty.cThie secondmadictyie! fof example, Bafig carieY Mid/an®t her
appropriate inorganic or organic support.
therapeutic agent such-as, for instance, an anti-inflammatory agent. It may be
selected depending on its known capacity to target the siteftissue in which a
therapeutic effect is expected. For example, an anti-inflammatory agent can
be selected for its known capacity to accumulate in an inflammatory lesion.
[027] Anti-inflammatory drugé, which accumulate in inflamed tissues,
include aspirin, indomethacin, nimesulide, vioxx, celecoxib and other |
nonsteroidal anti-inflammatory drugs that are organic acids. |
[028] The CO releasing moiety may also be targeted to bones by
using biphosphonates as carriers.

[029] The CO reteasing moiety may also be iargeted to any particular

tissue or cell type by using proteins as carrier. Catrier proteins include but are

" not limited to antibodies which are specific for a cell suiface proteinora -
| component of the extracellular matrix.
| [030] In a preferred embodiment, the compound having the abitity fo
re!e_ase carbon monoxide invivois a corﬁpound from one of the following |

_classes:




Class 4 - CO containing inorganic conplex bearing |igands, e.g.,
polidentate |igands, containing N and/or S donors that functi

reversible COcarriers. Cass 5 - COcontaining i norgaﬁl‘bt”gﬁ %‘Pix beari ng
| i gandsyo @/@s067 POl i dentat e |i gands, contai ni ng N andp@rrsest@seor s t hat
function as reversible COcarriers, linked to at |east another

- pharmacol ogically inportant nolecule. For exanple, the pharnacologically
i nportant nolecule is a carrier, a drug, (e.g. an anti-inflammtory
agent). Furthernore, the CO containing organonetallic conplex and the at

means of o p“%§9°' Vﬁ*g% hhde "'c”%fgéﬂ fof, SEGR A 12 1ol Case”

CO ei t her °59 @?ﬁé‘? %ﬁ% scog'rtp 9'9&38 ?'Bonyl ation. Such a conpound

can be dissolv ysi ol ogi cal | atible s ass 7 - Organic
subst ances thaf%FI geaé) a&' Foan WE 'E#‘gg %Eé@@gor by

decar bony PRPthERPharmgacologically mrorenhaEe tl%ﬁéﬁﬂ“ eeﬁ%‘ﬁpsul ated either in
cycl odextPhﬁfmﬁfﬂQﬂ“’éHWfﬁlPo"éﬁrﬁE}d%ﬂﬂ@ ¢agfier, pdige9-capantér gani ¢ supports.
[031] Addinfiagwaatpyy agentc IFusthermarecthe @oantpmmgmgemme@lhcmmnb%x tion,

whi ch conpnd $hasatdeasi pfvnpbateadolngicaily impotant ynaleculearecoptionallybon nonoxi de
in vivo. limkex by mieens efhreappoopnate spacdre phar naceuti cal conposition can be
used for preventing and/or treating inflammatory di seases. |In one

enbodi nent, t h€lassBl-Boprmolgcule aggregates madd 8f @0Awataning006 WO 03/ 066067
PCT/ 1 BO3/ etg%aan@rdlmanpmésammhaltwerwapgaat@d egldh aayclobiextrimhesyd arthritis.

| nanot heand/or another appropriate inorganic or organic support.

Class 4 - CO containing inorganic complex bearing ligands, e.g.,
polidentate ligands, containing N and/or S donors that function as reversible
CO carriers.

Class 5 - CO containing inorganic complex bearing ligands, e.g.
polidentate ligands, containing N and/or S donors that function as reversible
CO cartiers, linked to at least another pharmacologically important molecule.
For example, the pharmacologically important molecule is a carrier, a drug,
(e.g. an anti-inflammatory agent). Furthermore, the CO containing
organometallic complex and the at least other pharmacologically important
molecule are optionally linked by means of an appropriate spacer.

Class 6 - Organic substances that release CO either by an enzymatic
process or by decarbonylation. Such a compound can be dissolved in
physiologically compatible supports.

Class 7 - Organic substances that release CO either by an enzymatic
process or by decarbonylation, e.g., dichloromethane optionally encapsuiated
either in cyclodextrin hosts and/or other appropriate inorganic or organic
supports.

~ {031] Additionally, disclosed herein is a pharmaceutical composition,
which comprises a compound having the ability to release carbon monoxide
in vivo. In a preferred embodiment, the pharmaceutical composition can be

used for preventing and/or treating inflammatory diseases. In one

- embodiment, the inflammatory disease is a

13




enbodi nent, the pharmaceutical conposition can be used for preventing
and/or. treating asthma injury, infarction, circulatory djseas 0 é032] I n
one enbodi nent, the method for preventing and/or treatin gﬂﬂéig ase in a
manmal . ok gs a step of administering to said nanqghﬂgmmﬁgﬁrnaceupical
~~conposition as disclosed herein. The nmethod may conprise admnistering the
- pharmaceutical conposition to a mammal, such as hunmans, and various ani nal
speci es, including cats, dogs, cows, pigs, horses, sheep, and goats. In a
preferred enbodi nent, the nmethod can be wused for preventing and/or
treating i nflanmmtory disease, e.g. chronic, inf]ammtory disease, such as
r heurmat oi hr@nicipflameiatangdiserss) soeBerIrbeuropioidarthitisg Mv@mtzm [033] The
present invention describes several classes of conpounds designed to
rel ease cembodinmentothieha(riadeutinahdompositichanbearsed dor prevértingd on recent
evi dence that carbon nonoxide is an endogenous nedi ator that has
anti -i nfl aniet tregtimnasthmaiinjuly; infdrotior, drealptary digsaseCar bon nonoxi de has | ong
been known to inhibit human pl atel et aggregation (Brune and U lrich, 1987,

Mol | Phar macol [032] h®Ak-emliddiment] iR inehoddeoRecemibgind/irit@atingave
accumul at ed whi ch suggest that CO is an éendogenous nedi ator of a variety

of phyelobgghnh ManR BB T R o R bder (Sac e
vl ci ne AHATFoaER Boivofin S0ARERRAE a0 chie ERRER Bhx Bomblss . 2na o
6 422) DI RE abafiaye AR D AP PRAGED Fol o eos
humans, and various animal species, including cats, dogs, cows, pigs,
horses, sheep, and goats. in a preferred embodiment, the method can be
used for preventing and/or treating inflammatory disease, e.g. chronic

inflammatory disease, such as theumatoid arthritis.

DETAILED DESCRIPTION OF THE INVENTION

[033] The present invention describes several classes of compounds

designed to release carbon monoxide (CO) in vivo. This invention is based

on recebt evidence that carbon monoxide is an endogenous mediator that has

anti-inflammatory and anti—throﬁiboﬁc properties. Carbon monoxide has long

been known to inhibit human platelet aggregation (Brune and Ullrich, 1987,

Mol Pharmacol 32, 497). Within the past decade observations have

accumulated which suggest that CO is an endogenous mediator of a variety

of physiological processes. CO was shown to cause vasodilation (Sammut et
e él,_ 1998, _Brit_i_sh::._lpu_mal of Pharmacology 125, _1_43?), to support graft survival
: ,n 'anqgéhé_i'cf:_‘or’x-éhogéngic I_hbs_ts. (Soares et al 1993._Naturé Medigﬁi_ne 4,




gas. The principal advantage of CO as a mediator of therapeutic and
preventive neasures is its stability and limted reactivity. ‘gﬁ%‘rbi ol ogi cal
effects of CO do not depend on the fornmation of interneéi‘ﬁéﬁt e stable

nedi at oF8 g3 ddagssPot ential of CO-rel easi ng conpounds i Pc,i.,?&gmwt ic and
prophyl actic nmedicine will becone apparent fromthe 1ol'fowmng brief review

of - the known facts about CO and of its role in physiological and

pat hol-ogi cal processes. [034] In the body, generation of CO requires hene
oxygenase. The enzyme was initially found to be involved in the
degradation_of heme in aging red blood cells. It carries out the oxidation
of the hert®7#baad ie amelierateinBaromeionn jaactionsdOtiarbejo stak 200G Natwgygen and
NADPH- cyl oi chrone P450 reductase. Hone oxygenase is induced by hene,

enabl i ng iMedicine 8s421)dCarbon maonoixidei (€Q)iis 2 disdonicodiffusibler ¢adorjesahi ch rel eases
hene from henogl obin of erythrocytes and from m tochondrial enzymes of
nucl eat ed gas!| [The priasipalcadvaniage of Tlheagpa arbdidter afthdrbpeutistanidyt i ¢ degradati on
of henme are CO, ferric iron, and bilirubin, which is rapidly converted

into bili peévntive Maidsurcl s SbiByAEeimited ryAdivial PR®biolgiiall anabol ic
functions within cells. In its catabolic function it downregul ates

~cellular hegbsREAETRE! Qipehd chalStormatish bRfeRR¥diaRARdrY 8B the nost

effective catalyst for the formation of free radicals, the home nolecule.

R L e R
the known facts about CO and of its role in physiclogical and pathological
processes.
[034] [n the body, generation of CO requires heme oxygenase. The
enzyme was initially found to be invdlved in the degradation of heme in aging
red blood cells. It carries out the oxidation of the heme molecule (Fe-
protoporphyrin [X) in concert with oxygen and NADPH-cytochrome P450
reductase. Heme oxygenase is induced by heme, enabling it to respond to
hemolysis or tissue destruction, which releases heme from hemoglobin of
erythrocytes and from mitochondrial enzymes of nucleated cells, respectively.
-~ The products of the catalytic degradation of heme are CO, ferric iron, and
bilirubin, which is rapidly converted into biliverdin. Thus, heme oxygenase
 serves catabolic and anabolic functions within cells. In its catabolic function it
- downreguiates celiular heme and hemoprotein levels and thereby inactivates
the most effectivé catalyst for the formation of free radicals, the heme
o ._ ';__..:_r_'no_lecu_le._ In its anébpli_c._r_qle, h_eme__ o_xyge,nase- produces bile pigm_er_zts, CO, - _'
and i_rd_n.:_él_l ofwhtchare “b.'iélo_gicé!iy_'active.._' .T_h'e.bile pigrﬁehté b__ili.r_ﬁ_b.'in_ and o
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~ invention is the third product, carbon monoxide (CO),

genes, including that of HO-1 itself, as well as transferin receptors,

ferritin, and NO synthase. Mdst inportant wth respect tpo t esent
ngﬁé@gﬁé as a

si gnal ‘R,b%%&&;ﬁger. [035] Heme is notonlythe only knoWET YosS of COin the
body, it is also the only known target. In physiologica sys%ems, hene is

bound to <certain proteins, which bind oxygen at the site of the iron atom
or function as conponents of the nenbrane bound el ectron transport system
Cellular respiration, energy generation, and chem cal oxidations are
dependent on these hene proteins. Hene proteins include henogl obin,

myogl obi n bilivesdinfuaction ag api-pxidamrts b bon segulates gxpressien PEBTIOUSt r ypt ophan
pyrrol ase, NO synthetase isozynes, and sol ubl e guanyl ate cycl ase (sGC).
The [ af t egenesidpchading thatef HEs1 itsdit as wel ais mdsfesdireceptorsffetritie, bi ol ogi cal
effects of NOand CO Binding of NOto the prosthetic herne group of sGC

act i vat es andeN@ synthase.t BogEimporaart vthaespedti¢o Bhe gresemt imehiisipisdhe (cyclic GW
or cGW). c@GW in turn activates one or nore protein kinases, at |east

some of WhhifdproBBES BABbH hidrdxide CE),Whithaéts ak % dighaptrastiucar.Ca++ flux. CO s
a much weaker activator of purified sGC in vitro than NO However,

attachment of masyalibme PhstdiPhe BRiyiHowrUERAIYE G hPlEIbyt RS YC- 1 and

possibly of anas’yet unknowd, endogenous cofactor, dramatically increases
Lo Soms! Bl oBh e SRR bRl s Bl © 07 e
2, oS, BRRA B aRarhRD IR a0 B ool R SR B e 2o 20
BT B0 G panaiits F the Therbrane bound efeckon Gahspor System “Sefistar | nact!vating
respiration, energy generation, and chemical oxidations are dependent on
these heme proteins. Heme proteins include hemoglobin, myoglebin,
- catalase, cytbchrome b5, all 'cytochrbme P450s, tryptophan pyrrolase, NO
synthetase isozymes, and soluble guanylate cyclase {(sGC). The latter
enzyme is the best characterized mediator of the biological effects of NO and
CO. Binding of NO to the prosthetic heme group of sGC activates the enzyme
- to generate guanosine 3',5'-monophosphate (cyclic GMP or cGMP). cGMP in
turn activates one or more protein kinases, at least some of which
‘phosphorylate proteins that are involved in Ca++ flux. CO is a much weaker
~ activator of purified sGC in vitro than NO. However, attachment of a.small
- _ _..molecular weight compound referred to as YC-1, and possibly of an as yet
~ unknown, endogenous cofactor, dramatically increases the sensitivity of the
_ “enzyme to its‘activati_on by CO. Cyclic GMF’ is degraded and thus inactivated
- by several phosphodiesterases, w_hit_:_i_i exh_i__bif a._ti.ssue specific expression .
L f:attem. Thus NO and CO medlated5|gnal transductlon is. tj.hr.je.r. thecontrol of : el




phosphodi esterases. In the context of the present invention it is inportant
to note that the cGW nedi ated effects of CO releasing4ggg§836&§ can be
augnented by attaching such conpounds to known phosphodie§f rase

i nhi bit bel ow). Because of the tissue specif] i on of
phosphgg?éggéﬁﬁses (PDEs), this strategy allows to tgﬁggégﬁﬁgfeffect of

rel eased COto particular tissues. [036] PDE3 and PDE4 isozynes, for
exanpl e, are expressed in the airway, vascular snooth nuscle cells, heart,
liver, endothelial cells, nonocytes and T cells. PDE4 isozynes are in

addi tion expressed in the brain, platelets, neutrophils, eosinophils and
mast cel | NQ apA GO genegaingenzymes, asywelbas pEME} inapliveling Aci d Res. Mol . Biol .
63, 1-38) and PDE7 is inducible in T cells (Li L., Yee C., and Beavo J. A ;
1999, Sci @hospirgtiest@asessdn the qundexdiof thetpresgnt @entign ibis impgrtantttod i n specific
cell types by the concomitant inhibition of one or a set of PDEs. A

parti cul amole thiat theqGMB mesdliated) efiddte ot COarlelbsing esmpotrds ¢an behe CO-r el easi ng
noiety is attached to inhibitors of cGW selective PDEs. [037] Many of the

bi ol ogi calau?frreﬂtadSbyoéttaemnb%ueh berepoureisaalkagwn bhospraticstergiees of the hene
oxygenases (1-10s). Three isoforns of heme oxygenases are known, HO 1,

HO- 2, and iduifbrs (e beldw)s Besag ofaRe HSstle spRbME lexpreasioh Bf 32 or HsP32) s

i nduced not only by hene, but by a |large variety of exogenous and

.~ endogenou BW ' pgp% [ ?15% whi ch are

. present i?hp 0 ggt:;élll\%% con yﬁﬁgﬁgﬁﬁ@ h a‘%s%{:‘rtc‘?g“lc'ge‘i | ugﬁst 2006 WO

03/ 066067£§%ée§§g§/tgggﬁ%ullap&gs%ggatory conponent, such as atherosclerosis or

Al zhei mee
[036] PDES3 and PDE4 isozymes, for example, are expressed in the

airway, vascular smooth muscle cells, heart, liver, endothelial cells,
monocytes and T cells. PDE4 isozymes are in addition expressed in the
brain, piatelets, neutrophils, eosinopﬁils and mast cells (Conti M. and Jin L.;
1999, Progr Nucleic Acid Res. Mol. Biol. 63, 1-38) and PDE7 is inducible in T
cells (Li L., Yee C., and Beavo J.A.; 1999, Science 283, 848-851). The effect
of CO may be augmented in specific céll types by the concomitant inhibition of
one or a set of PDEs. A particularly strong augmenting effect can be
expected if the CO-releasing moiety is attached to inhibitors of cGMP
selective PDEs.
-[037] Many of the biological effects of CO have been revealed

o _through studies of the heme oxygenases (HOs). Three isoforms of heme

oxygenases are known, HO-1, HO-2, and HQ-S._ HO-1 {also known as heat
* shock protein 32-' or HsP32) is induced r:ot__ on!y_ by heme, but by a large
; . Variety o_f exogenous and ehdo_geri_ous agé.nté, \\::.vh_ic_h induce iﬁﬂam_matory
f_:':f:réspénsesbr Wﬁi(.:h:..are“pfesent_ in pathologzcat cond|t|onsw1tha strong -




HO- 1 deficient mce develop an anem a associated with |ow serumiron
level's. lron accunulates in particular in the kidney arld th(—;{2 er | eading
to oxidative damage, tissue injury, and chronic infl amet s . D. Poss and

S. Ton 1997, Proc. Natl. Aced. Sci. USA 94, 4). [038] HO 2
S con??&%{{lvely expressed in all cell types, and W@i’@?@ssi on i s not
affected by the stimuli, which induce HO 11. The only known regul ator of
HO 2 yet identified is adr enal gl ucocorticoid. HO-2 is a henpprotein with
two putative hene regul atory motifs (HRMs) and one site being the

24-resi due conserved "hene pocket" catalytic domain. Heme, in particular
inits prinflammaterycamponant. sueh smatheroslersis Aldigimers disgaser ms  reacti ve
oxygen radicals. Thus, HO-2 may function as a hene sensor and as such
serve as hIO-égaﬁdeMnnioé davelep aeapeomia sssogiatedyyith lowl sedimdrontievelene t hat
encodes HO 1. The oxygen radical generating function of HO-2 is thought to
have a phjyenatagnhdales iroparticulasipehekidaty and thiei livhr agiagdo oridative oxyl radi cal s
for function. HO-2 is expressed in the central and peripheral nervous

system ajawage, qmguéin;%nmr@lmbmﬂammafont(m@ PRLaESETomRaled an

| mpor t ant function o 2 and its product, CO in nonadrenergic,
nonchol i neggr CPro& W@\c&d q.;&rwgggqnwgmmm&pn c ganglia. Studies with HO

inhibitors depleted cGW levels in ol factory neurons suggested a
neur ot ans L% 991 Bon@huEl St L i LbaNRg DY D £ Baranane
Tt he iS?&ﬁ%’%ﬁ%ﬁ%ﬁE@’tﬁ%@é@» richyiee N PR S g Festi'e:
Thi's i S-Of or a%arsof% 5 yeF %enﬁfl e@ IS agr ZI‘%FB]UCOCOI‘IICOIC’ HO-2 is a
hemoprotein with two putative heme regulatory motifs (HRMs) and one site
being the 24-residue conserved "heme pocket’ catalytic domain. Heme, in
particular in its protein bound form, abtivates molecular oxygen and forms
reactive oxygen radicals. Thus, HO-2 may function as a heme sensor and as
such serve as a regulator of heme—responsive genes, including the gene that
encodes HO-1. The oxygen radical generating function of HO-2 is thought to
have a physiological role in sperm cells, which depend on hydroxyl radicals
| for function, HO-2 is expressed in the central and peripheral nervous system
at various sites. The deletion of the HO-2 gene revealed an important
. function of HO-2 and its product, CO, in nonadrenergic, noncholinergic -
_ (NANC) transmission in myenteric ganglia. Studies with HO inhibitors
| depleted cGMP levels in olfactory neurans suggested a neurotransmitier
function of CO in these cells (reviewed by D.E. Baranano and S.H. Snyder;

2001, Proc. Natl. Acad. Sci. USA 98, 10996-11002).
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activity. It has two putative hene binding sites and is thought to have a
regul-atory role in hene dependent, cellular processes. [404%% &\é& in the
| ast 5 years nmany studi es have denonstrated protective e of COin a

_vari et tyyﬁghygl%(?ﬁase nodel s in animals. Lipopol ysacchFH'f&?sl&doly S), a

consti t he gram negative bacterial cell wal ot ent i nducer
of inflammtion. L. Oterbein and col |l eagues have shown in vitro using
murine macrophages, and in vivo in mce, that COat |ow concentrations

i nhibited the LPS i nduced production of two pro-inflammatory cytokines,

- tunmor necrosis factor- a and interleukin 1-P, but increased the production
of the anti-i nl038hmiPo? frarseripls ate founddn thesaleen dgven thymuss preslata.n,  F. H.
Bach, J. Alam M Scares, HT. Lu, M Wsk, RJ. Davis, R A Flavell and
A. M K. Chdieart2kidngy, kieainand kastis c This isfaraphawe)ly npgligihle ogyraticand col | eagues
studied the effects of COin a nodel of lung injury induced by

i schem al raefigityl Ushastwioputative. helrife Hindinfj isitéseamid isitbeught éxlhaveram i schem ¢ | ung
injury, but could be rescued by inhaled CO The beneficial effect of CO

was shown reguisiientioke inthemedépadeit, eslluir ppaceiseést adhesion, an increase in
the mcrocirculatory blood flow and the inhibition of expression of

‘pl asm nogen acjgaopt WithintAé Rist 8yehrs(iMy stildies hB®S 88oRdRAeE! ng fibrinolysis
and reducing Intravascul ar thronbosis. It should be noted that inhalation

of only GolBefielBitebs IRE0 i hidighl MEeds SIS iRt 8 1y as i nhal at i on

of 500-10 L T T AugUS 066067 PCT/ EB03100932
25, Puafcontbbice e d bondid AL B e Tilpp) a7 el
wall, is a potent inducer of inflammation. L. Otterbein and colleagues have
shown in vifro using murine macrophages, and in vivo in mice, that CO at low
concentrations inhibited the LPS induced production of two pro-inflammatory
cytokines, tumor necrosis factor- a aﬁd interleukin 1-B, but increased the
prodﬁction of the anti-inflammatory cytokine interleukin 10 (L.E. Otterbein,
| F.H. Bach, J. Alam, M. Soares, H.T. Lu, M. Wysk, R.J. Davis, R.A. Flévell and
AM.K. Choi; 2000, Nature Medicine 6, 422-428).
[041]  Fujita and colleagues studied the effects of CO in a model of
lung injury induced by ischemia/reperfusion in mice. HO-1 deficient mice died
“from ischemic lung injury, but could be rescued by inhaled CO. The beneficial
- effect of CO was shown to be due to the reduction of platelet adhesion, an
~increase in the microcirculatory blood flow and the inhibition of expression of
plasminogen activator inhibitor 1 (PAl-1), thereby enhancing fibrinolysis and
| réducing intravascular throm_bosis. It should be noted that inhalation of only

.65 p.p.m. NO was as effective in reducing mortality as inhalation of 500-1000 .

19




[042] Using a simlar nodel in rats, Oterbein and col |l eagues denonstrated
that CO inhal ation reduced neutrophil infiltration and I ufglggx‘l%;y H%y and
~increased survival of the animals. The therapeutic ef f ect 8% ¢chi eved

W th rations far less than the toxic conce ' and even | ess
“than ?r%é&gic})(gﬁg@tr’\trations used in human pul nonary func{;{ng%tojt"g“g?zs. (L. E

- Oterbein, L.L. Mantell and AAM K Choi; 1999, Lung Cell. Mol . Physiol. 20,
L688-1-694). Already in 1987, B. Brune and V. U lrich showed that CO

- inhibits platelet aggregation (B. Brune and V. Ulrich; 1987, Ml .
Pharmacol . 32, 497- 504).- A study by Steiner and col | eagues indicates that
CO has anPd&i CQhy(JeFHiitgesi todas Adkarimava, §-F aYen Yodlakao$-F: Xeband. A St ei ner,
L.G Branco, F.Q Cunha, and S.H Ferreira; 2000, Br. J. Pharnacol.

132, 1673- DB Binskye20hINature dadicing 6dbIB6@monstrate stri king effects of
HO- 1 and CO on bl ood vessels, endothelial cells, and vascul ar snooth

muscl e cells. [Dd2kedsingadimitdr regiglinTats) Ottechejreasd talleagiey and gene knock
out techni ques denonstrated a protective role of HO 1l expression in

arterial Jemddstrateaithiat ddnhaktibe fEddice® dbatr@shilfinfiidrationQindilndRjury by its

product CO included inhibition of vasoconstriction and inhibition of
smoot h muggd M@éded&ruwwér%fﬁab'aﬂngéuwwh%sa&ﬁcl\éﬁe&gma dilwed True, S-F
Yet, H  San, J.L. Park, R C. Wbb, ME Lee, GJ. Nabel and E.G Nabel;

- 2001, Nat.wstﬁ O dbfdMration ?‘fe@gﬁ'fan t@%%?ﬁﬁgpg&ar{ng%%%%gnwm”at ed that

CO i nhi bi vascul'ar “snooth nuscle tion an neoi nbral
for OB oBAA RGN et Bl R o e W sSue T 5, 20 4
demonst r aOHareia b priaReah faLK: Ghe 1698.49ng Can. ot Physiol 20, 5Ver el oroups
1 688-1.694). Already in 1987, B, Brune and V. Ullrich showed that CO inhibits
platelet aggregation (B. Brune and V. Ullrich; 1987, Mol. Pharmacol. 32, 497-
504). A study by Steiner and colieag'ues indicates that CO has an anti-
- hyperalgesic effect in inflamed paws of rats (A.A. Steiner, L.G. Branco, F.Q.
Cunha, and S.H. Ferreira; 2000, Br. J. Pharmacol. 132, 1673-1682). Several
recent studies demonstrate striking effects of HO-1 and CO on blood vessels,
- endothelial cells, and vascular smooth muscle cells. Duckers and colleagues -
-using gene transfer and gene knock out techniques demonstrated a protective
- role of HO-1 expression in arterial wound repair. HO-1 effects mediated fully
or in part by its product CO included inhibition of vasoconstriction and -
inhibition of smooth muscle cell proliferation (H.I,J. Duckers, M. Boehm,.'A.L.
. True, S-F Yet, H. San, J.L. Park, R.C. Webb, M-E. Lee, G.J. Nabel and E.G.
: -Nabel: 2001, Nature Medicine 7, 693-69__8). _To_gane and colleagues
- _'dé_monstrated that_CQ.in:hibifs vascglar_gmqbth ﬁu_scl_e cell proliferation and
S ';"ﬁe_oinﬁmal fb_r.métion';.éft:éii_ﬁélloh' mjury(TYTogane T. Morita, M. Suematsu B




prevent endothelial cell death (see for exanple S. Brouard, L.E Qterbein,
F. Anrather, E. Toblasch, F.H Bach, A MK Choi, and I}(l > 5‘986695; 2000,
J. Exp. Med. 192, 1015-1025). M Soares and col | eagues 'a 6% have shown

t hat e‘;‘gBr‘)gﬁgban of HO-1 is essential for the survi v% IB{O lﬁ(@gbotranspl ants.
Mouse hearts transplanted to rats survive |ong term TP PHE Peci pients are

treated with cobra venomfactor and cycl osporin. Inhibition of

her noxygenase by tin protoporphyrin caused acute rejection in 3-7 days.
The rejection was associated with platel et aggregation, thronbosis of
coronary arterioles, ocardial infarction, and apoptosis of endotheli al
cel | s and Jdanamcaktmndgt@ayamﬁss?@ODntj\mrdé%hycswl-tﬂe@ g-PPhapigli t s rejection
were prevented by exposing the recipients,to air containing 400 p.p.m CO
(K. Sat o, 278, HARB-632).. Severd graspsdeatonatrated Gidet low concemtrativrusngf @6,
4185-4194). - [043] The above-described findi ngs suggest that hernoxygenases

are pot eréwint eadgthélial Eely debthi (seetfonéxamiple 8sBfaulard, L. Okterbeiny F of _
pat hol ogi cal conditions. Drug candi dates include conpounds that induce or

i nhi bi t t graitsi B TobiabcH F.HI®Gdch, AN K: ORBR 4Rd M.Ph8bareB20U(, Jor augnent the
catalytic activity of henobxygenases. Inhibitors of HO- 1 expression or of

s enzymbeomeRC 92 0Y5 1825 S8bb ahboldafidéd o RAOSHARH gk condi ti ons

that are nedi ated at east in part by excesSive anounts of either one of

the three ﬁgg&g@g@g?@? i ceﬁgPHﬁé\/{g?rl tﬁgglrnl?lh)all 6%%“8[?{;)23,{&0”0“ dot oxi n shock

“i's induce I'ved 1'T' popo accharirdes (LIPS, also

krovn 2, SP9RA bl BSeRn R P N PSRBT 20, 00
Yﬁ:‘f ul ar tcg rea ge%zairnni%ctso?ggcii cS:YCIcl:Jép%i'in.P ?r%h?l%ﬁon%f%%%iogxgéendaessécbryi ’ubnes strategies
protoporphyrin caused acute rejection in 3-7 days. The rejection was
' aésociated with platelet aggregation, thrombosis of coronary arterioles,
myocardial infarction, and apoptosis.of endothelial cells and cardiac
: ._ myocytes. These injuries to the graft and its rejection were prevented by
" .exposing the recipients to air containing 400 p.p.m. CO (K. Sato, J. Balla, L.
-Qtterbein et al; 2001, J. Immunology 166, 4185-4194).
[043] The above-described findings suggest that hemoxygenases are:
- potential targets for drugs that are useful in a Variety of pathological
“conditions. Drug candidates include compounds that induce or inhibif the
o | expression of HO-1, and compounds that inhibit or augment the catalytic
- activity of hemoxygenases. Inhibitors of HO-1 expression or of its enzymatic
- éctivity may be useful for treating pathological conditions that are mediated at
- ' | 'least in part Sy éxcessiv_e amounts of either one of the three hemoxygenase
L brqdu_cts, Co, biiiru_bin,_'ah'd_ iron. Endotoxin__éhoék is ?_nduced by bacterial cell
A walldenved Ilpopolysaccharldes (LPS also known as endotoxm) LPS : o




aimto inhibit sepsis induced hypotension by inhibitors of HO 1
transcription, such as anti-sense oligonucl eoti des, ang{/Aor ¥% d6nhi bitors
of the enzymatic activity of henbxygenases. Henpbxygenasé HERhi %I tors, which
- bl ock t‘p.‘?w&i fiding of henme to hemeoxygenases may al spc%ﬂg to reduce
henme ca a:f)olﬁl smthereby preventing the release of iron an Ilirubin, and
Increasing the rate at which hene and iron are excreted into the
i ntestine. Such conpounds including tin mesoporphyrin (SnMP, U.S. Patent
4,657,902) and diidodeut eroporphyrin (Snl12DP, U.S. Patent 4,699, 903) nmay
be used for treating neonatal hyperbilirubinem a and other conditions
associ at edndicedh HQstigenestes GQbWH'CF‘é%‘M confribufe tothe deduslian flor ns of aneni as
and |iver diseases. Henmeoxygenase inhibitors have also been proposed for
t he treat wveseularitong dwingssgnsise YsSPatentiftfit982 dascakespiralegios that eat ment  of
Al DS patients (U S. Patent 6,066,333). Conpounds that induce the
expr essi omimtainbibitaegsisinduced dypotepsion by inkititors ¢fHO+1 thansooptiomenases are
useful for treating chronic inflammatory di seases, asthma, injury,

at her oscl gudsas antirdensd dligohuclsotidebleanalyrdsrinisibitors df ey enzgiematici bed in U. S
Pat ent 6, 066, 333 i nclude prostaglandins of the A series, vitamn Bl2,

heni n, hepgiivitydF hemdkygdiases N Hemorygendss mhibitals, Wefchesieck thet ri ¢ oxi de

synt hesis. Hefre-bearing microparticles have been proposed to be used for

the tar gefahi i shﬁ“’alé&ﬁ@ﬁééﬁt Aidd¥ekel s in the liver
~for the ttrbgg’tl rfth\éo é/t\(/)i regvéﬁxﬁ%épﬁs% i syand epator?g@( US Patent 5891689).

01 vy SHEPRI ek O R Y Rt Ao A SR e oved oy

_gene tr an?lfleelrateagtweltszr? Er?\%dan'dr}rolr%'asrée (?rte{ee'atint%’t 8 ?rite?s |:|L1Qe. 'gﬁ%habove descri bed

compounds including tin mesoporphyrin (SnMP, U.S. Patent 4,657,902) and
diidodeuteroporphyrin (Snl2DP, U.S. Patent 4,699,903) may be used for
| treating neonatal hyperbilirubinemia énd other conditions associated with toxic
bilirubin levels such as various forms of anemias and iiver diseases.
‘Hemeoxygenase inhibitors have also been proposed for the treatmeni of
immunsuppressed patients, for example for treatment of AIDS patients (U.S.
Patent 6,066,333). Compounds that induce the expression and/or augment
o the enzymatic activity of hemoxygenases are useful for treating chronic
Jinflammatory diseases, asthma,.injury, atherosclerosis and infarction.
'- 'Hemoxygenase inducers described in U.S. Patent 6,066,333 inciude
prostaglandins of the A serigs, vitamin B12, hemin, hemin derivatives, and
e _cbmpounds that decrease nitric oxide synthesis. Heme-bearing
3 micr_oparticles have been proposed to be used for the targeted delivery of
R drugs_ .to__h_em_e receptor bearing cells in the__i_i_ver_':for the _trea_t_m_e_nt of viral .
o :_' hepatltls and 'hépatoma (US .P'a.teht 5891689)Such compounds may i'n._duce. '




strategi es aimng to augnent HO 1 activity are conplicated by the fact that
her noxygenases not only generate CO but also two potent |1§1I '%256’8" C
conmpounds, bilirubin and iron. [044] Alternatively, CO cout

adm ni a gas, for exanple by a pneumatic s descr| bed in
u. S pé%enf&g‘,%ZM, 563 or by local applications, for}/él}(@r%@% to stented

coronary ‘arteries or to organs before transplantatlon Gaseous CO has been
eval uated as a therapeutic agent long before its endogenous nedi at or
functi on has been recogni zed. Mre than 25 years ago Beutler adm nistered
CO at a concentration of 1000-2000 p.p.m_ to two sickle cell disease

pati ent s. HOriepression dietapestigHOr1 expression coud alsoibegpchisveddys and

prol ongation of red cell survival was observed. Beutler did not recomend
CO as a t gene transfef as desatibed itWIS. patent6203.990t Thagdpove desaribad  furt her
trials should be conducted under carefully controlled conditions (E.

Beut | er; 3&SegiesBliming té Gugaat R69) activity arencorepliceteertly the facktitat on t he
beneficial effects of COinhalation in a | ung i schemi a/ reperfusion nodel in

rodents, Tbi &8s nmmﬁénerﬂef@& ut alsoGoi poertiatly trict her apy  of
patients, as he believes at the dangers of CO inhalation outweigth the

benefits g&mp oﬂ',hﬂ@lmﬁurm@gnd #9901, Nature Medicine 7, 535-536). Neverthel ess,
it is concel vabI e, that gaseous CO could be useful for a number of

nj ury (soo oloamL) Aty cEred &%@%ﬂamﬁ”ﬁg%&%‘éﬁﬁﬁﬁrﬁéﬁ%éz [04]
ohe o s AR B A0 AU, pBhPS BB soR PR 2, e
applications, for example, to stented coronary arteries or to organs before
transplantation. Gaseous CO has been evaluated as a therapeutic agent long
before its endogenous mediator function has been recognized. More than 25
| | years ago Beutler administered CO et a concentration of 1000-2000 p.p.m. to
two sickle cell disease patients. In both patients, significant anti-sickling
effects and prolongation of red cell survival was observed. Beutler did not
recommend CO as a treatment for sickle celt disease, but suggested that
further trials should be conducted under carefully controlled conditions (E.
- Beutler; 1975, Blood 46, 253-259). In a more recent comment on the
beneficial effects of CO inhalation in a lung ischemia/reperfusion model in
rodents, Thiemermann was not in favor of CO inhalation therapy of patients,
| .as he believes that the dangers of CO inhalation outweigth the benefits (C.
- Thiemermann; 2001, Nature Medicine 7, 535-536). Nevertheless, itis-
| conceivable, that gaseous CO could be useful for a number of clinical :
| _ ._appllcatlons such as organ transplantatlon or lschemlc Iung InJury (see o
o ""-.':'-'above) i L : Sl _ -




generation of free carbon nonoxide (CO. Carbon nonoxide is generated from
- precursor conpounds either by spontaneous rel ease or by neHgQ I C
process (i.e. with the involvenent of one or nore enzyr’rélzz)“.gm{ As used

her ei n"v\v/érf}%"%ﬁﬁﬁém "spont aneous rel ease"” neans ther rrai,émg@)?ﬂ (r:]al ly,

oxydat i uced rel ease and al so in sone cases,

phot odynam ¢ t herapy conditions, release by reactions induced by |Iight.
The rel ease of CO fromthe conpound is i medi ately assisted by donor

nol ecul es which are ubi quitous and unavoi dable in the organism from water
to proteins or nucleotides. [047] As used herein, the term"rel ease by
~met abol i ¢ procisS] Thespresentdtventien réprésantsa navel strategyitnashelptbeor nore
enzymes such as, for exanple, cytochrome P450 and gl ut at hi one

S-t r ansf enge®f cdinpoynidsf which éxkibl tebrapeutis effettstfidlyorimpan by dee ar e conpounds
conprising two conponents, a COreleasing noiety, and a second

phar maceuigefigdativn oNPes E4Bbn MPInBLite 2C©).9Carbonkienxidd it genralster , and/ or a
known anti-inflamratory agent. A preferred class of conjugation partners

for the ORoAPHRGErsBF SorRalinids eRhéity shtntariebls ASIPEReUrby dbbolidSAl Ds) ,

including but not limted to aspirin. These drugs aré known to accunul ate

'n infl a”?’ééé% 1€ Wit e in@&v&%ﬁﬁfgo?%’br%&B eﬂ‘i%rﬂ%ég“hed to other

anti-i-nflamuatory agents, 1nclu ut not d to steroids and

a4 muguat 20BRST U5 ISR, FRedmsbortBeds Wy bR, of "D in vivo
S cai o aftPrEeerenamey el nduRielps5s SR Pt 8o BPRERSCY that can

be treated by CO donors are chronic _. .
' such as in photodynamic therapy conditions, release by reactions induced by

light. The release of CO from the compound is immediately assisted by donor
molecules which are ubiquitous and unavoidable in the organism, from water
to proteins or nucleotides. |
[0471 As used herein, the term “release by metabolic process” means
release with the involvement of one or more enzymes such as, for example,
cytochrome P450 and glutathione S-transferase. The preferred embodiments
of this invention are compounds comprising two components, a CO releasing’
- moiety, and a second pharmaceutically important molecule e.g., a known drug:
“carrier, and/or a known anti-inflammatory agent. A preferred class of
. conjugation partners for the CO~donors.are nonsteroidal anti-inflammatory
drugs (NSAIDs), including but not limited to aspirin. These drugs are known
to accumulate in inflammatory lesions. CO-donors can also be attached to
other anti-inflammatory age_nts, including but not limited to steroids and

! inhibitors of phosphodiesterases (PDE), in particular inhibitors of PDE4.




i.nfl anmat ory di seases, including, but not limted to, rheumatoid arthritis,
mul ti-ple sclerosis, and other diseases with a strong infl ammator

conmponent, including but not Iimted to stroke, Al zhei et udiZddse,

at her 0Sg %5/5’6%3)65’ coronary atherosclerosis, transpl af’éﬁh%e?/@o??zfsom at ed

at herosclerosis, or restenosis after coronary stent rnplantation. In many
indications, in particular those related to atherosclerosis and

Al zhei ner' s di sease, the conmpounds are wuseful for prevention. [049]

Al t hough the present invention conprises a nunber of different classes of
conpounds, the active principle in each case is carbon nmonoxide (CO,

“whi ch acts al olf48brDelivepief el d viva tadarget tissies sysh asiinjarediblagde her ei n

di scl osed conpounds that remain after the rel ease of CO Thus, according to
t he ter nmi vebsglyouinBammatary lesianshisrsafeant! barebsisbinadargewvadietysofnodi fi ed, after
adm nistration to a mammal, into CO (product 1) and at |east one other
conpound (diseades.t Didpasds that camybeotreated by GO tanoes pleachramiol ogi cal effects. In
a preferred enbodi nrent of the herein disclosed conpounds, the herein

di scl osed isfammatonsdigiases/ insladingf bt moblitnitetl 1) freuhifoill @rthritignmal , to CO and
product 2 which is identical with or closely related to known drugs or

conpounds nyligle kBBHIIsD BAd Bﬂfé%%@h%wiﬂfégﬁéﬁgninﬁ’élﬁﬂ%ry%p ¥nétt, | denti cal
with or closely related to a known drug which has anti-inflamatory effects

S LR T v e
e e L P

- and ot her rcg/cl 00X @eenase |nr}| ito Fur

estenosis after coronary s erl?t |mp5asnlatlon. ltnhrggnyel)r(lg{gglioeﬁs, ?nf particular
those related to atherosclerosis and Alzheimer's disease, the compounds are
useful for prevention.

[049] Although the present iﬁvention comprises a number of different
classes of compounds, the active principle in each caée is carbon monoxide
(CO), which acts alone or in conjunction with those moieties of the hefein
disclosed compounds that remain after the release of CO. Thus, according to
the terminology used herein, a herein disclosed compound is modified, after
administration to a mammal, into CO (product 1) and at least one other

.compound (product 2) which may or may not have pharmacological effects.
In a preferred embodimen_t of the herein disclosed compounds, the herein -
) disclosed compounds give rise; after administration to a mammal, to CO and
-_"product 2 which is identical with or closely related to known drugs-or
compounds with known pharmacological effects. Product 2 may be identical
- Wit_h___d_r_ closely related_'t_o_ q}_kﬁqwn:drug _v&hi_ch has a:ﬁfi:-inﬂammatory e_ffe_c__t_s_ by L

. interacting with anuclearreceptor,or aGprotetncoup!ed receptor,ora .




product 2 are conpounds that are identical or closely related to cortisol,

- predni sol on, dexanet hason, betanet hasone, dehydroepi androsterqn (DHEA) or
estradiol, diethylstilbestrol (DES), tarnoxifen or ot hert ‘égiuﬁcc%‘P(?Q/e

estrog r or nodul ators (SERMs), 1,25 dihroxyvi ] froglitazone

or ot ﬁg?“?ﬁ?%%m I di nedi ones (TZDs), or cycl opent eno%@gﬂﬂggﬁ&ﬂ%er exanpl es

of ~ product 2 are conpounds identical with or closely related to
pentoxifylline, rolipramor other phosphodiesterase inhibitors. Still

ot her exanpl es of product 2 are al endrol ate or other biphosphonates. CO
(product 1) may conplenment, or augnment, or inhibit pharnmacol ogical effects
of pr oductygooiygenassner aphesphodesteiasel coxasaples ativedud 2-re@spisinof  pr oduct 2,
which [imt their therapeutic applicability when used al one, w thout the
CO- r el easiindgmethasity, nimexilide, pjroxicant, §drbifirofesr melpxicponnapeses, rel ease or by
nmet abolic process. [050] It is well known that COis toxic when it reaches
hi gh | evekipxk,celddoribeand athemsyoloorygénase inhibitorso dtlirthEnexdmplesiof y of CO is due
toits ability to bind to the heme group of henogl obin, the

oXygen- caprotue2 BFd esipeurids thatara Riehticx® 6r clblesTp edlaled o tbdisoli S associ ated
with COis referred to as carboxyhenogl obin or COHb. Because CO s affinity
to bind wotirkefd Hekirlethasor? Bitameasce S firddpihdiditroné oxygen,

~relat Lve'l y l'ow airborne concentrat Ions and”l ong exposure ti mals can result
|0 Subst aheh) GREHERICRAMERLANRY OGS Bl oy By oL | ncr e2oe,
03/ 066067 I f gl eal-th- f. CO _
O e Rt TR3he ool Ko b SR b, EhlRRie%, o P e

coordi nati

oo O s B SSionge T oy ShSehGTas Hublher bimalagty Chest pain

- product 2 are compounds identical with or closely related to pentoxifylline,
rolipram or other phosphodiesterase inhibitors. Still other examples of
product 2 are alendrolate or other biﬁhosphonates. CO (product 1} may
complement, or augment, or inhibit pharmacological effects of product 2. In
some cases, CO can decrease adverse effects of product 2, which Iirﬁit their
therapeutic applicability when used alone, without the CO-releasing moiety.
- COis generated either by spontaneous release or by metabolic process.
[050] It is well known that CO is toxic when it reaches high levels in
the environment and in the blood. The toxicity of CO is due to its ability to
- . bind to the heme group of hemoglobin, the oxygen-carrying molecule in
.'human blood. Hemoglobin that is associated with CO is referred to as
carboxyhemoglobin or COHb. Because CO's affinity to bind with hemoglobin
- .is 250 times greater than that of oxygen, relatively low airborne concentrations
..'and:_loﬁg exposure times cén résult in. substa_n_tiél COHb concentrations in the |
F b!ood As COHb levels iri};'reés'é,}iéésfh’gmqgl_obiﬁ'.is -éyailéble for the transport




di sturbances. The severity of the synptons depends mainly on the
concentration of CO and the I ength of exposure tine. b, sat ;ié&gl ons of -
0.5%to 3% can be found in nonsmoking adults and | evel s “gti&8st % have

been r 0 n snokers and in patients with henol yij as. The

synpt oﬁg{3 # 6% poi soning are usually only seen at Ccﬂcﬁpg\%}&?%‘ above 10%
Common sources of toxic CO levels in the environnment are exhausts of

i nternal conbustion engines, gas water heaters and gas fires that are

i nproperly vented. [051] Another source of CO intoxication is

di chl oronet hane (DCM) also referred to as nethylene chloride. DCMis a
dense, colofpkygan. oftgaaviute heaithweffiects of COhespasure ére hesdedte, dizzinessnd
evaporates very quickly. It is widely used as a paint stripper and is al so

a conponefecfased vigianteadearsadeatl land-eyeaiordingtionpwedkradss, comfugion,used in the
manuf acture of photographic filns. DCM may enter the body when it is

i nhal ed ordidonigREki6N. |ethhrgy8cﬁeeaﬁauhx:neb@ib'aqﬁﬁenttsblrreugéa kpdwistignbr anes (e. g.

st omach, intestine and lI'ungs) and quickly enters the bl ood stream

Cytochr Om%hé?ﬂrﬁﬁﬂc@é“drrﬁ'é&gﬁig'o?ﬂ% %nidt&ﬁﬂi‘éP@fﬁﬁ m&nkIdEReCan both netabolize

DCM t o .carbon npnoxi de or rbon DCM I's breat hed at |evels

above 500 gm é%g%ﬁébég%ﬁ\her@dﬁiﬂ S epRbind oot saflBpreype ef fects mich

| i ke those produce ol SO ensive studres have been conducted

PeT 1 B03/ G003 P R TERARTR fors @d%ﬂﬁUa%e@*‘%%fsnOf?P@@n{ Hggest 1 hat

~frequent exposure tQ can cause er . and. ki dney. However,
St o oo, oDeBRTRPOTISTh SEAKeIS AR 1L DAIRNS AL Temabts AMGEiagn Thee! y 1 hat DM w1 |

cause serious |iver_or
symptoms of CO poisoning are usually only seen at COHb levels above 10%.

Common sources of toxic CO levels in the environment are exhausts of
internal combustion engines, gas water heaters and gas fires that are
improperly vented. |
[051] Another source of CO intoxication is dichloromethane (DCM)
also referred to as methylene chloride. DCM is a dense, colorless organic
“solvent. It has a mild, sweet odor, and evaporates very quickly. It is widely
~ used as a paint stripper and is also a component of certain aerosols and
pesticide products and is used in the manufacture of photographic films. DCM
may enter the body when it is inhaled or ingested. Itis readily absorbed
- through body membranes (e.g. stomach, intestine and lungs) and quickly -
enters the blood stream. Cyt_ochrome P-450 and gluthatione S-transferase
'enzymes can both metabolize. DCM to carbon monoxide or carbon dioxide. If
| -DCM.is breathed at levels above 500 ppm (500 parts per million parts air), it .
I_ . may cause effects much Iake those produced by CO ponsonmg Extenswe
: ‘studles have been conducted cn the toxlmty, carmnogenelcuty. and




ki dney damage in humans unl ess exposure is very high (Agency for Toxic
Substrances and Di sease registry, Division of Toxicol ogy,4cf¢t I amg CGeorgi a,
USA). Sone rats and mice exposed to high concentrations “ot" thoughout

their Ij ' devel oped cancer. However, DCM has no 131% hown to cause
cancer ‘?é%‘#ﬁr@ﬁs exposed at occupational |evels. Terg? 38?/09§zstudi es in

m ce and rats exanined the effect of exposure to 1250 ppm DCMin the

at nrosphere, 7 hours per day on 6 to 15 days of gestation. No material or
foetal toxicity attributable to the DCM exposure was reported (Schwetz et
al  1975; Toxicol Appl. Pharmacol. 32, 84). The occupational Health and
Safety Aderatigenicity pbRCMOSiAidwith rddeptsesiiggbst tbatdequrpiaxposuteitoi t s f or
persons who work with DCM These include an 8-hr tinme-weighted average
(TWA) of XM ppamcausk elanges @plivebbad RineylHowsek stirtiesoftd@eMcei | i ng of 125
ppm (5 mnutes in any 2 hours) in the workplace air. In 1976, The Nati onal

| nsti t ut e expesedWerkeRtindiste tRfflitgs vinkkesl thaeDCM wililcalkd Seifausniegosrended a 1
0- hour TWA exposure limt of 261 mlligranms per cubic nmeter (75 ppn) and a

1,737 i lddn@y aEMa88'in AivRhks Uﬁb@éefp‘égﬁreqe%wﬁgg}kg(qg&nl v Brgk@ sanpling) in

the presence’ of concentrations less tha al"to 9.9 ppm [052] One

o ar o Faparngeyandlspa R RERRyT ORR b fidohdy Mt BRAGRY 5“0 and
2006 V0 S5t RS ALeReGseRte Ry ORI T B MG "o ophyl act oo
et oot ReRE e UG e e LR S o oo
pree-at her gﬁgvlvﬁ Eooéaiucsel cea%i:grniﬁ h%na%g te%ci)s%%'at occupational levels. Teratology
studies in mice and rats examined the effect of exposure to 1250 ppm DCM in
the atmosphere, 7 hours per day on 6 to 15 days of gestation. No material or
foetal toxicity attributable to the DCM exposure was reported (Schwetz et al
1975, Toxicol Appl. Pharmacol. 32, 84). The occupational Health and Safety
Administration (OSHA 1991) has established exposure limits for persons who
work with DCM. These include an 8-hr time-weighted average (TWA) of 25
ppm-and an acceptable maximum peak above the ceiling of 125 ppm (5
minutes in any 2 hours) in the workplace air. In 1976, The National Institute
for Occupational Safety and Health (NIOH 1976) recommended a.10-hour
TWA exposure limit of 261 milligrams per cubic meter (75 ppm) and. al,737-
milligrams per cubic meter (500 ppm) peak (15-minute sampling) in the
presence of CO concentrations less than or equal to 9.9 ppm.
[052] One active prinqip_le of alt compounds described in this invention
s CO. a_nd'__sorp'e _qré_ r_elat_ed__té_ DCM_._ Howevc_—:‘_r; the above described tpxi.ci_ty
B .';'c.:f COand DCMoccursatleveIsthat afe :féf a.bov;é'_the Iév_els required to S




Some of the COreleasing noieties herein described accurrul ate I n
I nflammatory | esions nmuch |ike aspirin and many of the %N-g@%)
QO hers are targeted to specific tissues, e.g. bones in t f

bi phosg{;gg?gﬁgogerl vatives. Again others preferential %X@%{g@ £ COin the

presence of reactive oxygen species that are known t Fated at

i nflammatory sites and in atherosclerotic | esions. Devel opnent of the

- conpounds described in the present invention for clinical applications wll
greatly benefit fromthe extensive work that has previously been done on CO
and DCM toxicol ogy. [053] Based on the above considerations, this invention
provi des aghieye thetapautiarand proplyldctie eff@ds. Mowover, tthe COfrelnysingssues
undergoing inflammatory processes for instance. The present invention
provi des moietiesiiasciitiedhdre aredesighahioaraleasy SOeatspebifit sitewibltee t hi s pur pose
to be achieved. Preferred chem cal systens are for exanple: Class 1 - CO

cont ai ni ngody,gch e tinflamed theups oxpe-ahsdstivetc iddions oY aiteficgi cal | y
‘conpati bl e support. Cass 2 - CO containing organonetallic conplex Ii nked

to at |ea$om@6ﬂh@@0—l@l@a’sf®qﬂbféﬂé§ﬁéﬂe}h dé&ﬁﬁé@@écumlﬁe%e For exanpl e,

said pharnacol ogically inportant nolecule Is carrier, a drug (e.g., an

ant - R 08 bk SAPSRs ikl oE RS Apgcrgororei |1

conpl ex gl ca y i nmportant nol ecul e are
oo B Gl B AR U, &, 1005 O
- .containi nglphosphonate derivatives. Again others preferentially release CO in the '
presence of reactive oxygen species that are known to be generated at
- inflammatory sites and in atherosclerotic lesions. Development of the

compounds described in the present invention for clinical applications will

greatly bengfit from the extensive wdrk that has previqusly been done on CO .

and DCM toxicology.

[053] Based on the above considerations, this invention provides

compounds that can deliver CO in vivo to living tissues, undergoing

inflammatory processes for instance. The present invention provides a

number of different chemical systems that enable this purpose to be achieved.

Preferred chemical systems are for example:

_ Class 1 - CO containing organometallic complexes dissolved in .
physiologically compatible support.

_ Class 2 - CO containing organometallic complex linked to at least
another pharmacologically important molecule. For example, said
- . pharmacologically important molecule is a carrier, a drug (e.g., an anti-
inflammatory agent). Furthermore, the CO containing organometallic complex .
: and the at least another pharmacologically important molecule are optlona!ly
S _f_Ilnked by means of an appropnate spacer ' o




organonetal | i c conpl exes encapsul ated in cyclodextrin hosts and/or other

appropriate inorganic or organic supports. Class 4 - CO containing

i norgani ¢ conpl exes bearing several categories of polldﬁﬂﬁﬁF§0W§gands

cont ai niag.N.and/ or S donors that function as rever gﬁhﬁ carrlers
. . . . 3/

Cl ass cont ai ni ng i norgani c conpl ex bearing ||g

polidentate |igands, containing N and/or S donors that functlon as

reversible CO carriers, linked to at |east another pharmacol ogically
i nportant nol ecule. For exanple, said pharnmacol ogically inportant nol ecul e
is acarrier, adrug, (e.g. an anti-inflammtory agent). Furthernore, the

'CO cont ai ni ng Qﬁsgaﬁm&mramoleﬁu@cﬂgmgat@&madmef GO gostainingnot her

phar macol aggarinigtailiccpomplenes entsipsulated incyclogaxitrimbodty ahd/oketlieby neans of an
appr opr i atappsgpiats inogaaicsorrgari suppiodssubst ances that rel ease CO either by
an enzymatic process or by decarbonylation, dissolved in physiologically
conpati bl e sugeystss- COl ctmtaining inorgimiu Conpldsdsdiearing sBadrar el ease CO ei t her

by an enzysaeddoties Bf pelidehtate lidhhdd eaatalPiiyN aht/en S dondrs thdt &b Met hane,
encapsul atdefdrsiR COtarfefs! odextrin hosts and/or other appropriate

I norgani ¢ or organic supports [054] The fol |l ow ng sectlons descri be the

gui del'i nes for Czﬁ 8Ll 6O%ontd; i I’OVI de specific
exanpl es. g te‘?%gﬁ‘&@@aﬁ% ?—é){ha{ é rsﬂI |p O to
[ m(‘jl ar nmat as ﬁot &J X 5 I exes i ntI

I ci ne ATV 'S presen
preil zE@ﬁg@ﬂﬁ b ép i ﬁ* %n O ey

F M9 Rev. 1999, "
99, 2201 3H§ #OAD & ﬁ‘?rga'n t al - based drugs are
‘among t he %gig}o ex an the Ieast another pha acologically important

molecule are optlonally linked by means of an appropriate spacer.

Class 6 - Organic substances that release CO either by an enzymatic
process or by decarbonylation, dissolved in physiologically compatible
supporis.

Class 7 - Organic substances that release CO either by an enzymatic

- process or by decarbonylation, e.g., dichloromethane, encapsulated either in
cyclodextrin hosts and/or other appropriate inorganic or organic supports.

[054] The following sections describe the guidelines for selecting

~ these classes of compounds and provide specific examples.
-Use of organometallic complexes for the delivery of CO to inflammated
tissues.
[055] The role of transition metal complexes in medicine has been-
-~ well recognized by many investigators and is presently undergoing a steady
-expansion.[C. Orvig, M. J. Abrams, Chem. Rev. 1999, 99, 2201 and following
- articles} Anti-carcinogenic, metal-based drugs are among the best known, in

3 partlcularly the platinum denvatwes such as cus-platan and carboplatin. [E

' :.-'--'_‘;:Wong,C M Glandomemoo Chem Rev 1999 99 2451 E R Jamleson S




particularly the platinumderivatives, such as cis-platin and
carboplatin.[E. Wng, C M G andoneni oo, Chem Rev. 13@;, %900€451; E. R
Jami eson, S. 30 4 August 2006 WO 03/ 066067 PCTI | B03/ 009325 % Rpar d,
Chem , 99,2467; J. Reedijk, Chem Rev. 199 499]. The
develogﬁéRy o&gnedical applications for organonetalI?gnﬁggwgﬁﬁxes has been
sl ower, but inportant advances have been nade using the two best and

| onger established famlies of organonetallic conpl exes known: the

met al | ocenes and the carbonyls. Anti-carcinogenic properties have been
found for several netallocenes, the best exanple being that of titanocene
di chl ori dél. |-ivpadd, Ghear. IRev. 999784, 2467 ; B Reedikc £heCh&ev. 1889, 99999, 99,
2511]. Wth respect to the transition netal carbonyls that concern the

present i 2488} Tive destopnent bbmepicalgapplieatibnedorcorgamoshetalli€ar bonyl conpl exes
of transition nmetals have been known for a long tine and their derivatives

have been Mgﬂmsfﬁaufﬂeeﬁ slowich, bubinpoiEaiBavatlced hadaBead mbdé asipgem stry. and
u

in a nmulti e of catalytic applications. The discovery of the first of

such car l?ﬁ*é‘iﬂl&beé‘t“ah@@rﬁepléstgbliéh@ﬂg@rhiii@é‘@Lt‘éfgﬁ/b%n\ﬁgtgpig géﬁ@éxb d to the

I ndustrial process of purification (t ich, requires

' f AL t S, i al with the
very nowi down BReR=A aﬁ%ﬁ%‘%@ﬁ?%ﬁ*@éﬁfléf@%r@%?{ob%ﬁ@@ﬂ Cem Ed

. 1938, 77] ,..T [ Cl f rpa that o

~al one. O]f h@g%‘rﬁgéﬁ%d}fér sf(?’ﬁ}éqtl &%?ﬁlgggﬁ?%?sﬁf‘%mﬁ% &ﬂsglst :gt%i ch is able to
bl ock the .pet al 5 qf tei ns, | ike h | obi thers. [E.
i *Cer an© HBozeps SRhiorile i, 1. CERRY Y. Ry Fishon; Chaindiawo 1880, v 3057, 26,
6494] Toxicity of a series of C, M1, Fe and NI organonetal |l ic carbonyls
‘has been SPudPtH. Withyespedt iqithedransition metal carbonyls that concern the

present invention research has progressed more slowly. Carbonyl complexes
Qf transition metals have been known for a long time and their derivatives
have been widely studied both in funa;.:lamental organometaliic chemistry and
in a multitude of catalytic applications. The discovery of the first of su_ch
carbonyls, Ni{CO), by C. Langer and L. Mond in 1888 led to the industrial
- process of Ni purification (the Mond process) which, requires very careful -
operation and safety procedures in order to deal with the very noxious and
" toxic nature of Ni(CO)q.[W. E. Trout, Jr. J. Chem. Ed. 1938, 77]. The toxicity
of these compounds well surpasses that of CO alone. Of course, CO is a well
_recognized .tpxic molecule, which is able to block the metal centers of
- . hemeproteins, like hemoglobin and others. {E. Di Cera, M. L. Doyle, P. R.
| Connélly, S. J. Jill, Biochemistry, 1987, 26, 6494] Toxicity of a series of Cr,
"Mn, Fe and Ni organometallic carbonyls has been studied in mice and rats. .
o K The effe#té_:_bbsewed i.ncl_ud_ed_selective _neprosivs_of't_h_e _nonconciiiat_ed_ : |
~ bronchiolar epithelial (Clara) oells and other deleterious effects within 24h of

st




The effects observed included sel ective necrosis of the nonconcill ated
bronchiolar epitheliall (Cara) cells and ot her del eteri,ous ef{géa ts within
- 24h of 31 4 August 2006 WD 03/066067 PCT/1B03/00932 ad i HEE A on. [W M
Hasche Hakki nen, H P. Wtschi, R P. Hanzli Tr ai ger,
- Toxi collﬂyoﬁsé'?ﬁig?ﬂlgBZ, 14, 85]. However, iron car bonylgc%fg%lgae;” used in human
"diets as iron supplenents. These conpounds have been shown to have a high
bi oavail ability as neasured by henogl obin repletion in iron-deficient
~rats. [P. V. Sacks, D.N. Houchin, Am J. din. Nutr. 1978, 31, 566]. Later
- studi es enphasize the low toxicity of iron carbonyl powder and its
absor pt i ordmjnistradionf\e . iHasthel o JaHakkimen, $i. P( Witsghi, RuBelanziis, M
Brittenham E GCsiba, C. A Finch, J. Lab. din. Med. 1986, 108, 473) and
reveal it . JuSedfigernBodcalricita d9sd)tidgasio\Howsvenigarahanyisrcanddd s i n t he
treatnment of anem as in humans, which are caused by iron deficiency. [V

R Gor deulysedsin hivharBdiefst fiRasupplententd/CTésecompoufds hedegen JL. J. Keating,
Bl ood, 1986, 67, 745]. [056] U.S. patent 5,086,060 clains the use of iron

carbonyl - dréivii 8 haeSa high bicvaiadility ab WReuiER! KyHEntHIdEM rddidtidn’igat ment  of

acne and psoriasis. However, nore extensive’investigations of the

i ol ogi caloRBlitief RN P. V. SaRkGBIRTRbACHiA A, LHAYNGrOl78, §farted in the

| ate 1980"s w t aouen, Vessi bres and their’' co-workers, on

- ne. eyl SR T SRR Sl SRRy B AR oL e e
Successt vebsdipln L HREHA miPess i e drh B PGSRy HeBttentam; o -
Organor neLa g, &APRRGS.. Lab. Clin. Med. 1986, 108, 473] and reveal its
usefu.lness and advantage over inorganic iron salts in the treatment of
anemias in humans, which are caused b)'/ iron deficiency. [V. R. Gordeuk, G.
M. Brittenham, C. E. McLaren, M. A..Hughes, JL. J. Keating, Blood, 1986, 67,
745).
[056] U.S. patent 5,086,060 claims the use of iron carbonyl derivatives
of several polyene molecules for the treatment of acne and psoriasis.
However, more extensive investigations of the biological applications of
. organometaliic carbonyls only started in the late 1980's with the work of
Jaouen, Vessiéres and their co-workers, on the development of
" organometaliic reagents for immunoassay procedures, the so-called
carbonylmetallocimmunoassay (CMIA).[G. Jaouen, A. Veesiéres , 1. S. Butler,
Acc. Chem. Res., 1993, 26, 361] These studies led to several successive
'discqveries that ére related to the applications of organometallic compounds -
- '.  to biolagical systems, leading to a new area of Biq-qrg_anc_:metallic Chemistry. |
e Recentapphcat:onsmcludethedevelopmentof nev;: l:no.i(_-;fcdle.s _nof on,l.gl/ﬂ for o




to biol ogi cal systens, leading to a new area of Bio-organonetallic
. Chem'stry. Recent applications include the devel opnent o{ negg&ol ecul es
not only for 32 - - - -----mono--- 4 August 2006 WO 0%/ 9

PCT/ 11103/ - i mmunoassays but al so for radl ophar | cal ,

radi ot ﬁ&gg(g“g%?c | magi ng and ot her purposes, incl uﬂ%ﬁ#’%’gﬁ I ve nol ecul es
and markers. [K Severin, R Bergs, W Beek, Angew. Chgem Int. Ed. 1998,
37,1634; N. Metzler.Nolte, Angew. Chem Int. Ed. 2001, 40,1040; G Jaouen,
S. Top, A Vessib6bres, R Alberto, J. Oganonet. Chem 2000, 600, 23].

Car bonyl containing derivatives have proven very valuable and flexible in

t hei r usedmmunerssays St alse jor ragiaphaymaaeitical, rac;iotﬁﬁltapepﬁwwagio@i cal nedia has
been shown to be adequate for both in vitro and in vivo applications.
These obseandathenmirposes pihclgdiegtbicacties melecules andentirkéns aJK. Seeerirst s, who
generally regarded netal carbonyls to be too toxic for biological, and in

par ti cul arR.Bergs, 4% Begkp Ahgaw | m.[IROEH. 1998087, 1684 M. MRegsNdIRSear ch on
nmetal containing enzynmes reveal ed the unexpected rol e of carbonyl

conpl exes AripeRCHER). IMIEY. DOUR, 46 NDHOERS. Sidven B erbp, AUYdsdidreg RE @i N M CO
bonds in their active sites. Exanples of such enzynes are the iron-nickel

Dy ogena st et Ay Ohoh, 208 68223 ol fpicha . .
Vesser sy e vV Bt MBI PO o S48, 0 21
- ;2-006 VO %%’d%%%%%ﬁb.ﬁ%t‘h% %8%%%%! media has been shown to be adequate for
both in vitro and in vivo applications. These observatiohs are of great interest
for medicinal chemists, who generally regarded metal carbonyls to be too
toxic for biological, and in particular clinical -applications.

[057] . Indeed, very recent reséarch on metal containing enzymes
revealed the unexpected role of carbonyl complexes in nature; and some
enzymes have been found to contain M-CO bonds in their active sites.
Examples of such enzymes are the iron-nickel hydrogenase and the iron only
hydrogenase [M. Frey, J. C. Fontecilla-Camps, A. Volbeda, in Handbook of
Metalloproteins, A. Messerschmidt, R. Huber, T. Poulos, K. Wieg'hardt Eds. J.

Wiley and Sons Ltd., 2001, 880; B. J. Lemon, J. W. Peters, ibidem p. 738].




INO H2 0 oc~ NO Z~C Fed4~Fe~~C Fe Felx-S' --~' NFeLX-SS. SRO01-12 R
- Desul fbvi bii.o desul futicans d ostridi um pasteuti anum [058] CO

dehydr ogenases carry out the oxidation O COto C02 pl ust Hueugi 088 r ons and 2
H. T f _these enzynmes have al so been structurally__characterized. They
cont a\il\ﬁv%ﬁ3_’éfﬁ%§Ni in their active centers and i nvol vECUI¥Ptedi ate M CO
species [H Dobbek, L. Gener, 0. Meyer, R Huber, in Handbook of

Met al | oproteins, A Messerschmdt, R Huber, T. Poulos, K  Weghardt Eds.
J. Wley and Sons Ltd., 2001, p. 1136; H Dobbek, V. Svetlitchnyl, L.

G ener, R Huber, 0. Meyer, Science, 2001, 293,1281]. [059] It i's now cl ear

that nmany 18 el ectron r}ganoma}gal lic CO derivativgg are stable under

physi ol ogi cal conditi§ns*Cn tkfe ot her hand, geheralQ property of these

conpl exes is their degghpositi gn/ﬁﬂd accel er ataoe%\ er |ight
' It is I t hat oxygen

I rradi ati on and undeJF conditions. It [
based radiggal s _ag gerﬁ@n fl ammat ory p‘rrotg&fi e\hat they pl ay
a crucial rdle i/n the paBhogenesis of é?hm?% er osi g~ TRUs,

R R ‘\( OH,

Desulfovibrio desulfuricans Clostridium pasteurianum

[058] CO dehydrogenases carry out the oxidation of CO to CO, plus 2
electrons and 2 H'. Two of these enzymes have also been structurally
characterized. They contain Cu and Ni in their active centers and involve
intermediate M-CO species [H. Dobbek, L. Gremer, O. Meyer, R. Huber, in

| Handbook of Metalloproteins, A. Messerschmidt, R. Huber, T. Poulos, K.
Wieghardt Eds. J. Wiley and Sons Lid., 2001, p. 1136; H Dobbek, V.
Svetlitchnyi, L. Gremer, R. Huber, O. Meyer, Science, 2001, 293, 1281].

[059) It is now clear that many 18 electron organometallic CO
d_erivétives are stable under physiological conditions. On the other hand, a
general property of these compléxes is their decomposition and accelerated
co release under light irradiatioﬁ and under oxidative conditions. Itis well

- known that oxygen based radicals are generated in inﬂammétory processes
énd that they play a crucial role in the pathogenesis of atherosclerosis. Thus,
“organometalilic carbonyt derivati\}es release CO in inﬂamrﬁed tissues and
o {atherjo_scﬁlerotic Iesions. This line of thought led to the discovery of-th_ree

. different classes of organometallic drugs. - -




organonetal lic carbonyl derivatives release COin inflarnmed tissues and
atheriosclerotic lesions. This |ine of thought led to th di stcl%gry of
three different classes of organonetallic drugs. 34 4 Au%‘f%lf 6 WO

03/ 066Q6d o5i5sdds; BO3/ 00932 O ass 1- CO containing or ga%(glltﬁﬁ}wggzc conpl exes

di ssolved 1n physiologically conpatible supports [O I's"cl ass of
conpounds conprises either sinple 18 electron organonetallic carbonyl
conpl exes or nodifications thereof designed to inprove either their
solubility in physiological nmedia or their conpatibility with menbranes
and biornol ecul es or tissues. The netals that may be used include first
transition row biologically active netals (V, C, M, Fe, Co, NI, Cu) as
wel | as second (Mb, Ru, Rh, Pd) and third row elenments (W Re, Pt, Au),
t hat appr éiassd<CO aantainingeorganometallic camplexgs dissblyedi t hese conpounds

bear s t he physiclpgicallylcemphatiblegsuppartsp) or derivatives thereof (indenyl,
CpR5, and the |ike) hereby abbreviated as CpR(X), which enable the

above- ment i one[daOPTHis class ofsompuumds EpmplisexOsihep bifrple 1P eRCRsAT ON to the
metal center with the correspondi ng higher reactivity control. The

oxi dat i on orgdridhttalfic édiBorifeEhpleRedBEnoficititRs aRBbfRILRRNEATS D! es the one
usual |y found wunder biological conditions thereby facilitating | ater

et abol | 2ithpiAle efthérthe-Soibiftl §8RysidiOGed! ridis Brnel BBRbaRoility Wi | mredi ately

bel ow, the term "pseudo- general nane giv nono- ani oni ¢

Ly Sore | SRBBhSOR iy r bl The el AhAPIIRRES, ST 25
. hydr Ocafn% urc]:Ier lrgi trcaerlllsitigr? F[R\g Ll‘%‘orbgcaily active metals (V, Cr, Mn, Fe, Co, Ni,
Cu) as well as second (Mo, Ru, Rh, Pd) and third row elements (W, Re, Pt,
Au), that appropriately bind the CO ligand. A large number of these
compounds bears the cyclopentadieny! ligand (Cp) or derivatives thereof
(indenyl, CpRS5, and the like) hereby abbreviated as CpR({X), which enable
- the above-mentioned madifications, and impart some steric protection to the
metal center with the corresponding higher reactivity control. The oxidation:
state of the metal in most of the complexes resembles the one usually found
- under biological conditions thereby facilitating later metabolization, after CO
release.
[06_1] In the examples Iisfed immediately below, the term “pseudo- |
halide” is a general name given to mono-anionic ligands isoelectronic with t.he_ _
- halides, e.g., thiocyanates, cyanates, cyanides, azides. etc. The term
-*hydrocarbyl chain” is the general name of a hydrocarbon radicél comprising.
. alipha_t_ic CHz and/or'a'roma_tic_; residues. e.g.. (CHz), n = 2, 3, efc. or (CHz)n__

s .'_:-(‘GGH;)_?T‘_-'.CGIH.SQH?;’-'-?‘:C“- ‘Alkyl is the general name gi\}en to the radical of,-an_.-:f:_ B "

s




al i phatic CH2 and/ or aromati c residues, e.g., (CH2),, n = etc. or
(CH2)n, (C6HA)m CoH5CH2, etc. Alkyl is the general nangg %u r]eib io t he
radi cal of an 35 4 August 2006 WD 03/066067 PCT/ EB03/00932 all phatic

hydr ocawpaneedéi N, e.g. nethyl, ethyl, etc. Aryl is phemgigiesal nane given
to a radical of an aromatic ring, e.g., phenyl, tolyl, xylyl, etc. Leading

exanples CO+ 1..,,\COoc, 0 OC+ W1 |[Nalkyl)4 CX X 'toe.; OC = CC
0c 0 P-CO dCacCICOM M, Re M= C, Mo, WM= M, Re X=04, Br, 1,
al kyl, aryl X = Br, 1, CR SR, X = halide or weakly acyl,
C—g|yCOSI | ) coor |na ani on carboxylate SR, OR
car boxyl at hé&‘g'&‘f‘ﬁ?#m”w s, &G eyl XIO i2. Ap/ljs theegeneral name - GO ¢
-, ~COM _M [N(alkyl?4r2 o
_ given to a radical of an aromatic ring, e.g., phenyl, tolyl, xylyi, etc.
Leading examples
NC0 Nele
O OO IN@kylg OO~ S >
oc/ Z X oc/ z X /, co
oC oc
M=Mn, Re M=Cr, Mo, W M= Mn, Re
X=Cl, Br, |, alkyl, aryl, X=Cl, Br, |, OR, SR, X = halide or weakly
acyl, C-glycoside, (R = alkyl, aryl) coordinating anion
carboxylate, SR,OR carboxylate, sugar
(R = aikyf, aryl)
io ] io co 12
OC\' /X\ L0 ' OC\ e X\'/c o "
gn\ NS, | ek
.0C = oC co
OC co OC co
M =Mn, Re M=Mo, W )
X = halide, SR, OR X=8R, OR
R = alkyl, aryl R =alkyl, aryl
T
W X
&i ~Co
oc” =
. ~ 0oC A
S CO M =Mn, Re (Z = +1}; Cr, Mo, W (Z=0)
o ' S E = combinations of N, S and O between 1103
.M=Mn,Re o each
E=§,0 s e X = halide ar weakly coordinating anion (for 2=
R=H,akyl,aryl = ) : .




CCOCCO 0007C0CZOZO0O M= M, Re MEMO WX = halide,

SR, OR X = SR

aryl 0 +Z YOR E- 4CO 0%y pbisEB0 oo | C

M, Re (Z =
1to3 M=

~X\I X

OR R = alkyl, aryl R = al kyl,

- Yl CG-d -,,EROCl4COCOOC Ry -MCO G~ | COM

+1); Crwol}{gmw,(z = 0) E = conbinations of N, 8 and Q¢

Mh, Re each S, 0 X = halide or weakly coordinating anton (for Z R = H,
al kyI aryl +1) 36 4 August 2006 WD 03/066067 PCT/1BO3/ 00932 _
O0\CO OCCOL M= O , WM= G, Mo, WE = conbinations of N, S and O

, M
comnbi nati ons of N, S and O between 1 to
S
/Qﬂ‘--.x E<\‘7 X

oc® = Neq /L&““L ‘

0C e co

between 1 to 3 E

M= Cr, Mo, W M=Cr,Mo, W
E = combinations of N, S and O betwean1t0 3
each

X = halide, pseudohalide, OR, SR,

carboxylate, R = alky), aryl

each

L = CO, olefin, alkyne, or monodentate
2 glectron donor of O, 5, NorP

X = hatide or weakly coordinating anion

S ° 0
ocvr S~ / S /'<O
co o
M = Mo, W M = Mo, W
X =NRo, OR R = alkyl, aryl
R = alkyl, aryl :
N ol
4 I \s \s/ \OR
co
b,
R = alkyl, aryl =l et
(CHz)n_{
/s .
".OC//I I\ co |\\|
co cot0 r-'I F

 R=alkyl, anyl

3

E = combinations of N, S and O between 1t0 3




each each X = halide, pseudohalide, OR SR, L = CO olefin, alkyne, or
nonodentate carboxylate, R = alkyl, aryl 2 electron dono c%i:%ﬁitzg S, Nor P
X = halide or weakly coordinating anion 0 XC CX RO R (?Lq
JII~yY~dlsnssosy! | ~S—~OR \ / | SOC $ COCO I\/I:I\/QCW = NR2, OR
R = alkyl, aryl R =alkyl, aryl O0 X NO S\CX RO pp~ R </I\S/ R /\
OR CO CO M=Mo, W M=Mb, W X=NR2, OR Ral kyl, aryl R = alkyl, aryl R /R (CH h
SR -77 COOOCC 1|1 OlFe. 0 ~FOX e

T & g

l
M M
c/ o oc” \\co o o
co co

Q

M= Mn, Re M = Cr, Mo, W M=Co, Rh

R = H, alkyi, acyl, formy, carboxylate, sugar, peplide,

<

oc/m\gx /“\X

oc CO
M=Fe, Ru M= Cr, Mo, W
X = atkyl, arvi, hakde' OR', 8R', 0 ,CR', S,CNR";, §;P(OR")2

R' = alkyl, aryl
R = H, alkyl, acyl, formyl, carboxylate, sugar, peptide, halide

R+ - R -
<5 < |
I X | X
0/"' ;;L ' I c:x:o/c{vI \\c;L |
M=Fe,Ru M= Cr. Mo, W

R =H, alkyl, acyl, formyl, carboxylate, sugar, peptide, halide
L =CO, olefin, alkyne, or menodentate. 2 electron donorof 0, S,NorP
X = halide or weakly coordinating anion -

/!1 oce | _a
A T e
':..M';F'ey.Ru.{_ S M Cf Mo, W -

.X" alkyl.aryi. haltde, OR SR" ZCR SZCNRz SZP(OR)2 T
R'= _alkyl aryl ) : .




OCCO OCJCOCo 10O R alkyl, aryl 0 (CH2) R = a-lipoic acid, am de or

ester . 37 4 August 2006 WO 03/ 066067 PCT/ | B03/ 00932 R aﬁu I\H&MOC/ \\to
o/ -CoCOCOMIVh Re MC, Mo, WM= Co, Rh R = H, ,acyt f of f nyl
car boxwyahsossddrgar, peptide, halide RR ozm~x OPA , OC CO M=Fe, Ru
M= Cr, Mo,W X = alkyl, aryl, halide, ON SR, 02CRBEE®{JI SZP(CR‘)Z

R = aI kyi, aryl ‘R H, aI kyl, acyl, fornyl, c2rboxylatlL, sugar pepti de,

-hal i de

R—+R

R——R R R
| R__)\—/Q\_Rn
Cox{CO)s i
\ CO
R=H, alkyl, aryl, OR, CO:R co

Ror R’ = H, hydrocarbyl chain
R"=H, alkyl aryl, OR, COR

[PICIACO) Au(OS0O-F)CO) MCI(CO)
M =Cu, Au

[062] Several modifications can be envisaged to improve higher
biological compatibility and solubifity. One preferred possibility is to attach
carboxylic, peptide or sugar derivatives to the cyclopentadienyl moiety.

'Examples are depicted for one Mn complex; sfmilar derivatives can be made
with compounds containing other metals, as well as for indenyl and othér

CpR(X) derivatives.

- R(X)= H, alkyl, ary}, formyt, acyl, carboxylate or fused C6

aromatlc nne ?nden | ligand)
Ikyl, pepti de. sugar




X, X- &M\ L Cooc Co MFe, Ru = . Mbo. W R = H, alkyl, acyl,
lorrriyl, carboxylate, sugar, peptide, halide L = CO olgfin yne, or
rmnode%t ate 2 el thron donor of 0, S. Nor P X halide otfra ‘\ll%lgtkzl%{)/g
coor di ngbiopfr@sed?i on oc~ A oe~ ~\x oc 0 x ocl< A  ChrpPspoShne FE. Ru M= Cr,
Mo, IN X = alkyl, aryl, halide, OR, SFZ% 0 2CW S2CNFZ' 2, S2P(OFr)2 R =
al kyl, ‘aryl 38 4 August 2006 WD 03/066067 PCT/1B03/00932 R RR R R:;>
~R' TC2(CO6 F OC, \k~-CO R H, alkyl, aryl, OR, CO2R COR or R = H,
~ hydrocarbyl chain R' H, alkyl, aryl, OR CO2R [PtCl2(co)h Au(CS02F)(CO

M (CO M&SSS 'LA"PCO containing organometallic complexes linked to other
pharmacologically important molecules.

[063] This class of compounds takes advantage of the synergisﬁc
effects arising from the combination of two biologically active molecules,
which both have beneficfal effects. Examples for such drug-drug conjugates
have been described in U.S. Patent 6,051, 576.

Conceptual scheme

A

E—( spacer) CO carrier
E=0O,NH, S
spacers = - (CH2)n \_/ pelptide chain  sugars
X

[064] The above mentioned spacers comprise a variety of functions
- under fhe following specifications: - the value of .“n” in the linear hydrocarbon
. chain is an 'integer more'speciﬁcally .1, 2 3, 4: Xis a general symbol for a
| - substituent at the aromatic ring, namely, alkyl, aryl, alkoxy, aryloxl, halogen -
.. atom, thioi_ate; “peptide chain” represen_ts a short chain of naturat amino acids
" _.ranging frorﬁ___1 _to_'4; By I*‘s_ug_ar_s.” it |s 'm_e_ant' the use of a mono-, .q_i—. o._r :

 polysaccharide efthr protected or modified with adequate profection to




[062] Several nodifications can be envisaged to inprove higher biological
conpatibility and solubility. One preferred possibili ty:ﬂﬁtéﬁﬁﬂzﬁﬁt)é ach
carboxylic, peptide or sugar derivatives to the cycl opentadienyl noiety.
Exanpl agoasseesiepi cted for one Mh conplex; simlar. def,'by,ﬁ}togy@% can be made

W th conpounds containing other netals, as well as for |no{eny and ot her
CpR(X) derivatives. /R(X) 0 R(X) suga % r-~<:75~ RO;CM M OC/ \'~~CO
OC 0 COCOR(X)= H, alkyl, aryl, fornyl, acyl. carboxylate or fused C6
aromatic rinp jindenyl figand) R=H, a[ y, pep ide, sugar 39 4 August
2006 WD Q3/066067 PCT/1B03/00932 Cl ass 2- CO containing organonetallic
conpl exes NGreasafipoghilicityand/onassuee.chesical stabiity ofjbe daug-dmel ecul es. [ 063]
This class of conpounds takes advantage of the synergistic effects arising
from t he &ORivOAERIMeAcWe, fonexasnpleowiticpriotactive gioupsaich@sliesters, whi ch bot h have
beneficial effects. Exanples for such drug-drug conjugates have been
descri bed &cetals, 8nd pill dativaives.1, 576. Conceptual schene spacer) -

The definition of X given immediately above can be extended to carboxylates
and amino acids in the cases where X is directly bound to the metal as in

some of the leading examples depicted in the next scheme.

Leading examples

aspirin—( SPaCel)-@ aspirin-( space@——@
| | |

Mn '
/N | "
oc \COCO oc/ %x

1
00/--0\ | 00/7I O\\x |

co

| aspirin-( spacel)-—@ aspirin-( spacen)—@




E 0, NH S spacers (CH2)n petptide chain sugars X [064] The above
~mentioned spacers conprise a variety of functions underlggﬁm&gbeMAng
specifications: the value of "n" in the |linear hydrocarbon chaln is an

I nt egerwpRsGesieci fically 1, 2, 3, 4. X is a general é*ﬁ@E

substituent at the aronatlc ring, nanely, al kyl, aryF OXY, aronxI

hal ogen atom thiolate; "peptide chain" represents a short chain of
natural am no acids ranging froml to 4; by "sugars" it is nmeant the use
of a nono-, di- or polysaccharide either protected or nodified with
adequat e protection to 40 4 August 2006 WO 03/066067 PCT/ EB03/ 00932
increase |lipophilicit or assure chem cal abid i t y~of the drug-drug
conj ugat e nol ecul e, nple, with prag groyys, such as esters,
acetal s, and silyl deriyatives. Zhe defi of X gyven imedi ately above
can be extended to car tesc. and amino facids in the cases where X is

directly bound to thec 8 i sone ofF&QbeIeadlng exanpl es depicted fn
t he next schene. Leadlnﬁoexanples asplrb g_ 0)---~'~<~ aspiri space M F
V~Co 0C 0OC CO CO aspiri~-spacer)--" gspl ~ spacel) -~ <~:ZD

RC(0)O = NSAID drug with carboxylate function,
e.g. aspirin, flurbiprofen, naproxen, ibuprofen

| |

M M
~oc”™co oc” | >x
co co
M=Mn, Re M=Fe,Ru

RC(O)NH amide of NSAID drug with carboxylate functmn
o eg. asplnn ﬂurblprofen naproxen ibuprofen




COOC// \CcOOC//l x OCCO 41 4 August 2006 WO 03/ 066067 PCT/ EBO3/ 00932 P
OC I RFCO\'"~-"Co 0C CO RC(0)O NSAID drug with c4a[;; })g%

unction, e.g. aspirin, flurbiprofen, naproxen, ibuprofen oc~ 0C oc~//

'~Co W&oHoesheR OCA~-' x CO Il 0C CO CO M= M, Re, RC(O NH =

m de of NSAID drug with carboxylate ftinction, e.g. 8%?%?%&%

| ur bi profen, naproxen, ibuprofen 42 4 August 2006

C“:Q' o <:H3 @

oc¢” ¢o © /g
AN
. /R
Ha
F oo I~
@/\’N\s/c ’ 04,8\0
e \
/)"0\ oc” [ >co
oc \xco o
M = Mn, Re

| o | |
4]
AN / )\
ocC X Ogc \/ﬂ N)i Hs
S
Y/
M =Fe, Ru "%

CH3S0NR = anion of nimesulide, or Cox-2 inhibitors, e.g. NS398, L-745,337 -




WD 03/ 066067 PCT/1B03/00932 RH3 N1~/ S C"/ co

: )?:OCO S RR RJO-13 /,CH3 SS O co C"/\'CO O x CO4M1gI\1@t’20
WO 03/066067 PCT/IB03/00932

Anticholinergic drugs inter alia Procyclidine derivatives

Fe & 1~ ~O "

/PH3 N
e H3/C S




Oc O /1-13 0 co S M= Fe, Ru CH3SO2NR = ani on of ni nesul i de, or Cox- 2
i nhi bitors, a. g. NS398, L-745, 337 43 4 August 2006 V\QAQ Q%Q
PCT/ YB03/ 00932 OC Mo OC N, ~Co 0- 47:: 0 oc/ ~-Co co §'€no I nergic

drugs iwbsogbd7a Procyclidi ne derivaflves 44 4 Augusg,cgﬂg,@mgyp 03/ 066067
PCT/1B03/00932 /M 0 OC/'~"COCC---\00, O /A -&NH VO CC

| | @\( —< >—NH CH;
Mo
S N~
oc
oc/ co 'l

’C\ oCc’7 \co
NH ey o¢ X

Paracetamol derivatives; X = halide, OR, SR (R = alkyl, aryl)

(CHp)
N spacef)—aspirin

S 5

X £
\ .
5 FEF (CHy) _

0C‘7 i\co R .
_ oC co COGO : SR S ' =a—_lip_oicacid, amide or ester

Tys _ P ._ R ? {spager)f-aspirin

A

 Acpirn derved conjugates. R, R = aky X = halds, OR,SR




Par acet anol derivatives; X halide, OR, SIR (R alkyl, aryl) OR R'0 Fr
Mm OO NO OC/N~x CO OC CO (CH2)4- (Y space~-asg,ri}£int%oéx | C-~ F
(CH2)4-< 1% COR 0 0. Coco a-lipoic acid, am de or ester gﬂsspacer)-

aspi ri RyRosiRaser —-aspirin T G~ F -F C02(CO 6 O 17pkis fe53 Coco Aspirin

. derived conjugates. R R = alkyl; X halide, OR SR 4 ugust 2006 WO
03/ 066067 PCT/ | B03/ 00932

| [065] A second group of compounds bears the bioactive molecule,
e.g. aspirin, diphosphonate, bound directly to the metal, which can be .
achieved in several different manners as schematized below for the case of
some iron and molybdenum cyclopentadienyl carbonyls, among others. The
term “hydrocarbyl chain” is the general name of a hydrocarbon radical
‘comprising aliphatic CHz and/or aromatic residues, e.g., (CHz),, n =2, 3, etc.

or (CHz)n, (CeHa)m, CsHsCHb, etc.




[ 065] A second group of conpounds bears the bioactive nol ecul e,
-.aspirin, diphosphonate, bound directly to the netal, V\hlgﬁucapzo%s
in several different manners as schematized bel ow for the tase 6

i ron anglo@®bidenum cycl opent adi enyl car bonyl s,

amngepidighdsa The

"hydrocarbyl chain" is the general nanme of a hydr ocar bon radi cal

conprising aliphatic CH2 and/or aromatic residues,

e.g., (CH2)n,

n

etc. or (CH)n, (C6H4)m C61-15CI-12, etc. 46 4 August 2006 WO O
PCT/1B03/00932 RR 0CO0,// COOCCO RO: PO MFe, Ru MCr, M,
00 0-~O-',/0C"Rfo"P MO ~y N\COO-lOﬂ 0C TI-1CO CC

<
A

‘M=Fe, Ru ' M=Cr, Mo, W

R

[ \;OOH

'\:oo C/"\; @%

ZE

2

oC CO
co
M = Cr, Mo, W M=Fe, R
. Ror R'=H, hydrocarbyl chain diphosphonate derivative

N

X-

.- A derivative of Selegiline; X = halide or weakly coordinating anion

e.g.
achi eved
sone
term

3,

6067

21
3/ 06
W R OR




COMFe, Ru R M=C, M, WRor R =H hydrocarbyl chain di phosphonate
derivative 0C, OC~- RH3r, X~ N\ CH3 A derivative ofv%g %HQ{;

hal i de or weakly coordinating anion 47 4 August 2006 Je8d67

PCT/ | BOgH@983es72- CO Oc' "0 [N(al kyl)4r2 Oc dc M 2atlve of the
antioxi dant 3, 4-di hydroxi- trans-stil bene C ass 3: ncapsu

supranol ecul ar aggregates nmade of CO containi ng organonet al I | c conpl exes.
[066] Controlled delivery of drugs into the organismis an inportant

i ssue, especially in the case of drugs, which have undesired toxic effects
if present systemically or at high |ocal concentratlons COrelease is a
potential problemi nlésrruchoas It can b -at high concentrations (see

above). For '
:/° 0 [N(alkyDal

M= Mo, W

Derivative of the antioxidant 3 4-dihydroxi- frans-stilbene

Class 3: Encapsulated supramolecular aggregates made of CO
containing organometallic complexes.

[066] Controlled delivery of drugs into the organism is an important
-issue, especially in the case of drugs, which have undesired toxic effects if
'present systemically or at high local concentrations. CO release is a potential
problem inasmuch as it can be toxic at high concentrations (see above). For
certain applications, a slow release of CO in thle blood orin speoiﬁc target
tissues is desirable.. Encapsulation within host molecules that are non-toxic
is one way to achieve a sustained release of active drugs in the organism.
. This-strategy minimizes the undesired effects that may result from abrupt
- increases in the concentration and/or availability of a potentially toxic drug.
[067] Cyclod_extrins'are:Well known hosts for many drugs and organic
' rnolec_u!es and, recently have been applied to hos_t organometallic molecules
-and enhance their delivery through physiological barriers or membranes. In - |
)  this respect cyclodextrin has been found to 'be_beneﬁcial for increasing
' .delivery of Iipophilic drugs at the skin barrier. [T.Loftsson M. Masson Int. J..
e '-.Pharm 2001 225 15] Cyclodextnn medlated supramolecular arrangements . | :

o _protect organometallrc molecules for prolonged trme penods and mask therr DT




certain applications, a slowrelease of COin the blood or in specific
target tissues is desirable. Encapsul ation w thin host J;gl eCZﬁ'O@? that are
non-toxic is one way to achieve a sustained rel ease of PR ugs in the
or gani i s strategy mnimzes the undesired eff may result
from am;‘)):tya-éa?ﬁzcr eases in the concentration and/or a\s}g?liaé’%/?@hy of a
.potentially toxic drug. [067] Cyclodextrins are well known hosts for many
drugs and organic nol ecul es and, recently have been applied to host
organonetal | ic nolecul es and enhance their delivery through physi ol ogi cal
barriers or nepbranes. In this respect cyclodextrin has been found to be
benefi ci alre?‘ﬁ‘rv'tY-ﬁ@‘?@E% incipasing thele selegtivity towards specilis reggents. The skin
barrier. E"i Loftsson, M Masson, Int. J. Pharm 2001, 225, 15].

Cycl odext Mydrapbabisipad of gaibeny complees asithorgaremplifiehundardilassy fanomet al | i c:
nol ecul es for prolonged tinme periods and mask their 48 4 August 2006 WO
03/ 066067 abOTe, fBOBIdRID-3% yrayalodextiit yor sirhiaretructures! with tmgCOhgrbapssel ectivity
towards specific reagents. The hydrophobic part of carbonyl conpl exes as

those exemadting trRcttesdtibArmédiamsantl theBRYAMIc ligahds BerictFin e c&Vityy ThiC! odextrin,

or simlar structures, with the CO groups facing the reacCtion nedi um and

the organirésiriifiBegotin Ahctitht ARWSL th¥ oxtERSion'oP&id fanfi of educti on in

reactivity allows e extension of the range erapeutic

~ CO-rel easi I L.oni nd .ani Qni s, .Su char ged

- conpl exeg&ﬁﬁ%ﬁ%@eﬁg%ﬁﬁ@é%ﬁﬁg@k %%@ %88&8%3%"&2'2%07%(9%& ral ) ones when

unpr ot ect ed., 68 i.posonmes_and ot her, pol i C nanoparticle aggregates

| arg al so%ﬂg'@k Icob"e?hxgﬁlage tnere 'éﬁaﬁg‘fe ?'?Pelga%?ﬁﬁ{é'ﬁ&?f &}}artﬁp pepieals; ngg ]
organonetal lic, conpl exes, and the conbi ned use of cyclodextrins with such
aggr egat eSNAZWhen unprotected.

[068] Liposomes and other polymeric nanoparticle aggregates are
also useful carriers to target the delivery of CO-releasing organometal.lic
- complexes and the combined use of cyclodextrins with such aggregates has
g been considered as a very promising possibility for drug release. [D.
- Duchéne, G. Ponchel, D. Wouessidjewe, Adv. Drug Delivery Rev. 1999, 36, |
- 29]

' Conceptual examples
co

S/

'.cyclodextrin — . (-

hydrophoebic ligand




been considered as a very promi sing possibility for drug rel ease. [D.
Duchdne, G Ponchel, D. Wuessidjewe, Adv. Drug Delivery Rev. é@q% 36,
29.] Conceptual exanples CO 0 0 0 CO cyclodextrinr ﬁybdﬁgﬂsﬁlzl c ligand
49 4 Auggesoadt WO 03/ 066067 PCT/1B03/ 00932 co co pPrasBlbesz Pace s r oc)
1"CO hydrophobic ligand B-cyclodextrin [069] The actual exanples cover
organonetallic nolecules as (C6H' xRx)YMCO3 (M= Cr, M ;
(CPRS)MCO 3X (M= C, M, W; (OR)MCO2X (M= Fe, Ru); (CpF ~)MCO?2
(M= Co, Rh) where R represents H alkyl or other small functional group
l'i ke methoxide, halide, carboxylic,gesters. [070] Mesoporous materials are
chemcally inert three di nensi I o

co
aspirin{ spacer or\ //CO

9 hydrophobic ligand

B-cyclodextrin

[069] The actual examples cover organometalfic molecules as (CgHe-
xR)M(CO); (M = Cr, Mo, W); {CpRs)M(CO)3X (M = Cr, Mo, W)
(CpRs)M(CO)2X (M = Fe, Ru); (CpRs)M(CO), (M = Co, Rh) where R

| represents H, alkyl or other small functional group like methoxide, halide,
carboxylic esters.

[070] Mesoporous materials are chemically inert three dimensional
molecules with infinite arrays of atoms creating channels and cavities of well

- defined pore size. These molecules are well suited to host organic and
- organometallic molecules in their péres. In the presence of biological fluids,
smaller molecules undergoing acid-base andfor polar interactions with the
inner walls of the pores slowly displace the included drugs, resulting in a -
= ~_controlled delivery of the active principle. Such aggregates have been
 prepared from M41S materials using organometallic molecules like those -
- : depicted under system 1 above. Examples include MCM-41 (linear tubes)

- and MCM-48 (cavities and pores)

50 __i';f;. L




nmol ecules with infinite arrays of atons creating channels and cavities of
wel | ~defined pore size. These nolecules are well suited; @\ B80Rbe Or ganic
and organonetallic nolecules in their pores. In the presence of biol ogical
flui ds,wo99mdsh@ nol ecul es undergoi ng aci d- base and/ %ETM:&B@ jnteractions
wi.th the inner walls of the pores slowy displace the included drugs,
resulting in a controlled delivery of the active principle. Such
aggregat es have been prepared from MA1lS nmat edal s using organonetal lic
nol ecul es l'i ke those depicted under system 1 above. Exanples include
MCM 41 (linear tubes) and MCMA8 (cavities and pores) 50 4 August 2006 WO
03/ 066067 Hags #BES erntaining inprganicooreplexes hearing ligandseentainipiexes beari ng
| i gands cdheadiarfydonorsithabtiunstian asrevetsible (GO catrigrsas reversi bl e CO
carriers. [071] Cassical inorganic conplexes bearing macrocyclic |igands
on an equat or [&1] pClassicsifinerganic campibxas beaingimaerocyslic figivedscorar e known to
reversibly bind CO nuch in the sane way as henogl obin. The capacity to.

bi nd CO cam dafuatdriahplaire by ait betahedral eoovdinBiirsphefe sfedneerabe and t he
ancilliary ligand trans to CO A simlar behavior has al so been reported

for ot herrefiibly Din€ COPMAXER thE SainBWvdy AN RodIbEHh. %@cﬁ%&%& npl er than the

por phyrin macrocycles that are the CO acceptor sites in hehogl obin and

ot et hellinge0y b rdi®bp ihathd AU b dloNScildih 2l © CO del ivering

drugs, the later type o n-hem c conpl exes wa osen to avoid

ot et LA} (oo P 00 A S BB e PP S0 o2 e
Dear o de ol kes GRS itios sl F TR il BB 20 e NS donors of
| porphyrin macrocycles that are the CO acceptor sites in hemoglobin and other
heme containing proteins. In order to develop suitable CO delivering drugs,
the later type of non-hemic complexes was chosen to avoid interference with
the biological heme cartiers, heme metabolism, and potential toxicity of heme
or heme-like molecule, The complexes selected bear bidentate N donors
(diamines, digtyoximes) or bidentate N,S donors of biological significance, like
aminothiols or cysteine. Ancilliary ligands are N donors also of biological
~.significance like imidazole, hystidine, and others. The complexes are soluble
in agueous media.
t072] In the examples immediately below, the term pyridines refers to
| derivatives of the .CngN.ring (pyridine) bearing alkyl (R}, alkoxy (OR), carboxy
(C(OYOR), nitro(NOs), halogen (X), substituents directly bound to the one or
: .mqre positions of the C5 carbon ring, e.g. CH3CsHsN, O2NCslHsN. Amino-
. fhiols refers to compounds bearing both the NHQ_ (amino) and SH (thiol)

L funct|ons bo_und to' a'hy_dr_océrbon skeleton, é.jg. :HZNCH'Z_CH,;S_H;_'Z1 2- "




am nothiols or cysteine. Ancilliary ligands are N donors al so of bi ol ogi cal
signi ficance |ike imdazole, hystidine, and others. The4%,{é94tg?§(ﬁ§5 are
soluble in aqueous nmedia. [072) In the exanples i medi atel’y bel ow, the
term pwgbdsmesrr efers to derivatives of the C51-16Nogififg ,ﬁ% i di ne)
bearing al kyl (R), al koxy (OR), carboxy (C(OOR), nitro % % hal ogen
(X), substituents directly bound to the one or nore positions of the C5
carbon ring, e.g. CH3C5H4AN, O2NC5H4N. Am no- thiols refers to conmpounds
bearing both the NI-12 (amino) and SH (thiol) functions bound to a

hydr ocar bag | , e..9, H2ZNCH2CH2SH, 1,2 51 4 August 2006 WO 03/ 066067
PCT/ EBO3/ GSEQMNM'%M@%R“@PWP%S teaming alcaRolapphereby the ani no

al cohol's, whereby the SH function is replaced by the CH (al cohol)

funct i on. SthBinctiemisdeplacediley the Ol éalephol) funetionu Thieltgrmp eminar #6ids si ngl e ani no
acids coordinated in a bidentate - fashion by the NI-12 and the COO

f unct i ons referssiomaturaiicedcugringesingle atino aigsosoardisateddn hibitkemtatee N donor s,
bearing either alkyl or aryl substituents on the hydrocarbon chain binding

the two Nfaghiorsby the Nieparek thd OO firestibhs as schexeatiohly depictedf or a di aryl
glyoxinme. Diimnes present a simlar structure whereby the OH groups in

the di gl y@lydriaesar bigstaeaddbivors) tedringeithénalkyl 6F 8yPSubshifuchld &nsi on of this
fam I'y of l'igands includes also 2,2'-bypiridines, “e.g., 2,2 -dipy(idyl,
and. phenagidiflrbékiton Lt bMAINGIRTBVER atbhb! as dbpitted infth first! N

example below for a diaryl glyoxime. Diimines present a similar structure

whereby the OH groups in the diglyoximes are replaced by alkyl or aryl

groups. An extension of this family of ligands includes also 2,2'-bypiridines,

e.g., 2,2'-dipyridyl, and phenanthrolines.

Leading examples

TO aryl ' aryl

e ORI

| NN
L
| N
- L =Nligand, e.g. imidazole, hystidine, nicotine, pyridines
TO
0

S\Fe{ N :
7PN N § = aminothiols or cysteine




Fe,,~ ") NN / I N(NN L H/ \ OH L Nligand, e.g. imdazole,
hystidine, nicotine, pyriclines 1~0 Fe,,, NI NNS = arpingphiols or
cysteine S 52 4 August 2006 WD 03/066067 PCT/1B03/00932 =co N Iron
macr ocyWwoiagogepl exes CO0 CO Go MG, M, M, Re Lpkygiohigoses. 9l yoxines,
am no-al cohols, am nothiols, am noacids C ass 5- CO containing inorganic
conpl exes bearing ligands containing N and/or S donors that function as
reversible COcarriers, nodified by |inkage to other pharnmacol ogically

I nportant nol ecules. [073] Follow ng the lines of thought outlined above
for Cass 2 conpounds, new CO carriers of the type described as O ass 4,

but_ nodi fi ed co
oK
N

L/

- Iron macrocyclic complexes

- co
0
(\|/°
/r ~~co
%
i co

M=Cr, Mo, Mn, Re

7N\

L L = diimines, giyoximes, amino-aicohols,
aminothiols, aminoacids

Class 5- CO containing inorganic complexes bearing ligands containing
N-and/or S donors that function as reversible CO carriers, modified by
linkage to other pharmacologically important molecules.
[073] Following the lines of thought outlined above for Class 2
- ‘compounds, new CO carriers of the type described as Class 4, but modified

by linking the figands to other biologically active molecules via an appropriate

- spacer, were prepared.




by linking the ligands to other biologically active nolecules via an

appropriate spacer, were prepared. 53 4 August 2006 %ﬁ%@%
PCT/ 1 BO3/ 00932 Leading exanples a | aryl spacer aspirin NN F NN

N co I\%ggi3 L N ligand, e.g. innidazole, hysti d| @mﬂ%/ﬁo%i ne, pyridines
|

co O N arm nes N /C Fe-_, spacer aspirin N S( spacer aspirin 0 S
N S arninothiols or cysteine

Leading examples

b'l Tf/ N —~ aryl | aryl—(spacer)—aspirin
KD T
N i N N

/

HO OH

L = N ligand, e.g. imidazole, hystidine, nicotine, pyridines

€0 N\
Q gt
(N\ | /C N N =diamines
Fé_ .
N l S (spacer)_-—asplnn
\
(spacer)—aspirin
0
T 0 : N
“S\F N- 8§ = aminothiols or cysteine
( /r\n
N
3

s_pacer)-—.aspir_in _

, _Class 6- Organic substances that release CO either by an enzymatic
process or by decarbonylatlon .

[074] In spite of the fact that-deca'rbenylation is not a very common
- type of reacticnin orgamc chemlstry, some organlc substances are known to

S i"-llberate CO upon treatment wnth elther bases amds or radlca! mltlators




Fe,,, X N N spacer ~-aspirin S Oass 6- Oganic substances that release CO
either by an enzymatic process or by decarbonyl ation. Q(ﬂ@stb(ﬁbépi te of
the fact that decarbonylation is not a very comon type of reaction in

or gani Gy6gPksdch 'Y, Some organi c substances are knownpdpmedidesy ate CO upon
treatment with either bases, acids, or radical initiators 54 4 August 2006
WO 03/ 066067 PCT/ | BO3/ 00932 depending on their nature. These substances
fall into the follow ng groups: polyhal onet hanes of the general form
CHnXYX 4-(n+y) (X and or X = F, d, Br, 1) trichloroacetic acid, and its

salts, organic,and inqrganic _esters and sul finates thereof, tdaryl

car boxyl i eREFQngPBrﬂ?ﬁ"c'%é'éried,ﬁ'@ﬁ‘éISPEStQE‘?‘ﬁ,fa'!a'nfﬂ/é)‘ﬁcsgﬁlmmgjgm&ﬁﬁ a- ket oaci ds,
esters and salts thereof, under acid conditions; trialkyl and

trial koxyhehhalomathanes of hegengeal domaChin¥el' spwvalX pRAOr & aFdChBfes with
radical initiators, e.g.,- peroxides or light. For the pol yhal onet hanes,

t he val ued) Wwithlaroagekic ycid,cand itsrsalth.corfanic and mprganjc esters andsulfinages= 1, 2, 3,
4, for n=1, y =1, 2, 3; for n=2, y=1, 2; for n=3, y =1. In the

above exanirest, tridng catoxylicsaid, Tornsio BtibeexHlio atibe o-oytiréxydeids \eatioce of the
conj ugate base of a given protonic acid, nanely a carboxylate, with a main

group el eikeacidaflest/Esa herdd, urlaf Woid doﬁdiiigﬁs;ﬂlgétiﬁ{;?hdna”e given to the

radi cal of an aliphatic hydrocarbon chain, e. et hyl, propyl,

DU ! eSS B NS e
initiators, e.g., peroxides or light. For the polyhalomethanes, the values of n
and y vary in the following way: forn=0,y=1,2,3,4; forn=1,y=1,2,3;
forn=2,y=1,2;forn=3, y=1. Inthe above examples, the term “salt”
-applies to the ionic derivative of the conjugate base of a given protonic acid,

- namely a carboxylate, with a main g-roup element ion, namely Na*, K. Alkyl
is the general name given to the radical of an aliphatic hydrocarbon chain,
| €.g. methyl, ethyl, propyl, butyl, etc. The alkyl group can be branched or
straight chain. Aryl is the general name given to a radical of an aromatic ring,
| e.g., phenyl, tolyl, xylyl, etc. The aryl group will typically have about 6 to
- about 10 carbon atoms. Ester is the general name given {o the functional

. group -C(O)OR (where R = alkyl, aryl).

R -[075] The first two categories produce dichlorocarbene, which, under
- physiological conditions, will be metabolizéd to CO. In the case of |
dichloromethane, cytochrome P-450 has been shown to be responsible for -

- the liberation of CO in vivo.




e.g., phenyl, tolyl, xylyl, etc. The aryl group will typicall y have about 6
to about 10 carbon atons. Ester is the general name gi\y Veéh%h

functional group -C(OOR (where R = al kyl, aryl). [075] f2| rst two

cat egor uce di chl orocarbene, which, under | conditions,
Wl | ewﬁg’ga{?&lql zed to CO In the case of- dichlorone ¥€Jﬁ@r?gmgg€t ochrome P450.
has been shown to be responsible for the liberation of COin vivo. 55 4
August- 2006 WD 03/ 066067 PCT/ EB0O3/ 00932 [0761 The third group of conpounds
rel eases CO under aci d cat al ysi s and is sensitive to the aryl substitution
pattern. Most I¥ B.grs is also true for the fourth group which includes
trialkyl and t b, Hurdi groyn. %Wﬁ%@’ea%ﬁﬁﬁﬁn‘é@ﬁ%@tﬁ@s@roups on the
aryl ring favor CO |liberation under acid conditions. Mre inportantly, the
radi cal i Andiiasensitiedatppa sWstivtion patlerar iMost kel thislis sa ter n&éd by '
peroxi des or light, produces CO under very mld conditions. The val ue of
"n", the rtherfmtﬂhcgromwblchtlmda tialkyd yind traryl subafitutedyaldetydgs.oxy) on the
aromatic ring, Gan vary fromO to 5, preferably 1, 2, or 3. 56 4 August
2I0060 V\lg @%&ﬁ?atﬁggr?wc Ot gyl rhg&ahdifg)@m@éralmﬁunde@a&d C-\ //0 C\ c!

r I -5 Cl -

conditions. More lmportantly. the radical initiated decomposition of aliphatic
aldehydes, induced by peroxides or light, produces CO under very mild
conditions. The value of “n”, the number of substituents (alkyl, aryl, alkoxy,

aryloxy) on the aromatic ring, can vary from 0 to 5, preferably 1, 2, or 3.




ci cIl RH alkyl, aryl Af 0 Ae 0 AA=Ae/-C Ae ~CC~-ORnH Ar R O
0O RR . 77-% 7-c~H RR R=alkyl 2. 0 0 H SB- K24§%19§ %Ei? C-\OH R
R = H, alkyl, perfluoroal kyl 57 4 August 2006 WO 03/06 B /1 B03/ 00932
Cl ass 7k maRsul ated organi c substances that releas ither by an
enzyrratvlvg.%gr ocess or by decarbonyl ation. [077] This gg@@é’?ﬁb&g%ﬁpri ses the
same nol ecul es descri bed under Cass 6, but includes their encapsul ation
_in host-guest supernol ecul es, |iposones, cyclodext(ins, and other
polyneric materials that are able to

Leading examples

NS c\" P RN
] /C C\OR cr—/—c—c\ CI—-70—S_—0R

cl Cl
. R=H, alkyl, aryl
Ar — Ar
Ar-—->c-—— 4 Ar= 2 Ar._\ _ b

R, R' = alkyl
: I'\ o 2 _ |.\ 0
H——B— K . RN——B—
: H/ ?\0 2 S.H/"C\OR'

"R,R'=H, alky!, perfluoroalkyl




produce nanoencapsul ated drug delivery vectors. [078] Properties of the
conpounds of the inventions are evaluated by methods kry Dyghdre one
skilled in the art. For exanple, anti-inflamrmatory actlv b;/’ can be

det erm he nmet hod described by Wnter et al P c. Exp. Biol.
: g%‘é%%ﬁ 0(Elp"962) or by Patrono et al. (Thronbomsﬁ)&ygfmm‘l“?? 317, 1980).

Drug for mul ati ons [079] Conpounds useful in the practice of this invention
can be formulated into pharmaceutical conpositions together with
pharmaceutically acceptable carriers for oral admnistration in solid or
liquid form or for intravenous, intramuscular, subcutaneous, transdernmal,
or topi calClassi#r Encapsulated organici ssthstangesdthat release GQtsither byearpr ef erred.

[ 080] Pharenzymaticprocgssiotbydetarbooytatios.s for oral administration include
capsul es, tablets, pills, powders, troches, and granules. In the case of

sol i d dosage f {77, Thisaystenr copprisas thzosamie Adletuldseiastribddaurideer t di | uent
such as sucrose, lactose or starch. Such carriers can also conprise as is

normal  proigéd 6 sutaftflidesANeH erfcapSUIAMSTER Hshliest Baperfioletd e.g.
| ubricating agents 58 4 August 2006 WO 03/066067 PCT/ EBOB7 00932 such as

magnesi Umisbgdhad yciblektits, & srfféfrplsﬁns%%teﬁaga 2k Bre dgiQFN1es and  pills,

the carder can alsO conprise g agents rriers, such as tablets,

- pills andig,g(?e s'ﬁﬂﬁﬁﬁbsgﬁtﬁﬁaﬁﬁ%ﬂf&{'&tgﬁte” c coatings on the surf aces

of the t s or granu : er natlvely, the enteric coated

conpounds can tabl et r anul

Phar maceut i cal FVQEL 'g%?ﬁﬁﬁé’ aﬁ”ﬂpé’FEa? ﬂ&hﬁd'é‘}q“?a'ﬂﬁqﬁmcﬁyéﬁ'ﬁéeq‘ B‘f nms for oral
adni ni strat Itl(%ods Kriown bynHle one skilled in the art. For example, anti-inflammatory
activity can be determined by the method described by Winter et al. (Proc.

Soc. Exp. Biol. Med. 111, 544, 1962) or by Patrono et al. (Thrombosis Res.
17, 317, 1980).

Drug formulations

[079] Compounds useful in the practice of this invention can be

formulated into pharmaceutical compositions together with pharmaceutically
. acceptable carriers for oral administration in solid or liquid form, or for
intravenous, intramuscular, subcutaneous, transdermal, or topical
_admiaistration. Carriers for oral application are preferred.

[080] Phafmaceutically acceptable carriers for oral administration-
include capsules, tablets, pills, powders, troches, and granules. In the case of
solid dosage forms, the carrier can comprise at least one inert diluent scch as
sucrose, Iactose or starch Such camers can also comprlse as is normal

practlce addltlonal substances other than dlluents e g Iubncatlng agents

58




sol utions, suspensions, syrups and elixirs containing inert diluents
-commonly used in the art, such as water. Besides such ingrt.3phd'ents,

conpositions can also include adjuvants, such as wetting agents,

enul si fyi suspendi ng agents, and sweeteni ng, I agents. [0811
Pharnaéﬁgpgggﬂﬁy acceptable carriers for topical adn?h%s ?Q@g%n I ncl ude

DI VI SO, al cohol or propylene glycol and the |Iike that can be enployed wth
patches or other liquid retaining material to hold the nedicament in place
on the skin. New approaches based on nanoparticles , nanoencapsul ates and
the like are al so considered convenient for the protection of the active
princi pl e siieh astagnesium dearatee Indhe pasenfpapsdes, dablefsetrochies andssues. [ 082]
Pharmaceutically acceptable carriers for intravenous adm nistration

i ncl ude sqlills; thenzarterceaialsormpmpriserbaiferng agénty. Gamiert, abtleas tdilets, or sugars.

[ 083] Pharnmaceutically acceptable carriers for intranuscular or

subcut aneqilks ari gratiles) can beydeparad with eptdriz. coatingsu@rthe. sukfa8ds oMhen used in
its acid form a compound of the present invention can be enployed in the

form of atﬁ@mg.qﬂtsidiglrénmﬁ;w@rﬁalﬁly?ﬁieter@érictd&tmanpoﬁas‘baﬁugust 2006
WD 03/ 066067 PCT/1'B03/00932 Carriers such as solvents, water, buffers,

on-t ox & SRRPEEAb AR e, gl ﬁ’lé‘éﬁ’n“"bﬁ%f‘é%‘iﬁy“%%@%n‘é‘“éi 'yicg{ s or
Compounds et P o BeBal RS e R Adh RO BT Bl .70 uni ¢

g_(cats -?82 m%g@;gfpﬁ%tsgggqnasg){ng,t sry%tl;')sozri]nc; glixtlrg%oﬁt%%n'ir?g%gr't d-i{tpgntg %r%ﬂ’u%n‘yevel s of

used in the ant, such as water. Besides such inert diluents, compositions can
also include adjuvants, such as wetting agents, emulsifying and suspending
agents, and sweetening, flavoring agents.
[081] Pharmaceutically acceptable carriers for topical adhinistration
include DMSO, alcohol or propylene glycol and the like .that can be employed
~ with ;ﬁatches or other liquid retaining material to hold the medicément-in place
~on the skin. New approaches based on nanoparticles , nanoencapsulates
- and the like are also considered convenient for the protection of the active:
principle and its slow release in the organism or specific tissues.
[082] Phan’naceutically'acceptable carriers for intravenous
~administration include =so_luti_ons-containing pharmaceﬁtically acceptable..sal_ts
| ~Or sugars. o |
[083] Pharmaceutica!ly acceptable carriers for intramuscular or. o
‘subcutaneous injection include salts, oils, or sugars. |
- i s [084_] _Whe_n uSg‘d ir_j'__:i_ts_:_apid form, a compound _Qf_ the p_re_sent___i.h\}entipn
 canbe employed in the form of apharmaceutlcally acceptable salt of the acid. R




conpounds of the present invention) in the unit dosage nmay be varied so as
to obtain an anount of active ingredient that is effectig§¥$§ gfhi eve a
t herapeutic effect in accordance with the desired nethoé 0 aan1nistration.

The sel\gﬁtoglgﬁgﬁiﬁqsage | evel therefore mainly depends UPQ'E(I%?E@P ture of the

~active ingredient, the route of adm nistration, and ed duration of
treatnent. If desired, the unit dosage can be such that the daily
requirenent for an active conpound is in one dose, or divided anong

mul tiple doses for admnistration, e.g. two to four tines per day. [086]
Preferably, the conpounds are adm nistered orally once a day. The

pref er r ed GasEers|sgok b saiventshwalesthuffarsn alkanols zeycladestriteand epr esent at i ve
conpounds from each class. Al conmpounds described in the present

i nvent i on agalkanals earde ased r Otinaukikary atonetoxicagehis magle intludedyugh CO i s
generated preferentially at the sites of inflammuation, sonme of the CO

gener at ed fov dxaniple) polyetiyieneodigddlson wettisglagered cel | s. Thus, dose finding
studies will initially be guided by m’gjguééémnt of car boxyhenogl obi n ( COHb)

levels in the tdagpdrhé\@ﬁé}ﬁf&%emt%u;a&éﬁ%wéﬁrﬁa@tar@fcoﬁg&nagve' s inthe
as

bl ood are well known and are being used on a regul ar I's in diagnostic 60

4 August %@eriebe\ﬁ% %&@g@@én eﬁéﬁ@g&:ﬁgﬂ@gﬁdl iﬁgq{nﬁt&&rsé@?forhg ﬁr mal heal t hy

humans COHb vel's are about hy “nonsnoker s and up to 9%in
e SFUASEAAIF LN e e BB BRI T o oo
ot BRI BB e e e e RS b, B 0 0%
to obtain an amount of active ingredient that is effective to achieve a
therapeutic effect in accordance with the desired method of administration.
The selected dosage level therefore mainly depends upon the nature of the
active ingredient, the route of administration, and the desfred duration of
treatment. If desired, the unit dosage can be such that the daily requirement
for an active compound is in one dose, or divided among muitiple doses for
administration, e.g. two to four times per day.
[086] Preferably, the compounds are administered orally once a day.
- The preferred dose levels wili be determined in animals for representative
‘compounds from each class. All compounds described in the present
~ invention generate CO after administration to the body. Although CO is
: -generated preferentially at the sites of inﬂammafidn, some of the CO
" generated will bind to hemoglobin in red blood cells. Thus, dose finding
' étudies will initially be guided by measurement of _carboxyhemoglobin (COHb}
: _.I'evels_ |n t_he blood. Methods for the measurement of._ COHb levelsinthe
~ blood are well known and are being used on a regular basis in diagnostic

e




[087] Compounds in Classes | and 4 are admnistered in a dosage ranging
between 5 and 25 nmol /day depending on the nature of the, %eé S&ﬁ@é ai ni ng
conmpound and its nolar CO content. The sane range of dosag 0 he CO

cont ai nj cule is applied for Cass 3 conpounds jrin
conj ug;btbggyp@ralbﬁgl asses 2 and 5, the dose can vary franCg/ﬁ{O% ?ﬂ 120 ng/ day up

to 10 g/day with preferred values in the range of 1 g/day for adults. These
. are indicative val ues dependent on the nature of the CO carrier nolecul ar
fragment and conply with the usual ranges for aspirin dosage. For the

pol yhal onet hane and sim |l ar conpounds in Class 6, e.g., dichloronethane,

the dose rahpsatorias.i Wnasmalaealithy hgmans COHbewelsiage peeutdss%int h a preferred

dose level of 0.1 mmol/kg. The same range of dosage of active principle is
appl i ed i hegliky mnsmokercantu o’ i @ekershrefersddose levelstfthe 1 s furt her
il lustrated by the exanples depicted in the follow ng schenme, which are
i |1 ustr at icompoahgs déstriledhingthe preX2tinvelionre 6GEoThabhd sigbfidam(Re2 0 Col rk
--1/ to, oc2 000 co~fto ~O
in COHb levels is observed. However, in some applications a transient rise in
COHb levels up to 10% may be tolerated. This level of COHb is not
associated with any symptoms.
[087] Compounds in Classes 1 and 4 are administered in a dosage
ranging between 5 and 25 mmol/day depending on the nature of the CO
- containing compound and its molar CO content. The same range of dosage
of the CO containing molecule is applied for Class 3 compounds. For aspirin
conjugates in classes 2 and 5, the dose can vary from a lower 120 mg/day up
_to 10 g/day with preferred values in the range of 1 g/day for adults. These are
- indicative values dependent on the nature of the CO carrier molecular
fragment and comply with the usual ranges for aspirin dosage. For the
- polyhalomethane and similar compounds in Class 6, e.q., dichloromethane,
the dose range varies between 0.01 to 10 mmol/kg per os, with a preferred
dose level of 0.1 mmollkg'.. The same range of dosage of active principle is
 applied in the Class 7 compounds.

Gt f088] The present invention is further iltustrated_ by the examples

. 'depicted in the following scheme, which are ilustrative only.




occom--~-H3 co~-c, 0 34 M-rOCH3 00 CON OCco6 5o0c~l //Co
n .o ocH H::P~~ o0 C~--~-H3 0O b Nco H3CO7 d Q&A@guﬁ%oms

WO 03/066067 : PCT/IB0O3/00932

T ST

] "'
&y ©
i co’/h\o\o ° <0
co’“qn\ o o
co O
3
4
M | ben,
_0=< C%C)q\ocokl
) - 6
5
co H _
o’ | Ao
Fi ' ::CH
o oc” \>o i
HyCO . S




4 August 2006 WO 03/066067 PCT/ EBO3/00932 EXAMPLEI Preparation of the
sugar dedvati zed cycl opentadiene ligand 1 [089] To a SQ'AHgLsQQO(%f CpNa (2.2
g, 24.3 mol) in IDDVIF (8 m) was added a solution of the protected sugar

(3.7 91w§0§1?d3699|) in DDVIF (20 mM) at - 30 OC. The rgﬁzﬂogﬁm%xture was

stirred at low tenperature for 15 mn and then was al'l'owe warmup to
roomtenperature and stirred for a further 2 h. Destilled water (40 nl)
was added to the mixture to destroy the excess of CpNa. The m xture was
extracted with dichloronethane (2xI 00 mM) and the organic |ayer was dried
wi th Na2SO4 and DI VIF was evaporated under vacuum The residue was
purified by col unm chromat ogr aph®EXéMRiH #ca (AcCEt | n-hexane 1:8) to give
the tittle conpound 1 as a yellowoil. Yield g (75%. Since several

i soners are pre$reparatidneofdberpogardienieatized ciyclopdrdadieneligarel! and st abili zed by
transformation into its Tl+ salt by action of TIOC2H5 or the Na+ salt by

action of NaH. [0B% Teaiselutlen of8pNE§2.21g, 24 3ch®pR it BMFe@aniiwag the Tl + salt,
her eby abbreviated as CpsTl, was easily obtained in analyticaly pure form

Anal . Cal gddE@k s@u@bﬁbﬁh@ﬁ;?btéc@d%gé?(&?‘b, 8.9 nftiel) VML (26 mifak <1 H 5.29

[090] Fromthe cycl opentadiene |igand 1, ot her ass 1 cycl opent adi enyl
conpl exes i sugar substi Auents on the ring are repared by standard
or ganonet g‘p?ﬁ: -Q%o'@@%fﬂ"e@' e wasgEll ﬁB@EIay Empﬁﬁlﬂr&fwég%ﬁﬁgi- pr ot ect ed
derivative. [091] Fromthe anion of the cycl opentadiene derivative 1,
her eby a@ﬂﬁ'{e‘ﬁ?‘%\ lloyvedgo wam ust toapmdemperatie aad shged-forafuithen? act i on of
TI OC2HS or as 63 ‘ :
B h. Destilled water (40 ml) was added to the mixture to destroy the excess of

CpNa. The mixture was extracted with dichloromethane (2x100 mi) and the

organic layer was dried with NaxS04 and DMF was evaporated under

vacuum. The residue was purified by columm chr_omatography on silica

(AcOEt/n-hexane 1:8) to give the tittie compound 1 as a yellow oil. Yield g
| (75%). Since several isomers are present, the compound was best .

. characterized and stabilized by transformation into its TI* salt by action of
TIOC:Hs or the Na™ salt by action of NaH. The ionic derivative of
cyclopentadiene 1 as the TI" salt, hereby abbreviated as Cp®Tl, was easily
obtéined in-analyticaly pure form. Anal. Calc. For C1gH3:SiOTl: C,41.12; H,
5.41. Found: C,40.71; H, 5.20 |

| [090] From the cyclopent_adiene ligand 1, other Class 1
S cyclopentadienyl complexes .bearing sugar substituents on the ring are
prepared by standard organometallic procedures as in Example 2 below for a
Xylose-protected derivative. . | B |
e .'.:.[-_09‘-1]. From the ani_onici_).f;the. cyq_iopén_tadien'g_.:_c:j_el_-_i\gative 1__,_h_erebj_. | .. -
' abbreviated to C[-)S,_brépé;e:d:-ei;thtaf. as the TI" salt by action of TIOC,Hs or as




4 August 2006 WO 03/066067 PCTI MD3/00932 the Na' salt by action of NaH, a
wide variety of Class 1 cyclopentadienyl conplexes beanyQg,s468
substituents on the ring are prepared by standard organonetallic

proced d,n Exanpl e 3 bel ow. EXAMPLE2 Preparatbe m&ggpound 2 [092]
o a sol o 3(NOYE) 3 (0.4 g, 114 mmol) i EorAREeEEP 08 5 as
added a solutlon of CpsH (0.4 g, 1.14 mml) in toluene (20 m) at room
tenperature. The reaction m xture was stirred for 2 h and the orange
solution was filtered through Celite. The filtrate was concentrated to
dryness and the residue was dissolved in dichloronethane (50 mM). Solid

CH13 (0. 3thgNa" sakby aglien efdNail a widetveriety of Ctassrieeyeiopentadienyi on and t he
“colour imediately turned to a deep red. The reaction m xture was stirred
for a f urtdomplea@sihearing sugarsubstiteents ba theringéret prepared byistandard! t he sol vent
was renoved under vacuum The title conpound 3 was isolated as a red

sol i d. Yi ergaricndtaliic prodedure€alsdn EkampeZ2b8ldwM07Si | : C, 40.13; H, 4.75.
Found: C, 39.84; H 4.45. Selected IR (KBr, cni'): 2039, 1963, 1884, vs,
v(CO; EXAMPLE3 Preparation of E€xmpprupi23 [093] Solid MiBr(CO5 (0.14 g,
0.54 mmol) was added as a solid to a stirred solution of CpTl (0.3 g, 0.54
nmml ). in THF (40 m) at roo erature. The reaction m xture was stirred
for 16 h and the sol vent mg}e@éfﬂoﬂ@&j&g{"l@eb@ WO 03/ 066067 PCTf f BO3/ 00932

[092] To a solution of Mo(CO)3(NCMe)s ( 0.4 g, 1.14 mmol) in toluene
(20 ml) was added a soldtion of Cp°H (0.4 g, 1.14 mmol) in toluene {20 ml) at
room temperature. The reaction mixture was stirred for 2 h and the orange
solution was filtered through Celite. The fiitrate was concentrated to dryness
and the residue was dissolved in dichloromethane (50 ml). Solid CHI3 (0.37 g,
mmol) was added to the dichloromethane solution and the colour immediately
turned to a deep red. The reaction mixture wes stirred for a further 30 min to
ensure completion of the reaction and the solvent was removed under
vacuum. The title compound 3 was isolated as a red solid. Yield (68%). Anal.

Calc. for C22H31MoO7Sil: C, 40.13; H, 4.75. Found: C, 39.84; H, 4.45.

‘Selected IR (KBr, cm™): 2039, 1963, 1884, vs, v(CO);

EXAMPLE 3
Preparation of Compound 3

[093] Solid MnBr(CO)5'(0.14 g, 0.54 mmol) was added asasolidtoa

- stirred so[utlon of Cp°TI (0.3 g 0 54 mmol) in THF (40 mi) at room

temperature The reaction mlxture was. stlrred for 16 h and the solvent was: -' R o 1




renoved under vacuum The residue was extracted in dichloronmethane to
yield the title conpound 2 as a waxy yellow solid. Yield g4d&3Ws Anal.
Calc. for C221-131 MO7Si: C, 53.98; H 6.32. Found: C, 53.51; H 6.15.

Sel ect agolsfendgKBr ., cm1): 2019, 1928, vs, v(CO) . EXAMF epar ation of
Compound 4 [094] Dichl oronethane (20 m) was added to a’ﬁﬁﬁ% 9§%e of

(c5H5) Mo(CO 3C1 (0.40g, 1.42 mml) and silver salt of the o-acetylsalycilic
~acid (0.40 g, 1.42 mmol) and the reaction m xture was stirred for 2 h. at
room tenperature. The white precipitate of AgCl was separated by
filtration and the filtrate was _concentrated to dryness to yield conpound
4 in 85% ypapueq under vgsuumaldhe resichiecwas extragterindichiorvmethgnes. 12; H, 2. 83;
Found: C, 47.90; H 2.76. EXAMPLES5 Preparation of the aspirin derivatized
cycl opent itildthd titlei apampubd 2[a3oEvadioyaliom solidr ¥ield g Cp3%).(Ahgl. Cald’1 ol ) and
acetylsalicyloyl <chloride (0.73 g, 3.71 mml) toluene was added (30 nl).

The react ifomCspHgiMnO78R €, §8)981 Hel3RVEGUNAY Tt 531515 OB &€ SeRicRidURe. The
solution was filtered through <celite and the filtrate was concentrated to

dryness t L el di.t pent adiene derivatized with aspirin as a white
solid in 3'5@5*?!‘&’?%9%35@)?& e several isoners are present the

conpound is best characterized as its Tl derivative. This is prepared by
- dissolving the conpound in tetrahydrofuran (30 m) 65 4 August 2006 WO

03/ 066067 PCTI | BO3/00932 treating it with TIOC21-15. A yellow precipitate
of 5 as the TI* salt was ‘i mredEKAMWLEf%rrred in 77%.yi el d.

Preparation of Compound 4
[094] Dichloromethane (20 ml) was added to a mixture of
(CsHs)Mo(CO)sCl (0.40g, 1.42 mmol) and silver sait of the o-acetylsalycilic
acid (0.40 g, 1.42 mmol} and the reaction mixture was stirred for 2 h. at room
temperature. The white precipitate of AgCl was separated by filtration and the
filtrate was concentrated to dryness to yield cdmpound 4 in 85% yield (0.51g).

Anal. Calc. for C47H20:Mo: C, 48.12; H, 2.83; Found:; C, 47.90; H, 2.76.

EXAMPLE 5
- - . Preparation of the aspirin derivatized cyclopentadienyl ligand 5
[095). To a mixture of chl (19, 3.71 mmol) and acetylsalicyloyl -

 chloride (0.73 _g,.3.71 mmol} toluene was added (30 ml). The reaction mixture -

was strirred overnight at room temperature. The solution was filtered through

- f;elit_e and the filtrate was concentrated to dryness to yield the cyclopentadiene

d_erivatize_d with aspirin:as a white solid in 82% yieid__(o._69 g). Since several -

lsomersare present the compound is bestcharacterlzedas its Tl derivative. .~ -
- Af._"“rn:'i_sfiéf prepared by dissolving the compoundlntetrahydrofuran Gomy




[096] From STI or its Na anal ogs, prepared by replacenent of TIOC2HS5 with
"NaH, a variety of conpounds can be nade, using straightsfgrwandos
organonetallic chem stry nmethods, that contain the aspirin ound to the

cycl opag ring. EXAVMPLE6 Preparation of -Conp 7]
[BMM[N%?%%%@%l (0.96g; 1.60 mmol) and [Cp(COOVE)]Ng&P/%%@g‘P 1.90 nmol)
are dissolved in 20 nL THF each. The 2 solutions are mxed in a reaction
flask and refluxed overnight (18 hours). The yellow brown solution is
evapor at ed under vacuum and an oily residue is obt ained. This is treated
with 20 mL ether, 20 nL distilled water and 0.1 nL acetic acid. After 20
mn of st irealingt with HOGHsod yellawepraeipitate oh 8 aaiberlaaInmaaf t he emul sion
turns to red. The mixture is stirred for further 20 mn and the ether
phase is irsmpdiatehefdrmPden 78hwiald.ng aqueous phase is extracted with ehter (5
x 20 mQ The ether extracts are conbi ned and evaporated under vacuum The

red residue iQ96EHromBT edits NaZhalvgsofrepsedidyeeplbbementafe active char.coal
and anhydrous Na2SO4 are added. The m xture is stirred for 30 mn and then

filtered WOGLHS vABINAR; a VARt @pbdmdduhaéeahaemoneh d to dryness and
washed wth cold hexane. Yi eI d (based on [ Me4N| ) 511): 41 % Anal.

Sl ccted SEgMrked %f“é@v&%ﬁmﬁéﬁaﬁ% “géﬁa%e@%peﬁg?i 1) v
ST L I S R
EXAMPLE 6
Preparation of Compound 6
[097] [BusN]{Mo{CO)sl] (0.969: 1.60 mmol} and [Cp(COOMe)|Na

{0.28g; 1.90 mmol) are dissolved in 20 mL THF each. The 2 solutions are
mixed ih a reaction flask and refluxed ovemight (18 hours). The yellow brown
sofution is evaporated under vacuuh'a and an oily residue is obtained. This is
treated with 20 mL ether, 20 mL distilled water and 0.1 mL acetic acid. After -
20 min of stirring, 5 mL of CCly are added and the colour of the emulsion turns
-to-red. The mixture is stirred for further 20 min and the ether phase is
separated. The remaining aqueous phase is extracted with ehter (5 x 20 mL).

: '; The ether extracts are-combine_d-and evaporated under vacuum. The red |
residue is redissolved in 20 mL of acetone, then some active charcoal and
anhydrous. Na2304 are added. The mixture is stirred for 30 min and then
filtered with a canula. The.redf itrate is evaporated to dryness and washed

B _fwath cold hexane Yleld (based on. [Me4N][Mo(CO)5I]) 41% Anal Calc for R
- ‘- :'CwHTCIMoOS (338 56) C 35 48 H 2 08 Found C 35 83 H 2. 50 Selected o




H1,5); 3.83 (s, 3H HcOOCH3). EXAVPLE 7 Preparation of Conpound 7 [098]
"The sodi um salt NaSC6HAC(O) Ove was prepared in the follon.nguey: to
1.66m - of HSC6HAC(O Owve (2.035 g; 12.097 nmmol) THF (100nL) was added. The

pale vy ution was cooled to -1100C and NaH ( 5% pure, 1
equi.val entg‘y %’ed slowy. The m xture turned into a 98?’&8’?(?"937’/% | ow

- suspension fromwhich a yellow solid precipitated wwthin a few mnutes..
After 1 hr. the solvent was evaporated and the powder residue dried wunder
vacuum (quantitative yield). NaSC6H4C(O Owve (0.384 g; 2.017 mmol ) was
charged into a schl enk tube and THF (30 nL) added. The yel |l ow suspensi on
was cool edR{(KBOGE ™ Yanet 2006(€¥)196t ()019734g), 1856 (W), D5 Ys)HENMRIed slowly in
the solid state. The reaction mxture i mediately turned green and

progr essi (EDCIHSORNRIZY et)! §'%.6.0485102/ () QHNBE-1HHQNLS. mctsg‘ o;gpur s at r.
after which tinme the orange suspension was filtered o The orange

sol ution g)@ﬁ& §Sd3p|t HF?:} gr and a snmall anount of an |rrpur| ty

precipitate ed off and the solution evaporated to
dryness, y| el di ng [I\/h(CO)S(SCGH4(:(O)OVEI in 80%yield. Anal. Calc for C1
- 3H/MhO7S : C, 43.11; H, 1.95; S, 8.85. Found: C, 42.87; H, 1.84; S, 8.26.

Selected IR (KBr, cm1l): 2046 (rr% &@@%7(5) 1928 (s)1904 (s); 67 4 August
2006 WD 03/ 066067 PCT/ EBO3/ 00935%4 . 1H NWR (acetone d6; 300 MHz):
-8.53 (d,I1H 33 7.8Hz, SCM 7.40-7. 31& 2H CO#4); 7.21 (dd, | H CA); 3.96
(s, 3H CH3) EXAMPLES Preparation of ompound? _

[098] The sodium salt NaSCgH,C(O)OMe was prepared in the
- following way: to 1.66mL of HSCgH,C(O)OMe (2.035 g; 12.097 mmol) THF
(100mL) was added. The pale yellow solution was cooled to -10°C and NaH
(0.290 g; 95% pure, 1 equivalent) added slowly. The mixture turned into a
bright yellow suspension from which a yeliow solid precipitated within a few -
| rhinutes.. After 1 hr.the solvent was evaporatéd and the powder residue dried
under vacuum {(quantitative yield).
-NaSCgH4C(O)OMe (0.384 g; 2.017 mmol) was charged into a schlenk tube -
and THF (30 mL) added. The yellow suspension was cooled to 0°C, and
-Mn(CO)sBr (0.554q; 2.917 mmol) was added slowly in the solid state. Thé :
reaction mixture immediately.tdmed green and progressively became yellow. .
Stirring was continued for 18 hours at r.t. after which time the orange
suspension was filtered off. The orange solution was cooled at -30°C arid a .-
small amount of an’ impurity precipitated. This was filtered off and the solution'_ '_
: evaporated to dryness, yleldmg [Mn(CO)s(SCBH.;C(O)OMe] in 80% yield. -
EaE Anal. Calo for C13H7Mn078 C.43. 1; H 1. 95; 5, 8.85. Found: C, 4287, H

_..1 84; s 826 Sefected IR (KBr cm'1) 2046 (m), 1994 (s) 1928 (3)1904 (s)




Preparati on of Compound 8 [099] A solution of acetylsali cyoyl chl ori de

(1.19; 1.1 equivalent) in dichloromethane (15 nlL) was tg? W se to a
solution of trans,trans-2,4- hexadiene-l1 -ol (0,574 g; 5 1 nmo also in
di chl orgpgRibane (115 nQ and triethylamne (4 nQ at d;?f 5§ overnight
stirring at r.t. the mxture was evaporated to drynéss. The residue was

taken up in ethyl acetate and extracted with water. The organi c phase was
dried over sodiumsulfate, filtered and evaporated to dryness. The crude
product was purified by col umm chr omat ogr aphy usi ng et hyl acetate/ n-hexane
(1:5) as e ug After evaporation the trans,trans-2,4-hexadi ene-l -oxi
ester of tHE84Ed: 1 NMR gaetone Bc3e0 Wilz): Lo (chdid.3ds A8HaISCHD. 99g; 75%
Yield). "HNW (CDC13;,300 MHz): 7.95 (dj HJ = 7.8 Hz, Haror‘r) 7.49-7.44
(m ITH, QR3] (.2, Gebe): B2) (@d,71H CoHa); 3096(s738,GMs) H arom; 7.01 (d, 1 H,
= 8.1 Hz, Harom; 6.28-6.20 (m | H H diene); 5.99 (t, 1H J 14.4 Hz,
J :114Hz H diene); 5.76-5.58 (m2H, H diene); 4.71 (d, 2H, J 6.6 Hz,
CH2); 2.24 (s, 3H, CH3OAc); 1.69 (d, 3H, J 6.6 Hz, CH3). [0100] A sol ution
of this diene ester (0.4g; 1.54 pxaMRLEM3NO (0.3 g; 2 equivalents) and
Fe(CO5 (0.20 nmL; | equivalent) in THF was stirred at r.t. overnight. The
resulting mxture was filtep ara%:Bﬁ'o?E: ﬁg to dryness to 68 4 August
2006 WD 03/066067 PCT/ EB0O3/ 00932 gi ve a red oil of corrpound 8 (0.39g;

192270 R (AR °f§<?&*m§®1‘9h;6§%e 9113@”1 heenteain o 17 5e' 7 52
- ( m 1H, 'dtcﬂ oqq}lﬁthgﬂéiﬂ H'g wgag]asée@d@fw %r t%rQ SOIutlon ofzrans tr(an%-z 4- H arom;

. 30-6. 25
hexadiene-1-ol (0.574 g; 5.1 mmol) also in dlchloromethane (15mL) and

triethylamine (4 mL) at 0°C. After overnight stirring at r.t. the mixture was
evaporated to dryness. The residue was taken up in ethyl acetate and
extracted with water. The orgaﬁic phase was dried over sodium sulfate,
filtered and evaporated to dryness. The crude product was purified by column
- .chromatography using ethyl acetate/n-hexane (1:5) as eluent. After
evaporation, the trans,trans-2,4-hexadiene-1-oxi ester of the acetylsalicylic -
| acid was obtained as an oil (0.99g; 75% yield). 'H NMR (CDCls; 300 MHz):
7.95 (d,1H,J = 7.8 Hz, Harom); 7.49-7.44 (m, 1H, Harom); 7.22 (t1H,J = 7.5
Hz,J=7.5Hz, H arom); 7.01(d, 1H, J = 8.1 Hz, H arom); 6.28-6.20 (m, tH, H
: dlene) 5.99 {t, 1H, J = 14.4 Hz, J 11.4 Hz, H diene); 5.76-5.58 (m 2H, H
diene); 4.71 (d, 2H,J = 66Hz CHz); 2.24 (s, 3H, CH30Ac); 1.69 (d,3H,J =
- 6.6 Hz, CHa). _ |
o [0100]1 A solution‘of this diene ester (0.49; 1.54 mmol), Me3NO (0.3 .g; ;2 .- :
S o equivalents) and Fe(CO)s (0 20 mL 1 equwalent) in THF was stlrred at rt
i r:overn:ght The resu|tmg mlxture was f f' Itered and evaporated to dryness to




1 H Hdene); 5.77-5.62 (m 2H, Hdiene); 4.69 (d, 2H, J 6.0 Hz, CH2);
2.20 (s, 3H, CH30Ac); 1.70 (d, 3H, J 6.0 Hz, CH3) EXAMBLES...Poeparation of
P-CD/ Cp*Mo(CO)3CI 6. [0101] A solution of P-CD hydrate (1. g, 1.20 nmmol)

I n wat g m) was treated with a solution of * Cl (0.42 g,
1.20 rrﬁ‘g?@?“r‘??”mzo 2 (8 mi) and the mixture kept ﬁ%ﬁ%@% 6 h. After

evaporation of the CH2CI2 and addition of ethanol (4 m), the m xture was
stirred for 12 h at room tenperature. The suspension was filtered and the
pal e red powder washed several tinmes with CH2Cl 2, water and vacuum dri ed.
Yield: 80%[0102] In summary, various effects of CO have been denonstrated,
however , tdiNe adgrk red oil gheempourtd 8X0.38¢1 68% yaid). d3<KBr pellet,omBhody renmi n

limted. Thus, this invention includes several enbodinents to alleviate

this protA0df(sXne54(s)oti28es), 1720 (&) £222(8).t'H NMR4GDAD);B00MHENi st rati on of
CO by neans of conpounds having ability to rel ease CO either because they

conpri se @V4-TIgAaetH,IH atbhm)3748-m52I(th) 119rH rRAKIZS2LNLY (A tHall e to generate
CO (classes 6 and 7). The preferred use of these compounds (that is any

conmpound RataRT.6HR.0Z i, thrﬂa?orhgle?aﬁe.zg@n, he| ﬁ%i@r@g,@@.bi;-ﬁimf (rimmRt or'y
agent. 69 4 August 2006 WO 03/066067 P /1 B03/ 00932 However, rel easi ng of

CO may. be 1yp ¢ibs); 8i7ed 62 gg,hﬁyi%tﬂfei%%e);%@@,eéh?.i— WTREUOAS); Sfogt he

invention, all are not a known. w conpounds  fT'hclude those

AT IR S et o o o eyt
EXAMPLE 9
Preparation of -CD/Cp*Mo(CO)sCi 6.
[0101] A solution of B-CD hydrate (1.36 g, 1.20 mmol) in water (18.5
ml) was treated with a solution of Cp*Mo(CO)sCl (0.42 g, 1.20 mmol) in
CHCl; {8 ml) and the mixture kept at 60 °C for 6 h. After evaporation of the
CH.ClI; and addition of ethancl (4 ml), the mixture was stirred for 12 h at room
temperature. The suspension was filtered and the pale red powder washed
several times with CH.Cly, water and vacuum dried. Yield: 80%
[0102] In summary, various effects of CO have been demonstrated,
| rhowever, the ways the amount of CO can be increased in the body remain
. limited. Thus, this invention includes several embodiments to alleviate this.
- problem. One embodiment is directed to a new way of administration of CO
- by means of compounds having ability to release CO either because they
- _co_mprise CO (Classes 1, 2, 3;4, and 5) or because they are able to generate B
O (classos 6and 7). The prefered use of these compounds (hatisany
compoundhav mg the ab|l|tytorelease _'_C_o)' ,s as anantl_lnﬂammato ry agent - e




4 August 2006 CLAIMS: 1 Use of a compound having the ability to rel ease CO
in vivo, wherein the conmpound is a CO containing or gangryg{gggtbb(% conplex in
a supranol ecul e aggregate, for the manufacture of a nmedi canent for

treati ngoQbedbgventing an inflammtory disease, a di 58@%3)%95? a strong

i nfl.ammatory conmponent, asthma, injury, infarction, or a Circulatory

di sease in a mammal. 2. Use of claim1, wherein the conpound conprises a
noiety having the ability to release COin vivo. 3. Use of claiml,
wherein the conpound having the ability to release CO conprises at |east a
CO rel easing noiety and a_carrier and/or an anti-inflammtory agent or a
bi phosphort?AWevsF. rB%ﬂﬁ'BQ}S’ﬁQQa'PéYQBWQ‘éfo\Péhef'Qﬂlcﬁﬁﬁs-oﬁmnﬁitm 3, wherein the
anti-inflammatory agent is a cyclooxygenase inhibitor or a

phosphodi @omaocysds piifie ivestion, Bl are soldlreadyknown. The newrcotipeuogs| ooxygenase
inhibitor is selected fromthe group consisting of aspirin, ninesulide,
and napr ovmciude thosésempfising edmplexesiindedito anbthedplsrmaeologichiya st rong

i nfl ammat ory conponent is atherosclerosis, stroke, coronary di sease, or

Al zhei ner 'impditatasslecule (Classesf2 andbyn 1, wherein the inflammatory disease is
a chronic inflammatory disease. 71 4 August 2006 8. Use of claiml1,
wherein the inflammtory disease is o




rheumatoid arthritis. 9. Use of claim1, wherein the mammal is a human. 10.
Use of claim1, wherein the CO containing organonetallic 5gREPRLHEX conprises
(CBHr,), Rx)yMCO 3, wherein Mis C, Mo or W (CpR5)MCO 3X, wherein Mis
C, M or W (CpR5)MCO2X, wherein Mis Fe or Ru; or (CPR5)M CO) 2,

~ wWherein Mis Co or Rh; and wherein each Ris independently H, alkyl,

net hoxi de, halide, or a carboxylic ester x is a positive integer of 6 or

| ess; ang! Elg a coordinating anion. 11. Use of claim1, wherein the

supr anol ' ggregate conprises cyclodextrin. 12. Use of claim 11,
wherein the cyclodextrin is P-cyclodextrin. 13. Use of claim1ll, wherein

t he cyclodextrln | ycl odext wherein the
supr anol ecul e laggr gb%t‘i" acgmppg@gﬂgvmgglaggﬁﬁlty{g F&B‘F &pc’ MYiftbparticle, or

a mesopo ter al %] Aq;ﬁ und for rev tln d/or treating a
- di sease i egeln WWWQ df A tHE {B‘Qrﬂfg@ dB# ai ning 72 4
August 2 onetalli.c | ex i su cuI e regate and an
anti inf %Qﬁ@ﬁ(ﬁlg&'ﬁ gaqu{e%qte F%T'E%Wg?‘é\”@‘gfr Wi')ﬁg e derivative.
16. The %%%HR&BP ppéve%ltlﬁgrgnllgﬂamma }y”d|£é‘§sec%rﬁ’,gg§§e wL{ﬁ se[rong

inflammatory component, asthma, injury, infarction, or a circulatory

disease in a mammal.

2. Use of claim 1, wherein the compound comprises a moiety

having the ability to release CO in vivo.

3. Use of claim 1, wherein the compound having the ability to
release CO comprises at least a CO-releasing m_biety and a carrier and/or
an anti-inflammatory agent or a biphosphonate or biphosphonate

derivative.

4. - Use of claim 3, wherein the anti-inflammatory agent is a

- cyclooxygenase inhibitor or a phosphodiesterase inhibitor.

5. Use of claim 4, wherein the cyclooxygenase inhibitor is

selected from the group consisting of aspirin, nimesulide, and naproxen.

6. Useof claim 1, wherein the disease with a strong -
mﬂammatory component is atherosclerosis, stroke coronary disease, or

Alzhelmer’s disease.

: 7 . Use of claim 1, whereln the mflammatory dlsease is. a

RRRE 'chromc mﬂammatory dlsease

7




~conprises an appropriate spacer |inking the CO containing organonetallic
conplex in a supranpl ecul e aggregate and the anti-infl angiQepoggent or

t he bi phosphonat e or bi phosphonate derivative. 17. The conpound of claim
15, wherein the anti-inflammtory agent is a cyclooxygenase inhibitor or a
phosphodi esterase inhibitor. 18. The conpound of claim 17, wherein the
cycl ooxygenase inhibitor is selected fromthe group consisting of aspirin,

ni nesul i de, a r ox The .c oynd of clajm 15, wherein the CO
cont ai ni ng o:kgano ?%PF&@'%%WP@@"&%F’H@&‘“ @@Fﬁ'seﬁ&%?(CO) 3, wherein Mis
Cr, I\/bor g(;g r@QLI\JﬁCO)SX wherein Mis C, Mo or W (CpR5)M CO 2X,
V\,herel n M‘?Emé Sor (CPR5) M CO) 2, V\/nerel n Mis Co or Rh; and wherein

each R is independently H alkyl, nethoxide, halide, or a carboxylic ester
X IS a positi i nt | ess;, and coordi nati ng ani on. 20.
The conpound 0 clé? @%8£%ﬁérﬂhﬁ“¥%g“§Uwanﬁl@éﬁh@“ 8Qygr egat e conpri ses
cyclodextrin. 73 4 August 2006 21. The conpound of claim 20, wherein the

cyclodextrin i, Cy%é?éjméhm wﬁgreu:m'?e &WB(?MQ%W?J orcda%iome%glﬁcvmer ein the

cyclodextrin is y- cyclodéxtrin
complex comprises

* (CsHexR)M(CO)s, wherein M is Cr, Mo or W:
(CpRs)M(CO)sX, wherein M is Cr, Mo or W;
(CpRs)M(CO).X, wherein M is Fe or Ru; or
(CpR5)M(CQO),, wherein M is Co or Rh; and
wherein each R is independently H, alkyl, methoxide, halide, or a
carboxylic ester
X is a positive integer of 6 or less; and

X is & coordinating anion.

11.  Use of claim 1, wherein the supramolecule aggregate

comprises cyclodextrin.
12.© Use of claim 11, wherein the cyclodextrin is B-cyclodextrin.
13.  Use of claim 11, wherein the cyclodextrin is y-cyclodextrin.

14.  Use of claim 1, wherein the supramolecule aggregate - -
- . comprises a liposome, a polymeric nanoparticle, or a mesoporous - R

" material.

16,0 A compound for preventlng andlor treatmg a dlsease ina:

e mammal wherem the compound comprlses a CO containlng




23. The conpound of claim 15, wherein the supranol ecule aggregate
conprises a |iposone, a polymeric nanoparticle, or a masQRALQUGs Material.
24. A pharmaceutical conposition, conprising the conpound of claim15 and
a pharmaceutically acceptable carrier. 25. The pharnmaceutical conposition
of claim 24, wherein the conposition is for preventing and/or treating an
I nfl ammtory di sease or disease with a strong inflammatory conponent,

ast hma, circul atory di sease. 26. The

ur arcti.on,
phar mace&( %’?ﬁ/ %@ﬂ‘ﬁ&ﬁf@ﬁ?l%%@ SHPE?F"HP'?QUW gaterand an Apfianmat ory di sease
s a chro | anmat or a he pharmaceyti cal conposition of
l:l aim25M rﬂ%@;lgh{y@ggm ‘?'%‘/ﬁ' 85’?%’& E}atﬁl%&ﬁ OpR it '(‘,fear'[rﬁrl tis. 28.

“The pharmaceuti cal conposition of claim25, vvherel n the disease with a
strong i nfl angmt or onent thritis, t heroscl erosi s,
stroke, cor omy d?f'géé:ﬁnpo&pdﬁfiq* mriga‘élﬁ%r el igcompound flirtner

comprises an appropriate spacer linking the CO containing organometallic '

complex in a supramoledu!e aggregate and the anti-inflammatory agent or

- the biphosphonate or biphosphonate derivative.

17.  The compound of claim 15, wherein the anti-inflammatory

agent is a cyclooxygenase inhibitor or a phosphodiesterase inhibitor.

18. - The compound of claim 17, wherein the cyclooxygenase
inhibitor is selected from the group consisting of aspirin, nimesulide, and

naproxen.

19.  The compound of claim 15, wherein the CO containing
organometallic complex compriseé

(CeHe-xRxM(CO)3, wherein M is Cr, Mo or W;

(CpRs)M(CO)3X, wherein M is Cr, Mo or W;

(CpRs)M(CO).X, wherein M is Fe or Ru; or

(CpR5)M(CO),, wherein M is Co or Rh; and

Wherein each R is independently H, alkyl, methoxide, halide, ora
'carboxyl_ic ester | R |

- xis a positive integer of 6 or less; and

- Xis a coordinating anion.

- 20. The compound of clalm 15 whereln the supramo!ecu[e Sl - _

o {"Qi;. ;.5:';-:'-aggregate compnses cyclodextnn




4 August 2006

21.  The compound of claim 20, wherein the cyclodextrin is B-

cyclodextrin.

22.  The compound of claim 20, wherein the cyclodextrin is Y-

cyclodextrin.

23. The compound of claim 15, wherein the supramolecule
aggregate comprises a liposome, a polymeric nanoparticle, or a

‘mesoporous material.

24. A pharmaceutical composition, comprising the compound of

claim 15 and a pharmaceutically acceptable carrier.

25.  The pharmaceutical composition of claim 24, wherein the
composition is for preventing and/or treating an inflammatory disease or
disease with a strong inflammatory component, asthma, injury, infarction,

or a circulatory disease.

26. The pharmaceutical composition of claim 25, wherein the

inflammatory disease is a chronic inflammatory disease.

27.  The pharmaceutical composition of claim 25, wherein the

inflammatory disease is rheumatoid arthritis.

28..  The pharmaceutical composition of claim 25, wherein the
_ 'd_isease with a strong inflammatory component is rheumatoid arthritis, .

atherosclerosis, stroke, coronary disease, or Alzheimer’s disease.




