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CROSS- REFERENCE TO RELATED APPLI CATIONS [001] This application is based on
and clains the benefit of U S. Provisional Application No. 60/ 353, 233,
filed February 4, 2002 (Attorney Docket No. 08907.6000) The entire

di sclosure of this application is relied wupon and incorporated by
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col | eagues have shown that aspirin and other NSAIDs inhibited the

synt hesi s of DpckettNg |B30I7r80007r Dis¢ agtindiscloswerof¢hiseapplication 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 chemical
properties but share the same therapeutic effects as well as unwanted side
effects. In 1971 Vane and colleagues have shown that aspirin and other

NSAIDs inhibited the synthesis of prostaglandins. Prostaglandins serve many
1



1 WD 03/066067 PCT/1B03/00932 diverse functions throughout the body, with
I nportant roles in blood clotting, ovulation, initiation of |abor, bone
met abol i swp a@sa0e7 gr owt h and devel opment, wound heal i ng, PkiTdB@yoobsenct i on,
bl ood vessel tone, and i mune response (DuBois R N. et al FASEB J. 1998,
12, 1063). Prostaglandins are produced locally in many different tissue
types and have different |ocal actions. PGE2 is generally thought to be

t he nost i nportant pro-i nf | anmat ory prostaglandin nediating tissue

swel |'i ng, d. wever,
other prost afiped oG BE BudEh kot T m%?dorﬁangi@%? Wa@%ﬂ'

exanple, is i | a ort ant in the

i nf | anmat or yo‘ﬁﬁ?tr'fglr( tlcg?lgﬁlabg onﬁdﬁﬂﬁbc’l“ﬁnwf‘eﬁ’ﬁl Qa"ﬁ gﬁefﬂp"@rﬁtt h;
1998, Trends in Phar macol ogi cal Science 19, 141-147). Anot her prostanoid,
t hr onboxane, wognqbh@éh@@dﬂdﬂeyﬁuacmretbéogdme%ﬂeéwca apdliginaune resiponse
thronbotic events. The first enzyne in the prostaglandin synthetic pathway

is fatty aci@uBas GoNygtaldRSERN. dB98¢ t2r H063). Prastdglandins @Xpitoduvdd COX- 2
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exogenous and eridogenous 1 nflammatory mediators. Aspirin acetylates serine

residues in @%5% ﬂ.gmgﬁ i I igid on of

t hese enzyne Wgr f@bégﬁe@p{g\%ﬁéé%%t dg?)r'ré)ﬁe @%\ﬁderplpﬁﬁétgp ag'r sr{ of

cycl ooxygenase Becayse |r| and ar e .organi ¢ acids
and have a Pél?“&’ggglé%fw@ NG; e{@nart}ypg(ﬁgeSIgﬁgéAb %l'?e i n inflamed
tissues, the A __ nucosa, the renal cortex, the blood and in the bone

mar r ow. ThesEensiimity). aH@wever 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.A.M. Smith; 1998, Trends in Pharmacological Science 19, 141-147).
Another prostanoid, thromboxane, is produced by platelets 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] Because aspirin and other NSAIDs are organic acids and have a
high capacity to bind to proteins, they accumulate in inflamed tissues, the Gl
mucosa, the renal cortex, the blood and in the bone marrow. These facts are

2



2 WO 03/066067 PCT/1B03/00932 well known and can be found in textbooks of
Phar macol ogy such as Goodmann and G | man's Phar nacol ogi cal Basis O

Ther apeutwoz/obdo& aw- Hil I, New York. [008] Aspirin is rapcdiipodmazetyl at ed
by the liver. However, COX-1 in platelets can be inhibited by | ow doses of
aspirin in the portal circulation, thereby sparing COX-1 in endotheli al
cells and prostacylin synthesis (Benett 2001). NSAIDs are the nost w dely
used drugs in the world; about 70 mllion people each day take prescribed

NSAI Ds, and abput 200 i |li.0on.peopl ke aver-the-counter NSAIDs
(Smth T.G V@E@WW%@EC@W 919 fm'ﬁ?ﬁﬁsggﬁ%g@h%g‘gg‘l&é% 3N the United
States 80 billion aspirin tablets are consumed anpually Q_FI I eger K. FDA
Consum JanapP9dranp @adyGilmen)s Bharmagelagical sy f dhefrsispties JieREAs- 10
billion on NSAIDs each year (DuBois R N et al FASEB J. 1998, 12, 1063).
Since the ddflily Newa¥orkn of these figures in 1999, it is nost l|ikely that
the use of NSAIDs has further increased. Population studies have shown -

that 10-20% of al[DOBEohsEirimiorapidly deageyrated by theé desr. aiewevérh€OXdrinent | y
receiving or have recently received a prescription for a nonsteroidal

anti -i nfl amyieiets ¢arbe iMIbited Byiewtodes2st a\é?ﬁfnsintthé_p@ﬁ_%béiﬁ'culéﬂorﬁeom e over
65 is expected to increase from'380 mllion to 600 mllion. [009] The

| nebudi ng. mi1a g CORCEF affolhdfel Bk i bropbeliifeyIios (BRhEE, (1
I L WAt TR L A STt RN A
o ey TReable aach day tke prosaribed NSAIDS, and about 200 fnilloh pedple each
St ei nneyer, People each day presc S, people e
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 al 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, psoriatic arthritis, ankylosing spondylitis, osteoarthritis, gout,
inflammatory soft tissue rheumatis, low back pain, postoperative and post-
traumatic inflammation, thrombophlebitis and vasculitis (Juergen Steinmeyer,

3



3 WO 03/066067 PCT/1B03/00932 2000, Arthritis Research 2, 379-385). In
addition to the traditional use for the above indications, NSAl Ds have
been showwotos/ob@eeffective in the prevention of vascul ar PATABOABOR.
Aspirin is the nost widely used inhibitor of platelet function and is the
standard agai nst which other agents are judged. In the Antiplatelet
Trialist Collaboration (46 trials wth patients with acute nyocardi al
infarction, prior nyocardial infarction, unstable angina, stroke, or

transient i ' t | &4 ed. . . ' current
e AR B Rk 7, 41955 R U L SRS O

acetyl at es X-1 nqt ,only in platelets, put also i ndotphelial cells
her sby. pr eI REORsNSBLR Rads Bess shawydp BB crtbcile ahihap@yaiian at or
and platelet inhibitor. Despite the inhibition of prostacyclin, aspirin
has a net arefivasculasidigordense Aspiyn isrthesnestiydetyhisesoohibiter pbplatelethesi s in
pl atelets (Benett 2001). [010] Not all biological effects of NSAIDs are

rel ated to tfoaciiorhahdts the stahdardcdgainstyehials esher@deats arat jadgedl In theget s
i ncl ude nucl ear receptors such as peroxisone proliferator activated

recept or ganmgtigaRiéter riahis{ E6Mdborafiorl (4dirialkwith pRsieAtdOkitRacltetmibararl

(I'KK(3), and certain phosphodi esterases such as PDE5 and 2. Interactions

of NSAI Ds Mhﬂ,@@&ﬂ Fri 9 r?ecg?cﬂsﬂ Far@for], Mfstathé gghhﬁ%esgﬁlgeégﬁfa&%ﬁﬁhe

conmpound, an Iclral or adverse sequ NSAI Ds

are general l.y well tolerated: however, adverse .reactions .do occur in a
smal | but 1 dperemin Atk aheipeedyCertiveding Tt sk b resingnt MfaEiSey( engi ve
use of NSAIDs this results in substantial norbidity and nortality. The

most ser i ousStEQkge OB gAY freM & ¥@RAUIA cavgery 2'%d Assiiracelylates COX-1 not

only in platelets, but also in endothelial cells thereby preventing the synthesis
of prostacyclin, a potent vasodilatator and platelet inhibitor. Despite the
inhibition of prostacyclin, aspirin has a net anti-platelet effect by inhibiting
thromboxane A2 synthesis in platelets (Benett 2001).

[010] Not ali 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
0), kinases such as |kb kinase (IKKB), and certain phosphodiesterases such
as PDE5 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 substantial morbidity and mortality.
The most serious side effect of aspirin and related NSAIDs are
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4 WD 03/ 066067 PCT/1B03/00932 gastrointestinal disorders, in particular
the i nduction of gastroduodenal ulcers. Long term adm nistration of
aspirin aweosleads to a snall increase in the nunber of PeTIBoINGsX
strokes. There is a dose dependent relationship to both conplications.
They can be mnimzed, but not elimnated, by admnistering the | owest
ef fective dose of aspirin. The annual nunber of hospitalizations in the
United States for serious gastrointestinal conplications of NSAID use is

at |least 100 : . . | . dj xceed
U'S. $2 bil @%sﬂpoﬁi%gﬂér%%%&ﬂ#% i Pt B iRt B g RO REE A8 s e
for NSAID i nduced up astr0| estln ng i s about 5 0 10 % (for
rof erences. tong legTTAIMINtAI0BSt SRR §%?%ﬂ4%1 Psial SeeasaiR | and o
Si ngh, 1999; The New Engl and Journal of Medicine 340, 1888- 1899) [012]

Ext ensi ve efmumber oihemoebagicmiiokes. gheteisa dase dapendentaetationshipd® NSAI Ds.
One strategy which has proven to be effective is to supplenent NSAIDs

medi cati on vbdth qongilieatione Pheyg taglbendinimiked| bat notediminate, By m soprost ol ,
or with a proton punp inhibitor, such as ranitidine. Another strategy is

to nodify N%@m.éteﬁﬁ%ﬁ{e/me%&bﬁ@étimm@fé A."PhE apdluarhimBer 6 to add
protective noieties af er NSAI Ds have been devel oped, which selectively

hi bi t I ' ; - ' : t
profi1e of SNatAEEsihInG EASARAIER spliol: Gaoti iR iiE RACaRBAE, ¥, oy
t agl and ted = t |t t
el 11 ng. e NIALD AP IeAnEerbI00 QAP ABI S bR re S, SML 1 n ¢ he
mucosa and by platelets have r &ect ive functions. Two sel ective COX-2

i nhi bi tors, %@nekﬁaﬂ@nwépew 3 billien. r Hhe Moty fate amang patiants Wheome

are hospitalized for NSAID induced upper gastrointestinal bleeding is about 5
to 10 % (for references to original articles see Wolke M.M., Lichtenstein D.R.
and G. Singh, 1999; The New England 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
misoprostol, 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 protective functions. Two selective COX-2
inhibitors, celcoxib (Celebrex®) and rofecoxib (Vioxx®) have become
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5 WD 03/066067 PCT/1B03/00932 avail able and several related conpounds are
in early clinical developnent. Celecoxib and rofecoxib maintain

sel ecti viwg iBo660€0OX- 2 even at high doses. It has been demomgaBozioes? i n
several clinical trials that these novel NSAIDs do cause |ess -
gastroi ntestinal conplications than nonsel ective COX inhibitors. [013]
Recent studi es have shown that selective COX-2 inhibitors mght open up a
wi de spectrum of new indications for NSAIDs. The degeneration of |arge

areas of the hrahm i ' ' ' [ : i,t h the
I nvol venent ao\gl%&-é{% é%@%l {%éeé@g% Fﬁ?ﬁggﬁfgﬁ?&%ldseg@ én%ti['tf ected
towar ds the era of , col orectal .carcin S. -2,expression, is also
i ncreased | néglgg?ﬁﬁc?%@??ﬁ maintam ?f&g’} yéﬂ;ﬁég ? ﬁdgf‘ﬁi?"@bﬁ’%ﬁ%@e
COX-2 inhibitors mght also be therapeutically useful for treating those
tunours. Rechas bgen aemsstr@t@dap;ﬁeweai cthéalstélaécthat/@e@@xmel NEAHPS 6o

cel ecoxib for the treatnent of the rare genetic disorder called famli al

adenomat ous gaisgdess gastiointesitinekqemplicatioss tharenshselectives® OXhibitorshi bi t or s
i nhi bit angi ogenesis and tunmour growh in a dose dependent manner. COX-2

i's expressed in tjoa3neRbyerntrtadies hale@eHownIhsd SeléttReCOX-2 YnHibitors he
endot helial cells) needed for tunour growh. [014] The advent of COX-2

dot h . growth. [ he of o2
sel ective Cm'&ﬁgpﬁ? WRse Ygeafm 2 hewtihaicatibis fd NSAID. Mehhysi of ogi ca

and pat hol o nown cycl ooxygenase isozynes. These
SLudh o5 eV L AMRALAh SELRLEbra Sk Bl PR PRER b R SRR
and possi bl yo%au N BedNtRveReRt pRDE2 cSelastie DX iRhBiors figit afdo °2"°®"
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 therapeutically useful for treating those
tumours. Recently the US FDA approved the selective 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
scientists to revisit the physiological and pathological role of the two known
cyclooxygenase isozymes. These studies have revealed several potential
disadvantages of cyclooxygenase inhibitors in general, and of selective COX-
2 inhibitors in particular. While selective COX-2 inhibitors are effective in

preventing colon cancer and possibly Alzheimers disease (Tocco G., Freire-
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6 WO 03/066067 PCT/1B03/00932 Moar J. and Schreiber S.S.;1997, Exp. Neurol
144, 339), they do not provide the prophylactic benefits of aspirinin
vascul ar wogeas®s7 which is largely, if not exclusively basadBamwobiee
reduction of COX-1 nmedi ated t hronboxane A2 synthesis in platelets. COX-2
was shown to have not only pro- but also anti- inflammtory properties
(reviewed by P.R Colville-Nash and DDW G Ilroy; 2001, BioDrugs 15, 1-9).
In a crageenan induced pleurisy nodel in rats COX- 2 first generated PGE2,

whi ch incre t;h jvatl f ty F .
upr egul at eda'gﬁgr gx%?&e§gﬁﬁ6%¢s/§ar1§g?h$?én$r%®8f§/4%‘e | t%%g.&ﬂﬁét:‘ﬂxlvgte er time
point a shift occurred,.i ,ch, by unknown nechani sng,. PGE2 ragducti on
s doan r eedBRNYIaRYG Beralis oF aRuianiio HastuI e P aRRe cuich & ARk hiPhnd! ns
was increased. The "l ate" prostaglandins, which include PGD2 and its

deri vat i ves, eXausively besed onpios zeductiontCOXF1 madiated thrombaxaaetAZ n part by
I nhi biting NFkB signal transduction (A. Rossi, P.Kapahi, G Natoli, T.
Takahashi, Ysynthesis invplakeleisnCaX2Was siSawih do bave 660onINgirar butddi8o ah€@i3- 108) .
These findings indicate that cycl oxygenase inhibitors nmay delay the

resol ution jaflammateREopericsYesviBveddlyi RIRNCoRINE-Mash af@IDIW. Gilrgp01, The
Journal of Biological em stry 276, 38658-64). |ndeed cycl ooxygenase

" hi bi I . L . . -
H‘lzhnlfnii S BN BIEBRGRAR Bp 1P R BHoggR %’Q%S%@?‘ea*’ﬁﬁﬂﬂa&%x'g@ar oK duced
itis i . A. BM_P C, - X 98,

Br. 3. phar m Ol SgFneAIed PRISE aphien fotpastd EBrarsectidion Kingth FNFREG T sce.
2000, AmJ. Physiol ~ Gastrointest Liver Pf}ysi ol %79, X38-44). I n sone
patients tre@fl H‘%KP‘PY]UPEE‘QU@FW@ EXNESSORNTINYY BigmEeatenaediaietsy Abdsed

further to perforation. _
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 “late” 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. Stettler, et al; 1998, Br. J.Pharmacology 123,
795-804; M.N. Ajuebor, A. Singh, and J.L. Wallace; 2000, Am J. Physiol.
Gastrointest Liver Physiol 279, G238-44). In some patients treated with
selective COX-2 inhibitors ulcers have progressed further to perforation.
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7 WD 03/066067 PCT/1B03/00932 [015] A nore recent study suggests that
COX-2 nedi ated prostagl andin production is required for the generation of
TGHf 3 pr onoaBneso6T egul atory T cells that nediate oral tol ecanBes/doesdi et ary
antigens (for references see O Mrteau; 1999, Nature Medicine 5, 867-8).
Sugawa and col |l eagues pointed out that COX-2 inhibitors may increase the
production of |eukotrienes, such as | eukotriene B4 (LTB4), which is one of
the nost potent chenotactic/inflamatory factors (K Sugawa, T. Uz, V.

Kumar and H. Nane[b,IR&SAR%gorlejggeﬂt ﬁh@y gaégéeségghc?t%%é ) H\e%hétggi cally inflamed

pul monary tissue to an uction of |eukotrienes

d h h Kk d
or ost agl andi WoOSyAdandR eroqugion s FERiiAdr “ﬁeﬁ%aﬁweﬁ‘??ﬁ%ero%mpved i

the regul ation of the renin- i otensin system_ and tQ possess vasoactive
anti - at her og@gitatpRobeels et "'(@g 1atearahigleraneate dietaty andigensfol, Eur opean
Journal of Medicinal Chemstry 36, 109-126). Based on these findings,

COX- 2 i nhi bi teferenoeghee 6 Mmpmn;ekBQQL dlatigiedVledininer & H8748). cBugdwa mhdamat or y
| esions and to exacerbate hypertension and atherocl eosis. Thus, selective

COX- 2 i nhi bi ¢dleaguss Ipolieéd onbthat CMe-2tihRibitoremay tindrea®d thed Etdm@cﬁ@&lbﬁh for
| nproved version of sodium salicylate, which began nore than 100 years

ago. [016] Ag RBﬁbnéérs’i}bcﬁ%/s feRkbRidReB4 ”Qﬁ;mgdﬁh%f@%% SHth@ siist gBtéHld

aspirin-like rugs ha enthe attach W th protective

Cherr abi i 1 (e BEREAGH bR dhedis, sBamat TR U PR B3 ey

ren;g;anﬁls | aé/O(SO J\/;\)Ilnt..rI Pngrrr]ng\c/:eo t83bhg) plrno ercr);tulcgl?y mPg%aeSdSSu }n%tnlarr])gtusl\ésupe\l, Ds with
NSAIDs lead 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 involved in the regulation of the renin-
angiotensin system, and to possess vasoactive anti-atherogenic properties
(G. Dannhardt and W. Kiefer; 2001, European Journal of Medicinal Chemistry
36, 109-126). Based on these findings, COX-2 inhibitors might be expected
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 least part of the toxicity of NSAIDs has been ascribed to their
ability to bind to zwitterionic phospholipids, which provide the mucus gel layer
with non-wettable properties. Preassociating NSAIDs with exogenous

8



8 WO 03/066067 PCT/1B03/00932 zwi tterionic phospholipids prevented them
fromincreasing the wettability of the nucus gel |ayer and protected rats
agai nst twe osnpaesi ous gastrointestinal side effects of tmrezaBavargse while
enhancing their lipid perneability, anti- pyretic and anti-inflammatory
activity (L.M Lichtenberg, Z M Wang, J.J. 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 I i Ry Ltrj ' . T ' i.et

(NO-NoAl DY) Shi¥AOE HhoshbBidlaf bhéVefietiingln tRalbeiT A% wia gl o

D316, 215, 4ne'Madis Gaidarsn wesscted ria ciainst ton s Gastcipiestnali . o
has cytoprotective pr oEert ies. In particular in the stomach, NO exhibits
many of thesidegfegistofdhesadrygsowhilgleananeisg theie fipidspermeaabilid,iashi- of nucus
secretion and mai ntenance of nucosal blood flow |ndeed, NO NSAI Ds did not
cause any gasttioandestitinBammgtonyiassivity(Lah. hidhdenkzerd, 2:X\i WangdJ.J.
anti-inflamatory and anal gesic effects, which exceeded those of the

parent conmpr@sherd fOrulisefBCeReRs, MR, Biradgl anepl daBarettd, 1905, a3iti no and A
Pinto; 1999, Trends | Phar macol ogi cal Sci ence 20, 319). The NO rel ease from

t hese conpo il tabolic rather than a spontaneous process. The
anti-i nflamb‘rma glfg/rﬁae?‘?le%'s of these conpounds are thought to be due in part

to the inhibitio cl ooxygenases, . and in rt to.t itrosation and
ot vati on of _d83gheANGeP 4BEARH RnicHiE cbiteRf in ¢ Pide fefting: BF BT o on
of at least two inflanmation ronpting cytokines, interleukin 1 and

i nt er | euki n N8A2s trﬁt@rg@gygleggy)ggnvatlz d with a nitric oxide (NO) releasing

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 secretion
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 |
PharmacologicalScience 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
cyclooxygenases, and in part to the nitrosation and inactivation of caspase 1,
an enzyme, that is required for the generation of at least two inflammation
promoting cytokines, interleukin 1 and interleukin 18 (S. Fiorucci; 2001,
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9 WO 03/066067 PCT/1B03/00932 Trends in |Inmunol ogy 22, 232-235). dinical
studi es nust be undertaken to conpare NO NSAlI Ds and their parent drugs
with regawo wdos@af ety profile and therapeutic efficacy. [POTABod/ov9x0nt rast
to COX-2 inhibitors nitro-aspirin is expected to retain or even surnount

t he prophylactic effect of aspirin in cardiovascul ar di sease. One of the
nitro-aspirin conpounds, referred to as NC4016, i nhibited arachi donic acid
-stinul ated aggregation of platelets at a concentration of 100 NM whereas

aspirin induced the sane eff NMW,. Howeyer. [

ofF1 i ent |t nERNG IF PR RRaN 2R v SHElie et Bs R ERRE L o1

I nduced by thronbin. The antithronbotic effect of NCA4016 ears to be due
at |east in GuPPATENPMISALYSaEE thAir RefenhArgs Witk fegadity safaly prfile adenp
levels in platelets, as well as to the inhibition of prostanoid synthesis.
[019] Many dheapsutiefefiieacy. have been ascribed to endogenously produced NO
and to therapeutically adm nistered NO or NO donors. These i nclude

regul ati on of bl dod8f | tmcomeastte COX-2 inhibitaschitraradpinireis expeictad toofetain
pl atel et aggregation, and various roles in the central and peri pheral

nervous  sysdredenldifmiiml HERVpAGMcHE BeetDshdpitint hecdriiovbaétaediseaséat her
conpl ex. NO has been reported to have either pro- or anti-inflammtory

effects (H-.d§ﬂét6ftﬁ@ﬂit%;%@rfg@ﬁgﬂgﬁﬁgfreﬁf% to'éETN@bquin-ﬁ 19, 556) and

pro- or anti- atherogeni Levonén, J.H Crawford,
and V.M Darl e ovascul

Therefore, i qraﬁéidﬁ?ﬁé@% ?gg'{"tig?%(? i@&?"&gaﬁﬂarqf E%g%g %n %E?@é?’gr%\%%cqn% nds,
whi ch-exhi bi ;EM,S\l/Jv?wte?eiagegspl}lrci?\ inrdilcggs‘{ﬁé same effect at 10 yM. 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 synthesis.

[019] Many diverse effects have been ascribed to endogenously
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, Cardiovascular Research 47, 465-74). Therefore, it is difficult to
predict the long term effects of compounds, which exhibit sustained NO

release.
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10 WO 03/ 066067 PCT/1B03/00932 [020] There exists a need in the art for
nmet hods for preventing and/or treating diseases, for exanple, inflammtory
di seases.wbru3ac@bt i on, there is a need for conpounds andPpiTaBosames i cal
conpositions for preventing and/or treating diseases, for exanple,

I nfl ammat ory di seases. SUMMARY OF THE | NVENTI ON [ 021] This invention aids
in fulfilling these needs in the art by providing a nethod for preventing
and/or treating a disease in a marmal, wherein said method conprises a

el base car bon mangd! LB AT ‘afﬁé%‘*kéﬁﬁ“ fﬁ%ﬂé’ R ARRgoLy

release COin vivo in a target site, for exa I n fl ammatory or
pre- i nf | ametfeHipgdiseasgsy jor example oinfameatant n@a?ﬂ%ﬁ"ﬁ s'nQ tiorhthef@ 5@ used
for preventing and/or treating inflammatory disease or disease with a

st rong i nf | araest for gompovpda @mnd, phasmasayticaljcompositiongrfot prayenting endéror y
di sease. [023] As used herein, a target site neans a site where a

t herapeutic trﬁtfr@odiséas@smmm, inflemodaterycdispasex] of the invention. Such
therapeutic effect can be obtained at |east partly by neans of the

rel eased CO as active princigpmAREEF TRESINVENPIOQUNd for use in the
nmet hod according to the inveﬁ‘rm_(m_n that it conprises at

| east one CO- rel easi ng_l_ noi ety. [025] As used herein, a COreleasing noiety
means a noi ety hd0Rih hlﬁ@\(‘ﬁﬂtlpﬂt%rd& i fullilingsthese nseds imHe@ddyinioviding,
Exanpl es of such noieties are

a method for 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 carbon monoxide (CO) in vivo. The
compound has the ability to release CO in vivo in a target site, for example in
an inflammatory or pre-inflammatory site.

[022] In preferred embodiments, the method is used for preventing
and/or treating inflammatory disease or disease with a strong inflammatory
component, asthma, 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.

[024] Thus, a compound for use in the method according to the
invention is characterized 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
11



11 WO 03/ 066067 PCT/1B03/00932 noieties containing CO and include a noiety
that conprises of CO Oher exanples of COreleasing noieties are noieties
' capabl e wh ogee@sati ng CO.  CO can be rel eased in certai npPcandodoogses (e.g.
oxi dative conditions of a targeted pre-inflamuatory or inflamuatory site.)
[026] In a particular enbodinent, the COreleasing noiety is linked to a
second noiety. This second noiety is, for exanple, a drug carrier and/or a
t herapeuti c agent such as, for instance, an anti-inflammtory agent. It may

be selected depending.on i kna apaci t o.,target th it | ssue in
whi chea _t naPIRlEs continBe P 2NHRuABE Melsh It cBFigh M - Bibh e or'y
agent can be selected for its known capacity to accunul ate in an

i nf | anmat or yeX8PIgA of (§2releasing-meietiasaes Brojetiasy gapaklgiafgenstaling GPe i n

i nflamed tissues, include aspirin, indonethacin, nimesulide, Vvioxx,

cel ecoxi b ar@Ooctdrebe releasedinotertdin ganditions (egnexidatveicondtiommof are or gani c
acids. [028] The CO releasing noiety may al so be targeted to bones by

usi ng bi phosarguted gee-aHflaranatary or infldhatong sit@)r el easi ng noi ety may al so be
targeted to any particular tissue or cell type by using proteins as

carrier. Carrier [ppgj ein"$phriicLied @nibbdimedt, the COreibASifg irfoidfyt is finfb§ o Whi ch
are specific for a cell surface protein or a conponent of the extracellular

bk bl B T SR BB B 4 R b SEETRA Y,
one of the t‘\gl'allpoe\Mtirc]:gag%ln?‘gLSJghS :as,lf%r instance, an anti-inflammatory agent. It may be
selected depending on its known capacity to target the site/tissue 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 drugs, 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 releasing moiety may also be targeted to any particular
tissue or cell type by using proteins as carrier. Carrier proteins include but are
not limited to antibodies which are specific for a cell surface protein or a
component of the extracellular matrix.
[030] In a preferred embodiment of the invention, the compound

having the ability to release carbon monoxide in vivo is a compound from one

of the following classes:

12



WO 03/ 066067 PCT/1B03/00932 dCass 1 - CO containing organonetallic

conpl ex. Such a conpound can be dissolved in physiologically conpatible
support. wbasmesde? CO contai ni ng organonetal Iic conpl ex |ipcradoymomt | east
anot her pharnmacol ogically inportant nolecule. For exanple, said

pharmacol ogically inportant nolecule is a carrier, a drug (e.g., an anti-

I nfl ammat ory agent). Furthernore, the CO containing organonetal lic conplex
and the at |east other pharnacol ogically inmportant nol ecule are optionally

| i nked by means o n.ap [ r. T SURPI I | e
aggr egat es nmde o@%@ 1cb§p2$9‘nt@?n£$§§ﬁ8ﬂﬁg 'ﬁ??‘&é‘gb%@&@gg&gﬁb&ﬁ‘éﬂd| y
encapsul at ed®® B¢ dissolved, ip Rhysioregicallysampatiile SUPRYEt her appropri at e

i norgani c or organic support. Class 4 - CO containing. inorganic conplex
bearing |igands, €lags2-G6 ¢emainiicorgagamesallic spmaiax linked tarl/leasts donor s

t hat functi oanctber phaimadsiegicalty immpariast moletue.s Fer exaopiessaid ni ng i nor gani c
conpl ex bear pmaymaapdogicallysémportapb malesuleisea caginds drug(e.gi, @nraptN and/ or S
donors that ihflagimatoresgenty.eFaithéenorétheaCO ertainingnirgdnbmetallic easipleanot her
phar macol ogi g#d the Aeast Gther praesadctogicdiyl inporapt molédide phabpassdingi cal |y

i mpor tant  nojfkedl 18y neafs ©Rahl fpropridte Wpacef €. 9. an anti-inflammtory
agent). Furthernor'e, the CO containing organonetallic conplex and the at

s o "o S RSS! S ARG ool e AR 12,
CO ei t her by&§ Egﬁ%}gﬁh‘?@% ?es{?'f& st'%§ ". v c%f%%ﬁ el'@' ﬁ@n&%ﬁ% I3é§H;)ound
can be di ssof V8" #A thBﬁ?QPEﬂ%(S'G %%m'@/a% qualﬂ'(ésg‘gﬁ)%%rts.

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 carriers, 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 encapsulated
either in cyclodextrin hosts and/or other appropriate inorganic or organic
supports.

[031] This invention also provides a pharmaceutical composition,
which comprises a compound of the invention 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 of the invention, the inflammatory disease is a

13



Class 7 - Organic substances that rel ease CO either by an enzymatic
process or by decarbonylation, e.g., dichloronethane optionally

encapsul aweds/eiosher in cycl odextrin hosts and/ or ot her apoTapoi/@vs

i norgani c or organic supports. [031] This invention also provides a
pharmaceutical conposition, which conprises a conpound of the invention
having the ability to rel ease carbon nonoxide in vivo. In a preferred
enbodi ment, the pharmaceutical conposition can be used for preventing

and/ or treatjing inf di s he i nventi on,
the infl anmaﬁ Q'Cdf'ﬂ t$?y(asﬁ%sﬁngagéﬁaéﬁﬁ%?%ﬂ%ﬁgﬂgeohb 8F1r oni c

I nfl ammat ory dj sease, such as rheumatoid arthritis. |In another _enbodi nent,
the phar nac&mbeglm%n%smarm@ceahcq}@m' fahY 3ty & ¥ned ) Preventing t r eat i ng
asthma injury, infarction, circulatory disease. [032] In one enbodi nent,

the method fand/pr&eating agthmajmwryunwcﬁlmg circulgteryatisedse. a mammal accor di ng
to the invention conprises a step of admnistering to said manmal a

phar maceuti cal cdogasi ini e efmbblimentythet method fohpreventing and/gpritieating a

adm ni stering a pharmaceutical conposition of the invention to a mamal,

such as_hunediseaddfh ¥ fidrhtial 36LTaINgIB YRS Aventib Cotfliraes epdtep ofogs, cows,

pi gs, horses, sheep, and goats. In"a preferred nbodi nent , thIS I nvention
prOV|des a

.. chroni @fﬂ@%&%ﬁé & 5718 %é@i‘%ﬂﬁf‘%ﬂa&%@? %ﬂ%a{ﬁodgéﬂ R AEREETY | oo
DESCRIPTICN TH NVENTI A The present I n qt on descri ?F sever al
cl asses of ¢ d comprlses ministering'a pharmaceutical composition o

invention to a mammal, such as humans, and various animal species,
including cats, dogs, cows, pigs, horses, sheep, and goats. In a preferred
embodiment, this invention provides a method for preventing and/or treating
inflammatory disease, e.g. chronic inflammatory disease, such as rheumatoid
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 recent evidence that carbon monoxide is an endogenous mediator that has
anti-inflammatory and anti-thrombotic 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
al, 1998, British Journal of Pharmacology 125, 1437), to support graft survival

in allogeneic or xenogeneic hosts (Soares et al 1998, Nature Medicine 4,
14



designed to rel ease carbon nonoxide (CO in vivo. This invention is based
on recent evidence that carbon nonoxide is an endogenous nedi ator that has
anti - i nf | wormatedsyg7 and anti-thronmbotic properties. Carbon momagid@ekeas | ong
been known to inhibit human pl atel et aggregation (Brune and U lrich, 1987,
Mol Pharmacol 32, 497). Wthin the past decade observations have

accunmul at ed whi ch suggest that CO is an endogenous nedi ator of a variety
of physi ol ogi cal processes CO was shown to cause vasodil ation (Sammut et

Survival i OoaRt BheBlan DaNBREl R Leddipus 1oneHein & 31000 N e,

Medi ci ne 4 14 V\D 03/ 066067 PCT/ 1 B03/ 00932 1073 and to ameljorate

i nf | ammat or y“"?ét%’lq 6#%)0@@&%?\9"95' 81(CQ)dp @ dirtomie diffwaigles CRIOress 422) .
Car bon nonoxide (CO is a diatomc, diffusible, colorless gas. The
princi pal adyamt bpe pohcigal advantagelDHES: anh ma@a@paﬁm&raaedtic pnéventive
nmeasures is its stability and limted reactivity. The biol ogical effects

of CO do notprdepstive mreashres isitertalsilityeind Iimhitedmdictiviy. Tiee dicldgibale
medi ators. The potential of COrel easi ng conmpounds in therapeutic and

prophyl act i ceffgRdd 6F 09 ¥b ot Béﬁémoﬁ@ﬁ@f&ﬁ{at‘bhmﬁ@ﬁné@ibmﬁmm éiébl%f revi ew
of the known facts about CO and of its role in physiological and

pat hol gl ool BIeRGR A pd B dr e RIS A ghosklic sy res her

oxygenase. I nvolve

degradation of hene.in d blood cel | rries ut t he ox datlon
of “the hems PFBPBX'@FBC riking vl Beesy? arpasantiiors i BlIbWi Bes by 4

NADPH- cyt ochrone P450 reductase. Henme oxygenase is induced bPI hene,
enabling it the kneyyviagts about CO and of its role in physiological and pathological

processes.
[034] In the body, generation of CO requires heme 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 heme molecule (Fe-
protoporphyrin 1X) 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
downregulates cellular heme and hemoprotein levels and thereby inactivates
the most effective catalyst for the formation of free radicals, the heme
molecule. In its anabolic role, heme oxygenase produces bile pigments, CO,
and iron, all of which are biologically active. The bile pigments bilirubin and
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henol ysis or tissue destruction, which releases henme from henogl obi n of
erythrocytes and from m tochondrial enzymes of nucl eated cells,

respect i vwioyws/oeebhe products of the catal ytic degradati on @cthBekooase CO,
ferric iron, and bilirubin, which is rapidly converted into biliverdin.
Thus, hene oxygenase serves catabolic and anabolic functions wthin cells.
Inits catabolic function it downregulates cellular henme and henoprotein

| evel s and thereby inactivates the nost effective cat al yst for the
formation of .free. radicals anaboli.c role, hene
oxygenase prtﬂ[ﬂ‘(ﬁfg@ @PF@”}J?&@QH@"‘?% F‘éﬂdeg?'aws %??er%ﬁ'om YA

bi ol ogically active. The bile gnents bilirubin and 15 WO 03/ 066067

PCT/ | B03/ 009ggnespindludipg thatraf rki@ﬂd#ﬁeéfs ag mell-asdranpsiedn receptonse fRimitines
expression of various genes, including that of HO-1 itself, as well as
transferin rawkNOoswithéss.r Mashimpantaht Ndtrsigsphatste. thtpse sentpoveandion isihén
respect to the present invention is the third product, carbon nonoxide

(CO, which taflpredud, sarboalmonaiss (Ce)), wihith aktdgs aemgf( rfal h@ins@ader. t he only
known source of COin the body, it is also the only known target. In

physi ol ogi cal S{bggf ' HEREEs Indt Bﬁlgrtﬁefo‘ﬁ y R HuideBf O tn tl’{é‘bé&f b ﬁg

oxygen at the site e Iron atom or unctlon as conponents o

3@%‘2{2{‘?02°”%%aﬁ£%§mﬁnow&aﬁ%2§¥ I3 EaicsE sk, HoR T surille oot o ns.
Cyt ochr ome %&2‘%?&%3%8@“' foayast ot e st Atheiocnitorhigsionas
sol ubl e guanyl ate cycl ase GC). The latter enzynme is the best

char act er i zeegbmpenents of die memtnraae@@uamelesﬁmtr@nsnomséem Getiul®i ndi ng of

NO to the prosthetic henme group of sGC activates the enzyne
respiration, energy generation, and chemical oxidations are dependent on

these heme proteins. Heme proteins include hemoglobin, myoglobin,
catalase, cytochrome b5, all cytochrome 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 activation by CO. Cyclic GMP is degraded and thus inactivated
by several phosphodiesterases, which exhibit a tissue specific expression
pattern. Thus NO and CO mediated signal transduction is under the control of

16



to generate guanosi ne 3',5' -nonophosphate (cyclic GW or cGW). cGW in
turn activates one or nore protein kinases, at |east sone of which

phosphor ywatoa/opiet ei ns that are involved in Ca++ flux. COPCI/IBOIWGIR weaker
activator of purified sGC in vitro than NO However, attachnment of a small
nol ecul ar wei ght compound referred to as YC-1, and possibly of an as yet
unknown, endogenous cofactor, dramatically increases the sensitivity of the
enzyme to its activation by CO QIcIic GW is degraded and thus inactivated

by several stera which ex .Specific expression
pattern. Hgal%d;ﬂ&)e Pgtegéy@ﬁan%“? WPBQRSCS{’MFS &f‘??'ﬂﬂder the control
of 16 WD 03/ 066067 PCT/1B03/00932 NO and CO generating enzynes, as well as
cGVWP i nact i viaspiodiasteraes Bsthereandext of the peesephinvention Ittlﬁ@nawé%@ﬁp
invention it is inportant to note that the cGW nediated effects of CO

rel easi ng compedhatstheaxGME medigtashefiertd pf €Q raleasingg sootpotiodpeand® t o known
phosphodi esterase inhibitors (see below). Because of the tissue specific
expressi on cdugrnéotedmdatesdringisaesh ¢htippslindg tu lenadm phegphaitstemsieo t ar get
the effect of released COto particular tissues. [036] PDE3 and PDE4

| sozynes, f%h%&él@{s@e t%I&N?XBéééu?@oﬂtﬁettlQQue 3pEUMY exyressidrigf smooth nuscl e

cells, heart, liver, endothelial cells, nonocytes and T cells. PDE4

i sozynes are | trophils,
eosi nophils d}pﬁéﬁ esg&ﬁF8§g’#c§E§qu§%§FﬁQ§@y8q§v§to t%g%}%gegfe(r:{‘ ucI eic Acid
Res. |Vb|.BIO‘ (’5 cﬁ DE7|S|ndu0|bIe|nT ceIIs(Ll L., Yee C.,
and Beavo J. rgea 9@ t MEBUCS4g. 851). The effect of CO may be

augnented in specific cell dpes by the concomitant inhibition of
[036] PDES3 an 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, eosinophils 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 cell 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
through studies of the heme oxygenases (HOs). Three isoforms of heme
oxygenases are known, HO-1, HO-2, and HO-3. HO-1 (also known as heat
shock protein 32 or HsP32) is induced not only by heme, but by a large
variety of exogenous and endogenous agents, which induce inflammatory
responses or which are present in pathological conditions with a strong
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one or a set of PDEs. A particularly strong augnenting effect can be
expected if the COreleasing noiety is attached to inhibitors of cGW

sel ect i vewBDB®660p037] Many of the biological effects of CBcraBes/dneen
reveal ed through studies of the heme oxygenases (HGs). Three isoforns of
heme oxygenases are known, HO 1, HO 2, and HO-3. HO 1 (al so known as heat
shock protein 32 or HsP32) is induced not only by hene, but by a |arge
variety of exogenous and endogenous agents, which induce inflamratory

W0 03 06506 MR TAB SO resee”rftnw%ﬁ%%?@\ﬁﬁ%%%ﬁ&%"#%&égﬁﬁef@5'865‘8St”’”g i

at heroscl erosiis or Al zhei nmer' s di sease. 1 deficje m ce devel op an
anem a assodi@rtdefigient mirg devaler PP@tﬁ‘eﬂBQ@IS§°C'aﬁerddﬁ'ﬂ%1EB’YjﬁﬁW“£@ ggn?qa,wﬁs

particular in the kidney and the liver |eading to oxidative damage, tissue
injury, and ledn secumulatesaimpartiear i theridneyzand e liven igpdirg to axdativerr oc.
Nat|. Acad. Sci. USA 94, 10919-10924). [038] HO- 2 is constitutively
expressed i dathhge didsubymasy, amddchronic isfiameation(Kils Poes aatifS:CTatedawd; he
stimuli, which induce HO-1. The only known regulator of HO 2 yet

i dentified i fygydrepal NaH. Qe S A9SA 94H@o§1gao@24hermpr0tel nwth two
putative heme regulatory notifs (HRVs) and one site being the 24-residue

conserved " herre RSP o0 Al sk RrotEsPn éugc?up@h%é s in TS

protein bound for ctrvates nolecu oxygen an feactive oxygen
et L SR B0 2ol B Blos 0P T B
The oxygen rr%glt.llca?cl)r gfel-ri](%rZa;[/(latnlgeI\tlljfpecc} |Isoar:jrgrf1all_glgcll}1<:zoclo?tléor|]<§) | 852 %soa

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, activates 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 neurons suggested a neurotransmitter

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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have a physiological role in spermcells, which depend on hydroxyl radicals
for function. HO-2 is expressed in the central and peripheral nervous
system avowane@ues sites. The del etion of the HO 2 gene receaBedoasz

i mportant function of HO2 and its product, CO in nonadrenergic,
noncholinergic (NANC) transm ssion in nyenteric ganglia. Studies with HO

i nhibitors depleted cGW levels in olfactory neurons suggested a
neurotransmtter function of COin these cells (reviewed by D. E. Baranano

and S.H Snyder; P : SGi 9 - 18 WO
03/ 066067 PCT/| 80[29%%&13139 é%Eﬁmaéé@g}?s@ﬁb%tsg@%"éﬁY%'én %égﬂ?ggt)sab ‘een,
liver, thynmus rost at .heart, Kkidney, brain and,testis. This isoform has
only negli %%‘Péﬁ@mf’f%n aQ@tt?%'st'y{.]ﬁ'%t'scﬁQg“tr\ﬁé qhly Q?Q%blﬁe%?ymai'&i ng sites
and is thought tto _htave a retgql athory role in henme dependent, cellular
pro;:estses. [?:t(y] {W t";ﬁsré"o\t%l@u ptve S"?e@lf‘?'ng;ﬁ'iﬁﬁnﬁldﬁgfqﬁ\}éocﬂé%@lst rat ed
protective effects o in avariety o i sease nodel s in aninmals.

Li popol ysaccieguladery(rofeSn, heame dependemdnceloflat procgsses. negat i ve bacterial cell
wal |, is a potent inducer of inflammation. L. Oterbein and col | eagues have

shown in vitro usjoag) Myithirethedastop hegremany studies/have demahskatedhat CO at
| ow concentrations I1nhibited the LPS i nduced production of two

pro-infla i | ~Oli ' ihterl eukin 1-R
pro- | ncreggg;sc{%ﬁcgvem {650 |Hf§36arfé$)¢bpéi's§a§c?ﬁ$&fe1sﬁa aNfhdld)

production of the anti-inflanmmatory cytokine interleukin

bavi's, R A paoepacdhaiag PR, Lrafsinylr g B neidafiue RoiMaldhiy, o
[041] Fuji tawglﬂdis %Op!oltgr?t%ggcesrto qg\ﬁéjm}ng |0|je\.f E..egttsergéin%%di goll%argrggse La\%
shown in vitro 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 and interleukin 1-B, but increased the
production 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. Flavell and
A.M.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 (PAI-1), thereby enhancing fibrinolysis and

reducing intravascular thrombosis. 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



| ung injury induced by ischem a/reperfusion in mce. HO 1 deficient mce

died fromischemc lung injury, but could be rescued by inhaled CO The

benefi ci awo oafob@et of CO was shown to be due to the reducticanBafoopsat el et
adhesion, an increase in the mcrocirculatory blood flow and the

i nhi bition of expression of plasm nogen activator inhibitor 1 (PAl-1),

t hereby enhancing fibrinolysis and reducing intravascular thronbosis. It
shoul d be noted that inhalation of only 65 p.p.m NO was as effective in

reduci ng nortal ity as- ghal at f A 500 0 6 /1 BO3/ 00932
ppm Co (roTi Por T Rk, Fod  RAABERE. ok Yok Y ARG E Vet ahr
and D.J. Pinsky;, 200 Nat ur e digin 8-604). [042] Using a simlar
model in ratldd- ér’csi‘b’bé@w vMUE%MEe@&@%gv g%%z)f’&*t rated that CO inhal ation
reduced neutrophil infiltration and lung injury and increased survival of
the ani mal s. The [DA&} dgsingiacsiafilbeatosiehir rats Dlterbetn and colleaguesncent rat i ons
far |l ess than the toxic concentrations and even |less than the

concentr at i afemossteated thatn®O iphdlatioared doedateutrophé snfiitratidn &nd IWBig iejrei n,
L.L. Mantell and A.M K. Choi; 1999, Lung Cell. Ml . Physiol. 20,

L688-L694) . ANd perbaded sttival & -thBlaniRaRNrné thekdpdutic eHeevedetdaéhieied
inhibits platelet aggregation (B. Brune and V. Ulrich; 1987, Ml.

Phar macol - 3t 67 conlihirarfins sl ihat fleBlic a5 et fikes t hat

CO has an anti- hyperalgesic e I'nfl"amed paws St ei ner,
L. G Branco,,F.Q Cunh and S. H. Ferreira;. 2000, Br.. J. .Pharpacol. 132,
To73- 1682 1880 e ponPRRtatBRe SsHn PaERfmaren fundlipndestpr Gk of *HO 1
and CO on bl ood vessels, endothelial cells, and vascul ar snooth nuscl e
cel I's. DuckePterein.dot1 Mapteland AMuK. §hos 1998 +ee Galla MptrRhy&idle ROout
techni ques denonstrated a protective

L688-.694). Already in 1987, B. Brune and V. Ulirich showed that CO inhibits

platelet aggregation (B. Brune and V. Ullrich; 1987, Mol. Pharmacol. 32, 497-
504). A study by Steiner and colleagues 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.,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, 693-698). Togane and colleagues
demonstrated that CO inhibits vascular smooth muscle cell proliferation and
neointimal formation after ballon injury (TY. Togane, T. Morita, M. Suematsu,
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role of HO-1 expression in arterial wound repair. HO 1 effects nediated
fully or in part by its product CO included inhibition of vasoconstriction
and i nhiwptodwoesoef snoot h nmuscle cell proliferation (H ,JPCDuBézns32 M
Boehm A. L. True, S-F Yet, H San, J.L. Park, R C. Wbb, ME. Lee, G J.
Nabel and E.G Nabel; 2001, Nature Medicine 7, 693-698). Togane and

col | eagues denonstrated that CO inhibits vascul ar snooth nuscle cell
proliferation and neointimal formation after ballon injury (TY. Togane, T.

Mrita, M S tsu, .20 03066067 /1,B03 932 . AY aki, and S.
Kot ayama. 200b. VATIAZaK. 99 51 BpIESRRI 200D, A ohfBvap. HearsClBaBalan)
Several groups depmopnstrated that | ow concentrations of CO revent

endot hel i al €&} 1HeE3PA2) s%%verrakgr@%aﬁﬂ@%!st@t%m,'OVKPEDCQﬂtF%méiQf Cce.
Anr at her, E. Tobiasch, F.H Bach, A MK Choi, and MP. Soares; 2000, J.
Exp. Med. 19xeveotiendatheljal cell dsetlr eedntexamnpleaguBrouard,d-.kaitesheinnFt hat
expression of HO-1 is essential for the survival of xenotransplants. Muse

hearts transfuh@itivert Et Tobiissh sfEiH, iBazhl, avig.K.eCioij &ind MePr Soaes;2080ade treat ed
with cobra venomfactor and cycl osporin. Inhibition of henoxygenase by tin

pr ot opor phyrig, QaE8 SfORCH18- 1 C M. BodrBs Iml dMEagudd 8lsbHRetdHMvYBat
associated with platel et aggregation, thronbosis Of coronary arterioles,

wyocardial | AEELbAR A4 1888 AR ForheSANAR Bhofishl o Maldl aC

nyocytes. Thése Tnjuries to S rejection were prevented by

exposing the recipients tq.air, containing 400.p.p. m . K. Sato Bal | a,
DPO%t ar berneats Benoreted 1§ et nge it eed  iebieClpiants o aglctwin
above-descri bed findings suggest that henpxygenases are potential targets
for drugs tHabravengaefagtoriandcyelasperip. dphipBionAf hgnexygenase by tin

protoporphyrin caused acute rejection in 3-7 days. The rejection was
associated 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.
Otterbein 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 inhibit the
expression of HO-1, and compounds that inhibit or augment the catalytic
activity of hemoxygenases. Inhibitors of HO-1 expression or of its enzymatic
activity may be useful for treating pathological conditions that are mediated at
least in part Ey excessive amounts of either one of the three hemoxygenase
products, CO, bilirubin, and iron. Endotoxin shock is induced by bacterial cell
wall derived lipopolysaccharides (LPS, also known as endotoxin). LPS
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conditions. Drug candi dates include conpounds that induce or inhibit the
expression of HO 1, and conpounds that inhibit or augnent the catalytic
activity wbhohesmsygenases. Inhibitors of HO 1 expressi on @CTaB0i/i0932
enzymatic activity may be useful for treating pathol ogical conditions that
are nediated at least in part by excessive anounts of either one of the

t hree henpbxygenase products, CO, bilirubin, and iron. Endotoxin shock is

i nduced by bacterial cell wall derived |ipopolysaccharides (LPS, also

known as end ' P / P - i ced HO 1
generat os. CaOdeHORBRoERetF R RER ) FAOBRE SRR Tegu QT (G
during sepsis. U S. Patent 5, 888, 98 escr| rategies that, aimto

i nhi bit sepsV%SCPmG‘B’é%dHVB%tSEH??oH-% FtRR %ngﬁﬁfeﬁq&b%#@ﬁ&@q %&aiton,
such as anti-sense oligonucleotides, and/or by inhibitors of the enzymatic
activity of aieniexnbibitsepsis induesd hprisesipnhiyinbibitars efion! rroswinties,

bi ndi ng of hene to heneoxygenases nay al so be used to reduce hene

cat abol i sm tduwheds/ampti-sgnse bhigonuuteatielesaard/of by lirdibitord dfithe enbymatiand
increasing the rate at which hene and iron are excreted into the

i ntestine. Suafity ePRB gehélgésadqé@oky%emqmbnbﬁwhiérSBMBkthé S. Patent
4,657,902) and diidodeuteroporphyrin (Snl2DP, U.S. Patent 4,699, 903) may

b dq f _ : AN . . » ¥
nssoc; at eq. vi DB Heri R e ReokVitass P aRE B 0 teibe AR 01
for

The 1 eat mergpoISyALRERn SR COLROAAt FeRp i o b aRd R AR SPRERE o

Al DS patients (U S. Patent 6,066,333). Conpounds that |nduce the

expr essi on dhg/rate aluyhiehthemeand ropare excrated inte yhe intaghing9efthses are

useful for treating chronic
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 and other conditions associated with toxic
bilirubin levels such as various forms of anemias and liver diseases.
Hemeoxygenase inhibitors have also been proposed for the treatment of
immunsuppressed patients, for example for treatment of AIDS patients (U.S.
Patent 6,066,333). Compounds that induce the expression and/or augment
the enzymatic activity of hemoxygenases are useful for treating chronic
inflammatory diseases, asthma, injury, atherosclerosis and infarction.
Hemoxygenase inducers described in U.S. Patent 6,066,333 include
prostaglandins of the A series, vitamin B12, hemin, hemin derivatives, and
compounds that decrease nitric oxide synthesis. Heme-bearing
microparticles have been proposed to be used for the targeted delivery of
drugs to heme receptor bearing cells in the liver for the treatment of viral

hepatitis and hepatoma (US Patent 5891689). Such compounds may induce
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i nfl ammat ory di seases, asthma, injury, atherosclerosis and infarction.
Henoxygenase i nducers described in U S. Patent 6,066,333 include

prost agl awoioame@hb7 t he A series, vitam n Bl12, hem n, hem nPdernBeaiopses, and
conpounds that decrease nitric oxide synthesis. Hene-bearing

m croparticles have been proposed to be used for the targeted delivery of
drugs to hene receptor bearing cells in the liver for the treatnent of
viral hepatitis and hepatoma (US Patent 5891689). Such conpounds may

expr ossi on CAT hOAPEROIRD L abeatty - SXeres B APl Ao BRI R | s,
Dt tvi ty’ ar SSHSPRSIar 88 dspotlis - PRI et 8D oAb TB Bener at o

CO, but also two potentially toxic conpounds, bilirubin and iron. a‘[§1044]
Al t er nat i ve| strategies @imingte augmentsi@r bactidtyargpomplisateddaniiiedfachip

pneumati c system as described in U S. patent 5,664,563 or by | ocal

appl i cat i onsherhoxygermaspsaot balysgjenerate CO; bubalgo dwb gxotergtiatly téxic or gans bef ore
transpl antation. Gaseous CO has been evaluated as a therapeutic agent |ong

before its eqfpp&ids biRdbiataid reict i 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 dj S ki Scnl i i gRLE |

anti-sickling eff %?E §Irt1%%t8pg#] 'n%gtébodrﬁ&gg aﬁ@ﬁ;h%ﬁ%rﬁdsal?r%%%lfﬁag%argg?er ved.
Beutler did not recommend CO as a Lreat fQr si el |, disease, but
cuggest ed ¢ H 2 PERATAE ele ae HraatbERl Bt rienth fAGe 3 nurofs
controlled condjtions (E. Beutler; 1975, Blood 46, 253-259). In a nore
recent comreiPlicatiopg for example, to stented coronary arteries or to organs before

D=

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 at 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 cell 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, it is
conceivable, that gaseous CO could be useful for a number of clinical
applications, such as organ transplantation or ischemic lung injury (see
above).
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rodents, Thi

Thi emer nann;
concei vabl e,

applications, such as organ transplantation or ischemc lung injury (see

in

enmermann was not in favor of CO inhalation therapy of patients,
as he belwewsmesdohat t he dangers of CO inhal ati on outwei gt pcrhBodbmosfits (C.

2001, Nature Medicine 7, 535-536). Nevertheless, it is
t hat gaseous CO coul d be useful for a nunber of clinical

above). 23 WD 03/066067 PCT/|1B03/00932 [045] The present invention

{her apeut ¢ of  6aP45} uTiG BssePf el ion [ShrHSsnG o KR ARy Frhv Tpeon

nonoxi de (CO). Carbon nonoxide is generated. from Frecur,sor conpounds

ei ther by spf afevnroyndse Michhexybit therapaulis effects

i nvol venent

" spont aneousgereraticrebf freasarbanhmonekide (CEe@arbbn ynonjdiaisi garieyaiedduced

rel ease and

of one or nore enzynes). [046] As used herein, the term

al so in sone cases, such as in photodynam c therapy

Wyeardn @arty thet h t he

condi tions, fiehgrecuyr cempbuRds eithelupeshdntanéd@hieleabecor i) @ asetabblic”O from
the conpound is inmediately assisted by donor nol ecules which are

ubi qui t 0us_ISCHER ] W e lifudiemeRESirir foRbHAIAGs). L0 prot eins or

nucl eoti des

enbodi nent s

of this.i [ ) | Si t ts,
S0 r ol oai ngherpalbphemicAl. CRudittrebHaRREtb R Sas P PP ST ARTEoL o
g

/]

e.g., a known dru

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.

[047] 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 agents, including but not limited to steroids and

inhibitors of phosphodiesterases (PDE), in particular inhibitors of PDE4.
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carrier, and/or a known anti-inflammatory agent. A preferred class of
conjugation partners for the CO donors are nonsteroidal anti-inflammatory
drugs ( NS&bDspgeosncl udi ng but not limted to aspirin. ThepeTdBem®9z e known
to accunmulate in inflammtory | esions. CO donors can also be attached to

ot her anti-inflammtory agents, including but not limted to steroids and

I nhi bitors of phosphodi esterases (PDE), in particular inhibitors of PDE4.
24 WO 03/ 066067 PCT/1B03/00932 [048] Delivery of COin vivo to target

benet o ol i n s |GHE ey b Ay M iardor BB St iR plodel o 0 by

CO donors are chronic_ inflanmatory di sease I n¢cl.uding, but not lLimted
Co, T hourmt YGPSEIS O NfiRmmatay Iesians. issplk 8aq Sengfigabpibiarge vare¥Sfi t h a
strong inflammtory conponent, including but not limted to stroke,

Al zhei mers diiseasss. laisaasmmaércasibg,treaigg@wém doness gexClioni s,

transpl antation associ ated at herosclerosis, or restenosis after coronary
st ent i npl anh#amevatotyndiseases, ivtludihg o, nat fimitedtto crileaimatoidosrthritis| at ed to
at heroscl erosis and Al zhei ner's di sease, the conpounds are useful for

prevention. ifple SbibRRIDBNGRNEF Gis8aSed WHI Bt dtRShCIANRMNSRS nAcdtHpRdntof
different classes of conpounds, the active principle in each case is

b f _ , P : . e : bt h
o ot eo”or R BltnotinfibabishoRe PRENSME, digdue St IS 1O E, o ase
of CO Thus, accordi a, her.ein di scl osed

conpound is ‘f‘ﬂfap?'i'yeﬂﬁgﬁ)tfsglﬁr ggﬁd&?ﬂ?ﬂ%&éﬁ%ﬁg!ﬁgﬁt@ it nriqsc‘eﬁ?%s,(% (product
1) and at | east one other conpound (product 2) which may or. nay not have
phar macol ogi €stenosissaitey coronary stent implantation. In‘many indications, in particular
those related to atherosclerosis and Alzheimer’s disease, the compounds are
useful for prevention.
[049] Although the present invention comprises a number of different
classes of compounds, the active principle in each case is carbon monoxide
(CO), which acts alone or in conjunction with those moieties of the herein
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 embodiment 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
with or closely related to a known drug which has anti-inflammatory effects by

interacting with a nuclear receptor, or a G protein coupled receptor, or a
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In a preferred enbodi nent of the herein disclosed conpounds, the herein

di scl osed conpounds give rise, after admnistration to a manmal, to CO and
product 2welBobsoss i dentical with or closely related to kmrowBayasgs or
conpounds wi th known pharnacol ogi cal effects. Product 2 nmay be identi cal
with or closely related to a known drug which has anti-inflamuatory effects
by interacting with a nuclear receptor, or a G protein coupled receptor,
or a 25 WD 03/066067 PCT/1B03/00932 cycl ooxygenase, or a

phosphodi est er ase. Exanpl es af  pr 2.ar LI n in hacgin.

P moaul | de. WerEYeEie e dhBlearhedl AT ParoCOTBlC 3SR ecoxi b
and ot her cycl ooxygenase inhjbitors, Further exanples, of roduct 2 are
compounds tH%\@O’@P\é‘Q%rﬁ'm@éP“Qﬁ’ piroyisaMm; flughiptalen . rpeloxicany dlaProXgiedni sol on,
dexanet hason, bet anet hasone, dehydroepi androsterone (DHEA) or estradiol,

di et hyl st i | béexx, celqoox) and giheticyelnoxygenaserinkibiters: i therexaoipies pkcept or
nodul ators (SERMs), 1,25 dihroxyvitamn D, troglitazone or other

t hi azol i di ngstodoets2 aeZBsihpoands that ape identioalesr. clésely helateeddenqariisolpof  product
2 are conpounds identical with or closely related to pentoxifylline,
rolipram or ;%Hﬁrsomﬁl%jehameﬁ%ﬁnasetanﬁéthbsér%,%eh%rdggimd?eétemmI es of

product 2 are alendrolate or other biphosphonates. (product 1) may

complement . @HEAPSRALradibl, bR HInoNA TBES) CBnidlieRidr effier Rledhgduct 2. I

sonme cases, décreasSé adverse e product imt their

h [ | i cabi | i wh va WM he . I i i :
0 1 o gener AUPIRRERPIRY MBI S P ces Yo py REa R et reted
[050] It is well known that CO is toxic when it reaches high levels in the
envi ronment @her thiazalidingdipnes (FKDs).oxi @ictapentenaness Fither examplesef ity to

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 biphosphonates. 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 limit their
therapeutic applicability when used alone, without the CO-releasing moiety.
CO is generated either by spontaneous release or by metabolic process.

[050] Itis 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 long exposure times can result in substantial COHb concentrations in the
blood. As COHDb levels increase, less hemoglobin is available for the transport
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bind to the henme group of henogl obin, the oxygen-carrying nolecule in
human bl ood. Henobgl obin that is associated with COis referred to as

car boxyhewogBotdon7 or COHb. Because CO s affinity to bind wctrhBésgwesp obi n
is 250 tines greater than that of oxygen, relatively |ow airborne
concentrations and |l ong exposure tines can result in substantial COHb
concentrations in the blood. As COHb | evels increase, |ess henoglobin is
avai l able for the transport 26 WD 03/ 066067 PCT/|1B03/ 00932 of oxygen. The

i oi Lance, RGPty Therhuts DPGRR PP RSa! 4rD cedmiecre NepRRLpoilcancss.

di sorientation, |ethargy, chest pain (incardica patients nausea, and
vi sual di stdgdiaasedyvi & dgsreaspddiandqeye geprdiiationeyen @emmniuswn t he
concentration of CO and the |length of exposure tine. COHb saturations of
0.5% t o 3% cdisohentbbhomdeihargyqrcheskpaig (ectaldisa patients); elasisef, 8nd wisGalo have
been reported in snokers and in patients with henolytic anem as. The

synpt ons of GSHPEasEHY. ngw@s@/em*laftne S/ptoAredeinde@hliinlyeug tise above 10%
Common sources of toxic COlevels in the environnent are exhausts of

i nternal congyile H%f g@%{ @Qﬁan }S@ngﬂﬁ oh%?ﬁ%?e aRf. WHE'S&ﬁﬁ'aﬁ@ﬁé oftl ©

i nproperly vente Anot rce i ntoxi catl on

dense. col ﬁ‘?@gg‘o[)?ét”a?ﬁ@é B LA 3o &%&E{W%té’g B ® °
2 omponent BISTRcied asmaeYs Al DRUEE B SPORE ASSHTRE! Thaced | n e

manuf acture of photographic films. DCM may enter the body vvhen it is
i nhal ed or isyeptosts ofl €Oipoiseniog ave nbyallyteily 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. It is readily absorbed
through body membranes (e.g. stomach, intestine and lungs) and quickly
enters the blood stream. Cytochrome 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
may cause effects much like those produced by CO poisoning. Extensive
studies have been conducted on the toxicity, carcinogeneicity, and
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t hrough body nenbranes (e.g. stomach, intestine and |ungs) and quickly
enters the blood stream Cytochronme P-450 and gl ut hatione S-transferase
enzynes C&D obosdocTret abol i ze DCM t o car bon nonoxi de or car lpam/Id000pERe. | f
DCM i s breathed at |evels above 500 ppm (500 parts per mllion parts air),
It may cause effects nuch |like those produced by CO poi soning. Extensive
st udi es have been conducted on the toxicity, carcinogeneicity, and 27 WO
03/ 066067 PCT/1B03/00932 teratogenicity of DCM Studies with rodents

suggest that, frequent e re . to can,cause s in. liver and
ey HovelgEatodemihy B BEMT Sufes IR bty RUgdest AR iy spppuRds
unlikely that DCMw || cause serious liver or Kkidney damage i n humans
unl ess exposiEM ¢an gavse phamgesipdivey and Kidney: Eloweysstsdudies OAREM sease
registry, Division of Toxicology, Atlanta, CGeorgia, USA). Some rats and
m ce exposedexposkdgrorkersciodicate thatdt isnib@Ny that LN hwilltcauseiseribu$ évéemer
devel oped cancer. However, DCM has not been shown to cause cancer in

humans exposigdnéy daeridedh hahtdns @iessexpayuné high palgerscyi for Tokie and rats
exam ned the effect of exposure to 1250 ppm DCI@\?lyn tﬁggat nosphere, 7 hours

per day on Gsﬁ&téﬁcé%%ﬁ? ﬁis&%’%tr%bis@rg; D%‘“b?ﬁkgﬂgﬁﬁgy'}gtsﬁg‘lv dé%%gi‘éi ty

attributable to the exposure~was reported 975! Toxi col

APl Phat mgel Sandils MiTuRE SRR OB BB OO por cons who
and an acced AL HEPEebiARed ¢Aet TONEV e DL RSPl nut es |
any 2 hours) in the workplace air. In 1976, The National Institute for
Cccupat i onal sheafretoycaife ¢rnger in (NMens Bxpejed etoesrpalionableyelshbaratology

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 (6

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 a 1,737

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 principle of all compounds described in this invention
is CO, and some are related to DCM. However, the above described toxicity
of CO and DCM occurs at levels that are far above the levels required to
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TWA exposure limt of 261 mlligranms per cubic nmeter (75 ppnm) and a 1, 737
mlligranms per cubic neter (500 ppm) peak (15-m nute sanpling) in the
presence wh o@@s@encentrati ons | ess than or equal to 9.9 ppar/IB@E®@pP320ne
active principle of all conpounds described in this invention is CO and
sone are related to DCM However, the above described toxicity of CO and
DCM occurs at levels that are far above the levels required to 28 WO

03/ 066067 PCT/1B03/ 00932 achieve therapeutic and prophyl actic effects.

Mor eover, the CO rel easin ietie escriped here are designed to rel ease
G0 ot spect (ARIEYE HerapecantEpmphY st sHecton aROYeF 08 (s reRasing
pre-atherosclerotic lesions of arteries. Sonme of the CO rel easing noieties
her ei n descrinpigdiessiasetibed beraare dgsignehtoreleasssConat specHici sites im#pe ri n and
many of the known NSAIDs. Qhers are targeted to specific tissues, e.qg.
bones i n thebaxhsauoh as inflambdsiphussmdepreathesdsclerstic kgions aftdriaries.
preferentially release COin the presence of reactive oxygen species that
are known t oshedsiire @@ Helebsingthoiefigherein Heb&fbatn8cdum@bheioscl eroti c

| esi ons. Devel opnment of the conpounds described in the present invention

for clinical inﬂ‘é’mrﬁé;/té 'lg%g‘é’irhthch ﬂ{%ﬁé;ﬁﬁg%ﬁ@ﬁ\%@(&f Mb‘%vrf@%ﬁﬁ ve work

t hat has previousl een done on I col ogy. ased on the

above consideprations, this,Jnventiqn provide co unds that can deliver
oo e vive et AR bl o S e SR PRS < £ Bond R e e Sesca o

I nstance. The gresent I nvention provides a nunber of different chem cal
syst ens t hatbishagphonate defvatiese Agpimetharsinseferentiaby selepse & Q iethec al

systens are for exanple:
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 benefit from the extensive work that has previously 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 optionally
linked by means of an appropriate spacer.
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Class 1 - CO containing organonetal lic conpl exes dissolved in

physi ol ogi cally conpati bl e support. Class 2 - CO containing organonetal lic
conpl ex |Iwoleaedoe7 at | east anot her pharmacol ogi cal |y i npectranes/mesecul e.
For exanple, said pharmacologically inportant nolecule is a carrier, a

drug (e.g., an anti- inflammatory agent). Furthernore, the CO containing
organonetallic conplex and the at |east another pharnmacol ogically

i nportant nol ecule are optionally |inked by rreans of an appropri ate

spacer. 29 WD 03/ 660637 CT/1BQ3/ 00932 Cl.a ecul e aggr egat es
made of CO cont ai g‘ﬂ arYy ?(?986 t%?@?dgn @Lﬁo 09 cyclodextrin
host s and/oro"S?H@F“e aeé ‘?'}‘F@P@éﬁ r°y8}°§’§ anpéor @ss 4 - CO

cont ai ni ng |¢Rﬂ"9aﬂ@f@ '%Wn@(@fso'lﬁlé‘aqu eral cat egorl es of polidentate
| i gands containing N and/or S donors that function as reversible CO
carriers. C ass SClas€d cO6x cintaiming inorgaanic complexeebeasingiseyetalgands, e. g.
pol i dent at e ¢atggoviss otpulidentata dighinds dontairfingl bhanid/ot Badonfous that dunetion

reversi bl e #£HrsrisibRreO ddrfiégd to at | east anot her pharmacol ogical ly
I nportant nol ecule. For exanple, said phar macol ogi cally inportant nol ecul e

is acarrier, a dCIéQsS-(GOgcorﬁQm l'nbderhé" iRl lganby! Ehernore, the
CO cont ai ni ng, n%@? é’é do‘h Iq)énﬁ F?ﬁl?] Q%versible

phar macol ogl aé' oe{hg’r of an
appropri at e ‘her by

an enzymatlc aﬂ@@ﬁ @9 IF& rataratl 8ICV dsl% gfﬂgélaoﬁj rcal |y

conpatible (& g? an antl in Iam atory agent).” Furt ermore he CO contai
organometallic complex and the at least another 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, dissolved in physiologically compatible
supports.

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

particularly the platinum derivatives, such as cis-platin and carboplatin.[E.

Wong, C. M. Giandomenico, Chem. Rev. 1999, 99, 2451; E. R. Jamieson, S.
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supports. Cass 7 - Organic substances that rel ease CO either by an
enzymati c process or by decarbonylation, e.g., dichloronethane,

encapsul awedsmsdober in cycl odextrin hosts and/or other appmrapei@mbe

i norgani c or organi c supports. [054] The follow ng sections describe the
gui delines for selecting these classes of conpounds and provide specific
exanpl es. Use of organonetallic conplexes for the delivery of COto
inflammated tissues. [055] The role of transition nmetal conplexes in

Under goi ng. - LARRR: CORPRAGHOn 566 OB AAG: SRS SRR, Retodoohd. 150

99, 2201 and follow n articles] Anti-carcinogenic, netal-based drugs are
anong t he be2499ndhe developraent efunedicgl applicatiens fanararnoretallices, such as
cis-platin and carboplatin.[E. Wng, C. M @G andonenico, Chem Rev. 1999,
99, 2451; E.cdinpléaes dasrbees.sl@fe\budBnidtot advanteBhsyvdbesa matle wsipgar d,
Chem Rev. 1999, 99, 2467; J. Reedijk, Chem Rev. 1999, 99, 2499]. The

devel oprment hk tiBthestlandNohgeradstabishba failiBs s tRgandrnetaliRadrepesedas been
sl ower, but inportant advances have been nade using the two best and

o e Ol S ST S TR

nmet al | ocenes a I - carci‘nogeni c ave been

di cnior i de- [1vesPedd ioting Yo S85sral MEIRRbpEL 30R besk Bl fpla ing ot orgg "o
present | nvtanreredenlasierlE S oiakesE etk or@ers. CosBey! 168%! exes
99, 2511]. With respect to the transition metal carbonyls that concern the
present invention research has progressed more slowly. Carbonyl complexes
of transition metals have been known for a long time and their derivatives
have been widely studied both in fundamental organometallic chemistry and
in a multitude of catalytic applications. The discovery of the first of such
carbonyls, Ni(CO)4 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)4.[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 toxic molecule, which is able to block the metal centers of
hemeproteins, like hemoglobin and others. [E. Di Cera, M. L. Doyle, P. R.
Connelly, S. J. Jill, Biochemistry, 1987, 26, 6494] Toxicity of a series of Cr,
Mn, Fe and Ni organometallic carbonyis has been studied in mice and rats.
The effects observed included selective necrosis of the nonconciliated
bronchiolar epithelial (Clara) cells and other deleterious effects within 24h of
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of transition netals have been known for a long tine and their derivatives
have been w dely studied both in fundanental organonetallic chem stry and
in a mul twbuwdeeahb7 cat al ytic applications. The di scovery ofrcrhBo¥ooost of
such carbonyls, N (CO4 by C. Langer and L. Mond in 1888 led to the

I ndustrial process of N purification (the Mond process) which, requires
very careful operation and safety procedures in order to deal with the
very noxious and toxic nature of NN(CO4.[W E. Trout, Jr. J. Chem Ed.

L9307 el W RS BTICHRRR SR b BLUBRRRER R D ¢ 1o

bl ock the nmet aI centers of heneproteins, |ike henpglobin and others. [E
D Cera, M ®.JDbsaiger, Poxicol. Lein}@82.14, 85]. jHowever, ignganeanys £an bpog7, - 26,
6494] Toxicity of a series of G, M, Fe and N organonetallic car bonyl S
has been st umﬁeaﬂinihuma’meliedsldsriranssupp'lémem{sf ddeseaosground sihaveumbsh sel ecti ve
necrosi s of the nonconciliated bronchiolar epithelial (Cara) cells and

ot her del et egionistehh@sahigh bidanaitabilitg fas Ihe ¥¥Ared/bYaEMdgIBEIR re fb%ﬂQBSZ
adm nistration.[W M Haschek, P. J. &akkl nen, H P. W%SChI,B

Hanzl ik, Glro]rbde-ﬁaeﬁﬁrafts EXVCSECké-QjN HbRRRin, . \Ffﬂlm RRHEVS

carbonyls can used uman di éts as iron’ suppl enments. ¥hese conpounds

Caplett on i ou baterasaiel st by gl br P @Wﬁﬁ?ﬁ*epﬁﬁg???ﬁ n.

Nutr. 1978, 31, 566 Lafer studies e hasi ow toxi cit ron
car bonyl povﬁ‘f&oraw !)yéhe %%%Wﬁrm‘)ﬁ? Fﬁisq ﬁ'e[eétHH ?rSnGbMaBm%%’ﬁm
A. Hubers, G M Brittenham E. GCsiba, C. A Finch, J. Lab. din.
1986, 108, 473FsibadCr éwEinch, thLalD;sfélfmlM\@%ﬁ%@d'Iﬁav‘h?ﬁ]aij@ eveal itsor ganl c
iron salts in the treatnent of

usefulness and advantage over inorganic iron salts in the treatment of

anemias in humans, which are caused by 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
organometallic carbonyls only started in the late 1980's with the work of
Jaouen, Vessiéres and their co-workers, on the development of
organometallic reagents for immunoassay procedures, the so-called
carbonylmetalloimmunoassay (CMIA).[G. Jaouen, A. Veesiéres , |. S. Butler,
Acc. Chem. Res., 1993, 26, 361] These studies led to several successive
discoveries that are related to the applications of organometallic compounds
to biological systems, leading to a new area of Bio-organometallic Chemistry.
Recent applications include the development of new molecules not only for
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anem as in humans, which are caused by iron deficiency. [V. R CGordeuk, G
M Brittenham C E MLaren, M A Hughes, JL. J. Keating, Blood, 1986,
67, 745]wo[08b&do61). S. patent 5,086,060 clains the use of iPconBezObENYI
derivatives of several polyene nolecules for the treatnent of acne and
psoriasis. However, nore extensive investigations of the biol ogical
applications of organonetallic carbonyls only started in the late 1980's
with the work of Jaouen, Vessieres and their co-workers, on the

Sﬁ“ﬁgf’fg‘é " ﬁrgeﬁiﬁ%&‘&ﬁu 5%9&5%@%*%?@?6%;0@&%“Pa?oi%tﬁgyaﬁ’ek‘?‘%\ezﬂir jidg eé“el |
S. B R t

Slcchstve Ao bt iy NS Honies o At K poich o °
organonetal li c conpounds to biological systens, |eadin ‘8 to a new area of

Bi 0- or ganomeRaBergs, tieBeek rAngevrdsgem dppiGd #998n37i H34idd MeeletdNalteprent
of new nol ecul es not only for 32 WO 03/066067 PCT/|B03/00932 i munoassays
but al so forAngewoGhammivtieEdi 2601, 4Gdi040hS:. dpeuen,cS. TomA. Nessirds oRher

pur poses, including bioactive nolecules and markers. [K Severin, R

Bergs, W BeAlbert(Bnge@r%éHwﬁé‘ﬂ Che. Jado, 65@8’23]3barﬂ)6§ﬁ,cdﬂtalwﬁﬁb2|er Nol te,
Angew. Chem I nt 001, 40, 1040; G Jaouen, S. Top, A. Veéssieres, R

Al berto, %W QEE havEPeHerf t%)r& &@1’&% éﬁ%ﬂlﬂe% %)ﬁn%blr(i%@&a'fﬂer}gsta bility.

derlvatlves ave proven very va eX| e in uses

2dequat e’ 1 or SN SoPRHbU Wi BvSIPIoBRAT BTeda heS bePB AbOWBRE SIRBITIA o
are of great interest for pedicinal chem sts, who generally regarded netal
car bonyl s t ob®8 ipédro and in vivo applications. These observations 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 research 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. Wieghardt Eds. J.

Wiley and Sons Ltd., 2001, 880; B. J. Lemon, J. W. Peters, ibidem p. 738].
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toxic for biological, and in particular clinical applications. [057]

| ndeed, very recent research on netal containing enzynes revealed the
unexpect eaoroaloesoef carbonyl conpl exes in nature, and sonePCanB§Im@sshave
been found to contain MCO bonds in their active sites. Exanples of such
enzynmes are the iron-ni ckel hydrogenase and the iron only hydrogenase [M
Frey, J. C. Fontecilla-Canps, A Vol beda, in Handbook of Metall oproteins,
A. Messerschm dt, R Huber T. Poulos, K. Weghardt Eds. J. WIley and Sons

Ltd., 2001, 880; B. J. @‘D . W Peters, ibi dem p. 738]. 33 WD 03/066067

PCT/ 1 BO3/ 00932 ON H2 Co O-F F C\HZN O /0 FelL, ~ | ~S~ FeL F~ Fe x \s~

\ R" OH2 R Li" Desulfiz/grlo deﬁ ricans Clos L di pagt euri gpum

[ 058] CO dehydrogenases ry out XI dation of t j@é us 2 _co

el ectrons and 2 H+. y r?&( s have al so beele8truct ur e1/y

characteri zer;be-'Fheys ont ai @ d Nann th&i,a ac y(cé?{&s d ‘knvol ve

i nt ermedi ate M CO £peci es | bbek, L. G r, )g Meyer , SR “$ube ) [

Handbook of Met al Roprot ei ns, Messer schni dt, RR Huber , T.@)ul 0s, He
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 Ltd., 2001, p. 1136; H Dobbek, V.
Svetlitchnyi, L. Gremer, R. Huber, O. Meyer, Science, 2001, 293, 1281].

[059] Itis now clear that many 18 electron organometallic CO
derivatives are stable under physiological conditions. On the other hand, a
general property of these complexes is their decomposition and accelerated
CO release under light irradiation and under oxidative conditions. It is well
known that oxygen based radicals are generated in inflammatory processes
and that they play a crucial role in the pathogenesis of atherosclerosis. Thus,
organometallic carbonyl derivatives release CO in inflammed tissues and
atheriosclerotic lesions. This line of thought led to the discovery of three

different classes of organometallic drugs.
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W eghardt Eds. J. Wley and Sons Ltd., 2001, p. 1136; H Dobbek, V.
Svetlitchnyi, L. Gener, R Huber, O Myer, Science, 2001, 293, 1281].
[059] It wWe mwoeso6! ear that many 18 el ectron organonetal | i @CCOBox®P32vat i ves
are stabl e under physiological conditions. On the other hand, a general
property of these conplexes is their deconposition and accelerated CO

rel ease under light irradiation and under oxidative conditions. It is well
known t hat oxygen based radicals are generated in inflanmatory processes
and that they play a crucial role in the pathogenesis of atherosclerosis.
Thus, organonetallic carbonyl derivatives release COin inflanmed tissues
and atheri oscl erotlc | esions. This line of thought |led to the discovery of

three differlass té s“&ntafmtsg%.(sanemtpl t?‘éﬁ"ﬂ&lexeﬂ BBovEhis067

PCT/ | B03/ oogirysiclegisally compatihlgisMuRRPrEs ganonet al 1 i ¢ conpl exes di ssol ved
i n physiologically conpatible supports [060] This class of conpounds
conpri ses either [60p| Ehit&lasisenftooarpoundgavonpisais| eithec ainpleyl8 elecipbexes or
nodi fications thereof designed to inprove either their solubility in

physi ol ogi Caérﬁﬁﬁdm@télrc tadohyceumplekes b mbdifiddlionseidreangssighed kb onol ecul es
or tissues e netals that nmay be used include first transition row

?:\/gl OgRiuca:QLMnﬁg?{/% % Jﬂ?’ﬁ}ﬁbﬁ s&’!)(’vt\?"gl in ngﬁ{{s@%%cgﬁméﬂﬁ or ﬁ‘?ﬁr &?n%@[ﬂlht%w&econd
the oycl aperfititAgEs AngHiamdiEs 'eapra'éf'?%%t” ?‘b’%mtﬂ'&téaf rsn%ef %W”dépgﬁar °

and the Iike) hereby abbr evi at ed as enabl e

above- ment i oRelgdgdittransitiosnow Hﬁ@g'?ﬂi%{rqc"'yﬁr%e@{se@/’ ErpMiy 5@5 ConNio the
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 cyclopentadienyl ligand (Cp) or derivatives thereof
(indenyl, CpR5, and the like) hereby abbreviated as CpR(X), which enable
the above-mentioned modifications, 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.

[061] In the examples listed immediately below, the term “pseudo-
halide” is a general name given to mono-anionic ligands isoelectronic with the
halides, e.g., thiocyanates, cyanates, cyanides, azides, etc. The term
“hydrocarbyl chain” is the general name of a hydrocarbon radical comprising
aliphatic CH, and/or aromatic residues, e.g., (CH2), n =2, 3, etc. or (CHy)p,

(CeHa)m, CsHsCHo, etc. Alkyl is the general name given to the radical of an
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metal center wth the correspondi ng higher reactivity control. The
oxidation state of the netal in nost of the conpl exes resenbles the one
usual | y fwondosaentler bi ol ogi cal conditions thereby facili tratritRes/doatzer

met abol i zation, after CO release. [061] In the exanples listed i medi ately
bel ow, the term "pseudo- halide" is a general name given to nono-anionic

| i gands isoelectronic with the haI ides, e.g., thi ocyanat es, cyanates,

cyani des, azides, etc. The term hydrocar byl chain" is the general nane of

ahydrocarbo ra rls [ tlc 2an/ ._gromatic reS|dues
2 Do ocar ol e S8k SR SRR o AU, S Aot UM S
t he general nane given to the radl cal of an 35 V\D 03/ 066067 PCT/IBO3/ 00932
al i phatic hygiver i péadisabefran arqgnatiptinge.gePhenyl, iy, XWylypta.s the general
nane given to a radical of an aromatic ring, e.g., phenyl, tolyl, xylyl,

etc. Leadi ngd.eadinglescanipleso - Co ,moo 1,.,,,ro + OC , CO M M [N(al kyl )4]
M- OCXOCL XOCCO(ACOCOC M=MWn, Re M=C, Mo, WM= M, Re X =04,
Br, I, alkyl, aryl, X O, Br, |, OR[ SR ¥5= hakide or weakly a&l, +
C-glycoside, (R = aI I\ccﬁryl) coor di atl ng‘ancp car boxyl a e SF‘ X
car boxyl ate, sug ‘< ~u INGalk |)] 5
aiky
/ ERY / f I~ ¢ oc?i ¥~co
oc oc ocC
M =Mn, Re M=Cr, Mo, W M = Mn, Re
X =Cl, 8r, |, 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 = alkyl, aryl)
co co i co co |2
OC\’/X\'/ OC\I\'A/X\I\'A/CO NCallo. T
5\/ \ 7Nk [N(alkyl)4]">
oc” = oc” = = CO
oC co 0 Cco
M = Mn, Re M = Mo, W
X = halide, SR, OR X=8R, OR
R = alkyl, aryl R = alkyl, aryl
coO _ _
TO R I CO (\E\/\ +z
E CO =
v E
oc— | q <V X
°c C—I\Illic— —ER OC/i: Tco
/CO yd B oC _
R /M——CO
oc” |
CcOo M = Mn, Re (Z = +1); Cr, Mo, W (Z = 0)
E = combinations of N, S and O between 1 to 3
M = Mn, Re each
E=S5,0 X = halide or weakly coordinating anion (for Z =
R =H, alkyl, aryl +1)

36



(R =alkyl, aryl) cocococo2 + 0C" '/IX
\ X~ ~co [N(al kyl)4] 2 X Oz CO OC Co

SR, OR R woaBkygdos7 aryl R = alkyl, aryl COO
ECc!l ER\V1/ X- OC 11C~ -COC1I1

+1); C, M, W(Z = 0)

Mh, Re each E =

Y 'CO CCR /

M=V, Re MVb, W X =

CO< O--E

) I 'CO occo oc%
hal i de,
PETNIBB/009020 E~~/ f

-EROCC ZCOOCCOM= M, Re (Z =

E = conbinations of NN S and O between 1 to 3 M=

S, 0 X = halide or weakly

coordi nating anion (for Z =

R =

SR, OR X =

H, al kyl,

aryl

TN

QT/

/\
oc

M= Cr, Mo, W

+1) 36 WO 03/066067 PCT/ | B03/00932

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

each
X = halide, pseudohalide, OR, SR,
carboxylate, R = alkyl, aryl

L

Cco

S

M=Mo, W
X=NRjy, OR
R = alkyl, aryl

A
\/‘

>
S

Co
M=Mo, W

X=NRj,, OR
R = alkyl, aryl

AN
Fe—rF
oc—/ | e\\co
oc’ 8o ¢oCO

R = alkyl, ary!

~ E [K21 EZZ

E +
e
37 | x
\L

M= Cr, Mo, W

E = combinations of N, S and O between 110 3
each

L = CO, olefin, alkyne, or monodentate

2 electron donor of O, S,Nor P

X = halide or weakly coordinating anion

ﬁk%

co

M=Mo, W
R = alkyl, aryl

co

M= Mo, W
R = alkyl, aryl

c H2>4—Z

R

I/ |
OC//I %co

0C co coCO

O

© H2)4—<
R
_ = a-lipoic acid, amide or ester
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X O007C cOOCCCcAOL M= C, Mo, WM=C, M, WE = conbinations of N, S and
O between 1 to 3 E = conbinations of NN S and O between 1 to 3 each each
X = hal i dwp opweswsephal i de, OR, SR, L = CO ol efin, alkyne, per/iBanmdent at e
carboxylate, R = alkyl, aryl 2 electron donor of 0, S, Nor P X = halide or
weakly coordinating anion OOS X/ \ ~SSCX RO pp~\ ,OR OC S RRC\ OR
S COCO MM, WM=EMO, W X = NR2, OR R = alkyl, aryl R = alkyl, aryl S CO
X" SRO /\ CX/OR\ \ SI SRO/NN / OR CO CO M-Mo, W M=Mo, W

C<|257 =3 (chj S
|
oc/ Nﬁgco oc” Iv(\co oc/ M\co

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

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

R

|
oc/VI \\X oc//v| \;)X

M =Fe, Ru M= Cr, Mo, W

X = alkyl, aryl, halide, OR’, SR, O ,CR’, S;,CNR’; S,P(OR'),
R' = alkyl, ary!

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

- R4 + B R9+
Clc\é @|57
X X
] oc/M c\oL . ' I oc:o/(!VI \:; |
M=Fe,Ru M= Cr, Mo, W

R =H, alkyl, acyl, formyl, carboxylate, sugar, peptide, halide
L = CO, olefin, alkyne, or monodentate 2 electron donor of O, S, N or P
X = halide or weakly coordinating anion

| I oc-_ | -
M
oc \Cox OCO C/ o oc | cl
M =Fe, Ru M= Cr, Mo, W

X = alkyl, aryl, halide, OR', SR’, O ,CR', §;,CNR'; §,P(OR’),
R' = alkyl, aryl
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X=NR2, ORR = alkyl, aryl R =alkyl, aryl RRSR X Fe-F 0OCOC1 Ol
COp'FI X1 GCCOer. OJI Ol OCO R = alkyl, aryl O (CH2)a~ R =

a- i poi c woiodjoe@ni de or ester 37 WD 03/ 066067 PCT/ | BO3/ 0®@3AB0FR0M2 M OC/ |
NCO 0C 1\COOC Co NCOCOM= M1, Re M= C, Mo, WM= Co, Rh R =H,

al kyl, acyl, fornyl, carboxylate, sugar, peptide, halide ~X \X OC\ O OCO
Il O

R———R R R
—l— R_MR"
\/
Co2(CO)s Fe\
“\>co
R = H, alkyl, aryl, OR, CO.R co

R or R' = H, hydrocarbyl chain
R" = H, alkyl, aryl, OR, CO;R

[PtCIx(CO)L Au(OSO5F)CO) MCI(CO)
M =Cu, Au

[062] Several modifications can be envisaged to improve higher
biological compatibility and solubility. One preferred possibility is to attach
carboxylic, peptide or sugar derivatives to the cyclopentadienyl moiety.
Examples are depicted for one Mn complex; similar derivatives can be made

with compounds containing other metals, as well as for indenyl and other

CpR(X) derivatives.
(X) o) R(X)
| |
Mn M
= /N
oc \CO oc \CO °

R(X)= H, alkyl, aryl, formyl, acyl, carboxylate or fused C6
aromatlc r|n Snnden¥l ligand)
R’ alkyl, peptide, sugar

39



M=Fe, Ru M= G, Mo, W X = alkyl, aryl, halide, OR, SR, 0 2CR ,

S2CNR 2, S2P(OR' )2 R = alkyl, aryl R=H, alkyl, acyl, fornyl,

car boxyl awe,03peqar , peptide, halide x- i X0 g\ "\ L OC IpCu/i803/@320C M =
Fe, Ru M= &, Mo, WR = H, alkyl, acyl, fornyl, carboxyl ate, sugar,
peptide, halide L = CO, olefin, alkyne, or nonodentate 2 el ectron donor of
0, SS Nor P X = halide or weakly coordinating anion C. D <::~~D OC

lcy -C \\XOC"/ XOCRO \cCccoocccod M=Fe, Ru M=C, M, WX =

o) W iy b 5
[063] This class of compounds takes advantage of the synergistic
effects arising from the combination of two biologically active molecules,
which both have beneficial effects. Examples for such drug-drug conjugates

have been described in U.S. Patent 6,051, 576.

Conceptual scheme

o)

0
E——( spacer) CO carrier
E=0O,NH, S
spacers = (CH2h \ \/ petptide chain  sugars
X

[064] The above mentioned spacers comprise a variety of functions
under the following specifications: the value of “n” in the linear hydrocarbon
chain is an integer more specifically 1, 2, 3, 4. X is a general symbol for a
substituent at the aromatic ring, namely, alkyl, aryl, alkoxy, aryloxl, halogen
atom, thiolate; “peptide chain” represents a short chain of natural amino acids
ranging from 1 to 4; by “sugars” it is meant the use of a mono-, di- or

polysaccharide either protected or modified with adequate protection to
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Ror R = H hydrocarbyl chain R' = H alkyl, aryl, ORR, CO2R [PtCl2(CO]2
Au(OS2F) (CO M (CO M= Cu, Au [062] Several nodifications can be

envi sagedwoasioagsove hi gher biol ogical conpatibility andpsaliBtd/dopsy. One
preferred possibility is to attach carboxylic, peptide or sugar
derivatives to the cycl opentadi enyl noiety. Exanples are depicted for one
WMh conpl ex; simlar derivatives can be nade w th conpounds contai ni ng
other nmetals, as well as for indenyl and other CpR(X) derivatives. 0 R(X

(X) ~ sugar /C -~ CO R(X)= H, alkyl,
aryl, fornyl NCSHEE, Igp@@hﬁ'&%Pﬁggréﬁskﬁswr@@a@?gm&éhgﬁ“ﬂﬁé‘ﬁg | i gand)
R = H al kky , peptide, sugar 39 WO 03/066067 PCT/I1B03/00932 Cass 2- CO
cont ai ni ng o@%ﬂ%@traplpp@leewweJ Vitlk BEoteetive: SreHPs pPEhat 88t66%.cal | v
i nportant nol ecul es. [063] This class of conpounds takes advantage of the
syner gi sti c acetals, and silyl derivatives.

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—( spacer)-@ aspirin—( Spacer)—©
| |

Mn\
oc/ \ co
Co

aSpirin'( spacer)——@ aspirin-( spacer)—@
| Il

OC/ \co oc/ / \\X

oc CO
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effects arising fromthe conbination of two biologically active nol ecul es,
whi ch both have beneficial effects. Exanples for such drug-drug conjugates
have beerwodaswosdobed in U. S. Patent 6,051, 576. Conceptual pechBom009 0 E- - ~
c::r) COcarrier = spacers = (CH2)n petptide chain sugars x [064] The
above nentioned spacers conprise a variety of functions wunder the
follow ng specifications: the value of "n" in the |inear hydrocarbon chain
is an integer nore specifically 1, 2, 3, 4. X is a general synbol for a
substituent at the aromatic ring, nanely, alkyl, aryl, alkoxy, aryloxl,

hal ogen atom thiolate; = i de chain" representg & slmrt ain of
natural amno acids ra om1l to 4; by ) it re nmeant the use
of a nono-, di- or polysagcharide t her prdtested or nDdBfied with
adequate protection to 40 03[0 67 PCT/1B03400932 increase

| i pophilicity and/or aseofe C ed?calfetability ﬁi\%he drug-drug conjugate
nol ecul e, for exanple, wit&Sprotective grou S 6 cas esters, acetals,
and silyl derivatives. The definition of X given*fmredi ately above can be
extended to carboxylates and amino acids in the cases where X is directly

bound to the netal as i rc(GOENSKIDURR Witk 3sth&gIaefamgbes depi cted in the next
schene. Leadi ng exanpl es.g. aspirin, flurbiprofen, naproxen, ibuprofen

! !
oc” | >co oc” | >Sx
CcO Co
M = Mn, Re M=Fe, Ru

RC(O)NH = amide of NSAID drug with carboxylate function,
e.g. aspirin, flurbiprofen, naproxen, ibuprofen
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aspirin{ spacer) aspirin{ spacer) I I M1 F? OC \\CO OC \ \X CO CO
aspirin-( spacer) aspirin{ spacer) IOIMOoC \COoc// \"*, - x OCCo 41
WO 03/ 066603865061 BO3/ 00932 20Nc/ O Il 0 OC co R/F CO @CTaeNiRGHE) O =
NSAI D drug with carboxyl ate function, e.g. aspirin, flurbiprofen,
naproxen, ibuprofento OC/ \COROCC/ \~CO C&C/ -CcocC X I I O 1 \CO
OCR X
|
Hi @
N\S/C |
O//\o /Mo
| Ogc/ \>co
F
H
/i\co No /C ’
oc” co r 250
0 Yo
/R
H3
@/\/N/ o @/\/N\/S/C
s " No
| AN \
(0] /M\
Mo oc” | ~co
VOANY
oc’/ \
C/  CO co
M =Mn, Re
/R
Hs
DA~ / OB\
4
| |
Mo
M / R
VRN oC \ /
oc” | Sx H3
Lo oC \/_\N\S/C
7N\
M = Fe, Ru 0" Yo

CH3SO0oNR = anion of nimesulide, or Cox-2 inhibitors, e.g. NS398, L-745,337
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COCO M= M, Re M= Fe, Ru RC(ONH = am de of NSAID drug with carboxyl ate
function, e.g. aspirin, flu fen, naproxen, ibuprofen 42 WO 03/ 066067
PCT/ | BO3/W093@660R7 | H3 S oC
/,CH3 H3S NS\ 1 O \_ \OM OCCR
R

o
s

} NCO F CC H3 OO Cectamsd/pos2R R R
| co NOC// \~'-COCO OC X M= M, Re

/ | ]
= wRe
/F|\°\ O_C—ﬁ

oC Cco CcO

Anticholinergic drugs inter alia Procyclidine derivatives
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N/,,CH3 ;S0 \WOMto R OC-COX OOC/H3 S M= Fe, Ru GikO CH3SO2NR =
ani on of ninesulide, or Cox-2 inhibitors, e. g. NS398, L-745,6337 43 WO

03/ 06606 7WB@3/06@68/ 00932 "NJ rj O-C Mo N oocc ~Cp / F \ POT@BOIRGH32CO CO
Anticholinergic drugs inter alia Procyclidine derivatives 44 W 03/066067
PCT/1B03/00932 - 0 O& NH M OC'/ NCOOO _ o OC\ / H N CH3 OC XCO

(@) !
| =N
Mo 0] o)
o&; 7 \\co | R
N
2 oc’/ \»
NH “cHj, ocC xCO

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

(CH2)
/\/ spacer)— aspirin

0
Fé—Fe € Hz)r<
OC// \“CO R
OC co co®° _ = o-lipoic acid, amide or ester

R iy
\SI\ Sl/ (spacer)——aspmn R——— (spacer)—aspirin
X ]
OC//Fe—F\\CO Coy(CO)g
c lo c|:oC°

Aspirin derived conjugates. R, R = alkyl; X = halide, OR, SR
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Par acet anol derivatives; X = halide, OR, SR (R = alkyl, aryl) O Il OR O
RO O\ M/ R N OC\\WX O\ OCOOCC COO ( 2) spacer)--aspirin /I

OC ---Fe-We 03@h6d571 Ix COR OC CO CO CO = a-lipoic acid, asrdBoxnester R
( spacer)---aspirin S R (spacer)--aspirin T SxI OC/ NCO Co2(CO 6 OC Co

| CO Aspirin derived conjugates. R, R = alkyl; X = halide, OR SR 45 WO

03/ 066067 PCT/ |1 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 CH, and/or aromatic residues, e.g., (CHz),, n = 2, 3, etc.

or (CHz)n' (C6H4)m' CeH5CH2, etc.

46



[ 065] A second group of conpounds bears the bioactive nolecule, e.g.
aspirin, diphosphonate, bound directly to the nmetal, which can be achi eved
i n sever aWodBé@rent manners as schemati zed bel ow for thePcagBoafo93zsone
iron and nol ybdenum cycl opent adi enyl carbonyls, anbong others. The term
"hydrocarbyl chain" is the general nane of a hydrocarbon radical conprising
aliphatic CH2 and/or aromatic residues, e.g., (CH)n, n =2, 3, etc. or
(CH2)n, (C6H4)m Co6H5CH2, etc. 46 WD 03/066067 PCT/1B03/00932 R R MO

ocA\0OO0d/ \OOCOOCCCO ROO M= Fe, Ru M= , Mo, W R ORO Oazn;l\
\WioCo -/ C(fifij§§ \MO P~-OM | OH '\ CO \

| | ;
o T gt

RO
O
M = Fe, Ru M =Cr, Mo, W
R
OR
O

O \ 0O Co

M—0"/ \No—w

ocC (070) oC
co

M = Cr, Mo, W M=Fe, Ru R
R or R' = H, hydrocarbyl chain diphosphonate derivative

' |

OC—n”~ R
OC/T X
H3C,¢- /_———_H
O
_ CH3 -

A derivative of Selegiline; X = halide or weakly coordinating anion
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oOC COM=0C, M, WMFe,Ru R Ror R = H, hydrocarbyl chain

di phosphonate derivative OCR R H3~ OC X - H / | NCH3 A derivative of
Sel egi | i n&p 0X0660bml | de or weakly coordi nati ng anion 47 WBCOABWGGEHOB7
PCT/1B03/00932 / | 2 COoc\o M[N(al kyl)412 ocor"Z (Ac M= Mo, W
Derivative of the antioxidant 3,4-dihydroxi- trans-stilbene O ass 3:
Encapsul at ed supranol ecul ar aggregates nade of CO containing
organonetal lic conpl exes. [066] Controlled delivery of drugs into the
organismis an inportant_ issue, especially ip the case of drugs, which

have undesired toxic efflects i present sysgenmfydaPly or at high | ocal
concentrations. COrelease is ‘9 potenti al
ocC O — .
~Sul IN(alkyl)qT»
FAAN
oc” =
0]

M= Mo, W

Derivative of the antioxidant 3,4-dihydroxi- trans-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 the blood or in specific 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] Cyclodextrins are well known hosts for many drugs and organic
molecules and, recently have been applied to host 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 lipophilic drugs at the skin barrier. [T. Loftsson, M. Masson, Int. J.
Pharm. 2001, 225, 15]. Cyclodextrin mediated supramolecular arrangements

protect organometallic molecules for prolonged time periods and mask their
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probl eminasmuch as it can be toxic at high concentrations (see above). For
certain applications, a slowrelease of COin the blood or in specific
target twedme6063 desirabl e. Encapsul ati on within host neiceaBbr®9othat are
non-toxic is one way to achieve a sustained release of active drugs in the
organism This strategy minimzes the undesired effects that may result
fromabrupt increases in the concentration and/or availability of a
potentially toxic drug. [067] Cyclodextrins are well known hosts for many

drugs and or j: l YA ' h

or ganonet al I'%%%‘%Fyégrﬁ rggv "iciﬁg%ﬂﬂgﬁ\%gg?'%@?{\f'p@éﬁﬁa\?(gsregp%ﬁﬁ%teg%ebﬁilsfﬁéogi cal
barriers or mepbranes. In _this respect cyclodextrin has been und to be
benefi ci al f'?)\f(ﬂgﬂg&é'ﬁﬁaﬁb"fd@rl?w 90816':?’?6&0%1&!0?8 %Pﬂﬁ’é'ﬁﬁg U{\ﬁsré $8 barrier.
[T. Loftsson, M Masson, Int. J. Pharm 2001, 225, 15]. Cyclodextrin

medi at ed supakows, it inside RBr orngyciedexrin porosiedar sirgetnese withithe GO igsoupss f or
prol onged tinme periods and mask their 48 WD 03/066067 PCT/1B03/ 00932

reactivity, fabmigete reaétictamietiinh ARUthe Sr@aic Vigadd bukedim thperivity c Theagent s.
The hydrophobic part of carbonyl conpl exes as those exenplified under

Gass 1 aboygtil tre?ﬂéﬁ&?in%écﬂit YalloWd ﬁggﬁéhensi% of tHB Eé"ﬁr%eséf uct ures,

with the CO group acing the reaction ne m and the orgarc |igands
buried in t cavity.~Ihe resulting reduction in,reactivit | | pws for the
oxt ensi on oftheFAPT i ROTBIeASTRLAPREER Fatdll g B dhed BeBati oni c
and ani oni ¢ gnes. Such charged conpl exes are n8re reactive and | ose CO
faster than @hE9RdeoMplexesre MAreasiyeanedese CPoester thap theReutidld ot her

pol ymeric nanoparticle aggregates are also useful carriers to target the
delivery of @®swheasinpiotectgdnonetal lic

[068] Liposomes and other polymeric nanoparticle aggregates are
also useful carriers to target the delivery of CO-releasing organometallic
complexes and the combined use of cyclodextrins with such aggregates has
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

7

cyclodextrin (»

hydrophobic ligand
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conpl exes and the conbi ned use of cyclodextrins with such aggregates has
been considered as a very promsing possibility for drug release. [D
Duchene, W0 oBossbel , D. Wuessi dj ewe, Adv. Drug Delivery ReT/IBAR®932 36,
29.] Conceptual exanples o COCO o co //co cyclodextrin r hydrophobic
ligand 49 WD 03/066067 PCT/1B03/00932 co OO co aspirin-( spacer OC //CO
hydr ophobi ¢ |igand f3-cyclodextrin [069] The actual exanples cover
organonetal lic nolecules as (C6H6_. XRXYYMCO3 (M= C, M, W;
(CPRS)MCO3X (M= Cr, M, W; (CR5)MLO 2X (M= Fe, Ru); (CPRS)YMCO 2 (M
= Co, Rh) where R represents H, al9ql forcoot her snal | fungbi onal group Iike
met hoxi de, halide, &afilfQpyder Mesopor ou Pials are
chemcally inert three dinensiona gs With infinfle arrays of atons
creating channels and cavities of def/i ned pore sizg. These nol ecul es
gafonetal [ ic no s intheir
ords, (
hydrophobic ligand

are well suited to host organic and
pores. In the presence of biological

R-cyclodextrin

[069] The actual examples cover organometallic molecules as (CgHe.
xRx)M(CO)3; (M = Cr, Mo, W); (CpRs)M(CO):X (M = Cr, Mo, W);
(CpRs)M(CO)X (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 pores. In the presence of biological fluids,
smaller molecules undergoing acid-base and/or 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)
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smal | er nol ecul es under goi ng aci d-base and/or polar interactions with the

i nner walls of the pores slowy displace the included drugs, resulting in a
control | ewodslosanery of the active principle. Such aggregates/iBes/@okeeen
prepared from M1l S materials using organonetallic nolecules |ike those
depi cted under system 1 above. Exanples include MCM 41 (linear tubes) and
MCM 48 (cavities and pores) 50 WO 03/066067 PCT/1B03/00932 Cass 4- CO
cont ai ni ng inorgani c conpl exes bearing |igands cont ai ning N and/or S

donor s t hat é'uqnct as reyer si.ble CO carri ers Léﬂ Cl asgi cal i norgani o
conpl exes be ﬁA n'egl'ngmcmma a5ing|iognds coptaigin

oct ahedr al |Qﬁ\"%" 'dﬁ“ét"k'héﬁﬁfeyﬁrs'Plﬁlgps¢§ﬂr5¢r§1 nd CO nmuch in the
same way as hem)gl obi n. The capacity to bind CO can be "tuned" by the

nat ure of both t H@7fhcClasgichbinanganiteomatexes|hearipglmaenodyclicdigands abO. A
sim | ar behavior has al so been reported for other Fe(ll) conpl exes bearing

| i gands t hatameguatesial planelofrantdrahddral caurdiplation Bphes aeyiaiown that are the
CO acceptor sites in hem)gl obin and other heme containing proteins. In

order to dey r%b@ﬁlﬁg'b‘ilﬁpb@ AGh! 'tlYe??ér‘PnE W8S herddifodint ?hetc‘égﬁcﬂf]td‘on hem c

conpl exes was ¢ nto av0| interference wth the biologi

;r’}ﬁ[ Ire'cﬁ[i Tetgﬁgr%%%gﬁeds & Tpdl R TTHhUR, offitt ?@%E%@?Lf andhdsnes,
almgn)c/)? )r(l: gF :)%i'l(‘)cr“H?I egﬂgttrm‘i%l qg&g%,gqrr%(%%ggay & NRS géergfegag%e?p tJBrol ogi cal

significance |ike imdazole, hystidine, and others. The conpl exes are
soluble in qqgétigﬁl)m@(m;aexes bearing Ilgands that are much simpler than the

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 carriers, heme metabolism, and potential toxicity of heme
or heme-like molecule. The complexes selected bear bidentate N donors
(diamines, diglyoximes) 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 aqueous media.

[072] Inthe examples immediately below, the term pyridines refers to
derivatives of the CsHsN ring (pyridine) bearing alkyl (R), alkoxy (OR), carboxy
(C(O)OR), nitro (NO,), halogen (X), substituents directly bound to the one or
more positions of the C5 carbon ring, e.g. CH3CsHsN, O2NCsHsN. Amino-
thiols refers to compounds bearing both the NH, (amino) and SH (thiol)

functions bound to a hydrocarbon skeleton, e.g. HoNCH>CH2SH, 1,2-
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[072] In the exanples immediately below, the termpyridines refers to
derivatives of the CoSH5N ring (pyridine) bearing al kyl (R), al koxy (OR),
carboxy WOORp&Ey7 nitro (NO2), hal ogen (X), substituents pdirnsetdog3zbound to
the one or nore positions of the C5 carbon ring, e.g. CH3CS5HAN, O2NC5H4N.
Am no- thiols refers to conpounds bearing both the NH2 (am no) and SH
(thiol) functions bound to a hydrocarbon skeleton, e.g. HZNCH2CH2SH, 1, 2
51 WD 03/066067 PCT/ I BOS/ 00932 CoHA(NH2) (OH). A similar definition applies

Funct § on. - Tres TNERARRS X sliler GRplsE s 6 AT, BEBRRY WS am o

acids coordinated in a b| dent ate fashion bx the NH2 and the COO functions
as schemat i caflifynetion istrealacegybydhe 4 (aleehel) untiane ThedsHpraminpagidsg

ei ther alkyl or aryl substituents on the hydrocarbon chain binding the two
N at ons, as réfgisdoawtunally becdrringtsingle amine abiddsaoordinateddnaa bidegtatexi ne.
Diimnes present a simlar structure whereby the OH groups in the

di gl yoxi mes fashionepy theedHbynalthyy CAID faotlonsgisostpematicattx depistean of this
famly of ligands includes also 2,2 -bypiridines, e.g., 2,2'-dipyridyl,

and phenant "GR)dxnﬁfés a%@ﬂbﬂ%t@%&% @arﬁf@’éntﬁérﬁlkﬁ'dfbrﬂs’ﬂbsiﬁu@ﬁ’fs@f‘ L =

N ligand, e.g dazol e, hystidine, nicotine, pyridines co
the hydrocarbon chain binding the two N atoms, as depicted in the first
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

TON aryl aryl
) Ol
N ||_ N N N

HO/ \OH

= aminothiols or cysteine
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CO S\FI N IANNS = amnothiols or cysteine SJ 52 WO 03/066067

PCT/ 1 B03/00932 CO 1.\l Iron macrocyclic conplexes O [;;fco] O M= Cr,
Mo, M, R&olodlesesdi i m nes, gl yoxi nes, am no-al cohols, ampPaatiBondoss2

am noaci ds Class 5- CO containing inorganic conpl exes bearing |igands
containing N and/or S donors that function as reversible CO carriers,

nodi fied by |inkage to other pharmacol ogically inportant nol ecules. [073]
Foll owi ng the lines of thought outlined above for Class 2 conpounds, new
CO carriers of the type described as Cass 4, but nodified by Iinking the
|l igands to other biologically acti VAUI es via an appropriate spacer,
were prepared. 53 WO 03/ 066067 PCT, T{G—E’ 2 Leadi ng exanpl es

AN
N

Iron macrocyclic complexes

010)

M=Cr, Mo, Mn, Re

77N

L L =diimines, glyoximes, amino-alcohols,
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 ligands to other biologically active molecules via an appropriate

spacer, were prepared.
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co a-- spiNI NN NLN L =NIligand, e.g. imdazole, hystidine,
nicotine, pyridines CONI /ONN = diamnes (spacer aspirin N/ | s - S
(spacer) -woaspsabn co co S ~ N S = ami nothiols or cystei ReT/IBOI0IN S~ (
spacer aspirin Cass 6- O ganic substances that rel ease CO either by an
enzymati c process or by decarbonylation. [074] In spite of the fact that
decarbonylation is not a very commpn type of reaction in organic

chem stry, some organic substances are known to |iberate CO upon treatnent
with either as&: aci dsl or radical initiators 54 WD 03/066067

PCT/ | B03/ 00d$22ding examples

CcO | [ aspirin
Py T e
N\F/> N N -
G |
L HO/ OH

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

7N\

1010)
O e m
N I/C N N =diamines
3——(spacer )—aspirin

>
S\
(spacer)——aspirin

N

| /—\

\/Q( spacer )—aspirin

Class 6- Organic substances that release CO either by an enzymatic
process or by decarbonylation.

[074] In spite of the fact that decarbonylation is not a very common
type of reaction in organic chemistry, some organic substances are known to

liberate CO upon treatment with either bases, acids, or radical initiators
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dependi ng on their nature. These substances fall into the foll ow ng groups:
pol yhal onet hanes of the general form CHAXyX 4 (n+y) (X and or X =F, d
Br, 1) twooblaencetic acid, and its salts, organic and iPoPnBeEniog32est ers
and sulfinates thereof, triaryl carboxylic acid, formc acid, oxalic . acid,
a- hydroxyaci ds and a- ketoacids, esters and salts thereof, under acid
conditions; trialkyl and trial koxybenzal dehydes under acid catal ysis;

al i phatic al dehydes with radical initiators, e.g., peroxides or light. For

t he pol yhal oget hapes he val ues—of n varny. | || owi ng way: for
n's bo 2! ARG oo Y HALES TRosd sBOntey Rlilipld 8o RingBrolRs Y, '
=3, y =1 1In the above exanples, the term'salt" pplies to_the ionic
deri vative oPOWVRAIOBEANsR @ BRSETSFIA0H Fin sk otoni X ABAET X et B,
carboxylate, with a main group elenment ion, nanely Na', K Al kyl is the
gener al nanel) ichdoroacetihacidadnd its saits aergahicsnst inorganie esters and shifinates e. g.
nmet hyl, ethyl, propyl, butyl, etc. The al kyl group can be branched or

strai ght chaheredl taryl Tarthsxylie 2eid forditRici, vRalid 8cid, lBydixyadidgandremat i c
ring, e.g., phenyl, tolyl, xylyl, etc. The aryl group will typically have

funoti onal  (ROHGiOS oAl BaRTerdo, fhoiad SolEMBRS siBRITa 100 | D' "
Wil be mot AaIROKRCT YRR (T actledtely afvabrioninE & sififthe "
P- 450 has been shown to be responsible for the liberation of COin vivo.
55 WO 03/ 06608iRtereTe gBdMrowdss or flights] Fartbe elyhalonethanss. henaurmef Rel eases
CO under acid catalysis and is sensitive to the aryl substitution pattern.
Most |ikely and g vasy inlthe follaengovay: 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 group element ion, namely Na®, K*. Alkyl

is the general name given to the radical of an aliphatic hydrocarbon chain,

e.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 to the functional

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

[075] The first two categories produce dichlorocarbene, which, under
physiological conditions, will be metabolized to CO. In the case of

dichloromethane, cytochrome P-450 has been shown to be responsible for

the liberation of CO in vivo.
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the fourth group which includes trialkyl and triaryl substituted al dehydes.
Strong activating groups on the aryl ring favor CO |li beration under acid
condi ti orwo odos@eT nportantly, the radical initiated deconpaIiiBixwozy

al i phati c al dehydes, induced by peroxides or |ight, produces CO under very
mld conditions. The value of "n", the nunber of substituents (alkyl,

aryl, al koxy, aryloxy) on the aromatic ring, can vary fromO to 5,
preferabl y 1, 2, or 3. 56 WD 03/066067 PCT/1B03/00932 Leading exanples C o

S et <G Tt bl o i ety
H RR R= alé< P/s sensmve tol%he aryl sult:\))SNuF on patt'él\rn Most likely this is also true for
the fourth group which includes trialkyl and triaryl substituted aldehydes.
Strong activating groups on the aryl ring favor CO liberation under acid
conditions. More importantly, 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 O to 5, preferably 1, 2, or 3.
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H<OH CG\OR R, R =H alkyl, perfluoroal kyl 57 WD 03/ 066067
PCT/ 1 B03/ 00932 d ass 7- Encapsul ated organi c substances that release CO
ei t her byweris/emsymati c process or by decarbonyl ati on. [ OPCl/IBoE/®93ySt em
conprises the sane nol ecul es descri bed under Cass 6, but includes their
encapsul ation in host-guest supernol ecules, |iposones, cyclodextrins, and
other polyneric materials that are able to produce nanoencapsul ated drug
delivery vectors. [078] Properties of the conpounds of the inventions are
eval uat ed by t hods known by the one skilled in the art. For exanple,
anti-inflann%ﬁ%ﬁk‘ F can be deternined by the method described by
Wnter et al. (Proc Soc Exp. Biol. Med. 111, 544, 1962) or by Patrono et
al. (Thrombosis Res. 17, 317, 1980). Drug formulations [079] Conpounds
useful in the practice of this invention can be fornulated into
pharnaceutrcalcgonposr ons togéQCer mrph phar eutiEally accept abl e
carriers for adq& i strat d or g or for

i ntravenous, |n//anusc éa bmm?fgneo g Eﬁ t opi ca

adm nistratiorcl” Carriersfor o applrc%ﬁ'qon@ preferred. [ 080]

Phar maceutical |y acceptable carriers for oral admnistration include
capsul es, tablets, pills, powders, troches, and granules. In the case of
solid dosage fornms, the carrier Ream, atkghrarge at | east one inert dil uent
such as sucrose, lactose or starch. Such carriers can also conprise, as is
nor mal

R, R' = alkyl

N A N

/
H—B—C_ K, RsN—/B—C<
H H
R, R'=H, alkyl, perfluoroalkyl
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practice, additional substances other than diluents, e.g. lubricating
agents 58 WO 03/066067 PCT/1B03/00932 such as magnesi um stearate. In the
case of cwpaale®s7tabl ets, troches and pills, the carri ePCTaBoo9s
conprise buffering agents. Carriers, such as tablets, pills and granules,
can be prepared with enteric coatings on the surfaces of the tablets,
pills or granules. Alternatively, the enteric coated conpounds can be
pressed into tablets, pills, or granules. Pharmaceutically acceptable

carriers include Jiguid dqgs forns for.,oral admnjstr on,, e..0.
ool St ons. éfés&t*.-olﬁgea%ﬂgg Pm@z'cggﬁfis@mﬁa'ﬂrﬂw% S A
dil uents corRRFYN)ati¢pracess ofbydecarbppylationsi er . Besi des such i nert

di luents, conpositions can also include adjuvants, such as wetting agents,
emul si fyi ng and d0€gEnbhiagystege aomprigesithawamemelgeules described ugdet s. [ 081]
Pharmaceutically acceptable carriers for topical admnistration include
DVBO, al cohaClass 6pbapirichidesghgic @ncapsllatien in hestiguest saperbwlesgiésyed w th
pat ches or other liquid retaining material to hold the medi canment in place

on the skin.|jgRyntRDcpaeaestriRgsSal Qﬂheﬁ?ﬂgﬁ%ﬂd mbRTials R ardaBRel ates  and
the like are al so considered conveni en or the protection of the active

principle aﬁngPhée %HW‘?Q‘%@E‘F?{&&‘?@@?@{&?&%&&Q specific tissues. [082]

Phar mnaceut i y accep ravenous adm nistration

i ncl ude sol ution tainin maceutical |l y.acceptabl e salt or, .sugars.
10831 Phar maceut RAB] yPtapeRhEr) BEERMHauAs 155 FBLbA ardeValuata )
subcut aneous injection include salts, oils, or sugars. [084] Wen used in
its acid formpthedsdiswimby 8ie ene skiiled inthe #it.eRPT 8¥amMple, 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
administration. Carriers for oral application are preferred.

[080] Pharmaceutically 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 such as
sucrose, lactose or starch. Such carriers can also comprise, as is normal

practice, additional substances other than diluents, e.g. lubricating agents
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can be enployed in the formof a pharmaceutically acceptable salt of the
acid. 59 WD 03/066067 PCT/1B03/00932 Carriers such as solvents, water,
buf f ers, wbleamedos7 cycl odextrins and aral kanols can be ued/B@/dves2
auxiliary, non-toxic agents may be included, for exanple, polyethylene
glycols or wetting agents. [085] The pharnmaceutically acceptable carriers
and conpounds described in the present invention are fornulated into unit
dosage forns for admnistration to the patients. The dosage | evel s of

active ingredients (i.e.. compoynd f the esent ipvention). in the unit
dosage My LIS BRIDEsaT SEETE: dn e oSkl APaen ok, FEpetbAt ¢ ha
Is effective to achieve a therapeutic effect in accordance with the desired
met hod of advilisitBe cariescan atsr campase byfferaa geentsy bawiges. sushasiablats,
depends upon the nature of the active ingredient, the route of

adni ni st r at i pils and gramedes|esan lpel prepased withagntetic ceatingston the slefdaesdf t he
unit dosage can be such that the daily requirenent for an active conpound

is in one dagetaBletslipiisdsrgrannies. Mierhativelyd @se enferic coated bompbahdseane. g.
two to four times per day. [086] Preferably, the conpounds are adm nistered

f %‘?" 2 or ocortie,rissed 1A (BERLE IR o QAmuliey S artlgc puR G R B  Thad 1
T A B A S
finding st RAlgtions, SHSPENSIPNS. ISyryRs @{H) géﬁrsbgpm%a@r'aﬁ%ﬁusﬂts cornmonly

car boxyhenogl obin (COHb) levels in_the blood. Methods for the nmeasurenent
of COHb | evelised in tha@rt, 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 administration
include DMSO, alcohol or propylene glycol and the like that can be employed
with patches or other liquid retaining material to hold the medicament 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] Pharmaceutically acceptable carriers for intravenous
administration include solutions containing pharmaceuﬂcally acceptable salts
or sugars.

[083] Pharmaceutically acceptable carriers for intramuscular or
subcutaneous injection include salts, oils, or sugars.

[084] When used in its acid form, a compound of the present invention

can be employed in the form of a pharmaceutically acceptable salt of the acid.
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bl ood are well known and are being used on a regular basis in diagnostic 60
WO 03/ 066067 PCT/1B03/00932 | aboratories. In normal healthy humans COHb

| evel s arwoaboedosD. 5% i n  heal t hy nonsnokers and up to 9%PCh/IBoAN0E3S.
Preferred dose |l evels of the conpounds described in the present invention
are such that no significant rise in COHb |levels is observed. However, in
sone applications a transient rise in COHb levels up to 10% nay be
tolerated. This level of COHb is not associated with any synptons. [087]
Conpounds |n Cl asses and [ dm n r n a d sage. rangi ng between
5 and 25 motPU&S ﬁﬂﬁ%ﬁalsﬁﬁ’egis LTTSP @}?qupés&c %&5‘? conpound
and its nolar CO content. The sane ran of dosage of the CO contai ni ng
mol ecul e i s agianels ¢ bejused. @@%@%Eﬁﬂ neRrtoxis ppents may hedaeludedi n
classes 2 and 5, the dose can vary froma |lower 120 ng/day up to 10 g/ day
with preferrfedexamm palyathgenaglyeolsf oriwettidgyageots.adul t s. These are

I ndi cative val ues dependent on the nature of the CO carrier nolecul ar

fragment and conpogsn The pharmiscslticaing (Eftgbleetfamnsranao@@ﬁﬁoum t he
pol yhal onet hane and sim | ar conpounds in ass 6, e.g., dichloronethane,

the dose ra&%gY@émltlﬁ’fB&%ﬁt Qrv@ﬁtuér?aﬂé)fdi‘?ﬁylé&é& it6'u acgpbﬁoﬁg?&ferrEd

dose | evel e sane range o osage o ve principle is

T Pustrat th%‘?ﬁﬁ@?ﬂé@ﬁrﬁ%‘*ﬁ%‘%ﬂgiﬁs okt B85 FhachiE Eekedntsiibh are

illustrative onl 03/066Q67 PCT/ | BQO3/ 009
compgunds ofV\ﬁe presentolnventlong !n t(l)"le unit gosage may be varied so as

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 desired 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 multiple 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 will 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 inflammatAion, some of the CO
generated will bind to hemoglobin in red blood cells. Thus, dose finding
studies will initially be guided by measurement of carboxyhemoglobin (COHDb)
levels in the blood. Methods for the measurement of COHb levels in the
blood are well known and are being used on a regular basis in diagnostic
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COH3 CO-MCOCO 34 /0 M OCH3 70--/ co--
OC COSH

6 ,
WO 03/066067 PCT/IB03/00932

laboratories. In normal healthy humans COHb levels are about 0.5% in
healthy nonsmokers and up to 9% in smokers. Preferred dose levels of the
compounds described in the present invention are such that no significant rise
in COHD 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.g., dichloromethane,
the dose range varies between 0.01 to 10 mmol/kg per os, with a preferred
dose level of 0.1 mmol/kg'. The same range of dosage of active principle is
applied in the Class 7 compounds.

[088] The present invention is further illustrated by the examples

depicted in the following scheme, which are illustrative only.
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Fe --1(C 0 OCCR OH3 H3CO8 7 C O 0CO 09 62 W 03/066067

PCT/ 1 B0O3/ 00932 EXAMPLE 1 Preparation of the sugar derivatized

cycl opentwaioaesobi gand 1 [089] To a solution of CpNa (2. 2Cg/B&40332mol ) in
DMF (8 M) was added a solution of the protected sugar (3.7 g, 8.1 mmol)
in DVF (20 M) at - 30 C The reaction m xture was stirred at | ow
tenperature for 15 mn and then was allowed to warmup to roomtenperature
and stirred for a further 2 h. Destilled water (40 mM) was added to the

m xture to destroy the excess of CpNa. The mi xture was extracted with

di chl or onet hane (2x and the, organic |ayer was dri w th Na2SO4 and
DMF was evapor at ed under e residue was puriffyed by col umm
chromat ography on silica / n-hexane 1:8) to gige e tittle compound
1 as ayellowoil. Yield g ( . Since several iso \\af-ﬁtpresent, t he
conpound was best charac1t erize nd stabili transfo tioninto its
TI+ salt by action of TIOC2HS5 or the Na+ saltyby action of NaH The ionic
derivative of cyclopentadiene 1 as the Tl+ sait, hereby abbreviated as
CpSTl, was easily o7V

ri/ 2

v >
e T
co”]$o <
Mn oc €O Hs

ot \| ™ | OCHs

/ — CO/)A \%I

0—‘\ o¢ ¢o

cO
OC\N! /CO
H
OC/| co H y N o (0] 0
s \ / _é
/F\ Hs
oC O
0 CO

HaCO
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obtained in analyticaly pure form Anal. Calc. For Cl9H31SIi A4T1l: C 41.12;

H 5.41. Found: C, 40.71; H 5.29 [090] Fromthe cycl opentadiene |igand 1,
ot her C awe 0k/06@yT| opent adi enyl conpl exes beari ng sugar sw®oItiBOM@HI2S on t he
ring are prepared by standard organonetal lic procedures as in Exanple 2
bel ow for a xylose-protected derivative. [091] Fromthe anion of the

cycl opent adi ene derivative 1, hereby abbreviated to CpS, prepared either
as the Tl + salt by action of TIOC2H5 or as 63 WD 03/ 066067 PCT/1B03/ 00932
the Na+ salt by action of NaH, a w dEéWFhlgé of Class 1 cycl opentadi enyl
conpl exes bearing sugar substituents ring are prepared by standard
organonetal |ic procedures as in Exanple 3 bel ow. EXAVPLE 2 Preparation of
Conpound 2 [092] TBrepasatien phihecsugas dedyatizedvescloramtadigne figand ol ) i n
toluene (20 m) was added a solution of CpSH (0.4 g, 1.14 mmol) in tol uene
(20 M) at room [088peTarwotutionef Cplda (2.Qrg,84x3 mreolvirs DMF (8 ed) vas 2 h and
the orange solution was filtered through Celite. The filtrate was

concentrat edaddbdjé)éaﬁﬁlén oailwe Fteétedistigar (13 gligsealmEylin DME ytet hane
(50 m). Solid CH 3 (0.37 g, b )V\sggagi%e to the glchlorgzryethane

sol ution and | our j.nmedi at el ed to,a deep red. .The reaction
m xture was %cﬁbgr efr@,ac '?U?'mé?“éésh‘frﬁgt% lo‘@ﬁ%'ﬂpgr¥5rﬁpf%ét1£dﬂ'n0¢”
reaction and the solvent was renoved under vacuum The title corrpound 3
was i sol at edhgs wag allpweyd tocawarm alpctoregm) temmesature egf stiredfora fwthend o7 S |
C, 40.13; H 4.75. Found: C, 39.84; H, 4.45.

h. Destilled water (40 ml) was added to the mixture to destroy the excess of

CpNa. The mixture was extracted with dichloromethane (2x100 ml) and the
organic layer was dried with Na2SO4 and DMF was evaporated under
vacuum. The residue was purified by columm chromatography on silica
(AcOEt/n-hexane 1:8) to give the tittle 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
obtained in analyticaly pure form. Anal. Calc. For C1gH31SiO4TI: C,41.12; H,
5.41. Found: C, 40.71; H, 5.29

[090] From the cyclopentadiene ligand 1, other Class 1
cyclopentadienyl complexes bearing sugar substituents on the ring are
prepared by standard organometallic procedures as in Example 2 below for a
xylose-protected derivative.

[091] From the anion of the cyclopentadiene derivative 1, hereby

abbreviated to CpS, prepared either as the TI" salt by action of TIOC,Hs or as
63



Selected IR (KBr, cm1): 2039, 1963, 1884, vs, v(CO,; EXAMPLE 3
Preparation of Conpound 3 [093] Solid MiBr(CO5 (0.14 g, 0.54 mmol ) was
added as woodlb@éto a stirred solution of CpSTI (0.3 g, @CFABodwbI2 in THE
(40 m) at room tenperature. The reaction mxture was stirred for 16 h and
t he solvent was 64 WO 03/066067 PCT/1B03/00932 renoved under vacuum The
resi due was extracted in dichloronethane to yield the title conpound 2 as
a waxy yellow solid. Yield g (73%. Anal. Calc. for 022H31 MhO7Si . C,

53.98; H 6.32., Fou C, .53. 1 2019,
1928, vs, (%Q)N %élﬁﬂﬁbtlpn Qeléﬁgrﬁt"wgﬁ"af'e&o%ﬁﬁw&y {qﬂ"’c’f‘r&}lozorret hane

(20 M) was added to a m xture of & H5) Mo( CO) 3CI (0.40g, 1.42 mol) and
si | ver sal t GImplexes bgadng syaarsybstituerdspa the ring age piemzemhmtaamdt he
reaction m xture was stirred for 2 h. at room tenperature. The white

preci pi t at e arfgaAgDietaltic pemeduraseals yExamplead belowand the filtrate was
concentrated to dryness to yield conpound 4 in 85%vyield (0.51 g). Anal.
Calc. for C17H1207Mb: C, 48.12; H, 2eRAMPicEnd: C, 47.90; H, 2.76. EXAWPLE
5 Preparation of the aspirin derivatized cycl opentadi enyl ligand 5 [095]
To a m xture of CpTl (1g, 3.71 mol) and acetylsalicyloyl <chloride (0.73
g, 3.71 mol) tol uene was adde(?"? afipn of P 2 on mi xture was strirred

overnight at roomtenperature. The solution was filtered through
[092] To a solution of Mo(CO)3;(NCMe)s ( 0.4 g, 1.14 mmol) in toluene

(20 ml) was added a solution 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 filtrate 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 was 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)s (0.14 g, 0.54 mmol) was added as a solid to a

stirred solution of Cp°Tl (0.3 g, 0.54 mmol) in THF (40 ml) at room

temperature. The reaction mixture was stirred for 16 h and the solvent was
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celite and the filtrate was concentrated to dryness to yield the

cycl opentadi ene derivatized with aspirin as a white solid in 82%yield
(0.69 g).wbBimpesoseveral isomers are present the conpoundPCI/IBe&x10932
characterized as its Tl derivative. This is prepared by dissolving the
conpound in tetrahydrofuran (30 m) 65 WD 03/066067 PCT/I1B03/00932
treating it with TIOC2H5. A yellow precipitate of 5" as the Tl salt was

i medi ately formed in 77% yield. [096] From 5TI or its Na anal ogs, prepared

by repl acenment of varie corrp nds ¢ be made,
ising ot r i GHRNGALILE SPEH B TER résﬁmﬁﬁmyr@ 'ﬂeaéf‘ OioRRINERALR n t he
aspirin bound to the cycl opentadi enyl ring E 6 Prepar ation of
Conpound 6 [Yei thpailiargomagund) & &5 a(\aa&egelloyv g@ldm%!ejd 843 Yeaphuaioia)q. Na
(0.28g; 1.90 mmol ) are dissolved in 20 nL THE each. The 2 solutions are
m xed in a rfeaCobbgMh@38i:a0,b3.88] Hxe82oFeumd:dht53.58; Hp6r1$) . SdlbeteddR ow
brown solution is evaporat ed under vacuum and an oily residue is obtained.
This is tre dWI- 8£ ther m. distilled water and 0.1 nlL acetic
acid. After ' 1’2 9 né’s "of CCl4 are added and the col our of
t he emul si on turns to red. The mxture is stirred for further 20 mn and
the ether phase is separated. The renai ni ng agueous phase is extracted
with ehter (5 x 20 nL). The ether extracts are conbi ned and evapor at ed
under vacuum The red residue is redXédPied in 20 nL of acetone, then
some active charcoal and anhydrous Na2SO4 are added. The mXxture is
stirred for 30 mn and then Preparation of Compound 4
[094] Dichloromethane (20 ml) was added to a mixture of

(CsHs5)Mo(CO)3Cl (0.40g, 1.42 mmol) and silver salt 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 compound 4 in 85% yield (0.51q).

Anal. Calc. for C47H120;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 CpTl (1g, 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
celite and the filtrate was concentrated to dryness to yield the cyclopentadiene
derivatized with aspirin as a white solid in 82% yield (0.69 g). Since several
isomers are present the compound is best characterized as its Tl derivative.

This is prepared by dissolving the compound in tetrahydrofuran (30 ml)
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filtered wwth a canula. The red filtrate is evaporated to dryness and
washed w th cold hexane. Yield (based on [ Me4N [ Mo(CO 51]): 41 % Anal.

Cal c. forwo@3OsE MDO6 (338.56): C 35.48; H 2.08. Found: @C3IaB&300931 2. 50.
Sel ected 66 WO 03/ 066067 PCT/1B03/00932 | R (KBr /cm1): v = 2058 (s),
1961 (s), 1974 (s), 1856 (w), 1725 (s), '"HNMR (CDCI3, 300 MHz, r.t): 8 =
6.04-6.02 (m 2H, Cp-H3,4 ); 5.74-5.69 (m 2H, Cp- H1,5); 3.83 (s, 3H,
HcoocH3) EXAMPLE 7 Preparation of Conpound 7 [098] The sodium salt

NaSC6H4C( O was, pr.e d,in,the followng way: .o 6 of
scot( O A BadESE T T e A sy FrePRalicRns Fshs Theavadhe pai e
yel | ow sol ution was cooled to_-10C and NaH (0.290 g; 95% pure, 1

equi val ent ) isgrdiateholarined R 7% Yieltke turned into a bright yell ow
suspensi on fromwhich a yellow solid precipitated within a few mnutes..
After 1 hr. the {096} fromaSTEoritsoNatandlcgsd ptépared hyaeplasemenéofiri ed under
vacuum (quantitative yield). NaSC6H4C(O Owe (0.384 g; 2.017 mmol) was

charged int on@c% RhEIKNAMDE vadiet) dftdontEdurids) cardse thadBhasingl | ow suspensi on
was cooled to 0C, and M(CO5Br (0.554g; 2.017 nmmol) was added slowy in

the solid statniiard ﬁfb‘gtvdo%éﬁﬁiéEHEﬁ\imﬁqﬁlhﬁgg%%@gin%@%

progressively cane ye tirring 18 hours at r.t.

after which ting .t ar jon was filtered off. The orange
sol ution wa&oé’(g'glt8gﬁ§tcya§gg"?rsﬁjgé§m§ |1 amount of an inpurity
precipitated. This was filtered off and the solution evaporated to
dryness, yielding [ Mhi(CO 5(SC6HAC(O Ove] in 80% vyield.

EXAMPLE 6
Preparation of Compound 6

[097] [BusN][Mo(CO)sl] (0.96g; 1.60 mmol) and [Cp(COOMe)]Na
(0.28g; 1.90 mmol) are dissolved in 20 mL THF each. The 2 solutions are
mixed in a reaction flask and refluxed overnight (18 hours). The yellow brown
solution is evaporated under vacuum 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 CCl, 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 combined and evaporated under vacuum. The red
residue is redissolved in 20 mL of acetone, then some active charcoal and
anhydrous Na,SQO, are added. The mixture is stirred for 30 min and then
filtered with a canula. The red filtrate is evaporated to dryness and washed
with cold hexane. Yield (based on [Me4sN][Mo(CO)sl]): 41%. Anal. Calc. for

C4oH7CIMoO5 (338.56): C 35.48; H 2.08. Found: C 35.83; H 2.50. Selected
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Anal. Calc for C13H/MWO/S : C, 43.11; H 1.95; S, 8.85. Found: C, 42.87; H,
1.84; S, 8.26. Selected IR (KBr, cm1): 2046 (m, 1994 (s), 1928 (s) 1904
(s); 67 Woom3/0666067 PCT/IB03/00932 1708 (m. 1 H NVR (aeetranes/@s832 300
MHz): 8.53 (d,1 H,3J = 7.8Hz, SCH); 7.40-7.31 (m2H, C6H4); 7.21 (dd, 1 H,
C6H4); 3.96 (s, 3H, CH3) EXAVMPLE 8 Preparation of Conpound 8 [099] A

sol ution of acetylsalicyoyl chloride (1.1g; 1.1 equivalent) in

di chl oronet hane (15 nL) was added dropwi se to a sol ution of

trans, trans-2, 4- hexadi ene-1-0ol (0.574 qg; | sg.i.n di,chl or omet hane
(15" " and R (el B o058 by To6T G194 59 RS Mie 25ulsh  FHVE T 1
the m xture was evaporated to dryness. The residue was taken up in ethyl
acet at e and (CDClsa300=MH4, trl): det 6104-G.02 (o7, @hiCp-pha 3. ¥ab5.69 (md2By &p-sodi um
sulfate, filtered and evaporated to dryness. The crude product was
purified by ;qu)g@j% (Sbgpnmcggﬁ%}y_hy usi ng et hyl acetate/n-hexane (1:5) as
eluent. After " ‘evaporation, the trans,trans-2, 4-hexadi ene-1-oxi ester of
the acetylsalicylic acid was obtained as an oil (0.999; 75%yvyield). 1H
(Cba 3; 300 MHz): 7.95 (d,1 HJ =7.8 Hz, Harom; 7.49-7.44 (m 1 H,
Harom; 7.22 (t,1 HJ =7.5 Hz, J =_7, Ig,—iz% Haron); 7.01 (d, 1 H, =
Hz, Harom): 6.28-6.20 (m 1 H, H dEéﬁ‘Bd;L 799 (t, 1 H J = 14.4 Hz, J
11.4 Hz, Hdiene); 5.76-5.58 (m2H, H diene); 4.71 (d, 2H, J = 6.6 Hz,
CH2): 2.24 (s, 3H CH3OAc); 1. 6&veparatigpiof ompaging! 1z, CH3). [0100] A
solution of this diene ester (0.4g; 1.54 mol), M3NO (0.3 g; 2

equi val ent s) and [BE8ICOe s¢adiath sdlt NaSEgHiLOED ¢ was didaredsinstherred at r.t.

VR

N
8.1

following way: to 1.66mL of HSCsH4C(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 yellow solid precipitated within a few
minutes.. After 1 hr. the solvent was evaporated and the powder residue dried
under vacuum (quantitative yield).

NaSCeH,C(O)OMe (0.384 g; 2.017 mmol) was charged into a schienk tube
and THF (30 mL) added. The yellow suspension was cooled to 0°C, and
Mn(CO)sBr (0.554g; 2.017 mmol) was added slowly in the solid state. The
reaction mixture immediately turned 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 and a
small amount of an impurity precipitated. This was filtered off and the solution
evaporated to dryness, yielding [Mn(CO)s(SCsH4C(O)OMe] in 80% vyield.

Anal. Calc for C13H7MnO7S : C, 43.11; H, 1.95; S, 8.85. Found: C, 42.87; H,

1.84; S, 8.26. Selected IR (KBr, cm’! ): 2046 (M), 1994 (s), 1928 (s)1904 (s);
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overnight. The resulting m xture was filtered, and evaporated to dryness to
68 WD 03/066067 PCT/1B03/00932 give a dark red oil of conmpound 8 (0.39g;
62% yei | dwo BB6qokBr pellet, cm1l): 2046 (s), 1954 (s), 1928/1863009%770 (s),
1722 (s). 1H NWR (CD3OD); 300 MHz): 7.94-7.91 (m1 H Harom,; 7.58-7.52
(m 1 H Harom; 7.32-7.27 (m 1 H H arom; 7.09-7.07 (m 1 H, Harom;
6.30-6.25 (m 1 H Hdiene); 6.04-6.01 (m 1 H Hdiene); 5 77-5.62 (m
2H, H diene); 4.69 (d, 2H, J = 6.0 Hz, CH2); 2.20 (s, 3H, CH3QAc); 1.70

{0101 A sor TR AN EHARE: 0" DY 4 8348y <HoRa BE e 5 i)

was treated with a sol ution of C%*ND(CO)SCI (0.42 1.20 mmol ) in CH2C 2
(8 m) and tHa0n.-&1 (el &stakit? S (dd, 1163, GoHhy); 3&\9@é$,g%'\té-‘d'&aati on of the
CH2Cl 2 and addition of ethanol (4 m), the mxture was stirred for 12 hat
room tenperature. The suspension was filtered and the pale red powder
washed several tines with CH2Cl 2, water and vacuumdried. Yield: 80%
[0102] In summary, various effects OEXBNPE® been denonstrated, however,
t he ways the anmount of CO can be increased in the body remain |imted.
Thus, this invention includes i | o alleviate this

probl em One enbodi nent is di rﬁ?gé tlgﬁa@??gjw yrﬁjo adm ni stration of CO

oy eans o e RRE AU Y sl SRR i el RAEF

s any - conpbtilarReAzenS bl wet gfel dEpuise tRysgulolsStirans fans 2 A

anti-nfl amrr?éxgr |enaeq$-n(;[l '(0.574 g; 5.1 mmol) also in dichlbromethane (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 organic 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 (t,1H,J =7.5
Hz, J = 7.5 Hz, Harom); 7.01 (d, 1H, J = 8.1 Hz, H arom); 6.28-6.20 (m, 1H, H
diene); 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 = 6.6 Hz, CH>); 2.24 (s, 3H, CH30Ac); 1.69 (d, 3H, J =
6.6 Hz, CHj).

[0100] A solution of this diene ester (0.4g; 1.54 mmol), Me3NO (0.3 g; 2

equivalents) and Fe(CO)s (0.20 mL; 1 equivalent) in THF was stirred at r.t.

overnight. The resulting mixture was filtered, and evaporated to dryness to
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69 WO 03/ 066067 PCT/1B03/00932 However, releasing of CO may be used for

ot her indications. Anong the conpounds of the invention, all are not

al ready kwown/066bbhe new conpounds i nclude those conpri si n@crasmp/@ges | i nked
to anot her pharnmacologically inportant nolecule (Classes 2 and 5). 70 WO
03/ 066067 PCT/1B03/00932 WHAT IS CLAIMED IS 1. A nethod for preventing
and/or treating a disease in a mammal, wherein said nethod conprises the
step of adm nistering to said manmal a conpound having the ability to

Craim 1, whFA @a&?ée@%ﬂﬂiﬁﬁﬁ%i@ 8 @*iéi‘a%ﬂ%&s@ @%i?&rﬁran%fhe %“O?hgf

met hod of claim 2, wherein sai nj;) is selegcted from
cont ai ni ng o?%(ﬁ"}ei%ﬂ (20, tHB( %)xé?; 0 (9@1 4522 {5). "d:@'\é%r(pgsﬁﬂmgwo MHZ)

organonetallic conplex linked to at | east another pharmacol ogically

i nport ant nol.84ti.81 (10, Hd sHArom3upb8rH52 (ml, éHabtaregyt éS27a.2€ (mof1 HOBY

contai ning organonetal lic conplexes. Cass 4 - CO containing inorganic

conpl exes begonig 7/0992.0Fnt; O, & ardrg); 6. 30:8/28 (%, 1H, H diene); 6.04-6.01 (m,
1H, H diene); 5.77-5.62 (m, 2H, H diene); 4.69 (d, 2H, J = 6.0 Hz, CH,); 2.20

(s, 3H, CH30Ac); 1.70 (d, 3H, J = 6.0 Hz, CH3).

EXAMPLE 9
Preparation of B-CD/Cp*Mo(CO);Cl 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)3Cl (0.42 g, 1.20 mmol) in
CH2Cl2 (8 ml) and the mixture kept at 60 °C for 6 h. After evaporation of the
CH,CI, and addition of ethanol (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 CH2Cl, water and vacuum dried. Yield: 80%

[0102] In summary, various effects of CO have been demonstrated,
however, 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
comprise CO (Classes 1, 2, 3, 4, and 5) or because they are able to generate
CO (classes 6 and 7). The preferred use of these compounds (that is any

compound having the ability to release CO) is as an anti-inflammatory agent.
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donors that function as reversible CO carriers. Cass 5 - CO containing

i norgani ¢ conpl ex bearing ligands, containing N and/or S donors that
function we wev@ssi bl e CO carriers, linked to at | east amarhB03/00932

phar macol ogi cal ly inportant nolecule. 4. The nmethod of claim1, wherein

sai d conmpound conprises a noiety having the ability to generate COin
vivo. 71 WO 03/066067 PCT/1B03/00932 5. The nethod of claim4, wherein said
conmpound is selected from Cass 6 - Organic substances that rel ease CO

either by an,enzymatic _proc r..b ecarb lation. Class 7 - Organic
subst ances (HANeYEY s8BaShERIro eyl uSRA RO Piiligos ARiprig,ine

decar bonyl ation. 6. The nethod of claim1l, wherein said conpound having
ability to ¢npadrdsef heipyerdion, all arepst algeady knavexsil Ag New e)Pawrds
carrier and/or a second pharmaceutically inportant nolecule. 7. The net hod
of claim6, imbkideithosaicdmpasingdophplexes bukdd:tal anothémpharmacolagidallyul e i s an
anti-inflamatory agent. 8. The nethod of claim?7, wherein said

anti -i nf | ammipdporiantasolécule (Crassigs Ramdy§enase i nhibitor or a

phosphodi esterase inhibitor. 9. The nethod of claim8, wherein said

cycl ooxygenase inhibitor is selected in the group conprising aspirin,

ni mesul i de, and napr oxen.
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10. The method of claim®6, wherein said second pharmaceutically inportant
nol ecul e i s a bi phosphonate or bi phosphonate derivative. 11. The nethod of
claiml, woasesdwesai d di sease is an inflammatory diseasepca/idiz@aze wWth a
strong inflanmmatory conponent, asthma, injury, infarction, a circulatory
di sease. 72 WD 03/ 066067 PCT/1B03/00932 12. The nethod of claim®6, wherein
said disease with a strong inflammtory conponent is atherosclerosis,
stroke, coronary disease, and Al zheiners disease. 13. The nethod of claim
6, wherein sgjd. infl disease is a chronic inflammtory di sease
such as rhe Mm 14. The nmethod of claim1l, wherein said
manmal is a human, 15. A conpound for preventing and/or treating a di sease
in a mnmmal wherkin sAireetheddelp@veating aad/sptrepting edliseasaisa mammali vo by
spont aneous or netabolic process and conprises at |least a COrel easing

nmoi ety and awhersimdaidmaethmdecamprisdsthergiep ohadmiristedng ¢o saigl. mamealeapound
of claim9, wherein said conpound further conprises an appropriate spacer
l'inking sai Cb&ﬁbomcﬁnai/ingr the asllYy B éleaiedCOSA b SpGMansols 6al | y

i nportant nol ecule. 17 he conpound of claim9, wherein said second

phar maceut i Cﬁbkébdliﬁ)%é . nolecule is a drug carrier or a drug. 18. The
conpound of clarm 11, e

rein the drug is an anti- inflammtory agent. 19.
The conpound of claim 12, wherein said anti-inflamatory

2. The method of claim 1, wherein said compound comprises a

moiety containing CO.
3. The method of claim 2, wherein said compound is selected from:
Class 1 - CO containing organometallic
complexes.
Class 2 - CO containing organometallic
complex linked to at least another

pharmacologically important molecule.

Class 3 - Supramolecule aggregates made
of CO containing organometallic complexes.

Class 4 - CO containing inorganic
complexes bearing ligands containing N and/or S
donors that function as reversible CO carriers.

Class 5 - CO containing inorganic complex
bearing ligands, containing N and/or S donors that

function as reversible CO carriers, linked to at least
another pharmacologically important molecule.

4. The method of claim 1, wherein said compound comprises a

moiety having the ability to generate CO in vivo.
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agent is a cycl ooxygenase inhibitor or a phosphodi esterase inhibitor. 73 WO
03/ 066067 PCT/1B03/00932 20. The conmpound of claim 13, wherein said

cycl ooxygwoasmedonhi bitor is selected in the group conpri siPeg/IRE3003N,

ni mesul i de, and naproxen. 21. The conpound of claim 11, wherein said drug

is a biphosphonate or bi phosphonate derivative. 22. The conmpound of claim

9, wherein said COreleasing noiety is an organonetallic conplex. 23. The

conmpound of claim9, wherein said COreleasing noiety is an inorganic

conplex. 24. Ac ou for preventing and/aor treating infla tqr, )
di seases, wherei r’'sai d Wﬁ&fﬁf@amgv Wgﬁfﬁmﬁa' ‘forﬁp(gi"?ff@. Seggaeﬁfyom-
phar maceuti cal conposition, wherein said conposition conprises the

conmpound of claim9. 26. The pharmaceutical conposition of claim17,
wherein said conposition i&lapse -JPEAR suRptancrsoihat releaseg i nfl ammatory

di seases or disease \#Oreithesby@nenzymatieRrosess eobbyponent, asthma, injury,
infarction, a circul atdeocarbeohyiaticse. 27. The pharnmaceutical conposition of
claim8, wherein said inflammatory disease is a chronic inflamatory
di sease such as rheunat oi d Clas$ [fr4 Ofganid Sub¥aAGEOHE0 feled¥el/ | BO3/ 00932

CO either by an enzymatic process or by

decarbonylation.

6. The method of claim 1, wherein said compound having ability to
release CO comprises at least a CO-releasing moiety and a carrier and/or a

second pharmaceutically important molecule.

7. The method of claim 6, wherein said second pharmaceutically

important molecule is an anti-inflammatory agent.

8. The method of claim 7, wherein said anti-inflammatory agent is

a cyclooxygenase inhibitor or a phosphodiesterase inhibitor.

9. The method of claim 8, wherein said cyclooxygenase inhibitor is

selected in the group comprising aspirin, nimesulide, and naproxen.

10. The method of claim 6, wherein said second pharmaceutically

important molecule is a biphosphonate or biphosphonate derivative.

11.  The method of claim 1, wherein said disease is an inflammatory
disease, a disease with a strong inflammatory component, asthma, injury,

infarction, a circulatory disease.
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28. The pharmaceutical conposition of claim8, wherein said disease with a
strong inflammatory conponent is rheumatoid arthritis, atherosclerosis,
stroke, cwooaasepeti sease, and Al zhei ners di sease. 75 PCT/IB03/00932

12.  The method of claim 6, wherein said disease with a strong
inflammatory component is atherosclerosis, stroke, coronary disease, and

Alzheimers disease.

13.  The method of claim 6, wherein said inflammatory disease is a

chronic inflammatory disease such as rheumatoid arthritis.

14. The method of claim 1, wherein said mammal is a human.

15. A compound for preventing and/or treating a disease in a
mammal wherein said compound has the ability to release CO in vivo by
spontaneous or metabolic process and comprises at least a CO-releasing

moiety and a second pharmaceutically important molecule.

16. The compound of claim 9, wherein said compound further
comprises an appropriate spacer linking said CO-releasing moiety and said

second pharmaceutically important molecule.

17.  The compound of claim 9, wherein said second

pharmaceutically important molecule is a drug carrier or a drug.

18. The compound of claim 11, wherein the drug is an anti-

inflammatory agent.

19. The compound of claim 12, wherein said anti-inflammatory

agent is a cyclooxygenase inhibitor or a phosphodiesterase inhibitor.

73



WO 03/066067 PCT/IB03/00932

20. The compound of claim 13, wherein said cyclooxygenase
inhibitor is selected in the group comprising aspirin, nimesulide, and

naproxen.

21.  The compound of claim 11, wherein said drug is a

biphosphonate or biphosphonate derivative.

22.  The compound of claim 9, wherein said CO-releasing moiety is

an organometallic complex.

23.  The compound of claim 9, wherein said CO-releasing moiety is

an inorganic complex.

24. A compound for preventing and/or treating inflammatory

diseases, wherein said compound is the compound of claim 9.

25. A pharmaceutical composition, wherein said composition

comprises the compound of claim 9.

26. The pharmaceutical composition of claim 17, wherein said
composition is for preventing and/or treating inflammatory diseases or disease
with a strong inflammatory component, asthma, injury, infarction, a circulatory

disease.

27. The pharmaceutical composition of claim 8, wherein said
inflammatory disease is a chronic inflammatory disease such as rheumatoid

arthritis.
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28. The pharmaceutical composition of claim 8, wherein said
disease with a strong inflammatory component is rheumatoid arthritis,

atherosclerosis, stroke, coronary disease, and Alzheimers disease.
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