WO 01/ 25217 PCT/ EPQ(r)/ 09535 New Pyrimdine-2,4,6-trione derivatives,
processeswWo1/25p15i r producti on and pharmaceuti cal agents cearaEpeemgssshese
conpounds 5 This invention relates to new derivatives of 5,5-disubstituted
pyrimdine-2,4,6-triones. These conpounds show & marked antitunor and
antinetastatic activity 10 In nornmal tissue there is an equilibrium between
synt hesi s and degradation. Extracellular matrix is degraded by proteinases.
whi ch belong to at | east three groups of matrix netall oproteinases. These
are the col |l agenases, gel atinases and stronelysins. Normally there are
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col | agenase (MW-8, HNC), two gel ati nases, stronelysins (such as HSL-1) and-
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At least 17 different and yet highly homologous MMP species have been charactenzed,
20  including the interstitial fibroblast collagenase (MMP-1, HFC), the neutrophil
collagenase (MMP-8, HNC), two gelatinases, su'omolysins (such as HSL-1) and
HPUMP (for a recent review, see Birkedal-Hansen, H., Moore, W.G.L, Bodden, MK.,
Windsor, L.J., Birkedal-Hansen; B., DeCarlo, A., Engler, J.A., Critical Rev. Oral
Biol.Med. (1993) 4, 197-250. These proteinases share a number of structural and
25  functional features but differ somewhat in their substrate speciﬁcify. Only HNC and
HFC are capable of cleaving type I, II and I native triple-helical collagens at a single
bond with the productlon of fragments3/4 and 1/4 of the native chain length. This N
" Jowers the collagen meltmg point and makes them accessible to further attack by other

matrix degrading enzymes.
30
However, the uncontrolled excessive degradation of this matrix is a characteristic of
many pathological states such as e.g. in the clinical picture of rheumatoid arthritis,
osteoarthritis and multiple sclerosis, in the formation of tumor metastases, corneal
ulceration, inflammatory diseases and invasion and in diseases of bone and teeth.
35

It can be assumed that the pathogenesis of these clinical pictures can be favourably
influenced by the administration of matrix metalloproteinase inhibitors. In the meantime



i.nfl uenced by the adm nistration of matrix metall oproteinase inhibitors. In
t he meant W1@8T/ 9217 PCT/ EPOQ) 09535 -2 a nunber of conp8GREPIYPBIXknown
fromthe literature (see e.g. the reviewmarticle of D E Levy, AM Ezrin
Emer gi ng Drugs 2, 205-230 (1997), M Wiittaker, P. Brown, Curr. Opin. Drug
D scovery Dev. (1998), 1(2), 157-164. or are described in the patent
literature, nmainly with a hydroxam c acid residue, a thiol or phosphine
group as a zinc 5 binding group (see e.g. WO A-9209563 by d yconed,
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especially as candidates for a chroni’c treatnent agalnst tumor growth and
metastasis. 20 It has now been found that the clainmed new

pyri mxh neSamé,of thdse ontipoids\show adiglnastivityiasilabiests aftnattix y as matri x

S0 show JARBRSrinas Bt Bt o Shaudti SRRV, K18 sl comborbEpRET ' °
concer ns csispobrodd spéctiuneinhihitiombf motatiopratdinaseyl whizhxhayNbeGasspcigtetiigtH 0 WO
01725217 PLA4dSHOR 682 FRets and toxicity. -

15 Pyrimidine-2,4,6-trione derivatives have been described in EP0869947 generically as
inhibitors of matrix metalloproteinases. However, there is still a high need for new
compounds having low toxicity, no side-effects and a marked inhibitory activity against
metallo-proteinases, especially as candidates for a chronic treatment against tumor
growth and metastasis.

20
It has now been found that the claimed new pyrimidine-2,4,6-trione derivatives have
improved activity as matrix metallo-proteinase inhibitors over the compounds claimed
in EP0869947 and also show good oral availability.

25  The present invention therefore concerns compounds of the general formula I

R1 R2
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-3- in which Rl represents a phenyl, phenoxy, phenylthio, phenylsulfinyl,
phenyl s®W@8H38217  phenyl am no or phenyl net hyl resi due, WREX&PNO/QYs3s phenyl
noi ety can be substituted by one or _pre hal ogen at ons, hydroxy, Cl-C6

al koxy, Cl1-C6 al kyl, cyano, or nitro groups, 5 preferred are substitutions .
In para and/or neta position by one to two substituents. R2 represents an
optionally substituted aryl or hetaryl group, The present invention also
enconpasses pharnaceutically acceptable salts or prodrugs of the conpounds
of fornukpwhichs well as the use of these conpounds to produce

phar rraceutrcal ents 10 The a n,ca consists of a
phenyl r R rg?é'cm}' g}aqﬂgﬁy,ggenyﬁég E}E gg‘ Sif‘b‘?qmgturat ed or -
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cont & ni preféfedtarersutistittivns inppsa andéer meta pdsitiess by ppe fonfwd substituents.azi nes or
1,3,5trpa are the hetaryl residues
pyri mdr#ﬂ‘r rgs’%%{éraz&’ T‘my%bgﬁrr fl%gﬁ ﬁe%'ﬁrry?gﬁﬁgh S rray be substituted by
one or nﬁ'hepmamttlmtenam alsg sn@mmses pbmnaqemrsg&n aC‘PP? tablesalts ar predugsani no,

di al kyl anﬂQ’cF%x?&m ulélt £vel] hOMB us@bBEE compolns toirbdliy! . | over

acyl, lower a wer al kyl sul fonyl, Tower 20 al kyl am nocar bonyl ,
am nocarm ; n| tro, |lower al koxycar bonyl, carboxy, wherein R3
and i, which can be the sane or different represent hydrogen; Cl-C6 al kyl,

trai ght _ch d hed i ch b bst i fut . [ ti
by O Kb 8roup Hfhan cese o BY tofe PhA PR gy iRl EnBhiSCon: "o o,
wher ei B itiiﬁerstthas zad:ycjab ugsaturptedior sdturated rivg systest ¢ansisting bf/5 1d-Prin@r ef ter]r ed -
are substjtutj.ons i 43 e
Sbove I i BT e be R Ho bne gt iblebaftR, bR S tpistPaifine’ N
conbi nat mﬁermmebcmdmmb@wh@ﬁmS@bﬂe@e RIfTRGEN COMARIBEr ed ar e |
et b Ehr%er e 35 ik AR i by br 1.3, Duasites ortcery| denot es

G al Kordrexdsschlost ef%raﬁgrgrm s By PRt o above al |- -
denot es The &yt &hﬁyﬁhﬁg@mﬂbeﬂbﬁﬂt&edmyaﬁemawmkuhsums@ehpﬂed@mp o
halogen, hydroxy, alkoxy, amino, dialkylamino, cyano, lower alkyl, lower alkenyl,
lower alkinyl, lower acyl, lower alkylthio, lower alkylsulfonyl, lower
20  alkylaminocarbonyl, aminocarbonyl, SO,NR,R,, nitro, lower alkoxycarbonyl, carboxy,
wherein R3 and R4, which can be the same or different represent hydrogen; C,-C, alkyl,
straight chained or branched, which can be substituted one or several times by OH,
N(CHS), or which can be interrupted by oxygen, or represent CO R;, wherein R; is an
alkyl group which can be substituted by NH,. Preferred are substitutions in para and/or
25 meta position by one to two of the above listed substituents.

Lower alkyl in residue R, as such or in combinations with other residues denotes C;-Cs-
alkyl, preferred are methyl, ethyl, propyl, isopropyl or tert.-butyl.

30 Lower alkenyl denotes C,-C; alkenyl, preferably allyl or pentadienyl. Lower alkinyl
denotes C,-C; alkinyl, preferably propargyl.

Lower acyl in the residue R, above all denotes -C(0)-C,-Ce-alkyl or -C(O)H, preferred
for an acetyl group. .

35
The alkyl residues in R,, can optionally be interrupted once or several times by

heteroatoms (O, S, NH).



35 The al kyl residues in R2, can optionally be interrupted once or several
ti mes by wed@sddt ons (0, S, NH). WO 01/ 25217 PCT/ EPOQ 095BET/EPA0/8sBHgen i s
understood as fluorine, chlorine, bromng, iodine, preferably chlorine or
bronmine. 5 If conpounds of the general fornula | contain one or several
asymmetric carbon atons, “the optically active conpounds of the general
formula | are also a subject natter of the present invention. Conpounds of
the general fornmula | can be synthesized by well-known processes 10
preferably in that conpounds of the general fornmula Il RL OO IDT HNYNH
(In O in which R has the ove-nentioned neaning and_ T represents a

| eavi ng gr 5ajpesn ésungerstaed #ﬁfuoane@%m brgmng dodine.Ryeiermbly &Her?n%%m ne or
i odi ne andpfginglenoting an aryl or a nethyl residue, are reacted with a
conpound of the general formula Il H-R2 (II11) 20 in which R2 has the
meani ng stated above and optionally converted into pharmaceutically

accept gl elfovhippundioofthe gerseraiifotnnela § eostaiml onk @t semeral lasymnretrivecashort dtemiszed by

anal ogy to_,kno |terature 0 ures. . Fhus .

pyri i notts SpUgatht B8 PR3 hrRra) Mg e R Wanfect matgr of the
synt hesi zeprelsgntimeentiomg t he appropri ate brononal oni c acid dial kyl esters
with urea (e.g. Acta Chim Acad. Sci. Hung. 107 (2), 139 (1981)). The
correspondi ng bromi nated or chlorinated conpounds of the general fornula

||l can be Gempourds afithe general formuly | can by syathesizedby welldnowan preessses ed by R1

Phenylig n b%r%lpﬁmakgémﬂmslam{g eral fommbRAPUSs to J. Prakt. Chem e 136,
329 (1933) or J."Chem Soc. 1931, 70)lor sul furyl WO 01/ 25217

PC1/ EPOO/ 0%?35

-

in which R has the above-mentioned meaning and T represents a leaving group such as
15 Hal or OSO2R3_ Hal denoting chlorine, bromine or iodine and R3, denoting an aryl or a
methyl residue, are reacted with a compound of the general formula ITI

O o
20  in which Ry has the meaning stated above and optionally converted into
pharmaceutically acceptable salts.

Compounds of the general formula II can be synthesized by analogy to known literature
procedures. Thus for example pyrimidine-2,4,6-triones brominated in the 5-positioi1 can
25  be synthesized by reacting the appropriate bromomalonic acid dialky! esters with urea
(e.g. Acta Chim. Acad. Sci. Hung. 107 (2), 139 (1981)). The corresponding brominated
or chlorinated compounds of the general formula II can be obtained by reacting
pyrimidine-2,4,6-triones substituted by R j—Phenyl in the 5-position with bromine
(analogous to J. Prakt. Chemie 136, 329 (1933) or J. Chem. Soc. 1931, 1870) or sulfuryl



-5 chloride (J. Chem Soc. 1938, 1622) or N bronp-succinimde or simlar
br om namO@/2s2iJent s. Such procedures are al so descri bed POT/EPGRRSHA7.

Am nes of the general fornmula Il are Lcomercially available or are usually
known in 5 the literature or in analogy to the described methods in the
experinmental part. Pyrimdine-2,4,6-triones of formula Il with T

representi ng hydrogen can be prepared according to known net hods by
reacting nmalonic acid esters with urea (see for exanple J. Med. Chem 10,

1078 ( 19¢iiorige J"@h&ﬁt 56 1688 mszéybm%m&-ﬁecoﬁxﬁﬁﬁ&a or dﬁhﬂmnﬁﬁ&lglo (1), 65
(1983)) or EPQ869947.. Th& Teact I carried out in alcohols
such as 2@ Pr%?%?ﬁﬂreaﬁ Biﬁf‘é'ﬁ’ﬁa ﬁﬂﬁ#@% 'esence of an appropriate
sodi um al cohol ate at tenperatures between 40C and 100C The mal oni ¢ acid
esters i ch are. neede triones
o e knowdPer A RE BRI i B AR %%ﬁﬁaﬁ%@ﬁyﬁ%? 9“2" B iesses
knows f tierlitetature bt inranalogy to theaissarihed emrthquisdn Swexpeimental parkpar at i on of
mal oni ¢ aci ds where Ri has the above rrentloned rreanl ng i s descrl bed in the

follow ng schene: Rl CH3 / \ COO Et ( qugg
W | i ger oByrimidine-:4,6-Biones @ﬁfozmulﬁll mthTmreﬁmﬁydr%en gpreparedoO. Bt (b)

est e[! fi G&lordl %Eéll]g&ﬁ)ndﬁb hl%mc'\k%iﬂ est&@@ﬁhm&ksamkﬁﬁ Iégg 9; hese .
reactions can pe faqun

(1981) ahdMag . Ghemp fm%ﬁg%wg*exé%@e %33’545(?1‘%9@%&@33 rmula |
can gpnt gHN6P(1988Y) oﬁEPBS@Q%GhTh@i‘eaaﬁmsf rmTJhsaanly caried 36t intohbls speleasent :j n a
racem c Of ti C ve form separ at e
accor di n§* e#@“ﬁ‘:S%ﬁE ﬁB%éOfi ePW@”@ﬁ%H Mﬁ%ﬂ%e i %&03813' aagt er eoneric
salts mhtauipeuﬁurebbe%pa#&“tcemdow(l%yst allization are for med fromthe racemc
m xtures by WO 01/ 25217_ PCT/ EPO_O/ 09535

The malonic acid esters which are needed for the preparation of pyrimidine-2,4,6-

15 triones are known from the literature or can be produced according to prdcesses known
from the literature. A convenient process for the preparation of malonic acids where R1
has the above mentioned meaning is described in the following scheme:

CH @) _ COOH b COO-Et
—- R4
1. sulfur, morpholine

j ©
2. H,SO,

COO-Et
(b) esterification R1 ._@_.< '
' COOEt

(c) Dimethylcarbonate, NaH

(a) Wiligerodt-Kindler reaction

20 '
Examples for these reactions can be found in Houben-Weyl Vol E5/2, J. Org. Chem.

46, 2999 (1981) and Arch. Pharm. 323, 579 (1990)

Compounds of the general formula I can contain one or several chiral centres and can
25  then be present in a racemic or in an optically active form. The racemates can be

separated according to known methods into the enantiomers. Preferably diastereomeric

salts which can be separated by crystallization are formed from the racemic mixtures by



-6 reaction with an optically active acid such as e.g. D ar i
acid, man¥OM5HZ d, malic acid, lactic acid or canphorsuF’FgfﬁPQO/%?ﬁ or

with an optically active anine such as .g¢. 9. D or L-a-phenyl-ethylam ne,
ephedrine, quinidine or cinchonidine. Al kaline salts, earth alkaline salts
li ke Ca or My salts, ammonium salts, acetates or 5 hydrochlorides are
mai nl y used as pharmaceutically acceptable salts which are produced in the
usual manner e.g. by titrating the conpounds w th .inorganic or organic

bases or  jdaefigipwith af dpticallativescid sach ssoxi. IDn dryidtadtarid ecidpoiaadaliciarid,

hyd d '
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salts therBﬁHa YPHFéF#ﬁ%F%?ﬁ‘%E‘%BB%?@ F?ieﬁ Rich as 1iquid pol yet hyl ene
oxi de)rgo regulate viscosity. Liquid carrier subst ances for injection

sol utions ve tao b r an ggfﬁ! anReul es.
Solid car?ﬁ Pe‘gﬁg? '%i:‘%sofg(r?e egl%fﬁag}rg% ac%(ose mann| t%‘?ﬁdﬁ e

net hyl cel | admmtereéemmlymrgmeyterdlysp@rlmnﬂ ex solidiferm.dndhis cnnw@pn gt ul ar

fatty aci dge 6PHirhs 8P adhfiRéthationt cofhk intd %bﬁilﬂéiﬁtaorﬁﬂﬁh as ‘f&ae”xau@?é fablets,
phosphat e, “magnesi um st earate, ani ngl eget ab l\ﬁ f at d hi gh 25

nol ecul ar §APSYies coated Gﬂhkt&ssywsyﬂlwnérﬁ“@@ﬂ?&%‘) aieT Vhi B"'Hﬁar ations
for ond aHRlvGEILEPSs Sabiligns, isonbiliZérsdndbuEien thathré usuab i injetion selutions

i i ot r 2SPEHErDBOBPL 88 HEJReCtioR SN i vi dusi ot ate of heal th. The doses
to be administered daily are about 10-1000 30 ng/human, preferably 100-500
adi i ot r a0 pyiediBs o R Bl halilh Bt U O SpicR RS ouch, .
are conver etaylenediaminetetra-acktéc aqih andmentaxit st thareoflhighymalesslar pelymars st
comon, opr off 405 iufd pSlyedienk xffe) tb regulate viscosity. Liquid carrier substances for

injection solutions have to be sterile and are preferably dispensed into ampoules. Solid

carrier substances are e. g. starch, lactose, mannitol, methylcellulose, talcum, highly

dispersed silicic acids, higher molecular fatty acids (such as stearic acid), gelatins, agar-

 agar, calcium phosphate, magnesium stearate, animal and vegetable fats, solid high-
25 molecular polymers (such as polyethylene glycols); suitable preparations for oral
épp_lication can optionally also contain flavourings and sweeteners.

The dosage depends on various factors such as manner of administration, species, age
and/or individual state of health. The doses to be administered daily are about 10-1000

30  mg/human, preferably 100-500 mg/human and can be taken singly or distributed over
several administrations.

Prodrugs of the compounds of the invention are such which are converted in vivo to the
pharmacological active compound. The most common prodrugs are carboxylic acid
35  esters.



35 esters. WO 01/25217 PCT/ EPOO/ 09535 -7- Exanple 1 .
5- (4- (4wane@szt7phenoxy) - phenyl ) - 5- (4- pyri m di ne- 2-yl - pi pRCAEPOR95¥5/r i m di ne
- 2,4,6-trione 5 A) 1-(4-(4-Chloro phe;toxy) phenyl - et hanone

4- Fi uor o- acet ophenone (24.4 g) is dissolved in dinethylformamde (180nl),

4- Chl orophenol (22.8 g) and potassium carbonate (29.5 g) are added. The
mxture is 10 heated with stirring for 7 hrs. under reflux. After cooling
the mxture is diluted with water and extracted with nethyl ene chloride.
The orgafgisapiilese i s washed with water, dried and evaporated to yield 38 g
of a crystalline solid. Mp.66-68 C. B)

2- (4- (4- Chl or o- phenoxy) - phenyl ) - nor phol i ne-4-yl -et hanthione 15 12.4 g of

t he pr odge@-@LChlorephesoxy)phraolS-(@ patdidise-2avliperaciheppyhintidieur (4 g)
and rmrghgélne é8.8_m). The mxture 1s heated to 150 Ctor 2 hrs, cooled
in an i c&RHMMnd treated with et hanol (20 m) for 30 m nutes. The
precipitated crystals are collected and recrystallized fromethanol to
yield 13 of L@ ] TngeToll M- Bhanbdd- 105 C. 20 Q)

(4- (4- Cnldro- phene xcro—10.4 g of the corrpound pr epar ed
In step B are heated together W|th 50% sul furic acid (200 mM) to 130 C for

8 hrs. Ahtﬁgoﬁ%etogﬁeﬂ&er@@mgs fsraafse%a S diridiSyIfARmiM(180Myr e is 25

diluted wit extract ed t’h et hyl The organl c
phase i s 4feipephepal 2%@@%%&%%9%? eQS}%EPQ‘EFaMeﬁhﬁ '

car bpgat gefted With%ﬁm r 7aﬂsJ eﬁaer rpfes A fied cosling the atxtord is dﬂutedtvﬁth

hyd hl d th t ed,
1 ed” andel 285 ekirasied Wit Aitiylene phiprdp: T orafific pRasts raehed Wil WatsE o0 ¢
30 D) (4d(-:édﬁrdmapo;ﬂhuhtnw@ldﬁﬂgrqﬂa)orys&hn&sodxdtMpﬂéﬁJ@PCester 5 1 g of the

product fromstep C are dissolved in nmethanol (50 m). The solution is

cooled to -10 C and treated with thionyi chloride (3 m) and subsequently
heat ed uBder 2-(4-(4- Ch1oro-phenoxy)-phenyl)-m01phohne—4-yl-etha.nth10ne

15
12.4 g of the product obtained by the above procedure. are mixed with sulfur (4 g) and )
morpholine (8.8 ml). The mixture is heated to 150 °C for 2 hrs, cooled in an ice bath
and treated with ethanol(20 ml) for 30 minutes. The precipitated crystals are collected
and recrystallized from ethanol to yield 13 g of the title compound. M.p. 104-105 °C.
20

(8} (4-(4-Chloro-phenoxy)-phenyl)-acetic acid

10.4 g of the compourid prepared in step B are heated together with 50% sulfuric acid
(200 ml) to 130 °C for 8 hrs. After cooling to room temperature, the reaction mixture is
25  diluted with water (300 ml) and extracted with ethyl acetate. The organic phase is
washed with water and subsequently extracted with 2N sodium carbonate solution. The
‘aqueous phase is acidified with dilute hydrochloric acid, ethyl acetate is added, the
organic phase is separated, dried and evaporated to yield 5.1 g of a brownish residue.
m.p.98-100 °C.
30
D) (4-(4-Chloro-phenoxy)-phenyl)-acetic acid methyl ester

5.1 g of the product from step C are dissolved in methanol (50 ml). The solution is

cooled to —10 °C and treated with thionyl chloride (3 ml) and subsequently heated under
35  reflux for 1 hour. The reaction mixture is evaporated and the residue dissolved in ether.

The ether phase is washed with water, dried and evaporated to yield 5.1 g of a reddish

brown oil.



35 reflux for 1 hour. The reaction mxture is evaporated and the residue

di ssol vedWHOIASEEr . The et her phase is washed with water, AGREPGYIISIS

evaporated to yield 5.1 g of a reddish _gprown oil. WO 01125217

PCT/ EPOO/ 09535 -8 E) 2-(4(4-Chioro-phenoxy)-phenyl)-mal onic acid di nethyl

ester A suspension of sodi um hydride (350 ng) in dinmethyl carbonate (10 m)

Is treated at roomtenperature with the product obtained in step D. The

m xture is heated to 90 C5 for 1 hour, cooled and poured into ice water

and extracByd wi2t@-(@eClilgtoephenoky)ephedgl)-mdlenic ezidrdamethybesterr ed and evapor at ed

to yield 5.7 of the title corrpound as an oil. F)

5- (4- (4- Chl or o- phenox ) phen gﬂl)m dine, 2,4,-6-trione 10 Sodi um (800 ny)

i s di ssol vddsuspensidreefs e ( m@)mémamhylshrbpgatadb%mlhnsé@a(egl a5 )

and a sol ut, B
%eaté}%pér{tﬁre%%@ gﬁio&if& oblafté %’i’&\éﬁu etn*iiiﬂeé is(eafddd 90 Pie

m xture is under coo to rogmtenperature,
treatedw for ] d)mtoaﬁawatqreml Fxterchad: ‘HI thymethylens,chiende dhe ¢’
acid. The eiﬁfdtmﬁédemas:vs rh@et@g.elwsfwdaevmmonwﬁaaaaﬂoﬂrl ed to yield
5g of the title conmpound. 258 C. 15 G 5-Brono

5- (4- (4- Chl or o- phenoxy) - phenyl) pyrimdine, 2,4; 6-trione A suspension of

t he conpoumyl obeMﬂcCﬂmosplﬁaofy)(ﬂaeﬁyg)pdeﬁlﬁhemmmi mde (4.1 g) and
di benzoyl peroxi de (I00 ng) in carbon tetrachloride (120 m) is stirred for
3 hours at 20 roomtenperature. The mixture is evaporated , the residue
extract@ed Sobdinme(800mgdedissalvediinetiangh(80cmPHEe this solutiorets addeld ureajbh6Sigpd t o

ield 7.5

ZI (Ca:hl oro-p e‘%gél 80%6f$%§QW@tﬁe%a%@e% p+lp(e :%%’5 ’rl]'fexépuxture 1s51 e%tggl 25

2,4,6-tri ofm%wmdebrp eopde t@rrpgmﬁmnpmmrgt@pteéwmweﬁwer(ﬁo%ﬁﬂhanol (5

n) is tre%@&kx&ﬂﬁ%&mﬁi‘&lﬁ%h yirslHloric 4did. ’I?ﬁﬁé@i?itz&e is3ctllct®l, wash@d Wit ure i's
M

stirrred for ouyr e resi due .  obtai ne r__ev ation of the
reaction nivateraad ﬂ%e‘@i‘?r}@ﬁlﬁtség’rfé%’é@e eRMEY 57\,%5[%9%3

met hylsgnchl ori de/ met hanol 5% as el uent. Pooling of the relevant fractions

yields 410.,ng of the 4] ound a n_anor phaus lid.identified by
nass spectpéscog-'ygl'ﬂ {4 Chlggo- ﬁ?“\@,ﬂ_ . ”?{L;u\fg"é'g"me

~

A suspension of the compound obtained in step F (6.3 g), N-bromo-succinimide (4.1 g)
and dibenzoylperoxide (100 mg) in carbon tetrachloride (120 ml) is stirred for 3 hours at

20 room temperature. The mixture is evaporated , the residue extracted with ethyl acetate.
The organic phase is dried and evaporated to yield 7.5 g of the title compound as a thick
oil.

H) ' -(4-(4-Chloro-phenoxy)-phenyl) 5- (4-pynm1d1ne-2—y1-plperanne)-pynmldme-

25 2,4,6-trione

A solution of the compound from step G (410 mg) in methanol (5 ml) is treated with
N-(pyrimidin-2-yl)-piperazin (330 mg). The mixture is stirrred for 24 hours.The residue
. obtained after evaporation of the reaction mixture is chromatographed on silica gel with
30 methylenchloride/methanol 5% as eluent. Pooling of the relevant fractions yields 410
mg of the title compound as an amorphous solid identified by mass spectroscopy: m/e
492.



-9- Exanple 2 5-[4-(4-Chloro-phenoxy)-phenyl]-5-(2,3,5,6-tetrahydro-]|

1,2' 1 bi WOAK2s2M - 4-yI)- pyrimdine-2,4,6-trione 5 The ti PCE/EPOIESINI was
prepared by analogy to exanple 1 stepgd using 330 ng 1-
(pyrazin-2-yl)-piperazine instead of the N (pyrimdin-2-yl)-piperazine
yielding 460 ng of the title conmpound as an anor phous product identified
by mass spectronetry: nmle : 492 10 Exanple 3 The foll ow ng conpounds were
prepared using the procedures of exanple 1 replacing 15 4-chlorophenol by
t he corrmﬂﬂﬂmg phenols. The final products were identified by mass
spectronmetry No. Chem cal nane me |

5-[4- (3, 4-Di chl or o- phenoxy) - phenyl ] - 5- (4- pyri m di n-2-yl - pi perazin-1- 526
yl) - pyri gifdi(aeCilord;phehoxy)spheryl]-5-(2,3,5,6-tetrahydro-[1,2'Tbipyrazinyl-4-yl)- -
5-14-(3,4-D chl 05qg- xy) - phenyl ]-5-(2, 3,5, 6-tetrahydro- 526 . |

1, 2' ] bi pIrEA 1‘?‘5’ 4 ?‘gyri'm' di ne-2,4,6-trione 3

5-[4-8 2, 4- Di chl or o- phenoxy)- phenyl ] -5-(4 pyrimdi n-2-yl -pi perazin-I1- 526
yl)-pyri m.dine; dbva using 330 mg 1-

5-[4- (2, ﬁ%*‘@ﬁf%’?ﬁ?'&?e‘ﬁp v -%ﬁ%%y falogy ig example 1 step Hnetne 3301 L

1, 2' | bi p{myaedinngty spipetazing instead AN {pyiipidinygey piperazine yielding 460 mg

5- [ 4- ( 2- GhinRnReRBAMPENNI asHitmNérphdus(pfoduct identified By ilasgspectramety: infgl:) - 492
pyrimdine-2,4, 6-tri one 6

5-14-(2- 82 or o- phenoxy) - phenyl ]-5-(2, 3,5, 6-tetrahydro- 492 |

1, 2'{di pyrazinyl -4-yl)-pyrimdine-2,4,6-trione 7

5-[ 4- (Phenoxy) - phenyl ] -5-(4 pyrimdin-2-yl-piperazin-|l-yl)- 458
pyrimdine-2,4,6-trione 8

5- [ 4- ( PhExample dhenyl ] -5-(2, 3, 5, 6-tetrahydro- (1, 2' ] bi pyrazinyl -4-yl)- 458
pyrimdine-2,4,6-trione 9 o _

>-14-(4 'IN%; ?o%llowpi)rrl]ge Qo%%unﬁg \?vrgel l]are;?argél us?l%gr Ithrgp%crédtzlre% Iof g%ﬁl%alrgpl%c' Ig) arz

15  4-chlorophenol by the corresponding phenols. The final products were identified by
mass spectrometry _ _

No. | Chemical name ' m/e

1 | 5-[4-(3,4-Dichloro-phenoxy)-phenyl]-5-(4-pyrimidin-2-yl-piperazin-1- | 526 .
yl)-pyrimidine-2,4,6-trione '
2 | 5-[4-(3,4-Dichloro-phenoxy)-phenyl}-5-(2,3,5,6-tetrahydro- 526
[1,2']bipyrazinyl-4-yl)-pyrimidine-2,4,6-trione
3 | 5-[4-(2,4-Dichloro-phenoxy)-phenyl]-5-(4-pyrimidin-2-yl-piperazin-1- | 526
yD)-pyrimidine-2,4,6-trione | :
4 | 5.[4-(2,4-Dichloro-phenoxy)-phenyl]-5-(2,3,5,6-tetrahydro- | 526
[1,2'Tbipyraziny]-4-yl)-pyrimidine-2,4,6-trione _
5 5-[4-(2-Ch10ro-phénoky)—phenyl]-5-(4'~pyrimidin-2-yl-piperazin-l-yl)— 492

pyrimidine-2,4,6-trione _
6 | 5-[4-(2-Chloro-phenoxy)-phenyl]-5-(2,3,5,6-tetrahydro- 492
_ | [1,2']bipyraziny)-4-yl)-pyrimidine-2,4,6-trione '
7 | 5[4-(Phenoxy)-phenyl]-5-(4-pyrimidin-2-yl-piperazin-1-yl)- | 458
pyrimidine-2,4,6-trione

8 | 5-[4-(Phenoxy)-phenyl]-5-(2,3,5,6-tetrahydro-[1,2"Tbipyrazinyl-4-yl)- | 458
pyrimidine-2,4,6-trione
9 | 5-[4-(4-Methyl-phenoxy)-phenyl]-5-(4-pyrimidin-2-yl-piperazin-1-yl)- | 472
pyrimidine-2,4,6-trione :




pyrimdine-2,4,6-trione WO 01125217 PCT/ EPOO/ 09535

-10 10

5-[ 4- (4- I\/EYQI‘}AWBWenoxy) phenyl]-5-(2, 3,5, 6-tetrahydro- 472 PCI/EB00A9535

bi pyrazi nyl -
5-[4-(4-tert-Butyl

4-yl)-pyrimdine-2,4,6-triongll
- phenoxy) - phenyl ]-5-(4-pyrimdin-2-yl

- pi perazin-1- 514

yl)-pyrimdine-2,4,6-trione 12
. 5-[4-(4-tert-Butyl-phenoxy)-phenyl]-5-(2,3,5,6-tetrahydro- 514 [
1.2 ] bi pyra7| nyl -4- \/I\ n\Lrl mdine-2 4 6-trjopne 13 -
5-[4-(3, 4- Cti)lﬂet Bymn(mmemyjkbhiﬂlﬁpyb]hmﬁi]éﬂ-@?mme&ahy&oyl - pi per azi n4l72 486

|') - pyri mjdi ne- trion
g_ % 4?{3! 4-Dined -4 dlLQ'%“fQ‘E‘"E"Lg;_;_ghudr o- 486 |
1, 2' ] bi pyjazinys- [4-(yll-tkrt@utyhphhnmy)2pl'{én§}]45r (4epbelrﬂiﬂm-2-yl-plperazm 1- | 514
5-[ 4- (4- Brpono- ‘Qﬁ%ﬁmﬂl}?‘w&mﬁ é4 pyri m din-2-yl-piperazin-|-yl)- 587
pyri m di ng-—2+4 ohe
5- 4-(_4- B 0it®- p B Ae(Ayprehuylyphenbxy)Zplengl] 6-263, 5, 6+tptdahydrds37 | 514
PRI AR L i T R ML L A IS SN P
pi per azi n{113| Ik:@%@@ﬁ@ﬁykﬁmﬂ})kﬁﬁhw epyrioniditi-2o/l-pierazin-1- | 486
N- (2- Hydr ¢oxy- ef Qﬁlﬂy}'ﬂmmrﬁ%@@-@oﬂe yl - benzenesul fonam de 10 .
4- Fl uor o- henzenestt-tonyrchrorice cdtchoromethane (20
and treat ddl4w sti443ddPimethyl- Weﬂ%ﬂm%sr(é 3(51623%11»’% di chl or pA86 hhne
(10 nm). The m Eﬁyllﬁpmn:ypuquq{,ﬂal& jl@lé[maﬂéi extracted twice Wth pat Sr
(50 M) . Tmeov aSe TS Saturated—wtirsogrumthiorrge amd—fgxtract e
twice with &8 h)pladdEpmo-rheacrtmbersl Soioummdnatppemn-dnied| %971 h
magnesi umf sul f ppyrivfdinea@trined. 1.4 g of the resulting 4-fluorp 15

N- hydr oxy €T iyt ¥ vsun nam ar aln Wat er (15 )
tre;t ed W tﬂg pi"gg'ﬁ\%rﬂl@% ’Sa' hﬂglghé%té’é “uxed for 6 1§élyand
kept- at rpomt eﬁpﬁ}bépwmnym-yl)%ﬂmdmeM6Mem pitate is collectpd, washed
with little water and drred to yreld 1.6 g of the trtle conpound

identified by mass spectronetry (APCl
PCt / EPOO/ 09535

286 WO 01/ 25217

[ MFH]
-11

Example 4

10

15

4-(4-5-[4-(4-Chloro-phenoxy)-phenyl]-2,4,6-trioxo-hexahydro-pyrimidin-5-yl-
piperazin-1-yl)-N-(2-hydroxy-ethyl)-benzenesulfonamide

A) N-(2-Hydroxy-ethyl)-4-piperazin-1-yl-benzenesulfonamide

4-Fluoro-benzenesulfonylchloride is dissolved in dichloromethane (20 ml) and treated
with a solution of ethanolamine (1.2 ml) in dichloromethane (10 mi). The mixture is
stirred for 1 hour and extracted twice with water (50 ml). The water phase is saturated
with sodium chloride and extracted twice with ethyl acetate. The combined organic
phases are dried with magnesium sulfate and evaporated. 1.4 g of the resulting 4-fluoro-
N-hydroxyethyl-benzenesulfonamide are dissolved in water (15 ml) and treated with
piperazine (2.6 g). The mixture is refluxed for 6 hrs and kept at room temperature for
24 hrs. The precipitate is collected, washed with little water and dried to yield 1.6 g of
the title compound identified by mass spectrometry (APCI [M+H] = 286



B) .
4- (4- 5- WO U252 or o- phenoxy) - phenyl ] - 2, 4, 6-t ri oxo- hexahy ®#Co®Pge/9sssli n- 5- y| -
pi perazin-1-yl)-N(2-hydroxy-ethyl)- pgggenesul fonam de A solution of the
conmpound from exanple 1 procedure G (230 ng) in nethanol (5 mM)" 5is
treated with N-(2-Hydroxy-ethyl)-4-piperazin-1-yl-benzenesul fonam de (330
ng) (see above) The mxture is stirred for 24 hours. The residue obtained
after evaporation of the reactlon m xture i s chromat ographed on silica gel

with net igyl enqlyhaligeOoRRb ghabxy)phaid)-2466-Ridi8 Hexahp@lpyhthidh-siyie 1 el evant
fractions, ] o1 tne HaltlecI ound as an anor phous solid '.
i dentifi npdayl)-Ne(2-hydroxy-eth “w%ﬁe 10 Exanple 5 The fol I owi ng

conmpounds are prepared using t he pr ocedur es of exanple 1 substituting 15

4- chl or ophe 1 ' ” _
pi per azi %‘e 2‘%@2&%%% a?oq&Sr‘%%gg g% n'“d\f%(an‘%eﬁqﬁ procgdure A and
exchahgi rgreaﬁdmﬁbNa(ﬂrHEdmxy—hﬂUMappmml-at benzanesylformaide (33 mg) Gseeict s are

i denti fi r MRindiiek &
4-4-12, 4%‘@% 0XO0- ’é w p enoxy%t%lg{r}lr}l ;-Eex duE ro e)?/lr &XOAPQThhe
i per azi nreactjon mixtukerie shyomatngranhed on uag msthyienc joride/methano

phenyl ) - as%)%tetﬁe% Mﬁﬁghyﬁeeelevm Frastidhs ieldd 186§ of thetitidotpbund

| - benzenesulf ona

4-[ 4- (5- gmvpﬁ]auwié idengified by eash SBEGHYOBY AP CHIMF HES14, )- 520 pi
erazig-1- |]-benzenesul fonam de 4

N- (2- Hydr oxy-ethyl )-44-[2, 4, 6-tri oxo-5-(4-phenoxy-phenyl)- 580

hexahydro-pyrimdin-5-vi]- i erazin-1-yl-benzenesul fonam de 5 N, N
Bi s- (2- hEsample £t hyl )-4- 4-12,4,6-trioxo-5-(4-phenoxy phenyl)- 624
hexahydro- yrimdin-5-yl - i erazin-1-yl-benzenesul fonam de 6

4- (4-5-] a]?h( folfloo/img Eompoung3 anetmepdre}dti’smfg the procedures okenappio 1 sdtistituting - -

pyri m di n- yI i erazin-|- -benz ne ul onamge ék
4- (45- | 4<hlo Vﬁ'ﬂé%@?)ﬁ%ﬂ%‘ onols wheteinggdeth dR&hy dr o- 686
di n-5- Y1 1&1@%5%&{%{1@@ are H’eﬁ%ed%é@&n'ﬂg kR 5516 4 Procedure A and exchanging -

ethanolamine with the appropriate amine. The final products are identified by mass

spectrometry.
Neo. Name 1 MS
' results
APCI
[M+H]
1 [4-4-[2, 4 6-Trioxo-5- (4-phenoxy-phenyl)-hexahydro-pynmdm-s-yI]- 536
__|piperazin-1-yl-benzenesulfonamide
2 4-4-[5-(4-Butoxy—phenyl)-2 4 6-moxo-hexahydro-pynnudm-5-yl]- 516 -
piperazin-1-yl-benzenesulfonamide .
3 |4-[4-(5-Biphenyl-4-yl-2,4,6 ~trioxo-hexahydro-pyrimidin-5-yl)- 520
piperazin- l-yl]-benzenesulfonamlde : .
4  [N-(2-Hydroxy-ethyl)-4-4-[2,4 6-moxo-5-(4-phenoxy-phenyl)- : 580
hexahydro-pynnudm-s-yl -piperazin-1-yl-benzenesulfonamide _
5 N N—Bls-(Z-hydroxy-ethyl)-4-4-[2 4,6-trioxo-5- (4-phenoxy-phenyl)- 624
hexahydro-pynmldm-s-yl]-plperamn -1-yl-benzenesulfonamide _
6 [4-(4-5-[4-(4-Bromo-phenoxy)-phenyl}-2,4 ,6-trioxo-hexahydro- 615
|pyrimidin-5-yl-piperazin-1-yl)-benzenesulfonamide |
7 |4-(4-5-[4-(4-Bromo-phenoxy)-phenyl}-2,4 ,6-trioxo-hexahydro- 686
pyrimidin-5-yl-piperazin- 1-yl)-N-(2-d1methylamxno-ethyl)-
benzenesulfonamide _
8 [N-(2-Dimethylamino-ethyl)-4-[4-(5-octyl-2,4,6-trioxo-hexahydro- 551
pyrimidin-5-yI)-piperazin-1-yl}-benzenesulfonamide
P9 |4-(4-5- [4-(4-Chloro-phenoxy)-phenyl]—Z 4,6-trioxo-hexahydro- 570 .
! pyrimidin-5-y}-piperazin-1 -yl)-benzenesulfonamide |




PY~ Y )- benzenesul fonam de 8 N '.
(2- Di net WodH2827et hyl ) - 4-[ 4- (5- octyl - 2, 4, 6-tri oxo- hexahy dPCT/EPSW/0958%1m

"din-5-yl - i erazin-l- 1-benzenesul fopagide 9
4- (45-[4- (4-Chl oro- phenoxy) - phenyl ] - 2, 4, 6- t ri oxo- hexahydro- 570
yrimdin-5-yl- i erazin-1-yl)- benzenesul f onani de WO 01/ 2521T PCT/ EPOQ 09535

-12 10 4-(4-5-[4-(4-Chloro- phenoxy) phenyl ]-2, 4, 6-tri oxo- hexahydro- 658
pyrim di n-5-yl-pipera - v Y-

11 N- (2, 3-DilRy a4 ;[g}r(érﬁimyto phen JQY)@*@HY ofy Primaxoshexah

hexahydro-! yrir Tﬂly%bl%@n&%@@i]? '
N—(Z Hydrnxv- |b ZCRESH gl ef h\/ 2 4 6-1trioxo

phenoxy- pheﬂ}l)N%aﬁggm P -pxperazg y?ﬂgj’%’?ﬁ a}.,gheni'l) _610

i benzenesul f anabg :
I N-2- [ 2- ( 2- Il?der@J‘lX‘HB&Xr hé’ eﬂatlﬁwylh‘lﬁ 24 Grirepxory-lco- 5- (4: B9
j phenoxy- pheny|{pheRaX¥4R ﬁ}y aroyrigudiog -yl lpapexazp:-1-yl- .y :
benzenesulfqna Weﬂﬁé“ ona:m

1 }-eth il 668
|1;1y§ I4m50“[ ﬁ g Zyl 120k W@yﬁ;ﬁ ¥l MM‘EP G- H:S?/;%F&Eﬂ o- 644

benzenesulif nﬂﬁu OnaJm

o oral 5 SR R N DS - ;ﬁ;ni‘”
enzenesuli nM“2 E
R . G

benzenesul: 4P -4. 4-Ch

: heno 1)-2.4,6-trioxo-hex; 658
4- (4-5- 4+ (4 ’f I,’g 1,5@}0 702,
pygi m di[ n-( yl 4 .R:.’:mﬁiid% )- e[?y g‘iy Dﬁ@xygllgt hoxy]
Y b e iy an&m oot |
phenoxy phenyl Je )B%igggfégﬂ& 1.5-)7 piper ?trlll- - ? OXY]- :

18 N—(Z-Hydroxy-l 1-bis-hydroxymethyl-ethyl)-4-4-[2,4,6-trioxo-5-(4- : 640
phenoxy-phenyl)-hexahydro-pyrimidin-5-yl]-piperazin-1-yl-
benzenesulfonamide

19 |4-(4-5-[4-(4-Chloro-phenoxy)-phenyl]-2,4,6-trioxo-hexahydro- 674
pyrimidin-5-yl-piperazin-1-yl)-N-(2-hydroxy-1,1-bis-hydroxymethyl-
ethyl)-benzenesulfonamide

.A

1%4

Example 6
N-(2-Oxo-[1 3]d10xolan-4—yhnethyl)-4-4 [2,4,6-trioxo-5-(4-phenoxy-phenyl)-

" hexahydro-pyrimidin-5-yl]-piperazin-1-yl-benzenesulfonamide

The product of example 5, no. 11 (120 mg) is dissolved in a mixture of

10 dichloromethane (5 ml) and tetrahydrofurane (5 ml). The solution is treated with N,N’-
carbonyl-diimidazole (65 mg) and stirred for 4 hrs. at room temperature. The solvent is
evaporated and the residue chromatographed on silica gel using dichloro-
methane/methanol (9:1) as elution solvent. Evaporation of the product containing
fractions yielded 60 mg of the title compound. mass spectrum: APCI [M+H] = 636,

15 [M-H]=634



f benzenesul f onam de 19

14- ( 4- 5WQOY25213n| or 0- phenoxy) - phenyl ] - 2, 4, 6-t ri oxo- hexahPETEPOGIPS3S

pyrim di n-5-yl - pi perazin-1-yt)-N(2- h)i roxy-1, 1- bi s- hydnxymet hyl -

et hyl ) -benzenesul fonam de | Exanpl e .5 N(2-Oxo-[ 1,3 ]

di oxol an-4-yl nethyl )-4-4-[2, 4, 6-tri oxo-5-(4-phenoxy-phenyl) -

hexahydr o- pynm di n-5-yl ] - pi perazi n-1-yl - benzenesul f onam de The product of
exanple 5, no. 11 (120 ny) is dissolved in a mxture of 10 dichl oronet hane
(5 m) amkkampledhydrof urane (5 m). The solutionis treated with N, N -
carbonyl -di i m dazole (65 ng) and stirred for 4 hrs. at roomtenperature.
The solvent is evaporated and the resi due chronmat ographed on silica gel

usi ng di §atLAGin gtion of

t he pr oductﬂcontglsnﬂgﬂ? gét?%gﬂg?glgﬁ?%%% %e?’t ithe corrpound mass
spect{unyl]&ﬁﬁrabhﬁhﬂ'l-mnﬁ&ﬁsulfcﬁmbﬁﬂd-ﬂ 634 WD 01/25217 PCT/ EPOQ/ 09535 - 13-
Exanple 7 N

(4- Ardi no- butyryl)-4-4-[2, 4, 6-trioxo-5-(4-phenoxy-phenyl)-hexahydro-pyrim d
|4n(£51 B)éln] PI pﬁ—,@fé,enzgﬂﬂll ben %tévf%garlndle“ié) |

4- FIuorobenzenesulfonylchlorlde (25 g) are dissolved in dichloronethane
(250 M) and treated at 0 C with an aqueous sol ution of ammonia (25% 50
m ). The4Fludrobenzesesulforsylchionde Q’Zdrg)ardﬂlssolwduin dicblvromethamei(250 eni) aght  at

QSFTeESf”B%éséEt;cfijm ﬁ}éeaﬁéé&ué’ggn%éﬁé SrgoRadose %%Mﬁ%@&%{sga?gcy. eld
tre (feld \%mﬁ?ﬁ?géﬁgsﬁmp({ ger Zl ne %@&t't&mﬂ%&é@ﬁﬁﬁ% ?iﬂ? E@P&‘?’gm he

reactio nlsracidiﬂédaanﬁhe bigahierselvehPevwapotated2Pheresidut iscextratted withhgthyind. (nass -
spec APCl [MH = 332) 15 B) 4- |
4- ( Pi per agetate fa yield 26 PW?#W%}®4WB¥BJ%@FF§HIY%PW&3%FH):t ert -

ester treated with 1-benzyl-piperazine (102 g) and refluxed for 24 hrs. The reaction mixture is
filtered to yield 26 g of the title compound. (mass spec APCI [M+H] = 332)

15

B) 4-[4-(Piperazin-1 -yl)-benzenesﬁlfonylamino]—4—oxo—butyl-carbamic acid tert-
butyl ester

20  4-(N-tert.-Butoxycarbonyl)-aminobutyric acid (3.05 g) is dissolved in tetrahydrofurane
(30 ml) and treated with N,N’-carbonyldiimidazol (2.5 g). The mixture is stirred at room
temperature for 15 min, heated under reflux for 15 min énd stirred for 1 hour at room
temperature. The product from step A (3.3 g) is added and the mixture is stirred
overnight.. The solvent is evaporated and the residue mixed with dichloromethané and

25  water. The organic phase is separated, dried and the solvent evé_lporated. The residue is
chromatographed on silica gel using dichloromethane/methanol (9:1) as eluting solvent.
The product is subjected to catalytic.hydrogenation n methanol using Pd on carbon to
yield 2.5 g of the title compound. (mass spec APCI [M-H] = 425).



butyl 20 4-(N-tert: Butoxycarbonyl)-am nobutyric acid (3.05 g) is

di ssol vedwomiesaimahydrof urane (30 nml) and treated with PCT/EP00/09535

N, N - carbonyl dii m dazol (2.5 g). The m ﬁure is stirred at room
tenperature for 15 mn, heated under ux for 15 mn and stirred for 1
hour at room tenperature. The product fromstep A (3.3 g) is added and the
mxture is stirred overnight.. The solvent is evaporated and the residue
m xed with dichl oronethane and 25 water. The organic phase is separated,
drired and ¢he Smmeﬂmnwﬁwn&)-édr[ﬂ?ﬁtmmﬂ%phmox&wdgx@m on silica
gel using drchroronet hane/ met hanol 1) as_eluting solvent. The product
IS subjected tOMW’I'bW@WWHMI using Pd on carbon to
yield 2.5 g of the title conmpound. (mass spec APCI [MH = 425). WO

Ol/ 2521T PCT/ EPOO/ 09535 -14 Q)

“N-(4- Am HW%auéoob&lﬂed i &a el B ¥ YelotédtamiiGutaxly Bleavible 1srsakiies B
pyrimdin- - pl perazi n-I-yl - benzenesul fonam de" The product obtained in
procedw e With §-breni>t5@(#-@hahmg<)4phbqyl)-pymaimﬂ—é 4:6-pmme'ﬂhw latter mpaundis br ono

5- (4- (phenoxy) - phenyl yr| m di ne t.riane. atter .conqpound is
pr epar ed an&P@'Qgﬂ%*}l%Q‘lﬁ W@%P@E@HEF%SMIP%EF‘P Q‘&ﬁ% stituti ng

e SRR e el 46 TRAS R RO )

hour at r %mgsem&haa YN sdllion SLHIC! indiokdhe A GENT Bduredidodrheempaaﬁimhe
triturated with ether to yield 180 ng of the title 10 conpound. (nass

spect r um Agelitign\is dpcantegbany. the regidup tritugtedswith sthentq yigld 180w gebtheditlear e

prepared usi rocedur es | substituting _

4- (N-t&r t . m&w@éﬂ%&ﬁwﬁﬁmﬁﬁ%ﬁ\?‘%c%&bd with the appropriate N
tert. but oxycarbonyl protected am no acid. The final products were

i dentified by mass spectronetry. 20 No. Nanme M5 results APC 1

N- Am-noacegygmﬁlezk [ 2,4, 6-trioxo-5-(4-phenoxy-phenyl)-hexahydro- 593

15
The following compounds are prepared using the procedures of example 7 substituting
4-(N-tert.butoxycarbonyl)-amino-butyric acid with the appropriate N-
tert.butoxycarbonyl protected amino acid. The final products were identified by mass
spectrometry.
20 .
| No. Name MS
: resuits
APCI
[M+H]
1 [N-Aminoacetyl-4-4-[2,4,6-trioxo-5-(4-phenoxy-phenyl)-hexahydro- 593
pyrimidin-5-yl]-piperazin-1-yl-benzenesulfonamide
2  IN-(5-Amino-pentanoyl)-4-4-[2,4,6-trioxo-5-(4-phenoxy-phenyl)- 635

hexahydro-pyrimidin-5-yl]-piperazin-1-yl-benzenesulfonamide

3 |N-(5-Amino-pentanoyl)-4-(4-5-[4-(4-chloro-phenoxy)-phenyl}-2,4,6- 669
trioxo-hexahydro-pyrimidin-5-yl-piperazin- l-yl)-benzenesulfonamxde

4  |N-(4-Amino-butyryl)-4-(4-5-[4-(4-chloro-phenoxy)-phenyl]-2,4,6- 655
trioxo-hexahydro-pyrimidin-5-yl-piperazin-1-yl)-benzenesulfonamide




pyri m di n-5-yl]-pi perazin-1-yl-benzenesul fonam de 2

N- (5- AfWRE1283Tanoy| ) - 4- 4- [2 4,6-trioxo-5-(4-phenoxy- phenm/)zi’omsglexahydro
pyrimdin-5-yl] piperazin-1-yl- benzene ul fonam de 3

N- (5- Am no- pent anoyl ) - 4- (4-5-[4- (4- chl'or o- phenoxy) - phenyl 1-2, 4, 6- 669

tri oxo- hexahydro-pyrimdin-5 -yl-pip erazin-1-yl)-b enzenesul fonam de 4

N- (4- Am no- butyryl)-4-(4-5-[4-(4-chl oro-phenoxy) - phenyl ] -2, 4, 6- 655

t ri oxo- hexahydr o- pyri m di n-5-yl - pi perazi n-1-yl ) -benzenesul f onam de WO

01/ 2521 7ERathple®0/ 09535 - 15- Exanple 9 _

2- Ox0-2-(4-4-[2, 4, 6-trioxo-5-C4-phenoxy- phenyl ) - hexahydro pyr mdin-5-yl]

pi perazin- 1-yl- benzenesu onyam no) - et hyl ] -carbam ¢ acid 4-net hoxy-p eny
ester 5 Jirs d25 98UGh L6 nfe@d B £pRerdRy-pheiviile B} dioSpy ﬁ%&%{i’]m |
di chl or opeyd oy lamindLe - nER OxYephenyrest at ed
Wth 'llb‘lIIU)\ypIICIIbeIII UIU uriiat <. I-ICTI'I)\EUIC.-ID ) IIIUL fOI‘ 90 mn at
roomtenperature and evaporated. The residue is chromatographed on silica
gel usi nPhélpeduerofrex Preesl mtlf(anmnfgo%é&so@s&d&hdﬁiﬂoroﬁeﬂiaheglohﬁl)of t he

rel evant fractlons ded 90 the title conpound Mass spec APCI

[ MtH] nmnd)wmsmﬁ%nﬂ@nm (0.14 ml) and treated with dtmethoxyphenglchloroformaten of MvPs,

fsgre ?é?”ﬂ{% E %éq&rgs Cmalif%ﬂ"hgem %él sol attl and ﬁun fication

Knauper , cifomatoprdphes bA silida gB¥ ﬁ@&mmﬁdﬂﬁmm}’ﬁh elﬁén?gl%ohn 91,
319-326) is incubated with i nhibitors having various concentration

Subsknueof ﬂly reledant fractionistyielded 2migiod ther titleccompouind. (Mass spesi ARCHfM4H3 t andar d
substrate_is nmeasured in a manner anal ogous to G ans F. et al., FEBS 335
(1993) 76783 . The results are eval uat ed by plotting the reciprocal
reaction rate against the concentration of the inhibitor. The inhibition
constant (Ki) is obtained as the negative section of the abscissis by 'the
gr aphi cal nethod according to Di xon, M, Biochem J. 25 (1953) 55,

170- 202. The ?ﬂ)t hetic coll agenase substrate I's a heptapeptide which is

coupled
15

In order to determine the inhibition of MMPs, for example HNC (MMP-8), the catalytic
domain (isolation and purification see for example Schnierer, S., Kleine, T., Gote, T.,
Hillemann, A., Kniuper, V., Tschesche, H.,Biochem. Biophys. Res. Commun, (1993)
191, 319-326) is incubated with inhibitors having various concentrations. Subsequently,
20 the initial reaction rate in the conversion of a standard substrate is measured in a manner
analogous to Grams F. et al., FEBS 335 (1993) 76-80).
The results are evaluated by plotting the reciprocal reaction rate against the
concentration of the inhibitor. The inhibition constant (Ki) is obtained as the negative
section of the abscissis by the graphical method according to Dixon, M., Biochem. J.
25 (1953) 55, 170-202. '

The synthetic collagenase substrate is a heptapeptide which is coupled, at the

C terminus, with DNP (dinitrophenol). Said DNP residue quenches by steric hindrance

the fluorescence of the adjacent tryptophane of the heptapeptide. After cleavage of a
30 tripeptide which includes the DNP group, the tryptophane fluorescence increases. The

proteolytic cleavage of the substrate therefore can be measured by the fluorescence

value.



Ctermnus, with DN. P (dinitrophenol). Said DNP residue quenches by steric
hi ndr ancewa ¢1e25217uor escence of the adjacent tryptophane of HJTZEP00/09535

hept apepti de. After cleavage of a 30 tr1 pepti de which includes the DNP
group, the tryptophane fl uorescence incr @ases. The proteol ytic cl eavage of
the substrate therefore can be neasured by the fluorescence value. WO

01/ 25211 PCT/EPOQ 09535 -16- a) First nethod The assay was perfornmed at 25
Cin a freshly prepared 50 MM Tris buffer (pH 8.0) treated with dithiozone
to renove V\éaces‘l;1 yy netals. 4 mM CaCl2 was added and 5 the buffer
sat ur at ed I h argon t ock solutions of adamalysin [I were prepared by
centrifugation of the protein froman ammoni um sul fate suspensi on and

subsegulent Té:é' |WHs'ﬂéffohﬁed£tE25]§P]§§ﬁ>’a bme &&sétﬁmmgm{m%ﬂw ) agena;e
wer e llute WI SSa u er n conce wer e erm ne
by uv neasfeaedmith ¢t L{lgmnet%reglovﬁ@cm “ﬁ?@%ﬂ@ﬁzbi@ﬁ E‘fﬁ“} d and
the stogk mwﬁ@@mdwﬁhwged Sﬂ@ckbﬁuﬁ@ﬁsbfaﬂ&nﬁ%ﬁlﬁfﬁeﬁi&ﬁaféabydl luted

1: 100 to obt E»}%E f@% assa oncentration. The L{gro eni c
substrate e PRi 3?“?_ 5%15 © RFRY Ok 200 FUsS was used
at a conceudisselitiominthe 24sast baffer. Smdctdolutiéns dfcallagemest wene diluted &ithl the

oxcitat| on iy HEFEE ERARE Clht ?ng‘r"%”’pﬁ% Wakfnopt 8 59 pRpSEeiRTEGR LA 01 On

a spectrof |lQoM hWerSzméZ ¥ . emmp and thsstack@alntions werastereddn thictdold,

t her nogg at Qﬂls(‘s%ldnoB%éi%luteﬁulb%d at&mﬂmkrﬁmsmegsa 81'1 . %310 m n.

i rmedi at el ﬁpaf ter, a %]é”re enzyrre reactions orned at | east
intriplic QrogeRig spb BP-Ryp-Leaye 1%?%?%@M%IVE 2ot he

l[ ntersecti oas a@adut a@bnédneration af 2t W%ﬁﬂ%ﬂ(ﬁllefbﬁﬂ:ﬂ%ﬁohhqzlm pllvp 01‘1 }/J Vi Vs,
concentration val ues were cal.cul ated from
bl ot s of | verpenatants dlp ek wiFdo BursIC SRS SEeRly AT o 2B SHEoBn v ¢
sinple r obansd emissigh wavglength)of 3 320/ amd>42(hnim /respertibvellyf en a spetrofluadiinéter s/ HCl
pH 7. Tr F l%{’f l?"—@ 5]%8 CaCl12/ 5
% Me E%ff necegs@r%fgﬂﬁ\e%gmbg% cat b%%ggfm@gpéf% of human
neut r ophi | hydsplysisevasdaonitorsg-fog)l 0 min. imme ately after adding the enzyme. A

reactions were performed at least in triplicate. The K; values-of the inhibitors were

calculated from the intersection point of the straight lines obtained by the plots of v /v;

vs. [concentration of inhibitor], whereas IC5, values were calculated from plots of v;/v,

20 [concentration of inhibitor] by non-linear regression with simple robust weighting.

b) Second method

Assay buffer:
25 50 mM Tris/HCI pH 7.6 (Tris= Tris-(hydroxymethyl)-aminomethan)
100 mM NaCl/10 mM CaC12/5 % MeOH (ff necessary)
Enzyme: 8 nM catalytic domain (Met80-Gly242) of human neutrophil collagenase

(MMP-8)

30  Substrate: 10 microM DNP-Pro-Leu-Gly-Leu-Trp-Ala-D-Arg-NH2
Total assay volume: 1 ml

A solution of the enzyme and inhibitor in assay buffer (25 °C) was prepared. The
reaction was started by giving the substrate into the solution. The cleavage of the

35 fluorogenic substrate was followed by fluorescence spectroscopy with an excitation and
emission wavelength of 280 and 350 nm, respectively. The ICs, value was calculated as



30 Substrate: 10 m croM DNP-Pro-Leu-dy-Leu-Trp-Ala-D-Arg-NH2 Total assay.
vol ume: WD @25217sol uti on of the enzyne and inhibitor in aBcEgEPwMGEE (25 C
was prepared. The reaction was st artff by giving the substrate into the
sol ution. The cl eavage of the 35 fluorbgenic substrate was foll owed by

fl uorescence spectroscopy with an excitation and em ssion wavel ength of
280 and 350 nm respectively. The I C50 value was cal cul ated as WO 01/ 25217
PCl' / EPQO/ 09535 -17 the inhibitor concentration, which is necessary to
decr ease H00PH t he
reactlontﬂvﬁh t ?8%’10 r%&ﬁug%hﬁmf: éﬁg&h Od%ﬁgaée%%v%}g?ues fék&gﬂ‘)ﬁ&
conpar i s hal L in compagsonie a‘f‘#"&rﬂ"@?@&‘ﬁﬁlb@lt% 26 and preferred conpound no.
118 cited in the patent appli catlon EP0869947 Table 1: 1C50 Val ues of

MVP- | nhi pi t.or, (VS cat ic dorral erence ound from | CSO
[nM EPO&BE‘Q# °1F{Fé‘?%féﬁal ‘?%Y’Eﬁe CPEIPORY % aEplin this
i nverg i 006 khad Preffdoidd coﬂpatmdm Jlls(htedEnmhpbeteﬁt applitatmmBRO8E994Th0. 1 4 '
Exanple 3 - no. 2 2 Exanple 3 - no. 15 4 Exanple 3 - no. 15 4 Exanple 4
10 Exanple 5 - no. 6 2.8 Exanple 5 - no. 7 13 Exanple 5 - no. 9 12
Exanpl e Fabled: I, @’almaﬁMMPslnhlmor (vs. MMP-8eatalytic domainy. 12 5.5
Exanple 5 - no. 13 6

Reference Compound from IC,, [nM]
EP0869947

preferred no. 118 - 60
example 26 - 15
Compounds from this invention - 1Cg [mM]
Example 1 10
Example 2

4

Example 3 —no. 1 4
Example 3 —no. 2 2
4

4

Example 3 - no. 15
Example 3 —no. 15

Example 4 10
Example 5 -no. 6 2.8
Example 5 —no. 7 13
Example 5 —no. 9 12
Example 5 —no. 10 9
Example 5 —no. 11 45
Example 5 — no. 12 : ' 5.5
Example 5 —no. 13 . 6
Example 5 —no. 18 _ 13

Example 5 —no. 19

Example 6

10



Exanmple 5 - no. 18 13 Exanple 5 - no. 19 9 Exanple 6 9 10 WD 01/ 25217
PCT/ EPOO w@HRR521718 Patent clains 11111111 111~l.,~ ~I U 1pCT/EP00/6338DOUNS
of formula 5 RLRR N NOO HNNHmM Y O in which 10 R represents a
phenyl, phenoxy, phenylthio, phenyl sul f‘iWy‘I , phenyl sul fonyl, phenylam no
or phenyl met hyl residue, wherein the phenyl noiety can be substituted by
one or nore hal ogen atons, hydroxy, Cl-C6 al koxy, Cl1-C6 al kyl, cyano or
nitro groups, and R2represents an optionally substituted—aryt—or heteroaryl

group, as well as their 15 pharnac | cceptable s y

of the compounds of fornmula I. 2. gjtéxﬂaél Ym%f formul a Iﬂmm!el?n!‘lm"l
claiml1 wherein R is phenoxy, 20 3. Conmpounds of fornula*l @acgoy ing\‘fw;
claiml1l wherein R is phenoxy substituted one or nore tines by chlorine,
brom ne, nethyl or tert. butyl, 25 4. Conpounds of formula | according to

claim1, hereiGonmgounds gf farmuli ne, pyrazine or its N oxides.
5

R1 R2

in which .

10 R, represents a phenyl, phenoxy , phenylthio, phenylsulfinyl, phenylsulfonyl,
phenylamino or phenylmethyl residue, wherein the phenyl moiety can be
substituted by one or more halogen atoms, hydroxy, C,-C, alkoxy, C,-C, alkyl,
cyano or nitro groups, and
R, represents an optionally substituted aryl or heteroaryl group, as well as their

15 pharmaceutically acceptable salts or prodrugs of the compounds of formula L

2. Compounds of formula I according to claim 1
wherein R, is phenoxy,
20
3. Compounds of formula I according to claim 1

wherein R, is phenoxy substituted one or more times by chlorine, bromine,
methyl or tert. butyl,

25 4. Compounds of formula I according to claim 1,
wherein R, is pyrimidine, pyrazine or its N-oxides.

This Sheet Has Been Replaced




This Sheet Has Been Replaced IlI1111Thu IChilllllll WO 01/25217 PCl

EPOO/ 09®A¥01/2520 C L 111111 O Il 1110 Ms 5. ConpoundsPOI/EPGa/9s3sa |
according to claimi wherein R2 is phe@/_ substituted by - SO2NR3R4, wherein
R3 and R4, are the sane or different nd represent—hydrogen, C -C6  al kyl,

strai ght chal ned or branched, which can be substltute ti rres
5 by OH, N(CH3)2 or which can be interrupted by oxyYye !ﬁmmgmw
wherein R5 is an al kyl group whi ch can be substituted ound
of formulq | a@&g}g&uﬂago}-ﬂm | NRecHYafpatB KidiR 1 epr esent hydrggen and R4

t's hyd (CH3) 2 - CH2- CH CH(OH,
r(ag?aigc;) 2y “r,ogen 1%”@’-&‘@5& d@%%ﬁzcﬁh r )C (CH2OH) 3. (gH)Com(:)ounds
of formula | aﬁﬁ&&ﬁllmaﬂdmtlammekameloﬁdifmbritrmmteﬁm@thwmganssuI ng of.

5 (4 (4- Chl or c?llﬁﬂew chafned orbranchgd,s WF}H’% ?Fes“?s'ﬂfi“‘eﬂ oﬁgroéf?vr?é“}l HWESi i di ne
- 2, 456- t ri onebySOHAN(@HJhoowhich bambeinternipted by 0xygea, o3 réprésene COaRy dr o- [ -

é [24] ?i:%pir ?)leh %?%ngﬁenoxa@ﬁ%w g ?ﬁbg?ﬁs?nn% %ﬁ%z bi perazin-1-yl)-

pyrimdine-2,4,6-trione 25

4- (3, D|c 5,6-tetrahydro-[1, 2' ] bi pyrazi nyl
e *&Aﬂﬁnﬁb@t@?g&mmm}dlném@mﬁs ydro-[1, 2"]bi pyraziny

5- [ 4- ( 4- Br oo -Yheaghy; &)mm@m hydrggemnand R sepresentsbydrogan, SCH,CHLOH, | ) -
pyr i ipdi ne- 2, 4CHGEH]-NYCH,)30CH, “CH(OH)-CH,OH; -CH-(CH,OH);; .CH, CH,-0-

Bi par azi “ﬁéﬁzﬁiﬂ e A e

7. Compounds of formula I according to claim 1 selected from the group consisting
of: '

15
5-(4-(4-Chloro—phenoxy)-phenyl)-5 (4-pynn11dme-z-yl-plperazme)-pynmldme-
2,4,6-trione

5-[4-(4-Chloro-phenoxy)-phenyl]-5-(2,3,5,6-tetrahydro-[1,2'Tbipyrazinyl-4-yl)-
20 pyrimidine-2,4,6-trione

5-[4-(3,4-Dichloro-phenoxy)-phenyl1}-5-(4-pyrimidin-2-yl-piperazin-1-yl)-
pyrimidine-2,4,6-trione

25 5-[4-(3,4-Dichloro-phenoxy)-phenyl]-5-(2,3 ,-5,6-tetrahydr6-[ 1,2"Tbipyrazinyi-4-
yl)-pyrimidine-2,4,6-trione

5-[4-(4-Bromo-phenoxy)-phenyl]-5-(4-pynnndm—2—yl-p1perazm -1-yl)-
pyrimidine-2,4,6-trione

30
4-(4-5-[4-(4-Chloro-phenoxy)-phenyl}-2,4,6-trioxo-hexahydro-pyrimidin-5-yl-
piperazin-1-yl)-N-(2-hydroxy-ethyl)-benzenesulfonamide

4-(4-5-[4-(4-Bromo-phenoxy)-phenyl]-2,4,6-trioxo-hexahydro-pyrimidin-5-yl-
35 piperazin-1-yl)-benzenesulfonamide

This Sheet Has Been Rep
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4- (4-5-[ 4- (4- Br ono- phenoxy)-phenyt}—2-4, 6-t ri oxo- hexahydr o- pyri mi di n-5-yl -
3 5 pi perW9012521j| ) - bﬁlz nesul fonam de This Sheet Has BeenPRF(HEPaV/e3s
1111211111212172 1111 e Rephiset) 7,dPCT/ EPOO/ 09535 Thi's Sheet Has
Been Replaced_20_1:£ || LTI~ ~

4- (4-5-[4-(4-Btono- phe , 4, 6-tri oxo=hexahydro-pyri m di n-5-yl -
pi perazin-1-yl)-N(2-dinet hyl am no et hyI ) - benzenesul f onam de 4-(4-5-

[ 4- (4- Chl or o- phenoxy) - phenyl ] -2, 4, 6-trioxo-hexahydro-pyrim din-5-yl- 5
pi perazin-1-yl) Mﬂ{{ﬂ{(émrbmmephedexy)-phenyl]a 4 6-moxo-hexa.hydro-pynnudm-S-yl-

oi per azi n- 1 yl) - RPREBRS ”?fé%%?@éhé%ﬂw M rcidanai i AR

N- (2, 3- Di hydroxy-propyl)-4-4-[2, 4, 6-trioxo-5-(4-phenoxy-phenyl) -hexahydro

P varoxynet iyl - HESPR® W‘EM%@“? ApgRaz e ﬁ“ﬁ%ﬁ‘;%&i%ﬂ‘?ﬁm‘im- th
hexahydPo- pyr i mmpmnsll-yb sulfpnamyde henzenesul f onani de
N-2-[ 2- (2- Hydr oxy- et hoxy) - et hoxy] - et hyI 4-4-12,4,6-tri oxo-5- (4 phenoxy-

phenyl ) - hexahydr o rin din ] - pi.perazin | - benzepesul fonam de N
(o Tl oxy. 1. 1 M inlerrahebePben) 24 6 e HaBy gD Ryps 20
phenyl ) - hexahydrplp&xzmmﬁom N=biby2 B myzetﬂyi)lbeﬂzeﬁb%ammmbf onam de

4- (4-5-[4-(4-Chloro- phenoxy) - phenyl?, 2,4, 6-trioxo- hexahydro-pyrim din-5-yl -
pi perazin-1-yl)-N(2-hydroxy- | , | “bi s- hydr oxynet hyl - et hyl ) -

benzenasul f onam N42, 25)iliyﬂﬁ>x§3;me;§yl)-4—4 [2,4,6-trioxo-5-(4-phenoxy-phenyl)-hexahydro-

1, 3] di oxol an-4-y, | - -, noxy- phenyl ) -

hexahydr o- pyri mﬂﬁgﬁ ]"Qﬁ} razlﬁnl YLH &grgrslggénnégﬁ?%onam de 8.

Phar maceuti cal conpositions containing as active ingredient a conpound 30

according to cl aqEHydtdkyl1-hfarddfmtingi-ethil)idle P a iR dLI-AbhehoR G- pREAAR! ©
hexahydro-pyrimidin-5-yl]-piperazin-1-yl-benzenesulfonamide

(&>

15
N-2-{2-(2-Hydroxy-ethoxy)-ethoxy]-ethyl-4-4-[2,4,6-trioxo-5-(4-phenoxy-
phenyl)-hexahydro-pyrimidin-5-yl]-piperazin-1-yl-benzenesulfonamide

N-(2-Hydroxy-1,1-bis-hydroxymethyl-ethyl)-4-4-[2,4,6-trioxo-5-(4-phenoxy-
20 phenyl)-hexahydro-pyrimidin-5-yl]-piperazin-1-yl-benzenesulfonamide

4-(4-5-[4-(4-Chloro-phenoxy)-phenyl]-2,4,6-trioxo-hexahydro-pyrimidin-5-yl-
piperazin-1-yl)-N-(2-hydroxy-1,1-bis-hydroxymethyl-ethyl)-
benzenesulfonamide
25 '
N-(2-Oxo-[1,3]dioxolan-4-ylmethyl)-4-4-[2,4,6-trioxo-5-(4-phenoxy-phenyl)-

hexahydro-pyrimidin-5-yl]-piperazin-1-yl-benzenesulfonamide

8. Pharmaceutical compositions containing as active ingredient a compound
30 according to claims 1 to 7 in admixture with pharmaceutically acceptable
excipients or diluents.

9. Use of compounds according to claims 1 to 7 for the preparation of a
medicament having metallo-proteinase inhibitor activity.
38

A



excipients or diluents. 9. Use of conpounds according to clains 1 to 7 for .
t he prefe@8r2531¥ of a nedi canment havi ng net al | o- pr ot ei naPETIER/ESBOr

activity. 35 F1LEEET JEEEE 00rnE 1rifLlafl 1111 WO OQU25217 PCT/ EPOQ 09535
-21 10. Use of conpounds according to claim9 having antitunmor and/or
antinmetastatic activity. [!1I111i 112J1 Hl Il 111l s This Sheet Has

e
Been Replaced L1 LIELELEEL TR EREELETE 11

10.  Use of compounds according to claim 9 having antitumor and/or antimetastatic
activity.

(T
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