1 6 DEC 2004 | CYCLI C UREA COVPOUNDS AND METHOD FOR PREPARATI ON THERECF The
invention relates to a new nethod for preparation of cyclic urea conpounds
and 5 new cyclic urea conpounds. The |ast few years have seefh & &Bd2004
devel opnment in the synthesis and uses ofi substituted areas. In particular,
cyclic urcas are present in a nunber of active ingredients currently being
devel oped in the pharmaceutical industry, such as |il1lV protease inhibitors,
or factor Xa (fXa) inhibitors. The cyclic ureas described in the literature
(WD 93/07] 2 6/ 29329, WD 97108150, ' WO 98/ 20009) general | y possess
rings of 5(8}5'(‘%.70[(6\/813324%1’ OYNDS ANRJUFIHODJRR RREPABAHION IHEREOF onal
hctcro atom such as a nitrogen atom adj acent to the urea function (Sham et
al., Journal of Medicinal Chem stry, 1996, 39, 392- 397). The urea ring of
the bi ol ogi cal |'Pheinventionoyetdiéscro W RasmdBRa MbREpdratid6f dyclie bt ok b&d&%ﬁ@ as
a restrained conformation platformon which are arranged the pha|Pmacop oric
grodps 15 US3HCKHE Weacsurraundh by the HI V protease. Ti is therefore

inmportant to h (o] .synthesi i.ch is suffjciently flexible to
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groups on the ring. The cyclic ureas described in the literature a
general |y prugsaty@cingdsieioped tothe pbpomgeviicabiindnste sudyas IV proséase idhitsitors,
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(W6/ 00708 _and WO 93/07128). Wthin the framewor reSearch ai me
devel opi ng TRERE CBYES SARFOMAIMES Sontiim amuddiianalasteretatemy gucht 452 ajtpdgen aadm

Conpany has, j e s, npl ef f ive method_for . .the
or epar at i ont R B SRR O TPy o hpfind Caeiie 9o a2

N- pr ot ect edB¥)i Tie wrca ding of ithectiiblogicalty Bitivieiyekk toldf £esSHRIISn 180 1iRrafire s $id
transformation of Ihgéé%O\l grou of the N-protected amno acid (a, y and S
am no aci ds3® 4 Hslaiged IGadeR Platfogy @Brwingh g airanzas thepharmacapborib graupst ep
of {sr ansf or @l 19N Qb ek QNS 19 t v AZ Lnto .a -NCO group 30
in (;r der toL obt ai Fl g_%ﬁlihggébyanat}g\p t%g%t@% @?y‘{l?@alfn %%HP&OLP lfaﬁg %@5@9@6’& e
in order tosyobiesisrwhigh ds suffidientlyaflbablecoamisily atiewi thatinveducBod & Dol The
term"am nod].aé:risg dtet i:{a\l,t ng er"lSt be interpreted in a broad sense, as
under st ood by th8 E}?J S6h° %‘FI AaP4eAPRaRS Bryps aéﬁYPUcﬁfsﬁt&WdF\% of themasition of ar  a
peptide, poh¥fRepbivieon B i@l The cRIRUFLRWRLdBE B m%hh&%édf@%—:%?ﬁé Y brtar he
carbam c acid derivatives are stable, crystalline internedidtes C act
with 5 anifies the cpoesposdist disminss byristemolthdac aydiiastion eltiatt dapiinatisigsa al so

makg, 11 pos&i‘ﬁln@laﬁﬂn agent such as carbonyldiimidazole. The alkylation of N,N’-disubstituted

ureas by alkyl bihalides for the preparation of cyclic ureas has also been described
(WO96/00708 and WO 93/07128).

Within the framework of research aimed al developing new compounds with
immunomodulating activity, the applicant Company has previously developed a simple
25 and effective method for the preparation of new slable activated carbamic acid derivatives

from an N-protected amino acid derivative, comprising three steps:
4) a step of transformation of the -COOH group of the N-protected amino acid {a, B,
¥ and & amino acids) into a -CON; group in order to obtain an acyl azide,
b) a step of transformation of the -CON; group of the acyl azide into a -NCO group
30 in order to oblain an isocyanate,
¢) a step of treatment of the isocyanate in order to obtain said stablc carbamic acid

denvaltive,



prepare peptides containing urea notifs (Guichard et at, J. Og. Chem 1999,
64, 8702- 8705, and GQuichard et al., Tetrahedron letter, 2000, 41,
1553-1557). One of the aspects of the invention is to propose{d BEfH H@khod
for preparation of «cyclic urea conpounds. 10 Another aspect of the
I nvention is to propose a new nethod for preparation of cyclic urea
conpounds, making it possible in order to obtain easily and in very few
steps a consi déhaisim “‘aliee adiddervative’s muyt bsf inteyprkied ia bead coppopasdmderotd her

aspect of t Lnventi IS opgase_.new cyclic urea conpounds.. Generally,
a subj ect OIP}? g e?%&?esg(fq}egﬂnitﬂge %"r?g'ﬁ%ﬂg?‘ﬂ?s %ﬂ’éﬁéﬁ“éﬁ ARTPRIE, ROlYPERIdS RIgteln. o
conpounds fﬁ@ﬁa@epkiqagp olgr@fddrivati@d carbam c acid derivative containing a
non- pr ot ect’ed _Frl mary or secondary am ne function, conprising a step of

cyclisation by Thacabamidhatideenvativies arer statde \crystaliine andlarediasoyi wisicK veret weth and
the carbam c acid function of, said ﬁarb nic acid derivative or_ derivatives.
The 5t er m " aPPIGH{Q dOrE, Sypstiuted, prcgs. dHiG crabamis acdedrstvatives sy maks # rpossiblle to
derivative, L Gk ; | Nj acRL r
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am nes in t§HSpaed Cuidhaal etrabt Tetralethenireetse2060,af, B5dass7).i n an organic

solvent. The term 'Egg-prot‘qg%eﬁ"- rimar %eor secondary am ne_function
denotes a free VPPl sTECEt SAEATFUMR folof RIREYSEonDew meethoshfor paspamtion gt
reacting wigharetdh@mpdiaai.cal 25 functional group, and in particular with
a carbam c dacid function. The "non-protected" primary or secondary function
mayltal so be ref Anpthdr aspeatsof'the invastia is t6 prapeic @ new hoktipsdofoe pioparatips ofMydlicor
secondary am ne function. |.n the f oW ng, term.actjyated carbam e
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function" i&r@l&%ma%n&medi»kesit?me'clﬁqnea é&mnluhgoneri c carbam ¢ acid _
derivative, also referred to in the ?ol | om ng 'as "activated hono-oligoneric

carbam ¢ aci d dAnpthgr pspect efthe inyautian is toproposs ndvrdyehit imee towpourdact i vat ed

het er o- ol i goner } am c,acid-derivative: or "hctero-oligoneric
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activated non-hetero-oligoneric carbamc acid derivative. T _
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car bam ¢ acadd derivatateioraeriVativehono- ol i goneri sati on or

het er o- ol i gomsrirgat i on, reactions npy wo, he referred to in the follow ng
I

as "internol ecul' 3F WBRACHYHSE Cappmic agiderpiply s sdanptsh aspdpminemd dervative, in
undgy st 00d p&niBRRAP 22 BarbBhihR! ROAGESHAE primary or secondary amine function capable of
reacting with primary or secondary amines in the presence or not in the presence of a base
n an organic solvent.
J The term “non-protected” primary or secondary amine function denotes a free
pnmary or sccondary amine function, i.¢. one capable of reacting with another chemical
28 functional group, and in particular with a carbamic acid function. The “non-protected”
primary or secondary function may also be referred to as “released”, “frec” or
“deprotected” primary or secondary amine function.
In the following, the term “activated carbamic acid derivative containing a non-
prolected primary or secondary amine function™ is also understood to mean:
30 — an oligomeric carbamic acid derivative, also referred to in the following as
“activated homo-oligomeric carbamic acid denvative” or “homo-oligomeric derivative” or
“activated helero-oligomeric carbamic acid derivative” or “hetero-oligomeric derivative”

or,



10 cyclisation step, or an internolecular cyclisation step. Intranolecular
cyclisation occurs by reaction between the non-protected pri maggng 0
secondary am ne function of the activated carbanm c acid deriva %n?g ‘fts
carbam c acid function. Internolecul ar Ttycl i sation occurs by reaction
between: 15 -- the non-protected primary or secondary am no function of an
activated carbainic__acid. derjvative éﬁ('tlrenot ed derivative 1) and the carbamc

acid function of AfBYHEPOLCEARAMERCIITIYAHYS QrcEPoadingaanastivaled per-Homo-

derivative 2kgodHetic -cbhEniB0R:R" 8t est [ Y Q- ) m ne. _function
of said carbam c acid derivari vIéel% gﬂdg‘gt %apgé%ﬁggggﬁ@{ ?J%ctcl MY ¥4 d
car bam ¢ acierivgivevati ve 1. 20 According to an advant ageous enbodi nent, the

i nvention concel:r S met hod far eparation of cyclic urea conpounds
conprising: - a EFeS"’BP”“&‘@P‘é‘iCHF n@‘ﬁg v |hetgse-obgemerds  sazhagric canid aderivativesd are
deriyative KN NYo - c LoaLy. . or S nda i ne function
f ron’slV at | eagﬁ%ﬁg%p g%I%gd?g%aﬁlgbﬁcgcrﬁﬂ%ﬁ%g@&%{%%%raﬁé\?/zogf %‘rg}l%gﬁé%l?ﬂsﬁ%m’an

am ne funct reantignsob€cdt eldadtyore pritabel Mgogictid PearbimidSaci®! ReiVhie:, Bl 8§RoOf
sai d prot ectﬁd am.ne function fromsaid stable activated carbanmc acid
derivative BhREYBSPSARPN V@S helyo-gligaeiation tepretinas omant dlon hef refairdd pooiredid ng

group, - a %lﬁ)%iﬁ;f; aSYtdrs @ idc R%ct'i:ﬁﬂ“ti on between the non protected primary
or secondary am he function o}- at 'east one activated derivative obtained

at the end of tbestnmcttydisaticl stcpd ivep WRNUNEGE64 AN agh Ginfrnslchg Of
t he derivative. or derivatives. 30 According to an advant ageous enbodi nent of

thelcfret hod BY° PSR FHoRfYF 2 Antermdcey VCHYF@;??PPBﬁtCEt ep is an intranol ecul ar
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of an activated derivative "obtaine he en v
step and it seconddraringinafinttivondtthoactivatel GrtnGe 20@4dcfivativeesnd tPEabagic g
gr oup” deno?es .a group protecting the amne function of the activated

carbani ¢ acf§Y8¥i vative, in particular to prevent it fromreacting with

other cheni cal IfteesdIbaula cyBliQUBA ocdli hieeasiol B@Sber.of said derivative. The
term"stable activated carbam ¢ acid derivative" denotes a carbamc acid S

deri¥ative whi ch B¥nnyepiotestes: rrinaryurristéadagnamsekdiediopprfehercalobiyd akrbdSc f or

a period of, ok - W L haut recjabl e degradati on. Stabilit
can be msasﬁtfqu1 kg%%xéﬁ%% g& }ba?/n V%hhgqﬁ&r‘a% ﬁﬂ{’?"é%t‘%c“ﬁﬁ‘@ﬁmﬂ’e?? Yronhes eetivatgi d
chr omat ogr apdrpanidRic(d derivative (dnbted defivar@tganaphy (T1.C), nucl ear nagnetic

resonance (NMR) or-infra red (IR). The term"selective release" of the
protected ani ne~f Hifc RPHRAreRed BEMYRGBF Sewedatyoaming fupetipraof stidacebamikiacly i t

possi bl & 1 04efl38e il ie LBl AbRARI AN Gd ARELI i el D84 AP! &
activated carbami c acid derivative wthout altering e carparm ¢ acid
fungtion of sai dccading tit awedvimagehes Bobbdimang, the Hevénsioh aphiéorss hehaBs€ forSt ep
may al so be referred.to.as "selective der;])r,ot ection".
preparation of ¢yclic urea compounds comprising:
— a step of oblaining at least one activaled carbamic acid derivative containing a
) non-protected primary or secondary amine function from al least one stable activated
carbamic acid derivative containing an amine function protected by a protecting group, by
25 selective release of said protccted amine function from said stable activated carbamic acid
derivative or derivatives, by cleavage or transformation of said protecting group,

- a step of cyclisation by reaction between the non-protected primary or sccondary
amine function of at lcast one aclivaled derivative obtained at the end of the selective
release step and the carbamic acid function of the derivative or derivatives.

30 According to an advantageous emobodiment of thc mcthod of the invention, the
cyclisation step is an intramolecular cyclisation between the non-protected primary or

secondary aminc [unction of an activated derivative obtaincd at the end of the selective

rclease step and its carbamic acid function.




The sel ective rel ease or deprotection step of the am ne function protected
by a tS protecting group is dependent on: the protecting group used to
protect the ami ne function and, the reagent used during depnd €0 @pdbor
rel ease of the am ne function. The rel eéase of an am ne function by cl eavage
of the protecting group or by transformation of the protecting group is
carried out according to the standard nethods 20 described in the
literature. AcThedemy ‘potatinggyeup adppotes segriooplipreatlingf the mine fingtion of thee
invention, the stable .activated. . carbam c acid deri ,a{ive contai ni.ng tﬁ?
ani ne funceFBRLg 6R0ETHy 26 ”b’l"“é‘f%d?iﬂf@"cug"’f'o‘ﬂp"rﬁe" Bt FoMe PP PRI Mo
aci d deri V't‘)é'ﬁ’%“l {ﬁn@@érﬁrﬂ F s R sgﬂtﬁbb‘?s SSafy fbRetiwd by a nethod such as
ed be g rh ol

t hat descri Oow, coffprrsin low ng three steps: 25 - .
transformati onTofe tdne <MD, activarap cfbinne Nigprdstriestivell dumotvs aciacbagec iaseak i ve
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st abl e carbam C aci vative. "According to an advant ageous e

of the prepk¢ alolowingt teerd afght herformaest iligquid tdheomatogmapiy e pr thimiayeor
secondary am ne functign of the activated carbarm.c acid g? ivative is
present :  ( Bramatppsaghy OFlHy Ja Ruglear magnengrespranse GAMR) pr mirage ated form in

particular in SgldfRriediedBicate B e glfol&'ihdaﬁﬁiixﬂ%rf'c%oﬁ%mgb%na&%ﬂod 0

derivative containing a primary or secobndary amne in protonated form in
paripi cul ar vheursatdeake makinghepdssiblaotwiralgaseron!y the ppatected anme fvectointod the siable
acetate salt, a hydrochlorj da salt or. a trilfl.uoroace ate sa

] t. 5 Th :
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secondary QERAGHIUNG! W dibIES! ARAMERAN RIEAE" Niepl RA IS be iR d e

activated carbam'c acid deri I ve contal ning a non-pfotected primry or
secondary anielreudadaprotection’n free form cannot be isolated: in the latter

case, the cycligati tep , takes place . imediately after abtaini t | east
one Activat d L’glf'%lé"ﬁ%f?‘&?lsvéc clpe OF VAEPFIE oD S :‘??ﬁlﬂf "ieO‘?WSH?’brplé&:s‘Lc}?‘ég'y 2 °%°
prijeary or &g%nggg%“gr}gaﬁmgw%pn I S obtained. According to an

advant ageous enbodi nent of the invention, the nmethod for —preparation of
cyclic urea conmpodndsotesmergraupsused i pistpchihcamint@melen &, t he sel ecti ve

rel ease step, a h - 0l | JONE LI | o) r ol l i lon step
between: - the ﬁoﬁlgg?aéeglglfsgg d%fﬁr?érg&em%?qg@e%éﬂg%ﬁf?ztih% Ar?ggggﬁlg %’n of a
nol ecul e of theThd yeRadd vhtandamblebfinctiondiyd cligvigeasd e prudediing gmipaor by aci d

function of another nolecule of said activated carbam c acid derivative
and/ or , transformation of the protecting group is carmied out according to the standard methods
20 described in the literature.
According to an advantageous embodiment of the method of the invention, the stable
activated carbamic acid derivative containing an amine function protected by a protecting
: group is obtaincd from an amino acid derivative in which the amino group is protected by a
method such as that described below, compnsing the following three steps:
25 — transformation of the -COOH group of the N-protected amino acid derivative into
a CON; group in order to obtain an acyl azide,
— transformation of the -CONj; group of the acyl azide into an -NCO group in order
10 obtain an isocyanatc,
- treatment of the -NCO isocyanate in order lo obtain said stable carbamic acid
W derivative.
According to an advantageous embodiment of the preparation method of the
invention, the non-protected primary or secondary amine function of the activated

carbamic acid denvalive is present:

(1) 1in free form and/or,



- between the non-protected primary or secondary am ne function of a

nol ecul e of the activated carbam c acid derivative and the qagm&gﬁfi d
function of a nolecule of another actiwated carbam c acid der FVveEYtin
order to obtain at |east one hono-oligoneric 20 and/or hetcro-oligoneric
derivative of carbamc acid containing a non-protected primary or secondary
am ne functi on.ﬁ’[hulspmﬁ,gg@aq‘&ﬁg ih ParfiuBAVARigggpuUs enbodi ment, the
preparation nethod of the invention conpriseés, during or at the end of the
sel ective rel eade 2t fpmpic leé - adtivgtederarisatit civids iapvatiet WBRRAILIAE a primary or
non- pr ot ect ed I mary. or. secondary. 25 am ne function of a nolecule of the
acti vat ed csa?FBIg‘iﬁ'X ”é%l’ﬁl TAdRPiPLEicd JorRG IR Rartishlapamiselt fagndthicufodiowmg afay in

anot her ol eeHt@a0fe 5%@@&53@(@&%& ?g%%mo%dgg'ilporgae%iiél:ﬁat ive, in order to

obtain at |'east one hono-oli gonerrc arnt ¢ Hef PERRESHOts Selbnt ai ning a

non-Sorot ect ed Phé rmtiyated caelanidased alerivatitdlR6haM® nonBhott&aPly %ﬂl‘?y or
hoi no-ol i gontri sation step between the non-protected primry or §
secondary aifffReY AIPeuBsioR i PEtanated fform cant be atobrded; awharrac thec hdtivated

derivative apghid€eci ' L | on.of another nolecul e of said,
activated car lganl?p Cgpm é gglr" ig\‘fglgt ?@gféﬁﬁ&] ﬁf"t‘?%%dz?“%'é HerEeonsap ?ﬁ@ﬁéﬁ?‘é‘é}?i on
step between tihe lloon- pmabedieeilolatddteinyiher laB€c eagathe c3ofdifod YRS (R8s Hlack

mol ecul e of, one .acL)j chtreq) carbam c acid derivative and the carbamc "acid
function of MRFHAEHUMET AL HRBER rleagt ono acbriehrshamic axid dedwitiveatontaining o
ordgy to 6 Opridbdet i . RPne.homo:oligoneric and at | east one
het ero-ol i dior?e¥| C c%ﬂ%%ﬁg%géggﬁaﬂ%% ﬁl\l?gu%nolﬁtog%ﬂcﬁg a non-protected -

primary or secofdargingninanf whahiagecusTembodiirnbidrunet iRRaliorCie! }n%thc:fl fo
precursors obtai ned ?uri ncg or at the end of the selective release 0 tﬁe
prot ect ed AT PEHOMOTICEHIC HEftetomRNBIHGAMREIFSSC duERg vhub the endafithc sdeafives
derivati vesrcRasd abpiaHbnfo-BhihdBérsaén SREQMWAY.oRINE;Lpnction in free or
protonated form 1(B:I?:m underé%, be?orne ?ﬂe |?1t{r¥§ﬁ @%?J{dafmét)?el%lds“é“tc?'on st ep,
i nt er nol ecul ar -hoWe-nogrptbtected piteany- ol sgonmbary Samine Nfui@RBt b0 ASmoledulb affOthe
honp- ol i gonet.| ¢ _and/or .het.erp-.ol L gonerjc | functignal, acyclic precursors.
Thggacycl i cachg%€3ﬁbw%ﬁ?1§ ‘@HH?‘b‘% t"b? Ggfgr‘ﬁﬂabﬂ-‘é‘# ifienctien op apetberamplgcule of
derivati vessaidasivetttiaa@ehic hdif @erdbatik bfg/BRN- homo- ol i gomeri ¢ and/or non 10
hetcro-oligoneric carbam c acid derivatives, then undergo internolecul ar
cyclisation (or— haveacheinos reteripd pymasact scoondafy tingier functivrpsid molegdle of
primary or §g .g,rgh'lql ciilon- wth thei.,r carbanm.c acid_functiqn, in
order to obt a%gﬂ olré%-" oli ggcnééiﬁC&Cglﬁg}v(g%%g[hérc&gbagppgagﬁc neiew, of janglegule of

However, f amothee attivatsdnoiieanic atidrierRatdld, S06MRE! SRR aBRIL Yne homo-aligomeric
hetcro-oligonerisation 15 reactions, and the inteanol ecular cycli E301°0n

redtions t& cﬁl@é“ﬁ‘?‘&@%?mf’%dwalé&%@f)‘aﬁbmalayid@pntabé@mdam-yrcmmtﬂ.’qsrfmmtoton
of the actiedRArFMIRMiSctRel d derivative nmust be in free form and not in
protonated form In effect, only the primary or secondary am ne function in
free form can Tlescrcdydingtter o hdeatageodso ombodin@AGRh¢ Haépaiticd! method of the

het cro-ol i qomeri sation. regctl on, . .Or t&y Jintranmol ecul ar cyclisation.
i nvention Comprises, dunng or al the end’of the selective release step:

-~ a homo-oligomerisation slep between the non-protected primary or sccondary
25 amine function of a molecule of the activated carbamic acid derivative and the carbamic
acid function of another molecule of said activated carbamic acid derivative, in order to
obtain at least one homo-oligomeric carbamic acid derivative containing a non-protecied
primary or secondary amine function or,
— at least one homo-oligomerisation slep between the non-protected primary or
30 secondary amine function of a molecule of an activated carbamic acid derivative and the
carbamic acid function of anothcr molecule of said activated carbamic acid derivative and
at least one hetero-oligomerisation step between the non-protected primary or sccondary
aminc function of a molecule of one activated carbamic acid derivative and the carbamic

acid function of a molecule of another activated carbamic acid derivative, in order to



20 Thus, when the activated carbam c acid derivative, obtained at the end of
the selective release step, contains a non-protected primry or secondary
amine function in free form the honmo- and/or hetero-oligoneliBEli2py and

i ntranol ecul ar cyclisation reactions can take place i mediately after the
formation of the activated carbam c acid derivative containing a

non- pr ot ect . 1r i _ ndary am ne functionin free form as 25 said
ani ne funct ?@ﬁlﬂi %pﬁagteg#l%?lﬁ%%é(ﬂ'groégﬁlf W%t‘ﬁ ][éﬁsé ofie hhepolisempHg prbagyc geid
group. Wiendérivatiae tomaintth £A6P ot AG S bf y&bhaﬁygmﬁi fifdight the end of

the selective release step contains a non-protected prinary or secondary
am ne function ithuphstifineteanal saychs piccusspislobbinedaineing ar yt thetod ehibadeltive
neutralise | 0 e ormof the amne into free formso that the

i nt er mol ec ufegér‘g%(% ?rgf-l% B&é?ﬁr@% RPN @Hdé?{bl/‘B‘P’eﬁ’ef@r‘ﬂgwmﬁg‘nﬁ“i"él&ﬂ icgrpamag acid
reacgi ons, a&thvatines taHiniaiR £pHmaly SY&L i, QN t QN n.tak | ace
According to an advanta] i(3%usﬁenboydi rrenétﬁ% tﬁe ceﬁ@ﬁﬂgogqﬁof?&porré%gﬁgﬁfﬁﬁo%
cyclic ur eeiic pgesandbefowhdhe tifteamadciwat eptlisatidnasics, mtérthottetlay Home FArai ns
a primary o cterdS ondargﬁl am ne function_in protonated form the ] ]
horo- ol i gonBFFEat 1B ARY/ B IRETGPS- Q) PPBt ARPONEPHAFiG a1/ ars hetaroroligemsic by
neut r al i si ngjfhdeioR4l Yc HreSRERN 0P Y THA 1G1: ] : 04 .7 in .
protonated formint QE%rbp(r:iq;r;gry or secgﬁy ar 31(];1##%&%5%% ?%thé&]&?rroe@gpme&c in
order to owtrbamicacid alksvatives thosroblainicdolike iacyddio ionrhdngd-6k GmeedricOitisr fon-

derjyvative gontai,ning a non- protected prinary or secondary am ne function
in Jf" ﬁ%q"’ﬂé‘%?%ﬁ"éi%ﬁ'é 5P t“ﬁ!éf S‘HWHR%&E&J%M@MM@HRC@M sydisaambd f or

ree for

prepar at i onm@érocHelizdEdi) oy F8aidHONMALP dSn- glr‘%;@dg?ﬁ E&gm?‘l%t drvﬁ&%aﬁamﬁf éﬁ%ﬁ%ﬁh d

derivative contains a primary or second nctiron 1m pro
form the cyihibskiembapicpadid fumstionedn ewmderbly obtaint kahé-sligmmérie apd/biMBeigroor

secondary ag d anS} n.in protonatcd forminto a primary or secondary
am ne functlltl)%??nr&f é:ie] O6fm The neutralisation of said pr ot onat ed am ne

function into fHeectal foritke InferpdldciRibhétho-okRosansatioh atdbr DS RoMeIGych oS eN
fromthe groug. made utg of diisopropylethylamne, triethylamne,” [uti élli ne,

pyr [%di ne, ~ 25CACHRRS oG Qe pdramel i el lina Hero fsaetions 29 Bakd iplaceribe telkagéd grimary or

met hyl pyri dj ' : Furthennore, .to carry out the step of

i ntranol ec u%égrenag{]/r% %ﬁg%l ?@%u&?%ﬁ‘ E}gcf %%‘tvlgl\'/sgtceaﬁ’amdﬁ Pﬂgﬁ?ygl%rm%ﬁ’éﬂﬁrﬁ% forn, |
car bani ¢ acamil werin padtovated foomt &i elfsrg on hpthe PoihyarPbr SLERRBALMine! Bn@lBnNE Fee I
function, i{.? is possible to é e.in particular a solvent chosen fromthe |
group made SN IE SHiEIRRe g??)“,"“?'dﬂ"l’}é’h"é?“%y?ﬁhcépﬁ?réllg(Pm]WﬂlemeﬂtahWn,

f or manm de @ZB)J\@MM]@M&@QW{S%&{ an (THF), chloroform dichl oronet hane,
N- net hyl pyrroli done (NWP)," dinmethyl sulfoxide (DVMSO), ethyl acetate,

metHanol , et handhusorwhgnk ther estivatedr eobaritiveasd| derivhtives abtdinedc ar the end dfh@e

cyclisation i s, dengted in.the following by the 20 term "reaction
sol vent " orsﬁé(-:cglg Firglgﬁcoﬁc%oﬁvéaﬁ?s".’ "‘i’ﬂ'llj'é?t"?tﬁg PHINSEY 8F s¢copdlaiyemine fagetion in

cyclisationfred faghj Whé ekbricr RANGE 1tdreloBBHmYALhYES _anéoimrﬁﬁwﬂieeaaﬁ ¢yclisation

non-protected primary or secondary am ne function in protonate Formars
) reactions can”take placc immedialely after the formation of the activated carbamic acid
derivative containing a non-protccled primary or secondary aminc function in free form, as

25 said amine function in free form can react with the aclivated carbamic acid group.

When the activated carbamic acid derivative obtaincd at the end of the selective
relcase step contamns a non-protected primary or sccondary amine function in protonated
form, it will be necessary beforehand to neutralisc said protonated form of the amine into
free form so that the intenmolecular homo-oligomerisation and/or hetero-oligomerisation

30 rcactions, and the intramolecular cyclisation reactions can take place.

According to an advantageous embodiment of the method for preparation of cyclic
urea compounds, when the activated carbamic acid derivalive contains a primary or
secondary amine function in protonated form, the homo-oligomcrisation and/or hetero-

oligomerisation step is carricd out by neutralising the primary or secondary amine function



carried out in the presence: - of a base in order to neutralise the
protonated formof the amne into free form 25 and, - of the’ﬁfi&i%?@@
solvent for intranolecular cyclisation, whereas the step of i ul ar
cyclisation of activated carbam c acid @erivatives containing a
non-protected primary or secondary amne function in free formis carried
out directly using a reaction solvent for intranolecular cyclisation. 30

Accor di ng tin paetongied ity eutosa pritani eresetomfary Amimefunodornin frbe forfy eMlorden té he
step of in&grarml ﬁﬁ%u' ar .cyclisation of the actjvated carbamc acid
derivati ve “CHiE $tPng hosp-oligosmariciand/as hickere-plispmericéanyative eamaningrs nox-

carried OUtprﬁtEct%d m?}e fgI}%%g@g{cggﬁ%}l%)ﬁ[cgﬁé%C to approximately 40C, in

parti cul ar "of app proxi matel'y 40C, and preferably of

appr oxi mat el y (Azcoodingpe axbtilt edyanReouslefibédificr008 R Metod dbn greh@raid@ioher
advant ageous enbodi nent of the nethod of the invention, the concentration
of An act i VIEHE USRI PHRCENGS When dhg 3clivaied cadbamig aoifh gerivativa conteins @t pstnggy ionar y
or secondary. g, RF ahHRE b QRion My ' S i ont.ai ni hg a
reaction sos?éslenf for in l?%r‘r%ll ec f"a?ﬁag{;’tcﬁ’]‘s‘gt.ﬁ‘Sn&ﬁé’;‘“‘éBp@%&i’Wﬁf‘@ W X1 t o

appr oxi mat eleytrdlising tHerprivasryice sbandaryaaithe Rindtibg iy proforatddl (bR SRBRGHMRL LY 1
M and preferably approxi mately 104 Mto approximately 1 M According to ‘,
anot her advsHimgbotRIsARMdoRenitcaforhe net hod of the invention, the

Concerty o1 o0 SRESRILARRSE S8 RO S STl o

solwt i on contrddiony vaingeadidserchsginy @oin #E garupi Maderupobe dubsiropylethiatiddn
in particular

and a base, . pproximtely 10.6 Mto approximately 10 M )

appr oxi mat éf &Vg“ﬁ%%ggﬁ‘ ’réﬂ‘%ﬁ' &h3;0-golliding i-methybmerphelingp B 1bodir tamtbuty-4-

10-4M to a&g&gﬁp?mﬂch}?Mur;gl'}_g?fg&ncentration of the base in the reaction
I.htra u | S¢

sol vent for nol ecul'ar cyclisation is approximately 10'b Mto

approxi mat el y IEurMcrmorcpae tdaoyl @t thpptopxofmiriteimolddid dviclisatioh Sofamer s6ivaed e! y
| M and preferably approxi rratgrh 10 *,nd:fo, approximately 1 M According to
an advant adsBIT Ui TBRTCHE © é“‘l‘Fef'%S SFYRUYSSIPRIARING # RAMBRYCP, sccopdasy

compounds, dnigc agddieal gk SRLMIOCsBE Parfigithy 85 ¥E: CORLAI AN IABELLEEL B
amne function is synthesised on a solid support, an(f i's chenfc y ded
to said solefd éretpritnles) (MeGN)L s telutnee framisinen, No¥-dirhgthipforivtamidar HRNE), aci d
function, qr ny, er .funetional,. 20 grou resent in.gaid actjvated
car bani c aglmés]%]ﬁ?ﬁ\% i é[ﬁ 1i}he‘;l{]%rlp EHMSO%CHIOE%B%B?I{' &J’%‘F B&’WHH@?I& dm)o
mean t he nedifrieshybsulfolideDIMRO), eigTideale, HeAdnol RtHafio Lt hikRfesAttreof NI S i S

general ly an ingoluble solid polymer which allows the filtration or
centrifugation, | BntPlvRnh sged toccasrymnt the oislisttionrsicrr is dgaoted imfhe following byrtbeluct

forgged on_tlaf, FRakon &ivarasP!§aidfion@liigeeupports, the following may be

cited: 25 polystyrene resins, poSI yacrylam'de, polyethylene glycol,

cel l ul ose, gl asEhmndhesstep ©f .intramolecular cyclisation of activated carbamic acid derivatives

contaming a non-protected primary or secondary amine function in protonated form is

caitied out in the presence:
— of a base in order 1o neutralisc the protonated form of the amine into free form

25 and,

~ of the rcaction solvent for intramolecular cyclisation,

whereas the step of intramolecular cyclisation of activated carbamic acid derivatives
containing a non-protected primary or secondary amine function in free form is carried out
directly using a rcaction solvent for intrumolecular cyclisation.

30 According to an advantageous cmbodiment of the method of the invention the step of
intramolecular cyclisation of the activated carbamic acid derivative containing a non-
prolected primary or secondary function is carricd out at a temperature of approximatcly
-40°C to approximalely 40°C, in particular of approximately -20°C to approximately 40°C,
and preferably of approximately 0°C to approximately 20°C.



Accordi ng to an advant ageous enbodi nent of the preparation nethod of the

I nvention, when the activated carbam c acid derivative containi a
protected am ne function is chemcally bonded to a solid suﬂ)go:bgc ZUMby its
amine function, the selective release step involves the cleavage of the
amne 30 function of said derivative vis-a-vis the support, by its carbamc
acid function, the cyclisation step involves the cleavage of the carbamc
aci d. functi on dficcsuling deamolberadeaniageous embodinentopibemethod gfythe mvgnten, dheal
group ot her than_hhe 3rri ne,.or arg)arnic L d. functi N such as a Qédrox I
function, &RAMSFIHHE" £hARAFORIEHC %‘F@B%eﬁ"d‘ﬁ‘&?"d g 3 NONPIGWEEC SPMAL] q 1
6 DEC 2004 séémﬁhgpaﬁkncgﬁﬁaﬁbd/msﬁee ¥drih, 508 sSHABR cbnfafng &%GcRbASEVEM NI OF
at the end of any one of the selective release or cyclisation steps.

Accor di ng tintranolebwlnr ayhlaaticry éoesprexiomtiiyd A’ Mfto tappropimepellyal(i i) impaittioalanf

the invention, ,the anipe function of the activated carbam ¢ acid derjvative
i s prot ect @PIO¥ipREly 407 Mricosppreximaicly Bahﬁt@d(ﬂegahﬁvj APPSR Py wh) s a

tert-butyl,, BfJxliMQ(e?f'Y et hyl, benzyl, allyl, tert-butyldinethylsilyl,
ethyl, 2,2, E-I nchl oroethyl, 2-(trincthylsilyl)ethyl group, - tertiary am ne
group of for nul&cdardixg whemothéreadamitagedus robiodmend obethepnabhat o Ediciisvention,ahe

secondary amne, or of fornula R R'N- wh the am ne function to he
protect ed iEMIIPHRNRI AR VRIS FbRE A @%{Hﬁﬁ?fe%@@ﬁ%iwnapfﬁ%%egm
group chosep sEE&WaWﬁnﬂ{e%ﬁbtiomﬁrdwnﬁéd REAZM & sohutfRGLRRMRE D 7ohktion solvent

2, 4-di nct hoxybenzyl”, di phenyl net hyl, para- 1 net hoxyphenyl,

3, 40di met hdwy reranydleadarSyphisatiph 6d £ bass, énagprexiamateln] (feMytoopproxitalely B Mi tr o

group, an .azide group, .a td iftyl group, an ortho-(or e .

ey o i ¢ dprrgr S Hpriglkon 30 % GebtogRuth. TS S mpfrrably prp ey,

or a cyanq(gﬂrmg:ap;mirﬁgb%aﬁmof the am ne function by cl eavage of the
protecting group is carried out according to the standard net hods descri bed

in the literatu ke cqwemlmt@n'c',qfrﬂwemst dmtherredcsion selyentriaymbramelagelar eydliveionos k
ont 110 b SSB 90088 s BBl 0 by, AT PR M€
t hfa.isf deprgipesdimate yrehnasd Iﬁ@f:eﬁﬁﬁ)@pﬂﬁgimﬁﬁf}efmﬁc rﬁp%gig%nﬂmgehmig part i cul ar
E gr t- bS? 5|r O;?gbégcgrgiagtlg %nta?iaantgggogg%&abggi%gllt 09 ’[hoeunplct od for pr\t/e\:n;[raliun of cyclic
urea compounds, the activated carbamic acid derivative containing a profected amine
function is synthesised on a solid support, and is chemically bonded to said sohid either (a)
by its amine function, or (b) by its carbamic acid function, or (¢} by any other functional
20 group present in said activated carbamic acid derivative.
The term “solid support” musl be understood to mean the matrix on which the
chemical reaction is carried oul. This is generally an insoluble solid polymer which allows
the filtration or centrifugation, and hence the separation of the reagents and of the product
formcd on the resin. As examples of solid supports, the following may be cited:
25 polystyrene resins, polyacrylamide, polycthylene glycol, cellulose, glass and silica.

According to an advanlageous embodiment of the preparation method of the
invention, when the activated carbamic acid derivative containing a protected amine
function is chemically bonded to a solid support:

— by its amine function, the selective rclcase step involves the cicavage of the amine

30 function of said derivative vis-a-vis the support,
by its carbamic acid function, the cyclisation step involves the cleavage of the
carbamic acid function of said derivative vis-a-vis the support,

— by a functional group other than the amine or carbamic acid function, such as a

hydroxy! function, an amide function or a carboxyl function, the cleavage of sad




(al so called Boc group) in acid condition (tritluoroacetic acid or
hydrochloric acid solution 30 in a 3-4 Morganic solvent) whi BhlfF@aggyto

t he obtaining of the corresponding amine in trifluoroacctate or

hydrochl ori de salt form - dcprotectiongof the henzyl oxycarbonyl group
(ROCO- with R = benzyl group) (also called Z group) or tertiary am nes (of
formula R N< or RR'N-) containing one or two bcnzyl groups, by catalytic

hydr ogenat i Rnctiohal Beouprvés &viethesuppe dan ikl flad duding R Ut tHehfd b GnPbfe S0R¢ 10
addition of an acid to protonatc, or not to protonate, the rel eased primary
or secondarSFIcchNF FracastRECYisatiphesterts. t he ani ne function by transformation of

a chem cal grou ving . i.dden formof the amipe such as a nitrao,
cyano, .ani de orgg%?@ékargo%%“}cg dﬁﬁanﬁ%gfscwg?él%nﬁgtﬂ}ci ?féﬂarﬂ’f”{ mstheg Hdhe s
bel ow. Howeii@éntidn) éecarine TRh@RnaTehd Adtivarcd i@ acid YeFiPAIR iﬁ%r&c&t?& 38he
nunber of nmethods making it possible to achieve the transformations

described Memeli ("' Text book of Practical Organic Chem stry" de Vogel, (5th

(
edition), 1989). The.relea e _am ne functjon can .he carried oqut b
reduction of 'the Elg{br"gwger ?ﬁ(g%)r%?g?%‘ﬂ’pé" i"m‘%}’ ithé, ‘Cﬁé?mﬂx%ﬁéwcrﬁ@mcﬂwﬁ
catal ytic hygrogeqnsan eer-binddiReyREoNCanAl PolhGricth: ) gl Y-
The transforrré?i onggf an gtg‘i deeg}?’oug i ntg’ an am (ﬁe é)?gﬁkpgélr{%ggﬁ@g@ﬁ%h&?out
by Hof f mang®8B&r r angenent, for exanple by treatnent of the am de with

i odobenzyl bis- trifluoroacctate.in a r/acetonjtrile m xture. The _.
reduction of an aSTds §FEiEPHR 8f t‘?’i’m&lﬁmﬁé\?ﬁ?"’ B theatmige tgtipn &y be protesied is

di ffierent 4 gedBREAGIIMink Obr &X ’ ' iolE FosRRL! -
treatment with | thﬂzj urr11nal urm' n%hﬁh% ?g‘tegwl'ike}ﬁi :ﬁ%ﬁ/@%?l on gltgo%cﬁgf)g%{%% %3
cyclic ureapoapyounus, RompdiRT wecharoprasentofz aprdteting gloumtiorsen from e gioapl| ar

from7 to 5 tons, .and preferably from?7 .20 atonms, .sald ring onpri sing
at | east on'g'“@‘fn' e {ffﬁrl?g?;?&n 4éTH8tl])‘8%/yqu t 20%3’%‘@%1")%&%@' (aslll‘Pﬂ"cB}ilEPF‘ i dhérpr
urea 20 f ungtiheRypihipD 3%&&6{&%éﬁz?ﬂ&r@lﬁa&l&%&'ﬁ%r&ﬁ acent ani de or urea
function by at |east one carbon atom and in particular by | to 4 carbon

atoms. The i nvent #bamidg|zzews in particular to cyclic urea conpounds

co ising a ri_ngaﬂift aémudleast 7 atons, in particular from7 to 50 atons,
and preferably from+ 4070 atons, said ring conprising one ani de function
and one urea funcind @gide gopprated from one another by at 25 | east one carbon
atom and in particular by I to 4 carbon atons. In this respect, the

i nventi on concef nid"EYFP&ur ea. conpounds of formula (1a): 3n in which the

yvepf%seﬁé 5)4 _aj_:ldzgﬁh%)%{_%gﬁfag_gﬂrﬁgﬁylﬁmnwgggﬁndent |y fromone another
— a3 tosyl group,
20 — a phthahnude group, or
- acyano group.

The release of the aminc function by cleavage of the protecting group is carried out
according to the standard mcthods described in the literature, In this connection, reference
may be made to the work entitled “Protecting groups” by P.J. Kocicnski (Thieme edition),

25 which gives an cxhaustive list of the protecting groups of the amine functions and their
deproteclion mecthods

As examples, reference may be made in particular to:

— deprotection of the tent-butoxycarbonyl group (ROCO- with R = tert-butyl group)
(also called Boc group ) in acid condition (trifluoroacetic acid or hydrochloric acid solution

30 in a 3-4 M organic solvent) which leads 1o the obtaining of the corresponding amine in
tnfluoroacctate or hydrochloride salt form,

— dcprotection of the benzyloxycarbony! group (ROCO- with R = benzyl group)

(also called Z group) or tertiary amines (of formula R’N< or R'R"’N-) containing one or

two benzyl groups, by catalytic hydrogenation in the presence of P&/C, with or without the



b) - a halogen, 1 6 DEC 2004 Il c) - the protected or non-protected side
chain of an amno acid chosen fromthe natural or non-natural { G ApKds,
d) ... a linear or branched alkyl group (Cl-C20), non-substituted or
substituted by one or nore substituentdéwhich include: -COXK,, -CONHR ,
-ORr, -NHR3, 5 -NI'1(COL, -NHCOOR , an aryl or hetcroaryl group, whose
cyclic strucéfﬂre cant ai ns from5 to 20 carbon atons, one hal ogen atom and
an R'"' CO gP BOU nReecid §e prgonaseper silng prbtooste, 1thEQelb@sc@aﬁrbﬁi}yaérQQ§ond

nitri te, gya d| no or nitro group, e) -- an aryl group whose fing structure
contains froms'to 20 carbon atons, substituted or non-substituted by the

abovenent i oned 3HB$EleisdFiBe '
al kenyl or aI kynyl gro Gﬁs( Ci- CGIML RML&M@H}Q”R{ "Im%lt]%mrqgup ﬁgcggﬁg’“ﬁ)s“‘“%"-‘acyl

group (R OO F') formaof m@mwhl& fniteo) dykio, GgiUe or kkide GRS ishln pdrNITRe M
dependently from one anot her y p

_CH epresent in
hy dr%(():g:n, ng’ cf in & 3apples %H)fw bﬂflvpvcr.f qhaﬁgtré‘e&ﬁwlﬁetdmmm eIahmsjaquw rieetrdr sl

tcrt-butyld | t h
2" et hgxiet%gﬁ*ﬁﬁﬁ“ﬁ’ﬂd o oA B posltit W SR e sﬁwrormawnse@qmw Vi,

2- (trimet hybgdpm(l Y exthgek oitl?raclyid] Oigcﬁ;cZ(‘hdfmIQI’r\j( odcoe&@ | (std &ﬁﬁénﬁb o- (or

para)- nit rophenKI \?\%I fon(ilij lgroup having from1l to ‘bon at ons,
or an aryl grou 5% "Hb 3&‘?& '%Frt N Shthei ¢perigd @nﬁ@n‘@iuzﬁomafhimmabmi‘s
25 R, represainbi guinin® &incOfRUR R 0_20.carbgn atons, or an
aryl group vx/nosgg rllﬁ‘ng strtjlé?ure com{)’a%%‘"] m%%‘}rf’%e"fﬁmi%g} Preseashsof RVCa
het ¥r oar yl , 1‘%%&"@“@‘1‘6131 heteroaryl al kyl group, the R, R2, Rt and R4

groups al so beip o for e owi ng intranol ecul ar cyclisations:
I b ﬁ %t mf gﬁ]t he f %nl t I I | t
30 1/ cyclisati0 Bten 80P 1ntoZ8n apuk| Bawp om betcurizd dﬁBbynd
R, sai d cyRbified RAnRARRHN I 8é1|aﬁl I bPGreathes it 3 dobenz:
carbons are 1or esent in fornula )p gef)ien ef{qﬁ?’]e am]gﬁe‘ymbﬁ oenzy %15-
confi gur at i BH F‘é"@?‘@?)m@r\”%ﬂ/&ltmumdxgum-a‘tej on (sinister). 1 6 DEC 2004 12
The reduction of an azide group into an amine group can be carried out by different
15 methods, for example by catalytic hydrogenation o by treaumeni wiih lithium aluminium
hydride.

The invention also relates to cyclic urea compounds comprising a ring of at least 7
aloms, in particular from 7 o 50 atoms, and preferably from 7 to 20 atoms, said ring
comprising al least one amide function and at least one urea function, cach amide or urea

20 function being separated from the closest adjacent amide or urea function by at least one

carbon atom, and in particular by 1 to 4 carbon atoms.

The invention relates in particular to cyclic urea compounds comprising a ring of at

least 7 atoms, in particular from 7 Lo 50 atoms, and preferably from 7 to 10 atoms, said ring

comprising one amide function and one urea function, separated from one another by at
25 least one carbon atom, and in particular by I to 4 carbon atoms.

In this respect, the invention concerns cyelic urea compounds of formula (la):
Rl
O _m. R
RN }:O (Ta)

30 )

, : 2l 2 p3 s .
in which the R', R%, R°, R* and R® groups can each and indepondently from onc
another represent:

a) - a hydrogen,
b) — & halogen,




An advant ageous group of cyclic urea conpounds corresponding to general
formula (la) is nade up of the cyclic urea conpounds correspongi € mﬁre
particularly to formulae (Ib), (ic), (1d), (Te), (1f), (ig), X h§ C=08s 10
152U01h 0le 25 1b 0 1If Iclgin which!the R, R2, R4 and R5 groups have

t he neani ngs indicated above, the R and Wgroups al so being capabl e of
formng an int r%ggl S}(l:ul ar | isation, said cyclic urea conpounds able to
r

c
be, when one or eaEVWFFéy PLnePYsrécdapide chripsdran aminboacidi bieseq [fim tigs

(1h), indepga@eNtior YonSltdpQr .configuration (rectos) or of S 30
configuration (sinister) Ir?n%%ﬁcl%ﬁpounds represent ed above and bel ow, the

o e LA L B P 1 oSS e
urea conpouflls 8f fYFfuIsdestityansy  whichb)include: c)-COOR,) :CONHERG, | IGR10 NER. | ¢
R2 R R2 N N CORR-NEROOR,, an aryl or hetcroaryl group, whose cyclic struclure contains from
5 to 20 carbon atoms, one halogen atom, and an R’>*CO- group, the R*** group comprising
from1to 10 carbon atoms, a nitrile, guanidino or nitro group,
€) — an aryl group whose ring structure contains from 5 to 20 carbon atoms,
substituted or non-substituted by the abovementioned substitucnts, and by cyano or
10 amidine groups,

f) — an alkenyl or alkyny! group (C1-C6)

g) — asulfonyl group (R.SO2)

h) -~ an acy! group (R,CO)

1) - an OR; group

15 j}  an NH;group

k) -COOR,

1) -<CONHR,,

m) -CH;CONH,

Rs and Ry representing, independently from onc another, a hydrogen, an allyl, benzyl,

20 t-butyl, fluorenylmethyl, benzyloxymethyl, tert-butyldimethylsilyl,  2-cthoxyethyl,
mcthoxymcthyl, 2-methoxyethoxymethyl, tetrahydropyran-2-y], trimethylsilyl,
triethylsilyl, 2-(trimethylsilyi)ethyl, trityl, 2,2,2-trichlorocthyl, tosyl, ortho-(or para)-

J nitrophenylsulfonyl, or alkyl group having from 1 to 20 carbon aloms, or an aryl group
whose ring structure contains from 5 to 20 carbon atoms,

25 R. representing an alkyl group having from 1 to 20 carbon atoms, or an aryl group
whose ring structure contains from S to 20 carbon aloms, or a heteroaryl, arylalky] or
heteroarylalkyl group,

the R', R? R’ and R* groups also being able to form the following intramolecular
cyclisations:

30 1/ cyclisation between R} and R? and/or,

2/ cyclisation between R? and R4,
said cyclic urea compounds able to be, when one or more asymmeltric carbons are
preseat in formula (la), indcpendently, cither of R configuration (rectus) or of $

configuration (sinister).




l1d in which the R, R2, R3, R4, R5 and Ry groups have the neani ngs

i ndi cated above regarding the R to R5 groups, the R, 5
groups also being able to formthe following 20 int r anol ccuﬁﬁFﬁE@%ﬂﬁ
cyclisations: I/ cyclisation between R 1and R2 or, 2/ cyclisation between R2
and R3 and/or, 3/ cyclisation between R4 and Rs or, 4/ cyclisation between
R5 and R, 25 the d, d2, d3 and dl groups can each represent i ndependent |y
from one anot he*Fm avappggays !:éWFEQIﬂ Cyghoupedwnnmusdmrfcspnndbgt 19 général ﬁﬁﬁ&u]a

at ons, and C al kox roup ¢onprising froml to

carbon at o ?t’é‘“ren%p(gf: cEﬁ: Xrﬁa RPRORSS L%Hﬂmoaﬁlylggwupamntarlm rfrgrdutanm 5

to 10 car bOﬂbﬁUFzUﬂ{Id)a(Ié) I(Tﬂ gpg)t dlar a benzyloxy, halogen group, such as a
fluoro, bronmo, chloro or guani dino, NHRa, ~o NTICOCOR', COORa, or

ORa group, R, having the meani n s i ndi cat ed above said cyclic urea

conpounds abl g;to bg, when one & nore asyrrrretrr car bons are 'sent in
forrmul ae PLl a)N{o R'I'Id) I nglepe dentky ei t her ®onfi gu t| (r gt us)
or of S comfigur tlon (si nl‘%e‘ 6 DEC 20‘3)74/ The |nv§%/ SO
relates to,gyclic corrpou dsc rrprrsrngarr f at | east 14ao

pef er abty fr ol o 2&*alqns,

partrcul&r fxom 4t

ring conpri s>_1 wo am de func ms and two ure nctions, eac
urea functirRdn bei ng separate 4fro\nthe cl osest{ adjyacent am de o
function by at |east one carbon atom and in p C

ular by I to™{ on
atons. In this }respect t he mvegtr on concerns cyclic urea con‘g ]
for'r?ula(llla) R 1.0 15 Ra "-N RB-N, OIRs (111a) RS

/0 O\
]
R 2 :
'3 OYN R GyN R OYN R
N HN : ! \Lo
R O 0 :

= : -
R’ R R*

BB E
o\ 0\

25
in which the R!, R?, R* und R® groups have the meanings indicated above,
the R! and R? groups also being capable of forming an intramolccular cyclisation,
said cyclic urca compounds able to be, when onc or more asymmetric carbons arc
present in formulac (Ib) to (1h), independently, cither of R configuration (rectus) or of S
30 configuration (sinister).
In the compounds represented above and below, the bond « — » represents a methyl

group, and could also be represented as follows: « —CH; ».



RB Oinwiichthe R, R, R3, R4, R5, R6, R, RR, R and REO groups have the
meani ngs nentioned above regarding the R to R groups, thel® D 0203, R4
RK. Ro. R. R8 And R-' grnlnt can also for ther n .-"A LAWfoll ow ng

i ntranol ecul ar cyclisations: If cyclisdtion between R and R 2 and/or, 2/
cyclisation between R3 and R4 and/or, 3/ cyclisation between R6 and R7

andl or, 20 4/ cyclisation between RR and R9, said cyclic urea conpounds

abl e to be, wheh\oH¥epiionmplse cansempcin cyclicpisa mempoundsmicdonulae flia)(Hb), a

(rrray, i nc{ﬁg?q%?}t l'y, geithge of R configuration (}E-ect ) or of S

configurati'on”(’si ni ster advant ageous group of'icyclit c urea conpounds

correspondi ng to geper f(B' mula (111a) is_.consi+ ted%py the cyclic
r

i
ond e particul arly for
(1

urea conpounds corre i ng (111b), (I 1
lc), (1 1 1d), (Ille) 11f) and (1Ug): 01~ Rt N O RBIINKk }-R4 No' ~N1
'R5,L 0 file 0 RO@)’N\§__~{ &N Rk~ 3 N -m EB«’?‘B:RZLN\‘J:@- err-~ .R5 0
’ N
Rs R’ RS ERd
Ia 11b
R R ’
\ . |
: N
10 OY ‘Qfo R\_: dl
| g a N, Nen O
(5 oy
R \; N ~0
b1 \ .
5 a? R R
15
e 1Id

in which the R', R%, R, R*, R” and R® groups have the meanings indicated above |
regarding the R' to R® groups, |
the R}, R% R’, R® and R° groups also being able to form the following .
20 intramolccular cyclisations:
1/ cyclisation between R' and R? or,
2/ cyclisation between R? and R? and/or,
) 3/ cyclisation between R* and R’ or,
4/ cyclisation between RY and RY, :
25 the &', &%, ¢ and d" groups can each represent, independently from onc another: a
nitro, alkyl group comprising from 1 to 4 carbon atoms, and in particular a methyl, |
alkoxy group commising from | to 7 carbon atoms, and in particular a mcthoxy, o
aryloxy group comprising from 5 to 10 carbon atoms, and in particular a benzyloxy, |
" halogen group, such as a fluoro, bromo, chloro or iodo, CN, guanidino, NHR,,
30 NIICOOR,, COOR,, or OR, group,
R, having the meanings indicated above,
said eyclic urca compounds able to be, when onc or more asymmetric carbons are
present in formulae (Ila) to (T1d), independently, either of R. configuration (rectus) or of

S configuration (sinister).



16 DEC 2034 155 10 0} NRO N%-H .. | HNf -R4 O7N-NH R} O N-< NH
Oin which the R2, R3, R4, R5, R7, R', R and Rf O groups have tirse EE ngs
menti oned above regarding the R to R5 groups, the R3, R4, R, g

groups al so being capable of formng i ch"r anol ccul ar cyclisations as defl ned
above regarding the Rt, R2, R3, R4, R5, R6, R, Ra and R groups 15 of the

conmpounds of ge sai.d c C|IC urea conpounds able to be,
vvhglr:: one or m%r gﬁ‘éé@ nﬁ@?? ia% 5%}”@6#& ¥he “%ﬁ" eBpRundp cwagpmnae r(ﬂgl bel)l [t
(1ulg), | NAEPARAGNTA partRulalTonl 4 Fo SOHAM AN HUILERLAR) C‘I?CIPIQ@ oy, suid

configuration (sinister). The invention ate

conpounds c5n3|mmgntg hao r-mnge rfamm:gs 7md20mﬁﬁ1ﬁHIBﬁ@Bﬂorﬁor§g5H S 8r Yh&ER
function, \~KNR1(IVa 25 in which R, R, R3,

f
R4, RS and E‘z%‘ ﬁ%ngelﬂ’ﬁ CR?é%’%‘i‘ fgwm the itase adjages weideeyare frgctichiey & léast oneR5
gl’ OL§)S W t&rb&?afoﬁﬁtaﬁﬂﬂf\é}ﬂcﬁ]ﬁaﬁ E?Bgargqgll‘to_ 01-1 then R2 nust be

different fromR5, th groups al so being able to

forn-- the fol Ibl/\llhng'esmt |ﬂuﬂmamioamohea°m£wﬂhbmlcgﬂﬁ,ougds SMeIhaF{man bet ween
R and R2 and/or, 2/ cyclisation between R2 and R3 and/or-, 3/ cycClisation

between R3 and R and/or, 4/ cycl. osa‘ﬁ ORzbetween R4 and R5 N - H H- N /LR4

1 6 DEC 2004 R1D }4&&{(

3
N-R (1TTa)

in which the R', R?, R3, RY R? Rs, R’ Rg, R’ and R groups have the meanings
mentioned above regarding the R’ to R® groups, '
15 the R', R%, R%, R%, RS, R®, R7, R® and R’ groups can also form the folloy Wing
intramolecular cyclisations:
1/ cyclisation between R’ and R? and/or,
2/ cyclisation between R* and R* and/or,
3/ cyclisation between R” and R and/or,
20 4/ cyclisation between R® and R’
said cyclic urea compounds able (o be, when one or morc asymmectric carbons arc
present in formula (lTa), independently, either of R configuration (rectus) or of S
) configuration (sinister),
An advantageous group of cyclic urea compounds corresponding to general
25 formula (lila) is constituted by the cyclic urea compounds corrcsponding 1more

particularly to formulae (1lIb), (liic), (111d), (ITle), (ITIf) and (11g):

o | R '
R }—-N\Qfo Q -
N R'TD N R‘iO
30 RS\']/ ) \N»’ 0 N

N—Ra RO ]
- ~ N-RE R
¥ or}\\ }\sR‘1 RN R’:N(
N"\( R O)b N, ¢
N'{ R )
) O

liib e

lid



| 6 said cyclic urea conpounds able to he, when one or nore asymetric

carbons are present in fornula (IVa), independently, either ¢ff BEC gna;i

configuration (rectus) or of S configufation (sinister). According
advant ageous enbodi ment, the activated carbamc acid derivative 5

cont airni ng a non- pr ot ect ed primary or secondary amine function involved in
preparation nmethod of the invcntion corresponds Y es
to one of the following formulae (VMia), (VIb), (Vlic) or

obtai n the conpounds of fRfr nul.as (1a)atort

t he

1 ti

i n which:
acti vated

subsfituted by at B ast gnNg nitro up or

the X grpup repriesgnts g‘r up co rringgupPn the
~-Hsai group beNRAg produced

) as definay
b Rs Rs H

Via, 15 B¢ bN' -x a
car B caC|ddrvat|Rf tructur

Reast ons._hal o @0,

from a conpoundy-20 choseni+g4parti CNJ| ar fr(%?m\t he phenpl s, optﬂ-o,s\ral |y

hydr oxyl am ne der@varine§, Br benzyd)
solid support and nidre!patticul arly clliosen“rom the fol
N- hydr oxysucci ni m de, phenol, pentafl usrophenol, pentach
ni t rophcnol ,

‘derivat i@e

phenol, p
2,4-dinitropheno| 2,4,5-trichl orophenol,

2, 4-di chl or o- 6- ni t r ophgol , 25 hydroHCle 2, 3-benzotriaz

1- oxo- 2- hydr oxydi hydr obenzotri azi ne (
(HOAL) ,
WAN@ r esi n,

above regarding the R to R5 groups 0 R2 Rs R6 xJKNNYNH

}

15

20

25

in which the R? R? R’ R’ R’, R* R’ and R¥
menlioned ahove regarding the R’ to R? groups,
the R?, RY, R7, R® and R’

groups have the meanings

groups also being capable of forming intramolccular
cyclisations as defincd above regarding the R!, R?, R?, R*, R%, R®. R” R® and R’

of the compounds of general formula (TTTa),

groups

said cyclic urea compounds able to be, when onc or more asymmctric carbons are
present in formulae (I11b) to (11lg), independently, either of R confi guration (reclus) or

of S configuration (sinister),

The imvention also relates to cyclic urca compounds consisting of a ring having 7

atoms and comprising a urea function, of formula (Iva):
i
8 R
R NN

2
RS’S__Q‘R: (IVa)
3

R R

. 4ol 02 o 5 ; .

in which R', R%, R®, R®, RY and R® have the meanings mentioned ahove regarding
the R' to R® groups,

with the restriction that if R°=R* = OH then R? must be different from R®

b R2 RY 1t a4 s .
the R', R*, R}, R* and R® groups also being ablc to form the following

intramolecular cyclisations:
1/ cyclisation between R' and R? and/or,

2/ cyclisation between R? and R® and/or,

3/ cyclisation between R” and R and/or,

4/ cyclisation between R and R?,

ively: -- either
(in order to
R 01. O

erjvative an

fti'éd onto a
ow nd } conpounds:

bt), 7-aza-1- hy‘h?oxy bcnzotri azol e
4-a7a- |- hydroxybcnzotriazolc (4-110At), imdaz.ole, tctrazole,
the R, R, R, R4, and R5 groups have the neani ngs nentioned




HO R4 30 1 6 DEC 200# E7 - or to one of the following fonnulac (Vila),

(Vilb), (M11) or (VTId) (in order to obtain the conpounds I(jf fmm(Na)
as defncd above). 5 Vlla 10 AHGRH V1Ib O R RSR fz % g Vild

in which: 15 Xis as defined above, thel®R, R2, R3, R4, R5 and Rn groups have
t he neani ngs nenti oned above regarding the R to RS groups, - or to one of
the followng fornulae (Villa), (VITTh), (M 1llc) or (VIIld) (in order to
obtain the conﬁ%%“éﬂ‘fqadif%ﬂ%"ém}ﬁ? tople, ANNED 9RE OB INOVRISYITINEtRY caRbongydte Y Ny NH

02822, bbb, Sl Kbl ot 4673 e
groups, VI Idsfigaveon (@niseani ngs nmentioned above
According to an advantageous embodiment, the activated carbamic acid derivative
containing a non-protccted primary or sccondary aminc [unction involved in the
preparation mcthod of the invention corrcsponds respectively:
- ¢ither to one of the following formulac (Via), (VIb), (Vi) or (VId) (in order to

obtain the compounds of formulac (1a) to (1h) as dzfined above):

R'! 0 H4 0 0 Hz $3 RS

H&\l)L | | ' XJ\E/kn,NYI\'Jt{

C R*

Vid
in which:

the X group represents a group conferring upon the derivalive an activated
carbamic acid derivative structure, said X group beng produced from‘ a compound
chosen in particular from the phenols, optionally substituted by at least one nitro group
or at least one halogen, or hydroxylamine derivatives, or benzyl alcohol derivatives
grafted onto a solid support and more particularly choscn from the following

compounds: N-hydroxysuccinimide, phenol, pentafluorophenol, pentachlorophenol, p-

nitrophcnol, 2;4-dinitrophcnol, 2,4,5-trichlorophenol,  2,4-dichloro-6-nitrophenol,

hydroxy-1,2,3-benzotriazole, 1-oxo-2-hydroxydihydrobenzotriazine (HODhbt), 7-aza-1-
hydroxy-benzotriazole (1HOAt), 4-aza-1-hydroxybenzotriazole (4-110At), imidazole,
tetrazole, and WANG resin,

the R', R? R’ R, and R® groups have thc mcanings mentioned above regarding
the R! to R® groups,




16 DEC, 2034 is or to one of the followi ng fornulae (IXa), (IXh%_,mélaxzﬁﬁ’Dor
[

(iXd) (in order to obtain the conpounds of formula (tic) as de ve):
d2 . S +J1/.~~143 | 0 RHa NH2 RSHNO in which: x IXc Xis as defined
above, I Xb d2 RB GR2 R3 NH2 X N d4 | Xdithe R, R7, R3, and R ' groups have
t he neani ngs nenti oned above regarding the R to Rs groups, 15 the d', d2,

d" and d9 groups have the neani ngs nenti oned above, - or to one of the

fol I owi ng for mulaeT(Xaps of sis)lollewing formlxely VLN (OnBle (VH8) S8 inohfor ¢
conpounds Ofobftiglarfﬂrgn&mdgﬂ?is %fogr%martﬁg) %bé)e\?ﬁ%é al?cg.rel)\:l > R HN$&Q@ T)ég KRR A 4

H d3 Xa 25 d3

. RV o B
" HN N. X 8
2 RY R, O

Viia | : Viib

R' o & a0 R
!
H2+N\]/U\ J‘\rH X . l ¥ _Re
R® R* R O H O g* h2
} Vile Viid

in which:
15 X is as defined above,
1 p2 p3 p4
the R, R% R’, R%, R® and R® groups have the meanings mentioned ahove
regarding the R' to R® groups,

— orto one of the following formulae (VIIIa), (VITTb), (VIlIc) or (VIIId) (in order
to obtain the compounds of formula (1Ib) as defined above):

20
HE 0 RE 0 8 4 5]
WY N DA,
|
] Ho ge ge O R2 O g5
Villa . villh
25
B2 0 R® O R* Rp* R
RkﬁMNJ\NJ\X xT“ﬁ)\n’R‘\F’th
Ho' ps ge H O R* O RS
Ville Viid
in which:
30 X is as defined above,

] 2 3 4 5 y
the R', R°, R, R%, R® and R® groups have the meanings raentioned above
regarding the R' to R” groups,



X is as defined above, x Xd the R', R4, R5, and R6 groups hav? DE ni ngs
ment i oned above regarding the R to R5 groups, the d', dz, d3 gn HZF@ oups
have the neani ngs nenti oned above, 14HO R5 {O{II di

2004 19 5 10 15 20 or to one of the foI"fovvl ng formul ae (Xla), (XI b), (XI c),
(-i1l1d) (in order to obtain the conpounds of formulae (111la) to (M) as

defi ned above): HN, ,A N N R3 R8. Xl a,Rl R4 OR7 | .1t v\ R3Rs
Rs 0 xIC HR4 0 RV BeOR% 8Pjﬁ‘€><5’i°}ﬁ“r€ﬁf‘%ﬂ§}!lﬁf((m)wﬂ&% @Eckar (LX83 (ingorderde XI b
HO R4 0 R7ohainRhe cBRpblindsIoX f&nda (lic) as defined above):

d .
R? H3
S HN\‘/LL )\n’
R® HNY ‘
Xa X
dn 6+
2 3
F." o dq da c R E NH, .
10 R N0 H 0y da
in which: ' X dz
[Xe Xd

X is as defined above,
the R', R? R’ and R groups have the meanings mentioned above regarding the
R'to R groups,

15 the d', d*, ¢* and d* groups have the meanings mentioned above,

~ or to one of the following formulac (Xa), (Xb), (Xc) or (Xd) (in order to obtain
the compounds of formula (11d) as defined above):

P11\ 5 'da
20 | NH O )H\ j)L dp it g6
N ONT N X N _NH
P ds
dy dg . O« NH O R®
) ds Y
Xa , X .
Xb
25 . d
1 3
H\NHZ 0O )Hj )?\ d2 d4H4 HB
ds N™ "N” "X d 111 +1l\THz
P H /

d d : NH O \IFE
'] 4 ’
RS CT

30 in which: Xe Xd
X 15 as defined above, '
the RY, R, R® and R® groups have the mcanings mentioned above regarding the
R' to R groups,

1 . .
the d', d?, & and d* groups have the meanings mentioned above,



XY NNj
above,

rq ..4.! Y'ryZ11 O R2A R5 RO R Ad in which Xis as defntd
the R, R R3, R4, Rs, R6, R7, ka, RO and R (' grouppgh @@gg
of the

meani ngs nentioned above regardl ng thc?9 to R5 groups, -
following fornmulae (Xlla) or (XIlIb) (in"order to obtain the corrpounds of
formulae (IVa) as defined above): Rt Ra RS 10 Rt Ra R5 0 HN\N~~. A ~N H A X

2 NYN X 25 30 Wmch d above, the R,
R2, R3, R and Réb't;?)oyrﬁg it (bt EdPinb o RTHyde ool B GEsha dXIghancarde ©f he R1
to RS gr oupd)tamabetdlnpgurtd@ od foralVRNTHDae gﬁ@g@ggﬁqﬁ&%op‘; t he present

I nventi on,

the activated carbanic aci'd derivatives containing a

non- protected pri mary or secondary amne function of fornulae: (Via),

(V'b),
(Vile),
(XI'by) ,

10

15

23

30

R
e a),
85 Wt b X PO

HG
Xia : Xib
R' o #* R’ R® H o R* 0 R R® R'
+ i N X N N_YNH
R R R R0 R O o R R R R QO RS
Xlc Xld
in which

X 1s as defined above,

1 52 5 06
the R\, R, R, R, R, RS, R, R®, R? and R'? groups have the meanings mentioned
ahove regarding the R' to R groups,

— or to onc of the following formulae (XIla) or (XIIb) (in order to obtain the

compounds of formulae (IVa) as defined ahove):

ROE RO RUR' RSO
H2 R4 H HE H4 H
Xlla : Xlib

in which:

X is as defined above,

the R', R?, R’, R*, and R® groups have the meanings mentioned above regarding
the R' to R’ groups.

According to an advantagcous cmbodiment ol the present invention, the activated
carbamic acid derivatives containing a non-protecied primary or secondary amine
function of formulae:

(VIa), (VIb), (Vic), (Vid), {Vlla), (VIIb), (VLic), (Vild), (Vlla), (VLIb), (VIlIc),

(VIIId), (IXa), (IXb), (IXc), (1Xd), (Xa), (Xb), (Xc), (Xd), (XIa), (XIb), (XIc), (X1d),
(XTTa), (XTTb),



1 6 DEC 2004 20 are obtained by selective rel ease of the prot ?ﬁt ﬁgﬂaéﬂﬂse
function of the corresponding stable activated carbamic acid'derFa es
under the conditions described below 'Exanples of protecting groups and
deprotcction solvents used in order to2Bbtain 5 the compounds (VI1a),

(M1b), (Mlc), (MId), (MIla), (VMITTh), (Vilic), (M1lId), (TXa), (IXb),

(IXe), (IXd), (Xa),..(Xb), ,(Xc), (Xd), (Xla), (XIb), (Xlc), (Xd), ('Xla)
and (XI1b) respe ctoib\{?élll‘%ﬂ, b&r 5g]§9t6’§n}°3%335w?2 e IEWF‘FT@‘Sf%Iﬁ’@Fi cten tdfe thst abl e
activated casbparbadiagisth V-V Y! td : sly,protected by
oxycar bonyl gr OEBS (gucﬁﬁg@]}éﬁgﬂ t%@%1 %"u‘%%@%%‘r% g%wn%?ég‘%)mx‘i@oﬁsr %ifﬁ'%eb r
benzyl oxycab&lowyl (Z) groups) or benzyl groups, or will be masked in the
formof nitro, an Pr@gzide groups. Two net hods of deprotection will be
used advant age&deTy 'ea 08 Frefrsige: Forpreandedapsricaiontsebventswusad ilo nrdef e obt3imc

group will | ralysi r, | e usi

r1 7T uor oacar] ey (e (v WUEE Byt vl a3 TR el Vg, g

hydr ochl or i X @XcH BIXEHADYa) SO0 (), (DXal), 20X 16, B, A X360, WErs, (ddliapxadeximot her
etc,)), at a terrpe{at_ure of ei@?rom mately 0"C to approxi matel y 40C, 1 n order
in order tofSBIAIVAYe AFLANIPEAN-d  deri vatives containing a protonated
primary or Secofffarynaf NG 1oN . i riflugroacetate or hydrochloride
form The hydroggﬁa%{?gﬁ]tg\nﬁ?lfo“hg# L@e%{aﬁb%racglﬁlj"etgt\i/éﬁg’am"‘ ¢ Q“h‘ﬁ&zﬁsehvikhbe
groups, andadwantag2usteratdciearbyodx ych®onyi droupsQURRQs Ae o dRtdkOaBEnyl (BEc)
hydr ogenati on can ?’E %@rrl E‘&Pout with catalysts of the P102Z, PdJyC type in
sol Vents suB¥URS OEOREREPXYARORRNG), rowmsier hpnzybereipsi die wilDbE)maskedhid the
acetate, tegy r r "L l.Qr Lxture.of said solvents,
at a tenper atrﬁ{]g@o'?{rg’pgjr;hg& i g‘rrrsltLa ‘5%’?, %%‘Pt%bqg‘g‘%? oeﬁoﬁdgt%ﬂlnﬁj/"piﬁlﬁf"°"aﬁﬂﬁaqc ysed
pressure of adyaptagrowsdy edoprdinprrtht meamdrafxhevaveltion100 bar. In the absence of

25 acid added dllléi nl% hydrogenﬁt ion (HO or acetic acid), deprotection |eads
excl usively to *EarBYmECoR: M oo idyerotssied bymc diveplxsip(forasxample seingndar y

ani ne funct irpfudrdackfieacidf , a8 TRAELhRORoRim AR o2 R Lid o
equi val ent nakes it possible )ui _order It c])lgfbcl)@{ arn %%ngﬁr?fg%r%clgé?g\%&di ves
coni&i ni ng EHePosAnEeRdnpin magapiosolyentofdiaxyncantive ctf Jincdti oneniparaagetat e or

hydr ochl ori ge. fo 0 th tivated carbam.c acid,
o1 vat | ves soRfBetd UE8 SHFRRLL RO ih o 3, or B AN S PEMC i on
i N prot onat detiviatives oforfiainingl ae protédte) , prinvh )or(éécsﬂda\l;fvh:ﬁ)nc “fuhctiohd)

(VITb)7 (Vile), (VTId), . (Villa), (MIib)y, {(VMilc), (MIld), 1 5 DEC

- (1Xa), (THHUorqasstats or hydsepnloride form.

'l‘hc hydrogcnation will be used for cleavage of the Z and benzyl groups, and for

Bo3x 21

20 reduction of the nitro, cyano or azide groups. The hydrogenation can be carried out with
catalysts of the PIO;, Pd/C type in solvents such as ¢thanol, methanol,
dimethylformamide (DMF), cthyl acelate, tetrahydrofuran (THF), chloroform or a

] mixturc of said solvents, al a temperature of approximately 0°C to approximately 40°C,
and at a pressure of approximately 1 bar to approximately 100 bar. In the absence of

25 acid added during hydrogenation (HCI or acetic acid), deprotection lcads cxclusively to
carbamic acid denvatives containing a pnmary or secondary amine function in free
form. The addition of an HCl or acclic acid equivalent makes it possible in order to
obtain carbamic acid derivatives containing a protonated primary or sccondary amine
function, in acctate or hydrochloride form.

30 The cyclisation of the activated carbamic acid derivatives containing a non-
protected primary or secondary aminc function in protonated form of formulac:

(Vla), (VIb), (Vic), (V1d),
~ (VITa}, (VITb), (VTIc), (VTid),
— (VIITa), (VIIIb), (V1Ic), (VIIId),



(Xa), (Xb), (Xc), (Xd), (Xta), (XTb), (XTc), (Xid), - (XITaz_), Xl@m 5in
order to obtain respectively the activated carbamc acid det BvBEL v
containing forrmulae: - (l1la) to (I h'), (1Ta), - (lib), 10 - (tic),
(rrd), - (Ilia) to (111g), (lIV a), is2kcarried out respectively in the
conditions described below. The carbam c acid derivative containing a
primary or secondary am ne function in protonalcd form nanely the
derivative of forieh (KMefiXe NIXG), (Viic), (MId), (MITc), (MIld),
(I'Xe), (IXd), (Xc ( , o~k XT (XId) or (XIIb) is: - rendered soluble in
Goei: oy

the cyclisation s icul ar chosen fromthe group nade up of

acetonitrile (M C ndi ne, N, N-di net hyl formam de (DWVF), 20
t et rahydr of ur an (C@I'-Illggt(glcr:tﬂl 993?’3?%)’ di chl or onet hane, N-nethyl pyrroli done
(NVP), di net hyl su{XTfax{Xigbx DMSO), et hyl acetate, methanol, ethanol or

m xtures thereof, then is,6 - added dropwi se to a solutiaon_ containing a base,
in particul ar tRaATIEhsIAIN LR YRLY Heqsh vatad sanbpmist aci AerbYRUSEY PENHDPENI ne,
triethylam pe.. |Mdtidine, pyridine, 2,4,6- collidine, N-niethylnorpholine,
2,6-di-tcrt-butyl-4-ncthyl pyridine or mxtures thereof, 25 and the reaction
sol vent as defiwneapipdqiteg, at a tenperature of approximately -20C to

approxi mately 20C,_and in particular of approximately 0C to 20C. The
concentration of ng carbam c acid derivative containing a primry or
secondary am no_aghg’ function in protonated formin the cyclisation. solvent
is 30 approximately 10°4 Mto approximately 1 M and in particul ar

approoxi mately 18-(Lld)y to approximately 1 M The concentration of the base in
the cyclisation s ent is approxinmately 10-{' Mto approximately 10 M in
particul ar approx tely 10-5 Mto approximately 1 M and preferably
approxi mately 10- 41 tox1agproximately 1 M 16 DEC 11.034 22 The cyclisation
conditions of the carbarnic acid derivative containing a primry or
secondary am ne—f{N@ehi on in free form nanely the derivative of formula

(2 (| ok B T e, ) (0, (%), e
carpam c acid dghé vabhmSackDadrifativégordaining a primary or secondary amine function in
protonatcd [orm, namely the derivative of formula (Vic), (VId), (Vllc), (VIId), (VITe),
(VIIQ), (IXc), (IXd), (Xc), (Xd), (XTc), (XId) or (XIIb) is:
~ rendered solublc in the cyclisation solvent, m particular chosen from the group
made up of acetonitrile (MeCN), toluene, pyridine, N,N-dimethylformamide (DMT),
20 tetrahydrofuran (THF), chloroform, dichloromethane, N-methylpyrrolidone (NMP),
dimethylsul{oxide (DMSQ), ethyl acetate, methanol, ethanol or mixtures thercof, then is
~ added dropwise to a solution containing a base, in particular that choscn [rom
the group made up of diisopropylethylamine, triethylamine, lutidine, pyridinc, 2,4,6-
collidine, N-methylmorpholine, 2,6-di-tert-butyl-4-mcthylpyridine or mixlures thereof,
25 and the reaction solvent as defined above,
at a temperature of approximately -20°C to approximately 20°C, and in particular
of approximately 0°C to 20°C.
The concentration of the carbamic acid derivative containing a primary or
secondary aminc acid function in protonated form in the cyclisation solvent is
30 approximately 10™* M to approximately 1 M, and in particular approximately 10° M to
approximately 1 M.
The concentration of the base in the cyclisation solvent is approximately 10 M to
approximately 10 M, in particular approximatcly 10° M to approximately 1 M, and
preferably approximalely 10 M to approximately 1 M.



5 primary or secondary a-mine function in protonatcd formonly in that it is
not necessary to operate in the presence of a base, Accordind §dQEh@ber
advant ageous enbodi nent, the invention concerns a nethod as defined above.,
for the preparation or cyclic urea conpunds of formula (111a) to (U g) as
defincd above, characterised in that said conmpounds (I Ila) to (Ing) are
obtained 10 at the end of a hono-oligonerisation or hctcro-oligonerisation
reaction, from dithelayaksationwenditonsusfiibelcabarhianitid dreeiivahiviedoniatihy 8 pAafahwbNi Ng a
primary or segor&dar arrif&(lzg.func i opn, corresponding to at |east one ‘of
formul ae (VISS§OmUENT B we (Paciongp fregrigymagamady therdamvativn ef fommaela (Via), (VIb),

ol U Sy . iy . . -
Carbar ¢ ac e e unps VETeL VTR, RESCILST, 08) ARaaEh &y i) e s on
of formula fovh ahose(3dt Rrth (Wb irOFel{Mdnl ©) theasrbanlit 288 dRaEVE ictadiap ©f the

hono- or hetero-oli gorngzrs t hus obtained into cyclic urca Conpounds”of
formdl a (11PE"AH Of REPPRIYY 2gHBD fnalew I protongtsd e onladn thatlétris wat necessanf

formula (Vi %Dpt(,r%e?)i’thc(;%{%%hf:é)gfbi %]sg) in which the -CO NR3 bond nostly

adopts a trans’ conformnd € bono-ol i gonerisation or
eth AV

hct cro- ol i goni erAccatdimior Satier advdnapdsisM RIS the irﬁ@ﬁﬁ&rﬁ&n@lf-i-hs‘:a
concentrations of the actjvated carbam c acid derivativcs of tformula (Va),
(VI b), (Vic)scicliped aboye, fornthecpreparatien of cxdicvena comaneids wfoformntar@tajpts of

appr oxi mat cl . et el - at t r.at of .

appr oxi mat el(gln%g&dltc gMJa%ﬁ)?g’%hgrrétc {éf&%%t%q Sgd gh ng%?%mga)?%&m?&'Ef\?ﬁ’?ﬁ"éﬁ’eous
enbadi ment , at ke Erephia Abmorligetresitativh dritRtcro-BULEYhERNALbS r€RBERCHGH a6 Resi N
that it conprises: * a sfep. of .&ycl jsation of the activated carbani c acid
deri vat i ves “8Bni<iivaled geatbamignadid iKvalve SPnlwaing 8r PRBEON darspcandirye amine

function, | i hs ISt ROA-R R i a urea
functi on of qfﬁgtrlir%gi g&h@%&h% L{&é%l‘&&w&&%‘% @W& ’ﬁgﬂ’s%%)’o&g I?{/ I(g?q)o"ﬁ; of
t he hydr ogenlebfied &mveNH group or groups included in the area function of

the cyclic ur ea.lx%%rr%ound lobt ained at the englégof t he cyclisation step above.
1 6 DEC 2C24 23 QIR BT RIN AL § B PSEIG-HiLmATiseifih srctione of Neetiretndp or

groups i ncl we@emidacil eriviiRas EoMShingn ﬂﬁmé.r?%rﬁ%%ii&y%ﬁﬁe ﬁﬂ;@ﬁ%ﬁfjfo%mi ned
at the end of the c¥cllsat|on step consisfs of reaCting an alkylating agent

on the N H ¥kt IRLAVIEYIBnas Bell asidiccydisaton of e homot behgieresdigoment an
et o, o o S BRSSO b B R e 1 <
chlorine, braamic arid dedvatiees d&fornuRX R @/TBY, (A1) VId) in WaicRISS I NEN
particul ar vanglrr;[o%u;[/ gc?gptscg?rgnesncofnrfgrma}igs group made up- of
20 The homo-oligomerisation or hctcro-oligomerisation reaction is advanlageously
carried oul for low concentrations of the activated carbamic acid derivatives of formula
(VIa), (VIb), (Vic) or (VId) in the cyclisation solvent, namely concentrations of
approximately 10 M to approximately 10" M, at temperaturcs of approximately 0°C to
approximatcly 20°C.
25 According to an advantageous embodiment, the preparation method of the
invention is characterised in that it comprises:
¢ a step of cyclisation of the activated carbamic acid derivatives containing a
non-protected primary or secondary amine function,
lcading to cyclic urca compounds comprising in their ring a urea function of formula
30 -NH-CO-N< or —=NH-CO-NH-,
¢ a step of alkylation of the hydrogen of the -NH- group or groups included in
the urea function of the cyclic urea compound obtained at the end of the cyclisation step

above.




- a netal hydride, such as a sodiumhydride (NaH), 10 - a netal al coholate
such as sodi um net hanol ate or potassiumt-butanolatc, sodium |[§ghEd B4
pot assi um bi s(trinmethylsilyl)amde, - potassiumfluoride on alum na

(KF/ Al 2Q8), in non-protic solvents suchi3as tetrahydrofuran (TFIF),

N, N-di nct hyl f ormam de  (DWF), N-net hyl pyrrolidone, dinethoxy ethane (DME),
or under phase transfer 15 conditions w th potassium carbonate (K2CO3),
sgdi u {n car bona;t?ite;r }g!\fégt@}‘lkgfahsbtoﬁéﬁp ?Yd(@getn of th)::[—NPquﬂcslq;i[ ﬂgglbﬁp@{hduded in
advant ageou : e od for preparation o e cyclic urea
conpounds o1§h ?or ?‘ru#llg@%a(ﬁf? E(?)gﬁc ufqacc)(’?‘p()g{“g?t,’ta’(‘i‘é)“, the prq of thg gyclisatior( Fep  as
descri bed akousists ofrrosctingast AIkYLAEJ ¥oG03RARE R Fhdyl Al ibls SPRSI sts of 20
a step of cyclisation.: B of }t’!he Iiacst;i vat eg ?aﬂrﬁgl%tdgpgg?ﬂmagﬁ QQ{E'F\Fé(QhC

cont ai ni ng Ar5foR-the Bresencedf aprilapdedbase. secondary aninc function of formul a
(Mla} or (Vic) of the activated earbam c acid derivatives containing a
non- %)r ot ect ed p%gnh]} 373(%"91%5 @gé'ﬂcfilfﬁmﬁ‘rﬁ 4ge% rhedosshated devative aan W4 pirtioulal VI d)
25 | eadi ng besied thy BhgtPeroup bEME lobfor Ml compri sing in their
ring a urea function of fornul a 5’%’% 1 (g‘ﬂgﬁmp%fﬂ%%%?)gﬁlﬁwur ea conpounds

conprising in tHe& M exawpla ofindzmsé,unh et pasmibld in gaeidtdrao citRa O from She 2
~step of al k%i der&asggctively: - of the hydrogen of the urea function of
formul a - NH -“ Ibtained at the end of the cyclisation step using an

al kyl ating agent- aQn®hi isjdnide ! daeh B (QM.H s t he hydrogen of the urea
function of formula - RSN CO NH obtgﬁ;ne hgg{ldcf(t%hghd of the cyclisation step

usi h§ an al kyl ati Adgueiglercchobtpsichias goditee 1R thgfolitPor ;%tQMunf’?’&ﬁa:?cﬁatE.;‘ order to
obtain the cyclic _ugtea ounds of fornulae (Ib), (lc), (1d), (lc), (If),
(1'g) and (Ih) conﬁ?‘ﬁ‘?fnnéﬁff‘ t%BPY‘%"i“H%’S&%I%h)&%\IY% %on - (RBN-CO-NR )-, the
R and R5 groups pbaissigmafuciids 6hiaRfsins GO/ (ﬁgcor ding to an advant ageous
enbodi nent, the nethod for preparation of the 5 cyclic urea conpounds of

formula (11a) i3 REPPTRE selventashsh ohdetrbydmofisad (THF), HeN-imclie@fPinginideof © a

step of cycht e ct,i vat ed carban cid derivatives

cont ai ni ng gb ?\@’- g.lrj]g%céglg#&g&rﬁ"%’ard V' 50’%&@?85?@4 'n& 1At Pheseotransdernul a

(Vik®) or (vonditieds with ddaskiimdEarbbrat@ ¢RI Ebah Q%moﬁat@(‘(iﬂ%@@# &3;41;{5‘?,3
0

cont ai ni ng @fﬁﬁ -protected primary or secondary am ne functio ormul a
(M 1b) or ( ‘5

According to an advantageous embodiment, the method [or preparation of the
cychc urea compounds of formula (la), (Ib), (Ic), (Id), (le), (1), (Ig) and (Th) as
described above is more particularly characterised in that it consists of:

20 + a slep of cychsation:

- of the activated carbamic acid derivatives containing a non-protected
primary or secondary aminc function of formula (Vla) or (V) or,
— of the activated carbamic acid derivatives containing a non-protected
primary or sccondary amine function of formula (VIb) or (V1d),

25 leading respectively to:

- cyclic urea compounds comprising in their ving a urea function of

formula -NH-CO-NR'- or,

— cyclic wea compounds comprising in their ring a urea function of
formula -R°N-CO-NH-,

30 + a step of alkylation respectively:

— of the hydrogen of the wea function of formula -NH-CO-NR'- obtained
at the end of the cyclisation step using an alkylating agent comprising the R’ group or,

— of the hydrogen of the urea function of formula -R*N-CO-NH- obtained
at the end of the cyclisation step using an alkylating agent comprising the R} group,




| eadi ng respectively to: cyclic urea conmpounds conprising in their ring a
urea function of formula -NHCO NRL- or, 15 - cyclic urea conpbGnBEC 2004
conprising in their ring a urea function of forrmula -RN-CONH, a step of
al kyl ation respectively: - of the hydr8gen of the urea function of formula
-NH-C ONR - obtained at the end of the cyclisation step using an

al kyl ati ng agent conprising.the R6 group or, 20 - of the hydrogen of the
urea function d ofdsr i ehlarRhe qyels wike COIBB?‘HidﬁééIf‘%{'{n“ﬁ‘ié@nﬁc)@ﬂdﬁ!ﬂg’)’ (16,
cyclisation ste i ng_an. al-k i " i 5504 e R ouny i N
order to og{éiaﬂﬁt(@ 583"81%15}:“ ir giéglf:*c])g b@gﬁg& 5@9{[@#4&133{“&%%%11&%}? [ %.Iﬁn% in

their rin ntnk]g Hé[]%aasfdya&ﬁﬁe@mbo(rd? NCONR)-, the R and R " groups being as
descri bed above. ccording to an advant ageous enbodi nent, the nethod for
preparation of AderdiBgdyom advapieacays mmhedanenss theomptird fon prspaiagopgi dhe
particul arl haracterised i hat, i | st i f |l ion:
At e, avefi et Tl hacta) I PR RnRplar, AlFRelised 4 bl G
primary or &gcenr@ary am ne function of formula (Villa) or (Villc) or, 30 -
of the activated carbanmic acid derivatives containing a non-protected

. primary or secowdastyp afitysdisftioncti on of fornula (M 11b) or (VIl1d), |eading

respectively to: 1 6 2004 25, - clic.urea conpounds.conprisi Lh their

ring a urea function” _o‘? LhFcf‘r‘:Hl‘ff’f%f’ild 9?5%_@5 N@'_ﬁgyng@é?@ﬂn&n%? ené)ncP(r)?r}potﬁJ]nds

conpri si Ng idin k& lseddnddrytarth e unkc O bf PR G (Wuag t MIc)BEN-CO-NH-, S a step
y

of alkylati'on réspectively: - of the hydrogen of the urea function of
forrul a - NH CO NR - -obefathneagtivated cabanirdadf deruativgs [cpRIgTIMEH2 JOBPIASFAY an

al kyl ati ng agent conpri,sing th Rg r o, nof \Q hydrogen of the urea
fungtion ofp%?W75%%WC%'l ‘fung ?‘gPﬁéogmugat(vtlngIé{] fcgf the cyclisation step
using an al kyl afehiglg 2EpBEtIveBMRE I Sing the R group, 10 in order to obtain the
cyclic urea corrpoun%s of formula (l\lu?gf conprising in their ring the urea
function - (R'N CO NR-) cyclincwss domgovnsisagpmpnisant it derirs NBATH 8F5te ACHom &t et hod
for preparation, of,the .gyclic urea conpounds of fornula (1lc) is nore
parti cul arléjnlﬁgrfyc%gﬁscd P]:’l that it consists of. 15 a step of
cycid sation: of the actyctiat@da campannds emihprisher iwv ahdiv @9g comtai Ainagom of
non- prot ect ed P
formula -R°N-CQ-NH-,
¢ astep of alkylation respectively:
— of the hydrogen of the urca function of formula -NH-CO-NR'- obtained
at the end of the cyclisation step using an alkylating agent compnsing the R® group or,
20 — of the hydrogen of the urea function of formula -R*N-CO-NH- obtained
at the end of the cyclisation step using an alkylating agent comprising the R! group,
in order to obtain the cyclic urea compounds of formula (Ila) comprising in their
ring the urea function (R®N-CO-NR')-, thc R' and R® groups being as described above.
According 1o an advantageous embodiment, the method for preparation of the
25 cyclic urea compounds of formula (IIb) is more particularly characterised in that it
consists of:
¢ asiep of cyclisation:
. of the activated carbamic acid derivatives contuining a non-protected
primary or sccondary amine function of formula (V1lIa) or (VIlIc} or,
30 — of the acfivated carbamic acid derivatives containing a non-protected

primary or secondary amine function of formula (V1LIb) or (VIIId),

Icading respectively to:



primary or secondary am ne function of formula (1Xa) or (I Xc) OB Ei 1 he
activated carbam c acid derivatives containing a non-protect ed! pg for

secondary am ne function of formula (1Xb) or (IXd), 20 |eading respectively
to: cyclic urea conpounds conprising i2h their ring a urea function of
formula -NHCO-NR - or, - cyclic urea conpounds conprising in their ring a
urea function of fornula -R&N-CO NH-, 25 a step of alkylation
respectively: - of t—heycﬁyxjnmgecmanoumﬁe campaisingnot their tiig faovnea fanctigs @O NR -

obtained at t he cyclisation step using an al kyl ati ng agent
conpri sing ?lﬁé‘lﬂﬁg ‘36“5) O%.. of the hydrogen of the urea function of

formula - R6N-CO-NH ohtgjh nd fheinCHelr SR 10k LBRSR HY an
al kyl ati ng agent conpr?éé}l ngﬁtah 1<hﬁ}i§upfTﬁs ) ?nmorderr I?éo obtcal n %he cyclic
urea conpoynasul®fRMMOMNE-( Tic) conprising in their ring the urea function
-(RGN-CONR )-. 1 6 DEC 2034 26 5 10 15 According to an advant ageous
embbdi ment, t he? metaprf WofatindpscaiYd% of the cyclic urea conpounds of
forrrula(lld) isS nore rt I i h onsi
/ . — oF?g}c lp{?%g%ctc%f‘yg{%g%n% br?gldfonqlnugl 1R bb R st fﬁ}léd[ ai m ng

step of cyclisation: car am c acid deri va I'ves con

a non- pr ot QeitRAndRIT kR Stion @ P gmamylﬁlﬁgwgeﬂu @mpeikingakeR? groGxa), or (Xc)
or, - of the activated carbam c aci derivatives containing a _non-protected

primary or secondary‘ afthrebydsersniad ihowres imetipn of Saspul-R(RO- N%‘a‘th‘ﬁ@"d
e o ot 15 SeliCapiih e SRR U SAIIELA Adh ik iU R BloBB, 2 1 62,

function of* rea unds rising in
thapr ring a urigardesnelobrin dic cytiis ma:la&onﬁbhhmﬂ‘ﬂbhnuia(Hb)eqmrqhsaigklyltheti'r on

respectively: - of the hydro n of the urea function of formula -NH CO NR -
obt ai ned  dtnz the vesadupgionR N E0- @3{] on step u5| ng an al kyl ati ng agent
conprising the aﬁ’tfa :EXM; Rl 18R ; RGkibR v Qhe f OF
iula -R'N-C. 0- Og{)]'?gl ngg’ adgrt t e en cyc I Sg.tl on sétﬁep lu5| ng ?an

al kyl ati ng gghatreorpmpsindg dfhferiRulagillsdids moreq:admulvly dizrateriscdian dhatl ik c ur ea
conpounds og‘on];lgtrsrgf.l a (lid) conprising in their
15 ¢ astep of cychsation:
of the activated carbamic acid derivatives containing a non-protected
primary or secondary amine function of formula (JXa) or (IXc) or,
of the activated carbamic acid derivatives containing a non-protected
primary or sccondary amine function of formula (1Xb) or (IXd),
20 leading respectively to:
cyclic urea compounds comprising in their ning a urea function of
formula -NH-CO-NR'- or,
— cyclic urea compounds comprising in their ring a urca function of
formula -R®N-CO-NH-,
25 ¢ a step of alkylation rcspectively:
~ of the hydrogen of the urea function of formula -NH-CO-NR'- obtained
at the end of the cyclisation step using an alkylating agent comprising the R® group or,
- of the hydrogen of the urca function of formula “R®N-CO-NH- obtained
at the end of the cyclisation step using an alkylating agent compnsing the R! group,
30 in order to obtain the cyclic urea compounds of formula (Ilc) comprising in their

ring the urea function -(R(’N-CO-NRI)-.



20 ring the urea function -(R'NNCONR )-. According to an advant ageous
enbodi nent, the method for preparation of the «cyclic urea corrT ﬁgs of
formulae (ma), (111b), (T1Tc), (ITid), (Il.le), (111f) and (11 %J & iydre
particularly characterised in that it é®dnsists of: a step of cyclisation:
25 - of the activated carbam c acid derivatives containing a non-protected
30 primary or secondary amine function of fornula (Xia) or (XTc) or, of the

activated car hafti*ECaMgdo0d? PYyitiEssus swmbadinien the mthqsh G dueratationr ointhey or
secondary am fUNGE] r I I ing respectively to:
- cyclic ur g%dmgolrr'fg‘éﬁc%ldj gﬁ%p?f’gpﬁﬂdﬁ% ?f{‘fu)ésl ]?mﬁ( ﬁ%rgémwg%g?ﬂ%&ﬁ%nmo at JFtlor nul a
-rrl-T-CO Ne¥nsistw ol - - cyclic urea conmpounds conprising in their ring a urea
function of formula -RNCON -, 1 0 DEC 1261;34 27 a step of alkylation
respectively: . *of StROfRydiselies of the urea function of formula - NH CO NR -
obtained at the end_of.t.he )Gcl ,sation step,using an alkyl ating agent

conprising the Rl grou%f € aclivaled LtaFPémH?/d‘Fﬁg%eI’iw ‘F‘getshcémﬁ’t"@}ig fURRDPIETeCisA
fornul a - Rlphtn@ ShcBoriatpiriod [@ictiolor eithudf (X8 GYGld-sat i on step using an

al kyl ating agent conprising the R group, in order to obtain the cyclic
urea conpounds of forndf the gctivaigy cathamip acid(deameptives(cbintaiing @l hdneprotegtet| 1)

and (TIlg) lmgi j | ir . ring. t ur nctd,an -(R NNCO NR )-, the
R and Rl gﬁ%up %‘Jeglgg%dda&?; e@grﬁil cé’gne?gi?f@"?%bi& fng to an advant ageous
enbodi ment, t helcagingaekpe@ivedyf @paration, of the cyclic urea conpounds of

formula (TVa) is nore particularly characterised in that it consists of: a
steff of cyclisation of cYdie uet iopatpedndsardmpiisngdi dheleringas iwes fwntibaiofi ng a

non- pr ot ect | R@h¥-hmaecondary am ne function of fornula (Xlla) or
(XI'fb), 15 Ogré"ﬁlungrmtpoug?ﬁg?fgr’urea conpounds conprising in their ring a urea

funétion of fornul a—- &HICARIR compoandst esmprisidl ky ltadi Qﬁhﬁoi e aedbpgen of
t he urea fUPCtI B{nﬂgqh_]forrml a -NHCO NR - obtalned at the end of the

cyclisation "é"_f“é‘ Goar_ﬂﬂal kyl ating agent conprising the [l°" group, 20 in
Chei ring the ur el Pl NIRRT S I " The alkyl ation Step of the
met ipod for preparati enobthc hipérogye bf the urFUEQITAT HSEEMAS -NH-CO-NR - obtained
at the end of the cyclisation siep using an alkylating agent comprising the R® group or,
— of the hydrogen of the urca function of formula -R*°N-CO-NH- obtained
at the end of the cyclisation stcp using an alkylating agent comprising the R! group,
in order to obtain the cyclic urea compeunds of formula (11d) comprising in their
20 ring the urea function -(R‘N-CO-NR!)-.
According 1o an advantagcous embodiment, the method for preparation of the
cyclic urea compounds of formulae (I1a), (ITb), (Tflc), (JTTd), (le), (1LLf) and (Ilg) is
) more particularly characterised in that it consists of:
+ astep of cyclisation:
25 ~ of the activated carbamic acid derivatives containing a non-protected
primary or secondary amine function ol formula (XIa) or (XIc) or,
of the activated carbamic acid derivatives conlaiming a non-protected
primary or secopdary amine function of formula (XIb) or (XId),
leading respectively to:
30 ~ cyche urea compounds comprising in their img a urea function of
formula -NH-CO-NR'- or,
~ cyclic urea compounds comprising in their ring a urea function of
formula -R'"N-CO-NH-,




descri bed above, can in particular be carried out under the particul ar
conditions described below A solution of a cyclic urea corrpoup? gg:ﬁ fgml)
in T}-1F (10 m) is 25 added dropwi se to a suspension of NaH (1-
equivalents if one NHis to be alkylated, 2-2.4 equivalents if two NH are
to be alkylated) in TIIF (under Argon and at 0C). The reaction nmediumis
agitated at OC for 60 mnutes then the al kylating agent (1-1.5 equivalents
if one NH is toebasiap kyhblydon 2espeaiygiyal ents if two NH s are to be

al kylatcd) dissolved in THE is added at 0C. The reaction is Ieft for 12h
then the reaction nedi@hthe hydiogewp e sacatunetioatafyfrmde thkieC@AVR wobtaired

saturat ed saturat ed
KHS04 | N, soI?(Pﬁ%EQQCh%Q urgl?gghl?\@ %ﬁgéﬁ&sc\?@%}gﬁ 5—&'@ TEEYBPhani ¢
phase is dried over My@Othanydidyensef enturés fatiognsr abeslipy- R BY-a0-Ne1-
evaporation. 1 6 DEC 2044 28 The_ invention also concerns a nethod as defined

above for pPpacdet s od ofythr cyclisaiiemnstep o na sliodaing agemocoansisingothe R'ng and
conpri si ng @, ﬁea function of formula (Va): (Va) 5 ~3 in which R, R2, R3, R
and R5 can ®ach' and i ndependently from one another represent: a) - a

hydrogen, 10 bjn erdeal®@bmin ehe cyclich@re@rc@mahm @trrdmmaﬁr(tpﬁmct(ﬁft)stm) chain
of an am no acid _chosen fromthe natural non-natural amno a d a

linear or bfHAbNEHSWI(HY woiPe) earpooyg lmlwgungtthq yreadtupetion BR (HN Q‘lcbd) by
one or m)re_ U'Pé%'&t%:%ﬂhilm@oﬁpof}xaﬁégsdc?escnm%w CONHRa, -OR,, -NHR r, 15

- NH( CO) R9, an a eroary grotp, whose cyclic structure

contmi ns from 5Atmrﬂﬂgcmrhommnmmousaexhabagﬁm ah® Mctigddioapréparsen &F P, the
R'" group corrprlsm fro 1%’1 10 carbon atons, a nitrite, quanidino_ or
nitro groupSY@f urea g %911% B’YWHB’SGVP) igmorg patigrlatly shamptessed enihat ito 20
carbon at ong,,gupstituted or non-substituted by the abovencntioned
substituents, as well as by the 20 cyan or am dinc groups, 25 an al kenyl or

al kynyl group (@laGfp ofacywlisitivnydl Mecit vABE SOhmad) adidYderighpetd doRlaB@g aan
OR,, group an NH2 group
non-protecled primary or secondary amine function of formula (XIIa) or (X1ib),
15 leading to cyclic urea compounds comprising In their ring a urca function of
formula -NH-CO-NR -,

¢ a step of alkylation of the hydrogen of the urca function of formula -NH-CO-
NR'- obtaincd at the end of the cyclisation step using an alkylating agent comprising the
R® group,

20 n order to obtain the cyclic urea compounds of formula {IVa) comprising in their
ring the urea function -(R°N-CO-NR')-.

The alkylation step of the method for preparation of the cyclic urca compounds as
described above, can in particular be camied out under the particular conditions
descnibed below. A solution of a cyclic urea compound (10 mmol) in THF (10 m)) is

25 added dropwise to a suspension of NaH (1-1.2 equivalents if one NH is to be alkylated,
2-2.4 equivalents if two NH are to be alkylated) in TLIF (under Argon and at 0°C). The

~ reaction medium is agitated at 0°C for 60 minutes then the alkylating agent (1-1.5
equivalents if onc NH is to be alkylated, 2-3 cquivalents if two NH's arc to be alkylated)

dissolved in THF is added at 0°C. The reaction is Icft for 12h then the rcaction medium

30 is diluted with ethyl acetate and with a saturated NH,CI solution. The organic phase is
washed with a saturaled KHSO, 1IN, H;0 solution, a saturatcd NaHCO; solution and

H,0. The organic phase is dried over MgS04 and the solvent is concentrated by rotative

evaporation.



S S
k) -COORh 1) -CONHRb n) -CH2CONHz R and Rb representing, indFBengemdﬂ
fromone another, a hydrogen, an allyl, 30 benzyl, t-butyl, Ll
fluorenylinethyl, bcnzyl oxyrncthyl, tcrt-butyldinmethylsil.yl, 2-

et hoxyet hyl , net hoxynet hyl, 2-met hoxyethoxynct hyl, tetrahydropyran-2-yl,
trimethylsilyl, triethylsilyl, 2-(trirnethylsilyl)ethyl, trityl,

2,2,2-trichl orog_ltqm/l , tosyl, ortho-(or_ par a%f;ﬁni trophcnyl sul fonyl, al kyl

group having frofif FRYHUOB 258r998RETAT 8Racthash as dgiingd pbovgr ou prappssien of nyclic

i f 2() . 1 1.CE, :ULi 29 R
oo csonti naRERRANBTL AnbeD  BIBAR AP codpdsiEavria Binefon fY tyxmyla,
a

group whose(Vayg structure contains frgm5 to 20 carbon atons, or
hcteroaryl, aiylalkyl or hctcroargd al Kyl faroup, the R, R2, R3 and R4
groups being able to formthe foll owiNAg Nt ranol ecul ar (V8) cyclisations: 1/
cycljsation between R and }t.2 and/a(, A2, cyclisation. between R and R4,
sai d cyclic urea conpounds able tdibe, TWwh&Ai one or nore asymetric carbons
are present in fornula (Va), independ®htly, either of R configuration
(rectos) or of S 10 confi %zratji on, (sinister), starting froman activated
carbami ¢ aci d ddtivRichvR cdnt & 'ni kg 2adpRi neany eagh avdcimdozongently fmni uoret | on
correspondi Q f..the followng formulae (XlIlia) or (XIllb): R Rs RL
RO H}-~ H?}‘g‘iﬂ‘”yr%&‘zm ORZR4' - O 15 RP in which: Xilla X 1tb the X
group represent g) a @gmgdpgeanferring upon the derivative an activated
carbam c acid derivative structure, said X group being produced froma
compBund choseR i n“ﬁ'&ﬁﬁeﬁaul ar fromthe phenols, optionally substituted by

at least one nifo GOMRRRIY: BhrER3Ed 9OE RAth TS anfiho BAETREXh U Frc

derijvatives, or benzyl alcoh erivatives
natural or non-natural amino acids,

d) - alinear or branched alkyl group (C1-C20), non-substituted or substituted by
one or more substitucnls which include: -COOR,, -CONHR,, -OR,, -NHR,,
15 -NH(CO)R,, -NHCOOR,, an aryl or heteroaryl group, whose cyclic structure contains
from 5 to 20 carbon atoms, a halogen atom, and an R’’CO- group, the R”* group
compnsing from 1 to 10 carbon atoms, a nitrile, guanidino or nitro group,
e) — an aryl group whose ring structurc contains from 5 to 20 carbon atoms,
substituted or non-substituled by the abovementioned substituents, as wcll as by the
20 cyano or amidinc groups,
f)  an alkenyl or alkynyl group (C1-C6)
g) — asulfonyl group (R,S0O2)
! h) — an acyl group (R.CO}
1) — an OR; group
25 1) — an NH; group
k) -COOR,,
1) -CONHR,
m) -CH,CONH,

R, and R, representing, independently from one another, a hydrogen, an allyl,

30 benzyl, t-butyl, flnorenylmethyl, becnzyloxymethyl, tert-butyldimethylsilyl, 2-
ethoxyethyl,  methoxymethyl,  2-methoxyethoxymcthyl, tctrahydropyran-2-yl,
tnmethylsityl, methylsilyl, 2-(tnmethylsilyl)ethyl, trityl, 2,2,2-trichloroethyl, 1osyl,

ortho-(or para)-nitrophcnylsulfonyl, alky! group having from 1 to 20 carbon atoms, or

an aryl group whose ning structure contains from 5 to 20 carbon atoms,



grafted onto a solid support and nore particularly chosen fromthe foll ow ng

conpounds: N hydroxysucci ni m de, phenol, pentaftuorophenol, 18§ OEC 2004
pent achl orophenol, p- nitrophenol, 2,4-dinitrophenol, 2,4,5-tri c?ﬂ oropLhenoI ,
2, 4-di chl oro-6-ni trophenol, hydroxy-1,2, 3-benzotri azol e,

| - oxo- 2- hydr oxydi hydr obenzotri azi ne (HODhbt), 7-aza-1 25

hydr oxy-bcnzot riga QAL fc@zas L-hydroxybehzotri azol e (4-HOAL),

i m dazole, tet ;g?g{)%?&én %RA?\]lgylr é@i"ﬁ,hdé}w %%'8 llr?]?t? 5@22 USRI riBuE! ar e
as defined ghayewhfbe ringvenichas @nflng Fodt 8Std 90 &P 9g RS ef ih&%flaafsﬁo"e
for preparation of cyclic urea conpounds conprising a ring having at’1east

8 atons, sartViglkpperdishpearsiahyl gloupeast 30 two urea functions separated from

one anot her by at. Least ©n rbon atom and in articular by 1 to 4 carbon
atons. In this ?}liet'sge’c ; 1li.thmlc veg?{?'ilposng‘af'%dgketloa E'E‘ tﬁ"B fﬁh%‘ﬂ‘ﬁo‘é}“%‘)]&@#'ﬂned

above for pygpatiais.on of cyclic urea conpounds conprising a ring having at
| east 8 atons, and A°. N N HNJ M x H213 DE-C .JL4 30 5 conprising at
| east two urea fliareliseten bupyasmReand Romdiore anot her by two carbon at ons,

RO Rer Re 11 oS PPE R R R RY TR Rlss NNRE O oo RI2 N
N- R6 sald cyclic urea compounds able 1o be, when one or morc asymmetric carbons are
present in formula (Va), indcpendently, either of R configuration (rectus) or of S
10 configuration (sinister),
starting from an uctivated carbamic acid derivative containing a primary or

secondary amine function corresponding to one of the following formulae (XIITa) or

(XIIIb): 2R ! rl g? ?
" w/krN X H;ril\]/H/N X
IS 4 \n/ 2 g \‘r
‘ R? .R* O R* R* .0
in which: Xllla Xlitb

the X group represents a group conferring upon the derivative an activated
carbamic acid derivative structure, said X group being produced from a compound
chosen in particular from the phenols, optionally substituted by at least onc nitro group
20 or at lcast one halogen, or hydroxylaminc derivatives, or benzyl alcohol derivatives
gralled onto a solid support and more particularly chosen from the following
compounds: N-hydroxysuccinimide, phenol, pentalluorophenol, pentachlorophenol, p-
) nitrophenol,  2,4-dinitrophencl,  2,4,5-trichlorophenol,  2,4-dichloro-6-nitrophenol,
hydroxy-1,2,3-benzotnazole, 1-ox0-2-hydroxydihydrobenzolriazine (HODhbt), 7-aza-1-
25 hydroxy-benzotriazole (HOA1), 4-aza-1-hydroxybenzotriazole (4-HOAL), imidazole,
letrazole, and WANG resin, and
the R', R%, R? and R* groups are as defined above.
The invention also relates Lo 4 method as defined above for preparation of cyclic
urea compounds comprising a ring having at least 8 atoms, said ring comprising at lcast
30 two urea funchions separated from one another by at least one carbon atom and in
particular by | to 4 carbon atoms.
In this respect, the mvention also relates to a method as defined above for

preparation of cyclic urea compounds comprising a ring having at least 8§ atoms, and



Rl1l1~ ~R ;1o NN-NR7 R O 10 . X111 xv XVla in which the R, R2, R, R4,
Rs, R, R, RR RO, RO, RI', R2, R1, R4, R5 and R" 15 20 Z;%@E@Jggﬂqhave
the neani ngs nenti oned above regardl ng the R to R groups, the , R, R,
R6, 11, R (', R 3 and Rl14 groups also Bting able to formthe foIIovm ng

i nt ramol ccul ar cyclisations: 1/ cycllsatlon between R and R and/or, 2/
cyclisation between and/ or, clisation between RO and R10

and
and/or, 4/ CWB‘I”‘%?ﬁZﬁ%‘éfP \Héfértumﬂmmaﬁwﬁc {romt qpeanaifier hotwo easboeaiemsel v,

actlvat ed c g, a rimary or secondary ani ne
function ang&?%p]rmgtgg '}]cg{ogﬁﬂ M?‘E‘VF? Lﬂvp‘gr mul ge (XXYI I ) ( XX1'V) )a/md

(XXV): R1 R3 0 R6 NH RL NHx30XXIVXXV16DEv2034 RH”WCh t he
4 S

R, R, R3, R4, R5, R{', R7, R8, R2(R1 1R'R', R12, R13, padnd R16
groups are as eﬂl nﬁd above ﬁ Xt ppi"’s as def i e sgf d
carbam c acid B s al ng abl I% he in natcd for

subj ect of t nt s a so a met hod defi neRi ove for pr gre\ation

of cyclic urea conp 65 compfr-insi ng at Igaﬁt f our __e{a functi ons,

f ormul ae (XVIF\b Ic (XVI and (Xv/g) iz, Nep5

H L1 ‘RE ' R”>\,\ ,{LR"

tooglo N—rN R
. Ro R

10 '
. XV _ XV _ _ XVla

in which the R', R?, RY, R%, R®, R*, R7, R%, R, R", R", R'Z, R"*, R4, R" and R"®
groups have the mcanings mentioned above regarding the R' to R® groups,

the R', R?, RS, RS Rg, Rm, R and R™ groups also being able lo form the
15 following intramolcecular cyclisations:

1/ cyclisation between R' and R? and/or,

2/ cyclisation between R* and R® and/or,

3/ cyclisation between R® and R'® and/or,

4/ cyclisation between R'* and R",
20 starting from, respectively, activated carbamic acid derivatives containing a

primary or secondary amine function and corresponding to the [ollowing formulae
(XXII), (XXIV) and (XXV):

R'" R® o0 R? RE®

LT

25 R” R* R® R” ©
XN
) 81 R3 i R5 FSB $9 $11 O
NH ) N N N
R A A
R2 é4 lla*" R O R R®
XOoav
3Q

R1 R3 0 RG RS R9 R11 e R14 16

R
] ] ]
NH
A b A L AR X
és R O R® R12 R13 R 0

R2 é4 15

xXxv



in 15 XVIb 20 25 XVId XVie in which: in which the R2, R, R6, 17 0BB62LH (),
R', R14 and R 5 groups have the neanings nentioned above regarding the R
to R5 groups, 30 The invention also relates to a nmethod as defi ned above,
for preparation of conpounds of formuBa (XVIb), in which: - the substituen
is R2, R6, R1O0 and R14 are chosen from * a hydrogen atone, * a linear or
branched d-Co6 alki chain, substituted or non-substituted by: 16 DE 32 5 i)
a protected or whotected am ne function, i) a protected or

non- pr ot ect ed a i <l 0. e 9r . RONTPL.e4 ;ed cohol
function, iv) 3{!8 etlic Baj?l E 3{ the %r oﬁeeﬁze ﬁhbp%fe‘t‘@ct ed
si de chain glfb@raeﬁﬂh{]%@gl d chosen fromthe natural or non natural am no
acids the substituents R, R7, R ' and R15 represent a hydrogen atom
starting fron1aduaﬁgnwdnams&d%&ddbnvuat|ves of formula (XXV), as nentioned
above, in which: i) the. ig bstituents R2, R6, R O and R14 have the sane
defihition as ab¥ éa%’ﬁﬁ“c 29i¢ demytives dambangable fo be mpropatedfompr R R,

R12, R5 and Rr f b R 1
and RS have ther neny oare SAEHESED SleTimhod of e jobie Witkrtnddiol ¥F 1

t he substi t opdlicsuiRa, coRPoulds chBpridRig aRbsastRAur Riga fuhbtidds? of Rirdnd(ORID),
represent a r.o tom ii) the Ru group is an arylal kyl or )
het er oar yl al(ggliil &gﬂbﬁ%%ﬁmgan be bonded to a solid support, and all ow ng
the formation, before the final deprotection step, of a synthesis

i ntermedi ate having fornula (XVTa), as nentioned above, in which the

di fierent 20 substi tuen% ZE—Ht OHZF\’ 6 have the same aﬁni % as nentioned
above for the corrpoundﬂﬁ

| J A | | j \r:o

H—

~N
oﬁk NH
- /(/\ i

N ®
15 ﬁ —“ \
/1o N (\ \ . Fl1° [ 5 H

o

Xvib XVle

% o | Q
_ oy

N
H H
25 -
T Xvid:
XVie
in which:
in which the R?, R?, RS, R, Rﬁ, Rm, R”, R and R" groups have the meanings
mentioncd above regarding the R' to R® groups,
30 The invention also relates 10 a method as defined above, for preparation of

compounds of formula (XVIb), n which:
— the substituents R?, RG, R'% and R™ are chosen from:
* a hydrogen atom,

* a2 Jinear or branched C1-Cé alkyl chain, substituted or non-substituted by:



30 formula. (XXV). The invention also relates to a nethod as dezlﬁggﬁ_ u&‘l
for preparation of conmpounds of formula (XV), in which: - the ts
R2, R and R10 are chosen from * a hydrogen atom * a linear or branched
Cl -C7 al kyl chain, substituted or non-siifbstituted by: a) a protected or
non-protected am ne function, ii) a protected or non-protected acid
function, iii) a protected or non-protected al cohol function, iv) an aryl
or heteroaryl group, ’“)iiﬁ@t?ﬂt‘@ﬁ@fd’soeldﬁrgtECdenmmﬁ:acmcad side chain of an anmino
acid chosen fromthe tur non-n no acids, 1 0" DEC 2024 33
the substituents R, I&ga‘lrﬁo{%ﬁggoif]?"p Lﬂ?@“‘ CUNH R12 represent a
hydrogen atom starti ng)5pm&caéﬂér%h%§ofé@l%ﬂﬁﬁbﬁol%h& oderivatives of formula
(XXI'V), as nentioned above, in whic 51i) - the substituents R2, R6 and Rl
have the meani ngs nentlvbﬁ‘EdYb@'dlﬂéeraml grivep, substltuents Rl, R3, R R5, R

Rs, " and R12 re*pr sent drogen atgm _ or - the substltuents R3, R and
R' héve t he meani ngé mtc;c(g ’tf}"eRfPE?GEqué%tharmn@ﬁ@cmchoaermfmmehc
substi t uent I " 'and R2 10 represent a hydrogen
atom ii) tﬁlgal%l ‘ﬁﬁgﬂﬁd}@aﬁﬁg‘r’“f@?k | or heteroarylal kyl group, which can.
be bonded to a -sdhd shtstppos®’, th{'éhﬁ@wjﬁgarkhmﬁﬁydfﬁgérpnﬂmbef ore the final .
deprotection step of a synthe is internmediate having formula (XV), as
menti oned above} Tyicinated crbapimad denvatives 9ftfosnls QX VD caspientioned t he
sane neani NGRS lmidhoned above for the compound of fornula (XXIV). The

i nvention al so concerns corrpounds of formul ae (XV) or (XVla) as nentioned
above, in whichi} he thaibdistitieerstR?, RS, RE2ndR! 1B4c t}ﬂ551ﬂﬁh]g,ﬁ|ﬂﬁ10n|:§5 abBve BAd ) .

R11, R 12, R13, R14, R.15 and 43 esent. gi t her a hyd1 ogen atom -
or the protected or "ﬁ%?\ul'ﬁf'ﬂltcﬁtét@dﬁs% %sh%l rRoR aﬁ'ﬁ B Y R'C Fepeesant  om
the' natural or noni a;dg@ﬁ.law@,gno@o acids, | and in part| cuI ar in which: * R,
R3, R4, R5, R7, RK, , R12 R 3 Rls and R''represent a hydrogen

- the quhstltucnts R, R’ R and R" have the mcanings mentioned previously
for R?, R, R'® and R" and the substituents R', R?, R%, R®, R®, R?, R®, R,
15 R'*, R and R'® represent a hydrogen atom, and
i) the R'* group is an arylalkyl or heteroarylalkyl group, which can be bonded to
a solid support,
and allowing the formation, before the final deprotection step, of a synthesis

imtermediate having formula (XVTa), as mentioncd above, in which the different

20 substituents R' to R'®
formula (XXV).

havc the same meanings as mcntioned above for the compound of

The ivention also rclates to a melhod as defined above, for preparation of
compounds of formula (XV), in which:
- thc substitucnls Rz, Ré and R1® are chosen from:
25 * 4 hydrogen atom,
* a linear or branched C1-C7 alkyl chain, substituted or non-substituted by:
a) a protecied or non-protected amine function,
11} a protected or non-protected acid function,
1) & protected or non-protected alcohol function,
30 1v) an aryl or heteroaryl group,
* the protected or non-protected side chain of an amino acid chosen from the

natural or non-natural amino acids,




25 alorn, and * R2, Ra, R'" and Rl14 represent a group chosen fromthe

met hyl , isopropyl, isobutyl, sec-butyl, benzyl, alkyl and hydrpgyBEQzY)24
acctatc (ortho, neta or para) groups, subject to the conpounds of formula
(XV) or (Xvia) being different fromthé& 30 follow ng conpounds of fornul ae
(ML bis/l ), (MI1'"bis/2), (VI bis/3) and (M1 bisl4) 34 S ("VIII bi
/1) 10 15 (V11 bis/3) O NHQ _NH (VM bis/4) 1 6 DEC 2 0 3 4 The invention
al so concerns conPSuHaE & | RedR afovR,, Rork eBpowrdi Ry mepresens a Ip@rdgehl owi ng
formulae: (y¥.i:a-1) 25 30 -N. NW.H ONO (VI bis/2) (XVIa-3) 160FL""
LJli4 35 (XVia‘5) (XVla-6) O, , , NHAJIoc 5 10 15 20

starting from activaled carbamic acid defivatives of formula (XXIV), as

mentioned ahove, in which:

s 1) — the substitucnts R*, R® and R'° have the mecanings mentioned above and the
substituents R', R*, R*, R®, R’ R R and R represenl a hydrogen atom,
or

— the substituents R’, R” and R'! have the mecanings mentioned previously for
R’, R® and R™, and the substituents R, R%, R, RY, R%, R®, R" and R"
i) represent a hydrogen atom,
ii) the R’ group is an arylalky! or heteroarylalkyl group, which can be bonded to a
solid support,
and allowing the formation, before the final deprotection step, of a synthesis
intermediate having formula (XV), as mentioned above, in which the different
15 substituents R' to R'? have the same meanings as mentioncd above for the compound of
formula (XXIV).
The invention also concerns compounds of formwulae (XV) or (XVia) as
mentioncd above, in which the substituents R', R?, R, R, R®, R®, R7, R® R* R R,
RZ RY RY R and R!® represent:
20 cither a hydrogen alom,
— ot the protected or non-protected sidc chain of an amino acid chosen from the
natural or non-natural amino acids,
and in particular in which:
= RLRLRY R R RE RS R, R R, R'® and R'" represent a hydrogen
25 atom, and
x R% R% R' and R represent a group chosen from the mcthyl, isopropyl,
isobutyl, sec-butyl, benzyl, alkyl and hydroxybcnzyl acctatc (ortho, mcta or para)
groups,
subject to the compounds of formula (XV) or (XVIa) being different [rom the
30 following compounds of formulac (VIII bis/1), (VIII'bis/2), (VIII bis/3) and (VIII bis/4)



25 0 NHAlloc N 4 II A ocHN HN (XV-1) 0 i ~NH N-NHHNI-' (XV-3) NHO NH
HNNH 4 NHAIL oc AllacHN O HN AlJocH N' .4 " 0 (XV-2) (XV-4) 4 NHO NH 4

NHA loc 30 1 3 DEC, u (XV-5) MeO ~-N34AIIacHt~ 1§ DEC 2024
0 0

H A H H
—-l\ %N—-. __5\ N-H
\.D . O

5 07N N O N N

1 Vs AN H’ 7_/ N
(VI bis/1) © (VI bis/2)

: She ke

HN
NH NH
0 0
=(N H __S N— __S
R _
=0 ®)
HN - HN /\:
}\ NH % NH
WY SN
(VIII bis/3) (VI bis/d)

The invention also concers compounds as defined above, corresponding to the

20 following formulae:

(XV1a-1) (XVIa-3)

g
g LF
38 ”Wif“
N
H .

30




~N 10 15 HN 0 HN AllocHN 20 25 (XV-S) 30 MBO 36 NHPJIOC H2N "V /.' 7\

NHAI loc (X V-6) NH2 NHAIloc (XV-9) 1 3 UE '2 9 3 4 37 in mh1§h QL
represents an allyl oxycarbonyl group and 5 Polystyrene resin @ dvh

an advant ageous enbodi ment, the preparat’i on method of the present

i nvention nmakes it possible in particular to obtain new cyclic urea
conmpounds whi ch tLJm@y*awﬂave been difficult to obtain using preparation
met hods of the prior ich generally require the prepgafiatdon of

di am nes. The preparation method of the present invention allows the
cyclisation of cai-ba 4§,a0|d derivatives obtained fromN-protected am no
acid derivatives (a, PY¥ and anino acids), and thus nmake it possible to
obtain easily and in vg few steps, a considerabl e ol ecl NHAflei ty on
t he side chains used. i he @ﬁthod of the '”V%ﬂkkﬁﬂ alﬁﬁ 5 e4 to the
onl

cycl ksatirn, of carbamoc~fs a d derivatives obtai hree steps,
namely: d) a step of tran$for pahjRn of the - COON grggg/gf the N- it ect ed
am no acid derlvatlveJL_ g S amno acids) into CON_3 group\L#s order
to obtain afle®iN N b) a step of transforna on of the -ggns group
of the acyl azid nto an - N L, group in order to 5ﬁgﬁln an isoc ate,

- HN 0 /11\14

: N
o= NH N Hlloe
HN AllocHN™ 4" O
10 4 :
N NH NHAloe
4 H

|  AliocHN” 47 0

(XV-1) (XV-2)
15

o) | 0

HN’U\NH HNJLNH
©\.>—J ~‘§\—\NH B"J B
HN * NH

20 ;}—NE"QT_<\ Cg}‘NE—QT 0

(XV-3) (XV-4)
]
25
0
SRy y 97
NH HN Ea
it PR
O% — 0 o %o




c) a step of treatnment of the isocyanate in order to obtain said stable
carbam c acid derivative, fromvery sinple nolecules, such as t,hg:J A apn
N-protected di peptides. to give extrenely 25 functionalised ard Fs“s H‘Ez‘cric
cyclic urea nolecules. It should be reclled that the term"am no acid
derivative" nust be interpreted in the broad sense, as understood by the
person skilled in the art, and designates in particular a peptide,

pol ypepti de, protein, K ei)dopeptl de or oligourea derivati®e-680 Description
of the figures Figures 1 A and 113 represent the two-di nensional structure
of the conmpound of fornula (1i9, Figure |IA corresponds to the view of the
urea ring seen from above ur ‘”*ﬁ“‘ JL'i 38 5 Figiu-e 1B corresponds to the
view along the axis formed by he CO carbons, denoted C(I) * d C: (4). For
greater clarity, the atoms been nunber ed The fol | owi ng$#kbi es i ndicate

certain interatomc distanc in A I\ﬁ-m gertain angle valudgs. Lengths of
certain bonds in the conppu d of a (1j) Bond Nfih-= ) N(2) - C(12)
c(l 2) - y&%% kength (A))LZ 32 1. 38 Val ues of certainyaagles in the
conpound la (1PN"10 e C(3)-N(1) (1) N(l) o A3) - NHC(12) -

N(2) - O(4) N(szs) a(12) - N(3) - HiH val e)&(_)N 19 132 119
HN o |

) )\ NH NH
HN HN
T © )\ A 0
' O HN
i
NHAlloc
NH»
15 (Y.
vy
AllocHn JoL H NHAloe
HN- N
. NH
20 HN .
D)FIN NH
)
NHAlloc
25 (XV-8) (XV-9)
Q H
30 {:’\N Aq




126 1 Val ues of certain angles in the conpound of fornula (ij)1 %%@294 ?’* N( 3)
- C(12) - N(2) - C(4) QUY-N(3). C(12) N(2) C(4)-C(3)-N(I)-C(1)" va ‘(U 0. 47
-3.43 -1.07 The foll owi ng exanpl es illg trate the invention. They do not
limt it in any way. 1 3 DE 2034 39 Fx ?rple 1: Internol ecul ar and

I ntranol ecul ar reactions which can occur during preparation of the cyclic
urea conpounds. :The: Rr S f croeyel i satiqn from hono-oligoneric and/ or
|t et ero-ol i gomert {(’:m]c@i@Eﬁcﬁ%ﬁ%@%"caw?vcﬁ'%gﬁﬁr%?#psa‘\dact i vat ed carbanie acid
derivatives containing a primary or secondary am ne function), can lead to
t he obtai ni ng of hono-ol i goner gy and/ or he -oligoneric cyclic urea
conpounds, whose size distribuf&dn depends Lhe dilution of the reaction
medi um and the effective nolarity of the di | i near 10 precursors. It
is the conpetition that exists between thgs nternol ecul ar and

i ntrazrnol ecul ar reaction processes that Rz

gFads to the obtaining of a
reaction mxture which can be nore or |gss conplex. 1) Use of a stable
activated carbam c acid derivative 15 \/ygn t he carbam c acid derivative
containing a pr ma y yr secondary ili i‘ne function (precursor) in
protonated formis reacted in the prl¥siyenefesit base, it is possible to

obt ai n hono- ol | gesmdirg 16 ¥6ldd¢atiiR88s 8fbyEH! 1 . and, i ri abl
proportions, D agr amrﬁg bel (?V\_I re_pL%gs%nt st hgﬁ‘ﬁghﬁﬁﬁ%ﬁg’?%@%‘ﬁwﬁ?@a
conpounds POYCBRaMAkes Hipostibledndaoiculartie ot ot aryc B drdandongimah@Cwhih

reagfions. QolMd tave (ren 4rdbunfis ditatn ugi_n%, preparation methods of the prior art which

generally require the preparation of diamincs. The preparation method of the present

invention allows the cyclisation of carbamic acid devivatives obtained from N-protected

amino acid denivatives (@, B, y and & amino acids), and thus make it possible to obtain

casily and in very few steps, a considerable molecular diversity on the side chains used.

15 The method of the invention also applies to the cyclisation of carbamic acid derivatives
obtained in only three steps, namely:

a} a step of transformation of the ~COOH group of the N-protected amino acid
derivative (a, B, ¥ and & amino acids) into a -CON, group in order to obtain an acyl
azide,

20 b) a step of transformation of the -CON; group of the acyl azide into an -NCQ
group in order to obtain an isocyanate,

¢} a step of treatment of the 1socyanate in order to obtain said stable carbamic acid

} denvative,
from very simple molecules, such as the N-protected dipeptides, Lo give extremely
25 {uncuionalised and dissymetric cyclic urea moleculcs.

It should be recalled that the tenm “amino acid derivative” must be interpreted in

lhe broad sense, as understood hy the person skilled in the art, and designates in

particular a peptide, polypeptide, protcin, pscudopeptide or oligourea denivative.

30 Description of the figures
Figures 1A and 1B represent the two-dimensional structure of the compound of

formula (lj). Figurc 1A corresponds to the view of the urea ring seen from shove.
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functions of the activated carbam c acid derivatives (bifunc
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Values of certain angles in the compound of formula M)
)
L Angle Value (°) “
N(3) - C(12) - N(2) - C(4) 0.47
_C()-N@)- €(12) NE) 343
C(4) - C(3) - N(1) = C(1) -1.07
15

The following examples illusirate the invention. They do not limit it in any way.




41 5 Di agram 2 bel ow represents honodincric (11M) and (111D), and

heterodimeric (II11f2) cyclic urea conpounds obtained at the efg @f’ga 200
i ntermol ecul ar and intermol ecular reaction s_ HEN NN X .+ H2N N N"X*0''RL 0

HHI HHVia-1in 1520 Rt O A X HN22r NNH Via-1 Xl a- | Ma-Si 25 30
R"N HNRHN. NH4 . HNHNHRLOO R 0 ,~i 1 + H- NNXNH} 2

Example 1:
Intermolecular and intramolecular reactions which can occur during

preparation of the cyclic urca compounds.

5 The process of macrocyclisation from homeo-oligomeric and/or hetero-oligomeric
bifunctional acychic precursors (activated carbamic acid derivatives containing a
primary or secondary amine function), can lead to the obtaining of homo-oligomeric
and/or hetcro-oligomeric cyclic urea compounds, whose size distribution depends on the
dilution of thc reaction medium and the clfeciive molarity of thc different linear

10 precursors. It s the competition that exists between the inlermolecular and

mtramolecular reaction processcs thai leads to the obtaining ol a reaction mixture which

can be more or less complex,

1) Usc of a stable activated carbamic acid derivative

15 When the carbamic acid derivative conlaimng a prim

n aryr
PrRAALOA

or sccondary amine
function (precursor) in protonated form is reacted in the presence of a base, it is possibic

to obtain homo-oligomeric cyclic ureas of variablc sizes, and in variable proportions.

Diagram | bclow represents (he homo-oligemeric cyclic urea compounds

20 obtained at the end of intermolecular and intramolecular reactions.
| 1 24
* NJLX —— n+1 HN N™ "N” X
25 vl HeN ﬁ Ho7 H H
V] =1 Viet
H E\]r
1 i
30 0 j‘i " 9 /HL 1 R A 0
HN N7 N7 IN N™ N° X = \
0 N/LP‘1
XX . N \H
0




NHRO HMH, H Vla-2 103 The secondary am ne functions of tlhqe; ~ ann
bi functional acyclic precursors are represented in protonated!f ergt(Wc"-J)
and (VIc-2) and in free form (Vla-1) ana(a (Vla- 2). J Lire. LJU 42 The two
bi functional acyclic precursors (vie-1)"'and (Vie-2) (activated carbamc

acid derivatives containing a secondary am ne function in protonated force)

e e 2 PP R ORI S i S P

honodi meri ¢ bi functi onaf  “acyc

respect i vel yericaxiNesi(bifing tianae@ 961 thabc drsLard rEHaGhica lrfn bibtd A8 folth mg?)z‘)”e' |

as hctcro-dinerisation to forma dineric 'bifunctiona precursor

cont ai ni ng &4 & Enelfrrm @iand. function in free form Said horno-dineric
(Xla-1), (Xl a-3 d.het.erodi neri¢. (X a- derivatives thus,_obtained
undergo in(r arml)“e}gu r l%@éf‘i“%”l“&ﬁ" tﬁe ggﬁ’%ﬁ“r‘?{iﬁl&ﬁ?’ﬂﬁrﬁr&c‘l{% (Via-3} @gdvateds | £ ))
and (11113) camdntaciiaicaai i daoRhify OXELoRiaH Sfint Fckigh if SR8/ Hiined'0
Thus, if the reaction is carried o_u% on a m'xture of two precursors,
(Vie-1), (Virtthezpdef thegeleasy stey, hainkrmolasulsh boroasdigahedsatibh ecadiion ¢, talee

het er odi r ner, 1 d t honmpdirners (f.|]fi nd (111(3) nust
statistical ngla(cééhr%‘a)fé@e.r bf"\ﬁoe]@%\a TPe ™3t oﬁtéﬁé‘%%"%?ﬁ’clﬁécact i vated carbanic
aci d derivative Whaf @khhiigl @niiodh& s BE bifamdgal ga}ci ;ﬂﬂcdr&rr(?gﬁ-g @.gwfva{?cgt ge

solid support. Diagram 3 bel ow represents the cleavage, in
sol i d supporcfrbaai¢ agf dyrivatye camlaming ¥ secenkdarp pinéant fonaimindn pfotémated fosrn), e

o O Xy SBLRRTA 1 S4Re RRLETLIR, HROD 2L S i v an

activated carbam ¢ aci uncti
function, Aotdzprtesentralifhee 'bton%dtsia&)ﬁmtfﬁhilir% RBPASAIAOS {REnAE) Lufdfeed

carharnic acid . function an t-he Rr otected am ne function, O repriesents the
solid supporhﬂnc(lPBS‘Pr{ cc fggmAYTa-1). At the end of the intermolecular homo-oligomerisation
reaction, a bifunctional homo-oligomeric acyclic precursor containing a secondary
amine function in free form (XXI) is obtained, which undcrgocs inframolecular
is cychsation to form a homo-oligomeric cyclic urca (XX1I1). Thus, in the case where the
precursor is the molecule (Vle-1) or (Vla-1), or thc homo-oligomer (XXI), mass
spectrometry of the reaction medium makes it possiblc to detect cyclic ureas (XXIT) of
variable sizes, from monomer to octamer, and represented by means of the nteger n (n
= an integer from O to 7). When n is equal to 0, there is no homo-oligomer formation,
20 and the intramolecular cyclisation step b) takes place immediately afier the formatjon of
the compound (V1a-1).
In general, for this family of precursors, among the cyclic ureas present in the
reaction medivm, the cyclic dimer (n = 1) is thc main product.
It is thus possible, from a singlc precursor (stablc activated carbamic acid
25 derivative containing a primary or secondary amine function in frec form or protonated
form), to obtain a mixturc of homo-oligomeric cyclic vreas having rings of different
sizes. The cyclic ureas thus obtained can be characterised by mass spectrometry and

punfied by chromatography.

30 2) Use of two stable activated carbamic acid derivatives
Tt 1s also possible, from a mixturc of several precursors of the same family, to

obtain a statistical distribution, for different ring sizcs, of hetero-oligomeric and homo-

oligomernic cyclic ureas.




5 Hcase #2 0 30 is 20 H2 HO 0 H H The activated carb;uuic acld GeCi ¥gi ve
is chemcally bonded to the resin either (1) 25 by its amne function (the
resin and the resin armserving as protecting group) [case #1], or (2) by
its activated carbanmic acid function [cdse #2], or (3) by anot her functional
group present in said activated carbam c acid derivative [case #3]. On the
basi s of the nehgod of g%tachnent of the activated carbam c acid derivative

to the resin, aglaph g AGloW ERTesEnts diswdancre (TG oef ALE3Y, hed hefefodirperacul ar
cyclisation ' ]y t Wi then pbe carried out in
sol ution af t(g?ﬁ)%ggl\%a&%?%fﬁé%ﬁ(%% R atﬁg‘? ¢ %fén%ﬂﬁﬁa%r aukiatrgmolzrulay

after the cyedchsaii on step (which vm II therefore take pl ace on the solid

support [cast ##3-2]. rn OQ B.ANHAX----- xNANAX H2 H H
HO X NA NHz |, HRP& TOA-ﬁxj\B'NXAHH ﬂHcase#BOcase
#3-2 HH HH HEUKN q . Hacj)k
H H
Vlo-1_ V!c-z
» ji\’ j\ Q R O
. Hﬁkw N X + szmwj\n’mx
H H S HoH
10 4
Via-1 l Vla-2
R' o o R © o R o o & JOL |
o N L ARG AL
1s HN NN N X Y By H N
v i 1 v [] \/ \/
Xla=1 Xla-2
HN N NJ\N N)\N’LL)(
H H H H
Xla-3
20 l
‘Jl
Qe M 0. 0
HN)\—N HNJLN HN,\LN
25 R 0 R 0 o
HN /EH 4+ HN /fiH + Jli
o R o) ' R2 0 R?
N_“,NH N_\(NH N_‘(NH
e o) o)
mt1 itz S
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The secondary amine functions of the bifunctional acyclic precursors are
represented in protonated form (VIe-1) and (VIe-2) and in free form (VIa-1) and (VIa-
2).




1
Lot

41+R -t HO xANANH H'3 R1" 11 y- R--NNH .O.OII”C%T?__Q\J\.A.,?-S
ad Urer

A ORL--N. NHR. ANN X ~~ - N,,N~ X 0 U LJe 44 Exanple 4: Mth
preparation of cyclic urea conpounds frogm N-Boc protected carbamc acid
derivatives (XVI1) and (XIX). 5 The sel"é’rctivity of the deprotection of the
am ne function is dependent on the type of protecting group used for the |
am ne and on th ciivated carbam.c acid group. Such an exanple of
orthogonal i ty (ﬁg?ree%o ?)trg‘él%élgp‘élcﬁc?’?}ép PrErUEye (gfc‘lh@da(‘f'ﬁe?)f(aﬂwwdmadmnds not

to alter thecthdéramiocacinthihibGtdethdaly 4 kYRS regmpc acid .
derivative) is shown below by the ’sefyec8.53g‘g‘gl‘e%?g‘fgk°§%6‘%%%“?ﬁ%“@de the
(tcr- bul oxyPAPKBAY P) 2 Bassupmdérige homd-doesisatioh 1alféei (W BomaiReHcH LREidle
0-succinim arbamat c. I 1), (XIX). In effect the O-succinimd
car hani at e %pséb(ﬁlgct pa%ﬁrrbgﬁeﬁ/"ﬁli ﬁ%fzg&'éhé%qpé‘f“ el faonbhueg @t sesondecy dinone
hydr ochl ori cluséticsh innfre¢ vk CasSREN 8Rthet Qs .of el ease,.of .t I]:Seﬁ. anm ne

function (via dcprotcction _%)5]‘ t he SE&Q?SE%%B@ tkhﬁcém}:(%n%méflgl uggyanat  ve.

Thi s exanpl Preadiryy (Xha-deeondaiviigaustandary drhint Surp(G68 irbhree foemi Magi ne ot her
types of urthoggon, ality,.such he _use of the beru.yl oxycarbunyi group
with O succi ni ndg%;/‘} o ARt éﬁfﬁ)’éﬁﬁ%ﬁn@ Srlemdamenic Pelae2k dartviabvesathug he

protect ed ansblgnddisdcr@Nin¥uinddeupt 20LEatastd hamic acid derivatives
(XV11) and (X >() I eadignag; respep#idvepy%taé&ggdr Eog%e@m%%'mem eylic Ureas (I
and (I1If3) and onc heterodimeric cyclic urea (11142) rcspectively.

yl

10 Thus, if the reaction is camied out on a mixturc of two precursors, (VIc-1), (Vle-
2) or (VIa-1), (VIa-2), in the case of cyclic dimers, a heterodimer (J1112) and two
homodimers (JI1f1) and (1113) must statistically be formed.

i5 Example 3:
Cleavage of the activated carbamic acid derivative containing a protected
amine function in relation to the solid support.

Diagram 3 below represents the cleavage, in relation 1o a solid support (a rcsin),

of an activated carbamic acid of formula:

20
B-A-NH-CO-X
in which
X represents a group conferring upon said derivative an activated carbamic acid
25 function,

B represents the protected amine function,
A represents the part of the molecule separating the activaled carbamic acid
function and the protected amine function.

E represents the solid support (resin).

30



20 acid derivatives containing a primary or secondary am ne function in
protonated form (XVITia) and (VXc-3), or in free form (XV111b) jofir{Vi%R43) .
St udi es have shown that the N-hydroxysuccinimdc carbamatc was stable in an
acid nedium (treatnent with trifluoroacétic acid (TFA) for exanple). The
carbamc acid derivatives of N-hydroxysuccinimde (XV1l) and (XTX)
represented in diagram4 25 bel ow have been synt hesi sed as descri bed

previousl ygse#tdnel y by: _. a step of transformation of the -COOH group of the
correspondlfglg N prot ect ed amino acid derivative into a -CON3 group in order
to obtain fq_\yl Zi-oemEn- _a step o transfor mat i ongof the corresponddng

- - CONS grb(upNO e—acyRiEazi de 1 ng goup. i ru@rq]er to obtai n QJQ ;
i socyanat e, --- a step of treatnenty ofu he correspand Ry |socyeﬁlaﬁ\!e NR
order to obt al n the._carbamc acid derivg®ive of N hydtoxgsuccininide Aof
fornula (XVIT) or ( .1 DEC 2004 The di agrans of synthesis of the

activated carbam c aci d “dgrfvgtayes of N hyd: rosuccininnide (XVI1) and
(XI'X) are respectively represented below 5 10 RO BOG NOH HR .

Boc, NJ, NCO H R C BOG N N3 H 15 The experinental conditions of the
different,steps in obtaining the car amc acid derivative (XVIl) are
described 1n the pul |cat|on of GwQ:ha et al., ".i. Og. Chem- 1999 64,
8702- 8705" ,AZO,EL SH-RIR'Q >, ) QO R2 ﬁ X The experijjrent al
condi ti ong- oth heXdl f f er ent sﬁgnij obt al ni ngRt\meAe@ e% P acir - R'- —N_ NH
-

1

case #3

ase #3- N : N - .
/ H Hy H NN
15 - \

LA R\ - R A
BN Ny N NJ\X R ’A‘NJ\X“‘RLN' NH
H Ha H o 7 X ™~
. case #3-3 Y K R’ N'A‘NH
\ 1 ) i 1 0 v \n/
R\t A —Rs ©
2 NN X *?NfA*NJ\X'/
H, H H H

The activated carbamic acid derivativc is chemically bonded to the resin either (1)
25 by 1ts amine function (the resin and the resin arm serving as protecting group) [case #1],
or (2) by its activated carbamic acid function [case #2], or (3) by another functional
group present in said activated carbamic acid derivative {case #3].
On the basis of the method of altachment of the activaled carbamic acid denvative
to the resin, the cleavage can be achieved either before the inframolecular cyclisation
30 step (the cyclisation step will then be carried out in solution afier cleavage) [case #1,
case #2, case #3-1 and case #3-3] or after the cyclisation step (which will thercfore take
place on the solid support [casc #3-2].



30 derivative (XIX) are identical to those described for the conmpound (XV)
) 16 DEC 2004 46 Di agraan 4 bel ow represents the sel ective depro;_gc;tion by
the trifluoroacetic acid (TFA) of the Boc group of the N protkotldlcitbanic
acid (XvV1l) and (XIX) and succini mdyl44derivatives. 5 10 TFA NH3 KT + X Jl
UN,~ FANH2 FRLO RAXIXMC3 O.N NH" "--..Y XVIIEbP R3 015 0R O
~-~ Vla-3 The treatnent of the N-Boc protected carbaxnates (XVI1) and (Xl X)
by TFA 20 nake<£iampledsi bl e to obtain the internedi ate conpounds (XV1illa)

and (Vic-3) (trifluoroacetate salts _which can be isolated), or (XV1illb) and
(M a-3) (which Mﬁ‘i‘&i gﬁ Preparafiony P ipielha, ures cempaunds fram NhBocoprotestest est

for the syn I RicQici Ter . The N-Hoc protected carbamc
{chPpiricOfe ﬁa‘e%@%@)\ugmwﬂi

acid derivatives ( re eac 25 dissolved in a solution of
trifluoroacetic acid (CF3000H or '1'hA) (deprotection solvent) containing
met hgl ene chl ori,%e%CHZCJ 2) %50/ 50 v/v for exanmple), or in a solution of
pure®' | - FA.  Af t dhe3GleRHRGY kthedrproteciion ef e apunafusgtion 1sclspendsot en g type t he

presence of .ethgr. 4o Qbed Camind 2f: Lt ajn:. f cases tge
additi on of etrpher oEg’he?wne ez}%semi"o1 a %@’2&@%@3?@%"8&‘% €97 BT 38t ng
dried undcr avasuwple &€ behegosealityt(hanclg@he edidivalrel@ide @fthe anevARPERH Qnadf t he
TPA is dried under vacuum 2). Step .of intrapol ecul ar c¥cl i sation of the
precur sor C(S'be‘ll' g1 g%\/f‘m’ ’Ca?‘ﬁ‘)‘? f¥wFiau,35f_ (he activated carbamic acid derivative) is
shown below by the selective deprotection of the Boc (tcr-butoxycarbonyl) group which
10 does not alter the integnty of the O-succinimidyl carbamatc (XVII), and (X1X). In
effect the O-succinimidyl carbamate is not degraded in the presence of trifluoroacetic
acid or hydrochloric acid in urganic solvent: the step of releasc of the amine function
(via deprotection of the Boc group) is thus completely sclective.
This example is by no means exhaustive, It is possible to imagine other types of
15 crthogenality such as the use of the bonzyloxycarbonyl group with O-succinimidyl

carbamatc.

1) Step of release or deprotection of the protected aminc function of the stable

activated carbamic acid derivatives (XVI1) and (XIX) leading respectively to carbamic

20 actd denvatives containing a primmary or secondary amine function in protonated form
(XVITIa) and (VIc-3), or in free form (XV11Ib) or (VIa-3).

Studies have shown that the N-hydroxysuccinimidc carbamatc was stable in an
acid medium (treatment with trifluoroacctic acid (TFA) for example). The carbamic
acid dcrivatives of N-hydroxysuccinimide (XVIT) and (XTX) represented in diagram 4
25 below have been synthesiscd as deseribed previously, namely by:

— a step of transformation of the —-COOH group of the corresponding N-
prolected amino acid denvalive info a ~CON3 group in order to oblain an acyl azide,
= a step of transformation of the corresponding --CON; group ol the acyl azide
mto a —NCO group in order to obtain an isocyanate,
30 -~ a step of trcatment of the corresponding isocyanate in order to obtain the

carbamic acid derivative of N-hydroxysuccinimide of formula (XVIT) or (XTX).



1 6 DEC 1004 47 The TFA salts (XVilla) and (Vlic-3) previously isolated are
each di ssolved or suspended in a volune of solvent (for exa ﬁoﬂé
aacetonitrile (MeCN)) (cyclisation solvent) to achieve a di I Ca?ﬂ@ﬁ ng
from approxi mately 0.0001M to approximgfely 0.1M A tertiary base (at |east
one equivalent to neutralise the amne salt formed during 5 the deprotcction
step), for exan@lle i i sopropyl et hyl am ne, N-ncthyl norpholine, triethylamne
(Et~N), |utidiné’8r¥ éﬁrl“mgdi’ﬁ Eiﬁ’% o rthejj activeted |Cﬁﬂianll@rﬂgaindm'smlvv&amf Nuch as

MeCN) is ad i o the trifluoroacetate salt
sol ution ovgr gg&f)jerpﬁlg%ltd(gg :ﬁﬁd )ﬁ)ﬁ)%é gegéeécﬁpd&éimﬁscﬁ gpel ®*onpounds
(XVTIlb) and (Vla-3) thus obtalned react intranolccularly to give 10
correspondi ng cyclic urea conpounds which possess different ring sizes. The
reaction is foll owed by high performance |iquid chromatography (HPLC) _ Wen
therg is no further reaqtiqm, the solvent is eyapgrated and the residue is
purified either by invdrseg phase HPLC, of, by | ajh chronmat ogr aphy on
silica, or by recry§ba satdlbon Tn an approgrl e spl vENT TO give the
expected cyclic urea ébnpound or 15 compoun@s. Diagrans 5 to 11 bel ow
represent respectively: - the step of release of the protected am ne
function of a stable activated carbarnic acid derivative corresponding to
general formula (XYlI1) or (Xl X)jand, the step of intranolecular cyclisation
fromthe carharniclacid Herlvat ve thus 20 obtamne cont aitni ng an art ne
function in free foppa. . Pre arathmcof cygl i glurea compound
(xx3% 25 H Boc. NNU(. N ||| Ila3001 a{% IT[]’IaNl 4R 1 6 DEC
2004 1) Conpound (XVIla (323 , 0.8 nmmol) is dissol ¥ed 10 M of a
TFAL CI 1 2C12 (50150 v/v) mxture, and the solution |snmg|@ated at anbi ent
tenperature for 30 mnutes. The solvent is then concentrated and the TPA
salt (XVilTa-1) is precipitated by addition of hexane. The precipitate is
filtered and dried using a vane

15 The experimental conditions of the different step

denivative (XVII) are described in the publication of Guichard et al., “J. Org. Chem_,
1999, 64, 8702-87057.
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The cxperimental conditions of the different steps in obtaining the carbamic acid

30 denivative (XIX)} are identical to thosc described for the compound (XVN).




5 punp for 12 hours to give a white solid (XV)Illa-1) (300 ggl, 98&(&(1 ﬁz
Compound (XV1lla-1) (300 ng, 0.72 mol) is dissolved in M @1 5[] and a

solution of diisopropylethylamne (130 |, 0.73 nmol) is added. The reaction
mxture is agitated for 60 minutes. MeC¥ is evaporated and the residue is
redi ssolved wth ethyl acetate. The organic phase is washed with a
saturated Nad Jutlo ive n the conpound (XX) (110 ng, 87%. In the
case of car hamc lgéji gé’Ff%\‘i‘gfﬂP&*éC*e she spleclive deprpisstion byl thretriliatdaverc, aciche
cyclic compqued)(efXiheOBb@ihas) c f nd

i ntranol eculqar )cycl i sa%‘l§1 cgﬁrtgﬁ sl,\g@%rie%&% %%?ng??n ‘P%&Eﬁ %ﬁgm Bk been
previ ously desgnindyl dermvaltlm literature. This exanple has been given in
order to show that the nethod for preparation of the present invention
makes it possible to obtain cyclic urea conpounds al ready described in the
litegature. D a ram6 Pre aratlon of theRcycllc urga conpound, (111f-4). ‘g 2
HHNNON'ON Xl Xa § i -HYNO Vta-4 3 1)HCorrp d
(Xl Xa) (50(oni _n_c,_mwmw N7 OF & Thgy %ges

vfv) mxture, j@and th so utyon is agitated atkg/rrbl n terrperéture f

m nutes. The sol v;&i €n concentrated and FA salt (Vte-4) QSO

preci pitated by “tl 8n of ether. The precXMliaate is filteregygnd dried
using a vane punp for 12 hours to give a white solid (M c-4) (450 ny, 87% .
1 6 DEC 2004 49 2) Conpound (Vlic-4) (430 mg, 0.97 mml) is dissolved in 80

nil MeCN and the, sojution is_added dropgd e{ato a SO|quI0n of
di i $3propyl et hyFar fRne(421 AR, 2.4 pmol I%:CNO(S nil) for 1 hour. The
reaction mibet ré\hﬁNwNﬁL% F~15-Adiy S . ‘sn’ rated and the
residue taken up or ganig phgaseR‘I s onas with IN5 K11S04,
dried over My coﬂc rated. - The re5| due is Qurified by inverse phase
chr omat ogr aphy u5| n@(lK C18 colum to give t N rrpound M -4) (140 ny,
0,
7099 . 1 R’ OR 0
15 E)\rf YT NJV
0 RO }'—’
0
Via-3 .
The treatment of the N-Boc protected carbamates (XVII) and (XIX) by TFA
20 makes it possible to obtain the intermediate compounds (XVIlla) and (VIe-3)
(trifluoroacetate salts which can be isolated), or (XVIIIb) and (V1a-3) (which cannot be
isolated) which represent precursors of iuterest for the synthesis of cyclic urea
} compounds.
The N-Boc protected carbamic acid derivatives (XVII) and (XIX) are each
25 dissolved in a solution of trifluoroacetic acid (CF;COOH or TFA) (deprotection
solvent) containing methylene chloride (CH,Cl,) (50/50 v/v for example), or in a
solution of pure TFA. After 30 minutes, the TFA is evaporaled or coevaporated in the
presence of ether (E;0) or hexane. In a certain number of cases, the addition of ether or
hexane Jeads to a precipitate which is fillered and dried under vacuum. Otherwise, the
30 residual oil aficr cvaporation of the TTA is dried under vacuum.

2) Step of intramolecular cyclisation of the precursor compounds (XVIHb) and
(VIa-3).



In the case of the carbamic acid derivative (XJXa), a dipeptide derivative
for which the anide bond is not in cis configuration, a 14-&tboBECyg84c
dincr (111f-4) is mainly obtained, w th a yield of 70% (di agram 6). 10
Conpound (1I1f-4) is new D agram 7: Preparation of the conpound (li). 75 20
11 25 In the case of the carbam c acid derivative (XJXb), for which the

i de bond ' ' kon, th . di 7- at | i

monomer (1) 1's ubrorheg BEVITa) WA IVICY pietfedy LRk et sramergt

Cormpound (| s)spesdeicit a5@10nd of SoBest NoNcx! e'dfli@el%%gfe%‘ﬁ)i(&;Ny?’g@yg{ég@ on of
c) (3g, ©.

the conpound (1j). 0 H XtXc .0 16 DEC 2004 1) Conpound (

T mmol)

i s di ssol vedVitR0P dehigye a dilufipwranaip frox agBorisately B)00f Mt tor proxisaterie
solution is ht j.ent.. tenmperature for 30 mnutes. The solvent is
0 8GR vRP L A0 bRGH Bt b Pt ok P goins dopmARANIE 12

t hen concentr

hours to gi W& alcpittdichoarp], VIfe- Gk akdle? Aiico 99 , . ;
1y, 0.139 i) is d Rt 2 M n/eéﬁ?(csol’m%rg’g@%‘{lﬁ@m’ fitRindobifey
dr opwi se toU#t

(400
, i ] and sol u I's"a éd
pRHICOELDY), Hitidensmroeiidnipuay o dibitdd3B3mndrganic Eolmemlsych 48 ~U

MECN (40 m ) @tny: : L Th i i xture i itated for 3
nours, - NN & NSRS i dopm ol PR 8 (L birfefost i dal pohomeney ac

12/ dii

sopr paydd efthae that kiaybe wpQo 29ikvars(1j) (13 5 nmg, 70%. Diagram 9:

Preparati on of the conpound I(II k). 25 0 ° 0 O CF-,000H = N~

10

15

20

x5
¥

30

Compounds (XVIIIb) and (VIa-3) thus obtained react intramolccularly to give
corresponding cyclic urea compounds which possess different ring sizcs.

The reaction is followed by high performance liquid chromatography (HPLC).
When there is no further reaction, the solvent is evaporated and the residue is purified
either by inverse phase HPLC, or by flash chromatography on silica, or by

recrystallisation in an appropriate solvent to give the expected cyclic urea compound or

compounds.

Diagrams 5 to 11 below represent respectively:

— the step of release of the prolected amine function of a stable activated
carbamic acid derivative corresponding to gencral formula (XVII) or (XIX) and,

— the step of intramolecular cyclisation from the carbamic acid derivative thus

obtained containing an amine function in frec form.

Diagram 5: Preparation of the cyclic nrea compound (XX).

XVlla XVilia-1

0 o
L H : ' 'Ez' o
Boo~ N\H/O*N " CF4000 Hy'N NN
o o

AR 0
. H . :
HN~( [P— NN O
O.
XX xvitb-1 © g




BOC.. ON CF3000".H3 N~ NO HN HXXd O Vic-7 30 1 Tertiary Base / MCN
N H2N 1 6 DEC 2004 51 1) Conpound (XI Xd) (2.02g, 4.49 rnnol) is dissolved in
trifluoroacetic acid (v 10 nil) for 30 m nutes. The preci pitdtﬁeﬂf@m by
the addition of dicthylether is colleéted on frit, washed with ether and
dried with a vane punp for 12 hours to give a white solid (Mc-7): 1.98g,
95% 5 2) Conpound (Vic-7) (1.94g, 4.17 nrnol) is dissolved in MCN (90 nl)
and the sol uti b)nCPSIPamﬁed lé’p)/\n(éfé? trog.a UsdoImmpb nisodisgelvedpnopd ml ethh‘le

ﬁg\upg (1.78. T ]Eﬁéﬂg\]}%dbqu/e VY a-nx € 1?%&.3&8 émz-ng 1sr%gé"t}gtagfupf@g§e{nﬁgr§{u?e of

CH2C1 2/ dl I Swr:ﬁﬁmltégt NEHe RbXEh €5 UtRerDi éBediirtled ( 2RO AT, TFA09t (XVTIPRa9ri@m 10:
Preparation of the conmpound (11). 15 20 11 D A CF3000' . H3+N H., N VI a-8 1)

Conpound ( Xpxelpitated Ay addidos i Mnml)u The gresplevetd filtered asd dedasiegiacvaei d (v
25 10 m) for tes The for b addi tion of diethyl

ethet is coP‘I“BES‘é"dl "F? forevea éla *mﬁ’ﬁﬁlr\%#@&%& 92%’)w tlh 1’1 vane p:mp 1¥or
12 hours to give @om\f!ehh@(ﬁvhnq 16 (560 @é, (ﬂﬁ?lﬁm'iHle 838 vedZh ﬁ@@mﬁ@dm_()\/l c-8)

(200 mg, 0.41 mmol) s dissolved’in and the solution i's
added dr opwusd atm]\moslod)mammpmiylcuMammar(omI;e,t hyB ramblje's(dedélﬂ Thie, redctid8 nmol )
30 in McCN (100 nm) at anbient tenperature for 4 hours. McCN js evaporated
and the resPidaTs & agitriedfeyOb iprien Met N cxpmoratedyanyl the residye wprpdipsolved -

| yophi |'i sat i,gp éllz)q 4Bt 6P organic phase is washed with a saturated NaCl solution to give
10 the compound (XX) (110 mg, 87%).
In the case of carbamic acid derivative (XVIIa) (} amino acid denvative), the
cyclic compound (XX) obtained aftcr deprotection of the Boc group and intramolecular
cyclisation, comprises a S-atom ring. This compound has been previously described n
the hiterature.

15 This example has been given in order to show that the method for preparation of

described in the literature.

Diagram 6: Preparation of the cyclic urea compound (111{-4).

. NVN + N._N__0O.
P \ﬂ/ crcoo b, T ¥ TN
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the present mvention makes it possible 1o oblain cyclic urea compounds already
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30 1) Compound (XIXa) (500 mg, 1.17 mmol} is dissolved in 10 ml of a

TIFA/CH.Cl; (50/50 v/v) mixturc, and the solution is agitated at ambient lemperature for
30 minutes. The solvent is then concentrated and the TFA salt (VIe-4) is precipitated by
addition of ether. The precipitate is filtered and dricd using a vane pump for 12 hours to-

give a white solid (VIc-4) (450 my, 87%).




1 6 DEC 2004 52 Diagram 11: Preparation of the conpound (1m. O ImTertiary
base / MeCN O WVIc-9 VIa-9 1) Conmpound (XI Xf) (1.05g, 195 m"rDIL i Eif@ﬁl ved
in trifluoroacetic acid (v = 15 10 ml) for 30 m nutes. The pr Qi EE a
formed by the addition of diethyl ethersis collected on frit, washed with
ether and dried with a vane punp for 12 hours to give a white solid (
lc-9): (1,045 ng, 97% . 2) Conmpound (Vic-9) (200 ng, 0.36 mnol) is
di ssol ved in MeQNGdGpaunil (Xdek4) (30 169 097 ﬁm‘j]?isagggg,cgrhpg%ﬁqw%@%%fgQll[,éjti on
a

of diisopropylcthyl amne (0.19 ni, 1.08 nmol 20 in MCN (10

anbi ent t enfelAEPHpRddsH diomysise . 3 saion of diisaproprltidtlaarive @22 (122 4 bol) i ) i S
added. The i7C ea rivative is then purified by treatment wwth a
"scavenger" wéglﬁn(s?l rr}jgfjf(fa’ﬁ-la M odt AACYORARART p &Y gt frn)d heurs; WeeCNLY -
(116 ny, } e99%ratedand WX fesldue GPh lur@qz(qgnﬁ%%}g?mé é%\%ge ig Wéﬁ ’wglln IIN

('), (1[k), (11) and (I obtai ned fromthe stable I'vated carbamc acid
deri ¥at i vels Kd L:dﬂl)c,d Qv f h,04( Xtclb(mnccnt(m@&(ﬂﬁﬁ résﬁ%lﬁéd);,%tgiﬂk&(sy ir?mﬁke(l%h%@;g
respective " yields of t clic urea conpounds . (ILTIf--4), ,
(T ey et aatty find T LS e be phopeiod DAL S rma, 78,

contai ni ng 0- 1% Hea b Qe t 4k 3Gy [ { {N] % TFA) ,
5-65% B 20 i r?mgﬁaﬁ% R Bhfc dcld Beri R TP :hnﬁﬁ’%‘?‘le B&%‘gbﬁ%{f 20

m n. HPLC ml?thBEr aﬁcm;im?)ﬂsirquiim ctSMcmlﬁguTago$pilFé-ﬁ%ﬁl?ﬁi{%ﬁ]?@ is
SpECtI’OITEtI’ ) - . r tes ClLCYl e - or
(XI X) ur eas ( BV 9 “h‘j“’wsthﬁﬁag"?%%ﬁ)a%@%)%n, 2c 367.4 (X Xa)(111f
-4) 7010. 00+ [ M+idbnipduxB)iakf-4)i9h6w031260. 3

i

Diagram 7: Preparation of thc compound ().
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25
In the case of the carbamic acid derivative (XIXb), for which the amide bond can
adop! a cis configuration, the corresponding 7-atom cyclic monomer (li) is obtained
30 with a yield greater than 70% (diagram 7).

Compound (Ii) is ncw.



[ MF11] + ( X1. Xc) RD709. 39' 234.5 [MN] +
(XI Xe) (11)669.55[ Nt +H] + d324.2 (XI Xt
data of conpounds (111f -4), (li), (Ij) and (1k) are given beli\c/ﬁ.g‘ié
(I11f--4): Yield 70 %white solid: HPL@t,. 10.0 min (linear gr L 2004
0-10098, 20 nmin) - 11 NWVR ([D6] DMSO, 200 MHz): S =0.86 id, J = 6.8 Hz, 6H,

M), 0.86 (d, .l- 6.7 Hz, 61-1, M), 1.59-1.70 (m 211, CH(M)2), 1.76-2.11
(rn, 1H, CI-ICHZCl)i&)grA&&*reﬁaﬂﬁloﬁmﬂﬁel’bmﬁlﬁ’d\ﬂl} )3.49-3.60 (m 1H CH2N), 4.80
(m 1H, NNCHNII), 5.58 (d., J = 8.9 Hz, NCONH), 6.48 (d, J = 6.5 Hz,

( )
(1'm997. 88[ MtH| + The physi co- chem cal

XI Xd) ( 1k) 609. 22234. 3 3+H] + d260. 4
) (I
1j)

CH2CONH). 10 (li): Yield 70 %V\/nite solid; HPLC 10.0 min (linear

gradi ent, 0-4680% B, 20 nin) -'HNI\/R([D6]1DIVISO O.MB-r.): 845 1.89-2.29
(m 4H, CHI2), 2.78 (dd, J - 8.7, 14.5 Hz, , g. Ph)OSO_ (dd, J =
5.4, 14.4 HXTr PPh) ,03. 55 (m 111, CH N, }3i ( H,
CH2N), 4.5% Qhe =2 a ? B.5), 4 84F 00 HEiN -\5N4 O(Er?, Jr -,
3.3 8z, 1H, HY 6. 4N(s.°1T B NH), 7.20-7.35 (in, 5oarorr'r’ H. 18 (1j):
Yield 80%vvh|te scﬂﬁlg PLC @39 mn (linear gradi gp 0-100% B, 20 mtt)
~ H NWR ([ Q(,]DVBO, A0 M = 6.18 (s, Il, NHPhC, ‘ill) 5.17 (d, aCH
gern-Sar, 1 H, 4.77 (m CHPhe 1H), 4.10(dd ! gemSar, 1 H. 1 6 DEC
2904 54 5 (Jk): Yield 90% white solid; HPLC tr 9.22 min (linear gradient,
0-100% 13, 20 )O '/H NVR ([ D6j DVBO, 400 MHz 6.18 (s, Ti., NI Phe,
111), 5.17 (d! ﬁPﬁal‘, 1H), 4.77 (m 'CH ] 1H), 4.10 (

" NCH gemt Sar , angHe 5: Preparation of cy I Cyurea conpou by nono-

or ¢ -alkylation of g cyclic._urea conpaunds ( b’l" -epapiat i.nn of the
compounds (tin), (It)), &1lp) and (1lq) by diallkybi 2t’\ion of 1§ 0O Geher al
method: to a solutidn of (Jj) (1 equivalent) in distil®ed TH is alded NaH
(5 equivalents) then the electrophile (RX, 3 equival eNtah. The reaction
mxture is agitated for 3 to 48 hours. The reaction is followed by RP-1TPLC
using a C:. 18 col um.

1) Compound (XIXc) (3g, 6.91 mmol) is dissolved in 20 ml of a TFA/CI11;Cl;
15 (50/50 v/v) mixture, and the solution is agitated at ambient tempcerature for 30 minutes.
The solvent is then concentrated and the TFA salt (VIc-6) dried using a vanc pump for
12 hours o give a solid foam (VIc-6) (3.23 g, 100%).
2) Compound (Vlc-6) (400 mg, 0.89 mmol) is dissolved in MeCN (30 ml) and the
solution is added dropwise to a solution of diisopropylethylamine (353 ml, 2.0 mmol} in
20 McCN (40 ml) at -20°C for lhour. The reaction mixture is agitated lor 3 hours. MeCN
is evaporated and the residue is recrystallised in a CHCly/diisopropylether mixture to

give (Ij) (135 mg, 70%).

Diagram 9: Preparation of the compound (Ik).
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Al the end of the reaction, ethyl acetate is added and the orghﬁi BEmaé IS
washed with 15 NHAC1l. To elimnate the surplus electrophile, if this is not
volatile, and if purification on silica is not desirable, a "scavenger"
resin can be used, such as (nercaptosthyl)am noethyl pol ystyrene resin for
exanple. In this case, the "scavenger" resin (approximtely 10 equival ents)
is added to the reaction nediumand the mxture is agitated for 48 hours.

At the end of thiconpRatTRIKA) (zh@zg @sionming))ak dixbaladdedt tHflubiobtetimtacidn(v20 and
the organic phase is washed wth NHACl, dried and concentrated to give the
desired pudi mledopddduunites T oMReCIPHatS] Hgmgdn by2 th eDﬁ%ﬁ*%"izdl@h@SthFr 13 1 NaH

6 t | P6
0. 10 T copbreLipaut e fhth s abT St b S, el Ml g RS

d , 1 q) the R t tivel
et byl (Ve P S s CLH)C(%]%%%I%U “a 13ri (- Cro- esi;&fiﬁﬁ%' BOL3n

grosp. 1 6 DEcmaaanﬁ@ndwvawe(lz 4galﬂrkﬂqu3?)<lbsb@9@néé¢ M‘%@mé)%rmtb@d
% HPLC 95 66,_ | 515. 82
I(F?BnBr yeggfflg ’6’“3'(5 qc%l@ﬂdr%%\gsc 1o Iﬁa’\@gtéo g%@ JO%YrI?aLg fcﬁg(gBquf/@ﬁA in

H20) and B (MaBNnagBLR q‘lbﬂﬂl)% Q:%?(Oe'ﬁﬁ‘é}npcrz@urlQQ% KomZOMfFLN is30apd%d laind 20
mn. 2) Preparatl on of the conpounds (Ir), and (It) by nonoal kyl ati on
of (1j) Gethe residuses mwybtalb«al g0l Gﬁubh/d@ﬁomwpy)lctbw BOie AP 8rve)(TknbO8e st i | | ed
anhydr ous nt (Tr-21.127 ., MeCN or CH2Cl 2) is added potassiumfluoride on
al um na (4 " (10 10 equivalents) followed by the el ectrophile (RX

bet ye 1 and 20 equi valents). The reaction mxture is agitated for 20 to

72 ]hours The reaction is followed by RP-HPLC using a C18 colum. At the
end of the reacPiagmamhi: Eéﬁmilumﬂﬂwqu (z!l\ umina is

DA e AR

15 O

XIXe V|c-8

Tertiary base / MeCN
QOTQ @\ Q Q ©
ikt NH E
20 HN'\<O - H,N N ﬁkop
o) 0

Via-8

1) Compound (XIXe) (1.21g, 2.55 mmol) is dissolved in trifluoroacetic acid (v=
25 10 m)) Jfor 30 minutes. The precipitate formed by the addition of diethyl ether is
collected on frit, washed with ether and dried with a vane purp for 12 hours to give a
while solid (VIe-8): (816 mg, 65%).
2) Compound (VIc-8) (200 mg, 0.41 mmol) is dissolved in MeCN (20 ml) and the
solution is added dropwisc to a solution of diisopropylethyl amine (0.21 ml, 1.23 mmol)
30 in MeCN (100 ml) at ambient temperature for 4 hours. MeCN is cvaporated and the

residue is purified by preparative HPLC to give (I1) after lyophilisation (70 mg, 66%).



elimnated by filtration. To elimnate the surplus electrophile, if this is
not volatile, and if purification on silica is not desirable, |& TEfaygpoer”
resin can be used, such as 15 (nercaptoethyl)am noet hyl pol ystyrenc resin for
exanple. In this case the "scavenger" s2resin (approximately 10 equival ents)

I s added to the reaction nediumand the mxture is agitated for 48 hours.
At the end of this treatnent, the resinis elimnated by filtration and the
organi ¢ phase ifsageigani Pepadatien of she coimpodedi(img)d purified product as shown
in diagram 13 and in table 3. It is possible, under the best conditions
(approximately I RX 20 equivalent, reaction time of 48 h, see table 3), in

order to obtain a selectivity of nono- al kyl ate rod relative to
di - al kyl at edpis the order of 93:7. 25 5 |IDE 4 56 & agram 13: 1.
KF | Al 708 11Q_efui 1 food.i . Qi IMA t RAY Sy ven) er OF 05

Table 3 It R 2O | TEH, Yy GFC0eH coaru i AR
Bn 3p R Ho Boc Gt §8Y~RXqeg- sol vtGetPreNbnol:
HPLC t 5t (hourshal kil at ed(mono & di) J(monalili) (m ny
Mel THE48h93: 770 10.08kike. G Mel 1. OMcCN 72h 1090 92 W@873115. 79

I I R -
DiHO?craOI purity

Tertiary base / MeCN
== ! 1
N A N\(\Q Q o
10 NH \ 0
HN‘(() -— H,N N u)kop
; lm 0 o
Via-9

1) Compound (XIXf) (1.05g, 1.95 mmel) is dissolved in trifluoroacetic acid (v =
15 10 m1) for 30 minutes. The precipitate formed by the addition of diethy! ether is
collected on frit, washed with ether and dried with a vane pump lor 12 hours to give a

white solid (VIe-9): (1,045 mg, 97%).
2) Compound (Vle-9) (200 mg, 0.36 mmol) is dissolved in McCN (20 ml) and the
solution is added dropwisc to a solution of diisopropylethyl amine (0.19 ml, 1.08 mmel)
20 in McCN (100 ml) at ambient temperature for 4 hours. MeCN i1s cvaporated and CH)Cly
(1.5 ml) is added. The cyclic urea derivative is then purified by trcatment with a
"scavenger” resin (17is-(2-aminoéthyl)-amine polystyrenc) to give (Im): (I 16 mg,

99%).

25 Table 1: cyclic urea compounds (XX), (1f-4), (Ti), (1j), (Xk), (1) and (Ym)
obtained from the stable aciivated carbamic acid derivatives (XVIa), (XIXa), (XIXb),
(XTX¢), (X1Xd), (XIXe) and (XIXF) respectively.
“ vields of the cyclic urca compounds (XX), (TH{-4), (1), (Iy), (1k), (11) and (Im)
* lincar gradient of A (aqueous solution containing 0.1% TF'A) and B (acetonitrile
30 solution containing 0.08% TFA),
¢ 5-65% B, 20 min (passing from 5% to 65% of B in 20 min),
40-100% B, 20 min.
HPL.C: high performance liquid chromatography
MALDI-MS: mass spectrometry
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The physico-chemical data of compounds (I1f-4), (Ii), (1j) and (Ik) are given

below.

(1111-4): Yield 70 % white solid; HP).C #, 10.0 min (lincar gradient, 0-100% B, 20
min) — 'H NMR ({D¢]DMSO, 200 MHz): § = 0.86 (d, J = 6.8 Hz, 6H, Me), 0.86 (d, J =
6.7 He, 6H, Me), 1.59-1.70 (m, 2H, CH(Mc),), 1.76-2.11 (m, 1H, CHCH.CH,), 3.14-
3.26 (m, 1H, CH;N), 3.49-3.60 (m, 1, CH,;N), 4.80 (m, 111, NHCHNII), 558 (4, J =
2.9 Hz, NCONH), 6.48 (d, /= 0.5 H¢, CH;CONH).

(1i): Yicld 70 % whitc solid; HPLC 1, 10.0 min (linear gradient, 0-100% B, 20
min) — 'H NMR ([D¢]PMSO, 200 MH7): & = 1.89-2.29 (m, 4H, CHCH,CI1;), 2.78 (dd,
J— 8.7, 14.5 Hz, 1H, CH,Ph), 3.37 (dd, J = 5.4, 14.4 Hz, 1H, CH;Ph), 3.45-3.55 (m,
11, CH;N), 3.75-3.86 (m, 1H, CH;N), 4.59 (hept, J = 2.7, 5.6, 8.5), 4.84 (s, 1H, NH),
5.46 (br q,J=, 3.3 Hz, 1H, NCHNH), 6.4 (s, 1H, NH), 7.20-7.35 (m, 5 arom. H).

(1j): Yield 80% white solid; HPLC ¢, 9.39 min (linear gradient, 0-100% B, 20
min) - "H NMR ([D«]DMSO, 400 MHz): §= 6.18 (s, 1I, NHPhc, 1H), 5.17 (d, *CH-

gem-Sar, 1H), 4.77 (m, “CH Phe, 1H), 4.10 (dd, “CH-gem-Sar, 1H).



20 angstrons. Exanple 7 Preparation of conpounds (XV) and (XVla) according
to diagrans 14 to 20. 25 The reaction sequence |eading to the oblﬁaDECn%]Uqf
conmpound (XVla-2) is represented in diagram 14 and the detail ed procedure
is given below. 1 6 DEC 2004 58 Diagrgm 14 0 ~, NH NH XVII-b O HN XVII-b
DEA H2 0 H10I1l I H 1) HC dioxange O~N-~ .NI,NJ - N O - P. OHI. 0
2) XVH b, DIEA31100HHH-NTr /~NNN-0~~ OdHt ~ O

i” NNKHl) | Hd, Hh?x?%?d 3?) White eohcﬁ%mpdé g'? hnzun)(imc;h"iﬁh&c& B e8BuRg. DI EA
rnm) - 'H NMR ([DGJDMSO, 400 MHz): §=6.18 (s, H, NiIPhe, 1H), 5.17 (d, °CH-
gem-Sar, 1H), 4.77 (m, “CH Phe, 1H), 4.10 (ad, "CH-gem-Sar, 1H).

s Example 5:
Preparation of cyclic urea compounds by mono- or di-alkylation of the cyclic

urea compounds (I)

1)  Preparation of the compounds (In), (To), (1p) and (1q) by dialkylation of

10 aj
i General method: 10 a solution of (I}) (1 equivalent) in distilled THI' is added NaH
(5 equivalents) then the electrophile (RX, 3 equivalents). The reaction mixture is
agitated for 3 to 48 hours. The teaction is followed by RP-JIPLC using a C18 column.
Al the end of the reaction, ethyl acetate is added and the organic phase is washed with
15 NH,Cl. To climinatc the surplus electrophile, if this is not volatile, and if purification on
silica is not desirable, a ‘“scavenger” resin can be used, such as
(mercaptoethyl)aminocthylpolystyrene resin for example. In this case, the “scavenger”
resin (approximately 10 equivalents) is added 1o the reaction medivm and the rmixture is
agitated for 48 hours. At the cnd of this treatment, the resin is eliminated by filtration
20 and the organic phase is washed with NH4Cl, dricd and concentrated to give the desired

purificd product as shown in diagram 12.

Diagram 12
1. Hs\/\N [v]
R
25 JOL NaH (6 eqyiv_) R, JL R\NJLN'
HN NH RX {3 eguiv.) +RX wilami ¥ FS (
( THF, rt lexcess) 3 gier /N
PR 3. EtOACIHC! IN °
In-ly
1j In-1q
30 For the compounds (In), (I0), (Ip) and (lq) the R group represents respectively: a

methyl (Me) group, a—-CH,;COOtBu group, a Bn (-CH;-®) group and a BnOBn group.



SHOI HHHQO..-Ir N,~.N~NJ, N.tr NN Ny ON~ N, dioxane OHHOHO
71 HHO HC.H2N, ~. , NN . f. J7 ~, HN HHHNO XXV-a }:§ 2@4
N, O-~-NHO=~=0 HN) QNH . J HH Ma-1 H2 10% Pd/C N HHDIEAH
HN--r O ~NH HN~j, O NH .~ N~ )Ma21,§6 DEC 2004 59 To a sol ution of

compound 2 (see fornula above, in diagram14) (930 ng; 3.74.10.3 nol) in
acetonitrile (5 n1) Is added DIFA (1.27 m: 7.48.10"3 nol) then conpound
(XV11l-b) (1.18 74.10 3 nol). The reaction is followed by TLC. After 30
m nutes, the a&éﬂ‘}rﬁtrl |l e is evaporated and the residue paced in ethyl

acetate A,8Wed 5 bygyashi n '«gtmnk@p’lﬂHﬁmuy g3} ur arield (N@HCCBHPB@d finally
sat urat ed splutions congecutively.| The organj c phase tihus tal ned is
dried (Na2SO4) anhd evaporated] Theesiresigdue is subjected to c‘hr( rgraphy
on sili a_wﬂlt_h a,n—AGLEM-t—lc—IHe*an-B—EGJ—Eng—s—ys-&em 95 39 10.66 %
Jo | BrCH,COOtBu yes 94 95 15.827
Ip BnBr yes 94 %0 | 16307
_" I BnOBnBT‘*‘Na.ll yes 86 96 16.44°
| .

¢ gradient of 4 (0.1% TFA in H,0) and B (MeCN containing 0.08% TFA).
?(-100% A, 20 min.
8 ©30-100% £, 20 min.

2) Preparation of the compounds (Ir), (Is), and (It) by monoalkylation of (1j)
General method: to a solution of (Ij) (1 equivalent) in a distilled anhydrous
solvent (THF, MeCN or CH,Cl,) is added potassjum luoride on alumina (40w/w) (10
10 equivalents) followed by the electrophile (RX, between 1 and 20 equivalents). The
rcaction mixture is agitated for 20 to 72 hours. The reaction is followed by RP-HPLC
using a C18 column. At the cnd of the reaction the potassium [luoride on alumina is
eliminated by filtration. To €liminate the surplus electrophile, if this is not volatile, and
if purification on silica is not desirable, a “scavenger” resin can be used, such as
LS (mercaptoethylyaminoethylpolystyrenc resin for example. In this case the “scavenger”
resin (approximately 10 equivalents) is added to the reaction medium and the mixture is
-) ~ agitated for 48 hours. At the end of this treatment, the resin is elixninatcd by filtration
and the organic phasc is concentrated to give the desired purified product as shown in
diagram 13 and in table 3. It is possible, under the best conditions (approximately 1 RX
20 equivalent, Teaction time of 48 h, see table 3), in order to obtain 4 sclectivity of mono-

alkylated product relative 1o di-alkylated product of the order of 93:7.

3



to obtain conpound 3. Yield 74% (1.26 g). Translucent oil. Pp_g: qggsfhﬂg
mn (linear gradient., 20-80 B, 20 mn). 10 Conpound 3 (650 ngy 0-1
not) is deprotectcd by addition of trifluoroacetic acid (3 rﬂ) with
agitation. The latter is elimnated by successive coevaporations using
hexane, until a residue is obtained, which is then dried. The product thus
obtained is Tendered soluble in acetonitrile (5 m). D HA (246 p1l,;
1.45.10-3 nol)mghqaﬂppnpound (XVI'1-b) (457 ny; 1.45.10.3 nol) is added. The
reaction is followed by TLC. After 30 15 minutes, the acetonitrilc is
evaporated and the residue taken up in eth | acetate, and gawashed_by IN

Kl -1S04, saturmted C@Byr ap (hieqad | S urat
consecut i vely- ) i

evaporated, fo

0 Ong). NPL 13. 72exfspl
(l'i near gradi'gu, 20 8013z.Fine20 m n) M5 ( 171 TOF) rﬂz/ 46 [M + 11] ~
571.31 [M-4/Nale", 587.81 [M+ K] +. 20 mSound 4 (640 ny; ©1.17.10' 3 nol |
i s deprotcctedjby addition of trifluoroacet l| ﬁ"‘(alcdogm(’:% j ﬁa_ ;“c@g;,,t ation.
The latter is elimnated by successive coevgmohairmms usi r,n,gn=htexan1eq until a
residue is obtained, which is then dried. The product thus obtained is
rendered soluble in acetonitrilc (5 m). I'MEA (199 p.I; 1.17.10'3 nol) then
conmpound (XVII-b) (368 ng; 1.17.103 nol) are added. The reaction is
followed by TLC. After 30 25 minutes, the aectonitrile is evaporated and the
residue taken up in ethyl acetate, and washed with IN KHSO4, saturated
NaHCO8, and fi n'ﬁ-&bly'fsaturat ed NaCl solutions consecutively. The organic
phaﬁe thus obtained is dried (Na2SO4) and evaporated, to obtain conpound 5.
Yiel'd 70% (530 ng). HPLC tit 13.62 mn (linear gradient, 20-80 B, 20 mn);
M5 ( MALDL=TOF)—-z -6%&7—[—?&!——!— NV BTV OBl pori80 _To| a $BLAti on) of
conpouhd 5 (460 ng; 7. 09 A()"4 mol) in dichl oro than? (5 m g’mm,h@(nq,gjdad 1%
mol  Pd{ PPh3f% (8.2 rfd: [7°°09. 1|0 dold< it | owed BY NI I'Et 2 (KOO pi:
4. 25. 19—3—qu;,) T The Theactimm || Sigholll owe? by TLC Aff'er 30 n nUPaY1%4he
di chl otanethane %e%{h@ﬂmrs—m—a@‘d—n wat er (50 m)iwith
N .

1% acefi c aMl, and %as t i & cCOFt Fsee- W to
( . . = S 127 Y
obt ai n cmmmammtn@ Quant iTRR i ve4yi dl d 3*6 DEC 2004°60 (446 tR 7.40

mn (|irrgass entys 20/ B, 420 |0 337 V5 [(MAI D93 TOF) m r. 565.68 [|M +
H +, 587 ,@ﬁﬂa} . A-solution—et—campeunt- 6(7g»5 gy F734710-3 mol ) in
acet oniit Pi9 ‘?‘2‘@6 Mst-Bpar &l I n Ba'alllel a 2ol ut | onlof—sucei-ridi dyl
8

car bondte” P. 68. lO[-) Pl hoin| BifPesBY |ml acctonitrile|i siyprepar ed.

m of the sﬁ CCi n| m dyl car onate sol utds@pni N the solution off 6 i s added

tinmes, if V\eﬂ_h;L_the_adqj_L ot gerot—DHE e
| ast addi tléﬁ‘"’ t he| mi%t uré“_fs ad?tatedfzf"gr one hour an.d..Lhexl_eM.a_paLa,t_ed.
Conmpound™ " Iehsx then woist al mae. | 4SPLC tR:B1. 32 inin ¥{l'i near gradient, 20-80

|3, 20 mn)——NS—\ AR 25 72p. O M= Nal+, #45. 3T [N+ K[+ 10 |In a
fi rs}t phase, comgo nd 71is depraotec d_gl&ISGJ_ng—HOH—%ZTﬁdJ—GX&HE—E—G—gi—-V-e—‘“

BnBr I | Clcl, | 48

* after treatment with N-(Z-mercaptoethyl)aminomethylpolysfyrcne resin.
® 6% of the initial product Ij is present.
15 € 20% of the initial product |j is present.
¢ 10% of the initial product Jj is present.
© gradient of A (0.1% TFA in 1120) and B (McCN containing 0.08% TFA). 0-100% B.

20 min.

20



(XXV-a). The m xture is coevaporated several tinmes and the re |€Mr2b§t‘d
Then, to a solution of DIEA (442 |; 2.68.10-3 nol) in 100 m '& i te,
a solution of product (XXV-a) previously obtained, in 10 m of
acetonitrile, is added dropwi se over one hour. The m xture is evaporated
and purified by preparative HL'LC (lin¥ar gradient 0-80) to 15 give
(XVla-1). HPLCtR "1.56 mn (linear gradient, 2n-80 R, 20 rain); M (MALDI -
TOP) m 7 491.02 ,L%I/I“E%I-pf 513.46 [M+ Nat F, 529.66 [M+ K. To a solution of

(XVia-J) (42 nghX ‘0-3 nol) in ethanol (10 m), palladiumon charcoal
is added. Aftergf

%%F?ﬁp?hifsm#%}m%f“ uﬁfl{'h?f H2, filtration is

carried out on (Ee evaporation. ” The aggregate is placed
in 1 nil of TFA until 20 rendered partially soluble, thcn approxi mtely 20
m water is added. . The whole ids centrifuged and the supernat ant 3

| yophi | i sed. mﬁﬁ@&hﬁreef(@%@?} 5i® ‘Piﬁ’énm%gamﬁb(oﬁonstw'@?doﬁtmw?welhécirr@i.

e A e R e Y L o
1.22 (d, 12tdeful3odTis¢ bf 1%, heldtpeyclc 38at(dom hsediobithe SorBfoutbs (8, fol k. dedfn! n t he

same way, conpounds (XV-1) and (XV-2), (XVlia-3) .and (XVla-4), (xVla-5) and
(XVl a- 6), (308 QFcoxsEy phaew rompoupds pf b%tweolaﬁaal(qu§- The etyugpregidi) (9- 9)

21y e TS, BRI RGeS Bl BLFEC 2004
di oxane N "strudubl of the 2)mpdhridsH]). DhisfstRictdr® isHnBdcPRg3)h tHatHobtained for thhlO ~~
T N H Nsaln§e compound by two-dimensional NMR and by modclling. The 1,3,5-triazepine-2,6-
| dione ning has a strongly folded conformation. The planes of the two amide and urea
groups mcet along a line joining the alpha carbon of the gem-Sarcosine residue
(-N(CHa)-"CH;-Nli- and the alpha carbon of the phenylalanine with a dihedra! anglc of
120°. By way of comparison, in the case of the most folded diketopiperazines, the
15 dihedral angle defincd by the amide plancs is of the order of 140-160°, Moreover, the
hydrogen atoms in axial positions on the alpha carbon of the gem-Sarcosine residue and
the alpha carbon of the phenylalanine are spatially extrcmely closc: they are scparated
by only 2.03 angstroms. By way of comparison, the distance bctween the protons
situatcd on the alpha carbons in the folded diketopiperazines is of the order of 2.7-2.8

20 angstroms.

Example 7
Preparation of compounds (XV) and (XV1a) according to diagrams 14 to 20,

25 The reaction sequence lcading to the obtaining of compound (XVIa-2) is

represented in diagram 14 and the detailed procedurc is given below.



O 20 XVII-b, DI EA.

, N4 OHHO OKN-,NN--"--N ANNH2 HH O
HCl _HZN JNNN a, N ESN XXIV-a HNNH N NH ON-( NO O O JL 1q0/§

0
GO(CBu)2, DIEA op HC, dioxane DIEA .. 5 1 5 DEC 2004 62 N 1 ngzgm‘z—{
H 1) HCl, dioxane p N N.O

0,0~ -~ , L1 HL 2} XVII-b, DIEA DHHOH
1) HG d:oxane Y NY-- H N N 58

Diagram 14

R

%o"u‘m’k’ 1 C. N’S
H o
XVii-b g

R A

\(' 2} XVli-b, DIEA

N fl\ /‘\ H R fI\ J\/H 1} HCI, dioxane
y SN N, A - : -
} %_0. N n/ g N N. O =
' o]

H XVII-b, DIEA H 1) HCI, dioxane
. J\,N 0.~ ' O, N, /‘ J\/N .
Ny O - XN
, © 0

—

I T 2)XVilb, DIEA
s n O
4 -~
K\T |

Pd(PPhs)e, NHEt,
N ‘N ‘TI/O\/‘-\..:‘. J— -
: L
H Cﬁ * H H ?L J\ CO{OSu)y, DIEA
/\"O"T['NYA‘ NN N n,N\:/-\N, NN _———
. o H H : H

0
- . S = N HCI, dioxane
S 0SSl & e
. O
) NS
o] 0 o]
H H H
HCLHN. /\_NJ'LNJ\, N\n/N,,_/\NJLN/l\/N rl‘.:;ﬁ DIEA
H H o H ——l-
Hj«zz 0
XXV-a l\:,J
I i
-, - H H
NN 2 N._ N.
\E_j T \E 10% Pd/C [y f
N—., © NH — HN-L O NH
o=H<N '0 N)=O o= * . o0
‘—NH HN 0 “—NH
A LS Pyl
NN xviat NN XVia-2




10

15

20

30

N~N-0N-~N 0~~\ Pd(t~Ph3), NHEt2 r NNHH
,.N.if N HHO 11 CQCsu)2, DDEA T Uv 1 6NDE
UON HO,dloxan ~ 11 H o ff HO 12 ".; Dgr
EA N, HCI,H2NN.~§9N~N..~hI N IN. ~ , ., NDIEA HH
NJ

To a solution of compound 2 (see formula above, in diagram 14) (930 mg;
3.74.10° mol) in acetonitrile (5 ml), is added DIEA (1.27 ml: 7.48. 10 mol) then
compound (XVII-b) (1.18 g; 3.74.10” mol). The reaction is followed by TLC. After 30
minutes, the acctonitnle is evaporated and the residue placed in ethyl acetate, followed
by washing with 1N KHSO,, saturated NaHCO,, and finally saturatcd NaCl solutions
consecutively. The organic phase thus obtained is dried (N2;S04) and evaporatcd. The
residue is subjected to chromatography on silica with an AcOEt/Hexane 50/50 system,
to obtain compound 3. Yield 74% (1.26 g). Translucent oil. HPLC 1, 14.89 min (linear
gradient, 20-80 B, 20 min).

Compound 3 (650 mg, 1.45.10 mol) is deprotected by addition of trifluoroacetic
acid (3 ml) with agitation. The latter is eliminated by successive cocvaporations using
hexane, until a residue is obtained, which is then dried. The product thus obtained is
rendered soluble in acetonitrile (5 ml). DIEA (246 ul; 1.45.10" mol) then compound
(XVII-b) (457 mg; 1.45.10" mol) is added. The reaction is followed by TLC. After 30
minutes, the acetonitrile js evaporated and the residue taken up in ethyl acetate, and
washed by IN KISQO,, saturated NalICO;, and finally saturated NaC} solutions
consecutively. The organic phase thus obtained is dricd (N2,S04) and evaporated, to
obtain compound 4. Yield 87% (700 mg). HPLC 1z 13.72 min (linear gradient, 20-80 B,
20 min); MS (MA!DITOF) m/z 548.46 [M + HJ*, 571.31 [M + Naj", 587.81 [M + K] ™.

Compound 4 (640 mg; 1.17.10° mol) is deprotccted by addition of triflucroacetic
acid (3 ml) under agitation. The latler is climinated by successive coevaporations using
hexane, until a residue is obtained, which is then dried. The product fhus obtained is
rendered soluble in acetonitrile (5 mi). DIEA (199 ul; 1.17.10° mol) then compound
(XVI.I-bj (368 mg; 1.17.10” mol) are added. The rcaction is followed by TLC. Aftcr 30
minutes, the acclonitrile is evaporated and the residue taken up in ethyl acetate, and
washed with 1N KHSO,, saturated NaHCO;, and finally saturated NaCl solutions
contsecutively. The organic phasc thus obtained is dried (Na;S04) and evaporated, to
obtain compound 5. Yield 70% (530 mg). HPLC 74 13.62 min (linear gradient, 20-80 B,
20 min); MS (MALDI-TOF) m/z 671.17 [M + Na]", 687.68 [M + K] *.

To a solution of compound 5 (460 mg; 7.09.10” mol) in dichloromcthane (5 ml),
is added 1% mol Pd(PPh;)s (8.2 mg; 7.09.10°° mol) followed by NIIEt, (600 ul;
4.25.10° mol). The reaction is followed by TLC. After 30 minutes, the dichloromethane
15 evaporated, The residue is placed in water (50 ml) with 1% acetic acid, and washed

twice with AcOEFt then lyophiliscd, in order to obtain compound 6. Quantitative yield

OINH 0=~ ~=0O0 HN ONH N NHHXVIa3H2 10%



O~ ~=ONH WA\ NJ1. NJ HH XVla-4 1
TeMn XVIl1-d, DIEA Mu A Tk { ~NHH | oc

NHAI 1oC N) ( )4 1) piperidine, OF JN3 -Y N Froc’ )

14 MeO NHALl oc

10

15

20

25

5 DEC 2004 63 Di agran117 0 pol
4 0 ~ Finac. l\g

(446 mg). HPLC 2z 7.40 min (linear gradient, 20-100 B, 20 min); MS (MALDI-TOF)
m/~. 565.68 [M + H]", 587.38 [M + Naj "

A solution of compound 6 (75.5 mg; 1.34.10° mol) in acetonitrile (400 pl) is
preparcd. In parallel, a solution of succinimidy! carbonate (69 mg; 2.68.10” mol) in
269 al acctonitrile is prepared. 50 ml of the succinimidyl carbonate solution in the
solution of 6 is added 8 times, followcd by the addition of approximately 6 p! of DIEA.
After the last addition, the mixture is agitated for onec howr and then evaporated.
Compound 7 is then obtained. HPLC tg 11.32 1nin (linear gradient, 20-80 B, 20 min);
MS (MALDI-TOF) m/z 729.03 [M + Na]*, 74531 M +K]".

In a first phasc, compound 7 is deprotected using HC! in dioxane to give
(XX V-a). The mixture is cocvaporated several times and the residue dried. Then, to a
solution of DIEA (442 pl; 2.68. 10"* mol) in 100 ml acetonitrile, 2 solution of product
(XXV-a) previously obtained, in 10 ml of acctomitrile, is added dropwise over one hour.
The mixture is evaporated and purified by preparative HPLC (linear gradient 0-80) to
give (XVla-1}. HPLC 2 7.56 min (iinear gradient, 20.80 B, 20 min); MS (MALDI-
TOF) m/7 491.02 [M +HY, 513.46 [M+ Nal", 529.66 [M+ K1™.

To a solution of (XVIa-1) (42 mg, 8.57.10” mol) in ethanol (10 ml), palladium on
charcoal is added. After two hours of reaction under 1 atm of Ha, filtration is camied out
on Celite® followed by evaporation. The aggregate is placed in 1 m] of TFA until
rendered partially soluble, thep approximately 20 ml water is added. The whole is
centrifuged and the supematant Iyophiliscd. Compound (XVIa-2) is then obtained.
Yield (73%, 25 mg). Whitc powder. HPLC tg 9.34 min (linear gradicnt, 0-100 B, 20
min); MS (MALDI-TOF) m/z 401.19 [M + H]'; 'H NMR (500 M#iz, CDCl; + TFA,
333 K) § 1.22 (d, 12H), 3.07 (br s, 4H), 3.39 (br d, 4 H), 3.91 (br s, 4H).

In the same way, compounds (XV-1) and (XV-2), (XVIa-3) and (XVIa-4),
(XVIa-5) and (XVIa-6), (XV-3) and (XV-4), (XV-5), (XV-6) und (XV-7), (XV-8) and
(XV-9) are synthesiscd as indicated in diagrams 15 to 20 respectively.
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1 5 DEC 2004 67 Exanple 8 Intranvol ecul ar cyclisation reactions. 1.

| mportance of the geonetry of the peptide am de bond in the car bam}c[t)E@A@md
derivatives of formula (Vic). The cyclisation experinents carried ou i n
the franmework of the present inventign using carbam c acid derivatives of
type (VIe) (with X r-- succinimde) indicate that the geonetry of the am de
bond -CONR- - (pGptide bond) plays an inportant role 14 in the nature of

t he products obtain d8 and nore precisely in the size of the rings

obt ai ned. The Eb’b‘F‘PE‘*e bond is characterised by its geometry which was
established UgiiPGmoletalaticyapatiphireadimns and NVR The peptide bond -C O NR; -
can be either 1n trans configuration, or in cis configuration (cf. diagram
21). In general the equilibrium is shiflcd strongly towards the trans form

in the presence of proline in CASHe Heplide banidehobitint thercarbamicc s
form can becomt: AWPPR3YFE gﬁ?ﬂ%g?'hgﬁ?ranseﬁgpm Diagram 21: trans cis

trans cls. g5t fo¥irla (WIc)whi ch R3 is not a hydrogen, for exanple

t hose for \?ﬁzi%c(ﬁeq’%mb?s a met hyltwr(cf. conmpound (Vic-6) of diagram 8) or those
for which R3 forms with R4 a b5-atomproline ring (cf corrpoundm(bVI c-52 of
diagram 7) preferably cyclise w & hout ;i nierwiiecut dranieveack i dnthl epreyd
cyclisation, tdWi %'755}{‘6?1 QP EREEST tF})egépn(;ﬁ'di ng 7-atomring (tt%ﬁcl.%cﬁ i%%ger) of
type (la). .ThiSiohSisER dafbambiy atfidalerioativos of itgpepivVée)ePathca™ SR HE A A de” 25 bond

in this type of compound. In effect, | Y tif al { b gRportdne rai de
bond is of thelthcgeometry !l T@n@“ﬂﬁi*’@“@é@@éﬁﬁy %gép&b%%?gﬁgﬁe ey gri ty to allow

the formation of the 7-.,at ' el ias@trhae wbcisdhe it obporndy YIRS or
whiléh R3 is‘“athﬁy%ar“érﬁe%f @%e@qﬁ%{ftplg,ggd to the obtaini n}g"ﬁ‘fg ];tg}gsc% liShed
nonaner . Th&ﬁﬁiingd.emé Fopedt bynd heecharacierissd et ®eemBY (1R 30°am de bond
-CONR3- in this type of precursor,. Jhe.cycli.satipf .@ecNRE adrt B¢ ethey jor nore
i nt rai nnol essib@rcrytallsEr P g’ﬁ&taingr}gmh@hpﬁpgg%tsbbﬁg ?he obt ai ni ng of cyclic
ol i gomers of vari @?411@3@?1.12& il B Soisirktsaat (chriiayrar 128 ). JorggoeraAkithe XAXAPTIEW agr am
6) prefereffffaFfy #eads to the obtai ni ng of the cygl | S diper e Thid o
(70% . Howewsdhinad stebngly ©wRES thoognsBHf It e PFEECOREYSW nat ertal by nass
spectronmetry makes it possible to ident r.9ele rdR3d6HROCYCl es (triner,
tetnaner, peweshitHE) ey %\Rﬁ"ﬁ@nhe%esglg&’ngl@t Fibution. 2. Preferred
cyclisation Conqi-,ggmﬁzhn the cast of succinimdyl carbamate 5 degati ves

of type (Vie). .

o= =
o is

c
5 . trans

trans - 3
Compounds (V1e) for which R’ is not a hydrogen, for example those for which R

20 ! !
6) of diagram 8) ox those for which R? forms with R* a

is a methyl (cf. compound (VIe- - .
) 5-alom proline ring (cl. compound (VIc-5) of diagram 7) preferably .cychse Wlth(‘JLlI
| intermolccular reaction before cyclisation, to give only the corresponding 7-atom ring
(cyclic monomer) of type (1a). This is certainly due to the cis preference of the amide
25 bond in this type of compound. In effcct, in very constrained rings, the amide bond is of
cis geometry, and this geometry must be in the majority to allow the formation of the 7-

atom ring.
Cyclisation of the compounds (VIc) for which R’ is a hydrogen does not lead to
the obtaining of the cyclic monomer. This 1s cxplained by the trans preference of the
30 amide bond -CO-NR?- in this typc of precursor. The cyclisation occurs aftcr one or
more intramolecular coupling reactions, which leads to the obtaining of cyclic
oligamers of variable size. Thus cyclisation of the compound (XLXa) (diagram €)

preferentially Jeads to the obtaining of the cyclic dimer (TT11f-4} (70%). However, study



The i nportance of a nunber of paraneters (order of addition of the reagents,
- i lution, tenperature) was eval uated during cyclisation of thp BdBEFVg@i ves
(XIXa), (X 1Xb) and (XI Xc) (cf. diagrams 6, 7 and 8). 10 Oder © gition
of the reagents Generally the carbam e acid derivative containing a
non-protected am ne function ((W c-&?, (VJc-5) or (Vlic-6)) rendered sol uble
in the reaction solvent (solvent used to carry out the cyclisation) (MCN
for exanple) is added dropwi se to a sol ution Lol ke @ dasEfydagert he
reaction g@liventachoe e htﬂtef@kéw%gf.Sp'i%mmt’%iysmgﬁgoa%ossi:bbl_e to reverse this
order by addi ng dropwi se, t he LUt Lan 1506kiak A Gayssian HialséuBe’ t he reaction -
sol vent tanitch@)@lﬂslﬁ{‘)rlrﬂﬂﬂ @%ﬁ?ﬁl’#ﬁé}nt ﬁe deri %/’ati ve to be cyclised ((VYc-4),
(Vic-5) or (VJc-6)) and the reaction solvent. Thus a reaction mxture is
obt ai ned containing the cyclic urea _cgonmpounds (Ll -u@inimidyl kasadstd, j)
respectivel y. ;Q,OP;efEiirledtdymﬁsmdﬁ'l@ﬁg‘@Aé“ Bgﬁac%%fs Iof he di | ut :’Von, t he
concentration of the car&@f' c acid derivative containing a non-protected
amsne funcdércii\rﬂt(‘(evpémp,e ¢5) or (Vic-6)) in the reaction solvent (solvent
used for the cyclisation) has no influence on the cyclisation of the

derivatives (Xl Xb) and (Xl Xc). In these ex I L peddigme oftthatdagegs,used
vary from 25 gpprimportates| 9 3 nmber § ﬁf@ﬂe%n?éﬁa

10. 3 Mﬁ1 In t(;ont{)&?‘%a i11
the case of cyclisation of ¢ chd ¥lag cytimatich loittho rdenaireed t on
t he natur eddﬂtlQIhetcB}P@ﬁt'émiG‘quggE\g&g% obt aﬁléed. When the reaction is carried

out in a ¢ Nl g@ptaais®, ignd 8kar bani ¢ acid derivative contai ni ng
a non- pr ot g%k%h?a%%ﬁ l?Ecng:ti on (Vlc4), (McS) or (VIc-6) in the reaction
sol,yent) whose «candentf aiditom Gahs gPEEE® f r om approxi mately 10-5 Mto.10,3 M
the-main product ob,tsitned ;#gq,g@/gd&x%&&ivc%ﬁr&mgiafﬁemnpte(cmwncrﬁ@%% ic
triner represefe@FULEIEKE o and the cyclic tetranpr 4@3@&{1@&5}% In
contrast, v@gﬂ_hﬂe{w@@;uQﬂ[d-ﬁ))&a@tdrc‘r@dsqi@hlem the IKIHRBAOVEBN entratli on (above
T e o boniant AL ST SoPieFuRbEf i YaaRar avarageel 1ang stlboBEC
i 0ns o1 he LA FETbodton LRGLAYSIeCHN B erampieNemper at ur e condi f1 one.
propor , . e )
Terrperaturec‘?‘\"f%mﬂ’ﬁl’X/baa(éétﬂ['_‘:1 gﬁt ?nf?yence org tﬂ@{lcxécolpiﬁ&&ihgggquggn P& RsiHRES
(XI Xb) and (Xl %G} a}g_&hjas:s_1blthrerea'yt§|¢|%l§tof% ¥ éqefe ﬁ_ of "derivatives (Xl Xb) and
(XIXc) leads to derivatives Oi\]l }t apd sg%hi)onrc@ﬁ@ﬁﬁ,ﬁg whel deriivaniai woiteagyclised| ds,
20C.

whet her t hearbage end e BREEHCAE" & O'Cor -10C. In contrast, the

yield from gxﬁlci_@a()ifﬂtg)qg} (VR Whd tHotdd@iop sbkvamti ng to conpound (I M4),
seens nore SedSitive td t enperature, _tcgle best]g{?(glc L1RGI-EIcaRbAingedIMBN t he
to reaction is Chusiagdaction mietyRis PPBRICHTEBIEE For T enper at ur es above 40C,
th .
© (Ti) and (3j) Tcspectively.
50 « Dilution conditions

As regards the dilution, the concentration of the carbamic acid derivative

) containing 2 nop-protecicd amine function ((VIe4), (VIcS) or (V1c-6)) in (he reaction

o . o tieats f il
solvent (solvent used for the cyclisation) has no influence on the- cyclisation of the

dervatives (XTXb) and (XIXc). In thesc examples, the concentrations used vary from

. -3
25 approximately 1 M to approximately 107 M.

In contrast, in the casc of cyclisation of compound (XIXa), the dilution has an

\ ion 1 1 t
effect on the nature of the cyclic compounds obtamed. When the reaction is carricd ou

] ic acl ivative contaiming -protected
in a dilutc solution (containing a carbamic acid dcrivative contaiming a non-p

amine function (Vied), (V1cS) or (VIe-6) in the rcaclion solvent) whose concentralion

vanes from approximatcly 10 M to 10 M, thc main product obtained is
. 5%, and the cychc

the cyclic
30

dimer (1111-4) {70%). The cyclic trimer represents less than 1

etramer less than 5%. In contrast, when the reaction js carried out al a higher

concentration {above 10 M), the intermolecular reactions are clcarly encouraged and




reaction | eads to an appreciable increase in the formation of rings which
are larger in size (increase in the oligonerisation reaction) MhebER P08 a
tenperature of -20C the reactivity of (Xl Xa) is very | ow and does not Iead
to the obtaining of compound (Illf--4). 1 6 DEC 2004 5 70 CLAIMS 1. Cyclic
urea conpounds conprising a ring of at least 7 atons, ~n particular from7
to 50 atons, and preferably from7 to 20 atons, said cycle conprising at

| east  one.am dg axtglségpveqp%gzg'gyaic Jg 9% Mﬂﬁﬁcci UR G ¢HRA prépetiondModige Or  ur ea

function bérfgrsfg ara osest adj acent  am de or urea function
by at | easdcu@mentCatROByAic@mer.and in part| cular by 1 to 4 carbon atons. 2.
Cyclic urea conpounds according to claim112, conprising a ring of at ]east

7 atons, in pa'rtTcm]bqatllffrmdwqm 50 at ons, and preferably from7 to 30

at ons, sald cy. 15 coppri t X5 288,

separ at ed fronfﬁﬁ%“ﬁrr‘fbetﬂ% "155)9 gP&Ql@fg?;se g%nlgn]%a glo%ﬁaggoﬁ?Mgﬁgsltn a)rtl cul ar
by d to 4 NTRLO e é’ych@mﬂ featti@a of depioativds (a(deb dmdg(‘ﬂéicbﬁ%ﬂdafmcl ai ns
32° or 13, rnula (la): 20 I in which the &’g a1

gr oups candmhvw{dmandébén&emﬂvylﬂlflémﬂ&ﬁé’lel%“’éﬁ'@?h@!ﬁ r?"éﬂ?’é fif Pracey a
hydr ogen, h - the protected or non-protected si de chal n of
an am no a%&%lj (':)hGé)éa{(?g‘emthe natural or non-natural amno acids, 30 d) - a
linear or brangheghuabkyle (i6R- fgam:yarsmommubs(mxmewacmmgsmb@npwﬂed by
one or nore substituents whi ch include: - C?\l hl

“NH(CO R, , (HNH)CEBRys, mosmsensifivedp WEPURWE: g‘llie B%ofbc \k}ﬁ’agef’bé%?‘% ¥hel Pict ur e

contains from5.to 20 .carb at oney heCO-
gr &up, ther‘?*“mbrlf)lfﬁmcéjo%tr Bg'}w "?fg’mmﬁp?gkqogcar ngﬁneqjg%“ocﬁs%oa nloﬁ:l It(?

guanj di no Qf!acﬂbﬁ E&dgﬁ@uﬁ,apﬁreﬁxa%Gn&Q% hlthe Yormating cdmyplgs g'\rfmlpam/d@ser Wi ng
structure contains from5 to 20 carbon atg substl tute ure e 20°C ¢
non- subst i it dihcepse fre thi oV EaReHT ok A-astien VR €, 2 RPRIVE/Ens" of he,mi di ne

O eh3; F) Leachlied JEeRx s Aeky BNl MHaOsRs (£ 1ER) 10 Tcgbbraining uf fompbugy oup

(1111-4).



h) - an acyl group (RICO) i) an ORXx, groub J) an Ni 42 group mﬁ 10
1) -CONHRE, n) -Clf2CONH2 Ra and Rb representing, independentl f[a 43

anot her, a hydrogen, an allyl, benzyl, t-butyl, fluoiceiiylnethyl,

benzyl oxyrnethyl, tert-hutyldirncthylsilyl., 2- ethoxyethyl, methoxynethyl,
2-rnet hoxyet hoxynet hyl, tetrahydropyran-2-yl, -0-1- "1..1 +,. : i.cth. r 'h.
1z, 17 ~tri "-. eth .1 n.1r rl)eth 1 fr~t~r~ 2 7 ° -tn chhoro P1l', V~
tf1Cvt tiiili ~7r~ 1. L ;W1~1r4L11~ aaaa~ a~4Lalr~, +. i ~ ~/i s

ortho-(or para)-nitrophenylsul fonyl, alkyl group having from1l to 20 carbon
atons, or an aryl group whose ring strugture contains from5 to 20 carbon
atons, R, representing an al kyl group having froml to 20 carbon atons, or
an aryl group whose ring structure contains from5 to 20 carbon atons, or a
het eroaryl, arylal kyl or 20 heteroarylalkyl group, the R, R2, K3 and R
groups al so being able to formthe foEﬂdNﬂé% i ntranol ecul ar cyclisations: }
I/ scyclisation between R and R2 and/or, 2/ cyclisation between R3 and R4.
25 said cyclic urea conpounds able to be, when one or nore asynmetric
carbons are present in formula (la), independently, either of R

configuration (r ecvﬁc QfeaUo m%ouﬁ@mara?&rﬁﬁg thn Sdfthf’ié\@f)’ mo%)s 1n Bafdellar004 72
510i .5 20 to for (rry, )()4Q/cllc

urea conpoﬁnds7acc56r:domg. and pln&rabﬂy 61031 m§0 29 atmnsmmdomct@smmlsng Mgt 1 1.11
n.I,RaO~ThIP EEI
onc amide ‘unchon and at least one urea function, each amide or urea function being
10 scparated from the closcst adjacent amide or urea function by at least one carbon atom,

and in particular by 1 to 4 carbon atoms.

2. Cyclic urea compounds according to claim 12, comprising a ring of at least
7 aloms, in particular from 7 to 50 atoms, and preferably from 7 to 10 atoms, said cycle
15 comprising an amide function and a urea funciion, separaied from onc another by at

least one carbon atom, and in particular by 1 1o 4 carbon atoms.

3. Cyclic urea compounds according to one of claims 12 or 13, of formula (la):
Rl
. 0 t R
20 Y N
R (1a)
TN
) ROR

in which the Ri, R2, R R* and R" groups can each and independently from one
25 another represent:
a) — ahydrogen,
b) — a halogen,
¢) — the protected or non-protected side chain of an amino acid chosen from the
natural or non-natural amine acids,

30 d) - a linear or branched alkyl (C1-C20) group, non-substituted or substituted by
one or more substituents which include: -COOR,, -CONHR,, -OR,, -NHR,,
NH(CO)R,, -NHCOOR,, an ary! or heteroaryl group, whose cyclic structure contains
from S to 20 carbon atoms, one halogen atom, and one R"'CO- group, the R*™" group

comprising from 1 to 10 carbon atoms, a nitrile, guanidino or nitro group,



Id g in which the R, R2, R4 and R5 groups have the rreanl ngs indicated in
claim13, the R and R2 groups al so being capable of formng lab DEC 2004

i ntranol ecul ar cyclisation, said cycl71 c urea comnpounds able to he, when one
or nore asynmetric carbons are 25 pres ddnt in forml ae (I'b) to (1h),
i ndependently, either of R confl gur at| on (recess) or of S confi guration

(sinister). 30 Rf' NN~}$ iC urea .co rg [)dl ng o one
of clains 11 of) T2oHfTH FroNR E’é“’fﬁf e, S‘?“ﬁ’ff) conimpy °n2| %1 6 DEC
2004 73 5 Epsiht Hdl Soduk Whiu Bk b Rénd cy oR4, RS
and R6 gr og%)ss (yﬂlr\lnglngejg%\t!tgtgg néE}\ B| goné m:é%ﬁéhg l'al m I13 rségar dﬁg theOR' to
R5 groups, amidin&group®, W R4 and R> groups al so being able to formthe

fol |l ow ng i ntranol ecul ar, cyglisati ons cycli satl on between R and R2
or, -2, 15 41 cyenplkspylpsplnyheesp (F1- ér)ms r anu,:;r, 3/ cyclisation

between R4 and § between R5 and R ', the d', d2, d' and
d4 %\‘raoups can & chgrsg]gfﬁs%]@lﬁ@geggndently fromone another: it nitro,
al kyl group compei shagylfgresp ®R.C®)4 carbon atons, and in particular a nmethyl,
20 al koxy group conprising from1l to 7 carbon atonms, and in particular a
.met hyl , aryl oxy} gr 88 9% sing from5 to 10 car bon atoms and in particul ar

benzyl oxy, hal ggen uch as a lluoro, bromu, chloro or iodo, CN,
guani di no, NI %g , %%guﬁ COOR,, OR,, group, R8 having the neanings
mentioned in clkaOODR,

10 1) -CONHR,,
m) -CH,;CONH;
R, and Ry representing, independently {rom one another, a hydrogen, an allyl,
benzyl, tbutlyl, fluorenylmethyl, benzyloxymethyl, tert-butyldimethylsilyl, 2-
cthoxyethyl,  methoxymethyl,  2-methoxyethoxymetbyl, tctrahydropyran-2-yl,

th
_l-
)
]
i
e
—
[

dsilyDethyl, wityl, 2.2.2-trichloroethyl, tosyl,
ortho-(or para)-nitrophenylsulfonyl, alkyl group having from 1 to 20 carbon atoms, or
an ary) group whose ring structurc contains from 5 to 20 carbon atoms.

R, representing an alkyl group having from 1 to 20 carbon atoms, or an aryl group

whose ring structure contains from 5 to 20 carbon atoms, or a heteroaryl, arylalkyl or

20 heteroarylalkyl group,
the R', R%, R?® and R® groups also being able to form the following intramolecular
cyclisations:
) 1/ cyclisation between R' and R? and/or,
2/ cyclisation between R* and R*,
25 said cyclic urea compounds able to be, when one or more asymmetnc carbons are

present in formula (la), independently, either of R configuration (rectus) or of S

configuration (simster).

30




25 said cyclic urea conpounds able to he, when one or nore asymmetric
carbons are present in fornmulae (Ila) to (11d), independently, ¢@: gméR
configuration (rectos) or of S conflﬁfratlon (sinister). 6. Cyclic ure
conmpounds according to claim 12, conpt4asing a ring of at |least 30 14 atons,
in particular from14 to 30 atons, and preferably from14 to 20 atoms, said

ring conprising two amde functiqgns an tmn ure Lons, each anide or
urea functioh beiltg ?léékﬁ‘éﬁé?fﬁﬂm’f ) HECRT géPé’é‘é Ii’dﬁ‘ hgﬁ?ﬁérﬁogésr%?rngqlﬂcea

L?B‘Eé' "1 & oo, 305 0 IPPRITHAT *éﬂﬂohﬂdgaéété‘r’bf‘%gbtyoloh; ot ol ot
12 or oLfor IaR~" N-R~0 Rl\N5R3| RaNl /LR4N RsR2010|5
20 25 hsb RO

Y] R? >IN " %R oR "~-N-~ - R7 S0
30 (Tllaﬁ/ |ch the R W R4, R5 R9 an oups have
th? nean%pgs s N 0
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in which the R, Rz, R*and R® groups have the mcanings indicated in claim 13,
) the R' and R? groups also being capablc of forming an intramolecular cyclisation,
said cyclic urea compounds able to be, when one or more asymmetnc carbons are
25 present in formulae (Ib) to (Th), independently, either of R configuration (rectus) or of §

configuration (simster).

5. Cyclic urea compounds according to one of claims 11 or 12, of formulac

(ila), (11b), (ilc), (T1d):
30 I R? R R?




o ]
ncntioned in claim14 regarding the RL to R5 groups, the R R4, R5, i
R', R7, R" and R groups can also formthe follow ng i ntram ol eClJEaBEC ZUU’l |
cyclisalions: 1/ cyclisation between_ R and R2 and/or, 2/ cyclisation

bet ween R3 and R4 andl or, }" . VFI 41% anG O, 4/ cyclisation between R8 and

R9, said cyclic urea corrpounds able to he, when one or nore asymetric

carbons are present in fornmula (I1lla), independently, either of R
configuration (rectos) or of S configuration (sinister)...8. Cyclic urea
conmpounds accordi ng F\o ong of clains 12, 17 or | S rsponding io

forml ae (111b), (TII (TTI d) (111c), (1110 and | 2 75 5 10 My 16

DEC 2604 in Wmcl@ R2, ORR Rs, R7, Rx, R Rnd pbs have t he

meani ngs mentioned|in claim 14 regardl ng the R t 2 , the R, R

R7, R8 and R4 groupsl can aNso,formintranol ec@j cyclNsatj ons as defi nd in

clal m 18, 15 saldzcyc rea*conpounds able to he wher oneyer nore
as;ﬁn’metrl c car bogs arre prgsent; in fornulae (II to (IN n8 i ndependent |y,
either of R confi gurl op’(regt os) or of S canlau@‘ (sinister). 9.

Met hod according to ope—8f clainms 1 to 11, of pregaration of cyclic urea 20
conpounds as defined/acconding to any one of clai 1K't o 19, characterised
in that the activated carb8nic acid derivative containi ng a non-protected

primary or secondary am ne function corresponds respectively: 25 30 R4 0O
N11, NAX Rs HVib R3 Rk~ NH Y 2 T1d

10 in which the Rt, RZ, R’ , RY R® and R® groups have the meanings mentioned in

\ claim 13 regarding the R' to R? groups,

the R, R%, R>, R* and R’ groups also being able w form the following
intrarmolecular cyclisations:

1/ cyclisation between R' and R? or,

2 .amd
aliu AN (.LI.I.\J-.' u

15 2i L}'bll aiion between

7

3/ cyclisation between R* and R or,
4/ cyclisation between R® and R®,
the d', d%, d® and d* groups can each represent, independently from one another:
a nitro, alkyl group comprising from 1 to 4 carbon atoms, and in particular a methyl,
20 alkoxy group comprising [rom 1 to 7 carbon atoms, and in particular a methyl, aryloxy
group comprising from S to 10 carbon atoms and in particular benzyloxy, halogen
eroup, such as a fluoro, bromo, chloro or iodo, CN, guamidino, NIIR,, NHCOOR,,
COOR,. OR, group,
R. having the meanings mentioned in claim 14,
25 said cyclic urea compounds able to be, when one or more asymmetric carbons are
present in formulae (1la) to (J1d), independently, either of R configuration (rectus) or of

S configuration (sinister).

6. Cyclic urea compounds according to claim 12, comprising a ring of at least

30 14 wtoms, in particular from 14 to 30 atoms, and preferably from 14 to 20 atoms, said
ring comprising two amide functions and two urea functions, each amide or urea

function being scparated from the closest adjacent amide or urea function by at least one

carbon atom, and in particular by 110 4 carbon atoms,




| It HO R4 Md Vic - either to one of the followng fornmulae (Via), (VIb),
(Mlc) or (Vid) (in order to obtain the conpounds of fornul ae (I]a?( DE{E (Zlﬂnlkl
as defined in clainms 14 and 15): 0O R ASHO M R4 OO0 R Rs R5 "k ., , N.
-NHNNXXr HVia 1l 6 DEC 2004 767% 10 15 in which: the X group
represents a group conferring upon the derivative an activated carbamc
acid derivatiye structure, said X group being produced froma conpound
chosen in par ¥71 cul &iyche graz erampshiade lassordisei teredlel 9 dlaibes 12 e dd, 19§ femuleast
one nitro gharp or at |east one halogen, or hydroxylamine derivatives, or
benzyl alc derivatives grafted o to g solid support and nore
particularly chosen fromthe fol I o Bor pound s: N-hydroxysuc, :inirnide,

phenol , pentafl uorophenol , pentﬁach Q‘KQ%I] - niirophenol,

2, 4-di ni trophenol, 2,4,5-tri chkg)r henol di chl oro-6-ni | rophenol
hydroxy 1, 2, 3- benzotrl azol e, - 0KO- 2- hydr )&/dl hydr ohenzot i‘kj’ﬁz' ne (HCtht),
7-aza- 1- hydrroxy benzotri azol RBMHOAL ), 4- - | -hydroxybcﬁ riazol e

(4-HOAt), imda7.ole, ictrazole nd WANG; resin, and the R, R, R, R and
R5 groups have the neani ngs nent Pon Nl'f(cIRal m 14 regarding the R to R5
groups, - or to one of inc followi Ry fér@ulae k v i.a), k viio), {viic) or
(viid) tin order io obtain the conpounds of fornulae (11la) as defined in
claim16): N' He H 20 Vila s ~.

in which the R, R, R’, R, R% RS, R’, R, R’ and R groups have the mcanings
10 mentioned in claim 14 regarding the R' to R groups,
the R', R? R’ R* R®, R% R7, R? and R? groups can also form the following
intramolecular cyclisations:
1/ cyclisation between R' and R* and/or,
2/ cyclisation between R* and R* and/or,
&nd/of,
4/ cyclisation between R® and R®,
said cyclic urca compounds able to be, when one or more asymmetric carbons are
present in formula (IIT2), independently, either of R configuration (rectus) or of S
configuration (simster).
20
8. Cyclic urca compounds according to one of claims 12, 17 or 18

corresponding to formulae (11b), (Te), (1114), (1le), (LIf) and (TTTg):

30

lllb llic Hld



x R H4 2 25 VUU in which: X is as detincd above, the Rl, R2, RI, R4, R5
and R6 groups have the neanings nentioned in claim14 30 regardln the R
to R5 groups, 1 6 DEC 2004 77 - or to.Qne of the follow ng foﬂn&lﬁé%(ﬂmq
1Ta), (VilIlb), (V1llc) or (VTl1ld) (in ‘oOorder to obtain the conpounds of
formulae (lib) as defined inclaim16): R S5 NNX R4 . HVilla R4 Re H
NYNH O RR O RS RBVIIIb R4 Re X.. H. N~ NH 10 VIlie 0 A2 0 Rs WId in
which: X is as defined above, the R, R2, R3, R4, R5 and R6 groups have the
meani ngs nentioned in claim1l4 regarding the R to RS greups, - or to one
of the following formulae (IXa), (1Xb), (IXc) or (1Xd)!ilﬂ order to obtain
t he conpounds of 6orvn1§e (11c) as defl din C|aln11§)

N%&O H. >/N- o : )’N\YD

R . -4 R
H-N - N}* R Hj T\R.s H?[/N N)\ R
O}X\N"\( H o)b\]»\(N‘H e N"(o\H
o

llle s g
10
in which the R%, R}, R®, R%, R, R*, R® and R' groups have the meanings
: mentioned in claim 14 regarding the R' to R groups,
the R®, R*, R7, R® and R’ groups can also form intramolecular cyclisations as
defined in claim 18,

15 sard eychc urca compounds able 1o be, when one or more asymmetric carbons are
present 1n formulae (I1Th) to (I1lg), independently, either of R configuration (rectus) or
of § configuration (sinister).

9. Mcthod according to one of claims 1 to 11, of preparation of cyclic urea

20 compounds as defined according to any one of claims 12 to 19, characterised in that the
activated carbamic acid derivalive containing a non-protected primary or secondary
aminc function corresponds Tespectively:

¥

— either 1o onc of the following formulae (VIa), (VIb), (VIc) or (VId) (in order to

25 obtain the compounds of formulac (1a) to (Ih) as defined in claims 14 and 15):

gl o RA* © o B B R
HN\(U\IP]/I\N/U\X_ XJLNJ\”,NYNH

- G A o A

Via Vib
30
B o RO o B ® _ﬁ“
Pbﬂh*jfﬂ‘m’l\N’ﬂ\x XN N\T,NPE
gt g M H o R*



RZ R3 HN

in claim

, 0 VaXd251Xb 'd2t RB DR2 R3 *NH2 X Ixd in which: 30 X is
as defined above, the R. R2, R and R6 groups have the neani ngp NP

i
14 regarding the R to R5 groups, the d', d2, d3 and d4 grggp@nﬁ

d
ave

t he neani ngs nmentioned in claim16, 78 - or to one of the follow ng |ormnul ae

(Xa), (Xh), (Xc) or (Xd) (in order to obtain the conpounds of fornmnulae

(lid) as

ONH O Rs

10

15

290

R

25

defined in claim16) 5 N "NRAH 10 NN. XRA H4 RA RENNH?2

X HbwARh?25 :30 Xa NH2 O RO R-1 NHO X XON Fig Re H

the X group represents a group conferming upon the derivative an activated
carbamic acid derivative structure, said X group being produced from a compound
chosen 1n particular from the phenols, optionally substituted by at least one nitro group
or at least onc halogen, or hydroxylamine denvatives, or benzyl alcohol derivatives
grafted onto a solid support and more particularly chosen from the following
compounds: N-hydroxysucaimmmide, phenol, pentafluorophenol, pentachlorophenol, p-
mirophenol, 2,4-dinitrophenol, 2,4,5—tri’chlorophenol, 2,4-dichloro-6-mitrophenol,
hydroxy-1,2,3-benzotriazole, 1 -ox0~2-hydrc;;(ydihydrohenzotrjazine (HODhht), 7-aza-1-
hydroxy-benzotriazole (HOALt), 4-aza-1-hydroxybenzotriazole (4-HOA), imidazole,
tetrazole, and WANG resim, and

the R', Rz, RB, R®, and R’ groups have the meanings mentioned in claim 14

regarding the R' to R® groups,

or to one of the {ollowing formulae (Viia), {Vilb}, (Viic) or (Vild) (in order 1o

obtain the compounds of formulac (11a) as defined in claim 16):

2 8 b
R o B o R
N * Y X } 4
2 A Ry O H O R
Vil Vi
1 4 o B R¥ R
Rg 1o Y /U\ N & RE
R2 }éla R O H 0 4 2
Viic Vitd
in which:

X Is as defined above,
the R’, R?, ®%, RY, R’ and R® groups have the meanings mentioned in claim 14

regarding the R’ to R® groups,



.., XX, ,NRERE RROR OD XICin which: Xc 1 6 DEC 2004 Xd_ in which: X
is as defined above, the R, R4, R5 and Rb groups have the rrearli&dEC 2004
mentioned in claim 14 regarding the J]?]‘ to R5 groups, the d', d2, d3 and d4
groups have the neanings nentioned in'claim16, -. or to one of the
following formulae (Xl a), (Xl b), (XI c) (XId) (in order to obtain the
conpounds of formulae (lLlla) to (1] as defiped in R4 O
R BB 010 N) - NTABRAC RETRIbHey e S H )<y THh DHale) SEVRTD 8 o pec
2004 the R oyps have the meani ngs
ment i oned ©© O‘H{\%Pgiedof?o}lggsa?gfomm?ﬁgrﬁﬁfagﬁﬂgdi'ggrs%u%s% or to one of the
following formulae (XTTg) ey (ﬁQTTb) (in order to oHt aigh tRte RS conpounds of
formul ae (1Va) as ﬂ:ielflndlnc 20): R R Ro Oy 2%N Rﬁj~4H)(AIa
YCl Ib 14) in whic ﬁ asndefiner above, theﬁ{ , T(R4, and R5
groups have the neani higs geengiomied in claim 14 cegaidi gg tie R to RS
gréups. 15 10. Method according to one of clains | to 11, for the
preparation of cyclic urea V8enpounds of forniulac (la) to (111g) as
defined in clains 18 and 19, characterised in that said corrpounds (I l1a) to
(111 g) are obtained at the @ndabf @ hozrto-oli gomﬂl Sht i aﬁ d?

. X N N NH
Y X YLY Y
10 Ville villd
in which:

X is as defined abhove,
the R', R?, R*, R*, R® and R® groups have the meanings mentioned in claim 14

regarding (he R' to R® groups,

— or 10 onc of the following formulae (TXa), (IXb), (IXc) or (IXd) (in order to

obtain the compounds of formulae (11¢) as defined in claim 16):

: N d
20 HN\])L XJ\,}\‘ 4
H O

R? HN\/O o dg

a oo ds O RE R 4NH,
! .- N d4
rR? R HNYO Ho Oy d

X dz
IXc Xd
in which:
30 X 1s as dciined above,

the R', R%, RY and R® groups have the mcanings mentioned n claim 14 regarding

the R' 10 R® groups,

the d', d%, 4 and d* groups have the meanings mentioned in claim 16,




het ero-oligonerisail on reaction, fromat |east one activated carbam c acid
derivative zo containing a primary or secondary am ne function,
corresponding to at |east one of formg ae (VTa), (Vib), (\VJc) oTrﬁ(QEQj)ZUQ'S
defined in claim20. 11. Preparation nmethod according to claim20 or claim
21, characterised in that it consists of 25 a step of cyclisation of the

activated carba | £, .cont 'ni non- t ect rimary or
secondary am ne”})ﬁ}]dgt&lﬁcgo FfM nﬁg{ t?%r?“c“&‘ i )Eég)i Q@Eﬁ{){}hﬁs{% ﬁﬁrr‘l%sq i n
their ringtle angruhdnct foemubk (nﬁpﬁsruaﬁaed MW daf@Oiéd< or -NHCO-NH. a step of
al kyl ati on of the hydrogen of the -N-1- group or groups included in 30 the

urea function of the cyclic urea conpound of the cycllc urea conpound
obtaincd at the endqlngt he cagcl | sation step above :

5 dy )\J\

VN
4 )
d2 . d4H
dy
Xa
H" -+ 5
NHz O R 0O
10 dy )\ /U\
N™ "N X
fo
! CI2 d4
dy
Xe Xd
15 in which:

X is as defined above,

the R, RY, R® and R® groups have the meanings mentioned in ¢laim 14 regarding
the R' to R® groups,

the d', 4% ¢ and d* groups have the meanings mentioned in claim 16,

20

- or to onc of the following formulac (Xla), (XiIb), (XIc), (XId) (in order to

obtain the compounds of formulac (1lla) to (1llg) as defined in claims 8 and 19):

R o0 R* o A RS

N | ' 9 A°
2 e )\n’“Y \HHL )\rr b

10

R2 PL RS R O R

Xla . . Xib
H'! 0 H4 ') H? HB - H 0 H4 I} H7 HS Hw
.o .
RIS WS NN W I
NZNT T Y Y N N7 N e
R R RE RO R® OO O R R R R® O RP
30
Xl | Xld

in which:;

X is as dcfined above, . |
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the R', R?, R3, R’ Rj, RS, R’ R* R’ andR' groups have the meanings mentioned
in claim 14 regarding the R’ to R’ groups,

— or to one of the following formulae (XTTa) or (XITb) (in order to obtain the

compounds of formulae (1Va) as defined in claim 20):

R R® R O R R RE OO
t 1 .
Rz H4 H ‘ RE H4 H
Xia . Xiib

in which:
X is as defined above,

the R', R°, R*, R, and R® groups have the meanings mentioncd in claim 14
regarding the R' to R groups.

10.  Mecthod according to one of claims 1 1o 11, for the preparation of cyclic urea
compounds of formulac (Illz) to (1llg) as defined in claims 18 and 19, characterised in
that said compounds (Il1a) to (111g) are obtained at the end of a homo-oligometisation or
hetero-oligomensation reaction, from at least one activated carbamic acid derivative
containing a pnmary or sccondary amine funclion, corresponding to at least one of

formulae (V1a), (VIb), (Vic) or (V1d) as defined in claim 20,

11.  Preparaton method according to claim 20 or claim 21, characterised n that

it consists of: ' )

+ a step of cyclisation of the activated carbamic acid derivatives contaiming a
non-protected primary or secondary amine funchion,

leading to cychic urea compounds comprising in their ring a urea function of
formula -NH-CO-N< or ~-NH-CO-NH-,

+ a step of alkylation of the hydrogen of the -NH- group or groups included in
the urea function of the cyclic urea compound of the cyclic urea compound obtained at

the end of the cyclisation siep above.



