WO 2010/ 012714PCT/ EP2009/ 059715 1 NI TROGENATED DERI VATI VES OF

PANCRATI STATIN 5 The present invention concerns nitrogenated

deri vat i wee 20fo/namai cl asi ne and pancratistatin, as wel | pes/Ee20viobuas f or
their preparation and their use in cancerl chenotherapy. Narciclasine 1 is
part of the al kaloids of the Amaryllidaceae famly. Isolated 10 from

narci ssus bul bs, its cytotoxic properties were described in 1967 [Nature,
213, 595-6, (1967)] NITROGENAIRD BERIVATIVES OF BAYERAEISTATINe of
narci cl asine, was isolated from Pancratiumlittorale [J. Chem Soc. Chem
Commun., 24, 1693-4, (1984)]. Narciclasine 1P an crati sta tin The
cytotoxic activities of these conpounds |ed to the devel opnent of 15
research aimng to apply these properties to cancer treatnent. G ven the
relativelg | ow content observed in the plant and difficulties with
extraction, several access paths based on the total synthesis of these
derivatives have el o [ Pr adnt. , -

(2008)] . v th ¢ he T mortorEERRm g Rt iR HER gotiPhives Slinadedlily g

corr espondi N@aidraitatds .as NagIC a6l aAgicHdd M théir igcpimdtRnaian dant usewas cafer al so
described as an interesting precursor for obtaining pancratistatin [J. Og.
Chem, 66, 25Bgnqgtherappo1)]. However, in the field of nedicina

chem stry, very f i: i: j1Chiasi o

dat e. Furthernnre?w%g§%$% %é?ﬁ%ig%ggﬁﬁgﬂggsﬁggﬁfsgégg@%gﬁﬁgﬁﬁﬁgfRﬁgg%ftheir
| ow sol ubdl i tyn na@gsesobidbs otswgmnitsxiOpr@Ertdsaweraciesdribed|ih yl 96T ¢Eptiah (243,

medi uns. The inventors thus discovered that introdycing a .
ni tr ogenat ed 58?-<§u§19.6_2ﬁpﬁ%tr~‘% ARl @ ﬁ@ﬁ%ﬁey%‘ieﬁg THERAYRC PRSSPHIE t o
obt al n der | v aldny Pondpludifh SYHRHLY). €HORORSI Chen. ELAhLAL 2871 OUREYIgUY(UP to 10

times) to those of narciclasine and with better solubrlity in aqueous
solvents in relation to narcicl¥sine. I|ndeed, the presene of a WO

2010/ 012714PCT/ EP2009/ 059715, 2>sal*ii abl e ni tr ogenat Hrakes it
possible to increase the gol upilifty of the conpounds Hof i nvention
wi t hout decreasing t@gth‘ eaacti vity. {Q:Jrf; OH
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MWarciclasine 1 Pacratizitatin 2

The cytotoxic activities of these compounds led to the development of

15  research aiming to apply these properties to cancer treatment. Given the relatively

low content observed in the plant and difficulties with extraction, several access

paths based on the total synthesis of these derivatives have been developed [Org.

Prep. Proc. Int., 40, 109-61, (2008)], with the aim of preparing narciclasine and

pancratistatin or corresponding prodrugs. Narciclasine, which is more abundant, was

20  also described as an interesting precursor for obtaining pancratistatin [J. Org. Chem.,
66, 2583-7, (2001)].

However, in the field of medicinal chemistry, very few derivatives of
narciclasine have been described to date. Furthermore, narciclasine and its
derivatives often suffer from their low solubility in aqueous solvents or

25  pharmaceutically acceptable mediums.

The inventors thus discovered that introducing a nitrogenated group in
position 1 of the narciclasine made it possible to obtain derivatives with cytotoxic
properties similar or superior (up to 10 times) to those of narciclasine and with better

solubility in aqueous solvents in relation to narciclasine. Indeed, the presence of a



The present invention thus concerns a conpound with the follow ng general
formula (1): 5(1I) or a pharmaceutically acceptable salt thereof, an isoner
or a m xtwoeomfoizaeners in all proportions, in particul acTaEPNMEY7@S Of
enantionmers, and in particular a racemate m xture, in which: 10 Rl
represents a hydrogen atomor a linear or branched G to C6 al kyl, |inear
or branched . C6..al ke ,linear or. branched .C2 to al I ryl or
arylatkyl - gr S eRifaSFIE, el e i BRAISTY b, PR, SHRELAC T ar e
3- to 7- menbebegolinid PR iBadhtion GlithouBdetreabidg fhdiEESH LI ahﬁbi%ocycl e or a

| i near or branched Cl1 to 15 C6 al kyl, linear or branched to C6 al kenyl,
| i near or br anchedhepresgntagventiopdps caaseing magompoynd atith the defllawyipg general
optionally s?wl%_ﬁs.ed arylalkyl, C(O)R, S02-R, C(0)OR, C(O)NHR ,
NH=CNHR , C(= , (SR, C(SYOR, C(S)NHR group, where R and R’
represent, independently of each other, ahydrogen atom a saturated or
unsaturated 3- to 7-nenbered hydroga&blfn cycloe, 20 an optionally
substituted 3- to 7-nenbered heterotyt axtimegar or branched Cl to C6

al kyl, linear or branched C2 to al.ke w | i gear or branched C2 to C6

al kynyl, Cl to C6 hydroxyal kyl, gi Nj, rfoal kyl , optionally substituted
pol yam ne, pol yether, optionally st aryl, optionally substituted
aryl al kyl or optionally substituted groaryl group, or 25R1 and R2 form
together, .with the nitrogen atom bqa?i né’them an ﬁpti onal Iy substituted
heteroaryt or a 3- to 7-nenbered heterocycle, v\/nigI can conprise 1 to 3
addi tional hefehAahIButiANY a8RbiaBR&alt¥hGedXShit fsHh@FobY mikthictFadonirs Br anched
Cl to C6 alkyl, linear or branched C2 to C6 al kenyl, linear or branched C2
to 06 al kynylpropsrtydanal ky pasiculaetaemaensg| ofgermanpomergpand in particular a racemate
2010/012714P%§%§2009/ 059715 3 R3, R4, R5 and R6 represent, independently
of each other, " a 6hydrogen atom a saturated or unsaturated 3- to 7-nenbered
hydr ocar bon gyeh&hor a SO3H, PO3H2, C(0)0OH, C(O)R', C(0)OR', C(0)NHR',

C(S R, C{)S) OR', C(S)NHR group, where R' represents a hydrogen atom a

sat ur at ed0or "unatigprascads ahydrgesn atgm oretriaeas @1 fynched o éh Co il linganor 1 o

7- menbered hete opt +0 i h t I r,-Qr d G
to C6 al kyl grolrtj)%@éf(fl&f|C2n{e2)a§6 %?Ewhﬁ%ﬁgé% %%h?%d& tglc%ﬁu%ﬁ?’#naearor%?ﬁg%gﬁched
C2 to C6 al kenylgrodpi near or branched C2 to C6 al kynyl; Cl1 to C6
hydroxyal kyl; C_to C6 am noal kyl; optionally substituted polyam ne,

pol yet her;  opt i aﬁepgfsg%éﬂ?@m%a aé?rgr a gurgfpd 05 iapatyratsdndt 1o luspbered
10heteroaryl gr @ufocabofdyddd $407996hb&Ed hekmBcdelc GREMAcar or BRich& C; RP2H
chai n binding thé oxygen atons bearing them R7 represents a hydrogen

atom a [pnear 6k dkdndined @ btanclgsl &b Kyl Cs klkergdy locarhpnaboineltdCe: tto €6

insatbrated 3. BB hRgRrn bl gaf aihau e SRS EBRE,

S0,-R’, C(0)OR’, C(O)NHR’, NH=CNHR’, C(=NR’**)R’, C(S)R’, C(S)OR’,

)

C(S)NHR’ group, where R’ and R’’’ represent, independently of each other, a
hydrogen atom, a saturated or unsaturated 3- to 7-membered hydrocarbon cycle,

20 an optionally substituted 3- to 7-membered heterocycle, a linear or branched C,
to Ce alkyl, linear or branched C, to C¢ alkenyl, linear or branched C, to Cs
alkynyl, C; to Cs hydroxyalkyl, C; to C¢ aminoalkyl, optionally substituted
polyamine, polyether, optionally substituted aryl, optionally substituted arylalkyl
or optionally substituted heteroaryl group, or

25 R; and R; form together, with the nitrogen atom bearing them, an optionally
substituted heteroaryl or a 3- to 7-membered heterocycle, which can comprise 1
to 3 additional heteroatoms, and optionally substituted by a linear or branched C,
to Ce alkyl, linear or branched C, to C¢ alkenyl, linear or branched C, to Cs
alkynyl, arylalkyl or heteroaryl group,



RO and R9 represent, independently of each other, a hydrogen atomor a

| inear or branched G to C6 al kyl group, such as a nethyl. In the
present iwoentoapi4” phar maceutically accept abl e" ref ersprwo/gpbaw/osdriich i s
useful in the preparation of a pharmaceutdi cal conposition which is
general ly safe nont oxi ¢ and nei t her brologrcally nor ot herw se

undesi r abl e, ch i cept abl e. for as_hupan
pharnaceutlcal éwﬁh ﬁ‘ d%% E 4y @5?%?“ e%F ﬁﬂ aﬁ?éﬁgg? §)60npound

desi gnates, in thgrapddesi@mbativeIs- |t@ﬂrm@fﬁbér§d ﬂ&ﬂrﬁ&hr@dtﬁcﬁﬁb%ﬂ%@}ﬂlmﬁgﬁzy
acceptabl e, as defined above, and mhrchcfosses t he desired pharnacologrcal

activity of theGeh@h: %@ﬁ%b’uﬂdo)%fm@ W eSHR p SR arC@INHR’

addition salts f Wit 1, | L@ r C
hydr obr om ¢ acr&ﬁﬁgﬁﬁ?Urﬂg a %%ﬁnr rrcE%%rggﬁ%%%g%ﬁ%gfg%g%ﬁﬁhggg E?%i | ar;
or fornmed5swi th oicgarreal agdld;Samuxt heyate; at €3-1 @ demdmbbred zenesuydoiptioadiyd,

benzoi c acid, canphors nlc acid, citric acid, ethanesu|fonic acid,
fumaric acid, gPHeHHYE fff @ Lipgag or ranelsd &1 ek alkyl %FPH%%'I%??F@T bganghedl i ¢

I y Yy 1ir®Gt §r bran 2Xt36 i3k 6r BGhéhed | '
acid, 30 hydro rr@@gtangﬂc&g Zabydre Jrara ffueasaraeh l@ctdl €, aci d,

mal ei ¢ acid, malic acid,” mandelic aci ane oni ¢ acid, muconic acid,
2- naphthalenesuh&gnyh(acde6dmdphga&gld31d)Csahnmmh&ylanﬁﬂndgusdmnhnahcrd
di benzoyl -L-tartaric.acid, rtaric id, toI ul fonji.c acid, ..

ot ol acet | ¢ PabRERE fyoiBib amepra ot SHRF it Pl Substicured
2010/ 012744PCT/ BRRRNASY 1P L or 4 In the present invention, "isonmers"”
desi gnat es di ast ereoi’soners or enantioners. These are therefore opti cal

i somers al so calRsedd Ruttegashirdorre es CRsRy-e 80 -somdzHatshain bardingte axygeror

i mges of each o%her(%rg %hus designated by the term "di ast ereoi soners”,
and stereorsonersn%h ¢h %re Aon- superi nposable mrror 5 i mages of each

other are desi gt &@rdayntt Aehydesdon"O@NE [1008Y & bradeiedrdon af emlybquiedr bo four
non-identical radicals is called a "chiral center”". An equino m Xt ure of
two enantiomers F%wé%ipeeoé%ﬂﬁeehﬁpé ligpat @iy ranghed Hﬁe“S@m@&Q@V EIEP S ek ent

nvent{ of. " Nal QUERlcd B LAuBRG SRR AL AP, of ol ne

atom 10"Li near ranch desi gnat es,
in the sense=of Rshlﬁd mgeslﬁ*esent nu@pbndmﬂy@f leaahegtheron hpdr@pehadnsatalimhaeor

hydr ocar bon chai n cqgg isi 1 to 6 carbon atﬁ This may be in particul ar
a methyl, ethyl Pragely éyV’ %%ﬁé%ﬁﬁﬂsu BHYFY s0-butyl,  sec-butyl
tert-butyl, n- penﬁﬂhm%ﬁ@%n@ﬁ%&hmﬁfgﬂﬁnnmkhﬁéﬁ zQEqQQﬁ@CﬁﬁQsﬁﬁmBPwﬁghm
hal oal kyl " desi gnates, 1 n the sense of sent 15 invention, I 1 near
or branched ﬁmeﬂﬁnﬂjﬁeqthﬁmgnm@ma@hmdemmnedlahnmeﬁusubthUﬂmﬁdmbyyem@ or

e Lo E B PR e S5 a1t RS RSe 2yl
branched C2 tgr feferlakilitlas woill ashtdraffPh@inkeRBitical Gsi gnates, in the sense of

t he present invention, a Irnear or branched hydrocarbon chain conprising 2
”Pharrnaceutlcally acceptable salts" of a compound designates, in the present

invention, salts which are pharmaceutically acceptable, as defined above, and which
posses the desired pharmacological activity of the parent compound.

25 This involves in particular acid addition salts formed with inorganic acids
such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric
acid and similar; or formed with organic acids such as acetic acid, benzenesulfonic
acid, benzoic acid, camphorsulfonic acid, citric acid, ethanesulfonic acid, fumaric
acid, glucoheptonic acid, gluconic acid, glutamic acid, glycolic acid,

30  hydroxynaphthoic acid, 2-hydroxyethanesulfonic acid, lactic acid, maleic acid, malic
acid, mandelic acid, methanesulfonic acid, muconic acid, 2-naphthalenesulfonic acid,
propionic acid, salicylic acid, succinic acid, dibenzoyl-L-tartaric acid, tartaric acid, p-

toluenesulfonic acid, trimethylacetic acid, trifluoroacetic acid and similar.



20 to 6 carbon atons and conprising at |east one double bond. This may be
in particular a vinyl or allyl group. "Linear or branched C2 to C6

al kynyl " we2ogmatas, in the sense of the present inventipomEPa0OREEF OrF
branched hydrocarbon chain conprising 2 t4o 6 carbon atons and conpri sing at
| east one triple bond. This may be in particular an et hynyI or 25 propynyl

group. "Cl droxyal kyl." desi nanes
present inventi ontIn %O-}y%?em HB’Sth%Ptolﬁo elrsm)l eélﬁln e§/| glagtefeorﬁgmers
branched Cl teﬁaxfaﬁnaarkywh@reou@, tir &Ry pliyall isBERFs 28D d@mddne@lte@b@mersl’t mey

be in particular a -(CH2)"OH group where n represents an integer conprised
bet ween 1 andét@coiguney whichcgeant AvaPkiragey ek piphathbey arg thusiiesigasfed bythe he

present '“Ve?%%d ﬁEr grgfsouﬁ’n&)Q Fé%lstgﬂy&{]%h%ﬂl %%Uﬁ&déqpl negbéa@?eahn&{ni

branched C1 oup, prefera i near, as ove.

be in parfi cmdnagesaofeéc@l-dﬂh N2 dgpi gnape dvilyeh e tanmr epargoets’. an 1 nt eger corrpri sed
between 1 and 6. 010/0 2714PCT/ EP2009/ 059715 yet her

desi gnates, in thé %aé JHOHB d fy fose Ren-idspten | %Ca?salslcﬁlﬁ@a% O%Valr‘i?é‘éqrbon

chain conprising 6t uﬁéolﬁ%%e%’f% eneﬁlttlohfé?ssﬁ c&l‘f&i @Jacétﬁ@t@ ?ﬂl%{‘éjon at ons

bei ng replaced with oxygen atons, wth the condition that two oxygen atons
can not be | ocat edn the sadjcanfethe pmmttmmm&on'[’lhabgmmfyrdﬁ@s tona plapting whhring, PEG

5( pol y(et hyl gne %I yco naghai n conprising notably 2 to 7 ethylene glycol
NONOMEr s. 4fe°Mgesi gnates, in the sense of the present

inventiong a li neaLmEMderﬁﬂ{ch@d‘CEIE@CQal&?%r'“%@flgﬁ)ﬁlkt;@’ deRighalchan 1t QA% at
| east two of these carbon atons being replaced wth nitrogen atons, with

t he conditi oeft that pteamtmrwe@ty@n at bagar can hyanchpe $a<§1¢rat6édhydfoaaijoam:eqham

posi tions. Sal t.i cul ar. .neet.. t he 10f f ornul a:
A o) o ne anp CeBYbY e Peloh 4 P8t s RSLNE PR B ST

i ndependent | yso@fopgﬁmhbmylh@brbwﬁ $eﬂl‘tﬁlgﬁ[teﬁC1ﬁiWU ﬁp&t?pdmmylgmg 5 and d and
e each represent| ng 0 or an exanpl e e.a spermdine-type
chain, i.e. with f }nﬁ@,‘q(ghrq 1ohed 4 t0) 66 Mlpqlba]é)dgmgmges@m the sense of the present

L3 R P RO, D 5B o
NH- ( CH2) 4- NH2ne or severdlhhadogral stamb,nia paticdpt bpoat Idy sbeersluﬂmmﬂeudnedﬂom e
particularly on the. nitrogen ato par an N-protector group
such as (Ci - GEPE KIS, NP mmmﬁegéndgfﬁ "thgel g %fe}lpcs) al kyl ,
- 00- (C2- Co) al kenyl"Llne% Krbhen€@) Bl e X a@lEeng;p)@lj l‘(@?ﬁ@alkenyl” designates, in the
sense of the present invention, a linear or branched hydrocarbon chain comprising 2
20  to 6 carbon atoms and comprising at least one double bond. This may be in particular
a vinyl or allyl group.
"Linear or branched C; to Cs alkynyl” designates, in the sense of the present
invention, a linear or branched hydrocarbon chain comprising 2 to 6 carbon atoms
and comprising at least one triple bond. This may be in particular an ethynyl or
25  propynyl group.
"C; to Cg hydroxyalkyl" designates, in the sense of the present invention, an
OH group bound to the molecule via a linear or branched C; to Ce alkyl group,
preferably linear, as defined above. It may be in particular a -(CH,),OH group where
n represents an integer comprised between 1 and 6.
30 "C; to Cs aminoalkyl" designates, in the sense of the present invention, an
NH; group bound to the molecule via a linear or branched C; to Cs alkyl group,
preferably linear, as defined above. It may be in particular a -(CH,),NH, group

where n represents an integer comprised between 1 and 6.



Said optionally substituted polyam ne may then neet the foll ow ng general
formul a: 1(CH2)a-NALl ] d4(CH2) b- NA2- (CH2), - NA3L-H, 25a, b, c, d and e being
as defi nesoabovazand Al, A2 and A3, different or preferablrEreaentieal ,
representing a hydrogen atom or an N protsector group such as (G C6)al kyl,
(C2-Co6) al kenyl, -00-(G -Co6)al kyl, -00- (C2 Co) al kenyl -002 (Ci C6) al kyl or
-02- (C2- C6) al keny er ctor roup,; desi nse of t he
present invention, iJOly%tﬁ %gtl.)gnwf"n ’cﬁns%lFe etnﬁeq%I ﬁlgl eﬁ%nt mvg i Ve hsnle tin a
mul ti functi orngzhro@%pwﬁ@lnsa&iprish@t 6 @ CbesEH SRl atb@BCA 1Rkt TAY d“f&h@s%f &drlesh out
sel ectively at another unprotected reactive site in _the neaning
traditional | ponasshranstapbrcod pitht axygen atogypnviteghe C@rdetmrsthlaytwo oxygen atoms
“N-protector . S e t any
subbt i tent S aivtproroeRar i dint RBRSCTRN  baF B SFPBhuk SR PR
reactionss squbblyMlhyl?@ﬂ:(ylja:bDY&Wéﬁmﬁﬁ)@h&ﬁ@l&mo@ ahyléﬂwgl%qdmmew groups
described in Geene, "Prot e(i:t] ve Goups In Or@gnl c synthesis", (John Wl ey
& Sons, New York (H9samncetdosignatesoin dhe gpnsce RETSGRh SFYeRY: hidtlincar
Organi c Met hg ?&rocar\@ﬁ $haih cto%clﬁ 6 W llgycaigbo?loﬂ§ms 109[71%a§t9vv1’)9 )neseT on
N- protector groups conprise mat es (such as - - al kyl or
-0R4C2- 5 Céjmhskzmgd 1)ep1aa¢d web n(tmhl atmnS- @@h(tlﬁ Gcw)tainktilat two nitrogen atoms
- 00- (C2- CG)aIke al, k Nal ken rivatives, am no.acetal
der vat 1 vob. CRE DY IoCkE Y agiRtaad Posi R, SHEF B e St SRR E Ao 4 ves
and N-hetigr oq@lmlgg%qu ves. In particular, the N-protector group includes
fornyl, acetyl, benzoyl, pivaloyl, ﬁhenyl suI fonyl , benzyl (Bn),

t - but yl oxycar bonyI (Boc) bEG R ) OX a{(@dﬁyNH (B));- Nﬁ]e met hoxybenzyl 0

xycar bonyl , iLr rbon 4] xycarhb
al | yl oxycar bonnll ﬁﬁn c%l re@e%/efl elﬁly?l’enfi%ntfoxy %b o ?/ n %%/ef biEa

trifl uoroaceugyﬂweebqrumls @ardballa&st@ah@iﬂmﬁmﬂg.m edi1.or not) and simlar. It may
be in particular a Boc group. "Aryl" designates, in the sense of th

present inventi onASaH AR iténa@’rmspenalcgme‘e%wbm it fgrrﬁ@l%(@ﬂz)ao
carbon ategns BOMRHLS r C henyl
or napht h)g/)l é\rﬁ?)gc i orﬁzeélra%p(?g% &Hv@ 4geo 53% ﬁ%lc[g& %ﬁ%%‘gﬁhth%rﬁ”ﬁm S
aryl group nmg¢HepNIiaH,))-Nié-(€tbstNHuoed chnnpanhlfonhﬂa WYHon NI CEgMer al
groups Choserﬂﬂigﬁn%ﬁ\l hal ogen atom an optionally substituted pol yam ne, a

| i near 20 or to C6 alkyl, linear or branched Cl1 to C6
hal oal kyl, -CN, - @,% B A6 ;and: T&{ | AERY pRHki Qlléﬁ chedLL to
C6 al kyl )-NASA6 (in pg |Cllﬁear 9%10%"@ ° rOl}lp W t ﬁ% 1rce resentl ng a

hydr ogen at omtmgea dtomsain partibrlanbhed Nﬂprot@cm gadupy buar au (C1- @@dlkyl (8% and

25 br ancbd Coks s ROk o o OdCagrnireh BPRETn el £dagE™

7-merrbered hydyaacarpon cycle, or

Said optionally substituted polyamine may then meet the following general
formula:
-[(CH)a-NA]4-[(CH2),-NA,-(CH;)-NAs]-H
25 a, b, ¢, d and ¢ being as defined above and A;, A, and A, different or preferably
identical, representing a hydrogen atom or an N-protector group such as (C;-
Co)alkyl, (C,-Ce)alkenyl, -CO-(C;-Ce)alkyl, -CO-(C;,-Co)alkenyl, -CO,-(C;-Ce)alkyl
or —CO,-(Cy-Co)alkenyl.
"Protector group" designates, in the sense of the present invention, a group
30  which selectively blocks a reactive site in a multifunctional compound such that a
chemical reaction may be carried out selectively at another unprotected reactive site
in the meaning traditionally associated with this in synthesis chemistry.
"N-protector group” designates, in the sense of the present invention, any

substituent which protects the NH or NH; group against undesirable reactions such



A5 and A6 together formng, wth the nitrogen atombearing them a 3- to 7-
menber ed heterocycle, saturated or unsaturated, which can conprise 1 to 3
addi ti onalvohetesaneattons, and optionally substituted w thpeTEPr@ansoms
branched C1 to C6 30al kyl group. "Het eroaryl " group designates, in

t he sense of the present i nvention, any aryl group as defined above in

whi ch one or arbon ato [ epl.ac e 9 vera

et or oat ome. “adbart RGERUeT Fratrs reat e i TG  BRSCRE, SERS o BGHE,  wo
2010/ 012714P@§rﬂtﬁ&2@’0@70ﬁ159’711@ & ain@nﬁewf&curk@ gmp &. Heﬁﬁﬁlﬁpétfafﬁ @orﬁpeh@mﬁﬁr yl
groups are fur t hi ophenyl, pyrrol razonI

i mi dazol yl, ®©f %ﬁ&t@ﬁﬂﬂ Orgagicr MeBOgs”, HPY& M@/g q%ﬁ@sgysrohsm 19¥1rm E Yot Ereddr v
group may Optp!r&gé{)ﬂ éré?ff) s SUSSE U @t%:ma't& Ps%Eﬂ'a%”' e@é’ gé? ﬂcgrsglt‘gi la(b groups

chosen anong a atom'and a near " or branc

- 0A7, NA3A8 (E)’ﬁﬂkeﬂ§[)2ﬁﬂldgﬂ Qaugh \ak -G OAIC, aylalidg, e@@(@a&l@aﬂg:nal)hwdaﬂbgeﬁ Mt om or
a Ilnear anchggg to C6 al kyl groHp as. previously defined.

"Aryl al kyl glagi? VahutSesaming t arstal o dEVasives.n NBERGE nEdCTIVAIRES dRNGN
aryl 9roup aYeAehiRedraRRKCIRRYAL A0S RRLASHIRriviified Il fFRRuA! HRngnched
Cl to C6 al kyl group as defi ned ove. Preferably, it benzyl group.
10Thi s arylamhybagngmmpnavudgﬁﬁmmalhyeb@'@m&eﬂ;pu@@@l]ﬂmeybuﬁmm& benzyhe
aryl core, arti ne or veral rou chagsen. anon hal ogen
atom an opt :a%ﬁial I y%g)ﬂgg‘?’f%ﬁli 88y1pol y 51 IZBH%W% ]rancﬁ(glEF tB Co

al kyl, 1 'lﬂea'inéﬁ{oxgbé’t%ﬂﬁ‘;czgﬂ)oﬁﬂ 09 M&%&deyca@hyl N%hlor@@ﬁoxycﬁpc%ﬁﬁ}l

-NA5A6 and -(linear br anched to C6 al kyl) - 6 (in particular

- CH2- NA5A6) @Tﬁﬁﬁ)mlb&pxywbmylr(erbkoe)s &nﬂuqrgnxémht}namwarbmﬁ r(Fmpc)a tiiflygsar or
branched C1 to al k rou and and e i .ndependent | y of
each ot her, ac%¥ é% 3 %%ﬁeg(wﬂﬁUf?méy anéﬁgﬁﬁ%fq% 2 ARG S or a
saturated orfmmggﬁquated 3- to 7-nenbered hydrocarbon cycle, or A5 and A6
together formng, with the nltrogmn atom bearing them a 3- to 7- 20

nmenber ed het er ocycAEyl" datigiatsed Bic RSPt EESCOHHIVERLIQTR ANCEPHAIG 8IOUDt 0 3
addi tion h o] [ t u I

branched§é1 ?&3%%§§1§§?mﬂﬂ%%9ﬁBiﬂﬁéﬁt%éﬁﬁﬁﬁd?ghé lﬁ%@g?ﬁég%ggﬂ£ﬂe§?%%ates
in the sense cgéled, meraesaarphemyiv(ﬁnhaphjthyltgialhp,tﬂme egamph:. iAsdvaatagea@tsBg iofis

conprises one or several unsaturations.
phenyl.

This aryl group may optionally be substituted, in particular by one or several
groups chosen among a halogen atom, an optionally substituted polyamine, a linear
20  or branched C, to C alkyl, linear or branched C, to Cs haloalkyl, -CN, -NO;, -OAy, -
SO,A4, -NAsAs and —(linear or branched C; to Cs alkyl)-NAsAg (in particular —CH-
NAsAg) group with:
A4 representing a hydrogen atom or a linear or branched C; to C¢ alkyl group, and
As and Ag representing, independently of each other, a hydrogen atom, a linear or
25  branched C; to Cs alkyl group or a saturated or unsaturated 3- to 7-membered
hydrocarbon cycle, or
As and Ag together forming, with the nitrogen atom bearing them, a 3- to 7-
membered heterocycle, saturated or unsaturated, which can comprise 1 to 3
additional heteroatoms, and optionally substituted with a linear or branched C; to Cg
30  alkyl group.
"Heteroaryl" group designates, in the sense of the present invention, any aryl
group as defined above in which one or several carbon atoms have been replaced by

one or several heteroatoms, advantageously 1 to 4, such as sulfur, nitrogen or oxygen



25" Unsaturation"” designates, in the present invention, a triple bond or a
doubl e bond, and preferably a double bond as it is present in a cycle.

" Sat ur at estoeniumsAatur ated 3- to 7-nenbered hydrocar bon eytiEr00d@si7gnat es,
in the sense of the present invention, a73- to 7-nenbered hydrocarbon cycle
which is saturated or conprises one or several doubl e bonds. This may be in
particul ar a cIo cycl o cIohex .C ohe t

cycl ohexenyl grntljgu "B El}p?ﬁ?yﬁb}i ¢ © pﬁ s%’% &t 0&‘?5&%%% 1 (%%Pphené’yéﬁ'rm?yl
conprising OP?”@M pﬁl/rﬁfd@zl pgifaubllye @m@l&yl Qﬁ@zfoﬂ?}l‘laﬂé{ryzolyl(lfr iRdyl AebpRt ageousl y,
the cycle w rise 5 or 6 nenbers - to 7-menbered

het erocycl " desi %&t@eraawyam@aanPWIlé beﬁbﬂrta&eédlnopam%%ww aleel  as

defi ned abov V,

20101 012714 100G GBS r AR e P Il BB gPERE, B ko
advant agefusl-@Al, MNAAs;sndhSAsA; aupexidnpl and syldesipnatitigt 4 bgd&rogar atomy@@n
atons and pr ferably n Qgen atom; This may be in particular a

mor phol i nyl , lﬁP?Hé)rré’Earnﬁb?‘{ Cpioder 2yl gipup W?Y}P‘il%%i ﬁ%ﬁ]negr triazolyl group.

" Het er oat ons” desk gRalIRs| %ﬂaugaa&g dgrﬁ'te%r uﬁth% chitf of el FrRQAN iRfenQY, 9eNardf OM S

According to one partic nt of e Invention, R2 represents a
hydr ogen at ogrowp satetinat ehi)ve boumd tat the atoéed:uR:- vit @ 1171€mmrﬂmat®¢iedh ¢dtoCanlbgh

cycle, a 3- to 7-ne het roc Ie or .a linear or branched G to C6
al kyl, |ineaf™8¥ ﬁﬁrdﬁnﬁﬁ?‘fgég’ YSPGE%) 1ﬁ<18ﬂ3henz3fllgﬁ°é’é’r or branched C2 to C6

| kynyl , 19pt | | | t |
eé( 0§'nF€y égg 'R ona mlsw&m&x (L%r@l& &ay %ptfa,aa Ba sthtﬁh'tlé% pﬁeﬂir@cqy Iyl 4yl

C( S) NHR gro@pre meqaethularrlappe@mtw@ratsgm@s Whomnb@pegi aﬁé@leg@tyam aIDr a

| i near or br ang al .k i n ar_.or. .br anch J ken ,

| i near or br QR na ycﬁlbtstlt % %?IXXminle 4 metar O&éjrﬁncéllﬁgxylaﬁi)ﬁt @

am noal kyl , Fbﬁin)éﬁéﬂ g, to POy hﬁbdﬂeyl -ONY I-N0g] YA UISSY, AL uNeals ar md Qﬁbmoalal Iy
substi t ut ed aryl al k or optionally substituted heteroaryl roup; or 15 Rl

|
and R2 form L&gehefke ) tofFeiotthdN Asis ks gericatas mChed¥ A rfyy) FaiM Wi het er oaryl or
3-t
heter ot ave. TR st baaryy cedh ol GG SOSRAEE Ch o0 & ASERO A8 | o

al kyl , |i nearAsamdbAarnpsdntGR, tindendehide of Ie,acli btheara bydrbgemnalbmd aQthetnoCo
Pt on” sk oot 3 ot 3 Sora 6 b 6 TR
R2, R3, R4, gdm@gbgﬁl%ﬁg Are as defined above. According to a first

speC|f| c enbodi nent r'epresents a hydrogen atom a
As and Ag together forming, with the nitrogen atom bearing them, a 3- to 7-

20  membered heterocycle, saturated or unsaturated, which can comprise 1 to 3
additional heteroatoms, and optionally substituted with a linear or branched C; to Cg
alkyl group.

"Saturated or unsaturated" designates, in the sense of the present invention,
that the group is saturated or comprises one or several unsaturations.

25 "Unsaturation" designates, in the present invention, a triple bond or a double
bond, and preferably a double bond as it is present in a cycle.

"Saturated or unsaturated 3- to 7-membered hydrocarbon cycle, designates, in
the sense of the present invention, a 3- to 7-membered hydrocarbon cycle which is
saturated or comprises one or several double bonds. This may be in particular a

30  cyclopropyl, cyclopentyl, cyclohexyl, cycloheptyl or cyclohexenyl group. Preferably,
it is a saturated cycle or a cycle comprising one or several double bonds, preferably 1
or 2. Advantageously, the cycle will comprise 5 or 6 members.

"3- to 7-membered heterocycle” designates a hydrocarbon cycle, saturated or

unsaturated, as defined above in which one or several carbon atoms have been



| i near or branched Cl1 to C6 al kyl, linear or branched C2 to C6 al kenyl,

| inear or 25 branched C2 to C6 al kynyl, aryl, arylalkyl C(O)R, S02-R
C(0) OR , wo20(0@)dHR group, where R represents a 3- toPCI/EPORONST1S
heterocycle or a linear or branched Cl1 t& C6 al kyl, linear or branched C2
to C6 al kenyl, linear or branched C2 to C6 al kynyl, Cl to C6 hydroxyal kyl,
C to C6 am noal kyl ql yam ne,, pol vet her, optionall ubstituted aryl,

opti onal |y SCBBSR GV S GPa i etgpatEie, dohatyroltiSst 1o FRER dyigr Safpit
opresents & || near o branchel O Lo G mear ShRy! foroup or an Ayl

ar i;l ta! t<y|t gr Pﬁ?ﬁé%aﬁ}ql‘p@liﬁé{bPiﬁehfﬁa/ﬂ,ypip@&i@’loﬁyl‘%ﬁw%P’{)‘!I’}ﬂz‘b]éi ﬁ{@}lﬁpé i o’Bal ly
substituted wi ef. & r ed above
and advantageousl§H§%§%32§%?%ggn%ygﬁéggﬁmgﬁggﬁgpgg Fgéggfogﬁmggéﬁghed Cl to
t5C6 al kyl Sgr oup, ];a_mdoqdnn%fg)_rajhﬂ paﬂh%ﬂ]&ﬁ%gﬂbbémfﬁ:nhpﬁ:ﬂmgﬁ?eﬁﬁ@mth ;epger]seﬂt@q?r di ng
at om boar | ng WWHRHEM SORbESHORYE! & WBETBHEN 1y CobSPReAgoSiosbgn sHeleghen o
123 tri ane] o hamdteE RTPORIES: P P oriPRar() SHCPaRR. PnllrepbkR®: O 3
al kyl, linealCap QDbkemdhkuakbaCor tboarCBedlCkenyls alkymdapptoonaly anbdtgateC2artlo C6

%5 and o1 opPugly” Blactlgoh SEOMG: ma-ry SUPOHER SO,
SOBH, PO3HL. orQQNRH GIORY, CEYOR" I ESAUIMRNGAIBOUSLY R RRproEhiaRd. Rp7ach

represent a hydrogen atom 15 and R4 represents a hydrogen atom or an SOBH,
PO3H2 or C( Oymbprasulicterocycle, oEguaichyorbiaaghcd dadaglealkykaliznat oRlrageld C-
represent a h ogen at.om or. .t oget f a - -~chaj n a i ne
Cbove, R and® 6 Ai0uhIBTEShLPREIR: L SR P ] GyRlteifafn B
Preferably, ahlindfkylhsolyasineapslydtBer, Botion2Hy anbstitGcd api esRivhakdy Bytdtiagen

atom 20Advant ageous, R/ represents a hydrogen atom
arylalkyl or optionally substituted heteroaryl group; or
15  Rjand R, form together, with the nitrogen atom bearing them, a heteroaryl or a 3- to
7-membered heterocycle, which can comprise 1 to 3 additional heteroatoms, and
optionally substituted by a linear or branched C, to Cs alkyl, linear or branched C; to
Ce alkenyl, linear or branched C; to Cs alkynyl, arylalkyl or heteroaryl group.
In particular, the compounds of the invention meet the following formula

20 (Ibis):

(Ibis),
for which Ry, Rj, Rs, R4, Rs, Rg and Ry are as defined above.
According to a first specific embodiment, R, represents a hydrogen atom, a
linear or branched C; to Cs alkyl, linear or branched C, to Cs alkenyl, linear or
25  branched C, to Cs alkynyl, aryl, arylalkyl C(O)R’, SO,-R’, C(O)OR’, or C(O)NHR’
group, where R’ represents a 3- to 7-membered heterocycle or a linear or branched
C; to Cs alkyl, linear or branched C, to Cs alkenyl, linear or branched C; to Cg
alkynyl, C; to C¢ hydroxyalkyl, C; to Cs aminoalkyl, polyamine, polyether,
optionally substituted aryl, optionally substituted arylalkyl or optionally substituted



Preferably, the radicals R3, R4, R5, R6 and R7 each represent a hydrogen
atom According to one particular enbodi nent of the invention: R1
repr esentwoaofyderagen atomor a linear or branched G tec@&padodypsorgs oup,
25- R2 represents a hydrogen atom a sat@ated or unsaturated 3- to

7- menber ed hydrocar bon cycl e, a linear or branched G to C6 al kyl,

aryl al kyl , group 'th R

representi ng%gte aa{ﬂr%i)@d fipﬁ?‘lfqatgt}'r wpers lg( e%)reseintﬁen%lg Ic]ﬁhegagl 6cycI e,
an optional | Yinsargit csyl fekthupChr3n abyd, drylBEDeF Bélcldetye basipCthe ,arﬁ cbtertﬁ“@aldcgrroup
30branched G to al kyl , optionally substituted aryl, aryl al kyl

het er oaryl gbsig, opapnallymlbaﬁuteézmﬂbwﬁ ProgEeab Fluore eﬁomheanﬁl Ry igge rﬁieﬁneﬂn
bearing them,, ﬁf&t A&Qﬁ‘ﬂa% 1‘5{/%% éﬁ&%&' hgﬁélog&{)é%% %ro{ liffca? or bR JEEPE ed

het er ocycl e, can co I ona eroatons, and
optionally smaaﬂk[yﬂ gioag, aidt preferabdy mbregbrﬁmp)hyén@@enh‘t&n

2010/ 012714PCT/ EP2009/ 059715 10 fR4 595 R6 and R7_each represent a
hydrogen atom or ACR a}gdtomsqceg%ﬁh@ﬂ 1§ gmppdmepiRdhoand Ry form (geetheireVidhd Ro

P St 0w AUSREPUERLL B AR, SESEESI SIS cobpBPOTES lpis
enbodi nent ofatanise andpeaftrably, contyerisoend dabdsembers, such as a piperidine or a 1,2,3-
triazole, optionally substituted with a linear or branched C; to C¢ alkyl, linear or
10 branched C; to C¢ alkenyl, linear or branched C, to Cs alkynyl, aryl, arylalkyl or
heteroaryl group.

Advantageously, Rs, R4, Rs and Rg represent, independently of each other, a
hydrogen atom or an SOs;H, POs;H, or C(O)OH group.

Even more advantageously, Rs, Rs and Re each represent a hydrogen atom

15 and R4 represents a hydrogen atom or an SO3H, POs;H, or C(O)OH group.

Equally advantageously, R3 and R4 each represent a hydrogen atom or
together form a -CRgRy- chain as defined above, Rs and Rg advantageously each
representing a hydrogen atom.

Preferably, all of the radicals Rs, R4, Rs and Rg represent a hydrogen atom.

20 Advantageous, R7 represents a hydrogen atom.

Preferably, the radicals Ri, R4, Rs, R¢ and R; each represent a hydrogen
atom.

According to one particular embodiment of the invention:

- Ryrepresents a hydrogen atom or a linear or branched C; to Cs alkyl group,
25 - Rj represents a hydrogen atom, a saturated or unsaturated 3- to 7-membered
hydrocarbon cycle, a linear or branched C; to Cs alkyl, arylalkyl, -C(O)R’, -
SO;R’, -C(O)OR’, -C(O)NHR’ group,
with R’ representing a saturated or unsaturated 3- to 7-membered hydrocarbon
cycle, an optionally substituted 3- to 7-membered heterocycle, a linear or
30 branched C; to Cg alkyl, optionally substituted aryl, arylalkyl or heteroaryl
group, or
- Ry and R, form together, with the nitrogen atom bearing them, an optionally
substituted heteroaryl or a 3- to 7-membered heterocycle, which can comprise 1

to 3 additional heteroatoms, and optionally substituted with an aryl group, and



of the invention neet the following forrmula (la) or (Ib): OHOH R R2NORi
R2N OH O(la) orOH 0O(1b), with RL, R2, R3 and R4 as defined above, and in
parti cul avowntoniR34and R4 each representing a hydrogen aCompesoopswss bl y
together formng a chain -CR8RI9- as 10dei®ned above. Advant ageousl vy,
R2 represents a-C(O)R group with R representi ng an aryl group, preferably
phenyl, optional]y I tuted I ned above and

advant ageousl y rlﬂépRéfsesnPé alé& ﬁyg?%ggﬂreg‘?mahyamgen atom, or’ " particul ar, the

conpounds of 1t h@;ian¥ R ttb@thdrRyrnbe -CRgRL’Rhanpng the 15 fol | owi ng conpounds:
WO 2010/ 012714PCT/ EP2009/ 059715 14 HNN H
with Rg and Ry representing, independently of each other, a linear or branched
C; to Cs alkyl group, such as a methyl group.
5 According to another particular embodiment of the invention, the compounds

of the invention meet the following formula (Ia) or (Ib):

(Ia) or OH © (Ib),
with Ry, Ry, R; and Ry as defined above, and in particular with R; and R4 each
representing a hydrogen atom or possibly together forming a chain -CRgRe- as
10 defined above.

Advantageously, R, represents a—C(O)R’ group with R’ representing an aryl
group, preferably phenyl, optionally substituted, and Ry is as defined above and
advantageously represents a hydrogen atom.

In particular, the compounds of the invention may be chosen among the

15  following compounds:




NH NH, OHO 35\ N OHO 37 The present invention also concerns a
conpound of the invention as defined above for its use as a nedicinal drug,
i n parti ombaniovmtanded for cancer treatnment. The invent ipom/ERbao/osomEer ns
the use of a conpound of the invention a$l5defined above for the
preparation of a nedicinal drug, in particular intended for cancer

treat ment. The invention al so concerns a nethod fqr, cancer treatnent,
including the adm nistration of an effective quantity at | east one
conmpound of the invention as defined above to a patkent in need thereof. 10




The present invention also concerns a pharmaceutical conposition conprising
at | east one conpound according to the invention and at | east one

phar macewvoeaidoi2aacept abl e exci pi ent. The conporodxrPa@oOsiifng t o0
the invention can be adm ni stered by oral? 15sublingual, parenteral,

subcut aneous, intranuscul ar, intravenous, transderm |ocal or rectal route,
and preferably intravenously or orally. I n the_pharnaceuti cal
conpositions of the present invention for oral, s IanuaI, par ent eral ,
subcut aneous, i ntr apks O bt ravenous, transder Qlgor WO

2010/ 012714PCT/ EP25 15 rectal adm nistration,,the: acto ve

i ngredi ent can be ad¥ni st exed unitary adnlnlstratlo 5, mxed with
traditional pharnacegtl al ms, to animals orghupans (table unitary
admi ni stration forrrg or al°ff orns such as t<ab caps@fes, powders,
granul es and oral pNH suspensi ons, subl irggtral=apdVtbuccal 5f orns of
adm ni strati on, parenter= subcut aneous, intranuscular, lli ntravenous,

i ntranasal or intraocul a f8 ns of adninistration andteftal forms of

adm ni strati on. Whengone prepares a solid conposijg on in tablet form
one m xes the main active'Thgredient wi th a pharnmaceutiTal excipient such
as gelatin, starch, | 0ose, nmagnesium stearate, talc, gum Arabic, or
simlar. One can coa tgblets with 10 sucrose ot her suitable

materials, or they cam-bepromessed such that thg avq{anmextended or

del ayed activity and contjyapuqusl yurel ease a predeteérwingd guantity of
active principle. li!]alns a preparation ingaps y m xing the
active ingredient wgé jAuens gnd pouring the & W 8 igded in the
soft or hard capsulés preparation in syrup Q et i arm can contain
the active ingredi eno] NMvith a sweetener, ao ¥ c, as well as
an agent providing a sui e taste and colorlng OH Powders or
granul es di spersible in water can contain the active |ngred|ent m xed with
di spersion agents or wetti2lg agents, or suspension ager2s, |like with taste
20correctors or sweeteners. For rectal adm nistration, one uses
suppositories, whi gr e, prepared with binders whi @ t at rectal

tenperature, for exang cogoa butter or polyethyl g gl yeo |s. For

parenteral , intranasal™or fnte&ocul ar adm ni stra¥fon,” offe u@es aqueous
25suspensi ons, isotonic saly @Hut i ons or steride andm nj |l e
sol utions which contain

<° OH <° OH




phar macol ogi cal |y conpati bl e di spersi on agents and/or wetting agents.

The active principle can also be forrmulated in the form of m crocapsul es,
possi bl y wibt2bioznerier several additive carriers. The conpoumPsofsizhe

i nvention can be used at doses between 01®1 ng and 30 1000 ng per day,
given in a single dose once daily or adm nistered in several doses

t hroughout the day, for exanple twice daily in equal doses. The dose

adm ni stered per day 1 vant ageously bet ween 5 ny i 500 ng, and nore
advant ageousl y bet wee oand 200 ng. It nmay Mg _ng saoy to use doses
out si de these ranges, i chf on@skilled in the art may rd allﬁb himsel f. WO
2010/ 012714PCT/ EP2009/ 0597M! OH |n one partlcular*@~- pEHt, this
conposition may al so include east one other active pri | e,

advant ageousl y chosezo-vn S S en agents
may non-limtingly incli clﬁﬂrlblne
pentostatin, cytarabifle, ¥t hot r exat e,
raltitrexed, irinotecan, ¢wpotecan, etoposide, daunorulmHci a, doxor ubi cin,
epi rubi cin, idarubicin, pirarubicin, mtoxantrone, chlornethine,

cycl ophosphan de, i f osfamide, mel phal an, chl oranbuci |, 28usul f an

carnustine, fotenustine, streptozocin, carboplatin, cisplatin, oxaliplatin,
pr ocar bazi ne, dacaqbaz bl eonycin, vinblastine, vin gtine, vindesine,
vi nor el bi ne, paclit'axel docet axel , L- aspavagkpa e

. . . . =INSS e
ni lutam de, bicalutam de, cyproferone acetate, triptorelin, Ieuprorelln
goserelin, buserelin, for ;

S 8H1nog|uteth|n1de anast F
| etrozol e, tanoxifen, octreotl

and | anreoti de.
i nvention al so concer giceoti cal conposition :
| east one conpound of Ny as defined above, and aNHIeast one
ot her active principle, pafiti cul ar useful for cancer tireat
conbi nati on products for $HhuPtaneous use, separate use oPHus® spread over
time. By way of actiye principle, we can cite in particular and
non-limtingly, 6- mercapt®epurine, fludarabine, cladri e, pentostatin,

cyt ar abi ne, 5- quorouracl:e, 20 genti t abi ne, np&gotre,ate, raltitrexed,

'-f uorouracil e, gennitabiﬂe,

i rinotecan, topotkecan lOSIde daunor ubi ci 0X0 cin, epirubicin,
i darubi cin, pirarybiNsir Argyr one, chl or iN opPagphani de,
i fosfam de, nel phal an, chloha iCi | ,, busul fan, carnustln f ot emysti ne,

n, oxaliplatin, procarg
) , vincristine, vinde
£t axel , %1.- aspar agi nase, gﬁ

streptozocin, carboplatin,
dacar bazi ne, bl eonycin
vi nor el bi ne, paclitaxe

bi cal ut am de, cyproter gne :* N, triptorelin, leu Nfoserel i n,
buserelin, fornestane, am tethi m de, anastrozole, lletrbzole,
tanoxi fen, octreotide or I8Hré%t|de The pharﬁﬁceﬁtlca

conposition as described qﬁove can be useful in 30partygplar for cancer

treatment.
H
el
HN :

boc— N




The present invention also concerns the use of a pharmaceutical conposition
conprising: WD 2010/012714PCT/ EP2009/ 059715 17 (i) at |east one conpound
of fornmulwo@bjoas7idef i ned above, and (ii) at |east one oCh@EP2@0t05ves
principle, in particular useful for cancé treatnent, as conbination
products for simultaneous use, separate use or use spread over tine, for
the preparation qof a_nedicinal drug intended for cancer treatnent. 5

The present irwe/n}i/on\wl S ncerns a net hod fop=prepari ng a conpound
according to tRe inventio aacterizedinth ound of formula
(I') is obtained)by reaction of the-*\‘ollowi ng co opwrul a (11):
(:),R, 10 forwhich R3, R4, HRg_-* 2

Accor di ng to a fi/rst partl cuI ar
conmpound of for a (1)
(i) hydrogenol ysks of th

+h&ohol | ow ng suo RS
g oqu he conpound of I) as defined
ich Rl = R =
15H, (ii) optinepal |y om# op several substitutiomstgps of the free
am ne obtained in the preceding step (i) to yield a conpound of fornula (1)
for which at |east one of 3he groups Rl and R2 does not36érepresent a

hydr ogen atom and (iii) separation fromthe reaction nmedi um of
t he conpound of formula (N 20obtained in the preceding step (i) or (ii).
This met hod nmay be fol gd by optional additional substitution and/or
protection/ deprotecti reactions well known by those skilled in the art.
The hydrogenol ysis i '@dm_put under a hydrogen at nosphere, preferably
in the presence of palladilumon car bon. The reaction solvent may be
tetrahydrofuran 25 (THF) "ettane™or a mixture of the two. Preferably, it
will be an equi nol ar _THE/ et & m xture. Mreover, this step wll

advant ageousl y be cg DutY at oHnbi ent t enperature.

The present invention also concerns a compound of the invention as defined
above for its use as a medicinal drug, in particular intended for cancer treatment.

The invention also concerns the use of a compound of the invention as

5  defined above for the preparation of a medicinal drug, in particular intended for
cancer treatment.

The invention also concerns a method for cancer treatment, including the
administration of an effective quantity of at least one compound of the invention as
defined above to a patient in need thereof.

10

The present invention also concerns a pharmaceutical composition
comprising at least one compound according to the invention and at least one
pharmaceutically acceptable excipient.

The compounds according to the invention can be administered by oral,

15  sublingual, parenteral, subcutaneous, intramuscular, intravenous, transderm, local or
rectal route, and preferably intravenously or orally.

In the pharmaceutical compositions of the present invention for oral,

sublingual, parenteral, subcutancous, intramuscular, intravenous, transderm, local or



WO 2010/ 012714PCT/ EP2009/ 059715 18 The substitution steps of the free
am ne, well known by those skilled in the art, may be in particular: a
reducti vewermoratizae t o provi de access to secondary and PertEPas0g/08aTiINES, a
reaction with an acyl chloride or an aci d5anhydride to give access to an
am de, 5or to a thioam de after treatnent notably with Lawesson's reagent
(when R2 = 0 r.C(SYR), a_.reactio ith a,sulfonyl chloride to give
hocess to t no FORMRELER ke B agsBiey! o 20f Cudie iy B il

chl or of or mat @d@ini§thition Fetth) k&l Wah eradftionhlt fhagmientearhan@he td AhmtdhoRs
tert-butyl pyrocarbonate) to give access to a carbamate or a thiocarbamte
(when R2 = mere. prtablegyarry admiistegien j formsircidgnonk fupunaick agrtablets,

i sot hi ocyana i r - 1 hij . . T or
AHNR ) el AR RIS A oo b bEMERR o \BB1RRT fd BICRE
when R2 =5C( fbiisis) Rf A&minidiralRon,= pakenatrala subattncins Wittharauscular, daiteveh@n, R2 =
C(=NR')R) in particular with R" H, or. .a reaction wth a .. )

2- al kyl - 2- t hilS¥8t BUMEACFHATGPYRS AABNEISHENIR A Tas L OTMRABHIRDISEA@R-ONHR ) |
The separation stefd G bilifakeRGbiPIoMpALiHE MRIHRE (GR SRImBYL S hilh 20

met hods wel | known by those skilled in e art, for exanple by extraction,
evapor at i on eftitchengsmliangntitlor Praeoaqutiedl i owipaend sich tas gielaoin, starch, lacTdse,
conmpound t hus obt ai ne hen be purified.if necessar i n chni.ques
Rel T Known by AR ST A 416 Apie: 06 Siias” B ety vl 30 T T ¢ he
conpoundps GhossRd btR&: subMbIdird4tblidIRtdrQRey B30 1 plobess8fbudhthitMey have an
chromat ography or by 25 hi gh performance 'l iquid chromatography (HPLC).
Accor di ng t o catcadssboddgayad angivily aadisodiipmeawsly ioleashe redeterofined qunpbued of
formul a (l)’aE@&:Wh%Cq R1 and R2 together form wth the nitrogen atom
bearing them "a P2 ri azol e optionally substituted by a |linear or
branched G to C6Qakkyptaind 4 pEPhradion b agBhRE bGaniktheGhe att@Mplredidnh@ath Hr

branched C2 to C6 al kynyl, aryl, arylal kyl or
diluent and pouring the mixture obtained in the soft or hard capsules.

15 A preparation in syrup or elixir form can contain the active ingredient jointly
with a sweetener, an antiseptic, as well as an agent providing a suitable taste and
coloring.

Powders or granules dispersible in water can contain the active ingredient
mixed with dispersion agents or wetting agents, or suspension agents, like with taste

20  correctors or sweeteners.

For rectal administration, one uses suppositories, which are prepared with
binders which melt at rectal temperature, for example cocoa butter or polyethylene
glycols.

For parenteral, intranasal or intraocular administration, one uses aqueous

25  suspensions, isotonic saline solutions or sterile and injectable solutions which contain
pharmacologically compatible dispersion agents and/or wetting agents.

The active principle can also be formulated in the form of microcapsules,
possibly with one or several additive carriers.

The compounds of the invention can be used at doses between 0.01 mg and

30 1000 mg per day, given in a single dose once daily or administered in several doses
throughout the day, for example twice daily in equal doses. The dose administered
per day is advantageously between 5 mg and 500 mg, and more advantageously
between 10 mg and 200 mg. It may be necessary to use doses outside these ranges,

which one skilled in the art may realize himself.



30 heteroaryl group, the nethod for preparing this conmpound of forrmula (I)
i ncludes the foll ow ng successive steps: (Ocycloaddition of the azide of

t he conpowodomforbmanul a (11) as defined above with an alpkyme2ab/ofamsul a
A-CCH, for which A represents a hydrogenl@tom WO

2010/ 012714PCT/ EP2009/ 059715 19 or a linear or branched G to C6 al kyl,

| i near or branched C2 to.. al kenyl . I i.near or .branched C2 t al kynyl ,
ary or heter oar yi™ GobgieanaT T wemh T FORS B TR SPe d el o
the conpound ogfer b&@tvdricipld, a@indigeeekly bhdsbe albeg efti-bghcst @Rknfsi ) . SThe
cycloaddition reaction will advantageously be carried out in nethanol,
preferably hot, iAnpaenFul agendt apdr oxicrdiatipglyooinclude  6-merpeptemp@eat i on

from the T eaghisnEdi Uit NGRIMANNI AL b AL Bublolddlus. ol Bed, My

be carried out using techni que \%el y those s e e art, as
i ndi cat ed5 abawghottexktew seltitr@x&t, epirtiotaeni,i f tapadtdcam oktophedabt danmmautpciaduct
may be 10 necessary.and pay be carried out using techni ques known by those
skilled in tﬁ@xw¥>101%oﬁalrébeawp| TiCijh RIFRYPiSIN | MUEpxapERAS, chlormetiripg,

conmpound of fcgapwd% fdrhilte, figrsfamh&hn{@am, 9%19&9@ cil, OGRLRANO TalBstRRME
side of the cycle als) t he OR3 group, can be obtained by nucleophile
subst i t uti on fetembstaem rséeptiozeain,decabopliten,c oorpetmd obdxalipkatimol Ipoedargziner nul a

eon bsent o o b eSS T Uherig bl aS Bk S5PhagY. * >
Thi's compeundo@dtaXeP MUl farddidase, fl@hmMY GhutaReddNBiAnRRIdE ScyRialond aefafche

sanme side of the cycle as the OR3 group, thus nmakes it possible to access
conpounds of t@prstinul uprasélg) . goserelin," Nbusechin, afoirgestantesiagneeggteihimide,

particul ar sodi t Assi U li.thiumor..zinc azide Preferably, it is
oGt um ast de Ao RS RUL Teplitd): bl Wi lRR08 T T e o Syl i o
carbonat e groups MMhei Pidsestucivéntioht rab@en@nesnnuel ehphndceutiadi e@hpdition
sel ective attack on position 1 is described in the

comprising:

15 (i) atleast one compound of formula (I) as defined above, and
(i) at least one other active principle, in particular useful for cancer treatment,

as combination products for simultaneous use, separate use or use spread over time.
By way of active principle, we can cite in particular and non-limitingly, 6-
mercaptopurine, fludarabine, cladribine, pentostatin, cytarabine, 5-fluorouracile,
20  gemcitabine, methotrexate, raltitrexed, irinotecan, topotecan, etoposide,
daunorubicin, doxorubicin, epirubicin, idarubicin, pirarubicin, mitoxantrone,
chlormethine, cyclophosphamide, ifosfamide, melphalan, chlorambucil, busulfan,
carmustine, fotemustine, streptozocin, carboplatin, cisplatin, oxaliplatin,
procarbazine, dacarbazine, bleomycin, vinblastine, vincristine, vindesine,
25  vinorelbine, paclitaxel, docetaxel, L-asparaginase, flutamide, nilutamide,
bicalutamide, cyproterone acetate, triptorelin, leuprorelin, goserelin, buserelin,
formestane, aminoglutethimide, anastrozole, letrozole, tamoxifen, octreotide or
lanreotide.
The pharmaceutical composition as described above can be useful in
30  particular for cancer treatment.
The present invention also concerns the use of a pharmaceutical composition

comprising:



25 following articles: J. Am Chem Soc., 110, 17538-9, (1988); Tetrahedron
Lett., 30, 2623-6, (1989); Tetrahedron Lett., 37, 3219-22, (1996). The

t eachi ng wb 2btvaaeriarti cl es was applied to the foll ow ngprcumpeemnadso7ds and 4.
WO 2010/ 012714PCT/ EP2009/ 059715 20 1Thus, advantageously, the

nucl eophil e substitution is carried out in dinethylformam de, preferably
hot, at a tenperature of approxi |y .80, C. di,tional substitution,

ot ect i on anardr 2iser s SPRERIAR imng s el W aadi " ana am no
groups, well kno) those skilled in the art, m Qﬁ necessary. In
ot oul ar it gt Bstads BERSUDGPT RGN Ot BETCUHENYRY G S S He iR ng ¢ he
radicals R3 and R4, in the formof a cyclic acetal, i.e. these two agxygens
are bound by 28 CRRAINALIQH Produely fer SImREIREOUS ¥SG PRRATYE §PS OldeTe HERd WEEHMSs a
chain - CVe2- o, TR 5rel O BEQbEE AR iR BrBEn U fF Barld¥r f&AGENON Of the
correspondi ngorfregreﬂ?y%r oxyF greoubs V\nm?hntﬁe et o%e 1ro ormul a R8- CO- RO.
Once the fiucl eophile substitution is carried out with the azide, the cyclic

acetal nmy be de tected by acid drolysis, i articular in the presence
of sul furiyc aci d%%%ﬁﬁi%ﬁeﬁ Sy yi TWEY' 8,2 g}egpgc N RNGEoT Cﬂ@ﬁ?@‘f‘gcti on

reactions of ;thgdiydboky lin@MdoRNME IR AEPMRSIn W {heké}f?ﬂ}sbugﬁ cIth%r%uﬁkdI} hed in
the art, may al so be necessary, in particular as descri bed above. I n
the case of abworeddyrrdactipnfod theubHowing)componndabii fohmuladlIN3 group is | ocated
on the sane side of the cycle as the ORS group, one nmay consider

i ntroducing a 20 hal ogen atomin positior®C’1 by nucl eophil e substitution
froma conpound of formula (l111) as defiped above. A second step of

nucl eophi |l e substitution with a m neral de Bf the hal ogenat ed derivative
t hus obtai ned woul d make it possPh g eptapri1 he desired conpound of
formula (11). The corrpoénd oyfula (111) can be prepared
according to the protocol 25desc?i beg tike follow ng articles: J. Am
Chem Soc., 117, 10143-4, (1995); JoOg. Chem, 66, 2583-7, (2001); J.

Og. Chem, 72, 2570-82, (2007). Ré The present{l)nvention al so concerns a

conpound with the follow.n eneral formula (I1):
P 10 for which R3, Ry, Rs,gRgand R are as dg}llneda ov%.

According to a first particular embodiment, the method for preparing a
compound of formula (I) comprises the following successive steps:

(1) hydrogenolysis of the azide of the compound of formula (II) as
defined above in free amine to yield a compound of formula (I) for which Ry = R; =

15 H,

(i)  optionally one or several substitution steps of the free amine obtained
in the preceding step (i) to yield a compound of formula (I) for which at least one of
the groups Ry and R, does not represent a hydrogen atom, and

(i)  separation from the reaction medium of the compound of formula (I)

20  obtained in the preceding step (i) or (ii).

This method may be followed by optional additional substitution and/or
protection/deprotection reactions well known by those skilled in the art.

The hydrogenolysis is carried out under a hydrogen atmosphere, preferably in
the presence of palladium on carbon. The reaction solvent may be tetrahydrofuran

25  (THF), ethanol or a mixture of the two. Preferably, it will be an equimolar
THEF/ethanol mixture. Moreover, this step will advantageously be carried out at

ambient temperature.



WO 2010/ 012714PCT/ EP2009/ 059715 21 ,R, O (I1), or a pharmaceutically
acceptable salt thereof, an isoner or a mxture of isonmers in all

proporti one,2oiomiparti cul ar a m xture of enantioners, an@ci/Erp@osous ar a
racemate mxture, 5 in which R3, R4, R5,1&R6 and R7 are as defined above.
These conpounds are in particular useful as synthesis internediate, in the

synthesis of the npounds. of for a.(l) accordi t o, the inyenti.on.
According to one gﬁ?tsﬁl%sﬁﬁg}one%&ﬂ%%tf{eeta esa V%egfn%go ndgy rtrqleog? Sg ﬁlgdfl%lt owi ng
formula (11 bia&)maQBéinﬁeﬁ{i&dmi:S), for which R3, R4, R5, R6 and R7 are as
defi ned above. _ Advant ageously, R3, R4, R5 and R6 represent,

i ndependent | y @ffcduséiic yniarion tp ppdids gesrsatcorerondasy SUIFItiapoRRcHr C(0) OH
group, prefera lréah 10 X}Q{hogf? Qcaﬂ‘tcﬁmrlldg for, ap .acid dﬁ%X@E%e BA’%&Q gﬁylegse{o Jnoér{ﬂdl% chain

-CRBRO- with as previously defined. ual Ty advantageously, R3,
R5 and R65eachor epruethamide hfyer ngencat maltdndvitd Laepyses'sntagcat ybkmoBer at om
or an SGBH, PO3HZ or QH group. Preferably, all of the radicals R3, R4,
R5 et R6 repreé?éQ?RaO‘%&Bg)en atom Advant ageous, R7 represents a hydrogen

ﬁ;g;noggaef er ablYeadiBg Widd GdfodyFBhlofide toRve RR&NG RY sQRGANMIERGRENR, &
SO,-R’),
- a reaction with a chloroformate or thionochloroformate or with a pyrocarbonate
10 (such as tert-butyl pyrocarbonate) to give access to a carbamate or a
thiocarbamate (when R, = C(O)OR’ or C(S)OR’),
- areaction with an isocyanate or isothiocyanate to give access to ureas or thioureas
(when R, = C(O)NHR’ or C(S)NHR”),
- areaction with a nitrile in acid medium (Pinner reaction) when R; = C(=NR’”*)R’
15 with R”” = H, or a reaction with an imidate when R, = C(=NR’’’)R’) in
particular with R*>’ # H, or
- areaction with a 2-alkyl-2-thiopseudourea to give access to guanidines (when R,
= NH=CNHR”).

The separation step from the reaction medium may be carried out using

20  methods well known by those skilled in the art, for example by extraction,
evaporation of the solvent or precipitation and filtration.

The compound thus obtained may then be purified if necessary using
techniques well known by those skilled in the art, such as by recrystallization if the
compound is crystalline, by distillation, by silica gel column chromatography or by

25  high performance liquid chromatography (HPLC).

According to a second particular embodiment, in the case of a compound of
formula (I), for which Ry and R; together form, with the nitrogen atom bearing them,
a 1,2,3-triazole optionally substituted by a linear or branched C; to Cs alkyl, linear or
branched C; to Cs alkenyl, linear or branched C, to Cs alkynyl, aryl, arylalkyl or

30  heteroaryl group, the method for preparing this compound of formula (I) includes the
following successive steps:

(1) cycloaddition of the azide of the compound of formula (IT) as defined

above with an alkyne of formula A-C=CH, for which A represents a hydrogen atom



20 atom WD 2010/ 012714PCT/ EP2009/ 059715 22 OH 0 The invention
wi Il be better understood in light of the non-limting exanples which
foll ow 5woBBRENEATI ONS: TLCThi n- Layer Chronat ogr aphy DBCBirombhyd7ssil f oxi de
equi v. Equi val ent ESI El ectrospray lonizati%n 10 LCVSLI quid
Chr omat ogr aphy- Mass Spectronetry NVRNucl ear Magnetic Resonance NMSMass
spectrum 15 EXANPLE 1:. Svnt hesi s of .t he.comound f ~the~inyention The
Synthes s of SLanptr Uit S, S sl IS EEBERARMA oM ML e Bheo 1
J. Og. ChembranBed €p@C/alk¥rdDQyl.or heteroaryl group, and
(i)  separation from the reaction medium of the compound of formula (I)
obtained in the preceding step (i).
5 The cycloaddition reaction will advantageously be carried out in methanol,
preferably hot, in particular at approximately 100° C.
The separation from the reaction medium of the compound of formula (I) thus
obtained may be carried out using techniques well known by those skilled in the art,
as indicated above. Likewise, a step of purification of the obtained product may be
10 necessary and may be carried out using techniques known by those skilled in the art,
some examples of which are cited above.
The compound of formula (II), for which the N3 group is located on the same
side of the cycle as the OR3 group, can be obtained by nucleophile substitution with

a mineral azide of the compound of the following formula (III):

X~
/O

15 (11I),
for which Rj, R4, R and Ry are as previously defined and X represents a -SO-, -SO,-
or -CO- group, and preferably a -SO,- group.
This compound of formula (II), for which the N3 group is located on the same
side of the cycle as the ORj; group, thus makes it possible to access compounds of
20  formula (Ibis).
"Mineral azide" designates in particular sodium, potassium, lithium or zinc
azide. Preferably, it is sodium azide.
The reactivity of the sulfate, sulfite or cyclic carbonate groups to introduce a
nitrogenated nucleophile radical by selective attack on position 1 is described in the
25  following articles: J. Am. Chem. Soc., 110, 17538-9, (1988); Tetrahedron Lett., 30,
2623-6, (1989); Tetrahedron Lett., 37, 3219-22, (1996). The teaching of these

articles was applied to the following compounds 3 and 4.



20 Conpound 5:

(1R, 25, 35, 45, 4aR, 11bR) - 1- azi do- 2, 3, 4, 7-t et rahydroxyl, 2, 3, 4, 4a, 5- hexahydr o- |
1, 3] di oxwbaoioh1d#j ]| phenant hri di n-6(11bH) - one OH - OH OpcCir@prkboo)d€d715

2010/ 012714PCT/ EP2009/ 059715 23 A mixtur20of sulfate 3a (224.0 ng, 0.525
mmol ) and sodium azide (75.0 ng, 2.2 equiv.) in dinethylfornman de (DMW)
(4.0 nL) is heated at 80 C fory7 hours. The progpess of the reaction is
nonitored by LCMS. DWVF is em[éodsat ed and the obtal @d residue is dissolved
in tetrahydrofuran (THF) (10c0 £Q and a 20%H28®, AQURRUS 5 solution (3.0
m.) is added. The m xture is s ed’for 16 hours & nbl ent tenperature.
Silica (5.0 g) isthenag i Y YRe solvents are
evaporated in vacuum an ’ RSI lica gel

chromat ogr aphy (el uent: CH2EA24 I\/EQH from 95/5 tQ 9/8,) i yield the azide 5
(134.0 ngy, 72%vyield) in the formof a slightly yeIIow powder. 101H NWVR
(400 MHz, DMSO): F8udO a(i&anta]g&)u I—g 4@6 (1$ucl ile 6subktifuion 1H) caﬁl&lg c(u‘ﬁl inlH, J
10Hz) 6.07d1HJ-1 1H, 5.11 (m 57(t
3.0 Kppcthyfarmapyde, p1¢ﬁyrabty®6 a(taéemmqyturesof'@@p(qaﬁlmgpby 80{% Cbg (dd, 1H,

1H

Y ‘] -
oot 1hezs, S Syl el g ggions of
151, 2, 3, 454a hhdiveyakhydroninb 1g@lipyli wxbdllmolvh, by j thhsepbleitladitinr thdi at,6nkibbd - one
OHH2 NOHOHO Anmxture of azide 5 (30.0 ng, 0.086 nmol) and pal | adi um
(10% wei ght &fc&ata¥vat ed

In particular, it may be advantageous to protect the oxygen atoms bearing the
radicals R3 and Ry in the form of a cyclic acetal, i.e. these two oxygens are bound by
a chain of formula -CRgRy- as previously defined, such as a chain —CMe,-. This

10 protection can be obtained by reaction of the corresponding free hydroxyl groups
with the ketone of formula Rg-CO-Ry.

Once the nucleophile substitution is carried out with the azide, the cyclic
acetal may be deprotected by acid hydrolysis, in particular in the presence of sulfuric
acid.

15 Additional substitution, protection and/or deprotection reactions of the
hydroxyl and amino groups, well known by those skilled in the art, may also be
necessary, in particular as described above.

In the case of a compound of formula (II), for which the N3 group is located
on the same side of the cycle as the ORs group, one may consider introducing a

20  halogen atom in position C-1 by nucleophile substitution from a compound of
formula (III) as defined above. A second step of nucleophile substitution with a
mineral azide of the halogenated derivative thus obtained would make it possible to
obtain the desired compound of formula (II).

The compounds of formula (III) can be prepared according to the protocol

25  described in the following articles: J. Am. Chem. Soc., 117, 10143-4, (1995); J. Org.
Chem., 66, 2583-7, (2001); J. Org. Chem., 72, 2570-82, (2007).

The present invention also concerns a compound with the following general

formula (I1):



carbon, 30.0 ng) in THF (2.0 nm.) and ethanol (2.0 nmL) is stirred at anbient
t enper at ure under hydrogen at nosphere (doubl e rubber balloon) for 5 hours,
the 20 r emot2ommibakng nonitored by TLC. The crude is filptemedooonsdGesite
(CH2C12 / MeOH 9/1), and after evaporati®h, purified by silica gel

chromat ography (eluent: CH2C12/ MeOH from 90/10 to 80/20) to yield the am ne
(15.0 ng, 54%yield) in the formof a whiteg powder. 1H NWVR (400
MHz, DWMBO): 13.10 (bs, 1H), 7.44 (s, 1H),96.°47 (s, 1H), 6.07 (d, 1H, 25J=
1.0 Hz), 6.05 (d, 1H, J= 1.0 Hz), 5. 2Q (J* }EB 4.93 (bs, 1H), 3.94 (m

1H), 3.79 (bs, 1H), 3.71 (m 2H) 3.59 3.05 (m 1H) Ms (ESI +)
mz 325 (M+H) Conpound 7:

(3aS, 3bS, 6aS, 6bR, 13bR, 13cS) - 9- h){dr 5 5Nd'| mat hyl- 3b, 6a, 6b, 7,

13b, 13c- hexahydrotris [1,3] dioxBloY4, B-ar4' ,5 -c:4",5"-]j ]phenant hri di ne-
302, 8(3aH) -di one (synthesis internped at e) V\D 2010/012714PCT/ EP2009/ 059715
24 OH 0 Triphosgene (32.0 ng, 2. Bsequiv ), then (IIDiethyI amne (10.0 [i L
1.3 equiv.) are added to “diol" ution :

no. 8 from t G4 PEVEHEHEY aﬁﬁeatab@%hﬁher%f a%g@evora(@@@& .lwr%FrM%ﬂr e of
tetrahydr of u% Ahotfbm, M-baditflar adintHiQr HMEHABR LD aﬁdrﬂ‘r arﬁé?ﬂ’arné ¥hddhfied S
stirred for 18 hours at ambient tenperature. \Water apdded and the m xture
i s extract edmkture,di chl or onet hane. The organic phase is dried on nmagnesium

sulfate, filter evap The is purified on silica gel
(el uent: 58/211?55!?&%% BE‘O%?{S "gq{ila{ﬂe% e&%ﬁgf‘g“? (2.0 ng) in the formof an
irl—l)angg 2i1| ( 102:-:::) Wé%e(()g&?pdwﬁa% aRViRD artléliﬁaﬂ-%_le(fﬁ‘]aﬁ@ntlie%,ﬁz%t&lzle%%ﬁ% in @liio(j

, 6. s, : : = , =
8.4 Hz), 4. 6§y1(thes1s1¢f thg eompqunds pf fatnmgt (@x accandinggte tire mvmztgon 3.67 (dd, 1H, J=
r7’dZ 26’2 ‘(]K/'_d‘_;l Hchor%mg t& n})ne]‘l_Iga’rtlc:Il‘llaﬂr7 eﬁl%bdl%l@n’t, 1‘116%4 éorhpou $ N@et( "t:'hsI *)
15Conpound8: fbibkiRng SordBilAGIHOR 11bR) - 2, 3, 4, 7-t et r ahydr oxy- 6- oxo-

10 (ITbis),
for which Rj, R4, Rs, Rg and Ry are as defined above.
Advantageously, Rs, R4, Rs and Rg represent, independently of each other, a
hydrogen atom or a SOs;H, POs;H, or C(O)OH group, preferably a hydrogen atom, or
R; and Ry together form a chain —CRgRo- with Rg and Ry as previously defined.
15 Equally advantageously, Rs, Rs and Rg each represent a hydrogen atom and
R4 represents a hydrogen atom or an SOsH, POs;H, or C(O)OH group.
Preferably, all of the radicals Ri, R4, Rs ¢t Rg represent a hydrogen atom.
Advantageous, Ry represents a hydrogen atom.
Preferably, the radicals Ri, R4, Rs, R¢ and R; each represent a hydrogen
20  atom.

In particular, it will be the compound 5 with the following formula:



1,2, 3,4,4a,5, 6, 11b- oct ahydro-[ 1, 3] di oxol o[ 4, 5-] ] phenant hri di n- 1-yl ) benzenes
ulfonamde OHO A mxture of azide 5 (9.0 ng, 0.026 mml) and pal | adi um
(10% wei gho 20nv/aetisvat ed 20 carbon, 10.0 ng) in THF (1. @crEp2émadsethanol
(1.0 nL) is stirred at anbi ent tenperatul?2 under hydrogen atnosphere

(doubl e rubber balloon) for 16 hours, the reaction being nonitored by TLC
Triethylamne (8.0 [iL, 2.0 equiv.) f@llowed by benzenesul fonyl chloride
(5.0 [iL, 1.5 equiv.) are then added ai_anbowent tenperature. After 30

m nutes, the TLC indicates a conplete conversiqp Silica (2.0 g) is then
WO 2010/ 012714PCT/ EP2009/ 059715 25 added { e reaction mxture, the

sol vents are evaporated in vacuum oap LeNgjue is purified by silica
gel chromat ography (el uent: CHZClZ/ b mMH98/ 2 to 90/10) to lead to the
sul fonam de 8 (9.0 ng, 66%yield) A TF ormof a slightly yellow solid. 5
M5 (ESI +) mlz 465 (MH). Compound 9: on o
1- phenyl- 3-01R, 2S, 3S, 4S, 4aR, 11bR) - 2, 3, 4, 7-t et r ahydr oxy- 6- oxol, 2, 3, 4, 4a, 5, 6,
11b- oct ahydr o- [ 1, he divexab® wilt bs bettdrpfm@sd ol ih dight df tik hoki-gignitifdehndpled Xt ur e
of azide 5 (9.0 0.026 mml ) and pal |l adi um (10% wei ght on activated 10
carbon, 10.0Vgh fOHOFHE (1.0 nl) and ethanol (1.0 mL) is stirred at anbient
t enper at ure under hydrogen at nosphere (doubl e rubber balloon) for 16 hours,
the reaction being nonitored by TLC. Triethylamne (5.0 [iL, 2.0 equiv.)
foll owed by ABBREViIAGEQONSate (5.0 [iL, 1.5 equiv.) are then added at

anbi ent tenperature. After 2 hours, the TLC indicates a conplete

conver si on. i]-lﬁ ca (2. ailtjl)'L’i‘yser EnHOg8BNY o the 15reaction mixture, the

sol vents arepygpor at eehiiBnyRGHYMIc and the residue is purified by silica

gel chromat ography (el uent: CHZClZ? MeOH from98/2 to 85/15) to lead to the
phenyl urea 9cimvt he foEquishleat slightly yellow solid (4.6 ng, 41%yield). M

ESI +) mz MH+) . Coppound 10: tert-butyl
E 1R, 28? 3S, 4S?5ftgiR,( 11b??) Elpcfogpray {Hoé‘ﬁaﬁﬂ’;’zdr oxy- 6- oxoz%l, 2,3, 4, 4a,5,6, 11b- oct ah
ydro- [1;8] dico9! o [4LRpiid CRARMAGEEFHyIMASSISpHcEambayat e

NMR Nuclear Magnetic Resonance

MS Mass spectrum

15 EXAMPLE 1: Synthesis of the compounds of the invention
The synthesis of compound 3a below, used as a starting product, is described in J.

Org. Chem., 66, 2583-7, (2001).

20  Compound 5: (1R,25,3S5,4S,4aR,11bR)-1-azido-2,3,4,7-tetrahydroxy-
1,2,3,4,4a,5-hexahydro-[1,3]dioxolo[4,5-j|phenanthridin-6(11bH)-one




.0rO O_ HHN OHOH O A mxture of azide 5 (9.0 ng, 0.026 mmol ) and

paI | adi um (10% wei ght on activated carbon, 10.0 ng) in THF (1.0 nL) and
et hanol (WoQomgi271s stirred at anbi ent tenperature undercClmEPragenris

at nosphere (doubl e rubber balloon) for 1B3hours, the 25reaction being
nonitored by TLC. Triethylamne (17.0 [iL, 5.0 equiv.) followed by WO

cquiv. ) are thal ot Irieaatertt bk id el B BRALR g Usthmeree

i ndi cates a cquipl)aheliGeMyEsShDiide @)Mfga(4(02mﬂ)® héaged fegn°addgd7 hourk Nehe
reaction mxture, the solvents are evaporated in vacuum and the residue is

purified by $redres oféic repgtionds Bgnapteyd by diGMat PMIHPCyapaveiesiand din dgined o

vel I ow sol - gty inBis@hEa Mok ABRRL QL) (0,0 R wl Tl R Bl |
and 12: (iR, 28u8& 4S8, 04&&)113)5)&1&1 3THe Mmixaire ailgy stireedy fdr- (18- hours at ambient

phenyl-1H1, 2, 3-triazq| 1)-1,2,3,4,4a, 5- hexahydro-[ 1, 3] dioxolo [4,5- 10
i ] phenant hr i &R} ! 1%& <f 21 )s Hi5a 4dsed i%tlzas,r%gﬂ%mlitﬁﬂa)th@ salventy arc

t et r ahydr oxy e@‘a({éatﬁeqﬁl%c&hhla@d Fid Fdsphel i ]plbf@ed]bgz sitics @1cﬁr&ﬁﬁ§§¥%§p[ 1,3]

di oxolo [4,5 nant hri di n-6(11bH)-one (12) A mxture of a
(20.0 ny, O. QﬂﬁetrmﬁH)Clz/}MmmIIfm9§/ISemé2/@0)tcﬁym’ld)thaarddﬂgl(h%n(bmg( 22%ryogdd) i s

heated at 100 &\fo fho rhz h ca 0 g) is then added to the reaction
m xture, the SHCEIR 8f &sehilyystpume e’ﬁ vacuum and the residue is purified
by silicag ge”HQ*h"MRf’(rab@MHPhM\/IS@)U@IO (sﬂrﬁpb%j\@Omj 6o Q8112), k@98/ 119)s t o

o)

lead to a m xture startin r oduct and e two exp ect'ed i somer

triazol es 11=aht He. 6.0h(dk 12b-fm kP2, §.68 s |1H)eijlb§/ml-@ilili4(5ﬁt(é,rﬂé, A03150, 5
pm 20/ CHBO P 4/ 78 5 cSBLAR), §.85 (A0, oS00 S I T 2ty o O the

two triazol es.
MS (ESI +) m/z 351 (MH+)
Compound 6: (1R,25,3R,4S,4aR,11bS)-1-amino-2,3,4,7-tetrahydroxy-

15  1,2,3,4,4a,5-hexahydro-[1,3]dioxolo[4,5-j|phenanthridin-6(11bH)-one

OH O

A mixture of azide 5 (30.0 mg, 0.086 mmol) and palladium (10% weight on activated
carbon, 30.0 mg) in THF (2.0 mL) and ethanol (2.0 mL) is stirred at ambient
temperature under hydrogen atmosphere (double rubber balloon) for 5 hours, the
20 reaction being monitored by TLC. The crude is filtered on Celite (CH,Cl, / MeOH
9/1), and after evaporation, purified by silica gel chromatography (cluent:
CH,Cl,/MeOH from 90/10 to 80/20) to yield the amine (15.0 mg, 54% yield) in the
form of a white powder.
'H NMR (400 MHz, DMSO): 13.10 (bs, 1H), 7.44 (s, 1H), 6.47 (s, 1H), 6.07 (d, 1H,
25 J=1.0Hz), 6.05(d, 1H, J=1.0 Hz), 5.20 (bs, 1H), 4.93 (bs, 1H), 3.94 (m, 1H), 3.79
(bs, 1H), 3.71 (m, 2H), 3.59 (bs, 1H), 3.05 (m, 1H)
MS (ESI +) m/z 325 (MH+)
Compound 7: (3aS,3bS,6aS,6bR,13bR,13¢S)-9-hydroxy-5,5-dimethyl-3b,6a,6b,7,
13b,13c-hexahydrotris[1,3]dioxolo[4,5-a:4',5'-c:4"",5"'-j|phenanthridine-
30  2,8(3aH)-dione (synthesis intermediate)



1H NMR (400 MHz, DVsO) isonmer 11 (major): 13.22 (bs, 1H), 8.52 (s, 1H),
7.82 (d, 2H, J = 7.5 Hz), 7.67 (s, 1H), 7.39 (t, 2H, J = 7.5 Hz), 7.28 (t,
1H, J = Wb 2bm)0126404 (s, 1H), 5.96 (s, 1H), 5.92 (s, 1lEr/EP2608/069M15 1H),
5.26 (bs, 1H), 4.86 (bs, 1H), 254.59 (dd241H, J = 9.7 Hz, 13.7 Hz), 4.24
(m 1H, 3.88 (m 2H), 3.70 (dd, 1H, J = 4.8 Hz, 13.7 Hz). M5 (ESI +) mz
453 (MH) . WD 2010/ 012714PCT/ EP2009/ 059715 27 1H NMR (400 MHz, DMSO
isoner 12 (mnor): 13.24 (bs, 1H), 7.7 S 1H), 7.61 (m 6H), 5.98 (m
2H), 5.81 (s, 1H), 5.19 (s, 1H), 4.86 (dd,z1H, J = 9.7 Hz, 13.0 Hz), 3.97
(m 1H), 3.81 (dd, 1H, J= 3.0 Hz, 9.9 H?®) m 1H), 3.68 (dd, 1H J =
4.5 Hz, 13.0 Hz). 5 M5 (ESI +) n12 473 ( ). Sanpound 13:

1- |sobutyr|Iam no trans di hydrong OH®D A nixture of amne 6 (10.0
ng, 0.031 mmol ), i sobutyral dehyd { ikH 3.5 equiv.) and sodium
cyanobor ohydride (11.0 ng, 6.0 eqmv ) iff THF (2.0 nL) containing 10

nol ecul ar sieve 4A is stirred at anbl@rhtoterrperature for 16 hours. The

m xture is poured into an aqueous sol ution and the organl ¢ phase
extract ed w tIhiPEPYEFNC 6} Bige2 O¢erie: @ﬁnﬁ%@hﬂémmﬁ @Qlofkﬁ{ d;3 ¢qui-breddd

& 2012 Noor A D TGP i DS oS ceniufEhy AEORBRORIHME LT e
formof a V\hidhempom;erzsz%iﬂll—(mm (40Q Mﬁztur@l\ﬁ())tetrah&dﬂﬁur@ﬁ ((ILH) mL] il (s,
}Hé 86H§ )5 5 ( Z dﬁ@famgt}_lgp?e S_Uél)_%thﬁg)lxtu% 1_€£(§tn|(r_?:ﬂ foIIJ‘%%ogrs% (ng)gent mper urggu(_lm J

2H), 3.22 (bsy atél"i)s 1ad§ed1a'§1d(tﬁ% nﬁfﬁwe i e?@ac@é@ W&l‘f‘htch%rélrﬂetﬁﬁﬂe ) h'% or n@ h@tEb 1H,
J= 6.6Hz), 0.82 (dd, 6H J = 1.6 Hz). M5 (ESI +)
is drled on magnesium sulfate ﬁltered and evaporated. The remdue is purlﬁed on

silica gel (eluent: 98/2 CH,Cl,/MeOH) to yield carbonate 7 (2.0 mg) in the form of

an orange oil.

10 'H NMR (400 MHz, DMSO): 13.19 (s, 1H), 8.94 (s, 1H), 6.50(s, 1H), 6.11 (s, 1H),
6.09 (s, 1H), 5.23 (t, 1H, J = 9.1 Hz), 4.87 (t, 1H, J = 8.4 Hz), 4.61 (t, 1H, J= 7.7
Hz), 4.48 (t, 1H, J= 7.7 Hz), 3.67 (dd, 1H, J= 7.7 Hz, J = 14.5 Hz), 3.44 (m, 1H),
1.47 (s, 3H), 1.34 (s, 3H).
MS (ESI +) m/z 392 (MH+).

15 Compound 8: N-((1R,25,35,4S,4aR,11bR)-2,3,4,7-tetrahydroxy-6-oxo-
1,2,3,4,4a,5,6,11b-octahydro-[1,3]dioxolo[4,5-j|phenanthridin-1-

yl)benzenesulfonamide

OH O
A mixture of azide 5 (9.0 mg, 0.026 mmol) and palladium (10% weight on activated
20  carbon, 10.0 mg) in THF (1.0 mL) and ethanol (1.0 mL) is stirred at ambient
temperature under hydrogen atmosphere (double rubber balloon) for 16 hours, the
reaction being monitored by TLC. Triethylamine (8.0 uL, 2.0 equiv.) followed by
benzenesulfonyl chloride (5.0 puL, 1.5 equiv.) are then added at ambient temperature.

After 30 minutes, the TLC indicates a complete conversion. Silica (2.0 g) is then



20 Conpound 14:

(1R 2S, 3R, 4S, 4aR, 11bS) - 1- (benzyl am no) - 2, 3, 4, 7-t et r ahydr oxyl, 2, 3, 4, 4a, 5- hex
ahydr o- [ w82onvazako [4,5-j ] phenant hridi n-6(11bH)-one POHEP2009059715

2010/ 012714PCT/ EP2009/ 059715 28 A mi xtur25of amine 6 (57.0 ng, 0.176 nmol),
benzal dehyde (35.0 [iL, 2.0 equiv.) and sodiun1cyanoborohydride (34.0 ng,
3.0 equiv.) ont ai nin |e e tir

2o ent ¢ enpendtlpdhd Bl RS ArRRER RTE s uf Kt s bl

sol ution of Nag@RedandsitiegdcgamhdoRBfs e caxhi: mﬂﬂg/MeUH Bogt %/Jz t@9eft e e,
dried on magnesium sulfate, filtered and evaporated. The resjdue is

purified by & lqaddoghe selfpnsmido §r@dnye( 66°Gerield) arpiol rmed Nightl wilomo. 1)
to yield the amne 14 (37.0 ng, 50%yield) in the formof a white powder.
1H NVR (400 ﬁﬂz DVBO): 13.17 (s, 1H), 7.45 (s, 1H), 7.30 (m 5H), 6.07 (s,
2H), 6.065(sMIHSIB.03 465, (M), 5.71 (bs, 1H), 5.26 (bs, 1H J = 3.8 Hz),
4.95 (bs, 1 104. 24 1 1 3

.95 (bs, 1My, 10020 (M I SRS A D S T i o

(1R, 2S, 3S, 4S, e r |
1, 2,3, 4, 4a, 51§§§gﬁ%”d ﬁiﬁg?g§8§blé?QMQBR?YEéﬂﬁ@?ﬁﬁ?ﬁﬂgﬂg(?¥%L§ one OHO
15A nlxture of amne 6 (30.0 ngy, 0.09 , glutaral dehyde (185.0 [iL, 25%
aqueous, 5.0 equiv.) and sodlun1c} yH0o delde (58.0 ng, 10.0 equiv.) in
met hanol (5.0 nL) is stirred at afbienty derayre for 1 hour. The m xture
is poured into an aqueous solution of Na2J03 &nd the organic phase
extracted with ethyl acetate, dried RES ..lsulfate filtered and
evaporated. The residue is 20 purifie SL|Ica gel chronat ogr aphy
(el uent: CH2C12/ MeOH/ NHAOH 9/ 1/0. 1 8Pt he amine 15 (17.0 ng, 48%
yield) in the formof a white powder. d IVR (400 MHz, DMSO): 13.46 (s,
1H), 7.37 (s, 1H), 6.63 (s, 1H, 6.13 (bs, 1H),

‘A mixture of azide 5 (9.0 mg, 0.026 rnrnol) and palladlurn (10% weight on activated

10 carbon, 10.0 mg) in THF (1.0 mL) and ethanol (1.0 mL) is stirred at ambient

temperature under hydrogen atmosphere (double rubber balloon) for 16 hours, the

reaction being monitored by TLC. Triethylamine (5.0 uL, 2.0 equiv.) followed by

phenyl isocyanate (5.0 puL, 1.5 equiv.) are then added at ambient temperature. After 2

hours, the TLC indicates a complete conversion. Silica (2.0 g) is then added to the
15  reaction mixture, the solvents are evaporated in vacuum, and the residue is purified

by silica gel chromatography (eluent: CH,Cl,/MeOH from 98/2 to 85/15) to lead to

the phenylurea 9 in the form of a slightly yellow solid (4.6 mg, 41% yield).

MS (ESI +) m/z 444 (MH+).

Compound 10: zert-butyl (1R,2S,35,4S,4aR,11bR)-2,3,4,7-tetrahydroxy-6-oxo-
20  1,2,3,4,4a,5,6,11b-octahydro-[1,3]dioxolo[4,5-j|phenanthridin-1-ylcarbamate

>(OYO QH
HN (_~_,OH

o =~ “OH
{ :

0 NH
OH O
A mixture of azide 5 (9.0 mg, 0.026 mmol) and palladium (10% weight on activated
carbon, 10.0 mg) in THF (1.0 mL) and ethanol (1.0 mL) is stirred at ambient
temperature under hydrogen atmosphere (double rubber balloon) for 16 hours, the

25  reaction being monitored by TLC. Triethylamine (17.0 puL, 5.0 equiv.) followed by



6.09 (s, 1H), 6.06 (s, 1H), 5.45 (bs, 1H), 4.88 (bs, 1H J = 3.8 Hz), 4.28
(m 1H), 3.80 (m 1H), 3.72 (m 1H), 3.64 (m 1H, 3.53 (m 1H), 3.37 (m
1H), 2.5MWO0m1odi7141. 41 25(m 6H). M5 (ESI +) mlz 393 (Wck)ep26donpoyund 16:
(1R, 2S, 3S, 4S, 4aR, 11bR) - 1- (di et hyl am no) 2@, 3, 4, 7-

tetrahydroxy- 1, 2, 3, 4, 4a, 5- hexahydr o- [ 1, 31di oxol o[ 4, 5-j ] phenant hri di n-6(11bH

- WO 2010/ Q12714PCT/ EP2009/ 715_.29 0 i f i 6 (5.0 ,
D 0104 omory SREHRIST AbER USRS O auty ) s AR At G SRt Rufgtedisy oy

cyanobor ohydrAfete 5(1bues, s TLO.iRdiestd ¥ cdmpRtd dveRidaaBMca (9.0%) i dhcanddaret i c
acid (50.0 iut) is stirred at anmbient tenperature for 5 hours. The 5.
mxture i s poutheraasiion axtagudrusol sty picoryaperagdacogicuwy. ek ther gaidie iphase

extracted w . t i esi { Kk d
ovapor ated TRATPDEY SHEELE! ol Bnh) (TRARCEHIT ST liom D2 OBl RRE
CH2C12/ Me®H NiAOHheIk A/t @arbamate ddn tieforni afer dih(1$ yollow solid (6. hend, 38% of a
white powder . . 1H NVR (400 MHz, DWVBO): 13.43 (s, 1H), 7.86 (s, 1H),
6.67 (s, 1H) Yi%does (s, 2H), 105.89 (m 1H), 5.45 (m 1H), 4.86 (m 1H),

4. 30 1H), L, 2 1H), 3.64 1H), 3.53 1H), 2.26
(s, 6I(-|)m NED(NIIE%FLB%@EVZ %é@hﬁ%)(m Cg')rrpound 1(7m K (m 1%

(1R, 2S, 3R, 4SChaidas)4 hn@dlzc(tRLéS;BS&lﬁ,‘taR,lH)E)—ZLSJI—J-tetrahydroxy-1-(4-

et anydr oxy ;b ol SRS 34 A3 KA RURLRlo i doRBRRRRY P i n-B( 11K
10 jlphenanthridin-6(11bH)-one (11) and (1R,2S,35,4S,4aR,11bR)-2,3,4,7-
tetrahydroxy-1-(5-phenyl-1H-1,2,3-triazol-1-yl)-1,2,3,4,4a,5-hexahydro-

[1,3]dioxolo[4,5-j]phenanthridin-6(11bH)-one (12)

N\_N OH
<O Y OH
o NH
OH O
11 12

15 A mixture of azide 5 (20.0 mg, 0.057 mmol), phenylacetylene (0.6 mL) and
methanol (2 drops) is heated at 100° C for 7 hours. Silica (2.0 g) is then added to the
reaction mixture, the solvents are evaporated in vacuum, and the residue is purified
by silica gel chromatography (eluent: CH,Cl,/MeOH from 98/2 to 90/10) to lead to a
mixture of starting product and of the two expected isomer triazoles 11 and 12. This

20  mixture is purified by HPLC (Xterra 10x150, 5 um; H,O/CH3;CN from 75/25 to
65/45) for 10 minutes at 5 mL/min, to yield the two triazoles.

'H NMR (400 MHz, DMSO) isomer 11 (major): 13.22 (bs, 1H), 8.52 (s, 1H), 7.82
(d, 2H, J = 7.5 Hz), 7.67 (s, 1H), 7.39 (t, 2H, J = 7.5 Hz), 7.28 (t, 1H, J = 7.5 Hz),
6.04 (s, 1H), 5.96 (s, 1H), 5.92 (s, 1H), 5.46 (m, 1H), 5.26 (bs, 1H), 4.86 (bs, 1H),

25 4.59(dd, 1H,J =9.7 Hz, 13.7 Hz), 4.24 (m, 1H), 3.88 (m, 2H), 3.70 (dd, 1H, J = 4.8
Hz, 13.7 Hz).

MS (ESI +) m/z 453 (MH+).



OH O A mxture of amne 6 (20.0 ng, 0.0617 mmol ), cycl ohexanone (31.0 [ilL,
5.0 equiv.) and sodi um cyanoborohydride (38.8 ng, 10.0 equiv.) in nethanol
(0.5 L) we2stoiead at anbi ent tenperature for 18 hourspcThP2euox5ame i s
poured into an aqueous solution 20 of Na2CO3 and t he organi c phase
extracted with ethyl acetate, dried on magnesium sulfate, filtered and

evaporated. T, j | jfied b i.lica . qgel, chromat h ent :
Gr2C12] veor N TELPIHE, BRSO! By e e 1574 5 D hay i THE H e m of
a slightl | oM, 30Y®IEN,- 2H), 5.81 (s, 1H), 5.19 14 1INYR4 .84 0@, Wiz J DVIBG)Z, 13.8.123, (s,
1H), g.4zy(}s/;ﬂn1 HI) 6.4%ﬁ s,) 1 ,( 6.0)7 (s,¥ 1%252@05 (s, lH)(H, 5. 80 m(
1H). 5.21 (m3-97Hm, 141)9&83wd,ﬂ@,,Ja.si)lH@rﬁ.9ﬁ%,,w.@rs,J(H»a,, 3p8)(dd, Wb J =45
2010/ 012714PgT/ @5@ /059715 30 3.67 (m 2H), 3.45 (m 1H), 3.17 (m 1H)),
2.10 (m 1H, 1. Q%ﬁ] 1H, 1.67 (m 3H, 1.55 (m 1H, 1.21 (m 2H), 1.06
(m 2H), 0.8M§ @ESIEH)m/zM3B5(EMNa+y) mz 407 (MH). Conpound 18:

N-01R, 2S, 3R, 4S, 4aR, 11bS) -2, 3, 4, 7-t et r ahydr oxy- 6- 0x0- .

51, 2, 3, 4, 4a, § nROdLY: dnisehwyrilamingtgs dhydegnardelasiant hri di n- 1- y1 ) acet ani
de OHO Triethylamne (42.0 [iL, 5. O/E;Ui v.) followed by acetic anhydride

(12.0 [iL, 2.0 equiv.) are added to a Sl Ut{}ﬁn of amne 6 (20.0 ng, 0.06
nmmol) in a mxture of tetrahydrofuran g.o

ambi ent tenperature. After 30 10mi nut esiN CH i ndi cates a conpl ete
conversion. Silica (2.0 g) is then_added t e reaction mxture, the
sol vents are evaporated in vacuum,ar resiaiie is purified by silica
gel chromat ography (eluent: CH2C1 M
amde 18 in the formof a slightly~yel]ow]powder (8.0 ng, 29%yield). M

(ESI +) mz 367 (MH). OH O
A mixture of amine 6 (10.0 mg, 0.031 mmol), isobutyraldehyde (10.0 uL, 3.5 equiv.)

) and ethanol (1.0 nL) at

and sodium cyanoborohydride (11.0 mg, 6.0 equiv.) in THF (2.0 mL) containing

10 molecular sieve 4A is stirred at ambient temperature for 16 hours. The mixture is
poured into an aqueous solution of Na,COs and the organic phase extracted with
ethyl acetate, dried on magnesium sulfate, filtered and evaporated. The residue is
purified by silica gel chromatography (eluent: CH,Cl,/MeOH/NH4,OH 9/1/0.1) to
yield the amine 13 (4.6 mg, 39% yield) in the form of a white powder.

15 'H NMR (400 MHz, DMSO): 13.18 (s, 1H), 7.46 (s, 1H), 6.35 (s, 1H), 6.07 (s, 1H),
6.5 (s, 1H), 5.76 (bs, 1H), 5.24 (d, 1H, J = 3.8 Hz), 4.91 (d, 1H, J = 6.6 Hz), 4.10 (m,
1H), 3.79 (bs, 1H), 3.69 (m, 2H), 3.22 (bs, 1H), 3.15 (m, 1H), 2.58 (m, 1H), 2.44 (m,
1H), 1.57 (h, 1H, J = 6.6Hz), 0.82 (dd, 6H, J = 1.6 Hz, 6.6 Hz).
MS (ESI +) m/z 381 (MH+).

20 Compound 14: (1R,2S,3R 4S5 ,4aR,11bS)-1-(benzylamino)-2,3,4,7-tetrahydroxy-
1,2,3,4,4a,5-hexahydro-[1,3]dioxolo[4,5-j|phenanthridin-6(11bH)-one

Ay

HN ' OH



15Conmpound 19: 2-phenyl -N-01R, 2S, 3R, 4S, 4aR, 11bS) - 2, 3, 4, 7-t et r ahydr oxy- 6-
oxo-1,2,3,4,4a,5, 6, 11b-oct ahydro-[1, 3] dioxolo [4,5-] ]phenanthridin-1-

yl ) acet amvdeo1o@hQ4Tri et hyl am ne (42.0 [iL, 5.0 equiv.) pColdrosweasdrys
phenyl acetyl chloride (16.0 [iL, 2.0 20 28uiv.) are added to a sol ution of
amne 6 in a nixture of tetrahydrofuran (1.0 ni) and ethanol (1.0 niL) at

conversion & itk of yhg5 COTIE Baes b e PURERCH T BPIPe e
sol vents ar e gy 3pdinat nblsbrmydiwm (3armdmg he oresivium THFPUOIOf inegl cBitafidd ca
gel chromat ogr aph 010/ 012714PCT/ EP2009/ 059715 31 (el uent: CH2C12/ MeOH

from 98/ 2 tonuo¢ Sthye| ds strechat dnbiget teowerptyrpdor 48 hovrs. 4he Imighe ys

yel | ow pomei’gﬁ% dgtfn%hfé%:é%y 231!1}9 n 0%%?88 anh tﬁé %réa%%c faﬁéi*)extr‘a?&%’%ﬂ{j 20:

N-01R, 2§, 3S, etrah
51, 2, 3, 4, 8a, 5thy] hidatec tidaty dn anfghesioh mﬁﬁk@[fﬂteﬁed ]mhemmdnesd ditr- tesidhig ihi ophe
ne-2- car box%?nged by Sllcl)CEl gel chromatography (eluent: CH,ClL,/MeOH/NH4,OH 9/1/0.1) to
yield the amine 14 (37.0 mg, 50% yield) in the form of a white powder.
'H NMR (400 MHz, DMSO): 13.17 (s, 1H), 7.45 (s, 1H), 7.30 (m, 5H), 6.07 (s, 2H),
6.06 (s, 1H), 6.03 (s, 1H), 5.71 (bs, 1H), 5.26 (bs, 1H, J = 3.8 Hz), 4.95 (bs, 1H),
10 4.24 (m, 1H), 3.92 (m, 1H), 3.84 (m, 1H), 3.70 (m, 3H), 3.31 (m, 1H), 3.13 (m, 1H).
MS (ESI +) m/z 415 (MH+).
Compound 15: (1R,25,3S5,4S,4aR,11bR)-2,3,4,7-tetrahydroxy-1-(piperidin-1-yl)-
1,2,3,4,4a,5-hexahydro-[1,3]dioxolo[4,5-j|phenanthridin-6(11bH)-one

OH O

15 A mixture of amine 6 (30.0 mg, 0.09 mmol), glutaraldehyde (185.0 uL, 25%
aqueous, 5.0 equiv.) and sodium cyanoborohydride (58.0 mg, 10.0 equiv.) in
methanol (5.0 mL) is stirred at ambient temperature for 1 hour. The mixture is
poured into an aqueous solution of Na,COs and the organic phase extracted with
ethyl acetate, dried on magnesium sulfate, filtered and evaporated. The residue is

20  purified by silica gel chromatography (eluent: CH,ClL,/MeOH/NH4OH 9/1/0.1) to
yield the amine 15 (17.0 mg, 48% yield) in the form of a white powder.

'H NMR (400 MHz, DMSO): 13.46 (s, 1H), 7.37 (s, 1H), 6.63 (s, 1H), 6.13 (bs, 1H),

6.09 (s, 1H), 6.06 (s, 1H), 5.45 (bs, 1H), 4.88 (bs, 1H, J = 3.8 Hz), 4.28 (m, 1H), 3.80

(m, 1H), 3.72 (m, 1H), 3.64 (m, 1H), 3.53 (m, 1H), 3.37 (m, 1H), 2.57 (m, 4H), 1.41
25  (m, 6H).

MS (ESI +) m/z 393 (MH+).

Compound 16: (1R,2S5,35,4S,4aR,11bR)-1-(dimethylamino)-2,3,4,7-

tetrahydroxy-1,2,3,4,4a,5-hexahydro-[1,3]dioxolo[4,5-j|phenanthridin-6(11bH)-

one



Triethylamne (42.0 [iL, 5.0 equiv.) followed by 2-thi ophenecarboxylic acid
chloride (13 [iL, 2.0 equiv.) are added to a solution of amne 6 (20.0 ny,
0. 06 mmolwoi11i04m xt ure of tetrahydrofuran (1.0 nlL) aod/Errévansd7ifl. 0 ni)
at anbient tenperature. After 30 m nutes?9the TLC indicates a conplete
conversion. Silica (2.0 g) is then added to the reaction mxture, the
sol vents are evaporated in vacuum and the ggsidue is purified by silica
gel chromat ography (el uent: CH2C12/ MeOH | r03193 to 90/10) to lead to the
amde 20 in the formof a slightly yel FOWpone (14.0 nmg, 52%yield). 15
M5 (ESI +) mz 435 (MH). CbnpoundOZI
N-01R, 2S, 3R, 4S, 4aR, 11bS) -2, 3, 4, 7- %}
A

r oXy- 6%boxol, 2, 3, 4, 4a, 5, 6, 11b- oct ah

-NM| ) cycl ohexanecar boxam de OH HN
OH OHO 20 A mxture of azide 5 (20.D , 0.057 mmol ) and pal | adi um (10%

melght on activated carbon, 20.0 np) i THF (2.0 nL) and ethanol (2.0 nL)

bal 1 oon) for A %Po‘sfahelﬁ%&@é”regﬁﬂﬁg. “ﬁfﬁv%ﬁ%ﬁ”ﬁd}ﬁ@f PTG ne.
(17.0 [iL, 280 fN.yand mhdrﬁw@hdwroh 2 70.0RGHAVERA QRO HREARIB 032

cyclohexan0|c acid chloride (11.5 [i 1 eqU|v ) are then added at
anbi ent t enpatlat andeacepptagid S0HbuLS is smedratamht@ntmr@yr@ur@of@pl%h@rs The

conver si og. %luxfu%a 1§ t%oare%) 1ntc§ ! h%[fue%dg %glnttlgnt&e %g@(ﬁ§ 388 i eg&bg pslﬁgﬁ ca

sol vents are evaporate and e resi pur

gel chromat ogka@yd (huahyl: ac@id?@l&iewﬁﬁi-lnfagmlﬁﬁlsalfht@ ﬁ&&/ed(lahdt@apére{ed t he
cycl ohexyl amde 21 in the formof a ghtly yellow solid (12 48%
yi el d). 1H NVRe odrenppurifipdshy Sﬂli%gq_l@h{%mtquhy?(e@kﬁn §Hzﬁlee@%w‘(JQﬁ 1H),

6. 37 1 36 (b 1

0-37 E E T)H)@/l% 9%8()?eldjtll{%_6m§1§(i§ éég r%@"'% ’thesfz?ﬁ? o(fgawhétje@owd? (2 > ( an') ",

1.59 (m 5H) "THINWM®R (460 NaHy., DMBNE13.E5Ks, #H)NT .26 4!35H)M§-16®(s lH) 6.06 (s, 2H),

Co ound N-0 2 1 tetr d

P30 56, 5 S0t Sy Bivo k. By xdhof 405 | B sty (41 472G y1BRn ar d

3 64 (m, 1H), 3.53 (m, 1H), 2.26 (s, 6H).
MS (ESI +) m/z 353 (MH+).
Compound 17: (1R,2S,3R4S,4aR,11bS)-1-(cyclohexylamino)-2,3,4,7-
tetrahydroxy-1,2,3,4,4a,5-hexahydro-[1,3]dioxolo[4,5-j|phenanthridin-6(11bH)-

ydro [1,3] dioxolo [4,5-] ]phenan

15 one

HN OH
<O Y OH
o NH
OH O

A mixture of amine 6 (20.0 mg, 0.0617 mmol), cyclohexanone (31.0 uL, 5.0 equiv.)
and sodium cyanoborohydride (38.8 mg, 10.0 equiv.) in methanol (0.5 mL) is stirred
at ambient temperature for 18 hours. The mixture is poured into an aqueous solution
20  of Na,COs and the organic phase extracted with ethyl acetate, dried on magnesium
sulfate, filtered and evaporated. The residue is purified by silica gel chromatography
(eluent: CH,ClL,/MeOH/NH4;OH 95/5/0.5) to yield the amine 17 (13.0 mg) in the
form of a slightly yellow powder.
'H NMR (400 MHz, DMSO): 13.22 (s, 1H), 7.42 (s, 1H), 6.40 (s, 1H), 6.07 (s, 1H),
25  6.05 (s, 1H), 5.80 (m, 1H), 5.21 (m, 1H), 4.94 (m, 1H), 4.11 (m, 1H), 3.78 (m, 1H),



OH O A mxture of azide 5 (36.0 ng, 0.10 mol ) and pal | adi um (10% wei ght on
activated 15 carbon, 10.0 ng) in THF (1.0 nL) and ethanol (1.0 nL) is
stirred avoantwmameti4t enperature under hydrogen at nospher ectdredbassrubber

bal l oon) for 16 hours, the reaction being0nonitored by TLC. Triethyl am ne
(30.0 uL, 2.0 equiv.) follomed by benzoyl chloride (14.0 uL, 1.5 equiv.)

2 compl ot e catvar B S8 (e IRTSTH U vl eib e aec b Stnoliha braak Arhe o
m xture, the 1355I(y1er1H§ mp(rﬁvmpnme{dl AN MACUYM, 1ANd the residue is purified

by silica gel chromato 9 1\</I[F§]el uent: CH2C12/ MeOH from 98/2 to 90/10) to
l ead to the BéERERNIO ZZ‘O WMEhe.- form of a slightly yell ow powder (24.0 ny,

54% vyi el d). J= 9.9 Hz),
7.71 (m 2H) &%'@wmﬁjwﬁ 4@1]1%5()%334}?9 tE"EE?‘%“’%SJ&‘}’{”{t 2H, J= 7.5
Hz), 6.625(s1,2A3M4.4a8,60P1K- Bctaliyﬂro B,Zﬂﬂlo(xslo[4!,54)]]plﬁniﬂlh@ﬂlln-]lhyl)abeta&naeHz ),
5.65 (d, 1H, J= 3.5 Hz), 5.28 (d, 1H, J = 5.7 Hz), 4.87 (d, 1H, J = 9.9
Hz), 4.01 (dd, 1H, J = 9.9 Hz, 13 7 Hz), 3 93 (bs, 1H), 3.86 (m 2H). M
(ESI +) mz 429 (M#). WO 2010/ 012714 g 009/ 059715 33 Compound 23:
4-fluoro-N01R, 2S, 3R 48, 4aR, 11bS) - 2, 3, 4, /-t et'r ahydr oxy- 6- oxol, 2, 3, 4, 4a, 5, 6,
11b- oct ahydro-[1, 3] di oxol o[ 4, 5- j]phenaﬁt oh Cﬁlyl)benzamde F O CH "OH OH
O Triethylamne (42.0 [iL, 5.0 equiv.) foId by 4-fl uorobenzoyl chloride
(14 [iL, 2.0 5 equiv.) are added Kg & S UTYOTaf anine 6 (20.0 ny, 0.06

mml) in a mxture of tetrahydrof ival_ (A 0 fl) and ethanol (1.0 nl) at
anbi ent tenperature. After 30 m nutes,[thg TLC indicates a conpl ete
conversion. Silica (2.0 g) is then added ©o the reaction m xture, the

colvents are iRl hedusD. Ve S ALA S RRufEBh 5L SV 6 Plsaid 2

equiv.) are added to a solution of amine 6 (20.0 mg, 0.06 mmol) in a mixture of
tetrahydrofuran (1.0 mL) and ethanol (1.0 mL) at ambient temperature. After 30

10 minutes, the TLC indicates a complete conversion. Silica (2.0 g) is then added to the
reaction mixture, the solvents are evaporated in vacuum, and the residue is purified
by silica gel chromatography (eluent: CH,Cl,/MeOH from 98/2 to 90/10) to lead to
the amide 18 in the form of a slightly yellow powder (8.0 mg, 29% yield).
MS (ESI +) m/z 367 (MH+).

15 Compound 19: 2-phenyl-N-((1R,2S,3R,4S,4aR,11bS)-2,3,4,7-tetrahydroxy-6-
oxo-1,2,3,4,4a,5,6,11b-octahydro-[1,3]dioxolo[4,5-j|phenanthridin-1-

yDacetamide

Triethylamine (42.0 pL, 5.0 equiv.) followed by phenylacetyl chloride (16.0 uL, 2.0
20  equiv.) are added to a solution of amine 6 in a mixture of tetrahydrofuran (1.0 mL)
and ethanol (1.0 mL) at ambient temperature. After 30 minutes, the TLC indicates a
complete conversion. Silica (2.0 g) is then added to the reaction mixture, the solvents

are evaporated in vacuum, and the residue is purified by silica gel chromatography



10 the amde 23 in the formof a slightly yell ow powder (14.0 ng, 50%
yield). M5 (ESI +) mz 447 (MH). Conpound 24:

N 01R, 2S,8,24f,daR4 11bS) - 2, 3, 4, 7-t et r ahydr oxy- 6- oxo01, 2, $c4/efag0s/089714 b- oct ah
ydro-[1,3] dioxolo [4,5-] ] phenanthridid} 1-y1)-3-
(trifluoromethyl)benzamde OH O 15 Triethylamne (64.0 [iL, 5.0 equiv.)

foll owed by 3-trif thyl - be Vi ride  .(10.0 1AL, ..1. 5 eguiv.) are
added to a serblobHEt BAHOH ot 56 20 s Bl BSaugm 0y s du By e
tetrahydrofu@ﬁgnﬁﬂyﬂbaﬁkwaﬁa(Emmﬁgphw%%mgdpt) at anbient tenperature. After

30 mnutes, the TLC indicates a conplete conversion. Silica (2.0 g) is then
20 added to tMhe(Edaotm@d4didHive, the sol vents are evaporated in vacuum

and the resi i AN g |, d r t nt :

Socio) veon L EuRtal: N-EERAS S AERATP ISR EIDL SRRSO L o
slightly yel l1¢28,panrcs,1 (E8ct@hyano-[ 1,300 014,85 phlARGIh M200Q) 0 fphthe-34 1H
NVR (400 MHz, DVSO): 13.17 (s, 1H), 8.15 (m 2H), 8.01 (m 2H), 7.91 (d,
1H, J= 8.5 HEprboxamjde qq 1H J= 8.5 Hz, J= 7.5 Hz), 7.59 (s, 1H), 6.51 (s,
1H), 6.01 (s, 1H), 5.98 (s, 1H), 5.64.(bs, 1H), 5.57 (bs, 1H), 5.25 (bs,
1H), 4.87 (m 1H), 4.15 (dd, 1H, J={9.% Hz, J= 13.2 Hz), 3.95-3.82 (m 3H).
5 MB (ESI +) miz 497 (M) . Conmpound¥Z5:° on

3- cyano- N-01R, 2S, 3R 48, 4aR, 11bS) - 2, 3, 4, 7,
1b-octahydro-[1, 3] dioxolo [4,5-] ]phenan

Triethylamine (42.0 pL, 5.0 equiv.) followed by 2-thiophenecarboxylic acid chloride
(13 pL, 2.0 equiv.) are added to a solution of amine 6 (20.0 mg, 0.06 mmol) in a
10 mixture of tetrahydrofuran (1.0 mL) and ethanol (1.0 mL) at ambient temperature.
After 30 minutes, the TLC indicates a complete conversion. Silica (2.0 g) is then
added to the reaction mixture, the solvents are evaporated in vacuum, and the residue
is purified by silica gel chromatography (eluent: CH,Cl,/MeOH from 98/2 to 90/10)
to lead to the amide 20 in the form of a slightly yellow powder (14.0 mg, 52% yield).
15 MS (ESI+) m/z 435 (MH+).
Compound 21: N-((1R,25,3R,45,4aR,11bS)-2,3,4,7-tetrahydroxy-6-oxo-
1,2,3,4,4a,5,6,11b-octahydro-[1,3]dioxolo[4,5-j|phenanthridin-1-

vlcyclohexanecarboxamide

HN OH
<O Y OH
0 NH
OH O

20 A mixture of azide § (20.0 mg, 0.057 mmol) and palladium (10% weight on activated
carbon, 20.0 mg) in THF (2.0 mL) and ethanol (2.0 mL) is stirred at ambient
temperature under hydrogen atmosphere (double rubber balloon) for 16 hours, the

reaction being monitored by TLC. Triethylamine (17.0 uL, 2.0 equiv.) followed by



OH O Triethylamne (64.0 [iL, 5.0 equiv.) followed by 3-cyanobenzoyl
chloride (10.0 [iL, 10 1.5 equiv.) are added to a solution of amne 6 (20.0
ng, 0.09 wourbjodipria m xture of tetrahydrofuran (1.0 nl) pemdreddeasohs (1. 0
m.) at ambient tenperature. After 30 mndtes, the TLC indicates a conplete
conversion. Silica (2.0 g) is then added to the reaction mxture, the

sol vents are ey, Qr ated cu d th resi.due i s uri ied b ilica
gel chromat oé?’ ﬁvafl%llcuam %ng}]]\g 3m 9873 5 de&oatl %%11 %

15t he ami de 2dmpdiatule Affer mh@ﬁrsaths Imwmuwaw@hlc@mpwe&fvefsﬂoh Qilrg)X2. O(Jjgl)hd\ll\/R

(400 MHz, DWVRSO): 1318(8,1,815%1 H, 8.07 (m 2H), 8.00 1H, J=
7.9 Hz), 7. 63he(nt addegqto ghe pagigqyzixtyres e(sglveg}}q)are @V@;@rqtgd ng_]ugcuugl, @g}d(t 1H),

5.98 (s, 1H) 4.18
008 (5 300 e bty e e Gy AT W B iy A

(ESI +) nbz 4BA0f Myicld Gorpooheky2@mide 21 in the form of a slightly yellow solid (12.0
3-nitro-N01R 28 3R 4S, 4aR 11bS)-2, 3, 4, 7-t et r ahydr oxy- 6- oxol, 2, 3, 4, 4a, 5, 6, 1
1b- oct ahydr o1&, §Y ¥rldkol o [ 4, 5-]j ]phenanthrl di n-1-yl)benzanmi de OHO WO
2010/ 012714P T 6

fol | owed by gﬁr@rﬁo g(r)lgvg}gz ?@r) ?e% g%hfﬂ"?”ﬁ@ ﬂHp 7[2u1:_(\’5n Fg g9 éd/e%I{)M a
sol uti on of &rfi2ne, BHY, M(D(sngH) 0. %(hﬂrbﬂi) 5|3r6 (zbs,niH), |5r2é (08, ]tfé); |4a6IfMdr dH)r an

(1.0 nL) and h |l (1.0 I m nut es, the
TLC i ndi cat eé@%gﬁfﬂl éﬁ@?é?@?bgﬁ’l ]tég)n?;;; )Sﬁ? SIAH@’? 5iﬁded to the 5

reactionigi xtvg ersit-hansahyepitsr)ar e evaporated in vacuum and the residue is
purified by silica gel chromatography (eluent: CH2Cl2/ MeOH from 95/5 to

80/ 20) to | eddpmpounde an2ite 26Ni((1R.A8,3Ra#NtR,14bS)-2.gi47- ;etmyﬂmm@mw

ihy. 5. 20 (o it ia g B R Eh AioBy s iblony g Ty hhganylt” 37

(s, 1H, 649(s 1H), 6.01 (s, 10 5.98 (s, 1H), 5.64 (m 1H), 5.54 (m
1H, 5.21 (m 1H, 4.87 (m 1H, 4. ddy 1H, J= 10.0 Hz, J= 13.6 Hz),
3.95-3.80 (m 3H), 3.3 (m 1H. M +)OHl z 474 (MH). Conpound 27:

4- (chl oronet hyl ) - N-01R, 2S, 3R, 4S, 4aR, 111 3

t et rahydr oxy- 6-oxo-1, 2, 3,4, 4a, 5, 6, 11b- oct g

OH O

A mixture of azide 5 (36.0 mg, 0.10 mmol) and palladium (10% weight on activated
15  carbon, 10.0 mg) in THF (1.0 mL) and ethanol (1.0 mL) is stirred at ambient
temperature under hydrogen atmosphere (double rubber balloon) for 16 hours, the
reaction being monitored by TLC. Triethylamine (30.0 uL, 2.0 equiv.) followed by
benzoyl chloride (14.0 uL, 1.5 equiv.) are then added at ambient temperature. After
30 minutes, the TLC indicates a complete conversion. Silica (3.0 g) is then added to
20  the reaction mixture, the solvents are evaporated in vacuum, and the residue is
purified by silica gel chromatography (eluent: CH,ClL,/MeOH from 98/2 to 90/10) to
lead to the benzamide 22 in the form of a slightly yellow powder (24.0 mg, 54%
yield).
'H NMR (400 MHz, DMSO): 13.16 (s, 1H), 7.95 (d, 1H, J = 9.9 Hz), 7.71 (m, 2H),
25  7.60 (s, 1H), 7.53 (t, 1H, J = 7.5 Hz), 7.45 (t, 2H, J = 7.5 Hz), 6.62 (s, 1H), 6.02 (s,
1H), 5.98 (s, 1H), 5.71 (d, 1H, /J=2.7Hz), 5.65 (d, 1H, J= 3.5 Hz), 5.28 (d, IH, J =
5.7 Hz), 4.87 (d, 1H, J = 9.9 Hz), 4.01 (dd, 1H, J= 9.9 Hz, 13.7 Hz), 3.93 (bs, 1H),
3.86 (m, 2H).
MS (ESI +) m/z 429 (MH+).



15 fl phenant hri di n- 1-y1) benzam de OH O Triethylamne (98.0 [iL, 5.0
equiv.) followed by 4-chl oronethyl benzoyl chloride (32.0 [iL, 1.2 equivVv.)
are addedwoaom/|otigti on of amine 6 (46.0 ng, 0.142 mmol PCI/EP2009I0RI7WS € Of
tetrahydrofuran (3.0 nL) and ethanol (3.83nL) at anbient tenperature.
20After 30 mnutes, the TLC indicates a conplete conversion. Silica (2 0 9)

I s then adde 0 th c I ve rated i

vacuum and. SR EE AR R R 4G U 2 e ARy ek Genc
CH2C12/ MeOH fiim3m 3a/s%,1 th- 8&&3 rot jando HREhAGr’ifn 10y iBazanide of a
slightly yellgaﬁgomggi (50.7 9& p,] H NWVR 4dgﬁk+t DVS0) : qﬁ% 15 (s, 1H),
7.96 (d, 1HJ—100Hz)771(d a~J 25= 8.0 Hz), 7.59 (s, 1H). 7.50
(d, 2H, J= 8.0 Hz), 6.58 (s, 1H), olH, 5.97 (s, 1H), 5.64 (m 2H),
5.23 (m 1H), 4.86 (m 1H), 4.79 (s, MH ¥ 4.@7-3.82 (m 4H. M5 (ESI +) mz
477 (MH+). WO 2010/ 012714PCT/ EP2009/ 05815 36 ,6anpound 28:

3- ((di met hyl ami no) net hyl ) - N- 01R, 2S, 3R 4S, 4 1bS)- 2, 3, 4, 7-

t et r ahydr oxy- 6- oxo- 1, 2, 3, 4, 4a, 5, 6, 1d.h Wes[ 1, 3] di oxol of 4, 5-

j 1 phenant hri di n-1-y1) benzam de

6

Triethylamine (42.0 uL, 5.0 equiv.) followed by 4-fluorobenzoyl chloride (14 uL, 2.0
5 equiv.) are added to a solution of amine 6 (20.0 mg, 0.06 mmol) in a mixture of

tetrahydrofuran (1.0 mL) and ethanol (1.0 mL) at ambient temperature. After 30

minutes, the TLC indicates a complete conversion. Silica (2.0 g) is then added to the

reaction mixture, the solvents are evaporated in vacuum, and the residue is purified

by silica gel chromatography (eluent: CH,Cl,/MeOH from 98/2 to 90/10) to lead to
10 the amide 23 in the form of a slightly yellow powder (14.0 mg, 50% yield).

MS (ESI +) m/z 447 (MH+).

Compound 24: N-((1R,25,3R,45,4aR,11bS)-2,3,4,7-tetrahydroxy-6-oxo-

1,2,3,4,4a,5,6,11b-octahydro-[1,3]dioxolo[4,5-j|phenanthridin-1-yl)-3-

(trifluoromethyl)benzamide

HN O
¢ o
0 NH
OH O

15
Triethylamine (64.0 pL, 5.0 equiv.) followed by 3-trifluoromethyl-benzoyl chloride

(10.0 pL, 1.5 equiv.) are added to a solution of amine 6 (20.0 mg, 0.09 mmol) in a
mixture of tetrahydrofuran (1.0 mL) and ethanol (1.0 mL) at ambient temperature.
After 30 minutes, the TLC indicates a complete conversion. Silica (2.0 g) is then

20  added to the reaction mixture, the solvents are evaporated in vacuum, and the residue
is purified by silica gel chromatography (eluent: CH,Cl,/MeOH from 95/5 to 80/20)
to lead to the amide 24 in the form of a slightly yellow powder (13.0 mg).



OH O 5Triethylamne (64.0 [iL, 5.0 equiv.) followed by 3-chl oronet hyl
benzoyl chloride (19.7 [iL, 1.5 equiv.) are added to a solution of amne 6
(30.0 ng,w0.208/0rPmals) in a m xture of tetrahydrofuran (1p@Tmerocansh7es hanol
(1.0 m.) at anbient tenperature. After 384 m nutes, the TLC indicates a
conpl ete conversion. A dinethylam ne solution (100.0 [iL, 40% H20) is then

dded, d thg mxt i , 1 Af t ur nj t
2o ent terpendt R OE ML I5SY: B 176 THLR T ot Pha AL BT e o0
the sol vents jar @ 58¥9pprai{@y 1H)./vag 8 WR, Jads the, 7.85 (s UH), 655 PE! 1), &0 1ogg,
silica gel chromatography éfluent: CH2C12/ MeOH from 95/5 to 80/20) to |ead
Lo the amide 158, 198 fhelherd G, HISSIGHBIvIHed £5Wpotleks T @0, 3Dng, {58d%

yield). 1H NYR (4 g ' 17 , 7.96 (d, 1H, J= 10.0 Hz),
7.66 (s, 1H) !Yﬁié %% (4 3?%%12)7.%?3 3(%4&?@]@1 = 7.9 Hz), 7.46 (d, 1H J=
7.4 Hz), ¥.3MSdEST DHp/z397 (MHHz, J = 7.4 Hz), 6.63 (s, 1H), 6.01 (s, 1H),
5.97 (s, 1H), 5.70 (d,_1H J = 3.7 Hz% 5. 65 ﬁd, 1H J = 3.7 Hz), 5.26 (d,
1H J = 5.9 Gompong2% drcyppp-N-4(1852538AS4aR, lihS)-233,43-terahydigxy-6,0%05 (b
6H). M5 (ESI 0 Qi T :

4 (i met hyl Ay e RS R R R iphonandpridin 1-yDbenzamide

t et rahydr oxy- 6- oxo-1, 2, 3, 4, 4a, 5, 6, 110t ahydro-[ 1, 3] di oxol o [ 4, 5-

j ] phenant hri di n-1-yl)benzam de WO 2Q ! 012y14PCT/ EP2009/ 059715 37 OH O
Triethylamne (64.0 [iL, 5.0 equ'tl.) ol I'pwe@Hby 4- chl or onet hyl benzoyl
chloride (2.0 equiv.) are added to a solwn{omAgiomam ne 6 (30.0 ng, 0.09
nmmol) in a mxture of tetrahydrofuran (1.0 and ethanol (1.0 nlL) at
anbi ent tenperature. After 30 5 m%vt A0 ndi cates a conpl ete
conversion. A di nethyl am ne sol uti 0 Ryl 40% H20) is then added,
and the mixture is heated at 60 C f & S. After returning to anbient
tenperature, silica (2.0 g) is then added to the reaction m xture, the
solvents are evaporated in vacuum and the residue is purified by silica
gel chromat ogrRARYantiak Y&nNb : Lgﬁmeﬁﬁ. Vi Qi@ By95 ParloBerBBh RO lotige {@awuto the
amde 29 10 in Pﬁe for'rg1 of Ma slig ,t\:\/}; yel | owygg)gjv\%er Igzg{yo ng, 6 _%yluel d).
1H NVR (400 NHzequbnisele: added toza sejutianpf aming4 (24,0 me, 0.9 mpgoly g ymixtpreyet 6. 65

4H), 7.4 6 - - d,
i 3% a7 riASgodly ROy Snd ol b8 hE) o phvichy Wnbadidansr 3G 48
(m 1H), 4. 04nidut? thaTLEHhdic@eLd cdipletebddnverbonVBilicER.0 ) idwhzn 4&&ed(tdithe) .
reaction mixture, the solvents are evaporated in vacuum, and the residue is purified

by silica gel chromatography (eluent: CH,Cl,/MeOH from 95/5 to 80/20) to lead to

15  the amide 25 in the form of a slightly yellow powder (11.0 mg).
'H NMR (400 MHz, DMSO): 13.18 (s, 1H), 8.15 (m, 1H), 8.07 (m, 2H), 8.00 (d, 1H,
J=79 Hz), 7.68 (t, 1H, J= 7.9 Hz), 7.59 (s, 1H), 6.46 (s, 1H), 6.01 (s, 1H), 5.98 (s,
1H), 5.64 (m, 1H), 5.52 (m, 1H), 5.23 (m, 1H), 4.84 (m, 1H), 4.18 (dd, 1H, J=9.7
Hz, J=13.5 Hz), 3.95-3.82 (m, 3H), 2.16 (bs, 6H).

20  MS (ESI+) m/z 454 (MH+).
Compound 26: 3-nitro-N-((1R,2S,3R,4S,4aR,11bS)-2,3,4,7-tetrahydroxy-6-oxo-
1,2,3,4,4a,5,6,11b-octahydro-[1,3]dioxolo[4,5-j|phenanthridin-1-yl)benzamide



Compound 30: 3-((butylam no)nethyl)-N 01R, 2S, 3R, 4S, 4aR, 11bS)-2, 3, 4, 7-

t et rahydr oxy- 6- oxo-1, 2, 3, 4, 4a, 5, 6, 11b- oct ahydro-[ 1, 3] di oxol o[ 4, 5-

j 1 phenantwoi2diomib71y1) benzam de OH 0 20Tri et hyl am ne @E64/EP2¢00l059735 O
equiv.) followed by 3-chl oronmethyl benzoy$ chloride (19.7 i _LL, 1.5 equiv.)
are added to a solution of amne 6 (30 O ng, 0.09 mol) in a m xture of

tetrahydrofur t hanol ( t . ient, Le Af ter
50 mnut e, - TRBhEnRe 81 S0 30 Sucwl by Koo PGB R A B0 DY
WO 2010/ 01271145385[{1&2@%&5&)7&50136011 5f 4hRR (AA0emg20.d9 tnhﬁomxxa wiiRtukSoneat ed
at 60 C for 18 hours. After returning to anbient tenperature, silica (2 0

g) is then addedydolpe (+8asi) @ﬁdrﬁtbane} 61.0tTRE) 8bREHNG tPRETEYED Y itret)
Gocio) noon I EEHEES BAPYE ¢ EEfplte M b RuIShich T BT MERRMCAE N i

5sl i ght | y5yelr¢aatiop avickare, (10 §blVﬂjl)s ar]:HvNM?at(eéGﬁ) vivtiym, DMSGhe réklud Gs (oﬁmﬁéld-i)
8.29 (s, 1H), 7.93 (d. 1t J =
(d, 1H, J = :]?’Y:§ﬂl%)ge?‘7hr8ﬁla q%rapqu (ehwnw Cﬁzﬁg?MeeHsé 1(ﬂt95/iF<P 8@20)7@% 0 6 63

, 1H), 6.0 , 3.91 2 3.86
E?n 2;)'), S 7%he(a5éﬂ,udé%1n1§169f3m(1§fag-l%htly;’yeﬁgw(ﬁ&vdl{glo 04mg)'9 ‘m (2 Lﬂ') 5085 .
102H, J = R(NBO , DYISON) z1 B164(s( M, B.49Compdlndl 33 1m, 1H), 8.20 (d, 1H,

et ahydr 'oi'y% WP, % WS IRE RAY R B o im0 o
j 1 phenantpri dy: Loy(9, bENZRMA A8, 1H), 5.54 (m, 1H), 5.21 (m, 1H), 4.87 (m, 1H), 4.16 (dd,
1H, J=10.0 Hz, J = 13.6 Hz), 3.95-3.80 (m, 3H), 3.34 (m, 1H).
MS (ESI +) m/z 474 (MH+).
Compound 27: 4-(chloromethyl)-N-((1R,2S,3R 4S,4aR,11bS)-2,3,4,7-
tetrahydroxy-6-o0xo0-1,2,3,4,4a,5,6,11b-octahydro-[1,3]dioxolo[4,5-
15  jlphenanthridin-1-yl)benzamide

Cl
0] OH

HN - OH
<O Y OH
o NH
OH O

Triethylamine (98.0 pL, 5.0 equiv.) followed by 4-chloromethyl benzoyl chloride

(32.0 puL, 1.2 equiv.) are added to a solution of amine 6 (46.0 mg, 0.142 mmol) in a

mixture of tetrahydrofuran (3.0 mL) and ethanol (3.0 mL) at ambient temperature.
20  After 30 minutes, the TLC indicates a complete conversion. Silica (2.0 g) is then

added to the reactive mixture, the solvents are evaporated in vacuum, and the residue

is purified by silica gel chromatography (eluent: CH,Cl,/MeOH from 95/5 to 80/20)

to lead to the amide 27 in the form of a slightly yellow powder (50.7 mg).

'H NMR (400 MHz, DMSO): 13.15 (s, 1H), 7.96 (d, 1H, J = 10.0 Hz), 7.71 (d, 2H, J
25 =8.0 Hz), 7.59 (s, 1H), 7.50 (d, 2H, J = 8.0 Hz), 6.58 (s, 1H), 6.01 (s, 1H), 5.97 (s,

1H), 5.64 (m, 2H), 5.23 (m, 1H), 4.86 (m, 1H), 4.79 (s, 1H), 4.07-3.82 (m, 4H).

MS (ESI +) m/z 477 (MH+).



15040 Triethylamne (64.0 [iL, 5.0 equiv.) followed by 3-chl oronet hyl
benzoyl chloride (19.7 1AL, 1.5 equiv.) are added to a solution of amne 6
(30.0 ng,w0.208/0rPmals) in a m xture of tetrahydrofuran (1p@Tmerocansh7es hanol
(1.0 m.) at anbient tenperature. After 386m nutes, the TLC indicates a
conpl ete conversion. Pyrolidine (20.0 [iL) is 20 then added, and the

m xture is heated at or hours. Aft i t.0 Leqt

t enper at ur e, %é)llﬂl]?%"éld(ée 8%§1We§§¥lﬁ%n®w®ylﬁ§-{(ﬁg%§£,g ?’éﬁR?fliri???g'?@,""?he

sol vents ar e t@y@PArek£4-dx0- A3 UM, 5,61 Ubldeeahyass-fiLg| dicxosiaist i ed by silica
gel chromat ogr aphy ef-gent: %—lgl&:ktlH.Z/ ﬁ/’EOH frcl)irsllwﬂ% 5 ]to é)g/y[ZJO) to lead to the
am de 31 in dlphepanthrigin-d-W)hegpamideye| | ow powder (6.0 ng). 251H NVR (400
MHz, DMS0O): 13.16 (s, 1H), 8.24 (s, ho. 7.94 (d, 1H, J = 9.7 Hz), 7.66 (s,
1H), 7.60 (s, 1H), 7.57 (d, 1H, J= 7 ),
(t, 1H, J= 7.6 Hz), 6.63 (s, 1HyN«
4.88 (m 1H), 4.0-3.82 (m 4H), 3.56 (s,
1.69 (m 4H). WD 2010/012714PCT/ EP2009/ 0
Compound 32: 3-(norpholinomethyl)-NQI1IR
t et r ahydr oxy- 6- oxo-1, 2, 3, 4, 4a, 5, 6, 1Zb-
j ] phenant hri di n-1-yl)benzam de Th N'&eH
equiv.) followed by 3-chloronethyl benzg hloride (19.7 [iL, 1.5 equiv.)
are added to a solution of am ne 6 (30. 0.09 Mol ) in a mxture of
tetrahydrofuran (1.0 nL) and ethanol (1.0 nL) at anbient tenperature. After
30 mnutes, the TLC indicates a conpl ete conversion. The norpholine éeloo. 0

10 [iL) i8& tHewsthatraeas (6h8 1lhed fiogpiyrefollowse dryedchlor@oetlylf benze gl ¢fder

After returni ien ratu il (2. i n ed to the
reaction m xt(tf}jrg'%f“%f ﬁgb é"s%I“E/)e%lrt%ga}21 g?(gttoeég%lgrag{‘ gg%p%&vgéﬁ%%ﬁgatgg@ t@%ge@i Yue is
purified by siikivedofetrabidrofRiogr.aphly) 4l eteiicl (CO2GLYANVRRAbIchr @mREdtoret O
80/20) to lead. to the amde 32 in the formof a slightly yell ow powder (5.0
ng). 151H NVRIteaol mpputepvlie) TLE3inflgeates a pomplege ppnyesionjA dymeigylegine p) |

7.94 (d, 1H g = o : 7 6 o7 15 7.7
Hz) , (7 47 ( d,schm?l?gﬁ)g'@%, ﬁz? %Zéﬁ 1;?9&%% addgd, 950(:&? “’é%ﬁi% h%;tggq% ngHCi Eﬂb 6.01
(s, 1H), 16. 9To@s, ATty retBrml@s onambidns temBFaim, silkdp, (24, ABiBIRS Addvd 4dthe 3. 56

(m 4, 3. 4§ea(ctsl’on %ﬁ?cthre? 'tl?ezso(lxrzgntslaWe’eva%po?}gtegirlrrll nglim, and the residue is purified

by silica gel chromatography (eluent: CH,Cl,/MeOH from 95/5 to 80/20) to lead to

7.47 (d, 1H, J= 7.7 Hz), 7.37

@Hyy 5.97 (s, 1H), 5.71 (m 2H),

,?3.§a(m 1H), 2.41 (m 4H),
M5 (ESI +) miz 512 (MH).

,4aR, 11bS)-2, 3, 4, 7-

df o- P, 3] di oxol o 4, 5-

jeNthyl amine (64.0 [iL, 5.0

the amide 28 in the form of a slightly yellow powder (30.0 mg, 68% yield).
'H NMR (400 MHz, DMSO): 13.17 (s, 1H), 7.96 (d, 1H, J = 10.0 Hz), 7.66 (s, 1H),
15 7.62 (s, 1H), 7.59 (d, 1H, J =79 Hz), 7.46 (d, 1H, J= 7.4 Hz), 7.39 (dd, 1H,J=7.9
Hz, J = 7.4 Hz), 6.63 (s, 1H), 6.01 (s, 1H), 5.97 (s, 1H), 5.70 (d, 1H, J = 3.7 Hz),
5.65(d, 1H, J=3.7 Hz), 5.26 (d, 1H, J = 5.9 Hz), 4.87 (m, 1H), 4.03-3.82 (m, 4H),
3.46 (bs, 2H), 2.16 (bs, 6H).
MS (ESI +) m/z 486 (MH+).
20  Compound 29: 4-((dimethylamino)methyl)-N-((1R,2S,3R,4S,4aR,11bS)-2,3,4,7-
tetrahydroxy-6-o0xo0-1,2,3,4,4a,5,6,11b-octahydro-[1,3]dioxolo[4,5-
jlphenanthridin-1-yl)benzamide



20 Ms (ESI +) nlz 528 (MH+). Conpound 33:
3-((cycl opropyl am no) net hyl ) - N-01R, 2S, 3R, 4S, 4aR, 11bS) -
2, 3, 4, 7- twonatwdemxy- 6- oxo- 1, 2, 3, 4, 4a, 5, 6, 11b- oct ahydr oPCT/ERpocdiosxas 0 [

4, 5-

j1phenant hri din-1-yi)benzani de WO 2010/ 812714PCT/ EP2009/ 059715 40  OH 0

Triethylamne (64.0 [iL, 5.0 equiv.) followed by 3-chl oronethyl benzoyl
chloride (19.7 [iL, 1.5 equiv.)are.added to a solution of anine 6 (30.0
ng, 0.09 nmmmol) in a m xture of téi!raofuran (1.0 nL) and ethanol (1.0
mL) at anbient tenperature. 5 After 38 mhgu® the TLC indicates a
conpl ete conversion. The cyclopropylanin% (100.0 LIL) is then added, and
the mixture is heated at 60 C for 18 houf%. «p returning to anbi ent
tenperature, silica (2.0 g) is then 8dd- e reaction mxture, the
solvents are evaporated in vacuum gnd residle is purified by silica
gel chromatography (eluent: CH2Cl2/ &b/5 to 80/20) to lead to t
am de 33 10in the formof a slightly yeI

he

powder (11.0 ng). 1H NWR (400

MHz, DMBO): 13.16 (s, 1H), 7.92 (d, 1H, QTEQQHZ) 7.68 (s, 1H), 7.60 (s,

lH), 7.56 (d, 1H, J =7.6 Hz), 7.48 (d, 1H, J =7.6 Hz), 7.37 (t, 1H, J=
7.6 Hz), 6.63 (s, 1H), 6.01 (s, 1H), 5.97 (s, 1H), 5.69 (d, 1H J = 3.9
Hz), 5.64 (d/TrcHylamine 3680 Hz]),,5.3,egﬁlv()dfollmw,edJoy:45hlbr¢m§thyl4b<880ylm;hlq_ﬂﬂ)e
4.0-3.82 (m 3..75

2H). M (ES| (i@emui/ )ﬁ%g(?q@ﬁ_%@a’s \ Oggﬁg&g%’g 8@0 mg, 8%9%06'?1 h rmxtzure an

tetrahydrofuran (1.0 mL) and ethanol (1.0 mL) at ambient temperature. After 30
5  minutes, the TLC indicates a complete conversion. A dimethylamine solution (100.0
uL, 40% H,0) is then added, and the mixture is heated at 60° C for 2 hours. After
returning to ambient temperature, silica (2.0 g) is then added to the reaction mixture,
the solvents are evaporated in vacuum, and the residue is purified by silica gel
chromatography (eluent: CH,Cl,/MeOH from 95/5 to 80/20) to lead to the amide 29
10 in the form of a slightly yellow powder (27.0 mg, 61% yield).
'H NMR (400 MHz, DMSO): 13.17 (s, 1H), 7.94 (d, 1H, J = 10.0 Hz), 7.73-6.65 (m,
4H), 7.42 (bs, 2H), 6.61 (s, 1H), 6.01 (s, 1H), 5.97 (s, 1H), 5.70 (d, 1H, J = 3.7 Hz),
5.67 (d, 1H, J=3.7 Hz), 5.33 (d, 1H, J = 5.9 Hz), 4.86 (m, 1H), 4.04-3.82 (m, 4H),
2.24 (bs, 6H).
15 MS (ESI+) m/z 486 (MH+).
Compound 30: 3-((butylamino)methyl)-N-((1R,2S,3R,4S,4aR,11bS)-2,3,4,7-
tetrahydroxy-6-o0xo0-1,2,3,4,4a,5,6,11b-octahydro-[1,3]dioxolo[4,5-
jlphenanthridin-1-yl)benzamide

H
\/\/N\Q\(O
HN :

20  Triethylamine (64.0 pL, 5.0 equiv.) followed by 3-chloromethyl benzoyl chloride
(19.7 pL, 1.5 equiv.) are added to a solution of amine 6 (30.0 mg, 0.09 mmol) in a
mixture of tetrahydrofuran (1.0 mL) and ethanol (1.0 mL) at ambient temperature.
After 30 minutes, the TLC indicates a complete conversion. Butylamine (100.0 pL)



OH O Triethylamne (50 [iL, 5.0 equiv.) followed by triBoc-spermne (201.0
ng, 5.0 20 equiv.), the preparation of which is described in Tetrahedron,
56, 2449-%0,20(02090), are added to a sol ution of am de 2PceaP2@onmy719. 0798
mmol) in DM (1.5 nlL) at anbient tenperaB@ire. After 5 days, the TLC

i ndi cates a conpl ete conversion. Di-tert- WO 2010/012714PCT/ EP2009/ 059715

b I b : iL,. 20U V. ' | am . L L,
cauiv.) aro ChiR aateh by puxirs RPYLoCR ¢ ShPPRRE et Pelimlicddi o

for 3 hours. aBibidn€ &enfperflu@) silisa (@ B) BdE@dadded td ehelre@tivh @ixir tthid Solvdnie
solvents are evaporated in vacuu and the residue is purified by silica
gel chr onat ogfaptporaduantacuappaibhirotidys sravsded by silicy g ¢hramatperaphi de 34

nohe form ol g SEHIBL MK HhYoBBNEN0 0390 FeallHd thMinidE 3N it kndTtm 35

(MH) . Conpo
am nopr opy| asiigia)yopdigivapawiiey pr.opg)am no) net hyl ) - N-01R, 2S, 3R, 4S, 4aR, 11bS) -2

3,4, 7-tetrahydroxy-6-0x0-1,2. 3 4,44a,5,6,11b- 10octahydro- [1,3] dioxalo
D5} T phonaHONRt 4901 e Rkl gad T, 5 2 C AV ENRGG 1 T gis,

7.69 (s, 1H), 7.61 (s, 1H), 7.56 (d, 1H, J = 7.3 Hz), 7.50 (d, 1H, J= 7.3 Hz), 7.37 (t,

1H, J = 7.3 Hz), 6.63 (s, 1H), 6.01 (s, 1H), 5.97 (s, 1H), 4.88 (m, 1H), 4.0-3.91 (m,

2H), 3.86 (m, 2H), 3.73 (s, 2H), 3.32 (m, 1H), 1.40 (m, 2H), 1.29 (m, 2H), 0.85 (t,
10 2H,J=73 Hz).

MS (ESI +) m/z 514 (MH+).

Compound 31: 3-(pyrrolidin-1-ylmethyl)-N-((1R,2S,3R,4S,4aR,11bS)-2,3,4,7-

tetrahydroxy-6-o0xo0-1,2,3,4,4a,5,6,11b-octahydro-[1,3]dioxolo[4,5-

jlphenanthridin-1-yl)benzamide

HN _ »OH

<O Y OH

0 NH

15 OH O

Triethylamine (64.0 puL, 5.0 equiv.) followed by 3-chloromethyl benzoyl chloride
(19.7 pL, 1.5 equiv.) are added to a solution of amine 6 (30.0 mg, 0.09 mmol) in a
mixture of tetrahydrofuran (1.0 mL) and ethanol (1.0 mL) at ambient temperature.
After 30 minutes, the TLC indicates a complete conversion. Pyrolidine (20.0 pL) is

20  then added, and the mixture is heated at 60° C for 2 hours. After returning to ambient
temperature, silica (2.0 g) is then added to the reaction mixture, the solvents are
evaporated in vacuum, and the residue is purified by silica gel chromatography
(eluent: CH,Cl,/MeOH from 95/5 to 80/20) to lead to the amide 31 in the form of a
slightly yellow powder (6.0 mg).

25  'H NMR (400 MHz, DMSO): 13.16 (s, 1H), 8.24 (s, 1H), 7.94 (d, 1H, J = 9.7 Hz),
7.66 (s, 1H), 7.60 (s, 1H), 7.57 (d, 1H, J= 7.8 Hz), 7.47 (d, 1H, J = 7.7 Hz), 7.37 (t,
1H, J= 7.6 Hz), 6.63 (s, 1H), 6.01 (s, 1H), 5.97 (s, 1H), 5.71 (m, 2H), 4.88 (m, 1H),
4.0-3.82 (m, 4H), 3.56 (s, 2H), 3.32 (m, 1H), 2.41 (m, 4H), 1.69 (m, 4H).



A mxture of amde 34 (37.0 ng, 0.035 mmol ) and hydrochloride acid (2.0 ni,
5N in isopropanol) in isopropanol (3.0 nL) is stirred at anbient

t enper at we 20mwo12A4hours. The residue is evaporated to @cymra@osohead to
the am de 35 15(tetrahydrochloride) in tB2 formof a white powder (25.0
ng). 1H NNR (400 MHz, DMsO): 13.18 (s, 1H), 7.98 (d, 1H, J = 10.4 Hz), 7.76

(d, 2H J = %’@Q‘?ﬁ)@‘&@%((%%m 6.60 (s, 1H), 6.01 (s, 1H), 5.98 (s,

1H), 4.86 (m 4.02 (dd, 1H, J= 9.8 Hz, J= 13.4 Hz), 3.94

(m 1H, 3. 8%03nlﬁﬂnfdn32 %t&no@haﬁn&mthgz N-(anaﬁs Bm4m’dﬁ 11123)0223 am 2H), 1.99
(m 2H), 1.71 (m 20 MSE1 3 (M npound 36:
N-01R 2S, 3R, Agratlaspérgzméjaxz B2 474%%6*1%3@@?@9%{13 bllor@ltz{% 4a, 5, 6, 11b- oct ah

30107 017 1ape ER IR RREIAR | T in-et ﬁyﬁ?n- ne (640 [1L. 5.0 equiv.)

fol |l owed by napht hal oyl chl ori 0. .5 equiv.) are added to a
solution of amne 6 (20.0 ny, 0\0/ 6mxture of tetrahydrofuran
(1.0 nL) and ethanol (1.0 nL) at™~anbfen ePdture. After 30 5 minutes,

the TLC indicates a conpl ete conversion. Sn\l i
the reaction mxture, the solvents are evapo
residue is purified by silica gel chrong
95/5 to 80/20) to lead to the am de 3{6
powder (12.0 ng). 1H NMVR (400 MHz, DMBOYNAyAT (s, 1H), 8.34 (s, 1H), 8.12
(m 1H), 7.99 (m 10 3H), 7.80 (m 1H), 7p®%0o(m 3H), 6.66 (s, 1H), 6.01
(s, 1H), 5.95 (s, 1H), 5.79 (bs, 1H) 5.67 (m 1H), 4.94 (m 1H), 4.10 (dd,
1H, J = 9.6 HZLetk%'laﬂnﬂ;@ (84.6Z)1,, 30 Quid-)BblloWed Jy) 3-cMordEShyl+Hend 1élﬂ8nddVH+)
Corrpound 37: 2 di et hyl am no) net hyl ) - N-01R, 2S, 3R, 4S, 4aR 11bS) - 4, 7-
15t et r ahydr ox{2 %xéﬁle@l\s) arez?éi sd & 2 seluten shyans: 8 (3G9 mgaﬁdpovpm@ in a

j I phenant hri gi;nz fs XHJP&H%&HE{?& (1.0 mL) and ethanol (1.0 mL) at ambient temperature.

After 30 minutes, the TLC indicates a complete conversion. The morpholine (100.0

>H) g) is then added to

d in vacuum and the

N uent: CH2C12/ MeOH from
he tlgrmof a slightly yell ow

10 uL) is then added, and the mixture is heated at 60° C for 18 hours. After returning to
ambient temperature, silica (2.0 g) is then added to the reaction mixture, the solvents
are evaporated in vacuum, and the residue is purified by silica gel chromatography
(eluent: CH,Cl,/MeOH from 95/5 to 80/20) to lead to the amide 32 in the form of a
slightly yellow powder (5.0 mg).

15 'H NMR (400 MHz, DMSO): 13.16 (s, 1H), 8.27 (s, 1H), 7.68 (s, 1H), 7.94 (d, 1H, J
= 9.9 Hz), 7.66 (s, 1H), 7.60 (s, 1H), 7.57 (d, 1H, J= 7.7 Hz), 747 (d, 1H, J=17.3
Hz), 7.39 (t, 1H, J = 7.6 Hz), 6.63 (s, 1H), 6.01 (s, 1H), 5.97 (s, 1H), 5.73 (m, 2H),
4.87 (m, 1H), 4.03-3.83 (m, 4H), 3.56 (m, 4H), 3.48 (s, 2H), 3.32 (m, 1H), 2.33 (m,
4H).

20  MS (ESI +) m/z 528 (MH+).

Compound 33: 3-((cyclopropylamino)methyl)-N-((1R,2S,3R,4S,4aR,11bS)-
2,3,4,7-tetrahydroxy-6-oxo-1,2,3,4,4a,5,6,11b-octahydro-[1,3]dioxolo[4,5-
jlphenanthridin-1-yl)benzamide



OH O Triethylamne (64.0 [iL, 5.0 equiv.) followed by 2-brononet hyl benzoyl
chloride (42.0 ng, 2.0 equiv.) are added to a solution of amne 6 (30.0 ng,
0. 09 molwoi1204m xture of tetrahydrofuran (1.0 nl) aod/Ereévansd7ifl. 0 ni)
at anbient tenperature. After 30 m nutes40the TLC indicates a conplete
conversion. A dinmethylam ne solution (100.0 [iL, 40% H20) is then added,
and the mxture is heated at 60 C for WO 2010/ 012714PCT/ EP2009/ 059715 43
hours. After return to anbient tenperéd silica (2.0 g) is then added to
the reactive mxture, the solvgg;/sf\I oPated in vacuum and the
residue is purified by silica o¢l chronata-rap y | uent: CH2C12/ MeOH from
95/5 to 80/20) to lead to the amde 37 in 5 of a slightly yell ow
powder (19.0 ng, 43%yield). 51H NVR (400 ¢, [WB0): 13.15 (s, 1H), 8.99
(d, 1H, J = 9.6 Hz), 7.55 (m 2H), 7< , ©H46 (s, 1H), 6.04 (s,
1H), 6.01 (s, 1H), 5.55 (d, 1H, J= 3 XA SN (m 2H), 4.84 (m 1H),
3.93-3.76 (m 4H), 3.25 (d, 1H, J= 12.4 k, 3.11 (d, 1H, J= 12.4 Hz), 1.90
(s, 6H). M5 (ESI +) nlz 486 (M#). 10 E L 2: Cytotoxic activity of the

otbrding ¢ o TREVREROR wines Bt bfoBsd mib e Rryotfnl BB Y e R
cel | proliferg rom. qfs S0y fle dddBER QfsolﬂHHﬁBfQﬁﬁ&' & GEOGY, @3)9'1&1%)1)'%%9

(lung) and line HCT (colon). This activity is expressed
mixture of tetrahydroﬁlran (1 0 mL) and ethanol (1.0 mL) at ambient temperature.

5  After 30 minutes, the TLC indicates a complete conversion. The cyclopropylamine
(100.0 pL) is then added, and the mixture is heated at 60° C for 18 hours. After
returning to ambient temperature, silica (2.0 g) is then added to the reaction mixture,
the solvents are evaporated in vacuum, and the residue is purified by silica gel
chromatography (eluent: CH,Cl,/MeOH from 95/5 to 80/20) to lead to the amide 33

10  in the form of a slightly yellow powder (11.0 mg).
'H NMR (400 MHz, DMSO): 13.16 (s, 1H), 7.92 (d, 1H, J = 9.9 Hz), 7.68 (s, 1H),
7.60 (s, 1H), 7.56 (d, 1H, J=7.6 Hz), 7.48 (d, 1H, J= 7.6 Hz), 7.37 (t, IH, J = 7.6
Hz), 6.63 (s, 1H), 6.01 (s, 1H), 5.97 (s, 1H), 5.69 (d, 1H,J=3.9 Hz), 5.64 (d, 1H,J =
3.8 Hz), 5.25 (d, 1H, J = 5.7 Hz), 4.88 (m, 1H), 4.0-3.82 (m, 4H), 3.75 (s, 2H), 2.03
15  (bs, IH), 0.35 (m, 2H), 0.26 (m, 2H).
MS (ESI +) m/z 498 (MH+).

Compound 34:
H Boc
N N
BOC/ \/\/ \/\/\,I\l/\/\,\ll
B B 0]
ocC ocC QH
HN (__~__»OH
<O Y OH
0 NH
OH O

Triethylamine (50 pL, 5.0 equiv.) followed by triBoc-spermine (201.0 mg, 5.0
20 equiv.), the preparation of which is described in Tetrahedron, 56, 2449-60, (2000),
are added to a solution of amide 27 (30.0 mg, 0.0798 mmol) in DMF (1.5 mL) at

ambient temperature. After 5 days, the TLC indicates a complete conversion. Di-tert-



15 by 1C50, concentration of the tested product capable of inhibiting 50%
of cell proliferation. The nethod used is | um nescence neasurenent of the
resi dual weBosfdieri472 hours of incubation using the "ATPCTtEPRE0p/05I0ILE
mar keted by Perkin El ner, as described i#lthe follow ng publication:
"Measurenent of cytotoxicity by ATP - based | um nescence assay in primary

cell culture nd gell, I "o 1A Cree, ,P.E .Andre i, 20;Toxi col o in
Ttro Uh UEeTuN CusiBhe ' ( AED ot do bt Sd B AR B e T S8 WY era
conmpounds of tlidaeaddey emd Mm@t yakiaeedos dnvias 1dapGarRdoriGThouls i@ meported

in Table 1, in _conparison with narciclasine 1 used as a reference product.
The concent r & isoficy afdpastodhe raagtinremgedre; hierahenivare ayapopigd imwmcyyp) and

V0 20101 0127 FPCHAEPIDGUTBER T1s g 10 ARORMBLADY Tetheft? CHRCHAROH frofh ©2 50

5  98/2) to lead to the amide 34 in the form of a slightly yellow powder (39.3 mg).
MS (ESI +) m/z 528 (MH+).
Compound 35: 4-((3-(4-(3-
aminopropylamino)butylamino)propylamino)methyl)-N-
((1R,28,3R 4S5 4aR,11bS)-2,3,4,7-tetrahydroxy-6-oxo-1,2,3,4,4a,5,6,11b-
10 octahydro-[1,3]dioxolo[4,5-j]phenanthridin-1-yl)benzamide

0
/\QY OH
HN . _~_ »OH
<O Y OH
o NH
OH O

A mixture of amide 34 (37.0 mg, 0.035 mmol) and hydrochloride acid (2.0 mL, 5N

H
HZN\/\/N\/\/\N/\/\N
H H

in isopropanol) in isopropanol (3.0 mL) is stirred at ambient temperature for 24
hours. The residue is evaporated to dryness to lead to the amide 35
15  (tetrahydrochloride) in the form of a white powder (25.0 mg).
'H NMR (400 MHz, DMSO): 13.18 (s, 1H), 7.98 (d, 1H, J = 10.4 Hz), 7.76 (d, 2H, J
= 8.3 Hz), 7.66 (m, 3H), 6.60 (s, 1H), 6.01 (s, 1H), 5.98 (s, 1H), 4.86 (m, 1H), 4.18
(m, 2H), 4.02 (dd, 1H, J = 9.8 Hz, J = 13.4 Hz), 3.94 (m, 1H), 3.89-3.84 (m, 2H),
3.33 (m, 1H), 2.93 (m, 12H), 2.09 (m, 2H), 1.99 (m, 2H), 1.71 (m, 4H).
20  MS (ESI +) m/z 643 (MH+).
Compound 36: N-((1R,25,3R,4S,4aR,11bS)-2,3,4,7-tetrahydroxy-6-oxo-
1,2,3,4,4a,5,6,11b-octahydro-[1,3]dioxolo[4,5-j|phenanthridin-1-yl)-2-
naphthamide



Compound 6 60 35 Conpound 10 270 32 Conpound 13 24 12 Conpound 14 22 12
Conmpound 16 150 81 Conpound 21 46 13 Conpound 22
WO 2010/012714 PCT/EP2009/059715
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OH O

Triethylamine (64.0 uL, 5.0 equiv.) followed by naphthaloyl chloride (10.0 puL, 1.5

equiv.) are added to a solution of amine 6 (20.0 mg, 0.09 mmol) in a mixture of

tetrahydrofuran (1.0 mL) and ethanol (1.0 mL) at ambient temperature. After 30
5  minutes, the TLC indicates a complete conversion. Silica (2.0 g) is then added to the

reaction mixture, the solvents are evaporated in vacuum, and the residue is purified

by silica gel chromatography (eluent: CH,Cl,/MeOH from 95/5 to 80/20) to lead to

the amide 36 in the form of a slightly yellow powder (12.0 mg).

'H NMR (400 MHz, DMSO): 13.17 (s, 1H), 8.34 (s, 1H), 8.12 (m, 1H), 7.99 (m,
10 3H), 7.80 (m, 1H), 7.60 (m, 3H), 6.66 (s, 1H), 6.01 (s, 1H), 5.95 (s, 1H), 5.79 (bs,

1H) 5.67 (m, 1H), 4.94 (m, 1H), 4.10 (dd, 1H, J = 9.6 Hz, J = 13.3 Hz), 3.99-3.84

(m, 3H).

MS (ESI +) m/z 479 (MH+).

Compound 37: 2-((dimethylamino)methyl)-N-((1R,2S,3R 4S 4aR,11bS)-2,3.4,7-
15  tetrahydroxy-6-oxo-1,2,3,4,4a,5,6,11b-octahydro-[1,3]dioxolo[4,5-

jlphenanthridin-1-yl)benzamide

\N/
0
OH
HN W __ »OH
<O Y OH
o NH
OH O

Triethylamine (64.0 pL, 5.0 equiv.) followed by 2-bromomethylbenzoyl chloride
(42.0 mg, 2.0 equiv.) are added to a solution of amine 6 (30.0 mg, 0.09 mmol) in a
20  mixture of tetrahydrofuran (1.0 mL) and ethanol (1.0 mL) at ambient temperature.
After 30 minutes, the TLC indicates a complete conversion. A dimethylamine

solution (100.0 pL, 40% H,0) is then added, and the mixture is heated at 60° C for 2



8.7 4.7 Conpound 28 110 130 One thus notes that the values of |C50 of
conpounds of the invention are simlar or superior to those of

nar ci cl aswoeo1001BEHAMPLE 3: Sol ubility of the conpounds eCTiEPeoGNFENS i ON
Tabl e 2 bel ow groups together the result43of solubility neasurenents of

sever al

t he

conpounds of the invention in conparison with narciclasine 1 used

as a reference product. These, results are expr d_ i,n_cancentration of the
Lested compollitoaaer g ¢ 5T (78! hmBeRuE: SIarLAY 1t M e RebEres§™or ure
uni t (M ) . mikerd ABOkoIedits Measapate@ns hduihe dnBYhardidiE ey petiffial Byt sipga at
pH=7.2 "Dul becca's Phosphate Buffered Saline" (D PBS 1x3, mar ket ed bg
q

(ref erence 14&gbdyomatapraphy (qheitdHpfrlodrQH Sorubs/pite Y04

7.2)

foeleadtopBs amy

AM i ag/ﬁttn hﬁrfghﬁ loflg isl'?fﬁltl%/ yellow powder (19.0 mg, 43% yield).

5

10

15

20

25

'H NMR (400 MHz, DMSO): 13.15 (s, 1H), 8.99 (d, 1H, J = 9.6 Hz), 7.55 (m, 2H),
7.34 (m, 3H), 6.46 (s, 1H), 6.04 (s, 1H), 6.01 (s, 1H), 5.55 (d, 1H, J= 3.7 Hz), 5.10
(m, 2H), 4.84 (m, 1H), 3.93-3.76 (m, 4H), 3.25 (d, 1H, J=12.4 Hz), 3.11 (d, 1H, J =
12.4 Hz), 1.90 (s, 6H).

MS (ESI +) m/z 486 (MH™),

EXAMPLE 2: Cytotoxic activity of the compounds of the invention

The cytotoxic activity of the compounds prepared according to the invention was
evaluated by measuring inhibition of the cell proliferation of tumoral lines of human
origin, such as line A549 (lung) and line HCT 116 (colon). This activity is expressed
by ICso, concentration of the tested product capable of inhibiting 50% of cell
proliferation. The method used is luminescence measurement of the residual ATP
after 72 hours of incubation using the "ATPLite™” kit marketed by Perkin Elmer, as
described in the following publication: “Measurement of cytotoxicity by ATP - based
luminescence assay in primary cell cultures and cell lines”. I.A. Cree, P.E. Andreotti,
Toxicology in Vitro, 11, 553-6, (1997).

As an example, the cytotoxic properties of several compounds of the invention
evaluated on lines A549 and HCT 116 are reported in Table 1, in comparison with
narciclasine 1 used as a reference product. The concentration values are expressed in

nanomolar (nM).

Table 1
IC50 (HM)
Tested product
AS549 HCT116
Narciclasine 1 49 22
Compound § 68 36

G bco
pH =



401 131 Conpound 6 1340 508 Hydrochl oride of Conpound 6 3870 1250 Conpound
22 867 393 WD 2010/ 012714PCT/ EP2009/ 059715 45 I n general, the conpounds of
t he i nvenwvoanioaneg7iaor e sol ubl e than narciclasine 1, or mroclEPrEw@sEes ubl e
when they conprise a salifiable function4énd can therefore be obtained in
the formof salts. Thus, under the sane conditions, the conmpound 6

5i sol at ed | nrthehydrochtoride—formis—sotuble—at—12560ftgfw—thus—<¢l ose
to a factor of Compound 6 60 35

Compound 10 270 32

Compound 13 24 12

Compound 14 22 12

Compound 16 150 81

Compound 21 46 13

Compound 22 8.7 4.7

Compound 28 110 130

One thus notes that the values of ICsy of the compounds of the invention are similar

or superior to those of narciclasine.

5  EXAMPLE 3: Solubility of the compounds of the invention
Table 2 below groups together the results of solubility measurements of several
compounds of the invention in comparison with narciclasine 1 used as a reference
product. These results are expressed in concentration of the tested compound
according to two numbers: molarity (uM) and mass by volume unit (ug/mL). The
10 solvent used is constituted by a buffered solution at pH=7.2 “Dulbecco’s Phosphate
Buffered Saline” (D-PBS 1X), marketed by Gibco (reference 14190).

Table 2
Solubility
Buffer D-PBS 1X (pH =7.2)
Tested product
M pg/mL
Narciclasine 1 401 131
Compound 6 1340 508
Hydrochloride of 3870 1250
Compound 6
Compound 22 867 393




10 in relation to narciclasine. W) 2010/012714PCT/ EP2009/ 059715 46 CLAI M5
1. A conpound of the follow ng general formula (1): (:),R, (I) 5or a

phar macewvoealdoi2aaecept abl e salt thereof, an isomer or a&cCwprRewesoisi soners
in all proportions, in particular a m xté¥e of enantioners, and in
particular a racemate m xture, in which: Rl represents a hydrogen atom or
a linear or branched G to C6 alkyl, linear or 10branched C2 to C6 al kenyl,
| i near or branched C2 to C6 al kynyl, aryl or arylal kyl group, R2
represents alhyei@@ethcadodiBouddSaf theah@tion atsRlUsARE tim daecidasmoesed
hydr ocarbon cycle, a 3- to 7-nenbered heterocycle or a |inear or branched
Cl to C6 al kytuch|mergasoluble mihgh dhydcappiiss malé{aﬂ@&wmn,ctm A carp theppfarechred €2

to C6 15 al Pk i I St tu I pt | | Ly su i

aryl al iyl , “coees @EEPRh of S This SRR SRRy LRI
C(S)OR , 6r GoBtdHR thghediochlokiés ériR isaokbR'atr12H0 agedit, thusndeypeandeattby odf
each other, a _hydrogen atom a saturated or unsaturated 3- to 7 nenbered
hydr ocar bon d{df Elation g parcaglaineg substituted 3- to 7-menbered heterocycl e,
a linear or branched G 20 to C6 alkyl, linear or branched C2 to C6

al kenyl, linear or branched C2 to C6 al kynyl, Cl to C6 hydroxyal kyl, C to
C6 am noal kyl, pol yam ne, polyether, optionally substituted aryl,
optionally substituted arylalkyl or optionally substituted heteroaryl
group, or Rl and R2 formtogether, with the nitrogen atom bearing them an
optionally 25 substituted heteroaryl or a 3- to 7-nmenbered heterocycle,
whi ch can conprise 1 to 3 additional heteroatons, and optionally
substituted with a linear or branched Cl1 to C6 al kyl, linear or branched C2
to C6 al kenyl, linear or branched C2 to C6 al kynyl, aryl, arylal kyl or
het er oaryl group,



WO 2010/ 012714PCT/ EP2009/ 059715 47 R3, R4, R5 and R6 represent,
i ndependently of each other, a hydrogen atom a saturated or unsaturated 3-
t o 7- nenbwoedioyelrieacar bon cycle or a SG3H, PO3H2, C(0) ORcT®EPA)RD597¢%X 0) OR",
C(O)NHR', C(S)R', C(S)OR', C(S)NHR' groupt where R' represents a hydrogen
atom a saturated or unsaturated 3- to 7- 5 nmenbered hydrocarbon cycle; a
3- to 7-nenbered heterocycle optionalu¥4% tituted with a linear or
branched G to C6 alkyl; a linear or b:% d G to C6 al kyl; linear or
branched C2 to C6 al kenyl; linear or branched C2 to C6 alkynyl; C to C6
hydr oxyal kyl; G to C6 am noal kyl; optionally substituted pol yam ne;
pol yet her; opti ondl ¢q;nmwﬁ§10ﬂhftt)elamamlgen@ﬁl epreAbl |y substituted
heteroaryl group, 10or R3 et R4 together fogma -CR8R9-, -SO2- or -PO2H
chai n binding the oxygen atons bearing thém R7 represents a hydrogen
atom a linear or branched Cl to CB.RBikylALihear or branched C2 to C6
al kenyl or linear or branched C2 to C6 yl group or a l1l5saturated or
Fheh~eyCleR+‘and R8 et RO represent,
agomor a linear or branched G to
?. Rhe conpound according to claim

i ndependent|ly of each other, a hydr
C6 al kyl group, such as a nethyl.°
1, characterized in that it nmeets the 2@ ollowng fornula (Ibis): o ,R

(Ibis), for which Rl, R2, R3, R4, "R5, R6 and R7 aflg as defined in claim 1.

3. The coppound accordi ng,to an ne.of clains 1 and 2, .char.acterized, in
Shat 95 rr RR pRETRieR Y B R s Shestn Romy R o B o 11 e
2010/ 012714PGH4 iR P pafitBlaft @ ARithRNGE banSibRSts taHl 6. padiichldRla irfcchfte

defined in claim1 and advant ageously represents a hydrogen atom 5. The
conpound accoryiuigg to any one of clainms 1 to 4, characterized in that it

in which:
* Ry represents a hydrogen atom or a linear or branched C; to Cs alkyl, linear or
10 branched C, to Cs alkenyl, linear or branched C, to Cs alkynyl, aryl or arylalkyl
group,
* R, represents a hydrogen atom, a saturated or unsaturated 3- to 7-membered
hydrocarbon cycle, a 3- to 7-membered heterocycle or a linear or branched C; to
Cs alkyl, linear or branched C, to Cg alkenyl, linear or branched C, to Cs
15 alkynyl, optionally substituted aryl, optionally substituted arylalkyl, C(O)R’,
SO,-R’, C(O)OR’, C(O)NHR’, NH=CNHR’, C(=NR’’*)R’, C(S)R’, C(S)OR’,
or C(S)NHR’ group, where R’ and R’’’ represent, independently of each other, a
hydrogen atom, a saturated or unsaturated 3- to 7 membered hydrocarbon cycle,
an optionally substituted 3- to 7-membered heterocycle, a linear or branched C,
20 to Ce alkyl, linear or branched C, to C¢ alkenyl, linear or branched C, to Cs
alkynyl, C; to C¢ hydroxyalkyl, C; to Cs aminoalkyl, polyamine, polyether,
optionally substituted aryl, optionally substituted arylalkyl or optionally
substituted heteroaryl group, or
R; and R; form together, with the nitrogen atom bearing them, an optionally
25 substituted heteroaryl or a 3- to 7-membered heterocycle, which can comprise 1
to 3 additional heteroatoms, and optionally substituted with a linear or branched
C; to Cs alkyl, linear or branched C; to Cs alkenyl, linear or branched C, to Cs
alkynyl, aryl, arylalkyl or heteroaryl group,



5 is chosen anong the foll owi ng conpounds: HOB6H OHO9 OHOHOHO
11 OHO 8

WO 2010/012714 PCT/EP2009/059715
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* Rj, R4, Rs and Rg represent, independently of each other, a hydrogen atom, a
saturated or unsaturated 3- to 7-membered hydrocarbon cycle or a SOs;H, POs;H,,
C(O)OH, C(O)R”’, C(O)OR”’, C(O)NHR”’, C(S)R”’, C(S)OR”’, C(S)NHR”
group, where R”’ represents a hydrogen atom; a saturated or unsaturated 3- to 7-
5 membered hydrocarbon cycle; a 3- to 7-membered heterocycle optionally
substituted with a linear or branched C; to C¢ alkyl; a linear or branched C; to Cs
alkyl; linear or branched C; to Cs alkenyl; linear or branched C, to Cs alkynyl;
C; to Cs hydroxyalkyl; C; to Cs aminoalkyl; optionally substituted polyamine;
polyether; optionally substituted aryl; or optionally substituted heteroaryl group,
10 or
R; et R4 together form a -CRgRy-, —SO,- or —PO,H- chain binding the oxygen
atoms bearing them,
* Ry represents a hydrogen atom, a linear or branched C; to Cs alkyl, linear or
branched C; to Cs alkenyl or linear or branched C; to Cs alkynyl group or a
15 saturated or unsaturated 3- to 7-membered hydrocarbon cycle, and
» Rg et Ry represent, independently of each other, a hydrogen atom or a linear or

branched C; to Cs alkyl group, such as a methyl.

2. The compound according to claim 1, characterized in that it meets the

20  following formula (Ibis):

(Ibis),
for which Ry, Rs, R3, Ry, Rs, Rg and Ry are as defined in claim 1.

3. The compound according to any one of claims 1 and 2, characterized in that

25  Rs, R4, Rs, Rg and Ry each represent a hydrogen atom.

4. The compound according to any one of claims 1 to 3, characterized in that R,

represents a group —C(O)R’ with R’ representing an aryl group, preferably phenyl,



OHOH OH0 10 OH0 12 WD 2010/ 012714PCT/ EP2009/ 059715 51 OH 0
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optionally substituted, and Ry is as defined in claim 1 and advantageously represents

a hydrogen atom.

5. The compound according to any one of claims 1 to 4, characterized in that it

5 is chosen among the following compounds:




31 OH 0 32 OH O 33 34 HNN H NH NH, OH 0

WO 2010/012714 PCT/EP2009/059715
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OHO 3536\ N"" OHO0 37 WO 2010/012714PCT/ EP2009/ 059715 52 7. A

phar maceuti cal conpound conprising at |east one conpound according to any
one of clwoms10loitn45 and at | east one pharnmaceutical ly aceapb@bloso71s

exci pient. 58. The conposition according 5@ claim 7, characterized in that
it further conprises at |east one other active principle. 9. A
pharmaceutical conposition conprising: (i) at least gne conpound according

to any one of clains 5, and 10(ii) at least o gt her active
pri nci pl e, o F o
(:)H F (:)H

HN OH F




as conbi nati on products for sinmultaneous use, separate use or use spread
over time. 10. The conposition according to claim8 or the pharnaceuti cal
conposi tiwo 2ameaedisng to claim9, characterized in that pCraErPa@iose15
principle(s) is/are chosen anong 15 antistancer agents such as

6- mer capt opuri ne, fludarabine, cladribine, pentostatin, cytarabine,
5-fluorouracile, gentitabhine, nethotrexate, raltitrexed, irinotecan,

t opot ecan, etoposi/de, d rubi cin, doxorubic*ﬁ?jepl cin, idarubicin,
pirarubicin, mt Nt I hlor et hi ne, cycl ) of osf am de,
nel phal an, chl orambucil, busiil f &, carnusti ne, &, siteptozocin
carboplatin, cisplatin, 20 8%alrplafiin, procarbazi ne, dad¥ixbazi g€t

bl eonmyci n, vinblastine, vincri
docet axel , L-asparagi ngse” ¥ !
acetate, triptorelin, e rel ivy, goserelin, buser
am nogl ut et hi m de, anastroxol & | etrozol e, tanoxifen] odtreptide or

| anreotide. 25 11. The comgos?ti on according to any one®Hofoclains 7 to 10,
for its use as a nedicinal_drug for cancer treatnent. 12. A method for
preparing a conpound accors&i ng to any one of clains 1 33 5, 30
characterized in that the conpound of fornuL@,L¢lvt$ bt ained by reaction
of the compound of the following fornmula (11)N: N

e, vindesine, vinorel bine
tatmi Jey ni | ut am de, b% 1
l

2010/ 012714PCT/ EP2009/ 0 553 ,R 0 (Il), Ror mhiokc RqﬂlRG and R7
are as defined in clfhim 13. IThe met hod according to claim 12, :
characterized in at™~'t o I s the 5fol |l oW ng successi véN ps »OH

(1) hydrogenol ysi% of the azing
inclaiml1l2 in free amne to yi
R2 = H (i) opbiora

a conpodBEWBf fornul X W

, one qr several ubstité ion_gt epw of the
free am ne obtai ned 10<in prﬁfeding step (i)|{ to yield & coffpound of
formula (1) for which a® I'e@styone of the RL and ™R8 groups @oe8 not
represent a hydrogen atom gando boc

of johe conpound of fornula (I
()

33 34
HN/\/\N

L
i

NH

<o
o)
37
6. The compound according to any one of claims 1 to 5 for its use as a medicinal

drug, in particular intended for cancer treatment.



(1i1) separation fromthe reaction nmedi umof the conpound of formula (1)

obtained in the preceding step (i) or (ii). 1514. The nethod according to
cl ai m 12,woharoaatani zed in that in the case of a conpourdT@pr2i0nsarhsa (1),
for which RL and R2 together form wth the nitrogen atom bearing them a
1,2,3-triazole optionally substituted with a linear or branched Cl1 to C6
al kyl, linear or branched C2 to C6 al kenyl, linear or branched C2 to C6

al kynyl, aryl, arylal kyl or heteroaryl group, it conprises the follow ng

successi ve streps: A2phdrRacuticamdeigound coiptifigg azicde ot cohpot@mMedRrin®to
formula (11) as defined in claim12 with an al kyne of fornula A-CCH, for
whi ch A repr é8earsoiclmpsrlolgemngiab tgasirons nhpeaceutaiallly pasrpkdle cinintcs al kyl |
| i near or branched C2 to C6 al kenyl, linear or branched C2 to C6 al kynyl,
aryl or heteroaryl group, and (ii)separation fromthe reaction medi um of

t he conpofind 8of f @houtcanfdsjtiodSedzoadingdoi clainhe?, priecademgdsinephati it . furth@
2010/ 012714PCT/ EP2009/ 059715 54 on the sane side of the cycle as the OR3
group, is obCMRENFSH Gt ans Pk PeSUBECINGti on with a mineral azide of the
compound of the following formula (111): X- O (II1), for which R35 R45
R6 and R7 are as defined in claim1 and X represents a -SO, -SO2- 5or -CO
group, and pPef er dbpharmaceBGRal cgmpuptiod Gompricogrpound of the fol | owi ng
formula (11): 0, R, (I1), or a pharmaceutically acceptable salt thereof,
an isoner or (8 @t khitoac odbmpswidercsorndingab langt Op¢ opdainison®, 5, land parti cul ar a

m xture of enantioners, and in particular a racemate m xture, in which R3,

R4, R5, RO and) BVlcast®nasti@ehitiedhrindiptd,ai m 1.

as combination products for simultaneous use, separate use or use spread over time.

10.  The composition according to claim 8 or the pharmaceutical composition
according to claim 9, characterized in that the active principle(s) is/are chosen among

15 anti-cancer agents such as 6-mercaptopurine, fludarabine, cladribine, pentostatin,
cytarabine, 5-fluorouracile, gemcitabine, methotrexate, raltitrexed, irinotecan,
topotecan, etoposide, daunorubicin, doxorubicin, epirubicin, idarubicin, pirarubicin,
mitoxantrone,  chlormethine,  cyclophosphamide, ifosfamide,  melphalan,
chlorambucil, busulfan, carmustine, fotemustine, streptozocin, carboplatin, cisplatin,

20  oxaliplatin, procarbazine, dacarbazine, bleomycin, vinblastine, vincristine, vindesine,
vinorelbine, paclitaxel, docetaxel, L-asparaginase, flutamide, nilutamide,
bicalutamide, cyproterone acetate, triptorelin, leuprorelin, goserelin, buserelin,
formestane, aminoglutethimide, anastrozole, letrozole, tamoxifen, octreotide or
lanreotide.

25
11.  The composition according to any one of claims 7 to 10, for its use as a

medicinal drug for cancer treatment.

12. A method for preparing a compound according to any one of claims 1 to 5,
30  characterized in that the compound of formula (I) is obtained by reaction of the

compound of the following formula (II) :



17. The conpound according to claim 16, characterized in that it neets the
15f ol | owi ng for nul a: CHO

WO 2010/012714 PCT/EP2009/059715
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(1D,
for which Rs, R4, Rs, Rg and Ry are as defined in claim 1.

13.  The method according to claim 12, characterized in that it comprises the
5  following successive steps:
(1) hydrogenolysis of the azide of the compound of formula (II) as
defined in claim 12 in free amine to yield a compound of formula (I) for which Ry =
R, =H,
(i)  optionally one or several substitution steps of the free amine obtained
10 in the preceding step (i) to yield a compound of formula (I) for which at least one of
the Ry and R; groups does not represent a hydrogen atom, and
(i)  separation from the reaction medium of the compound of formula (I)

obtained in the preceding step (i) or (ii).

15 14.  The method according to claim 12, characterized in that in the case of a
compound of formula (I), for which R; and R, together form, with the nitrogen atom
bearing them, a 1,2,3-triazole optionally substituted with a linear or branched C; to
Ce alkyl, linear or branched C; to Cs alkenyl, linear or branched C; to Cs alkynyl,
aryl, arylalkyl or heteroaryl group, it comprises the following successive steps:

20 (1) cycloaddition of the azide of the compound of formula (IT) as defined
in claim 12 with an alkyne of formula A-C=CH, for which A represents a hydrogen
atom or a linear or branched C; to Cs alkyl, linear or branched C, to Cs alkenyl,
linear or branched C, to Ce alkynyl, aryl or heteroaryl group, and

(i)  separation from the reaction medium of the compound of formula (I)

25  obtained in the preceding step (i).

15.  The method according to any one of claims 12 to 14, characterized in that the

compound of formula (II) as defined in claim 12, for which the N3 group is located



WO 2010/012714 PCT/EP2009/059715
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on the same side of the cycle as the OR3; group, is obtained by nucleophile

substitution with a mineral azide of the compound of the following formula (III):

X~
/O

(11D,
for which R3, R4, R¢ and Ry are as defined in claim 1 and X represents a -SO-, -SO,-
5  or -CO- group, and preferably a -SO,- group.

16. A compound of the following formula (II):

(D),
or a pharmaceutically acceptable salt thereof, an isomer or a mixture of isomers in all
10 proportions, in particular a mixture of enantiomers, and in particular a racemate
mixture,

in which R3, R4, Rs, Rg and R are¢ as defined in claim 1.

17.  The compound according to claim 16, characterized in that it meets the

15  following formula:




