1 FAMLY OF ARYL, HETEROARYL, 0-ARYL AND 0- HETEROARYL CARBASUGARS Thi s
invention relates to a famly of fluorinated aryl, heteroaryl, 0O-aryl and
0- 5 hetwpaaryleoryBycosi de conpounds, the process for tRETEPRIIRON0AE I ON, asS
well as the application of sanme in the pharmaceutical or cosnetic fields,
in particular for the treatnent or prevention of diabetes and obesity, and
as depignenting or |ightening agent. Sugars and the derivatives thereof
constitute one of the nost common cl asses of 10conpounds in nature. Based
on their chemc r thl%yr LBy VAr | hSRETERE
properties and ?‘%‘é‘gﬁ’ﬁég Aglg‘y{Lf' ol'e ‘?‘?185‘3*\,3? %eéﬁ‘%g?;t@??b%?’gFggl caﬁ§JL
processes. In recent years, theARBESUGA®RS a growing interest in

di scovering new gl ycosi des havi ng advant ageous properties in terns of

i nproved efficacy, selectivity and stability. Found anpng these conpounds,
In parti .CU| ar, areygyf f’flk/fxgko\ﬁfq%ﬁa't&% Ofanf? &Qﬂl.uol'ﬁ&ateglﬂﬁoﬁétgﬁﬁ ALY and O-
applications in the fie of cosnetics or in the treatnent or’ prevention of
di seases 3suclhesoaiylapbtesde abapbtyds, chngeocess Méd drarapepyratdoseasws]l as the

aut o-i mmune di seases, fjnf ections,  thronboses, and with regard to nuier ous
ot her t her ap@RbHANPR fGEImE) thoPhIBIGPEERLAT OF BSHE (1ALS dhartirql for the
structure, thfe%ﬁn&x?ﬂ?ﬁr‘é@&ﬁio‘n@f%‘ia%@fes AHIBEQUS, IS8 ALS B8R Bor IZHHIRY Agehi)
may be cited in particular, as a nolecule known for i'ts inhibiting activity
with regard to sodi umdependent gl ucose co-transporters (SGET) (Journal of
Clopreal, brvest’ oath e unk e S B St c GGl ooy et
5311(1999p; %bir%bﬁﬁﬂsﬁﬁwbﬂﬁé. BisedPbaRCEHadYal st@btureh ey Pxhibil &ari¢@Ofhbkko- HO
OH Phlorizin ) | nhi bitors of sodi um dependent gl ucose

co- t r anspor t ehemicg@rppertipaskcandlpag keigleain 4 wide yar 1¢tﬁtog§ﬁ19€é%al RESeRCUney,
are potentially u ' l.ab o Liical yvipe- | |
i abores, but ol so e s SFEL bR IRk Re AR S AREARE pET pekifes
hypertri gl yceéniagrideantspeods pivperied al tsomkaimprdyedtetificang neleofivingdralrodbikity.

Found among these compounds, in particular, are aryl glycosides or phenol

15  glycosides having applications in the field of cosmetics or in the treatment or prevention
of diseases such as diabetes, obesity, cancer, inflammatory diseases, auto-immune
diseases, infections, thromboses, and with regard to numerous other therapeutic fields.
By their biological properties and their structure, these compounds interest numerous
research teams.

20 Phlorizin may be cited in particular, as a molecule known for its inhibiting
activity with regard to sodium-dependent glucose co-transporters (SGLT) (Journal of
Clinical Investigation, vol. 79, p. 1510, (1987); ibid., vol. 80, p. 1037 (1987); ibid., vol.
87, p. 561 (1991); J. of Med. Chem., vol. 42, p. 5311 (1999); British Journal of

Pharmacology, vol. 132, p. 578, (2001)).
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5 syndrone, J. of Cdin. Endocrinol. Metabol., 82, 727-734 (1997)),

di abetes-rel ated conplications or el se atherosclerosis. As a natter of

fact, it wermovmiBhat hypergl ycem a partici pates in theCoEpet12an50

evol ution of diabetes and |leads to a reduction in the secretion of insulin
and a reduction in insulin sensitivity, wich results in an increase in the
gl ucose | evel, thereby exacerbating di abetes. The treatnent of
10hyper gl ycem a can thus be considered as a nean to treat diabetes.

Such being the ca one o s for treating hyper iais,to
oromote the excr etNBAIGE Sk bAETEReRRigss BstFocp TRV BCrSty [ hdoudd i

by i nhi bi ti ngpatilzad lth@rhﬂ@sﬁﬁadﬁmt klahéy: gﬁe%&dntdl@ﬂﬁm%tfsf tréQinotBatILX hﬁﬂi'

t ubul es of the kidneys, the effect of istoinhibit the re- absorptlon

of glucose ardoreosRasHicaby fpohotdiabeiss, bBexdwoefirohyrdighesnia fvpetitralinemie,
I eadi ng t hus bgsl g hérggﬁﬁ Ig?er \Aﬁnzbesy%d? %e ugzglro k%vxevn téxé{he nﬁte%lg%?%%oh

| ar ge nunber © can £Or I'ng such

as bi guanEdesSyn&uhfeeryldfr@Hls Ehdisainoh Megibsk asz.e72niBo Vil 0g7)agaiab&es-sdsled
i nhi bitors of a-glycosidases. However, these compounds_ have nunerous side
effects, t her@é@pklﬁ@ﬁ%% PR ihathraasclesrsinedsdt s terofThsitet oseknqwa that

i nvention pr %é?gx%?c@ﬁl% %9@?}5[% in YWY Sgse‘?ra%dué\%fhﬂ on b (Qﬁd’e]iésckﬂda'ieadg 35 i he

treat ment or ntion et es and obesi ese conpounds are
CF2- anal oguegedictianyh thehretetiompy insulia amcya ,redﬁeh@t ar waulyl seghyicag, wiesh rasobs ei n

the intracyclic glycosidic¢ o en is ced by a.carbon at rryin
twio 1uort o Bt Bb ORI S ok ety GgHamie fraeies v ENt uEgtieD 6F
bei ng 23qst ErpARRIROURShES bl Mbre@ S a ndAB kS HeR M betsycOSi des, when
confronted w th enzymati c degradati on processes, in particular via

gl ycosi dase-type englnming Mmewwoned@ th@omﬂ@ﬂ@cfor:érebb% |®p%t0§@©mwrm9mt@ of
t he oxygen atom le ar o ues

t he anoneric pd?(?‘dteedh%xcr?ﬁmn P C?é?eésﬁloag ug %ey&recgg AV 8 &8y %lghlgft the

fl uorine at ongdival-depdasalt i dadsé Rotth@spatarh t@@pidx@rabl @Bt ZOROktATy 3R 3
The synthesis of O-aryl glycosides wherein the intracyclic or anoneric

oxygen is repiigeeal plich & dp uahbittbenre-absorstiongok slacase i taeherebimprargote the
descri be? in e&@x%tlgﬁlhﬁpéofﬁggltﬁe deoféﬁ%\qgtl%gqyaqg’cﬂlcgéxgm tﬂ@%lo%&tugﬁsl{a%lm the

fol | owi ng conpound I's nota est

anal ogues wherein Aﬂ]ﬁe&m;ia(t@tgd: hembatygelnugssexise plidcle canblye wsedﬁantmaauag Giztbetes,
carrying two hgl}( n at&r;s Q%?e al so. b en reported in, V\02009/87 550 b
have not beert" %%?)‘g}wf’}l KTSas B B’r’"é’*mﬁté@‘"ee RIS VigE e & itors of

synthetic appy. ggﬁ,@ﬁ&s@.@aﬁlo%?% actﬁgs%s x@p&ﬁm Ws 3l nBRERLOANL erfe@r %her@t%ﬂe

0- hetero-aryl npounds, use brtors, 1n particular’for
treatment or 1mrea.smgtuhelne@ifodhabel'r@ and obesi ty, and useful as Tyr05| nase

i nhi bitors, notabl r cosnetic applications and especially
depi gmentPng or Ii f i E@ a‘@ié‘?ﬂt@naﬁ‘é?" SonSS  SHIPBRYIRRICh TS EF EHloi

E Ih)e present ijpuenid Ofr el iAh&Rerk Or Pret ATRAWIdiALRNS B8 bH&i{ 0l | owi ng formul a
These compounds are CF-analogues of aryl, heteroaryl, O-aryl, O-heteroaryl

glycosides, wherein the intracyclic glycosidic oxygen is replaced by a carbon atom,

carrying two fluorine atoms. These compounds will have the distinctive feature of being

25  stable analogues of O-aryl and O-heteroaryl glycosides, when confronted with

enzymatic degradation processes, in particular via glycosidase-type enzymes. Moreover,

difluorinated carbon is a good mimic of the oxygen atom.

Stable aryl-glycoside analogues, wherein it is the anomeric oxygen which is
30 replaced by a carbon atom carrying two fluorine atoms, are described in the patent

application WO 2009/121 939.



t3)m (1) or a pharmaceutically or cosnetically acceptable salt
thereof, a tautonmer, a stereoisoner or a mxture of stereoisoners in any
proporti oNQ 2012/1ee218i cul ar a m xture of 20enanti onmers, amdTERRAR2OM0E0|Y a
racemate m xture, wherein: - n, mand p represent, independently from one
another, O or I, 4 Rrepresents a hydrogen or a fluorine atomor a CHS3,
CH2F, CH2OH, CH20Si RaRbRc, C H20R11, CH2OCOR11,
CH2OCO2R11, CH2OP(0) (OR14)2 or CH20SC3R14 group, R1 and R2

represent, independen f.rom.on nother.  a fluorine tomo

o5 iR Rl deRrteur SRR AR ate BRES BaT Bhplte prdiy s
hydrogen or fi Qd'e'd”@y at &v& afin Fdrry@H RIRMRIorineRikSms G QRIBibe PGRA R Batent
OCONRI 9R207 NR'-K2 ‘or NRL9CORLS8 group R4 represents a hydrogen
atom when n ﬂpmhcaéms N&Or?é)@é@é‘ér&% Ehwanf(bg%ﬁ o ttlsnfollgmine Fomgborngt ismokblan
OH, OSi R RkRL eSC OCOR21 OCO2R21, or 10 OCONR22R23 group when n = O,

or Rand R, oget er with the carbon atons carrying them forma cyclic
acetal having the follow ng formul a: Ho, @ d/or (Rl and R2), (Rz2
and R3), and/or (R3 and R4), together with the car bpat ons carrying
them forma cyclic acetal having the foll ow ngo la: , and X1
represents a hydrogen atom an hal ogen atom CNeOM—-&02, Sil eRl Z6,

(G -C6)-al kyl, (C2-C6)-al kenyl, (C2-C6)-alky (C3-C7)-cycl oal kyl , OR24,
COR24, OCOR24, CO2R24, NR25R26, NR25C0R24, 5R26, SR24, SO2R24, CSR24
O OS 03R24 20group, and U, V an f epfesent, independently from one
anot her, a phenyl, pyrazolyl, N ) al kyl - pyragol yl, or thienyl ring,
the said §i ng being optionally substituted wi th«one or nore substituents
selected fromthe group consisting of an hal ogen atom a CN, OH SC2,
SileRnR6, (Cl- 2 %08y alnkydryl @fblo&ifs- whérefiy the ¢kddcGfl)c akyoenyils, replaced by a
(C3-C7)-cycl oal kyl, OR24, COR24, O000R24, CO2R24, NR25R26, NR25COR24
CONR25R26, S@@ong{g@gﬂyl@gp@g I@H{g&t@g@@h@@ ra&qdaeen reported in WO 2009/076 550

but have not been exemplified.

10 The inventors have thus developed new synthetic approaches enabling access to
new aryl, heteroaryl, O-aryl and O-hetero-aryl compounds, useful as SGLT inhibitors,
in particular for the treatment or prevention of diabetes and obesity, and useful as
Tyrosinase inhibitors, notably for cosmetic applications and especially as depigmenting

or lightnening agents and also as antioxydants.

15 Therefore, the present invention relates to a compound having the following
formula (I):
F F m
R o i wp
U \ X
R4 1
R4 Ra
R
? M

or a pharmaceutically or cosmetically acceptable salt thereof, a tautomer, a
stereoisomer or a mixture of stereoisomers in any proportion, in particular a mixture of
20  enantiomers, and particularly a racemate mixture,
wherein:

- n, m and p represent, independently from one another, 0 or 1,



5 R11, R15, R18, -21 K and R24 representing,

i ndependently from one another, a (G -C6)-al kyl, (C2-C6)-al kenyl,

(C2- Co) - avhyen1d16011€3- C7) - cycl oal kyl, 5 to 7 ring- nenber @dThPe@rocopss oal kyl
aryl, aryl-(C-0C6)-al kyl or (C -C6)-al kyl-aryl group, this group being
possi bly substituted by one or nore groups; chosen anong an hal ogen atom 5
an OH, COCH and CHO group, - - p 12 R13 R16 R17 R19, R20, R22, R23, R25 and
R26 representing, independently from one another, a hydrogen atom or a

(G -C6)-al kyl or aryl-(G-C6)-al kyl group, Ri 4 - t
representing, i ndépﬁ%&%ﬁ??‘ip%rata)}héf%tr‘?@gﬁﬁ)(ft%’gp?“&e(%im(%’) a il ¢ rvy&fié
aryl - (Cl- C6) -@&lifodirRgRIP, CARYOR!!,  CHBEAP!' R8 CADHEBSRY! N CH,ORRERERM | y
from one another, a hyd&ogen atom a Cl- C6) - al kyl group, aryl or

aryl - (G - C6) -GG OgraRip)2 of CH0ISO:Rnveereri, on, " phar maceutically or

cosnetically acceptapl e”, i s _understood t 5.ean what. is ef.ul |n the
brepar at i onof a phanridetn IBRRCl: "EaeHErly R OuT roheaT BRI alydhar af 1 y
saf e, nonst oxdE, @SIR‘RERT DR DICHRY] 0EDLK R OO NRI W' Sgroupdesi rabl e and
which is acceptable for veteri nar(ilr and human pharmaceuti cal use, .as well as
cosmetic use. In thifs feptasents gnhydrpEer padBerineAtPm oran SHRePSERIRR, OR™,
acceptable s R 10 (03 20 k&1 0 o designate salts which
are phar macegi%(itjéa I’E/)Cg)rzicdsne iga y%?ﬁ?gﬁﬁ{e%% é’g‘?@ned herein, and

whi ch possess t he -dasi teptkspitanrydedgegiatah valedn wi=t ¥, add Rheepasand a bodiogeind.
Such salts include: (1) hydrates and sol vate uch _gs - pPropyl eng, gl ycol
sol vate, (2) %¥Pd aé‘dé?iqgcﬁ*i‘ %taqff‘sorf%?ﬁ%léoﬁé‘tﬁ?@r g‘a}ﬁ?c ééb&grsﬂﬁpﬁgl of
hydrochl epi ¢ GEbIR?E8* BI LinC=@cid, sulphuric acid, nitric acid,
phosphoric acid or the“like; or formed with organic acids such as acetic
aci d, benzenesul f emiRcamkRd todetiner ovith the icarboo atmpmorastlifothien, &winda cydlterdcetal
aci d, ethanesul fonféc zﬁci d %u ic acid, glucoheptonic acid, gluconic acid,
gl utani ¢ aci d2VERyRfoleWalS }m”ﬁ{?droxynapht oi ¢ acid, 2-hydroxyethanesul fonic
acid, lactic acid, naleig _acid, malic_acid, nmandelic acid,_nethanesulfonic
acid, nmuconic acid, 20" 30 fapht al enesul foni c acid, propionic acid,
salicylic acid, sucpci ic a¢id, dibenzoyl-Ltartaric acid, tartaric acid,
p-t ol uenesul foni c RicT t hyl acetic acid, trifluoroacetic acid and the
like;, and 6 ) salts formed when an acid proton present in the
parent conpound is either replfaced by a netal ion, e.g., an alkali netal
ion (e.g., Nat, Kaad/oki(R; aadRa), KR iané Rg@rank/oneRaland @), (tbgdtkerGazh dlie dyBa) or

an alum niumion; or coordinates with an organjc_or inofganjc base.
Accept able ordfdRi Criyie e I U 6 P PRI ORERE e fOilpWé&go oFpile, N 5
met hyl gl ucam ne, triethanol g ne, tronmetham ne and the |ike. Acceptable
i norgani ¢ bases i rrgl ud ni um hydr oxi de, cal ci um hydr oxi de, potassi um
hydr oxi de, sodium'¢c onat ¢ and sodi um hydr oxi de.
S
R 0 , and

- X represents a hydrogen atom, an halogen atom, a CN, OH, SO,, SiR"R"R®,
(C1-Ce)-alkyl, (C5-Co)-alkenyl, (C,-Co)-alkynyl, (Cs-Cy)-cycloalkyl, OR**, COR*,
OCOR™, CO,R™, NR”R*, NR”COR* CONR*R*| SR* SO,R* CSR* or OSO;R™

20  group, and
- U, Vand W represent, independently from one another, a phenyl, pyrazolyl,
N-(Cy-Cg)alkyl-pyrazolyl, or thienyl ring,
the said ring being optionally substituted with one or more substituents
selected from the group consisting of an halogen atom, a CN, OH, SO,, SiR"R"R®, (C;-
25  Cg)-alkyl, (Cp-Cg)-alkenyl, (C,-Cg)-alkynyl, (C3-Cy)-cycloalkyl, OR**, COR**, OCOR**,
CO.R*, NR¥R? NR¥COR*, CONR¥R*, SR* SO,R*", CSR* and OSO;R** group,

with:



In this invention, "tautomer" is understood to designate an isoner obtai ned
by prototropy, i.e. mgration of a hydrogen atom and change of | ocalisation
of a doubwea/tonid. The different tautoners of a conpornll/EXe@ 2060960 al | y
interconvertible and present in equilibriumin solution, in various
proportions which can depend on the solverd used, on the tenperature or on
t he pH. In this invention, "stereoisoners" nean isonmers having the
same nol ecul ar formul a and sequence of bonded atons but which differ in the

t hree-di nensi onal 1 1or en ai fooihei r at.on ac e esi e
thus E/ Z isoners, di emég ﬁ%&? aﬁ%Prg%egh f’blrrﬁg?%en t?yg |s%nnearn§)t}ge?2§
conpounds ha\(cn@:6§1ant9ubte, Qg)ru!kentyhe(@p@ alk*ﬁwt OB Befdloaylt N stodqubing-
bond bei ng not on same sid oub bond. Stereoi somers which are

not mrror i ﬁa@e@f@i h@WéOCé(ﬁbﬂm}r Wle afSHt(@ @ekﬁ&ﬁb?é&ca&) dicalsargl swvBo Y s
and ster eol sor’rg&ps betn aé}f(pss%j SL&)QHtu%ﬂpD%IWQWE %{(ﬂ}g@ LRdseh H&%ﬁ f gﬁgllpgerhatom

20desi gnat ed 83 sugar

conpoundssof ah@il@@aHaMH@rgrbqb ong to the D or L seri es and preferably
to the D series. 1qar}gon”atq;)m bound t,0 fQur ngp- |dent| cal '

substituents is cal Fed B »Rhi Ral Reefftré"> B5Ah &t iRroreRresanting, mdepsndeniy
enant i omer's e, B thfn! PESIBL MhHC,-Cop-ally VAR CL ) ARENEAG Of thi s

i nvention, "halogen s understood to nean an a om of fluofiné, “brom ne,
chI orine or iodine. R represwmﬂg ahydreganedonnng ade1-Ca)- slkylrgtem,l on,

"(G-C6)-alkyl" gro Adnder st ood. t sat ura ran hed
hydr ocar bon chai n cﬁﬁPs%fffafeﬁ?%mgilﬁdgp%“%m‘%éwf%a%% ?)‘f’ﬁgher ?gla{;f) Akylyp

met hyl , ebhyloram,q Y- alk!yﬁg{gﬁp%h n-butyl, iso-butyl, sec-butyl,

tert- butyI n- penty n- hexyl groups 7 Wthin the meani ng of this

i nvention, "(C2-C5) Rl ﬂ@eﬁﬁytepfﬂjﬁ@m}g idepradanslydeeim e paethern alliydeegen giom, a
branched hydr@h_]arzﬁj_g@(yggrgg{i acolr{)r% &gcagafke/a%r%ﬁgne doubl e bond and

conprising fr as an et henyl (vinyl) or
propenyl group. Wthin the neanlng of the invention, "(C2- CB) al kynyl "

group is understoqd t.0.5 nea i near. or branched dro r

conprising at | eaglf1 thif B veptiog), e%ﬁﬁc%ﬁa@%%ﬁsﬁeﬁﬁap Igal?l b B u(?g?rﬂ%)ﬁd to
atoms, e3§., AlewAR @msgﬁﬂ?%‘ﬂle Pre Waﬂ@ﬂ RYla S@HBeeutical or WshRtid cbRBosBA&RNI NY
of th| s invention, "(C3-C7)-cycl oaP group is understood to nean a

sat ur at ed hydzvludansbecnemlhgsafgmmrrt@pm:garfdr Betiher ﬁamkrglcaébfvmft @Q@@U@I yndesinihls t o
7, carbon ato partic cl ohex opent r Q I
gt oup. 10 wi o b PReekfilafte o R BHRRGLREY bt PR i wEhdenadr b
het er ocycl oaldgyheti@heup i S understood to mean a sat ur at ed hydr ocar bon ring

having 5 to 7 nenbers and contai ning one or nore, advant ageousl y one or
two, heteroatons iln thisadevestion, hephepmasshtigalynsr cosyeticallycarcaaiablg] T of a

nitrogen,gr 9 t. S t r
L o9en 0 BRI TRs a0 BUSLARS00 156 LALLM e BRI LY
meani ng of t mcseptibl@ratsldeﬁned h?err@ah argirvehiph pSSSHS‘Sd‘hGE Sémd phmnma}mg&ah@odwmy afbon

aromatic grouE preferably é hISI ng from5 to 10 carbon atons and
i ncl udi ng ondhpParepr@MeYRd Juchgalts lelyde: sych as a phenyl or naphtyl group.

This is advant agqufhydr%@wd sow%éshg&htag%%at%gyxege e Rbfatdivent i on,

"aryl-(C - al ky group is undefstood mean any aryl group as
defi ned above whi(@hacid ztddum falis tfbuenembwebljh@gmyic rmealssudi as hiyGiocldsyic alcidy |

group as_defined, above. artlc r,. a.group.such t.hi s, can be benzyl
o oup. 25" GRRTATY fric iR a6 B i/ ERETBRE e oy B FERR Pt Pif
group is undef;§4:00dcito S&% %eﬁ@am@l):e‘rﬁbﬂféé{ﬂf&h@ld@ldaﬁerﬁﬁfcl el BReHSsuMtieh
is bound to thé nol ecule by

acid, citric acid, ethanesulfonic acid, fumaric acid, glucoheptonic acid, gluconic acid,

glutamic acid, glycolic acid, hydroxynaphtoic acid, 2-hydroxyethanesulfonic acid, lactic

acid, maleic acid, malic acid, mandelic acid, methanesulfonic acid, muconic acid, 2-

30  naphtalenesulfonic acid, propionic acid, salicylic acid, succinic acid, dibenzoyl-L-

tartaric acid, tartaric acid, p-toluenesulfonic acid, trimethylacetic acid, trifluoroacetic

acid and the like; and



25 neans of an aryl group as defined above. In particular, a group such as
this can be a rnethyl phenyl group. Wthin the neaning of this
i nvent i orvvO"2bk2(1602186) al kyl - pyrazol y1" group is a group @CTiEHPeoRoObI0GM Ng
formul a, wherein X represents a (G -C6)al kyl group as defined above: 8 X
NNN Il this group being bound to the rest @of the nolecule by two of the
carbon atons of the pyrazolyl noiety. 5The conpounds of the invention are
advant ageousl y based on the foI lowing forrmulas (la), (Ib) and (lc), and in
articular (la) a UR4 RLL. (I b) and R2.10with R R, . R3,
%, UV, W n. Qg}]éﬂl R pRb g dpigvetor Presenh&g}ﬁ%%diOU§ iR
represent, glﬁ@é@l% :& h]\étafl 'id?lme%n SN tal Bn ;le YONAEKAbPM PlandikHie-carth
OSi RdReRf CRl or OCONR16R17 group and R3 represents

a fluorine atlnmbxona(hkﬂ@a "8 MgRhRL an GRIBINIWOTCHRY; , 0r QOORR1Besowith BnQTONEL 9R20
rou 9 IVbr adv nt a us and rese endent |
oo e anotReehig et ARPRRR 8 bas Bl dncRad RAERSRind (HERRERREE Xory g

or OCOR18sgr Qﬂ(&hylomcamlrﬁvQﬂetﬁm&arﬁﬂva&bﬁﬁﬁ@ﬂﬁﬁey andRlthe BRe andcdgtabi@Yndi8anic
chosen, independently from one another, anong an OH, -0-(G -C6)-al kyl,

-0-ar y| -0- @g@sg@ymgq: Ripoigiy hydigxme, @@)ummldgm@qssgpbhmiromde sodium

carbonate and sodium hydroxide.
In this invention, “tautomer” is understood to designate an isomer obtained by
prototropy, ie. migration of a hydrogen atom and change of localisation of a double
10  bond. The different tautomers of a compound are generally interconvertible and present
in equilibrium in solution, in various proportions which can depend on the solvent used,
on the temperature or on the pH.
In this mvention, “stereoisomers” mean isomers having the same molecular
formula and sequence of bonded atoms but which differ in the three-dimensional
15  orientations of their atoms in space. They designate thus E / Z isomers, diastereoisomers
and enantiomers. E / Z isomers are compounds having a double bond, the substituants
present on this double bond being not on the same side of the double bond.
Stereoisomers which are not mirror images of one another are thus designated as
“diastereoisomers”, and stereoisomers which are non-superimposable mirror images are
20  designated as “enantiomers”.
Notably, the sugar moiety of the compounds of the invention can belong to the D
or L series, and preferably to the D series.
A carbon atom bound to four non-identical substituents is called a “chiral
centre”.
25 An equimolar mixture of two enantiomers is called a racemate mixture.
Within the meaning of this invention, “halogen” is understood to mean an atom
of fluorine, bromine, chlorine or iodine.
Within the meaning of this invention, “(C;-Ce)-alkyl” group is understood to
mean a saturated, linear or branched hydrocarbon chain comprising from 1 to 6 carbon
30  atoms, in particular the methyl, ethyl, n-propyl, isopropyl, n-butyl, iso-butyl, sec-butyl,
tert-butyl, n-pentyl, n-hexyl groups.



In particular, RI, R2 and R3 may be chosen, independently from one anot her,
anong an OH, OSi Me3 and benzyl oxy (0Bn) group, and preferably anong OH and
OBn. Accowoi2ntp/teo218 parti cul ar enbodi nent, R, R2 and RBCamP201denioscal .
10Accordi ng to another particul ar enbodi nent, Rl, R2 and R3 are identical
and represent each an OH group and R represents a CH2OH group. R
advant ageousl y represents a hydrogen atomor a CH3, CH2OH, CH20RL11,

CH20Si RaRbRe, CH2OCOR11, CH2OP(0) (OH)2 or CH2OSM3H group, and in particul ar

G20503 gr oup, wi VAP pgeniag of € R ySthar e A50a. LY i e PbR 1
advant ageousliyeah@PERREBE bRGckRed I§deetatidn i ednptising &HE4kt ahy do@ld bond and

-CH20- (G -C6) -al kyl -aryl, and CH2OCOR11 group, nore advant ageously
repr esent i ng campopipg dent 1o Geyrban Ripmsge.gu FuchEsew atisng] GavANTRIeRy] §rouR

represents a CH20H,,. i Re e 0 ~GH Wl e
advant ageousl y a%@%g '? dgrt%%ﬁl(%r g@';ﬁ héﬁog&) q%%?d%gg%dgg; R'
as defined abmaa.a Nedar @y dranthéd hadivadbag edis IcpmpRsihg pit ésenbse aiplHB&kd and

- CH20- (C1- C6) - al kyl, - CH20-aryl, -CH20-(Cl-C6)-al kyl-aryl an(ii

- CH2000- ( C1- COMPEPIRg frogh &0 CHRoP aiofise ¢iBa SUChRSAR P @Y esRIRPYRY! e19ven,

CH20Si Me3 or CH20Rg:.@; : Y4@,-hk 90 d

In the sanme way, 4“%%?/H§ veglﬁ:i? %éggggs%V%%ée}%#’eég%%g%%gkﬁ;%&gﬁa lﬁg|%bgset%° atom
or an OH or @RZ%agrcaratehbydrocapamt iicgit@nprasihy Googetr GtadvamsageansiDifoor 5 GR24
group, with 4 as defined aboye. Yet .even. nore.advant ageously, R4
may represent’s §7 9‘6?@6@nm&mﬁ‘f’é‘¥a6élé%cyﬂom%lr C%%%H‘?n&hf’_r QXYJC?@E%?:@SO%QI kyl |
-0-aryl apd -0- (Cyw{dh-tBd kithniah W 19I5 @MRAtiGNA5i B Pard-hfekbdfed RtdIyEicRABH AL OM
or an OH, -0-(C1l-C6)-alkyl, -O-aryl and -0-(Cl-C6)-al kyl-aryl group. 10

I n particul agroupdisgadensmodge emgana fajuiaicddrydmeatban sparhavingch tead membeg andr)

atom or an OH grou and advant agequsl a hydrogen a r
and not anl y roparByef G SHE BN EPERAIY o N IRG AL o] SR o
when n = 0 5atoms, eAdvantiaggousiphur, XhittsgeaeloeCbegbehr amnidiee@l, oupctc aissitlsd i ng

of a hydrogen atom an hal ogen atom a OH, $CI -C6)-al kyl, (C2-C6)-al kenyl,
(C2- 06) - al kyrstrahygroduranyl, piggiadigsl Rywrolidipd4tetiaorapyrapbrb dicobrslgroNR 5R267
NR25c0, - 124 Within the meaning of this invention, “aryl” group is understood to mean a

hydrocarbon aromatic group preferably comprising from 5 to 10 carbon atoms and
including one or more fused rings, e.g., such as a phenyl or naphtyl group. This is
advantageously phenyl.
Within the meaning of this invention, “aryl-(C,-Ce)-alkyl” group is understood
20  to mean any aryl group as defined above, which is bound to the molecule by means of a
(C1-Ce)-alkyl group as defined above. In particular, a group such as this can be a benzyl
group.
Within the meaning of this invention, “(C;-Ce)-alkyl-aryl” group is understood
to mean a (C1-Ce)-alkyl group as defined above, which is bound to the molecule by
25  means of an aryl group as defined above. In particular, a group such as this can be a
methylphenyl group.
Within the meaning of this invention, “N-(C;-C¢)alkyl-pyrazolyl” group is a
group of the following formula, wherein X represents a (C;-Cs)alkyl group as defined

above:



K and CONR25R26 group; nore advantageously fromthe group consisting of a
hydr ogen atom an hal ogen 10 atom a OH, (G -C6)-al kyl, (C2-C6)-al kenyl,
(C2- Co) - avhyen1216071€3- C7) - cycl oal kyl , OR24 COR24, OCOR24 pamtkrA02Ba005@r oup;
even nore advantageously fromthe group consisting of a hydrogen atom an
hal ogen atom a OH (G -C6)-al kyl and OR24g group. Advantageously, U, V and
Wrepresent, independently from one another, a 15phenyl, pyrazolyl,

N- (Cl- C6) al kyl -pyrazolyl, or thienyl ring, the said ring being optionally
substituted with one or nore substituents,selected fromthe group

consi sting of an hal ogen atom a OH, (G -¢6)-al kyl, (C2-C6)-alkenyl,
(C2-C6)- al kynyl, (C3-C7)-cycloal kyl, OR24, cOR24, 0cOR24, co2R24, NR25R26,
NecoR24 and CONR25R26 group; nore advant ously fromthe group consisting
of an hal ogen atom 20 a OH, (G -Co6)-al NC2- C6) - al kenyl

(C2-C6) -al kynyl, (C3-C7)-cycl oal kyl, R24, 000R24 and CO2R24 group;
even nore advantageously fromthe group isting of an hal ogen atom a

™H, (C-06)- yl angd .OR24 up.. (1) a first, enmbodi.nent, . n is 1. In a
(rst subel actSrofh Pt igud! fefle ot B Rkt of RO S MOrpfy HSobatBe ed
phenyl . The qoepeUicwiegcording to the invention can thus be represented by
the following fornula (I-1), and nore particularly by the follow ng
formulas (1-la), (I- Ib) and (I-1c), and in particular (I-la) and (I-1c):
Sor a phagmaceuti eyl é’on?;{joﬁ9§ WERVENHAE GEPIARh R 38 hogge{(ﬁgr{ the?folil%wir?ge r
a stereoisomer or a mxture of stereolsoners I n any pr%por Ion, in

particul ar a formtlay @ap{Ibeaah{ic)) med 8), paatiah g afa) asdi{Tay:l y a racemate m xture,
wherein: - R R, R2, and R3 e af_L defined above, and 12 - X1, X2, X3,
X4 and X5 represent, independ from oneys anot her ,\na hydrogen atom- an
hal ogen atom a CN, OH, SOR,, Si R j - J (C2-CB)- al kenyl,
(C2-CB) - al kynyl, (C3-C7)-cyclwal kyl'fo, OR24) Y4, 0 4, C 02R24,

NR25R26, NR25COR24, 26 sR24 so?R24 CONRRSR,,, CSR. 24 ‘or” bS03R24 gr oup;
Sadvant ageously from the gr@up~copsi‘gting of a hydrogen atom an hal ogen
atom a OH, (Cl-C6)-al kyl ™M(C2-Cp)-al yl, (C2-C6)-al kynyl,

(C3-C7)-cycl oal kyl , OR24,

yl,

(Ta),
0 n Wp m
‘ Q\U/é\v} )\%x
R, 1

3

(Ib) and

Loy )"
N U \YJ X
R4 1

-
Rs

(Io),
10  withR, Ry, Ry, R3, Ry, X, U, V, W, n, m and p as defined above.

Advantageously, R; and R, represent, independently from one another, a
fluorine atom or an OH, OSIRR°R’, OR"®, OCOR", OCO,R" or OCONR R’ group
and Rj represents a fluorine atom or an OH, OSiRthRi, OR'®, OCOR'®, OCO,R™ or

15  OCONR"R* group.



COR24, 000R24, c02R24, NR25R26, NR25c0-24 x and CONR25R26 group; nore
advant ageously fromthe group consisting of a hydrogen atom an hal ogen
atom a QMD20V6@8B- al kyl , (C2-C6) - al kenyl, (C2-C6) - al kPoYIEP2012/060050
(C3-C7)-cycloal kyl, OR24, 10 COR24, O000R24 and CO2R24 group; even nore
advant ageously fromthe group consisting af a hydrogen atom an hal ogen
atom a OH, (C-C6)-al kyl and OR24 group. Exanples within this first

subcl ass include but are not limted to: BnO ' *' ' OBnOBnHO ' 10HOH 150BnCH

BnOHO Bna''' O0BnOB OB CH I d | f this
oo oot o R st s O R 0 B Featiient, SRR R or e roan
another, an @xyiORElJ HOEHRS G £ @%ﬁﬁégemsTmOﬁomm&d@c@@%gﬁﬁﬂl ng to the

i nvention can thus be represented b e followwng formula (1-2), and nore
particularly by tKyef mdr@wlwglta‘g@r)mjydéb(ﬁz @é)Raade(ble chibyen, anigpemiepdy fiosul ar

(I-2a): 13 onelalrllother, among an OH, -0-(C;-Ce)-alkyl, -O-aryl, —O-(C;-C¢)-alkyl-aryl and
5  —0CO-(Cy-Cg)-alkyl group.

In particular, R;, R; and R; may be chosen, independently from one another,
among an OH, OSiMes; and benzyloxy (OBn) group, and preferably among OH and
OBn.

According to a particular embodiment, Ry, R, and R; are identical.

10 According to another particular embodiment, R;, Ry and R; are identical and
represent each an OH group and R represents a CH,OH group.

R advantageously represents a hydrogen atom or a CH;, CH,OH, CH,OR",
CH,OSIR*R°R®, CH,OCOR"!, CH,OP(O)(OH), or CH,0SOsH group, and in particular
a hydrogen atom or a CHj;, CH,OH, CH,OR" CH,OCOR', CH,OP(O)(OH), or

15  CH;OSOsH group,
with R®, R®, R® and R'" as defined above, and with CH,OR' advantageously
representing a -CH,0-(C;-Ce)-alkyl, -CH,O-aryl and —CH,0-(C;-C¢)-alkyl-aryl, and
CH,OCOR'! group, more advantageously representing a -CH,OCO-(C,-Cg)-alkyl group.
Even more advantageously, R represents a CH,OH, CHZOSiRaRbR", CH,OR" or
20  CH,OCOR'! group, and more advantageously a CH,OH, CH,OR' or CH,0OCOR"
group, with R*, R®, R® and R"" as defined above. |

Yet even more advantageously, R represents a CH,OH, -CH,0-(C;-Cg)-alkyl, -
CH,0-aryl, —CH,0-(C,-C¢)-alkyl-aryl and -CH,OCO-(C;-Cq)-alkyl group.

In particular, R can represent a CH,OH, CH>O0SiMes; or CH,OBn group, and

25  preferably a CH,OH or CH,OBn group.

In the same way, R4y may advantageously represent a hydrogen or halogen atom
or an OH or OR** group, and in particular a hydrogen atom or an OH or OR* group,
with R** as defined above.

Yet even more advantageously, R4 may represent a hydrogen or halogen atom or

30  an OH, -O-(C;-Cg)-alkyl, -O-aryl and —O-(C;-C¢)-alkyl-aryl group, and in particular, a
hydrogen atom or an OH, -O-(C,-C¢)-alkyl, -O-aryl and —O-(C;-Cs)-alkyl-aryl group.



or a pharmaceutically or cosnetically acceptable salt thereof, a tautoner,
a stereoisoner O a mxture of stereoisoners in any proportion, in

parti cul awoaorgined218e of enantiomers, and particul arly aPCRUEPRERO6OVSKE Ur e,
wherein: 5- R Rl, R2, and R3 are as defined above, and - X1, X2, X3, X4,
X5, X6, X7, X8 and X9 represent, independggtly from one another, a hydrogen
atom an halogen atom a CN, OH, SO, Si RMRnR, (G -C6)-al kyl,

(C2-C6) -al kenyl, (C2-C6)-al kynyl, (C3-C7)-cycloal kyl, OR4, COR24, O0COR24
c02R24, NR25R26, NR25cOK- 24 (I)NR25R26 sR24, s02- 24 R24 or 0SO3R24
10group; advant agaBRaTigulr.din @R &eRIES5OD? Rydiesdt prplogends (ﬁfeﬁlf 3™ gh

(e 80y “cycram ol ettt R B B R SO
CONR25R26 gr dlypi);ogmna@nadvant ageously fromthe group consisting of a

hyd t C CO. al kyl., (C2- - al kenyl ,
()ézl_‘cc)g)erl aom anPrggflE@ngC gg]&hsgpky A&“ }?or%hw}genng@ alkeny

15al kynyl
24, COR24p O000R24 and CO2R24 group; even nore advantageously fromthe group
consi sting of a hydrogen atom an hal ogen atom a OH, (G -C6)-alkyl and
OR24 group. Exarrpll’eb/amagfmumyt Bii gs seed ﬁ@ubﬁie@SUp n@mwﬂﬂ@gbﬁta h‘x’(@ogﬂ!ﬂtamm

limted to: th| r U
is a pyrazol fln h?‘loﬁ-e OmCé‘) Qﬁi;ﬁ p@?ﬁ%&’? géglfp n&p (26) ynB ’ g%?é?%i/
substituted phelyikyl, T®R24C@m026ndﬁj(3¥€260[ﬂ)2&@4 tNRf'PRé‘3 INREQORSh aﬁ@rC(t)NRé‘Slﬁ@
represent ed bythefollovvlngforrrula(I-S), and 25rmre artlcular%‘ y the

fol | owi ng forgieursnqre adyntaghensty frgpythe grpip Gonpisting efa Aydrogemgpm, an galogen

(1-3°3), 10 1fm, a OH, (C1-Co)-alkyl, (Co-Ce)-alkenyl, (Co-Co)-alkynyl, (C3-Cy)-cycloalkyl, OR>,
COR*, OCOR* and CO,R* group; even more advantageously from the group
consisting of a hydrogen atom, an halogen atom, a OH, (C-Cy)-alkyl and OR** group.

Advantageously, U, V and W represent, independently from one another, a
15  phenyl, pyrazolyl, N-(C,-Ce)alkyl-pyrazolyl, or thienyl ring,
the said ring being optionally substituted with one or more substituents selected from
the group consisting of an halogen atom, a OH, (C,-Ce)-alkyl, (C,-Ce)-alkenyl, (C,-Ce)-
alkynyl, (C3-Cy)-cycloalkyl, OR*, COR*, OCOR**, CO,R*, NR*R*®, NR*COR?** and
CONR*R* group; more advantageously from the group consisting of an halogen atom,
20 a OH, (Ci-Ce)alkyl, (Cp-Ce)-alkenyl, (Cp-Cg)-alkynyl, (C3-Cy)-cycloalkyl, OR**
COR™, OCOR* and CO,R* group; even more advantageously from the group
consisting of an halogen atom, a OH, (C,-Ce)-alkyl and OR** group.

(1) In a first embodiment, nis 1.

25 In a first subclass of this embodiment, m = 0 and U is an optionally substituted
phenyl. The compounds according to the invention can thus be represented by the
following formula (I-1), and more particularly by the following formulas (I-1a), (I-1b)
and (I-1c), and in particular (I-1a) and (I-1¢):



or a pharmaceutically or cosnetically acceptable salt thereof, a tautoner,
a stereoi soner or a mxture of stereoisoners in any proportion, in

parti cul awoaorgined218e of enantiomers, and particul arly aPCRUEPRERO6OVSKE Ur e,
wherein: 5- R R, R2, and R3 are as defined above, X, X2, X3, X4, X5 and
X6 represent, independently from one another, a hydrogen atom an hal ogen
atom a CN, OH S, (C2-C6)- alkenyl, (C2-C6)-al kynyl, (C3-C7)-cycloal kyl,
OR24, COR24, 000R24, CO2R24, NR25R26, NR25c0R24, CONR25R26, sRz24, s02R24,
CSR24 or OS03R24 group; 1l1l0O0advantageously fromthe,group consisting of a
hydrogen atom an hal ogen atom a OH, (G KV3, (C2-CB)-al kenyl,
(C2-C6) -al kynyl, (C3-C7)-cycloal kyl, O0R24, ) 000R24, CO2R24, NR25R26,
NR25c0- 24 and CONR25 R26 groupg nofe advant/ageously from the group

consi sting of a hydrogen arom ? X5( G - C6) - al kyl,
(C2-C6) -al kenyi, (C2-C6)-alk i kyl , OR24 15 COR24, O00OR24
and CO2R24 group; even nore ad the group consisting of a
hydrogen atom an hal ogen at @m H,, (Cl-@6)-al kyl and OR24 group, and - X
represents a hydrogen atomor a .Ci-Cﬁ&gakal gr 20Exanples within this
third subclass include but are net limted to: (2) I'n a second

enbodi nent, n is O. IR2a first subclass of t j-§) enbodi ment, m =
1, p =0 and U and V are 25 independently an optionally substituted phenyl.
The conpounds according to the invention $an thugobe represented by the
following formula (I1-4), and nore particularly Py the follow ng fornul as

(I-4a) and (1-4b, and in particul aF (I-4a); 4), (l-4a) and
R (0] X3
R 1\\\\\ /I// R3 X5 X4
Rz (-1a),
X1 X2
R F
R ; 0O X3
R1 I///R3 X5 X4
Ry (I-1b) and
X4 X2
F. F
R \\\\\O X3
R 1\\\\\“' K R3 X5 X4
R (I-10),

5  or a pharmaceutically or cosmetically acceptable salt thereof, a tautomer, a stereoisomer
or a mixture of stereoisomers in any proportion, in particular a mixture of enantiomers,
and particularly a racemate mixture,

wherein:

—~ R, Ry, Ry, and R; are as defined above, and



(1-4b), or a pharmaceutically or cosnetically acceptable salt thereof, a
tautoner, a stereoisoner 50r a mxture of stereoisoners in any proportion,

i n partiowbani2zaemizt ure of enantiomers, and parti cul ar | PCa/RPaEIe (1080

m xture, wherein: R Rl, R2, R3 and R4 are as defined above, and X,
X2, X3, X4, X5, X6, X7, X8 and X9 represenb, independently from one

anot her, 10a hydrogen atom an halogen atom a CN, OH SO2, SiRmeR
(C1-Co6)-al kyl, (C2-C6)-al kenyl, (C2-C6)-al kynyl, (C3-C7)-cycloal kyl, OR24,
COR24, 0O00R24, 18 CO2R24 NR25R26 NR25c0- 24

CONR25R26, sR24; SOzRe. X4, XC sk isprasauzralepeidsufy fmey ant atpsbtist By diosem t he

t n
0o ey i kenyl - Ceofolfi AR ROBTa 2R, HOGeR SHETR? {COdn Coltioa,
CO2R24, NR25§2%0 N%%l@yéé (C,-Ce)-alkynyl, (Cijl Cy)-cycloalkyl, OR;“ COR;‘ OCOR* COR¥
NR25COR24 r a a u ram e
consi st i nga(r)]f a hydfr ogeﬂ%&l%%&plzagﬁ Ngéﬁ{]ig, g%eg ng ¥ ¢ @Dﬁ\f@ﬁ group;
(C2- ) - akkenyl, ({Garth) e%lu& %Gm tr{ecg%ogéo&xﬁhpa%mﬁlrog&nﬁeﬁﬁaeﬂm%f&e&usl y

fromthe group consisti n atom~ an atom a
(Cl-CO al kyl and GFOH, (;ﬁleﬁp allsx,a(ﬁm(?eﬁ alkienyli (C4+6i)=lfynys (CsGbetwdmlkylcOBHe
but are not limt enbodi nent, m

=1, p=1, U and%g eqqg%zse%)é# @%ﬁ%@o’pgi{{o Sﬂéﬁgtsqll\]?u dgf)‘?]l‘é’n?lm%nd
V is an optional | yydsahgtdoustl bk Jﬂie%i‘bﬁ!lp c&gxsahgowm@g%ataﬁpgﬁ daiagerdt Sokahe

i nvention can thus be represented | ow ng” formula (1-5), and gDre
particul arly by tHeOHo(Giowi)ridgky (,gfglk(enyl%@z -an %(}{TLYS&% -Caheydlenliadr ORCul ar
(1-5a): 1 COR*, OCOR* and CO,R* group; even more advantageously from the group

consisting of a hydrogen atom, an halogen atom, a OH, (C,-Cg)-alkyl and OR**
group.

Examples within this first subclass mclude but are not limited to:

15

F. F F. F
Xe) .
BnO" "‘OBn OBn HO" “OH OH
OBn and OH

In a second subclass of this embodiment, m =1, p = 0 and U and V represent,
independently from one another, an optionally substituted phenyl. The compounds
20  according to the invention can thus be represented by the following formula (I-2), and

more particularly by the following formulas (I-2a) and (I-2b), and in particular (I-2a):



20 or a pharmaceutically or cosnetically acceptable salt thereof, a
tautoner, a stereoisoner or a mxture of stereoisoners in any proportion,
i n partiowbani2zaemizt ure of enantiomers, and parti cul ar | PCa/RPaEIe (1080

m xture, wherein: 5R Rl, R2, R3 and R4 are as defined above, and X1, X2,
X3, X4, X5, X6, X7, X8, X9, X10 and XI| represent, independently from one
anot her, a hydrogen atom an halogen atom a CN, OH, SO, SiRrRi e, (Cl-
Co6) - al kyl, (C2-C6)-al kenyl, (C2-C6)-al kynyl, (C3-C7)-cycloal kyl, OR24,
COR24, 000R24, CO2R24, NR25R26, NR25C0R24, CONR25R26, SR24, S02R24, CSR24
or 10 OSO3R24 group; advantageously froﬁ*@he grpwp consisting of a

hydr ogen atom an hal ogen atom a OH, (C - , (C2-C6)-al kenyl,
(C2-C6) -al kynyl, (C3- C7)-cyclal 000R24, CO2R24, NR25R26,
NR25CO0R24 and CONR25R26 grgup; be K9n1the gr oup

consi sting of a hydrogen at of¥ OH, (C-0C6)-al kyl,
(C2-C6) -al kenyl, (C2-C6)- 1 b cycl oal kyl, OR24, COR24,
000R24 and CO2R24 group; evep fromthe group consisting
of a hydrogen atom an haRy al kyl and OR24 group.

(1-2)7
Xg Xg
X7
R Xe
X5
X4
X2 X3 (I-2a),
Xg Xs
. F
R O Xy
R; "Ry Xe
R2 X5
X, X,
Xy X3

(I-2b),



HX2la HOO"OHI IIITF OH OHel Owe BnO . BnOs''"OBn OBn 0 Ovw HO .,alo HO OH
OH 11 0111 OBn BnO\ N NI BnO s,''OBn' "' 0 HO \
WO 2012/160218 PCT/EP2012/060050
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or a pharmaceutically or cosmetically acceptable salt thereof, a tautomer, a stereoisomer
or a mixture of stereoisomers in any proportion, in particular a mixture of enantiomers,

and particularly a racemate mixture,

wherein:
5 — R, Ry, Ry, and Rj are as defined above, and

= Xy, Xg, X3, X4, X5, Xe, X7, Xg and Xy represent, independently from one another,
a hydrogen atom, an halogen atom, a CN, OH, SO,, SiR™R"R®, (C;-Cs)-alkyl,
(C,-Ce)-alkenyl, (C,-Ce)-alkynyl, (C3-C;)-cycloalkyl, OR* COR*, OCOR*,
CO,R*, NR”R*, NR*”COR, CONR™R*, SR*, SO,R*, CSR* or OSO;R*
10 group; advantageously from the group consisting of a hydrogen atom, an
halogen atom, a OH, (C;-Ce)-alkyl, (C,-C¢)-alkenyl, (C,-Cq)-alkynyl, (C3-Cy)-
cycloalkyl, OR**, COR*, OCOR*, CO,R* NR¥R*, NR*COR* and
CONR¥R*® group; more advantageously from the group consisting of a
hydrogen atom, an halogen atom, a OH, (C;-Cq)-alkyl, (C,-C¢)-alkenyl, (C,-Cs)-
15 alkynyl, (C3-C;)-cycloalkyl, OR*, COR*, OCOR* and CO,R* group; even
more advantageously from the group consisting of a hydrogen atom, an halogen

atom, a OH, (C;-C¢)-alkyl and OR** group.

Examples within this second subclass include but are not limited to:

O OMe O OMe

BnO O
BnO" “'OBn

20 OBn and

In a third subclass of this embodiment, m= 1, p = 0, U is a pyrazolyl or N-(C;-
Ce)alkyl-pyrazolyl group and V is an optionally substituted phenyl. The compounds
according to the invention can thus be represented by the following formula (I-3), and

25  more particularly by the following formulas (I-3a) and (I-3b), and in particular (I-3a):



NNHO """OH OBn/ OH tomC si Ot BnOe quip BnO',,0Bn OBn

Am Cl 40 CEt HOOp 4111P HO'''OH OH am Cl si CEt BnO. , gip OH BnO s''0Bn
OBn Am CIlwO 202t16640810, , wom OH HO''"OH OH 5 C 40 CEt  PCT/EP2012/060050

15

F. F
R
R4
R
(1—3)7
(I-3a),
Xo
X4
X3
F F
R 0 X4
N
““y, N-— X6
R1 "Ry N\
R, X

(I-3b),



BnO Br BnO s''0Bn OBn ,\ 5 C 40 CEt BnO OH BnO'' 0Bn OBn a *» ot 0w
HOOH OH HO10H OH 11 \llik S BnOs'" OBn Anot her object of this
i nvent i orwo0e/wwoIpound as defi ned above, for use as a @®CEEP2012/0p@se i cul ar
as an inhibitor of the sodi umdependent glucose co-transporter, such as
SG.T1, SG.T2 and SCGLT3. 5Wthin the nmeanifpg of this invention, "inhibitor
of the sodi um dependent gl ucose co-transporter” is understood to nean a
conpound capabl e of inhibiting partially or totally the sodi um dependent
gl ucose co-transporter. . . .

or a pharmaceutically or cosmetically acceptable salt thereof, a tautomer, a stereoisomer

or a mixture of stereoisomers in any proportion, in particular a mixture of enantiomers,

and particularly a racemate mixture,

wherein:
5 — R, Ry, Ry, and R; are as defined above,

— X, Xy, X3, X4, X5 and X, represent, independently from one another, a hydrogen
atom, an halogen atom, a CN, OH, SO,, SiR"R"R°®, (C;-Cy¢)-alkyl, (C,-Cs)-
alkenyl, (C,-Ce)-alkynyl, (C3-Cy)-cycloalkyl, OR*, COR*, OCOR*, CO,R*,
NR*R**, NR*”COR*, CONR¥R*, SR* SO,R*, CSR* or OSOsR* group;

10 advantageously from the group consisting of a hydrogen atom, an halogen atom,
a OH, (C;-Cg)-alkyl, (C,-Ce)-alkenyl, (Co-Cs)-alkynyl, (C3-Cy)-cycloalkyl, OR*,
COR* OCOR*, CO,R*, NR¥”R*, NR¥”COR* and CONR*R?*® group; more
advantageously from the group consisting of a hydrogen atom, an halogen atom,
a OH, (C;-Cy)-alkyl, (C,-Ce)-alkenyl, (Co-Cs)-alkynyl, (Cs-C7)-cycloalkyl, OR*,

15 COR*, OCOR?** and CO,R* group; even more advantageously from the group
consisting of a hydrogen atom, an halogen atom, a OH, (C,-C¢)-alkyl and OR**
group, and

— X represents a hydrogen atom or a (C;-Ce)-alkyl group.

20 Examples within this third subclass include but are not limited to:

OBn

N “'OH
and OH /

(2) In a second embodiment, n is 0.
In a first subclass of this embodiment, m = 1, p = 0 and U and V are
25 independently an optionally substituted phenyl. The compounds according to the
invention can thus be represented by the following formula (I-4), and more particularly

by the following formulas (I-4a) and (I-4b), and in particular (I-4a):



More particularly, the conpounds of the invention nmay be used for treating
or preventing diabetes, and nore particularly type-11 diabetes,

di abet es-wel2at2¢do1® conplicati ons, such as arteritis of PCHEPR@2®50050
extremties, cardiac infarction, renal insufficiency, neuropathy or

bli ndness, hyperglycem a, hyperinsulinem g; obesity, hypertriglyceridem a,
X syndrone and arteriosclerosis. The conpounds of the invention are used in

particular for treating or preventing diabetes. The conpounds of
the invention may |ikew se be used as_an anti-cancer, anti-1 5 infective,
anti-viral, anti-thronbotic or anti-iﬁ%lannatory dfag. The invention
| i kewi se relates to a conpound of the i nventi onX its use in the

Xz type-|
gritis of the | ower
lneuropathy or

treatnent or prevention of di ale
di abet es, di abetes-rel ated_conpli cat
extremties, cardiac i nf ar By ¢

bl i ndness, hypergl ycenk,; h
hypertri gl yceridem a, X sy

rand afterioscleroyis, a¥gwell as for its
use as an anticancer, anti dti e, |anti-viral, anti-thronbotic or
anti-inflammuatory drug, aM0 paLli clgar in the tXgatnment or prevention of
di abet es. The invgmtion i kew8e relates to the use of a conpound of

prevention of diabetes, and nsre 25 particularly type-11 di @bé&ftes,
di abetes-rel ated conplications, such as arteritig, of the lower extremties,
cardiac infarction, renal insufficiefy, neurgpat or blindness,
hyper gl ycem a, hyperinsulinem a, i it rji gl yceri dem a, X syndrone
and arteriosclerosis, as wel IX ’ ' Y¥A&n anti - cancer,
anti-infective, anti- 2 vi ral , anti-inflammatory
drug, and in particular f i on of di abetes.
The invention |ikew sRael 2 eat ment or prevention
of di abetes, and nore pa diXbet es-rel at ed
conplications, such as 5 pf the | ower [extremties, cardiac
infarction, renal ingg@&l* F{1eu'h(@pathy or blXsndness, hyperglyceni a,
hyperinsulinem a, obesity, pypertti glyceridem a, X syndrone and
arteriosclerosis, as well for an anti-cancer, anti-infective,
anti-viral, anti-thrombotic ®r anti-inflammatory treat ment(-4apghdi n
particular in for the treatnent or prevention of diabetes, including the
adm nistration of an effective anount/®f at |east /0 one conpound of the
invention to a patient in need thereo SP%yIated conmpounds of the
present invention, as well as % wi_tKoR |=_gt XRlL = OBn, R2 = OBn
and/or R3 = OBn, wll not be pr ifr use |ps nedi canent. The
conpounds useful as a drug'p ent or prevention of
15 diabete, are nore [ ovrul a (la) or (Ib),
and in particular (la.); Formul ¥4 (1-2) to (1-5),
such as (1-2a) to (I-5a) andl in particular (1-2a) to
(I-5a). Another object i'nyentXgn is the cogretic use of a conmpound
of the 20 invention 4% defifed a e, for lightening, bleaching,
depi gnenti ng the skin, renovgBng bl em shes fromthe skin, particularly age
spots and freckles, or preventing pignentation of the skin,om)as
antioxidant, via topical application in particular. The present
i nvention r el atagharthagsutienlly areopetidady ar¢egtabimiatighensple asaitorger, dsisredRtEr ng
t he skin, .removing. blem shes fr | 0, parti |y : 5
freck|es,5or‘Bﬁ%@@%IFﬁbSE?‘ﬁ%ﬁ?%??%%gﬁﬁ%?ﬁg°§%Pﬁ%ﬁ§%%%Pﬁ%ﬁﬁge?Egﬁﬁ%ﬁﬁggﬁ
appl i cation ahdafarticeasly Onceragepdxne,of the invention. Silyl at ed
conpounds of the present invention, as well as conpounds with R = CH20Bn,
Rl = OBn, R2 = OBrWhkgeifor R3 = OBn, will not be preferred for their
cosnetic use. 30Tn€}foﬁgqug%lgﬁﬁégéd&ﬂmhgﬁo&93&¥tiC field, in particular
I'Tghteni ng dgents, are

as depi gnenting or > noré particularly the conpounds
of formula (la), - CkPX,0K; (XLKs, RAK,, X¢ and X represent, independently from one another,
10 a hydrogen atom, an halogen atom, a CN, OH, SO,, SiR"R"R°, (C;-Cy)-alkyl,

(Cr-Ce)-alkenyl, (Cp-Ce)-alkynyl, (C3-C7)-cycloalkyl, OR**, COR*, OCOR™,




24 in particular (Ic); notably the conmpounds of fornula (1-1), such as

(I-la), (1-1b) and (Tic), and nore particularly (I-1 c). I n

parti cul awp 20mpo218ds Wit h depi gnmenting activity are tyPOoSiERaGI/ 060080 bi t or s.
They are in particular conpounds of the follow ng formula: f or mul a:

OH, such as: OHand OH 10 Anotﬁgr object of this invention is a
phar maceuti cal or cosnetic conposition including at | east one conpound of

the invention as defined above and at |east one pharmaceutically or
e A U, e BN Supopnn, otk BN L 5,100
15subl i ngual Iy, pargnf er 2 ¥e g SRGHF F0S0YRL Yard i RS G BEY nlBbEY SRAYSLY
halogen atom, a OH, (C;-Cq)-alkyl, (C;-Ce)-alkenyl, (C,-Ce)-alkynyl, (C5-Cy)-
cycloalkyl, OR*, COR*, OCOR*, CO,R*, NR¥R*, NR®COR* and
5 CONR®R?*® group; more advantageously from the group consisting of a
hydrogen atom, an halogen atom, a OH, (C,-Cg¢)-alkyl, (C,-Ce)-alkenyl, (C,-Cs)-
alkynyl, (Cs3-Cy)-cycloalkyl, OR*, COR* OCOR?* and CO.R** group; even
more advantageously from the group consisting of a hydrogen atom, an halogen

atom, a OH, (C;-Cy)-alkyl and OR** group.

10

Examples within this first subclass include but are not limited to:

15

In a second subclass of this embodiment, m = 1, p = 1, U and W are

mdependently an optionally substituted phenyl and V is an optionally substituted thienyl.

20  The compounds according to the invention can thus be represented by the following

formula (I-5), and more particularly by the following formulas (I-5a) and (I-5b), and in
particular (I-5a):



transdermally, locally or rectally. 25 In the pharmaceuti cal
conpounds of this invention, for oral, sublingual, parenteral,

subcut anewo2p1¥wozianuscul ar, intravenous, transdernal, [PoTaiP2@R/06@6t al

adm ni stration, the active ingredient can be adm nistered in unit forns of
adm ni stration, m xed together with convenpi onal pharmaceutical carriers,
for animals or human beings. 5 Suitable unit fornms of adm nistration

i nclude oral forns such as tablets, gel capsules, powders, granules and
oral solutions or suspensions, sublingual or buccg£ forms of

adm ni stration, parenteral, subcutaneous, intranuscul ar,, intravenous,
intranasal or intraocular forns of adm nistration a al fornms of

admi ni stration. Wien a solid conposition is n the form of
tablets, the principal active 10 ingredient is m
vehicle such as gelatine, starch, |xgjose, nagneixiumsteakate, talc, gum
arabic or the |like. The tablets can |be coated wth Jucrose or other
suitable materials or else tréated P _sucksa way that they have an extended
or del ayed activity and cantinuotyg s or edeXer mi ned anount of
active principle. A gel chpsuyf it i on | " Bbtai ned by nixing the
active ingredient withR 1t t hefemi xt ure obt ai ned into
soft or hard capsul es. §orm of a syrup or elixir
can contain the active i conjuncti/on with a sweeteni ng agent,
antiseptic, as well ag S ”Fﬁrébucing ag?nt and appropriate col ouring
agent . Powder ¢ or @ranul &s di spersible in water can contain the
active ingredient mxed 20t Bget her with dispersing agents, aitsing agents,
or suspending agents, as well as with taste correctors or s 'é>ening
agents. For rectal adm nistration, suppositxgies are used, which are
prepared with binding agents nelting at rectal tenperatyre, e.g., cocoa
butter or polyethylene glycols. For parenteral, i anasdl or intraocul ar
admi ni stration, agueous suspensions are 25ufe j ofpi ¢ saline solutions
or sterile and injectable solutions, which conta 3
conpati bl e di spersing agents and/orxyetting agen
principle can al so be fornul ated as|m crocapsul£€s,
nore additive carriers. The &g of _Xfpe i\nventilon can be used at doses
iven i s single dose once a
day or administered in sdt r oughoy he day, e.g., twice daily
in equal doses. The d&Jy 2 hS ster edAs adyantdageously between 0.1
ng and 100 ny, even norefadva Q 26 2.5 ng and 50 ng. It

(I-5b),



I n one particul ar enbodi nent of the invention, the pharmaceutical or
cosnetic conposition can also be fornulated for topical admnistration. It
may be i woadwewokisn 5 fornms conmonly known for this type/ErR012/060050

adm nistration, i.e., in particular, lotions, foamnms, gels, dispersions,
sprays, shanmpoos, serums, masks, body m | ke or creans, for exanple, with
exci pients enabling, in particular, penetration of the skin so as to

i nprove the properties and accessibility of the active principle. Besides
the conposition according.to the inventiaon he composi tions generall
furt her cont 41 B GRsRE Py R Beseaprbe 167 TG Rl SENEHEney
contai ns wat & a0hixfurs O ¥foisofheds in adly GROIron, 8 A uIAF 2 HiY&@¢ 6F enhREYMEAN
al so contain surface-active agents, preservatives, stabilizers,

enul si fiers, aHipeltisHlarly a ra¢ameate @eXthige princi pl es produci ng a conpl ementary
or possibly syner %h% ehfl_f ect, trace elenents, essential oils, perfunes,

col ouri ng agents, Cot1 agen, chemcal or mneral filters, hydrating agents
or thermab wat ers.R Bl R, ®Rienp®, i€l Rfinedbiade@id , the pharnmaceuti cal
conposition of the invention may include at |east one other active
principle, in addi*fi&n Ko Xhelsorpdunds.ofs, the aitentdpsesent, indeperenthp s of
active principles th e el r ol ti t 3
sul fonyl urea-type O@S%%tﬁﬁggl%mlﬁégggtf%’ %9%%%[’%%:%?1%6&5%&%1% Sggﬁgm%s (€

i nf:r eas_ed20 : psyI@:sz-aH@@,lr(@zimaéHdn@l, l(_e:%@()-)—?ldzbhjglt p@@@@mﬂgaallmj ort'arger?,
tol azam de, gl1plzlde I C 1.d I benc e, | gqul dgne an
glinmepiride, bi gué?ﬂ@gégngh%% r%%u%g: Nﬁgp@@%{ﬂ p@%%}%%%néggeﬁ&}{%’ ARt RE
insulin si stanc h kg4 or {u ' i+l '

gl i tazon%g) whi chql)%d():g'?gag@tu E)héedvsa{e}% ?‘%}ﬁg‘lﬂﬁg& ?ﬁgggpﬁﬁftgﬁeﬁo@gﬁ)gﬁﬂgﬁé,
pi oglitazone and ainghdlégenoaiem, al QHa(Gl-Gepskdag€s Cs pblkéxitl 0 (-G adityngl, oifisd own

the 25 intestinal_ absarptio fs C hy s likesacarhose t ql.j.3.0l and
vogl i bose, negli t!q?s‘(% O@%Ylsgo éi I(_g(é‘ggi i&?ﬁ#des‘#é%u?’c :zﬂ%r’egg{f?&h _JI I'“”Pf?_
pancreatic secreti@NRFIRE repag! hﬂkéjeadaﬂﬁag’é%hﬁg' rBindene RGPt Rsifiny 6% 41 ke

exenatide or dipeptidyl peptidase-4 (DPP4) inhibitors |liKe sitagliptin,
vildagliptin and ihydudgen atoss, aarhalogepiawing addnt(s; CowdiyLd & Sishalkasywiicho)-

S0t or vastati n- andiogy hyserar ERIHRE, SIE PO SO0 DRT CORonkl o 5150 and

fenofibrate, or ezgiremibaitageddsly from thERRoWy &SeRting OV €AY dOPICADEE b HaRLED
processes for preparing a corraound according to the invention. . The
present inventi on #URcePHs (¢ hug-dkpene &8s g@UPpr epari ng a conmpound of
5formula (1) according to the invention for which R4 = H conprising the
fluorination of a conpound of the following formula (I11): 0O wherein R R1,
R2, R3, Xi, WExaWplddfwithin thigisedond subeladsindbide betarabovimitddithe fl uori nati on
will be carried out in the presence of LRat i
(di et hyl ami nosul phurtrifluoride). " \
protection, deprotection, subs?ityfioff, e c>"caf be #ried out, these
steps being well known to the person skilled in the art. The conpound of
formula (1) obtained can be reE(E,tQ/er td BP"separation fromthe 15 reaction
medi um bygonmet hods wel | known to theOPerson skilled in the astd, such as by
extraction, evaporation of the sol vent by precipitation or
crystallisation (followed by filtgatkidg

§di_ti onal steps of

Compounds according to the invention can thus be selected from the following

compounds:



The conpound can be also purified if necessary by nethods well
person skilled in the art,
by chr onawogompiey2120on a col umm of silica gel
chr omat ogr aphy (HPLC).
by oxidation of a conpound of the followi rg fornmula (II1):

wherein R, R,

The oxidation will

to 5 pro
can be f
chl oroch
conmpound
10(al) c
wher ei n

foll owi n
defi ned

2012/ 160

such as by r
The conpou

R2, R3, XI, U V, W n,

be carried out

ecrystallisation, by distillation,

28 OH (I111),
m and p are as defined above.

in the presence of an oxidant according

edures well known to . the nerson skilled in-the-art —The -oxi-dant
DI exa Qgss Martin perlodlnbne ’,.Eﬁgrldlnlum
@ret’e VWen n = 1,| Hoe P S preparing the
of for (I can conprise the fo i ﬂ ytcessi ve steps:
hupBPlg et VieMm“a @Bfpound of the 811 dwi ngiform®PR (1v): (1V)
R, R, REBand R3 are as defined| above, Qihd a conpound of the
) fornuFa £ X1 (v), 15wher V, W mand p are as
1?@é9, giv onpound of th goififﬁla (VM): WO
p CT/ | 12 50 29 ,

BnO" ”OBn OBn “OH OH

l OMe

O OMe

known to the

or by hi girCparh@rzmese | i quid
nd of foimula (11) can be prepared




(M), wherein R, RI, R, R3, X1, U, V, W mand p are as defined above, and
(bl') hydroboration-oxidation reaction of the conmpound of formula (V)
obt ai ned wo 2premin8s step (al) to give a conpound of foPcuER2¢IRI0bQ05M th n =
1. 5 Step (al) can be carried out in the conditions of the Mtsunobu
reaction well known to the person skilled,,n the art, notably using DEAD
(di ethyl azo dicarboxylate), DI AD (diisopropyl azo di carboxyl ate) or ADDP
(azodi carboxylic acid dipiperidine) as coupling agent and PPh3 or P(nBu)3
as phosphine. 10Step (bp can be carried out in conditions well known to the
person skllledenFt ' ‘ vy reaction with a borane such as BH3,
and in pdrti Bl g | N a solvent such as THF, followed
by the addii®i o i n|the presence of a base such as
sodi um hydr gxi-d en n =0, the progess for preparing the conpound of
formula (11 ﬁ&j corrprl se t he foI | owi ng successi ve steps: (a2) coupling
bet ween & ; g ula (M1): (M1), 30 W V-"Xi
(viiny, vvhereln X1 U, V W mand p are as defined above and Al represents
-Li or Hal , 0, t
C ol o % for il a Arp)‘%l Xl'xé?g)b%f'%k 9@5‘1}1&%&9& o £ PSR £OIRNUEALTe, 1B use as a
drug, in partlcular as an inhibitor of the sodium-dependent glucose co-transporter, such

as SGLT1, SGLT2 and SGLT3.

5 Within the meaning of this invention, “inhibitor of the sodium-dependent
glucose co-transporter” is understood to mean a compound capable of inhibiting
partially or totally the sodium-dependent glucose co-transporter.

More particularly, the compounds of the invention may be used for treating or
preventing diabetes, and more particularly type-II diabetes, diabetes-related

10 complications, such as arteritis of the lower extremities, cardiac infarction, renal
insufficiency, neuropathy or blindness, hyperglycemia, hyperinsulinemia, obesity,
hypertriglyceridemia, X syndrome and arteriosclerosis. The compounds of the invention
are used in particular for treating or preventing diabetes.

The compounds of the invention may likewise be used as an anti-cancer, anti-

15  infective, anti-viral, anti-thrombotic or anti-inflammatory drug.

The invention likewise relates to a compound of the invention for its use in the
treatment or prevention of diabetes, and more particularly type-II diabetes, diabetes-
related complications, such as arteritis of the lower extremities, cardiac infarction, renal
nsufficiency, neuropathy or blindness, hyperglycemia, hyperinsulinemia, obesity,

20 hypertriglyceridemia, X syndrome and arteriosclerosis, as well as for its use as an anti-
cancer, anti-infective, anti-viral, anti-thrombotic or anti-inflammatory drug, and in
particular in the treatment or prevention of diabetes.

The invention likewise relates to the use of a compound of the invention for the
manufacture of a drug intended for the treatment or prevention of diabetes, and more

25  particularly type-II diabetes, diabetes-related complications, such as arteritis of the
lower extremities, cardiac infarction, renal insufficiency, neuropathy or blindness,
hyperglycemia, hyperinsulinemia, obesity, hypertriglyceridemia, X syndrome and

arteriosclerosis, as well as for the manufacture of an anti-cancer, anti-infective, anti-



5(IX), wherein R Rl, R2, R3, X1, U V, W mand p are as defined above,

(b2) reduction of the conpound of fornula (1X) obtained in previous step

(a2) to gwoeow/worpound of the following fornula (X): @EX/EP2ORI06008 N R,

Rl, R2, R3, X1, U V, W mand p are as defi ned above, and

(c2) hydr obor ati on-oxi dati on reacti on of the conpound of formula (X)

obtained in previous step (b2) to give a compound of formula (I11) with n =

(().VI IS‘I[)ep (azzJ can be carried out through the reaction of conpound of fornula
15 obtai ned fromthe hal ogepated derivatiye by reaction wth

magnesi um t o Viiah tiarogpioga QF @t aRERNAGFY Bipeh é’[’%g‘bﬂgré‘ﬁ‘&lﬁ%hﬁéﬂ%%ﬁﬁwﬁt or

l'i thi um base . . Ilithiumto formthe corresponding lithiated
conmpound, wi tpﬁéb%g%%ﬂ%%%for mula (M), in a solvent such as THF. 31

Such conEolulnd of i nutentipW|likewiie ebitai e nathabfidi the aratnwet bor proventiamoof he
person skilled in the art, and. notabl ccording to ,OCES escribed in
EP0240175 or dbrssripdriaes H:%&écé‘é?ﬁﬁyhtyﬁ%r¥b,la§%%ﬁ> di%%@‘?'i%%rg?‘ C%’?chag%%&ﬂﬁbasof

formula (¥ la}teﬁé@?iﬂﬁm%{ﬁv@f BRfehifio B alcaesnAt et denvaddoyendtrop@@ac bi on

Wi th nmagnesiumto formthe Gi gnard reagent or by hal ogen exchange using a
|i t hi um base béindiesashypetglopiiid, thiypermsubndnoipnohehisy, dupeddgiverdidagpia, i?gwﬂéf(@éﬁ
conpound. . St.e b2) c be.carried out in_t.h .esence. . .
reduci ng agerPd s‘?f&%‘oé%le‘%fg’\%ialz—( ‘Ygﬁ]aa}‘?d fog Erévﬁngl*(éacr:l ek saﬁlglﬁg%g{l%%ﬁﬁﬁg%’sg o
(c2) correspor@sbbic Rir EaditiO HlamhRRor{ Akdatment, andThve pRftizaRs Sn tfor Plieepadtment or
conpounds according to the invention with R4 = Hwill be better detailed

bel ow and i n pr¢vention Pbviabgicexipelpiling thapdpitstratioy ofapesfsciive apppK Aty least
pat hway r compoun |k St ' rein n=1) (a)
In a fi ri? stoélggco:yggg%dgéféhgﬁlggﬁ%&lutﬁglg}r%gglg;mg&?{e u%tolgon i nvol vi ng standard
20condi ti ons such SilgldNaBtdnpdaBiéf CeGlasent idkhdomraslwelbhecompalmds @hdh R =

under St andarcOR T SRS g BEABS CERAD P ABA b SaBre oS eR e SE R
PPh3 or P(nBy)iasadahosphi ne.
The compounds useful as a drug, and notably in the treatment or prevention of
15  diabete, are more particularly the compounds of formula (Ia) or (Ib), and in particular
(Ta); notably the compounds of formula (I-2) to (I-5), such as (I-2a) to (I-5a) and (I-2b)
to (I-5b), and in particular (I-2a) to (I-5a).

Another object of this invention is the cosmetic use of a compound of the
20  invention as defined above, for lightening, bleaching, depigmenting the skin, removing
blemishes from the skin, particularly age spots and ﬁ"eckleé, or preventing pigmentation
of the skin, or-as antioxidant, via topical application in particular.
The present invention relates thus to a method for lightening, bleaching,
depigmenting the skin, removing blemishes from the skin, particularly age spots and
25  freckles, or preventing pigmentation of the skin, comprising the topical application of at
least one compound of the invention.
Silylated compounds of the present invention, as well as compounds with R =
CH;0Bn, R; = OBn, R; = OBn and/orf R3; = OBn, will not be preferred for their
cosmetic use.
30 The compounds useful in the cosmetic field, in particular as depigmenting or

lightening agents, are more particularly the compounds of formula (Ia), (Ib) or (Ic), and



32 (c) Hydroboration of conmpound T4 using BH3. THF or BH3. Me2S | eads to
conpound T5. (d) The al cohol function of conmpound T5 is oxidized into a
ket one acwordizgo11® typi cal procedures involving PCC, Des3sAMmeRionn0s0

peri odi nane yi el di ng conpound 51. (e) Conpound T6 can be fluorinated using
fluorinating agent such as DAST to affordyhe difluorocarbasugar T7. In a

| ast step, protective groups can be rem)veé according to typical procedures
described in Protective groups (Protective groups in organic synthesis, T.
W Greene). 10More particul arly: (a) In a first step cycl ohexenone T8
under goes a r’égla&‘élﬁ)?écﬂ(i);v@fﬂém}@t ¢aappaundo Pl fongrulai @H.uawch as (I-1a), (I-1b) and (I-

tri-sec-butyl per | S rijbed in Can. | Chem 2004, 82, 1361- 1
51364. (b) A %ﬁt%@ﬁg@ﬁ%g%ﬁ}agﬁgﬁgcami on between conpound T9 and al cohol T3

then occurs under Istmndars, comgoirdensitigbpigmEAR aldAD QE ¢ a@S inhebidkd. NY

agent and PPh3 or P(nBu)3 as phosphine. . (c% Hydr obor ati on of

conpound T10 Yiig® BHEY rgenpprndger dhg SigyingfopmeBipound T11 (d) The

al cohol function of compound T11 is oxidized into a ketone according to

typi cal procedur esii nyol vi ngDess- Martin periodi nane yi el di ng conpound
3

T12. 33 (e) d_ T1D-ea topHNnat ed using fluorinating agent such
as DAST to afford 1 f | uo pasugar T13. In a |ast step, protective

groups can be rem according to typical procedures described Protective
groups in orgaRj wnt hégl,s, T. W Geene. 5 Cycl ohexenone T8 was
prepared accordi ng teco EP0240175 or Cunpstey, |. Carbohydrate Research 2010,

345, 105651060, applRzing the synthesis t Oarldhgre@hrAltP S€coRRoubg RS IRRVing
comercially avail able 2, 3, 4, 6-0-benzyl - D- gl ucopyranose. 10Conpound T3 can

be either corffEP#fally available (first subclass) or synthesized according
t o: (second subclass.) 15 O (R5 and R6 representing a (G -C6)al kyl
group) (third subcl dss) R0 Sche Synt hetic pathway for conpounds of the
second enbodi nen [ 4=HpH WO 2012/ 160218PCT/ EP2012/ 060050

OH

10
Another object of this invention is a pharmaceutical or cosmetic composition
including at least one compound of the invention as defined above and at least one
pharmaceutically or cosmetically acceptable vehicle.
The compounds according to the invention can be administered orally,
15  sublingually,  parenterally,  subcutaneously, intramuscularly, intravenously,

transdermally, locally or rectally.



34 (a) Inafirst step, a Gignard reagent or a lithiated conpound T14,
prepared fromthe correspondi ng hal ogenat ed conpound according to a typical
pr ocedur eyoie125@moied ont o cycl ohexenone Ti. (b) In the REXEP3tIRP6®H0t he
synt hesis, conpound T15 is treated with a reducing agent such as Et3SiH in
t he presence of a Lewis acid such as BF3. E§20, vyielding conpound T16.

(c) Hydroboration of conmpound T16 using BH3. THF or BH3. Me2S leads to-
10conmpound Tl 7. (d) The al cohol function of conmpound T17 is oxidized into

a ketone according to typical procedures jnvolying PCC Ss- Marti,n.

peri odi nane yi el d?ﬁgt%éo B’ﬁ&‘a‘g‘f@l com?%‘)mdéoHgo%ﬁd%‘Vfétl%%%eo%/ﬁuéwqﬂlﬁf’%ld
usi ng fluori natdiRgalageBlutditels asnttREcllar, HeraddédRsd tinsiedinkl UREHICAF bRsupar
T19. In a last step, protective groups can be renobved according to typical

procedures dedoriigeationntheragtiecinglediogt supke ddmisistpied & wytnfores pEadiinisaation,
ﬁ]e:nf | ] 'SA‘,? d Stqlg%gd E)ar b %Jvlitﬁ(rglo%zfenti\é\i%l% 1;1‘r%f/1a]<‘:?1|.(1)tt%%| ggelégp%? ]a%{rlgagso ?l%ré%r%eggsgé

gnard reagent ‘or a conpoun

fromthe gorrespsBdintgohat ogenaitdraioniatidt aet dhtisngich as aatiypi gadlcapsules,
procedure, is 5added onto cycl ohexenone T8. (b) In the next step of the
synthesi s, coepiad sTowlessandy e seluiiprsh o SEPEBEPHy SHpdHak gE pugl fores pf i n

() Fyar obor dAmimsefhe BGfeh MRty uptishi, AHESTR Jeeg o
10conpound T2@radcdlhr Trmsalf adiolistfaing khdrecof foonpdudaini@tios. oxi di zed into a
ket one 2CCor 14t B SSEE R g oS DRSS MR Bt e
ST P g T et b e St Ry
procedur es desagneden stearfee dalecgim eraproupde like.orhganabletsopmbhesated with sygrose
Greene. or other suitable materials or else treated in such a way that they have an extended or
delayed activity and continuously release a predetermined amount of active principle.
A gel capsule preparation is obtained by mixing the active ingredient with a
15  diluent and by pouring the mixture obtained into soft or hard capsules.

A preparation in the form of a syrup or elixir can contain the active ingredient m
conjunction with a sweetening agent, antiseptic, as well as a flavour-producing agent
and appropriate colouring agent.

Powders or granules dispersible in water can contain the active ingredient mixed

20  together with dispersing agents, wetting agents, or suspending agents, as well as with
taste correctors or sweetening agents.

For rectal administration, suppositories are used, which are prepared with
binding agents melting at rectal temperature, e.g., cocoa butter or polyethylene glycols.

For parenteral, intranasal or intraocular administration, aqueous suspensions are

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

The active principle can also be formulated as microcapsules, possibly with one
or more additive carriers.

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

30 1000 mg per day, given in a single dose once a day or administered in several doses

throughout the day, e.g., twice daily in equal doses. The daily dose administered is

advantageously between 0.1 mg and 100 mg, even more advantageously between



Hal ogenat ed conpound gi vi ng access to conpound T14 can be synthesi zed
20according to the foll ow ng schene: WD 2012/160218PCT/ EP2012/ 060050 36
The presewd 20rvi@ntiBon concerns al so a process for prepaPCm@Eraoicon@sund of
the fornmula (1) according to the invention for which n = 0 and R4 H
conprising the 5 coupling of a conpound ohgformula (VII1) as defined above
and a conpound of the following formula (XI) OHOHR3 (XI) wherein R R
R2, and R3 are as defined above, to give a conpound of forrmula (I) for
which n =0 and R4 = OH, 10 fol] owed optionally by the substitution of the
OH function f?_og g}wdé%@&pgm B DeCEIIN %%e)AOF%% igpeine Hhese pnggt oaviich
hal ogen, OCSi Rh&%@killeg}ﬁgghe PO RemN LR Ly OCONR22R23. These

steps of coupling an ubstitution can be carried out in conditions well
15known to t he perlsamegkitiduéd eimbotlingenarof the inventidrf theegleswaceptied dirtdosmatic
steps of protection, deprptection, substitutjon,. etc.. can be. carried out,
Thebe st eps. LGTIRGHER Fak ABMPe BIRHE SRSl oG uffof Abmay e thirodicedif,
conpound of fEMMtENhbYyXRbFh TEChEAPpDEE JRGANMBEESh, B¥ ﬁﬁﬁﬁﬁﬁﬁﬁzﬁ? Bioh®Moihe
reaction nedium by nethods well known to the person skilled in the art,

such as by 2@k dispersions. seraapahambers, sfrumbenasds vy nailksoy opeasesi firteaainple, or
crystallisatio ound be a

ourified i1 nomueedbGRR et do R ereregon SRR FFEpE e
art, such as pypereerangdtadtdssibility 0Nthe Aytivh wircijlatBestties the @RpOREILA GE@pliyig @ a
colum of si ltihg %Vgr?tlion? Echelgg/ cglilggsit?o%rsfgggg"g{f}? ?url:hieg lélci)rﬂaicnharI?hr;gfo?ogggc?a?lgﬁcgelgihﬂcg '

10  medium, which generally contains water or a solvent, e.g., alcohols, ethers or glycols.
They can also contain surface-active agents, preservatives, stabilizers, emulsifiers,
thickeners, other active principles producing a complementary or possibly synergic
effect, trace elements, essential oils, perfumes, colouring agents, collagen, chemical or
mineral filters, hydrating agents or thermal waters.

15 In one particular embodiment, the pharmaceutical composition of the invention
may include at least one other active principle, in addition to the compound of the
mvention.

Examples of active principles that can be cited are antidiabetic agents, such as
sulfonylurea-type compounds which are hypoglycemic sulfamides which increase

20  isulin secretion like, e.g., chlorpropamide, tolbutamide, tolazamide, glipizide,
gliclazide, glibenclamide, gliquidone and glimepiride, biguanides which reduce the
hepatic glyconeogenesis and the insulin resistance like metformine, thiazolidinediones
(also called glitazones) which increase the sensibility to insulin like rosiglitazone,
pioglitazone and ciglitazone, alpha-glucosidases inhibitors which slow down the

25 intestinal absorption of carbohydrates like acarbose, miglitol and voglibose,
meglitinides (also called glitinides) which increase insulin pancreatic secretion like
repaglinide and nateglinide, incretin mimics like exenatide or dipeptidylpeptidase-4
(DPP4) inhibitors like sitagliptin, vildagliptin and insulin, or antilipidic agents, such as
statins which reduce cholesterol by inhibiting the enzyme HMG-CoA reductase like

30  atorvastatin and cerivastatin, fibrates like bezafibrate, gemfibrozil and fenofibrate, or

ezetimibe.



25 37 (a3) hydroboration-oxidation reaction of the conmpound of formula
(XI1) 0O R7T RB R2 (XIl) wherein R Rl, R2, and R3 are as defined above and
R7=Si Ral Rv@R2o12216088Cr CH2OCH3 ( net hoxynmet hyl - MOM, w PRTRE®201R06008and Re!
each representing independently a (CT-C6)-al kyl, aryl or aryl-(G -C6)-al kyl
group, to give a conpound of the follow ng7fornmula (XI11) OH OR7 R3 (Xl I1)
wherein R, R, R2, and R3 are as defined above and R7=Si R'' K. or CH20CH3
(et hoxynet hyl - MOV, 10(b3) oxi dation of the corrpound of forrrul a (XI II)
obtained in preV| s st lg %‘Pt npound of .t h

rei

(XIV) 0 OR 7 R (%) et Eed SRR Re e Pt agave by
R7=Si Ral Rbi raccdrgmgrto @]@lmoﬁnet hoxymet hyI - MOV,

The present invention concerns thus a process for preparing a compound of
5  formula (I) according to the invention for which R4 = H comprising the fluorination of a

compound of the following formula (II):

O
T
U V X

Ry R

b (I,

wherein R, Ry, Ry, R3, X3, U, V, W, n, m and p are as defined above.

10 The fluorination will be carried out in the presence of a fluorinating agent, such
as DAST (diethylaminosulphurtrifluoride).
If necessary additional steps of protection, deprotection, substitution, etc. can be
carried out, these steps being well known to the person skilled in the art.
The compound of formula (T) obtained can be recovered by separation from the
15 reaction medium by methods well known to the person skilled in the art, such as by
extraction, evaporation of the solvent or by precipitation or crystallisation (followed by
filtration). |
The compound can be also purified if necessary by methods well known to the
person skilled in the art, such as by recrystallisation, by distillation, by chromatography
20  ona column of silica gel or by high performance liquid chromatography (HPLC).

The compound of formula (II) can be prepared by oxidation of a compound of

the following formula (I1I):



15(c3) when R7=Si eRbi Rel , deprotection of the conpound of formula (X V)
obtained in previous step (b3) to give a conpound of fornmula (XIV) with
R7=H, (8P 20drer00RE=H, protection of the conpound of foPCHER2¢IXI0805M t h
R7=H obt ai ned in previous step (c3) to give a conpound of formula (XIV)
with 20R7=COR8 with R8 representing a (C -¢6)-al kyl, aryl or
aryl-(G -06)-al kyl group, 38 (e3) fluorination of the conpound of formula
(XI'V) with R7=COR8 or CH2OCH3 obtained in previous step (d3) or (b3) to
gi ve a compound of the follow ng fg{ la (XV) R2(XV) S5wherein R, Rl, R2,
and R3 are as defined above and R7 or CH2OCH3, (f3) deprotection of
the conmpound of formula (XV) %jth 3 3 ior CH29§§§£§f¢ained in previous
step (e3) to give a conpound ot Ml (3 LR =4, and (93)
oxi dation of the conpound of for ( XV) Wit =H obt Zined i n previous

pul a (XI). Step (a3) corresponds

: RAa (XIl) can be prepared from
conmpound of forrmula (IV) by a protection step, well known to the person
skilled in the art. 15Steps (b3) afd (g3) can be carried 8@& in the
presence of an oxidant such as Dess-Martin periodinane, P ‘@Pyridinium

chl or ochr omatGereif’C R, REMS, XED), AW, £ I3 dnd@p &rlRldANd aRd required only
when R7= SiRai Rbi- Kin the starting material of fornmula (XI1).

Step (c3), (d3) and (f3) can be carried out in conditions well known to the
S?gg;zgg zli‘( ! l'il ? ?ulo e;(ggﬁlaﬁgnaﬁghpe cglg{?ﬁpcgé%%?&g%-%?esg&ecg{ ah %gid%%iltt a(I:cnoréi?l(g to

(di et hyl ami nggutdatistwdlf kiedii @he person skilled in thBQrtPTRS 6RIdahtBAE Mel AN GRARKIET NS
al so a process for preparing a conBound_of fornmula (1) 25according to the

i nvention forDeiMatiRgesiodipgsnBeCPrgdinien eldproshionttet eps:

When n = 1, the process for preparing the compound of formula (IIT) can

comprise the following successive steps:

10 (al) coupling between a compound of the following formula (IV):
R OH
R1 R3
Re vy,

wherein R, R;, R, and R; are as defined above,

and a compound of the following formula (V):

HO WP "
X1 ( )7

15 wherein X;, U, V, W, m and p are as defined above,

to give a compound of the following formula (VI):



39 (b4) reduction of the conpound of formula (1) with R4=Br obtained in
previous step (a4) to give a conpound of fornula (1) with R4 = H. Step (a4)
can be cawoietk/wozi8i n the presence of a bromi nating agemCTgwPeH2A80050 SOBr 2
The reaction is advantageously carried out also in the presence of a base
such as pyridine. The starting materi al cah be prepared according to the
process described above to prepare conmpounds of formula (1) with R4 H. Step
(b4) can be carried out in the presence of a hydride such as Bu3SnH

The process to prepare conpounds according to the invention with n = 0 and

R4 10 = OHor Hwll be better detailed hel ow/and jn.t fol | owi ng
experimental part. Schene C [y is 0P-c Spg tNyh n=0 and R4=0H or H
40 (a) In a first step cycl ohexe [I undergoes a reduXfion involving

standard conditions such as NaBH BIHA/ CeC13, Li AlH4 or L-sel ectride.

(b) Alcohol T2 is then prot egt et h?rn1of a silyl ether, according to
wel | known procedures describdd in Protective groups in organic synthesis,
T. W 5Geene, to give conpound T2%R, (c) Hydroboration of conpound T25
usi ng BH3. Me2S or BH3. THF | eads to compound T26. (d) Cbnpo%Qg)T26 Is then
oxi dized into the corresponding ketone T27 according to typical procedures
i nvol ving PCC, Dessgi\psih R)RPERS, R4 XANE V, &Y Cm k@ pe)e Widfind@ fobeassl a R7
which is a silylated protective group, this silylatedg@rotective %roug,of
conpound T27 i bbhéndiobpesiienonidglion acdor otdr¢riPerad plsiorpulay(ilbalitained in

procedures described_ j.n Prot i v ' | pesig, T. W
G eene, to afford %\}6 SISEQ?JZ@.?HO g?%%p#gﬁogngloggﬁgm%gy%th%r o'?'ected into an

ester accerding to well known procedures 15described in Protective groups
In organi c synthesjs, W G eene,

T, t [ T29. Conp. d.T27
(when R7 ~= VO ORe{) cah PP iaRIatatian 085 F PR bt e Phy GERR S0t ac
DAST to aff Orﬁo%q&ggﬁrémﬁdQH RROMD ol using f)'E)A?hﬁetﬁ%r%B dar®Sd/ite),

protective group ( conmpound T30 i s renoved under 20typical conditions
descri bed i n AR éditsop@pgl mepdicarhoxgydganpc ADPH fresdisarbaxyligvaca dipmeriding) as

afford al cohol T31. Thi | cohol, T31 i,s then oxidized using Dess-Martin
peri odi nane tCB“BII“Tgo?%)?mC?ﬂﬁi[s)Poﬂﬁ §* ? .&Bu-{* as phosphinic.

10 Step (b1) can be carried out in conditions well known to the person skilled in the

art, notably by reaction with a borane such as BHj, and in particular BH;. THF or
BH;.Me;S, in a solvent such as THF, followed by the addition of hydrogen peroxide in

the presence of a base such as sodium hydroxide.

15 When n = 0, the process for preparing the compound of formula (I11) can
comprise the following successive steps:

(a2) coupling between a compound of the following formula (VII):

R1 R3

Ra (VID),

wherein R, Ry, R, and R; are as defined above,

20 and a compound of the following formula (VIII):



(j) A Gignard reagent or lithiated conpound T14, prepared fromthe _
correspondi ng 25hal ogenat ed conpound according to a typical procedure, is
added ontwocomrpwwmid T32 to afford T33. (k) Conpound T33PCS/Hrr@zionased
according to typical procedures including the use of SOBr2 followed by the
addition of pyridine to afford conpound T?3§ (1) Conpound T34 is then
reduced in the presence of a hydride such™as Bu3SnH 41 It should be
noted that steps (k) and (1) are carried out only for the preparation of a
conmpound of forrmula (I) with R4 = H And nore particularly: 0 IR(R3 R2
reduction 1 OHprotection RFRR3 R2 T36 OH OR7 hydroborationR, , OR7 oxidation

Ris'3Re.'1'23 RRR2 DI 0 m
A1\ }’Wp
| U\ v X
Tvim,

wherein Xy, U, V, W, m and p are as defined above and A, represents —Li or -
Mg-Hal, Hal being a halogen atom,

to give a compound of the following formula (IX):
R U \Y X,
OH

Ry R3

R,
5 (IX),

wherein R, Ry, Ry, R, X;, U, V, W, m and p are as defined above,
(b2)  reduction of the compound of formula (IX) obtained in previous step (a2) to

give a compound of the following formula (X):

R u%\v/c ij\r&

Ry R3
Ro
X,
10 wherein R, Ry, Ry, R3, X3, U, V, W, m and p are as defined above, and
(c2) hydroboration-oxidation reaction of the compound of formula (X) obtained in

previous step (b2) to give a compound of formula (III) with n = 0.

Step (a2) can be carried out through the reaction of compound of formula (VIII)

15  obtained from the halogenated derivative by reaction with magnesium to form the
Grignard reagent or by halogen exchange using a lithium base such as n—butylﬁthium to

form the corresponding lithiated compound, with compound of formula (VII), in a

solvent such as THF.



R2 laa when R7=MOM fluorination 1 when R7= siRal RblRci deprotection 144
reduction (optional step) R2 5T47 (a) In a first step cycl ohexenone T8
under goeswa 28ewa118ve reducti on invol ving NaBH4/ CeCl3, iPaT/EHE012/06008ME0H.

(b) Al cohol T36 is then protected using imdazole and TBDMSCL to give
conmpound 10T37 wi th R7=TBDMS; or di met hoxgmet hane and P205 to gi ve conpound
T37 with R7=CH20CH3. (c) Hydroboration of conpound T37 using BH3. Me2S | eads
to compound T38. (d) Conpound T38 is then oxidized into the correspondi ng

;gﬁ ioggi Igge?%g%{% dc'opr%?tn?d LY R GRNa % RO ESed Y b NdiflohsP T KRERR Mahd .b&son
skilled in the art, and notably according to a process described in EP0240175 or

Carbohydrate Research 2010, 345, 1056-1060.

5 The compound of formula (VIII) can be obtained from the halogenated
derivative by reaction with magnesium to form the Grignard reagent or by halogen
exchange using a lithium base such as n-butyllithium to form the corresponding
lithiated compound.

Step (b2) can be carried out in the presence of a reducing agent such as Et;SiH
10  and a Lewis acid such as BH3Et,0.
Step (c2) corresponds to previous step (b1).

The process to prepare compounds according to the invention with Ry = H will

be better detailed below and in the following experimental part.

15
Scheme A: Synthetic pathway for compounds of the first embodiment (wherein n=1)
P
HOL [~ ,(W)\)L“ P
Uty
R O reduction R OH 13 % R O\U%\VLW)%TM
Ry ; Rs Ry Rs Mitsunobu reaction Ry R3
Ry Ry Ry
il T2 =
| hydroboration
F, F P * p OH P
R O\UP\V/(W\)\)\)Q fluorination R O\U%\V/(WM)Q oxidation R O\U%\V/(W\)\):jx
PSSV - e !
R1 R3 R1 R3 R1 R3
Ro R R,
Iz Ie 15
(a) In a first step cyclohexenone T1 undergoes a reduction involving standard
20 conditions such as NaBH,4, NaBH4/CeCls, LiAlIH4 or L-selectride.

(b) A Mitsunobu-coupling reaction between compound T2 and alcohol T3 then
occurs under standard conditions using DEAD, DIAD or ADDP as coupling
agent and PPhs or P(nBu); as phosphine.



(e) Wien R7=TBDMS, this silylated protective group of conpound T39 is then
renoved under acidic conditions such as HC1 12N i n net hanol and

di chl or orwOhareicvbnsaf f ord al cohol T40. (f) This aCczarod12Dd®56 s
protected into an acetate using Ac20, pyridine and a 5catal ytic anmount of
DVAP (Di met hyl am nopyridine) to give conpggnd T4l. (g) Conpound T41 or
conpound T39 with R7=CH2OCH3 is fluorinated using DAST in dichl oronethane
to afford the fluorinated conpound T42. (h) When R7 = Ac, the acetate

protecting grou ound T42 is r ed usi Lum te i

et hanol Lo ar 17 d i CRRaotres. corpged i ot B W Pe: Bee b
group of T42 is remyRdndigsng TFA in dichloromethane to afford al cohol T43.
(i) This alcohol T43'is then oxidi zed using Dess-Martin periodinane to
af f ord conpound(dydlhe alegtjo) fime@oh g anothposad dit isorxidized tHp atkegoneorgsotiag T4,
prepared fromthe 1 rr i.ng.h 10y - di t

typi cal procedure ,t)@g%é)ég%gg%g tl%‘%égﬁ% %g‘r%ig %I%%l\@g&g %rg()dcu%%rr% 3’6%81}%00%?)%“@
Conpound F45 is brpgrn nated with SOBr2 in dichl oronethane foll owed by the

addition of pyridine to afford conpound T46. . .(1) Conpound_T46 is
then reduced i n(®Heprasdnks can bsgﬁlsﬁmarersi ysing Earingtigg jeens geehpd MY iy
(mlIn a last step, tectd: am~be._r ved. I; Yu..C
procedures descri baefg&‘l?r%ﬁﬁrdéftﬁgogtg?a\%%g%%ug% ?rrll aglrggtaﬁlggagﬁﬁtgﬂﬁ?g}&ﬁpts c&ln B

G eene. rembvahoutatding ot wdickhatrosddepss {&jcrdred 16 Drotaceivegrpiipd
out only for the pre&aration of. 25 a.cor’r;%oungr%gg éor la (1) with R4 = H
The present invent? 6HCUBREEFHS APEE% Y HEUSsT-Mor {?Fggéari ng a compound of
formula (1) according to the invention for which R4 = H and n=1 conpri sing
a coupling reacti dviotegiavrainrly: conpound of the following fornmula (XVI): 43

FFR R3 I
R O selective reduction R ~OH HO\UZV W)\)\X’ R O\ue\v’(w)gi%
R;:Qi% R?:Q"’Rs Mitsunobu reaction R1‘:©:R3
Ry Ro Ro
T8 1 e
| hydroboration
R\Eﬁ/c’\u%v«(w&"m fluorination R i O\UQ\V,(Wf)f’X oxidation R 4 O\ue\v’(wfﬁx
RYTRs T Reﬁ% T R1‘:©:R3 1
R, Ry R,
3 2 I

(a) In a first step cyclohexenone T8 undergoes a regioselective reduction involving

lithium tri-sec-butylborohydride as described in Can. J. Chem 20604, 82, 1361-
15 1364.

(b) A Mitsunobu-coupling reaction between compound T9 and alcohol T3 then
occurs under standard conditions using DEAD, DIAD or ADDP as coupling
agent and PPhs or P(nBu); as phosphine.

(c) Hydroboration of compound T10 using BH;. THF or BH;.Me,S leads to

20 compound T11.

(d) The alcohol function of compound T11 is oxidized into a ketone according to
typical procedures involving PCC, Dess-Martin periodinane yielding compound

T12



R2(XVI') wherein R Rl, R2, and R3 are as defined above and R9 represents a
| eaving group, with a conpound of formula (V) as defined above. 5The term
"l eavi ng Woaap/16emsused in the present invention refersProERahesiosal group
which can be easily replaced with a nucl eophile during a nucl eophile
substitution reaction, the nucleophile begfg in the present case an

al cohol, i.e. a nolecule carrying a group OH Such a |eaving group can be
in particular a hal ogen atomor a sulfonate. The sulfonate is in particul ar
a group -0S02-R10 with R10 representing a (Cl-Cgal kyl.), 10aryl

aryl - (CL- C6) - al (y Cogwoped Llgejangbac{lporigased ysigghlo tlg}%Pg%fHa%@h eaR e 1% a
nmesyl ate (CH3- S(02)}Q- Al - a ;

(p- Me- C6H4- S( 0) 203%?‘8“p thef dhtlotd Al o B MhPras Oyt BEORUR froups can be
wel I known to thergeswdrcskididgad tymicdlpeo@dures detcabby Provettive googsancegasic a
base such as NaH, K2 , 0 ggohb. 151 f necessary, additional steps of
protection, deprot¥¥ '(fsbgm,T&(J %t ion, etc. can be carried out, these
steps being well known to the person skilled in the art. The conpound
of fornmula (1) obtained can be recovered by separation fromthe reaction
medi um by net hods Gyelohekanone I® waseprgparedricswidingth iEPORHRL7ar or (Guepsteys Loy

extraction, evaparation, of t spol t preci.pi t,at i ;

Crystal | 1 sat CORPOPRITOmstr a6y 26701 {5 a0 Sy 040 PoBHARL LR A fo i sjucose
purified i f REGRASEAA YheWniREDRUS avkilabldNdOWH-Ohehbyl-Pelsopyskbdel ed in the
art, such as by recrystallisation, by distillation, by chromatography on a
colum of silica gel or by high perfornance |iquid chromatography (HPLC).
25The compound of - : n rgul a
(00 whetSin rrnCRIBYF A3 tan SERLAE, BERRAGEtIY OkRARTREMAdu Bkt B 2
in the art. kofithesiaxipkesrdidgan: t he | eaving group is a hal ogen atom the

reaction can be-carried out—i-n-thepresence—of—a-halegenating—agent—wWaan

the | eaving grougis a sul fon 0,44
reaction can Bﬁéﬁ@j@% out | 9
acid and a base h as pyri . '
conpounds ac¢df difhg %o t hes nvientfson wi &

font|c

he lpr dcess tg)( 3
n %24 ahd R4 5="H bexbef<f er
detail ed bel pw ant in the fol Y'ewi ng experinental fart. F F 77 4

(second subclass)
15 Or
X -X
0
X3 X5 X3 X50R6 X3 X5 OH
X4 X4 X4

(Rs and R representing a (C1-Cg)alkyl group) (third subclass)

20  Scheme B: Synthetic pathway for compounds of the second embodiment (wherein n=0

and R4=H)



F F.HO uv, (WP. T ROXIR X1 R3R3 R22 T48T7 (a) In a first step, the

- al cohol group of T31 is converted into a | eaving group such as a hal ogen or
a nmesyl, woyi2/wo218ri f | uor onet hanesul f onyl group accor dipao@/EPeo120proeeedur es
wel | known of the person skilled in the art. (b) T48 is then substituted by
the al cohol ate generated from T3 by the use of a base such as NaH, K2CGO3,
or MeONa, to afford T7. (c) In a last step, protective groups can be
renoved according to typical procedures déd4cribed in Protective groups in
organic synthesis, T. W Geene. 15 And nore particularly: F FF F

RHO- ulHvW, 1)".ii,mxi .OHOIf rT3 Ris 'r RBR"'"" "'".1----- . ""IRB RR2
T43T49 FF R - y'''R3 R2 P
A‘\u%vﬁw)ﬁ\ P P
R © e Ri;imwu%\viw)%\& R uhviwg\&
R1 R3 R1 R3 R1/K;[R3
Ry R, R,
11 15 116

hydroboration

F, F { &, 0 P
W ij\ﬁn OH P
W
R:@Egﬁ\v X1 fluorination Rﬁgﬁ\v X1 oxidation R U%\V’( )\)\%(
“ errr——— H
Ry R3 R1 R3 R1 Rs

R
2 RQ R2
T19 11 11

(a) In a first step, a Grignard reagent or a lithiated compound T14, prepared from

the corresponding halogenated compound according to a typical procedure, is
5 added onto cyclohexenone T1.

(b) In the next step of the synthesis, compound T15 is treated with a reducing agent
such as Et;SiH in the presence of a Lewis acid such as BF;.Et0, yielding
compound T16.

(c) Hydroboration of compound T16 using BH;. THF or BHz.Me,S leads to

10 compound T17.

(d) The alcohol function of compound T17 is oxidized into a ketone according to
typical procedures involving PCC, Dess-Martin periodinane yielding compound
T18.

(e) Compound T18 can be fluorinated using fluorinating agent such as DAST to

15 afford the difluorocarbasugar T19. In a last step, protective groups can be
removed according to typical procedures described in Protective groups in

organic synthesis, T. W. Greene.

And more particularly:



T50 (a) In afirst step, the alcohol group of T43 is converted into
its corresponding 20trifl uoronet hanesul fonyl group in the presence of

trifl uor owetzhemes2uBf oni ¢ anhydri de and pyridine to affoPdTaErepawesn49. (b)
T49 is then substituted by the al cohol ate generated from T3 by the use of
NaH to give T50. The reaction is perfornegsindi methylfornmam de. (c) In
a |l ast step, protective groups can be renpved according to typical
25procedures described in Protective groups in organic synthesis, T. W

G eene. 45 The invention will he better understood-upon—+readi-hg—ths
foll ow ng exanples angd fgg » t hese exanple% serving solely to |Ilpstrdte
the inventiong E FYg a1lf{e- @§QHI i nary gl ugose ey fcr
conmpound 16 1n r QQﬂpQﬁhﬂ_Eﬂab ¥ and 8*hours_f 91 g oraI

adm ni strati gn gy kg po). Figure & T'@presents urinarygg oag excretign

for conpound 16 and for conmpound 50 betmeen 16 and 28 hoursrgfollow ng org
administratipn (3sng/ kg po). Figure 3 reBesents oral glucose t¥terance
test for conmpound 16 at 1, 3 and 10 10 ny/ kg po. Figure 4 represents
oral glucose|tol erance test for conpound 16 18 hours post oral | hydroboration
adm ni strati on of compound 16 (3 ng/ kg po). Figure 5 represents|urinary
gl ucose excre¢tion for conpound 16 and for conpound 50 between 16 and 28

hours foll owing oraF 'ﬁ@%fration (3 nmgPkg oo) Q@S Figure 6 @epreSE ﬁ?
urinary gIUCJseRefggf@ o X; CRnRQuAdR axid mound ©

W2009/ 1076550 be el 16 and 28—tours f dﬁnng or al=~sa¢ni Uion (3"
my/ kg po). Figufie Bpresents the HPLIE svedﬁrun1of conpourme’”

Rz

124 123 T22

(a) In a first step, a Grignard reagent or a lithiated compound T14, prepared from

the corresponding halogenated compound according to a typical procedure, is
5 added onto cyclohexenone T8.

(b) In the next step of the synthesis, compound T20 is treated with a reducing agent
such as Et;SiH in the presence of a Lewis acid such as BF3;.Et0O, yielding
compound T21.

(c) Hydroboration of compound T21 using BH3;. THF or BH;Me:S leads to

10 compound T22.

(d) The alcohol function of compound T22 is oxidized into a ketone according to
typical procedures involving PCC, Dess-Martin periodinane yielding compound
123 |

(e) Compound T23 can be fluorinated using fluorinating agent such as DAST to

15 afford the difluorocarbasugar T24. In a last step, protective groups can be
removed according to typical procedures described in Protective groups in

organic synthesis, T. W. Greene.

Halogenated compound giving access to compound T14 can be synthesized

20  according to the following scheme:




Figure 8 represents the HPLC spectrum of conpound 26. 20Figure 9 represents
the HPLC spectrum of conpound 26 after 4h of incubation at 37C in the
presence Wb 2hB/gh2180si dase. Figure 10 represents the HPRPCTHpeT2OMU5®f
Sergliflozin-A Figure 11 represents the HPLC spectrum of _
Sergliflozin-A after 4h of incubation at §7C in the presence P-glucosidase.
25 EXAMPLES 1. Preparation of the conpou (.(fs of the invention

The abbrevi ations encountered are defined as follows: 30 Acacetyl ADDP
azodi carboxylic acid dipiperidine Bnbenzyl cat.Catalytic DAST

di et hyl am nogul phurtrifl uori de DCM{} chl ar, hane de@i astereoneric gexces
DVAP 4- Di et Ryl apd_nopyordi ne di pet hyT3'or hani d O divrret hyl sul floxige
eq. equi val ent §I elfect r ospray [i o] sapﬂon—ib——g-gr m HzHeY't z ng.m', gr am
Xn/ ““Hal Xn/ ““Hal V-W xn/ “al Xn/\?\Hal

\"&4
(62}

The present invention concerns also a process for preparing a compound of the
formula (I) according to the invention for which n = 0 and R4 # H comprising the
5  coupling of a compound of formula (VIII) as defined above and a compound of the

following formula (XI)

F. F K F
R O R OH
I OH
R R3 R4 Rs
R R

(XI)
wherein R, Ry, R,, and Rj are as defined above,
to give a compound of formula (I) for which n = 0 and R4 = OH,

10 followed optionally by the substitution of the OH function to give a compound of
formula (I) for which n = 0 and R4 = halogen, OSiRijRI, OR*', OCOR?!, OCO,R?, or
OCONR™R”.

These steps of coupling and substitution can be carried out in conditions well
15  known to the person skilled in the art.
If necessary additional steps of protection, deprotection, substitution, etc. can be
carried out, these steps being well known to the person skilled in the art.
The compound of formula (I) obtained can be recovered by separation from the
reaction medium by methods well known to the person skilled in the art, such as by
20 extraction, evaporation of the solvent or by precipitation or crystallisation (followed by
filtration). |
The compound can be also purified if necessary by methods well known to the
person skilled in the art, such as by recrystallisation, by distillation, by chromatography
on a column of'silica gel or by high performance liquid chromatography (HPLC).
25
The process for preparing the compound of formula (XI) can comprise the

following successive steps:



MHzrmegahertz mn.mnute 15mmililiter molmllinmole nmvivillinol ar

I'.tnmol m cronol e nnol nanonol e 20 NVR Nucl ear Magneti c Resonance poper o0s
PEGPol yetwol2ereeisgiigcol QSQuantum Satis Rfrate of fl ow 2BCTiEPO@IIOt@EPeEr at ur e
TFAA trifluoroacetic anhydri de THFt etrahydrof urane TLCThin | ayer

Chr omat ogr aphy TWMstrinethyl silyl 30 TBDMS3Fert-butyl dinmethylsilyl WO

2012/ 160218PCT/ EP2012/ 060050 47 The features of the devices used to
conduct anal yses of all of the compounds described in this application are

i cated her ej bef Mol S BRESHOR Mk SSPE kSl (REER DX 300
R OR,

R, Rs
Ry (X10)
wherein R, Ry, Ry, and R3 are as defined above and R;=SiR*'R"'R® or
CH,OCH; (methoxymethyl - MOM), with R*', R” and R® each representing
5 mdependently a (C;-Cg)-alkyl, aryl or aryl-(C;-Ce)-alkyl group,
to give a compound of the following formula (XIII)

OH
R OR;

R4 R

Ra (XI10)

wherein R, Ry, Ry, and Rs are as defined above and R=SiR“R"'R® or
CH,OCH; (methoxymethyl - MOM),

10 (b3) oxidation of the compound of formula (XIII) obtained in previous step (a3) to
give a compound of the following formula (XIV)

0
R OR;

R Rj
Ra (XIV)
wherein R, Ry, Ry, and R; are as defined above and R;=SiR*'R"R® or
CH,0OCHj3 (methoxymethyl - MOM),
15 (c3) when R;=SiR"R"R®, deprotection of the compound of formula (XIV)
obtained in previous step (b3) to give a compound of formula (XIV) with
Rs=H,
(d3) when R;=H, protection of the compound of formula (XIV) with R,=H

obtained in previous step (c3) to give a compound of formula (XIV) with

20 R7=CORgs with Rg representing a (C;-Co)-alkyl, aryl or aryl-(C,-Cy)-alkyl group,



internal reference used is fluorotrichl oronethane CFC13. Chem cal shifts
(6) are Sexpressed in parts per mllion (ppm), and coupling constants (J)
in Hertz wbz2)12/i6bmsf ol | ow ng abbrevi ati ons were used: PCT/ER261006®50gl et ,
bs for broad singlet, d for doublet, t for triplet, gdt for quartet, mfor

mul tiplet or nmassive, dd for doublet of degiblet, etc. The mass
spectra were obtai ned on a spectrophotoneter Waters LCT Premer 10 XE
coupled to a LC Waters Acquity. GC- M5 spectra were perforned on a

M cromass Aut ospec 8kV, equi pped with HP. 6 il | col ,
HP 5NB. 30m DESh. zé’rﬂﬁ“a%\? 8 e(%’.‘@r‘?ﬂ?‘? of ¥, ‘%@b‘%@%‘fé@%ﬁﬁ,ﬁ%n »80C
for 5mMm, with | E 70aVaindUiopRiRds GR! 6h b QgvaR RynipBsnd 6F FiRr g wex

Bi otage SP4 instrunents 15 Eigi ng Bi (k))'t{gg)eo g% g%r;tri dgigg Fol | ow up igg
ensured vi a thin-| dpenuleiXddat ogr aphy (TLC) with Ki esel gel 60E- 254-0. 25- mm
plates. The ratio of the mgration di stanee of a conmpound on a given
support to the mgration distance of an e nt is called the retardation
factor (RD. Exenpl ary conp6u ions according to the
invention will be described 20herei nbel o or non-limting, illustrative
pur poses. Synthesis of conpound 1 4H34Q6M —R538. 63 g.nol-1 Mass: (ESI+):
561.2 (M + Na) Aceti ¢ anhydride ( m.)s was' ‘ddded to a round bottom
flask under inert atnosphere containing R, v
2,3,4,6-tetra-0-benzyl - D- gl ucopyranose (100g , 1 8(§ Prm ol) inDMS O
(640nL) . Fhe m xt urghdrds SR, IREANORE BRI GRIkfiadd ARATuhERPECARY e CPBOWIR, bei ng

cooled to OC. A large vol une of water was added and stirring was stopped so
that the react(f®n rafestionrad thiasompowdedf Pomslet(XNe wish R3‘ﬁC81RI‘a@Y(9 Hj

| actone lies at the m of . & . e u n e and
the crude m xture V\%bgé)l%%(ﬁrﬁ gge\féélﬁ hgt%if?g%s))eatﬁdg &%g‘hgﬁﬁé%?n%%%ﬁltuk \%YZS’“%
neutralised wth sargihtaedl agueous sol ution of NaHCO3 and washed again
twice with water. The_ organic | ayer s. then drjied over nesi um sul phat e,
5 filtered ano(gébncﬂ@sﬂ%@p@él.therﬁ@newgaé)fn%wﬁé%ésmﬂh?.ﬁﬁﬂ@%twdsmf@ag%|
chr omat ogpaphy (cy %1@3( €4 X Rf = 0.61) to afford the
desired ?gctone 1 % a opﬁlﬂ‘?eleg(gsds?yﬂcﬁu 3%??(%%%%%3(;?.(3' d. Synthesis of conpound

2 10C37H43 09P M = 662. 71g. norl Mass: (EST): 685.33 [ MrNa]; 1346. 80
[ 2M+Nar

Step (a3) corresponds to previous step (bl). Compound of formula (XII) can be
prepared from compound of formula (IV) by a protection step, well known to the person
skilled in the art.

15 Steps (b3) and (g3) can be carried out in the presence of an oxidant such as
Dess-Martin periodinane, PCC (Pyridinium chlorochromate), etc.

Steps (¢3) and (d3) are optional and required only when R7= SiR*R™R in the
starting material of formula (XII).

Step (c3), (d3) and (f3) can be carried out in conditions well known to the

20  person skilled in the art.
Step (€3) can be carried out in the presence of a fluorinating agent, such as

DAST (diethylaminosulphurtrifluoride).

The present invention concerns also a process for preparing a compound of formula (I)

25  according to the invention for which Ry = H comprising the following steps:

(a4) bromination of a compound of formula (I) with R4 = OH to give a compound

of formula (I) with R4 = Br, and



00 il,Owe |i30w OCH3-P\, n-BuLi CH2P Owve Bn0OBn0O Owve BnO ' OBnBnO'' OBn
OBnTHF, -78C0OBn 12 Under inert atnosphere, n-butyllithium (1. 6M solution in
hexanes, we&m21602187nol, 2.9eq) was added dropwi se to aPSOIEPRI1Q06@E0

di et hyl met hyl - phosphonate (42n, 15 0.39np1, 4.2eq) in THF (390nL) cool ed
to -78C. The m xture was stirred for 30 mypgutes at this tenperature before
a solution of lactone 1 (50g, 93mmol, 1leq) in tetrahydrofuran (230nL) was
added dropwi se at the sanme tenperature. The m xture was stirred for 30

m nutes before being allowed to warmto OC with stirring. The reaction

ni xture was pdbded reductomaf theeonperetionioxmuled Dowith BesRraetirtiaedd oviarhsen um
chl ori de aqueous sol ution (100 n I te300nL). The organic

| ayer was separ at eg?ﬁ\k%§]f1vg Cvc\l/ln%n@llﬁg gﬁo?&gﬁ@g&g%gf’ s%’di um sul phat e,
filtered and then concentrated under reduced pressure to afford

gquantitatively 3,4,5,7-tetra-0-benzyl -1- . _
deoxy- 1- (di met hoxyXseid§9n 6y br-arged pbt vl the gy asesiss 04 dEeMIngtggeeps such as

compounds” sar G YRl EgRe f HERsY Subt PLIS, AR e S0 BT ORR Yy
687.27 (M + N3yidine9Bhe7Sart il maeiran Wpi2p4i12d 260248 PETTHERPRAESY OB0ME0 above
to prepare compounds of formula (I) with Ry # H.
Step (b4) can be carried out in the presence of a hydride such as BusSnH.
The process to prepare compounds according to the invention with n = 0 and R4

10 = OH or H will be better detailed below and in the following experimental part.

Scheme C: Synthesis of compounds with n=0 and R4=OH or H

R O
Ry’ ; Rs
R2
1

reduction 1

OH o
R OH protection R ORy hydroboration R OR7  oxidation R ORy
R1 Rj Ry Ry R1 R Ry R3
Rz R2 Ro Ry
12 125 127
when R;=MOM el oblped
fluorination when R7‘S!R RYR
deprotection
N Y i R i OH
R OH  geprotection R ORy fluorination R ORy protection
Attt i it Ar———ASAAASR.
Ry R3 Ry R3 Ry R3 R1 Rs
Ro Ry Ry R2
I3 130 T29 128
oxidation
A1\(/\LW"’ R F N e fwlym
RF FF UV v X g OH P\ /(W m o R uvf—\v
R O R OH T14 utl v X bromination )&
o OH  errreerseosssssosmmerevreesmovevermncie: 1 e econonanonite o
Ry Ry R Ry Ry R3 (optional step) Ri Ro 3
R R
R2 132 2 133 134

(optional step)

RF
H
R Uf\v,cw&nm
Ry R3

Ry
138

l reduction



To a solution of 2 (69.5g, 105nmmmol, leq) in tetrahydrofiiran (600n) was
added by portion sodi um borohydride (7.44g, 210mmol, 2eq). The m xture was
stirred overnixteb218t room tenperature prior to be conceRCT&Pd 20660
reduced pressure. The residue was 5 partitioned between ethyl acetate and
wat er and the organic | ayer was washed mﬁtp water, dried over sodium

sul phate, filtered and concentrated under reduced pressure. The crude
conmpound 3 (m xture of diastereoners a and b, 70.5g, 100% was engaged in
the next step without further purification. 10 Synthesis of conmpound 4
C37114109PM = 660.18% dirstogten) dvblobexenpSCIEL @aderg@es( Mredudyrion 6880 190ng( Mandaxk) ;

L2430 (214 ) 0 b s, MR PO S0 G 20, B0 1
(b) Alcohol T2 is then protected in the form of a silyl ether, according to well
known procedures described in Profective groups in organic synthesis, T. W.
5 Greene, to give compound T2S.
(c) Hydroboration of compound T25 using BH;.Me,S or BH; THF leads to
compound T26.
(d) Compound T26 is then oxidized into the corresponding ketone T27 according to
typical procedures involving PCC, Dess-Martin periodinane, etc.
10 (e) When T27 bears a R; which is a silylated protective group, this silylated
protective group of compound T27 is then removed under acidic conditions
using typical procedures described in Profective groups in organic synthesis, T.
W. Greene, to afford alcohol T28.
(f) This alcohol T28 is protected into an ester according to well known procedures
15 described in Protective groups in organic synthesis, T. W. Greene, to give
compound T29.
(g) Compound T27 (when Ry = MOM) or T29 is fluorinated using a fluorinated
reagent such as DAST to afford the fluorinated compound T30.
(h) The ether or ester protective group (OR7) of compound T30 is removed under
20 typical conditions described in Protective groups in organic synthesis, T. W.
Greene, to afford alcohol T31.
(1) This alcohol T31 is then oxidized using Dess-Martin periodinane to afford
compound T32.
(J) A Grignard reagent or lithiated compound T14, prepared from the corresponding
25 halogenated compound according to a typical procedure, is added onto
compound T32 to afford T33.
(k) Compound T33 is brominated according to typical procedures including the use
of SOBr; followed by the addition of pyridine to afford compound T34.
() Compound T34 is then reduced in the presence of a hydride such as BuzSnH.
30 (m)In a last step, protective groups can be removed according to typical procedures

described in Protective groups in organic synthesis, T. W. Greene.



3a/b 4 A solution of trifluoroacetic anhydride (27.1nL, 0.19nvol,
4eq) in dichloronmethane 15 (130nL), cooled to OC was added dropw se under

i nert at mvephey®wo11® a sol uti on of di nethyl sul foxi de (20PBFIEP2@2880050 , 6eq)
i n di chl oromet hane (260nm.) prepared at anbient tenperature before being
cooled to -75C. The m xture was stirred fg@r 45 mnutes at -75C, before a
solution of 3 (32.43g, 48.8mvl, leq) in dichloronethane (260nL) cooled to
-75C was added. The m xture was stirred for 1.5h at the sane 20

tenperature. Triethyl amne (54,2nm_, 0 39 |, 8eq) ,was added, dr opwi se t
the reaction m xt t’ﬂr ORH'W thatlepsdk) ?fm al“c')C%g’i)e%OP‘bOng:?%%‘hp@B‘?r?thﬁf A
2N hydrochl oniona6hfl SOMEANR (BALul RPA pas added to the reaction mxture.
The organic | ayer was separated, washed with a saturated sodi um

hydr ogenocar bonat e sol ution, dried over sodium sul phate, filtered and
concentrated under, reduced ggggﬁure. The crude WO

2012/ 160218PCT/ EP2SHIPHEPFEG B0 corpound 4 (36.3g, 100% , obtained in the
formof a yel lawhsh oil was engaged in the next step without further
purification. .S fhesis of conpounds 5a/b 5C35144006M = 556. 69 g. nor

Mass: (ES[): 557220 (M + H); 1135.07 (2M + Na) O OH MeMyBrBnOOH Ya.
Bn0' ' ' OBnTHFBna' & 0Bn

reduction

R OH  protection R ORy hydroboration Ry~ 4OR7 oxidation R OR7
—_ B A—
- - R M ' o - R
Ry Rs 1 R{ 3

Re
I36

1 when Ry= SIRYRR!
deprotection

R F .
R OH deprotection R ORy fluorination R OAe protection R OH
* ¥, — e <t
R1\\\~‘ "Rs Ry “Rs Ry Rj Ry’ Rs

Ry R Ra R
143 T42 head T40
oxidation l
A %\ /(WQT FF EF
R F FF U \ X OH wm o Br W\ﬁ?
R o} R OH T44 1 R U V’( B\X bromination R U?\v’( .
— OH e e S JES— 4
R “Rs R "Rs R "R, (optional step) R "Ry
Ra Rz Re Ra
145 T4
J44
reduction
{optional step}
RF
e
R >y %,
R1\\\" ”vRa
Rz
5 147

(a) In a first step cyclohexenone T8 undergoes a selective reduction involving
NaBH4/CeCls, in THF and MeOH.
(b) Alcohol T36 is then protected using imidazole and TBDMSCI to give compound
10 T37 with R=TBDMS; or dimethoxymethane and P,Osto give compound T37
with R,/=CH>OCHs.
(¢) Hydroboration of compound T37 using BH3;.Me;S leads to compound T38.
(d) Compound T38 is then oxidized into the corresponding ketone T39 according to

typical procedures involving PCC, Dess-Martin periodinane, etc.




OBnOC to 50COBn 5a/b 2, 3,4, 6-tetra-0-benzyl - D gl ucopyranose (50g, 92. 7mmol ,
| eq) was dissolved in THF (645nL) and cooled to 0. Methyl magnesi um brom de
(185nL ofwea 2012406b=8l ution in 10 THF/ tol uene, 259.4muol , PETEPQ)12®5@dded
dropwi se under inert atnosphere and the reaction m xture was stirred for
10m n at OC and 3h30 at 50C. TLC (cycl ohexgneethyl acetate, 7:3) showed
conpl ete conversion of starting material into tw products (Rfa=0.17 and

Rf b=0. 25). The reaction m xture was poured into a saturated agueous

solution of a i'um chl ori.d racted with ethyl acetate. The
conbi ned or gani ’5 Rﬂapcggﬁ(@r g“%?ﬁﬂﬁeé\%‘?te@d@l %mv%/m fomnound E3%jsdhemnd
concentrated to af, I d e ol

Ife%@lv@dlﬁﬁhb; %u%/% cyorugﬁog@wc% 18100, E?Qﬁ‘z?n@l and

m xture of diastereoners a and int orm of yell ow oi | hi's conpound
was engaged in t heditidbioowitimge $¢ effordiaidvbot Td@ir t her purification. 20

ITLNESLS O oMM Gy P R00M 5 P 00 BBt MBS (50 B
BnO s’ OBnBnO' ' ' 0BreaalythiEndount 68 OMBP @BIn&RY1BAino 971&&163%%@%%@&1 ([ﬁ@ﬂt)

cooled to -78C, under inert atnosphere. The mx?ure was stirred at—-78C for
30nin before a é@lﬁhmmvndf_ﬂloh @Wﬂ@anMMIMFCHiO% isrfluorinated using

di chl or onet hane (SB/TS%[ n‘{\%wh argeo V\Aﬁ%§%8 uggmig@cg%w%@r%p' tate

appeared and the reaction mx ure wWas d for an

addi ti onal 30m (h) When &; i X¢, Uh€ackbse pfwmmgg&ﬁ%l cﬂ“@oi@ouﬂ@@ﬁﬁﬁermoved using
triethylamne (55nL, O. 39rml 18eg) was_ added dropwi se. After 15min, the
cool i ng bath was rséﬁb%@eﬁﬁﬁdo@ﬁén%@npbﬁ? afoxd ék@h%gé_al I owed to reach room

tenperatype. A largfeq U@H?Cﬁr%ﬂtﬂ@ ?ot%@'ﬂ'e 095 em)ve ts%m dqlrsh{g;l efp 2N,

tol uene (400nL) was ad éd an 2 precipita on.
The resi due was washkigdlawbtbthhod teafordaldobdldI 43 | trat e was concentrat ed and

10purified by sili.ca | . chronat ogr aphy..(cycl.oh / ethy] acetate
Lo 70: 30) to’ af Fbr itukepEhdds boleBpa GHiRs o as R g o atiord
Synthesis of compawnghofind $3§H3606M = 552. 66 g. nD1- 1

(3)) A Grignard reagent or a lithiated compound T14, prepared from the

15 corresponding halogenated compound according to a typical procedure, is added
onto compound T44 to give compound T45.
(k) Compound T45 is brominated with SOBr; in dichloromethane followed by the
addition of pyridine to afford compound T46.
() Compound T46 is then reduced in the presence of BusSnH in toluene to give
20 compound T47.
(m)In a last step, protective groups can be removed according to typical procedures

described in Protective groups in organic synthesis, T. W. Greene.

It should be noted that steps (k) and (I) are carried out only for the preparation of
25  acompound of formula (I) with Ry = H.

The present invention concerns also a process for preparing a compound of
formula (I) according to the invention for which R4 = H and n=1 comprising a coupling

reaction between a compound of the following formula (XVI):



15Mass: (ES[): 570.27 (M + H20); 575.33 (M + Na) L-proline (7.35g,
63.8mmol, 1 eq) was added to a solution of diketone 6 (35.2g, 63.7mvl, 1
eg) in DWBO20B6bai3. The mixture was stirred at 50C i n &CH/EHPeo128boobef or e
bei ng poured into a m xture of water and brine (2:1), extracted with ethyl
acetate, 20 dried over sodium sul phate, fuBtered and concentrated. The
crude m xture was purified on silica gel chromatography (cycl ohexane /

ethyl acetate 97:3 to 35:35) to afford conpound 7 (13.0g, 37% as an orange
oil. Synthesis of compound 8 25C35H3¢95Ng: 534.64 g.nori 52 0 Ove BnO
CH2P., Owv 0 OBn 4 HO BnO

R Rg

R1 R

Ry (XVI)
wherein R, R;, Ry, and Rj are as defined above and Ry represents a leaving group, with

a compound of formula (V) as defined above.

5 The term “leaving group” as used in the present invention refers to a chemical
group which can be easily replaced with a nucleophile during a nucleophile substitution
reaction, the nucleophile being in the present case an alcohol, i.e. a molecule carrying a
group OH. Such a leaving group can be in particular a halogen atom or a sulfonate. The
sulfonate is in particular a group —OS0O2-R10 with R10 representing a (C1-Céalkyl),

10 aryl, aryl-(C1-Co6)-alkyl or (C1-C6)-alkyl-aryl group. The sulfonate can be in a mesylate
(CH3-5(02)0-), a triflate (CF3-S(0)20-) or a tosylate (p-Me-C6H4-S(0)20-).

This reaction can be carried out in conditions well known to the person skilled in
the art, notably in the presence of a base such as NaH, K,CO;, or MeONa.

15 If necessary, additional steps of protection, deprotection, substitution, etc. can be
carried out, these steps being well known to the person skilled in the art.

The compound of formula (I) obtained can be recovered by separation from the
reaction medium by methods well known to the person skilled in the art, such as by
extraction, evaporation of the solvent or by precipitation or crystallisation (followed by

20  filtration).

The compound can be also purified if necessary by methods well known to the
person skilled in the art, such as by recrystallisation, by distillation, by chromatography
on a column of silica gel or by high performance liquid chromatography (HPLC).

25 The compound of formula (XVI) can be prepared from a compound of formula
(XV) wherein R;=H according to procedures well known to the person skilled in the art.
For example, when the leaving group is a halogen atom, the reaction can be carried out

in the presence of a halogenating agent. When the leaving group is a sulfonate, the



BnOs'"OBn OBn B.7 Procedure A: To a solution of 4 (10.5g, 15.89mmol, |eq)
in toluene (400nm.) were added 18-crown-6 5 (168ng, 0.64mmol, 0.04eq) and
pot assi unwoantareetie (6. 69g, 48.5mmol, 3.05eq.). The m XPOTEPMHAS/06G050 I ed
overni ght at roomtenperature, and then the rem sing insoluble material was
filtered off and washed with toluene. Thegfiltrate and the washi ngs were
conbi ned, washed with 2N hydrochl oric acid aqueous sol ution followed by

sat urated sodi um hydrogencar bonat e aqueous sol ution, dried over sodi um

sul phat e, fiIteQed ang 1Q.c%nqgntrated und reduced EreSﬁure.. he r§§idue
was. pur i 11 ed "SHFOSNEREGe HRTEEAVGRARCY PRy O s SPBRaRLnEE SHHE aeid e a Wyt 5
to 80:20) to saéh &y sirkined ohexenone 8 (4.07g; 48%yield) as yellow sh oil.
Procedure B: A solution of 7 (3.27g, 5.92mmol, leq) in pyridine (14nL) was
cooled to OC before 15 POC13 (2.75nL, 29.6mmvl, 5eq) was added dropw se.
The m xture was stgrr t hi tur o P for. e €00 % ng
bath was renoved. Lﬂh%é)?(gcgggbtioi ﬂg%&aﬁ’% g@ﬁ?%&vc\l/ggg%o&%%? é(gtﬂgd%%:ﬁgﬁtﬁg{ﬂr 010%1ch RS

t enper at use beflovil Hedetigr detriled bbied) 4nd i Che BOSIBig(Zpdmmtntal@urGnmol , 5eq) was
added once again trying to conplete the reaction. The m xture was stirred

for an additionalg20h at room tenperature bafpre bei diluted with Et20
(20nmL) 20 andrpoMremh onto crushed ReeX W HCL Hg\%ou Xsolrut i og#&%ﬁmiﬁmas
added, and the t ur e—was—extract ed_wilt h Et 10 . The X

conbi ned or gahi cyeXtracts were washedi w¥h brine (100nm) R"drsi eB: over sodi um
sul phate, filter®d and concentrated b& ore being purified ofesilica gel
chromat ogr aphy (&Yycl ohexane / ethyl d#etate 98:2 to 80:20) to & ford
conmpound 8 (1.46g, 46%yield) as an orange oil. 53 Synthesis of conpound 9

Clot 120 02U 3961 TRty R0 e g 3,
a halogen or a mesyl, tosyl or trifluoromethanesulfonyl group according to
10 procedures well known of the person skilled in the art.
(b) T48 is then substituted by the alcoholate generated from T3 by the use of a base
such as NaH, K,COs, or MeONa, to afford T7.
(¢) In alast step, protective groups can be removed according to typical procedures
described in Protective groups in organic synthesis, T. W. Greene.
15
And more particularly:

L fwfim F
EF EF HO. | [~ AW F P

.
ut v }\X \ _ [ {wlhim
R\[/ OH RﬁQ OTf 1 . R w0 BT
RN

R T Re R}

T43 149 150

(a) In a first step, the alcohol group of T43 is converted into its corresponding
20 trifluoromethanesulfonyl group in the presence of trifluoromethanesulfonic
anhydride and pyridine to afford compound T49.
(b) T49 is then substituted by the alcoholate generated from T3 by the use of
NaH to give T50. The reaction is performed indimethylformamide.
(c) In a last step, protective groups can be removed according to typical
25 procedures described in Protective groups in organic synthesis, T. W.

Greene,



Synt hesis of compound 10 C151-114BrC1OM = 325.63 g.nol-1 Cl 10 10The
synthesis of this product is described in J. Med. Chem 2008, 5.1,
1145-1149v0QymrteexnBs of conmpound 11 C50H49CLO6M = 781. BTTEPAUIRIGIVESS
(ES[): 798.20 (M + H20) Under inert atnosphere, My powder (265ng,

10. 9nmol, 2.44 was charged into a three n gked flask, followed by addition
of a portion of 1/3 of a solution of the %

brono- | - chl or o- 2- (4- et hyl benzyl ) benzene (2. 959, 9 linmol; 2eq) in dry THF
(25nmL) and 1, 2-di bronoet hane 510 mol % of My; 85nm; O. 45mol ) . The m xture
was heated to 20r dheurvensipr evillt brebetes ariderstons surion; rerding dhq Bllowirg AFARIFY

consumi ng of 54 re inin
2- (4- et hyl beﬁg@}[‘)@“% ]%Sﬁoeximg erv nzelrri}e{allﬁuéc)fiateqjﬁlfnvemo%dded dr opwi se.
The mi xture was then all owed to react for anot her one hour under gentle

reflux until nost of the My was consuned. The above Grignard reagent was
added dropwi se i nE8GUBESsol ution of cycl ohexenone 8 5 (2.42g, 4.53mml

leq) in dey THE (§§mrr)e P%Eeérﬂ?%&m@i’%ﬁ%@é%x@;etf(ﬂxofﬂrt @m&&ﬁuﬁg ﬁlﬁp%’lt

250), then al | oned §0 re aturated aqueous sol uti off of
amoni um chl evinfleurwbs badech 0 ands hivers fo ldwing ot aduensttutivh€3 meda podn. The
m xture was extracted with Et 20, washed . with brine,

d
sul phate, filtered &H§ ?cé?fbréﬁ?“rtét“éﬂmrﬂgeucf’égleéﬁ‘eetb%stdoﬁuf?mo‘éghoigs%i? ﬂ;%r gel

chromat ogr ap Q&éxﬁ&){rﬁi W@é@@/@&*f £ d 2 8k&tatA » Oral QNin8HadOn (1 @gakipyd the
target conmpound 11 a5 a yellow oil (3.01g, 86%. Synthesis of compound 12
Figure 3 represents oral glucose tolerance test for compound 16 at'1, 3 and

10 10 mg/kg po.

Figure 4 represents oral glucose tolerance test for compound 16 18 hours post
oral administration of compound 16 (3 mg/kg po).

Figure 5 represents urinary glucose excretion for compound 16 and for
compound 50 between 16 and 28 hours following oral administration (3 mg/kg po).

15 Figure 6 represents urinary glucose excretion for compound 16 and for
compound 9 of WO2009/1076550 between 16 and 28 hours following oral
administration (3 mg/kg po).

Figure 7 represents the HPL.C spectrum of compound 21.
Figure 8 represents the HPLC spectrum of compound 26.

20 Figure 9 represents the HPLC spectrum of compound 26 after 4h of incubation

at 37°C in the presence of B-glucosidase.
Figure 10 represents the HPLC spectrum of Sergliflozin-A.
Figure 11 represents the HPLC spectrum of Sergliflozin-A after 4h of incubation

at 37°C in the presence B-glucosidase.

25
EXAMPLES
1. Preparation of the compounds of the invention
The abbreviations encountered are defined as follows:
30 Ac acetyl

ADDP  azodicarboxylic acid dipiperidine
Bn benzyl



C50H49C105M = 765.37 g.nol |l Mass: (ESI+): 782.13 (M + H20) 151112
Triethylsilane (0.210n, 1.30mol, 3eq) and boron-trifluoride etherate (48%
BF3, 0.1MWol2p126886mo1l, 2eq) were successively added i RCo/ER26iQloa0s@N Of

al cohol H (338ngy, 0.433mmol, |eg) in dichloronethane (5nl) under inert

at mosphere at -20C. After stirring for 2.5h, a saturated aqueous sol ution
of sodium chloride was added to 20 quench The reaction. The m xture was
extracted with CH2Cl2 (10nix3) and the organic |ayer was washed with brine,
dried over Na2SO4, filtrated and concentrated. The residue was purified on
silica gel chibmat odré@hiyc (cycl ohexane/ ethyl acetate 9.8:0.2 to 8:2) to
afford the t co nd.12 a .Mmhi te powder (278 ng, 0.363mpl, 84%.
25 Synt hesisa%fggiomdg%ﬁﬁaﬁos‘éggﬂr?ri@qﬂ‘gaM= 783.39g. ol | Mass: (ESI+): 800
(M + H20); 158CM 2MdkchtOmetd&: 2012/ 160218PCT/ EP2012/ 060050 55 OEt Bn Cl

G's 1%$1 '/0Bpn BnO OBn 12 IS CIOEt BnO 111 ' OBn
de diastereomeric excess

5 DMAP 4-Dimethylaminopyridine
DMF dimethylformamide
DMSO  dimethylsulfoxide

eq. equivalent

ESI electrospray ionisation
10 g gram

Hz Hertz

mg milligram

MHz megahertz
min. minute
15 mL milliliter
mmol  millimole
mM millimolar
pmol micromole
nmol nanomole
20 NMR  Nuclear Magnetic Resonance
po per os

PEG Polyethylene glycol

QS Quantum Satis
Rf rate of flow
25 1t room temperature

TFAA  trifluoroacetic anhydride
THF tetrahydrofurane
TLC Thin layer Chromatography
T™MS trimethylsilyl

30 TBDMS Tert-butyldimethylsilyl



OBn 13 Under inert atnosphere, borane-dimethyl sulfide conplex (2Min THF,
16. 7nL, 33mmol, 10.5eq) was added to a solution of 12 (2.41g, 3.15mml,
leq) in dwo20HA6B218100n.) cool ed to OC. The reacti on ni PCumP0a®sciolen
refluxed for |Ih,cooled to OC and treated carefully wi th sodi um hydroxi de
(3Min H20, 10 5ni, 31.5mmol, 10eq), foll gywed by hydrogen peroxide (30%in
1120, 3.2nL, 31.5nmol, 10eq) at roomtenperature (above 30C). The mi xture
was al l owed to react overnight at roomtenperature (-25C) before a
saturated aqueous sol ution of ammoni um chloride was 10 added to quench. the
reaction. The ni xtledestmeesedithadeddesiset techyducaaelyses Al efibe spgpareds

I ayer was washed.w,th,brin dried. av > il tered, and concentrat ed.
The residue \féﬁ%crll?ﬁ?iuf‘fhésoap@g}baé[f niaé%mgéﬁ%{egwr%g%la %lé)waphy (cycl ohexane/ et hyl
aclelt ate 37: 3 to 73RHF NMREpara whe ré@sdddsh BRUICER HPIE3(A sibgpméRe) Tlas a
yel lowi sh oil. 15 Synthesis of conpound 14 C501-149C106M = 781, 37g.1ol 1
Mass: (ESI +) :intpggl (Memwoysged1kﬁ?fllsor%v@lwr?meiihwﬁF@d?g?mwi|S @t%@eg"%e

MartinSi el : : lin HeBBHH,. - - DCM
conoen 1314 BRREA PR Pl fafd B habd (i HeRBND, - O
portion wise to aTielfolldwing 20brefiatbwsohat uddl: (1. 0g; 1.28nmol, leq) in
anhydrous di chl oronet hane (2 .0C. e reaction was . t stirred
overni ght at r oomstf%?rii’éélﬁtt: Fgoqh%?ag}iséngg%ti {{gorq‘{?é‘ﬁﬁeﬁwégo ‘Pf?tfqté?godl%%%t’ m for
sol ution of %&ﬁhfg@ Vi Quleded foFBuBkOticebleflees, Was separated and the
aqueous | ayer was extracted wth di chl oronethane. The conbi ned orfgani C
tedt

l ayers were dried Towenasogectm setephlinined fon|a epestophiiomeiat dYaterss Prepier
resi due S ified on siljca gel 25chromatography (cycl ohexane / et hyl
"2 e £ Wit Pop

acet at e & target ketone -
GC-MS spectra were performed on a Micromass Autospec 8kV, equipped with a

GC HP 6890, Capillar column WCOT, HP 5MS, 30m, DI:0.25mm, at 50°C (0.5mn),
from 50 to 280°C at 10°C/mmn, and 280°C for 5mn, with IE:70eV.
Automated column chromatography was performed on Biotage SP4 instruments
15  using Biotage® SNAP cartridges. Follow-up is ensured via thin-layer chromatography
(TLC) with Kieselgel 60F-254-0.25-mm plates. The ratio of the migration distance of a
compound on a given support to the migration distance of an eluent is called the
retardation factor (Rf).
Exemplary compound preparations according to the invention will be described

20  hereinbelow, for non-limiting, illustrative purposes.

Synthesis of compound 1
C3H340s M =1538.63 gmol”
Mass: (EST"): 561.2 (M + Na)

0._.0
BnO O »OH Ac0 BnO
BhO" '0Bn DMSO BnO" "'OBn
OBn OBn

25 1

Acetic anhydride (420mL) was added to a round bottom flask under inert atmosphere
containing 2,3,4,6-tetra-O-benzyl-D-glucopyranose (100g, 185mmol) in DMSO
(640mL). The mixture was stirred overnight at room temperature before being cooled to

0°C. A large volume of water was added and stirring was stopped so that the reaction



14 (783ng, 79%yield) as a colorless oil. WD 2012/160218PCT/ EP2012/ 060050
56 Synthesis of conmpound 15 C50H49C1F206M = 803. 37g.npol-1 19F NM ? (CDCl 3,
282. 5MHz )WO 20206038 (d, J=254Hz, 1F, CFF); -113.3 (td, JPe€2BPbin2/0d00s@9Hz,
1F, CFF). 5Mass: (ESI+): 820.00 (M-H20) BnO BnGs 111 ''0Bn OBn 14

410 Bn0' OBn OBn 15 A solution of ketone % (421nmg, 0.539mMmol, leq) in DAST
(2m., 16.3mmol, 30eq.) was stirred under inert atnosphere at 70C for 12h.
The m xture was then cooled to

mixture was allowed to settle for 3h (the crude lactone lies at the bottom of the flask).
The supernatant was removed and the crude mixture was diluted with Et,O and washed
3 times with water, neutralised with saturated aqueous solution of NaHCO; and washed
again twice with water. The organic layer was then dried over magnesium sulphate,
5  filtered and concentrated. The crude mixture was purified by silica gel chromatography
(cyclohexane / ethyl acetate 8:2; Rf = 0.61) to afford the desired lactone 1 as a

colourless o1l with 80% yield.

Synthesis of compound 2
10 Cy7Ha300P M = 662.71g.mol™
Mass: (ESI'): 68533 [M+Na]"; 1346.80 [2M+Na]"

o)
o _OMe
11 _OMe -
o. .0 -p- Bl CH,P_
BnO CH, P\OMe , n-Buli BnO O '//Oij OMe
BnO"" “'OBn ] - Bno" “/OBn
L THF, -78°C OB
1 2

Under inert atmosphere, n-butyllithium (1.6M solution in hexanes, 168mL, 0.27mol,
2.9eq) was added dropwise to a solution of dimethyl methyl-phosphonate (42mL,
15  0.39mol, 4.2eq) in THF (390mL) cooled to -78°C. The mixture was stirred for 30
minutes at this temperature before a solution of lactone 1 (50g, 93mmol, leq) in
tetrahydrofuran (230mL) was added dropwise at the same temperature. The mixture was
stirred for 30 minutes before being allowed to warm to 0°C with stirring.
The reaction mixture was poured into an ice-cooled mixture of 10% saturated
20 ammonium chloride aqueous solution (100mL) and ethyl acetate (300mL). The organic
layer was separated, washed with water, dried over sodium sulphate, filtered and then
concentrated under reduced pressure to afford quantitatively 3,4,5,7-tetra-O-benzyl -1-
deoxy-1-(dimethoxyphosphoryl)-D-gluco-2-heptulopyranose 2 (63g) as a slightly
yellowish oil which gives white crystals overtime.
25
Synthesis of compounds 3a/b
C37HssOoP M= 664.72g.m01'I
Mass: (ESI"): 665.13 (M + H); 687.27 (M + Na); 696.73 (M -+ MeOH)




10 room tenperature and di chl oromet hane was added. The sol uti on was poured
on a mxture of water, ice and solid NaHCO3. Agitation was naintai ned for
30m n whiwe 2oeawhiiag room tenperature. The aqueous | ayePChaEP2@2ios@st ed wit h
di chl oronet hane and the organi c phase was dried over Na2SO4, filtered and
concentrated. The crude product was purifued on silica gel chromatography
(cycl ohexane/ ethyl acetate 98:2 to 80:20) to 15afford the desired conpound
15 as a yellowish oil (182ng, 42%yield). Synthesis of conpound 16

C22H25C1F205M = 442. 88g. or | 19F NM 2 ( MeOD,
282.5MHz): -96.7 (d, 3=2 LOME, CFF); 1%3 2 (td, 20J1=254kz, | SMDBHz,
1F, CFF). Mass: gdE8TH-U6n 2" (oMbl) H?, P oy 1525dNchPbObenane O
BnO ' OBnTHF: MeOH 2: 1 OBn15°" o- Di chl oroEe—nz‘eﬁé‘To 320m_ 2.8Pol, 10eq)

o‘aBnsol uti on of
BnVv/v, 160m).

fol l owed by Pd/C B8@b (5 34Q8y 0.32nol, 25TF18g) were manle
15 (228ng, 0.28mmmol, lemn in a mxture of THF and MeOH (2:
The reaction was placed ynder hydrogen at nosphere and WO

2012/ 160218PCT/ EP2012/ 0609050 57 stirred at roomtenperature'ﬁﬂ 2h. The

reaction rrixtw@smzsoﬁioktze{dl AndsaaRa et 3 e, %ﬂff&raa%mnggwaw&m

silica gel chromatography | or onet hané/ nmet hanol 100:
af ford conpowpedidBGsodios bgrohaafkﬂtyﬁe%g) 21(5m$pht2t¢q)s iheghixooepas nurric?overmoht
(35H3605M = a%?éoen?gemperature prior tg %e co Acen?%’fédlu?ﬁ der reducl:_lech 13165&19(? SFh(e resxa-ue W?lS
5  partitioned between ethyl acetate and water and the organic layer was washed with
water, dried over sodium sulphate, filtered and concentrated under reduced pressure.
The crude compound 3 (mixture of diastereomers a and b, 70.5g, 100%) was engaged in

the next step without further purification.

10  Synthesis of compound 4
- C37Hy1O9P M = 660.69 g.mol”
Mass: (EST): 661.00 (M + H); 683.20 (M + Na); 1343.0 (2M + Na)"

o)
Q oMe 1. DMSO, TFAA i -OMe
OH CHZP\ 2 Et-N o) CHZP\OM
BnO OH 13 X BnO ¢ ©
BnO" “'OBn DCM -75°C BnO" "/OBn
OBn OBn
3a/b 4

A solution of trifluoroacetic anhydride (27.1mL, 0.19mol, 4eq) in dichloromethane
15  (130mL), cooled to 0°C was added dropwise under inert atmosphere to a solution of
dimethylsulfoxide (20.8mL, 0.29mol, 6eq) in dichloromethane (260mL) prepared at
ambient temperature before being cooled to -75°C. The mixture was stirred for 45
minutes af -75°C, before a solution of 3 (32.43g, 48.8mmol, leq) in dichloromethane
(260mL) cooled to -75°C was added. The mixture was stirred for 1.5h at the same
20  temperature. Triethylamine (54.2mL, 0.39mmol, 8eq) was added dropwise to the
reaction mixture which was then allowed to warm to 0°C with stirring. A 2N
hydrochloric acid aqueous solution was added to thé reaction mixture. The organic layer
was separated, washed with a saturated sodium hydrogenocarbonate solution, dried over

sodium sulphate, filtered and concentrated under reduced pressure. The crude



,,0Bn BnO OBn 8 THF OC BnO\\'"'0Bn OBn 17 A 1M solution of L-selectride in
THF (0.84nm., 0.84mmol, 1.5eq), was added dropwise 10 to a stirred and

cool ed (O&p20/160318n of cycl ohexenone 8 (0.300g, O0.56nmBCT/HPR@R/060050M HF
(14nmL) under inert atnosphere. The mi xture was stirred for 18h allowing it
to warmup to roomtenperature gradually. 5 saturated aqueous sol ution of
ammoni um chl ori de was then added and the resultant m xture was stirred for
an additional 15 mn. Water was added and the aqueous sol uti on was then

extracted with et at d t.he gan hed
wth brine. dorEhd 4 RSERE DoRtoliied o GRIRT Eh SEARDS LR PGB 01
quantitati velnext e dgﬁd,‘ﬁeﬂﬂg@@nﬁﬁmmiﬂ (350ny) as a yellow oil. Synt hesi s

of conpound 18 20C14141203 Mass: (GC-Ms): 228 (M COOH OH A M=
228. 24q. nor |

Synthesis of compounds 5a/b
5 C35Ha0Os M = 556.69 g.mol”
Mass: (EST'): 557.20 (M + H); 1135.07 (2M + Na)

BnO O »OH MeMgBr
BnO" "‘OBn THF -
OBn 0°C to 50°C OBn
balb

2,3 .4, 6-tetra-O-benzyl-D-glucopyranose (50g, 92.7mmol, leq) was dissolved in THF
(645mL) and cooled to 0°. Methylmagnesium bromide (185mL of a 1.4M solution in
10  THF/toluene, 259.4mmol, 2.8eq) was added dropwise under inert atmosphere and the
reaction mixture was stirred for 10min at 0°C and 3h30 at 50°C. TLC (cyclohexane-
ethyl acetate, 7:3) showed complete conversion of starting material into two products
(Rfa=0.17 and Rfb=0.25). The reaction mixture was poured into a saturated aqueous
solution of ammonium chloride and extracted with ethyl acetate. The combined organic
15 extracts were dried over sodium sulphate, filtered and concentrated to afford
quantitatively the desired crude diol S (as a mixture of diastereomers a and b) in the
form of yellow oil. This compound was engaged in the following step without further

purification.

20  Synthesis of compound 6

C3sHz606 M = 552.66 g.mol”
Mass: (EST"): 575.40 (M + Na); 575.40 (M + K); 1127.07 (2M + Na); 1142.93
(2M +K)".
1. (COCI),/DMSO .
DCM, -78°C then -40°C ~ B"©
2. NEt, -78°C BnO' ‘OBn
OBn ' OBn
5alb 6

25 A solution of dimethylsulfoxide (14mL, 0.20mol, 9¢q) in dichloromethane (50mL) was
added dropwise to a solution of oxalyl chloride (12.5mL, 0.13mol, 6eq) in



Ove Me3SO3H graphite 18 2018 58 Procedure A. 2-Hydroxybenzoic acid
(13.8g, 0.1mol, leq) and anisole (10.9nL, 0.1npl, leq) were added to a

m xture oVogomptsd1ie (9.6g, 0.8mol, 8eq) and net hanesul f eoirEPaCi2B6(ORGNL,
0.4nol, 4eq) heated to 80C. The reaction mixture was stirred at this
tenperature for 5 12h before being Cooledsio roomtenperature. The m xture
was then extracted twice with chloroformand the conbined organic |ayers
were washed with a saturated aqueous solution of NaHCOB, dried over sodi um

sul phate, filtered and concentrated. The residue was purified on silica gel
chr omat ogr apliychi@ymedhax abeml) eedlgd tacét st amder 8wyt atgoahess. dlhcompeirdvas

(49 17%yvyield). a n,Qf e,qil. .10 Pr d . 1:BBE 3. 0 .
S azmml 1408 Dad®aadh Bl phfrE AR BBl PR 2y e in
31.29mmol , | eebhiérBntieRb Q5s@AES Wanedded Wopyise ooft@dt Sintin 0predipitatcapptaradhamis

stirred at 0C for 3h before being poured onto a mxture of water and jce.
After 10min dhq Feachen minarq wpemeitied do sdp%r apd gtimed) fthan a%@%@i 3I0§9‘ér+%s

extract eds wi L0l MR EELANEY (I NSO ﬂ?&pgﬁﬂﬂﬁé £ SV &5 So MBI § suRshad

with water a ried over nmagnesi um su ate, filtered and
concent r at ed atidedllfopidseC Arfpou Aichin, 8h¢ Goal8) bals was pempyeel @id the Syactibe siistuof

conpound 19 Wzacs)%%g\lzv_egiltgogg/éh:rozodfé 'tgrggérgt?llre. '\kﬁgr:ge (aIIEnScJu)n’:c O%%Zéc}piga'%é ﬁac!_l fdrmz%p )
After a further 2h, toluene (400mL) was added and the precipitate was removed by
filtration. The residue was washed with toluene and the filtrate was concentrated and
10  purified by silica gel chromatography (cyclohexane / ethyl acetate 97:3 to 70:30) to
afford diketone 6 (9.92g, 76% yield) as an orange oil.

Svnthesis of compound 7

C35H3505 M = 552.66 g.anl-l
15 Mass. (ESI+): 57027 (M + H,0); 575.33 (M + Na)
HO o
BnO L-proline BnO
BnO" N DMSO Bno\“ "'OBN
OBn 50°C OBn
6 7

L-proline (7.35g, 63.8mmol, leq) was added to a solution of diketone 6 (35.2g,
63.7mmol, leq) in DMSO (561mL). The mixture was stirred at 50°C in air for 8h
before being poured into a mixture of water and brine (2:1), extracted with ethyl acetate,
20  dried over sodium sulphate, filtered and concentrated. The crude mixture was purified
on silica gel chromatography (cyclohexane / ethyl acetate 97:3 to 35:35) to afford

compound 7 (13.0g, 37%) as an orange oil.

Svynthesis of compound 8
25 C35H3405 M =1534.64 g.mol'l
Muass: (ESI”‘): 535.00 (M + H); 552.00 (M + H,0); 785.87; 1086.67 2M + H,0)




19 A solution of 4-methoxyphenyl magnesi um brom de (0.5Min THF, 300ni,
0.150nol, 25 1.1eq) was added drop wi se under inert atnosphere to a

sol ut i on wb 28r2/we11Boxybenzal dehyde (18. 75g, 0. 137nol, | @q)/EPR012IgR006A 88 )
cooled to OC. The resulting m xture was stirred at roomtenperature

over ni ght before being poured onto a saturﬁt ed aqueous sol ution of NHACL.
The aqueous | ayer was extracted with ethyl™ 59 acetate and the conbi ned
organic layers were dried over sodium sul phate, filtered and concentrated
to afford conmpound 19 (37.5g) as a brown oil. Synthesis of conpound 20
5C15141403M = 242.27g. noi 4 Mass:Q (@@ MS): 51; 64; 77; 92; 107; 121; 128;
135; 139; 181; 197; 211; 22p;C42 .., 1920 Rysddi niumc I(%

159mol , 2eq) was a@ded it afs@l ution of—alcohol 10 19°('19

NP
9. 4nmol ,

l'eq) in dichloronmethage (R10n) containing hpl.ecul ar sieygs: ‘daction
mixture was stirred ov&rni ght &t" roomterrpgratnure, filtered tgglemve PCC
resi dues and nol ecul ar si e?88 and concent r'®48¢ The crude res;?ue was
purified on silica. gel chronmet ography (cyclohexane / ethyl acetate 100:0 to

85:15) to afford ketone 20 (12.6g, 38%yield) as a yellow sh solid. 15 .
Synt hesi s of conpound stno 1 . (EC-M5): 214 H2

“’OBn pyridine Bno"
OBn 0°Ctort OBn

BnO"

B. z 8
Procedure A:
To a solution of 4 (10.5g, 15.89mmol, leq) in toluene (400mL) were added 18-crown-6
5 (168mg, 0.64mmol, 0.04eq) and potassium carbonate (6.69g, 48.5mmol, 3.05eq.). The
mixture was stirred overnight at room temperature, and then the remising insoluble
material was filtered off and washed with toluene. The filtrate and the washings were
combined, washed with 2N hydrochloric acid aqueous solution followed by saturated
sodium hydrogencarbonate aqueous solution, dried over sodium sulphate, filtered and
10 concentrated under reduced pressure. The residue was purified on silica gel
chromatography (cyclohexane/ethyl acetate 98:2 to 80:20) to afford cyclohexenone 8
(4.07g; 48% yield) as yellowish oil.
Procedure B:
A solution of 7 (3.27g, 5.92mmol, leq) in pyridine (14mL) was cooled to 0°C before
15  POClL (2.75mL, 29.6mmol, 5eq) was added dropwise. The mixture was stirred at this
temperature for 10 min before the cooling bath was removed. The reaction mixture was
stirred overnight at room temperature before being re-cooled to 0°C. POCl; (2.75mL,
29.6mmol, 5eq) was added once again trying to complete the reaction. The mixture was
stirred for an additional 20h at room temperature before being diluted with Et,0 (20mL)
20  and poured onto crushed ice. IM HCI aqueous solution (100mL) was added, and the
mixture was extracted with Et,O (200mL & 100mL). The combined organic extracts
were washed with brine (100mL), dried over sodium sulphate, filtered and concentrated
before being purified on silica gel chromatography (cyclohexane / ethyl acetate 98:2 to
80:20) to afford compound 8 (1.46g, 46% yield) as an orange oil.
25



Pd/ C Et OH 20B. 1821 Procedure A. 10% Pd/C was added to a solution of 18
(1.5g, 6.6mmol, leq) in ethanol. The solution was stirred under hydrogen
at nospherwountero0l838bars until conpletion of the reacti oRCT/ERQOIRAbIoaEi um
particles were renoved by filtration and the solution was concentrated to
afford compound 21 (1.32g, 93%yield) as a@3white powder. Procedure B. A
solution of 18 (8.1g, 35.5mmol, leq) in acetonitrile (130nL) under inert
at nosphere 5 was cooled to 0OC. TMsCl (20 7mL, 163.3nmol, 4.6eq) followed by
NaBH3CN (10. 1667 1. 4..7q) were slowy added (exotherm c reaction).
The resultan§g$gﬁ§%%£g§%%%%g#§n was stirred at roomtenperature for 2h

bef ore bei ng pour &d;@pBeCIBt er . Eichlg{emgpma@gnmas t hen added and t he
organi c | ayer was separated, washed with brine, dried over magnesi um

sul phate, filtered/@nd(onMdohBp&B4d. The crude residue was 10purified on
silica gel chromatography (cycl ohexane / ethyl acetate 100:0 to 83:17) to
afford the target conmpound 21 (80% y#iel d) as a yellow sh solid. Synthesis
of conpound 22 C49H4806M = 732.90g. hor I 15Mass: (ES. 1}): 755.4(M + Na);
771. 4 (M+K) , BnOCH

OFEt
Br

(3]

5  The synthesis of this product is described in J. Med. Chem. 2008, 51, 1145-1149.

Synthesis of compound 10

C15sH14BrCIO M = 325.63 g.mol
Cl
I I OEt
Br
10

10  The synthesis of this product is described inJ. Med. Chem. 2608, 51, 1145-1149.

Synthesis of compound 11
CsoHyoClOs M = 781.37 g.mol”
Mass: (ESI'): 798.20 (M + H,0)

Cl_~_OEt
BnO © Br , n-Buli Bn
BnO" “'OBn

OBn THF, -78°C

15 8
Under inert atmosphere, Mg powder (265mg, 10.9mmol, 2.4eq) was charged into a
three necked flask, followed by addition of a portion of 1/3 of a solution of the 4-
bromo-1-chloro-2-(4-ethylbenzyl)benzene (2.95g, 9.1mmol; 2eq) in dry THF (25mL)
and 1,2-dibromoethane (10 mol % of Mg; 85mg; 0.45mmol). The mixture was heated to

20 reflux. After the reaction was initiated (exothermic and consuming of Mg), the



21 To a solution of 17 (50mg, 0.093mmol, leq) in toluene (0.30nL) cooled to
OC under inert atnosphere were successively added 21 (30ngy, 0.2140nmol ,

1. 5eq), twobkwotylephiesphi ne (0. 35nL, 0.140mml, 1.5eq) an@CT/EP2012/060050

1,1 - (azodi carbonyl ) di pi peridine 20 (35ng, 0.140mmol, 1.5eq). The reaction
m xture was stirred at OC for 30mn. A derge precipitate appeared and the
m xture was di ssolved with dichloronethane and concentrated under reduced
pressure to give a white residue which was purified on silica gel

chr omat ogr aph cl oh ane h acet 100:.0 .t.o 80:20) to

o oa oo o T SARHON e Tty R EE BabsmaucelProbenggie braR B Tubas
Synt hesi s of esa@l@ml 1%8 T@&H&%%stﬂe%l%&drmlre&&%r aﬁcﬁﬁéﬁon&ﬂ&& et
Na); 789.7 (M + K) PCT/ EP2012/ 060050 OH BnO. ' OBn OBn 23 5 To a cool ed

sol uti on (0C)gestle peAluxgmptymogt F8Bivigl was| eegyumedl. anhydr ous THF (0. 837nL) was

added. BH3. NEZ&} (a%IXIV @r\%@ﬁ?@eﬁgenTH was agdéfg{%wm %?0 tm%lhtlgg%}éﬂgﬁgﬁexeﬁgn ! é ant

sol uti on was irre re bé

again to 6C. (Mtzg,m (Sﬁnﬁﬁlm‘eq) B3re MHH (251008 Qhderhiyat agRRplpes @txnodm 16BP8mture

aqueous sol ut] on, 10. 1nmol BOeg% and sodi um hydroxi de (2M aqueous
t

sol ution, 0. 43boHt 2 i@) iheﬂrﬁ%wed%ae}acm Reidtugied a4uqols s9lutier e A RAY AR
m xture was '1&;1 %é’éadd.@&’ﬂ}t& APALLME &91{ h3fe e\Qgﬁ 3n 15% ‘wa@%%&éé
e o g (f FI ri ne ri

wer e added an rgani ¢ | ayer was wa t over |um
sul phat e, fi Iwigh ELGnedasbeheatht brateedried tmeercsadﬂ,encsumhmenﬂltmé ahtiennq:nmrtnataded

on silica gel chro t ography (c / eth tate )
0o afford o CHRGFIE vy et yhich i) Chbria gty X0 Bxinaieths nckfaee Too%0
10  to 80:20) to afford the target compound 11 as a yellow oil (3.01g, 86%).

Svynthesis of compound 12
CsoH49ClIOs M = 765.37 g.mol”
Mass: (EST"): 782.13 (M + H,0)
OFEt

1. Et3SiH

2. BF5.OEt,
e

DCM, -20 °C

15
Triethylsilane (0.210mL, 1.30mmol, 3eq) and boron-trifluoride etherate (48% BFj,

0.110mL, 0.866mmol, 2eq) were successively added into a solution of alcohol 11
(338mg, 0.433mmol, leq) in dichloromethane (SmlL) under inert atmosphere at -20°C.
After stirring for 2.5h, a saturated aqueous solution of sodium chloride was added to

20  quench the reaction. The mixture was extracted with CH,ClL, (10mLx3) and the organic
layer was washed with brine, dried over Na,;SOy, filtrated and concentrated. The residue
was purified on silica gel chromatography (cyclohexane/ethyl acetate 9.8:0.2 to 8:2) to
afford the target compound 12 as a white powder (278 mg, 0.363mmol, 84%).

25  Synthesis of compound 13
C50H51CIO(, M = 783.39g.m01'1
Mass: (ESI): 800 (M + H,0); 1581 (2M + H,0)




Synt hesi s of conpound 24 C49114807M = 748.90g. mal Mass: (ESI+): 771.7 (M +
Na); 787.7 (M+ K) Ove Dess Martin periodinane DCMit OBn 23 20Dess Martin
peri odi nawe 2029rep2180. 068mmol , 1. 5eq) was added to a sol eCrar2ab/ostosohol 23
(34ny, 0.045mmol, leq) in dichloronethane (0.680n) cooled to OC. The
resulting mxture was stirred at roomtenperature for 3h before a solution
of sodi um hydr oxi de (1N aqueous sol ution) and di chl oronet hane were added to
the m xture. The organic 62 |ayer was separated, dried over sodium

sul phate, filtered and cong&ntrat d to afford the desired ketone, 24 (3640,
70% vyield) as a white s6ja. Bynthesis of conpound 25 BE4I9FAZF206

770. 90g. nor | %% A 82. SMHBN:-Me$08F 3 (@, (d=<2G2HZN T -
-120. 3 (ddd, J3=19H—"+—€+F). Mass: ( : 773.4 (M -
HF), 793.5 (M sndNa NaOH, H,0, BnO" ’

Under inert atmosphere, borane-dimethyl sulfide complex (2M in THF, 16.7mL,
33mmol, 10.5eq) was added to a solution of 12 (2.41g; 3.15mmol, leq) in dry THF

5  (100mL) cooled to 0°C. The reaction mixture was then refluxed for 1h,cooled to 0°C
and treated carefully with sodium hydroxide (3M in H,O, 10.5mL, 31.5mmol, 10eq),
followed by hydrogen peroxide (30% in H,;O, 3.2mL, 31.5mmol, 10eq) at room
temperature (above 30°C). The mixture was allowed to react overnight at room
temperature (~25°C) before a saturated aqueous solution of ammonium chloride was

10 added to quench the reaction. The mixture was extracted with ethyl acetate and the
organic layer was washed with brine, dried over Na,SOy, filtered, and concentrated. The
residue was purified by silica gel chromatography (cyclohexane/ethyl acetate 97:3 to

73:27) to afford the desired compound 13 (1.05g; 43%) as a yellowish oil.

15  Synthesis of compound 14
CsoH49ClOs M = 781.37g.mol
Mass: (EST"): 798 (M + H,0); 1471; 1579 (2M + H,0)

Dess Martin

DCM

Dess-Martin periodinane (81mg; 1.91mmol; 1.5eq) was added portion wise to a solution

20  of alcohol 13 (1.0g; 1.28mmol, leq) in anhydrous dichloromethane (20mL) at 0°C. The
reaction was then stirred overnight at room temperature before being quenched with 1IN
aqueous solution of sodium hydroxide. The organic layer was separated and the aqueous
layer was extracted with dichloromethane. The combined organic layers were dried over
sodium sulphate, filtered and concentrated. The residue was purified on silica gel

25  chromatography (cyclohexane / ethyl acetate 98:2 to 82:18), to afford the target ketone
14 (783mg, 79% yield) as a colorless oil. ‘



10 DAST (0.72m., 4.96muol, 20eq) was added to a solution of ketone 24
(183ny, 0.244mmmol, leq) in dichloronmethane (0.720nT.) under inert

at nospherwOant/tehmB8r eacti on m xture was stirred over ni gRCT&P2010060050
tenperature. The solution was cooled to roomtenperature before being
poured in water. Dichloronethane was addeglsand the organic | ayer was washed
with a saturated aqueous sol ution of NaHCCOB3, dried over 15 sodi um sul phate,
filtered and concentrated. The crude produt was purified on silica gel

chr omat ogr ap cycl ohexane /. _.ethyl acetate 100:0 to 90:10) foll owed by
preparative E%@éﬁékﬁgﬁﬁgﬂwgé%é, acetonitrile / water 89:11) to afford
conpound 25 in 32%@Mmgtg§@? a white solid. p2Og@Bymhesi’'s of compound 26
C211124F206M = 410, 419g. nor 19F NWR sl\/EOD, 282. : -109.6 (d,

J=251Hz, 1F CFF); AR ((ads 2825810 —h(Lﬂ:st{éLz,Jﬂ%ﬁ%mli, GEF); cR.13Magd;
(ESF): 445.2 (MCl1)_ Al 5 , 0.06mmol, leq) was dissolved in a
m xture of THF (6%%ﬁf§?§£§£%gﬁéaﬁgl—( .3n) 10% Pd/ C (48ng, 0. 04nmmmol

0. 7eq) fokl owed by/sdE®S: a2obavagyegus sol ution of hydrochloric acid
wer e added. The m xture was then stirred for I h 5 under hydrogeQnatnD%Epere
at room t enper at ur e beftore“befg°fi | tered and concentr e Crdg

m xture was puE' | ed _on sili'sa’gel chrosategraphy (dis TRt

met hanol 100: 0%t o 10) to afford the—target-conpound (42ngy, 67%vyi el d)
as a white sol Btb" 10 ¥t hesi s of conpoumd 27 C48HABO6NY= "?a:8. 88g. ma
Mass: (ESI+): 741.88M + Na), 757.7 (M+ K) A sol utiofiBof 17 (30ny,
0.056mml, leq) in tol uene (0.180nL) was cooled to OC 15 undék an inert
at nrosphere and 4-(benzyl oxy) phenol (17ng, 0.085nmol, 1.5eq),

tri butyl phosphi ne (0.42n., 0.168mml, 3eq) and

1, 1' - (azodi cak banibi) df petpee ddi(h2lng 2 hd3oromob Aembin, DASH)(2mbs 66 Sutnels 3P¢k) v

added. The reaction.m xture s stirre C for mn. : i
it e s drrogremnk iRe R ShER 3R B L i e WS EPEHIE
pressureibo Yb&hdempohithe: 4RBd@HRrvMicttineasaspitidetli Ele 001u2idai wacpowetl on a

chr omat ogr aphy. (cycl ohexane / ethyl acetate 100:0 to 80:20) .to afford .
mixturé of water, ice and solid NaHCO;. Agitation was maintained for 30min while

reaching room temperature. The aqueous layer was extracted with dichloromethane and

the organic phase was dried over Na,SOy, filtered and concentrated. The crude product

was purified on silica gel chromatography (cyclohexane/ethyl acetate 98:2 to 80:20) to
15  afford the desired compound 15 as a yellowish oil (182mg, 42% yield).

Synthesis of compound 16

Ca2Ha5CIF, 05 M = 442.88g.mol”
PF NMR _(MeQD, 282.5MHz): -96.7 (d, J=254Hz, 1F, CFEF); -112.2 (id,
20 J1=254Hz, J2=28Hz, 1F, CFF).

Mass: (ESI"): 4653 (M+Na)

H,, Pd/C

1,2-dichlorobenzene

THF:MeOH 2:1

o-Dichlorobenzene (0.320mL, 2.82mol, 10eq) followed by Pd/C 10% (0.342g, 0.32mol,
25  1.1eq) were added to a solution of 15 (228mg, 0.28mmol, leq) in a mixture of THF and
MeOH (2:1, v/v, 160mL). The reaction was placed under hydrogen atmosphere and



compound 27 (30mg, 75%yield) as colorless oil. Synthesis of conmpound 28
CA8HAB07M = 736.88g. nori WO 2012/ 160218 64 Mass: (ESI+): 759.8 (M + Na),
775. 7 (MWOKD121i60BBI3. Me2S 0 Bn02) H20 / H202 / NaOH BnOPOREPBIZIN00EBN 27
PCT/ EP2012/ 060050 OH BnO ' 0BnOBn OBn 28 BH3. Me2S (3.48nl, 6.96ml, 2eq)
was added, under inert atnosphere, to a s 47ut| on of 27 (1.00g, 1. 39rrm)l 1
eq) in dry tetrahydrofuran (15nm) cool ed ?o 0C. This 5 mi xture was stlrred
overni ght at roomtenperature. Water (1.75nL, 97.4nmol, 70eq) was then
added at 0C, followed by a 30% aqueous sol ution of H202 (4.73m., 41.7 I,
30eq) and 1MSEqG@@USDO%tﬁmnemﬁur@ffO‘é%]dlThﬁ m@mma@uremaw fﬁ%’@redlanq FRRGENrasey) |

The resul tant ure was stirred gt e
amount of wat 851 9\/& mt’l‘f%ﬁﬁ%(galeaﬁlggﬁ Ic(}:)ll;(9 ng)i:ﬂ }?I on \?\}n{atn / R?l 1Q'lehie?({ ’
organi c | ayemowas to afford compound 16 (105mg, 83% y1eld)

5  Synthesis of compound 17
Cs5H360s M = 536.66g.mol™
Mass: (EST"): 554.13 (M + H,0); 1095 (2M + Na)

BnO o |-selectride BnO ‘\\OH
BnO" [~ “OBn THF Bno" Y~ “OBn
OBn 0°C OBn
8 17

A 1M solution of L-selectride in THF (0.84mL, 0.84mmol, 1.5eq), was added dropwise
10  to a stirred and cooled (0°C) solution of cyclohexenone 8 (0.300g, 0.56mmol, leq) in
THF (14mL) under inert atmosphere. The mixture was stirred for 18h allowing it to
warm up to room temperature gradually. A saturated aqueous solution of ammonium
chloride was then added and the resultant mixture was stirred for an additional 15 min.
Water was added and the aqueous solution was then extracted with ethyl acetate and the
15  combined organic layers were washed with brine, dried over sodium sulphate, filtered
and concentrated to afford quantitatively the desired compound 17 (350mg) as a yellow

oil.

Svnthesis of compound 18
20 Ci4H120; M = 228.24g.mol”
Mass: (GC-MS): 228 (M)

O
COOH OMe Me;SO3H ' J\ .
,v].
[ I [ j raphite O O
OH grapni OH OMe
A 18

O 0

(U\‘\ BBr;.DMSO I I I
OMe OMe peMm OH OMe

B. 20 18




10 washed with brine, dried over M\gSM, filtered and concentrated. The
crude mixture was purified by silica gel chronmatography (cyclohexane /

et hyl acewete12®ofsto 60:40) to afford 28 (79 | ng, 78% PCelErpoiasc@so

yel l owi sh oil. Synthesis of conmpound 29 15C48H4607M = 734.87g. norl Mass:
(EST): 757.8 (M+ Na), 773.7 (M + K) s-Martin periodinane (17ny,
0.041mvl, 1.5eq) was added to a sol ution 0f al cohol 28 (682ng, 1.61mmol,
leq) in dry dichloronethane (20nL) at room tenperature. The 20 reaction was
stirred overni ght at roomtenperature before being diluted with

di chl or omet haleecadirequenched with a 1M aqueous sol ution of sod: um

hydr oxi de. Af extracti.on w di chl or anet hane,. th rgani.c yer was
e over B EG SRl T EarPLin) o atrora EPie ke dnEiadire
(730ng, 91% yiddked )o asmityre! dfomwhstiteqiol 6o, DBnDINBELSInT AEheRTRABAY 230 '\;'%SmL,
CA8H4607M = 756.87g. norl WO 2012/ 160518,PCT/ EP2012/ 060050 65 19F NMR (,
282. 5MHz) : - 126mgl, gy heatq to)§-gkh ilihe regpiopgpixturg JeaaGHyred @FRYS tenl@Batirg fivy

| F, J=251Hz, R o o LT e 95, MEK]., OF F .
sol ution ?fz ket oneefy%?e(ul%%%l%F%gogo?rnnféngé\%gﬁlﬁ‘rr1r hﬁ&gf‘ %tl%‘ﬁafdﬁfn e}ﬁt}r%‘}%‘ﬁf\‘ﬁ%i,
130eq) was stwith eldomfermnaghthe dbahdnell Deganicala s pRes wadled HaG a HAGakt Wd€eous
m xture was then. diluted with &i chl or onet hane and quenched carefully wth

H20. The or galfttianafdyatifeds. ieiehaveniptimnsuphain. diistrdagdconeensaiogt Toniesidue
gla‘ rchﬁ L d [);/ e gvrvée’s\ggrg%\éig 3)24%1'_16(% %eté %ﬁ%g??g‘i}%%‘g%g@%%ﬁg 7 ethBadeld4490 Ab} by es
compound 18 (4g 17% yield) as an orange oil.
10  Procedure B. .
BBr;.DMSO (10.8g, 34.42mmol, 1.1eq) was added portion wise to a solution of 20
(7.58g, 31.29mmol, 1eq) in dichloromethane (150mL) cooled to 0°C. The reaction was
stirred at 0°C for 3h before being poured onto a mixture of water and ice. After 10min
stirring, the layers were separated and the aqueous layer was extracted with ethyl
15 acetate. The combined organic layers ware washed with water and brine, dried over
magnesium sulphate, filtered and concentrated to afford compound 18 (6.78g) as a

purple oil.

Synthesis of compound 19
20 CIGH1603 M= 244.29{;111101-l
Mass: (ESI'): 227.1 (M + H - H,0)

AN
2) NH,Cl aq. o~

A solution of 4-methoxyphenylmagnesium bromide (0.5M in THF, 300mL, 0.150mol,

25 1l.leq) was added drop wise under inert atmosphere to a solution of 2-
methoxybenzaldehyde (18.75¢g, 0.137mol, 1eq) in THF (188mL) cooled to 0°C. The
resulting mixture was stirred at room temperature overnight before being poured onto a

saturated aqueous solution of NH4Cl The aqueous layer was extracted with ethyl



1l0acetate 85:15) to afford conpound 30 as a yellow sh oil. Synthesis of
conmpound 31 Cl13H16F206M = 306. 26g. ni | 19F
NVR ( MeODyo282/880H8) : -109. 2 (d, J=253Hz, 1F, CFF); -123C0/EPdeid/060050
15J1=253Hz, J2=29Hz, J3=20Hz, IF, CFF). Mass: (Ea.): 341.0 [M#Or F FH2F F
BnOPd/ CHO BnO ' ' ' OBnOBn70CHON ' ' OHOH OBn(O{93031 Conpound 30 (19 | no,
0.252mmol, leq) was dissolved in a THF ethanol (4:1, v/v, 120 ni) under

i nert atnosphere. 10% Pd/C (191ng, 0.17mol, 0.7eq) and 9 drops of 20 12N
aqueous sol ut}j 0 r oldll > 1 r i i S
degassed 5 tidﬁg{é’tevé r%dﬂ%gf%ﬁ& %arog %1%[ gp{%\&b\?%g%qggsoé’grnghguﬁ \/S\/E%Hgstt% i ﬁ@%g@ G%er
an at nospher ecoatertitaitto réford demmpenati 8 &7 .5gras4Frown oflhe reaction m xture was
filtered and the filtrate was concentrated. The crude product was purified
on silica gel chromatography (dichloronethane/ Methanol 100:0 to 90:10) to
afford the tafgal.sR3¢e0mANE sl in 73%yield as a colorless oil. 66

Synt hesi s of “compoun 2,02M = 212.24 g.nmoil Mass: (0): 213 (M+ H)
5 4- Hydr okybenzal dabia®:(4g, 32. 8mvl M F&dp.2dgangddt assi um car bonat e (4. 75g,
34. 4mmol , 1. 05eq) re di | ved jn.dry DVF (3 mBenzyl bromde (4. 1nml,
34. 4mol , 1. 05eq) 4&@%—&‘?@%&@5&%@%@% 15251#%32%2%SXF%ﬁS\lmaléﬁgkﬁ’r%’
overni ght undegp inert atnosphere at roomtenperature. |ced water was added
to the reaction mxture to quench the reaction and which was then diluted

with a large anpunt of WatedH The S0 0
o~ DCM o
19 20

Pyridinium chlorochromate (34.3g, 159mmol, 2eq) was added to a solution of alcohol

10 19 (19.4g, 79.4mmol, leq) in dichloromethane (210mL) containing molecular sieves.
The reaction mixture was stirred overnight at room temperature, filtered to remove PCC
residues and molecular sieves and concentrated. The crude residue was purified on
silica gel chromatography (cyclohexane / ethyl acetate 100:0 to 85:15) to afford ketone
20 (12.6g, 38% yield) as a yellowish solid.

15
Synthesis of compound 21
C14H 140, M = 214.26g.mol™
Mass: (GC-MS): 214
0 Ha
Pd/C O O
OH OMe EtOH OH OMe
A 18 | 21
oH o 1) TMSCI oH
2) NaBH;CN
U0, e OO,
20 B. 18 21
Procedure A.

10% Pd/C was added to a solution of 18 (1.5g, 6.6mmol, leq) in ethanol. The solution

was stirred under hydrogen atmosphere under 30bars until completion of the reaction.



10 m xture was filtered and the residue was washed with water and di ssol ved
in ethyl acetate. The organic | ayer was washed with brine, dried over
MySH4, fiwoenexiceald concentrated to give quantitativel yPcrogeoialod@hyde 32
as a yellowi sh oil which slowy crystallizes overtinme. 15 Synthesis of
compound 33 Cl14111202M = 214.26 g.nmoll Mags: (GC-Ms): 91; 197; 214 (M. OH
NaBH4 THF OBnOBn 3233 A solution of aldehyde 32 (6.5g, 30.6muol, leq) in
((jry tetrahydrofuran (25nL) was 20 added dropwi se to a suspensi on of NaBH4
1.51g, 39.8mml . 1. 3eq),in anhydrous, tetrahydrof . . t ant
i xture was SeTp FRs e RO et BIRRECRNE 2 PR T ohb bRy I

b_ef ore bei nng@ﬂp&tgﬁbdmnaQli(@_ggg,\mp/gyiel(ﬂiag Hivdgte potvdedi et hyl ether, acidified
wi th an aqueous sol ution of HCL4N, and extracted with diethyl ether. The
organi c | ayerPrggeslugePhed with a saturated aqueous solution of NaHCOB, 67

dried over 58 ) i %
T d) Che o anrtuiglbf B B0 208 HARGE R Hhabeb el SR EL AREmS R D
277. 16 g. bol-vlasNaskd t¢ C1G)EMIEQT (20187, 133 Bof{rhbli-4 dpq)TollEBe BbENABHICN (3 015,

1667mmol, 4.7eq) were slowly added (exothermic reaction). The resultant yellow

suspension was stirred at room temperature for 2h before being poured onto water.
Dichloromethane was then added and the organic layer was separated, washed with
brine, dried over magnesium sulphate, filtered and concentrated. The crude residue was

10  purified on silica gel chromatography (cyclohexane / ethyl acetate 100:0 to 83:17) to
afford the target compound 21 (80% yield) as a yellowish solid.

Synthesis of compound 22

CaoH4305 M = 732.90g.mol”
15 Mass: (EST"): 755.4 (M + Na); 771.4 (M+K)
BnO WOH
. . OMe
BnO' ‘OBn O
OBn

17 1,1'-(Azodicarbonyl)dipiperidine

37 ]
+ N\ )
toluene BnO OBn
OMe 0°C ORn
<

To a solution of 17 (50mg, 0.093mmol, leq) in toluene (0.30mL) cooled to 0°C under
inert atmosphere were successively added 21 (30mg, 0.140mmol, 1.5¢eq),
tributylphosphine (0.35mL, 0.140mmol, 1.5eq) and 1,1’-(azodicarbonyl)dipiperidine

20 (35mg, 0.140mmol, 1.5eq). The reaction mixture was stirred at 0°C for 30min. A dense
precipitate appeared and the mixture was dissolved with dichloromethane and
concentrated under reduced pressure to give a white residue which was purified on
silica gel chromatography (cyclohexane / ethyl acetate 100:0 to 80:20) to afford the
target compound 22 (63mg, 93% yield) as colorless oil.

25



3334 To an ice-cold suspension of crude al cohol 33 (6g, 28.0mmmol, 2.4eq.)
in diethyl ether (50nm.), was added PBr3 (1.1nm, 11.67mmol, leq) at a rate
such t hatwohei1zenperature 10 did not exceed 8C. The resBCTaPRO12iI051080 € Was
stirred 2 hours under inert atnosphere at roomtenperature. The reaction

m xture was then cooled in an ice-bath, ggenched with iced water and
diluted with diethyl ether and ethyl acetate. The organic |ayer was washed
wi th an aqueous saturated solution of NaHCO3, dried over MgSO™4, filtered
and concentrated to give crude conmpound 34 (99% vyield) as a white anorphous
solid. 15 Sy ig 0bg0 W29d 35 C201-12204M = 326.39 g.npl-1 Mass:
(ES[): 349.1 (M +Na); 365.1 (M 441 10 00Cto rt 2) Br OBn 34 THF
rt to 70C35 20 Todgﬁ)(sfﬁgﬁensi on op‘ Ngﬂblggg/} 0.61g, 25.26nmol, leq) in dry
THF (30nL) under iMest (ERIHoFphe(d,+ Was 788d¢ 4 Kol ut i on et hyl acet oacet at e
(3.5n, 27.79mol, 1.1eq) in dr36 THF (10nL) The resultant m xture was
stirred 30 m nutes at room el Kt ure before addi ng dropw se a Mon of
34 (79, 25.26muol, leq) in > (13nmL) . The mi xture 68 vg3 t hen rred
overnight at 70C and cqol ed to roomhpénat ure prior to:-be, copcentrated.
The resi due WSOt ak upyw h Et 20 $)80mLh,0wasbed Bact P\ rine, dried
over MgSH, fil €€ cegncent rated, 1 resultant, qr -4 re was
purified on sil F% s ol um (99/1 to 83?55 Cycl ohtfeaQéne ggﬁ%ﬂ Acetate) to
afford conpound 35 5(77%yield) as a yellow sh oil. Synthesig of conpound

36 Cl181-118N202M = 294. 35 g. nor | B
5  To a cooled solution (0°C) of 22 (62mg, 0.085mmol, leq) in anhydrous THF (0.837mL)

was added BH; Me,S (2M solution in THF, 0.169mL, 0.338mmol, 4eq). The resultant

solution was stirred overnight at room temperature before being cooled again to 0°C.
Water (0.107mL, 23.6mmol, 70eq), hydrogen peroxide (30% aqueous solution,
0.258mL,10.1mmol, 30eq) and sodium hydroxide (2M aqueous solution, 0.338mL,
10  2.7mmol, 8eq) were then successively added and the mixture was stirred at room
temperature for 3h. Water and ethyl acetate were added and the organic layer was
washed with brine, dried over sodium sulphate, filtered and concentrated. The crude
compound was then purified on silica gel chromatography (cyclohexane / ethyl acetate
100:0 to 75:25) to afford alcohol 23 (34mg, 53% yield) as a white solid.
15
Synthesis of compound 24
CaoHys07 M = 748.90g.mol”’
Mass: (ESI'): 771.7 (M + Na); 787.7 (M + K)

OMe OMe

OH Dess Martin periodinane Q
BnO - © BnO ©
PO o
BnO" "‘OBn rt BnO" “OBn

OBn OBn
23 24

20  Dess Martin periodinane (29mg, 0.068mmol, 1.5eq) was added to a solution of alcohol
23 (34mg, 0.045mmol, leq) in dichloromethane (0.680mL) cooled to 0°C. The resulting
mixture was stirred at room temperature for 3h before a solution of sodium hydroxide

(IN aqueous solution) and dichloromethane were added to the mixture. The organic




Mass: (ESF): 317.1 (M+ Na); 333.1 (M+ K To a solution of 35 (6. 5q,
19.92mol, leq) in ethanol (50nL) was added hydrazi ne hydrate 55% (1. 25nL,
22. 10nmolwoloeamy21at room t enperature. The resul tant m PCUEP20128960086 | uxed 3
hours at roomtenperature. The reaction nedia was then cooled in an ice
bath and filtered. The precipitate was washed with cold ethanol to afford

conpound 36 15(77%yield) as a white solid. Synthesis of conpound 37
C53H52N206M = 812.99 g.norl Mass: (ESE): 813. (M + H); 835 (M+ Na); 851.4
(M+ K). 2037 Conpound 36 (328ny, 1.11mol, 1.5eq) was added to_a

sol uti on of 1?Yf(f4%rﬁﬁpar@te¢5¢ﬁ*ﬁsi| ovef é@f}mmﬁuwytwﬁ#er@é andeynggaeted tpaferd the
t h f 198 0.98mmol, 1.3eq)
anozgogrgar%%%@%?%ﬁéagégQi ﬁberlagggm%gggﬁﬁggdﬁa4gnnorg 2. 0eq). The

resultant yell ow suspension was stirred at 30C overnight. The sol vent was

renoved and tge crud? m xture was purified on silica gel chronatography

(cycl ohexane 0:0 to 60:40) to afford conpound 37 5(262ny,

43%yieldy as a yet) Q%F?b oi | . Sypthepigy.forconpound 38 C56HS58N206M =
4

855. 07 g.mol-1 Mass ( 85443 (M+'Na); 893.5 (M+ K).
F NMR (CDCls, 282, 5MHZ) -109.3 (d, J=252Hz, 1F, CFF); -120.3 (ddd,

J1=252Hz, J2=30Hz, J3=19Hz, 1F, CFF).
Mass: (ESI"): 773.4 (M - HF); 793.5 (M + Na)

OMe

o DAST
“i’ 70°C

BnO" “’OBn
OBn OBn
24 25

BnO

10  DAST (0.72mL, 4.96mmol, 20eq) was added to a solution of ketone 24 (183mg,
0.244mmol, leq) in dichloromethane (0.720mL) under inert atmosphere and the
reaction mixture was stirred overnight at room temperature. The solution was cooled to
room temperature before being poured in water. Dichloromethane was added and the
organic layer was washed with a saturated aqueous solution of NaHCQ;, dried over

15  sodium sulphate, filtered and concentrated . The crude produt was purified on silica gel
chromatography (cyclohexane / ethyl acetate 100:0 to 90:10) followed by preparative
HPLC (Kromasil C18, acetonitrile / water 89:11) to afford compound 25 in 32% yield

as a white solid.

20  Synthesis of compound 26
Ca1H4F,06 M = 410.41g.mol”
"F NMR (MeOD, 282.5MHz): -109.6 (d, J=251Hz, 1F, CFF); -122.4 (ddd,
J1=251Hz, J2=28Hz, ]3=20Hz, 1F, CFF).
Mass: (EST): 445.2 (M+CI)




103738 Cesium carbonate (4.1g, 12.5mmol, 15eq) foll owed by isopropyl iodide
(0.99g, 5.83mvl, 7eq) were added to a solution of 37 (0.68g, 0.83mol,

| eq) in DNB2orden2iBnert atnosphere. The resultant suspemr€TEP2096@®50 r r ed at
roomtenperature for 3h. The m xture was diluted with ethyl acetate and
water. The organic |ayer was washed with &9 brine, dried over sodium

sul phate, filtered and concentrated. The crude yellow oil was purified on
silica gel chromatography (cycl ohexane / ethyl acetate 100:0 to 77:23) to
afford the desired conpound 38 (549ng, 77%yield) as a yellow sh oil.

Synt hesi s of conpound 39 20C56H6MR207M = 873.08 g.norl Mass (ES OM§73. 6
(M +11); 895.6 (M+ Na); 911
THF, 0.585nl, 0.29mmol, 10eqg
0.03mmol, leq) in drg FFIF,
was refl uxed overnig m
sol ution of hyd?ﬁben

under inertogt nosphere. The €ol orl\ess sol ution
embei ng eeoted—to 0C. ke QM4 7)), agueous
30% w/ w, 0.100nL) an olution 5
of sodi um hydr oxigde™ wer e successively added “tHe'gresul tant white
suspensi on was stirre addi tional 3h. The m xtureuwas then dil uted

with ethyl acetate and poured onto water. The organic phasgswas then dried
over nagnesiun1su|phate?ﬁfiltered and concentrated to afford a yell ow sh

oil. Purificat] pLL | GhahexE e, t
700 0 to 80: S0 H 38 (R g R BB R g
40 C56H58N20dha B T0.387.)g 1 0% Pd/ VRS gEB/04mmoIB D T8) {Mowdd) by BABG ofN2N

L Beqy was addbep b ooRtBB Gy GRoG sgosig Au D TABR LT 855 (% R o 1

di chl or ongt h%ﬁ@e&%ﬁ?&gﬁ@%ﬁ&pﬁﬁﬁ% PSS EempatRufcaRtEdre ORindl fltewEandon&dnkifegd at

roomtenperature fo efore being diluted wth di chl oronethane and 1N
aqueous sodi Uthehyrddoxiideire v pupiéod on|sayer eelehromate aplex { ¢iaklosemgihage/

cul phat e, 11 1aran A0 alhr el SRR A PR IR B4 o

on silica gelyghrenat ography (cycl ohexane / ethyl acetate 100:0 to 72:28 )
to afford ketone 40 (8ng, 67%yield) as a yellow sh oil

10  Synthesis of compound 27
C43H4606 M= 7'18.88g,m01'1
Mass: (EST): 741.8 (M +Na), 757.7 (M + K)

oH '-(Azodicarbonyl)dipiperidine 0
Bno '"0Bn toluene BnO" "'OBn OBn
OBn OBn :
17 B

0°C OBn
27

A solution of 17 (30mg, 0.056mmol, leq) in toluene (0.180mL) was cooled to 0°C

15  under an inert atmosphere and 4-(benzyloxy)phenol (17mg, 0.085mmol, 1.5¢eq),

tributylphosphine (0.42mL, 0.168mmol, 3eq) and 1,1'-(azodicarbonyl)dipiperidine

(42mg, 0.167mmol, 3eq) were successively added. The reaction mixture was stirred at

0°C for 30 min. The reaction mixture was diluted with dichloromethane and

concentrated under reduced pressure to yield a white residue which was purified on

20 silica gel chromatography (cyclohexane / ethyl acetate 100:0 to 80:20) to afford
compound 27 (30mg, 75% yield) as colorless oil.

Svynthesis of compound 28
CagHas07 M = 736.88g.mol”’




25 Synthesis of conpound 41 C56H58F2N206M = 893. 07 g.norl Mass (ESP):
893.4 (M+H); 911.5 (M+H20)+ DAST (0.05n, 0.410mml, 45eq) was added to a
sol uti on Wb 2402/168219, 0. 009l , |leg) in dry dichl oronet ramEPL@2060058) under
i nert atnosphere. The reaction mxture was stirred at roomtenperature
overni ght and 3h at 35C. The reaction m xt Hre was 5 allowed to reach room
tenperature before being diluted with di ci‘? or onet hane and poured into

wat er. The organic |ayer was then washed with a saturated aqueous sol ution
of NaHCC3, dried over esi um sul phate, filtered and concentrated to
afford crude corrpflﬁ;.sgléré T2R. Sdﬁ\éﬁrd%a)r"é%ﬁﬂﬂ‘éﬂib Synt hesi s of conpound 42
Cl OH7FSM = 178 23 g nol "1 19F NWR (QPQJ(B% %82 5MHz) : - 109, (m 1F, Ar-F).

@ 1009 nto a freshl y ssed m xt ure

Mass ( GC- MVB): 1% )
of EtOH (69nL) ARd F 9n1_ s ad&éaz%z@@é@a% TROAN: 025eq) ,
PCy3 (660ny, 2. 39 no}; gmwﬁﬁWﬁTc aci d 4ol

l eq), K2CO3 (6. 48g, 4EQ]m"rDI, 2eq) and 4- "or onof | udbe
47.0nrnol, 2eq). The resultant m xture was stirred overni@im at 90C and
t hen all ovved to reach rébm tenperature. I\/gSO4 was added to 20 quench water

1t rate was SGNMERt FAdVELahdoDERH 16 h a7, SatGuhor AraiaRh Gy phgoluion

(cycl ohexanelofepnylh.oaget 8bamdd01 &yt ébr 1& afdran d15ANPRYAEd 48 63 8fhg
92% yi el d) as0 a wr)gl tegsol id. Syn&ﬂesﬁg@otf go}%rour{d 3 25C 8H12Br FOSM = =

375. 25 g. Ror |Mix{oe 70 2tingd 2yemaght @szmep)@st@re? Water (NRmL( ED4Amm)], 70eq)
gg% gM(_?) 0% ]\)3%3@(%] %c%iﬁ% zia‘r ‘@3 %M?Eé (by al\@% g’(zu%ogs 81?1{%1’1 o?f7ﬁ 8 ((3 %Z@n’L
41.7mmol, 30eq) and 1M aqueous solution of sodium hydroxide (11.1mL, 11.1mmol,
8eq). The resultant mixture was stirred at room temperature for 3 hours. A large amount
of water was then added, followed by extraction with EtOAc. The organic layer was
10 washed with brine, dried over MgSOy, filtered and concentrated. The crude mixture was
purified by silica gel chromatography (cyclohexane / ethyl acetate 95:5 to 60:40) to
afford 28 (791mg, 78% yield) as a yellowish oil.

Svynthesis of compound 29
15 C43H4607 M = 734.87g.mol'1
Mass: (ESI'): 757.8 (M + Na), 773.7 (M + K)

OH

: 0
BnO \I:::L\ Dess Martin periodinane BnO
BnO" " “0Bn OBn DCM BnO"

OBn OBn
28 29

Dess-Martin periodinane (17mg, 0.041mmol, 1.5eq) was added to a solution of alcohol
28 (682mg, 1.61mmol, leq) in dry dichloromethane (20mL) at room temperature. The
20  reaction was stirred overnight at room temperature before being diluted with
dichloromethane and quenched with a 1M aqueous solution of sodium hydroxide. After
extraction with dichloromethane, the organic layer was dried over MgSQy, filtered and

concentrated to afford crude ketone 29 (730mg, 91% yield) as a yellowish oil.

25  Synthesis of compound 30
C48H4507 M= 756.87g.m01'1




oxalyl chloride DMF DCM 43 5 5-Bronp-2- et hyl benzoi ¢ aci d .(725ng,

3.37mmol , 1eg) was suspended in dry dichloronethane (9.7nL). Oxalyl

chl ori de W0.282x6p218. 74mmol , 1. 1eg) and N, Ndi net hyl f or mnaRCHEPLO208@S.,

0. 17mmol , 0.05eq) were then added at roomtenperature and the mi xture was
stirred for 6 hours. The sol vent was then cgvapor at ed to give

5- br ono- 2- net hyl benzoyl chloride as yell ow oil. This crude product was

di ssol ved 10 in dry dichl oronethane (19.3nm), Al C13 (49.5ny, 3.71mmol,

1.1leq) and 42 (600rrg, 3.37mmol, leg) were t hen added at OC (i nternal
tenperature). The " HeAMR ARS2. M) 136 (8dd, AF et =36 1 1ipi 3= ?%é?a%ﬁ%cfﬁgﬁ 30

m nutes and then a e overni ght. The reaction m xture was

poured into ice an@%f‘@% {rﬁgﬁﬁrﬁﬁ@c | ayer was separated and the aqueous

| ayer was extract egy o (tfjso?r e vanslahianes 3 Thiekqr gani c | ayers were 15

gat hered, dried over filtered and concentrat ed. The rsidue was taken |
up with n-hexane to 'I ma precipitate which was col | ecfieh by filtration, |

washed with n-hex vd.a to af f orkASTowpbund p4d 690y
hes f conmpounmd—44—20C181- 1 -SM 1.27

yel | owi sh crystals. ‘
g.nmol |l 19F NM ? @EeDCISy 288n PBn-115. 0(Gn 1F, ABn®).
(299 ; 177 (49%; 182 dhb%; 184 (70%; 191 (72%; 281 (88%); 360 (95°/<)
362 (100% 73 Et3SiH (G999nL, 6.18mml, 2.9eq) vvas added zat room
tenperature to a solution of ketone 43 (800 n anh dr ous

di chl or onet haheolagen ofiatond 29 (15me, 2\9f‘vm0ltéﬁﬂb m I%%T (@d é%&ﬁg Eﬁ@r;emet &30e8

cool ed to 0C and BF3, Et 20. %?‘ﬂ} e
reaction m xt\#’ t%% Hénes P y r(?ee ner? a?lgggrﬁﬂeeeh%ter at url\eﬁf or gn@x%@%gl ﬂ%\-ﬂh
saturated aquglaws Wt BichRporaéthiNaHEdRusashesl cvdfylladdtadia. MOrgémc mgeeoas

| ayer was extracted with dichl oromet hane and the resul t ant I

was dried ovéYaS]%f*S@!lthafﬁalt‘tfétreéd‘q‘éwsééh‘@éﬁt“ ANaslt-Osridged pyreMsi Lﬁ‘l 9@%‘“{ hen
recrrstallrz i
eeriar s SR et gaha A TGO oL cotoncbionat,

NM ? (CDC(]tl, a28ateFIHA)) to aﬁdxﬂc@(npfpuﬂd:,”_;ﬁsratfglld\)hsisoﬁ ESIf): 839 5 [ MFNa] +;
855.4 [ MrK]i 8BnO s''08n OBn45 15n-Butyllithium (1.4Min hexanes, O. 30rr1_,
0.412mmol, 1.1leq) was slowy added to a cool ed sol ution (-700) of 44

(149ny, 0. 412B]esis br d6@dodd mnhydrous THF-tol uene (1:1, v/v, 4.8nlL) under
i nert atnosphére. The resultant dark bl ue sol utrog was stirred for 5 mn at

the sane tenperat &1eHBEIQr e a cool ed %F@@ﬁ@ﬁg@@? 0 of cycl ohexenone 8 vvas

slow y added. The s t f 7

bei ng 20 poured IMF& er d ? % r’i egF%vgr%?g

sul phat egsfi | tere@tﬁM}DzOM@Hzam&QoH@ af farn). crude 45 (300ny, 98%yi eI d)
as yellow oil which was Used in the next step without further purification.

Synt hesi s of conpddig: g&>1): 341.0 [M+CIJ
FE F Ho

OO\ Pd/C
“’OBn OBn 70°C
OBn

30 31

BnO

BnO"

Compound 30 (191mg, 0.252mmol, leq) was dissolved in a THF- ethanol (4:1, v/v,
120 mL) under inert atmosphere. 10% Pd/C (191mg, 0.17mmol, 0.7eq) and 9 drops of
20 12N aqueous solution of hydrochloric acid were added to the mixture which was
degassed 5 times with H,. The resultant black suspension was stirred under an
atmosphere of H, at room temperature for 45min. The reaction mixture was filtered and
the filtrate was concentrated. The crude product was purified on silica gel
chromatography (dichloromethane/Methanol 100:0 to 90:10) to afford the target

25  compound 31 in 73% yield as a colorless oil.



25C531149F04SM = 801. 02 g. mol-1 19F NWMR (CDCLli, 282.5MHz): -115.3 (m 1F,
Ar-F) Mass (ESIf): 823.5 [MrNa]+; 839.4 [ MtK] WD
2012/ 1602v6RC/16PAB812/ 060050 74 1. Et3SiH 2. BF3. OEt 2 BmODGEWR01226008)
BnO "' " 0BnBnO s' OBn OBnOBn 4546 Et3SiH (0.025n, 0.157mmol, 3eq) and
BF3. Et 20 (0.013m., O.105nmmol, 2eq) were suygcessively added to a cool ed
solution (-20C) of 45 (43ng, 0.052mmol, Ig)q%) i n anhydrous di chl or onet hane
(0.55nL) under inert atnosphere. The resultant solution 5 was stirred at
-20C for 1h45, diluted with dichloronmethane and poured into brine. The
organi ¢ | ayer Svighesirafegmponrd 31di um sul phate, filtered and concentrated to
yield a green oil i was then puri fyi,ec silica gel chromatography
(cycl ohexane / et h%k%tca)ét ate 100:0 tol\gZ_: %&4,{ ™ fford conmpound 46 (27ny,
64% yi el d) as a grgess: ¢Cl"): 210 (Bynthesi s of conpound 47 C53H51 FO5SM =
819.03 g.nol "1 19F NWR (CDC13, 282.5114Hz): -115.3 (m 1F, Ar-F) Mass
(EM): 841.4 [MtNar; 857.4 [M:29] 4 46 15 BH3. Me2S (2MPn THF, 0.065nL,
0. 130nmmmol , 4eq) was added to ajcool ed sqké@t@on (00 of 46 (26ny, 0.032mmol,
leq) in dry THF (0.335n) undgrynert atmpgphere. T esul tant sol ution
was stirred at room tenperat oveTTight—beforebei ooled to OC. Water
(0.041nm, 2.27mol, 70eq) was en added%efully f of'l owed by hydrogen
peroxi de (30% v, 0.11m, O.97mppl, 30eq) and 2N aqueggs sodi um hydroxi de
20 (0.13nL, O0.26nmol, 8eq). The white suspension was irred at room
tenperature for 4h. The reaction m xture was then dil &ed wth ethyl
acetate and p 61 | r i I
Ul phat e T e e e 0 (1B Pt SR E) YT gl P AR AYEn RO,
34.4mmol, 1.05eq) were dissolved in dry DMF (30mL). Benzyl bromide (4.1mL,

34 4mmol, 1.05eq) was slowly added. The resultant mixture was stirred overnight under
inert atmosphere at room temperature. Iced water was added to the reaction mixture to
quench the reaction and which was then diluted with a large amount of water. The
10 mixture was filtered and the residue was washed with water and dissolved in ethyl
acetate. The organic layer was washed with brine, dried over MgSQ,, filtered and
concentrated to give quantitatively crude aldehyde 32 as a yellowish oil which slowly

crystallizes overtime.

15  Synthesis of compound 33

Ci4H120, M = 214.26 g.mol’
Mass: (GC-MS): 91; 197; 214 (M).
_0 : OH
NaBH4
THF
OBn OBn
32 33

A solution of aldehyde 32 (6.5g, 30.6mmol, leq) in dry tetrahydrofuran (25mL) was
20 added dropwise to a suspension of NaBH, (1.51g, 39.8mmol, 1.3eq) in anhydrous
tetrahydrofuran (25mL). The resultant mixture was stirred 72 hours under inert
atmosphere at room temperature before beingquenched with iced water, diluted with
diethyl ether, acidified with an aqueous solution of HCI 4N, and extracted with diethyl

ether. The organic layer was washed with a saturated aqueous solution of NaHCO3,



col orl ess residue which was then purified on silica gel chromatography

(cyl ohexane / ethyl acetate 100:0 to 77:23) to afford al cohol 47 (7ny, 26%
yi el d) aswe2eliéaBsh resi due. 5 Synthesis of conpound #28T/BE2@204BFO5SM =
817.02 g.norl 19F NWR (CDC13, 282.5MHz): -115.4 (m 1F, Ar-F) Mass (ESI):
839. 4[ M+Na] +; 855.4[MtKr OH Il BnO Y "0Bn ¢@Bn 47 Dess-Martin periodi nane 0
DCM Bni a' z' OBn OBn 48

dried over MgSOQs,, filtered and concentrated to give crude alcohol 33 (97% yield) as a

white amorphous solid.

Svynthesis of compound 34

5 C14H3Bro M =277.16 g.mol™
Mass: (CI+): 107; 197, 277 (M + H)
OH Br
PBrj
Et,O
OBn O°Ctort OBn
33 34

To an ice-cold suspension of crude alcohol 33 (6g, 28.0mmol, 2 4eq.) in diethyl ether
(50mL), was added PBr; (1.1mL, 11.67mmol, leq) at a rate such that the temperature
10  did not exceed 8°C. The resultant mixture was stirred 2 hours under inert atmosphere at
room temperature. The reaction mixture was then cooled in an ice-bath, quenched with
iced water and diluted with diethyl ether and ethyl acetate. The organic layer was
washed with an aqueous saturated solution of NaHCOs, dried over MgSQy, filtered and

concentrated to give crude compound 34 (99% yield) as a white amorphous solid.

15
Synthesis of compound 35
C20H2204 M =326.39 g.mol'l
Mass: (ESI"): 349.1 (M + Na); 365.1 (M + K)
1) NaH
THF
O O 0°Ctort O O
/”\O/M\/)L\ ? Br/\\[::l\ e
OBn
34
THF OBn
tto 70°C 35

20  To a suspension of NaH 95% (0.61g, 25.26mmol, leq) in dry THF (30mL) under inert
atmosphere, was added a solution ethylacetoacetate (3.5mL, 27.79mmol, 1.1eq) in dry
THF (10mL). The resultant mixture was stirred 30 minutes at room temperature before

adding dropwise a solution of 34 (7g, 25.26mmol, leq) in THF (13mL). The mixture




10Dess Martin periodi nane (5nmg, 0.0131=01, 1.5eq) was added to a sol ution
of al cohol 47 (7mg, 0.009mmol, |l eq) in dichloronethane (0.150nL) The

resul t antwoizetumse218as stirred at roomtenperature for 1r80/Hpediaieoobei ng
poured in 1N aqueous sodi um hydroxi de. The organic | ayer was separated and
t he aqueous | ayer was extracted with di chggronmet hane. The conbi ned organic
| ayers were dried over sodium sul phate, 15 filtered and concentrated. The
crude residue was then purified on silica gel chromatography (cycl ohexane /

ethyl acetate 100:0 to 8 Qrd ketone .48 86% ield

yel | owi sh resTaulien SR 8V§)n6$htc%ni)0 Sﬂﬁnfl@ nlféégg%fﬁgg 'rez?égo %% tt

g. mor | 19F NVBnddatdetbd, TRSRsiaMihs takdd 8p 3v1tfhrEt2@|(_'6()1ﬁF) kn)ashelllﬁltﬁﬁzocﬁnd brine,
J1=254Hz, J2=29Hz, 1F, CFF 100.4 (d, J=254Hz : . Mass (EST1):

861. 3 [ MNa] dneewemlv{gﬁm ﬂterméamh@mwsnt(rasq_@ righe Iﬁs@samude Pegrewas BPEEes ved
in DAST (1.4nl y ) the, r

over ni ght und’é’rSﬂC’ (—iPre ¢ flngﬁgrt%%gﬁsfg%bh%%clﬁ %m‘%(ﬁt%{%)gm%rgggéé&%d '3?'500m
t enper at upe qm@@ty‘@d)r@aapﬁdllewls\h&ﬁl poured into 5 water. The aqueous phase was
extracted with dichloronethane and the organi c phase was dried over Na2SO4,
filtered and concentrated. The crude product was purified on silica gel

chr omat ogr ap Gyl ehsx hyl acetate 100:0 to 78:12) followed by
preparative %&%MM MeOH H20 95:5) to afford 49 (84ny, 26%
yield) as a col or l@g;sBh0: 10 Synt hesMs=ap436gpoelild 50 C25H25F304SM =
478.52 g.norl 19F NM ? ( 2. 9NHz) . - (d, J=254Hz, 1F, CFF);
-116.2 (dt, J1=25 F-‘G%Sgg%@-lé%ﬁ%,&l@g?é&(m 1F, Ar-F). 15Mass
(ES1+): 501.2 [MrNa] Mass (ESI):513.2 [M+Cl]- F H2, Pd/ @ HCl 12N,

THF/ MeOH 1/ 1 RT Conpdind Q19 (48ng, 0.057nunol, |eq) vvasﬂgi ssol ved in

THFE-MeOH (1:1, viw, under in phere. 109 (96ngy, 0.02
nmmol , 0.35eq) and 50dro s of 12N ZOE]&(%NQ Pﬁﬁ drochl or i

d 5 tinmes wdh

reflux

the m xture which was d

OBn
OBn

10 35 36
To a solution of 35 (6.5g, 19.91mmol, leq) in ethanol (50mL) was added hydrazine
hydrate 55% (1.25mL, 22.10mmol, 1.1eq) at room temperature. The resultant mixture
was refluxed 3 hours at room temperature. The reaction media was then cooled in an ice
bath and filtered. The precipitate was washed with cold ethanol to afford compound 36

15  (77% yield) as a white solid.

Synthesis of compound 37
Cs3H52N2Osg M =R812.99 g.mol’l
Mass: (EST"): 813.5 (M + H); 835 (M + Na); 851.4 (M +K).

HN
N OH OBn OBn
36
OH
BnO P(nBu); / ADDP oA\
BnO™ ™y “OBn BnO \—NH
OBn THE - -
17 rtto 30°C OBn
37

20 24
Compound 36 (328mg, 1.11mmol, 1.5eq) was added to a solution of 17 (400mg,

0.75mmol, leq) in dry THF (6.4mL) under inert atmosphere followed by tri-n-



H2. The resultant black suspension was stirred under an atnosphere of H2 at
roomtenperature for 72h. The reaction mixture was filtered over a pad of
Celite 5450antk/tshms WO 2012/ 160218PCT/ EP2012/ 060050 77 PCIrtRPatie/ 0emso
concentrated. The crude product was purified on silica gel chromatography
(di chl or onet hane/ Met hanol 100:0 to 91:9) Eol l onwed by preparative HPLC
(5-anmide C18 MeCN H20 38:62) to afford conpound 50 in 27%yield as a white
solid. 5 Synthesis of conmpound 51 C35H3605 Mass: (ESI ): 554.13 [ MtH2Q]
CeCt 3. 7H20 0 BnONaBH4BnOOH BnO s' ' OBnBnO / OBn. THF/ MeOH - 23C OBnOBn 851
Under inert &ufdphosphéne cli8ngn ChSwricde! Rept at aradiearbeyiagacid dagsHgine
1.2eq) was 1 ded o] | h o O b
leq) ina M %'%?T,ﬁm\?’/ \%‘f{)teg)gtn}‘&fcéo%ﬁgg&t géﬁ%@?‘ sﬁ'ﬁr(esggrgg‘ésisglﬁ%rﬁth urg was
stirred for 3Qefiighut Bife edlvédiiveastrenpeedtind eheasrdds odiumn was piwyfled obe sili2d gt
0.561mmol ; 1.5eq) was added. After a further_ 45 nin t‘ﬁ)ﬁn afsaqt ur at ed
01e Sl e ABF

aqueous sol utchmaseeraphyotsveieherng i iyl eesie) 14k gravpor 37

wer e added. UBOUS 1 YEL vW@sviekbjiacted with ethyl 15 acetate and the
conbi ned gxt I%?tls"’v\e?ogﬁgr?ed gver 1sodi um sul phate, filtered and

concentrated. The residue was purified by silica gel chromatography

(Et OAc/ cycl ohexane 3/97 to 3@ 65) to afford al cohol 51 (137ng, 68%yi el d),
as a white s&lmf—@%ﬁﬂ%n‘—é of conpound 52 C41HSQ05Si M=650. 92 g. npl- 1
Mass (ESO 673.5 [dviNalN,0689. 3 [ MtK] M = 855.07 g.mol’

Mass (EST”):854.43 (M + Na); 893.5 (M + K).
OBn OBn

\rl

. O CSCO3 O
BnO \ = DMFE 1t BnO \ N
, . N—NH : . . N~N
BnO" ‘OBn BnO' ‘OBn 7/

OBn OBn
10 37

38
Cesium carbonate (4.1g, 12.5mmol, 15eq) followed by isopropyl iodide (0.99g,
5.83mmol, 7eq) were added to a solution of 37 (0.68g, 0.'83mmol, leq) in DMF under
mnert atmosphere. The resultant suspension was stirred at room temperature for 3h. The
mixture was diluted with ethyl acetate and water. The organic layer was washed with

15  brine, dried over sodium sulphate, filtered and concentrated. The crude yellow oil was
purified on silica gel chromatography (cyclohexane / ethyl acetate 100:0 to 77:23) to
afford the desired compound 38 (549mg, 77% yield) as a yellowish oil.

Synthesis of compound 39

20 CssHeoN2O7 M = 873.08 g.mol’
Mass (ESI"): 873.6 (M + H); 895.6 (M +Na); 911.5 (M +K)
OBn OBn
1) BHa.Me,S OH

BnO O™ 2) HpOM0/NaOH O~

A, NN THF L J, N-N
BnO OBn >/ BnO" “OBn >/
OBn OBn



78 was stirred for 30 mnutes at roomtenperature before
tert-butyldinmethylsilyl chloride (1.70g; 11.3mmol; 1.6eq) was added. The

m xt ure Wi 2beatsezisat 40C for 12h then quenched w th warer/ERaa2msiosact ed
with ethyl acetate. The organic | ayers were conbi ned, washed with brine,
dried over sodium sul phate, filtered and cgnecentrat ed to 5 afford conpound
52 (4.57g, 99%yield), as yellow oil. This conpound was engaged in the next
step without further purification. Synthesis of conpound 53

Cai H5206Si M=668. 93g. nol 1 10Mass (ES[)r: 691.4 [ M+Nar; 707.4 [ M+Kr 5253 To
a sol ution ofAsglytagn o8 91BBNo(0-5Yeig) THH, @:3B85THE Q.82mmp], rwisnadded to a

t h , d ne- di et h [ fi.d 12.3nL; 2M.n THF, 24
ot - aeq) AR G280 O ORI iR S IRk st g mp Shgy The
tenperature b@latess vatgen wbs felluBedovednidBBifore HOBE)coo kM A6 0USIWRRF QX04BnI3P %0

in water (21.0nL, O0.19nol; 30eq) and 3M agueous sodi um hydr oxi de (16. 4rrf_;
49. 2mol ;  Sedu§Rsesoliivaed divgragyn peweuicd8 0o/ Wik 1 ¢An)and 2bhaqusous pelgtippr

2h at roomt r e i h i r d usS.,.:

col it on o - amebbi By ORI (T IA FUGIEN SN ALY HhECAORER i
et hyl acet at esuspmhstdnewaosthraiethr angdditmnhbylerBhavabaumwasiert ewidilhtddri e eth30
dried over sodium su)] phate, fil tere& and concgntrat ed. The residue was
purified on ﬁCFtiaf?aa'th W SR St ep e (CFEVOm 2L hap dHgd PXETINARRESERR or d
al cohol 53 (Zafhae, EBMeY a8l Sdncedfiad Y& LN LidioviSH SilePr; cﬁ%% t@t&%ﬂlﬂ‘% gel

engaged in the next step wi thout further purification). 215 esis o
compound 54 cbmimsogesinVEssBhozapeletnil avttsts 1Q0ESko- B0:268 gickled Midddiok 39 105z

[MEKT Oy 8oy vield).

Synthesis of compound 46
CseHsgNoO7 M=R871.07 g.mol"
Mass (ESI'): 871.6 (M + H); 893.6 (M + Na); 909.5 (M + K)

OBn
OBn
OH O
O Dess Martin periodinane
Bno\q:]’ B BnoA(b’o TN

Bno" ™y “oBh N DCM rt Bno” > “oBh N
OBn )\ OBn )\

15 ' = 40

Dess-Martin periodinane (9mg, 0.021mmol, 1.5eq) was added to a solution of 39
(12mg, 0.014mmol, 1eq) in dry dichloromethane under inert atmosphere. The reaction
mixture was stirred at room temperature for 2h before being diluted with
dichloromethane and IN aqueous sodium hydroxide. The aqueous layer was then

20  extracted with dichloromethane and the resultant organic layer was dried over sodium
sulphate, filtered and concentrated. The crude yellow oil was then purified on silica gel
chromatography (cyclohexane / ethyl acetate 100:0 to 72:28 ) to afford ketone 40 (8mg,
67% yield) as a yellowish oil.

25  Synthesis of compound 41
CssHssF2N,Og M = 893.07 g.mol™
Mass (EST'): 893 4 (M+H);911.5 (M+H,0)"




BnO sDCM 0OC to itBnO'/OBn OBnOBn 5354 To a solution of 53 (1.51g;
2.26nmmol ; leq) in dry dichloromethane (23nl), under inert atnosphere, was
added Deswolhryismiperi odi nane (1.44g; 3.39mmol; 1.5eq) &CcTOR201Zhevosd xt ur e
was stirred overnight at roomtenperature before a 1M aqueous sol ution of 5
sodi um hydr oxi de (50nm.) was added. The agyeous | ayer was extracted with

di chl or omet hane (2x100mL) and the comnbined organic |layers were dried over
sodi um sul phate, filtered and concentrated. The residue was purified on
silica gel chromatography (EtOAc/cycl ohexane 1/99 to 11/89) to afford
ketone 54 (1.13g, 75%yield) , wehl ow oil. Alternatively, ket dacan
be obtained with 55%yvyi er’/3 10steps from 51, perd 6rm ng one
purification ajhot™ . Synt hesitsef conpp
C35H3606M=552. 664, . Nasg/ (ESIt): 50 Naj ; . MK - OrBDVS
HCL 12N/ MeOH 298/ vl Ffo ' sol uti o’ OF "5% P 560ngsnc). gantash) N n

di chl oronet hane (4mY®was ddded a sol uti on of 12N HCL iO8nnet h&nol (2% v/ v,
4mL) . The reaction m xtare was stirred overnight at roomtemperature. Water
was then added, followed by a saturated aqueous sol ution of sodi um hydrogen

car bonat e untPASHd005a1L, Pt i0prmolTHEe @i wasadsledie asgiutignod ¢l &pe, H¢P09nimol,

di chl or onet hane, . dri e ver i u I R . o ne
rest due was (i it vefio M p R OIHE P fies b} £08ApRAS. FRORENEAbEdure
(337ng, 73% Wigl diredsatwhoiaespbiathre Syartnhgsiand 6h at 6APOUHE: SGction mixture was

25C37H3807M 594. 69¢g. npl- 1 . o .
5 allowedgto reach room temperature before being diluted with dichloromethane and

poured into water. The organic layer was then washed with a saturated aqueous solution
of NaHCO:;, dried over magnesium sulphate, filtered and concentrated to afford crude

compound 41 as an orange residue.

10  Synthesis of compound 42
C1oH/FS M =178.23 g.mol’
PF NMR (CDCls, 282.5MHz): -109.8 (m, 1F, Ar-F).
Mass (GC-MS): 133 (41%); 178 (100%)

F K2C03
Pd,dba,
S S
. UB(OH)z PCys @—-@'F
EtOH/H,0
Br 90°C -

15 Into a freshly degassed mixture of EtOH (69mL) and H,O (9mL) was added Pd.dba;
(534mg, 0.58mmol, 0.025¢eq), PCy; (660mg, 2.35mmol, 0.1eq), 2-thiophene boronic
acid (3.00g, 234mmol, leq), KyCO; (6.48g, 469mmol, 2eq), and 4-
bromofluorobenzene (5.17mL, 47.0mmol, 2eq). The resultant mixture was stirred
overnight at 90°C and then allowed to reach room temperature. MgSO4 was added to
20  quench water and the mixture was filtered on a pad of Celite using ethyl acetate. The
filtrate was concentrated and purified on silica gel chromatography (cyclohexane/ ethyl

acetate 100:0 to 95:5) to afford compound 42 (3.84g, 92% vield) as a white solid.

Synthesis of compound 43
25 CisH12BrFOS M = 375.25 g.mol”




80 Mass (ES[): 617.6 [ MtNal ; 633.6 [ M+K] To a solution of 55 (1.27g;
2.30mmol ; leq) in dry dichloronmethane (3nlL), under inert atnposphere, were
successi webypordderisat 0C, pyridine (0.93nL; 11.5mmol; 5@q)Y/EP4612H560050

di et hyl am nopyri di ne (60ng; 0.46muol; 0.2eq) and acetic anhydride (0.44ni;
4. 60mmol ; 2eq). The m xture was stlrred at, the sane tenperature for 45

m nutes. Water foll owed by 1N aqueous SO|U?I0n of hydrochloric acid were

t hen added. The aqueous | ayer was extracted with dichloronethane and the

conbi ned organic I2¥ers were washed with brine, dried over sodi um sul phat e,
filtered and conce A@ﬁ%ﬂﬁ@ﬁkaﬁﬁbﬂﬂ;ahahﬂri@mﬂ%éAyFlo ket one 56 (1.39g) as

a light yellow mlqaéis*ﬁ¢5§ he. ep. . urt
puri?ication. Synt e O%E&gﬂgggg gﬁgogﬁtbéﬁ%%gbgﬁhﬁfﬁgé$€éﬂé$aQ
(CDC12, 282.5Mz):(23%30.0 (d, J 250Hz, 1F, CFF): -119.4 (ddd, J1=249Hz,
J2=21Hz, J3=29Hz, 1F, CFF). Mass (ESI+): 603.4 [M1-1F+Lir; 619.3

[ MHF+Lir; 623.3 [|V|+LI] 639.3 [ M-Na] ; 655. MfKr 20To a sol ution of
56 (1.30g; 2.19mol; qu) in dry di chl or ometthéne( 5. 2nL), under |nert

at nosphere, was added di et byl ami nosulif ur triflfdride ( )

19eq). The reaciig Qs um [ e S8
solution was t i
car bonat e was

30 mi nutes at
43

onal

5  5-Bromo-2-methylbenzoic acid (725mg, 3.37mmol, leq) was suspended in dry
dichloromethane (9.7mL). Oxalyl chloride (0.32mL, 3.74mmol; 1.1eq) and N,N-
dimethylformamide - (0.013mL, 0.17mmol, 0.05eq) were then added at room
temperature and the mixture was stirred for 6 hours. The solvent was then evaporated to
give 5-bromo-2-methylbenzoyl chloride as yellow oil. This crude product was dissolved

10 in dry dichloromethane (19.3mL), AICL; (49.5mg, 3.71mmol, 1.1eq) and 42 (600mg,
3.37mmol, leq) were then added at 0°C (internal temperature). The resultant mixture
was stirred at this temperature for 30 minutes and then at room temperature overnight.
The reaction mixture was poured into ice and water, the organic layer was separated and
the aqueous layer was extracted with dichloromethane. The organic layers were

15  gathered, dried over MgSO,, filtered and concentrated. The rsidue was taken up with n-
hexane to form a precipitate which was collected by filtration, washed with n-hexane

and dried to afford compound 43 (69% yield) as yellowish crystals.

Svynthesis of compound 44
20 CisH4BrFS M =361.27 g.mol”
"F NMR (CDCls, 282.5MHz): -115.0 (m, 1F, Ar-F).
Mass (ESI'): 133 (29%); 177 (49%); 182 (55%); 184 (70%); 191 (72%); 281
(39%); 360 (95%); 362 (100%)

O ® BF4.Et,0
DCM/MeCN
111
Br 43




25 aqueous | ayer was extracted with dichl oronethane and the conbi ned

organic layers 81 were dried over sodium sul phate, filtered and

concent r aveado12liea218esi due was purified on silica gel chroraEPogRARvGo

(Et OAc/ cycl ohexane 2/98 to 12/88) to afford conpound 57 (471ng, 35%yield)

inthe formof a light yellowoil. 5 Synthgsis of conpound 58 C37H4006M-

580. 71g. noil Mass (ESI'): 603.3 (MtNa)+; 619.3 (MK)' Under inert

at nosphere, crude 51 (53.7g) was dissolved in a mxture of dry chloroform

10 (500nL) and di net nmet hane (292ni, 3. 33eq P205 (73.9

521mol , 5. 2&dH \A@s99é’élr\d/e@181?ﬁéﬂr%§€ﬁ ) §As ﬁg@i@ﬂpoﬁh g}peﬁaéewaf,q,ac qu’é‘?’? Pfing

For Th at o € ABREGIHE © 13H0RoIM &hUR ]Mfcﬁ&hcﬁemwn [0 08 oRinRRd1 af v/

celite0 545 eoultgl'oz g(\llht?i d1 ]Ik}}ﬁ%roér%@ttane %nsd vvashede%a(i!l Y aosla u(réat eVV

aqueous sol utliborl) o héa¢dGERnt (MBOuTR )washtwred td_)) G)vasd therEtgﬁldQGSHMﬁd 5t%emol,

m xture was extracted with or oret han washed wi th i ne,

dried over wag plopy St AT B R sgﬁff)déé“(%%t%ﬂweqﬁg

formof as br@moﬁgl A6l BWMedus ENIBESH |o|fZI¢éHC@8 mssmgag@&dl & bfe next

step without further purification. %nt hesi s of congéund 59

20C37HA207598978ys d@uer VERS Sx{rESed )mth thgroqmaﬂm\)e and tB@ TeslignuryanGHa@VONVBL . 4

rcgﬁ%?w BnOBQ:lne ‘over 19IgSH%,szl’cere[:\gi O_(ﬁ conce rated ”[%%%Bncg rISnxturQ al-l_gen r%gngtglh%d
with MeOH to afford compound 44 (70% yield) as yellowish crystals.

10  Synthesis of compound 45
Cs3HyoFOsS M = 817.02 g.mol”
Pr NMR (CDCls, 282.5MHz): -115.2 (m, 1F, Ar-F)
Mass (ESI'): 839.5 [M+Na]"; 855.4 [M+K]"
S O F
O L

Br 44 n-Buli

BnO

BnO" “OBn
OBn THF, -78°C

[ =]

15  n-Butyllithium (1.4M in hexanes, 0.30mL, 0.412mmol, 1.1eq) was slowly added to a
cooled solution (-70°C) of 44 (149mg, 0.412mmol, 1.1eq) in anhydrous THF-toluene
(1:1, v/v, 4.8mL) under inert atmosphere. The resultant dark blue solution was stirred
for 5 min at the same temperature before a cooled solution (-70°C) of cyclohexenone 8
was slowly added. The reaction mixture was stirred for 15 min at -70°C before being
20  poured into water. The organic layer was then dried over sodium sulphate, filtered and
concentrated to afford crude 45 (300mg, 98% yield) as yellow oil which was used in the

next step without further purification.

Synthesis of compound 46
25 Cs3HaoFO,4S M = 801.02 g.mol™
P NMR (CDCls, 282.5MHz): -115.3 (m, 1F, Ar-F)
Mass (ESI): 823.5 [M+Na]"; 839.4 [M+K]"




5859 Under inert atnosphere, borane-dinethyl sulfide conplex (2Min THF,
199n, 397mmol, 4eq) was added to a solution of 58 (57.7g) in dry THF
(497mL) cwol2ett/16021850C. The reaction m xture was then sPCTEPAI10Wer0né ght at
roomtenperature before being cooled to OC and carefully treated with water
(125m., 6.96npl1, 70eq.), followed by 82 hydrogen peroxide (30%W/ v in H20,
338nL, 2.98npl, 30eq) and sodi um hydroxide (2Min H20, 397nmL, 0. 79np1,
8eq). The m xture was allowed to react for 2h at roomtenperature (-25C)
before a saturated aqueous sol ution of anmmonium chl oride (700nL) and water

et hyl acetate (3x500nmL) and thg
wat er (600nmL) and brine (eoom_
concentrated to afford crue
engaged in the next oI i t hodt furtﬁ%@ﬁﬁﬁrlflcatlon
compound 60 GBPFAE 5771 g. mal dassetES): 61993
( MEK) + Dess- Maj Y | odi nane (84.3g, 199mmvl ; 2e@) W
portionwi se to a solggtion of 15 crude 59 (59.5g) in dryddachl oronet hane
(IL) at OC. The reaction4as then stirred 18h at room t enperatsure before

sodi um hydroxide (INin H20, IL) and water added he aqueous
over L b faE LT b P B BELECOD I ebS. SndShivel oD viEe
organic | ayersﬁcx\%@ﬁ/egr L&tk qanel c&ﬂ@'& Q@mﬁHhQ%b@ offidst @B%% %‘@S:ﬁﬂﬂéﬁ%aﬁﬁﬁd
The residue was purified on silica gel chromat ogrmhy (cycl ohexané / eth

acet at e 98: 2 aabydro86 dichjoremhethare 8). diralge uGMNARNGAS Gymosphtre (Tgxe)resultanafscblunoht he

of compourid Gt 774 Bhohao ik Tt 1 s B et e Pas ine e ©
1085 (d, I RERHEIay I R et S RS i (B ol F

oil which was then purified on silica gel chromatography (cyclohexane / ethyl acetate
100:0 to 82:18) to afford compound 46 (27mg, 64% yield) as a green oil.

10  Synthesis of compound 47
Cs3Hs FOsS M = 819.03 g.mol”
F NMR (CDCls, 282.5MHz): -115.3 (m, 1F, Ar-F)
Mass (ESI'): 841.4 [M+Na]"; 857.4 [M+K]"

1)BHg-Me,S, THF

2)NaOH, H,0,

15 BH;3;.Me,S (2M in THF, 0.065mL, 0.130mmol, 4eq) was added to a cooled solution
(0°C) of 46 (26mg, 0.032mmol, leq) in dry THF (0.335mL) under inert atmosphere.
The resultant solution was stirred at room temperature overnight before being cooled to
0°C. Water (0.041mL, 2.27mmol, 70eq) was then added carefully followed by hydrogen
peroxide (30%w/v, 0.11mL, 0.97mmol, 30eq) and 2N aqueous sodium hydroxide
20 (0.13mL, 0.26mmol, 8eq). The white suspension was stirred at room temperature for 4h.
The reaction mixture was then diluted with ethyl acetate and poured onto water. The

organic layer was dried over sodium sulphate, filtered and concentrated to yield a



Mass (ESI+): 641.3 (MtNa)+; 657.3 (MFKK)+ F F BnO ' / GBnDCVBNO s’ / OBn
OBnOBn 6061 DAST (125nmL, 1.02nol, 19eq.) was slowy added to a cool ed

sol uti on WO@p120f6088 (32g, 53.6mml, leq.) in dry dichl oromErb@anmec(oiels5mi)
The reaction m xture was then allowed to reach roomtenperature and was
stirred overnight. Dichloronethane 5 (400rt) was then added and the m xture
was slowy poured into a mxture of ice (1L), dichloronethane (300n.) and
NaHCO3 (400g). The m xture was vigorously stirred for 15m n. Water (500m)

was added and the aqueous I.gﬁer was extracted with dichl oronget hane
(2x300nL) . Telababrasetreorjshives shanreiiicd ey glicg gd shsyaptosmpoicylphexes od

N L

61 10was engag n w t hout furttme nt hesi s
of conpound &&ids35H36F205M=574. 65g. nal 19F
NVR (CDC13, 282.5MHz): -110.7 (d, J=249Hz, 1F, CFF); -123.7 (ddd,

15J1=248Hz, 12- 29Hz, J3=19Hz, I F, CFF). Mass (ESI): 577.5 [ M HF+Nar;

592.5 [ MrER20]l nine2 bf Sohpbibialsg 613. 5 [MrK] + 84 stirred overnight at room
tenperature. "Vater was tnen added foll owed by a 1N aqueous sol ution of

hydrochl ori c aci d GshlilghOwis added unt M =pHEH2 gihel 'mi xt ure was extract ed
wth ethyl acetat Q_Q—M&Mt i ) i 1 di um sul phate, filtered
and concentrated t 3‘%@@'(g§r§€mﬂﬁéﬁ'§?form of a light orange
solid, with a SquamdstBtiyes3pigheNaB:; 855.i4¥Mumroaceti c acid (98.0nL,

1. 32npl, 25eq.) was added to a solution of 61 (32.6g) in dry

di chl or onet hane (260nlL) under inert at nosphere. The reaction m xture v§s
@é.)
Y

stirred overnight at roomte ature. The m xture was cooled to OC an

wat er (500mL) was added. The ¥Fayers were separated and the organi c ayer
was washed with OH f/\/}Q,S"g Dess-Martin periodinane o) //ﬁ/ 5
Ve e

BnO“' ’I/an Bno\" \‘/’ "/OBn

OBn OBn
a7 48

2

.

BnO N

DCM

10  Dess Martin periodinane (5mg, 0.013mmol, 1.5eq) was added to a solution of alcohol
47 (7mg, 0.009mmol, leq) in dichloromethane (0.150mL). The resultant mixture was
stitred at room temperature for 1h30 before being poured in IN aqueous sodium
hydroxide. The organic layer was separated and the aqueous layer was extracted with
dichloromethane. The combined organic layers were dried over sodium sulphate,

15 filtered and concentrated. The crude residue was then purified on silica gel
chromatography (cyclohexane / ethyl acetate 100:0 to 80:20) to afford ketone 48 (6mg,
86% yield) as a yellowish residue.

Synthesis of compound 49
20 Cs3HaoF304S M = 839.01 g.mol™
PF NMR (CDCl, 282.5MHz): -1153 (m, IF, Ar-F); 113.75 (dt, J1=254Hz,
J2=29Hz, 1F, CEF); -100.4 (d, J=254Hz, 1F, CFF).
Mass (ESI"): 861.3 [M+Na]'; 877.4 [M+K]"




10 water (500nL) The conbi ned aqueous | ayers were conbi ned and extracted
wi th di chl oronet hane (2x 100nmiL). The conbi ned organic | ayers were washed
wi t h sat .wbhiabieO8o1850nL), dried over sodium sul fate, fi [PCEMmPA1R060050
concentrated. The crude m xture was purified on silica gel chronatography
(cycl ohexane/ et hyl acetate 98:2 to 82:18, \é/v on Bi ot age SNAP 750g
cartridge) to afford 62 (13.6g, 30% over 27$teps) as a 15white solid.

Synt hesi s of compound 63 C35H36F206/ C35H34F205 M=590. 65¢g. nor 1/ 572. 64g. mal
19F NM ? (CDCh, 282.5MHz): 20Hydrate form -117.3 (dd, J1=257Hz, J2=30Hz,
1F, CFF); -125.6 (d, J1=258Hz, IF, CFF). Ketone form -112.1 (d
=260Hz, J2=32Hz, J3=6Hz, |F, CFF) 119.4 (dd, J1=260Hz, J2=4Hz, CFF).
Mass (EST): 608.4 [ M-H20]'; 613.5.FEMNar ; 619.5 [MtK]+ F F OH

BnODess- Martin periodina BN0OBn0' ' OH BnO ' ' 0BnBnO' ' / BnOBn 63 25
BnO.'''' OBnDCM OC tojrt DAST neat RS
BnO 70°C BnO
BnO' BnO"
OBn OBn
48 49

Ketone 48 (316mg, 0.39mmol, leq) was dissolved in DAST (1.4mL, 11.4mmol, 30eq)
and the reaction mixture was stirred overnight under inert atmosphere at 70°C.
Dichloromethane was added at room temperature and the reaction was poured into
5  water. The aqueous phase was extracted with dichloromethane and the organic phase
was dried over Na;SO,, filtered and concentrated. The crude product was purified on
silica gel chromatography (cyclohexane/ethyl acetate 100:0 to 78:12) followed by
preparative HPLC (Kromasil C18, MeOH/H,0 95:5) to afford 49 (84mg, 26% vyield) as
a colorless oil.
10
Synthesis of compound 50
Cos5H,5F3048 M = 478.52 g.mol™
"F NMR (CDCl;, 282.5MHz): -100.2 (d, J=254Hz, 1F, CFF); -116.2 (dt,
J1=254Hz, J2=28Hz, 1F, CEF); -117.6 (m, 1F, Ar-F).
15 Mass (ESI'); 501.2 [M+Na]"
Mass (EST):513.2 [M+CIJ

H,, Pd/C, HCI 12N
THF/MeOH 1/1 RT

Compound 49 (48mg, 0.057mmol, 1eq) was dissolved in THF-MeOH (1:1, v/v, 4.2mL)
under inert atmosphere. 10% Pd/C (96mg, 0.02 mmol, 0.35eq) and 5 drops of 12N
20  aqueous hydrochloric acid were added to the mixture which was degassed 5 times with
Hj. The resultant black suspension was stirred under an atmosphere of H, at room

temperature for 72h. The reaction mixture was filtered over a pad of Celite 545 and the



To a solution of 62 (200ny; 0.35mmD1; leq) in dry dichloromethane, under

i nert atnosphere, was added Dess-Martin periodinane (295ng; 0.70mvl; 2eq).
The reactworzoreddum was stirred for 3h at room tenper at ®ca/Hred10/060080 1N
aqueous sol ution of sodi um hydroxide (10m.) was added. The aqueous | ayer
was extracted with dichloronethane 85 and-,dried over sodi um sul phate,
filtered and concentrated to afford ketone 63 (158ng, 77%yield) as a |ight
orange solid which rapidly evolves toward the formation of the hydrate form
until equilibriumis reached. 5 Synthesis of compound 64 ,

C50H49CI F206 Nigae 3 gonesnfrated. The crude product was pyrifpg) on gibgscad chogpatemiaply:

-112. 3 (dd, =266Hz, . J2= 1R o1 - = zbHz 1 1F
L R Sk A Ll e T e
Schl enk t ube QIBdRIeONIERO 3BtATY SPAKEsE compbandb 278 pesd asm Whitesaligs ( 50ng,
2.04nmol, 1.2eq) was added 2nl (out of 5nml) of a solution of 10 (552ny,
1.70mml, leq) and 1, 2-dibronoethane (151.tL, 0.17nmol, 0.1leq) in dry THF
(5nm). Th nkgﬁﬁrﬁ ¥§§ at 75C for 5 mnto initiate the reaction and
t he | ast gnt Sitlui aﬂﬁg%f 1510 and 1, 2-di bronpet hane were then added
dropwi se at room t@spgOat ure. This sol uti on wasM580.66ginraleéd at 75C for | h.
2.4nL of this Gignard solutjo reviogusly cooled to roomtenperature,
were then added t “'gﬁﬁaié%gg%ngéﬁ%qg8ng, 0.27mol ) in dry THF (2mL). The
reaction mxture was stirred at_room tesmpengbure for 2h beforﬁ a saturated
aqueous sol ution of 2fQna “m"-'.Ch|Oridq“M@§ added.pnBife~aquetls | ayer was
extracted with diethyl etf and t he eenbtned—erganic | a s, were washed
with brine, dried overBs®diym $Bmhat e, fildeoed andBe8ncgnt raéed. The

resi due was purified on siloBa gel chronatography (cycl oh®gane/ et hyl
acetate 100:0 to 77:23) to & ford conpound 64 (152ng) as &1 xture of two

di astereoners with 69%yield. These diastereoners can be S%Parated py sem -
2 5 prepar at iWmsleHple@, atmosphere, cerium chloride heptahydrate (167mg; 0.449mmol; 1.2eq) was

10  added to a solution of cyclohexenone 8 (200mg; 0.374mmol; leq) in a MeOH-THF (3:1,

v/v, SmL) cooled to -23°C. The reaction mixture was stirred for 30 minutes at this
temperature and sodium borohydride (21mg; 0.561mmol; 1.5eq) was added. After a
further 45 minutes, a saturated aqueous solution of ammonium chloride (15mL) and
sodium chloride (15mL) were added. The aqueous layer was extracted with ethyl
15 acetate and the combined extracts were dried over sodium sulphate, filtered and
concentrated. The residue was purified by silica gel chromatography
(EtOAc/cyclohexane 3/97 to 35/65) to afford alcohol 51 (137mg, 68% yield), as a white

solid.

20  Synthesis of compound 52
C41Hs00s5Si M=650.92 g.mol”
Mass (EST): 673.5 [M+Na]"; 689.3 [M+K]"

1. Imidazole
’ OTBDMS
B OH 2. TBDMSCI  Bn o/\@’
BnO" “OBn DME, 40°C BnO OBn
OBn OBn
il 52

To a solution of 51 (3.80g; 7.09mmol; leq) in dry dimethylformamide (25mL), under

25  inert atmosphere, was added imidazole (1.45g; 21.3mmol; 3eq). The reaction mixture
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C221- 125C1F206M=458. 88g. nol- 1 19F NVR (MeOD. 282.5MHz):
-114. 0 (owQ20HB6ABZ, J2=7Hz, 1F, CFF); -115.4 (dd, 31=P6ZHr20122606MHz, 1F,
CFl). 5Mass (ESI): 481.3 [M:Nar ; 497.3 [MK]+ F OH0O OEt H2111 Pd/C 10% 4 1
, 2-di chl orobenzeneF OH BnO O ilk C THF/ NE]%H 221 HO0O d BnCf'"OBnHO ''' CH
OH 6465 o-Di chl orobenzene (53pL, 0.47mmol ,""10eq) foll owed by Pd/ C 10%
(56.0ny, 53.3pnol, 1.1eq) were added to a solution of 64 (38.0ny, 46.4pnol,
leq) in a mxture of THF and MeOH (2:1, v/v, 26nL) The reaction was placed
under hydr ogeWanstirpxhoe 38 mingdtes G roam éemparatnsoafommperbaty diendtioylsii chibhide

reaction m xture, v filter nd cgncent.rated beforge bein i n

silica gel ch Ofroﬁ’f\l\gg 'r%%ﬂ‘g/]’ tlt;%%gﬁwﬁ &%B?‘fg%}%ﬁ@‘é’i m&?o%%ﬁ??de%%&@fnh{e&%stﬁﬁ

conpound 66 &HéHdh8d 3viCH F2ARSMIEBEx#d@edlitH ethyl acetate. The organic layers were
combined, washed with brine, dried over sodium sulphate, filtered and concentrated to

5  afford compound 52 (4.57g, 99% yield), as yellow oil. This compound was engaged in

the next step without further purification.

Svynthesis of compound 53

C41Hs,06Si M=668.93g.mol
10 Mass (EST'): 691.4 [M+Na]"; 707.4 [M+K]"
OH
BnOAQI THE0°Ctort  BnO OTBDMS
BnO I OBn 2) H,0/H,0,/NaOH BnO" ™ “OBn
35°C OBn
52 53

To a solution of 52 (4g; 6.15mmol; leq) in dry THF (60mL), under inert atmosphere,
was added borane-dimethylsulfide complex (12.3mL; 2M in THF; 24.6mmol; 4eq) at
0°C. The reaction medium was stirred overnight at room temperature before water
15 (7.8mL; 0.43mol; 70eq), hydrogen peroxide 30% in water (21.0mL; 0.19mol; 30eq) and
3M aqueous sodium hydroxide (16.4mL; 49.2mmol; 8eq) were successively added at
0°C. The mixture was stirred for 2h at room temperature before being quenched with a
saturated aqueous solution of ammonium chloride (300mL). The aqueous layer was
extracted with ethyl acetate and the combined organic layers were washed with brine,
20 dried over sodium sulphate, filtered and concentrated. The residue was purified on silica
gel chromatography (cyclohexane/ethyl acetate) to afford alcohol 53 (754mg, 63%
yield), as a yellow oil. (Crude 53 can also be engaged in the next step without further

purification).

25  Synthesis of compound 54
C41Hs5006Si M=666.92g.mol
Mass (EST"): 689.5 [M+Na]"; 705.4 [M+K]"




1519F NM ? (CDC13, 282.5MHz): Major anomer: -97.8 (dd, J1=246Hz, J2=30Hz,
CF); -102.6 (d, 3=246Hz, CF). Mass (ES1): 4881.2 (MtH)+; 898.3 (MtH20) +.
20S0Br 2 (Wbphi12/1ho8mol , 15eq) was added at -40C to a s®CmtEPeN 2060066 ( 60Ny,
0.07mmol, leq) in dry dichloronethane (0.73nL) under inert atnosphere. The
m xture was stirred while the tenperature7was gradually raised to OC over
5h. Pyridine (89pt, 1.10mmvl, 15eq) was then added and the sol ution was
stirred for an additional Ih at 0OC. A solution of agqueous 1M HCl was added
and the solution was al hpwed to reach 25 room tenperature. Jhe organic

| ayer was col | ected and: hem%% ous | ayer was extracted WIﬁ“l T

di chl or onet hane. pidé “sonbj garieesMaE Pl NP e pndr i et PTEY

sulfate, 87 filtered.land concentrated. The crud®& mi xture g, 8urifi ed on
silica gel chromat®faplfy (@rotage SNRBMGES togycl ohexBAG) etjhyi OBt et at e

100:0 to 92/8) to affor@B66 (15ngy) 23% as a colorless oil OBthe col |l ected
fraction contains one nggor isoner. 5 Synthesis of conpounds4l5
C50H49C1F206M = 803. 37g. mal 19F NML? DCl1l3, 282.5MHz): -100.3 (d, J=254Hz,

1F, CFF); - 11% a3sdliitthn o¥53204Hz; 2 28maRizleq) b digkfhloddBgsiant ESInt) ), ub®Q iRt
(M-H20) , atmosphere, was added Dess-Martin periodinane (1.44g; 3.39mmol; 1.5eq) at 0°C. The
mixture was stirred overnight at room temperature before a 1M aqueous solution of
5  sodium hydroxide (50mL) was added. The aqueous layer was extracted with
dichloromethane (2x100mL) and the combined organic layers were dried over sodium
sulphate, filtered and concentrated. The residue was purified on silica gel
chromatography (EtOAc/cyclohexane 1/99 to 11/89) to afford ketone 54 (1.13g, 75%
yield), as yellow oil. Alternatively, ketone 54 can be obtained with 55% yield over 3

10  steps from 51, performing only one purification at this last step.

Synthesis of compound 55
C3sHz6O6 M=552.66g.mol’
Mass (ESI"): 575.3 [M+Na]"; 591.3 [M+K]"

DCM, rt

OBn
55

15
To a solution of 534 (560mg; 0.84mmol) in dichloromethane (4mL) was added a solution

of 12N HCI in methanol (2% v/v, 4mL). The reaction mixture was stirred overnight at
room temperature. Water was then added, followed by a saturated aqueous solution of
sodium hydrogen carbonate until neutralization. The mixture was extracted with

20  dichloromethane, dried over sodium sulfate, filtered and concentrated. The residue was
triturated in ethanol and filtered to afford compound 55 (337mg, 73% yield) as white
solid.

Svynthesis of compound 56
25 C37H3307 M=594.69g. mol”




13u3SnH (71.1t, 25.5mmol, 1.5eq) was added to a solution of 66 (15ny,
17.0mmol) in dry toluene (170gL) at roomtenperature. The m xture was then
heat ed armlo=bizwerdsat 110C for 3h. One additional porti eaTaEP2B288w) (711,
25.5mmol, 1.5eq) was then added and the m xture was stirred at 110C for an
additional period of 3h. This step was 15gphepeated once nore until no nore
evol ution was noticed on TLC. The m xture was concentrated and purified by
preparative TLC (cycl ohexane/ ethyl acetate 90:10, v/v) to afford 15 (2ng,

17% P-anonmer and ai.ns a- mer).. ni hesi s of conpound 67
20036H35F507swh70é29rgégﬁﬁﬁ-?gﬁ6 R 887656 %@ﬁl\u\m (CDC: | b 282.5MHz): -74.0
(d, J=12Hz, CF3); -108.2 (dg J1=252Hz, J2=12Hz, CFF); -1%9.5 (ddd,
J1=253Hz, J2=31Hz, J3=18 Foy Mass (FGne 724.3 (Me[204); 429.2 (MkNa);
745.2 (M+K)+ 88 Tri fBngoro anesul f onhgageitydri dénQ9. 5 7.4mmol , 3eq)
and pyridine (4.6n, 57. 4n 2.,3€0.) were ded to a_cqoeled sol ution (0C
of 62 (11.0g, 19.1mmol ,E”f)leq. |§§ ry di.ch/i\_%gmmt haneB'HQO ) er inert

at nosphere. The sol ution wa£Bl | oned to rm.to roomtenp®Piture and was
stirred overnight. Water (408%L) was thgﬁﬁggéed to 5 the &ol ed mixture

(00 which was then extracted with dichl oraonethane (2x 150nl), dried over
sodi um sul f at’e®, 2 $qlptin @S 2 i RS9mmeli derrip day %Pl@r@?l%@n%@)n(& %&r igert 5

brown solid. n i o h iif kcat yon.
S mihesrs o TipdBReEnaRACtoBshin REKY F00E, WyidiRbto bURELISE SBiL 26! U

j 1=256Hz, 5CFR)imethylOm& opgdidine] (G267, Hy 4 6inawB M2 eq ) BB kizgti Crthydrivies® . 446L 1 1) :
779.4 (MrNa)f; 795. ¢ + .  15Sodi.um. hydride (95% 1.38qg, .57.3

Sea ) et TR 2 e s G A BT O S e SRR LRGeSV At
66. 9nmol , 3. F8Mbved By INYadaWbud SSAkdn of IRIr6QAGHE Bld W eth Wi MRISASThd sRol at
the sane tenperature before a solution of 67 (11.0g) in dry DVF (95nL) was

added. The r daxer wan entractesh withdishlorometbeneaandshaonleingd giganigdiysrewpiei waghed

cool ed again a l]o s,_solut i f 120
codi um hydr o HeD ot ve st i alse Ao AR AR ERL s dho B
di et hyl etherke{oc3@@al(1139eNalx LipRiielloansll. tdieds 96iab efgedan kit dexy efep withoat
washed with water (2x600n) and brine (600n) before being dried over
sodi um sul f atfertheripufiBeadipnand concentrated to afford crude 68 (13.5g) in the
formof a purple oil. 68 was engaged in the next step without further
purification. 25 Synthesis of conpound 69

Synthesis of compound 57

Cs7H35F205 M= 616.69g.mol”
15 PF NMR (CDCls, 282.5MHz): -110.0 (d, J=250Hz, 1F, CFF); -119.4 (ddd,
J1=249Hz, J2=21Hz, J3=29Hz, 1F, CFF).
Mass (EST"): 603.4 [M-HF+Li]"; 619.3 [M-HF+Li]"; 623.3 [M+Li]"; 639.3
[M+Na]"; 655.3 [M+K]"

OBn
57

20  To a solution of 56 (1.30g; 2.19mmol; leq) in dry dichloromethane (5.2mL), under inert
atmosphere, was added diethylaminosulfur trifluoride (5.2mL; 42.4mmol; 19eq). The
reaction medium was stirred for 16h at room temperature. The solution was then diluted
with dichloromethane and solid sodium hydrogen carbonate was added. The mixture
was stirred for additional 30 minutes at 0°C before water was added dropwise. The

25 aqueous layer was extracted with dichloromethane and the combined organic layers



Cl13H16F206M=306. 26g. moi | WD 2012/ 160218PCT/ EP2012/ 060050 89

19F NM ? 020, 282.5MHz): -107.6 (brd, J=262Hz, 1F, CFF); -111.6 (brdd,
J1=262Hz , w026B16w2181F, CFF). Mass (ES1-): 285.1 (M H HFPCI/ERO&H2D6(0M H;
341.1 (M+Cl)-; 351.1 (MHHCOR)- F FH2F F BnOPd/ CHO BnO s'/ OBnOBn

Et OH THF/ HQ HO ', , OHOH OBnOH 6869 5Crude €8 (13.5g) was dissolved in a

m xture of ethanol /12N HC1 4% (v/v, 117nmL), tetrahydrofurane (63n).

Pal | adi um on activated carbon (10% 3.8g, 0.2eq.) was then suspended in the
solution and the reaction m xture was pl aced under hydrogen atnosphere and

stirred for 3vdaysedovarcomuesithess dilteredmnd cppgaiEH. MsdicsHIoas Pkt oy

and concentrated before bei pAH: I Fi L1 e r

T0(cli ohi or ometiade FseRGramy oY  FacBRght 2 ASlo Y BRRE Mg 57
cartridge) tqaafh@radobPicld i92g.foR0W a Vibhtokllwasif reeze-dried in the form of
a white solid. 2. Biological activity 15a) Assay for the facilitatory

ef fect on glucose excretion. As experinental animal, fenmale CD1 m ce (CDM
or Charles Ri 2 test conmpound was dissolved in the vehicle
(5% N- et %yl s '?8"@&%%?%@ 400, 75% 20 mM Na4P207 buffer, v/v/v) at
the concentration @iHOgy/ nL After the body=s$Qhtsmof the mice were

measured and the nice o, ze e t i.cle was orally 20

adm ni stered at t%‘lsé(gégﬁgfggfgn@fﬂgg >3‘£1??§’/Q\§%>1d 10 nmg/ kg. For control,

just the vehicle (5% N hyl pyrrolidomeps 20% PEG 40 % @omM NadP207
buffer, v/iv/v) was o#ulyradifnistered “Fhe oral &M ni tion was
performed with gastri cB tube Por mc S syriagg\e. e~f1 ni mum count
in one group was 3 but "CoulH r &58h 12 f @HepMe groups. | | eCtion of the
urine was perforned manual I§8y gentling massaging 25 tfe abdomen in order
to collect urine (3 1,1.L) a a calibrated pipette. Uirm8 was col |l ected at
1, 2, 4, 6, 8 and then 16, 18, 20, 22, 24, 26 -and 28 hrs. The urine gl ucose
concent r at i orlJwis invetaamosghens icngleS IMAR gy ae diseolked ingsmixdpiekslry chlpjoforst

uri ne was _depQqsjt intp a . 96-well m for ch . [ t.
The ur i e al qbr e ol iRt h S Bt of Sriod VRRG b ry Sorua
For gl ucose conGENvEALIQIES THadkactRD WBY kgt Wider niddBarticii geindig fdiel MAK@om
gl ucose kit, an aliquot (35 pi) of the |ast solution was degosi ted intg

anot her 96- wekmpgiatks. gihgraixdwie way thearfildenedonge pad ok peliietho 42 belpiipn gfith e
WAKO wor Ki lut | _ d
wor ki ng (ﬁ%ﬂgrto' R ngy%ﬁgg&%wgﬂea ggtu#al@él g(ﬁley)\@ éo/hEa{Lo%t SONYEES, &’!’Wfﬂﬂf)‘?a

at 505 nm usi I'oTe yner gy ate uor onet er sorbance photoneter
and the Water (1L) was then added and the mixture was extracted with dichloromethane

15  (2x300mL), washed with brine, dried over Na,SOs, filtered and concentrated to afford
58 (57.7g) in the form of a brown oil which slowly crystallized. 58 was engaged in the

next step without further purification.

Synthesis of ‘compound 59
20 Cs7H4207 M= 598.73g.mol"
Mass (EST): 621.3 (M+Na)"; 637.3 (M+K)"

OH
BnO OMOM 1. BH;.Me,S B0 ~ OMOM
2. H,0, H,0, NaOH 2N
Br;?fp'/"OBn . B;OTQT’OBn
OB THF, 0°C to rt OBn
8 59

Under inert atmosphere, borane-dimethyl sulfide complex (2M in THF, 199mL,
397mmol, 4eq) was added to a solution of 58 (57.7g) in dry THF (497mL) cooled to
25  0°C. The reaction mixture was then stirred overnight at room temperature before being

cooled to 0°C and carefully treated with water (125mL, 6.96mol, 70eq.), followed by




5 glucose concentration was cal cul ated. The gl ucose concentrations for
controls and test articles at the different tinme points were averaged using
Excel 200woant/ywwbu8t ed usi ng GraphPad Prism 5. The pcespRa12/065@I ned
with 16 and 50 are shown on figures 1 and 2. It appears thus that 1016 (3
ng/ kg) triggered a lasting glucosuria (upgtzo 26 hrs, Figure 2). b)
Assaysto_com are the duration of action of"“conpoundsaccorde invention to

t he one of conpounds of prior art by studying the facilitatory effect on

gl ucose excretion 15 The assays have been perfornmed as described for a).
Conpound 16 alexssegimperonide{a0Yomvem Hof, A3%mbe?2 9 8vwipiiegd ands@tpadiyidrozida t o

derli t he . f ' ti f ti i .e, the |onger
durati on of fOLOCFPa BFCt he el bun ARG E R et ALPYEDE [BoLEy At &% of
the gl ucose n@hfleyatufe 2R ENIRESE DYatdrdebd afd RisYsoldkidn o HeE S HQ T L
HO sHO s' OH OH16OHDapaql i fl ozin This assay has been carried out at a dose

of 3 my/ kg. (FREmMLeswdratehiHitnel) weee pleddatagnoh tr aceos, The mappearss
thus that ;16 e(x%rag Iél:&ﬁ%h étmflg%g{a?éég%ggglﬁgbj rf%cf‘tﬁehca(}n%}liﬁ%& ?r%a{ﬁ%é%%gs gv%'{ehvgallrjlsrh%%s

conpared to Dapa ozl n accordi nventi
been conpar edwitio wabee (600pDuME Brigd (6002 0ict0AED 3, $ 0, UNesd, had céentrated
i nprovenent of the duration of action of the conpound when a m mc of

gl ucose bear i RGFTRTEHEHSIIP209) ke doren of @ yallow silr 22 y@ pegagpdin the next step

2012/ 160218PQ$H&§R£%@({@9§99§9&U%& oxygen atomis replaced by a mmc of

gl ucose bearing a CF2 in place of the CH OH noiety.

10 Synthesis of compound 60
C37H4007 M= 596.71g.mol™
Mass (EST"): 619.3 (M+Na)"; 635.3 (M+K)"

OH Dess Martin i
B ~ ,OMOM  periodinane BnO OMOM
BnO" ™~ “OBn DCM Bno" o8n
OBn OBn
59 60

Dess-Martin periodinane (84.3g; 199mmol; 2eq) was added portionwise to a solution of

15  crude 59 (59.5g) in dry dichloromethane (1L) at 0°C. The reaction was then stirred 18h
at room temperature before sodium hydroxide (1N in H,O, 1L) and water (500mL) were
added. The aqueous layer was then extracted with dichloromethane (2x400mL) and the
combined organic layers were dried over sodium sulphate, filtered and concentrated.
The residue was purified on silica gel chromatography (cyclohexane / ethyl acetate 98:2

20 to 86:14, v/v on Biotage SNAP 750g cartridge), to afford the target ketone 60 (32g,
48% vyield over 4 steps) as a yellow solid.

Synthesis of compound 61
Cs7H40F205 M= 618.71g.mol”
25 "F NMR (CDCls, 282.5MHz): -108.5 (d, J=252Hz, 1F, CFF); -121.0 (ddd,
J1=252Hz, J2=30Hz, J3=20Hz, 1F, CFF).
Mass (EST'): 641.3 (M+Na)*; 657.3 (M+K)"




HOOHCI 1.1 H(D\'' OH conpound 9 of W?2009/ 1076550 This assay has been
carried out at a dose of 3 ng/ kg. 5The results obtained are presented on
Fi gure 6.wotomppwenss thus that 16 (3 ng/ kg) triggered aPCompes12loa®ss ng
glucosuria (up to 24 hrs) when none could be detected for the sanme tine
period for the conmpound 9 of WO 2009/ 1076%50. c) Assay for the
facilitatory effect in decreasing bl ood glucose excursions 10foll ow ng
gl ucose chal l enge. As experinmental aninmal, 18 hrs fasted fermale CD1 m ce
(CDM or Charles River) weredised. A test conpound was df;sgol ved in the
vehicle (5% N-nethyl pyrrolijdon Mgél()% PEG 400, 75% 2Q nm\ NaéW buf fer,
v/iv/iv) at the concentenatior /L. P8%%er t heBrsod o s of the mice
were neasured and the mcelrandom zed, the test article 153 was orally
adni ni stered at the do880of J1 ngPkg, 3 ngF¥g and 1E"Ry/ BBF control,
just the vehicle (5% N-net h@Bnpyrrolidone, 20% PEG 400, 98% 20 nM Na4P207
buffer, v/v/iv) was orally aggi nistered. 15 mn after thisioral

adm ni stration, a 20% gl ucose solution in deionised water was orally

adm ni stered IMQS?'(!lzﬁﬂlﬁ,e-l.oiﬁﬁl,of%h.)aﬁég Qbsty 8dde@nowasoRed ke ss éWd)hof 60
gastric tube for mice and a 1 'nL syringe. The mnimum count in 20 one Qroup

was 3 but couBdg rs8duhmsl, fleq.) sodry dighdenpsieti@ok  milon Thé reahidothinpdgurewsss then
performed via,the saphenous vein. Bl ood s collected at .5, .10, 30 5, 60
P 220 i o aletrest BReaEr dRad i tips R a1 Bl Rhsk Sonbiaypiihordmediane
admi ni str gt i NGo¢:HE) WestheAhtddd mdkle Ristuly WaY sibRPp@IreCBSea elirtukesiee (119, 18
hrs post po of test article. The bl ood glucose concentrati on was neasured

usi ng Johnsorlidneronsiiage B Wndnend WHTEYs (4100eh T swigture yagyigesuswviriaddpr ng

t The gl t f tral t [ -
a Trerent tinEtn iy ARAGS00RAL) 98 gulled LS FuBRGs R, Bhb Rt b
G aphPad Pri siisloron@thahé €2 xFoullt)s Thbtanbmdd wrgdniclé&tars wdrownicdwvel YarSes;, 3

and 4. It appears, thus that 16 reduced bl oo | ucose lLevels in a. :
dose- depende tlteﬁeéinﬁ@rcqnt‘ieli‘?&t?fjap_ UE Y qg&\&%&ﬁllﬁélﬁsé’f@h‘é{fﬁ é?rlg’é‘”%l}:f’&u@e
3). Moregyer ’waJsQ'pg%ue'agﬁkl&)n&gﬁhgx?Wﬁ@ﬁtqgrtﬁér%‘ulrﬂic&ﬁmhrS prior to glucose

chal I enge still ced bl ood ucose 5excursions follow ng glucose

chal l enge (Figure 4). d) Assay to evaluate and conpare the stability

agai nst gl ycqsi dase af co ou d 26 according to the invention to a
compound of mw&?@r@%—l—%&l ozin-A). 10 The enzymatic stability assay
has been perfor med,wiih,@onmpound 26 accor dvpg7u®skhel’ nvention and conpound
A used as a refergpce conpound to control the efficacy of the

()

13- gl ucosi dase. T A RGN &z 28205 itlahi ] 10y7 hsI=318BzhEenCBR kI a8 ed(ddd.
order to,gconpar e ':r%ﬁ?v It o] bolic stability obtained through
the repl z]igemtf%%ﬁzt’ﬁ% i'n r?ﬁ?ﬁzbi%g;%@h atom of the glucose noiety by a
CF2 noiety. Mass (ESI"): 577.5 [M-HF+Na]"; 592.5 [M+H,0]"; 597.5 [M+Na]’; 613.5
[M+K]"
MeONa
BnO
e
MeOH, rt BnO"
TFA
DCM

20  A. To a solution of 57 (70mg; 0.114mmol; leq) in dry methanol, under inert atmosphere,

was added sodium methanolate (8mg; 0.142mmol; 1.25eq). The reaction medium was



15 Al'l the conpounds have been treated with P-glucosidase. The
stability of conpound 26 20and Serglifl ozin-A has been assessed by HPLC
anal ysi s wbter2/iepmg@bat i on with 13- gl ucosi dase. 93 S5pmPHIERROR0KIOSMBSI |
100- 5C18 reverse phase colum. A |linear HPLC binary gradient was used as
foll ows: solvent A was water and solvent B4was acetonitrile. Follow ng the
injection of 20 !'lL of a sanple, solvent B was held at 20% for 3 mm

i ncreased from20%to 90%in 17mn, held at 90%for 4 mn; finally, solvent

B was 5 decrease back, 0 20% over 5 5 mn and,was .he at % f 3.5 mn
The. pr ocedur e LaelerhBr R PERe Wy B0 B GodL i BlggB g adtieBu!
4918-4924. 1QQ1pibn @ hgd@ehldtit @BidOfhieR RRE UBdeéntatp =0 ThO nfifRire Wis bRtracted
acetonitrile was added to a 10 sol ution containing 800gL of phosphate

buf fer (73173Vith wiw] gnetapy, washedewihebrdnte edrisd o3ergisedin; slpkate.rblemdnats
10 U, 100 pt . - [ N LS|

18.7 U por o eaariide Tk ahehgt LSk s ARIBATL® 4 BharkEIDRS LA
serglifl o3i n-ghanditadvésyidld4nmoLL-1 in acetonitrile has been treated in the

presence of 13-gl ucosi dase follow ng the sane process. 15 In parallel, 100
bL of & sol ut-oRIBITHICARE RERKENGILT 5 3gMabasrus e srdroAd salutign of o (32.68)

4.5.104ml . L+t grp qRAGFBRRYENRYD %L&Kﬁ&gﬁngﬂt%Eﬁosﬁ'&'&%hh‘é@%a&%@qiﬁtﬁreﬂwas

solution containing 7001 L of phosphate buffer and OgL of acetonitrile,
with the prestinee afetBighghticosn daspefanom Aheondsire ¥asgool@Dta 01C ehd avaBe6

.mL-1 sol uti j h 0 buff 11sj 18. 7 U . d
was kept - an do0CLEROERRICH s BoR guat bentenanp et By eSS ERkhflte
a yel | owjgol ayatbi CI00MaS). aseiovesinthabudidanydri@fert REnAREQATRAS btk A @hvith
conmpound A Sergliflozin A as reférred in several publications (D scov.

Med. 2011, (5ByhlpgBngbane (5 INAMire TRe voBsn ) eigaDicslepsisryerg 0phed wigpgat559)
is known to 0 age. by - @l ucosi C

(Figure 7), ﬁ%@%éﬁégﬁ\(ﬁrzﬁglﬁ?eﬂg S%%‘H%@Bﬁq?ﬁﬁ E)eg:aﬁ% &d ?{E?%egl%?él&a;h%;c\%debeen
Dol ycone part) LMoyt Rg. & degradation of the ararting. materal - 64 tpLC
019 %:/orrpougd :';821\)7@%./@1 'P%@rﬁ\@’*%ﬁ@% grisilge) @adtorg 62 (g%@ih 30% PH AetEPE T e
9) and urﬂgerlvi,}ﬂ{%ssog&at no degradation occurs as the formation of conpound
21 was not observed. 5HPLC of Sergliflozin-Ain the presence

of 13- gl ucosi dase has been perforned (Figure 11)

Synthesis of compound 63

C3sH36F20¢/ Cs5HasF205 M=590.65g.mol/572.64g mol!

"F NMR (CDCls, 282.5MHz):

20 Hydrate form: -117.3 (dd, J1=257Hz, J]2=30Hz, 1F, CFF); -125.6 (d, J1=258Hz,

1F, CFF).

Ketone form: -112.1 (ddd, J1=260Hz, J2=32Hz, J3=6Hz, 1F, CFF);
-119.4 (dd, J1=260Hz, J2=4Hz, 1F, CFF).

Mass (ESTY): 608.4 [M+H,0]"; 613.5 [M+Na]"; 619.5 [M+K]"

AeF on FF NP
i . - OH
BhO Dess-Martin periodinane BnO O ' BnO % oH
Bno" “OBn DCM, 0°C to 1t BhO" “OBn BnO™ 70Bn
OBn OBn OBn
25 52 =

To a solution of 62 (200mg; 0.35mmol; leq) in dry dichloromethane, under inert
atmosphere, was added Dess-Martin periodinane (295mg; 0.70mmol; 2eq). The reaction
medium was stirred for 3h at room temperature before a 1N aqueous solution of sodium

hydroxide (10mL) was added. The aqueous layer was extracted with dichloromethane



and underlines that degradation occurs as the formation of conpound 21 was
observed. In order to evaluate the percentage of degradation, a calibration
has been woneizmwonsnpound 21 giving the fol |l owi ng resul PSI/BRROICANOSEL | ON
g/L Area % 0.005 260 0.01 506 0.05 2962 0.1 5226 10Data have been plotted
(Area% versus concentration) and the |ine £ regre55| onobt ai ned was
characterized by the equation y=53629x ang 0.994. In figure 11, the
HPLC spectrum of Sergliflozin-Ain the pr esence of | 3- gl ucosi dase
underlines that degradation occurs with the formation of compound 21
(Area%416) . afh éﬂpg eVEIoNed iy aldphm félltqrmndjgortcgn@@tﬁé itcrraﬁﬁ@rdt lf?aqnetﬂiae(%mg,

concentration.,g ound 21 |s ggg

3.6.10-8 nol %’ﬁﬁ’ Pdg%a g"l}% Y 86% 6 ld ehr ad%?élg evmeg er g |t§?(@2| n%’&h%ﬂﬂé@r 4h
of InCUbatI0%y@1tat§f8ﬁqlmtlhec@n@rﬂﬁ@$slré@3ﬁd whi |l e no degradati on occurs for
Conpound 26 in the sane condition. e) Assay for the inhibition of

Tyrosi ne- Tyrosi nase reacti on 20l nhibition of tyrosinase, i.e. inhibition of
the hydroxyl at L ARsi0hs & IA%4l Nto DOPA, was neasured by visible
spect rophot o ecifically by neasuri ng t he absorbance at 477

mu, indicative of (Ismgﬁfﬁaom of rmel ani ne phfbﬂuéédgmlw tro fromthe
Tyrosine substratg, by, Y7 05§ 9SGs) sV.FO1R, 0054 8RCEERZ012L980092  crr).
-113.7 (dd, J1=266Hz, 12=6Hz, 1F, CFF).
Mass (ESI'): 836.7[M+H,0]"; 841.8[M+Na]'; 857.7[M+K]"

EtO\/\T
L\/J\W
Clu A,
i
RF FF \%MgBr R Fond "@OE‘
BnOYT e, O "OH - BnO” jvw<\ »)cl
BnO™ "y~ “OBn BnO" “‘OBn THE, 1t BnO" Y o8N
OBn OBn OBn
10 83 =

In a Schlenk tube under inert atmosphere containing magnesium turnings (50mg,

2.04mmol, 1.2eq) was added 2mL (out of SmL) of a solution of 10 (552mg, 1.70mmol,

leq) and 1,2-dibromoethane (15uL, 0.17mmol, 0.1eq) in dry THF (5mL). The mixture

was heated at 75°C for 5 min to initiate the reaction and the last 3mL of the solution of

15 10 and 1,2-dibromoethane were then added dropwise at room temperature. This solution
was then stirred at 75°C for 1h.

2.4mL of this Grignard solution, previously cooled to room temperature, were then

added to a solution of 63 (158mg, 0.27mmol) in dry THF (2mL). The reaction mixture

was stirred at room temperature for 2h before a saturated aqueous solution of

20  ammonium chloride was added. The aqueous layer was extracted with diethyl ether and

the combined organic layers were washed with brine, dried over sodium sulphate,

filtered and concentrated. The residue was purified on silica gel chromatography

(cyclohexane/ethyl acetate 100:0 to 77:23) to afford compound 64 (152mg) as a mixture

- of two diastereomers with 69% yield. These diastereomers can be separated by semi-

25  preparative HPLC.



95 In order to make sure that the neasured absorbance is proportional to
the enzymatic activity in the range of studied concentrations, five

st andar d wol2otZ/wnaswer e prepared as follows. Standard s®CutEPee12#6@60 uti on A
Bis Tris buffer Solution B mlliQ water QS Absorbance (477 nm 1 O rnL 2 nL
2rr1_10rr1_0.000222rr1_2rr1_2rr1_10rrL86

Synthesis of compound 65
CayH,sCIF,06 M=458.88g.mol”
"F NMR (MeOD, 282.5MHz): -114.0 (dd, J1=262Hz, J2=7Hz, 1F, CFF); -115.4
(dd, J1=262Hz, J2=26Hz, 1F, CFF).
5 Mass (ESI'): 481.3 [M+Na]'"; 497.3 [M+K]"

Ha
Pd/C 10%
1,2-dichlorobenzene

THFMeOH 2:1

o-Dichlorobenzene (53uL, 0.47mmol, 10eq) followed by Pd/C 10% (56.0mg, 53.3umol,
1.1eq) were added to a solution of 64 (38.0mg, 46.4umol, leq) in a mixture of THF and
MeOH (2:1, v/v, 26mL). The reaction was placed under hydrogen atmosphere and
10  stirred at room temperature for 2h. The reaction mixture was filtered and concentrated

before being purified on silica gel chromatography to afford the target compound 65.

Synthesis of compound 66
CsoHysBrCIF,05 M=882.27g.mol”
15 "F NMR (CDCl;, 282.5MHz): Major anomer: -97.8 (dd, J1=246Hz, J2=30Hz,
CFF); -102.6 (d, J=246Hz, CFF).

Mass (EST'): 4881.2 (M+H)"; 898.3 (M+H,0)".

cl OFEt
GOSN
BnO pyridine
BnO" ’OBn _agol\é

OBn

20 SOBry (85puL, 1.10mmol, 15eq) was added at -40°C to a solution of 65 (60mg,
0.07mmol, leq) in dry dichloromethane (0.73mL) under inert atmosphere. The mixture
was stirred while the temperature was gradually raised to 0°C over 5h. Pyridine (89uL,
1.10mmol, 15eq) was then added and the solution was stirred for an additional 1h at
0°C. A solution of aqueous 1M HCI was added and the solution was allowed to reach

25  room temperature. The organic layer was collected and the aqueous layer was extracted

with dichloromethane. The combined organic layer was then dried over sodium sulfate,



0.2626 3 4 mL 2 nmL 2 nL 10 nL 0.4832 4 6 nL 2 nL 2 nL 10 nL 0.5774 5 8 nL 2
mL 2 nL 10 nL 0.5447 5 Absorbance has been neasured on a Perkin El nmer

UVNi s SpewonroretserisLanbda 12. Sol ution A (1,000 U nL noPheEPsablotiosn of
Tyrosi nase) was prepared by dissolving 40 ng of 1,250 U ng Miushroom
Tyrosinase in 1 nL 100mM pH6.5 bis Tris bg;}fer and @S to 50 nL with ml1iQ
water. 10 Bis Tris buffer (100 mM pH6.5 bi's Tris buffer) was prepared by
dissolving 2.09 g of Bis Tris in mlliQwater and QS to 100m..

filtered and concentrated. The crude mixture was purified on silica gel chromatography
(Biotage SNAP10g, cyclohexane/ethyl acetate 100:0 to 92/8) to afford 66 (15mg, 23%)

as a colorless oil. The collected fraction contains one major isomer.

5  Synthesis of compound 15
CsoH49CIF,06 M = 803.37g.mol”
PEF NMR _(CDCl;, 282.5MHz): -100.3 (d, J=254Hz, 1F, CFF); -113.3 (td,
J1=254Hz, J2=29Hz, 1F, CFF).
Mass: (EST"): 820.00 (M+H,0)

Cl OEt
BuzSnH

“OBn toluene
OBn

RF

Br
BnO

BnO"

10 56

BusSnH (7uL, 25.5mmol, 1.5eq) was added to a solution of 66 (15mg, 17.0mmol) in
dry toluene (170uL) at room temperature. The mixture was then heated and stirred at
110°C for 3h. One additional portion of BusSnH (7uL, 25.5mmol, 1.5eq) was then
added and the mixture was stirred at 110°C for an additional period of 3h. This step was
15  repeated once more until no more evolution was noticed on TLC. The mixture was
concentrated and purified by preparative TLC (cyclohexane/ethyl acetate 90:10, v/v) to

afford 15 (2mg, 17%, B-anomer and 4mg contains a-anomer).

Synthesis of compound 67
20 C36H35F507S M=706.72g.mol”
Pr NMR (CDCL, 282.5MHz): -74.0 (d, JI=12Hz, CF); -108.2 (dq, J1=252Hz,
J2=12Hz, CFF); -119.5 (ddd, J1=253Hz, J2=31Hz, J3=18Hz, CFF).
Mass (ESI"): 724.3 (M+H,0"); 729.2 (M+Na)"; 745.2 (M+K)"

F F R F

OH T£,0, pyridine BnO OTf

BnO

BnoO" “'OBn DCM BnO" "'OBn

OBn OBn
62 67




Solution B (nother solution of Tyrosine) was prepared by dissolving 100 ng
of Tyrosine in mlliQwater and QS to 100 nL. 15 The standard sol utions
wer e i ncuweren/fee2182h at 37C, then quickly cool ed to 4CpCTHP2@bAc0B@ANce of
the solutions #2-5 was neasured at 477 nm agai nst the blank solution free
of Tyrosinase (solution #1). Data have be%g graphed (absorbance versus
Tyrosi nase concentration) and the straight line obtained, in the range of
absorbance from0O to 0.5, was characterized by the equation

y=0. 2415x-0. 2343 and a R2= 0.9975. 20 WO 2012/160218PCT/ EP2012/ 060050 96
Sol uti on C Soltiftycsemeshsessutioais @mhpdsidei(Pridn Vidmewd, 3sl) anid ey ridicoeh onl,

Tyt s, nase acih M) SGRTYRLN Rl PERydleR b Y BT (AR 1R
dry dichloromethane (190mL) under inert atmosphere. The solution was allowed to
warm to room temperature and was stirred overnight. Water (400mL) was then added to

5  the cooled mixture (0°C) which was then extracted with dichloromethane (2x150mL),
dried over sodium sulfate, filtered and concentrated to afford crude 67 (13.6g) as a

brown solid. 67 was engaged in the next step without further purification.

Synthesis of compound 68
10 CagHaF206 M=756.87g.mol”
"F NMR (CDCl;, 282.5MHz): -107.9 (brd, J1=256Hz, CEF); -110.8 (ddd,
J1=257Hz, 12=30Hz, J3=3Hz, CFE).
Mass (EST'): 779.4 (M+Na)"; 795.3 (M+K)"

15  Sodium hydride (95%, 1.38g, 57.3mmol, 3eq.) was added to a cooled (0°C) solution of
4-(benzyloxy)phenol (13.4g, 66.9mmol, 3.5eq.) in dry DMF (95mL). The reaction
mixture was stirred 1h at the same temperature before a solution of 67 (11.0g) in dry
DMF (95mL) was added. The reaction mixture was stirred at 50°C overnight before
being cooled again at 0°C. Water (250mL) followed by a IN aqueous solution of

20  sodium hydroxide (600mL) were then added. The mixture was extracted with diethyl
ether (300mL then 2x150mL) and the combined organic layers were washed with water
(2x600mL) and brine (600mL) before being dried over sodium sulfate, filtered and
concentrated to afford crude 68 (13.5g) in the form of a purple oil. 68 was engaged in
the next step without further purification.

25
Synthesis of compound 69

C13H 4F,05 M=306.26g.mol”




111 Solution B (nL) 0.5 0.5 0.5 Bis Tris buffer (nL) 0.5 0.5 0.5

Absor bance (477 urn) 0.4354 0.1292 0.1528 Wth an absorbance of 0.1292,
conmpound 80 20pailéoziBon D) shows an inhibition of tyrosinase/ER30126008gUI Nnone
(solution E). 5 f) Assay to evaluate and to conpare the 1C50 of conpound 31
according to the invention to a conpound @b prior art (f3-Arbutin). The
protocol performed is the sane as in assay e. 10Solution A (1,000 U nm.

not her sol ution of Tyrosinase) was prepared by dissolving all of 50kU

wEh mil G vat o - nEyk B CHESR, 2080 8 Pile-28ae T ErER 1 81§ ol
prepared by diisseirvi, ng:ﬁﬂ}mg ©fF)Bis Tris in mlliQwater and Q5 to 100ni.

pH was adj usted at 6.5 usin hydrochl oric lb5acid
Mass (ESI-): 285.1"(M-H-HF)’; 305.1 (M-H)7; 341.1 (M+Cl)’; 351.1 (M+HCO,)

FE F
BnO" EtOH/THF/HCI HOW “OH OH
OH

5  Crude 68 (13.5g) was dissolved in a mixture of ethanol/12N HCI 4% (v/v, 117mL),
tetrahydrofurane (63mL). Palladium on activated carbon (10%, 3.8g, 0.2eq.) was then
suspended in the solution and the reaction mixture was placed under hydrogen
atmosphere and stirred for 3 days at room temperature. The reaction medium was
filtered and concentrated before being purified on silica gel chromatography

10  (dichloromethane / methanol 100:0 to 85:15, v/v on Biotage SNAP 340g cartridge) to
afford 69 (4.92g, 90%) which was freeze-dried in the form of a white solid.

2. Biological activity

15 a) Assay for the facilitatory effect on glucose excretion.

As experimental animal, female CD1 mice (CDM or Charles River) were used. A test
compound was dissolved in the vehicle (5% N-methyl pyrrolidone, 20% PEG 400, 75%
20 mM NayP,07 buffer, v/v/v) at the concentration of 1 mg/mL. After the body weights
of the mice were measured and the mice randomized, the test article was orally
20  administered at the dose of 1 mg/kg, 3 mg/kg and 10 mg/kg. For control, just the vehicle
(5% N-methyl pyrrolidone, 20% PEG 400, 75% 20 mM NasP,0; buffer, v/v/v) was
orally administered. The oral administration was performed with gastric tube for mice
and a 1 mL syringe. The minimum count in one group was 3 but could reach 12 for
some groups. Collection of the urine was performed manually by gentling massaging
25  the abdomen in order to collect urine (3 uL) via a calibrated pipette. Urine was collected
at 1, 2, 4, 6, 8 and then 16, 18, 20, 22, 24, 26 and 28 hrs. The urine glucose
concentration was measured using a WAKO glucose kit as follows: 3 pL of urine was
deposited mto a 96-well micro plate for spectrometric readout. The urine aliquot was

diluted with 350 plL of the WAKO working solution. For glucose concentrations that



Solution B (nmother solution of Tyrosine) was prepared by dissolving 20 ng
of Tyrosine in mlliQwater and QS to 20 nL. HON '' OHOH HON ' ' OHOH OHCH
31pz8 r buwD 2012/180218t ock sol uti on of conpound 31 was prepar&EP2@2/06@5 ow.
10ng of compound 31 was dissolved in Bis Tris buffer up to Im. 97 Stock
solution of 13-arbutin was prepared as fobhow. 20ng of conpound p-arbutin
was dissolved in Bis Tris buffer up to Im. The sol utions were incubated
for 1h30 at 37C, then quickly cooled to 4C. 1004 of each solution were

e noeaur advan bSoves e 068 SPRREDADES Wb Ruh b et 70
wer e neasure . .
di fferent solyyd &g@m‘%ﬁ R0 RhERE Rflwas nﬁ&%gﬂatg el igﬂrh%h@ihﬁécf {1}9@ mtau; A @S of

bel ow and their absorbances were reported. The absorbance of w tness
sol ution (wi tthoWWAKEhivbiking yolwden. Sbe absorbaa offthe dgymat platesorgreithgn read at

all owi ng us to deter.mne,.t er cent foenzynmati ctiyi f .t

di fferent sols'&t5 i"ghesne ﬁﬁ%‘??gﬁg E}ﬁr@a\ﬁ %gféﬁférf}u%ox}éﬁttef/?/g%}%rﬁc? ;‘?ég\%ﬁeﬁ%‘g gld the

Sol ution B (Rhicdd coftechftatdéh #8s calculated. The glucose concentrations for controls and test
articles at the different time points were averaged using Excel 2007 and plotted using

GraphPad Prism 5.

The results obtained with 16 and 50 are shown on figures 1 and 2. It appears thus that

10 16 (3 mg/kg) triggered a lasting glucosuria (up to 26 hrs, Figure 2).

b) Assays to compare the duration of action of compounds according to the

invention to the one of compounds of prior art by studving the facilitatory effect

on glucose excretion

15  The assays have been performed as described for a).

e Compound 16 according to the invention has been compared to Dapaglifozin to
underline the improvement of the duration of action, ie. the longer duration of
glucosuria, of the compound when the intracyclic oxygen atom of the glucose moiety is

20  replaced by a CF; moiety.

Dapagliflozin
This assay has been carried out at a dose of 3 mg/ kg.
The results obtained are presented on Figure 5. It appears thus that 16 (3 mg/kg)
triggered glucosuria that lasted beyond 24 hours compared to Dapagliflozin.

25
o  Compound 16 according to the invention has been compared to the compound 9 of
WO 2009/1076550 to underline the improvement of the duration of action of the

compound when a mimic of glucose bearing a CH-OH moiety instead of the intracyclic



50 Sol ution of conmpound 31 (IL) 10 20 30 50 60 O Water (1.1L) 240 230 220
200 190 250 Solution A(pt) 30 30 30 30 30 30 Absorbance (477 nm
WO 2012/160218 PCT/EP2012/060050
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“oxygen atom is replaced by a mimic of glucose bearing a CF; in place of the CH-OH

moiety.

compound 9 of WO2009/1076550
This assay has been carried out at a dose of 3 mg/ kg.

5  The results obtained are presented on Figure 6. It appears thus that 16 (3 mg/kg)
triggered a longer lasting glucosuria (up to 24 hrs) when none could be detected for the
same time period for the compound 9 of WO 2009/1076550.

¢) Assay for the facilitatory effect in decreasing blood glucose excursions

10 following glucose challenge.

As experimental animal, 18 hrs fasted female CD1 mice (CDM or Charles River) were
used. A test compound was dissolved in the vehicle (5% N-methyl pyrrolidone, 20%
PEG 400, 75% 20 mM NasP,O7 buffer, v/v/v) at the concentration of 1 mg/mL. After
the body weights of the mice were measured and the mice randomized, the test article
15  was orally administered at the dose of 1 mg/kg, 3 mg/kg and 10 mg/kg. For control, just
the vehicle (5% N-methyl pyrrolidone, 20% PEG 400, 75% 20 mM NasP,0; buffer,
v/v/v) was orally administered. 15 min after this oral administration, a 20% glucose
solution in deionised water was orally administered to all mice. The oral administration
was performed with gastric tube for mice and a 1 mL syringe. The minimum count in
20  one group was 3 but could reach 5 for some groups. Collection of the blood was
performed via the saphenous vein. Blood was collected at 5, 10, 30, 45, 60 and 120 min
post glucose challenge. One experiment consisted in administrating the test article 18 hrs
prior to a glucose challenge i.e. 18 hrs post po of test article. The blood glucose
concentration was measured using Johnson and Johnson’s OneTouch® Ultra Blood
25  Glucose Monitoring System. The glucose concentrations for controls and test articles at
the different time points were averaged using Excel 2007 and plotted using GraphPad

Prism 5.




0. 5855 0.3535 0.255 0.220 0.200 0.718 Inhibitor Concentration ng/nmL 0.17
0.33 0.50 0.67 0.83 0.00 %activity 81.55 49.23 35.52 30.57 27.86 100. 00
10 WO 2012/160218 PCT/EP2012/060050
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The results obtained with 16 are shown on figures 3 and 4.

It appears thus that 16 reduced blood glucose levels in a dose-dependent manner in
normal mice following glucose challenge (Figure 3). Moreover, 16 (3 mg/kg)
administered orally 18 hrs prior to glucose challenge still reduced blood glucose

excursions following glucose challenge (Figure 4).

d) Assay to evaluate and compare the stability against glycosidase of compound 26

according to the invention to a compound of prior art (Sergliflozin-A).

The enzymatic stability assay has been performed with compound 26 according to the
mvention and compound A used as a reference compound to control the efficacy of the
B-glucosidase. The sergliflozin-A stability has also been evaluated in order to compare
the improvement of metabolic stability obtained through the replacement of the

intracyclic oxygen atom of the glucose moiety by a CF, moiety.

OMe
o._ O
HO
HO" “'OH
OH

OMe

Sergliflozin-A
O
0O
N*
"OH o

All the compounds have been treated with B-glucosidase. The stability of compound 26
and Sergliflozin-A has been assessed by HPLC analysis after incubation with B-

glucosidase.

A Gilson HPLC system was used, equipped with a manual injection system (V=20uL),
a Diode Array Detector (DAD172) set at a wavelength of 230nm and a 150mmx4.6mm,



Entry 1 Entry 2 Entry 3 Entry 4 Entry 5 Wtness Solution B (p.L) 50 50 50
50 50 50 Solution of P-Arbutin (pL) 10 20 30 40 50 O Water (glL) 210 200
WO 2012/160218 PCT/EP2012/060050
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5um HICHROM Kromasil 100-5C18 reverse phase column. A linear HPLC binary
gradient was used as follows: solvent A was water and solvent B was acetonitrile.
Following the injection of 20 pL of a sample, solvent B was held at 20% for 3 min,
increased from 20% to 90% in 17min, held at 90% for 4 min; finally, solvent B was

5  decreased back to 20% over 5.5 min and was held at 20% for 3.5 min.
The procedure has been adapted from J. Agric. Food Chem. 2005, 53, 4918-4924.

100 pL of a solution of compound 26 at 4.5.10*mol. L™ in acetonitrile was added to a
10  solution containing 800uL of phosphate buffer (73173 Fluka, pH 7) in the presence of
B-glucosidase from Almonds (10 U, 100 uL of a 5.6 mg.mL™ solution in phosphate
buffer,(G4511sigma 18.7 U per mg)) and was kept 4h at 37 °C.
100 pL of a solution of sergliflozin-A at 4.5.10*mol. L™ in acetonitrile has been treated
in the presence of B-glucosidase following the same process.
15
In parallel, 100 pL. of a solution of p-nitrophenyl-p-glucoside (compound A) at
4.5.10*molL" in phosphate buffer (73173 Fluka, pH 7) was added to a solution
containing 700uL of phosphate buffer and 100uL of acetonitrile, with the presence of 8-
glucosidase from Almonds (10 U, 100 pL of a 5.6 mg.mL" solution in phosphate
20  buffer, (G4511sigma 18.7 U per mg)) and was kept 4h at 37 °C. During the process in
the presence of B-glucosidase, a yellow coloration was observed that underlines the

decomposition of compound A.

Sergliflozin A as referred in several publications (Discov. Med. 2011, (58):255-263;
25  Nature Reviews Drug Discovery 2010, 9, 551-559) is known to undergo cleavage by -

glucosidase.

HPLC of compound 21 (Figure 7), compound 26 (Figure 8) and Sergliflozin-A (Figure

10) have been performed to follow up in the experiments the formation of compound 21

(the aglycone part) implying a degradation of the starting material.

30
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0 L)

HPLC of compound 26 in the presence of B-glucosidase has been performed (Figure 9)

21

and underlines that no degradation occurs as the formation of compound 21 was not
observed.

5  HPLC of Sergliflozin-A in the presence of B-glucosidase has been performed (Figure 11)
and underlines that degradation occurs as the formation of compound 21 was observed.
In order to evaluate the percentage of degradation, a calibration has been done on

compound 21 giving the following results:

Concentration g/L. | Area %
0.005 260
0.01 506
0.05 2962
0.1 5226

10  Data have been plotted (Area% versus concentration) and the linear regressionobtained
was characterized by the equation y=53629x and a R? = 0.994.
In figure 11, the HPLC spectrum of Sergliflozin-A in the presence of B-glucosidase
underlines that degradation occurs with the formation of compound 21 (Area%=416).
The previous equation allows us to determine that the concentration of compound 21 is
15  7.76.10°g/L, which corresponds to 3.6.10® mol.
This equals to 80% of degradation for Sergliflozin-A after 4h of incubation at 37°C with

B-glucosidase, while no degradation occurs for Compound 26 in the same condition.

e) Assay for the inhibition of Tyrosine-Tyrosinase reaction

20  Inhibition of tyrosinase, i.e. inhibition of the hydroxylation of Tyrosine into DOPA, was
measured by visible spectrophotometry, and more specifically by measuring the
absorbance at 477 nm, indicative of the amount of melanine produced in vitro from the

Tyrosine substrate by Tyrosinase.



3.33 0.00 %activity 66.62 40.43 31.65 27.06 26.20 100.00 Data have been
plotted (% of activity versus concentration of inhibitors) and the |inear
regressi owof20tsonsr ve was used to cal cul atet he |1 C50 of PooiEP2@0mpwends. The
results obtained are presented in the table below. 98 I C50 Concentration
Tyrosinase 100 U nL Conpound 31 0,328 nggpgl OD Arbutin. 1.1 ng/niL

In order to make sure that the measured absorbance is proportional to the enzymatic

activity in the range of studied concentrations, five standard solutions were prepared as

follows.
Standard _ Bis Tris . milliQ | Absorbance
solution # Solution A buffer Solution B water QS | (477 nm)
1 0 mL 2 mL 2mL 10 mL 0.0002
2 2 mL 2 mL 2 mL 10 mL 0.2626
3 4 mL 2mbL 2 mbL 10 mL 0.4832
4 6 mL 2mL 2 mL 10 mL 0.5774
5 8 mL 2mL 2mL 10 mL 0.5447

5  Absorbance has been measured on a Perkin Elmer UV/Vis Spectrometer Lambda 12.

Solution A (1,000 U/mL mother solution of Tyrosinase) was prepared by dissolving
40 mg of 1,250 U/mg Mushroom Tyrosinase in 1 mL 100mM pH6.5 bis Tris buffer and
QS to 50 mL with milliQ water.

10  Bis Tris buffer (100 mM pH6.5 bis Tris buffer) was prepared by dissolving 2.09 g of
Bis Tris in milliQ water and QS to 100mL.

Solution B (mother solution of Tyrosine) was prepared by dissolving 100 mg of

Tyrosine in milliQ water and QS to 100 mL.

15  The standard solutions were incubated for 2h at 37°C, then quickly cooled to 4°C. The
absorbance of the solutions #2-5 was measured at 477 nm against the blank solution
free of Tyrosinase (solution #1). Data have been graphed (absorbance versus Tyrosinase
concentration) and the straight line obtained, in the range of absorbance from 0 t0 0.5,
was characterized by the equation y=0.2415x-0.2343 and a R* = 0.9975.

20
The following test solutions were prepared and their absorbance was measured at

477 nm:



The results clearly underline that conpound 31 is a better tyrosinase
inhibitor than 13- Arbutin. 99 CLAIMS (I) 5or a pharmaceutically or
cosnet i cavbyoedwensabl e salt thereof, a tautoner, a stePEOIEPRIRIO6@S0 a

m xture of stereoisoners in any proportion, in particular a m xture of
enantionmers, and particularly a racemate gpxture, wherein: n, mand p
represent, independently fromone another, 0 or 1, 10- R represents a
hydrogen or a fluorine atomor a CH3, CH2F, CH2OH, CH20Si|eRble, CH2ORI 1,
CH2OCORL | , CH2OCO2R1 | , CH2OCONRI 2R13, CH20OP(0) (OR14)2 or CH2OSGBR'
group, Rl and R2 represent, mdependently fromone another, a fluorine

at om or an—Ot—OSrRdReRf—ORLS; G dRiCRl" o — R3
representg a hydrogen or f uorlsr?e“a(fo or jan OSOH&PEP RhRI], C]%L%l @bERlS,
OCCO2R18, (GQCONR1I9R207 NRi 9RP0 WitndNRISQGHoK 1| 8 roup, R4 repr esents a

hydr ogen at om yheRighior 1. o4 or ePlsasRt s a - hvyde TBIIEYEN
atom or af OH OS5 RJ OCONRE bSR3 ag{lﬁwo when n €6, HoGROR and @_S%g@ﬂﬁer

with the (?'Igéﬁépfﬂ)&l}\&ﬂ iR g LIIC(I)IL f-ot ma L’:Z:I i \3‘1blcll.3(’1)l :gy:jggstglcm

fol | OW n Ul 1 I . J '\ LI\ a,lull UT l\l AV | T y T\ |IRAY ] T\J y al GI
(R3 and I% - ol mlg ¢ pl ¢ he—eapmwm
acet al haw ngs‘o;]’lij onsB (b ng for muPg> 0.5 0.5
Bis Tris buffer (mL) 0.5 0.5 0.5
Absorbance (477 nm) 0.4354 0.1292 0.1528
With an absorbance of 0.1292, compound 31 (solution D) shows an inhibition of
tyrosinase as hydroquinone (solution E).
5

f) Assay to evaluate and to compare the IC50 of compound 31 according to the

invention to a compound of prior art (B-Arbutin).

The protocol performed is the same as in assay e.

10 Solution A (1,000 U/mL mother solution of Tyrosinase) was prepared by dissolving all
of 50kU Mushroom Tyrosinase in 1 mL 100mM pH®6.5 bis Tris buffer and QS to 50 mL
with milliQ water.

Bis Tris buffer (100 mM pH6.5 bis Tris buffer) was prepared by dissolving 2.09 g of

Bis Tris in milliQ water and QS' to 100mL. pH was adjusted at 6.5 using hydrochloric
15  acid. }

Solution B (mother solution of Tyrosine) was prepared by dissolving 20 mg of Tyrosine

in milliQ water and QS to 20 mL.

31 B-Arbutin

20 Stock solution of compound 31 was prepared as follow: 10mg of compound 31 was

dissolved in Bis Tris buffer up to 1ml.



100 , and X1 represents a hydrogen atom an hal ogen atom a CN, OH, SQ2,
(G -C6)-al kyl, (C2-C6)-al kenyl, (C2-C6)-alky ny 1, ( C3-C7)-cyclo al kyl,
OR24, CORRO20006624, CO2R24, NR25R26, NR25 COR24, CONR2PFRZGP28RP4005602R24,

CSR24 or 0SO3R24 5 group, and U V and Wrepresent, independently
fromone another, a phenyl, pyrazolyl, N (Cl-C6)alkyl-pyrazolyl, or thienyl
ring, the said ring being optionally substituted with one or nore

substituents selected fromthe group consPéti ng of an hal ogen atom a CN,
OH, SO, SilefeR (Cl- 10C6)-al kyl, (C2-C6)-al kenyl, (C2-0C6)-al kynyl,
(C3-C7)-cycl oal kyl, OR24, COR24, 000R24, CO2R24, NR25R26, NR25C0R24,
CONR25R26, SR2%tpckS@RRR4A of (SRRt inaweh 10§EBR2E YHoup20mg pheompound B-aputin RS,

R18, R21 and dently from one another, a

(G - 06)-al kyl R‘%is&[i @Bfﬁléﬁiﬁléﬁgﬁ?fe‘ “Fg%ﬁ)‘ég) al kynyl , (C3-C7)-cycloalkyl, 5 to 7
ring- 15 rrenbﬂfarbhhmhewefeym&m;atemfbr 1Ia3|0yalt 37T, When((BlickG6yecdddkiy|4°Gr 100uL of

(C-Co)-al kyl rou thIS pSSIb ub I tut.ed by one or
nore groups ch??§%ﬁ°]‘g[i‘f’6ln‘ger%ﬁeq‘?5'lt a?'gwlgtin ﬁﬁ“ 8?8%5“0%12
- 131617 39201222\3513 ﬁleFKsureB at R77 Bm(ﬁgld&ﬂaﬁ)aﬂﬁes&%cﬁa VRRBESEN)L i ng,

I ndependent | y romone another, a_ hy rog n, at al kyl or
aryl - (G - 06) - alteyfliffgienusplutmaR were peBried &n e g&ﬁd@éﬁ%&*ﬁcﬁ% ant
(G -CB)-al kyl tﬂé]@ﬂ&orbances werd %pb@eﬂﬁeed%&ﬁﬁ{&|0@9mtné§§@@lﬂﬁ&d@ﬂﬁio}it ihndEbONE
anot her, a (G -(6)-al aryl or aryl-(G -C6)-al kyl group, RP

to Rs repr esen“hffllsnﬁt af dé%{?e@fd%ﬁt’m%wf 1Giitendlogrieg Heto dgfeHyige é‘&‘el?ﬁf%t“&ﬁed’tf a
(G -Co)-al kyl graypic Afivity Sinivreblotddohs al kyl group. 25 101 (104, n/

Entry 1 | Entry2 | Entry3 | Entry 4 | Entry5 | Witness
Solution B (uL) 50 50 50 50 50 50
Solution of compound 31 (uL) 10 20 30 50 60 0
Water (uL) 240 230 220 200 190 250
Solution A(uL) 30 30 30 30 30 30
Absorbance (477 nm) 0.5855 | 0.3535 [ 0.255 0.220 0.200 0.718
Inhibitor Concentration mg/mL 0.17 0.33 0.50 0.67 0.83 0.00
% activity 81.55 49723 35.52 30.57 27.86 100.00
10

| Entry 1 | Entry2 | Entry3 | Entry 4 Entfy 5 | Witness
Solution B (uL) 50 50 50 50 50 50
Solution of B-Arbutin (nL) 10 20 30 40 50 0
Water (uL) 210 200 190 180 170 220
Solution A(uL) 30 30 30 30 30 30
Absorbance (477 nm) 0.5010 [ 0.3040 | 0.2380 | 0.2035 | 0.1970 | 0.722
Inhibitor Concentration mg/mL 0.67 1.33 2.00 2.67 3.33 0.00
% activity 66.62 40.43 31.65 27.06 26.20 160.00

Data have been plotted (% of activity versus concentration of inhibitors) and the linear
regressionof the curve was used to calculatethe IC50 of both compounds. The results

obtained are presented in the table below:



Uvx1l R4 '11/R3 5(1c), wth R R, R, R3, R4, X1, U, V, W n, mand p as
defined in claiml. 3. The conpound according to claim1 or 2, characterized
in that iwonempeods to the 10following fornula (1-1), (PCTEPa)12/06d050 | b) or
(I-21c): 102 R2 or a pharmaceutically or cosnetically acceptable salt
thereof, a tautoner, a stereoisomer 5or aggixture of stereoisoners in any
proportion, in particular a mxture of enantioners, and particularly a
racemate m xture, wherein: R R, R2, and R3 are as defined in claim1,
and X1, X2, X3, X4 agnd X5 represent, independently from one angther, a

hydrogen 10 atom an }hal ogen ptom a CN, OH,.SO2, Si .. (C2-¢6) -
al kenyl, (C2-C6) - al ky nyIK,:SO( ca c7) - E9RIGLHPIRH Tyigpase @@Q}L OCORP4, CORR24,
NR2SR Compound 31 0,328 mg/mL

(11 Arbutin 1.1 mg/mL

The results clearly underline that compound 31 is a better tyrosinase inhibitor than B-

Arbutin.



26, NR2Sc OR24 CONR25R26, sR24, s02R24, c-nR4 t.c. or O0SO3R24 group. 103
x2x3(1-2b), or a pharmaceutically or cosnetically acceptable salt

t her eof , woOtaGNEB, a stereoi soner 50r a mxture of stecedPI@BS®SI N any
proportion, in particular a mxture of enantionmers, and particularly a
racemate m xture, 104 wherein: R R, R2ggand R3 are as defined in claim
1, and X1, X2, X3, X4, X5, X6, X7, X8 and X9 represent, independently from
one anot her, a hydrogen atom an hal ogen atom a CN, OH S, S RMR'R,

5(C2- C6) - al kenyl | § C2- C6) - al kynyl, (C3-C7)-cycl oal kyl, OR24, CO R24,
000R24, c02 A R26, NR25cO0R24, CONR25R 26, sR24, s02Rz24, CSR24 or
0S03R24 group. 5. The conpound according to claim1l or 2, characterized in
that it responds to the

1. A compound having the following formula (I):

F F "
R 0 o IwE
U V X
R, 1

R4 Rs3

Ra )

5 or a pharmaceutically or cosmetically acceptable salt thereof, a tautomer, a
stereoisomer or a mixture of stereoisomers in any proportion, in particular a mixture of
enantiomers, and particularly a racemate mixture,

wherein:

- n, m and p represent, independently from one another, O or 1,

10 - R represents a hydrogen or a fluorine atom or a CHj;, CHF, CH,OH,
CHOSiR'R’R®,  CH,OR', CH,OCOR', CH,0COR', CH,OCONR'"R",
CH,OP(O)(OR™), or CH,0SO3R" group,

- Ry and R; represent, independently from one another, a fluorine atom or an
OH, OSiRR°RY, OR", OCOR", OCO,R" or OCONR'’R'7 group,

15 - Rs represents a hydrogen or fluorine atom or an OH, OSiRER"R!, OR',
OCOR'® OCO,R™®, OCONRPR?® NR"R* or NR'"’COR"® group,

- Ry represents a hydrogen atom when n = 1, and R4 represents a hydrogen
atom, an halogen atom or an OH, OSiR'R*R!, OR*, OCOR*, OCO.R*, or
OCONR*R* group when n =0,

20 or R and R, together with the carbon atoms carrying them, form a cyclic acetal

having the following formula:

S

O
R4

and/or (R; and Ry), (R; and R3), and/or (R3 and Ry), together with the carbon

atoms carrying them, form a cyclic acetal having the following formula:



10following formula (1-3), (1-3a) or (I-3b): (I-3), 105 (1-3b), or a
pharmaceutically or cosnetically acceptable salt thereof, a tautoner, a
St er eoi sower0v16e2181 xt ure of stereoi somers in any propoPCT@EP2012/06(a0 ti cul ar
a mxture of enantiomers, and particularly a racemate m xture, 5wherein: R,
Rl, R2, and R3 are as defined in claiml,g4l, X2, X3, X4, X5 and X6
represent, independently from one another, a hydrogen atom an hal ogen
atom a CN, OH, SO, SiRmele, (C-COalkyl, (C-C6)- alkenyl,
(C2-C6)-al kynyl, (C3-C7)-cycloal kyl, OR24, C 0 R24, 0 C 0 R24, C 02R24,
10Nee, NR25c0R24, CPNR2éR26 SR24, s02R24, csR24 or 0SGBR24 group, and - X
represents a hydrog tomjor a (G -C6)-al kyl group. 6. The conpound
according to claiml 2, |characterized in that it responds to the
followi ng formula R-4)p a) ((1)r (1-4b): X8x2 15 (I1-4),
, an
- X, represents a hydrogen atom, an halogen atom, a CN, OH, SO,, SiR"R"R®,
(C1-Ce)-alkyl, (Cp-Co)-alkenyl, (C,-Co)-alkynyl, (Cs3-Cy)-cycloalkyl, OR* COR**,
OCOR*, CO,R* NR*¥R?* NR¥”COR*, CONR*R?® SR* SO,R*, CSR* or OSOsR*
5  group, and
- U, V and W represent, independently from one another, a phenyl, pyrazolyl,
N-(Cy-Ce)alkyl-pyrazolyl, or thienyl ring,
the said ring being optionally substituted with one or more substituents
selected from the group consisting of an halogen atom, a CN, OH, SO,, SiR™R"R°, (C;-
10 Ce)-alkyl, (C,-Co)-alkenyl, (C,-Ce)-alkynyl, (C3-C7)-cycloalkyl, OR**, COR**, OCOR*,
CO,R*, NR¥R?, NR¥”COR?*', CONR®R*®, SR*, SO,R*, CSR* and OSO3R* group,
with:
- RY RY R'™ R¥ and R* representing, independently from one another, a
(Ci-Ce)-alkyl, (Cy-Ce)-alkenyl, (Cz-C¢)-alkynyl, (C;-Cq)-cycloalkyl, 5 to 7 ring-
15 membered heterocycloalkyl, aryl, aryl-(C;-Ce)-alkyl or (C;-Ce)-alkyl-aryl group, this
group being possibly substituted by one or more groups chosen among an halogen atom,
an OH, COOH and CHO group,
- R% R® R RY RY R*™ R® R® R® and R* representing, independently
from one another, a hydrogen atom or a (C;-Cs)-alkyl or aryl-(C;-Ce)-alkyl group,
20 - R representing a hydrogen atom or a (C;-Cs)-alkyl group,
- R to R® representing, independently from one another, a (C;-Cy)-alkyl, aryl
or aryl-(Cy-Cg)-alkyl group, and
- R’ to R’ representing, independently from one another, a hydrogen atom or a
(C1-Cg)-alkyl group, aryl or aryl-(C,-Ce)-alkyl group.
25

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

following formula (Ia), (Ib) or (Ic):



106 (1-4a), (I-4b), or a pharmaceutically or cosnetically acceptable salt
thereof, a tautonmer, a stereoisoner or a mxture of stereoisoners in any
proporti omQ 201e/1eea18i cul ar a m xture of enantionmers, San@#CpaPRéicOb@sey a
racemate m xture, wherein: - R R, R2, R3 and R4 are as defined in claim
1, and X1, X2, X3, X4, X5, X6, X7, p§ and X9 represent, independently
fromone another, a hydrogen atom an halogen atom a CN, OH SO, Si RMRnR,
(G -C6)-al kyl, 10(C2-0C6)-al kenyl, (C2-C6)-al kynyl, (C3-C7)-cycloal kyl, OR
24, C OR24, 0O00R24, co2R24, NR25R26, NecoR24, cONR25R26, sR24, 502-R24,

CSR24 or OSOG3R24 group. 7. The fsg -Sund acco dlng tovghaim1 or
characterized in that it r&gpongs to mhﬁ 1 ﬁélggrnula (I-5) (I-5a)

or (I-5b): 107 or a phalmace McalL& or Vosne 'y acceptabl e salt
thereof, a tautomer, a stereoilsoner| 56 a m xture of $tlereoisonmers in any
proportion, in partlcular i ure o enantionmers, and particularly a
racemate m xture, 108 mhé%bln R, RT3 R2, R3 and R4 are as defined in

claim1l1l, and
R2 (1a),
Awpp)”
v X
1
(Ib),
)"
V X
5 (Ie),

with R, Ry, Ry, R;3, Ry, X3, U, V, W, n, m and p as defined in claim 1.

3. The compound according to claim 1 or 2, characterized in that it responds to the

10 following formula (I-1), (I-1a), (I-1b) or (I-1c):

F. F
R
R1 R3 XS
Ro

(I-1),




Xi, X2, X3, X4, X5, X6, X7, XS, X9, X10 and Xi | represent, independently
fromone another, a hydrogen atom an halogen atom a CN, OH SO, SiRnleR,
(C1- 5Co6)wal2k1d16011€2- C6) - al kenyl , (C2-C6) - al kynyl , ( C3- ECrAaPg@i2zoaioRy | ,

OR24, CO R24, 0cOR24, c02R24, NR25R26, NR25c0R24, cONR25R26, sR24, s02R24,
csR24 or 0SO3R24 group. 8. The conpoungy,according to any of claims 1 to
7, characterized in that RI, R2 and 10 R3 are chosen, independently from
one anot her, among an OH, -0-(CG -C6)-al kyl, -0- aryl, -0-(Cl-C6)-alkyl-aryl
and -0Q0- (Cl1-C6)-al kyl group. 9. The conpound according to any of clains 1
to 8, characterized in that R represents A 04204’,(2-0420-(01- C6) - al kyl ,
-CH20-aryl, -CH20-(C -C6)-al kyl -aryl CH20CO- (G - C6) - al kyl group.

10. The compound according to i mp characterized in that
R4 = Hwhen n =1 and R4 = Rj,or ©) XEthe conpound accordi ng
to any one of clains 1 to 10, i that U, V and Wrepresent,

i ndependently from one anot her
N-(C -C6) al kyl pyrazol yl , OE\\M‘I s "v/jé_%?, ‘

substituted with one or noré subgtitu s™%el ect’ed fromthe group

consi sting of an hal ogen atom agOH, (G -C6)-alkyl, (C2-0C6)-alkenyl,
(C2-CB)- 2 5 al kynyl, (C3-C7)-cycfoal kyl, OR24, COR24, (I6@IR24 and CORR24
group, and X1, X2, X3, X4, X5, X6, X7, X8, X9, xg(o and XIl are,

i ndependently from one anot her, selected om t he2group consisting of a
hydrogen atom a hal ogen atom_a (G - kyl, (C2-C6)-al kenyl,
(C2-C6) -al kynyl, (C3-C7)-cycl OCOR24 and CO2R24 group.
30 WD 2012/ 160218PCT/ EP20 X4 " O0BnOBn OBn

R1 X4
R (I-1b),
X4 Xy
F F
R ‘\\\\O X3
R 1\\\\\\\‘ "////R3 X5 X4
Ro (I-1¢),

or a pharmaceutically or cosmetically acceptable salt thereof, a tautomer, a stereoisomer
5  or a mixture of stereoisomers in any proportion, in particular a mixture of enantiomers,
and particularly a racemate mixture,
wherein:
— R, Ry, Ry, and Rj are as defined in claim 1, and
- X, X, X3, X4 and Xs represent, independently from one another, a hydrogen
10 atom, an halogen atom, a CN, OH, SO,, SiR"R"R°®, (C;-Cg)-alkyl, (Cz-Co)-
alkenyl, (Cy-Co)-alkynyl, (C3-C/)-cycloalkyl, OR**, COR*, OCOR*, CO,R*,
NR¥R* NR¥COR*, CONR¥R?®, SR* SO,R*, CSR* or OSOsR** group.

4. The compound according to claim 1 or 2, characterized in that it responds to the
15  following formula (I-2), (I-2a) or (I-2b):
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Xg Xsg
K F

R 0 X,

R1 R3 X6
Ry X5
X5 X3 (1-2)

Xg Xg

X7
Xs

Xg |

X4

N ()
Xg Xsg
F F

R 0 X,

R; ""Rq X
R2 X5
X, X,
oo % g,

or a pharmaceutically or cosmetically acceptable salt thereof, a tautomer, a stereoisomer
5  or a mixture of stereoisomers in any proportion, in particular a mixture of enantiomers,

and particularly a racemate mixture,
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wherein:
— R, Ry, Ry, and Rj are as defined in claim 1, and
— X, Xg, X5, X4, Xs, X, X7, Xg and Xy represent, independently from one another,
a hydrogen atom, an halogen atom, a CN, OH, SO,, SiR"R"R®, (C;-Ce)-alkyl,
5 (C,-Co)-alkenyl, (Co-Ce)-alkynyl, (C3-Cy)-cycloalkyl, OR*, COR*, OCOR™,
COR*, NR¥R?, NR®”COR*, CONR®R*, SR*, SO,R*, CSR* or OSO;R*

group.

S. The compound according to claim 1 or 2, characterized in that it responds to the
10  following formula (I-3), (I-3a) or (I-3b):

X5
X4
X3
= F
R o) X4
O
N Xe
R4 Rs N\
R, X
(1_3)7
X5
X4
X3
X4

(I-3a),



NOHN  OBn/ O+ Bn01110 BnCf rah G, OEt 1411111 ''0OBn OBn HO HO'' gim
Cl, CEt op ity "10H OH BnO BnO\s /110 gib C el Ot " '"OHW ''O0Bn
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X2
X1
X3
F. F
R 0 X4
D
” N Xe
R ! N
1 3 \
R, X
(I-3b),

or a pharmaceutically or cosmetically acceptable salt thereof, a tautomer, a stereoisomer

or a mixture of stereoisomers in any proportion, in particular a mixture of enantiomers,

and particularly a racemate mixture,

5  wherein:

10

6.

R, Ry, Ry, and Rj are as defined in claim 1,

X1, Xz, X3, X4, X5 and X¢ represent, independently from one another, a hydrogen
atom, an halogen atom, a CN, OH, SO,, SiR"R"R’, (C;-Cq)-alkyl, (C;-C¢)-
alkenyl, (C,-Cg)-alkynyl, (C3-Cy)-cycloalkyl, OR*, COR* OCOR**, CO,R™,
NR¥R* NR¥COR*, CONR”R*, SR* SO,R* CSR* or OSO;R** group, and

X represents a hydrogen atom or a (C;-Ce)-alkyl group.

The compound according to claim 1 or 2, characterized in that it responds to the

following formula (1-4), (I-4a) or (I-4b):

15

R

(I-4),
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(I-4a),

(1-4b),
or a pharmaceutically or cosmetically acceptable salt thereof, a tautomer, a stereoisomer
or a mixture of stereoisomers in any proportion, in particular a mixture of enantiomers,
5  and particularly a racemate mixture,
wherein:
— R, Ry, Ry, R and Ry are as defined in claim 1, and
- X, Xy, X3, X4, Xs, X6, X7, Xg and X represent, independently from one another,
a hydrogen atom, an halogen atom, a CN, OH, SO,, SiR"R"R®, (C;-Cq)-alkyl,
10 (Co-Ce)-alkenyl, (C,-Ce)-alkynyl, (Cs-Cy)-cycloalkyl, OR* COR*, OCOR*,
COR*, NR¥R*, NR¥”COR*, CONR®R*, SR* SO,R*, CSR** or OSO;R*
group.

7. The compound according to claim 1 or 2, characterized in that it responds to the

15  following formula (I-5), (I-5a) or (I-5b):



WO 2012/ 160218PCT/ EP2012/ 060050 110 13. A conpound according to any of
clainms Ito 12, for use thereof as a drug, in particular as an inhibitor of
t he sodi wodepéraBRt gl ucose co-transporter, such as SGPTI/EBGUTAc@Nd SG.T3.
5 14. A conpound according to any of clainms 1 to 12, for use in the
treatnent or prevention of diabetes, and ppre particularly type-II
di abetes, di abetes-related conplications, such as arteritis of the | ower
extremties, cardiac infarction, renal insufficiency, neuropathy or
bl i ndness, hypergl ycem a, hyperinsulinem a, obesity,
10hypertr|glycer|den1a X syndronme and arteriosclgrosi
as an anti- cancer, anti-infective, anti-viral,
anti-inflammatory drug 15. A cosnetic use’a
according to any of clains 1 to 12, for |ighteni bl eachi ng, depi gnenting
t he skin, renoving blem shes fromth§oskin, dl arKy age spots and
freckles, or preventing pignmentation of the ski as anti oxi dant. 16.
YROsA i 3t | east one conpound
according to any of claimsgl tp 1P phar maceutical ly or
et R RL, R2, R3, X1, U,
e b ~Xg. A lprocess for prepar|ng a
conpound according to any [o i or 5 which n 0 and R4 H
conprising the coupling ¢ C i i i
20 and a conpound of t formula (X)) F FF F wherein R RI,
R2, and R3 are as defined ing Ia|n11 to give a conmpound of formula (I)
according to claiml1 for which n = 0 and R4 = COH, I-5),

as well as for use

dst one conpound

(I-5a),

(I-5b),
or a pharmaceutically or cosmetically acceptable salt thereof, a tautomer, a stereoisomer
5  or a mixture of stereoisomers in any proportion, in particular a mixture of enantiomers,

and particularly a racemate mixture,



10 followed optionally by the substitution of the OH function to give a
conpound of fornmula (1) according to claiml1l for which n = 0 and R4 =

hal ogen, vBi2Rj2/1eRB8, OR21, O000R21, O0O2R21, or OCONR22RPBT/EP2@®2/0600p0 OCESS
for preparing a conpound according to any one of clains 1 to 12 for 15which
R4 = H conprising the follow ng steps: (agg brom nation of a conpound of
formula (1) with R4 = CHto give a conpound of fornmula (I) with R4 = Br,
and (b4) reduction of the conpound of forrmula (I) with R4=Br obtained in
previous step (a4) to give a conpound of formula (1) with R4 = H 20 20. A
process for pVs&Ri ng a conpound according to any one of claims 1 to 12 for

Formia (o). 135 Pl RSO PR AL R, “and e are as

defined in claim Xanxd, RY XgmLSRNKs, g, |3eaW;ngnd XoU gspravehd) irklepondaatin drovd

the follow ng formul a 5 wherein Xi, U V, m.and are,. def | ned
inclaimil. g one anét\lgr, a hydrogen atom, an halogen ator\tQ{ a CN, OH,pSOz, SlRa“$R“R%, (Cy-
5 Ce)-alkyl, (Cp-Co)-alkenyl, (Co-Cg)-alkynyl, (C3-Cy)-cycloalkyl, OR*, COR*,
OCOR*, CO,R*, NR¥R* NR¥COR?*, CONR¥R?*, SR**, SO,R*, CSR* or

0SOsR** group.

8. The compound according to any of claims 1 to 7, characterized in that R;, R, and
10  Rs are chosen, independently from one another, among an OH, -O-(C;-Cg)-alkyl, -O-
aryl, —O-(C;-Cs)-alkyl-aryl and —OCO-(C;-Ce)-alkyl group.

9. The compound according to any of claims 1 to 8, characterized in that R
represents a CH,OH, -CH,0-(C;-Ce)-alkyl, -CH,0O-aryl, ~CH,0-(C,-C¢)-alkyl-aryl and
15  -CH,0OCO-(C;-Cg)-alkyl group.

10.  The compound according to any of claims 1 to 9, characterized in that R4 = H

whenn=1and Ry =H or OH whenn=0.

20 11.  The compound according to any one of claims 1 to 10, characterized in that U, V
and W represent, independently from one another, a phenyl, pyrazolyl, N-(C,-Ce)alkyl-
pyrazolyl, or thienyl ring,
the said ring being optionally substituted with one or more substituents selected from
the group consisting of an halogen atom, a OH, (C,-C¢)-alkyl, (C;-Cg)-alkenyl, (C;-Cq)-

25  alkynyl, (C3-C7)-cycloalkyl, OR*, COR*, OCOR** and CO,R** group, and
X1, Xy, X5, Xa, Xs, Xs, X5, X5, Xo, Xyp and Xy, are, independently from one another,
selected from the group consisting of a hydrogen atom, a halogen atom, a OH, (C,-Cq)-
alkyl, (C,-Ce)-alkenyl, (C,-Cg)-alkynyl, (C3-Cy)-cycloalkyl, OR**, COR* OCOR** and
CO,R* group.

30

12.  The compound according to any of claims 1 to 11, characterized in that it

is chosen from the following compounds:
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13. A compound according to any of claims 1 to 12, for use thereof as a drug, in
particular as an inhibitor of the sodium-dependent glucose co-transporter, such as

SGLT1, SGLT2 and SGLT3.

14. A compound according to any of claims 1 to 12, for use in the treatment or
prevention of diabetes, and more particularly type-1I diabetes, diabetes-related
complications, such as arteritis of the lower extremities, cardiac infarction, renal
insufficiency, neuropathy or blindness, hyperglycemia, hyperinsulinemia, obesity,
hypertriglyceridemia, X syndrome and arteriosclerosis, as well as for use as an anti-

cancer, anti-infective, anti-viral, anti-thrombotic or anti-inflammatory drug.

15. A cosmetic use of at least one compound according to any of claims 1 to 12, for
lightening, bleaching, depigmenting the skin, removing blemishes from the skin,
particularly age spots and freckles, or preventing pigmentation of the skin, or as

antioxidant.

16. A pharmaceutical or cosmetic composition including at least one compound
according to any of claims 1 to 12 and at least one pharmaceutically or cosmetically

acceptable vehicle.

17. A process for preparing a compound according to any one of claims 1 to 12 for

which R4 = H comprising the fluorination of a compound of the following formula (1I):
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20
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@)
n py™
i O{U/@V}WQ\XT

Ry Rs

Re an,

wherein R, Ry, Ry, R3, X, U, V, W, n, m and p are as defined in claim 1.

18. A process for preparing a compound according to any one of claims 1 to 12 for

which n = 0 and Ry # H comprising the coupling of a compound of the following

formula (VIII):
m
b 998
T (v,

wherein X, U, V, W, m and p are as defined in claim 1 and A, represents —Li or -Mg-
Hal, Hal being a halogen atom,

and a compound of the following formula (XI)

R F R F
R O R OH
OH
Ry Ra R4 Rs
R Re o
wherein R, R;, Ry, and R; are as defined in claim 1,
to give a compound of formmla (I) according to claim 1 for which n == 0 and R4 = OH,
followed optionally by the substitution of the OH function to give a compound of

formula () according to claim 1 for which n = 0 and R4 = halogen, OSiR'R*R’, OR?,
OCOR?!, OCO;R?, or OCONR*R%,

19. A process for preparing a compound according to any one of claims 1 to 12 for
which Ry = H comprising the following steps:-
(a4) bromination of a compound of formula (I) with R4 = OH to give a compound
of formula (I} with R4 = Br, and
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(b4) reduction of the compound of formula (I) with R4=Br obtained in previous step

(a4) to give a compound of formula (I) with Ry =H.

20.--  A-process for preparing a compound-according to any one of claims 1 to 12 for

which comprising a coupling reaction between a compound of the following formula

XVD):

Ra (XVI)
wherein R, Ry, Ry, and Rj are as defined in claim 1 and Ry represents a leaving group,

with a compound of the following formula (V):

HO p\™m

wherein X, U, V, W, m and p are as defined in claim 1.



