WO 2011/ 144579PCT/ EP2011/ 057903 1 I nproved preparation of chal cone

derivatives TECHNI CAL FlI ELD The invention relates to nethods for
pr oduci ngwvohalicemeoder i vati ves substituted on 5at | east POmMEPRI11105®0E WO
phenyl groups by multiple substituent grqups. BACKGROUND Chal cones

(1, 3-di aryl- 2- propen-1-ones) are open chdin flavonoids that have an enone
noi ety between two aromatic rings. As recently reviewed (Batovska D and 10
Todorova 1, 2010; Patil dmgfovgd preE@@é‘on(ﬁfclk}PéP"SIder"’Q@Yﬁﬁ di fferent
famlies of natural chal cones have been isolated fromplant extracts and
characterized as having rel evant biological properties such as antioxidant,
cytotoxic, anticancer, antibiotic,_antiinfective, hypoglycaemc, and
anti-inflammatory activities. Chal EEQE’WF\F&EHQ/% are used, or are under
devel opnment, for nedical uses, 15 as |like food addltlves and
cosnetic for rrul@?ﬂ'&‘f?”?'ﬂ@f%@?%ﬁ‘? @et@}?’é fP'h%roﬂH%{FQrﬁE@P@'{ﬁ @Eﬁlvab\éﬁse?ﬂbﬁﬁtpteéfon
chalcone derivatives is considered to be not yet fully exploited. In that
respect? | i3blegst e Jithe iy phanyloreves %’ﬁé'“ﬂ'@ﬁ“é%ﬁti’%gr%@\?e been generated
and screened using ani mal nodels, cell-based assays and/ or bi ochem cal
assays, in order to establish structure-activity relationships and identify
conmpounds having i nproved bi ol ogi cal roperties (such as target
specificity, pot ency, b| oavail abi I i IEV‘\ ’%ﬁi@pyl”%af ety) or chem cal features
(such as stabiljt Y dhilicity). Thus, chal cone is consjdered as a
tenpl ate nol ecHh® CPH%? (&5 '%Hroft’ﬁ?@:d “QESY S [BEN A MEY XISy ah WA ng
specific chem cal npieties and/or conformational restraints (Katsorl A and
Hadj i pavl o§PPe | Reiety, b?@@@” U‘%ﬁfo"i’?t@t ”%ﬂ’s , A9 gpesntighievismer fFBaé‘?VS'é? atho;
Si vaku P et al 2009 2009 25Sri ni vasan

2009; PA i ITogowva 201020?%" %foa'ca %%09a|<30 Mogioal: 2903y ydii#rept f&m'“eszﬁd@twa'

Al berton E et al ., 2008; Romagno R et al., 2008, Gacche R et al., 2008;
Liu X et alchalcongs Wfl?%%ﬁ‘?@?ﬂ@rf PRAN /B ege B9 SuiRieTizeg Ashavingaelqvaat
al ., 2008; Chiaradia L et al., 2008; Cabrera Met al., 2007; Jung S et al.
2006: Go Mbiglogigal propgities suahep antighidant, cytosyis, aﬂé%@?bcﬁé‘i@@i? antiinfectiven
particul ar, there are several exanples of natural or synthetic chal cone
deri vat i vedYPpdycasslit. anA apt-nflagwnatany aghviliesic ri ng wWith substitutions on
adj acent carbon_atons. For 5 exanple, Licochalones, Derricin, and other
natural chal cofdalrqpe Qﬁf"éat'g%ﬁfediﬁefjbarc%réﬁnéﬁ %vemeaérfarsﬁn?iﬂea'a@?? v?ist‘ve”

cytotoxic activity against human cancerous cells, proapoptotic acti VI ty
on endd helaﬁa'fkec@Pf’saCtd@Xﬁﬁeﬁr@ 8‘%3”359“0 fOQDWQt'OWH&ﬁed@"é? %'T‘d thez@bﬁrm@@@l?? M
et al., 2006 awa Yet a ;. Matsuura M et

2009; Tsuklp?E?r?%'F@féPa'éP”e dez*wéﬁveszmoeé'%re%ro be Q@O@} f“”liebl?'a'ﬁde@ E‘fat E??H?‘Het ic
Li cochal cone variants or conjI ugates, 10 have been produced and tested in

vari ous nodBragieg i ohatlietily delogne desiyplivesvigye @t ggneratespgad scgengdefsing |

2008b) . animal models, cell-based assays and/or biochemical assays, in order to establish
structure-activity relationships and identify compounds having improved biological

20 properties (such as target specificity, potency, bioavailability, and/or safety) or chemical
features (such as stability or lipophilicity). Thus, chalcone is considered as a template

molecule that can be adapted to desired activities by introducing specific chemical

moieties and/or conformational restraints (Katsori A and Hadjipavlou-Litina D, 2009; Jamal

H et al., 2008; Chimenti F et al., 2009; Sivakumar P et al., 2009; Henmi K et al., 2009;

25 Srinivasan B et al., 2009; Patil C et al., 2009; Rao G et al., 2009; Reddy M et al., 2008;

Alberton E et al., 2008; Romagnoli R et al., 2008; Gacche R et al., 2008; Liu X et al.,



The biol ogical activities of natural or synthetic chal cone derivatives that
have multiple substitutions on one or both phenyl groups have been

descri bedyo=otim4as9i nsul i n-m metic acti on (US2007009255PLT/EP2011/057903
anti-inflamuatory activities (WD 01/98291), or 15 inhibition of

angi ogenesi s (WD 01/046110). Chal cone derq vatives containi ng substituent
groups on at |east three adjacent (or,consecuti&ig carbon atons of a phenyl
ring (such2888%HiRcheHEaRs Myd@l-i #POROCHierastiz b gt al-\B08 5 aefisl st 4PH71 4979,
WO 07/ 147880, and US 7524975) are actjvators of one or nore Peroxisone

Prol i f er at & it 2Q0% &P W&t a0 Aok §t al a2 anYS208f 00sePbhar recept ors

that are therapeutic targets, in particular for 20 treating netabolic or
neur odegener at iIVBAYFYBY Hi5S a[GRG Ve EtE*ameles Qf natush gESy el shidcapfidesivatiyes B,
2007) . General ly, synthetic chal cone derjvatives are produced by a

d ai sen- Sc ﬁfﬂﬁtd%O”E?dihéE?‘/%aéft P RIOrBRNG fiRgh Wb syRsHVipas e adipeent £akkanopiemspipr

ot her agproaches are possi ble, such as palladi umcatal ysed reactions (Patil
C. et aP., e¥@09le. kspewqnes DaindinHary Pihsvnaural chaicqnerviarants show gaaact Ver,
the acidic nature of the obtai ned conpound and the frequent presence in the
reacti on nédiRAPYIC SELENaLYYIgICoatiMY a9ARSLAFPAR L SACSTLP tGeHy) PraProAPaptatic
requi re additional steps of purification and/qr specific_approaches, such
as m cr owa@stiViyomendpthesasealipcPy R 613l /a5 2003 Yoo ¢ &&?h{?%ﬁg Gheyer Me&d @t in
a significant ysduction in thQ&é;eld and/or nmake difficult the |ater

modi fi cat i g1860PITWR L AP deatsyia Mgt al. N cHae et ¢RP9Visukiyamage elised
as starting materials for producing other classes of conpounds such as

f I avonoi ds %br 24 £791% 8§t apn{l0e)Libjreee pT Buthifticdiicochiispig, VaraniH RS PRiYeiesas a
reliablg strategg for the 5 asymmetric synthesis of organic cgnpounds in
si npl e 18xp&RrERREmProdyrRel Fndbirsted i Vaiqus sadesn(feynant Hainal 2004 ¥apn G etal.,

| ar ge-scal e Breparations has been used to the nodify chal cone derivatives
t hr ough corf@Berdal Xt abf 2408Pr medi at e conmpounds, as well as epoxidation or

M chael addition of chal cone derivatijves (Qoi T and Marouka K, 2007; Song G
and Ahn B, 1994he biolpgigaly apivifieg obpgiral Ralo sintheticy chalconsy giprivatiyeh dhaly AeYfesi s
and/or further nodification of chal cone derivatives that contain at |east a
phenyl ri nd"WiR!e SERATELIONS BR ONGPHARYE PIRNUGrARSHEVE REBBHCSTBRE: BIChasdn$4 Ay
can be inefficient due to steric hindrance. Alternative s

( h N i) nthetic
strat egi es MEEIGr BE9 NHSQW@O%%{P@Or?é‘t'd@:fllal'Wﬁ'ta‘io%sa,‘c“i"ﬁe%a&yﬁscL9I1é9828§/)’ ePht her

S-al kyl ation or 0-al kyl ati on, have been described in the literature cited
above &%d Siilipne Peanggysrs oY D 1/4ABT b0y §56'eens derivaiveg rapiaining RPstikent f or
novel methods allowi ng the efficient production of chal cone derjvatives
that have RRYISANALdGATE IhreqPRiareNt (FrPNSPCYYNE R TR OB Oiéjpgé‘é}ﬁ't””@ PYdres
atons of a phenyl ring, ié still clear and urgng]é. SUMVARY g: | NVENTI ON
20The pr esdiisei RFEMRGI0A WY YRL3R; \YIH G581 $18% ¥YY Ofdekads Wer07h /8GR 3y

chal cone derjvatives with nultiple substitutions on henyl rin

| nt er medi af[@ Zﬁ%‘pgéhéred%‘?ti"@*é‘ﬁ 9‘2%”%Premﬁf?d PIogEOB Fﬁ‘ﬁ%@%tﬁ"r pted q%%ﬁaﬁoiﬁsi s
(PTC) for introducing a substituted al kyl group that is Provi_ded tta/J a

sul fonic aé?HABé}’iﬁ/éi‘gm\'/Ve ohRuglephEsRPPIrs Hiptapiec RGIAREYHE 42T8P 15y IS PEtcURn At
groups,.Qn one_or t arbon atons adj acent to the carbon atgom where the
255ubs?8t udieling Hl?\ﬁlw\%o c Béﬁﬁ‘ﬂof’?ﬂ%%@%d’.'sorders ('&W?rgt ks 2@95%%@3? Rt i on

al | ow produgi ng efficiently, by either S-alkylation or 0- al kylation,
chal cones R#§¢8t 293 that are characterized for their biol ogi cal

activities that, W) 2011/ 144579PCT/ EP2011/ 057903
Generally, synthetic chalcone derivatives are produced by a Claisen-Schmidt

condensation reaction of an aldehyde with a ketone, but other approaches are possible,
such as palladium-catalysed reactions (Patil C. et al., 2009; Katsori A. and Hadjipavlou-
25 Litina D., 2009). However, the acidic nature of the obtained compound and the frequent
presence in the reaction medium of secondary products and unreacted starting materials

require additional steps of purification and/or specific approaches, such as microwave



4 are internedi ate conpounds for produci ng nol ecul es having such
activities, and/or that can be used for generating libraries of conpounds
to be scrwoened/mys7aeans of in vitro and/or in vivo assapsTaRdo@®sabl i shi ng
structure-activity rel ationships. Further, objects of the present invention
are provided in the Det ai | ed Descripti on.3 5 DETAI LED DESCRI PTI ON OF THE

| NVENTI ON present invention provides methods for produci (1:|
conpounds ﬂ']‘?é’c'att?&nf%t ﬁestl%” ghgRjiicagh Eﬁﬂb@“fm Wiiba Ve aad/Rr Beke [difigiePe; ﬁ'\terone
of said phenyl groups is substituted in at |east twy (and geef erably a

| east t hr ed)O9itssiionsopisthese EoRPONTEt Inoiich HQ@'C%P%{Q@Y?SZ%?‘M il '”9
havi ng nedical .interest but that can rmake the later nodification of one of
such posi tmﬁﬁg”%‘bfﬂf PiPdeFing Otheh Clagers A SOMPaURILTYCR asiTRUPRAIEC" PYRRZIES f ect
occurs when the size of groups within a nol ecul e prevents chem cal
reactions in a Qﬁé%ltf?i%f%o%@t?'iyﬁﬁ WhiGh 1§ fgneideredossi di Teliablesstertegederr 18 ng
varlanté of natural or synthetic conpounds having biol ggi cal and

phar maceut PEANMEELG SYHNRNS of rganis GERRCEB MEMTRIG §XpPeEmestal wRpdHoRS, mild
literature shovvs t he 15i nportance of having multiple substituents on a

si ngl e pher§Actipp nepnditions, and fhe Igrgeraale o?fe%réwr&es*‘%P%é’s%rtop‘ihSdWé’i"ﬂ’g
chal cone derivatives of CGeneral Fornula %Zd using appropriate reactants
and condi t|CBﬁ'§°%rdeé't6%t!V§?Fn@r%séoﬁf’re&ﬁétf%‘r blgrmyediate prapounds. @sr wetk @sar
by either S-al kylation or al kylati on. These reactants and conditions_are
not di scl oSEEXIPFIGhE M“ihéﬁ' aﬁici't' OBéh?i(jO’b?pB?”V@é{b?%( T oRe M?Wf’heéﬁ L0920
chal cone derivatives of CGeneral Formy 8 rf% Moreover, as shown in the
Exanpl es, &°98/G 8d gfn B 339% phea)d b'P(ﬁ) 2§ rikae Gisbal 9% een successf ul l'y
pr oduce&aaccor ding to the I pvention with i nproved yields and

In the'rmin enﬁBHu%HteS'StW/‘ﬁfrfé‘g‘Bﬁ'i ”l%*{f@ﬁ‘ﬂqrbﬁf FPRG e Qerﬁ’aﬁ’é?% tf°8F‘ta"” at
preparing a corrpound of follow l\?b%‘g‘ICSeneral For nul a %

2011/ 14457@@??@?011?@3‘7%@@ F@T%psk&adlaoﬁatzcarka at%P4°f BRdIngmn be

i dentical or dlfferent are hydrogen atom a_ hal ogen atom a - Ra or

- Ga- Ra gr otfgfiicient que C’sS’&HCaﬂ Wﬁncearﬁ'ﬁr@?’é'ﬁ?ISy”H‘eE r@éqg%‘;?l foraQ{O%H‘%ﬂg Sugh

al kyl oxy, an alrr%lthl 0, Or a hetero%cl ic 5 sai d roug can
subst i t ut e§NBIFORfOderytVRS, i”s pé"t\SP'é‘f tieﬁ'ber eI“PHk‘érd gyl ”pHé?W?I b‘?‘?rhg
by an oxygen atom or sulf RL} %6 ﬁ{

Xb3, Xba, éﬂﬁacrb@% i tee Bfﬁfﬁékﬂriet%teﬁtabﬁi'%eag elsperes (YVQnQ?/%Q Re 994495’5727)

R b- Gb- g{C
1 However the need for novel methods allowing the efficient production of chalcone

derivatives that have multiple substitutions, and in particular on adjacent carbon atoms of

a phenyl ring, is still clear and urgent.

SUMMARY OF INVENTION

20 The present invention provides highly efficient methods for producing chalcone
derivatives with multiple substitutions on a phenyl ring. Intermediate chalcone derivatives
are modified by Phase Transfer Catalysis (PTC) for introducing a substituted alkyl group
that is provided by a sulfonic acid derivative on a phenyl ring already containing
substituent groups on one or two carbon atoms adjacent to the carbon atom where the

25  substituent group is being introduced.
The methods of the invention allow producing efficiently, by either S-alkylation or O-

alkylation, chalcones derivatives that are characterized for their biological activities that



G- RC group, and at |east one of other substituent groups adjacent to said
R b-G-RC or 10Gh-RC group is a halogen atomor a R'b group, the remaining
groups bevagoimdeyendent | y hydrogen atons, hal ogen at on®PCOEPRI/O§MOZIPS; R'b

is an al kyl, an al kenyl, a cycloal kyl, an aryl, an al kyl oxy, an al kylthi o,

or a heterocyclic group, said group can e substltuted or not, or R'b is a

protecting group linked to the fphen yl ring by an oxygen atom or sul fur
atom 15R B'% @tﬁ’ﬁ‘%ﬂﬁl‘?IComaﬂU%ﬂSk8h9r°dua'”8yﬁq"6%tl'$<%/hav'%ﬁwS%‘FWPCt'Vﬁ'ﬁS’aW&/WoBE‘\?t an
al kyl thio, or heteroc clic roug sai d group.can be substituted or not;
RI_is an &ﬁ@&@s‘ﬁeﬂd%a r(b‘?ra%?o%qr? E‘Lﬁ%fdc%i‘wr‘dgﬁo af I8SFRANeE OY Upeansa0f RLUCY
identical or different, are an og} en _atomor_ sul fur atom Rc is an
al kyl grou@”g{%é’l‘(’l’%ﬁﬁy%9”%t33tla@ ”gétru Yty (RIUORARIPE n Rd is an
20unsubstituted al kyl , al kenyl, % ycl oal kyl , or heterocyclic group;

Sai d net hod cor'FHFth%'"Q%eqt%%“f‘%PfeéﬁP Q@”t“@ﬁ@re @P%F%i%tﬁﬁ&eﬁ'éd RIRA- of
Ceneral _Formul a (la): Xal Xb5('a) in which Xai , Xa2, Xa3 Xa4, Xa5, L,
Ra, R'b5 R'b, RI_ Ga, and Go group are defined as for

2011/ 144579PCT/ EP2011/ 0579 6 0 t hem R H Go- H group, and
at | east one of the SUbStI%%JIﬁI 569%&5’%!@1 R’iﬁ’% T'ﬁe%?%“-ﬁ%d\‘ Go-H or Gb-H
group is a hal ogl_en or a R'b group, the renaining groups bei ngt | ndependent |y
hydr ogen at ons, ﬁgpé@g@ﬁt @y@mg)ncp(owj% @?@gggfor producing compounds that contain two

phenyl groups linked to each other, wherein one of said phenyl groups is substituted in at
least two (and preferably at least three) positions, a conformation that characterize
10  compounds having medical interest but that can make the later modification of one of
such positions poorly efficient due to the steric hindrance. This effect occurs when the size
of groups within a molecule prevents chemical reactions in a specific position, limiting the
possibilities of generating variants of natural or synthetic compounds having biological and
pharmaceutical activities, such as chalcone derivatives for which the literature shows the

15  importance of having multiple substituents on a single phenyl ring.
The invention provides methods for producing chalcone derivatives of General
Formula (I,) by using appropriate reactants and conditions for applying Phase Transfer
Catalysis (PTC), in particular by either S-alkylation or O-alkylation. These reactants and
conditions are not disclosed in the prior art as being applicable for the synthesis of
20 chalcone derivatives of General Formula (l,). Moreover, as shown in the Examples, a
series of 1,3-diphenylprop-2-en-1-ones has been successfully produced according to the

Invention with improved yields and purity.

In the main embodiment, the present invention provides a method for preparing a

compound of following General Formula (l,):

Xad Xb2
Xa3 Xa5  Xb1 Xb3

Xa2 Xbé
a R

25 Xa1 Xb5 (|b)



b) contacting the conpound of General Fornmula (la) with a sulfonic acid
derivative of 5CGeneral Fornmula (I1): Ra-S02-0-R, in a biphasic organic

sol vent /woabsri4ussdi um and in presence of a conpound ofPCEEPRE1A0ST0F MUl a
(I11): R11 R12 A+Xc- Rt3 \ R14 in which:. Rs, R11l, R12, R13, and R14,
identical or different, are unsubst i t ut ed® aIkyI groups; 10- Ais a nltrogen
or phosphorus atom Xc is an hal ogen, HSO4, or HZPOMand Rc is as defined
for GeneraWhe&ul a (I b). I n the cont ext of the invention, whenever
Xai , Xaz, Xa3 Xad, Or Xab oup, Ga stands for @Gl,
Ga2, Ga3, &attXeprla Gﬁ%@@@gﬁ%@:ﬂ‘i‘%f@' %ﬁﬁfe%[‘ts%rﬁr?d@dr‘éﬁe”@f’m fhglogen glom.3 Ra4,
or Rab, re%ectlvely The sanme applies to Xbi , Xb2, Xb3, Xb4, and Xbb5:
whenever P -QpRa 9%9B; Xb4, Or Xb5 is a -Rb or - Gb-Rb group, Gb st ands
for Ghi , (2, (b3, b4, or (b5 respectively and Rb stands for Rbi Rb2,
Rb3, Rb4, OF IRPB a”‘b’lﬁ,@ﬁé’&qf‘\)/le?;ﬁyc'oa'ky' an grylyn gloHpwek ngikythie. gy abeterocyclic
inventlgn the term"al kyl" refers to a saturated hydrocarbon radi cal that
is |inedr GFOUR SRhSQUP 2D *Pf‘gsb*?%‘ﬂé?‘élﬁ?mof r%n‘?eoﬁea ROl IRHP Higke D i thsis
(such as nethyl, ethyl ropyl, isopr n-butyl, isobutyl, tert-butyl,
sec- butyl, Fﬁ@ﬂﬂrmgbHéBﬁ%M%g]mOWﬁ”ﬁUH@%V?§ and ror e preferably fromone to
four car bon ato The term "al kenyl" refers to a non-saturated

hydr ocar borlr'ﬁ\ﬂnq(ﬂ Ry pr Re&QcQFBH% doubl e carbon bond) radical that is |inear,

branched or cyclic, having pref erabl fromtwo to seven carbon atomsR Ssuch
as et henyl Xot s ér?§bF a g%nﬁ@ﬁ"eﬁ%’sm b GEuR WherelR Anen/| then_ip anfRergRe

Gy-R. group, and at least one of other substituent groups adjacent to said R’,-Gp-R. or
10  Gy-R. group is a halogen atom or a R”, group, the remaining groups being independently
hydrogen atoms, halogen atoms or R”, groups;
R’y is an alkyl, an alkenyl, a cycloalkyl, an aryl, an alkyloxy, an alkylthio, or a heterocyclic
group, said group can be substituted or not, or R”, is a protecting group linked to the
phenyl ring by an oxygen atom or sulfur atom;
15 R’ is an alkyl, an alkenyl, a cycloalkyl, an aryl, an alkyloxy, an alkylthio, or a heterocyclic
group, said group can be substituted or not;
R_is an unsubstituted or substituted alkyl or alkenyl group;
G, and Gy, identical or different, are an oxygen atom or sulfur atom;
R. is an alkyl group substituted by at least a —COORy group, wherein Ry is an
20  unsubstituted alkyl, alkenyl, aryl, cycloalkyl, or heterocyclic group;
Said method comprising the following steps:
a) Obtaining the compound of General Formula (l,):

Xad Xb2
Xa3 Xa5  Xb1 Xb3

Xb4
Xa2 L

Xa1 Xb5 (|a)

in which Xa1, Xaz2, Xaz, Xas, Xas, L, Ra, R'b, R, R, Ga, and G, group are defined as for

25 General Formula (I,); and Xp1, Xp2, Xb3, Xpsa, and Xps are substituent groups wherein



WO 2011/ 144579PCT/ EP2011/ 057903 7 2-pentenyl, 3-nethyl-3-butenyl radical)

and nore preferably fromtw to four carbon atons. The terns

"al kyl oxywoand/t4ad7Ryl t hi 0" refer to al kyl groups as def PaEkPabiows7svhat are
| inked to the remai nder of the conpound an oxygen or a sulfur atom

(thi oether bond) 5 respectively. e term "cycl oal kyl " desi gnates an

al kyl group as defined above that fornms one or nore cycl e(s) having
preferably frofNEwf &M I § BurGxdd R Sarb8iouRt Fikat Isarteng of fectubsHiypYy groups
cycl obutyl, cyclopentyl, cyclohexyl, 6 cycloheptyl, and cycl ooctyl. .

The tern1"ary|®d8@§Wdﬁ§?@s 150 bﬂé96¥@d%?hﬁ5®PHQrﬁr P @At PEFEBINI%K t o
twelve 10 carbon atons such as @henyl, napht hyl , biPhenyI,,or ant hr acenyl .
The term " het e SRUPEINEEY indgrepdently hydingeR PiY% INgRORY P OgW%QJ’pQ bH"%4PRet er oar yl
group, that is a cycloal kyl or an_aryl group, as indicated above, that
further colpri §881aEHNY BiF GRRIROUAR L FFREENE OEBYIa kb With RotHfORictackh@erivalivs gen
or sulfﬁr. They generally conprise fromfour to fourteen carbon atons, such
as nor pRol i nyl Cepepa oA (D): dR-$ Qe Palky it 8RIRPRATIA Croasi¢rROIMER} mvalRs BRE™.
refers to a bromne, chlorine, fluoripe or iodine atom The al kyl,

al kenyl , al kyl 8R¢ In Rierg19ef’ @ comporpdrkenerakkamulg (Mhet er ocycl i ¢ groups can
be substituted. These substituent groups are preferably hal ogen atons,

al kyl, al kenyl, aryl groups as defined above, or any functional group
protected by a protecting group, such defi ned bel ow. Whenever Ra, R'b or
Rbis a substituted al kyl, al keni; CcyctoBkkyl ~caryl, 20 al kyl oxy,

al kyl thi o, or heterocyclic group, said\group is preferably substituted by
at | east one hal ogen atom The tefm "protecting group” neans a
chenmical mpiety that is permanently or preferably tBporarily reacted with
a functional gfdYPicBf a conpound used to obtain a conpound of Gener al

Formula (1a) so &g RQ MY, W£6kd RE! i@lerﬁtléﬁpéﬂ&ﬁ@éntgét@%sﬁbﬁmt@d ik grelssequent
reaction, the protecting group can thereafter be selectively renoved in a

furthengstep fromisheaite@chespadsindeuscasmound without altering its
structure. Said protecting group is consequently not reactive under the

condi tions of the neidedseed Hltg, oMDPL) A4 144579PCT/ EP2011/ 057903 8
I nvention and it all ows o%taining a selective nodification of a different

noi ety of the coR, esRondinbdfs@aRIGorhuseneral Fornula (1a). Literature
di scl oses many appropriate protecting groups ("G een's Protective Goups in

Organi ¢ Synt hesd the 2R@%t ofhe iWEnSol vaiittheGBERNEX D, XJA0RN, YV XEYs & -ROBS-d.OR; ) -
5A Ra group and/or a R'b group can be a protecting group that is |inked to

the phenyl grdupg R¥taIsIIVEENGAL BN 0, SHGLesgé@Nly iaRd FaSeantBesER Y R.,, Ras,
conpounds used to obtain conpounds of General Fornula (la) present at |east
one OM1er S, BrRIP, rebPedlidely! TION shife tdBIidN® XR R, HXQY, afd Go:Hvigsrevsy) Xt hat
is to be alkylated according to the nethod of the Invention. This

pr ot eCt I ng )Q{, Q(LQ, Xt§, bﬂk%r‘ig@—RQoﬁ\L@b-@kbLﬁgg ,'Gbag)ﬂaﬁd§ Qﬁcd;t!ho@%z, ijs,t @tﬁ, or Gb5
10addi tional OH or SH group during the PTC reaction. The conpounds of

Gener al Forrgafeativdiypand RastaRdLRERE,, R1ERR, R, Gor RL&FesEeéﬂQe!yl group and are used
according to the Invention are generally obtained by using the reaction
schemes known fi4 aRg tddRtdxt toBrtAé YsrEsemti iberitioM Oknee tdht hakyIt RsfeRRUtd Bi satlifatsy
fromplant extracts (as for natural chal cone derivatives), or a

condensat i GRdrosti®an faditA e it IIFeBNbiraf @RE! hflihg FrefdhsiIyREM he t8ealRRRHsme
and a benzal dehyde (see Exanple 1 and Schene 1). The condensation reaction

can beogar rit@fs Qlichids AfetHi, Cetlyl, Ry, TESHOBYI, RBGOT, dsdtityl Otekthfityd PELBiitd,

reactants, and with or w thout mcrowave irradiation. Preferably, the two
starting myesiyl, akSpdHtR, Srahaeh)eshd Mok SHeePdNRéMhidheR6 AP CAMBAStGRY t he
reaction is carried out at roomtenperature (between approxi mately 18C and
25C) and at at mRsPRBRF 'AkdHyET8MFELto a non-saturated hydrocarbon (with at least one double
carbon bond) radical that is linear, branched or cyclic, having preferably from two to seven

carbon atoms, (such as ethenyl, 1-propenyl, 2-propenyl, 1-butenyl, 2-butenyl, 1-pentenyl,



20 In basic nedium the reaction is preferably carried out in the presence
of a strong base, such as an al kaline netal hydroxide, |ike NaOH, or an

al kal i ne wotal1/@hohol at e such as sodi um et hyl ate. | n a®CdiEP20med51903 t he
reaction is preferably carried out in th% presence of a strong acid, such
as hydrochloric acid. O her nethods for t'he synthesis of chal cone
derivatives that can be used accordin 25 to the nmethods of the Invention
are descri BRENEN:hemMetiideRulgy! radieq!] apdonorg prefergply o ey fo ouseprbon
Hadj i pavl ou-Litina D, 2009). For instance, palladiumbased catal ysis can be
used for pé4®¥nming the Suzuki coupling between an activated benzoic acid
with multiple WO 2011/144579PCT/ EP2011/057903 9 substitutions and a phenyl
vi nyl boroni ¢ adig,tess @Jj‘ryqxpgea%@élfylthlg e OI"?AI%FSHMﬁ’élasv\ﬁIQ'He%ﬁbove that are
(un)substltuted l-aryl-2-propen-1-ol that |eads to the synthesis o

di hydr ochallBlgitelo the rema"”“i’“ﬁreo ctB?rﬁSG‘ﬁagn%Py @B YN PoR FUIfY %‘q"a)(théﬂe”(qrﬁbon%y
al so be_provided in a formcontaining an isotope (radioactive or not) of
hydr ogeR, ¢88A86We%ul phur, or oxygen atoms 5 that hel p detecting the
conpounds after_their_ adm nistration or during their purification. The
conpound of Ged@PAFMESYRARILY!( fj%ﬁ)'g'?:ﬁie?( P'b)a'kﬁja@lfogﬁ’% d@B’r‘é)da?tPP"SﬁBatcfP”'%%Wé‘? al
asymmetrical centres. An enantionerically pure (or enriched) preparation of
a conpound "€ @xsleEahaieg Rgfesakly ﬁPmotF"e(el tB)fo%%”ﬁérQ?Btaé?'ﬁ%cFUéP £REYCleRropyl,
stereospecific purification of the f roduct, or by asymetri cal

synt hesi s, CYeORHYcEYIRPENIVH Wﬂ%h@ﬁy{ é‘Y%{? Lﬁp@P(ar@ﬁyPQPPtﬁ/ in 10Drug Design and
Devel opnent” 2004, ed, Reddy and M hvar E?ﬁ%b Conmpounds of
General Formul d h?lt%“ N é%ﬁﬂ%ﬁtﬁs gh &t ‘%!E%ticn%{ OyP: d‘@dﬂ“q fere Wy froppsin o twelve
p05|t|?8 Such protecting groups may be needed depending on the type of

f ur t her Och&RTRORIAIMRSYGhas RISAYE Rarhthy. Rlekgrvhor @”tf‘l:ﬂce@)ﬂem fic conmpounds of
CGeneral Formul a I b) since they can allow a precise nodification either by
PTC itself, or 'B§! Fhé‘:eteé?@/ﬁi'%a{ﬁfersl@ ar'é‘?i‘é"ﬂ%‘ﬁ%a k) IUUPC 2t HdeTeBYhBoHE: BPt t he
Gener al Fornula % resultlng fromthe PTC reaction is submtted to. Sone
exanpl es i r'f‘th%(@' ahk lHAn 8! BiveRoPS md&aé?é’t ?Wegmﬁ‘&ﬂé’th@ﬁ\/ﬁ%m@f'??st% or more
protectlng rou is linked to the phen roup nmeans of an oxygen atom
or thiol M?%B’P?érﬁ?l‘ecfﬁdoﬁ@e?g Héer@PBu%@ggWr%ﬁ'fﬁ tﬁ‘@ﬂﬂ%ﬁ@n‘!h%@@?%&rﬁm s
l'i nked to tqﬁﬁgheqé grou means of a sul fur IQ instance, if an
addi ti onal ' HUeEEN SAHAD &t mH SHeh 2% BB, Fép‘?f@m |°6F?”@f‘y‘éfﬁeyrﬁﬂ>ényl ring
(such g in rran¥ nat ural chal cone derivatives) he conpound of General
Formul 4°(la) or Flt‘H)“ ®31P9pr gssnE top BW‘P@HQﬁ’ CBF’HE‘%JPPH'@F gt 'BG'ﬁeééo”an or R'b
substi t uent gr p in that specjific e nmet hods of the

| nventi on, Eﬁj‘ IR 1Y P@V'Pméra”gﬁg'ﬁi E-‘éﬂ"’%”Fyéur?é“!' Ph‘%&tf}@ﬁﬁ'&fgr?% can be
resul ting co ounds, allow establishing structure-activity rel atjonshi

that appl y SR BTy "o b OHA c PisteTakidpiOeR A b Ry by kaRe) #Hbi
bi ol ogi cal propertl? é. enerall est abl i shed for chal cone derivatives,

or even i mFWHPERS dstlpe P%t@ﬁah 9revR BOL§Hieq by gypyotecting group, such as
2011/ 144579PCT/ EP2011/ 057903 10 variants for which structural and/o

bi ol ogi cal 95FRRFEPEIPWs VRENEMD: Rndve Been 'S asiPsttiied, algﬂdal\l;\ﬁnyéhcy(’cmllwb ¥ed

and/or est d according to the desired biological activit
alkyloxy, aIkyIthlog or%eterocycﬁc group, sa|8 group is preferably Sl)J/bStItUted by at least

one halogen atom.
The term "protecting group" means a chemical moiety that is permanently or
preferably temporarily reacted with a functional group of a compound used to obtain a
compound of General Formula (l;) so as to protect said functional group from a
25 subsequent reaction, the protecting group can thereafter be selectively removed in a
further step from the corresponding compound without altering its structure. Said

protecting group is consequently not reactive under the conditions of the methods of the



Speci fic additional chem cal reactions can be inplenented for the
preparation of drug candi date nol ecules, in particular by applying
t echnol ogwe=otthiags7al | ow si nplifying 5 synthetic protoc®C3/EPSUGIISTE3
pol ymer - assi st ed sol uti on-phase synthesig#or m cr owave- assi sted organic
synt hesi s, and establishing a workfl ow f medi ci nal chem sts (Carey J et
al ., 2006; Colgnbo M and Peretto |, 2008; Jordan A and Roughley S, 2009).
Mor eover, ¢HERIPE @it iBdevs oltaiing @ 8flecvgeRodfcr)ion e %rij'ffeé%'i’\tn'inal?éé OfrdyF
allow a nore systematic qualitative and quantitative eval uati on of chem ca
libraries t8TPEROAEINGyCOMRAYRE @f &enerph ForBWarty Literaiire SIRINspS maly Frprerieiel
drug candi dates that deserve being synthesized and tested for their
bi ol ogi cal PARUEFIRSt 9radPs DOreenst PEpSctive derguprssghreanit Synthesispdd)7. AdadVyis &nd
Guo Z, 2009; Villar_H and Hansen 2009; Wshart D, 2008; Mayr L and
Boj ani ¢ D, apg&ggene T, Johnililey & PapaanGre provi des exanpl es of conmpounds of
CGeneral _Formula (la) and ;Ib),xhat have been produced and characterized as
havi ng Bi ol ogi éaRa FEHP @NEEE Rop IHIPLREDE ] RiptectiBg giupdBaslinkag to Heoneryl
see Table 3). The literature al so provi des exanpl es of conmpounds,K of Ceneral
Formul a (1 &9ttyagn RAVeeHaleM & sWEK qied) 4t e3pcr WBrRepNafiomMPRUpgT Usegfo obtain
synt hesi zed, and characterized as havi ng, bi ol ogi cal properties of interest
(Zhu X et &PMPoyRsssol eengral Famete di) Presenbat leggt oo ¢ Bl d@rawRidn ggdition to
2010; Cunha G at al ., 2003; Na Y et al., 2009; Cgama Y et al., 2007;
Mat suura MUk oag (RSt or 520096082551 5, oRgealkyged areridinp do i R8Hed thd¥ of
CGeneral Formul a (Ib%,can be further. nodified usin& reacti on schenes t hat
are known iwenfen| fThigr BIOIRCENG o9robR Ug iBkRdPdalPedvelf dinsesirafiie crastiapseot the
derivaiéves in general, and that are caonpatible with the physico-chemn cal
feat ur é¥ ofddije '53ﬁﬁb§ﬁd&9w%$ﬁﬁgﬁﬁﬂPT?6 #¢8Rs of the structures can be
envi sioned as to identify novel coqpounds of nmedical interest. Exanples of
such nodi fi cat i'TGRSLOTIPOURHHRY GG BT oMl {la dialiRresent IFRe1GeT OF adeoi 4R ons
t hat al |l ow produci ng ot her classes of conpounds such as flavonoids or
pyrazol es @Pdt3F LéegtacéPfd,'”gzﬁbﬁ‘,e R¥ENtieNa2g SRRl Oeined By ustyy Bip rpaghiony|
2006; WO 07/147879; WD 04/005233; US 7208447). WO =
2011/ 14457 SERSTEPSPIM) 637 dsslitgrpiure whichpiguolve, G fsPHicRiandram Pledt fXiTasty | a)
and/or (Ib) can be purified by precipitation or solid/ljiquid extraction
after evapdfatar Salue! Cﬂ“ﬁl&o?%éeg\f%ﬁe%gﬁ RPNGENERIRSY SHEh 69%93?%%?*?@%56@?699
step c?g be Ferforned by chronmato raphé over silica gel or b
cryst allPi z2EMEIPN HhE@RCTPRRENBARHIhE heszdligihde (gee §>‘§‘8]pi'ed1f%1dm¥dwn%ﬂblm%g
techniques well known in the 5 literature for chal cone derivatives or,
more in gefEPYNSafif reacAR Can L& Cipd ULt PEIHICOPT PatiomadsT. esrerinG i) the
2009, ed. Armarego Wand Chai C, Elsevier). Mreover, the required ,
puri fi cat i SREHNUTGCEN AN MJEr of WiEhot Fb?fo‘é’ﬁ\éﬁ‘pgrafjﬁélf’”-aﬁ’r@feé%@}’sgﬁﬁit‘é(P Staring
i sol ati ng conpounds of GEngraI Formul a (la) and/or flb%ﬁfronlthe,r action
m xture camPeUSEE FORtaeHH 47 HiIARBY'HHELROMINNS| b HIShGESIoMisnERTIgH out at
poly-crystalline forms. Such pol ynorphs 10 may_present distinct
phar macol odPRICHPRIABYE fIdNPrapPRIPEpelay &8C ?'Ef}r/zg)@éﬁﬁfj St AINQSPPRYC Bessure.
solubi | jty, intrinsjc dissolution rate, nelting.tenperature,
bi oava%2 abil? PESIC MEHHBr B ESIGURN &S Preseiably icgied, i 5o gRIIoE T @ HiXeLass:
anot her one i n pharnaceutical conpositions and/or biological fluids. The
(re-)cryst & §§@P&rﬁk9éﬂ§%§‘f§a'€5/ﬁr Spdkg B'F‘ﬁ?&d o AN 4rine mettal @lqonglais, puch as
solvents (such 15 as jsopropanol, acetone, methanol, diisopropyl ether, or
wat er) or ﬁPﬁ‘PG’r"éW'ﬁ@r @cﬁc,'d'%ﬁﬁdw’éfiﬁpﬁeﬁm I3 PreeRalcap AUt Frbﬁg PreGere 8
reaction vol unes or tenperatur%@% The resulting sanpl es can be anal yzed by
di fferent tetiRPGGEsSEAT a6 €elpy, cal orimetry, and/or spectroscopy
that allow establishing the features aof a particular crystalline form such
as structure, Z?ﬁ'i“il’ﬂ??tf‘g% 105 thenpynthes! fCEB'ﬁB'é‘? debRtives %?K%ar”%eo\"?%j EPHNE r D
et al.,_2007; Bauer M _ 20 2004; Morissette S et al., 2004; Yi nd .
G 0ss0“Y, . I t i’ ’

23, obwme Géﬁoghﬁgn‘gﬁ%?’bﬁfes‘?ﬁsﬁ' infhe gK‘RﬁatWﬁéP 4liept @ %8&9 ﬁ@tso”
crystalline formof a conpound_that _is pharmaceutically acceptable for poth
phar macol odt 83 HaAkPaviandstina Hr %pﬁ?rn'f‘gtaB?e’\Haﬁ%é'um'basgd CAEYSIS FaUupe Hsed

conpounds of General Fornula . (lb) can be obtained as specific¢ salts, .

hydr at es, g?fdp YR Hr?sr%’ﬁ@f' ‘é%&PH"rEﬁb bshYeg nay %ﬁtj}’?tﬁ@ kengoiei 3R Yy MU i on
step of the 25 conpound or, in the case of salts, by incorporating the
salt into the previously purified conpound. The sel ection of a conpound of
CGeneral Forrmula (lIb) that is produced according to the nethods of the

I nvention as an optimal candidate for drug devel opnent WO

2011/ 144579PCT/ EP2011/ 057903 12



can be automated for a conprehensive biopharnmaceutical characterization at
the scal e-up stage and for the solid or liquid fornulation that is
appropri awe 20uri14437¢ desi red route of adm ni strati on andPCh@aPape0si903
indication (Kumar L et al., 2007; " Handhook of Pharmaceutical Salts:
Properti es, Selectron and Use " 2002 ; it. Stahl P and Wermuth 5 G
Vil ey-VCH Ger many; " Pharnaceutrcal Dosage Forns and Drug Delivery " 2007
ed. Mahato SRbSt@ﬁ@”Praé‘gs% phenyl V'”“?H@”f?e%‘ﬂ%o%r fef therroupknge it @ (B‘ﬁ'olf?a?f‘%é!‘”@;ﬁﬂ i ed
to known caonpounds of Ceneral Fornul hat present specific types of
subst i t uentUyBRAYVthtrapbrir RN bﬁkth?h'éﬁ%ﬁo th%§y%rﬂ's aldipyrogleong@ar i ant s
of these known conpounds t hat _conprise one or re 10 substituent groups
conpati bl e wi t HNEHEOMRAUAGHST GFenerd Twmelzt (larPr (r'bh TRy else e Previigdr 8i hPhe
need of a single, specific position presenting a Rb-CGb-H or a Gb-H, to be
nmodi fi ed bfobtaéﬂ'W&/?%tsio@rﬁ’edFadS)aéF'K%/P'éﬂ@tbﬁf h%@ﬂ%ﬂnéa%’@ﬁeﬁ&@‘%f OrgPpygen atoms
substituent %roups that nay decrease the effrcrency of the PTC reaction. In
a pref ePr ed"BHSHIORIEAIND IS $RMPUPER BB thefy adrgipisHitiqns o AUnNgs sk tRurifieatign-
al kyl or an 15 al ken oup having fromtwo to seven carbon atons, and
more pref erl4Bl §OTRRH aPBoﬁe%%r%'nEOF@@atﬂﬁt of_ (fos ey @lsocOned. epp - efseveral
CH=CH CO or CH2-CH2-CO. Alternatively, if the RI_ group is a substituted
al kyl or alPR¥RReElgRbeRtreenan sngrtamericrbnryre (ar%rfreohaw F}fea?faﬁ?rkﬁ?‘@@@ﬁﬁ“rt%at
is linked to the carbon atom|inked to g so that the
chal cone dé&f (QRAETA)&omaulp ) ot @br) éﬁ% b@d?W%?‘?Pa?'i”&ﬁ'i%(*/éS WP%QGCEJP p“”ﬁ‘%ﬁﬁ'@? Of Htfhen
group of Ceneral Fornmula ( and is 9 , these
corrpounds Pl erodyelr BEMI%MH’E‘@(‘@C% Sbﬂ”tBﬁ%ﬁyﬁ)Fjﬁﬁé'ﬁe‘i 'r(‘)ﬁ'éf) E?é?tPR?a( Fhiedlity &,ch
conmpounds can al so be prepared follomnn% t he reducti on of the correspondrng
1,3- di gherRFP%PSB'gQ 2pf vag'ﬁ@mSFt éafbresh Reddmand 'Y"IhM?r RACRRiFERSS): represent s
a CO CH=CH (see schene 1? described for exanple in WO 07/ 147879.
25Then, dependr%%’H”%@ Qﬁa?r@éFB’F“Lt'EPré'a)o??i”e?R"%S%'PcE’ﬁOtPﬁ'r\ﬂrﬁreﬁpsL'”r PSYsi"Pi%ned
between the two phen rings (and the type and/or nunmber of substituent
groups t hatPOpHigRs- dRudbi 8'[06% eargr%@% i é nsRdsd dePrpRding 1ony thegpe efhiirther
conpounds of Gener al Fornula | a) .and éﬁb WD 2011/144579PCT/EP2011/057903
13 can repras®itel gipRtiaiqncthat %Q?%Jrraéfle aPediie CaBPPYALS Ofe Qeﬂ%{@l AR ilblis
medi cal uses éBatovska D. and Todor ova | 2010; Katsori A a
Hadj i pavl o§NCPtiNeY B APy p@?'sﬁl @Pd'ﬁPat'O”Z@Wﬁj by ch: éﬁsﬁ'ﬁl‘gf b>t HE‘GL cpgmical
Ceneral _Formula (la) and (I 3 g_ ot her particul ar
embodi fent "SACORR 19 B fene ’BH’RL&F‘do?fetth GFrl*F‘éa'sﬁ §N'@ &'ehfesalﬂaaﬁgom §heyfd ity
Xai, Xa2, Xa3, Xa4, and Xab of General Fornula (la | b) i.s a hal ogen,
a Ra or GargegrBup S&E@'tieﬁetooﬁﬁ’&e PRIPPIER B 18 Ph(ér%ersegralraﬁﬁe%ag s
Xa3, Xa4, and Xab oups, are hydrogen atons. Alternatively, two or three of
the substi KWEWP'”&P%LE’;S%IG‘EH”Q(%%{&I“” h& p@reay' GEPIP Y BPan %%%j‘ %}196”
Xa3, Xa4, and, Xa5 oy i dentical or fferent, are a hal ogen,
Ga- Ra gr oup" 40HgF | %QJ%QBBQ@W%HQI gtr%qse £eijthe ér%tﬁ@tmr%rﬁrwarhaﬁ%to 1*(?
atons). The positions that can be npre referably substituted with a
hal ogen, aPREMYIOTERRY GEBHOL BHILAGLEH- E%‘H@ta%‘s& '>@a{Baddétr9cﬂ‘ab<a H gra sty
t he nnzb preferabl substrtuted osition as shown in Ex qﬁle 1 wherei n Xa3
is a haPogdR Pr&airnk ”@P%&@P”o? ORR PRPRY/ IMPHI(RHGra5UR Mary reiyahanglepye deglvatives),
preferably an unsubstltuted al ro havi ng from one to seven carbon
atons. 151 ANSFIPPRNARL ﬁqnétﬂ'gf’r%%g'd ?f&h% CJt PEREN RGN0 Bivtedting gsayip as Ra

substi t uent oup of General Fornul that, follow ng step (b) of the
met hods of‘?g%J‘ﬁ@%HF”%%O%%@6W§§pﬁmg%§@Q?%ﬁoup is preferably a Go-H group.

In particular, _Gb is efera an ox en_ato in order to sye
0-al kyl ati on) dRA ”PﬁiP Spcrféfreefna%mrpne WE rW&“%%%Ph?ﬁ'c%{ra@Fg{!BaW@s‘gme | n

t he ot her phen I rrn rnatr b is prefer an ox en atonr
the 20 co PWrﬂérar?ﬁ?'ﬁ”Q PEYCYRCl 'Y'B()rebrt é%%\'ﬁs & ‘2?9&1;\( %‘“F@é? yor
Ga- Ra oup. In thls Iatter case, (A is prefe abl hur . atom

Mor eov 5 tt%”%” §%8?‘frtdaé%§tee@€%5°6‘?“'%é'n)eﬁ‘%ﬂt P ettigst(as gengyally

R b-Go-H or a H ro is Xbl or Xb3 and, even nDre referably 1t is Xp3.
Thus, anon&siaﬁgqb?ﬂif,% congnderivafiyes. é’ﬁ&v%ﬁ”“%@v@n@’r‘aﬂ? ﬁ&%g“(al giyuciyg
(I'b) that are not the R b-Gb-H or Gb-H group, at



25 least two of them identical or different, are preferably a hal ogen or a
R'b group, one being an Xb adjacent to the Xb that is a R b-G-H or Gb-H
group, ariotbhe/meésmi ni ng substituent group(s) bei ng hydPogar2@ion98). |n
particul ar: W 2011/ 144579PCT/ EP2011/ 057903 14 if Xbi of GCeneral Formula
(la) is the R b-Gb-H or Go-H group, Xb2 i's the adjacent group that is a

hal ogen or a R'b_group, wherein at |east either Xb4 or Xb5 are preferably

hal ogen or Vér'@?‘tﬁfcﬁﬁ"ﬁlﬁﬁ‘ structurghandiy bgkegial Propgtivs Imay( 194 ray e begreidgntiiegnand or

Go-H group, Xbi and/or Xb3 5 identical or different, are adjacent groups
that are hahidesande eed @”670@1190“1&5’(%‘)Corq}\we‘ioéh‘?\d%%'reldé%@%’g'%la%‘ﬂtd Xb3 Xb3 and
Xb5, or Xbi and Xb5 are preferably hal ogen or Xb3 i s the

R b- Gb-H or t hePeslieiageigapa! csp d?%ﬁt'o%&anlb&e'mq'%ﬁ’”t%‘# f%ﬁ ﬁ*‘fee?r%?ﬁrat'%ﬂ & t he
adj acent groups t hat are hal ogen(s) or qrou , Wherein at | east Xb2
and 10Xb4, 9D caniidais snelpcules. 'arnf%@ranyeawuéﬂ%rt%m'oa@rsota@haw &mglifying
group I n_any of the conbinations |isted above, the Xb groups that
are nei ?hersy'ﬂtﬁét'%%’t@?'% Beh @ PPYMEIpsHIed Sokyian 85%?? SYUREsi® 8 PFOMEVED| y
identical or different R'b groups being unsubstituted alkyl groups or

al kyl oxy grSHpEd ABRNC ByihessIAng astaplisiyng AovRTERY 1% “%eéwﬁé 2FRESE 48, Y and
even nore preferabh m one to four _carbon atons, he conpounds of
General Forftdl a?O@ﬁbgéO'ﬁﬁ@Pé\ﬂ aBY 7 eediodr P08 perdandt s Bﬂléﬁh'%t/r% 2008 erapves:
different alk groups having fromone to seven carbon atons, and even nore
pr ef er abl ycﬂﬁ%‘ﬁﬁ%rmalt NG| p“berrﬁtlpﬁ'g 549 rf{?sfqnoﬁ?%‘r'?@uﬁé avir afoyy b%nmékfeoms
The structural and functional anal ysis of unds of follo

Gener al Fors?ﬁf?@a{'? 99'3'%&16(9@‘6)(4“@%9\%’3&‘(&{“3&%8 QWGE“'%GUB@?f'%@d?er&fﬁbﬁﬂ&t%{ﬁe

pr eseni i n conpounds 20known tq have biol ogical activities. n&jze 2 and
Tabl e 30pr M%&yd@?é{?m%"%rﬁﬁdh@t%@éijqgccaé‘éﬁiﬁléﬁfntaé ?‘F?&f"ec%?i”%éyrﬂg ehenor
pr oduced accordl ng to.the |Invention, wherein: Xai Xa4, and Xab are a
hydr ogen ati®¥§ %,eér tﬁ"'ﬂ?‘@"?"@(j@ﬂt'%ﬁ@hl- eéaha%(}QaeﬁongiC%ab,rZ(@g RAYHANECH j s
a CO CH=CH 25Xhi , Xh2, Xb3,

Xb4, and x@520@%éfﬂﬁréb¢ndd#armeﬁ%r?899 W&P@“&@P?ﬁﬂ%\ﬁt%ﬂo@fﬁ%ﬂ@ﬁe?%@% i) if
Xbi is the R b-Gb-H or aGb_Hg of Formul a t hat becones

R b- G- RC or aT@Jlf@@gt@pwﬁwg?s % p%of(q‘,cw)lp,)ounds g)f General Formula (1) and (Ip) that

have been produced and characterized as having biological activities of interest (WO
15  04/005233; WO 05/073184; see Table 3). The literature also provides examples of
compounds of General Formula (l5) that have been either isolated from plant extracts or
synthesized, and characterized as having biological properties of interest (Zhu X et al.,
2005; Ghayur M et al., 2006; Batovska D and Todorova I, 2010; Cunha G at al., 2003; Na
Y et al., 2009; Ogawa Y et al., 2007; Matsuura M et al., 2001; US20070092551). The
20  structure of compounds of General Formula (I,) can be further modified using reaction
schemes that are known in the literature for drug candidates and/or for chalcone
derivatives in general, and that are compatible with the physico-chemical features of such
compounds. Such modifications of the structures can be envisioned as to identify novel
compounds of medical interest. Examples of such modifications are epoxydation,
25  reduction, hydrolysis, or reactions that allow producing other classes of compounds such
as flavonoids or pyrazoles (Patil C et al., 2009; Ooi T and Maruoka K, 2007; Carey J et al.,

2006; WO 07/147879; WO 04/005233; US 7208447).



WO 2011/ 144579PCT/ EP2011/ 057903 15 Xb2 is a hal ogen or an unsubstituted

al kyl or aryl group; Xb3 is a an al kyloxy, or a alcohol or a phenol

prot ecti yogpuumg4i’vnked to t he phenyl ring by an oxygenPaTmPean/oS190s ur
atom Xb4 is a hydrogen or an unsubstitiied al kyl or aryl group; 5- Xb5 is

a hydrogen or an al kyl oxy group; ii) i f 3 is the R b Go-H or a Gb-H group
of Formul a (Iaér that becones a R b oup, of Formula (Ib),
either at lea Pe&ﬁ@p%@%r@%ﬁgﬁﬂ“%&' )i%“déorﬁhl??d’et?? pIfigA by pegpidigfien Pled

al kyl or aryl ggoup and at | east one between Xbi and Xb5 is _an al kyl oxy, or
an al cohol SBHd/EuithfidRCHBpadER cRY¥eRgagPoup theKeacton Mediyshe hyrther ﬁ’@ %‘Peran
oxygen atomar sulfur atom or Xb2 and Xb4 are unsubstituted al kyl groups

and Xbi andusiiRtign StEREANRFRETIBRE PY chromatpgraglhyeoyersilica grbeibYde Y SaliFAts.

Derricin (Cunha G et al 2003) or 98c (Batovska D and Todorova 1, 2010)

can be used'hen e @Bmpaynd)fs ﬁtﬂ*éle Astshaeldl 19Fm+ Pleapriviea i¢BRIUES “@éd‘ép‘é{f‘u'%é}“e
vari anté that can_be tested for inproved, or additional, biological

f eat ur es whiSRAtE: Mpeliaene oderativssi @"’ rﬂi@rec@n‘éﬁ?ﬁﬁﬁs for ‘chemiggjs lé"f'é’?‘i'c)” of
ei t her speC|f|c Llcochalcon é Y et al., 2009§@or specific 1,

di pheny! pr $gboaky ﬁflﬂ%%a'%er%o(? t P4eAMPaAERQ MY oRsh Shal ﬁoEé?/Vt??bl'\é%fO\é%[n e
used according to the | nvention as conpounds of General Fornul a

The synt heSeRITGH pyHicain 6Wi’/ﬁb (@o}?ﬁ’éiﬁqﬁét'% stEpscihpbee aaewaten&rt'éo'@w
Met hods of 20t he | nvention, in

| a: 144- met WWPHP'&H%%“@%V]GF@@@U@ %@H?’Prﬁb)ﬁm%'&%m Mty E-con dig- useger
(i ntermedi at e conpound 2 of W?2004/005233); Cpd

| b: 144- et KPIA Wﬁ”%ﬁﬁ‘é’ﬁ‘ifﬂl BE@V’FO'E!H ﬁ%% HPe0Y- qreqqlis§th99é%rm§o®JPh d%oh‘é‘iqwhs
nethyI? yphe IIH] rop en- 1- one npound 27 of V®2004/0052352

2a: 144- 6@ 3%/ Pg‘imé’r'ﬁ'ﬁ!?t %%é’“@%?%‘f%ﬂd@r RYRIPERVRIRRSYES: fPiop@ %'”ﬂeﬂﬂ%"f

Cpd. 2b: 144 nmet h Ith|o heny 11 343 ,5-d |etm/1 4- tertbutP(I oxycar bonyl -
solubility, |ntr|nS| dissolution rate, melting temperature, bioavailability, and/or possible

transition from a polymorphic state to another one in pharmaceutical compositions and/or
biological fluids.
The (re-)crystallisation assays can be performed in panels of different solvents (such
15  as isopropanol, acetone, methanol, diisopropyl ether, or water) or mixture thereof, and by
applying different conditions, such as reaction volumes or temperatures. The resulting
samples can be analyzed by different techniques such as microscopy, calorimetry, and/or
spectroscopy that allow establishing the features of a particular crystalline form, such as
structure, solubility, stability or conversion to other forms (Erdemir D et al., 2007; Bauer M,
20 2004; Morissette S et al., 2004; Yin S and Grosso J, 2008). Such a polymorphism study
allows characterizing the crystalline form of a compound that is pharmaceutically
acceptable for both pharmacological and manufacturing points of view.
In particular, compounds of General Formula (I,) can be obtained as specific salts,
hydrates, and polymorphs that can be obtained during the final purification step of the
25 compound or, in the case of salts, by incorporating the salt into the previously purified
compound. The selection of a compound of General Formula (l,) that is produced

according to the methods of the Invention as an optimal candidate for drug development



di nmet hyl nethyl oxyphenyl ] prop-2-en-1-one; WO 2011/ 144579 Cpd. 3a: Cpd.
3b: Cpd .4a: PCT/EP2011/057903 16 1 [4-nethylthi ophenyl]-343 ,5-d

i i sopr opywo2ehyd4379xyphenyl | prop-2-en-1 -one; 1 [4-net hpCrrrophoseed - 343
,5-d iisopropyl-4-tertbutyl oxycarbonyl - ngé met hy

met hyl oxyphenyl ] prop-2-en-1 -one; 1 [4- hyIthlophenyl] 343 , 5-d

I met hyl-4-hyd rox phe prop-2-en-1 -one 5 (internedi ate conpound 2 of
WD2004/ 00558R)e au i afomrc?@pﬁwtbmpaawyjlcaé&@arasteazatlon at the scale-up

I met hy1l- 4- et hyl ox carbon | -di methyl methyl oxy phenyl]prop-2-en-1 -one
Cpd. 5a: 1SE341€t?ri foudfr‘%t%'ﬂch?! B‘Wﬁbﬁ‘é’ﬁVie]t'OMQatS'Scﬁﬂpf@d"ﬁlﬁfc’ﬂ t'h‘?/éies'red route of

roxyphenyl ] prop-2-en-1 -
administration and therapeutlc indication (Kumar L et al.,, 2007; « Handbook of

Pharmaceutical Salts: Properties, Selection, and Use » 2002 ; edit. Stahl P and Wermuth

5 G; Viley-VCH Germany; « Pharmaceutical Dosage Forms and Drug Delivery » 2007, ed.
Mahato R, CRC Press).

The methods of the Invention can be applied to known compounds of General

Formula (l,) that present specific types of substituent groups and combinations thereof, as

well as to novel variants of these known compounds that comprise one or more

10  substituent groups compatible with the Methods of the Invention, in particular regarding
the need of a single, specific position presenting a R’,-G,-H or a Gy-H, to be modified by
O-alkylation or S-alkylation, and the absence of other substituent groups that may
decrease the efficiency of the PTC reaction.

In a preferred embodiment of the Invention, R_ group is an unsubstituted alkyl or an

15  alkenyl group having from two to seven carbon atoms, and more preferably two carbon
atoms, so that L is CO-CH=CH, CO-CH,-CH, CH=CH-CO or CH,-CH,-CO. Alternatively, if
the R group is a substituted alkyl or alkenyl group, the substitution is preferably an alkyl
group that is linked to the carbon atom linked to the —CO group in L, so that the chalcone
derivative is the s-trans conformation (Go M et al., 2005).

20 When R, group of General Formula (l,) and (I,) is a CH,-CH, group, these
compounds are dihydrochalcone (1,3-diphenylpropan-1-one) derivatives. Such
compounds can also be prepared following the reduction of the corresponding 1,3-
diphenylprop-2-en-1-one of General Formula (I,) in which L represents a CO-CH=CH
(see scheme 1), as described for example in WO 07/147879.

25 Then, depending on the choice of the orientation in which L is positioned between
the two phenyl rings (and the type and/or number of substituent groups that provide

biological activities on such phenyl rings), the compounds of General Formula (l5) and (lp)



10 Cpd. 5b: 1

44-trifluoronet hyl oxy] - 343, 5- di net hy1- 4- et hyl oxycar bonyl di net hyl net hyl oxy
phenyl | prep-28t1é134379- one  Cpd . 6a: 1 [ 4-chl orophenyl] - 34BCTAPAVI1OETNY 1- 4- hyd
roxyphenyl ] prop-2-en-1 -one (internedi? e conpound 2 of W2004/005233);
Cpd. 6b: 1 [4- chlorophenyl] 343 ,5-d ine yl 4 tertbutyloxycarbonyl di

nmet hyl nmet hyl oxy 15 phenyl ] prop- 2-en- 1- one nmpound 16 of W2004/005233);

The net hod§anreP'f?ée”tr1§3éWPer'tk9n°rr Bal&'ﬁ' é@iﬁ@”%y‘?ﬂ”l’@%‘{% '?aﬁ‘i’d?%t"a%ﬁ fedigal Hﬁe%f
the al kylating agent in_the formof a sulfonic acid derjyvative of Cene

Formul a (1 (FaPkede Brand dedorevre!y ?&%%@Eﬁ?r'f%@”? readiprdeu-tiHam 8 &P0Y; oM Sh

according to steng I ned above, IS required for the

S-al kyl at i Gh: 810%- arpfey@%x it of @ﬁ”‘?féw‘?rﬂlﬁt’faa@a) apg go)ds) P R HRYRY 20
derivative of GEneraI For mul a &P preferably conprises an Rs which is an
al kyl group hal? ARPIRFTRAGHEr € emenéaﬂﬁsﬁmean&s% Nl e Ghdigsybstituent groups
nmet hanegul fonate The sul fonic acid derivative of General Fornula (11 | S
pref er aBl y &9 S’%aat)%&o)fa‘hteﬁ‘é %edi PRErRIkorgHELs) aRY € it & halagshse ﬂﬂl‘j‘f

al kyl groups, as deflned above. Such conmpounds can be ejther comperci al
avai | abl e of ¥R ARS heahet fuf ﬁH@St‘Ne(S‘ﬁQF%@?Ia”&‘i‘IQc%w’d)éﬁaﬁﬂ Kﬁea%&aﬁspm e
25al cohol of the desired IRc in the presence of a base, in particular an
ani ne base 2§, dydrogep rqt%mﬁyﬁgquﬁté/ely, two or three of the substituent groups of General

Formula (I5) and (ly) among Xa1, Xaz2, Xas, Xas, and Xgs groups, identical or different, are a
halogen, a R, or G,-R, group as defined above (and therefore different from hydrogen

10 atoms). The positions that can be more preferably substituted with a halogen, a R, or G-
Ra group are chosen among X, Xa3, and Xgs, Xa3 being the most preferably substituted
position as shown in Example 1 wherein X,; is a halogen, an alkyloxy or an alkylthio
group. Alternatively, R, is preferably an unsubstituted alkyl group having from one to
seven carbon atoms.

15 In another particular embodiment of the Invention, the X, substituent group of
General Formula (l,) that, following step (b) of the methods of the Invention becomes a
Gp-R. group is preferably a G,-H group. In particular, Gy, is preferably an oxygen atom (in
order to pursue an O-alkylation) and more preferably there is no R, or G;-R, group
present in the other phenyl ring. Alternatively, G, is preferably an oxygen atom and the

20 compounds of General Formula (l.) and (I,) present a single R, or G,-R, group. In this
latter case, G, is preferably a sulphur atom.

Moreover, the X, substituent group of General Formula (l,) that is an R’,-Gy-H or a
Gp-H group is X, or Xp3 and even more preferably it is X,3. Thus, among the X,q, Xp2, Xps,
Xp4, and Xps of General Formula (l5) and (I,) that are not the R',-Gy-H or Gp-H group, at

25 least two of them, identical or different, are preferably a halogen or a R”, group, one being

an X, adjacent to the X, that is a R',-G,-H or Gy,-H group, and the remaining substituent

group(s) being hydrogen atom(s). In particular:



WO 2011/ 144579PCT/ EP2011/ 057903 17 The phase transfer catal yst of
CGeneral Forrmula (111) is preferably chosen anong commercially avail abl e
conpoundsweuetr/iags7aet hyl tri oct yl ammoni um chl ori de ( ALI QBAT(RPR013867903

t et rabut yl ammoni um brom de, tetrabutyl ph iphoniun1bronide, met hyl - ( C8- C10) -
trial kyl ammoni um chl ori de (ADOGEN(r) 464? and tetrabutylannnnium

hydr ogensul f at e. 5Preferab|¥ npound of Ceneral Fornmula, (

contains a nit ro¢fe>f°P Eormula (l )ﬁﬁéh%ﬁ}rgsgl YrCs-rEeer t)?baf?stﬂ“éradlace”t
catalyst" refers to naterlal that catal yzes a reaction between a mi ety

that is soluble 9FPUR et &t adiplpgen & R arr?UBr YR phiesat it %onOf Her ate
noiety that is soluble in a second phase, e.g., an aqueous phase. The

or gani ¢ sol vent Pﬁﬁﬁ@bWﬁ@F&EB@r?ﬁztﬂ@“B1pha5|c organi ¢ solvent / water
mediumis preferably selected from 10 hal ogenated sol vents, referably

di chl or oet hane: do¥erd, CHFeReFaBIYR dehid NecBrie, Wt Rersoisper Sratidjor X
diisoprgpyl ether, aromatic solvents such as x¥lene benzene or toluene
the | atPer ones H@”H@a't%ed PRl §refdirgsntedrotpie *Eé@é"eﬁ‘?%&’@@”@? Of b SF%’Qﬁﬁ)c
solvent in the biphasic organic sglvent and water nmediumis_conprised

bet ween 10% and W\%‘SP%R@ angh §eapfea PBr At P et e Q@Brﬁfﬁﬂa%@@'o%ﬁrﬂre
PTC reaction can be perfornmed by applying conditions that provide the
better results iR T elfPof yleld and/ or purity of the conpounds of General
Formula (lIb), as_shown in_the npl es, or as established when conS|der|ng
known net hods foff BTE ‘ihéa{%*t'ﬁeﬁkor the Go-t 9P Pe SpeANY B nasntisal elcdiirent 86 t he
amount, ratio, and/or nature of reactants, and conprise the reaction
terrperature and pPre’darent gEqvies thatiasz halpaee) XORp SRTESS): WRRreinoR least Pep@nghs,

t he adigtlon of a further catalyst, the Iee?th of the reaction, or the way
(for exdnple the M%ﬁa’?‘”do%bﬂof ?%Ese)”dl)fwﬁﬁﬁ?fﬁf kY B3|PISHI'@ BeidPUher i vat i ve of
General Forrmula (11) is added n particular, the ase transfer cgtal ysis
i s advant ageous? %”%aﬂhPé@”@tﬁat'a‘?s @t?%ﬁtb@’team?r)éb Q:rSH‘B? thebaragaiteethesse-Grd! 120
C, and nore preferably between 80 and 120 C, referabl at at pospheri ¢
pressure. Ph&sThE FUPGRS 3y digep Sopy %ferﬂr?fﬁf’é’éfr)fd%ﬂ@a{ Prediffersnbi giaryusreing
catal yst can be cesjum or potassium carbonate. The reaction is carried out
with at | ed8pUksiBied akviArargs ‘Effa'E%quJHHp%fm%rﬁ’é?f‘érablﬁoﬁ%‘mgaf“(m &NedREeHt" t he
sulfonic acid derivative of General Fornula ( Eé# and pursued for a period
of tine (fSPRORAYNE aNdeVER e pﬁ?@@'ﬂ@ﬂhﬁ!ﬁ‘@ /BERNPHE7903 18 12
hours), I f appropriate, the sulfonic acjd derivative of Geperal Fornmula
(11) ahd/or t hdNgAMRBALE Oéﬁeé"leiﬁét':%@y'ab(ébf) R ETREACYa BoMaRNISE, e 289 R %Hr’ﬂ‘fq on
step is optionally repeat for exa 1, 2 or 3 tines Consequent |

the reacti ¢FWES %SH&% é‘ﬁﬂyhério}’p? pavi n%%mé%”iedﬂ SPYRN GHDOTYAOB)S, AR %VEHb’EPP
before proceeding to the gurlflcatlon as descrlbed above. 5 DESCRIPTICN OF
THE TABLESPEIRIERMFIINSHPRCY alkylgiayReeiqvingdfom opeg iq foyr Qﬁrb%ﬁtﬁmﬁnds of General

Formul a (I a) e Exanpl bel ow provide a detaile d i n of the
synt hesi s of aTQEe%!'iUPF%a'f%}ﬁW%qna&éﬁﬁg%dg k&PWGé%?éT?pé’lU”&% ﬁLFP”QWFWQaSQ’eE‘?fé

can be used for generat| Pr;ghthe 10 corresgondl npounds of Gener al
b

Formul a (| t'f)ormb\lﬁﬁbh a8 {loh ENPWYF e SPREF SHUBRHYE rﬂr?PFtSh%rel PrRREM '@rCSU]cPOH%qSV\/een
t he phegnyl rings or in one or nore subs n rou s of a phenyl ring_by
r educt POn, KBpAR t‘ﬂB@YeoWO'SB'CHW'B'F'?%u'§X F@i%%.aaﬂtf@g s proxide daidls canipe spgdifi

reacti on schene for enerating such famly of conpounds of General Formul a
(la) is sh&AmPewaRhaiggan 83@0'/@9“@8 PEOFHND IO et heaUon: grhersie

synt hesis of ¢ unds of neral Formula (Ib
y ?( )(2 Xa4, and X5 are a hydrogen atom ( )

Xasis a hydrogen atom, a halogen, a R, or G,-R, group;
L is a CO-CH=CH, CO-CH,-CH,, CH=CH-CO, or CH,-CH,-CO group;
25 Xp1, Xb2, Xpa, Xpa, @and Xps, identical or different, are substituent groups wherein:
i) if Xpq is the R',-Gp-H or a Gy-H group of Formula (I,) that becomes a R,-Gy-R. or

a Gy-R. group of Formula (1),



A series of specific conpounds of General Formula (la) have been

synt hesi zed (Cpd. la, 2a, 3a, 4a, 5a, and 6a) and used for generating
conmpoundswof20Geres7al Forrmula (1 b) with appropriate subsPCTHPR@N®S™N3t he
phenyl rings in order to denonstrate the %easibility and the advantages in
perform ng the synthesis of the conpound% of General Fornula (Ib)
20according to the Invention b, 2b, 3b, 4b, 5b, and 6b; Panel A).
The conparative udf 9iRlogsh O{I?QIUHS%H"UW?'M}%%@' HOHR: perfornmed by using
different al kylating agents, either already described in the literature for
modi fyi ng chal coress (aﬁ%&@”i}ﬁ'oxyoi” BREAPPI S ad%{‘ef‘ﬂ'd%%te%‘%@oﬁ%&'&i‘e&éeﬁ?edi"?f?gj‘y{ )
the nmethods of the Invention (AAG 2 and AAG 3; Panel B). Table 2 -

Al ternative coRffySALXYEEN %{B‘&‘I%FlsHﬁurt%%mnet hods of the Invention

25D fferent Phase Transfer conditions (cl-c7) have been tested to conpare
the yield and puP%ﬂ?aJW?ﬁ@ﬁhPEﬁ”H”%ﬁ@ﬁ“*%%@%%ﬁb@ﬂh@oB? General Formula (Ib)
is obtaLned with AAG 2. Table 3 - anpl es of conpounds of General Formula
(la) and (Ib) V\ébfﬁﬁ)ffNﬂW@SWQP@TPEPﬂ?MSVOGBVQOS 19 Thi s non-exhausti ve
sunmmary prOV|des several exanpl es of conmpounds of General Formul a Ia) t hat
can be used for) defreisiedy-e gﬁ‘;ﬁhﬁn@sHcﬁro'é%ﬂfe':%[muif’o@ahhaébﬁ%?e%%\ﬁbn bRe or

di fferent structural and bi ol ogi cal @ropertl es according to the nethods of
the Invention. a8nPodRER CbForn @lﬁle' §f mul a (1'b) can potentially be further
nodi fied on the substltuent 5groups and/or the linker, in partjcular |>;//
epoxi dati on, hy@dt &ﬁa}sgpge bﬁ%ﬁ?@t Mr?” C%b“d%ﬁl’@l%gﬂnl ®nat Sgsubsiitied glkyipet @ ed
Descri pti on and Exanp Phase Transfer Catalyzed O or S
al kyl ation: RSf %@za"@ %&?%P'F%H?WGQEP@ %‘ﬂé’r%(baé& pyel &S‘PXXBé%ﬁéF‘a"I'COﬁB'r%ﬂ rhenpl )
wherein Rs is an unsubstltut ed al kyl %rou and Rc is an al k}/ rou
substif8ted by P e@@@lﬁﬁ"‘ﬁ’r BV d tuthe B RY! RA9I0Y 38PXYI8R, FIOGY Y HyITUT HEMANHSO4

(quat ernary ammnl umsalt of CGeperal Fornmula (]11))
b2 and Xp4 are unsubstituted alkyl groups and X, and Xys are hydrogen atoms.

In case (i), compounds such as Derricin (Cunha G et al., 2003) or 98¢ (Batovska D
and Todorova I, 2010) can be used in step (a) of the methods of the invention for
generating variants that can be tested for improved, or additional, biological features when

15  compared to the original compounds.

In case (ii), either specific Licochalcones (Na Y et al., 2009) or specific 1,3-
diphenylprop-2-en-1-ones derivatives (WO 04/005233; WO 05/073184) can be used
according to the Invention as compounds of General Formula (l,).

The synthesis of the following compounds is described, according to the Methods of

20 the Invention, in the Examples:
Cpd. 1a: 1-[4-methylthiophenyl]-3-[3,5-dimethyl-4-hydroxyphenyl]prop-2-en-1-one
(intermediate compound 2 of WO2004/005233);
Cpd. 1b: 1-[4-methylthiophenyl]-3-[3,5-dimethyl-4-tertbutyloxycarbonyl-dimethyl
methyloxyphenyl]prop-2-en-1-one (compound 27 of W0O2004/005233);
25 Cpd. 2a: 1-[4-methylthiophenyl]-3-[3,5-diethyl-4-hydroxyphenyl]prop-2-en-1-one;
Cpd. 2b: 1-[4-methylthiophenyl]-3-[3,5-diethyl-4-tertbutyloxycarbonyl-

dimethylmethyloxyphenyl]prop-2-en-1-one;



Xb2 Xb3 Xb4 Xb2 Xa3d * zCOOH Al kyl Xb4 B) Compounds of GCeneral
Formula (la) WO 2011/ 144579PCT/ EP2011/ 057903
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WO 2011/144579 PCT/EP2011/057903
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Cpd. 3a: 1-[4-methylthiophenyl]-3-[3,5-diisopropyl-4-hydroxyphenyl]prop-2-en-1-one;

Cpd. 3b: 1-[4-methylthiophenyl]-3-[3,5-diisopropyl-4-tertbutyloxycarbonyl-
dimethylmethyloxyphenyl]prop-2-en-1-one;

Cpd.4a: 1-[4-methylthiophenyl]-3-[3,5-dimethyl-4-hydroxyphenyl]prop-2-en-1-one
(intermediate compound 2 of WO2004/005233);

Cpd. 4b: 1-[4-methylthiophenyl]-3-[3,5-dimethyl-4-ethyloxycarbonyl-dimethylmethyloxy
phenyl]prop-2-en-1-one

Cpd. 5a: 1-[4-trifluoromethyloxyphenyl]-3-[3,5-dimethyl-4-hydroxyphenyl]prop-2-en-1-
one

Cpd. 5b: 1-[4-trifluoromethyloxy]-3-[3,5-dimethyl-4-ethyloxycarbonyl-
dimethylmethyloxy phenyl]prop-2-en-1-one

Cpd.6a: 1-[4-chlorophenyl]-3-[3,5-dimethyl-4-hydroxyphenyl]prop-2-en-1-one
(intermediate compound 2 of WO2004/005233);

Cpd. 6b: 1-[4-chlorophenyl]-3-[3,5-dimethyl-4-tertbutyloxycarbonyl-dimethylmethyloxy
phenyl]prop-2-en-1-one (compound 16 of WO2004/005233);

The methods of the Invention require the synthesis and/or purification of the
alkylating agent in the form of a sulfonic acid derivative of General Formula (Il) that
provides the R. group for the phase transfer reaction according to step (b) defined above,
and that is required for the S-alkylation or O-alkylation,. In particular, the sulfonic acid
derivative of General Formula (Il) preferably comprises an R which is an alkyl group
having from one to four carbon atoms (e.g. methyl methanesulfonate). The sulfonic acid
derivative of General Formula (Il) is preferably the mesylate of the desired R, group which
is a substituted alkyl groups, as defined above. Such compounds can be either
commercially available or synthesized starting from mesyl chloride and the appropriate
alcohol of the desired R. in the presence of a base, in particular an amine base such as

triethylamine.



21 Table 1 A) Conpounds of Ceneral Fornula (la) Conpounds of General
Formula (Ib) Cpd. 1 a 4040 OH Cpd. |b 140140 Cpd. 2a 4040 OH Cpd. 2b 4040
3a Cpd. VOBI2011/144579 PCT/EP2011/057903

17

The phase transfer catalyst of General Formula (lll) is preferably chosen among
commercially available compounds such as methyltrioctylammonium chloride (ALIQUAT®
336), tetrabutylammonium bromide, tetrabutylphosphonium bromide, methyl-(C8-C10)-
trialkylammonium chloride (ADOGEN® 464), and tetrabutylammonium hydrogensulfate.

5  Preferably, the compound of General Formula (lll) contains a nitrogen atom as A.

The expression “phase transfer catalyst” refers to material that catalyzes a reaction
between a moiety that is soluble in a first phase, e.g., an organic phase, and another
moiety that is soluble in a second phase, e.g., an aqueous phase. The organic solvent to
be included in the biphasic organic solvent / water medium is preferably selected from

10 halogenated solvents, preferably dichloroethane, esters, preferably ethyl acetate, ethers
preferably diisopropyl ether, aromatic solvents such as xylene, benzene or toluene, the
latter ones being the more preferable. The percentage of the organic solvent in the
biphasic organic solvent and water medium is comprised between 10% and 90% in
volume, and preferably between 25% and 75%.

15 The PTC reaction can be performed by applying conditions that provide the better
results in terms of yield and/or purity of the compounds of General Formula (I,), as shown
in the Examples, or as established when considering known methods for PTC reactions.

Such conditions may be adapted to the amount, ratio, and/or nature of reactants,
and comprise the reaction temperature and pressure, the ratios of the compounds, the

20 reflux gas, the addition of a further catalyst, the length of the reaction, or the way (for
example the number of times) in which the sulfonic acid derivative of General Formula (II)
is added. In particular, the phase transfer catalysis is advantageously carried out at a
temperature comprised between 25 and 120° C, and more preferably between 80 and
120° C, preferably at atmospheric pressure. The inert gas is preferably nitrogen and the

25 additional catalyst can be cesium or potassium carbonate. The reaction is carried out with
at least one equivalent of compound of General Formula (l.) and of the sulfonic acid

derivative of General Formula (Il), and pursued for a period of time (for example, at least
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12 hours). If appropriate, the sulfonic acid derivative of General Formula (Il) and/or the
additional catalyst may befurther added, and said addition step is optionally repeated (for
example 1, 2 or 3 times). Consequently, the reaction may continue until its completion for

24, 48 or more hours, before proceeding to the purification as described above.

DESCRIPTION OF THE TABLES/SCHEMES

Scheme 1 — Synthesis of a family of compounds of General Formula (1)

The Examples below provide a detailed description of the synthesis of a specific
family of compounds of General Formula () that can be used for generating the
corresponding compounds of General Formula (l,), which can be further modified within
the linker group between the phenyl rings or in one or more substituent groups of a phenyl
ring by reduction, epoxidation or hydrolysis reaction (Panel A). An exemplary reaction
scheme for generating such family of compounds of General Formula (l,) is shown (Panel
B).

Table 1 - Comparison of methods for the synthesis of compounds of General Formula (lp)

A series of specific compounds of General Formula (l;) have been synthesized
(Cpd. 1a, 2a, 3a, 4a, 5a, and 6a) and used for generating compounds of General Formula
(Ir) with appropriate substitutions on the phenyl rings in order to demonstrate the feasibility
and the advantages in performing the synthesis of the compounds of General Formula (l,)
according to the Invention (Cpd. 1b, 2b, 3b, 4b, 5b, and 6b; Panel A). The comparative
analysis of yield and purity has been performed by using different alkylating agents, either
already described in the literature for modifying chalcones (AAG 1), or examples of those
to be used according to the methods of the Invention (AAG 2 and AAG 3; Panel B).

Table 2 — Alternative conditions for applying the methods of the Invention

Different Phase Transfer conditions (¢1-c7) have been tested to compare the yield
and purity with which a specific compound of General Formula (l,) is obtained with AAG 2.

Table 3 — Examples of compounds of General Formula (I;) and (I,)




Cpd. 6a C *0 OH Cpd. 6b C * 40 B) Conmpound of GCeneral Formula (la)
AAG* Conmpound of General Formula (Ib) Cpd. Xb2 ,Xb4 Xa3 Cpd. Yield (%
Purity (% OR0H/144579 PCT/EP2011/057903
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This non-exhaustive summary provides several examples of compounds of General
Formula (l,) that can be used for generating compounds of General Formula (l,) having
different structural and biological properties according to the methods of the Invention.
Compounds of General Formula (l,) can potentially be further modified on the substituent
5 groups and/or the linker, in particular by epoxidation, hydrolysis, reduction, or deprotection

(see also the Detailed Description and Example 2).



CH3- CH3-S-

AAGL Ib 6 4 AAGR 75 98 2a CH3CH2- AAGL 2b 16 16
WO 2011/144579 PCT/EP2011/057903
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Scheme 1
A) Compounds of General Formula (l.) wherein:

- Lis a CO-CH=CH group;

- Xat, Xa2, Xas, Xas, Xp1, and Xps are H;

- Xa3 is a halogen, a R,, or G,-Ra group;

- Xp2 and Xy4, identical or different, are a halogen
or a R”, group;

- X3 is @ Gp-H group

Xb2
Xa3 O O Xb3
\ Xb4
O

Phase Transfer Catalyzed O or S alkylation:

- Rs-S0O2-O-R (sulfonic acid derivative of General Formula (ll),
wherein R is an unsubstituted alkyl group and R is an alkyl group
substituted by a -COORy group, wherein Ry is an alkyl group;

- NBusNHSO4 (quaternary ammonium salt of General Formula (111))

Xb2
Xa3 O O Xb3
~ Xb4

Compounds of General Formula (lb) wherein:
- Lis a CO-CH=CH group;

- Xat, Xa2, Xas, Xas, Xp1, and Xps are H;

- Xa3 is a halogen, a R,, or G,-Ra group;

- Xp2 and Xy4, identical or different, are a halogen
or a R”, group;

O - Xp3 is @ Gp - R¢ group
P2 o oo
B I
- PR yl
epoxidation
reduction p S Xba
| O
Xb2 Xb2
Xa3 Xb3 Xa3 /Xb3
o ol
Xb4 Xbg
O O
B)
Xb2 Xb2
Xb4 © bd \ Xb2
Xa3 b-H
“ .
P A,
Xa3 0
\Q( Compounds of General
Formula (la)




AAG2 65 93 3a (CH3)2CH AAGL 3b 12 35

AAGKR2 44 64 4a

WO 2011/144579 PCT/EP2011/057903
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Table 1
A)
Compounds of General Formula (la) Compounds of General Formula (Ib)
)
S OH
cpd. | 7 O O cpd. | -° Q O O\{)kok
1a ~ 1b ~
0 0
0
Cpd. | ~° o | Cpd. S O\{)kok
OO R T
0 0
0
cpd. | -° OH Cpd. S O%ok
3a O N O 3b O 2 O
0 0
0
S OH
cpd. | 7 O O cpd. | -° O O O\{)ko/\
4a ~ 4b N
0 o)
0
e OH
cpa. | ) SUI 3R 9 O%o«
5a ~x 5b ~
0 o)
0
cl OH
6a ~ 6b ~
0 o)
B)
Compound of General Formula (la) AAG* Compound of General Formula (Ib)
Cpd. | Xb2 ,Xb4 Xa3 Cpd. Yield (%) | Purity (%)
AAG1 6 4
1 Ha- 1b
2 CHs AAG2 75 98
" H.CH AAG1 2b 16 16
a | CHCHz CHa-S- AAG2 65 93
3a (CHs),CH- AAG1 3b 12 35
AAG2 44 64
4a CH5-S- 4b 72
5a CHs- CFa-0- AAG3 5b 3| et
6a Cl AAG2 6b 58
0 0 2 0 ?
Br\{)LOJ< \%/O\{*Ok \%/O\{)ko/\
*AAGT is: AAG2is: © AAG3is: ©
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Table 2
Phase Transfer Catalysis Conditions applied to Cpd.1a Resulting Cpd. 1b
Solvent (% in the . . . .
No. mixt(u:e) Catalyst (% in the mixture) | Yield (%) | Purity (%)
cl nBusNHSO, (5%) 57 92
c2 nBusNHSO, (10%) 75 98
c3 Toluene (50%) nBus;NHSO, (20%) 70 98
c4 nBusPBr(10%) 76 99
c5 CH3N[(CH.);-CH3)5CI (10%) 75 94
c6 Toluene (25%) o 50 92
7 Toluene (75%) nBusNHSO, (10%) 77 96




*AAGl Is: Brjo< AAR is:
- "(??,..0.,..5,0..... -,
Phase Tr anefery/datral ysi s Condi t i ons applied to Cpd.| a ResulErRe1g/0£d3

0 9,c)jLo< A AG3 is: s 8
WD 2011/ 144579PCT/ EP2011/ 057903 22 Table 2
| b No.

Solvent (% in the m xture) Catalyst (%|E3the m xture) Yield (9%

Table 3

Families of known
compounds of General
Formula (la)

Examples of such
compounds of General
Formula (la)

Corresponding compounds of
General formula (Ib) that can be
produced

Intermediate compounds
having General Formula
(la) wherein:

-Lisa CO-CH=CH
group;

- Only one Xa group is a
halogen, a Ra,or a Ga-Ra
group (the other Xa
groups being H)

- Xb1 and Xb5 are H;

- Xb2 and Xb4 are a
halogen or a R’b;

- Xb3 is a Gb-H group

Intermediate compounds
1,2,4,8,and 9 of WO

04/005233 (wherein Xa3
is the substituted group)

Compounds 15, 16, 27, 28, 32,
38 and 40 of WO 04/005233
(PPAR activators; then,
compounds 17, 29, 33, 39 and 41
of WO 04/005233 can be
produced by acid hydrolysis)

Intermediate compound
3 of WO 04/005233
(wherein Xa1 or Xa5 is
the substituted group)

Compound 30 of WO 04/005233
(PPAR activator; then, compound
31 of WO 04/005233 can be
produced by acid hydrolysis)

Intermediate compounds
14, 8,13, and 18 of
WO 05/073184 (wherein
Xa3 is the substituted

group)

Compounds 1,5, 7 10, 22, 32,
and 44 of WO 05/073184 (PPAR
activators; then, compounds 2, 6,
8, 11, 23, 33 and 45 of WO
05/073184 can be produced by
acid hydrolysis)

Intermediate compounds
having General Formula
(la) wherein:

-Lisa CO-CH=CH
group;

- at least two Xa groups
are a halogen, a Ra,or a
Ga-Ra group (the other
Xa groups being H)

- Xb1 and Xb5 are H;

- Xb2 and Xb4 are a
halogen or a R’b;

- Xb3 is a Gb-H group

Intermediate compounds
7 of WO 04/005233, and
14, 15, 17, and 19 of WO
05/073184 (wherein Xa3
or Xa2 and Xa5 or Xa4
are substituted groups)

Compounds 36 of WO 04/005233
and 34, 36, 40, and 46 of WO
05/073184 (PPAR activators;
then, compounds 37 of WO
04/005233 and 35, 37, 41, and 47
of WO 05/073184 can be
produced by acid hydrolysis)

Intermediate compounds
5-7,9, 10,12, and 16 of
WO 05/073184 (wherein
at least Xa2 and Xa3
are substituted groups)

Compounds 12, 16, 20, 24, 26,
30, and 38 of WO 05/073184
(PPAR activators; then,
compounds 13, 17, 21 25, 27, 31,
and 39 of WO 05/073184 can be
produced by acid hydrolysis)

Natural/synthetic
chalcone derivatives
having various biological
activities and presenting:
- at least 3 substitutions
on only one phenyl ring,
- atleast two of these
substitutions are on
adjacent carbon atoms,
one of them being an -OH
group (= Gb-H ),

- with or without a single
substitution on the other
phenyl ring (=Ra)

ON-IIl (Zhu X et
al.,2005)

SS-2, SS-3 (Ghayur M
et al., 2006)

Cpd 34a, 34b, 98¢
(Batovska D and
Todorova |, 2010)

Derricin (Cunha G at al.,
2003)

Licochalcones A, C, D,
E (NaY etal., 2009)

Cpd. 36, 38, C035
(US20070092551)

Cpd 5¢, 98d (Batovska D
and Todorova |, 2010)

Cpd 4 (Ogawa Y et al.,
2007)

4-hydroxyderricin
(Matsuura M et al., 2001)

Synthetic variants of these
compounds wherein the hydroxy
group becomes an O-Rc group,
to be tested for their biological
activities (if an additional -OH are
present in the original compound,
as in the licochalcones or 4-
hydroxyderricin, this group can be
previously modified with a
protective group to be later
eliminated or substituted)




Purity (9% c1 Toluene (50% nBu4NHSO4 (5% 57 92 c2 nBu4dNHSO4 (10% 75 98
c3 nBu4dNHSO4 (20% 70 98 c4 nBud4PBr(10% 76 99
WO 2011/144579 PCT/EP2011/057903
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All references cited herein are fully incorporated by reference in their entirety.
Having now fully described the Invention, it will be understood by those of skill in the art
that the Invention may be practiced within a wide and equivalent range of conditions and

5  parameters, without affecting the scope of the Invention or any embodiment thereof.

EXAMPLES

Example 1: Comparative Synthesis of Compounds of General Formula (l,)

Materials & Methods

10  Synthesis of the Compounds of General Formula (1,) in Acidic Medium

Cpd. 1a and Cpd. 4a have been synthesized. 4'-methylthioacetophenone (1
equivalent) and 3,5-dimethyl-4-hydroxybenzaldehyde (1 equivalent) were dissolved in
ethanol solution saturated with gaseous hydrochloric acid. Reaction was stirred at room
temperature for 6 hours and solvent was eliminated by vacuum evaporation. Compounds

15  were purified by chromatography on silica gel (elution in cyclohexane/ethyl acetate).

Cpd. 2a and Cpd. 3a have been synthesized and purified similarly to Cpd. 1a, using
4'-methylthioacetophenone and either 3,5-diethyl-4-hydroxybenzaldehyde or 3,5-
diisopropyl-4-hydroxybenzaldehyde, respectively, as starting materials.

Cpd. 5a and Cpd. 6a have been synthesized and purified similarly to Cpd. 1a, using

20  3,5-dimethyl-4-hydroxybenzaldehyde and either 4'-trifluoromethoxyacetophenone or 4'-
chloroacetophenone, respectively as starting materials.
Synthesis of the Compounds of General Formula (Ib) by Phase Transfer Catalysis (PTC)

The PTC reactions were performed using AAG1 (tert-butyl a-bromoisobutyrate,
Sigma-Aldrich ref.17455), AAG2 (tert-butyl 2-methyl-2-(methylsulfonyloxy) propanoate), or

25  AAGS3 (ethyl 2-methyl-2-(methylsulfonyloxy) propanoate) as alkylating agent.
Each PTC reaction was performed under nitrogen atmosphere using 10 g of a

compound of General Formula (I;), 1.5 equiv. of potassium carbonate, in presence of



c5 CH3NRCH2) 7- CH313Cl (10% 75 94 c6 Tol uene (25% nBu4NHSO4 (10% 50 92
c7 Toluene (75% 77 96 WD 2011/ 144579PCT/ EP2011/ 057903 23 Table 3 WO
2011/ 1445¥0RaT/HRZ011/ 057903 PCT/EP2011/057903
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tetra-n-butylammonium hydrogen sulfate (nBu;NHSO,; compound of General Formula
(I, at the amount corresponding to 10% of compound of General Formula (l5)). The
reactants were mixed in 100 mL of solvent (50 % water / 50% toluene) and the mixture
was heated up to 80°C before adding 1.0 equivalent of AAG1, AAG2, or AAG3. The
5 mixture was then kept under reflux for 22 hours, 1.0 equivalent of potassium carbonate
and a 2nd aliquot of 1.0 equivalent of AAG1, AAG2, or AAG3 were added. After that the
mixture was kept under reflux for further 22 hours, 1.0 equivalent of potassium carbonate
and a 3rd 1.0 equivalent of AAG1, AAG2, or AAG3 were added. The mixture was kept
under reflux for further 22 hours, the mixture was then returned to room temperature and
10 50 mL of ethyl acetate were added. After decantation and washing twice with water (50
mL) and brine (60 mL), the organic layer was evaporated to dryness. The solid residue

was purified by chromatography over silica gel (for Cpd. 2b, 3b, and 4b) or crystallized in

20 mL of diisopropyl ether (for Cpd. 1b, 5b, and 6b). In the latter case after reflux for 1

hour, the mixture was cooled to 0°C with ice bath and kept at this temperature for 1 hour.

15  Solid material was collected, washed with cold diisopropyl ether and dried under vacuum.

Results & Conclusions

The methods of the invention are intended to improve the efficiency with which
compounds of General Formula (I,) can be modified by either O- or S-alkylation and
compounds of General Formula (l,) are produced in conditions of steric hindrance. At this

20  scope a series of reactions were set up for generating exemplary compounds of General
Formula (l5) to be used for comparing the efficiency of the coupling reaction by PTC
(Table 1). At this scope, different alkylating agents were evaluated in Phase Transfer
reactions applied to with different compounds of General Formula (l,), but maintaining
constant other parameters of the reaction (amount of reactants, solvent, length of the

25 reaction, etc.), allowing a better comparison of the methods.

The results clearly shows that the percentage of the yield and of the purity of the

desired compound of General Formula (l,), as assessed by HPLC analysis, is well



24 Al'l references cited herein are fully incorporated by reference in
their entirety. Having now fully described the Invention, it wll be
under st oodiol1ttiaese of skill in the art that the I nvent POm/EPaY111087903 act i ced
within a wi de and equival ent range of coz&i tions and 5paraneters, wthout
affecting the scope of the Invention or y enbodi nent thereof. EXAMPLES
Exam le 1: Com arative S nthesis of Com ounds of General Fornula |
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in Acidic Medium Cpd. 4a have been synthesi zed.
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3, 5-di net hyl-4- hydr oxybenzal deh%de (1 equivalent) were dissolved in ethanol
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(eluti og in cycl ohexane/ et hyl acetate Cpd. 2a and Cpd. 3a have been
synt hes Ze&uaem)n&]pf fheggelbpds pémeylnyg]t@ﬁdwhgn g is l&)gmﬁ)@red to the known methods

4' - met hyl t hi oacet ophenone and ejither 3.5 ééi/ dr oxybenzal dehg/de or
3,5- diisopt¥Pyae HO?@H?W§)%H&‘Q/&%‘H%@?33@§/¥ ﬁ/QR-:W ) Was Elearly fggonstrated
mat eri al s. Cpd a and Cpd. 6a_ have been synt hesi zed and purified
simlarly {5 apnel of rspr%EPtﬁbVW@%pﬁ@f wgneral oy 2n8éhy de and
either 4'-trifluoronethoxyacet ophenone or 4'- chl oroacet ophenone,
respectively as starting materials. Synthesis of the Conpounds of General
Formula (1) b Phase TIr anlsfer Cat aI yS| S The PTC Ir eactions were

per f or ned S HatA Ses ef .
17455),1 AAG? étert butgl 2- met hyI 2- (rret hyl sul fonyl oxy) pr opanoate), or
25AAG3 @et k (met hyl sul fonyl oxy) propanoate) as al kylating

agent . Each PTC reacti erf d under nitrogen atnosphere

usi ng 10 g"%ﬁacﬁm@&ﬂ%{ﬂ‘?gﬁ’%s%éﬁgaﬁq ?@Hﬁf%ﬁggtaﬁé) 1.5 equiv. of potassium
carbonate, in presence of WD 2011/144579PCT/ EP2011/ 057903 25

tetra-n- butyI armB PSR Ph de- Buiandt e REITERIESOPT cRthpbRn¥eTet PRESRBRE | as
Formula (I1]), at the ampunt corresponding to 10% of conpound of Gener al
Formul a (1 SFF4roPAdN, SRRt s WiEr BT i GBEPR theloWsie Brinks r%}gﬁ@nszt@ﬁ et |
50% t ol uene) and the m xture was heated u,o to 80C bef ore addi n%

equi val ent amouﬂh@iCpﬁA@ (1Q9). ARessreqifie alkylafipg agpal R thenRimMR&I %%V@Jents
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m xture was kept under reflux for fur her 22 hours, 1.0 equyival ent of
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added. The m xture was pt under reflux for further 22 hours, the m xture

was then rétPXJ'ihﬁé’@/SItﬁ"ﬁaBBthE Ehir FRE uteingnplumes of d”SOF’rOpyl ether).

Results & Conclusions:

Additional conditions of the coupling reaction by phase transfer catalysis according
20 to the invention were tested in order to generate data which can be compared to each
other regarding alternative ways to perform the methods of the Invention, and in particular
the proportion of the organic solvent in the mixture with water and the amount and/or the
nature of the phase transfer catalyst (Table 2). It has been demonstrated that alternative
conditions according to the methods of the Invention can provide satisfactory, if not

25 improved, yield and/or purity of a compound of General Formula (l,).
The methods of the Invention can be adapted to the synthesis of compounds of

pharmaceutical interest that are disclosed in the literature (Table 3). In a first series of
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(for Cpd. 2b, 3b, and 4b) or crystallizeg in 20 nL of diisopropyl ether
(for Cpd. 1 b, 5b, and 6b). In the lattef’case after reflux for 1 hour, the
m xture was cooled to OC with ice bath and kept atthlstemmrMUreforl
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conparlgg t he eff|C|ency of the coaa% q reaction PTC (Table 1). At this
scope, diffrofaue () hamng Yarigus gioloicahastiy! '§§Qr%&f‘b'auﬁt'H'elﬂH@%t&U“ﬂ”ér?é‘feétPer one
reactions applied to with different conpounds of General_Fornula (la), but
mai nt ai ni ngNeGhBANCOPRY! PRg-dRELAEPS Ogg Of ITO1¢ et 9OHPE-aASSRICOBIPOHRS: ¢ 2t s,
solvent, length of the 25reaction, etc.), allomnn% a better conparison of
the met hodde Used as sfﬂﬁt@wgrrggre}|f9rsgqnega§|,ng>nog%@§a@tﬁ§f R FRPRARAS It GPmprige

yi el d and of thelgﬁrlt of the desired co%?ound of Ceneral Formula %qu
assessed by RPN 9sqr%def'i”§d veositiomey g 7-elyisterpisT PREFEES) eePe0 ©
superior (at least tw fo as in the case of d. 3b) whenever AAG2 or
AAG3 (conpénmeoraﬁewat@nge tbd A@ERGreaprOfESHRR) BEPUP N he -Qi9rgps aOtbtP@ﬁl'ﬂ%Hfé?P
derlvaihve as _in AAGL) are used for insertin the desjred groug

posi ti ofoYd TSHe?RA thet ¢y Reolepler Sad vBkaiekier eRoreyent bigigical H?S rmdl fied
with an al kyl groups (Table 1). Thus the 5 superiority of the methods of
the Invention, when it is conpared to the known net hods (such as those
described in WO 04/005233 or WD 05/005369) was clearly denonstrated for a
panel of representative conmpounds of General Fornula (la), (Ib), and (I1).
Exanpl e 2: Additional Requirenents for Applying the Methods of the

I nvention 10Materials & Methods Reactants and conditions for Phase
Transfer Catal ysis The synthesis of Cpd.1 a and the purification of
Cpd. Ib were performed as described in Exanple 1. The PTC condition that
wer e mai ntai ned constant were: the anount of Cpd. la (10 g), the specific
al kyl ati ng agent and the nunber of equivalents 15 (AAR, 3.0 equivalents
that are added in three tine = 3 equivalents), the nunber of day of refl ux
(3 days), the volune of solvent (10 vol unes, conpared to Cpd. |la), the
purification (by the crystallisation of crude Cpd .1b in 2 vol unes of

di i sopropyl ether). Results & Conclusions: Additional conditions of the
coupling reaction by phase transfer catalysis according 20 to the
invention were tested in order to generate data which can be conpared to
each other regarding alternative ways to performthe nethods of the

I nvention, and in particular the proportion of the organic solvent in the
m xture with water and the amount and/or the nature of the phase transfer
catalyst (Table 2). It has been denonstrated that alternative conditions
according to the nethods of the Invention can provide satisfactory, if not
25i nproved, yield and/or purity of a conpound of General Fornula (Ib).

The nethods of the Invention can be adapted to the synthesis of conpounds
of pharmaceutical interest that are disclosed in the literature (Table 3).
In a first series of
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appropriate internedi ate conpounds of Ge gr Formula (la) present in WD
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group in a predefined posi O-alkylation is performed according to
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2011/ 144579PCTAEPOHPY fUPreRssing@ EMRoved foR”?i’ié'f‘ﬂ&f”faEﬂ‘ Femegaklhg a conpound
of followi ng General Fornmula (Ib): wherein: 5Xai Xa2, Xa3, Xa4, and Xa5,
identical or different, are a hydroﬁ%h Fogen atom a Ra or Ga-Ra
group; Ra is an alkyl, an al kergiy ; 3 an al kyl oxy, an
al kylthio, or a heterocyclic group id group be substituted or not,
or Rais a protecting group |i mkzd ri¥g by an oxygen atontor
sul fur atom 10L is a CO Rl _ or R x&0 group Xbios ng) Xb3, Xb4, and Xb5
are substituent groups, wherein one of themis a R b RC or Gb- RC group,
and at |east ongpfi,.other substituent groups adjacent to said R b-Gb-RC or
a Gb-RC group is a halogen atomor a R'b group, the remaining groups being
i ndependent |y dr I t r

al kyl | gn al ke% X g%s’ (alis %5’3%";2'%% &@ﬁ%’i’ﬁﬁpo%ywé T E‘BN ﬁi@a' "a
heterocyclic ar, dqsg§0ﬁ% an be substituted or not, or R'b is a
protecting group |nke Bhenyl ring by an oxygen atontor sul fur

at om Rais an alkyl, an alkenyl, a cycloalkyl, an aryl, an alkyloxy, an alkylthio, or a heterocyclic

group, said group can be substituted or not, or R, is a protecting group linked to the
phenyl ring by an oxygen atom or sulfur atom;

10 L is a CO- R or R.-CO group;

Xp1, Xb2, Xps, Xpsa, and Xps are substituent groups, wherein one of them is a R’,-Gy-R. or
Gp-R. group, and at least one of other substituent groups adjacent to said R',-Gp,-R. or a
Gy-R. group is a halogen atom or a R”, group, the remaining groups being independently
hydrogen atoms, halogen atoms or R”, groups;

15 R%is an alkyl, an alkenyl, a cycloalkyl, an aryl, an alkyloxy, an alkylthio, or a heterocyclic
group, said group can be substituted or not, or R”, is a protecting group linked to the
phenyl ring by an oxygen atom or sulfur atom;

R’y is an alkyl, an alkenyl, a cycloalkyl, an aryl, an alkyloxy, an alkylthio, or a heterocyclic
group, said group can be substituted or not;

20 R_is an unsubstituted or substituted alkyl or alkenyl group;

G, and Gy, identical or different, are an oxygen atom or sulfur atom;
R. is an alkyl group substituted by at least a —COORy group, wherein Ry is an
unsubstituted alkyl, alkenyl, aryl, cycloalkyl, or heterocyclic group;

said method comprising the following steps:



R b is an alkyl, an al kenyl, a cycloal kyl, an aryl, an al kyl oxy, an

al kylthio, or a heterocyclic group, said group can be substituted or not;

20RI _ i s w0 220ngs0i t uted or substituted al kyl or al kenpCTgreup/051883 and (b,

identical or different, are an oxygen atgnlor sul fur atom Rc is an al kyl

group substituted by at |least a -COORd g $up, wherein Rd is an

unsubstituted al kyl, al kenyl, aryl cycloalkél(i or heterocyclijc group; sai d
1

met hod conm@Pi sitAiPiAg the CPBRPHY &t @ereral Rgmuile s) I WEEY PET) ReotelRes%s0s 31
a) Obtaining the cpanund of General Fornula %Ia) in which Xai Xa2, Xa3,
Xa4, Xa5, L, REe RepRoRRp GRAND G graiiaresefnedss dereConarpifedmul ¢randeXer al
Formula (I b); and Xbl, Xb2, Xb3, Xb4, and Xb5 are substituent gro,ugi
wher ei n one of Xehei XN Xos @ FHRSITUER! BroyPBUhereimana.Of feasis Hrikv-&r-H Ak
substituent groups adjacent to said R b-Gb-H or 5CGb-H group is a hal ogen or
a R'b group, t R eryPnitgalgeathanens it uosHipreranrs JARsaNt Syedd o offs;H or
hal ogen_atonms or R'b groups; b) contacting the conpound of General Fornula
(la) wiPh a suldghPOURCS @ RRIERATia/ B b o ARG HMARIehAeHRS hYNRRdeRISIty i n
a bi phasic organic solvent / water nediuym and in presence of a conpound of
General For nul &Y{TOPEY atogs, palggamplomsf Ry §oPPS:) | in which: Ra, R11, RI12,
R13, and R14, identjcal or different, are unsubstituted al kyl groups; A is
a nitrogenDPr SABIERINS the commppund okGengrah f oRYIa gkhWithgHifopic aqzo%@ﬁ:vaavﬁjof

General Formula (II) Rs-SO,-O-R,, in a biphasic organic solvent / water medium,

and in presence of a compound of General Formula (lll):

Rt2
Ry /A+\ Rz Xc i

Ry
10 (1),

in which:
- Rs, Ru, Ri, R, and Ry, identical or different, are unsubstituted alkyl groups;
- Als a nitrogen or phosphorus atom ;
- Xcis an halogen, HSOy,, or H,PO4; and

15 - R.is defined as for General Formula (l,).

2. The method of claim 1, wherein R_ group is an unsubstituted alkyl or alkenyl group

having from two to seven carbon atoms.

20 3. The method of claim 2, wherein L group is CO-CH=CH, CO-CH,-CH, CH=CH-CO or

CH,-CH,-CO.

4. The method of any of the preceding claims, wherein one of the substituent groups

among Xa1, Xaz2, Xas, Xas, and Xgs of General Formula (l,) and (I,) is a halogen, a Ra



15- Rc is defined as for CGeneral Formula (Ib). 2. The nmethod of claim1,
wherein Rl _ group is an unsubstituted al kyl or al kenyl group having from
two to sewenouargyn at ons. 20 3. The net hod of cl ai m 2, pPaiaPeé1/0579¢3 oup i S
CO CH=CH, CO CH2-CH2, CH=CH CO or CHZCHSCO 4. The net hod of any of the
precedi ng cl ai ns, wherein one of the sub £it uent groups WO

2011/ 144579PCT/ EP2011/ 057903 32 or (Ga-Ra group and the other_ four
substituent gr&0FSRaERyPeHd the ifier f%@ybaﬁuﬁ”t&F@Jpﬁﬁn({ﬂg&&p’sxaa’r)éﬂh)%f%n
atonms. 5. The nethod of claim4, wherein Xa3 of General Formula (la) and
(I1b) is a hal odendrogPsag YArA@ENRP B -oup. 6. The method of any of the
preceding clainms, wherein the Xb substituent group of General Formula (la)
that, after step (b) beconmes a Gb-RC group, is a Gb-H group. 107. The met hod
of any of the preceding clainms, wherein ( is an oxygen atom 8. The net hod
of any of the P%@éﬁ'i‘?ngfc(F@M’,WW%'Péfahof eneshbe (Igfanddheisat hElgpaa
(la) and (I b) present a single Ra or Ga-Ra group. 159. The nethod of any of
the preeedi ng & - Ru¥EPH n the Xb substituent group of General Fornula
(la) that is a Rb-CGb-Hor a Gb-H group is Xbl or Xb3. 10. The nethod of
any of the preceding clains, wherein at |east two anong the Xbi , Xb2, Xb3,
Xb4, and Xb5 of General Fornmula (la) and (I b) that are not the R b-Gb-H or
G-H 20 gloup,TharBehof Af G¥PTdhe Pregading: eaipts: JHETeiRithly XaFuUREHteRt LR Ot o
the Xo that is a R bGb-H or Gb-ngoug, and the remaj ni ng substituent
group(s) bei ng FRNEFHEaRNY? Hma§t: after stepribe PREAMRSE Fp-RafiPUBs St prEedrii ng
clains, wherein the Xb groups that are neither 25the R b-Gb-H or Gb-H group
nor an hydrogen atom are identical or different R'b

10 7. The method of any of the preceding claims, wherein Gy is an oxygen atom.

8. The method of any of the preceding claims, wherein the compounds of General

Formula (lI,) and (l,) present a single R, or G;-R, group.

15 9. The method of any of the preceding claims wherein the X, substituent group of

General Formula (I,) that is a R',-G,-H or a Gy-H group is Xy or Xps.

10. The method of any of the preceding claims, wherein at least two among the Xy, Xy,

Xp3, Xp4, and X5 of General Formula (I;) and (I,) that are not the R',-Gp-H or Gyp-H

20 group, are a halogen or a R, group, one being an X, adjacent to the X, that is a R’-
Gy-H or Gy,-H group, and the remaining substituent group(s) being hydrogen

atom(s).

11.  The method of any of the preceding claims, wherein the X, groups that are neither
25 the R’,-Gy,-H or Gp,-H group nor an hydrogen atom, are identical or different R”,

groups being unsubstituted alkyl groups or alkyloxy groups.



groups bei ng unsubstituted al kyl groups or al kyl oxy groups. WO

2011/ 144579PCT/ EP2011/ 057903 33 12. The nethod of claim 11, wherein said Xb
groups arwoxbR/asdoxb4 13. The method of any of the pre®€dinrgoialosains,
wherein the conpounds of CGeneral Fornula_(lb) conprise IRc and Rd that are
identical or different al kyl groups havi g 5from one to seven carbon

atons.. 14. The nethod of any of the preceding clains, wherein the sulfonic
aci d derivdgi vdh Sfm%%?fé%'a“ﬁﬂownﬂ’lhﬁre(rl ?"3'd?<39'for'1‘83ﬁ”ées>§42§f‘%xe4f the 1 Rc group.
1015. The nmethod of any of the preceding clains, wherein the conmpound of
General Formula (I11) is of formula (111) V\,herein Ais a nitrogen atom

13. The method of any of the preceding claims, wherein the compounds of General
Formula (l,) comprise R and Ry that are identical or different alkyl groups having

5 from one to seven carbon atoms..

14. The method of any of the preceding claims, wherein the sulfonic acid derivative of

General Formula (Il) is the mesylate of the R. group.

10 15. The method of any of the preceding claims, wherein the compound of General

Formula (IIl) is of formula (lIl) wherein A is a nitrogen atom.



