10

15

20

25

30

"Conpositions for transfection of oligonucleotides
active for gene silencing and their biol ogical and
woheosapesBi cal applications” The invention rel 2 ®4B1007/001774
means, conpositions and nethods, for delivery of
ollgonucleotldes particularly small interfering RNA
“Comprst HirredE % EmeFﬁ*é%eaw rpligaanpéepsinmg active for
f e c
P8 ELERGELAGIERY bR HEBTUOLLE 1" B il ar
pot ent technol ogy foragphicatiensi’'ng at the nRNA | evel
(Fire, 1999) (Tuschl et al., 1999) , providing
sequence-speci fi c MRNA degradati on and inhibition of
The PHhOLEENORN QUGN {YaRgaRk alcomp%Q,QQ)lo(r%ar&a@ ﬁétﬁbds, for
2000) (Hanmmond et al ., 20005 (Parrish et al 00) .
dellW@uv iof aohﬂgﬁnycéﬁpééﬁﬁﬁe U@@@hé@ﬂbérlbrdwﬁﬁé-dG@tﬁ@ferlng

d gn ctl S
AR TS e o soBg offebSer P et iRl  to R

lnteIfﬁf@MECﬂRNﬁﬂ)he eyt epkasybaﬁcceiellﬂsbymr andftemtd ,onex vivo

wWth a delivery vector, siRNA has been shown to
or iRfYHEEively siience exogenous or endogenous genes in a

variety of mammalian cells (El bashir et al., 2001)

Smal | |nterfer|ng RNAs are short doubl e-stranded RNAs
RNA (xn#a#£9r¢mm@ng BNA&hgt hs praf epabeytr ahgchgoflogm 1¥otro gene

Slleé%%'%%g Otl %%% gg§§#erg€%E244§f&?as e /O%%}Get al.

1999 )2005br6@1m1@1tg al seqﬁ@ﬁ@)&)—sp@@ﬁfu@m afkya 19- d?e"gradatlon and
nucl eoti des, and have RNAi act|V|ty in nannallan cel

inhikdfi qn eOSy RS (PaPFPERCELCR| . (Yaqspogt al., 2000) (Zamore
et al., 2000) (Hammond et al., 2000) (Parrish et al., 2000).

RNALI is a highly effective Dbiochemical process due to a
predictable design of active sequences of short dsRNA and to
the targeting of specific mRNA. When introduced in the
cytoplasm of cells by transfection with a delivery vector,
siRNA has been shown to effectively silence exogenous Or

endogenous genes in a variety of mammalian cells (Elbashir et

al., 2001).

Small interfering RNAs are short double-stranded RNAs (dsRNAs)
having a length preferably ranging from 19 to 29 nucleotides
(see patents WO 0244321, WO 01/075164 A3, EP20010985833, and
references (Siolas et al., 2005) (Kim et al., 2005)),
particularly 19-23 nucleotides, and have RNALI activity in
mammalian cell culture systems (Parrish et al., 2000)
(Elbashir et al., 2001) (Tuschl, 2001). Short dsRNAs, when
base-paired, with unpaired 3’ overhanging ends, act as the
guide for sequence-specific mRNA degradation. The most
effective short dsRNAs were composed of two 21 nucleotide long

strands which were paired such that 1-3, particularly 2,
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(El bashir et al., 2001) (Tuschl, 2001). Short dsRNAs,
when base-paired, with unpaired 3 ' overhangi ng ends,
wacbtosaw4iske gui de for sequence-specific MRNA  PCT/IB2007/001774
degradation. The nost effective short dsRNAs were
conposed_of two 21 nucleotide |long strands which were
nucleaf+@@s sachovRARARIS, agsr tiranea orp belue| epelpdes $he dsRNA
Elbas rbangg argpgiesent on both ends of the dsRNA
( b?%ﬁ%gsﬁﬁrggt a?., 2001). The success of RNAi depends
both on dsRNA | ength, sequence and chem cal structure
and on cell ., delive system en_c ared to
The §iErEaRe8rof iSRRI ALl dgy, JPRLP coCBRGGry Seauence and
chemStsUCt ¥ puOtut8e hangebni r cBNAuL 8 rNOHeR 196 9NY system. When
limting factor for gene expression inhibition with
compar FNA tavhAPT s FRNACS eqieidée zvie btecknpéeoive e secondary
' tar h the, s iLit e
seea b0 Bt S LT iR 38 26 iy ipcing factor
for aneuet ofxmphsdNA cel | veihddittd cgel |8itiand sg®NA.cul Mmehy siRNA
in the c&toplgﬁgg remai n_t he Iiniting%factors for
SeqUERFTLi Bl 5F| '%ﬁf%%ﬁh%?rtﬁaﬁlﬁﬁPg RNfe cBREFBFti fjpus, the
stabPYitPean R YBRY 28 3L @RE A JeiNy ey BELeMSEEULNOM as the
i ntroduci ng ol igonucleotides into cells. Currently,
amoumpnofi ré$RNARctedd vieased on catlileni cand ppdutedivdteedy in the

transfection ch .as .Q.i_gof ect.anmi n, - TRANSL.T- TK . .
eyeof} R CEPART 2080 Ui R0 CRaA it 1R ERECT 6 Lencing
rathé¢etShan ar &rget ketedsEobisi RNABydeheveigNal.n contrast

to cationic polyner-based systens, cationic |ipids

were shown to release the nucleic acid in the

cyt gg%gfoll Wi en 0 ur d . ;
Manyco I ex orngF?onB%%?g%% osp g%iS?%?%ﬁ?%e ?%g?phéﬁtrOduClng
oligamgcBzokbded 996hto Theldon viCwiramtlyr syshemiral vectors

' basegdv%ﬂfag§§€f&%igonﬂ%ﬁ?ﬁiﬁégféggé: transfection, such as

Oligofectamin, TRANSIT-TKO, LipofectAmine2000, SiGuide,
RNAiFect, HiperFect, or JjetSi, are marketed for siRNAs
delivery. In contrast to cationic polymer-based systems,
cationic lipids were shown to release the nucleic acid in the
cytoplasm following early -endosomal rupture and complex

formation with phosphatidylserine (Zelphati and Szoka, 1996).

The non viral vector system advantageously comprises cationic
lipid- or polymer- or peptide-based delivery reagents. The
non-viral vector system 1s a formulation comprising at least a
delivery reagent and additional components for stabilizing the
formulation, targeting cells, tissues or organs, or increasing

transfection efficiency.

The present invention describes a new class of non viral
transfection agents, belonging to the cationic lipids group,

which are particularly adapted for the transfection of small
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l'ipid- or polyner- or peptide-based delivery reagents.
The non-viral vector systemis a fornul ation
woaQopriosiseg at | east a delivery reagent and ad@crimBnat/001774
conponents for stabilizing she fornulation, targeting
cells, tissues or organs, or _.increasing transfection
Slze@fpﬂ-éggﬁeylewﬁédﬁﬁes SGPdAnT oMelesReFbBECalnéRraction of

smalf! A8%0f18aN trua' oiifégﬁééf%#’{‘%é‘%fg&%m helong N9yt Qesign a

t he catlonlc I pi ds i'cularly

new eﬂag&edffbranhéettansfegénbe of snaIIS|zed
ol i gonucl eoti des. Especially the specific interaction
of small nol ecul es with oligonucl eotides pronpted us

Many ! Omd@sitNed NaW £d assoof ddi@nsf ectt Lo agent %ll%‘?})ﬁcleotldes
mol ecul es bind to doubl e stranded oligonucleotid

(dsONHsCNyey FhBybeafiiyd dgidyiided i there mb@S@taswééhvmrteﬁpect to
thelieﬁfﬁﬁEné Eg%t bi ndi ng nodes: 1) intercalation
t'ac

etween base pairs as exenplified by
1) guetecsa et Donetdutdiden bsoatded Zgseel patitestad | examplified
H bond, interactjons with heteroatons fromthe

by q%ﬂ?%ﬁﬁ&ﬁ?e%¥l%EhﬁgéR%ohﬁoﬁé Bbserved for the

2) POlYREHESLEPET MAE H-PfY Midi&a} oM NYLtH 0B¥R e roatoms
Bi nders (M3Bs) : extended heterocyclic structures that

fromfj Ithet heoloﬁe@@tm:h@@tgd@ov@a@&bbm amgs i nobsaetverai nfgr  the
ol a% der Vﬁals rng g§80 gninteractions. Such
poLy |go é?% cyc?lg noY ecUt es"&r e best exenplified by
3) tnenant i lpreidve netiapsire ( Nevesdyl pyrasalendmant aheitegocyclic
ollgopeptlde) and its anal ogue distamcin A (Cho and
strugiigs Poeb) £ 11K bEsucless i Hel TES ol 8 and interact

main%%ssyn@%ﬁfﬁﬁyrﬁiafgqAﬁa'g185ﬁélQHH@}dH%yﬁﬂgs Such oligo-

bl'e, Van der Waal s an
heterocyclic molecules are best exemplified by the antibiotic

netropsin (N-methylpyrrole-containing oligopeptide) and its

analogue distamicin A (Cho‘and Rando, 2000).

Ribonucleotide helices show some distinct features: while
intercalation remains possible, Van der Waals and
electrostatic binding modes occur preferentially in the deep
and sometimes shallow major groove.

In particular, tri-imidazole Dbinders such as - AR-1-144,
designed as imidazole containing analogues of netropsine (Yang
et al., 1999), have attracted our attention. Here the guanine
N2 amino group forms a bifurcated hydrogen bond to a side-by-
side Im/Im pair (Yang et al., 1999). The rest of the molecule
seems to have more hydrophobic interactions within the minor
groove, -as shown by the parent molecule distamycin A (Yang et

al., 1999).

The bisbenzimidazole dye Hoechst33258 is an equally known

Minor Groove Binder and shows selectivity for AT-rich
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el ectrostatic binding nodes occur preferentially in

the deep and sonetines shall ow maj or groove. In
woaodsioowlsar , tri-im dazol e binders such as AR- 2€1AH2007/001774

desi gned as i m dazol e contahning anal ogues of

netropsi ne (Yang et al have attracted_our

Sequaﬂﬁéﬁtﬁﬁh DN@r e ?%eaéﬁﬁhl%%n@Q 5@1H%N%r6ﬁb tBrhges regions,
wher% %rQ§B§9 EMQBOQanQQEQtt90§m§Pd%ﬂgy ?@ e 8148 PRlsk pairs,

et al., 1999) e rest o nol ecul e seens to
as ihawaRnﬁNﬁ e sephaleivd lilet etaetli.ond Mi7hi n t he m nor
groove, as shown by the parent nolecul e distanmycin A
(Yang et al., 1999). The bi sbenzi m dazol e dye

The kReeRsb332%BviesS BbuRfUahiy KB@M@fé&BanGEQQielah&@emould be
and shows selectivity for AT-richsequences of DNA.

obtainsd bPYidsCeBPRNANEL  2Bul elIPRer bRt idheres |tll?-1f%est with

c s 1
spech 818 AT PE TR DR RS ELUG, DAt cbBulacen o
smalmaseZédumdpbhamebraﬁxmemqumaﬂﬂbqﬁhmpmﬂscouId be

obt ai ned by conbining an oligonucl eotide of interest
wi th specific anphiphilic cationic nolecules stably

It 1fsopcﬂ'éhata%d cﬁ%é@@l brstRedihiBASPARS LW bhroRauld dlew molecules
co- |1 pids. is then an object of the invention to

usefpﬂoaﬁdérnewiﬁﬁhg@@l@gakkﬁul as transfection agents.
not h obj e t 0 i d o
e 1 RS 00 o6k W d L IMEN OBc! B06AY M omposi ions

of theaBshetkicanes! iseFAndidrer rehisfeicttimrpr ovi de a
synthetic pathway and eff|C|ent purification, ne

It iBr aRPEHNGRPhPBARFEC hBI eRTPBEIC Ack oriTh ?Eﬁgtly?ékway and
efflagghgeguggkgegtlkgﬁMé?ﬁﬁg'fy}'égfﬁ‘ghﬁﬂiﬁhﬂﬁﬂéuﬁbié&ules

transfecting cel in culture and in vivo
According to still another object, the invention relates to a

method for transfecting cells in culture and in vivo.

The invention also relates to compositions for use as
pharmaceutical compositions for inducing a regulating effect
on the expression of one or more target proteins responsible

for or involved in genetic diseases.

It also relates to a method of treatment of patients suffering

from such pathologies.

According to the invention, the new molecules useful as agents
for transfection compositions of oligonucleotides, more
particularly, for RNA interference, comprise a cationic moiety
able to bind oligonucleotides bound to a lipophilic moiety
which enables the molecule to cross the lipid bilayer of cell

membranes.
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The invention also relates to conpositions for use as
phar maceuti cal conpositions for inducing a regulating
woeht@on438 t he expression of one or nore targePCT/IB2007/001774
proteins responsible for orsinvolved in genetic
di seases. It also relates to a nethod of treatnent of
The payerhienstffer FRdatesmisucmpsiol g esat derbediagergle of
form#ﬂf Lfyen;ion, the new nol ecul es useful as agents for
ransf'ecti on conpositions of oligonucleotides, nore
particularly, for RNA int@,ference, conprise a
cationic noiety able t I nd ol i gonucl eoti des bound to
a lipophilic noiety i ch\_enabl es the nolecule to
cross the lipid bilayerngf Bell nenbranes . The
invention thus rel ates éo anphiphilic cationic
mol ecul e of fornula glY Waerejpgt: - X is NR, Sor O
Ri being a Cl1-C4 al kyl radical 6F) an hydr oxyl at ed C3-
C6 alkyl radical, - R2 and R3, identical or different,
represent Hor a Cl1-C4 alkyl radical, or Rand R3 are
wher¢jimked together to forma saturated or unsaturated
cycle or an heterocycle having 5 or 6 elenents, - Eis
a - C5 alkyl spacer, - R4 and R5, identical or
- X didf f8rBpL, Srepr eSgntRsabaiagect oCluddatairiatledrakdiicedr or an
or branched, 0- G36. hydr,ocar bon or fl uorocarbon
hydr%ﬁ%ﬁ%ﬁﬁgéggﬂ é%a?ﬁgy%p¥?%hﬁ?iy conpri si ng C3-C6
cycl oal kyle, - A" is a bioconpatible anion.

- R, and Rs3, identical or different, represent H or a Cl-C4
alkyl radical, or R, and Rz are linked together to form a
saturated or unsaturated cycle or an heterocycle having 5 or 6

elements,
- E is a Cl- C5 alkyl spacer,

- Ry and Rs, identical or different, represent saturated or
unsaturated, linear or Dbranched, Cl1l0-C36 hydrocarbon or
fluorocarbon chains, said chains optionally comprising C3-C6

cycloalkyle,
- A" is a biocompatible anion.
The heterocycles formed when R; and R; are linked together are

unsaturated or saturated and have 5 or 6 elements and comprise

C and N, S or O as heterocatoms.
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The heterocycles formed when R and R are |inked
together are unsaturated or saturated and have 5 or 6
wel2ersmosssand conprise Cand N, S or 0 as PCT/IB2007/001774
het er oat ons. According to a @preferred enbodi nent of the
invention, R4 and R5 in fornmula (1) are Cl4-C36
Accom}am@cb@bénprceére@éteﬂ aﬂ@OEUrI@rai af e a;rrkmmsmerm and Rs
u re i dent :
in ehEndiR fud et R R S A R gl B 2s 2 -
C4 alikdicebaasd.E is C alkyl. In other advantageous
nol ecules, R4 and R5 are C b alkyl radicals and E is
C4 alkyl. In another preferred group, R and R5 are
In a%££§é§£éd J;BoﬁE' eﬁylaaedoft Iferegh: R4 and RS are CI18
and Cl7 al kyl radicals, respectlvely and Eis
al kyl . I'n other nDIecuIes of interest, Rand R5 are

R R T M

E ishtpraipynttogether an aromatic cycle, particularly a
benzo group, or an heterocycle such as a pyridyl or
pyrazi nyl group. In particular Xis NRL, Ri being

I cftfi{ EXARY £, 3 JEBS c?tj% Al er pahi vely, Bé'%: 1kyl

" e Advant ageously, e ceosdnterl on A" Iﬁs (ﬁ &% atey

radldmbsrmwénmlna @fiselkgllates to conpositions for the
transfection of oligonucl eotides active for gene

silencing. According to an enbodi nent, the invention

In anStd £SptOEORPOLI HiLe0s, WReTr&id #he rebeMme rdafdmed
anphi philic nol ecul es are fornulated W th neutra

co-lipids that are stable upon
In molecules of interest, Ry and Rs are Cl8 and Cl7 alkyl

radicals, respectively and E is C2 alkyl.

In other molecules of interest, Ry and Rs are C32 and C18 alkyl
radicals, respectively, and E is Cl alkyl.

Preferably, in the above groups, R, and R; are H or form
together an aromatic cycle, particularly a benzo group, or an

heterocycle such as a pyridyl or pyrazinyl group.

In particular, X 1is N-R;, R; being for example a methyl

radical.

Alternatively, X is S or O.

Advantageously, the counterion A is Cl” or OH.

The invention also relates to compositions for the

transfection of oligonucleotides active for gene silencing.

According to an embodiment, the invention relates to
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prol onged storage . Suitable co-lipids are
phosphati dyl - et hanol am nes, such as
wdizeisgoyisphosphat i dyl - et hanol am ne (DOPE) , | ppiraBioREG01774
conjugate or cholesterol. In another enbodi nent, the
invention relates to anphiphilic nolecules active
comp@p i hooR s add@iahom ofheo-ahpieis deifanpdr taeeip Hphi hbge molecules

are \r%eqt ﬂra%%egi%horngétrgme éJ‘—V rgic%] & nggi Cé"éz%ié( upon

ates to transfection conpositions conprising, in
prolatlgedi stotagan anphi phile part fornmulated with a
neutral lipid, at |east one oligonucl eotide
responsi bl e for the desired biological effect. The

SuithBYENt O { BUgsPr a¥bdephadspRALYHL AL c@Bhinvahisst €Msuch  as
suitable for introducing dsONs (ds= doubl e strand; ONe
diolepyiphespleatide)-i ethanelealine CXPRE) al L§psARRAS. conjugate
i d_oligonucl eotides or siRNA, respectively, can be

or C%?%%?F%%%g'against degradation with suitable groups,
selected in the group conprising purine nucl eotides,
pyri m di ne nucl eoti des substituted by nodified anal ogs

gs. ...
In agiecheds BBBRYABENEot i RS, 1AWE o FodF Fir8deAuctRotFpgtPhilic
mole@PBLO0s-$UGH Qﬁfﬂ&ﬁﬁ'a&&i@@@ﬁb%%edgxﬂféﬁﬁﬁg in particular

ribonucl eoti des or deoxyri bonucl eoti des.
thosel vgonuctaothddsRseruefces can contain

deoxyri bonucl eot i des i, bonucl eot i des .or nugcl eoti de :
The QFAFEGE DUer MOthd BRRETERRAT Lhos) CIIGP aoto LraRsfection
compd®i bydphosahgnat €idd/) | lier , al¥9%)ion mebphohi nonphiphile part

phosphor odi am dat e, phosphorothi oate (Zon and_Gei ser, )
formubohsd wPRA @IpeehrahdlwBhgel 2t20mpst LRAS 2ldggpucleotide

respgﬁgiﬁfgiggragﬁéogésgggarSﬁgiogical effect.

The invention thus provides a non viral delivery system
suitable for introducing dsONs (ds= double strand; ON=

oligonucleotide) in live cells, especially siRNAs.

Said oligonucleotides or siRNA, respectively, can be
stabilized against degradation with suitable groups, selected
in the group <comprising purine nucleotides, pyrimidine
nucleotides substituted by modified analogs such as
deoxynucleotides, and/or modified nucleotide analogs such as
sugar- or backbone modified ribonucleotides or
deoxyribonucleotides. The oligonucleotides sequences can
contain deoxyribonucleotides, ribonucleotides or nucleotide
analogs (Verma and Eckstein, 1998), such as methylphosphonate
(Miller, 1991y, morpholino phosphorodiamidate,
phosphorothioate (Zon and Geiser, 1991), PNA (Jepsen and
Wengel, 2004), ©ILNA, 2’alkyl nucleotide analogs (Kurreck,
2003) .
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2003) .The invention also relates to a nethod for
obtai ning the nolecules of fornmula (1) , conprising a
wouoisitoessi on and a conversion step to salt dePCYaB200®601774
of the anphiphiles of fornuga (1) under a neutral
form by selective precipitation in o
The rERfamol PRhat@rIAciifiificeof thear eethed nEarumbtaining the

molebdYaHt ageousipn, fhe ﬁgahogg%%rﬁ%QEﬁe?géyggrig§catiop 2and a

nol ecul es of fornmula (1) rises: oratron o
convgranchedstewmg whaisaltwhdse ivpdrioear bofi pah¢ imnphiphiles of
obt ai d by.classical, CGC coupling nethods,such as , . )
formft i a BHPEY end et ighar Go¢ BuplihgSPLSCLABH dy Scipitation
in mEEheRs1 PRatbdghydasouthe rsynthesiazed ohydieenhapi c part

contains a primary or secondary al cohol as illustrated

in formula IV : HOE-R4A(R5) (1V) - Activation of the

Advaﬁ%%ﬁ@gﬁsi?ncgﬁﬁgahELMogy<§Pn§35§%%gi%o %%b Hasojggﬁﬁcules of

anesuf f onyl™ derivati ve, roul-a

formR®) (andcmpides: cl assical activated derivatives such
as hal ogeno derivatives; - reacting said activated
- Elgdarpddiaret i hednched atonsgt AhAéBul WBRYE hydrocarbon part
: der N , it ro e of r.nul
lsv\hgpeégaln%%?sb\lg er&,l%%sg%tag u%e(ar scg’élé’uh%“?é %éltgﬁcllsonssu(:h as
iltlosstediend (by RhAoGHmisaridgecsaptingt karedildonyd esters or
derivative with an heterocycle il]Justrated i n .
= IEhRRR (Vg B SREer S dadoraRePbRs Potobt soRtains 2
prifeMeer eerdrriafy fardBHan (A4 1d)1lustrated in formula IV :
HO-E-R4 (R5) (IV)

- Activation of the alcohol functionality by conversion to a
methanesulfonyl derivative, of formula (V) MsO-E-R4(R5)
and/or other <classical activated derivatives such as

halogeno derivatives;

- reacting said activated derivatives, in particular

methanesulfonyl derivatives, with an Theterocycle of

formula (VI)
R2
X
g
N Rs (

wherein X 1s N-R1, 8 or O

VI)

under specified conditions to obtain (I)

R2
X
e
NG ks
'®
_E. o

R4 Rs A
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In said fornul ae, the substituents are as above
defined with respect to formula (1). Wen X represents
woledsiop4058i d met hod further conprises an al kyl &CiraB2007/001774
step for X, for exanple the nmethylation of Nwth
met hyl i odi de. The al cohol HO-E-R (Rs) (IV) is
orctrieegtdd oy sedhAvensicbanesulfonydt hamesuatbugl €%l erwith an

SUSs S| e cohol in sal t like pyridine
h%se%&sg%éaggoﬁ%%/J‘t]ap?eg%a%%d%oﬁm f@h%@éﬁgent ration being
used for the reaction wtir, hanesul fonyl chl ori de.

The addition of the hexgﬁsfycl to the sul fonate
5

derivative Ms-0-E-R4 \B is preferably carried out by

heating the reacti on niyfuris at @%%fgperature of about
50- 100 0C , advantageously about C . Purification
ursfet hepeesciiicbied camphiitplinlsi ctool elsth s otiie ofhdtherocycle of

freqﬁﬁioqﬂﬁ? ture, and conversion into a bioconpatible
P o re advant ageously carried out by a

specific precipitation neg . Such a precipitation
consists in a di|Uti0&J§;é; t hanol plus water

m xture foll owed bycontrgll ed/acidification by an acid
HA generating a precigﬁJ T®R,0f the correspondi ng A-
salt (I) . The precipinéfion can al so be done with

ot her al cohol / wat er @i&%yqes, such as
i sopropanol /water mixtures, that (d¢dTacidified with

In s%‘fme%rﬂﬁiég,’ £Ee°rsq§5 Q dhe &%‘%.ega%lﬂﬁé Ngefined with
salts, such as chlorhydrate salts %y acidification
respact htehforhydai ¢Iaci d. The |i posones are prepared by

di ssolving in an organi c sol vent

When X represents -N-R;, said method further comprises an
alkylation step for X, for example the methylation of N with
methyliodide.

The alcohol HO-E-R;(Rs) (IV) is activated by conversion to its
methanesulfonyl ester. A suspension of the alcohol in a
solvent like pyridine is advantageously prepared, a high
concentration being used for the reaction with methanesulfonyl

chloride.

The addition of the heterocycle to the sulfonate derivative
Ms-0-E-R4 (R5) is preferably carried out by heating the
reaction mixture at a temperature of about 50-100°C,

advantageously about 80°C.

Purification of the described amphiphilic molecules out of the
reaction mixture, and conversion into a biocompatible salt
form, are advantageously carried out by a specific
precipitation method. Such a precipitation consists in a

dilution in a methanol plus water mixture followed by
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the co-lipid and derivative of formula (1) and
injection of this solution into water. An appropriate
wong@smioewssol vent is ethanol. The resulting |i peeomsioo7/001774

fornul ati ons in water advanmmageously have a size of

about 110 nmw th a narrow distribution in their size.
contypbkespr i @ HifRNAtEO™D| | anuckeot i aleldr e Hhengenerating a

0 e i j i or tiop. As shown in

preciipfPLEEs e QR e BRRRNE o Rl Ehi i on are
particularly efficient systens for delivering

ol i gonucl eoti des, especially siRNA to eukaryotic
The PEpFPLRAEGPPUIEAT THEA nRentdios® thbkhalofdsTel ateshpd/water

mixt@dBt hodybar transfechi-en-0f168lke LY 0l gonug! eotiylas  ,,¢
medi ati ng gene silencing, particularly siRNA I nduci ng

acidifNaid comdh si agqueptisoduetiide, of &ncompoditi o suclyeds the

above . defined jn the cells. Said c ositions provi
COTreSHMIIRE anthigh en88§t‘noufsgenecqﬁpcirz}¥cc}rn%e .88 by
acidef fdcd B0 Vv DM rcHIBSWh glay Sc adcv@l'y | ow si RNA

concentration, particularly at nanonolar and down to

pi conol ar si RNA concentrations. The hi gh gene

' j S l.agdid d I fsi : n t
The e ATy PR o R R e | E e A FoLvent
the porinpidi rent i degémesivei tdbufosmdéaefflgct andr injection of

of f-target, ects, or cell toxicity. Said nmethod can

, ff
this \zoli 'Jtrﬁt%d’f?a)ﬁ’%ti c cells in culture (both

adherent or non adherent cells) , for functional
genomi c, target validation or in vivo or ex vivo .
An appmapdlstic appgdckei omelverhe ket hothatolhe Theentpsnlting

lipoééMEPeﬂm%ﬁfgy?gnénihh%é¥§§%mﬁ%ntageously have a size of

about 110 nm with a narrow distribution in their size.

Appropriate siRNA or oligonucleotide are then complexed with

said liposome formulation.

As shown in the examples, the molecules of the invention are
particularly efficient systems for delivering
oligonucleotides, especially siRNA, to eukaryotic cells in

culture.

The invention thus also relates to a method for transfection
of cells by oligonucleotides mediating gene silencing,
particularly siRNA inducing RNAi, comprising introduction of a

composition such as above defined in the cells.

Said compositions provide selective and high endogenous gene
silencing efficiency over many days at very low siRNA
concentration, particularly at nanomolar and down to picomolar

SiRNA concentrations. The high gene silencing thus obtained is
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of serumusing the transfection protocols. The nethod
of the invention is particularly useful to nediate
wgens/midsenci ng or HTS applications of si RNA oPCT/IB2007/001774

ol i gonucl eotide when a revemse transfection procedure

i s perforned. Advantageously, the above defined
exempbhpbedt bungadre bbrects, i adabe as rlaaed Be¥are ef hovanoGAPDH,

he es n of _on Jaore.target prateins
humaée %%ﬁgéblg ?br %F |ﬁgo -ed |ﬁm88géPlcgglseése ithogt side
effettivent i onftbusgatsefrekbasesokrockransbeetiar.

conpositions such as above defined for use as drugs .

Sai d conpositions are advantageously under a form
Saldsﬁé£ﬁgaecéﬁf paN AdY RSt atibed: By {hecof 8k lﬁyéh‘i‘&h‘ie (both

or topical route and may be 1 n association wt
adhep@@tna@eutm@alIydheceptabbelﬂaevt éamrléuncSapaal genomic,

nposi.t.ions are artlcularl useful for the tre ment

targ%? gﬁ&éﬁptﬁf¥hl Phf ectt on&? ¥8r pdr asftes V1 thilEibeutic
appli®decéhons. Gt hers characteristics and advant ages of

the invention will be given in the foll owm ng exanpl es,

with references to figures 1 to 10, which represent,
The MEFRS t'%@lyheF& 9%% 1oh I?Cﬁévgéﬁggrﬁgf r?nﬁthéresence

Interference of [uci erase gene ( (Y
of sexpnessedg byhASd9atkBeutiorl bsobycGliluc S|RNA

transfected with the fornmulation MONI/DOPE (ImMImMin

et hanol) . A549-G.3Luc cells, stably expressing the

The hi€hb8r 3%e ARNE; nWeheibhansf eated 1k A4 - Weddfil S68emediate
culture plate format) with 3Luc si RNA, concentration

gene r ahe gL Re AT 16 St FRIUOGM L e ExatRW t AT 20MLggnucleotide
whenqgufg@gfgef@£§H£?éEggoﬁoEP8éggugg is performed.

Advantageously, the above defined compositions are able to
induce a regulating effect on the expression of one or more
target proteins responsible for or involved in genetic

diseases.

The invention thus also relates to transfection compositions

such as above defined for use as drugs.

Said compositions are advantageously under a form suitable for
an administration by the oral, systemic, or topical route and
may be in association with a pharmaceutically acceptable inert

carrier.

Said compositions are particularly useful for the treatment of

cancer, viral infections, or parasites infections.
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MONI/DOPE (ImM InmMin Ethanol) . A s unspecific siRNA
control, siRNA matching the G.2 |uciferase sequence

woeo@/mmssEasf ected in the same conditions. Luci PeraBm07/001774
gene expression was neasured after 48h incubation

period. Experiments were made in triplicates and the
Othemcfshéra%eaéﬁ?ﬂw:ﬁyams SRRSO Relhat ipEeptghn will be

: ni; U)X c [ n_ Nt
givelarh (EatlNAE af Ex el a5, VLl mete R (bl g1 Bives 1
to 1andwleiéhcrepre%ﬁt|,ntesbebemvelgf l uci ferase gene

(pGE.3) st abl @ﬁxpressed by A549- A.3Luc cells, by G.3Luc

ST RIRE® r drisf 86t-EF Tt taﬁ'é1 f8f huF4ePEn RAE\BI Y EXgEEerence of
luci£& M EMYein etﬂi@]ﬂ@i) sta®A49- Ge3tales 68! b3, BEABLYI3Luc cells

expressing the |uciferase gene, were transfected (in
by GIfIwes | StllRé@ueté“arltSlfﬁ@tﬁldatwltbr neltg viqumudstien MONI/DOPE

1mM7°"ir§4 03%5{3%{2“ on rangi ng fr_om 250 to 50000M

conpl exed Wi m of fornulation conposed of

MQM%%@I?EhélB@ﬂIHMiatdﬂﬂyﬂﬁﬁﬁresdiﬁgUDB@eﬁhEh€e$hBNAgene,

control, siRNA matching the G.2 |ucjferase_sequenc )
were WEFene FRREPACH AR P T s s Tincitl bReS PAEFfefge@at) with

GL3LYENEs ﬁﬁﬁessbeﬂc%%x%%i%%eg:aa}{dﬁ{g4 shicubgpi O‘Eo , 20008,

perio Experlrrents were ma n triplicates and t
complexedernastth acl i vilt y ofas esppmesised & rRel latt v L|cgintposed of

wont (Bpre | JatiRiof Bhrdhanl). B oSPieroi el Chirll GoReron,

SlRNAUﬁaﬁcmﬁ?etg@n@mp@falma@eﬂs@q@ém feapsteehedected in
with the fornmulation MONI/DOPE (ImM InmMin ethanol)

the epmectFURdEvinat LheIFicEoms a¥SPanGELFESSHIRYA Was measured
ocee S A 00 on S L 00 SR BB Lt 1
tr1pBi£&@eSOﬂ@h®xeﬂhe luciferase activity was expressed as
Relative Light Unit (RLU) normalized by the content of protein
in the cell lysates (mg of protein).

Figure 2: Selective and efficient RNA interference of
luciferase gene (pGL3) stably expressed by A549-GL3Luc cells
by GL3Luc siRNA transfected with the formulation MONBI/DOPE
(lmM/2mM in ethanol).

A549-GL3Luc cells, stably expressing the luciferase gene,
were transfected (in 24-well tissue culture plate format) with
GL3Luc siRNA, concentration ranging from 250 to 5000pM,
complexed with 2 pl of formulation composed of MONBI/DOPE
(lmM/2mM in Ethanol). As unspecific siRNA control, siRNA
matching the GL2 luciferase sequence were transfected in the
same conditions. Luciferase gene expression was measured after
48h incubation period. Experiments were made in triplicates
and the luciferase activity was expressed as Relative Light

Unit (RLU) normalized by the content of protein in the cell
lysates (mg of protein).
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with the equinolar fornulati on conposed o f MONI / DOPE

(ImM InMin Ethanol) with a si RNA concentration
woaongioogsgrom 10 to 5000pM Luci ferase gene expCEsB100M001774

was neasured after 48h incuBation period. Experinents

were made in triplicates and the G.3 |uciferase

STiques ng: efFilereriow was dalcdfleatas fgenet HeGL3) by GL3Luc

)
=R R B e T R a ek Soc 1 LW Honk NG BCF Tor ptf et in

ethandil f he eidctraat esren FagurEhé ‘pLdSnEEasUNeIRIY S oF f siRNA.
particles size showing a_relatively naonodi sperse
ot it Trirof CRL hsofe Pt IFXHeE$ 619 10me +LucifieFape gene,

were Lwaﬁe@f@'cteaepgzm@fﬁ ggalﬁggﬁ@nf G%@aﬂ'cpdm)mm EBm lexed

varyi ng concentrations were prepared Tn miH
withm@hereqasndésmﬂ|fmmmWMmWEonThempasedcksfQMQ@IOD®PEhé§mM/1mM

SRR, nyThE b o FUPhnEerEr "R FREP? Henfzon 10 t0

SOooéﬂsamuﬂﬁM@éeV\ﬂ(}éhé he sfld i g Wlfrde%@tdx@&s after 48h
ling time, 30 s ; 3 neasurenents per sanple;

1ncu%teﬁcmn @leéfé-@g tyEXRegl@?’ntF’ef"fQﬁﬂ [ V‘édlendé& (th]J)pllcates and
the E%%I(sg C}Fg’;éseR él Qg{élrﬁé Sa:l_”j_%Zentc?/np\%Qt l'gae.l.c@l%cﬁed from

aser mave engt rticles-si
the dedegennam(ﬂu¢mésem$edhavaﬂmoflgmmaamafaﬂnedned49 ~GL3Luc
fromthe |iposaonal epar on _at and,1
CeL L PR TRhAS  (BY abtie Ly ot PN posBhosPAPEBET ddn: £OE  cell
lysafestorage at 5 0 C) . Measurenments were made in
triplicates . Figure 5 : Conparative silencing
dfifdwiendy S | @@@ﬁ@pﬁ&g@n@@neoi pER)tirslesy stge HRAWNg a

relaélégf§eﬁ£89d“%£ QBEUEQ oo f liposomes with sizes of
100 +/- 10 nm.

Liposomal preparations at lmmole of amphiphile with
varying concentrations of DOPE were prepared in milliQ water,
as described above. The particle size of these liposomal

preparations was determined by 1light scattering using a

Zetamaster (Malvern Instrument, Orsay, France) with the

following specifications: sampling time, 30 s; 3 measurements
per sample; medium viscosity, 1.0 cP; refractive index (RI)
medium, 1.335; RI particle, 1.47; temperature: 25°C, at 633nm
laser wavelength. Particles size determination presented in
the figure was obtained from the liposomal preparation at 1mM
MONI and 1.5mM DOPE in water (stability of liposomes after 1
month of storage at 5°C). Measurements were made in
triplicates.

Figure 5: Comparative silencing efficiency of luciferase
gene (pGL3) by GL3Luc siRNA transfected with the formulation
MONI/DOPE (1mM/2mM) in water and many commercially available

siRNA transfection reagents.
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MONI / DOPE (I mM 2mM) in water and many commercially
avai | abl e si RNA transfection reagents. A549- G.3Luc
woebdsgp4s8abl y expressing the |uciferase gene, PGEAB2007/001774
transfected (24-well plate)i4with G.3Luc si RNA
conplexed with 2 m of |iposomal fornulation conposed
ASADNELBIOPE £alEshamdlabliymgzamgssimawtiee dngifamgse gene,
c rcially ayay | r.ansfiection r ts
were o Aol TReT oRtand g o1 ot ot S0 Bocphs Bomelexed
withCemMel cod@l Iismsdecl i dorimageibs Wesrposed alf theNI/DOPE in
optimal cenditiagns foll ow ng the reconmendat.i ons of

Ethapehyf Y (dfe NBLEE afR@ndiamst hG@Emer Pircli¥er gygilable

tranSL0EL EXPT 88aLRA tWAS, TBASHN 84 RAR! 1o A8 { AGURM | PBnging from
peri od. Experinents were made in triplicates and t%e

1 to@ld | RPPMer aSemgielredcilngt Bits$ Teenbyn wasagehtsl stk used at

~fromithe endogenous | uciferase.level. of .
et o0t DR oot eR Ab380 B SOt GRHNG nbPiRal FEEATRG ERELons  of
manut@btendrof pseteimatsrtibe cehb | ysahesds)Fi guneiferase gene
Efficient GAPDH gene silencing in different cell |ines

SXPIFeEen si RS t r BAFBEITOn VATRTET he 468y nuiacudtdon  period.
Expe% W%e’ﬂ% VAL &L (ilrmv{:ggg%ica ngraerm Bgka, sk fFerase

i HA cell s and non-a ent 62 and THP-T1 cells
silemeimgtr afisfiedceedyw tvaGAPEHLsuRABedonfmed wWhéh ehelogenous

cformul atipon I/ E (I 2 in ter P NA
luc“%%%?ewasf?‘?é%g}lr ed" by éPg%ﬁgg@Bﬁﬁ\tS sayAgi?t%éBEEch cells
normd NELEQAH PN PEr EOfteNE bASPeetEif eANthel cesiRMAsates.

mat chi ng an unrel ated sequence (lamn A/C) was
tFigisfeck edEf Al ¢hensapkPRBndeReonsleERpBE| ABnfd fherent cell

Line 08D LSR5 A0 SAPOHLR ego Bl g e o
MONI NDOPE ramsfaiceé ed( Tl ) 3mM) .

Adherent Hela, Caski, and SiHA cells and non-adherent K562
and THP-1 cells were transfected with GAPDH siRNA complexed
with the formulation MONI/DOPE (1lmM/2mM) in water. GAPDH mRNA
level was measured by branched DNA assay after 48h incubation
period. As unspecific control, siRNA matching an unrelated
sequence (lamin A/C) was transfected in the same conditions.
Experiments were made in triplicates and the GAPDH silencing
efficiency was calculated from the endogenously GAPDH level of
non-transfected cells.

Figure 7: The MONI/DOPE formulation mediates efficient
Vimentin gene silencing in 3T3 cells.

3T3 cells were transfected with vimentin siRNA complexed
with the MONI/DOPE formulation with a siRNA concentration
ranging from 20nM to 1nM. Vimentin protein level was
determined by Western blot after 48h incubation period. As

control of protein level in cell lysates, GAPDH protein was

also detected.
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Figure 7 : The MONI/DOPE fornmul ati on nedi ates
efficient Vinentin gene silencing in 3T3 cells. 3T3
woebdsgowesge transfected with vimentin si RNA corpiragrmd7/001774
with the MONI/DOPE fornul atison with a si RNA
concentration ranging from2OnMto InM Vinentin
proyere |&vellhgaslteeepmbhedIGYL VSRR r rf dyinotl stfier #8Hiates

ihcu on_p od. As_contro vel in cell
efflw%%f’aé SREAPRIE Psed, st sBhdng st nhBLeL feribu e b
Tﬂn@Lé i @@spmewf&@’fe&@éauhﬂt heaifRdeahesigfihigCisertim (in
n_A/ C gene silencing in HeLa cells. HelLa cells

24- W@\Hepﬂ-ﬂﬁﬁéf ¥dfted Tapifedt (fm e4RVAI dicmY)sgammgred with 2 pl

of ]\%ﬂ%%&l# g’%ﬁl?%moi%r%?m& ?(éatl (I;'I}l&C((Z)ﬁ'pOSe/gja(':)g}3JL e)&%d Ethanol

( ImM AN ) DGRE MatEtrhanbhe(lleZmMA/m p/aDEE;LnThweaisardetd\it@d by
ce staini

det e fl ~
s Pl G e $ 88 FE! BER TGN bt 1 T Cr bRt pg Meobserved

by maBdoBcppgndccymared sednedn ca&%afeﬁ Q@or@e{:b‘énéf\e@ﬁ@dBcells
Figure 9 : Reverse transfection of siRNA conpl exed

(B aRgltB) t he formul atl on MONI / DOPE in water (InmM2mV)
c@s & §§:\§g aﬁéggl#lgyb%' enk ﬂeg&ﬁég&%@ (}ch the

uc  si Serum ree 'umwere
form@hmmi@meﬂoﬂmﬂDQBEm&hIwHtEﬂMEXmMAmmm platecéor paflective and
for,5 mnutes m of fornulation conposed

hlthoY ‘HfﬁE Prat e e’(lFi‘TMJeri\/p . Then, 10 000

A@Iﬁ?ﬁ\%:g'sli@m@e'df'lu@é@b'ﬂﬁ eXPEESSIENG A | ¥Eberas®iun were
gene, in 125 of medi um cont ai ni ng serum were added

comp pexedel(Ln @@mmérlastelsgeem expressi phakgs feeaaiyeogn=6) for 5
mlnuégéernﬁﬁp inCHPatHPnf%% uﬂ%tl%ns 8”388&'5]005'%N%H/D0PE in
water (1lmM/2mM) . Then, 10 000 AB549-GL3Luc cells, stably
expressing the luciferase gene, in 125 pl of medium containing
serum were added per well. Luciferase gene expression was
measured after 48h incubation period. As unspecific siRNA
control, siRNA matching the GL2 luciferase sequence were
transfected in the same conditions. Luciferase gene expression
was measured after 48h incubation period and the luciferase
activity was expressed as Relative Light Unit (RLU) normalized
by the content of protein in the cell lysates (mg of protein).
GL3 luciferase silencing efficiency (Figure 3B) was calculated'
from the endogenous luciferase level of untransfected A549-
GL3Luc cells normalized by the content of protein in the cell
lysates.

Figure 10: Reverse transfection of siRNA complexed with
the formulation MONI/DOPE in water (1lmM/2mM) was efficient to
silence the endogenous GAPDH of MCF-7 cells.

The optimized reverse procedure of siRNA transfection was
applied to silence the GAPDH gene of MCF-7 cells using siRNA
concentration range of 100pM to 10nM and 1pl of the liposomal
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control, siRNA matching the G.2 |uciferase sequence
were transfected in the sane conditions. Luciferase
wgens/®xp8essi on was neasured after 48h i ncubaPComB2007/001774
period and the luciferase aetivity was expressed as
Rel ative Light Unit (RLU) normalized by the content of
MONIpEQ)EE!i nfonmthetéehl. | EARDEs @RYNPof Jproikei nfas CGoBasured by

i ferase sil nin fflClency e 3B) was .
ouant el ofr R eReR o il ostreie | 4l PobSeb L bartaption.  As
unspé@if?@Sf@6ﬁ€go£\54931@N3J—U@na0ﬁiﬂl§1d"0r£@| i ggdeb¥tbRe sequence
content of protein in the cell |ysates. Figure 10:

(lamRevdy/$e t Wasst EEaneheotedi RNA compl easee wiaomditfd ons. GAPDH

I in eff
=1 Le g e e doienous AR §F NEETD oEffe. chiggBBhously
GAPDIbpte e Iz enlf reverseapsbeetodecol 1si RhAGt pansteatiial onds
applied to silence the GAPDH gene of MCF-7 cells using
si RNA concentration range of 1OOpMto 10nM and Im  of

Matei€ld 1 308 Gt AERL £ DOPE fornul ati on. GAPDH nRNA | evel
was nmeasured by Quanti Gene(r) Branched DNA assay 48h

Chemigmlks t%%sqilie@?lll‘eﬂle%iéﬁspeci fic control, siRNA
Ollgc%m}ccl or@ltgegs unr?I atc m%%%lieinc Jnt% )S!X\?EPAGE purified

rans e sarre con Itl ons. ncin

by Eetbgehesey (Bas daimgul ameﬂgcﬁm@m&@el@mogem@usdméﬂ% in 1x
| evel of non-transf ected cells (n=6 per condltlon)

Anneaking | alRHRE net s ™oneMPCRtS % nd 0/50%onitl eot'plestate)

cl de ch cgtby sy d Al
EI'urp érr?%%)d gf;é%ur%g\gﬁ%lgc (%Enl glgﬁrg . %@g%ﬁg e%?dda # houzs

inculwatneorann@’al edopm | % sfopeealtivng bufipe (BochHM KAdet diéentFect
reag§rb1ﬁ oWE Aegs %Eog\) héggrgogenégg) EIlORaZd m r}:especgcui‘ely (United
States). TransIT-TKO and Saint-Red reagents were from Mirusl
Corporation and Synvolux, respectively. GAPDH SMART pool®

reagent was from Dharmacon.

SiRNA duplexes used:

GL3Luc siRNA duplex (SEQ ID 5’ -CUUACGCUGAGUACUUCGA (dT) ,-3*
N°1 and SEQ ID N°2) 3’ - (dT) ,GAAUGCGACUCAUGAAGCU-5’
GL2Luc siRNA duplex (SEQ ID 5’ ~-CGUACGCGGAAUACUUCGA (dT) z-3
N°3 and SEQ ID N°4) 37 - (dT) ,GCAUGCGCCUUAUGAAGCU-5'
Vimentin siRNA duplex (SEQ ID 5’ ~-GAAUGGUACAAAUCCAAGATAT -3

N°5 and SEQ ID N°6) 3’ -dTATCUUACCAUGUUUAGGUUC-5"

Lamin A/C siRNA duplex (SEQ ID | 5’-CUGGACUUCCAGAAGAACATAT-3’
N°7 and SEQ ID N°8) 3’ -dTdTGACCUGAAGGUCUUCUUGU-5'

All reagents for chemistry and starting material were
purchased from Sigma-Aldrich (France) and were used without
prior purification. Solvents were ordered from SDS-Carlo Erba
(France). Diethylether was dried and distilled over sodium
benzophenone. Magnesium turnings special for Grignérd reagent
were purchased from Fisher Scientific (France) .
Dioleoylphosphatidylethanolamine (DOPE) is from Fluka (Sigma-
Aldrich).




i ncubation at roomtenperature. HiperFect and

Si | ent Fect reagents were from Q agen and Bi oRad,
woespaotissel y (United States) . Transl T- TKO an@&CT/1B2007/001774

Sai nt-Red reagents were fram M rus Corporation and

Synvol ux, respectively. GAPDH SMART pool (r) reagent

was from Dhar macon. Si RNA dupl exes used: All reagents
wer.e ourch sed

mole@ﬁl@é @ﬂri&eﬁai.fﬂéd sal wams were or der ed from

SDS-Carlo Erba (France) . Diethyl ether was dried and
distilled over sodi um benzophenone. Magnesi um t urni ngs
special for Gignard rea re purchased from
Fi sher Scientific (Fr ancggmeWE

Abb’*‘"ﬂ!ﬂ"’ol"'@?@g?' Hégvﬁatl diftesicibams| ani néropIPE) $racef rieprelFl fka RS
(Si GHET"AMEFTEh) . Exanples 1 to 7 bel ow f'8PatfiFo the

MoNI synt hesbs of anphi Rhdulisc Mol eculggiaas | danti fidegeh i B1s  c1s
Tabl e g{ abl e 1 Algbudewi atl on @hepircal sStructure oOfean  (inear)
Cheni c —AN@[?B Arorrfi Rpdecy sy Spacer Lateral R4 RS

u

arrphlkﬁ i ¢ ol ecul&™ 1“"““ ®Rains E R4 / RS NONI
Yl -

1- MEe %ﬂa”swm hyl - 3H c1 i dentical C18 C18
mons! ( 1- Cbba i m dagaiisum (| i neasy-3¢ i near) identical C18 C18
Nonade | mi daﬁ@F‘adegl i um chPgrMeEe-NONBl inear)  (finear)
1- Met h N 3- Nt hyl ped™'Cl | dentl Cal c18 cC18
(1- X benzmdmndaﬂol - (linear) (linear)
Nonadécyl )" H- | unfhloride
HEIC 1-(2-Heptadecyl- Methyl-3H- c2 different  C18 c17
CqgH Eicosyl)-3-methyl-3H- imidazolium (linear) (linear)
BN ’/\) Imidazol-1-ium
c 17H 3 Chiloride
ci® ‘
HEMB / 3-(2-Heptadecyl- Methyl-3H- c2 different C18 Cc17
CygH3sr /// N Eicosyl)-1- penzoimidazo|-1- (linear) {linear)
Methyl-3H- ium
C47H ;g\/ %\Q Benzoimidazol-1-ium
Cl chioride
HET CasH 3-(2-Heptadecyl- Thiazol-3-ium c2 different C18 c17
18Ha7 //\) Eicosyl)- (linear)  (linear)
C H Thiazol-3-ium chloride
17H3s
HEM! CigHas ® 1-(4-Hexadecyl- Methyl-3H- c4 identical C16 C16

"E\/N—— Eicosyl)-3- imidazolium (linear) (linear)
CigHaa cfP Methyl-3H-
Imidazol-1-ium chioride

BIA AN « Branched Methyl-3H- c1 different  C32 c18
N—X Imidazolium imidazolium (branched) (linear)
4 Amphiphile »
1-methyi-3-{1-octadecyl-5-
CisHag

tetradecyl-nonadecyl)-3H-
CigH37 imidazol-1-ium chioride)
CiaHag cle

Synthesis of MONI:

Synthesis of the secondary long-chain alcohol 19~
hydroxyheptatriacontane S3:
C1gHa7

HO-—<

CigHa7 C7H760; MW=537.00
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Benzol m dazol - 1-ium chloride HEl C 1-(2-Hept adecyl -
Met hyl -3H C2 different C18 Cl7 Eicosyl)-3-nethyl -3H
wom@anealssum (I inear) (linear) | mdazol-1-ium €gireB20d®001774
HEMB 3- ( 2- Hept adecyl - Met hyis-3H C2 different C18 C17
Ei cosyl )-1- benzoi m dazol-1- (linear) (linear)
Magngeihyl - 3RriimyBenzdid3pi dagpl - 24 unmehllesi de ¥WEF24.31)  are
. 3-.(2- Hept.adecyl - Thi azol-3-ium C2 different C18 C17
intrgibds ) -1 Rar) (T Sa ThitdooreskEdn chrarraan  vessel
equiblbdll 1-y#tidexadecyterMidBdtidh Chdident. call-GHidet adecane
Ei cosyl )-3- imdazolium(linear) (linear) ' _
(7. 68t Agl - 3 ABRESS: MIFGROcRPOri dReevigrngighedissolved in dry

dietﬁ?igyhé F+(2%ﬂ ﬂhtf91§%E%#§§é Q}§eﬁénﬁﬁﬁgﬂﬂ ggénzophenone), is

I' m dazol i um (branche I near
added - nebbyv-i3e( Ue othademital5-turnings with a syringe. During

the tﬁ?@c{l:ﬁ%ﬁ%}il ;)nl?%[aﬁfggcl:%igﬂ rrjj_sdazsolli_gh]fi.#mlr{:ehalltoerci{ dev)ith a fan
(hairdryer), in order to maintain a constant reflux of ether.
The formation of organomagnesium reagent (Grignard reagent)
has started when the reaction mixture turns greyish. After the
complete addition, of the iodoalkane solution, the reaction
mixture is heated to maintain reflux of ether during one hour
by placing the reaction vessel in an oil bath iﬁ order to
drive the conversion of the iodoalkane into the corresponding

Grignard reagent.

The reaction mixture 1is cooled to room temperature; ethyl
formate (444.5 mg, 6 mmoles, MW=74.04), dissolved dry
distilled diethyletﬁer (25 ml), is added drop-wise to the
Grignard reagent at 20°C. The reaction warms up only slightly
upon the addition. The reaction mixture is stirred for 18
hours at room temperature in order to complete the coupiing
reaction of this long-chain Grignard reagent onto the ester.

The reaction is poured onto ice-methanol (200 g + 100 ml) and
acidified with concentrated chlorhydric acid to acidic pH. The
resulting solid is filtered off, washed with methanol and
acetone, and dried under vacuum. The solid will form an
agglomerate  that is washed with dichloromethane, then
dissolved and recristallized in tetrahydrofurane (THF): 1.5 g
of the crude alcohol are dissolved in 250 ml of THF at 60°C.
This solution, while still hot, is filtered through a
filtering paper disk under vacuum. Acetone (200 ml) is added
to the filtered solution in order to precipitate the final

secondary alcohol, which 1s filtered off and washed with
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Synt hesis of the secondary |ong-chain al cohol 19-
hydr oxyheptatri acontane S3 : i 8 37 HO G 8H37C37H760,
wOREBAB4058 00Magnesi um t ur ni ngs (583 ng, 24 mMmoPET/IB2007/001774
MAE24. 31) are introduced ingan oven-dried two-necked
reacti on vessel equipped with a refrigeration colum.
acetdnkodooth bslecaner {7 &08Lomy, 2@ timool espyMAMBBEOcBPitation  in

e/ R PP ad ovP 1460 i B SEToRY i St aleonol.

drop-wi se to the netal turnings with a syringe. During
the addition the reaction is slightly heated with a
In togelrhal rHf yer P imlerlel hevamibeed rorcrdhsdannd purified,
: ef her h r mat i on_of, -organo esj L
corr%%&égﬁ%ﬂ%g%gnﬁgr Ztggogn% h(g@_gt?’gr'tog) 'V\hng%%t hgyghd of the
reactéant in KOt Uv@sédr nm greysahedAfi@iod heamwonplo®%e based on
i]dgi ti og, of the iodoal kane solution, the reaction
ethyfi XPGPETPS-heated to maintain reflux of ether during
one hour by placing the reaction vessel in an oil bath
in order to drive the conversion of the iodoal kane

The EEBQltE@rQQH&%§Q%%?H¥lf%édﬁﬁﬂéﬁé*%%ﬁﬁﬁarQ&E%ff%@ﬁ'6@ its H
m xture i s cooléd to roomtenperature; ethyl formate

NMR ¢@ddtBangen6immihgs 1te\T4i04)., di ssol ved dry
distilled diethylether (25 m) , is added drop-wise to
the Grignard reagent at 20 OC . The reaction warns up

Anal9Bliy SEi gbthydupaghbbtatsdiadontanéh@3reaction mxture
IS stirred for 18 hours at room tenperature _in order

1H-NMB (BHpilens MRGNSUHS | FRSPRARET oRTOF PRPSORIngReHRGla: 0. 90
ppm Gﬁkgggigtfeaggnt796toﬂghe Q%Lel terminal methyles of both

chains); 1.27 ppm (large multiplet, 64H, CH; from fatty
alkylchains); 1.45 ppm (broad multiplet, 4H, CH; beta position
from alcohol); 1.58 ppm (broad signal from hydroxyl and from
water traces); 3.60 ppm (multiplet, 1H, CH alpha position from
alcohol).

Synthesis of 9-octadecyl-nonadecyl methanesulfonate sS4
(=activation of the secondary alcohol by mesylation): C3gH;503S;

MW=615.09

C1gHay

c&é/o——< ‘

/X CigHar
A suspension of the secondary alcohol (2.42 g, 4.5 mmoles) is
prepared in 45 ml of dry pyridine in a 100 ml reaction vessel
(high concentration being critical for correct conversion).
3.5 ml of methanesulfonylchloride (5.15 g, 45 mmoles) are
added with a syringe into the reaction vessel in small
portions. The reaction mixture does not heat notably, so the

addition can be done at room temperature. The white suspension
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The reaction is poured onto ice-nethanol (200 g + 100
m) and acidified with concentrated chl orhydric acid
woao@miodise pH The resulting solid is filteredpaffiB2007/001774
washed wi th met hanol and acetone, and dried under
vacuum The solid wll forman agglonerate that is
upon wasingd o thidhcﬁﬂvromethanesuﬂﬁenydbgé@kide ah@rns slightly

recri II|zed in tetrahydrofurane HF) th
yelle Udeﬁgﬁbéhol %%Pe di §§6Ivgg||1€ﬁﬁf ¢ ofh?ﬁF a e%%T%C more
homogeﬁbu§ sadnd i Qﬁhrﬂ&“ ke shéldehdoldusr fi hifeked Lhr c@hlirs the
a filtering paper disk under vacuum Acetone (200 m)

reactko%d@%ﬂ Paceme flprrkeb&a@vgorgiprsEedn order to
- precipitate the final secondary al cohol, which is
filtered off and washed w t hacetone. This purification
The neahbdobynmmmﬂxﬂtasi@nwnedﬂﬁﬂmmeﬂbﬁenﬂs<a®meEﬁanol where

the.tota crude t ot, 3.18
the B e Eh bt basAopPEpEr B g aPhPRed by PESHIRLAS

to 5.9 mvoles (MM537.00). The yield of the reactlon

. is 60% based on consuned i odoal cane (98% based on '
ThisetAyecipifate) 1sTheSalmdedlo-hydrbikyheptaeri acoasasd with
methééofh%.%pts éﬁd d%% ?uN%R 8tQ§>%99fﬁgn1@§sé5fved in
ysSI's 0 oxyhe atriacont ane
500m1 I—I-d\jMRxJ(crmm@HIamm,gnexheo:er esaigncehér ane Py ba oagl |pnroduct is
n1(tr | et % 7.0 Hz, 6H,

SOTUER hy | RRI1™ PO h ST FRSEed ALY | A At idered off

thro@gh g$g ~fromfatty al kylchains) ; 1.45 ppn1(broad
nult?p et, 4H, CH2 beta position fromal cohol); 1.58

pn1(broad signal from hydroxyl and from wat er
traces); 3.60 ppm (nmultiplet, I'H CH al pha position
The ffiomlal®otwtyadecyl)nonadecyl methanesulfonate is obtained

after complete evaporation of the dichloromethane in 69% yield
(1.63 g ; 2.65 mmoles : MW = 615.09).
It is characterized by its 'H NMR spectra.

Analysis of 9- (octadecyl)nonadecyl methanesulfonate:

1H-NMR (nuclear magnetic resonance from proton) in CDCl;: 0.90
ppm (triplet, J= 7.0Hz, 6H, terminal methyles of both chains);
1.27 ppm (large multiplet, 60H, CH, from fatty alkylchains) ;
1.40 ppm (broad multiplet inside previous signal, 4H, CH, on
gamma position from mesylate) ; 1.69 ppm (broad multipiet, 4H,
CH, on beta position from mesylate) ; 3.0l ppm (singlet, 3H,
CH; from mesylate) ; 4.72 ppm (gquintuplet, J=6.1Hz, 1H, CH

alpha position from mesylate).
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Synt hesi s of 9-octadecyl - nonadecyl nethanesul fonate $S4
(=activation of the secondary al cohol by nesylation) :

wGC 260880888 MAE615 . 09 A suspension of the seceauas3007/001774
al cohol (2.42 g, 4.5 moleda) is prepared in 45 m of
dry pyridine in a 100 m reaction vessel (high

S ntyat h OBl AA ¢ dqt ] f C reg{ version) .. _a_
yntggggrgﬂ c{)‘? rre%hﬁangg'ulsfolyl C agﬁ é’ ?{? eéﬁ;,irh?m%ds%zcd 1
ium ahéoadlded (w MONAZ)Syringe into the reaction vessel in

smal | portions. The reaction m xture does not heat

‘\N tgbl @,sHg0 the addition can be done at room
?ghpegature. The white suspensi onupon contact with the
Lnse/tha esyl fonyl chloride turns slightlyyellow After

one houf t'he r€hacti on has Beberfd Nrr ¥WFéRTgSPous, and

turns to beige colour. After 24 hours the reaction has
beconme dar k-brown col oured. The reaction mxture is

Qur i_nt.o, 250 | of t hanol ., where _t roduct s
The %&t Cg_‘ﬁéjg ¥l rgac lé:c?cgcl c%‘ﬁ%?‘?lw*ﬁo%r 8&i %?}egt%ﬂessf‘ﬁfge by the
arompte&ei pekat en $Hes et @ddyy fedtvat | SPomwasbBednd tleaction is
met hanol and dri ed under vacuum The solid is
slowgi sklae vabe iy 5oDRF2EPERI oV Bfet BEP@, iherk2E¥fy ¢HeSss as a
solvABsYl ated product is soluble; remaining un-reacted
al cohol can be filtered off through paper. The fina
9- (otadecy abemphpriecadeaydt retdmneSuldftonat &. 63 ght &i.i%&d mmoles;

_aft canpl et e_evapor.ation_of, the di chl oranet hane i
mi=635555) CRd (S E50HEBeS ek Aol mhwsr ey TEcpsl topped
withChakagt-egezad iRy idsLukih NWR) spechf ameéﬁa_hmiiaa%l%- i(0 added

st adecyl ) nonadecyl nethanesul fonate: | H NVR (nuclear ,
and Fhgnats 1 anavnhieeat e ofPist oh) SLEPEDEEYN.0. Yoo reaction is

heated at 80°C for 6 days. The reaction mixture then turns to

orange colour and becomes homogenous.

After cooling to room temperature the reaction mixture is
poured in a larger flask and completed with 150 ml of
methanol. This mixture is filtered through paper. The filter
is washed with 80 ml of methanol. The small insoluble part is
mostly un-reacted mesylate, which can be seen by NMR analysis.
This filtrate 1is divided in three equal parts prior to

purification for ease of handling.

One hundred ml of the mixture is completed with 600 ml of
methanol and filtered again through paper. Then 300 ml of
water were added. The mixture stays homogenous,then was
acidified progressively by adding small amounts of
concentrated chlorhydric acid, while controlling the pH. The
addition continued was until the pH drops to 2-3. This
mixture, upon standing at room temperature forms a gelatinous
precipitate. To drive the precipitation, the mixture is kept

at 5°C for 18 hours. The final suspension 1s poured onto a
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ppm (triplet, J= 7.0Hz, 6H, term nal nethyles of both
chains); 1.27 ppm (large nultiplet, 60H CH2 from
woavdasyoalskyl chai ns) ; 1.40 ppm (broad mnul ti pl ebPCirnB20d®001774
previ ous signal, 4H, CH on ganma position from
mesyl ate) ; 1.69 ppm (broad nultiplet, 4H CH2 on beta
papepodilten AremihsyPateined3soliigpms( siamjied  wlth enzalcohol
. from yl at ol 2 (i ,oJ=6.1 4,
misef U BELE Skehedolt RO o SR £ (dE8 " Eonciinif 1
concéntbedbyd - hidriGrintecyHeiNgnadeey! ¥i18&kredi dagol -dgain. The
ium chloride (= I\/?\Ilé . c |l - . C41HB1C N 2 ; MM637 .
same spEOGHAUFREEi BRPT$°H GPr E8F SEBRLrLngi BRLOANOHEC phases.
nmesyl ate by the aromatic base on the secondary carbon
atom As the reaction is slow, the nethylim dazole was
Thisuwgad 917 arge cdxcessdas3alfolivehadegyl|vonadecyll) -1-methyl-

. ecyl { esul f gnat 1.63 g , 2.65 nmol es;
38 lﬂﬁ@%%%ﬁ%ﬁ?nggfgg%égd%g%dosEgénigo m reaction vesse
topped with a refrigerating colum. 80 nml of

met hyl i m dazol e i s added and the net hanesul fonate ,
A codided aPyusidRsiGECt e SEQMS oNeRs Hertemapabopcof this

solicﬁorwiGCl'gaXI%tthmrE%éP@. M XL WL IREN SUHNS dt iU ep  is
col our and becones honbgenous. After ébollng to room
appliedperature the reaction mxture is poured in a |arger
flask and conpleted with 150 m| of nethanol. This
m xture is filtered through paper. The filter is

The ¥85h@diwi td BB 1Mdd ofn Mep hanolr The sl wmsDéubkerring at
art is nostly un-reacted nesyl ate, which can be seen

60°ngaWR &hgl ysiethampkici| 6PAREIPE dildi d&tPGa §9f eetrom the
remaﬁgﬁi %g!iti%l.pr’f}?:[st QARYH fLeathon fQr £aS8Qf 2 second time
with warm methanol. The insoluble part 1is different from
product as revealed by NMR spectra. The methanoliq solutions
are completed with 60 ml of sterile water that has previously
been acidified with 0.2 ml concentrated chlorhydric acid. This
solution gels at room temperature, and is placed 18h at 5°C
for completion of the precipitation. The gel-like solution 1is
filtered through paper. The dry solid 1is re-dissolved in a
mixture of equal parts of methanol and dichloromethane (250
ml) then with pure dichloromethane (250 ml). After evaporation
of the solvents 481 mg of a white solid are obtained. This
procedure is repeated on twice on the remaining reaction
mixture (2.26 mmoles; 85% yield; MW=637.55).

NMR analysis shows absence of the previous impurities and an
elemental microanalysis on this final product confirms its

purity.
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One hundred m of the mxture is conpleted with 600 m
of methanol and filtered again through paper. Then 300
wohomfoovEser were added. The m xture stays hompgemB87/001774
then was acidified progressidvely by addi ng snmal |
anmounts of concentrated chlorhydric acid, while
Analyensrol | ing the pH The addition continued vvas unti |

e This m xture, on st ng t .
1a-lC BRI BRaRabiq 5ogBPAPFRo L o (e ofo MONI i
cpclgyive the precipitation, the mxture is kept at 50C

for 18 hours. The final suspension is poured onto
0.90apaper (EFEPéetand’T hé -GHitzai néH,sdleil@mifsalwa@ﬁééilMetsh @h both

chalﬂngh@ dgxé lng&¥%% i PEtB%”%h: %% ff&ﬁ'lﬁgﬁazollum

er conta concent rated rhydr| C aci
ringand fli.Rfer gbmof f (hgape. Tiud tsatetpr oc&Xr e CH, apfikbrd fatty

sris oI5l ALDOGI: PenolLe phases, s vaY LD oscion

from3Hiinficdaznl iusm chl ariige aggmobt@inRd.eth control HyeMNMRE  on
spectra shows weak contam nation of this solid with

imidaeehiwmm sbeol . A G2copei pufs¥ieket on ]sﬁrep GHL or C5H of

lmld%ﬂi&g The sof i Oﬁ%ﬂaxﬁod' %381' ;1%‘% n 719 Lo hangh  from

esirrlngat Can herret dnol 't—soluti oA s
imiddeshhtey; f 1o0LVhgphersinghgtsollid. C2HI £real ididezoduem) .
is washed a second time with warm nethanol. The -
i nsol uble part is different from product as reveal ed

Inleé(cNVB—mCt(b@Pﬂ.%% TRIEEAYY) G S @péii,ons are conpl eted
wWith 60 ml of sterile vvater that has previously been

CH apeidif isste Wity (CI2 mde c(dﬁcent rat ed chl or hydrl c acid.

1234 ghBad 0 &, PR i RO SPRE. ol o, UEREs £rom
imid@edribke; sduts opping-) (methyle on N3 from imidazolium);
36.9 ppm(-) (CH on N1 from imidazolium) ; 35.5 ppm(+) (C from
fatty chains); 31.9 ppm(+) (C from fatty chains); 29.72 ppm(+)
(C from fatty chains); 29.67 ppm(+) (C from fatty chains);
29.65 ppm(+) (C from fatty chains); 29.60 ppm(+) (C from fatty
chains); 29.53 ppm(+)(C from fatty chains); 29.38 ppm(+)
(C from fatty chains); 29.35 ppm(+) (C from fatty chains);
29.15 ppm(+) (C from fatty chains); 25.94 ppm(+) (C from fatty
chains); 22.71(+) (C from fatty chains); 14.15 ppm(-) (CHs; end-

groups from fatty chains).

Infrared absorption (IR) spectroscopy of MONI:

Absorbance peaks are characterized by their wavelength numbers
(cm™) and their respective absorbance, considered as strong
(s), medium {(m) or weak (w):

3130(m); 3035(s); 2955(s):; 2920(s); 2850(s); 1570(s); 1560(m);
1470(s); 1430(w); 1375(w); 1160(s); 750(w); 725(m).
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filtered through paper. The dry solid is re-dissolved
in a mxture of equal parts of nethanol and
wdi2edsloososset hane (250 m) then with pure PCT/IB2007/001774
di chl oronmet hane (250 m) . 2After evaporation of the
solvents 481 ng of a white solid are obtained. This
Thlsprb%ecﬁlns@n};é:memfééléﬁ tMﬁce:mpamlreenwmthngthe reported

reactlon m xt 24 lLes/. .85%yield .
SPeCRER anal i si g EEE% abssngg'l&fn 1fRé (8%1‘8{}‘1 ou%h% Tt egnd 1S
consaBdean @lieReAtsl chiemieanalstsigtird.his final product

confirms its purity.Analysis : |IH NVR (nucl ear

magneti ¢ resonance from proton) of MONI i n CDO 3 :
ExamB1202PPBVLhERLE St o) T ~Bretd

Benzprgmdgp.gazér-pum pihﬁ,g)pldle AMOPBA) (:| ar ge mul tiplet,

T R TR SO—

in ol d3ZOlndHAy1 4 thly RPERAS| NUIERD, Sk MRIAEEL 8r 3 days in
|mdazoI|umr|n% 7.02 ppm(singlet, IH C4H_ or C5H
B

presgpRceniPdatols GO 1@6@%%@%@1@ AftprCcsMappresiion of the

sorbie | Bibzelinl; g aen (SIglta bl QU TfMca oo

chroﬁﬁfb@raﬁh&aa@p@ﬁamgwa(méthaﬁbﬂ Ar dithloi2Bethppi gradient.

0. Ol%ﬁ%@%@%%%b dazol Eﬁ% }196ﬁﬁﬁﬂ3$€%%%cﬁFgg$Wbﬂ?ZOle product

are |f@6¥@@%d””%ﬁu§§lgJgpnﬁﬁkh@@dt%@ NwhtBrOQW'ﬂ&§§@C”é§E@ss of
35. pprr(-t ) (Cfromfatty chains); 31.9 ppn(+) (C

methy}badidet yrchihsyhide, Treaipmar) £0T fir ofay at The methylation
reacEEgnnig q%%n%lt%%qkel ngIrQPﬁéﬁtéxr P?&Q§10n by silica gel

chromatography on a methanol / dichloromethane gradient 10mg

MONBI is obtained.

1H-NMR (nuclear magnetic resonance of proton) of MONBI in

CDCl3:

0.89 ppm (triplet, J= 6.9Hz, 6H, terminal methyles of both
chains); 1.27 ppm (large multiplet, 64H, CH; from fatty
alkylchains); 2.1 ppm (large multiplet, 4H, CH, at beta
position from benzimidazolium nitrogen); 4.39 ppm (singlet,
3H, methyle on N3 of benzimidazolium ring); 4.65 ppm (CH
connected to benzimidazolium N1); 7.72 ppm (multiplet, 4H,
benzo-ring protons):; 11.37 ppm (singlet, 1H, C2H from

benzimidazolium) .



29.65 ppm(+) (Cfromfatty chains); 29.60 ppn(+) (C
fromfatty chains); 29.53 ppm(+) (Cfromfatty
woheisn®yass 29. 38 ppn(+) (C fromfatty chains); PB@T8B2007/001774

ppm(+) (C fromfatty chai ngs; 29.15 ppm( + ) (C from
fatty chains); 25.94 ppm( ) (C fromfatty chains);

The 2@agti¢n)s¢lemeohsf givencheredh;: 14. 15 ppm(-) (CH3
endgroups fromfatty chains) . Infrared absorption

$1 €JgR, iIspectroscopy of MONI: Absorbance peaks are
characterized b y their wavel ength nunbers (cnf'l1l) and

Etzotheim ¢ espectiye absorbance, considered as strong (s),

iU (m or w;xg_li}(vv) . 3130 (m): 3035 (s); 2955 (s):

2920 (s) ; 2850/ (s)I\+/ 1570 (s); 1580u4(m ; 1470 (s);

1430 . 13758 (wW) 1160 (s) 5,750 w725 () . This
[Cfﬁgy@\({)\ﬂpti on prefide ﬂ’g corrpglrozﬁlge wth the reported
spgot rum of | - Et hyf-3-net hyl | rris;haz%ﬁﬁ@?m chl ori de, and
is consistent with its chem cal structure. Exanple 2 :
Synthesis of |-Methyl-3- (1-Cctad cy,J = adecyl)
-3HBenzo- im dazol-1-ium Cghwdhf‘t’e (M |9
(oct adecyl) nonadecyl nethanesulf naE[heF 1 nmmol e)
di ssolved in 7m of nmethyl -ethyke ne? ) are heated
for 3 days in presence of 0.6 nmol'es benzi m dazol e.
Af t er~emapor atethylipfiddrslesol vents the, crude product is
N _ig?@ “py silica gel chro tg@iﬁgﬁ@aéppl ying a
~Jet hanol / dﬁhlooromsthane Rgdient. 0.015 mol es of
neut reeta  subBYiG uBCWDenzi myazoleshsr oduct are
im@hﬁxt ed, which is nethylated wt | ar ge excess of
nethyli odide in MEK while heating Tor 1 day. The
net hyl ation reg@ché®imidatiantitatiyve, and after
\N urifd cgt7| on by MELKC @@I. 68Qgg_rraqography on a

_h€n18I3/ di chl or orrte?ﬂané gradi ent | Ongy
< |
C1gHaz 2) Mel in MEK
MONBI

Example 3: Synthesis of HEIC:

C17H35 BH3'~THF C18H370H
COOH — Cy7Has
CygHa7 Y1 Y2
MsCl
l EtsN
methyl- o
c N imiaazole 1837
o e
>\/N / C17H35 S—
Cq7Hazs © MEK ('5
c® reflux Y3
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MONBI i s obtained. IH NWR (nuclear nmagnetic resonance
of proton) of MONBI in CDCl3 : 0.89 ppm (triplet, J=
w6 .200410040881, term nal nethyles of both chains); peT2B200P001774
(large nultiplet, 64H, CH2 %srom fatty al kyl chai ns) ;
2.1 ppm (Large multiplet, 4H CH2 at beta position
Synthesishefiz2 nfaREsrrenineicesamprics agg dhff)si ngl et, 3H,
Cﬂ+bnethyle on N3 of benzin dazoliumring); 4.65 ppm (CH
/;g%g@ ed to benzimidazoliumN); 7.72 ppm (nul tipl et,
4H, nzo-ring protons); 11.37 ppm (singlet, IH C2H
Cw“ﬂronwbenzhﬁhﬂazoMWunﬁsoTﬁe reaction schene i s given
herein : S1 C18H37] nethane pyridine sulfonyl chloride
e PI18H37 0 / V O -18H37 MONI S4 Exanple 3 : Synthesis

Diis8pr&E Cami M Cl(2EtSEN HEl Cypichegl s18f 22- HeRS@IeCIMy= 101.19)
| -eicosanoic acid (Yl) :

is introduced in a 100 ml oven-dried reaction vessel

containing 15 ml THF (distilled over sodium-benzophenone) and

cooled to -78°C under an argon atmosphere. 11.4 ml butyl-

lithium (1.6 M in THF; 18.26 mmoles) are added drop-wise,

stirred for 10 minutes at -78°C and warmed up to 0°C, for

completion of the formation of the LDA reagent.

Nonadecanoic acid (2.5 g; 8.37 mmoles; MW= 298.51), dissolved
in 20 ml THF, 1s introduced drop-wise to the reaction mixture
at 0°C. 1.2 ml dry DMPU is added (1.246 g; 9.72 mmoles; MW=
128.18) and warmed to room temperature to allow formation of

dianion intermediate.

A selective C-alkylation 1is achieved Dby addition of 1-
iodooctodecane (3.15 g; 8.28 mmoles; MW= 380.4) at -5°C.

Reaction is continued at room temperature for 18 hours.

Work-up: The reaction mixture is poured onto 100 ml ice-cooled
water and acidified Dby addition of 4 ml concentrated
hydrochloric acid. The solvent THF is evaporated under reduced
pressure; the mixture is extracted with ethyl acetate and
dried over Na;S0O4 (anhydrous). The organic phase is condensed
under reduced pressure, the resulting solid being re-
crystallized in acetone to give a white powder (4.271 g;
7.75 mmoles, used without further purification in the next

step) .
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C17H35 "N)-COOH i 8H37 C37H7 402 ; MM 550 . 9 8
Dii sopropylamne (2.56 m; 1.85 g ; 18.26 ranoles; MM
woQiosk®yoses i ntroduced in a 100 m oven-dried pPeaaB200m001774
vessel containing 15 m| THF (distilled over
sodi um benzophenone) and cooled to -78 0C under an
Analysden oft eaglesydicl acidYlout yl lithium (1.6 Min THF;
18.26 mmol es) are added drop-wi se, stirred for 10
mnutes at -78 0C and warnmed up to 00C , for
TLC GaiFllyeliison mof= tOESfOEEQHé%%(ﬁ2dJW%$$¥&r§@@€BEe in heptane;
Nonadecanoic_acid (2.5 ; 8.37 mmol es; MM 298.51),
dete§F§§6Iveﬂa$h1%©nﬁ{FU#ﬁFrlps a@itd odMeswkdr BpCwi Beates silica
tion mxture at QC . 1.2 ml| dry DVWPU is
gel %gdggg? 24 6 g ; 9.72 nmmoles; MM 128.18) and war ned
to roomtenperature to allow formati on of dianion
i nternedi ate. A selective Cal kylation is achieved by

‘N%Edﬂgpﬁﬁ3bf511PP@Uoogt8@edéhe (3P 1z g tripretymbies;terminal
ce, AUELTOB B oy e Foect LR CANYL e L8O, 1

hydrabatbbﬁ.lshammwﬁﬂ OnEﬂ)lQQaﬁgblnM&Eimﬂ@@ wattgr ang at beta
ed by addition of 4 mM concentrated

pOSlﬁﬁaPo FridChE! d. LTI sbtEFe TR GiP@Faporht eFHangér Peta’

EedHCedoRr @29WNG; A MU Bl S eXinacERdap L glh ti
pOSlacetateoand drled overnkb SK?panhydrous) .aThg g}gaﬁ#fl ron

fromppgsd) i s condensed under reduced pressure, the
resulting solid being recrystallized in acetone to
give a white powder (4.271 g ; 7.75 mmol es, used

Syntheshsubff prHEpLafieellli-edicoeani-1-ble (Y@jt:

CygHaz

OH
Cy7Hss CaqH760; MW= 537.00

Acid ¥1 (847 mg; 1.537 mmoles; MW= 550.98) is dissolved in
20 ml dry THF (distilled over sodium benzophenone). A solution
of BH; in THF is added drop-wise at 0°C (1M in THF; 10 ml;
10 mmoles). The reaction is screened by TLC analysis (solvent:
10% ethyl acetate in heptane). The reaction proceeds smoothly
for 2 days. The reaction mixture is poured into 100 ml
methanol to precipitate alcohol (1.135 g crude). Silica gel
chromatography (gradient: ethyl acetate in heptane: 6% to 10%)
yields 518 g of pure Y2 (62%).

Analysis of alcohol Y2:
TLC: Rf= 0.4; solvent: 10% ethyl acetate in heptane; detection

by wvanilline/sulfuric acid (blue colour) (Merck TLC plates

silica gel 60 F254).



10

15

20

25

30

step) .Analysis of carboxylic acid Yl : TLC anal ysis:
Rf = 0.5; solvent: 20% ethyl acetate in heptane;
wdev@on#ss: vanilline/sul furic acid (Merck TLCppiraB®87/001774
silica gel 60 F254) . 1HNMR (CDA 3) d (ppm : 0.90
(J= 6.8 Hz, triplet, 6H termnal CH3 of hydrocarbon
‘H-NMha( € 1:)1. &7 (bbab ge omglot i pi-et 6. 62Hz GRipIet, 6H, terminal
hydr ocar bon chalns 1.50 (Iarge mul tiplet, 2H cH2 at
CHs fRam B¥rPFBRP Pporﬁ%% |<d@g¢@wwiw@ietaH6GH CH,
é%?; inighan fr a 2. pl I
of (féam&qr?hrg S@%ﬁtnltson f?orgh@ac?i ge Sym;Lflhgel | séﬂo’f T, [ peta
pOSlizlcbieptfa:dmcﬁlceqlmls)an B-6k (V& 5.RAcHd,Yld(BAktny; 2H, CH, at
1.537. is dissolved in 20 m| dry
alphﬁTEpTﬁt%? $€8m03%?°g83?un1benzophenone) . solution of
BHB in THF i s added drop-wise at QC (IMin THF 10
;.10 nmol es). The reaction _is screened by
SYnt}éﬂ%%-ils?g !(t%%b%ﬂﬁul’ie%& ﬁyitdaeehapgarlﬁcuépﬁaﬁsf (¥3pe
reagii on proceeds snoothly for 2 days. The reaction
nqi?d?e i¢ poured into 100 M nethanol to precipitate
C7Had \41“135 g crude) . Silica gel chromatography
(gradient: ethyl acetate in heptane: 6%to 10% vyields
518 g of° puEaHYiDsE82Mi= 6A%al0Psi s of al cohol Y2 : TLC
Rf= 0.4; solvent: 10%ethyl acetate in heptane;

detection by vanilline/sulfuric acid (blue col our)
AlcochMErm Tﬁ@b p}ngt e& qill ine1gel MiB= %74)0 ;mm&w&a 3» 10 ml
d (ppm: = 6.8 Hz triplet term na

CHoClpy dﬁlwlﬁ%rlé@éir tﬂﬂ?l& hapHs), 1S 2?09%@9&%9 { pl Pé%syéeﬂhlorlde
0.5CQ'5H'262I7§'@3/%£F%P@@ GhRi1nY); Mn£610hasgs M tiplebaulel into

the reaction mixture and 1 ml triethylamine (728 mg;
7.19 mmoles; MW= 101.19) is added drop-wise at 0°C and stirred
at room temperature. The reaction is complete after 2 hours by
TLC analysis. The reaction mixture is condensed under reduced
pressure, and the solid washed with methanol to remove excess
reagent. The solid obtained by filtration is pure by NMR
analysis and corresponds to 570.6 mg ¥3 (0.928 mmoles; 82.9%
yield).

Analysis of mesylate ¥3:

Mol

TLC: Rf = 0.6; solvent: 50% dichloromethane in heptane;
detection by wvanilline/sulfuric acid (dark blue spot) (Merck

TLC plates silica gel 60 F254).

NMR 'H (CDCls) & (ppm): 0.90 (J= 6.8 Hz, triplet, 6H, terminal
CH; of hydrocarbon chains); 1.27 (large multiplet, 66H, CH,; in
hydrocarbon chains); 1.72 (multiplet, 1H, CH at beta position
from mesylate); 3.01 (singulet, 3H, CH3 of mesylate); 4.10 (J=
5.5 Hz, doublet, 2H, CH; at alpha position from mesylate).
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position fromal cohol); 3.56 (J= 5.5 Hz, doublet, 2H,

CH2 at al pha position fromal cohol) . Synthesis of
worbdsanessl f onic acid 2- heptadecyl ester (Y3)PCT/IB2007/001774

Al cohol Y2 (600 ng; 1.11 mmle; MM 537.0), dissolved

in 10 M CH2A 2 (distilled over CaH 2) , is cooled to

00C . Mesyl chloride (0.5 m; 740 ng; 6.46 mvles; MW

synefdfa ok {01 SUELRLE. L heoLoarional sttt Al cdeon s

ium &ibesi e opHRIGE: at 00C and stirred at room

terrperature The reaction is conplete after 2 hours by

TLC anal ysis. The reaction m xture is condensed under
CqgHar edu pressure, and the solid washed with nethanol

T}e excess reagent. The solid obtained by
ion is pure by NMR analysis and corresponds to
ng Y3 (0.928 nmol es; 82 9% vyield) . Analysis of
masy at e S@HsCHNe; MI==687655s0l vent: 50%
di chl oronet hane i n heptane; detection by
vanilline/sulfuric acid (dark blue spot) (Merck TLC
Mesylbi’lm esY¥8i | i(éal0gelmxB0 F@52193 NORLEH (CBE 3)61b (@P) :and N-
tr| pl,et term nal f .

meth gl AR GhL7 nSf: 247 (IRisE mib pctCberrechgated in
2-buttdhdysr ecar hon &ﬁ@iﬂ§)da§s78t(ﬁnptlmTﬂG dihigEi atallows to

beta position from nmesylate .01 (singulet, 3H CH3
scregyt thsyraregrsionef mesybate; doubl et, 2H CH2 at

al pha position from nesyl ate). Synthesis of 1-

(2- Hept adecyl - ei cosyl) -3-nethyl-3Himdazol -1ium
Work-<lp or Te (s#l¥dnts MEsyinat ehy IeaEH0 drg; mOx243ei tarwl epmoved

MAE 615. 09) and Nnet hyl i m dazol e &200 ng; 2.43 mTO|SS' .
undemerQnggg aPESRSHESEY | i resulting ~'crude prodult is

dissolved in 12 ml disopropanol, filtered through paper to

CwHa

remove un-reacted mesylate and diluted with 8 ml pure water.
The mixture is acidified with chlorhydric acid to pH= 2. The
amphiphilic molecule precipitates at 5°C as a chlorhydrate
salt. The precipitation of HEIC molecule is largely
facilitated by the use of isopropanol-water mixtures, being
acidified, then by using methanol-water mixtures as described
for the other amphiphilic molecules of interest. The product
is obtained by centrifugation at 14000 rpm (15 minutes at
0°C). The resulting precipitate is purified by silica gel
column chromatography (methanol gradient in dichloromethane),
and 66 mg of pure HEIC are obtained, corresponding to

0.103 mmoles (yield: 42%).

Analysis of amphiphilic molecule HEIC:

TLC: Rf= 0.25; solvent: 10% methanol in dichloromethane;
detection by iodine vapor (Merck TLC plates silica gel 60
F254).
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2-butanone (10 m) for 5 days at 80 0C . TLC anal ysis

allows to screen the conversion of nesylate. Wrk-up:
woheosgokosent s fromthe reaction m xture are reRrOYAB2007/001774

under reduced pressure. Theaoresulting crude product is

di ssolved in 12 m| isopropanol, filtered through

paper to remove un-reacted nesylate and dil ut ed wth 8

ure . The mxture is aCIdIerd
B, W?éa Reko Pre?2 (9=The Sarffhi pht+# ol Skl Gerninal

CH3<£F &Eéégfﬁbﬁlcﬁaggé?s gq . leQHEMQ#ﬁﬁﬁuF@iéleghe66H CH, in

precipitation of HEIC nolécul e’i argely facilitateéed
hydrcbxyarlh@n usbaadnfs)i;soprpakohlnapeet mi AHur €3 diei hgta position
idifi usi,ng met hanal r mxtures as
Smphi ¢

b
fromdescf’rflb(gaz?)g?ufnl)]éyothér nphi t?ﬁrﬁg\éﬁ% recul eiof  CHs of

methy MBI &stolTHE) Praduct |5 oblAAeddbyipaent,rifugatipnadt alpha
14000 rpm (15 mnutes at O OC) The resulting
posipieri Fincs eMpshydiniragobjus bi ch Yol (@gngwmet, 1H, CH in

meth?f:glﬁg@%%g%?gﬂof (met h?‘]_% 9r agisgny ;i chl ongmet hangy in

pure Care o ta| ned, corrfesponding
methj?bl@ld@ﬂohmﬂnes (yi elad:742% . (dhagyses,of anighi phil CH in

hnﬁl % rEIC TLC. Rf= 0.25; solvent: 10% net hanol
methy L¢3 F 3+ bWBL hane; detection by iodi ne vapor (Merck

TLC plates silica gel 60 F254) .1HNWR (CDC 3) d (ppm
. 0.89 (J=6.8 Hz, triplet, 6H, term nal CH3 of
H3c-NMRar depltbdr?pScHaﬁmSl)a) d. eppril arge nultiplet, 66H CH2
drocar bon chain (rmul tiplet, IH CH at

h S 1.8
CH a%t%ﬁ/%@sll‘ﬁ JHE 93 ohy rh)’%%&%l Fu) . 4.16 (singulet, 3H,
o@ﬂ%&fed”f%tsm@dﬂ@ﬁlé";bé’d@s, A 20 (J= 7.2Hz, doubl et

2H, CH2 at al pha position from met hyl i m dazol i um ;
Quat@ridry s¢agbes, arpl, nCH flatected by deptl3d

139.2 ( (=), C of methylimidazolium); 122.9 ((=), C of
methylimidazolium); 121.5 ((-), C of methylimidazolium); 54.04
((+), C at alpha position from imidazolium)); 38.8 ((-),
methyl-C of methylimidazolium); 36.8 ((-), C at beta position
from imidazoldium); 31.9 (+); 30.8 (+Y; 29.7 (+Y; 29.2
(+); 26.2 (+); 22.7 (+) (different Cs 1n the hydrocarbon

chain); 14.1 (~), C terminal methyles of hydrocarbon chains.

Example 4: Synthesis of HEMB:

e /
C1gHa7 benz- CieHer Cl N
O  imidazole C"’H” o /l/
CioH Ol —— — %,B
17M35 lol C17H35 Cq7Hzs
Y3 HEMB

Synthesis of 1-(2-Heptadecyl-eicosyl)-1lH-benzoimidazole (Bl):
N

CigHay f"
>\\/N
Cq7H3s
C44H30C1N2; MW= 637.12
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met hyl i m dazolium); 7.34 (singulet, IH CHin

nmet hyl i m dazoliunm); 10.74 (singulet, IH CHin
worbdsylososs dazol i um) . 13C-NVR dept 135 (CDC  BLTAB2007/001774

(ppm : CH and CH give negaili ve peaks (-) CH2 detected

as p03|t|ve peaks (+) Quaternary carbons are not
Mesybetec¥dd (b§0dagt| 85 2430 mple i -My= 615 of9) , dissolved in 10

nl ZEEPI'%H E ggzlol Iﬁ%tédii%x p%e.{ rsgego’f gof mg benzimidazole

(2.4Behhphicsi;danpt | UOP . 1454 at Oéofc(f)or, gzaﬁa@lspharhe coupling
position fromimdazolium ) ; net yI
reackionethy| SARFHRT uly ; HE . asla(lY(SA)sr éeatteoc?ét he slow

conv@9§iéﬁ06‘ffxﬁ&é;3él£"cé’a§ glium ; 31 . 9 (+) ; 30 . 8 (+) ;
(+) ; 26 .2 (+) ; 22 .7 (+)
(dlfferent Cs i n the hydrocarbon chain) ; 14 . 1 (- )
The grgdéih@&gg] r‘rg?tth 1es Of gg%g;%%?rgb%gt%%% 5F - sgfvggwl:s under

redudéd ::g% S - e'lCé)S)tJu)rlﬂl%cbe%@OI Fodazel e chBlomatography on
O N2; MAE 637 . 12Mesylate Y3 (150 ng; O.243
Slll@ﬁmg%l W&tBQBOMFra@#@@éI\%é)dqlrﬁfﬂl@l?ﬁmejﬂtﬂﬂ%nohetolé uv

poss SRR S BSRESBEESOLIATE, DRl el o (2385,

(0.04eanto be; | Z0Bcyeeheéd. by TLC anal yS| S, det ectl ng the
sl ow conversion of nesylate Y3. The crude solid,
obt ai ned after evaporation of solvents under reduced

BnalPs LSS henSimiddibed BympehHaNBLhr oMat ogr aphy on
silica gel (nmethanol gradient in dichloronethane: 1 to

49 . WV positive fractions give the pure conpound B |
c: ' B\f?’l: ng%!%?ntéé]}l\rérgc :04§%m}{(?étﬁiar?cplf)/" Xhelc@chloromethane; uv

detection and/or iodine vapors (Merck TLC plates silica gel 60

F254) .

'H-NMR (CDC1l3) & (ppm): 0.90 (J= 6.8 Hz, triplet, 6H, terminal
CHs; of both hydrocarbon chains); 1.25 (large multiplet, 66H,
CH, - in hydrocarbon chains); 1.89 (multiplet, 1H, CH at beta
position from benzimidazole); 4.1 (J= 7.2 Hz, doublet, 2H, CHz
at alpha position from benzimidazole); 7.32 (multiplet, 2H,
CH=CH in aromatic ring system); 7.41 (multiplet, 1H, CH in
aromatic ring system); 7.84 (multiplet, 1H, CH in aromatic

ring system); 7.93 (singulet, 1H, CH in benzimidazole ring).

Synthesis of 3-(2-Heptadecyl-eicosyl) ~1-methyl-3H-
benzoimidazol-l-ium chloride (HEMB) :

/
CigHar /// N

Cq7Has o

Cl C45H33C1N2; MW= 687.61
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Anal ysi s of benzim dazole conpound Bl : TLC. Rf =

0. 65; solvent: 5% nethanol in dichloronethane; W
wdev@onise and/ or i odi ne vapors (Merck TLC pl aPe$/1B2007/001774

silica gel 60 F254) . 1H—NM§ (CbA'3) d (ppm : 0.90

(J= 6.8 Hz, H@flet termnal CH3 of both
Iodomgah@@arU@n&: th 83, m@qmaaqﬁMMmlﬂﬂéléﬂ) 66H, a@ipd to Bl
dr gc n ) 8 t|p| I.H CH at
(19. %eﬁgypogl ?g% #&% %@n¥Wn1d§§é1 dfsfflv?QZ 15 ml 2-

butad@ﬂ@lebndﬂheé%EdabtmaﬂﬂEF&@rtQQandMB After evaporation
benzi m dazole); 7.32 (nultiplet, 2H, CH=CH in aromatic
of solygndfst myler 7 TeAYGAd t PpeesureH24e | BYardneEredei myoduct

are o¥SLeMAkd. 7ﬁ%%(5%%$é éf%n LFEeﬁ@H'WéHfggﬁ%%Z%%gg the solid

system; S|ngu I n benzi'm
is dnsaglveSynthééu% i @etbanb@peade@ﬁldﬂﬁme|wlth 1.2 ml HC1

t hyl . -3Hhenzoi a i um.chl oride (HEMB) .: .

(185 Ly B RO gL o1t 91l I {6 S [t 5 g5 and is

isolatédol By, Méﬁtl‘ﬂfu%%)tllo% adderb¢® ﬂplﬁﬂ-g Q-OTTQm:L@LuQ%%Q The
mol e, MM 637.12), dissolved in 15 m| 2- butanone,

resigpg heafB8dtRere®WE Hed Jw Herbwnn AphspnavagsrahVoRofsilica
gel ;B%Vegtsm%%% n J?d Qéﬁésuiﬁ Zél&hﬂbgoﬁgtﬁgﬂge yleldlng

duct are obtai ne or conversion into the chlor
17.7smgtofhpuselpdodscd|EEMBved PA52. BmmlesneBibdnglicdnd .
acidified with 1.2 ml HO (18% . The chlorine salt
formprecipitates at 5C, and is isolated by

Anal$e&nd rbf Ugmbh 0phf 1460Ro1 88 120uRMBYt es) . The residue
I's further purified by columm chromat ography on silica

gel by a nethanol gradient in d|chloronethane

TLC:y Idin %7 7'2&%&? pyéanp o%%%%lHENﬁ &gag ”HE ld%%ectlon

/6y|e ySIs 0O I'c nol ec
and/or iodine vapors (Merck TLC plates silica gel 60 F254).

'H-NMR (CDC13) & (ppm): 0.90 (J= 6.8 Hz, triplet, 6H, terminal
CH3 of hydrocarbon chains); 1.26 {(large multiplet, 66H, CH; in
hydrocarbon chains); 2.14 (multiplet, 1H, CH at beta position
from methyl-benzimidazolium); 4.35 (singulet, 3H, CH; methyle
group of methyl-benzimidazolium); 4.49 (J= 7.2 Hz, doublet,
2H, CH; at alpha position from methyl-benzimidazolium); 7.73
(multiplets, 4H, CH=CH of benzyle part); 11.43 (singulet, 1H,

CH in imidazolium part).

13C-RMN: dept 135 (CDCls) & (ppm):
CH and CHj3 show up as negative peaks (-).
CH, give positive peaks (+).

Dept 135 does not show quaternary atoms.

127.1 ((-), 2C in benzo part); 112.8 ((-), C in benzo part);
113.0 ((-), C in benzo part); 51.9 ((+), C at alpha position
from methylimidazolium part); 38.1 ({=), CHj; in

methylimidazolium part) ; 33.7 ((=), C at beta from
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TLC. Rf = 0.2; solvent: 10% net hanol in CH2O 2; W
detection and/or iodine vapors (Merck TLC pl ates
weizbispa4gel 60 F254) . 1H NWR (CDCl 3) d (ppm PCOABD07/001774
(J= 6.8 Hz, triplet, 6H, tewm nal CH3 of hydrocarbon
chains); 1.26 (Iarge mul tiplet, 66H, CH2 in
methhil@lm@daﬁbbhu@hal ns)31 2 14 (i t33p1 2t, [(#);CR9all betld): 26.3

f I - b d ; ;
:ﬁgm et ro Hgtr%nélé, Pgﬁ%aojrnng 1‘}1 :i , terminal

methprgtbylhp@ﬂzwrﬁaﬁobha&hs 4.49 (J= 7.2 Hz, doubl et, 2H,
CH2 at al pha position from nmet hyl - benzi m dazol i unj;
7.73 (multiplets, 4H, CH=CH of benzyle part); 11.43

Examé%ngyl %mtﬁé’slgHo!Ethﬂ“ dazolium part) . 13C RWN:- dept
nd CH show up as negative
7 (-) ive pousngngs (+) . Dept,gHs35 S
dgg oot/,shovcvi_@ﬁgternary ato Ef\b/l (-2, 2C8| \)
Ci7Hsshenzo pﬁrr) TT12.8 (T-) GirMsT n enzo part% ci®

(9. Coin bedMPPart): 51.9 G4+ ). Cat alph T
p05|t|onfrommethyllmdazohumpart) 38.1 ((-) H%

in nmethylimdazolium part) 33.7 ((-) , C at beta

fromret hyl i m dazol i um 31.9 (+),; 31.2 (+ ), 29.7 (+
synthesps of (}8yiodomethylyhegasringansaachdFdtai ns; 14. 1

((g ), termnal nmethyl of hydrocarbon chains) Exanple 5

; %fm?hesis of HET: Synthesis of
C.H L8\od'omst hyl - hexatri acontane (Tl) : Mesylate Y3
"7721560. 6 Gegtl7sd./9 M AA @ M= 615.09), dissolved in 15 m

| dry DVPU, is heated together with 682.5 m g sodi um

i odide (4.55 mol es, MAE 149.85) at 70Q0C for 20 hours.
MesyThiee r ¥act(i560 .16 xtair eOi 81di hobde ;wiMidF 191 m 09hat éisspdved in

xtrac ) . .
15 mf dry BﬁgU is heated together with 682.5 mg sodium iodide

(4.55 mmoles, MW= 149.85) at 70°C for 20 hours.

The reaction mixture is diluted with 10 ml water and extracted
3 times with diethylether. The organic phase 1is dried over
MgSQO4, filtered off, and the solvents removed under reduced
pressure. The resulting solid is purified by column
chromatography on silica gel with heptane to give 360.5 mg of
pure Tl (0.557 mmole; 61.1% yield).

Analysis of iodoalcane T1:

TLC: RE = 0.95; solvent: heptane; detection by
vanilline/sulfuric acid (blue spots) (Merck TLC plates silica
gel 60 F254).

'H-NMR (CDCls) & (ppm): 0.90 (J= 6.8 Hz, triplet, 6H, terminal
CH; of both <chains); 1.28 (large multiplet, 66H, CHz in
hydrocarbon chains); 2.01 (multiplet, 1H, CH at beta position
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3 times with diethylether . The organic phase is dried
over MgSC , filtered off, and the sol vents renoved
wono@roosssluced pressure. The resulting solid i 8CT/1B2007/001774
purified by colum chromat agraphy on silica gel with
heptane to give 360.5 ng of pure Tl (0.557 mmol e;
fromGQOqg%ylélag (Amaly8i Hzof doobdakecard, TICH: FLCalRha=position
sol vent: heptane; detection by
fromv%%??%lne/sulfuric acid (bl ue spots) (Nbrck TLC pl ates
sillca gel 60 F254) . 1H—NNR (CbA 3) d (ppm : 0.90
, friplet, m nal CH3 of both_chains
Syntfie%su 3rfge Fuf B?EFadssﬁl €+E°F¥YlhyHP665PBoﬁ‘lum chloride
(ggTchains); 2.01 (nultlplet IH, CH at beta positionfrom
iodo) ; 3.28 (J= 4.5 Hz, doublet, 2H CH2 at al pha
position fromiodo) . Synthesis of 3-
(2- Heptadecyl - ei cosyl ) -thiazol-3-iumchloride (HET) :
CieHamhi agol'a (180 ng; 2.11 nmoles; MMt 85.13) is added to
sohutyonof T (136 9 ng; 0.211 mmole, MM 646.9) in

C47H3510 nt® 2- Cbut n on mxture is heated
at 80 0C fo#ﬁﬁg‘gé e so%egﬁ{s are evapor at ed

under reduced pressure and the crude solid is

di ssol ved i n nethanol; un-reacted iodoal cane is
Thiazqlq erdd bf MI/Di Putldd BRPAERYAri¥E=ac - 13) adted a¥iedheto a

soluﬂ%r@a@f" ¢ S(q|316t ioMd S 2 AP0 kb 140 M= m64M5@7| in 10 ml 2-

sol ution) and pl ace at 5C'to precipitate the
butarammphi phihHi chml seaké lovolntisdtves bys c@mauefngatl &0 & for 27

G2y U vRe PRI oed ) §TTPRASGET CBFihn WeLet ogFBApEe nd
the Wcthda nmegbdanael dradi @Aksbllved in  methanol; un-reacted
iodoalcane is filtered off. Diluted chlorhydric acid is added
to the methanolic solution (5 ml 4% HC1 to 10 ml MeOH
solution) and placed at 5°C to precipitate the amphiphilic
molecule, collected Dby centrifugation at 14000 zrpm (30
minutes). The crude product is further purified by silica gel
column chromatography with a methanol gradient in
dichloromethane. The positive fractions give 21 mg of pure HET

(0.033 mmoles; 15% yield).
Analysis of amphiphilic molecule HET:

TLC: Rf = 0.4; solvent: 10% methanol in dichloromethane;
detection by iodine wvapors (Merck TLC plates silica gel 60
F254).

'H-NMR (CDCl3) & (ppm): 0.89 (J= 6.7 Hz, triplet, 6H, terminal
CH; of hydrocarbon chains); 1.27 (large multiplet, 66H, CHz in
hydrocarbon chains); 2.03 (multiplet, 1H, CH at beta position
from thiazolium); 4.67 (J= 7.4 Hz, doublet, 2H, CH; at alpha



di chl oronet hane. The positive fractions give 21 ng of
pure HET (0.033 nmol es; 15%vyield). Analysis of

wanpisioodisti ¢ nol ecul e HET: TLC. Rf = 0.4; sol vear/iaB®0%601774
nmet hanol in dichl oronet hanegs detection by iodine

vapors (Merck TLC plates silica gel 60 F254) . 1H NWR
posr(m FHram (pprazobigg) (J=8£227 HZ= t di-@ etlz,6HJ" = 3.7 Hz,

counf TLERApCEBEL, M 0531 B SLALRR )l 200} 218800 (- 5.7

Hz, (JWYJI:t |sz Eet Hzl H, d@h‘b.’&ét be>tfa mléw flltBIm tm@zml WA azolium
doubl et , at al phap05| tion
ringt; obft b adsiPig dOUPISt (of dobiptss 12ha G Hpn thiazolium

5 ringgoublet of doublets, IH CHin thiazoliumring); 8.40
(J'=3.7 Hz, J''= 2.5 Hz, doublet of doublets, IH CHC
| n th| azoliumring); 10. 82 (smal | doubl et of doubl ets,

13 in_thiazolium([ing) 13C-NVR dept 135 (CDC
C- N@;‘ dd?BEnijs &FAPSha) BRI up as negatlve peaks (-)

cH arﬁl% o Q@;Sélgé \é?e%e@kée (+e)aksl6p_( , Cin

iazoliumrin Clnthlazollum),
CHy gliZe. Pof(-LjiveCrenkshi @ol i un) 60. 7 ((+) , C at al pha

. t f t hi li 3 . Cat.b , ,
10 160 (B 16 ot FBRRERLATEN i) 13358 - (Ho £ (45 tBaagolivm ) s
127.3+) (-89. @ Gih) tﬁﬁhibifﬁm),2@067(+(X+ , 22 2 A 1phd9pbsition

{+), 26.1 (+), (+), Cin gﬁ/drocarbon chain; 14.1
from((tbllazglf-éthnal39m‘i hyll (Fhr hy & oclF boRegRai R9sition  from

e 6 nt IS t eS| of
thla%%(%dea g‘%/cog@ﬁe I%ﬁ_| N&)T)’(?? @ 29.7 (+), 29.7
(+}, 29.6 (+), 29.5 (+), 29.4 (+), 26. 1 (+), 22.7 (+), C in

15 hydrocarbon chain; 14.1 ((-), C terminal methyl in hydrocarbon

chains).

Example 6: Synthesis of HEMI:

C.H OH CqsH CieHaa
16 33\l/\/\OH 16533 Va OH Y\/\OH

CqgHa3 L1 CieHaz L2 CgHas

20
Synthesis of 4-hexadecyl-eicosane-1l,4-diol (Ll1):
OH

CigHas OH

CieHas CagH7405; MW= 538.97

Metallic magnesium turnings (1.618 g; 66.6 mmoles; MW= 24.31)

25 are introduced in an oven-dried two-necked reaction vessel
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Metal lic magnesiumturnings (1.618 g ; 66.6 muol es;
MAME 24, 31) are introduced in an oven-dried two-necked
woeassitoe3svessel topped with a refrigerati on coPammBz0d001774
pl aced under an argon at nosghere. |odohexadecane
(19.55 g ; 55.4 8 mmol es; MM 352.34) dissolved in 10
toppetl dn;tkdl@t Mytfrégﬁéatulspnadue]dam oprui $d.atced hender an argon

nesi u |Ie n | ux durin
atmoﬁ?ﬁeFSS reac é@h Qﬁﬁgﬁl hggt % P9§8d|35 na°2-34)
dlsssmvgunmhea,o and druyr rtSJ_é‘th@I aytisdr COE0Rd8BEWIRGp-wise to the

formation of the Gjgnard reagent . Butyrol actone (800
magnggiug, FGrREdss VIMALS 8Begbingditesgiafddid nrdsr#ngdey minutes.

The FegliYbn 1ﬂ¥§bufé fgdﬁgag$§pfgf“%&ﬂlé§gﬁip gﬁemlautes, and

or ganonagnesi um r eagent . e reaction 1s warned
turngoob®t egpey Bslur ecahelr stshaowethd orf dindioiors. Mr khep: Grignard
rea g reaction mxture is poured onto 200 g split ice,
©295h4" t he aqueous ‘phase is acidified by adding
concentrated chlorhydric acid. The resulting m xture
is extracted with CH O , and the organic phase washed
Butyggaaftaneh ($¥0e M@t .- 2Phaues ke cMWayeﬁl6 i )condépsedved in

un rg pr§§§ e d res g $6
> mll sgig&sso?ve |ln vvarérr%’THa% gah%gol u Vg e oc?u%ct 8ot %o the
orgapomaygpesatms mtmgem:tool ITrnge theacbnﬁoent:t:at @Jdmm@d upe. to room

After eva ion THF e resulting solid is
temp?ﬁ%?9§?a?ﬁ$z% lFﬁe FﬁfaaétgﬁérsThe di ol selectively
precipitates. 4.357 g pure diol LI are obtained

corresponding to 87% yield based on butyrol actone.
Work AnRl'y§ihe gfeafitolon Imixuee RP poOrss; ogdiave0 gogplit ice,

and %hﬁyl %ﬁ%!%E ﬂa@%ptﬁge ig ﬁf%%%?d%%t%ddlng concentrated

vant | 15 r|c aci
chlorhydric acid. The resultlng mixture 1is extracted with

CH,Cl,, and the organic phase washed again with pure water. The
organic layer 1s condensed under reduced pressure and dried.
The resulting solid is dissolved in warm THF. An insoluble by-
product precipitates when cooling the concentrated mixture.
After evaporation of THF, the resulting solid is «re-
crystallized in warm acetone. The diol selectively
precipitates. 4.357 g pure diol L1 are obtained corresponding

to 87% yield based on butyrolactone.
Analysis of diol Ll:

TLC: Rf = 0.35; solvent: 30% ethyl acetate in heptane;
detection with wvanilline/sulfuric acid (Merck TLC plates

silica gel 60 F254).

'y-NMR (CDCls;) & (ppm): 0.90 (J= 6.8 Hz, triplet, 6H, terminal
CH3z of hydrocarbon chains); 1.27 (large multiplet, 56H, CH; in
hydrocarbon chains); 1.45 (large multiplet, 4H, CH; at beta
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silica gel 60 F254) . 1HNWR (CDA3) d (ppm : 0.90
(J= 6.8 Hz, triplet, 6H, termnal CH3 of hydrocarbon
woheisn®yass 1. 27 (large multiplet, 56H, CH2 in PCT/IB2007/001774
hydrocar bon chains); 1.45 (d7arge nmultiplet, 4H, CH2 at
bet aposition fromtertiary al cohol); 1.55 (multiplet,
posigionCHX e gamidapysialovhdlom pr.iSdar gmal ciopbéy, / 2H,66CH, at
mul ti.pl.et, CH2. at _bet sition from primary
ganmg "By B 2P kRes Y RRPBREL) o CEoi O kR - 2R, CH:
at peshti @sfirRABPr i fRdy aﬁagg{w&% - aD¥OhBESES3068  (J= 6 Hz,
. 4-hexadecyl -ei cos-3-en~l-ol (L2) : Cl6H33 OH C 1ic6pH
tripges, c%w%éz AR DD s i ephof rom paimayy ;abegigol) .
mol es; MM 538.97), dissolved in 100 m xylene, is
heated in presence of 50 ng para-tol uenesul fonic acid
Synthés29 afivhReheiMitetyl)redicob33-@8-florol5AL2)nut es. The
CocH purification of alcenols by silica gel chromatography
16775 O%pi xture of ethyl acetate in heptane gives
2 )ﬁ ng al cenols L2, corresponding to 0.389 mol es
(14%7%i el d) 6heilzOreMy= $REO.9%j or by-product is
5-menbered cyclic ether (1.177 g , 2.2 muoles, 79%.
Anal ysis of alcenols L2 : TLC: Rf = 0.52 and 0.54 (2
Alcobpot .1 or(1disf f greng . 78oneiS)ss Sowent 538097 €t hydlissolved in
acetate in heptane; detection with vanilline/sulfuric

100 gdi ey Menek TEC prated 4Nl iREEIRNCHOOF25Y) My Spgsediod uene—
sulf%{x/\jﬁéé%?i decy! 28! £iR82R; | = (172) * 2l 13 33 5P0604Qinutes.
The purification of alcenols by silica gel chromatography with
a 10% mixture of ethyl acetate in heptane gives 202.4 mg
alcenols L2, corresponding to 0.389 mmoles (14% yield) of
isomers. The major by-product 1is 5-membered cyclic ether

(1.177 g, 2.2 mmoles, 79%).

Analysis of alcenols L2:

TLC: Rf = 0.52 and 0.54 (2 spots for different isomers);
solvent: 20% ethyl acetate in Theptane; detection with

vanilline/sulfuric acid (Merck TLC plates silica gel 60 F254).
Synthesis of 4-hexadecyl-eicosan-l-ol (L3):

CigHaz OH

The alcenols L2 (202.4 mg, 0.389 mmole, MW= 520.96), dissolved
in 5 ml ethyl acetate, are hydrogenated with 60 mg palladium
on charcoal (10% Pd/C) under 1 atmosphere pressure of hydrogen

during 3 days. The conversion is screened by TLC analysis. The
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The al cenols L2 (202.4 ng, 0.389 mvol e, MM 520.96),
dissolved in 5 m ethyl acetate, are hydrogenated with
wo6QorspopsEB | adi um on charcoal (10% Pd/ C) under RCT/IB2007/001774
at mosphere pressure of hydrasgen during 3 days. The
conversion is screened by TLC anal ysis. Thecatal yst is
catadyggtyels byr mavight ion, faﬂ;arpmenm candl difre s adisiodioledL3 is

ovtafhRlBOLILEER A ORI LA US AR igg

ethyl acetate in heptane; det ect| on W|th
vanilline/sulfuric acid (Merck TLC plates silica gel

Analg8iE2b4) alcdhoRMN3(:CDCI 3) d (ppm : 0.90 (J= 6.8 Hz,
triplet, 6H termnal CH3 of hydrocarbon chains); 1.27
(large nmultiplet, 63H, in hydrocarbon chains); 1.56

I letgr 2H, bet,a .posi,ti f oh .
(O BIPon 2L SHFott ERIPORUST LEARLALENI. nepcane,

deteftoommal wahbl fwenctlloied fdy)furSynthesds @fMerck TLC plates
14 nethaEegﬁI%QEig aci d 4- hexadecyl -ei cosyl ester <L4)
silighedg 87¢165.2 ng; 0.316 mole; MM 522),
dissolved in 10 m| dichloromethane (distilled over
cal cium hydri de) and cooled to QC , is nesylated by
‘H-RMNIc (@RG13)e &dtppmbns 00B00. (T4 .18 nﬁ%yl tehpaeide 6355 erminal
nmmol es; MM 114.55) and 0.48 m | trlethyl am ne

CHs %’1%46h oGO AL NE To /10) 13APCer MUl hbBLE At 63H, in

hydrb@@%&ﬁ”’@ﬁé@h‘éﬁe ﬂ*‘%s%ﬂfﬂﬁl@{e ouapeiat 84, L_Rd & ition
solid is washed with nethanol to extract excess

fromr elgeaiolnd 3 r6@t hidaniced slkts tolglee, 1189Hny ¢ at alpha
9 % i.el d ysis of nesylate L4 :
pom%‘%%% %%D%f(éOhgol ven%tlgf}éléﬁi% 2 i n heptane;
detection wth
Synthesis of methanesulfonic acid 4-hexadecyl-eicosyl ester

(L4) :
O
CieHas ]

CieHas O (3/H16038; MW= 601.06

The alcohol L3 (165.2 mg; 0.316 mmole; MW= 522), dissolved in
10 ml dichloromethane (distilled over calcium hydride) and
cooled to 0°C, is mesylated by successive additions of 0.24 ml
mesyl chloride (355 mg; 3.1 mmoles; MW= 114.55) and 0.48 ml
triethylamine (346 mg; 3.42 mmoles; MW= 101.19). After 4 hours
at room temperature, the solvents are evaporated, and the
solid is washed with methanol to extract excess reagent and
triethylamine salts to give 119 mg L4 (0.198 mmoles; 63.6%
yield).
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vanilline/sulfuric acid (Merck TLC plates silica ge
60 F254) . 1H-NWMR (CDA 3) d (ppnm : 0.90 (J= 6.8 Hz,
wonilw#ss6H, term nal CH3 of hydrocarbon chai reX/IBHO2001774
(large nultiplet, 63H, in mpdrocarbon chains); 1.73
(multiplet, 2H CH2 at beta position fromnesylate);
Analygs@gs QS| W@éYé-ﬁteBFI‘l CH3 of mesylate):; 4.22 (J= 6.6 Hz,
triplet, 2H, CH at al pha position from nesyl ate)
Synt hesis of 1- (4-hexadecyl -eicosyl)
TLC: IRfrr&t hglesHsbmvmol SO%Jna:Hmlgrilde KeMne; bdespgkatien with
% n% ; MAE 601.06), dissolved in 10
Vanlﬂnllée Sr4ABREC @éflﬁlea(N@équnT&aCe@éﬁa&@Sofslﬂe—zzas%j 60 F254).
met hyl i m dazole (1.98 moles; MM 82.10) at 80 0C for
6 days. Reaction is screened by TLC anal ysis
H-NMRIi $aDPRr adic epph) resybat g)7= AME kazip: tEvapetat icon aferminal
sal vent s under reduced pressure The product is

CHs gf sYYecd o fRt HeAifol 1S and lsedar 4ta89er dAvlikiRaeted 63H, in
hydr8§§¥B§ﬁecH$1 isht.r at i-on. §J€$T§§i€€ocﬁﬁg:gi%raglgég 2%61t10n

m net anol and IC am
fromaddeylafhe,a@pmaﬂwdmngu&ﬂmpuBm,p@H@i@ftmé&ylapem, 4.22 (J=

6.6 BLoY 0FeRe S, LA oS0 A S R mesyaace

preC|p|tates 170.6 ny of crude product. Purlflcatlon
silica gel chromatography (nmethanol gradient in
SYntH‘F%hFor Gfet hhndé4-poxpgdecydyedrosyl) nd-peitbyrédirdmidazol~-1-

éﬁ%’ d gemyy; 0.085 mmol es) . Analysis of
ivm ﬁé fc nmol ecule HEM : TLC: Rf = 0.28; sol vent:

CmHm}O@b Ml _in CH2C 2; detection with iodine vapors
TL Pl ajes S|I|ca gel 60 F254) . 1H NWMR (CDd 3)
d(( = 6.8 Hz, triplet, 6H term nal
Bﬁw C CyoHooN,CL; MW= 623.52

Mesylate L4 (119 mg; 0.197 mmol; MW= 601.06), dissolved in
10 ml 2Z-butanone, is heated in presence of 162.5 mg
methylimidazole (1.98 mmoles; MW= 82.10) at 80°C for 6 days.
Reaction 1is screened by TLC analysis (disappearance of

mesylate).

Work-up: Evaporation of solvents under reduced pressure. The
product 1is dissolved in methanol, and separated from un-
reacted mesylate by filtration. The soluble part is dissolved
in 17 ml methanol, and 8 ml 3.7% chlorhydric acid are added.
The amphiphilic molecule precipitates upon storage at 5°C. The
solid is isolated by centrifugation at 14000 rpm at 0°C, which
precipitates 170.6 mg of crude product. Purification by silica
gel chromatography (methanol gradient in dichloromethane: 1%
to 15%) gives the pure product in 43% yield (53 mg;
0.085 mmoles) .
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CH3 of hydrocarbon chains); 1.23 (large nultiplet,
63H, in hydrocarbon chains); 1.85 (nultiplet, 2H, CH2
watodanasposi ti on from net hylim dazolium ; 4. 22T/1B2007/001774
(singulet, 3H CH of nethyl4om dazolium); 4.27 (J= 7.4
Hz, triplet, 2H CH2 at al pha position from
AnalysigyPEnrERBéPRiMC modecudend@Mat:, |H, CH in
met hyl i mi dazoliumring); 7.49 (singulet, IH CHin
met hyl i m dazoliumring); 10.65 (singulet, IH CHin _
TLC : mBifhyl On2daz eldlwmert ng)0s dShadiiR  OeptH I35 ; ( Me@dd)on with
. ..d (ppm : gH and CH3 give negative peaks (;) . CH
todifgt ¢ePeASasMpESKt IHE péakss( Filiceuardr ®&r ¥ 28drbons
are not detected by deptl35. 136.5 ((-), C of :
met hyl i m dazoliun); 123.6 ((-) , C of
‘H-MMERt hgDETE)da¥ olppim) ¢ 02873 (U )6..8 G1of triplet, 6H, terminal
met hyl i m dazoliunm); 49.8 ((+ ), C at al pha position ,
CH: pEomyH AR IumMCH21imss). o EJ<Z§3 , (herEgl -Tubkiplet, 63H, in
L liyum-; . ) at, ., br hi ng LN Iy
hydr%f@&?%{)ﬂé?gﬁégﬂgi) Ay '383?0%‘%?2%31?‘; (%S{,’ ?Sl.%oéﬂbjg?azg’.ofltlon
from(+)metRYlim{da)yolil®)35 (4.012 29.(3igule29. 1 (3H,); CHs of
27.2.(+ ):.26.2 (% ); 4 (+) (different Cs.in the
neth TR LHERN S s 270 5 7y Kot drHLA E ety Sl 2¢ alpha
posiBy&h0GdaONmehans manplie uk) ;Synt hesi s 9fqBle, 1H, cH in
S¥nthe5|s of 5-tetradecyl -nonadecyl -1 , 5-diol (W) : '
methyl ppegetet t@lecanidéngd4. 58 g 49 160(Blnmblels;, MMEH,  CH  in
| ss0l v 1Lh.120 I et hyl.et her . (distq,} | ed :
meth%§£$g§%ﬁ?g%%§nzOSESHZhe) }6}§gadd3§l§ ogfﬁfse 95L4ﬁ7%f +n
methyhimibda zodl twnnrhgg) ( 193. 3 Mol es; MAE 24, 31) during 30
m nutes, while heating to reflux. Reflux is naintained
for 1 hour, then tenperature is

BC-NMR: dept 135 (MeOD-4d) § (ppm):

CH and CH3 give negative peaks (-).

CH; detected as positive peaks (+).

Quaternary carbons are not detected by deptl35.

136.5 ((-), C of methylimidazolium):; 123.6 {({(=), C of
methylimidazolium); 122.3 ((-), C of methylimidazolium); 49.8
((+), C at alpha position from imidazolium)); 36.9 ((-),
methyl-C of methylimidazolium); 35.1 ((—)} C at branching
point of lateral chain); 33.0 (+); 31.7 (+):; 30.0 (+); 29.7
(+)7 29.4 (+); 29.35 (+); 29.3 (+), 29.1 (+); 27.2 (+); 26.2
(+); 22.4 (+) (different Cs in the hydrocarbon chain); 13.2

(=), C terminal methyl of hydrocarbon chains.
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| owered to 50C , and val erol actone (4.024 g ; 40.2
mol es; MAE 100.12), dissolved in 20 m diethyl et her,
wo0@ddedsdr op- W se. To conpl ete the reacti on, PCIIAB2007/001774
reaction mxture is stirredinat roomtenperature for 16
hours. Work-up: The reaction m xture is poured onto
Example ifi: Spymnitheisds odciBIiB:i ed Wi th concentrated
chl orhydric acid and extracted with dichl oronet hane.
The solid obtained after evaporation of the organic
CiaHzb ayer is dissolved in warm THF, which allows
&y%ﬁg%o\n from an i n§eHabl e hy- product. The C14H29
C,,H,S O ublEcorPnent, after vapor at1 onolef THF, i )—/\/\(I_)I

Te- ayystallized i n wacpHacet age, yi el ding 17. cﬁ4rggpure W3
diol W (35.4 mmvol es; 88. 1% based on val erol actone)i

Anal ysis of diols WI . TLC. Rf = 0.27; solvent: 309
ethyl acetate in heptane; detection with

vani | | i n@Msul furic acjid (Merck TL®Hpl ates sil | ca gel
C14H2}3%i 1H NMVR ( COE14Hy d . 0.90 (J=%

riplet, 6Festvertmal CH/of hydf ocd¥bidm ‘Eh_Tns) )‘I‘{7\/\
Ciatod | ar'yY8 nultiplet, 5O in hyBocar bon chdluts);

1.42 (lar nultlplet 6H, CHR at beta position from

tertiary Mlﬁg(wlti t, 2H, CH2 at beta

position from prapary al cohol )E_%_FS (J= 6.4 Hz, J

"=5. 3 Hz, doublet of triplets, NaH 2 at al pha
position from pri nmarGuatb cohql ) For mati on of
5-tetradecyl - nonadec- 4- gn= YeHzy C14H29 C H 29 C
33H66O;MN:478314H2§8DH<PAWI (5 g; 10.1 mol e,
MAE 497), dissolved in 200

Synthesis of 5-tetradecyl-nonadecyl-1,5-diol (W1):
CiaHae

CuiH OH
147129 C33H6302; MW= 496.89

1-Bromotetradecane (44.58 g; 160.8 mmoles; MW= 277.28),
dissolved in 120 ml diethylether (distilled over sodium-
benzophenone), is added drop-wise to 4.7 g magnesium turnings
(193.3 mmoles; MW= 24.31) during 30 minutes, while heating to
reflux. Reflux is maintained for 1 hour, then temperature is
lowered to 5°C, and valerolactone (4.024 g; 40.2 mmoles; MW=
100.12), dissolved in 20 ml diethylether, is added drop-wise.
To complete the reaction, the reaction mixture is stirred at

room temperature for 16 hours.

Work-up: The reaction mixture is poured onto 500 ml split ice,
acidified with concentrated chlorhydric acid and extracted
with dichloromethane. The solid obtained after evaporation of
the organic 1layer 1is dissolved in warm THF, which allows

separation from an insoluble by-product. The soluble
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toluene, is heated at reflux with 137.6 ng
para-tol uene sulfonic acid for 2.5 hours. The crude
weabisthp403Bt ai ned after evaporati on of sol vent sPamaB2007/001774

reduced pressure, is purifised by silica gel

chromat ography with an ethyl acetate gradient in
Complcv@pname @S%ro qv)%ora’QiQ@ op of TaIlEbendnlss W—thyris’xalllbzed in
waryace bR UL ALY qelhorel §h o g TRpies; se.1s
baseQ. 44, va].er@.lé&,to‘.ﬁ@ vent: 20% et hyl acet ate in hept ane;

detection with vanilline/sulfuric acid (Merck TLC

plates silica gel 60 F254) . 1H-NWR (CDO 3) d (ppm
Anal sgg bt=a8o8sHig triplet, 6H termnal CH3 of

ydrocarbon chai ns); 1. 28 (large nultiplet, 48H CH2

i n hydrocarbon chains); 1.4 - 1.6 (Iarge mJItipI et,

e £ S o3, PO T At e g s optane

detebt4ohiz, wﬁ&hm(ﬁanéﬁilﬁ%ﬁ%ﬁﬂf@&ﬂ@a 9@§ﬂt|QMeE6Qm TLC plates
primary al cohol); 5.13 (J = 7.0 Hz, triplet, IH CH at

siligangkilc 680&PHikdn) . Formation of
S-tetradecyl - nonadecan-1-ol (WB) : 8 9 M xture of
al cenol isomers W2 (2.207g, 4.6 mmmle) , dissolved in

'H-NMR (epcEhhyd dﬁﬁfiteo bs hyer cgenaged wrtpiPal | @i UMerminal
on char coal /C 10% 400 ng) for 24 hours at 1
CHs %ﬁn@%@h@fﬁ@rl@q@@s§bﬁén@f ‘hyldrlogehl a T @uaélnﬂ@@howoﬁs CHz in

hydr8$5 éler(s{”tl tz' on 18¥§é haP&! né’i‘dt evaporablon,. petq
0 ven S ‘unde uce ssure i quantltétlve

posiyii_ehd f(r2mO46§rt4a2_E; rmniceml 92. 4%59i e{m)ltiplet, 2H, CH, at
beta position from primary alcohol); 3.68 (J= 6.4 Hz, J’'=5.3
Hz, doublet of triplets, 2H, CH; at alpha position from primary

alcohol).

Formation of 5-tetradecyl-nonadec-4-en-l-ol (W2):

C14H29

~ CigHzg C33HgeO; MW= 478.88

Diocl W1 (5 g; 10.1 mmole; MW= 497), dissolved in 200 ml
toluene, 1is heated at reflux with 137.6 mg para-toluene
sulfonic acid for 2.5 hours. The crude solid, obtained after
evaporation of solvents under reduced pressure, is purified by
silica gel chromatography with an ethyl acetate gradient in

heptane (5% to 10%).

2.25 g of alcenols W2 (mixture of isomers) are obtained in

pure form (47.1 mmoles; 46.5% yield).
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Anal ysis of alcohol W3 : TLC. Rf = 0.38; solvent: 20%
ethyl acetate in heptane; detection with
woamsldosose/ sul furic acid (Merck TLC pl ates sil Pcaigm7/001774

60 F254) .1H RWN (CDC 3) d ppm) : 0.90 (J= 6.8 Hz,

triplet, 6H termnal CH3 of hydrocarbon chains); 1.28
AnalgsasgefnaleepPés, W8ZH, in hydrocarbon chains); 1.56

(multiplet, 2H CH2 at beta position from al cohol);

3.67 (J= 6.6 Hz, triplet, 2H, CH2 at al pha position
TLC:f rRM al cohals;f uREt on@| 48 Yy) solk@tat i 0m20f ethyl acetate in

5-tetradecyl - nonadecanal (Wll_: The_ Swern regfent S
heptgpgpareatpyt 0B ce¥sihe wamit] brebsudBarhg oxalgl (Merck TLC

| Qk i apd- 2 Oin 20 ml dry dichl oronet hane

plat%?e%?%ggﬁyBg%olggd@?gQESC. The al cohol WB (900 nm;

1.869 mmoles ; MA: 480.88) is added after 5 m nutes

1 and kept at_- 78 OC for 30 mnutes; 1 ml dr% '
H-NMR i (ePfddnidhelRRitkt i Pr 88 dver ©odl ditm hydplak) 68, terminal
cti,Qn myxture,d s .warm u .
Cots C?%Sﬁ%%%%%r%ﬁréhggp@éo %ﬁzu% egﬂ%@%ﬁgﬁéglﬁﬁgwfeggwoncm n
hydrocatrboe ichauenched . i th 3Q6m [ lawyer nand iexigtact ed, 3 CH, at
times, wth dichl oronet hane. The organi ¢ phase is

beta, ReFHCHPERH 105URI FHyMRFL aciat Ghd WA 88k aqfdbus CH2  at

ally§9bubbgﬂt95n§ﬁgi ameearbenat e He orgam | aygr €8, at alpha
~dried over anhydrous sodiumsulfate and filtered. The
posigiodefapdebydeargbediadplaft ér- evapbrat Vol Bk, triplet, 1H,

CH a§o{7¥ﬁg§§c %%ﬁw%ﬁr purified by silica gel

chro ogr y a gradient of ethyl acetate in

heptane (3% to 5% to yield 658 ng pure al dehyde

1,375 mmoles, 73.5%vyield). . Analysis_of aldehyde
Form Va?n:of 5-tetradecyl-nonadecan-1-ol (W3):

Ca4Hzg
OH

Ci4Hag Ca3HegO; MW= 480.89

Mixture of alcenol isomers W2 (2.207g, 4.6 mmole), dissolved
in 12 ml ethyl acetate, 1is hydrogenated with Palladium on
charcoal (Pd/C 10%, 400 mg) for 24 hours at 1 atmosphere

pressure of hydrogen.

The pure alcohol is obtained after filtration over paper and
evaporation of solvents under reduced pressure in quantitative

yield (2.045g, 4.25 mmoles, 92.4% yield).
Analysis of alcochol W3:
TLC: Rf = 0.38; solvent: 20% ethyl acetate in heptane;

detection with wvanilline/sulfuric acid (Merck TLC plates

silica gel 60 F254).
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TLC. Rf = 0.32; solvent: 5%ethyl acetate in heptane;
detection with 0.5% KM1O 4 in water as spray (Merck
wobkwspoatses silica gel 60 F254) . 1H RWN ( CDC 3pCcu/igmomdo1774
: 0.90 (J=6.8 Hz, triplet,446H, term nal CH3 of
hydr ocar bon chai ns) 1.28 (I arge nmultiplet, 57H, in
‘H- RiAy d(ERELbonS ckmbmy ) ; 01962 ((wuld il et Elr:l;pﬂllalﬁ at6kbettaarm1nal

it f | d 2.42 (J= triplet
i B BySEpGhEDRRs TR h om aliienyde BancRrORAPLEY): 571, in
hydr8cidrBohsichgulral),; GHG ef ﬁﬁg€h¥g@{ ZﬁorQﬁE'QE feta position

| S-tetradecyl - hept atri acont an-1 - ol
from].-abeet hiedapé (0446 .¢6 , HE, 37tmrplles, M, 38THAG, alpha

pOSlgl §0k¥ H Smcégoqifﬁ h Ieg&gr (d|St|!|ed over

enzop enone) drop-vvl se to 196 ng
rmgne5| um t urni ngs (8 064 mmol es, MA: 24.31) during 20
while heating to reflux., Reflux is maintained

Formition f5, b tehERCCEMIOPRParEPEaoUdHAd (o 50C | and
C,H,2l dehyde WA (426 ng; 0.89 mmples; MM 478.88),

W 20 mM diethylether, is added drop-w se.
Cuild o conplete the reaction, stlrrlng is continued at
1472¢ oom t enper atiiHesF;0MWES 4TAures . Wor k- up: the reaction

m xture is poured onto 100 m split ice, acidified
with chlorhydric acid and extracted 3 tines with

The SWwebhoreagbhana.s Themoldd Wpt ahpedsafter .guaporat ben 284 mg
of the organic layer is dissolved in warm THF;

oxalgtyshapiriiggt |&Hﬁi akPowstls ¥ Qit iBn 26f &l bgrpr Sdsdrl omterethane
previéugi t gcfc?cgl dAf Lepgo évapﬂrx@t 'aq_rlzoq{olt h%3THF9OE)hemdg 1.869

crude s (s re- crystallized in warm acet one
mmol@sr i;f iM¥t= by88i BBga mlac&dﬂe@natf@gn:a@ymmnuhean agichytept at -

78°Ca%%ﬂ§t§0h%ﬁ%%%%sgragl é%&b%%l%é% %ﬁyﬂg d ggtggled over
calcium hydride) is added. The reaction mixture is allowed to
warm up to room temperature for 30 minutes.

Work-up: the reaction mixture is gquenched with 30 ml water and
extracted 3 times with dichloromethane. The organic phase 1is
washed with 1% chlorhydric acid and with a 5% aqueous solution
of sodium carbonate. The organic layer is dried over anhydrous
sodium sulfate and filtered. The crude aldehyde, obtained
after evaporation of solvents, is further purified by silica
gel chromatography with a gradient of ethyl acetate in heptane
(3% to 5%) to yield 658 mg pure aldehyde (1.375 mmoles, 73.5%
yield).

Analysis of aldehyde (W4):

TLC: Rf = 0.32; solvent: 5% ethyl acetate in heptane;
detection with 0.5% KMnO, in water as spray (Merck TLC plates
silica gel 60 F254).
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(0.4 mmol es; 45%yield based on al dehyde). Anal ysi s of
al cohol (Ws) : TLC. Rf = 0.37; solvent: 10% et hyl
weaceisaessn hept ane; detection with vanilline/ 8airfiBroow001774
acid (Merck TLC plates silisa gel 60 F254) . 1H NWR
(A 3) d (ppm : 0.90 (J= 6.8 Hz, triplet, 9H,
H-RMr (CDEL:)CHB (ubpttydr ocatbow=chaisiz, 1t28p(kar9&H, terminal
ltjplet, 89H, hydr ocarbon chains); 1.43 (large .
CHs g t?ﬁ%‘?caﬁwn aa%n%btalpo?sau(éﬁrgﬁonmgéééﬁés#y 57H, in

hydrabtaeheh) chdiék) (”Uitéﬁl?ﬁul££% h al a5P09t:00sition
t S|SO

fromprimary al cohol) . n anesul fonl
fromac&lljddéhmeﬂade%y#ZS (tC'e=t rﬁdécyﬂmonazdﬂ@ﬂlete,st @i,(VBY, : a8 alpha

pOSiglggol r"aﬁ sz%h%‘?? Ségatiof’aﬁéml'eog %rzﬁbﬁéﬁetrscm of

aldehoaked to QOC . Mesyl chloride (0.46 m; 680.7 ny;
6.43 nmol es; MM 114.55) is introduced into the
reaction mxture and 0.9 ml triethylamne (661 ny;

Form§t§§n”HP|@S—t&%%a&@LgéQLeb%a%QQ%@dN%%%JM§5%.a%m%SC

the mxture is stirr room tenperature
addi tional 20 hours. After evaporation of the
sol vent s he residue is washed wi th nethanol, and

CraHy separate y filtration to yield pure nmesylate (450.5
1 5 es; 93%yield). Analysis of mesylate W6
TLC Rf =~0®'59; sol vent: 50% di chl oronet hane in

CqqH 25hept ane; detectcom,wd;h manil13d3j s/ sul furic acid (Merck
TLC plates silica gel 60 F254) .1HNWR (CDO 3) d (ppm
: 0.90 (J= 5.6 Hz, triplet, 9H term nal CH3 of

1-108Y0E0585 bR ChaL Bgk: ol- 28 47 an@e &u! timletg o8l i issolvea
in 10 ml diethylether (distilled over sodium-benzophenone), 1is
added drop-wise to 196 mg magnesium turnings (8.064 mmoles,
MW= 24.31) during 20 minutes, while heating to reflux. Reflux
is maintained for 1 hour, then temperature is lowered to 5°C,
and aldehyde W4 (426 mg; 0.89 mmoles; MW= 478.88), dissolved
in 20 ml diethylether, is added drop-wise. To complete the
reaction, stirring is continued at room temperature for 18

hours.

Work-up: the reaction mixture is poured onto 100 ml split ice,
acidified with chlorhydric acid and extracted 3 times with
dichloromethane. The solid obtained after evaporation of the
organic layer is dissolved in warm THF; crystallization allows
separation of a by-product that is filtered off. After
evaporation of the THF, the crude solid is re-crystallized in
warm acetone, and purified by silica gel chromatography with
an ethyl acetate heptane gradient (1% to 5%) to yield 293 mg
(0.4 mmoles; 45% yield based on aldehyde).
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hydr ocarbon chains); 1.69 (large multiplet, 4H CH2 at
beta position fromnesylate); 3.01 (singlet, 3H CH3
wohoosaeyisat e); 4.72 (nmultiplet, IH CH at al ph&CT/1B2007/001774

position from nesylate). Swathesis of " Branched

I m dazol i um Anphi phile " (BIA) (1- nethyl-3-
AnalyﬁlécPﬁdééFPhslteﬁﬁédecyl nonadecyl) -3Him dazol -1ium

chloride) : Mesylate W6 (224 ng; 0.27 mmol; MM

811.46), dissolved in 10 mM 2-butanone, is heated in
TLC: presenee 0f. 3221. songeneet:hyhios dazela (2.cetymd esin Mieptane;

10) at 80 OC for. 6 days Reaction is screened by

detefrEeoanaW%Ps (RrEdgia /A Wil dresythde) (Mewskk- JBC  plates
s111§¥a§8£akb0@29ﬁ ysol vents under reduced pressure. The

product Is di'ssolved in methanol, and separated from

unr eact ed nesylate by filtration. The soluble part is

di ssol ved net hanol, and 8 ml water are added.

"H-NMR, o (ﬂ'o\e"?:'l'iﬂ‘zing1 EPI%‘& ut ¥ of0 | 4 I5ci6di®f il WFEhPEBHEece M atteyminal
CHj SP|Q{ fgé§r@5ﬁcjéﬂﬁ E@ezgﬂggggh%%uftgﬁh§%U| 89H, in

precipitates upon storage at
hydrbset}aoed dhaioentri flugat i ohaﬁ@elmﬂﬁnrmlmta,t @BC ,CHhi &b beta

. i pitat 220 f duct. Purification b
post B 581 BB °5, 220,18, oL oryds praduqt.  url L6801 00DY oy, e

alphﬁlﬁﬁéﬂfﬂﬂﬁtbaaﬁ p%%%é@ylgi%oﬁbi?s the pure product in
3@6y|eld (198.7 ng; 0.238 nmol es). Anal ysis of Bl A

TLC. Rf 0.33; solvent: 10% nethanol in
' t
srmeh1L o 081 8PEangstPOLLOR Ve o0 BRI M
nonade®@yDOeé8er6(86Hz, triplet, 9H term nal
OMs

C14H29
CqgHay

C14H29 C52H10603S H MW= 8 11 . 4 6

Alcohol W5 (435.8 mg; 0.594 mmole; MW= 733.37), dissolved in
20 ml CHyCl; (distilled over CaHp), 1s cooled to 0°C. Mesyl
chloride (0.46 ml; 680.7 mg; 6.43 mmoles; MW= 114.55) 1is
introduced into the reaction mixture and 0.9 ml triethylamine
(661 mg; 6.53 mmoles; MW= 101.19) is added drop-wise at 0°C;
the mixture is stirred at room temperature for additional 20
hours. After evaporation of the solvents, the residue is
washed with methanol, and separated by filtration to yield
pure mesylate (450.5 mg; 0.515 mmoles; 93% yield).

Analysis of mesylate W6:
TLC: Rf= 0.59; solvent: 50% dichloromethane in heptane;

detection with vanilline/sulfuric acid (Merck TLC plates

silica gel 60 F254).
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CH3 of hydrocarbon chains); 1.28 (large nultiplet,
89H, in hydrocarbon chains); 1.84 (large nultiplet,
wobos@oirsat beta position fromimdazolium ; #Ct8B2007/001774
(singulet, 3H, CH3 of imdazolium ; 4.44 (quintuplet,
J=5.6 Hz, IH CH at al pha position fromim dazoliun;
'H-NMR 15cH61)gud e(pph): CHoion (ge dazel figm [:'rﬂ%)LietZ- 3%, terminal
(singulet, IH CHin inidazoliumring); 11.19
CHs i nufepcarboncreiaing dadold@im(diamgle. 18CtNPRetdepBH, in

: jve negati peaks
ryab8- 00 Aol pP £ 300, Sy LV 1005 4 PR e
positapborfscar enasyldetect 8doby (dapigl3f, }&8,7CGG'ka(ﬁéﬁylate);
i, i [ o123, -) ., Co

.72 Ry Gaz ol 2§1818ht (BsLtEops rom mesylate)

met hyl i m dazolium; 62.8 ((-) , C at al pha position

fromimdazolium); 37.2 ((-) , CH in hydrocarbon
SyntBRaifs) Of 36« 7Brpoghedneinida>biumetnphiphibkel »unjBId)  (1-

mothyp-g-(1hoetddeby s tsbiadebinl nghidecy -3t dadgia-
ium 2Bléxfde);: 29.4 (+); 29.1 (+); 26.65 (+ ); 26.6 (+ );
25.9 (#); 23.2 (+); 22.7 (+): (different Cs in the
hydr ocafbon chain); 14.1 ((-), Cternminal nethyl of
hydr ocarb chai ns) Mass anal ysi s of anphiphilic
nol ecul Mol ecul es were dissolved in nethanol (0.1

CMszg/ m); d rect i njection; detection by el ectrospray
jﬂﬂ,yANas4\%pq%¥sis on a Bruker HCTultra apparatus .
Preparagygn1%3 | i posones from | -nethyl - 3-

Ciatlzg 1-oct alfdcyl nonagsnylo1n,3Hive 8320002l - i um chl ori de
(MONI') and DOPE: Liposones are fornmed taki ng DOPE
(di ol eoyl phosphat i dyl
Mesylate W6 (224 mg; 0.27 mmol; MW= 811.46), dissolved in 10

ml 2-butanone, is heated in presence of 221.6 mg
methylimidazole (2.7 mmoles; MW= 82.10) at 80°C for 6 days.
Reaction is screened by TLC analysis (disappearance of

mesylate).

Work-up: Evaporation of solvents under reduced pressure. The
product is dissolved in methanol, and separated from un-
reacted mesylate by filtration. The soluble part is dissolved
in 17 ml methanol, and 8 ml water are added. The methanolic
solution is acidified with concentrated chlorhydric acid to
pH= 2. The amphiphilic molecule precipitates upon storage at -
20°C. The solid is isolated by centrifugation at 14000 rpm at
0°C, which precipitates 220 mg of crude product. Purification
by silica gel chromatography (methanol gradient in
dichloromethane: 1% to 12%) gives the pure product in 43%

yield (198.7 mg; 0.238 mmoles).
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et hanolam ne) as a co-lipid. 6.3 ng of MONI are
di ssol ved together with different anobunts of DOPE in 1
wonbosp40s8 hanol under soft sonication in a sonPCaIBINT/001774

bath. This concentrated al agholic solution is injected

into 9 ml| of sterile water. The resulting solution is
Analysdgy ofn®IR i ghtly.bluish. This solution is sonicated

with an ultrasoni c processor (Bioblock Scientific)

with 2 second pul ses of 11 Wduring 5 m nutes. The
TLC: el t+n | 3poserEs/dimve a0%l ZRe0hanbout 1 A1 1@ Mdethane ;

a narrow djistribution within their size. They stay
detegitipine Wipbh dr6iage BRPSrodMergk HOLE PAatessesbiichzgel 60
F25497, precipitation. In the follow ng formulations of

MONI the anphiphile is chosen at a constant

concentration of ImMtaken together with varying

1 m | linolar glm)unt s of diol eoylé)hasllghati dyl et hanol am ne
H-NMROSERCLEor O c(BPTY § PhéP alds st bl i e§TABIRON JH, +terminal
CHa bf ' 1. L ar ent,r.atjon E. Th .
s R YRR bOR cor e AR B a5t pfherETee, on, an
hydracplrbphi | esabdfis} he 1 rBent(langepatnditcibbety tdipsecaf at beta
anples 2 to.7, asi ly dj ssol ved,in ethanol

posﬁéﬁ@t het @'t h Wga%&i%%fﬁd OCPE. AdShiBH1ehe |iPdsondlHs of

imidhebmyhali;ons, 4 conganhiabiens of= 150l of; anphiphi FiCat  a1pha
nol ecul e in presence of different nolar ratios of DOPE
Posifapa nostorgonyeafeapliom)conparison (efinghéet, 1H, CH in

o i ve.hi ol ogical, actj.vity. . The al olic . . .
lmldég?)g??}gns%ﬁglg?ér rre7d%t3he (ss’éLﬁlguésett’heiﬁ'pos%g{:‘alln imidazolium
ringf or ol aBi desnignlieft, viltr, o G dmsfiedidaen leXperifRNt .S .
Measurenent: of particle size by dynam c |ight
scattering: Liposomal preparations at 1 mmol e of

13C-bﬁfﬁ):hicf§3{f 6 3 .tﬁﬁ%s)/i ’Y (Sgaggnt rati ons of DOPE were
prepar in mllirQwatery" a

CH and CH; give negative peaks (-).

CH; detected as positive peaks (+).

Quaternary carbons are not detected by deptl35.

138.7 ((-), C of methylimidazolium); 123.0 ((-), C of
methylimidazolium); 119.3 ((-), C of methylimidazolium); 62.8
((-), C at alpha position from imidazolium)); 37.2 ((-), CH in
hydrocarbon chains), 36.7 ((=), methyl-C of
methylimidazolium); 35.9 (+); 35.4 (+); 33.5 (+); 33.4 (+);
33.3 (+); 31.9 (+); 30.1 (+); 29.7 (+); 29.65 (+); 29.6 (+);
29.5 (+); 29.4 (+); 29.1 (+); 26.65 (+); 26.6 (+); 25.9 (+);
23.2 (+); 22.7 (+): (different Cs in the hydrocarbon chain);
14.1 ((-), C terminal methyl of hydrocarbon chains)
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descri bed above. The particle size of these |iposonal
preparati ons was determ ned by |ight scattering using
we 2@miamsst er (Mal vern Instrunment, O say, Franee)/iszonoo1774
the follow ng specificatiom: sanmpling time, 30 s ; 3
nmeasur enents per sanple; nediumviscosity, 1.0 cP;
Massy ahpdysiive offn emPhiRhy ksl mehecttl®d5; Rl particl e,

1. 47 rheperatitet rerOS o ot 633 laser .
i LEEEETbRC T CRERRe LR o b P (W g g ooecid by £

Bruker 400P&Hz spectroneter dPa)Carex SA (1|l kirch, (Da)

MaNiangce) .gaEssMentpl  anal ySi Sgohles 1, N ) and Tnfrarggyy
ToRRes roscg . Elepental analysis and Infrarned
NBkct r os & %1(Vertex 70 in KBY®were done g¢n final ©517
HEpe oduct s gd8k.s5he "| I nstitut @uardges Sadron WUPR22 " i p1.7
Strasbourg. Mass ahal ysis : Mass anal ysi s was done by
HEMBect r os®a91i oni zati on net Sd.66ESI +) , on |HCTul tra 651.7

st unment ruker, France) at the Faculty|of Phar
HET 1] 1 ki %éﬂ'glil FrREE. ULP, Unid)d ity Louis pasteur 0046

HERR r asboursg} s2 Cel | cul ture Kg6z32(human chronic 587.7
nyel bgenous | eukem a, CCL-243) and THP-1 (hunan

Bier i pher #8382 0od jonacytic 178@86éni a, TI B-202) cel | s 797.9

SAB nt ol

Wetr-€ —gt-ownr ——RPM—1640 (E'uLi’ obi G) ateh aupp}tﬂ”&lu €t
wth 10%fetal bovine serum (FBS, Perbio) , 2 mM '
Moleghléanmaxe £ &EUrdig €91 ved 0Q nunineshahopeni(ol il imgf EWObi O)direct

. . , 100 ng/m streptonycin (Eurobio) . HelLa (human .
injegptonx &St laaer%@&&a%m,y d&$l+o)aseadipalysis on a

BrukéPUFBR, ERLYI XpBaLGkAAMR) . SiHa (human cervix squamous

Preparation of liposomes from l-methyl-3-(l-octadecyl-

nonadecyl) ~3H-imidazol-1-ium chloride (MONI) and DOPE:

Liposomes are formed taking DOPE (dioleoylphosphatidyl
ethanolamine) as a co-lipid. 6.3 mg of MONI are dissolved
together with different amounts of DOPE in 1 ml of ethanol
under soft sonication in a sonication bath. This concentrated
alcoholic solution is injected into 9 ml of sterile water. The
resulting solution is clear and slightly bluish. This solution
is sonicated with an ultrasonic processor (Bioblock

Scientific) with 2 second pulses of 11 W during 5 minutes.

The resulting liposomes have a size of about 110 nm with a
narrow distribution within their size. They stay stable upon

storage at 5°C, without increase of size or precipitation.

In the following formulations of MONI the amphiphile is chosen
at a constant concentration of 1lmM taken together with wvarying

millimolar amounts of dioleoylphasphatidylethanolamine (DOPE).
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carci noma, HIB-35) , MCF-7 (human breast epithelial
adenocar ci noma, HTB-22) cells were grown in MEM
wWORwsmo#3y suppl emented with 2 mM gl ut amax, EaPC®/1B2007/001774
BSS, 1.5 g/L sodi um bi carbaoate, 0.1 mM non-essenti al
amno acids, 1.0 mM sodi um pyruvate, 100 units/ni
For me'lmr@w|‘¢henoerﬁg/smmp§wfemobm|MQNandllo%nf FBSbeing the
NIH- ni obl ast, CRL-1658) cells
mllllmOl rg\%m%%%%b%g%lc%t oﬂjdoggsuppl emant ed with 4 mM
LgI ut amne, 1.5 g/L sodium bicarbonate, 4.5 g/1
glucose and antlblotlcs &Pen|/Strepto%hand 10% of o
The pEghigiyd 1 uRke Tkl MaNEl néwd, ecothegs)amphiphiles
I eX B85S ci fer tinu
of %l;éralc:?‘zéﬁg%??erg{se un réﬁﬁéeggﬁtggol % %%zéfggerré;n Ry T are
easiygr eligsclivest aht erthstrall etcbga’n]séecwldnhl Olfheﬁ)Gc&I:llO.pld DOPE.

ont ech A54 9-G.3Luc cells were, grown i
ne Rt Tries T S 1 SRBREa tors S T ok OF 1 m of
amph$PhHM c2 mVle@huteandX, p8QeHBEt Y/ gPerd €dht i 01300 ratios of
mg/ M streptonycin and 0.8 ng/mM (418 (Pronega) . All
DOPEt e el PRS he FOTWENHEAIthefo ait CRMPBCiisana & tagir respective
fi ph r nts
oiolILE) AT oA EE TRECOEALEY, BASTRY Spergggrea tne
same befcor eher dnigfednan, f2rmutatGéncel 1S W&fevseeded:ﬂarhsfection
24- well tissue culture plate in 1 m fresh conplete
expepielihfcont ai ni ng 10% FBS. Before transfection,
conpl exes of si RNA/transfection reagent were prepared.
The desired anmpbunt of siRNAs was diluted in 100 m of
Measyrenaptre€ RreatimleTRéze0bit dynamds Aiedd wWadttering:

Lipo%%%%?;ﬁﬁ% agg %?dgt Ehéglfg o?LtI%m;ﬂnleaHaggtz§rying

eS-based 1 or mi Were
concShRNé\tSOhSlti@fl. ﬁ(hBEfnm@;kemp(m;ﬁarws inxeshi Wi avater, as
Vort ex
descrgbeg above. The particle size of these liposomal

preparations was determined by light scattering wusing a
Zetamaster {(Malvern Instrument, Orsay, France) with the
following specifications: sampling time, 30 s; 3 measurements
per sample; medium viscosity, 1.0 c¢P; refractive index (RI)
medium, 1.335; RI particle, 1.47; temperature: 25°C, at 633 nm

laser wavelength.

NMR experiments:
The NMR spectra were recorded on a Bruker 400 MHz spectrometer

at Carex SA (Illkirch, France).

Elemental analysis (C, H, N) and infrared spectroscopy:
Elemental analysis and Infrared spectroscopy (Vertex 70 in
KBr) were done on final products at the « Institut Charles

Sadron UPR22 » in Strasbourg.
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for 10 seconds, and left for 10 mnutes at room
tenperature. Then, 100 ml of conpl exes solution were
weadomdopss wel | and the plates were incubated acT882000001774
Transfection in 96-well tsissue culture plate One day
~before transfection, 1 x 104 cells were seeded in 96-
Massyahflysssae culture plate in 0.15 nl fresh conplete
medi u nt ai ni_ng .10% FBS. Before transfectian, . .
Mass | AT ERES Sof "ECRNAPEFanSTecENGH TOREERY ward Grtiefeq Rethod
(EsI¥he desHcedlamunin SfrsidiNAS (masksh | Uk esnk8) 28tmthef Faculty
serumfree nmedium The solution was mxed wth a
of PlpFRagyfeér 14 Weldohts!hReEh, BLB, nPnivegsityofouis Pasteur,
stra8Pphkghi lic ol ecul es-based fornul ations were added to
sIRNA"sol ution. The final mxture was mxed with a
Vortex for 10 seconds, and left for 10 m nutes at room
Cellteng &ature. Then, 20 m of conpl exes sol uti on was
added Per well and the plates were incubated at 37 0C

K562 . Revekse ¢hassiechiyen dgerfirael bukéssse @dii-urgs)pl ahe THp-1
Conpl exes of si RNA/transfection reagent were prepared

(humgp r periphedRs rletoafoumnaty s RNAL Uk A utldd 1400 cells
m ser ynf. mediAm d [ o
ere (o Blur® ST HARL RO THENSORG8E " R YEkpr BB "iltn 108
fetahnpbrphel seromml e@EHSBs-Haseid f, ordnuhiat gbonsanexke (Gddeddivd, 100
.. Si solution, The plLate was pla on an Qrbital ,
unlt%féix; P%ﬁlglﬂ%ﬁatesQEPrPsb tenpiﬁgturég/fﬁen,S%??ptomY01n
(Eurd®fo £el e Twer g arsedcnes i weldy ithAa-avel habhsstecinoma, ccl-
culture plate in 125 m of fresh conpl ete medi um
2) » Ceeritiai (ivmgpnl 096 FRSX apdr cheoph bt eShds fbpmhar cepgdFatseyamous
{ 0C . npar i son, of, trans Lon r e (i . .
carcBiord) | tiHsTs%Je@@uﬂturg%& i f&ﬁ%ﬁ? BEHLE U Bpitherian
adenocarcinoma, HTB-22) cells were grown in MEM (Eurobio)

supplemented with 2 mM glutamax, Earle's BSS, 1.5 g/L sodium
bicarbonate, 0.1 mM non-essential amino acids, 1.0 mM sodium
pyruvate, 100 units/ml penicillin, 100 pg/ml streptomycin, and
10% of FBS. NIH-3T3 (mouse embryonic fibroblast, CRL-1658)
cells were grown in DMEM (Eurobio) supplemented with 4 mM L-
glutamine, 1.5 g/L sodium bicarbonate, 4.5 g/l glucose, and

antibiotics (Peni/Strepto) and 10% of FBS.

A549 (human lung carcinoma, ATCC N° CCL-185) cells stably
expressing the GL3 luciferase (Photinus pyralis luciferase
under the control of SV40 elements) were obtained after stable
transfection of pGL3Luc plasmid (Clontech). A549-GL3Luc cells
were grown in RPMI-1640 and supplemented with 10% fetal bovine
serum, 2 mM glutamax, 100 units/ml penicillin, 100 pg/ml
streptomycin and 0.8 pg/ml G418 (Promega). All the cells were

maintained at 37°C in a 5% CO; humidified atmosphere.
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For Hi perFect reagent, the desired anmount of siRNA was
diluted in 300 mM of serumfree nedium (for triplicate
woxpsriomsat ) . Then, 9 ml of transfection reageat/IBag7/001774
added to the si RNA m xture.s2The sol ution was m xed
with a vortex, 10 seconds and left for 10 m nutes at
Transfeationp ex@manimertef ore the transfection, the

QNP gL % (ilIJJ tqurf%V rﬁ_eldltum was re and_repl aced by

offptete—hed e g2 10% FBS per wel | .
One Gae/ hwfdn@d thaarsd dteiren Of2 ts a;EISI@"Ctdél'lsSbeélﬁé O ¥@ES in 24-
ded per well . For Sil ent Fect reagent, the desired

wellamS&ﬁtsqu SHRNAI Ras PAAIEEt edni n175mk Bresler u@@mpb@te medium
[ (fopetri cat Fect | n

Cont%ggll%@m 3;G’)Was nglh ute elefr@% n%&lg%lséfgr um %ﬂee e ﬁQSXES of

SlRNﬁddrﬁhsfgakubmonr&ageaﬂdedﬁnn phepdrédt edrtsol deisaredfl amount

and left for 20 m nutes at room |,
ﬁ%'\}s at’l e EF%EP%FS tha telroapnsi‘1 ct9on SerNEEHRS etgdium. The
solu@dbhuwSmdlxga VWast heaowedaid 1 ap! BFedebynlsS 'T‘he%f 0.5 nl
onpl ete nedi um cont ai ni ng 10% serum per wel | . ty
to 3mvéf o1f taéﬁ*%h%ﬂ*h%lhﬁsm@éﬁpéhegobaﬁédnf@ém@l@&d@dlqoe*rere added
to |ty yas h nsfe ti on
ko Mé\iAum&)v\%g&?%I?mvégg 2 d Fep I@Jgggmﬁé % c%n‘pr e Vortex
for nédi senaodd ai ahdg 106 sébnnﬂpeﬁnl\mj’des}:o&t Salorir Reghnperature.
nt desired anmount of siRNA was diluted in 75
Then; 189 Has ol GO ST ST oL BkHR | HERE ) Added REFREET] aRd the
platkgagent (HcdBafbdf ok B77M of si RNA) was diluted in 75
m of HBS and the solution was added on the dil uted
solution of siRNA, then m xed, and |eft for 15 m nutes

of .serum free nedi um
Trang!fe{:? plate Bef or e addi ng

One daytm@ﬂnﬂdStrdﬁ@f@@ﬂbbﬁtelc&lUuﬁecells were seeded in 96-

well tissue culture plate in 0.15 ml fresh complete medium

containing 10% FBS. Before transfection, complexes of
siRNA/transfection reagent were prepared. The desired amount
of siRNAs was diluted in 20 pl of serum-free medium. The
solution was mixed with a Vortex for 10 seconds. Then, 0.5 nl
to 3 pl of amphiphilic molecules-based formulations were added
to siRNA solution. The final mixture was mixed with a Vortex
for 10 seconds, and left for 10 minutes at room temperature.
Then, 20 pl of complexes solution was added per well and the

plates were incubated at 37°C.
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medi um was renoved and replaced by 0.5 m of conplete
medi um cont ai ni ng 10% serum per well, then 250 m of
wonrersgies8i on sol uti on were added per well. FoPCT/IB2007/001774
Transl T- TKO, the reagent (&3m ) was diluted in 150 n
of serum free nedium and the solution was m xed and
Reversfet tiramsiBafiimn dgn £6-rodnh teinpmratairie: uie s Yede

mount of si. s added on the diluted sol ution of ,
compBRE 851 S AT IR ) L FraHus it | prrpeaga fizst.
The adsbimdd ARbuhd MIMUEEBNAE RRRM A ENPESAL Yhe sPBefidr &f serum-

adding to the cells, the conplete culture nmedi umwas

treer g afd@ S epfidedd RSy 0weblniirof acdtfpivealel medissmwe culture
plat@QNtAh & Ng oLG% Serym per yel {? egé% g{i%ﬂgkﬁéﬁeg%es-based

transfection solution were a
formupetbanisonyetthke mddedm was seRBedsahdtiepl acefebypDabe was

m, of conpl et, di.um contai ni.ng,10% FBS. For al
placﬁ?aﬁ&f&ﬂi?ﬁ%iﬁ%ﬁiﬁ%ﬁ%?rt 8 p agéguﬁﬁﬁeaﬁuﬁﬂﬁﬁ temperature.
Theni, NcUbat edoat c31Csf ofe A8h.adetd f gease,and RLOt €50y,@8$%3% 1 ssue

Luci ferase gene expression was heasured using a
cultygpmerlate® knt Y47 orbgef Ffamek) compfltedie readiimg adreaining
108 e d t e in with,1 I PBS

0 g%?ﬁ%ﬁgnt%grEﬁ%ggeQ%$hgw%%$ﬁﬁgﬁpcb aFf f§ﬁ2$%u Ter

wer e added per well, and the plate was incubated at
perature for, 30 mnutes. The |ysates were
L Bt 84 TG ISHATE Ay st adents b g2 gied Lnjtdpisaie culture
platdhebughterase assay was assessed with 5 nl of lysate

atter injection of 100 nm of luciferin solution. The
For HipewEsecéneeaorl) wWase nibes ireddempunt anfi sti8YRamiaen diluted
: r..40 c Wi a |l unmi nonmeter (LB96 Berthal d, .
in 33} an%jé) O_Sfergggﬁ?s ftéflr%ee e&%c?}_e%%eo(f%r trlpPicage exXperiment).
Then, 9 pl of transfection reagent was added to the siRNA

mixture. The solution was mixed with a vortex, 10 seconds and
left for 10 minutes at room temperature. Before the
transfection, the complete culture medium was removed and
replaced by 0.5 ml of complete medium containing 10% FBS per
well. One hundred microliters of transfection solution were

added per well.

For SilentFect reagent, the desired amount of siRNA was
diluted in 75 pl of serum free medium (for triplicate
experiment). SilentFect reagent (2.25 pl) was diluted in 75 ul
of serum free medium and the solution was added on the diluted
solution of siRNA, then mixed, and left for 20 minutes at room
temperature. Before +the transfection, the complete culture
medium was removed and replaced by 0.5 ml of complete medium
containing 10% serum per well. Fifty microliters of
transfection solution were added per well. As cytotoxicity was
seen, the transfection medium was removed and replaced by 1 ml

of complete medium containing 10% serum per well.
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as light units integrated over 10 seconds (RLU) , per

nmg of cell protein using the BCA assay (Pierce,
wonersn®)oss Measurenent of nMRNA | evel Messager RNNIBEN®D01774

was determ ned by the Quants4Gene(r) Branched DNA assay

(GenoSpectra) which is perforned with whole cell

| ysates and without target anplification. After 48h

t Isvver vvashdvvithl L P I X )
For gégiﬁ*o Ree) %aqgse'd e desiEe faf“f?uéénéﬁ IR sdiluted
in 1ﬁﬁﬁkﬂof0MB§0 fop. tatipid BEe e%?@bldéﬁ& miﬁéiﬂ%ERed reagent
st ored _at -80 OC for at least 30 mn. The |ysates were

(0. %hdedf@hd 12 1 26 ﬁilRéIFZ\ | y& edipbiieedddinng & ot hef HBS and
the PSPl RS aaagdm 11( é’sélflly@écg' le{@@ggn f(foirRl\FAs, then
reactions, the lysis vvor reagent ed sby
mixegddi ﬂlgd251€m‘ft offcCE (Léapmunetext eertden:)oom 25empeoéthEe Then,
( bel. ext ender of BL Ki ng obe and
600 5 8 of° %&mwf)sf.ee e S éﬁﬁsﬁ Pher rrAnsrection
solu@&@ﬁSp@éf@)e wereiaddi ng the ptates and ﬂﬂle %@hﬁ)ﬁ%t‘é‘asculture
onpleted to 100 Ml with Ix lysis m xture. The pl at e
medlw@s ooy eF RBOVRE h 2ad | ek ehchbaled fok 26h cOMPSELEC medium
aihB8 P! A§£ S t ' 30
Contgd;g?gl?( no\s%%g&w?a?e? an ’O\(I;AtHén £)§5\rrplpq1‘|er V\Dr{HSfeCtlon
solusdbuot veme( 8d8e6 plerofwedripl i fier diluted in 116 ni
Amplifier diluent, all from Genospectra) were addi ng

to each well. The plate was incubated for 1 hour at 50
For @raﬁgmﬁ;ﬁkdlf@ﬁel%eﬁ@%htmﬂdEﬂ1Wﬁ§an%a1H%édﬂ1@flso ul of
Label Probe Wrking Réagent (O. m of | abel probe

serug@j |fpeed ner1ue ﬁﬁdAl’qﬂaW@lfu’@NIMeN@S alikefdr omd left for 15
i (RO WS A0 |60 SPEL, VL BOLCETUREES L e
on the diluted solution of transfection reagent. The solution
was gently mixed and left for 15 minutes at room temperature.
Before adding to the cells, the complete culture medium was
removed and replaced by 0.25 ml of complete medium containing
10% serum per well. Fifty microliters of transfection solution
were added per well. After 24h incubation, the medium was

removed and replaced by 0.5 ml of complete medium containing

10% FBS.

For all transfection protocols, the plates were further

incubated at 37°C for 48h.

Luciferase and protein assay

Luciferase gene expression was measured using a commercial kit
(Promega, France). After removing the complete medium, three
washings with 1 ml of PBS solution were made. Then, 100 pl of
lx 1lysis buffer were added per well, and the plate was
incubated at room temperature for 30 minutes. The lysates were

collected and centrifuged at 14,000 g for 5 minutes. The
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with I x wash buffer and 100 ml of Substrate WrKking
Reagent (0.348 ml of 10% Lithium Lauryl sul phate in
wh6osmo4038 Subst rate, all from Genospectra) wasPpraudBziot/a01774
each well. After 30 m nutesssi ncubation, the
| um nescence was neasured in each well with a
lucidiggesecophesoivet BRS( BéﬁBh@lSd)i w$DB- PAGE 1 AndoMestigsate after

.ot _analysi rns ction, the cells re .
03 ool VD 1 S| OSLEELL 80 8 511 SR S pinescence
(RLUt)rwa&l Ifnchﬁd:dMeIch W0th néntmﬂégﬁéEDEA ciRdromededcondd Svith a
lete mediumwi th 10% serum was added to

lumlélf)ﬁlﬁtteﬁe BRI n. PrAdhpdid,s Bernee) pl iReRtel ias 2ol ehressed
as ],(':Af ¢ 1 fuged aﬂ@té@@a’@@!ﬁ'%tve‘fslﬁ\a%%%qin‘ﬂéh(kaTOO per mg of

er centrifugation, the | et was sed
celloprRitPAnbusfieg the mATral&saJle Rildrtes, Hﬁﬂudﬂ\n NaCl, 1
pi M EDTA, 1% Triton x-100, 1% Sodi um deoxychol at e,
0.1% SDS) during 20 mn. at 4C. The |ysate was

Meashoangagabge wRNA devent ex and centrifuged for 5 mn. at
14 000 rpm Protein content was assessed by the BCA

Mess;@ggr( BNy Clével 5YE§ @et@,&:@ti@ieﬁl vy etBebPuenédGepe® Branched
DNA eé%at;? st n%%' ag? A,BG LY aﬂdg g:lf?qr%ré” amide 9elie cell

err e onV|nyI|den Uor1 dé menbr ane
lysathbl hnﬂowe):houVI ltnanrtglem expldSdican iwas detected wth a
Qui nea Pig anti-vinentin polyclonal antibody (RD)
diluted at 1/3000. The GAPDH, detected with a nouse

Aftedntdgr{GAPPEhBRREEL BRIl @dti Doy APL ORI, WHaS Usedut Oprs 1x

normal i ze the protein |evel. The inmmunoreactive
(Cambrerei Aedneresed sbial i02éd nisi né Reor seereipdctra lySls buffer

cor. B L aSge MR B GULIERPL O L IS 0" o
at 1BiaeRad3@sindg.t MEhe n$§/BHCélsoméﬁethEaﬂaﬁufaaﬁi uperko 20 pl of
lysate were adding to the capture plate. Ten ul of 1lysis
working reagent (for 48 reactions, the lysis working reagent
is prepared by adding 25 pl of CE (capture extender), 25 pl of
LE (label extender) and 25 pl of BL (blocking probe) and 425
pl of 3x lysis mixture, all compounds are from Genospectra)
were adding the plate and the volume was completed to 100 nl
with 1x lysis mixture. The plate was covered with a lid and
incubated for 16h at 50°C. The plate was wash 3 times with 300
pl of 1x wash buffer (Genospectra), and 100 pl of Amplifier
working solution (0.116 pl of amplifier diluted in 116 pul -

. Amplifier diluent, all from Genospectra) were adding to each

well. The plate was incubated for 1 hour at 50°C. After 3
times 1x wash buffer washing, 100 pl of Label Probe Working
Reagent (0.116 upl of label probe diluted in 116 pl Amplifier
diluent, all from Genospectra) were adding to each well and
incubate for 1 hour at 50°C. The plate was then wash 3 times
with 1x wash buffer and 100 pl of Substrate Working Reagent
(0.348 pl of 10% Lithium Lauryl sulphate in 116 pl of
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I mmunof | uor escence staining The cul ture nedi um was
W thdrawn 48 to 72 hours after transfection. Cells
woei@/oosked with PBS sol ution containing 1% beeiras2007/001774

serum al bumin (BSA) . Cell ssewere perneabilized and

fixed with a nethanolic solution (methanol / acetone:
Substjrptesocildd fmmZGeﬁézspet:braJ.Swmsnatjelsdatto40£1ch Gedls. After

re wash da ai.n twc h Im PBS-BSA 1% then the

30 TN o HATDA e e A0EFERCERF S0V PBSNEBALARRI i 2o
welll%iath goapestrispHoddt B NUES idn pr der to bl ock

unspecific binding sites. Cells were washed again with

ImM PBS-BSA 1% Cells were incubated for 1 hour at 40C
SDS-PAGE ea¢hHesdremphlal RS ¥ais 50 nl of nouse anti body
anti-lamn A/IC (IgG 1 cl ass, Research Di agnosti c Inc

hed t
AfteﬁBS—%%&ig/e&\H)he tel vv%?ﬁfi\r/}vacyfsﬁiget e{ﬂyf Eémw nih 46C IH’] PBS 1Ix

(CamBBSxOOntahcml ngazh m wei1goafasant tbog¥ianbedmUsLrh 9G100 1
upI ed to fluoresceine (Calbiochem La Jolla, CA)
trYPééPl EDJér ¢ E:W‘e?ﬁl%%ﬁbd Qgéu Mli PR IGPMOG{e RBSIESAMm, ardh 108

serufn' Nallsy ddde PBS ggggg% er pyel |, per triplicate

| Amunost al ni ng’ was o serve tof escanee S oso Yy
was @E@IlleﬁsEC'ElﬁZCtO(fL&ed\lléth)the ReslLlés Assawhahgel windelix PBS.

Ated, PRI A Lo Ik PESs Wte WKEAd( PRotiplshl of RIZA

buf fpYr 3G mcnfﬂ@s@cyn%@r the camly ohmOfy-2M40 el %@HE%A 13
A wel | defined and conventional siRNA, chem cal | y

Tritppogaded, éﬁd%@humc@e%m@wl@tasﬂué SPRSA SfursEQ 120 min.
at MR rnthg comRaRed Gladh SHERbUARME ofsdf Nl eobkiRY  anc
centrifuged for 5 min. at 14 000 rpm. Protein content was
assessed by the BCA kit (Pierce). 5 ng of protein were
subjected to electrophoresis on 10% acrylamide/bis acrylamide
gel and transferred to polyvinylidene difluoride membrane
(Millipore). Vimentin expression was detected with a Guinea
Pig anti-vimentin polyclonal antibody (RDI) diluted at 1/3000.
The GAPDH, detected with a mouse anti-GAPDH monoclonal
antibody (Ambion), was used to normalize the protein level.
The immunoreactive proteins were visualized using horseradish
peroxidase-conjugated anti-guinea pig or anti-mouse antibodies

and Amplified Opti-4CN Substrate Kit from BioRad using the

instruction of the manufacturer.
Immunofluorescence staining

The culture medium was withdrawn 48 to 72 hours after
transfection. Cells were washed with PBS solution containing
1% bovine serum albumin (BSA). Cells were permeabilized and
fixed with a methanolic solution (methanol / acetone: 1/1,

cooled to -20°C) for 15 minutes at 4°C. Cells were washed
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conprising 3 '-overhangs of 2 deoxyri bonucl eoti des
(dT) was used for the transfection experinents. A
woaomswoatsson of cationic anphiphile MONI at 1 rdiramzbh07/001774
conbi ned with neutral phosmolipid DOPE at 1 mMin
et hanol was prepared. SiRNA diluted in serumfree
agalmecnwme( 100t 1l wBBStREA dér,rptt@ead tihet b2l Id wérd hencubated

f E h |
at resul tll%tr?lgog% utS @EEE@?‘%{%&?H&W% n%%e%g’g &a%e%%eéor 15

minued he) cetdesr gt@\/\bmgcknumégblémfgen%%h@lﬁ@ SerEg antk11s were
cells were finally exposed to si RNA concentration

washegh ggaifomitdo 2 RRS A Figure 1 ) . The sil encing
ef ficiency was determ ned 48h post-transfection by
measuring the luciferase activity with a standard
CelJJsumelmcierméoalss@yfnnr falhored dty 4he propeeBeodt @f S0pl of

55 Ang o4l oPYSBPSiale pgherase actini by (expressed 28 ) e,

Reseb&@ﬁSfbihPﬁBsW@% p@hEOFW?QaHhEBSZOQQJPN'Qﬁeﬁlé”“heﬁ@e washed
absence of effect on the Iuciferase activity whe

twiceemisdhndpd efafSSed@dd %v th the unrel at ed sequence
the G.2Luc siRNA, in the sanme conditions, confirned a
sequence-specific RNA interference. G3Luc si RNA added

The a@ledie orrchermeidstandl vhthrt bt gageisoresnidodiiadming 50 pl
raan (100, to. 2000 pM showed al so no jinhibition_ of

ucHt eHARRY ac AL PUTST Wownjourkedecsfd fluoresceine
CalEQBEHEﬁt'Qﬁ‘30I¥5'0@A9 a@%ﬁﬂ%mdé%éﬁ%%%howaygggl%galn with

mol ecul € at 1 mM and conbined with DOPE at
Iml gfeFRbe®SPd setarghofinallyl 1m}i PRSsBEALRKuUlasi endeer @er well.

rmconpl exes wit Luc
t R P RSP ancBo T bR 35 o S 456 27t A oSCoPY
(ECLOedEUDE20d0OtBe Nekdhti.ng sol uti on was added on
A549- GL3Luc cells. The silencing efficiency was

assessed
Results

As a target model of endogenous reporter gene, A549 cells
stably expressing the GL3 luciferase were used (Photinus
pyralis luciferase under the control of SV40 elements). A well
defined and conventional siRNA, chemically produbed, and
sequence-specific GL3Luc siRNA of SEQ ID N°1 and 2 composed of
a short dsRNA of 19 nucleotides matching the GL3Luc mRNA and
comprising 3’-overhangs of 2 deoxyribonucleotides (dT) was
used for the transfection experiments. A formulation of
cationic amphiphile MONI at 1 mM and combined with neutral
phospholipid DOPE at 1 mM in ethanol was prepared. SiRNA
diluted in serum-free medium (100 ul) was then complexed with
2 pl of the formulation of MONI/DOPE (1mM/1mM in ethanol). The
resulting solution of transfection complexes was added on the
cells growing in medium containing serum and cells were

finally exposed to siRNA concentration range from 100 to
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48h post-transfection by neasuring the |uciferase
activity. Asignificant luciferase inhibition (70%
woasosalossady observed with 250 pM of si RNA andpceaBivedoo1774
90% wi th 5nM of siRNA transBected (Figure 2 ) . Wen
the G.2Luc si RNA, used as unrel ated sequence and with
2000t heM sdRaguerdi 1) onShef sihastesyi effidiedaci rasaséetermined
| eve s not affected confirmng the sel ective o
180 B¥Eh RGP BRESTARE vPPh TRESEENIGe CiRNA SQkrRrase activity
withSid esehnganas leifieeldoshd 458apPi GOMMAN ZRNISy Ok he protein
si RNA when the transfection was achieved with the
conteptniifatiedd NONIITRE Ble sheahifnasheaPtduiey? (expiressed as
cifera i I Ng: 95% and_80% at 00 and
RLU/{ng p?g fﬁgggggﬁlf/el 572%50915%5?0%%1‘ 3% eﬁééjl ngg(\%és Wien  the
transtekkiobsemsebeaerbrri2sd andt R0 20B00fpM i RNASWRRNR. The absence
transfected, respective (Figure 3 ) .Fornul ations
of t?ﬁge&ton P d&gﬁl i Lﬁﬂ%h%%?%ﬁfl i ECHVILFYt | VBN suER1LAS were
tranbEBbron MNB ,tierenpe eRAERD SR¥HANT 0 51, iRNA, i
anphi philes with the neutral S%gsphol i pid DOPE ?ﬁ St 0
the etgpmol epnfdathanesr. Foenfipeosdnal prepanencenspecific  RNA

. Lphile re fir di_,ssolved with DOPE in_ ethanol .
lnteg?%g%glgﬁg E;L\Ib%%cco%%%ﬁl}t\‘r tdégdsoel %eon.onTﬁgﬁ, ?ﬁgs and with
the saluet iha@Est tay oot edahgel( ow up@s20bowghgr smew8iX8dso no
. . .imediately, The resulting solution was sonicated with
inhiggtyppy agoﬁhe preeéssgre PRELYALY dPes sherof- f or ned

| i posonmes was determ ned by dynam c |ight scattering

and showed a nmean size of 100 nmwth a.l ow
A squsindli Spereilpy iR gofe dadionilhi smphdgdcim based on MONBI

f or nul_ati,on S_staored .at 40C nd{% nd taq, be stable
noLegfLE ohe 4iHE Fady PP iesl 10 nBRCRoY fwit Rt va0 prepared
in &ggegR! es2 f qiimatd ON Hhli SMOHdrmas Shom Redd guleed) to  form

Many | i posomal fornul ati ons were prepared and showed a
comphes@s with GL3Luc siRNA (concentration range from 250pM to
5nM) in serum-free medium and the resulting solution was added
on A549-GL3Luc cells. The silencing efficiency was assessed
48h post-transfection by measuring the luciferase activity. A
significant luciferase inhibition (70%) was already observed
with 250 pM of siRNA and reached 90% with 5nM of siRNA
transfected (Figure 2). When the GL2Luc siRNA, wused as
unrelated sequence and with the same conditions of

transfection, the luciferase level was not affected confirming

the selective silencing obtained with the GL3Luc siRNA.

Gene silencing was effective at the picomolar rangé of siRNA
when the transfection was achieved with the formulation
MONI/DOPE as shown in the Figure 2. The luciferase gene
silencing was 95% and 80% at 1000 and 100 pM, respectively. 50
and 20% of silencing was still observed when 25 and 10 pM of

SiRNA were transfected, respectively (Figure 3).
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size of particles of 100 +/- 10 nm hi ghlighting the

robust ness of our nethod of |iposomal preparation.
wORHNIS/DERE | | posomal formul ati on was conpared POTABE07/001774

| ast generation of many comeercially avail abl e

transfection reagents specifically proposed for siRNA

Formd@hg¥?ﬁ¥ | Bheeeel ba (E?gdéeoilhm Enasfogdtliien derivatives,
conditi ons were a i ed according to the manufacturer
suchpr % oc¥PEL aner ar‘égﬁ%%cr iHRER | PEIRATRML 1Y alki %P cationic

n¥BL0eds' 118 R Copcantnat of boPEl DM Len
amp g/?/flvvas us"vel(ﬁ;l Sal nt - Red and I%'}?a%%ﬁarnga% rggglgnts stﬁgv\égOl °r
in waiesd ov\Eer siilpersinegl epfepheatiens(i rﬁlmhmhlt](ﬁ%()(y@gp first

d S t F h
asool s ST PESbonY  BHEN AL B8 S "R e
soluflofil RihdHit anest @cﬁldﬁ/ldrﬁefvﬁtscuﬁﬂjecfmdthla Imvesblumes of
concentrations of siRNA (10 pMto
wategr aﬁ@ﬂecmw%ys%r@?ﬁ%mwséd f'ﬁk}%ur §8Pyl{Cén§| | Dcfﬁ’éa@
sonlEéégaf%&E%PQn{eéﬂﬁﬁégohgét%@d%@%é@ﬂ'1@ﬂé ﬁhﬁ%@cles size of

concentrations feste ni ficant gene silencing,
formadounib&Shes s wstsi | debbsmnuabl éoat dmap\MCI nlbgder saattering

confirmthe potency of /D(PEfo Iat ons t . .
and R o1 SRRt LERGGenohe gBhe Slerici Dt oLydisperaity
FlgﬁﬁégQ%ed thes GARR sgenRe | foMailHusogelvhsl igteed at 4°C and

i ncl udi ng adherent and non adherent cells. W sel ected

founGARRH BiERNAEAS ko mowied snxmwéme(rjsw@ﬁﬁa difigds to months)
w1thg%ar%%gr '?% tfesovkgkﬁﬁti‘oﬁet (10fd o SRNAR 12T 96t IMGure 4)

S on the sane and guarant eed for
Manyef11@Makn@©kdmma,tl%r$e xsetenqmegaa/m:l eaatiuaﬁtl‘ecojﬂeﬁ a mean

Slzezg%nggggékfvel USIn h?rgﬁﬁpgbt ol WWstness
of o?%ehg%hoﬁeggeﬁﬁio%Qﬁ%q @ﬁ@ﬁ% it H. Ce||S teSted

La, Caski, SiHa K562, and THP-1)
MONI/DOPE liposomal formulation was compared to the last
generation of many commercially available transfection
reagents specifically proposed for siRNA delivery into cells
(Figure 5). Transfection conditions were applied according to
the manufacturer protocols and are described in the ‘Materials
and Methods’. SiRNA concentration ranging from 1 pM to 10 nM
was used. Saint-Red and TransIT-TKO reagents showed the lowest
silencing efficiencies (inferior to 50% at 1nM). HiperFect and
SilentFect reagents showed good silencing efficiencies in the
range of 100 pM to 10nM of siRNA but are totally inefficient
for the lowest concentrations of siRNA (10 pM to 1 pM).
MONI/DOPE transfection system compared favourably to all
others transfection reagents tested and with all siRNA
concentrations tested. A significant gene silencing, around

50%, is still observable at 10 pM.



10

15

20

25

30

were unable to provide efficient knockdown at the nRNA
| evel at concentration ranging form250 pMto 10 nM
wrers/onsERsf ected with the |i posomal MONI / DOPEPCT/IB2007/001774
fornmulation (I/2mV), GAPDHGMART pool (r) reagents
showed hi ghly efficient GAPDH nRNA knockdown superi or
In dNLQCiFe%;;’/ﬁcﬁOgoﬁjﬂgﬁ&erﬁh@ebbﬁeﬁb@me Gemki /D&PHafoamdlations to
. - and, si concentration from 250 pMto 10
medipfrgUF 667Nt ASTCRASTAL DS T8BFectt VTGLNY affitn ghcted the

GAPD?—IL?G%%e‘ABiSn aglded and -shawed N ef f,ecty@mE hgaBPPREMENA non-

. . In addition, selective and efficient GAPDH
adhesieh¢énaiaid svasWebtsa Ireert fcbr GABDH agh&Né&st Tedm s thei giifFRTpool®

6), K562 and,  THP-1 cells, when. transfection S ;
TeChBé’llf’g_rlﬁEd C\ln%lht?rln}aﬁoo rralplf\m&d@"E ?orﬁ%kat P\gﬁ &0 oy STRNAS
targe®Wngl MYAtGeneentsatéoONohS the Hhm¥VmRNAX Aads guaranteed for

endogenous genes were targeted for RNA interference,
efficAenidikmeakdestit i nCane FaAPRCANG J@fesSVahedsPf eAbi i MRNA

ffjcienc ' h Loy | |
revell LI pIRL SR80 il o DAL 200y, RUB pcocra) ach
post3tTacelfestibngur@AFD) SNMARIY pori@ofkagesssentdded alone on

staining for lamn A/ C,gene of  huma c
A11 (34 G c0BS3eC B0k pers hont S10Rowss i g &7 FohcRlg THEL)
wereef{d 8l RNCYo 48R o3iNA PPBLcis@nskaetkanwy tat t bBRe mRNA level
| i posomnal | / DOPE f ormul ati on éllz for these two

at  abundEMirgiriorei nsaagingw SiRNA centenPMatifch (iVs AR When
tranggjlélacrpe% Av‘v/i h:xﬁgél B! tosco(?({g' rlﬁ@ﬁl ﬁbéﬁEt E%trnﬁlllatlti_%%h_ (1/2mM),

S transfec contal ned bi oactive si RNA abol i shi ng
GAPDHOtSMART theo PBneceyphessidrowest getgll ¥ Fefdiei8ny GAPDH mRNA

oo | SSERRR ot S FHE st et Sl RSP dh coerL
ginaCeldryy Yaming 44y 24+ mehl thssugredtiyne rpbat @30 M to 10 nM
presence of ‘medi um cont ai ni ng
(Figure 6). As control of selectivity, Lamin A/C siRNA was
added and showed no effect on the GAPDH mRNA level. 1In
addition, selective and efficient GAPDH silencing was obtained
for non-adherent cells (Figure 6), K562 and THP-1 cells, when
transfection was performed with liposomal MONI/DOPE
formulation and at low siRNA concentration (5 to 20 nM).
Others endogenous genes were targeted for RNA interference,
including vimentin and lamin A/C genes. The silencing
efficiency was determined at the protein level by western blot
for vimentin gene of murine fibroblast 3T3 cells (Figure 7)
and by immunofluorescence staining for lamin A/C gene of human
HeLa cells (Figure 8). Both experiments showed high silencing
efficiency 48h siRNA post-transfection with the liposomal
MONI/DOPE formulation (1/2 mM) for these two abundant proteins
at low SiRNA concentration (1-5 nM). Lamin A/C experiment
confirmed also that all the cells transfected contained

bioactive siRNA abolishing totally the gene expression

targeted (Figure 8).
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serum Ohers cell culture supports were tested, such

as 6- well plate, T25 and T75 culture flasks, and
wehowad4gene sil encing efficiency >80% for si RRE&T/IB2007/001774

concentrations ranging from100 pMto 10 nM and

transfected with the |iposomal MONI/DOPE (1/2 pi M

formul ati on. The potency of siRNA delivery adapted to

i tions was addressed, a reverse
Tra$g-eg ﬂgé' ro%nggaurelﬁprVégx?ﬁi§6%ﬁﬂﬁlC$F§%u%0r effective
siRial Henevpkgt e.n AbdBEréAe QRId r@l@ﬁlé@t@ePél‘i’Ee@%rlq’s &Growing in

routinely effective protocol was proposed. Si
24—yt elE$ e 26ukfuse BdAbmSt rige onsdiange v@é mqadsumaddeualnlng

serdn%tbgh%lsl celmencuitg%e()fsdeérpp %mwgdx (1/ stch as 6-

fornmulation was a
welhomdgdrs,zatlizdn, apie ﬂ‘l7@tec\ma$ukept fatasrk@om hadpesabWed gene
Q transfection conpl exes

||
Slle; OHPH‘%. (?rﬂf ?ﬁ%ee%ccé«% 19 utt@F | ALRYS nFoBESRBHRLAPDRS ranging

fromfontod npug ser ump Weie then added Adeihe wekh (§9F Oghposomal
ceIIs/meR%L and the plate was further 1 ncubate

MONIg{PORE 361 mMTrhEOrIn@lﬁtepase gére poitlegysyi MEf ofIRNA delivery
adapﬁ%%?gch%SFelclofxﬁW gllépe agr t<Jo<:1r O% \S\B%I EgslAJtrh a reverse

concentrati on eCt ive
trarasb’saertae)mf prmiddumse hpplbedi 0l‘ﬂn\/\fhGSBVGS—GA)@.B«In_ri_ﬁj_:s?éwq'l?éj culture

a2 fected (F 9 . Silencin
pLatg: S (oMbl Gt By8R CPhoPRRECHS cal b TN Cansf gective
pro’t:%k@ioa.LI W@éjs (55912(%5559“@%R%IP) -4 SeheLh ] Xg %P%Sb%e%%rnlﬂn free

I's fol lowing the optimzed rever
medlﬁﬂbcéﬁ%&efbrsélRNdeﬁransthe|@ﬂlWasﬂﬁbnalnbdumﬁnif liposomal

gL S M ES Q0B SRR SIL SO s
homoﬁ@hh&ailb@(NMhéHp&@téeﬂa@e&wﬂﬁSéﬁﬂ@6éﬂlﬂ@mb@%ature for 10
min %&legfiow the transfection complexes formation. The cells
diluted in 125 pl of medium containing serum were then added
in the well (10 000 cells/well) and the plate was further
incubated for 48h at 37°C. The luciferase gene silencing of
A549GL3Luc cells was superior to 80% for siRNA concentration 2
InM and selective as showed by the absence of luciferase
inhibition when the unrelated GL2Luc siRNA was transfected
(Figure 9). Silencing at the picomolar level of siRNA was also
significantly obtained (>50%, Figure 9). Selective GAPDH
silencing in MCF-7 cells following the optimized reverse
procedure of siRNA transfection was obtained with efficiencies

from 70 to 90% for siRNA concentrations of 100 pM and 5 nM,
respectively (Figure 10).

In Table 2 below, are given results concerning the silencing
of luciferase gene (pGL3) by GL3Luc siRNA transfected using
formulations based on amphiphilic cationic molecules according

to the formula (I).
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15

of luciferase gene (pG.3) by G.3Luc siRNA transfected

usi ng formul ati ons based on anphiphilic cationic
woub@mokss according to the formula (1) . For nupariiBne7/001774

conposed o f anphophilic cahi onic nol ecul e/ DOPE (1

M2 itiMin 10% et hanol and water) were used t o

conpl ex si RNA and transfect A549-G@.3Luc cells. Lucif

: e essi on S asur.ed after ,48h
Forn|%Jrq1cu ation pegloooe.Sé Exper AT n&gé&irpic molecule/DOPE

(1 /gl imat és1 abOst hec Kb 1 uahbierasee8) | @RGdNdused to complex
siRl\fl{fl ci ency was calculated fromthe luciferase |level o

t r 3REf et RPTEFFE WA I ESducol @elsuc JiRNAerabe gene

exp B zed s v the cantent g protgin i.n the. cell E
] ysates. Biblio graphic Ref g(r%écr%gs %ﬁ(‘g J}?CgﬁatﬂQOPR _period.
EXpeRement.s 2860 Ipeds f iio bi nitphijcst e sHoeckst tB2%R.3 0Luci ferase

i1 G5 AL BRI NECLEM S Bice 1oven
of .tHousSéetedandeCls Bajildny. 4994onBirBdi ngrof_1fleechsirna  ang
33258 to the TAR RNA of HI V-I. Recognition of a
normalizacdyite Hhe GerieEhdehtpeeein uie. tiictel £ Nesates.
Res. 25:4487-92. Elbashir, S .M, J . Harborth, W.
Lendeckel, A . Yalcin, K. Wber, and T . Tuschl.

2001. Dupl exes of 21-nucleotide RNAs nmedi ate RNA

Hrerfer cm‘el H—cutured—nammal i an cel IksI Nat ur e.
:494-8 |E ' . i C nd T .
Amp%hihgm%_lec%q tonm%ﬁ(;m g/lrs g%n\gg%(ds@pﬂgg a? ea {tj)lyd21-\ and
22=nmucteotirdeRNAS—Gengs—Bev—15+188+ 200. Fire, A .
19N RNA- 11 | gger'8d geng sil &ntidg. Trends Genet.
15: 358-63. 1 92 +/- 4
MONBI 10 94 +/- 10
1 93 +/- 11
HEIC 10 83 +/-2
1 73 +/-6
HEMB 10 88 +/- 4
1 76 +/- 9
HET 10 23 +/-2
1 22 +/-1
HEMI 10 67 +/- 19
1 57 +/- 8
BIA 10 75 +/- 14
1 59 +/-6
BIA (without DOPE) 10 87 +/-4
1 68 +/- 5
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ol i gonucl eoti de active for gene silencing and an
anphi philic cationic nolecule of formula (1) (1)
wohners@ionmss X is NRi, Sor 0, R being a Cl-C4prairhg1007/001774
radi cal or an hydroxylated 683- Cb al kyl radical, - R2
and R3, identical or different, represent Hor a Cl-C4-
Zelphlakyll, radi cal anodr R2. Gnd BR3okee |idiked 199€t heMetahanism of
forma saturated or unsaturated cycle or, a heterocycl e
S R et e o £ ATy o e Ty | Speages . Proc
R4yand 2R3 igdenty eala orgpiffayeng, represent saturated :
or unsaturated, |inear or branched, Cl0-C36
Zon,hydr@car bornst f| ToFeocar Boaiagiai ns, 18pLi onal Biyosphorothioate
conpri si - cycl oal kyil - A ) ti bl .
ani oﬁ.o%@’%e%é%%osﬁposi%eolynlssq:oﬁy’cl aipﬁnlr%flc\?ﬁwcg{%?’n sa%ljalysm’
hetcanecyq e amatr meditwhen RY wautiRhsar e Antkeghdoget heng Des.
are unsaturated orsaturated and have 5 or 6 el enents
ar§d5§§rﬁ§r8i'se Cand N, Sor O as heteroatons . 3 - The
conpositions of claiml1l or 2 , wherein R4 and R5 are
Cl4- C36 hydrocarbon chains and E is a Cl1-C4 al kyl
spacer. 4 - The conpositions of claim3 , wherein R4
and R5 are identical. 5 - The conpositions of claim3
, Wherein R4 and R5 are C18 al kyl radical and Eis C
al kyl. 6 - The conpositions of claim3 , wherein R4
and R5 are Cl6
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al kyl radicals and Eis C 4 alkyl. 7 - The

conpositions of claim3 , wherein R4 and R5 are
wdaizodsmoersg. 8 - The conpositions of claim7 , waEaB2007/001774

R4 and R5 are Cl18 and Cl17 alskyl chains, and Eis a C2

al kyl. 9 - The conpositions of claim7 , wherein R4

Claijared R5 are C32 and C18 al kyl radicals, respectively,

and Eis O alkyl. 10 - The conpositions of anyone of

clainms 3 to 9, wherein R2 and R are Hor are |inked
together to forman aromatic cycle . 11 - The

conposi tions according to anyone of clains 1 to 10,

lwherei n SomBORERLONR | i ng CF@nsfigoctiqpe comprising  an

c n f to 1

TP IR BPEaR"gRE R £ HUAE Slerfiif ok & moniphilic
choianyonmobécallai pE Ffotrowula, whereln Ais d or OH .

14 - The conpositions according to anyone of clains 1

to 13, formulated with a neutRal co-lipid. 15 - The
conposi ti ons of clalnll4x erein the co-lipidis a
phosphati dyl et hanol am n é@ vatlve such as

a

di ol eoyl phosphati dyl et h (DOPE) or

chol esterol. 16 - The conp¥e |t|oﬁs of anyone of claims
1 to 15, wherein sald oI| nucl eotide is active for
RNA i nterference. © 03|G$ons of claim 16
wherei n said ollgonuclggtlde i RNA. 18 - The

conposi tions of anyone of clalns 1 to 17, wherein said

ol i gonucl eotide or siRNA, respectively, conprises
wherein

- X is N-R;, S or O, R; being a Cl-C4 alkyl radical or an
hydroxylated C3- C6 alkyl radical,

- R, and Rj3, identical or different, represent H or a Cl-C4
alkyl radical, or R, and R; are linked together to form a
saturated or unsaturated cycle or a heterocycle having 5 or

6 elements,

- E is a Cl-C5 alkyl spacer,

- Ry and Rs, identical or different, represent saturated or
unsaturated, linear or branched, C10-C36 hydrocarbon or

fluorocarbon chains, optionally comprising C3-C6

cycloalkyle,

~ A" is a biocompatible anion.

2 - The compositions of claim 1, wherein said heterocycle

formed when R; and Rz are linked together are unsaturated or
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groups for their stabilization agai nst degradati on,

said group being selected in the group conpri sing
wouoise4a3sic| eot i des, pyrim di ne nucl eoti des suberiiB2D®BH1774

by nodifi ed anal ogs such ass7deoxynucl eoti des, and/ or

nodi fi ed nucl eoti de anal ogs such as sugar- or backbone
saodrdted enbomecieoli des 60reledeeayrs bomlictenprides C Ehd N,

- The conpositions according to claim 17 or 18,
Oﬁh%r%?nhgg?ﬁoa%Pﬁﬁnucleotide or si RNA, respectively,

contai n deoxyri bonucl eoti des, ribonucleotides or

nucl eoti de anal ogs, such as methyl phosphonat e,

S

3nor phel iaregstidsphorodeanidaie, lpisesphorvidreobteRapapd Rs are

CER@b3g'ﬁ§5¥gcgyﬁkﬁogkgﬁn%nghggi'i%Qa'Cﬁ—%ﬁtgﬁﬁzlpggéker.
Vitro or“ex vivo transfectiron of Tive cell's comprising
introducing in the cells a conposition according to

anyone of clains 1 to 19,21 - The_nethod of cl

20,
4 conprhgi ngPBRPAGTARRSNOPAr FidHovn t'EHF SHhol rné?%N&Q are

i18tnPlégonucl eotides concentrations to nedi ate gene
silencing. 22- The nmethod of claim20 or 21, for cel
culture, for both adherent or non adherent cells, for

S NG Lonel NS0 5! 0% 3 L9200 200, WA e

appl he e of’ anyone of
alRy22radistAy bhansf eet icanapketiocol s applied in the
presence of serum 24 - The nmethod of claim?20 or 21,
to medi ate HTS applications when a reverse

6! LaWeeCéér{?ﬁogiﬁ’f@gHr%fi SIRENf of Meghedain H]etaéld Rs are Cl6

conpositions according to anyone of clains 1 19,
albylusadasatlsugsd E is C4 alkyl.

7 - The compositions of claim 3, wherein R; and Rs are
different.
8 - The compositions of claim 7, wherein Ry and Rs are CI18

and C17 alkyl chains, and E is a C2 alkyl.

9 - The compositions of claim 7, wherein Rgq and Rs are C32

and C18 alkyl radicals, respectively, and E is Cl alkyl.

10 - The compositions of anyone of claims 3 to 9, wherein Rp

and R; are H or are 1linked together to form an aromatic

cycle.

11 - The compositions according to anyone of claims 1 to 10,

wherein X is N-R;, R; being CHs.

12 - The compositions according to anyone of claims 1 to 10,

wherein X is S or O.
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26 - The conpositions according to claim25, under a
formsuitable for an admnistration by the oral,

weysisa#sg or topical route, wherein said conpBeTABINE001774
are in association with a psarmaceutically acceptabl e
inert carrier. 27 - The conpositions according to

131 ai Fhescenp26itionsi adgordgng rtegwnatdngy of febainn 1 to 12,

ng§e§§p£e%§iQﬁ:p%roqﬁror nore target proteins

reésponsi bl'e or i nvolved in genetic- hereditary di seases
or conplex genetic diseases. 28 - The conpositions of
claim?27, for the treatnment of cancer, viral _

1 nT eERP ORSMPEP LpAPASI FECORPEELI Rs amypne Rigtkvgnepfl to 13,

£OHELTACad | RORNY ﬁ@ﬂ‘é%?i )an%gg%'-t derivatives of

anmphi philes of fornula r a neutralform by

sel ective precipitation in nmethanol /water /acid out

f reaction medium 30 - A nethad for the nt hesi s, of . .
18 LE8% SARPPELEAPhancs sdrdtula o et it o  TiBld s a
pleC S &t Ny 1 O ayenen@hecl ai ms det DvdOiveonpri si Bgch as

el aborating a branched | ong chain, whose hydrocarbon

digteoyrhpirhabddyycthassienine PeBEpri R FROAGESerol.
such as illustrated by the Gignard coupling reaction
to esters or al dehydes. The synthesized hydrophobic

1part Toenteimys =l tpramar §£ oangenenddr ycladooholl & 15, wherein
iJlustrated jn formula IV ; HOE-R4(R5) (I -

St | VeI AP T HeChtdBhoP RGRLYT oI | Abéng8¥%§F§P8ﬁ'to
a nmet hanesul fonyl derivative, of formula (V)
MsO E- R4(R5) and/or other classical activated

1Herivat T sGORPes ifdlomgeneoder i vdeiies 16 wherein  said

oligonucleotide is a siRNA.

18 - The compositions of anyone of claims 1 to 17, wherein
said oligonucleotide or siRNA, respectively, comprises
groups for their stabilization against degradation, said
group being selected 1in the group comprising purine
nucleotides, pyrimidine nucleotides substituted by modified
analogs such as deoxynucleotides, and/or modified nucleotide
analogs such as sugar- or backbone modified ribonucleotides

or deoxyribonucleotides.

19 - The compositions according to claim 17 or 18, wherein
said oligonucleotide or siRNA, respectively, contain
deoxyribonucleotides, ribonucleotides or nucleotide analogs,
such as methylphosphonate, morpholino phosphorodiamidate,

phosphorothiocate, PNA, LNA, 2’alkyl nucleotide analogs.

20 - A method for in vitro or ex vivo transfection of live
cells comprising introducing in the cells a composition

according to anyone of claims 1 to 19.
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- reacting said activated derivatives, in particular

nmet hanesul fonyl derivatives, with an heterocycl e of
woaomswoasgVl) wherein X is NR, S or 0 under speaBioo®dh1774

conditions to obtain (1)or aeacting said

met hanesul fonyl derivative (V) with an heterocycle

illustrated in fornula (VII) under specified
28O0 O POLAT B L 18 BB CLORYE:Si0ly LU A lddar and
down to picomolar siRNA or oligonucleotides concentrations

to mediate gene silencing.

22- The method of claim 20 or 21, for cell culture, for both
adherent or non adherent cells, for functional genomic,

target validation and therapeutic applications.

23 - The method of anyone of claims 20 to 22, using

transfection protocols applied in the presence of serum.

24 - The method of c¢laim 20 or 21, to mediate HTS
applications when a «reverse transfection procedure 1is

performed.

25 - The compositions according to anyone of claims 1 to 19,

for use as drugs.

26 — The compositions according to claim 25, under a form
suitable for an administration by the oral, systemic, or
topicai route, wherein said compositions are in association

with a pharmaceutically acceptable inert carrier.

27 - The compositions according to claim 25 or 26, for
inducing a regulating effect on the expression of one or
more target proteins responsible or involved in genetic

hereditary diseases or complex genetic diseases.

28 - The compositions of claim 27, for the treatment of

cancer, viral infections, or parasite infections.

29 - A method of purification and conversion to salt

derivatives of amphiphiles of formula (I) under a neutral
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form, by selective precipitation in methanol/water/acid out

of reaction medium.

30 - A method for the synthesis of an amphiphilic cationic
5 molecule of formula (I) according to anyone of claims 1 to
19, comprising
- elaborating a branched long chain, whose hydrocarbon part is
obtained by <classical C-C coupling methods such as
illustrated by the Grignard coupling reaction to esters or
10 aldehydes. The synthesized hydrophobic part contains a
primary or secondary alcohol as illustrated in formula IV

HO-E-R4 (R5) (IV)

- activating the alcohol functionality by conversion to a
15 methanesulfonyl derivative, of formula (V) MsO-E-R4(R5)
and/or other classical activated derivatives such as

halogene derivatives

20 - reacting said activated derivatives, in particular

methanesulfonyl derivatives, with an heterocycle of formula

R2

wherein X is N-R1l, 8 or O

(VI)

VI)

25 under specified conditions to obtain (I)
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or reacting said methanesulfonyl derivative (V) with an

heterocycle illustrated in formula (VII)

Rz
x—ji\
\ ﬁi)
Q\N Re v

5 under specified conditions to obtain the heterocycle of

formula (VIII)

»

Ri  Rs (VIII)

10



