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1 "Conpositions for transfection of oligonucleotides
‘active for gene silencing and their biological and

t herapeutical applications" 5 The invention relates to
means, conpositions and in gitro nmethods, for delivery

of ollgonucleotldes particularly small _interfering
“ORmrosdEdrgaafed ‘asa%$mmr°@afotleg}>nueéaph§d% Fgpive for
| ngghbeenahiol Rida iReBlisalonaly %a&eg!ua wesag:&aafcal

ex vivo or In vivo. 10 RNA i nt erence Is a

potent technol ogy for apdaitiensi’ng at the nENA | evel
(Fire, 1999) (Tuschl et al., 1999), providing
sequence-speci fic nRNA degradation and inhibition o P as. £

Thep Agvestiopr BeftrRsEORC (WPaRE: e1oRPSitiRgE0F Zé’rrﬁi‘érﬁé‘eé ods, tor

0] al
A S A P CORUR S 18T e BV B aEhEmaa Loy b Fering
RNPdue(tlesaglpa’em ctaaksl e de&lﬂlgn @eaeafver)seqdmbsl%f to RNA
Rl e ' ecjfi

:an%} ere%‘t%ro \%%ee\é%%&ﬂalg% 0%132% ?h cﬁlqué ex vivo
or timandgfvect i on mnth a delivery vector, 20 SIRNA has been

shown to effectively silence exogenous or endogenous

genes in a variety of marmualian cells (El bashir et
RNZA| .int2@@FtrenSanl (RNALEr fiy i g RWAendr etebbnblogy for gene

SRR B8 LRE St By o o

199393t ent?r&(ﬂ@ﬁﬁfﬁZ&elq\é‘&Bé#ﬂJ?édﬁ@haﬁﬁ mERR00HR9ASE8BEion and
references (Sjolas et a 005 I m, et
’?365‘—)1 {PEQF P ypig 215??%1 %5 Artd / hgiPeO%mZamm
et agliyi byoon nBaR@bh@Netehll . <;uI2t0l@ro¢ sppatretsh( Bar rash, e2000) .

al ., 2000). 30 (El bashir et al, g (Tuschl 2001)
RNA§hordis d@RNaLgh erﬁfo%élasur’@aocv?% due’ to a

pré&’ﬁfﬂ&@l@ N BRES 0 AChcBBvd hBegubhlte s 06f short dsRNA and to
uence-specific mENA degradation . The, nps

th%ff gatdnghoraf omesd fher emRYAp osBReHT %%r%uced in the
Jlaes% ide lQngs VQ#QQ%Q%QE%BQTRJ:&%OOZ/ QEhA kb e vector,

nuc eotides 3'-overhangs are present on both ends of

siRiffe d@RNAbGEhba%hFPWn ett0a| effﬁ@bl\felyrhélsl@@@@ss SEPIRNRAPS Or
&*@#)e% L AN L SN KA hir et
sttucture an cer?h#éggyr#?sgggﬁsysten1 V%en?ﬂl e

alcorgfiled to antlsense or ribozyne technol ogy, the
secondary structure of the target nRNA is not a strong
limting factor for gene expression inhibition with

SmalI%@htdﬁﬁgxrngQNMA$equ&n@asrmawobbleFEECahdedfBNAa (dsRNAs)

iven the 10 s [ nd .
ha i e HaReER: FEsFoERbiA dappaRgs Taomdd B0 7henucieotides
(segopatents duBNA2daiBRuer end tal AE19154 &AR) pﬂPZ@@lﬁD%ﬂ$§/33, and

Lnh the cytoplasm renmain the ting factors f
reffrensamt O} ndflr atHer th%#?f)arg 1 b ei B ”ty2005)),
pabyidilensiyRNA9-23 MatyleysicRs obndel haesy mvze usetilbity in
for_jntroducing oligonucleotides into ce

mampa 4 | yeehbn- §PFEPr9eCF8F§eB§sedP&ﬁréﬁkloﬁt al., 2000

(Elbpéwkrediated, traoefectiterchiycheest) O sgef:ectcamNAs, when
TRANSI T- TKO, LlpofectAnlneZOOO S| Gui de, RNA Fect

bagprRiierd, Witherpaized mi kOVEILRBILRPRIGRIS ) act as the

gutlgd i Veby- 'ééq‘%:%ﬁ%"ea%beéf?f%‘t' RRNA PQUSYPYGRATA]  The most
systens, cationic |lipids were shown to rel ease the

effieetive shoxt idpRNAe esﬁr@pp&gmssm &fi Kyoedr yucleotlde long

t? 0 UPE«H & |s@6nf OLHREI O t hharticularly 2,
y s%hg?* ser?neq?Ze phaﬁl and Szoka, 199 )ar rentanty
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25 The non viral vector system advant ageously
conprises cationic lipid- or polynmer- or peptide-based
waledosefoys r eagents. The non-viral vector systepat/s2807/001774

formul ati on conprising at |least a delivery reagent and

addi ti onal components for stabilizing the fornul ation,
nucletcangtﬁs nY TeVeBhang8saes preseganen Grotimeendsiaf 8de dsRNA
(Elbads a’rESf%cCté on ej(jd ency. The present invention

es a 'new ¢ ass of non viral transfection
agents, belonging to the cationic |ipids group, which
are particularly adapted for the transfecti on of smal

The SNSABI DOAVNSPCIFPEREST ORI PR Siedlength, sequence and
cheleJa{Jgoné’tcﬂL?éHdﬂﬁs arkspesh al by 1 he, speghii 6o Lot eggg%bgn When

smal | nol ecul es with ol i gonucl eotides pronptéed us
compatr@d dési gﬁm’lalfﬁélwi%l &5 viboeamsf dotdlor bgent s.tie Maagondary

stru% ecuIETﬁglnq: g%gpgg egrﬁﬁfggtﬁléggggfle {ﬁggi%g factor

for regéenect eb@zterw:forbl nﬁnngbﬁmﬂeﬁ Wiy er saRARI. ON Many  siRNA
bet ween stacked base pairs as exenplified by
Sequ%ﬂﬂ%ﬁuﬁ#%eb%re@?ﬁ?&#ﬁﬁlHFH%1@e9119n2¥@®%th%ﬁﬁ%ﬁ1cT%%%r the
t het-e
= e e e ae oben e d o Ao 2o well as the
amourpgol ganmds@dAsspde hivered speroedisge, ﬁ))d\/lp@rtecuduaely in the

i nders Xt e ded het er.oc clic tructures t
cytoriddiy ety Thtob Biba0E. SRCBRAS e et reteth bilencing
rathdPitHan st @@cM&ﬁﬂ@y Hbpotwgk | siMACt i ons. Such

ollgoheterocycllc nol ecul es are best exenplified by

the antibiotic netropsin (N—nethylpyrrole cont ai ni ng

oI| i de)an in Cho dog
Many ggegg%oo)gf q%?%onuc eot e E%%%@'sh?ﬁﬁé j#t¥oducing
oligdﬁdﬁhdﬂﬂldeﬁntﬁmﬁb mbeﬂéslnt@mmaba&ﬂqn remmmﬂ$1ral vectors

: ossi bl e, Van der al, s an .electrostati
baseéaj iﬁ

bi ndi
G88 oG el or bhBiE g e eeh  GREARLFRCLIATY anch s

Ollgﬁ@!ﬂa‘?ﬂﬂml or T@AR@Me.TikD Part i,egbakcthinin@@az0l €  sicuide,
bi nders such as AR-1-144," 25 desi gned as i m dazol e

RNALRgstai e BFe¢oguestof TritSlopsi ate ( Yaag ketes . ,for  siRNAs
deli %?) :ﬂgve gﬁ{%g&%edtgur %&Eﬁﬂﬁjthp ﬁéfhgagg?2|g§stems,

am no group Torns a bi Great ed bond
caticsiide-bysidie Watémspaivh (tangekdasd . thd99clelie aeisd in the
of the nol ecul e seens to have nore hydro%hoblc

Cytonlifsdt act P bRRWIRE hi #3HY ni FRACIIYY 00VEP LEL Ssh Rl py SompLex
formathOPAEH JHY KHY© &b Bl N A (piagi ehndl szok899) 996) .

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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4 sequences of DNA. It also binds to RNA at "bul ge"
regions, where it fits into a pocket forned by
WO kmBesmss/'e base pairs, as in TAR RNA ( Dassonngwi/ig200701774
al ., 1997). 5 The inventors have found that
. transfection efficiency could be obtained by conbinin
sizedarpblgqputektebifge- obsPAféprésy Wheh sretifie interaction of
a i phid i h.oni s st.abl 0 | ated as .
sma 1 R e R T e "o B frapton =
new dlayes &t ayacifeitide dgetndi on to provi de new
nol ecul es useful as transfection agents. It is another
obj ect of the invention to provide conpositions of
Many { NESEOR| 86Ul 83 rdsefwd T apubiansiGdiby oligogécleotides
anot her object to provide a synthetic pathway and 15
(dsONgf.f iHieantcpurbei davidadminirod tharees aild sagehiphihi cespect to
their”%h?c sz.(ﬁﬁgoyding to still another object, the
i nventioh 1€t 4tes to a nethod for transfecting cells
1)  iimteddaliagicl) bheweBrendt &okad S@akel ap@r§0as exemplified
conposi tions for, use as pharmaceutical conpositions
by quigaqridfciny eEhtiehiHmtidnkdeect on the expression of

2) e e aecfcar gff‘fd pgo_k%inl&s Eﬁ;ggﬁéitglog.sf OfiiRh heteroatoms

involved 1 n genetic diseases. ccording to the
from i nveet i odigdmaiesmolecubeskbspéul sas ageaesvedr for the
t r.ansfection coqggsitions of oligonucl eotides, nore
0

polyagungs, FRFINENT §F RSt Ert%r ence, conprise a

3)  eaki@ni corBbety aBleddes bi ndigyd)gonuekeehiddes brundrbeyclic
a lipophilic nnietg whi ch enables the nmolecule to
struciuges tthall  biHl bihaydeenpf méapr IToesitbrandNA gyl interact

mainl&oargé OG%BS%CE”d\?g%lﬁ???/agl%]jlz—%cﬁ’lc-lrhf t@%?@'ﬁ&?ﬂ t.h ch oligo-
el'ates to anphiphiTic cationic nDPecu € 0 Fornu a
heterdoydB3 Randbdc@les Sambkeraat edemsl NEREJ SyortHe &htibiotic

bei ng ad - | kyl radical or an hydroxylated C3- C6 ,
netropsSigy &Sb]“te%}yalﬁyﬁr%?“a?fﬁi‘?@slfn%%nt? LYORFPHF fPer efRd  iTs

analdog®iR e8etantd Om & Ok Ak Warn@di cadoopr R2 and R3 are
It nked together to forma saturated or unsaturated

cycle or an heterocycle having 5 or 6 elenents, 15 - E

Ribonglscfl%ogi' e05 haellkiyc!esSpas%e#w ﬁ%lm anddﬁétizilgtent f&g‘bln?és 1 while
ifterent, represent saturated or unsaturated, ['Tnear
intereofalbrdrehed, r£M0i 86 hydisedarlleon orvdh uor dear borwaals and

electg;%:tg%'i@?}égngggén?noo etsl oggélll]):/ %?:ré%relrselnq:giaolsl_yOGirzlo the deep
and sometimes shallow major groove.

In particular, tri-imidazole binders 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 1is an equally known

Minor Groove Binder and shows selectivity for AT-rich
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A- is a bioconpatible anion. The heterocycl es forned
when R2 and R3 are |inked together are 25 unsaturated
or saturated and have 5 or 6 elenents and conprise C
and N, S or O as heteroatong. WO
2008/ 004058PCT/ | B2007/ 001774 6 According to_ a
sequeiery edfe@bddi nEnt adsot dndsvein | BNA RE ameFge| nregions,

whég%ngg fﬁ}% aLe 014-0 cgéT&ydfaMop rg@ae@éssl@@dbgsésgalrs,

spacer. n a preferred group, R4 and
asaim TPdierﬁNPcdlDaSlS@Daevaﬂ}tlagebu@lniolle&ﬁﬂ)es R4 and R5
are 018 al kyl radical and Eis 01 alkyl. 10 In other
advant ageous nol ecules, R4 and R5 are 016 al kyl
The atthvoetiomnhave sE@mdl iyt ﬂmnarf@phepnpﬁéifépﬁéﬁcy could be

roup, R4 a f | 6%+
Obgﬁ%resg %ggﬁgngésa?éeé gﬁg;‘ogu%%b llg%/)l e((r}fjadﬁgla srest with
speespiact amphypliti € lcatﬂanabkydolelcnl@sh@rtahSJYecﬁ?@Eubﬁted as
erest, .R4 and R5 a radi cal s,
sm?gépse]ﬁefq/elllfosgﬁ‘gSEwﬁ[st%ngaFggg &%gugir iger ably, in the
above groups R2 and R3 are H or formtogether an
aro iccC ar t nz r
Tthis 2\%6%‘}/07% g % ’éﬂ‘/ ]tf}/‘{enc;cs py%ggl %&% d% n%(b gglecules
uséfuPadd Itcktﬁrwﬁed&uo& HgB]ntsRl bei ng for exanpl e a
nmet hyl radica ternativ -
It Ad§ aAPQERSES PYS oF 0503:&‘@ n&ﬁnﬁlof’s%& pr%v:%% coppgsitions
of | ENESY L8Ry els¥ifed tforcepansiécansior the
transfection of_ oligonucleoti de act i ve

Itsiien@Rfhescc8PArS tBoarP nBnt 5 {ﬁléeiﬁ: nve RatGway and
efEELALES ﬁ&lﬁ@:@&ﬂ:@.‘?ﬁ{ }RADIPEI L1 B&ﬂ@ﬁxﬁ}ﬁﬂjﬂmllc molecules.

According to still another object, the invention relates to a

method for transfecting cells in culture,

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

for or involved in genetic diseases.

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
whiéh enables the molecule to cross the lipid bilayer of cell

membranes.
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7 conpositions wherein the above defined anphiphilic
nol ecul es are fornmulated with neutral co-lipids that
watmssbsakd € upon prol onged storage. 5 Suitabl epcT/1B2007/001774
co-lipids are phosphati dyl -t hanol am nes, such as
di ol eoyl phosphati dyl - et hanol am ne (DOPE), |i pid-PEG
The igomnigatre Wrushbebatesoko amphiphdilier aatbodiiemolediele of
formJ nv%gtion relates to anphiphilic 10 nol ecul es active
Wit K Jt addition of co-lipids, in particular those
with branched R4 or R5. TRg invention nore
particularly relates t ransfection conpositions
conprising, in additng 0 an anphi phile part
formul ated with a neut Rspi d, at |east one
ol i gonucl eoti de 15 resq?nsible for the desired
bi ol ogi cal effect. ﬂﬂg'“n%entx%n t hus provi des a non
viral delivery system suitable f6§)introducing dsONs
(ds= doubl e strand; ON= oligonucleotide) in live
cells, especially siRNAs. 20 Sai d oligonucl eoti desor
wheredinRNA, r especti vel y, can be stabilized agai nst
degradation with suitable groups, selected in the
group conprising purine nucl eotides, pyrimdine
- X Agcheeatj,dessuhst 0f utkad byimpdiefl icd-ahabdgsduchadsc2d or an
deox¥nucleotides, and/ or nodi fi ed nucl eoti de anal ogs
hydrogydRtgd Sigal-ortdekodifetisth¥i edr i bonucl eot i desor
deoxyri bonucl eoti des. The ol i gonucl eoti des seguences
can contai n deoxyri bonucl eoti des, ribonucleotides or
- Ry rard eBsi dé damdlioygsl (Ver ek et eBdkst eepres$e98) H saeh aasCl-C4

nmet hyl phosphonat.e 30 [ler, 1991 nor phol i ng
alkylph%%%hg?gdiéﬁfdg?efnﬁagkﬁh5P%?h'%g%gd(Z%ﬁggk ey form 2
saturk®8l) orPNAdalapsere@ndy¥eaget, ag004xeroNic12 aldeying 5 or 6
nucl eoti de anal ogs (Kurreck, 2003). WO

elemepgg/ 004058PCT/ | B2007/ 001774 8

- E is a Cl- C5 alkyl spacer,

- Ry and Rs, identical or different, represent saturated or
unsaturated, linear or Dbranched, Cl0-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 invention also relates to a nethod for obtaining
the nol ecules of formula (1), conprising a
w@oshoad i on and a conversion step to salt depewasyem1774
of the anphiphiles of formga (1) under a neutra
form by selective precipitation 5 in
Acconbitritaniod / svapeefackddoetmboflimhetr edctthen imedinimon, Ry and Rs

Adv ousl t hesi s of. the :
in SR PREP T et 630 s ReAE Y. Tad e Tash Bria @ Cl-
c4 aﬂuymu&ﬁ&bé@ng chaln whose hydrocarbon part 10is

obt ai ned by classical C-C coupling nmethods such as

illustrated by the Grignard coupling reaction to

In a ?ﬁ}e%srﬁd pér’fl%de& ale ngggge%%ggﬁg?ﬂr ophobi ¢ part

ntains a ry or secondary a as illustrated
|n formula IV : HOE-R4(RS) (1V) 15 Activation of the
| cohol functional by conversion t ,
In afRARRUT R SHBE Foar Reoants oRhgl S 1Lkyl radical and
E is M30-8-R4(R5) and/or other classical activated
derivatives such as hal ogeno derivatives; 20 reacting"
said activated derivatives,in particular

I o Ao a8 00K 004 GEACT! 1200 00E77HIG op e alkl

radidedactamy Baigd qetdBbioesul f onyl derivative (V) Wi t h an
heterocycle illustrated in formula (VII) (VII)
under specified conditions to obtain the heterocycle

In ardcrfoidMd @ dMdd 19rdidp, KM Ry are different.

In molecules of interest, Ry and Ry are Cl8 and Cl17 alkyl

radicals, respectively and E is C2 alkyl.

In other molecules of interest, Ry and Rs are C32 and C1l8 alkyl
radicals, respectively, and E is Cl alkyl.

Preferably, in the above groups, R, and Rs; 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 is 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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In said fornmul ae, the substituents are as above
defined with respect to fornula (1). 10 Wien X
wo epseserd S - N-RL, said nethod further conpri SEST/&$2007/001774
al kyl ation step for X, for exanple the nethylation of
N with nethyliodide. The al cohol HO E-R4(R5) (IV) is
compagsiti hartedwhg reédnv efls¢ orbioyel tdeibnedt anpesiifidniyd molecules
ster us i on e al ohoI ol vent
are %ormﬁﬂﬁgeﬁs gﬁggntageous ‘?ﬁ ﬁgﬁ Bgﬁ% e tggie upon
proldiferdiadtdgn bei ng used for the reaction MAth
met hanesul fonyl chloride. 20 The addition of the
het erocycle to the sul fonate derivative M-0-E-R4(R5)
r y.car d i 0 cLLan
S e A e e 2t U gPapER SRl SRShEED such ac
dlolQQMMQHQﬁyhﬁEm@ybboathaﬁélam5n@uNmﬂﬂﬂﬁAcﬁipﬁdfhEG conjugate
%ffrlbeqaanphiphilic nol ecul es out of the reaction
chg Ind conversion into a bioconpatible salt
form are advantageously carried out by a specific
preci pitation nmethod. Such a precipitation consists in

In ago@hpit igHodinenet hdhs prusntacer Fidtee fa | sReairhilic

mole&)xl VQ@QP\%O g%%%@’d%%&&@@%ﬁ%olq gﬁ@g Olir?d artlcular
acidi f1cat| on y an acli generating preC|p|t

thosaﬁWﬂmmlnnnﬂﬂsnbnﬂﬂmgrég salt (I). The preC|p|tat|on

can al sp be done with othe cohol / t 5 .
The Sh%ﬁe El?%opPGﬁ%uﬂ9%%ﬁ%ﬁu{ﬁ§i%?egel? 3% aﬂﬁygéﬁaégggactlon

compd¥itth AAveedampRGisdsd, N ehdesqiiPr96h tH® an amphiphile part
correspondi ngsal ts, suchaschl or h dr at esal t shy

formw%ﬂﬁﬁd|W%ﬁhoﬁ WQthﬂﬂ(ﬁi@%ﬁnca cil@asto apr pipespreseotide
re pre [ r ysSolvent the
resp s B PR R SR e 8 O GRa"1 o et on
of thls solutlon into water. An appropriate organic
solvent, is ethanol. The resulting 15 |i

The f%ﬂWﬁﬂQﬁQan$thvwﬁ%ﬁv%ﬁﬁ%nt%géb vahﬁggsgggﬁ}¥e5V system

suitghut 430 nﬂh‘ﬁ"rb'@lu%l’ih%r roys$t riiQyti omdubitehei st 842@;  ON=
Appropriate si RNA or ol |gonucleot|de are then

oligaporlesxadiani tin skhive | ¢pbsomespeitr bl yoaiR¥ASshown in
t he exanpl es, the nol ecul es of the invention are
particularly efficient systens for delivering

Said 0l igapeheQldcddsie£spe al sy ReIARNA, regpeukarmedlyi,c can  be
cells in culture. The invention thus also relates t

stabiggiaast 39r 1 AnsPea Gt ish cel il 5&7‘15PP&@nM%‘é@?de§e?eCted
in gﬁ% atdrr&gl engofblr§RG ﬁ@fiﬁ?m JiN RN d NdugiRYmidine

rising intro uct’ on a conposition such as
nuclaunxdeakﬁ|suhbt1tmtmdcelb$ 3@0&mfdedonp@8aﬁpgﬁs such  as

deox é{u?civl:ﬁdgr}&%l gsg%vﬁé?#ddgé E&e‘g ?91(:] gin!a.efg%isngsuch as

sugarconcenyrat i ompadddricul arhbﬁd@fl@@nomh&rbc&%Mdl@s or
pi conol ar si RNA concentrations. The hi gh gene
deoxywjihaigicdg athide bt aiThied | &ligonucleotides  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), LNA, 2"alkyl nucleotide analogs (Kurreck,
2003).
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WO 2008/ 004058PCT/ |1 B2007/ 001774 exenplified by many
targets, such as luciferase, human GAPDH, human | amn
Wa@Ld0s/00f0sgTuUr i ne vi menti n genes, W thout side epdEOf2007001774
of f-target effects, or cellgtoxicity. 5 Said nethod
can be used with eukaryotic cells in culture (both
The da@nddoror 2461 adRePERE cEPl s§, Merthddincidonalbtaining the
' tar alidatio b N.VILVO_Or_ ex. viVvo, .
mOlet efgbgﬁii?Oggbl%baé?Zhs.gaﬁﬁ?%gln tﬁ%dgﬁrﬁﬁéﬁétlon' and  a
converndent | Grtepantie peitordedivatihespresende ofangdlipniles of

£ qﬁ%nﬁ $he transfection protocols, The nethod of the |
ormylg e AT} oA pat t PEWTARY TRERUI PYo TG v geREecipitation

in medHAWI N dr HHSL @PPht C8E T ERS PEaSERYA REQium.
ol i gonucl eoti de 15 when a reverse transfection
procedure i s performed. Advantageously, the above

rave A EPTPRE SIENge O S AL DNCE & LRI A1 Mieo of

formdmptggngohgggggg;ble for or involved in genetic 20
di seases. The invention thus also relates to

- Elpbgnraféeni ef eomgesiaisshslangchasimbovieodef hpdgofarbon part
. uUs : 0Si,25 Ld. osi i o dv usl
oy e R PP o8 B e Bl EnB o ReEUERL "ston as
ildovnatrasydt &y cther Grapheald raui iang paychéohn to esters or

ssocgi ation, wth a pharnaceuti cal l cceptable inert |
21 J3RVHIER: 30NSai GYEGTSESI A5 b Y PRRAR  CuI BRF uSERERinS &
prifhrihert EeALABALYOR16BRGA! asViinaludtHAdd oS fHmula IV :
parasites infections. W) 2008/ 004058PCT/|1B2007/ 001774
12 Ot hers charact eri $0-&s RindRadviditlages of the
invention will be given in the follow ng exanpl es,
with references to figures 1 to 10, which represent,

- Actespetbhvelfy the alcoholti glilrectlionSeliee) | ¢ &thversion to a
efficient RNA interference of 5 luciferase %ene

: : (pG.3
e SRabF 5 AABRHbs Ry TABIYGL e TR GLSL UCHSPRRARS (RS)
anliy8pst egtRd Wi thatbechor my atinn JON 4DOPE19M MM idy a5
et hanol ) . A549- AL3Luc cells, stably expressing
hatbgehacidéeiustigene, were transfected (in 24-well
tissue culture plate format) with 10 G.3Luc si RNA
concentration ranging from 100 to 2000pM conpl exed
with 2 pl of equinolar fornmulation conposed of
MONI / DOPE (1mM 1nM in Ethanol). As unspecific si RNA
T EERGEINT si RRAmatREFHERERE ARTiAFEYeSe séduenparticular
tRRANSIRGHAO | BeLhigasamR condidiipne pludidalasscle o
gene expression was neasured 15 after 48R i ncubat |
fermmod.a EXfEri ments were made in triplicates and the
luci ferase activity was expressed as Rel ative Light
Unit (RLU) normalized by t content of protein in the
cell lysates (ng of pr??e\n).
Sy” R
N© T v
wherein X 1s N-R1, 8 or O

under specified conditions to obtain (I)
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Figure 2. Selective and efficient RNA interference of
20 luciferase gene (pA.3) stably expressed by
wihS6dos8duc cells by A3Luc si RNA transfect edpai/tBrob 1774
formul ati on MONBI/ DOPE (1nmM 2mM i n et hanol ).
A549- GL3Luc cells, stably expressing the |uciferase
orgeneacieng tsahdf ceeeaiesulbongel | déssuettwd t U with an
late format) w.th 25 GL3Luc Si.RNA, ncentration
he K5 Fr o285 B S OOHNC e dRe i ¢h 2 pl of
formul ati on conposed of DOPE (1mM 2nM i n
Et hanol ). As unspecifi i RNA\control, siRNA matching
the OL2 luciferase segueljce re transfected in the
sanme conditions. Luci %{ase&gene( ressi on was
nmeasured after 30 48h incubation' period. Experinents
undete speeifietiri pbhaatesnandtd heodticid erdse aetberdaycle of
was_expressed as Relative Light Unit (RLU) normalized
fopfrud e (géﬁttznt of protein in the cell |ysates (ng of

protein). WO 2008/ 004058 y B2007/ 001774 13

Figure 3: Silencing of_lLucifefase gene (pG.3) by
GL3Luc si RNA transfec :dﬁ\;mth the formul ation

MONI / DOPE (1nM 1nM i n roT), effective even at the
pi conol ar range of si RNX A549- G.3Luc cells, stably

expressing the | uci fRer/ESE gene, 5 were transfected
(24-wel | plate) with*G3Ltc si RNAVESADI exed with the

i gml r [ of 1 ;
T A L o
respdat SA00RMmUlkci fBY ase gene expressi on was neasur ed

after 48h incubation period. Experinments were made in
triplicates and 10 the G.3 luciferase silencing
when e | ebpRe¥enRs calcul at esh fd omdiR LNARGYMRAUYS comprises an
luciferase | evel of untransfected A549-G.3Luc cells _
alkylkesvireal | $eeb b ortheX coheenexafipgeottdien nathréasapn of N with
meth}lyisc{%fiee'. . Figure 4: DLS neasurements pf
particles size showing a 15 rel atively nonodi sperse
popul ati on of |iposones with sizes of 100 11- 10 nm
Li posomal _preparations at | mole of anphiphile wth _
The 3L5qial KBRESRE 101 oneY of L DOPECWERE SR BURIRRN o7 ST i &p its
methMRILr Ay desdi bed apove,sJdies P tigke ghee Qi cbhgse in a
1 posomal™ 20 preparations was determ ned by |ight
solvegdat tldrieng pysiidinze Zet amesdean{adeves hy | nerepaeat, a high
r.say,. France) with the follow ng_ specifigcations;
cone TR (T 56788 S0 ats Sbe Ter b er hRgPYFony ]
chlonidggcosity, 1.0 cP; refractive index (R) nedium
1.335; Rl particle, 1.47; tenperature: 25C, at 633nm
25 | aser wavel ength. Particles size determ nation

ed, d i tial ne e ; :
The b o Sy M e IO e vt
Ms-O-EatRdr (RSt abi$ i t preffelrapdyonesnmafieat lowbnt byof stariaome the
at 5C)..Measurenments were made jn triplicates. _ o
reactygn gu?lé’l\‘/g?lreonpaa? ati?ve E?W@ﬁﬁ?h@rgffi?ﬁ en@%o(%‘ft 50-1007¢C,
advarltGdRisase ang (PBLSE) by G3Luc si RNA transfected
with the fornmulation MONI/DOPE (1nM2mM in water and

many conmercially avail abl e si RNA transfection

c S. 0 4 P 10017
rort SRS o BT OLODIPETLL B0 A Ay o o e
reactgeme, merearke,anshdcteon{@4siveh| ipltad e)a wottbcGPbitdble salt

si RNA conpl exed with %1 | of |ipaosonal forgul ation o
form,conBésed BRVRPRAOABOPE ivh ECRARGEY 1nfPEm\) P¥n wat er SPecific

precild AR CHEEISd al Isnayaid abh@ecipitation consists in a

dilution in a methanol plus water mixture followed by



10

15

20

25

30

5 transfection reagents with a si RNA concentration
ranging from1 to 10 000pM Conmmercial transfection
wo emgenfoss were used at their optiml conditi onsCT/IB2007/001774

foll owi ng the recormendati ams of manufacturers (see

Mat erial and net hods). Luciferase gene expression was
cont neddsdr edaaﬁdéﬁiﬂahibncub]ayi oramper iagd.d 10HExpegenenasing a

wer_e . mad tri cates and t he 3 ci ferase
precipltate fhfel mog:r]fcy RS &l aﬁagt_lt { m t he

endogenous | uciferase | evel of non-transfected

A549- GAL3Luc cells normalized by the content of protein
The pﬁe@h@%@nomy%salﬁpgm gongef Migtlenp tHAPDH 1/water

enci n diffe S NA

e ot an Wt h TReCFoPRIPA(TahoET RERTEORL [ nihat  are
acidivateer (ﬂznﬂs/thMqueous Agbedent Hela, oCaleki , &wd Spe# the

el I s ,and non herent K562 and TH ells were
correEPRndt s ed WL CAPEAS maeonpﬁg%sa%oadffﬁ%e salts by
acidiffeamliadhn e MO drimfM 2. in water. GAPDH nRNA
20 | evel was neasured by branched DNA assay after 48h

I ncubation period. As unspecific control, siRNA

t chi u sequae n .
the THANGNR UL RLAL e SBGUAIGE (LI, O Wikansc solvent
the omdeipidt angl idatesatahvet b GARbkisa | €0¢i nnef fingieendyn of
was cal cul,.ated fromthe endogenously GAPDH | evel of 25

this SERYELIRs Lol aLEM s. Figure 7: The MONI/DOPE
formul ati on nedi ates efficient Vinentin gene silencing
in 3T3 cells. 3T3 cells were transfected with

An a@pnr@@triiﬁtgi R&geohs! exed warth titve marmnE The resulting

for t|o th a si RNA conce tr a g
vipossgah St Widhh. Fh NPsER ma s R el SPRrRRs e of
aboutV\&&Dehﬁl Rlieh af herrrd8h dinchiatddorpeld atheiAs <o r ol

of protein level in cell |ysates, GAPDH protein was

al so detected. WD 2008/ 004058PCT/ | B2007/ 001774 15

[ p 0 [

AP R e pore e T ene g e HEre ol cAeee with
said Hebasowkl Sowmemgd attriamsf ect ed i n nedi um cont ai ni ng serum

(in 24-well plate) with Lamin A/ C si RNA (5nM

conpl exed with 2 pl 5 of |iposonmal fornulation
As sHAWOosedtak MMNWJXIE i ohEt henelu(bsM2nMVEhien iwaterttion are

.The lamn A/C protein was detected by
partlpﬁ#@ﬁéﬁluoreg%gﬁk%lgﬁblnlng‘ﬂﬁﬁ“%%%t trafiSFect i orf@hbvering

A C an a c n ;

oo B FRBS PRIy o TG gl TRREfErAE "oBLLs in
cultutreansfecti on of si RNA conplexed with the formul ation

MONI / DOPE in water (1mM 2mM) induces sel ective and

highly efficient gene silencing. GL3Luc si RNA
The diddteibd ncREpladfscseremisseroed uRVEEE IR €x@sfection

(in 96-well tissue culture plate format, n=6) for 5 15
of eghls esttrpthn‘Ml@@thﬂﬁétl aedicnpigsed GENHON $ DoEEcing,

ter 0 4 3

parei LB Al e Y Dty agémé‘%nél% i ion of 2
compoBediom carhaias Blposer Wafierel addethepereMied | .

Luci f erase gene expression was neasured after 48h

i ncubation period. As unspecific si RNA 20 control,

Said SIWL IR LN NIpERe1Ee? SdiciEelRse apen Weld®genous gene
transfected in the sane conditions. Luciferase gene _
silengipgessifdiicienakasoved afeay 48Ry¥shcudhati Brperilely SiRNA
he_lucif t|V|ty e d R t
ConceEFﬁﬁ%lﬂﬁ thﬁ%dfiﬁgF%- zednggé?ﬁgg%oﬁﬁgnf@b q%%te foomolax
SiRNAI @dﬂa%dﬁﬁdtﬂdm$ateﬁhéﬂﬂl@ﬁ Qéﬁéesmlenain@L&HUﬂndhﬁ&mned is
silencing efficiency (Figure 3B) was cal cul ated from
t he endogenous | uciferase | evel of untransfected A549-
G.3Luc cells normalized by the content of protein in

the cell |ysates.
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Figure 10: Rever,se transfection of siRNA conpl exed
with 30 the fornulation MONI/DOPE in water (1nM 2mV
wovamsebdossi ent to sil ence the endogenous GAPDHOf 1867001774
cells. The optim zedireverse procedure of si RNA
transfection was applied to silence the GAPDH gene of
exemiNGEi2 G eby smasiyng- asi RN ,c osiceint eat ilmrmﬂfam:gaeseof H@0pM GAPDH,

to. ]l OnM a pl of the |iposonal .
huma odﬁ‘&dﬂo%&%ﬂ%’iod‘?‘f 74Vﬁ%elﬁm/[ﬁﬁ%e?0r mitGpPBh. side
effedPAPH rINA-d evpdt vasr seasir &8 &yl Queski &eee(r)

Branched DNA assay 48h post-transfection. As

unspecific control, siRNA matching an unrel ated

Said We élll a}gén%é‘lég) WARH te é/feof Il%d d&féqelﬁ‘ag&lture {both

ondi t1 ons. S|IenC|ng Ccl ency was
adhemaltculaat echdr omdiner emdogesnblus) y GAPDH fenetiofal genomic,

on tr cted cells er condition). Mter
targ ?iﬁga 1%Bherital slg]andv TP goftticl edfi d&d Vo {derapeutlc

appllqaitgqmgcl eoti des were chenically synthesised and PAGE
purified by Eurogentec (Belgium. Qigonucleotides
were annealed in | x Anneali ng buffer (50 mM KAcet at e,

The x?%?%émwg%g?h%f ?#EHE%SM for%%r%gme t %5% e %resence

ours~incu atl on room temperatu
of sediyperdssicig andk Sitand fecti b pestigendBswere from Q agen
and Bi oRad, respectively (United States). Transl T- TKO
and Sai nt-Red reagents were from M rus Corporation and

n%lm&h uXs EeePacival don GAPDEL SMARE 1 R0k @/R3498Nt td@fediate
from Dharmacon. 20 Si RNA dupl exes used: "GL3Luc si RNA

gene(ﬂﬂﬂancxmgxprEHRBlaQ@dlsEanDSN@ﬁ $1RNA or oligonucleotide

CUUACGCUGAGUA! dT '
en SRR Gt on Frdedite Frde it sey 10
N3 and SEQ 1D M) 5 - CBLAGOGGAAUACLUCGA (dT) 2- 31 3

dT ). 2GCAUGCGCCUUAUGAAGCU- " Vinmentin si RNA
Advaqﬁﬂgquq@y,anathcﬁpgwﬁﬁ)d%gngﬁ[)qpmp051tlons are able to

J.nduc_e?_?_%%‘%WJ%% %'n Xhe 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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Lamin A/C si RNA duplex N7 and SEQ ID N8) (SEQ ID 5'
- CUGGACUUCCAGAAGAACAITAT- 3'
WG 2008/06UDSACCUGAAGGUCUUCUUGU- 5 Al | reagents feeT/i1B2007/001774
chemi stry and starting natggi al were purchased from
Sigma- Aldrich (France) and were used W thout 25 prior
Otheqquzlﬁatmtwswss/eané wdventedesed ff ride SDS*@ation will be

ranc et h rvvas ied_and distille
giver B BRI o s o PR e A eREie™, it Sgures 1
to 10 orwﬁdwwgkdmg@ntrm@c@w@ sed from Fi sher
Scientific (France). D ol eoylig@osphatl dyl et hanol am ne

(FBePR)e | 4 fr%ﬁ%ﬁpaké{e( S e DOl /R ¢ \mterference of
P 00 74, |
1uc1§eg{£§$t 4 ?Qéé GHdIRA Z’cQBi% >$"§>|7rp U ﬁgl ad. TGRLAW cells

o the synt'hesis o es as
by GL3&mici fseBiNAn ﬂ'Ja@IhechtSCTabfluetm tAreo mEbirouRartt o®paeN I/ DOPE

(1mMHn3)IJp Latt%r lc)h'ai ns R4 RS

A549-GL3Luc cells, stably expressing the luciferase gene,
were transfected (in 24-well tissue culture plate format) with
GL3Luc siRNA, concentration ranging from 100 to 2000pM,
complexed with 2 pl of equimolar formulation composed of
MONI/DOPE (1mM/1mM 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).

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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R4 /| R5 Met hyl -3H O identical C18 C18 i m dazol |l um
(linear) (linear) MONS! \

w@ioobeddoys - 3- Met hyl -3M d i denti cal 018018 PCT/IB2007/001774
N( 1- Cct adecyl - benzol m dazohs 1- (I i near) (Iinear)
(. NNonadecyl )-3Hiurn CleBenzo- |m dazol-1-ium
Cliglure37910S1i32eldliog def luciferase gene (pGL3) by GL3Luc

SiRNA transfected with the formulation MONI/DOPE (1mM/1mM in
ethanol), effective even at the picomolar range of siRNA.

A549-GL3Luc cells, stably expressing the luciferase gene,
were transfected (24-well plate) with GL3Luc siRNA complexed
with the equimolar formulation composed of MONI/DOPE (1lmM/l1mM
in Ethanol) with a siRNA concentration ranging from 10 to
5000pM. Luciferase gene expression was measured after 48h
incubation period. Experiments were made in triplicates and
the GL3 luciferase silencing efficiency was calculated from
the endogenous luciferase level of untransfected A549-GL3Luc
cells normalized by the content of protein in the cell
lysates. |

Figure 4: DLS measurements of particles size showing a
relatively monodisperse population of liposomes with sizes of
100 +/- 10 nm.

Liposomal preparations at Immole of amphiphile with
varying concentrations of DOPE were prepared in milliQ water,
as described above. The particle size of these 1liposomal

preparations was determined by 1light scattering wusing 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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1- (2- Hept adecyl - Met hyl - 3M 02di f f erent 018017
Ei cosyl)-3-nethyl -3Him dazoliun(linear)(linear)

wo piodadeks 1- i um Chl ori de PCT/IB2007/001774
3- (2- Hept adecyl - Met hyl - 3M @2di f f erent 018017

Ei cosyl)-1-benzoi m dazol -1-(linear)(linear)
Ve 4DHGISA U e Behg oi ﬂtdhipl ekpiremsdhigorilde luciferase gene,

uoze EFEARS TR EF e (19 nbaP) 1 alol 1a. LR ER G complessd

with 1_2(4r1l-leé$ﬁdetiplosl‘da{aflyl fSMn@faa@Bhl GBS of MONI/DOPE in
3-1i m dazol lunm(linear) (linear) C eN33CP

Ethargbfhyﬁmgi 2M) | niiBazZeRtari AR hMghivdecgmmercially available
eran g IaTal | irs o1 dedol L 1 arekeR) “(| CReLFT ORB B from
1 toNSQ- riXapM .- c¢rimectadécytafrsfection reagents were used at
their optimal conditions following the recommendations of
manufacturers (see Material and methods). Luciferase gene
expression was measured after 48h incubation period.
Experiments were made in triplicates and the GL3 luciferase
silencing efficiency was calculated from the endogenous
luciferase level of non-transfected A549-GL3Luc cells
normalized by the content of protein in the cell lysétes.

Figure 6: Efficient GAPDH gene silencing in different cell
lines after siRNA transfection with the formulation of
MONI/DOPE in water (1lmM/2mM).

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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CuHnt et r adecyl - nonadecyl )-3H G sH37 i m dazol -1-ium

chl oride) 002, Synthesis of MONI: 10
weynshesssof t hesecondar yl ong- chai nal cohol 19-  pcT/1B2007/001774

hydr oxyhept atri acont ane S3315C eHr HO C18F137

03711760; MW 537.00 WD 2008/ 004058PCT/ | B2007/ 001774

T8 dvbgne Si: unThar ni sy S&3L NMyl0M. /MulREs, FiERb131) oar emediates

, i.ntroduced i n oven-dri ed, two- necked reaction vessel
efflcéqelﬂtpg'éad“w #/‘g FEIT | YerHTUNE cot .a;g?ﬁgﬁoct adecane
He1RO0& dMs 2 BT 1efh s AWRRD. B0 )me P @Y | OSE Y18l 8§0L¥EEN (in
in dry 5 diethylether (20 m, distilled over sodium

24-weddn fepbne} thi Saadaed /@ opLiike (PoM) heomptlgixed with 2 pl
UK ni Wi Linge. ri t agdi.ti he.

of  LigledoRan ("ol aREIRC colllstR, | 42, SO BBak ey, Prnanol

(lmM/@md8r ta mMaabéal n Bheodstmm RECI uxrofedh hevas Thietected by

. f ormati on of organonpgnesium r eagent i gnard :
o GRS o0 s T LB AR PORE LT IR IO (it observed
by midiscAbeYi8hanéf tgr e §8ﬁp£§é§ addiddronsr s td€ced cells

i odoal Kane solution, the reaction mxture is heated to
(A anghiBit.ai n reflux of ether during one hour by placing

e reacgf. vessel, in il bath i de drive.
:Eﬂl “ESnveEr %lréarnerosfe tthfeal}sgg]ocgﬁ Oar}]eogl]n%lgR%eC(gméfeXéa With the

formueryiesp e NYDJdEE Gh gratdrr gagemmMihe ndagdd ofelective and
i m xture is cooled to roomtenperature; ethyl
highlyg efdicieit IHE 6 TEEL NNV 74. 04) , di ssol ved dry

@3l ed; dugt hyhether (2558, bf added dEPReWiRRILA were
the 20 Grignard reagent at 20C. The reaction warns up
complemed slimghfbywapdntilbsvaddivtlitorme Theateafbiroatni xtifrle for 5

minady SHAERSCL" S, 8K 2ae LT |TRET AT B0 MuBhohone in
waterO' | gnavomepgentrnent o the st erasibecreacti oredisls, stably
expréggyggjéﬂgcﬁégffgfgggngéné?ogng1551%%Ig éggaum containing
serum were added per well. Luciferase gene expression was
measured after 48h incubation period. As unspecific siRNA
control, siRNA matching the GL2 1luciferase 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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25 acidified with concentrated chlorhydric acid to
acidic pH The resulting solid is filtered off, washed
wowdokomesdranol and acetone, and dried under vagemm2o00®1774
solid will forman aggl onmrengate that is washed with
di chl oronet hane, then dissolved and recristallized in
MON I ApetmrEa h yfty rofwik strisor THF();APEIIHS gRRBA ofietfad crwike aheodoted by
are dissalved in_ 250 of THE' at 60C. This solution,
Quantifene®st iF4argted sD% t 8P88Yt hAGlgh RO THAR I P+ Bs
unspégl%idmc&fnﬁ/rwum sPRRAONRAC2AONE ) drS aﬁgieéjlé@ecﬁhesequence
filtered solution in order to précipitate the final
(laml@ecaviﬁarywaﬁcotmnsx‘mctﬁdl sirf i [ther egaokf anddiwadbed. GAPDH
0Q8/ 004058PCT/ | B200Q.7/,00 774 19 acetone, . This
sl | R thod By e DI GE onf TH TR caEaReopfous 1y
GAPDHapRead difo ﬂd)ﬁ-ﬁxoiraéféﬂlﬁiéwtcéﬂfl@r u@LeG abephedbndibion) .
total, 3.18 g of al cohol have been prepared and
purified corresponding to 5.9 nmol es (MA537.00). The
Matehiaflsd 280 tRaHKLRction is 60% based on consumned
i odoal cane (98% based on ethyl formate). The
Chenmifdadsl abel nidgnnpwisiettydeont ane is characteri zed by

its.lH 10, NMR spectra con rmn ts.pur,it
01190 g et e at P REORT b “RaEnE R R b B Sbirifie
by Exmg;tetﬂécres@mgm&ﬁ\ ff@DMdi’hmDed’d}Ldalilﬁer@ Q@nRRMed in 1x

triplet, J= 7.0 H, 6H term nal rrethyles of both 15

Anne ﬁé‘igns) buffer pprﬁ5@l ar@@ muKBrprete, 64H0 OcHoM r orflghcetate)

(Eurdg@hitecd kK¥d %ha'j‘s)mlrﬂ t[ppr@E( Oadfcm:lj(%xh@&etb y A Ehours
tap3|t|onfroma ‘coho 8 ppm (broad signal

incublatdenhy drioxytoamd tempemteretraﬁe@)e,r@cﬁo ppml  SilentFect
mul ti I et

| ph i f I h
reagel nHBFS. HFE6h oAt AohaBbONr et FaTGeatSRiTe Wnited

State(szaCtTJYé‘ztlé@'!f‘ ~gkot hengeeandarreal Co8oLchY sMBsytatl ifedii Mirus
31-173033: MAE615. 09 C10-127 0 O O18Fir 25 A :

Corpogasgensi Gmcbf Iy alatondarasRaonm 1y 2. 49ABDH4, 8VART  pool®
| )| 45 m of dry pyridine in a 100
reage S’%actf?fggg\e?glgasﬁﬁé(ﬂ}'gh concentration being critical
for correct conversion). 3.5 m of

sirNATRpaReSW fugsad chl ori de (5.15 g, 45 noles) are added
with a syringe into the reaction vessel in snmall

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) »-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’ -~dTdTCUUACCAUGUUUAGGUUC-5'

Lamin A/C siRNA duplex (SEQ ID | 5’-CUGGACUUCCAGAAGAACAATAT-3'
N°7 and SEQ ID N°8) 3’ -dTdTGACCUGARGGUCUUCUUGU-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).
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30 portions. The reaction m xture does not heat
not ably, so the addition can be done at room
wo evpeimssire. The white suspension WO PCT/IB2007/001774
2008/ 004058PCT/ | B2007/ 001744 20 upon contact with the
nmet hanesul fonyl chl oride turns slightly yellow After
one hour the reaction has become nore honpbgenous, and
turns t bej ol our Aftetr 24 hours he .reaction has

] %Ehlllc

molecﬁﬂ.léfﬁdaé rlidér&ﬁfi’édoinr@émoi Wnere the products, but
alSo un-reacted alcohol, WiTT precipitate. This

precipitate is isolated by filtration, washed with 10

nmet hanol and dried under The solid is

di ssol ved in 500nl di chloronet’hane, where only the
Abbreviatips S§htrpitabstfugregtiuct ¢hemiebNanbl e; rermiigfieng Seggerr daed edR4 RS

al cCORBI"eATFtRe filtered off through papd® 18

wont Tinal \% (octadecyl )pppadecyl mefhanesul fgnat %en‘tc§| c18 c18
obt ai nga}gfter conpbetiey-evapor aﬁnns@dm"of t he (inear)  (linear)

dICh|O Ié?anelrr’qO feld (1.63 g ; 2.65 mmoles :
- 6;}5\09') mg?gﬁf”en zed by its 11-1 NWR

spe%’c”l"a CZEU“AnaI yS| s of 9-(octadecyl)nonadecyl

monsr et hanesul&Qnat e: hkdp-NVR ( nucl way-sHragneli ¢ wesananee cis
frompjo i n CDEIBdech. 90 ppmef(zwfr'q'aﬁ?l et, J- 7.O0Hzlineay  (inear)
6H, terminal aet hyl’BE8 bot h cifains); 1.27 ppm (I arge
mul ti, Lét 6‘6H, Chlzidafzdmmfatty al kyl chai ns) 1.40 ppm
(brd"ai‘i mﬁat?’pl et idgifde previous signal, 4H, CH2 on 25

Heic gamma positien fromwesydat €) ;mehy&9 ppre(bregedn c1s c17
mul Eispb et , AY,  CHZEcew)-dyetwdtposi it r om nesyl at e) tinean  (inear)
3.01 xvg'gl et '“@Z—ﬂ“@e fromnesylate) ; 4.72 ppm

(qu?‘ﬁ ‘Uplge, J-6. ’1IE|zrd 1H, CH al pha position from

HEMB ITES)” at e) )/\D 20%5!9)%&1@0%8PCT/ Il\ﬁ%QQJ/ 00:[::274 gilqerent c18 Cc17
= 3- raﬁ}ﬁcﬁx;bl + Nonadecyl ) (linear) (linear)

Synt,hesi s
-31{-|ML®- iNet-ethl or i de (¥ MONI): KOi gH37
Cy7Has S Benzoimidazol-1-ium
Ccl chloride

HET C1gHa7 // 3-(2-Heptadecyl- Thiazol-3-ium c2 different  C18 c17
\) Eicosyl)- {linear) (linear)
Thiazol-3-ium chloride
C17H35
HEMI CigHas @ 1-(4-Hexadecyl- Methyi-3H- c4 identical C16 c16
\\/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 »
CuH Ne 1-methyl-3-(1-octadecyl-5-
147129 tetradecyl-nonadecyl)-3H-
o CigH37 imidazol-1-ium chioride)
+ CyqHag Cl
Synthesis of MONI:
Synthesis of the secondary long-chain alcohol 19~

hydroxyheptatriacontane S3:
CqgHa7

HO—<

C18Ma7 C59H760; MW=537.00
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C181-137C; C411181CIN2; MAM637.55 5 The reaction is a
di rect substitution of the nesylate by the aromatic
whameoasg he secondary carbon atom As the reagdT/m2007001774
slow, the nethylim dazole was used in | arge excess as
a solvent. 9-(octadecyl) nonadecyl nethanesul fonate
MagnddiB8 gtuzn8mgml e45830 MA56152@9) mmsolasy oduted?4.818  are
. 100 reacti on vessel tapped with a refrigeratin
inesdgivgh, ' 89 mTof PEyI9 ez ot €O TRSGHEEd afr?daifrﬂeogr}
equiggddanes onat e @S @ rs¥sReNsi eB1ukhe redctb@8Boktadecane
heated at 80C for 6 dags. The reaction mxture then
(7.6Q8rmg, t 8 OomamRyee ol BT 33hd3 Decopesvhomsdenclisssalbred in dry
; t ol,bRQ r : rature the.reacgtion g xt .
diertiEn el e00 AP BT EIRE T hofeb i N TS, 1
addedf dpephahsk. tEhi shal xewre itsidrirder edithr @ughypapes. During
The filter is washed with 80 m. of nethanol. The small
the HRYLIAE R IEO B URLAGRENT] RESIeR o il cR  £an
(haifkByd1® seen BYdWWR aNahysitsaid hhS chihkihake dsrdivi gedether.
in‘three equal parts prior to purification for ease of
The HamdkitAgn Opé hewgRreenadnesiwhe neadante ((S§rogmeltst egeagent)
ith 600 0 5 t hanol and filtered again. thro
has 4 O i S EBE LBt e e P Sad i > e L r8ler tne
comp Isdtay SaienBgenquse £ haethavasoaekdkhhed g0gt £55) valhe byeaction
. adding small anounts, of concentrated chl orhydric acid,
“uthMﬂ!%ﬁc%ﬁ?F@ﬂHﬁﬂgm%@“ﬁHn'ﬁ@ﬁ%ﬁ%iprﬁt&%ﬂiqﬂﬁﬁﬂﬁw@ﬁe hour
py pYALihgt NePHALRS IP fa3seThiss 30nM M Ur ath¥PODn order to
standing at roomtenperature forns a gel ati nous
driveprigee pcoaversTondrifethdeipdeslpanat iloo tiiee ntgtrueeponding

. 1s kept at 5C for 18 hours. The final suspension is
Srigiafit d AT

vessel

‘a WO 2008/ 004058PCT/ | B2007/ 001774 22
paper filter and the obtained solid is washed with an
al cohol mxture (700 ml nethanol, 300 m sterile water
The ggACALAMNgM X r€onéENnt FRRERA cHI%r FP@H c teFPgFragnges ethyl
ilte ot f in. ¢The, s3 pr dupenhs appyq t
formaP‘Jhée rggrgi‘lhlgng ft haﬁol iC pr%sfes%@ ?’%l’gh\?\éy gill?%régl‘%fd dry
distidrliede 8-e@hidettddecyl(phomatecylls 1auddtyldrop-wise to the

. 3Hj ni dazol j lari d btajned, A controf by. .
| Grionigad CEURITAL SHbve st HOnCBRT TGk Pon“BFTEn P 10 b6l FiThELY

upon WehB nBidyvtishdazehe. RacteeRndmputifecalsonsisteed S for 18
applied. The solid is dissolved in 70 nl of methanol 3
hoursphat e roany r Fagraratoteand t hedaet AgnoFPEPABESL itdie | goupling
ant far 3 Il o). i | ]
reacti Bl o L LA SR LE T Ed edoodl Snt) bl ester.
The rddwectiingol Ubl popakt itdh fifer-emtHarom p(ddocy as 100 ml) and

, ..reveal ed by NWR spectra. The thanol i ¢ sol utions, are
acldidggyl etidd VFPRCRBLRALEE §PEPFH§dMFeFCtlﬁatt°na%C1§lc pH. The

resulfigV oushy dbeen agi dified wih, 0.2 JHeLORGRMN I Rb@Bancl and
chl orhydric acid. This 20 solution gels at room
acetonenperarcur drismdd underacedct8m.at The f splédmphétionferm an
the precipitation, The gel;lik ol ut,i, [ il d
99LQRERG pEBEE. ThE drETa 190 ardeRroBaER RSy then
dissoliveduren®f reguaktpantiseal inetbanoihaddodiehher qmetrhanel.5 g
(250 M) then with pure, dichl oronethane r&250 mI). o
of thyterudvapératiodn a5 of 18kl ¥sfvént « UMby Obf TalFmit 0 C-
This SUJ i & OPt ghied. 1S 1progedure; kS repealied Othrough a
twce on the remaining reaction mxture (2.26 nol es;
filte85%oyimdpler MAEBR7.B5)er 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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NMR anal ysi s shows absence of the previous inpurities
and an el enental mcroanalysis on this final product
wae okhogss its 30 purity. WO PCT/IB2007/001774
2008/ 004058PCT/ 1 B2007/ 001774 23 Anal ysis: 1H NWR
(nucl ear nagnetic resonance from proton) of MONI in
acet@€l13: Thid0 ppmm@ﬁubﬁkaku13—m6tﬁbﬁ Gty t(ﬂﬂﬁdﬁﬂltatlon in
nmet hyl es, of chaj 1.09 ppm (mul_tiplet; 2H a
THF/"@%\%%“H%@%#H%@ FPu Fallafé?um(arrf)(fl gryse aTeofol.
mul tiplet, 62H CH2 from fatty al kyl chains); 1.85 ppm
(multiplet, 4H CH2 at beta position from
In tphiedazd- |1@n)q ﬂflglpmhc(lsm@‘i’@t begH, mﬂ%ﬂiﬁéi oand purified,

olju i RQ)o ppm , H or H
Corr%%g%g&}lj}é d?zogl |%ur% Kﬂf'%%§s pr(nﬁﬁw nz QP T}%H orc @HOf the
reacfiemn i deg®d| inagsd 12bnl7c<§>f§)§lm16§¢1 ngloelo,alldd,n&ﬂ(ﬁﬁ%orbased on

i mdazolium. Indirect"C NVR (DEPT135; DEPT90) in
ethylerkaamats| and CH3 are ( ; CH2 are (+) 15 123.1 ppn(-)
(C2 fromimdazolium; 119.2 ppn(-) (C4and5 from

i mdazolium; 62.8 ppm(-) (nethyle on N3 from

e Pcab koot OISk LEAED 11 Logmyn i ) 1co
NMR dpem fatdynthanisy; i29. g@rppp(+) (C fromfatty

chains); 29.67 ppm(+) (Cfromfatty chains); 20 29.65
ppm(+) (C fromfatty chains); 29.60 ppm(+) (C from

Anal%%ié Yo£ N8 NSy dr SPyRepRRBL taLontang ot ty chal nS)

38 ppm(+) (C fromfatty chains); 29.35 g@
1H-NMR o fnrelesr chagnsEico Fepsonanger ) qaom rBﬁ?‘F‘a{‘ 1eh54 p: 0.90

2 m +) Cf omfagty ai 1(+ from
g‘i%/pﬂgtal ns 1JZ1'. (TS %%h( ?H Cl—ggrmgga %géglefsr oOf both
chalrfsa)tiy I:msﬂ nsg»pml nfLargd ansorppiien, (! R)qﬁspemzosmpm fatty
Absor bance peaks are characterized

Ly 4RA T oF chgt RPRBHORA, S L RIR A Hifs | FBe pBGLpygoSition
a e, 1C [ t ror O(8) 2kd fro
from w‘ggga(q?v)m 31136528%19&@%0 5(%’)‘31%l %@1 §2920(s)d%2)£ 50(s); "
waterlSﬂmse)s)15606ﬁ) ppmzm)tlpmo( ) 1@75@pha1meeé§}on from
(w; 725(m). WD 2008/ 004058PCT/ | B2007/ 001774 24
s" I R absorption profile is conmparable with the
report ed spectrum of 1-Ethyl-3-nethylimdazolium

chloride, and is consistent with its chen cal '
Synthesigt ur% 9-octadecyl-nonadecyl methanesulfonate sS4

alco

(=activation of the secondary alcohol by mesylation): C3gH;503S;

MW=615.09

C18H37

Oy /O_<

/ %~ CiaHg7

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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5 Exanpl e 2: Synthesis of
1- Met hyl - 3- (1- Cct adecyl - Nonadecyl) - 3HBenzo- i m dazol - 1-
wo bovsoioss | de (MONBI): 9-(octadecyl ) nonadecyl PCT/IB2007/001774

nmet hanesul fonate (0.1 nmol e) dissolved in 7mL of

nmet hyl - et hyket one (MEK) are heated for 3 days in
upon preseace ofiith 6 timenlestheneswl fezpl ehldtide turns slightly
evapo ion of the 10 solvents the crude product is
yellaye | H&g%eﬁy STTT caQEE chidfat 5&W%ppgﬁﬁng come  more

homodBHd1aN0l ahadi elik-asoNEs hane L adbeBlir .0. AEBePDI 25 Qours the
neutral N substituted benzi m dazol e product are

reactjigyl diad begred darrehrgwatedlonteda | arge excess of
net hyl i odide in MEEK while heating for 1 day. The
nmet hyl ati on 15 reaction is quantitative, and after
The peaicticat mdrthyesils caogebdchinamatmd aphy odn methanol where

nmet hanol / di ch) oronet hane gradjent 10ng, Bl is .
the PHAKGEY. ot aﬂm Wﬁ%%@g? %@%?fﬁé@ﬁﬁeglmtate-
proton) of MONBI in 20 CDC13: 0.89 ppm (triplet, J=

. 6.9Hz, 61-i, termnal nmethyles of both chains); 1.27
This ppugdipgeatnal t Lpl elsodalHedCHR Y r drh flatgtion, washed with

al kylchains); 2.1 m (large_nul.tipl et . .4H . CH2 .at :
mecnfid| £88) (i, SR Hlne) it nebradin ¥ Birdnd in
500ml( sdAaghebrodetIdnaret ke eonoMBy oft henzigs azamdd umroduct is
ring); 4.65 ppm (CH connected_to_benzi m dazoliumN);
solubd ez’ gEMAERMINT plletregt asen2doORg pCétonkyp; $ilggred off
thro@{né)(a%jen:g.l et, 1H, 021-1 from benzi m dazoliunm). 25 The
reactron schenme is given herein: S1C 8H371 |irEt20My
0\ / { C18H37Myl 1

The final 9-(octadecyl)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 (quintuplet, J=6.1Hz, 1H, CH

alpha position from mesylate).
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HO Et20 S2 S3 pyridine C18 H37 N V)
met hyl i m dazole O\ /0 CnhHr
WO 2008/004058 PCT/IB2007/001774
21

Synthesis of 1l-Methyl-3-(l-Octadecyl-Nonadecyl)-3H-Imidazol-1~
ium chloride (= MONI) :

\N/\@ CigHa7
M
181737 cl- ; C41H81C1N2; MW=637.55

The reaction is a direct substitution of the mesylate by the
aromatic base on the secondary carbon atom. As the reaction is
slow, the methylimidazole was used in large excess as a
solvent.

9-{octadecyl) monadecyl methanesulfonate (1.63 g, 2.65 mmoles;
MW=615.09) is introduced in a 100 ml reaction vessel topped
with a refrigerating column. 80 ml of methylimidazole is added
and the methanesulfonate forms a suspension. The 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 1is
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 1is poured onto a
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C18 H3780C ; 6daysCrHn MONI S4 NNC nFl g7 CrHr MONB
Exanpl e 3: Synthesis of HEIC. Cvlim ) - - COOH CrHn

w( 2ooBbiBroIgHF C18 H37 C Al m Y2 ,-N CnHr\  C 7edidAB2bo7/001774
F135 22

paper filter and the obtained solid is washed with an alcohol
mixture (700 ml methanol, 300 ml sterile water containing 1 ml
concentrated chlorhydric acid) and filtered off again. The

same procedure is applied to the remaining methanolic phases.

This way 517 mg of crude 3-[9~(octadecyl)nonadecyl]-1l-methyl-

3H-imidazolium chloride are obtained.

A control by NMR spectra shows weak contamination of this
solid with methylimidazole. A -second purification step is

applied.

The solid is dissolved in 70 ml of methanol while stirring at
60°C and the methanolic solution 1is decanted from the
remaining solid. This solid residue is washed a 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 is
filtered through paper. The dry solid is 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 1is 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.



10

15

20

235

30

Cle nethyl-imdazole CuR35 Y3 010137 MsCl Et3N 0 S--
1 0 MEK reflux WO 2008/ 004058PCT/ 1 B2007/ 001774
w@0Synfokeesi s of 2- Hept adecyl - ei cosanoi ¢ aci d $¢i)B2007/001774
0171-125 )--COCH C181-127C331-17402; MA: 550. 98
Dii sopropylamne (2.56 m; 1.85 g; 18.26 mmol es; MAE
Analydf)ils19) 5 is introduced in a 100 mM oven-dried
1H- reacti %g vessel containing 15 M THE (distilled gver B
N i {BICHERF o pRBABRE) Cante THRVIRTF t FEORBCPTREEM) an®hr JENT  in
cpciat nosphere. 11.4 m butyl-lithium (1.6 Min THE ;
18.26 mmol es) are added drop-wi se, stirred for 10
0.90 nput estatr198C aln @aPHed upitote€mihed methyles of both

chains); 1.09 ppm (multiplet; 2H at gamma’ from imidazolium
ring); 1.27 ppm (large mnmultiplet, 62H, CH, from fatty
alkylchains); 1.85 ppm (multiplet, 4H, CH, at Dbeta position
from imidazolium); 4.18 ppm (singlet, 3H, methyle on
imidazolium ring); 7.02 ppm (singlet, 1H, C4H or C5H of
imidazolium); 7.13 ppm (singlet, 1H, C5H or C4H from

imidazolium); 11.17 ppm (singlet, 1H, C2H from imidazolium).

Indirect®C~-NMR (DEPT135; DEPT90) in CDClj:

CH and CHz are (-); CHy; are (+)

123.1 ppm(-) (C2 from imidazolium); 119.2 ppm(-) (Cd4and5 from
imidazolium); 62.8 ppm(-) (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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10 conpletion of the formation of the LDA reagent.
Nonadecanoic acid (2.5 g; 8.37 mmles; MM 298.51),
wolb@sobsesgl in 20 mMl THF, is introduced drop-w BEr/iB20d w1774
reaction mxture at 0C. 1.24m dry DWPU i s added
(1.246 g; 9.72 noles; MM 15 128.18) and warned to
Thisr di®m tbspepatione poohilew for n:atr@ammﬂedi antbn the reported

nt er medi at S Iectlv ation i eved ,
Spec%ﬁu%ddl |on1eor’1ﬂ'tlriﬁL %cf?)%%l?% %531‘115 g | ednd  1s
consM%ex%’rBOwﬂ*&haits5&1eﬂ@c8@a§€keeth§e90nti nued at room

tenperature for 18 hours. Work-up; The reaction

m xture is poured onto 100 m ice-cool ed water and

Examé%éc&fi§g$éﬂe§§9i$fo —ﬂét EL cepc -Nonadecyl) -3H-

Benz@frttexdamwebdiﬂﬁ éhksssude (MONBI) xture i s extracted
and dried over Na23Q4_(anhydrous)

tat

%%%g%?bﬂzn %\%«‘é | SDRRETeEd Wds (Bdlcdmpteksgrgsolved
in 7khe dsﬁswetth@;q—%@mﬂc&%r@ ﬁﬁkgst@élﬁsgtba aESL ORe dQys in

give a whité powder (4.271 g; nol es, used w t hout
pres¢nge hef Pubi Mneaesomsnt imHalarmde 3053&?@'9 evmratlon of the

/0 58 2007/ Q01774 .27 AnaI of . car box

solvgtg.o§ ?ﬁg ggclaeﬁal Zgééf 5 PUL ven? Eé(% e?.‘h ca gel
chromm@faapmyl heplanayg dett%ﬂham;l v,armid:mn@fcsmétnané @Qladient.

%I\/brck TLC pl ates SI lica 5gel 60 F254). 1H NMR ( CNC13)
0.01 s ®loneytralg N, stpppleptedH Pang mddzay product

are mgyl%%cponwﬁ%hnsxs mé%hghaiee@ wiéhplaet ,1a6293e4, egé%ss of

in hydrocarbon chai ns) [arge mul tiplet,
meth}@ﬂtlfh@t@ 10np dEIK mtma.m omeadm@)g o631 ( Idawge Tmsbt mptlai_ylatlon

14 CH2 at a',ostl n omac:ld) -
rea"t(lrﬁﬂ t1Pl %‘tlangiﬁ?t %pf? t&&su%%ﬂ%‘?ﬁ%u Ry silica gel
chroﬁ%ﬁﬁ&ﬁﬁpﬁy05n21fbﬂbﬂﬂéﬁbﬂ ef cas$aAibrbhetdhe 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, 48H,
benzo-ring protons):; 11.37 ppm (singlet, 1H, C2H from

benzimidazolium) .



C181-137 OH 15C171-135C3714760; MM 537.00 Acid Y1
(847 ng; 1.537 =toles; MM 550.98) is dissolved in 20
workoogys0IHE (di still ed over sodi um benzophenone)T/iB2007/001774

solution of BH3 in THE is aslded drop-wise at OC (1Min
THF;, 10 m; 20 10 mmol es). The reaction is screened by

The rEHctainal ywsilenfsal yvemived Herdinytl acetate in heptane).
The reaction proceeds snoothly for 2 days. The

S$1 Qg,gRAglion mixture is poured into 100 m nethanol to
preC| pitate al cohol (1.135 g crude). Silica gel

EtOC r%t ography (gradient: ethyl acetate in heptane: 6%

25 i eﬁ_s_ 518 g of pure Y2 (62% . Analysis of

aI cohol 1(2: = 0.4; solven t: 10% et hyl

acet in herT'ane detecti on vani | linel/sul furic
%Eﬁz!?{aﬁ e d*éf{)
F

ue col oug%l\/brck TL es silica gel 60
. WD 2008/ 58PCT/ | B20g3/ (ba#74 28
( 13) 8 (p4nl): 0.90 (J- 6.8 triplet, 61-1,
term nal CH3 from hydrocarbon chain th;n 7 (large

mul tiplet, 66H CH2 of hyd ﬁEhQ &W 1.46
dg

(large nultiplet, 1H, CH b a p05|t| om al cohol ) ;
3.56 (j= 5.5 Hz, doublet, 21i, | pha position
from al cohol). SyntheS|s of netha esulfonlc acid

2- he ecyl rRsthelimidé¥ole CnHr 0 1i ~0L71135S-- 11 O
N
N ﬁ%g ‘}?5 09 10 Algoh 18 800 ny; 1.11

\ (3: di ssol ved™y O\m CH2012 (distilled
over C@dl‘ﬂ?;) ®bol GdRyso OC/%yI CeRboride (0.5 m ;
WFQ; 6. 46 nmol es; MM 114.5 as4h| ntroduced into
e

reaction mxture and 1 m tri ylam ne (728 ny;
42y oles added drop-w se at 0C and

7.19 mol es; I\v\tb cH3dm
stlrr 15 at EK a%%% The reaction is
SN é’7 after urs by’ analysis. The reaction
xt\ure is pressure, and the

ol i &alshed yiMleMRiNIERO! to rempve excess reagent.
he solid obt\g ned by filtration is pure by NWR
angloNBE and corresponds to 570.6 ng Y3 (0.928 nmol es;
82. 9%

Example 3: Synthesis of HEIC:

C17H35 BH3'~THF C18H370H
COOH - CyHag
CygHa7 Y1 Y2
MsCl
EtsN
/  methyl- G
c N imidazole 18H37
18Ma7 /// o f
N/ Cq7Has —
Cq7Hazs © MEK ('5
c® reflux Y3
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20yi el d). Analysis of nesylate Y3: TLC. Rf = 0. 6;
sol vent: 50% di chl oronet hane i n heptane; 25 detection
wdyoogamnfokd | ne/ sul furic acid (dark bl ue spot) (Mer/odeodido1774
plates silica geI 60 F254)26NMQI+1(CI£13) 8 (ppm:
0 (J= 6.8 Hz, trlflet term nal CH3 of
Syntlmm%c%ﬁ TR PR STy 1e2¢0€aapge aoidi fE&) : 66H, CH2
in 30 hydrocarbon chains); 1.72 (multiplet, 1H, CH at
1'735'[)eé§8803|t|0n fromnesylate); 3.01 (singulet, 3H CH3
ylate); 4.10 (J5.5 Hz, doublet, 2H, CH2 at al pha
CisHsmosi ti 0IT,fHQ0) TEENEAE 8D, 98 VD
2008/ 004058PCT/ | B2007/ 001774 29 Synt hesi s of

1- ( 2- Hept adecyl - eicosyl) 3-met hyl - 3Hi m dazol -1- ium
D O (ﬂ£I %1H37£f8 Lp- 175 m &1 G Ll 1C ' :
llsﬂ%&ﬂ%% l Nbsylate Y3 g g l% 243 nnoFg 101.13

is 6m5r09mcadd Nhethyllﬁﬂwazohb (@@@nﬁgxlzd¥3rﬂnﬁmsonNMWessel

cont S5t 5 oA yus Wit 1 BlsErEsn TR EbVRTETBicne) and

coolemasytloat 7810 Whiketip:anThargehveatsospparthe 122€1 QN butyl-
xture are renoved under reduced pressure. The
1lth#@%ulﬂ1ﬁg %rd@% Pidduct 8i-s6di BBl vel idre2afded drop-wise,

stlrJ_le%PpFEBEa% » i u &ld ed hro% Papg’ v!}%rzﬁ?ﬁm\ﬁ%e Wat o °C, for

un-reacted nesylate and diluted wth

complﬁiiﬁnaqﬁ)ﬁhﬂwfofmauummfmﬁdtMetthhkaa@gdtLc acid to
pH= 2. The anphiphilic nolecule precipitates at 5C as
a chlorhydrate salt. The precipitation of HEIC

NonadBdgfdile dsidanaeky J;acel 31 ahpd1bY;t MyUseo®f51), dissolved
|sogropanol wat er m xtures, being aC|d|f|ed t hen by

in 2QsiphgTHEY hamol il @fuee gt dreB-uiSeeser ithal DPREHEoR hmixture

at o%he'& 3y %H/'% ecd! gédgf 'ﬂt%%agtgp ?1%rmnu{es’

i ' obtai néd by centrifugation at
128.1d) O&)d Themeesuid i hgopr ecinpidraiteides por kfliled bformation of
silica gel colum chromatography (nethanol gradient in
dianignyy H&t, and 66 ng of pure HEIC are obt ai ned,
corresponding to 250. 103 nmol es (yield: 42% . Analysis
of anphi philic nol ecul e HEl C TLC. Rf= 0. 25;
A ses]cﬂqiteime 10% ey hahodbni nidi chichieverhamy, 30ddieteeri onf 1-

iododBtdRUMS VR My ck gTLE PLaLes S| iR 985009)F23%) - _s-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;SO4 (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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WO 2008/ 004058PCT/ 1 B2007/ 001774 30 1H NMR (CDC13) 8
(ppm: 0.89 (J- 6.8 Hz, triplet, 6H, term nal 0113 of
whymsoemspon chains); 1.27 (large nmultiplet, 66d4/1Eb08/001774

i n hydrocarbon chains); 1.88 (rmultiplet, 111, CH at

beta position 5 fromimdazoliun); 4.16 (singulet, 3H,
AnalgsiPs obf nedhpbrpililazabtidnil:4. 20 (J= 7. 2Hz, doubl et,

211, 0112 at al pha position from nmethylim dazoliun);

7.14 (singulet, IH CHin methylimdazoliunm,; 7.34

TLC bhhDgBhgt, REE CH i nsolvenfet byki Mdazol il ite in heptane;
10, 74(singulet, 1H CH n 10 nethylimdazolium. 13CNW

deteq‘ép@nlgsfa(rgg@llg)e/ast(b@mlc Cacind (MergkveThégatliates silica
gel BGKS ) CH2 detected as positive peaks (+) 15

%J er nary carbons are not detected by dept135

139 2((-),C of nethylimdazolium; 122.9((-), C of

limdazolium; 121.5 ((-), C of
"H-NMRp f@qh)dzﬁzoﬂnnm) %4904 ( (T(=+)6 BCPm, alt phal posi bHonterminal

dazol |
Cits AR AAS0T T LISe ob¢ £7) 1164 BB ke ofi 2ty CHa in
hydr@®d riesn | mihddzad)i;uni; 8. 9(Eér§@ Futloiddef(, ) 2B9. LKH)at beta
26. 2 ), 22.7 (+)((éd|fferent Cs in the hydrocarbon
posifeifn n%rozm acd)i € Pér MimIrelhytéB L6k, hyddiocGHpont beta’

p051ﬁiﬁﬂn§rm§X§HEHE 4y §%nt3§§gﬁ.cf HEg§%lf¥§7at alpha position

e / benz Oi mi oi 37
from acid).

Synthesis of 2-Heptadecyl-eicosan-l-ol (Y2):

CygHaz

OH
Cy7Hss CaqH760; MW= 537.00

Acid Y1 (847 mg; 1.537 mmoles; MW= 550.98) is dissolved in
20 ml dry THF (distilled over sodium benzophenone). A solution
of BH3; 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).
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v +s., 11Cv[135Crain WO 2008/ 004058PCT/ |1 B2007/ 001774
31 Mesylate 113 (150 ng; 0.243 mol e; MM 615.09),
wolb@sobsesgl in 10 nl 2-butanone, is heated in ppesas20€7/001774
of 287 mg benzim dazole (2243 noles; MM 118.14) at
80C for 23 days. The coupling reaction is screened by
*H-NMRL Qapuil;y sids, (siaiect 0ngot hg=s|®ve SHgorvargic®) OfH, terminal
mesyl ate Y3. The crude solid, obtained after
CHs fé\?&pd%ﬁﬁ‘iﬁﬁlﬁ?o%opﬁéﬁp§ lz'tnd]er27r efllesdepmesdumelet,s 66H, CH

y Chr gr 0 l, gel
o e S D) BTk o ot b bES <0 1y, Gp bete
positpasi tfyenf racbhody ;gi ¥e56 herurBe ScomppunduBleitn 3AH NQCH, at

quant Yy (0.048 %yl el d). Analysis of
alphg, Juoékoﬁreor?:oﬁ%%h%f 15 TLC. Rf = 0.65; sol vent:

5% met hanol in di chl or onet hane; UV detection and/or
i odi ne vapors (Merck TLC plates silica gel 60 F254).
Syntl’ﬁfrlﬁlw?f( amngybinic ol (I-hepadpcyl repter, (BB) :
ﬁ i nal 20 CH2 of both hydrocarbon chains); 1.25
;I./@Q/ my tiplet, 66H CH2 in hydrocarbon chains);
CiH ftiplet, 1H CH at beta position from
" Bhenzi m dazole); 4.1 (J= 7.2 Hz, doublet, 2H, CH2 at
al pha p8si tdseksDedmM ¥enzbirbdagol e); 7. 32 (mul tiplet,
2H, CH=CH in aromatic ring system; 7.41 (multiplet,
1H, CHin 25 aromatic ring system; 7.84 (nmultiplet,

Alcohbi YOH (q0@MMIRt1CILi ABoS¥St BN 58793 )(SidiEEtvedHn 10 ml
CH in benzim dazol e ring)

CH.Clgy hthesi sbed- CYemetatideylisei cerled - tond 'Ry 1 Masyl chloride
(0.5 gggé?%gggg%@k%%i%gg%%ﬁgg%%g WQ{%14.5¥¥)is introduced 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 1is 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 vanilline/sulfuric acid (dark blue spot) (Merck

TLC plates silica gel 60 F254).

NMR 'H (CDCls) 8 (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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32 lodonethane (0.5 m; 7.85 mmoles; MM 141.94) is

added to Bl (19.1 ng; 0.0299 nole, MM- 637.12),
wolb@sobsessl i n 15 m 2- butanone, and heat ed atp&DfB20HON001774

24 hours. After evaporationgof solvents under reduced

pressure 24.1 ng of crude product 5 are obtained. For

conversion into the chlorine salt the solidis

SRt 1% | UG RO CAT - 0T T ST e cagt i sol-1-

ium MIbdikd s@imid by centrifugation (14000 rpm 20
m nutes). The residue is further purified by colum

chronatégraphy on silica 10 gel by a nethanol gradient
CygHazi N drc oronet hane, yielding 17.7 ng of pure product

>HENBQ( 0257 nmol es; 86% yield). Analysis of

CﬂH35 philic nolecule HEMB: 15 TLC. Rf = 0.2; solvent:
10%,&et hanol in CH2Cl2; UV detection and/or iodine
vapors (e CING MM&tes3di$PPca gel 60 F254). 'HN E
(CDC13) 5 (ppm: 0.90 (J- 6.8 Hz, triplet, 6H,
term nal CH2 of hydrocarbon chains); 1.26 (large

Mesylaudet | ®3®t, (656Q- | mgEH2 012420 hyasbear bdWi=cha&l’s)09)2. lahd N-

(rmultjplet, CH at_beta position fr ,
et By A | T (bt 1) £ 4BSLEST Gt GY) G heated in
2- but'i%totﬂﬁé' e 19y OHP) ok petshy g hengd nggazol ipef) arh 4% i(s)-allows to

.2 Hz, doublet 2H, at al pha position from

screemettlhgﬁl Agevvansiiday ol f wgsyIAtES (nultiplets, 41-i, CHCH

of benzyle part); 11.43 (singulet, 1H, 25 CH in

i mdazoliumpart). CGRW. dept 135 (cDC13) S (ppm: CH
Work-aad ChRe SN W tas ﬂ@gﬁitit\tﬁa peakstfioh MiHt@rye are removed

positive peaks (+). 30 pt 135 does not show ,
underg HFHRY aPBRESUEST. 1%ﬂ?) rexlhipgnz GrHERt ) PO 1S

dlsso(J.Qfe)d Cal N1Penzo paldProdekd 0 (Ehtedd REPBASAr bhper to

(¥), T at alpha position
removferomﬁmtaeddazeb/ilaﬁrparatr)d 38il¢tey, @HAim 8 ml pure water.

- BB B LGl MO pe 2. e
amphl%ll-ﬁ.(lt),mglea(lﬂs, BPed{pltalbs3 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).



10

15

20

25

(+); 22.7 (+): C of hydrocarbon chains; 14.1 ((-),
term nal nethyl of hydrocarbon chains) 5 Exanple 5:
weynshesss of HET: Clain 0 C/ A135S-- u Y30 Nal p&VR007/001774
C/ 81-137 ----- 4?7 C 171-135361 7H25 TI 8 a HET
Synt hesi s of 18-i odonet hyl - hexatri acontane (Ti): C18
H37 Cun35C27Hm ; MM 646.90 10 Mesyl ate Y3 (560 6 ng;
0.911 mol MN: 615 09 , dissolved in 15 DVPU, |
H-R (DSl Pod@mmd 565+ 2ong S6ai diRIATe §, BEStminal
| 4 7 or e ;
oma/??gﬁ%hrﬁ?%n?ﬂ A iR gs e oo, oH: in
hydradniact ech3ins jres 1wistth @iwetthyd lesther ITHTh€Hokgarbet phaseition
nd t he vent s

is drie over il]tered off
from mflygﬂuced4 #éssuréSlﬁ*HB Fé&sul ti %SJ’SN i ¢Hss  ©of

methﬁtirmfdaez%ltmngol uanzehr@@atﬁgzrmaohyd@abwcl czrgelcwy th alpha
heptane to give 360.5 ng of

position from methylimidazolium); 7.14 (singulet, 1H, CH in
methylimidazolium) ; 7.34 (singulet, 1H, CH in
methylimidazolium) ; 10.74 (singulet, 1H, CH in

methylimidazolium) .

13c-NMR: dept 135 (CDCls;) & (ppm):

CH and CH3 give negative peaks (-)

CH, detected as positive peaks (+)

Quaternary carbons are not detected by deptl35

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 in the hydrocarbon

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

Example 4: Synthesis of HEMB:

e /
CigHaz benz- C.aH Cl N
/K/o pY lmldazole C"’H“ 18 g\/ M
Cq7H ~s— —>
17 'O' C17H35 Cy7Has %
Y3 HEMB

Synthesis of 1-(2-Heptadecyl-eicosyl)-1lH-benzoimidazole (B1):
N

CigHay f"
>\/N\©
Cq7H3s
C44H30C1N2; MW= 637.12
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20 pure Ti (0.557 nole; 61.1%vyield). Analysis of
i odoal cane Ti: TLC: Rf =0.95; sol vent : hept ane; det ecti onby
w@208@mfokd | ne/ sulfuric acid (blue spots) (Mer ckc1/iE2007/001774
plates silica gel 60 F254) 31 1H NVR (CNC13) 8 (ppm:
0.90 (J= 6.8 Hz, triplet, 6H termnal WO
Mesyl12068/YR4068PCTS 1 BRORZBOOMTT4 ; SMWHr ¢rh S .dXfD),, Bi@28lded in 10

4.5 Hz, doubl et H ,CH2 at al pha positian fromi odo).
ml 2G5 HRE of S5 T NSt Hhe ST RS T3 - ERIaZt - Bep il dazole
(2. 4T @61 68; SUHET)11€184 K35+C. ddl° CABHBIGINSaaWE: 64 5Zoupling
Thi azole (180 ny; 2.11 mmoles; MM 85.13) Is added to
reactgory 4@ ubcEReHLAT by138LG ngnadysis, mBpESCMiBI64Ehe) slow

conv .lréiJO% rgf g%eo taz%orziga_dand the reaction mixture is

eated at ays. The solvents are evaporated
under reduced pressure, and the crude solid is

di ssol ved, i.n hanol -react ed i odoal [
The ¢HiderSalof! . CBEAITET AT ST FRob 4ons o it van under
redudde gﬁﬁﬁ?ﬂgbhc sal upien rhaan H§% do10dnt OcALotht ¥80Ebhy on

. solu and placed at 5Cto precipitate the
silicemsfilphingtthand ecaradient| éot ddchyocenetibrngdt ilort@t4s) . UV

. 0 (30. m e cr duGt i rthe -

poss OB LAM R VA 2ehe TNe-CLUBBAREACNSL 15 114l tuancicy

(0. 048eianal; goadiverild)n 20 di chl oronet hane. The positive
fractions give 21 ng of pure HET (0.033 noles; 15%

yi el d). Analysis of anphiphilic nolecule HET: 25 TLC

Analy@is dk bersAmiRizo 10 %dmgane!sd n di chl or onet hane;
detection by iodine vapors (Merck TLC plates silica

gel 60 F254). 1H NME. (CDC13) a (ppm: 0.89 (J= 6.7

. triplet, 6H, termnal 30 f dr r ]
TLC: g%%iﬁé)€'§%27%€ﬁ§F§§'nu$%ipegg?%gngn%Hgﬁﬁiﬂ%ybmethane' oV
detedMBOEHDYY chedgd ; vapO3s (MMekbRl eL.c Hlat@s adibieta gel 60

position
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, CH:
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) ~l~-methyl-3H-
benzoimidazol-l-ium chloride (HEMB) :

/
CigHar ”"N

Cl C45H33C1N2; MW= 687.61
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fromthiazolium; 4.67 (J= 7.4 Hz, doublet, 2H CH2 at
al pha WO 2008/ 004058PCT/ | B2007/ 001774 35 position
wao s@snbddosazol i um); 8.22 (J= 1.2 Hz, J'= 3.7 Hzpcomiodrdo1774
of doublets, IH CHin thigzoliumring); 8.40 (J'= 3.7
Hz, J"= 2.5 Hz, doublet of doublets, 1H, CHc in
Iodondtiteenwt i U Pi mg)s, 108 82mbsivebl; dbisbl 241 0$4dodbsl etdgjed to Bl

1H azol i.um 5r n 1 NT4R, de 35,
(19. ](C:B@i?))dg){%% f é%’a 2 3§h§% Yup gﬁsﬁgggleévelrbeélés mi 2-
butarone, C@b?ladglh\é%’d'&ﬁl it V%Op@akt%r.( +24 ROIBQ((-Aft&x | @va?oratlon
thiazoliumring); 136.7 ((-), Cin thiazolium);

of splvente |UdaH aZ6CNGRY: MESYRY , 2¢.at =d phE poside oproduct

exe SOIABREotiun A o Pobe RPN 1A cre sovsc

is dxssol@egd61(1+)2 829n15(rﬁ$tha’&9014 &ndl, a2601 filed Wikl ()2 &1 HCl
et hyl

ydy ocar bon chai n; t erm nal )
(18%) @& ocarBonchat ngélpéﬁt R8s bof [ and is
lsol%?éd}4b§b céﬂ@%i%&@h@&@ﬁn @digloioa3 lidal61133 LRCheEBsL3  The
residue is further purified by column chromatography on silica
gel by a methanol gradient in dichloromethane, yielding

17.7 mg of pure product HEMB (0.0257 mmoles; 86% yield).
Analysis of amphiphilic molecule HEMB:

TLC: Rf = 0.2; solvent: 10% methanol in CHyCl,; UV detection
and/or iodine vapors (Merxck 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, CHz 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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Cl6H33,,r/04__ ii Chrin0 L4 CrH33 HEM 20
Synt hesi s of 4-hexadecyl -ei cosane-1,4-diol (L1): OH
wEntdeobdoss 161- 133C36H7402; MM 538.97 WO PCT/IB2007/001774
2008/ 004058PCT/ | B2007/ 0017%4 36 topped with a
refrigeration columm and pl aced under an argon
methp]t:rms:ﬁmlel.um)odohezadécane(ﬂ 19.38352g; 56t¥UB mbles,' (MM 26.3

B P Al T S, U 1D

methylefclﬁmlﬁ}&fddwr&% nkates)y S5 The reaction mixture is
heat ed for additional 60 m nutes, and turns to grayish

col or show ng formation of the Gignard reagent.
E W vy ol s { 800 "Eep 9. 29 nol es; MM 86.09), -
%My di ethyl ether, is added
dCQ}ﬂyWI se at o t he organaggnesi um r eagery, H,Jhe
act d)Ol},OIS vva Aed up to roo terrperature and ‘st rreg:)
C17H35 or WS R [Tp Thelea |on m X e bs p}br/e ci®

o%o 20@ g sp T4

Synthesis of 18-iodomethyl-hexatriacontane (T1):

C18H37
|
C17Has Ca7H7sT; MW= 646.90

Mesylate ¥3 (560.6 mg; 0.911 mmole; MW= 615.09), dissolved in
15 ml dry DMPU, 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 1s dried over
MgSQ4, 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, CH: in
hydrocarbon chains); 2.01 (multiplet, 1H, CH at beta position
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15 and the aqueous phase is acidified by adding
concentrated chlorhydric acid. The resulting m xture
wo s008xbg08ct ed with OH2012, and the organi ¢ phaper/yssommdi774

again with pure water. Theszgprganic |layer is condensed

under reduced pressure and dried. The resulting solid
from iimdfi)ssal v { = whr n FHE' dodinl ésoRdbl €Hpyat 2801 phadposition
pr%ngltates when cooling the concentrated m xture.

L ‘evaporation of THE, the resulting solid is
recrystallized in marn1acetone The diol selectively

precipitates. 357 ure diol Li_are obtained, )
Synth@cﬁlrsespﬁfﬂdl t?o-%ez%aﬂf X 1 terirephcdohen ohloride

from

(ger)Anal ysis of diol Li: TLC. Rf - 0.35; solvent: 30%
ethyl acetate in heptane; detection with
vanilline/sul furic acid (Merck TLC plates 30 silica

gel 60_F254). 1H N(CDC13) 8 (ppm: 0.90 (J= 6.8 Hz,
CwHwtrlpﬁ/§ 6H, term nal CH3 of hydrocarbon chains); 1.27
Iaggg(%u i plet, 56H, CH2 in hydrocarbon chains);

St 50081 60?18%23&5%@@2@% /H@T??%‘?%ogﬂ on Tromtertiar y

al cohol); 1.55 (multiplet, 2H CH2 at gamma position

fromprimary alcohol); 1.66 (rmultiplet, 2H CH2 at
Thiazgdwea (680t i BE/ fron primaelenl cAib ) 853169 (3o sapdgded to a

yml t, 0] Lo [ giyar. -
SOlueﬁ(ﬂﬂéﬁ)Tg 1%5 Cﬁi?@s gieﬂﬂhexa g%:ylnlyﬂxcl,lcgwél@’slgen-ljsfl %O ml 2

butan(olnze), e@ncdil tth€l eré-&%@@rh—l?ﬁl@xtm 520. B6aBkdohi BD°Cl.for 27
; MAE 538. 97 ssolved in 10 100
days. 9@55680 eﬂE%té&%l%%ﬁ ogn e uced pressure, and

the Paf@qéol uanesul feri ¢ @ciso(Ped9 nol €; mMNiaihEZ) atud3P&acted
for 50 mnutes. The purification of alcenols by silica

lOdoaé@Ian@hrlcﬁ'mfbétaﬁﬁQ Witth Pitovsad xeuterbydaifylEcicet sy eadded
to t#‘% g%gggg ?fisg;%t‘io lecex%g' S4b2, H@?”ﬁ%po'ﬂg' NQ1  MeoH

o yi eld i Soners
soluthynpr ogdngat pBa&e@Eﬂherédchnil@r@tﬁ@nt@&mﬂ?fhg, amﬁhlphlllc

myol es, 799 Anal ysis of alcenols L2: 20 T
molecglsy AP HlSAt§S %8tquH'Qﬁ |s%ﬁer§§000 rpm (30

minutSehVentne @J&&éhiﬁk:oaﬁ%ttatl% 'fhf@@@n?urﬁftiégt BN Mitra gel
vanllllne/su furic acid (Merck TLC plates silica ge

columg) FEMomByewheshy of withexadecyl metbasan- | - grgdiFnt in
dlchlgm_lg\ethane. 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 (CDCls) & (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



CnHnC361- 1740; MAE 522.97 The al cenols L2 (202.4 ny,
0.389 nole, MM 520.96), dissolved in 5 m ethyl
wa@embabmss ar e hydrogenated with 60 ng pal | adi upaBB2007/001774
charcoal (10% Pd/ C) under 3satnosphere pressure of
hydrogen during 3 days. The conversion is screened by
posithlo@ arfafloym S$hifhelind) 2008/ @Q40%8RCTLI BZOHZ/, OOﬂI’7¥4 387 Hz,

ta S r.enov b tlon and 3
doub]ieg a%%ue%l%@s evggméﬁl l@ﬁP%éH{ns i g Uan 1{@“‘% 3.7
Hz, y«&kd.z./snaﬂwﬁlao@fblaétcow dle%bl%tEgC- 1R =dhb52n thiazolium

solvent: 20% ethyl acetate in tane; det ect i on wth

ringlyvariq18%efsu@t ir foukdied (q\fer@ku Tl alBs §H ifn geiazolium
5 yin g)QO F254). 10 1H- RWN (CDC13) 8 (ppm: 0.90 (J= 6.8 Hz,
triplet, 6H termnal CH2 of hydrocarbon chains); 1.27
(large rrulti plet, 63H in hydrocarbon chains); 1.56

13 rrultlpl 2H,_ CH2 at beta position from al cohol);
c- Fgrt 36357 (6DCl3)i B PP™H, CH2 at al pha position

CH an EHS{)% fyact gy%i' hex§8e0y| JuRt hesis of

nesu i C aci elcosyl ester (L4): O
CH, gGVeIpositEVéH§8a®37E}76033,
10 160((-), C in thiazolium ring); 136.7 ((-), C in thiazolium );
127.3 ((-), C in thiazolium); 60.7 ((+), C at alpha position
from thiazolium); 39.4 {{=), C at beta position from

thiazolium); 32.2 (+), 30.7 (+), 29.8 (+), 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 CqH CieHaa
16 33\1/\/\0H e RN OH — 5 OH

C1gHas L1 CigHaz L2 CygHaa

C16Haa ® 2
CigHas =/ ¢f CigHas 0
HEMI L4
20
Synthesis of 4-hexadecyl-eicosane-1,4-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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MAE 601.06 20 The al cohol L3 (165.2 ngy; 0.316 nol e;
MAE 522), dissolved in 10 ml dichl oronet hane
wa dioshibdossed over cal ci um hydri de) and cool ed tpcf)fB2007001774
nesyl at ed by successive addstions of 0.24 nml nesyl
chloride (355 ng; 3.1 noles; MM 114.55) and 0.48 m
toppedi@thylanineftﬁgﬁragioﬁ 47 lnmine ssndW1404d1PndeAf t@n argon
hours 25 rogm t enperat yre, the solvents are
=m0 LB at SO RRHSTRERE01 1100 & SwdkihatP Vi HERL HanoliEo 352 34)
diss&¥ddCinexcens Heggenletd g,q téﬁk@rhﬁsarﬁd@eéadiféptﬁlgéV§o the
119 ng L4 (0.198 noles; 63.6%yield)
magnexpiggt 004 o8 8PaT/ mzém/fmm 390 Aﬁalfylsllxs BirimsyBat @inutes.

The fé %gh ﬁExEuQE’l Cﬂg@ ?gfégﬁ%g%é F%érgﬁi$%%putes, and

ron"w th vanl i ne sul ari ¢ -aci
turn$lakesgmdyﬂsm.g@oﬂﬁi F2bhdwirny 1BoMMRtIGDCLI)Y 6 thepnErignard
90 (J= 6.8 Hz, triplet, 6H termnal CH2 of
reag?@%Tocarbon chains): 1.27 (large multiplet, 63H in
hydrocar bon chains); 1.73 (nultiplet, 2H, Cl12 at beta
position fron1nesy|ate) 3.02 (singulet, 3H, CH2 of
Butym@mmr@ &OQZH(q}- 9028. emiad.estir i fifet 86202 ) CHXBgsolved in

ha pesi.tion fr Iat t hesi s of °

> Hﬂl-%ﬁ hégéé}g§l gF%%%VI) %%‘fw thﬁgazolaf |Jﬁ1t° the
orgartdiagr kel (idEMERgen€On wHeC%adﬂMCls Mi&rfdd. 5@p 1% o0 room

Mesyl ate L4 (119 qg 0.197 mml ; MA: 601. 06),
temp%ﬁ%ﬁ#ﬂ%ﬂﬁﬁqrﬁﬁkfﬁﬁ 2L 9%t BhoRRUTFs heated in presence

of 162.5 ng nethylimdazole (1.98 nmoles; MM 82. 10)

at 80C for 6 days. Reaction is screened by TLC
Work awpal yEhs (diesippeambintoind 29 pesyedt e)ltOV\@QOL;p split ice,

ana SIZROLEALENSOGRELYEN S IRl £RAVCRY PLSBINLS: clliEcntrated
chlonHydrRacted dresyihat e eyfliditicat ekt utke sel ubkerpatkd with
CH%HL? ghgsngegrganic 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 1is 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).

lH-NMR (CDCl3) & (ppm): 0.90 (J= 6.8 Hz, triplet, 6H, terminal
CH; of hydrocarbon chains); 1.27 (large multiplet, 56H, CH: in
hydrocarbon chains); 1.45 (large multiplet, 4H, CH; at beta
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25 in 17 m nmethanol, and 8 mM 3.7%chlorhydric acid
are added. The anphi philic nol ecul e precipitates upon
wotmsagesat 5C. The solid is isolated by centrpdogbomn774
at 14000 rpm at OC, which precipitates 170.6 ng of
crude product. Purification by silica ge
posiichoonmdtrogr amwtiaeyhaim&gﬂadi ebtSbn (@iudhligriestet hane: CH, at

1% 30, 15 th duct 43% Ld (53
ganng, B8 b8 mitelh TS 50 Gl GooSBPCty FB2GDRLBBBPA aGH, CHa
at ﬁ@@éyspésQﬁléﬁpmﬂﬂﬁd| G AR | es BEM o ILCi3 R = 03528: ¢ Hz,

sol vent: 10% net hanol i n CH2C12; detection with iodine
triplefpor2H( I\@rlz:ﬁtmép@laamlinlqncér@m PBUNERS4)aldhol) .
111-NM R (CDC13) 8 (ppm: 0.87 (J= 6.8 Hz, triplet,
611, term nal CH3 of hydrocarbon chains); 1.23 (large
Synthrgis pp£t4-IbSkhdeayhydioccarBeanehabhs)L2).:85
C.oH (multiplet, 211, CH2 at beta position from
167733 i oliunm); 4.12 (singulet, 3H CH3 of 10
Q_?/I i mdazolium; 4.27 (J= 7.4 Hz, triplet, 211, CH2
at”'aPpha posCdthpO f rvnr ng2hyd 6 m dazol i um); 7.28
(singulet, 111, CH in nethylimdazoliumring); 7.49
(singulet, 111, CH in nethylimdazoliunring);

AlcoHd 634si mmubet%,llh G et Ryl i migazod 337y NOdiskdived in
13C- N dept 135 (geCD -4d) 8 ( pm: CH and (o3 gi ve -
100 megavilpeepeaks @Le)ate@l—al@epef@ts@@css pbsPOi veg ppaks-toluene-

Sulféﬁ)ﬁ?,a%?%er r(ha@é C‘%ﬁzyﬂ ﬁ]hga;ig’f% Sn%@ 5386?)/ %%expt %€5m1nutes

The pﬁﬁiﬁd¢amibﬂObEUHﬂcehZZSSHK -91,1i€fgel chromatography with
rreth | i m dazo

. 49.8 25 , .
a 106 éﬁ?aﬁph% n%%fr""&fﬁ%%z&?‘i up§ytapeg(qiyes 202.4 mg
alcerd®lyb20of BBLRUSHYEAZY | ¥B) ; §5346 (-Im&BLHT aNChi NGield) 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):

C16H33\(\AOH

C15H33 C3gH740; MW= 522.97

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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poi ntof | at eral chain); 33.0(+);31.7(+);30.0(+);29.7 (+);
29.4(+);29.35(+);29.3(+),29.1(+);27.2(+);26.2 (+);
w@20080006gli T f er ent Csi nt hehydr ocar bonchai n) ; 13. Bct/i8200%01774
term nal nethyl of hydrocas®on chains. WO
2008/ 004058PCT/ | B2007/ 001774 41 Exanple 7: Synthesis
catabys®/ As CHERQVEHCUPYNnCIHROr £ Ubizg 0@ 0 baLE298RCuHnYB L3 is
Ve 0141129C1H29C14129 "1 C- Ci aHssWCl 4H29\WCuH29
obtagied %e%Yasp%’fCaEg?gt P%d@&lﬂv-e%ﬁa&l@oﬁffii?,t%:cd’l%&ve( ﬁ’)L.e%‘
O LI H2s OH 01411290H C331-16802 ; MA:E 496. 89
1- Bronot et radecane(44. 58 g; 160. 8 nol es; MM 277. 28),
Anal@sBS0b¥esddhdR0r,81 diethylether (distilled over
sodi um 10 benzophenone), is added drop-wise to 4.7 g
magnesi um turnings (193.3 noles; MM 24.31) during 30
. m pdLes i,I'e heatdng. to,pefl ef | ux i s_paintained .
TLe: f o?fl hgu‘fé,?'t hen te%rpr?'"g'r at apé i %)éfh \%er Y5, aflg neptane;
detew@l @t ol attloneve4i024 ng)/ s40.f2 010 essciMV¥ 108xrdR) , TLC plates
... dissol ved i O mM diethylether, is added drop-w se.
siligg c%ﬁ& ) the reaction, the reaction nmixture is
stirred at roomtenperature for 16 hours.

'H-RMN (CDCl3) & (ppm): 0.90 (J= 6.8 Hz, triplet, 6H, terminal
CHs3 of hydrocarbon chains); 1.27 (large multiplet, 63H, in
hydrocarbon chains); 1.56 (multiplet, 2H, CH, at beta position
from alcohol); 3.68 (J= 6.7 Hz, triplet, 2H, CH; at alpha

position from alcohol functionality).

Synthesis of methanesulfonic acid 4-hexadecyl-eicosyl ester

(L4) :

O
C16H33W\o—g~
i
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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Wor k-up: The reaction mxture is poured onto 500 m
split ice, acidified with concentrated chlorhydric
wa@giogoasoss ext racted 20 with di chl oronet hane. Ther/sabitho1774

obt ai ned after evaporationzef the organic layer is

di ssol ved in warm THF, which all ows separation from an
Analysic®| el eesylpredlét. The soluble WO

2008/ 004058PCT/ 1 B2007/ 001774 42 conponent, after

evaporation of THF, is re-crystallized in warm

TLC: aR€t eng). g/i ebdlgniy. 60g mu.e1di oh Wedt3heh nB@beSction with
88. 1% based on val erol acton@%’ 5 Analysis of diols W:
vanijiineguliyr by aghiyhercio @tn&ataéeﬁa&ecangﬁépﬁﬁn&54
detection with vanilline/sulfuric acid (Merck TLC
plates silica gel 60 F254). 10 11-1-NWR (CCC13) 8

"H-NMROP(ODC13) 9B ((bprd. 8 dzoot nirpl €t 8 6, teripred, Ch3, Ofcermlnal
%drocar bon chains); 1.27 gll arge nul tiplet, 50H ,
CH: 9% MyereSadem cﬁ/&aarsr@)s 1. 4227 afh@r%@l tmLpllteltplestH @3, in

hydr Ilb[% Ietéié%ﬁ?n tqrghbtgjt%i pd5| on CH2 o‘—irEthpl?eJCa ?osmlon

fromemeswméﬁe ) 8. 88020~ SLﬁgﬁlHlu\BH K13 Wf, mospietenf 4.22 (J=
triplets, 2H,_ CH2 at al pha, position fraomprimary
6 Harcdhotiietrordiin | Ot 8 5iPBEr RASLFH CRoh&GE: NeSet-AE20) -
(M2): Cuk29 OH 20C. 141-60331-1660; MWV 478.88 Diol W
(5 9; 10.1 nole; MM 497), dissolved in 200 ni
SYntthﬂJtﬁeneOfl S Jrreh%&lemh@ﬂmlwml)ls?-@ewgyl 3H-imidazol~1-

r ]fonlc acid for 2.5 hours. The crude
ium éar?jTa%:dl obtain d after 25 evaporation of solvents under

C1gHas" ed ced ressure, is purified by silica gel
c oglNﬁthJm th an ethyl acetate gradient in
tHane (5\%\1/0 0% . WD 2008/ 004058PCT/ |1 B2007/ 001774

431%ﬁal ysi s ofChlcgrahscy?: M= 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 1s 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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TLC. Rf = 0.44; Rf'= 0.48; solvent: 20% et hyl acetate
in heptane; detection wth vanilline/sulfuric acid
wa besoki0IL.C 5 plates silica gel 60 F254). 11. 1pddyR2007/001774

(CDC13) 8 (ppm: 0.90 (J= Go8 Hz, triplet, 6H,

term nal CH3 of hydrocarbon chains); 1.28 (large
Analysd s i pf campligphi2 molegdiecHEMONn chains); 1.4 - 1.6

(large nmultiplet, 21-1, 01-12 at 10 beta positions

fromal cohol); 2.00 (nultiplet, 6H CH2 at allylic

TLC: PRSI +i ON33; Bobbehdr G.04 'ﬁlé,th%t’hldll aln CﬁrﬁClg'Qdét:eét:@Bﬁ with
position fromprinmary al cohol); 5.13 (J = 7.

ioding imrArs 1{lextk ST LG pyrtespesiicanye §0F52ﬁéﬁ| on of
5-tetradecyl - nonadecan-1-ol (WB): ClILIH23 OH :
CuRaC33H590; MM 480.89 M xture of alcenol isoners W2

TH-NMR2. @bt.;) 456 (Brad)e) 0 ddssobved.Bnpk? nraiiwt, aeﬁt att%rmlnal
I's hydrogenated with Palladiumon 20 charcoal (Pd/C
CHs  afoghysaocrgPoror chaineirs &t 23 atlms%eri@llmlaisls@i‘re ¢B3H, in
ngen . pyr & cal S obt.ai ne aft
hydr(?é/ tratl%rﬁa%%/-g pgpgrS ﬁrghoé lorta{tl%lrlt og %oal ven 5 position
from undesthyeldincieth poesSsuy £ | ndquant i {aihyel2byi el @H, CHjs of

04 425mme 24% ield Anal ysi s of
met L 15575 Gt virin sbe b éthy|CH at alpha

positest ateokhn Iﬁ@’@ﬁﬁﬂf‘mlégzgfi&ﬁ’ Lo Widh (singulet, CH in
vaniliine/sulfuric acid (Merck TLC plates silica gef

methygglrFzEAcl 1 uND 20@8171@04058P>C7FBI B2d61 QU EL4 44 1.1 - RMBH in

methélgﬁﬁm]d?a w :?lln gcggbon g%al né%rh uggtu ar é—g CH in

methymlntudzlzeﬂlxﬁﬁhl:mql 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 5 position

13c—m&fzt Q%%ecy% &%%g ec ZaFt {éﬁl}‘fogﬁf—&gnoﬁ

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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0141129C2211660; MM 478.88 10 The Swern reagent is
prepared by successive addition of 284 ng oxal yl
wa bdognigdss and 265 pl DVBO in 20 ml dry di chl or peeis286%001774
previously cooled to -78C. 47he al cohol WB (900 nmy;
1.869 mmoles ; MM 480.88) is added after 5 minutes
Examphel RepSyathesI8CofoBIBO minutes; 1 m dry
triethylamne (distilled over 15 cal cium hydride) is
added. The reaction mxture is allowed to warmup to
c14H29roq£_[ntenperature for 30 mnutes. Wrk-up: the reaction
unenched Weih030 nl water and ext Cathed 3
A Hli ChT oronet hapF/fh\e/oﬁ;&m c phase is 0
wasiyed Wi th 1% chl or hygrwl,c agysl and with a 5% eous w3 M
solution 20 of sodium carbonate. The organic | ayer iis

dri ed over anhydrous sodiumsulfate and filtered. The
crude al dehyde, obtained after evaporation of
sol ventsOMi’r s further purified byQH lica gel

CiaHaocpyy raphy with &gaadi e et hyl acet &tz n
ept ane (Feho 5% to y| 65 nngaHseﬁl—dehygg/—/\/\o
CiaHzo( 1. ¥¥8 ol es, 73.5%Q@Fykel d). Wl ysis of abdebyde wa

(W) : TEC Rf = 0.32; solvepnt: 5% ethyl acetate in

hept ane; ?%C{Net\?&cti on with O. M04 in water as

spray (Merck TL&plates silica g 60 F254). WO

2008/ 004058PCT/ 1 B2007/ 001774 45n@H RN (CDC13) 8

(ppm: 0.90 (J= 6.8CHkEg tripletj 6H termnal CH2 of

hydr ocar bon chai ns); 1.)%8—/(%%@0;41—1;; plet, 571-1, in

hydr ocar bon chai ns) g, 14 H2 (nglil plet, 2H, CH2 at beta

positionfromaldehyde 4 J= 7.3 Hz, triplet, 2H,

CH2 at al pha 5 position from al dehyde functionality);

ngul et, CHO of al dehyde). Formation of
Synthgs T Gk ARG TaeRAaRT A bl opae)- (B €1 ar2g
C14Ho10C14H29C51111040; MAE 733. 37 1-i odooctadecane (2.044
Ot5. 37 nol es, MA: 380.40), dissolved in 10 ni
et (d| stilled over sodi umbenzophenone), is

C14H205dded” dr op- WCS£165@; ;1 967=npl I eesi um t ur ni ngs (8. 064

mol es, 15 MM 24.31) during 20 m nutes, while heating

to reflux. Reflux is maintained for 1 hour, then
1- Brdn@méﬂ;&%td&%ﬂe% |g¥\@r§§ te 5C 1840 al %B)i@% W26 587 29,

0. 89 nol es; 78. 88), di ssol ved in 20

dlSSCdWeﬁtChleét hel20 | snladdévdemxobew\’m@e (r@labnial@de phier sodium-
benz¢ﬁ§§¥%ﬁgd ﬁ%%{éh@%g rﬁ?“d e reactrggnhfi ﬁ%ggﬁ%eturnlngs
193&bmmmﬂeﬁquW902W1BSMIdunimg aﬁlﬁnhuedswiwhlle heating to

reflu%(hl % hgﬂg}l{ ClgCImda:Lanntdaleri(etcg a%ggd 13 1't1<|31,r1r§,s ¥:Mhte?1 temperature is
lowered to 5°C, and valerolactone (4.024 g; 40.2 mmoles; MW=
100.12), dissolved in 20 ml diethylether, 1is 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 so0lid 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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di chl oronet hane. The solid obtained after evaporation
of the 25 organic layer is dissolved in warm Tl -1F;
wae Booshadoss zati on all ows separation of a by- propleyiB2oéador774

is filtered off. After evapgpration of the THE , the

crude solid is re-crystallized in warm acet one, and
comppuent j edayesi ldvepae tichr owt o’gHaphylsvi tﬂ“e—afrﬁtta/]lllzed in

acetate hepta ra (1%to to d 293 30 .
warm(@?igﬁ%Fésgl g@ ggeﬁ é%d”ﬁﬁaé? mb mmol€s; 88.1%
based008/ PHAOBSPLILLBEP0O7/ 001774 46 AnaIyS|s of al coho

(Wb) TLC. Rf - 0.37; solvent: 10%ethyl acetate in

hept ane; detection wth vanilline/sulfuric acid (Merck

ph At Lca gel 60 F254). 11-1-NWR (CDC13) 5

Anal%%%%)+§ &§%§f§ﬁh6 8 Hz, triplet, 9H, term nal CH3 of

hydr ocarbon chains); 1.28 (large nultiplet, 89H in

_hydrocarbon_ chai ns 1,43 (large multiplet, ,CH2 _at
TLC: g 10 p@s?ffon S¢ XﬁPEeco%hary e5P¥dho fet§t§1 in  heptane;

dete&i&%ﬁ'p%ﬁﬁh 1@an§@%fﬂéﬁ§dﬂﬁ%ﬂ¥gﬂtdéﬁﬂfr@MéP&knaTZC plates
al cohol) nt hesi s of net hanesul fonic acid

Slllqao@¢bd@@yﬂg54ietradecylnonadecyl ester OMG): OV
Cl 4H29 15C et H2gC32H106038; MM 811. 46 Al cohol Wb
(435.8 ng, 0.594 nole; MM 733.37), dissolved in 20 m
‘u-NMR2@Ebe 1G4l Bt i ¢ overokariz), 6.8 ¢eol ed-19 OC M?Sylt 1
chloride (0.4 g&ﬁd’ 680. 7 k-@; 6. 43 nol es; ﬁ%N% 11 ermlna
CHs oifs @@lnqnandm;ce@lhann@)thé Qéadthamganmmmeph@*d, 059Hm CHz in
tr ne 661 ; 6 3 nmol e 9)
nyargea o S0 10k SRR Rr e e B aCog peta
pOSlﬁiecsrperfabmr etéﬂflaaﬂﬁl tall@;@allolac) hpuss. Nuﬁ%flﬁ\&QOY@H} OTH, at
of the solvents, the residue is washed w th nethanol ,
betaaﬂ@séEb@?aﬁé@WnPH%W%WXH?%EPWQQyfe$d6§5 6ﬁré5ﬁbsyﬁéteJ =5.3

Hz, éégg%ékg@%ﬁ?r§ﬁ§e€g9|§ﬁ, 23703 el 2 APBLYSESnOFrom primary

alcohol).

Formation of 5-tetradecyl-nonadec-4-en-1l-ol (WZ2):

C14H29

~ CigHzg C33HgeO; MW= 478.88

Diocl W1 (5 g; 10.1 mmole; MW= 497), dissolved in 200 ml
toluene, 1s 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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TLC. Rf= 0.59; solvent: 50% di chl oronet hane in
hept ane; 30 detection with vanilline/sulfuric acid
wa dMpsoluoddC pl ates silica gel 60 F254). WO  pCT/IB2007/001774

2008/ 004058PCT/ | B2007/ 001744 47 111-NMR (cml3) 8

(ppm: 0.90 (J= 5.6 Hz, triplet, 9H, term nal CH3 of
Analygis octirbbeendbsnd2; 1.28 (large nultiplet, 89H, in

hydr ocarbon chains); 1.69 (large multiplet, 4H CH2 at

beta position fromnesylate); 3.01 (singlet, 3H CH3

TLC: OfRfesyl @t £); R&.72 o(md;ti gbelrenlhl Q:b'bate’@lllﬁi‘a acetate in
position fromnmesylate). Synthesis of " Branched

heptéltrh@daﬁﬁﬁwﬁmmhuvﬁmheVﬁllddume(/lsulfurlc acid (Merck TLC

t ctad 5-tetradecyl - nonadecyl) - 3Hi m da
platds Q{il n%% |%€ ﬁﬁ%% J NO COR9 10CuH29d e

C55H103C1N2 MAE 833.92 Mesylate Wb (224 ng; 0.27
MA= 811.46), dissolved in 10 m 2-butanone, is
‘m'ﬁea(tc'@d:ﬁsh Br dpPrde cﬁ Y1 (6=nf - Ryl itiidalett e 682, 7terminal

Scret ene&%&%ﬂ(&gn ?29(%| sag‘ﬁda o ‘g:f% ﬁ%@;?g?g) CHz in

hydrcWHJKbcth cE\aan@r)atlbmof- smlsen(tlsartgtdemuuegpggd 2H, CH, at
pressure. The product is dissolved in nethanol, and

beta s gipsridt s r dfictih- 226 eddtied 2mB8y | 4w LbyPlety r apflon, CH2 at
auyﬂ@ 504 1bl on PRI 131 §edi gsokved iy 17cﬂ1|p1'£%t h%@' .ciB3"9t8a1pha

wat er are added. The met hanol i’ ution 1s
posﬂamrdlfxcsd wrihacovneénbhatléd OhIlGr Wyldrs c7 atildzt otpHel@t, 1H,
The, anphi phl I i.C I ecul e precipitates upon storage at
CH at rﬁP FJOOI?S i sol ated by centrifugation at
14000 rpm at 25 0C, which preci pltat es 220 ng of crude

product . Purl fication by silica chr omat ogr aphy
Forma(mrhe% Hratradrceyh -ra%mi%?wefh%emii Ysto 12%
CMHzggl ves the pure product in 43%yield (198.7 ng; 0.238

)Erp)/ei)//\&g 2008/ 004058PCT/ 1 B2007/ 001774 48 Anal ysi s
of ETA:

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 = 0.33; solvent: 10% nethanol in
di chl or onet hane; detection with iodine vapor (Merck
wa bdspbmses silica gel 60 5F254). 1H NVR ( CDCLE)T1/p2097/001774
0.90 (J= 6.8 Hz, triplet, 9, term nal CH3 of
hydr ocarbon chains); 1.28 (large nultiplet, 89H, in
'H-RMI d¢@DzHOrd clpmis) ; 01964 ((kamge a4 ,tiptepledH, 68H2 tatrminal
beta 10 position fromimdazolium; ' .
CHs of 140 5RAAERCOB1FI S Sdf i hi-d8zof farye aualtiplet, 57H, in
j p i ndT.D.16 , al pha pgsitio 0 .y
hydrd Q) ibﬁ%bl?g;.’ 15 '(55,'diZ n%“ﬁ%‘letg,i)%%?& PAgi 1 (Bethr Bosition
fromriadgohdld)33 I s hguldet , 618, EH, i ncriptazol i2Hn ridiy) at alpha

., 11,19 (singul et,. 1H, .in_ imdazoliumring). 15
pOSlﬁﬁﬁﬂbﬁéemd%%?gq%% %%fé%%?n%igkﬁ : CH and CH3 gi ve
negati ve peaks (-). CH2 detected as positive peaks
(+). Quaternary carbons are not detected by dept 135.
Formajighagm off (3ytetadagrhyrenrdagaralinfW423. 0((-), C of 25
CoH.;et hylim dazolium; 119. 3((-), Cof nethylim dazoliumnm;
1 2)96_2/8%(% at al pha position fromim dazolium);
37.2((-), i n hydrocarbonchai ns), 36. 7( (-) net hyl - Cof
CrHaonet hyl i ni dazobiidsol ; BE=0GFB.385. 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(+);
The .ﬁe% e Eﬁ’fls(%lk%%&%alt%%) rgtd@d%&i‘%ﬁ@@&ﬁ‘f@%ﬁ)é\fm 284 mg

), C term nal nethyl of hydrocarbon chal ns)
oxalylposhbonbgePend EX007hd0DMAP 4n MAEs mdnadysi §ighloromethane

prevfgugﬂ§ﬂﬂd363e%pl%8”|§§é°c. The alcohol W3 (900 mg; 1.869
mmoles ; MW= 480.88) is added after 5 minutes and kept at -
78°C for 30 minutes; 1 ml dry triethylamine (distilled 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 quenched with 30 ml water and
extracted 3 times with dichloromethane. The organic phase is
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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Mol ecul ar Wi ght (Da) Cal cul ated exact nass of

cationic part (Da) lonic species detected by ESI+ (Da)
wOkdNB/06B7s 55 601. 64 601.7 MONBI 687.61 651. 66 BG&/1B2007/001774

HEI C 637.55 601. 64 601. 7 HgMB 687.61 651. 66

'H-RMN (CDCli) & (ppm): 0.90 (J= 6.8 Hz, triplet, 6H, terminal
CH3 of hydrocarbon chains); 1.28 (large multiplet, 57H, in
hydrocarbon chains); 1.62 (multiplet, 2H, CH, at beta position
from aldehyde); 2.42 (J= 7.3 Hz, triplet, 2H, CH,; at alpha
position from aldehyde functionality); 9.79 (singulet, CHO of
aldehyde) . |

Formation of 1l5-tetradecyl-heptatriacontan-19-ol (W5):

OH

C14Hog
. CigHaz

C14H29 C51H104O; MW= 733.37

l-iodooctadecane (2.044 g, 5.37 mmoles, MW= 380.40), dissolved
in 10 ml diethylether (distilled over sodium-benzophenone), is
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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651. 7 HET 640.57 604.58 604.6 HEM 623.52 587.62 587.7
Bl A 833.92 797.86 797.9 Mol ecul es were dissolved in
woredoamobs (0.1 ng/ m); direct injection; detepti/mrodyoo1774

el ectrospray ESI+ Mass Analkysis on a 5 Bruker HCTultra
apparatus. Preparation ofliposones from

Analyshetdly laBeghobc(@lkecyl - nonadecyl) - 3Hi mi dazol - 1-i um
chloride (MONI) and DOPE: 10 Liposonesare forned
t aki ng DOPE( di ol eoyl phosphati dyl ethanol am ne) as a

TLC: CRE i ptd.063B; musofv&ER aresdi espiyedataggatBer iW t Reptane;
different amounts of DOPE in 1 nl of ethanol under
detegfpkan sofi Bt | FANLALlAnsdRiuddrirde batdid Thiderck TLC plates

14 entg@tess gl coholic solution is injected into 9 n
ot l%? terﬁae m%tLr. The 15 resulting solution is clear

and slightly bluish. This solution is sonicated with
an ul trasonic processor (Bioblock Scientific) with 2

"H-NMRo (GRE Lokl Qe PRI 1 OvHUr (99 6 Ai HavesiripImie, 9H, terminal
[ 14 i \ j bout 0. it .
cr, SESUHR ARSI S iae, M Al B 0,

hydratatien upbaisisorage. a8 5Qamid haull tiipdeegsesnf UEE & beta
. precipitation. In the fol] ow ng_fornul ations of MONI
posi lﬁglaﬁﬁﬂ?ﬁﬂﬁqQ?qq§I@ho@%ﬁOhOl); 3.61 (multiplet, 1H, CH; at

alpha position from primary alcohol).

Synthesis of methanesulfonic acid 1l-octadecyl-5-tetradecyl-
nonadecyl ester (W6):
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 CaHy), 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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at a constant concentration of 1mMtaken together with
varying 25 mllinol ar anmounts of
waolbmbeasphasphat i dyl et hanol ami ne (DOPE). WO PCT/IB2007/001774

2008/ 004058PCT/ 1 B2007/ 001744 50 For clarity they are
sinplified as MONI (1 + n), n being the mllinolar

'H-NMIO NEIDU T3t I50N(sm)DOPE, 9Theganshigphid i ce ppbees! € oMl rinal
but al so the other anphiphiles 5 of the invention,

CHs parthydnegadspemosthaginsxanpl-88 2(iargearrubhsplyt, 89H, in

' ed. hangl t.ogether with th o-lipid E.
hydrgégl\?\n}g%% %Hear%ngdo’so?ralggf oﬁn%’f%?i ,tl@glr?c nt FAti onsz it beta
positfioM akoanphiphidie) m03 exul esingpeeserss oftngdi bkernRRlylate) ;

I ra%i 0S ?f DOPE were nost conveni ent for
4-”%‘?% Gt of LEhef dlesplata wosit ipn| beprareariavel y.

These al coholic solutions perforned the sane as the

| i posonal formulations in in vitro transfection
Syntkepis i mft ¢« Butanehede @nigtageddine | dmgitzghil elynaniBIA)  (1-

jght .scatfering; 15 Liposona reparat i on t. 1 nol
methg O e R O 8 L PR E BRER e i S s -
ium ¢ibgeids) in mlIliQ water, as descri bed above. The

particle size of these |iposonal preparations was

det er m\ped by light scattering using a Zetamaster

(Mal ver/n l\strurrent, Orsay, France) with the 20

foll ovvi(h pecifications: sanpling tinme, 30 s; 3
C,4H,JTEasur e Bt s per sanple; mediumviscosity, 1.0 cP;

r ef ti isglgex (RI) nmedium 1.335; Rl particle,

1. 47, tér@gi ure: 25C, at 633 nmlaser wavel ength. 25
CraHaanVR exp Fi ment SCssHha CNR: seetgazwepe recorded on a
Bruker 400 MHz spectroneter at Carex SA (Il1Kkirch,
France). Elenmental analysis (C, H N) and infrared
MesySR&CINESQORY: 3P, Ebemental,ianalysi §1andel Nfrared i veq in 10

spectroscopy (Vertex 70 in KBr) were done on fina
ml  rdduetrens, thes' | hstaitteagt Char |l eprSaénoe UPRZ2 " 20A.6 mg

rashourg. 2008/.004058PCT/ | B2007/ 001774, 51 _VMass
methy by Zso:lgﬁ\/b§§pgnd?1§%3f%s;m§§ﬁor18ﬁéspo)elé tr%osp ayor 6 days.
Reacti¥l zat & onseebhedd( EIyr) , To0 HeRdhba sl NStdis@bearance of
(Bruker, France) at the Faculty of Pharmacy in

mesyiqi&i-rch (I FR85, ULP, University Louis Pasteur, 5
Strasbourg).

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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Cell culture 1(562 (human chroni c nyel ogenous
| eukem a, CCL-243) and TIP-1 (human peripheral bl ood
wongoyfoss | eukem a, TIB-202) cells 10 were grpeadYIB2007/001774
RPM - 1640 (Eurobio) and supgl enmented with 10% f et al
bovi ne serum (FBS, Perbio), 2 mM gl utanmax (Eurobio),
Analye@sunift BLA: penicillin (Eurobio), 100 pg/m
streptomycin (Eurobio). HeLa (human cervix epithelial
adenocar ci noma, CCl- 2), Caski (human cervix
TLC:CaREi ROMA).,335 Hao(huARn CepYi XnSHURIDUS kD GRIH MM hethane;
HTB- 35),, MCF-7 (human breast epithelial
deteghénBcatidihohadipFBVADOtel(Meraler £1¢F ophatasMEMlica gel 60
F254EEW obi 0) supplenented with 2 mM gl utanax, Earle's
SS, 1.5 g/L sodium bi carbonate, 0.1 nmM non-essenti al
amno acids, 1.0 mM sodi um pyruvate, 100 units/ni
1 NI\%}eni cillin, 100 pg/m strept o?ci n, and 20 10% of FBS.
H-NMG H{CPEL ) nfusPRMbr yOnP @ f(Vbr 6biBadiz, CREinbss) Q8| | $erminal

r j (sEurobi Q) ~suppl enented with. 4 mv .

chs P8 A o A b Par B RERE, e bt pse oo, i
hydrotaciose, andiranti biloBidcs ((£eqé/ sluleptd)etgnd440% of, at beta

. FBS. 25 A549 (hyman | ung carcinoma, ATCC N CCL- 185)
POSIELPRs ity iRpressihy™ hedals | ubsFRvaket (PhotimusCls  of
imid®Y6alhm) b ug fer a e cant£ ot ef, SV4Q el ni.s)

vve{)el%%% ai %eéllelaf t{s(g?y@?g%llébf réjggfgec%i %r%'of géﬁsﬁ%@ 48) alpha
posiplearm dre@ ontrebdyzohbd9) G 37udScel [simgukegy owiH,n CH in
.. .RPM :1640_and, suppl nted with 10% fetal,  bovine 30Q .
lmldgzeru o R Gt iy ?Eléalaw &F ?;Eni e i Al 14f1dazolium
ringpg/ 1. 591 epiRguTED, and, OcB8 pg/ mhi&42816 Brnoreaa).. All

the cells were maintained at 37Cin a 5% CO2

hum di fi ed at nosphere. WO

13C_N&Q08&gﬁég?§gC'Q/ch§_ggt7lé 8%}[77)4. 52 Transfection

experi s Trans B 24-wel | tissue culture
CH amd atig; JORe dayyhehas eddlansfection, 2.5 x 104 cells

were seeded in 24- well tissue culture plate in 1 n
CHy detestiecomsl dos ifddicumed Toft)ai ni ng 10% FBS. Before

ect] C I S ] r i on reagent
ouet 45508 Sl ol Saes 0lol ALY aBRLeRS o L
138.Hil ted, i nCLO®H| méthgiimifiaeelired)wum IDBe Gol y{ipp C of

s mxed with a Vaortex faor 10 seconds. Then, 0.5, ul
meth)‘fﬂﬁmé{aﬁzg]f“ﬁ%hi E:?(gllgc 'I)ecyﬁceé)-%bé%d“_ﬁolrm%?]oﬁém)’ 62.8
((-) Wet eapdge haoglbgi%liBNAf%@nutﬂn%azBl%J Ofr»a,l 3 X3 uwf-W?Sc:H in

mxed with a Vortex for 10 seconds, and left for 10
hydroganhes at rdormitehper at ude. 7 Then, (10D, pl of mebhplekes  of

| LIt | added gper, wel |, and . pl e
meth}l?lglcnﬁbda%dlvg{n%ﬂcg%lg Tpé)n’sf ésc‘?t'iqonhhﬁ’ 9()3?}\/\’/:% V(\?? ésu3e3 -4
33.3 cuttpurélploat @) ;Ongoday (kef;ork trapsf ecicams 1(x) 1049.6 (+

C Ilsn?m%re seeded_in 96- well tissue culture (pl ate in .

29.5 o{bi nt 9t fesi /conp? et e (fredi Fh-Ent bhi ng616% FBS. 25.9 |
23.2 Beforeobragnsfecti og; X Si ansd Wely :

rgagentmv\gr e(@r epg?égsggﬁg%dgé ?{erclj lgﬁo@ﬁ/n%}; 20 ofﬂg?r%&am
14.1 wals )di |Gtterrniima2) iyt thof 1 sef umydrees niedi uphaThe)

solution was mxed with a Vortex for 10 seconds. Then,

0.5 pl to 3 pl of anphiphilic nolecul es-based

formul ati ons were added to si RNA sol ution. The final

m xture was mxed with a Vortex for 10 seconds, and

left for 10 mnutes at roomtenperature. 25 Then, 20

ul of conpl exes solution Was added per well and the

pl ates were incubated at 37C. WO

2008/ 004058PCT/ | B2007/ 001774

)
):
) ;
)

14

14
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53 Reverse transfection in 96-well tissue culture
pl ate Conplexes of si RNA/transfection reagent were
wptmpaosss first. The desired anount of si RNAS wag1B2007/001774
diluted in 50 pl of serum fisee nedi um and added per
well in a 96-well tissue culture 5 plate. Then, 0.5 pl
Masswnslpd;l-@foanplhpphphu.&:.uoinea:ebﬂebased formul ati ons

NA _cal it i an nl ate wn nl-aced-on

o o BP S VT P Ao 4T P L PRl A e detectsd by ESTE

Then, 1 x(DED4 cel|l s were addéeh)per well in|96-well (Da)

MONI SSUe Cgbigge prate T 125ggigpf—freshconpiete 601.7
um cont ai ning 10 10% FEB and the plate|was further
MONBic ybat e884%7 37C.] Conpari sof56f6transfecti on reagenfs!?
HE[D N [24- Wgé'}5§ISSL@ culture ghpke format) For 601.7
Hi per Fect reagent{, the desired anount of s|RNA was
HEMBI Ut ed 8&.6h 306 pl of serafi.bbee nedi um (for 651.7
lica perijment). The of transf ection
HE:Teagent géddec to the si Eﬂﬂkg% xture. F sol ut i of04-6
HEMBS |m xegodd h a |vortex, 10s5gegends and left for 105577
m nuytes at room tlenperature. Before the transfection,
BlAhe |conpB&1.92 cul tjure nedi un79%86r enoved angd 20 797.9

B CXWARN o W S af-ecoml ot noditim ~cnnt Ll na 100z

o od
T CPI C‘.L’CU Uy T J T YA UUIIPT \ ) S vy TTETT arrtr CuouTroanr 1 IIU L O /70
FBS per well. One hundred mcroliters of transfection -
Mole®OldH | QRer giaddadRer inel hetk@ho Bl | emt Fealg /eﬁﬂﬁr}t direct

the desired anpbunt of siRNA was 25 diluted in 75 il
injeqfilafey uﬁﬁr—?éél@@dmm @i@?tfpsprayaﬁéIéXpléﬁsﬁeﬂftn)alysw on a
Brukes_c"f?d“fnr §£‘£t&§ 25 pl) was diluted in 75 pl of

serum ree um and the solution was added on the

diluted solution of si RNA, then m xed, and left for 20

utes at poom.tenperature._Before the tion,

PrepqiAthdo ) cPE oL PR EG g S L eHSbaEIaag (1 -o8ladeay1 -

nonad&R} CEH- D Dz H1 - DL 1 R NBh BS £1 8B A (MONEPNEAENDOGEL0%

serumper well. Fifty mcroliters of transfection
sol ution were added per well. As cytotoxicity was
; t transfectjon eno
nipoffill 113d [SISLERL] O TRILAT MBS cEero 80200, BRLASRI Loy

etharwdldmind)D 2@084004058061d | B20G7/ Bgl734 SMONDr are dissolved
Sai nt - Red reagent, the desired anmount of si RNA was

togetdiqyt B4 thn %ﬁ*r%‘?t HBEOURGS t9F pHOEAt elBxper Pherfty . ethanol

undexsaé@ft R@Qnﬁ.@é@%@'ﬁ (1% 42 RbnfebtloAMRfrrsi RN s WBShcentrated
luted in pl of HBS and 5 the solution was adde

alcofmiﬂtmesqﬂmmcerd $8l dnjentefl dnRNAS lIrHerDﬁn Xeelr i bqdwhber. The

wesul i YR Wl i HORE o dtEa “ar Y Pansi gy s gt selution

is  snildaaied Befwiteh addimg twltheseeldes, pheceospket e (Bioblock
. culture nmedium was renoved and _replaced by 0.5 m of

Sciendddp St @%.%ﬁq@%n@%w%fﬁoﬁf sférﬁwrb@g RelMEnuEREn

250 pl of transfection solution were added per well.

For Transl T-TKO, the reagent (6 pl) was diluted in 150
The pésoeltsegurhifpemmeti bavand: t bézsolaf i ahowas I &kedmandith a

Ief% fgr %5 15 m nytes a roomtenpe ture. tDesl tag?l
narrofrht “oHPUF RRA WOhT t 54| utetY sSIFRYI o Bite  upon
storddeansf ertd omf@@&@mtlnaf&as@l & | Oz MBSy g8REEYp It Xedon .

and left for 15 minutes at roomtenperature. Before

adding to the cells, the conplete culture nedi um vvas

In tf{:egg;ﬁ?vﬁ%g fg%@ﬁgg}:gfxﬁn%er%%v\e f%%cr |ters o?hosen

at a tcfc&TSlféﬁﬂ:tt i oonsehtitabhonepé adwﬂed:apmn vieddettdt ewi2hhvarying

mllllmo ubatc%%%ﬂré%ge %‘T@m reméla%deﬁyg&t%alr?gfgmlbﬁle SOPE
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95 For all transfection protocols, the plates were
further incubated at 37C for 48h. Luciferase and
wPpLmsefsassay Luci ferase gene expressi on was PEEENEN01774
using a comercial kit 30 G#romega, France). After
renmoving the conplete nedium three washings with 1 ni
For oflaPBSysdihetyi omreesémpadéicdhars, MM pl1oft 1) | ysi ®eing the

.., buffer were and the plate was

mlll}%%%%ﬁt%ﬂn%?ngﬁ%ﬁ%ggnﬁgegpﬁﬁe for 30 ninutes. The

| ysates were collected and centrifuged at 14,000 g for

5 minutes., The_ WD 2008/ 004058PCT/ | B2007/ 001774 55
The puehighadeéCadody Wds AQeEsebubi #A B p¢h©f otheat @mphiphiles
of t Et efn\}éﬂﬁcc;ﬂ Ogﬁ%st.t}_g%lglrls; ’é}yod%é er S}?Arr:,[jéi Ol t2 hco 7 are

um nescence was non egra i oh
ea51bwedl$@o§eedndslm&thaaoﬂumdgﬂﬁﬁéﬂ QLBB6Qijetthhﬂ1d DOPE.
essed 5 as Ii

na wEESF TS BoERISEES? BRI IS of 1 or

amph 191 Bl & Mél@guléeﬂ%ybf6§@WbéPbgrﬁgfﬁ@fyﬁ3ﬂmolar ratios of
asurement of nRNA |evel Messager RNA | evel was

DOPE deesenintsd byortienaant ifGene¢oipBr apched £1 0t DAAr agespect ive
p is_perforned w ole c
blOléé?aqgsS§%&@£t$ﬂ fh argelcqui Cicg?}wgloﬂftéQeﬁ%ﬁFmed the

same t nansfleet lappserlalls pereunashedswitth InmMyvPBS | Xransfection

(Canbrex) and lysed in 0.6 nL of |x Genospectra lysis
SXPeR§ErS 15 for 30 min. at 50C. Then, the plate was

stored at -80C for at least 30 mn. The lysates were

thawed and 2 to 20 pl of lysate were adding to the
Measu%ﬂnqntaqﬁena&tﬁ@hep$iae bysdynapiki hjghbageat-tefrangag

Llpoéfa bggépﬁrggﬁoﬁﬁl ﬁkhg%g%fqggePf'%é%%ﬁﬂa w1PX varying
concentrations of DOPE were prepared in milliQ water, as
described 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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20 LE (I abel extender) and 25 pl of BL (bl ocking
probe) and 425 pl of 3x lysis mxture, all conmpounds
w@mshoee Genospectra) were addi ng the pl ate apcr/iB»007/001774
vol une was conpleted to 10@1pl with Ix lysis m xture.
The plate was covered with a |lid and incubated for 16h
Massanmiﬂ'he pl ate was wash 3 times with 300 25 pl of
M h buffer ngospectra and 100 ?l of Amplifier
255 LI TP S1 Ut on (00 teGhpPPPTRY difPBt&atinr11Bethod
(EST-Pl, Aol iéTeLtdhl yartruakhtf r@pGRAIOSHBLIIA) WBE €the Faculty
addi ng to each well. The pl ate was ‘i ncubat ed for 1

of Phaymacy 50CLLIAKi&Ch3 (TFRSS,| Wikas b esiwashpngs Pegteur,
LabeI Probe Working 30 Reagent (0.116 pl of
Stra%ﬂa%‘%rg probe diluted in 116 pl Anplifier diluent, all
from Genospectra) were adding to each well and
Cell Uﬁéglate for 1 hour at 50C. The plate was then wash 3
e tcf % th | x wash buffer and 100 pl of Substrate

K562 WoEKihAS %ﬁ%ﬁﬂﬂc(gygiggghogg h%@ﬂéﬂrﬁunbbﬁuQMb& and THP-1
sul phate in 116 pl WD2008/ 004058PCT/ 'B2007/ 001774

(humegs S@rshezE L alhlchdorrﬂ@elﬁ@s!ﬁe—(@tré)aumglladded'lﬁo?—‘@@dh cells
were mg!:g After 911 1%[4t0e ]%lelro Ora’ndt h%eu}laxgglongsgegce‘ﬂlth 10%

neasure In each a spec
fetal( Bertirod ds)er15mSDsB§A(£eabdo\x\¢st2emm g 10d t Ak y(smr«%iey , 100
fection, the cells were washed with 1 m PBS | x

t
unitS(/ ansr Hbr S8 Bt h weFErREC ) rypst ¢ zedhw Bh 108tpePtomycin
(Eurddidsi i EDTA (W anTec‘,j@f“)lx eé:.%e@&a(iormi&{&ame@i%a, CcCcl-

with 10% 10 serum was added to stop the trypsin.
2), Caeklis (pamaty iqediwiat ecavasipow Jed, S idént tmtﬁrmgledcenmxhequamous

pel l et wa dvvit]]q X-PBS., After centrif gatlon .
Carcifplide| | efﬂ‘ﬁgﬁysed GFT30 i ol (BH1aH P BEERSE ( 50oRAERelial
adenoUdreidehapH HTB-AH0 mM¥INaC wekemVGERRA, 1% THMEMON (Eurobio)

x-100, 1% Sodi um deoxXChoI ate, 0.1% SOS) during 20 ,
supphﬁmented with 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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15 at 4C. The |ysate was honbgenate with a vortex and
centrifuged for 5 mn. at 14 000 rpm Protein content
wormsasmsssed by the BCA kit (Pierce). 5 pg of pEr/os200m01774
were subjected to el ectrophkpresis on 10%
acryl am de/ bis acrylam de gel and transferred to
Tranpfegpting| egpagidehltsori de nenbrane 20 (M1 1lipore).
Vi gti n expression was detected with a Guinea Pig
S vPRehtA-pdtydt SAASURnClR Uy o RERESi | ut ed at
One 463088roTbetCARBecaalect ed swit R o2 pRYSe dtdes GMRING in 24-
nonocl onal anti body (Anbion), was used to normalize
wellt helppee ei il ENeE. mhetemimorkacdtli vt eigmmeree medium
i sual i zedhusi or seradi sh er pxi dase-conj u ed
Cont%{\%lﬁgﬁ ui ﬁlgbaC) pi g’r%oér1 an?ie-%%ﬁsésezg% ril%g%j?g%o%hd &%ﬁﬁ?ﬁ%‘s of
S1RNEYt rad€NeSubshr atemdérnt f wemeBimRash tisd Ng ThRke desired amount

i.nstruction of the manufacturer. | mmunofl uorescence,
of %t'hiﬂtﬁﬁ n§250 et ofe ABAi UMt waS WPERURARGSES Tedlam. The

solubOsh Syakt gk xbangiact i 09o Lek! $oveng Wﬁ§ﬂ9@d%@tg EBS 0.5 n1
sol uti on containi ng 1% bovine serum al bum n (BS ?

to 3cuill sfwerehjeinddls Inekecaies fhaeet wEo hmalabtibasoiece added

ti ha | ;acetone: .1/ 1, 35 coaql ed to, -200C)

to s, LT hg G I N edRe i hen ek

for 2008/c004E5PEMd B26GT by 780 Shiagach taM Ceovht Rdmferature.
PBS- BSA 1% then _the cells were incubated at 4C with

Thenyy 199 1pBSCOE o FEEPHEHE SI RV gERt "giudepd 18eFi Hetésand the

platdd wederi 1oubhock ypspeepfic binding sites. Cells were
washed again wth In]. PBS-BSA 1% 5 Cells were
i ncubated for 1 hour at 4C in presence of 50pl of PBS

T and 50 pl. of us atibodya%i-la'nA/C(IgGl

ransiyec J,.O TW ,u , N]) ) Cel | s

One Heyebwashed tinareesradidivd mM1ok RBS BSAMLY AkQ-cThecs@ldisin 96-
were incubated 1 hour at 4C in PBS containing 50 pl of

well g5dEsakt | BoHyLBAt iRlFdiselingd cbupméd feeshuciakitre medium

j ochemy L ol l a n
cont g IO R EP b aER S, e T T T PR BOATS  Of
s1RNAvASr st tpisyn welelageh® | wame o ptiraiprizrgl WaShebsds stk dy amount
f.l_uQr escence,nj cr osco CLI PSE TE2000- S, _N kon). .
of gl o758 Al LE ST gob el 10t RhaGTREES 1 PO un.  The
solutgeite, waH4i gell wishakl yvexpsessbngibheddehddici figgaseo . 5 11

were used (Photinus pyralis luciferase under the
to 3 cidht pHl aBPNERA0 Ldlce msrHteul s alde def o pregl aptons were added

eqL Si aent cal.l ro d, . .
o sZRMCRbIANLy) A EDECAI IO UREI A, ey = vortes
for tOnpeseddef 2md Sadtt fdsRNA ohid@tasclegotisles temperature.
mat chi ng the G.3Luc nRNA_and conprising 3' -overhangs
Then or 26 YLyt (IOTEFERE | AELCAPR WES (RS oPSFn@ el L and the

platdd ansfectiQmbxneripesiss, A formulation of cationic
anphi phile MONI at 1 mM and conbi ned with neutral

phosphol i pid DOPE at 1 mMin ethanol was prepared.
Si RNA

Tran

a) - a¥a
v, Y CY.CIN

Vortex
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30 diluted in serumfree nedium (100 pl) was then
conpl exed with 2 pl of the fornmulation of MONI / DOPE
wd doubbodsadd i N et hanol ). The resulting sol ution pdT/1B2007/001774

transfection conpl exes wassadded on the cells grow ng

i n medium containing serumand cells were finally
Reveegposedntbesi RNA d¢andértvealli adskargeufliamel @ 4@ WO
c %%)08/ 003&589@@ EZOO?/ 001774 58 2000 pM (Figure 1). .
omPLRESE| I GncPhE el FrEPEAE RS Jet2FSR nedeAgn Prepared first.
The RRSUrlANEheeht 08 £bys IRGSUN ;g ha i ferase aef i %ft %erum-

W th a standard | um nescence assay normalized by the
freepmecdiv captleddstd cBRE |Weskl edn The d6uwicfldr asessue culture

ctimyi (expr ed as,5 RLU of .pratein) wa
platlélhhi@é{lettr%d gbgt g%o%omh‘oén LﬁheO raarﬁnsgrglﬁq?%]lgwagloaecules*based
formpeatbomed wetd 2000epMid SRR FEha ahisence Tfe efflette was
1290 the luciferase activity when cells were transfected
placgii ANt AB GRPEICAted I HRLRYDRRCAE| RRAD iGempggature.
ThenSane gondj4 i c j Sy pecifig:k 04

?nterfe?gjnceeggl_%Lﬁigﬁseir ggl\l%\dggded al g%;aﬁong?heé:%%ﬂ tissue
cultypel wlefet hinsdae cohcedft ritesn cangéet&0Onedi @00Coptrining

° I i nhi biti f the lucif tivit
102 R oty ChekBchRn FaPROraL B bRCed fonPa O )
anphi phil e based on MONBI 15 nol ecule at 1 mM and

conbined with DOPE at 2 nM was prepared in ethanol. 2
Comparispn ¢ of StrapsfiFation wigrgandsd Ha e webhptagsye culture

latdM b33 uc si RNA (concentration range from 250pM t o
L’?ﬁm—i—n—ser umfree medium and the resulting solution
For Whgenieed paansn9, GtBkuclesdldesl affveurdi |@hcshRNA was diluted

. ficiency was assessed 20 48h,post-transfection by |,
in 3 E)a i ig” the TherfeFadl Uﬂ*vi({??? &%lipglrﬁcfa}tceanFXp\érlment)'
Then/ UG f @I aser | RRbbikiricen 10A0% cdgsnal easly aaBser ved WHd sirNA
. . 250 pMof siRNA and reached 90% w th 5nM of si RNA
mixtygenstieet 8alpEigor /a3 migrg vhieh GR2 Mge tsisRNAL O usegoads and
un at se and_,w t e s i.t.Lons
lefttrgﬁgf e% on?}llitgﬁgglsuci?%wragg Fneveﬁéﬁmgégﬁg%igffec%gefﬁe the
trangfmrftiiron ng the semdidte suldngiengmebtiaimnedaw t retowed and
A 3luc si.RNA._ Gene silencing was effectjve at the
repl g oy o ‘Lot OF CORMACHIGTSHETE 1 SHOFBCPLOR \Whe FBS per
well.acbheveshwiiddt ke Froymiatd 030 MM QPFRS SN dl) were
the Pigure 2. The luciferase gene silencing was 95%
addedyer80%lak- 1000 and 100 pM respectively. 50 and 20%
of silencing was still observed when 25 and 10 pM of

si RNA were transfected, respectively (Figure 3). WO
For Z200&rO(PXS8PGEEdER200,7/ 001 74d&91 Fod nukiadbuobs ba8sediBNA  was

, i m dazol i anphi philic derivatives, such as_MONI or _,
dllutI\g’g\IBIJ‘,n wefg] p\quand Y X g &&at i“_éﬁﬁjdﬂ%npﬁ‘f%ﬁi I E§lpllcate
expe Mirddht)he deddalre PhospAgELPI d2DOBE N gihanoly @ed Nin 75 n1

wat er. For |iposonmal préparations, anphiphiles were
of sefumstfmeqlinedlwrdanit hhPOPELlus lonhaesl godnd ddmgthe 10Xluted

cend rat o) I O Then, _t.hiis sol uti S
soLut AR Ao bl Carbl 1B o) MR s 5 room
tempelag uresul BeTe 2ol thieontwagsgenitcahed Wheh admplete culture

~ultrasonic processor. The particles size of forned .
mediyg HARHrESMAEEIderet nf FRtRBSY dPiark-@ | ThhPfs GRS FR) medium
Q) 4 shgwed n si of, 0n i h a :
Contapl'?g‘llsl ispzr@é’ityg?lgi&gur?%’;. %’rﬁﬁg‘liggggﬁ&ﬁ f%‘?\#ﬁf’%ﬁtgﬁs of
transfestdtoor exblatt 4 anelr € oaddetopbe skdlll.e Aoverytdeotioety was

(several weeks to nonths) w thout aqggregates f.ormation
seen FRio i STV B # Gr od) ToRRNG D) Figs e aced B 1 ml
of co&\?uwleame@i&w&lwﬁﬁa@dlw%@hﬁw@e@_W@BD. 15 size

of particles of 100 +/- 10 nm highlighting the

robust ness of our nethod of |iposomal preparation.

MONI / DOPE | i posormal formul ati on was conpared to the

| ast generation of many commercially avail abl e

transfection
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20 reagents specifically proposed for si RNA delivery

into cells (Figure 5). Transfection conditions were
wappkioedsaccordi ng to the manuf act urer prot ocobsT/a2d07/001774

are described in the 'Matesgal s and Methods'. Si RNA

concentration ranging froml1l pMto 10 nMwas used.

Sai nt-Red and Transl T- TKO reagents showed t he | owest

S.silencing efficiencie jnferior to 50% at _1nM. .
For SRIBFERRE ARq O8N an it SrbLEERt SVSHObea BN s diluted
in 78i heneimgis f (@cb:.en@tﬁ%lﬁeaweek@egﬁm%two B0 R Meagent
of siRNA but are totally inefficient for the | owest
(0.4¢omderfidtat } oY oif s§ { 1@2sMdid utqs) in MDNI ADOREE HBS and
ect i red,.f.avourably to all _30.
B R i S S R T W
mixedpncemnt r dieifans foest B8, niirsitgyd f beantogenecaiperet ife. Then,

600 Hjoun 50% is_still observable at 10 pM WD '
08P D0 AESBETE FBS 0 7THOEE 1300 der ™t ot kdnfiraRsfection

solut Dén PotRRITeY-Of 2 BN 4 DQRE £REMEALIONS tdedb@bcte culture
cefficient endodgzenous gene silencing we targeted the

medigpPRRSgerRid e d agndugerdiacead s, 01 hcimldiafy adhplehe medium

. non-.adhe c . sel ect ed DH, si from. .
Cont?ﬂlgl%ﬁ/lﬂ\&%ooF%?EmT%%%olw\ééilés ﬁf)%%r nza%gdgnjllprmrﬁélsgﬂecuon
soluskdn ofcefousdde®NAsrt ae@eting nmultiples sites on the

sane nRNA and guaranteed for efficient knockdown. Gene
silencing was evaluated at the nmRNA | evel using the
F [ b t gy «( 0 t :
O P oot an. " CAPL SURRT poolr) ATLabeN, dr dpg, wL of
serup| §neecometid ual | ane| Lhet estled idde g s Casked 8inda,left for 15

. -7. K562, and THP-1 e .unapl e to provide
ninug o RBOR SRS A h O AT G Shn e LR alRgn 2dded
on thangingtker ma280: dh t 618 raMs fdken oy ansdpated whthsolution
the | i posomal MONI/DOPE fornulation (1/2mV), GAPDH
was SRRRYY pBeKErr edgkntTEhEREd 1R JHINY LSS | & ehpomAPBHPerature.
BefoRRNAGY3 pknOckdown superior (ta 80% dier entCehl;

o el e o & P Eai ) i L g e e thedium was
removahcand r aepdackdom250. 3 nd dF rin{Hiaher enéliukdds containing
. control of selectjvity, Lam.n A/ C si was_added and ,
105 EP0RAPRE WP Tde: vt tehan iR S b BrETT eGP D gLution
were Seldgletd veeandv&lf| cizele/GABIH sihenshbfonas okt aimRed um was

20 for non-adherent cells (Figure 6), 1(562 and THP-1
remoqd | andywier Lagesh e cOi- 8n MasC peePBiRked enwinted i wposerkpining

10 MNI/DOPE fornul ation and at |ow si RNA concentration

(5 to 20 nM. Ohers endogenous genes were targeted

for RNA interference, including vimentin and lamn A/ C

P géﬁgles. The f?i | enci ng 25 efficiency was determ ned at
OF &l prot MR PEELP by PRESLEPH Shl ot For RAHERR i n"gERe Sprther
incudBdddad ipraplest 893, cells (Figure 7) and by

i mmunof | uorescence staining for lamn A/ C gene of

human HelLa cells (Figure 8). Both experinents showed

Lucifl [ ' f1icl y 48h si RNA post-transfection
““%‘%&%é&‘qﬁap%g%%a’f S553N / DOPE f or mul at i on (1/2 M
Luciffenfaschegmmd woxpbeindaah past aicasuattd awisiRNA commercial kit
concentration (1-5 n mn A/ C experinment confirnmed
-t

M. Lam _

(Promaddy t hEeNGF! - t He &l | SePPYhafedihsy EoMPAPhEY medium, three
washiigeaGli i 51 RNAEDARS N N0y D4Rl Ly rENBaGENE 18X ESEIPM1 of

targeted (Figure 8). WO 2008/ 004058PCI/ | B2007/ 001774
1x  lgpi®r ahsfiéeti omepeot ecoles! weee | Wetilal | gndevehepedlbabe was
. ef.fecti.ve si RNA delivery in adherent and nanp-adher ent
nouriell 4 G PR BaCHEPTot Felug el e 1 Al fieates vere
collgutesenaadof cardirtiifugendt ahai Ngs pJOG@r wn fAhers gehlites. The

cul ture supports were tested, such as 6- well plate,

T25 and T75 culture flasks, and showed gene silencing

efficiency >80% for siRNA concentrations ranging from

100 pMto 10 nM and transfected with the |i posonal

MONI / DOPE (1/2 mM fornul ati on. The potency of si RNA
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20 incubated for 48h at 37C. The luciferase gene
sil enci ng of A549G.3Luc cells was superior to 80%  for
webdshomsncent rati on 1nM and sel ective as shovwedr/mpoin®i774
absence of luciferase inhiBstion when the unrel ated
G.2Luc si RNA was transfected (Figure 9). Silencing at
lucifheapecoamdsay I‘eavel afsssFMA wastial sH 28 signi fliyesatd y after

tai ned. (>50% Se| ectl e GAPDH si | enci ng
lnjec Bl %?P ggw%rfﬁglt#f?e“&btls P&dOPevetie luminescence
(RLUprﬁﬁgdhlbﬁ:L@BrédRMt‘hr%ﬂﬁfﬁ%éc_?fbﬁ’\?&q obt&ikned WekBnds with a
efficiencies from70 to 90% for si RNA concentrations

lunippmaper pNL&EI® 5 nRerEBepeet iBranceR gResulty. 30e| expressed
l.e 0 ven ul g r
s ﬂ“%écncﬁ]g@%)f ucl eargﬂaescg a(ef%g i %)ggéﬁd(%l_:%gp‘ gi RRAT ™9 of
celltpans¢ et esingi tﬂgefBCHulaatsagns@Pbaseé omrampkiyphilic
cationic nol ecul es according to the formula (I). WO
2008/ 004058PCT/ | B2007/ 001774 62 Formul ati ons conposed

Meas®fermdpbi i higa cadi-@ni ¢ nol ecul e/ DOPE (1 MM 2 mMin
10% et hanol and water) were used to conpl ex si RNA and

MessagemnsREBt 1A54d- (Bt udeterngnedubivf éT@teg@ﬂEGene@ Branched
Si after 48h i_ncubat.i on.
DA %pesfisnéﬁgrsﬁgaéreg‘éﬁége P ER i 1S cBRESCARE Y ngt W%Ole cell

lysateri det asetisdbench ngeef ﬁmpmﬁwawasncal cul ated from

the luciferase |l evel of transfected cells with a
control GL2-Luc siRNA and normalized by the content of

AftePr @bl ntidhd Aeccebh, | veates. wége%% %‘EH' ef%% PBS 1x
si RNA concentration” (nM Silencing (¢ D MOM 1
(Camigitg)- 3and Ay+sEd4 WONBL 6 mL of 1x Genospectra lysis buffer
for 30 min. at 50°C. Then, the plate was stored at -80°C for
at least 30 min. The lysates were thawed and 2 to 20 pl of
lysate were adding to the capture plate. Ten upl of lysis
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 pl -

. 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 ul of
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Substrate, all from Genospectra) was added to each well. After
30 minutes incubation, the luminescence was measured in each

well with a spectrophotometer (Berthold).
SDS-PAGE and Western blot analysis

After transfection, the cells were washed with 1 ml PBS 1x
(Cambrex) and each well was trypsinized with 100 pl
trypsin/EDTA (Euromedex). 0.5 mlL of complete medium with 10%
serum, was added to stop the trypsin. The wells per triplicate
was pooled, centrifuged and the pellet was washed with 1x PBS.
After centrifugation, the pellet was lysed in 100 nl of RIPA
buffer (50 mM Tris-HC1 pH 7,4, 150 mM NaCl, 1 mM EDTA, 1%
Triton x~100, 1% Sodium deoxycholate, 0.1% SDS) during 20 min.
at 4°C. The lysate was homogenate with a vortex and
centrifuged for 5 min. at 14 000 rpm. Protein content was
assessed by the BCA kit (Pierce). 5 ug 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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again twice with 1ml PBS-BSA 1%, then the cells were incubated
at 4°C with 1lml of PBS containing 1% of goat serum for 15
minutes in order to block unspecific binding sites. Cells were

washed again with 1lml PBS-BSA 1%.

Cells were incubated for 1 hour at 4°C in presence of 50ul of
PBS and 50 pl of mouse antibody anti-lamin A/C. (IgG 1 class,
Research Diagnostic Inc, Flanders, NJ). Cells were washed

twice with 1ml of PBS-BSAl%.

The cells were incubated 1 hour at 4°C in PBS containing 50 pl
of goat antibody anti-mouse-IgG coupled to fluoresceine
(Calbiochem, La Jolla, CA). Cells were then washed'again with
lml of PBS-BSA1% and finally 1lml PBS-BSAl% was added per well.
Immunostaining was observed by fluorescence microscopy

(ECLIPSE TE2000-S, Nikon).
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 pl) 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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molegmplflcaalgmf com igg Wit %9 8a€42 mM was prepared
in ethanol. 2 pl of this formulation were used to form
complexes 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 siRNAZA, 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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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.
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forma saturated or unsaturated cycle or a heterocycle

effiphagnhgkBogkdewal ef@its, sienging cvags eyadnatsgsheat , the mRNA
level using the QuantiGene® bDNA technology (Genospectra) 48h

post-transfection. GAPDH SMART pool® reagents added alone on
all cells tested (Hela, Caski, SiHa, MCF-7, K562, and THP-1)
were unable to provide efficient knockdown at the mRNA level
at concentration ranging form 250 pM to 10 nM. When
transfected with the liposomal MONI/DOPE formulation (1/2mM),
GAPDH SMART pool® reagents showed highly efficient GAPDH mRNA
knockdown superior to 80% for adherent cellé (HeLa, Caski,
SiHa, and MCF-7) and siRNAs concentration from 250 pM to 10 nM
(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. Others cell culture supports were tested, such as 6-
well plate, T25 and T75 culture flasks, and showed gene
silencing efficiency >80% for siRNA concentrations ranging
from 100 pM to 10 nM and transfected with the liposomal
MONI/DOPE (1/2 mM) formulation. The potency of siRNA delivery
adapted to HTS conditions was addressed by using a reverse
transfection procedure applied in 96-well tissue culture
plate. After the optimization procedure, a routinely effective
protocol was proposed. SiRNA, diluted in 25 pl of serum free
medium, was first added in the well. Then, 1 pl of liposomal
MONI/DOPE (1/2 mM) formulation was added per well. After
homogenization, the plate was kept at room temperature for 10
min to allow 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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A alkyl. wherein R4 and RS are 018 6 - The

WG owpoedoss onsof claim 3, alkyl radicals and E psr/f82007/001774
al kyl . wherein R4 and R5 age 016 15

Formulations composed of amphiphilic cationic molecule/DOPE
(1 mM/2 mM in 10% ethanol and water) were used to complex
SiRNA and transfect A549-GL3Luc cells. Luciferase gene
eXpression was measured after 48h incubation peri.od.
Experiments were made in triplicates and the GL3 luciferase
silencing efficiency was calculated from the luciferase level
of transfected cells with a control GL2-Luc siRNA and

normalized by the content of protein in the cell lysates.

Amphiphilic molecule | . erslég’?ién () Sllencwé%(%) *-
MONI 10 95 +/- 3
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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par PPRuP&r net hanesul fonyl derivatives, with an
het erocycle of fornmula (VI) 20 (V) mherein Xis

N-R1, 5 or O under specified conditions to obtain (I)
Eii? R
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25 or reacting said nmethanesul fonyl derivative (V)

with an heterocycle illustrated in forrmula (VII) 5
w@o0s/004088 met hod purification and corm anphi phpdEB2067/001774

formul a 10sel ective precipiggati on reacti on nedi um

R(/ under specified conditions to obtain the

Claiheterocycle of formula (VII1) the of (I) under a

neutral form by in nethanol/water/acid out of
PCT/ 1320 07/ 0 017 7 4 61838-2752. ST25 SEQUENCE
LI STI NG

1 - Compositions of transfection comprising an
oligonucleotide active for gene silencing and an amphiphilic

cationic molecule of formula (I)

Rz
X
4\1
No e

wherein

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

- R, and R;, 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 R; are linked together are unsaturated or
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<110> PoLyPLuUS- TRANSFECTI ON SA <120> COMPOSI TI ONS FOR
TRANSFECTI ON OF OLI GONUCLEOTI DES ACTI VE FOR GENE
wEbdokbdoddc AND THEI R Bl OLOG CAL AND THERAPEUTI AL/ 1B2007/001774
APPLI CATI ONS <130> CP/5F 63%838-2752 <150> EP 06 290
563. 3 <151> 2006-04-06 <150> US 60/ 789, 575 <151>
sa2006Ge e Ong168%e8 K1gP>6 Pallenehfsvernsi arorpBis@10>ahd N, S
<211> 21 <212> DNA <213> Artificial sequence <220>
oD PS AFFMAETEDTi de <220> <221> nodi fi ed _base <222>

(20)..(21) <223> Desoxythym di ne

3 - The compositions of claim 1 or 2, wherein Rq and Rs

Cl4-C36 hydrocarbon chains and E is a Cl1-C4 alkyl spacer.

4 -~ The compositions of claim 3, wherein
identical.
5 - The compositions of claim 3, wherein R4

alkyl radical and E is Cl alkyl.

6 - The compositions of claim 3, wherein Ry

alkyl radicals and E is C4 alkyl.

7 - The compositions of claim 3, wherein
different.
8 - The compositions of claim 7, wherein R4

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

9 - The compositions of claim 7, wherein Ry

Rs; and Rs

and Rs are

and Rs are

Ra and Rs

and Rs are

and Rs are

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

are

are

Cc1i8

Cle

are

C18

C32

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

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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<400> 1 cuuacgcuga guacuucgat t 21 <210> 2 <211> 21
<212> DNA <213> Artificial sequence <220> <223>
wokiogooass eot i de <220> <221> nodi fi ed_base <228cT/1B2007/001774
(1).,(2) <223> Desoxythym @gne <400> 2 ttgaaugcga
cucaugaagc u 21 <210> 3 <211> 21 <212> DNA <213>
1At iThe i cdnpegiehers 87Z849135ECh 2807 ohe- 2F RPrldEin' 10%to 12,

wle 1957 14 61838; 2052, 5125

14 - The compositions according to anyone of claims 1 to 13,

formulated with a neutral co-lipid.

15 - The compositions of claim 14, wherein the co-lipid is a
phosphatidylethanolamine derivative such as

dioleoylphosphatidylethanolamine (DOPE), or cholesterol.

16 - The compositions of anyone of claims 1 to 15, wherein

said oligonucleotide is active for RNA interference.

17 - The compositions of claim 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 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.

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,

phosphorothioate, 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 109.
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<220> <223> ol i gonucl eoti de <220> <221> nodi fi ed_base
<222> (20)..(21) <223> Desoxythym dine <400> 3
cguacgcgga auacuucgat t 21 <210> 4 <211> 21 <212> DNA
<213> Artificial sequence <220> <223> ol igonucl eoti de
<220> <221> nodi fied_base <Zg2> (1)..(2) <223>
Desoxyt hym di ne <400> 4 ttgcaugcgc cuuaugaagc u 21
<210> 5 <211> 20

21 - The method of claim 20, comprising using nanomolar and
down to picomolar siRNA or oligonucleotides concentrations

to mediate gene silencing.

22- The method of <¢laim 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 BHTS
applications when a reverse transfection procedure is

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
topical 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 cresponsible or involved in genetic

hereditary diseases or complex genetic diseases.

28 - The compositions of c¢laim 27, for the treatment of

cancer, viral infections, or parasite infections.
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<212> DNA <213> Artificial sequence <220> <223>

ol i gonucl eoti de <220> <221> nodifi ed_base <222>
(19)..(20) <223> Desoxythym di ne <400> 5 gaaugguaca
aauccaagtt 20 <210> 6 <211> 20 <212> DNA <213>
Artificial sequence <220> <2g3> ol i gonucl eoti de <220>
<221> nodi fied base <222> (1)..(2) seat 2e07---11

-29 PCT/132000 71 00177 4
29 -~ A method for the synthesis of an amphiphilic cationic

nmolecule of formula (I) according to anyone of claims 1 to
19, comprising

elaborating a branched long chain, whose hydrocarbon part is
obtained by cléssical C-C coupling methods such as
illustrated by the Grignard coupling reaction to esters or
aldehydes. The synthesized hydrophobic part contains a
primary or secondary alcohol aé illustrated in formula IV :

HO-E~R4 (R5) (IV)

activating the alcohol functionality by conversion to a
methanesulfonyl derivative, of formula (V) MsO-E-R4(RS5)
and/or other c¢lassical activated derivatives such as

halogene derivatives

reacting said activated derivatives, in particular
methanesulfonyl derivatives, with an heterocycle of formula
(V1)

ol

N (VI)
wherein ¥ is N-R1l, S or O

under specified conditions to obtain (I)

or reacting said methanesulfonyl derivative (V) with an

heterocycle illustrated in formula (VII)
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<223> Desoxyt hym di
20 61838-2752. ST25

Artificial sequence
<221> nodi fi ed_base

ne <400> 6 ttcuuaccau guuuagguuc
<210> 7 <211> 21 <212> DNA <213>
<220> <223> ol i gonucl eoti de <220>
<222> (20)..(21) <223>

Desoxyt hym di ne <400> 7 cuggacuucc agaagaacat t 21
<210> 8 <211> 21 <212> DNA

Ry
X

()
Nw VID)

under specified conditions to obtain the heterocycle of
formula (VIII) '

Rz
X
()
E

R "Re (VIII)

method of claim 29, further comprising the

conversion to salt

30 - The

purification and derivatives of

amphiphiles of formula (I) under a neutral form, by

selective precipitation in methanol/water/acid out of

reaction medium,



<213> Artificial sequence <220> <223> Dl i gonucl eoti de
<220> <221> nodified _base <222> (1)..(2) <223>
Desoxyt hym di ne <400> 8 ttgaccugaa ggucuucuug u 21
7734913 Page 3 - SEQL 2007-11-29

PCT/B20 07/ 001774

61838-2752.5T25
SEQUENCE LISTING

<110> POLYPLUS-TRANSFECTION SA
<120> COMPOSITIONS FOR TRANSFECTION OF OLIGONUCLEOTIDES ACTIVE FOR

GENE
SILENCING AND THEIR BIOLOGICAL AND THERAPEUTICAL
APPLICATIONS

<130> CP/SF 61838-2752

<150> EP 06 290 563.3
<151> 2006-04-06

<150> US 60/789,575
<181> 2006-04-06

<160> 8
<170> PatentIn version 3.3

<210> 1

<211> 21

<212> DNA

<213> Artvificial sequence

<220>
<223> oOligonucleotide

<220>

<221> modified_base
<222> (20)..Q21) |
<223> Desoxythymidine

<400> 1
cggacgcuga guacuucgat t

<210> 2

<211> 21

<212> DNA .

<213> Artificial sequence

<220> .
<223> oOligonucleotide

<220>

<221> modified_base
<222> (1)..(2)

<223> Desoxythymidine

<400> 2
tggaaugcga cucaugaagc u

<210> 3

<211> 21

<212> DNA

<213> Artificial sequence

Page 1
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61838-2752.5T25
<220>
<223> Oligonucleotide

<220> L.

<221> modified_base
<222> (20)..Q2QL)
<223> Desoxythymidine

<400> 3
cggacgcgga auvacuucgat t

<210> 4

<211> 21

<212> DNA .

<213> Artificial sequence

<220>
<223> Oligonucleotide

<220>

<221> modified_base
222> (D..(2) .
<223> Desoxythymidine

<400> 4
tggcaugcgc cuuaugaagc u

<210> 5

<211> 20

<212> DNA

<213> Artificial sequence

<220>
<223> oOligonucleotide

<220>

<221> modified_base
<222> (19)..(20) .
<223> Desoxythymidine

<400> 5
gggugguaca aauccaagtt

<210> 6

<211> 20

<212> DNA

<213> Artificial sequence

<220>
<223> Oligonucleotide

<220>
<221> modified_base
<222> (1D..(2)

Page 2
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<223> Desoxythymidine

<400> 6
tgguuaccau guuuagguuc

<210> 7

<211> 21

<212> DNA

<213> Artificial sequence

<220>
<223> o0Oligonucleotide

<220>

<221> modified_base
<222> (20)..Q21)
<223> Desoxythymidine

<400> 7
cgggacuucc agaagaacat t

<210> 8

<211> 21

<212> DNA_

<213> Artificial sequence

<220>
<223> oOTligonucleotide

<220>

<221> modified_base
<222> (D..@

<223> Desoxythymidine

<400> 8
t;gaccugaa ggucuucuug u

Page 3
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