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BACKGROUND
Technical Field

The present invention relates to the field of therapeutic agent delivery using lipid
particles. In particular, the present invention provides cationic lipids and lipid particles
comprising these lipids, which are advantageous for the in vivo delivery of nucleic acids,
as well as nucleic acid-lipid particle compositions suitable for in vivo therapeutic use.
Additionally, the present invention provides methods of making these compositions, as
well as methods of introducing nucleic acids into cells using these compositions, e.g., for

the treatment of various disease conditions.

Description of the Related Art

Therapeutic nucleic acids include, e.g., small interfering RNA (siRNA), micro
RNA (miRNA), antisense oligonucleotides, ribozymes, plasmids, immune stimulating
nucleic acids, antisense, antagomir, antimir, microRNA mimic, supermir, U1 adaptor,
and aptamer. These nucleic acids act via a variety of mechanisms. In the case of siRNA

or miRNA, these nucleic acids can down-regulate intracellular levels of specific proteins



through a process terned RNA interference (RNA ). Follow ng introduction of
SiRNA or mRNA into the cell cytoplasm these doubl e-stranded RNA
constructwocarn/dsiqed to a protein terned RI SC. The sensepPstnsaa9otzsrhe si RNA
or MRNA is displaced fromthe RI SC conplex providing a tenplate within

RI SC that can recogni ze and bind nRNA with a conpl enentary sequence to that
of the bound si RNA or m RNA. Havi ng bound the conplenentary nRNA the RI SC
conpl ex cleaves the nNRNA and rel eases the cl eaved strands. RNAi can provide
down- I eguhthi;hl) pRfccSREGINRIAL B RUNAY 961 0ile SRAGUER dIREINEL ! o of

t he correspondlng MRNA t hat encodes for protein synthesis.
therapeuunduﬁbpﬂodmumbmswphmRthwabebb%ﬂamhéﬂvi®pdamumspmtenékRNA and m RNA
constructs _can be hesi zed eot |. se n cted agai nst
2 target B EROeedBhatl 48t s T SRR RSTNPERE B RS o

speci fi caRISC dowlex @ouilaiga térﬁplg&twmﬁ@Rﬂ@ﬁlat Eanre¢dgnizb and bihd neRIdAI N Vi VO
nodels. In addltlon si RNA const ucts urrently. hein Iuated in

oli ni cal WihFempIeTEnry e thit ﬂ}ﬁaﬁ&wi%%e}ﬁ% Raygaseh RePPPdsi RNA or

m RNA congt botapiemahiery hRRNa! the RIGE Eorfipe€ BREV R tHd hiNWOanQuckR_Sfcdi gestion in
pl asma and, second, their limted ability to gain access to the

i nt racel | d¢axed etmﬁarli%manmeﬁ@e ddveyregalation eicspRIIBCDINRS ladﬁigqtleg ered
system ¢ E@Q constructs
can be s?%%¥ﬁ?§%%ﬁ‘“&{ﬁ§%$%ora |0Hﬂ% ﬁgﬁ?bgﬁngﬁgéﬁr&E nuc Bot i de

| i nkers mﬁthlﬁﬂkh&ﬂmmmaCHMQmaﬁnﬁ(ﬁE@hﬁhﬁ:m@%ﬂﬁpﬂﬂbhi@mb@mﬂN@upﬁJ However ,

t hese chem nDdlflcat ons v] de, onl |n1ted rotecti on from nucl ease
di gest | odn%ﬁi\zkﬁ‘é%ﬁ iyEls FEnRED P2 be“g»/%% ClOFHS SHHERP SEECoY PERI | ul ar

delivery @fgcthGhh. OFo MENRNARRAuER LI slhaevﬁ@hé%lm?eo ga‘ecfﬁ@amy &wisyst ens
such as polynmers, cationic | i posomes or by chem ca fication of the
const r uctregilate tageimpteing{n hatenodiarechi vatoraedake it a@tl@hﬁﬁé@t eqsirugdl ecul es.
However equired to increase the potency of
si RNA andigga%ﬁﬁg§ %Svgé%g% (ﬁﬁgﬁkg&%?gellnlnate the requirenent for

chemi cal rmdl fHloatvientwo problemsArmt‘rleB‘fé}nﬁleed:iby sgBNAcdremRﬂ\d%sorandcts aooZiyyes can

al so inh| MRNA. t.ransl ation..in r tein I'n th a ense
Gonst r uct Dot saguoufi i il sy oy Seobt dE Ty LA et ary
sequence dah ddeads t@thetlﬂ@ademﬁlgﬁéonmaﬁhehﬂwlﬁe?é\tﬁqeamdq 6iad ResSO&Hte the nmRNA by
Wat son- Cklck base p alrlngY Thi s bindi ng either prevents transl ation of the

target nRWIBFREIGEYsERggRY & hrdse sSENfee Bty A obices deuhle-sHaed ranscri pts.
Conseque néo'né’t ctBBhibe FS\{A?EIZQA Bﬂ%@\%ﬁ)hﬁﬂ%ﬁ ?F&leﬁﬁ‘é’aﬁ%&ﬁcﬁi‘?ﬁé&qﬁ?&o@ Gikhal for

speC|f|C|ty action regul ation of a speci I sease-rel at ed
pr ot ei n) . wifiun datreglet e der mmptwnldspltmhleatslgmms glonivse thase slemseal in vitro
and in Vh¥01 ﬂln, H)ﬁgond ng. I dgts of |nf qqyator dl% ase,,.cancer, and
H VvV (revie dc i %8 Al y'Tlren PIPE'B S v ?% §§Vlgf5@é¥fefﬁntlsense
can al so ¢ ﬁﬁﬁ/ﬁty@fkHeLﬂoﬁitrLﬁGHmtVzicElYulhydehyﬁ&IoﬁlislN’FQOISIﬁMAIcé}rﬁbé faciltdtdd
chronosomal DNA. Advanced human clinical assessnments of several antisense
drugs ar ePXCHFPERTTIF YRGB WBGP. 25 PARGETs iy iposemey Iy F'Aicabe the bcl2 and
apol i poprrﬁB&E@atﬁn%@ﬂﬁ%oﬁﬁﬁlcﬁmx%ﬁﬂl&ttﬁe covalent aﬂagﬁﬂ%aﬁ ofEhJIMkGEl ng nucl ei ¢
aci ds include deoxyribonucléeic acids and ribonucleic acids. In the case of
deoxyr i bongletwésc Hawicuss, mdrewﬁudqhmamessarereqmcd fognéraase thyewoterskiofn t o
illicit atl S.. JIhes ces tifs include
the CpG nggN pyr|n1d|R%CWF%ﬂﬁ§e J@ﬁ%g@ﬂgﬁ tﬁe Hﬁ?%%¥%£§§gugﬁges It is
bel i eved ibdificdtha. CpG nmotif in deoxyrlbonuclelc aC|ds is specifically
recogni zed by an. endosonal ept toll-1i (TLR-9), which
then triggers {SROSER g@ﬂﬁ&?@‘?ﬁdggéaﬂmWEdm?éﬁhﬁ§ﬁ§ﬁW§§Vh??ﬁ “B%%ﬁ%ay
Certain Ilsmuﬁlel%e e bigkchd ROAUAICR] the@ClikhiS QAMAAL &S xPRAMRIALSS heeN

report ed. is believed that these RNA sequences trigger inmune activation
by bi ndi n@cqrmﬂ@rmntamswen@cte;ﬁl@%péthe tayget protemniRBAznd carrLbznct)o the BN t i on,
doubl e- sty apd 0o nd is
bel i eve t acﬁ?%g%ﬁkygg%gﬁ ?Rg%hﬁgﬁﬁﬁggﬁﬂkﬂﬁﬁqgﬁﬁkh %ﬂk ?problen1mnth
t he use (lhRNI?thIIﬁlelﬂlﬁggBrS’RﬂNhSE:IEd@m(ﬂtﬂom ef it eRNA tltahmlptsalﬂohsdqyemly t he
phosphodi ester internucleotide |inkage and the susceptibility of this

| i nker to nucl eases. The presence of exonucl eases and endonucl eases in
serumresults in the rapid digestion of nucleic acids possessing

phosphodi ester |inkers and, hence, therapeutic nucleic acids can have very
short half-lives in the presence of serumor within cells. (Zelphati, O.,
etal., Antisense. Res. Dev. 3:323-338 (1993); and Thierry, AR, etal.,
ppl4d7-161 in Gene Regul ation: Biology of Antisense RNA and DNA ( Eds.

Eri ckson, RP and lzant, JG Raven Press, NY (1992)). Therapeutic nucleic
aC|d belng currently belng developed do not enploy the ba5|c phosphodlester

e o Y T



In addi tion, as noted above relating to si RNA and m RNA, problens remain
wth the limted ability of therapeutic nucleic acids to cross cellul ar
menbr aneswOen/osMoassov, etal ., Biochim Biophys. Acta PCIUSIHIDNEB27 (1994))
and in the problens associated with system c toxicity, such as

conpl enment - medi at ed anaphyl axis, altered coagul atory properties, and
cytopenia (Galbraith, etal., Antisense Nucl. Acid Drug Des. 4:201-206
(1994)). To attenpt to inprove efficacy, investigators have al so
enpl oyed Jiipi s BREFACIEHdel RhyeSYhh&iiBust Rkl EEpeRIY 6RAd¥n i fied o
unnodi fied therapeutic nucleic acids. In Zelphati, 0 and Szoka, F.C., J.
Contr. Redowndreg@lgtiam of § sbe@6} distdse-relatehoraseinkeflar daie thesecamspouofls baviconi ¢
(convent i gnah )l ROFTES B ALIR i 4 ol dRR SRR Sne WA ROSATRS:
fusogeni ¢ 11 posones, and - cat’ioni ¢ Flpla}an isense aggregafes.ngfﬁylarly
si RNA hasdifmaes) cadtot, ahé HEY édvizwsl @i gallay Trénde at Biorick. 14t 376383meE$9963nd t hese

nucleic acid-lipid par{icles have been reported t. ovide i nproved

down- r eguMEitTEBYT BF papged caf%%r&%w B ineraing %pﬁeﬁ&fﬁfyn@l%@ﬁe ”E%?&W?pr i mat es
(Zi mrer mepR AetA @hnoed Nakidh @1ididdasskddnchio @@ ahtisense drugd dte Slidnlyof this
progress, there remains a need in the art for inproved |ipid-therapeutic
nucl ei ¢ awidgrveyngerdets fonthesoingsdpeludaithe P and apolpepitan Bigsaesawdut i ¢ use.
PreferabthN%gé%&#%gnpositions woul d encapsul ate nucleic acids with

hi gh-efficiency, have high drug:lipid ratios, protect the encapsul ated
nucl ei ¢ aci d flrmmndegmatiaing anclandcids erivandeoxynibs@rciaig adids shdiribabvhedeié or

system c de|livery, an rovide jntracellul ar delivery aof the encapsul ated
el o ¢t I B Pt RGP B ceori g Rt mhufh b BeTOglRd be
wel | -t ol eatiigH idAdnP§taVlIEE AR nRAeRUA IR ciNRERRBK drandtTdRXIuds UeCgdhat  pati ent
treatment at an effective dose of the nucleic acid is not associated with
si gni f i canetif pyiwidine-righdearcnesssnd palindsemisaequanecs. Iiebghievadthet thaGedt i on
provi des sty GeIROBbAIMIS acik B0dTically FERELNE AN SOSRAR) HeaRS: Wi

met hods of using the conpositions to Introduce nuclerc acids into cells,

i ncl udi ngikegecephe St(TERtDeWhichfheditsgmsetmth BRIkRSUMMARNred immun¥he pr esent

i nvention provides nove ationic L.ipids S I.I as lipid particles
comori o PO TREN NGB o kR R e BTt e o B PG "ot ve
agent andvdde repoaeld. acic Geiivad tHadthe e RINAGe fRinBadE g ihané RyEBlidOy t 0 del i ver
the active agent to a cell. In one as the 1 nvention Erovides | i pids

1
havi ng t HAnQIRg fetp ke repoptors 6andyy GBK-f And BaR(A. loraddifapesioubleBaRtss.  wher oi n:

Rl and RZR@A&s &3¢ RpbRAFRSRARMNY s6ifllaBAEThdas BUTHERC&HORE VRNGhdiNe RUDSTI tut ed
C10- C30 alkyf, opylonally substituted 0- C30 al kenyl, optionally

substit utBeRG10- C30 al kynyl, optionally substituted G o-C30 acyl, or
-linker-Tigands . il known problem with the use of therapeutic nucleic acids relates to the

stability of the phosphodiester internucleotide linkage and the susceptibility of this linker
to nucleases. The presence of exonucleases and endonucleases in serum results in the
rapid digestion of nucleic acids possessing phosphodiester linkers and, hence, therapeutic
nucleic acids can have very short half-lives in the presence of serum or within cells.
(Zelphati, O., et al., Antisense. Res. Dev. 3:323-338 (1993); and Thierry, A.R., et al.,
ppl47-161 in Gene Regulation: Biology of Antisense RNA and DNA (Eds. Erickson, RP
and Izant, JG; Raven Press, NY (1992)). Therapeutic nucleic acid being currently being
developed do not employ the basic phosphodiester chemistry found in natural nucleic
acids, because of these and other known problems.

This problem has been partially overcome by chemical modifications that reduce

serum or intracellular degradation. Modifications have been tested at the internucleotide



R3 is H optionally substituted G -Cl10 al kyl, optionally substituted C2-Cl10
al kenyl, optionally substituted C2-Cl10 al kynyl, al kyl hetrocycl e,

al kyl phoswbavw/osaiokyl phosphor ot hi oat e, al kyl phosphor odi PhiTa®se@9/063927

al kyl phosphonat es, al kyl am nes, hydroxyal kyl s, co-am noal kyls, co

- (substituted)am noal kyls, co -phosphoal kyls, co - thiophosphoal kyl s,
optionally substituted pol yethylene glycol (PEG nw 100-40K), optionally
substituted nPEG (mw 120-40K), heteroaryl, heterocycle, or linker-Iigand;
and E is (M dRGcfhd (e.g., using piospRRbRIai@ 8REKIpholfOnk@¥ENt i ON provi des a
i pid particle conprising the %lplds of the présent invention. In certain
enbodi menthosphoemidatoilidkagss ) ichendalgatide bassdergr, Deepyay hguimidinet) piadd and a

i pid capabl e reguci arti aqar ggation. ..l n_ong,_enhqgdi ment, the

b d parth afteleshel JANBCARM S AR PP U gt B obnRT o Tor ¢ e
present iMeéifichtioms. Erclyg¢lopediteoft Calcer, Vpl. K. 58 @c8 ledcddemin PISRAnc.DPFA0,)). POPC,
DOPE and SM (iii) sterol, e.g. cholestergl,; and (jv eg-lipi.d, e.qg.

PEG- DVG o&hﬁé@a tenypfecfo pigre F‘ﬁp‘ﬁ&/ %%nga%o%tsu%l‘%lﬁ@geégﬁﬁ?’&rﬁ-ﬁj 1%& p#d: 5-25%
neutral |INpisk32230p3met &lafbos Hlyobeka%tBEstel] PlofevdrMmddeef arRodiient . t he
lipid of the present invention is optically pure. ~_In additiona

rel ated diyodiarenerfirclyatisfrcseysmndinvien fice therapepticieusldi¢ piids stiheyerds of t he
inventioqhgggfd%#k her conprise therapeutic agent. In one enbodi nent, the

t herapeutic agent s a nucleic acid. In one enbodinent, the nucleic acid is
a plasmid, an Inaddinostas noledtbove relbiigoouwd ¥Atand eniRNAS profleensstimaindeth

ol i gonucl eot.i de, e..g. an anti.sense ol.igonucl eoti de, an antagopnjr; a double
stranded BF FEGHbERLH; o 3R SRulS SETSe RN O St SRR B Y O 1
yet anot hgly I Bloahifd BRpRAdIARNY97:D52 08T @99MY ahdHaRE piOBlchRGhdddREdavith

phar maceuti cal conposition conpr|5|ngﬁ€ lipid particle of the present

i nvent i orsyalsehiaiopidy raeledft Goamiqne smaphedais pléded ceagplatosy  of di | uent .
The pres i.pvent i t [:;C es, ryr e lhpents, a
ot hod of RGO At g e R B P P e o
conprisi nd9phoviding to a cell a lipid particle or pharnaceutical

conposition of.t resent inventian. The target gene can.be a wld type
Gene 1 anot s HERELE bl e YRECy dPisstegen PSR SRl Eofste

mut at i onscardidt sgst@ad fol dell @rchedbamly Mbified bhenmedifadtheapiiticsRslckRefsf i cal |y
nndulatigg»expression of a tar gene containiqggone or nore nutations. In

t
parti cul a Zshbati end SzokenB i pgﬂmﬁa@ef-i"é[%'kl(?rﬂ)? a8 auibprerepeathc agent
sel ect ed ({&QM @bt @gﬁ@&ﬁfohﬂ?‘ iBd B ks, Pl Q&‘HBH% BYsbAles, ifnhOY Loty anded

ol igonucleotide, e.g. an antisense oligonucleotide, an antagomr; a double
st randed fohiggordipbaadsdand atignic HpwliaRNpnsarggagetatene Bimikarlyisg¥ A nes bden one
enbodi nent, .the nucleic acid i.s .pl.asm d th encodes a,si .gn. anti sense
o 1 gonucl G5 EipfealiE il PR nSORRHEE oBe DR e

i nvent i orhavt beentrap@eld tg preideSmpaived tewn-f¢guitioh e f G getl protediisSin Siidniigalef Fact or
VI, Eg5,. PCSK9, TPX2, apoB, SAA TTR, RSV, PDGF heta gen rb-B gene, Src
gene, CRKNg¥ fén@zéémé%ﬂlg‘?atﬁh igEprEmanEgiRl. iHure 4%@5%%%& (3mfs>-gene, Erk1/2
gene, PCNA(p21p), sg&nes thiV¥E 9QR&herd Hth 48N Enc GBI QR r ﬁgfé%dg\%_llftﬁy Cyclin D
gene, VEGF gene, EGFR gene, Cyclin A gene, Cyclin E gene, -1 gene,

bet a- cat ethttapgeinaucleicKET cgamesitiprthyaresuithNHR B rgeneral BIAT3itigase, sur vi vi n

Copol sonth S Eiop? R bl icHe NG TR A0 S kAR R B8R eI p1) gene,

PPMLD geneyve RAS dyenkpid catiosgprotact thgemapsuldtdl ducipenagid MihldegedaionMa8 gene,

mutations in tunor suppressqr .genes,. p53 tunor, suppr.esso ene, an

conbi nat i FECFdt wofm- b° sutable _S&%ﬁ?ﬁéﬁﬁ%&aﬁmﬁ ‘P‘ﬁj%cehlﬁ‘g’f Higedita i s a
plasm d thatnRpatdesn@ROhPeRtdddRionr thasclIpREhhdAaheil patidRt sifuld kagment

t hereof, such that expression of the pol ypeptide or the functional variant

or fragmeviel-theptedand groyide pe adesgate therapeuiiqringest, sucly thatrstipntiigptarcagiat an

embodi Meniere eI SPHR bl BB OB AGk HEGSyith TELACS: Bhidits GflioPdsdodi sease
or disorder characterize by over expression of“a pol ypeptide In a subject,
conpri si nye pateent. diha grasenttifvensabpreeideasuch powpeatidns chethods qfmaakimgabet | ca
conposition of the present invention, wherein the therapeutic agent is
selected froman siRNA, a microRNA an antisense oligonucleotide, and a

pl asm d capabl e of expressing an si RNA, a microRNA, or an antisense

ol i gonucl eotide, and wherein the si RNA nicroRNA, or antisense RNA
conprises a polynucleotide that specifically binds to a pol ynucl eoti de t hat
encodes the pol ypeptide, or a conplenent thereof. I n anot her rel ated
enbodi ment, the present invention includes a nethod of treating a disease
or disorder characterized by underexpression of a pol ypeptide in a subject,
conprising providing to the subject the pharmaceutical conposition of the

T S - o o, o .




The present invention further includes nmethods of preparing the |lipid
particles and pharnmaceutical conpositions of the present invention, as well
as kits uwof2olo/ismothe preparati on of these |ipid parti clPETAISA009/063927

phar maceuti cal conpositions. I n anot her aspect, the invention

provi des a nmethod of evaluating a conposition that includes an agent, e.g.
a therapeutic agent or diagnostic agent, and a |lipid of the present

i nvention. BRI EF DESCRI PTI ON OF THE SEVERAL VI EWs5 OF THE DRAW NGS Fi gure
1. Schemblgng,okieBhe S mthb Qo Alsir3MTh ORI SRlto%s RURFoducPhikidt biidS Ry ugat ed
targeting |igands. Figure 2. Schematic representation of features of
t he |i pi desllpfinglhding fosslemtreatmeng of iisenses. Figure 3. shows a table
depicting the EC50 and pKa val ues of exenplary |ipids tested using nethod
described in the Exanpl es. DETAI LED DESCRI PTI ON The present invention
is based, in part, upon the di SBRYEFRUMMoERYonic |ipids that provide
advant ages wh used in lipid particles for the in vivo.delivery of a

t her apeut i c agﬂmnresrfﬂ“ ganfie piciies ROV Fplpgicr i dawelﬁ PreliRi¢ eghEEhyi ng
Exanpl es, coitjRisRiz@BERine MABR RN pRLANY MG el &lkpraaf ntthRiadeRand bel e
conposi tions co% sing a cationic lipid according to the present

i nvent i orused pce errbloteid meathasls ofthedmyrosen fooleliversle adbied agent & freqll ovi des

i ncreased actiyi f the. .e] Lo N tolerability of the
conpositions iﬁré Ogllfy\a}sg),w\’/\ﬂllg éﬂ}éggﬁ{ rgglgl}efhlﬁﬁg{éa%qégtﬁ?gtﬁ}égﬁ? i ncrease in

t herapeutic index Qlﬁorrpar ed to lipid-nucleic acid particle conpositions
previ ously descarT%ed.R;Addi tionally conpositions and nethods of use are

di scl osed that can provide for anelioration of the toxicity observed with
certain therapeutic nucleic acid-lipid particles. In certain

enbodi ment's, the XO¥bent il EHHSNHSREE Heaah! Y provides for inproved
conpositions for the delivery of siRNA'nolecules. It is shown herein that

t hese conposi tRiomd Raree eeh e@%pfméemth/ fgowshoggutcacs erjionplly gbstiteicd ievel s
and/ or nRNA | s of .t ot el h .1t .S sh hat the
activity of alkﬁléggﬁ?n&%yg%gﬁ%%ﬁ%%(ﬁ ?%%ns‘}il%$ Rlag%ggsggsﬁlttﬁ%%bﬂoﬁ%o%&gg}?ﬁce of a
certai n cattiooallycsubstputdd Cadsotabdt oit-Hmkemligihdy ati o of cationic lipid in the

formul ation can .influence agtivity The | i.pi artjcles and
conposi tions ot it heORFoRally, subsitiedGiagivo alkyl GBI ﬁ:}g SH%B%@%@?&@P@@B&{L
pur poses, otidaalHiuB&ithie@ Clel,i MRy QfikyAsHRey M, atkyPho§iapsul at ed therapeutic

agents to cells, both in vitro and in vivo. Accordingly, the present

i nvent i ontlibylphaspleasoiminatio alkylphosphergditigate; dledghosphymatgh. sfpdaniacs.n a subj ect
. 1 | _ NG o1 SO Linigdoparticl e of th
resent 1Moo RYoSOMARLIDNG JRBuRUBhERLME, B LARMEARILLE © of 102

descr i bedhheheaiphoalkyie optipnadly pabstitgtdsolpdthiltre gy @$ d REGI mweltOr4aXK)ar e
particul arl. ef ul . for el i.yer nucl ei.c acids, including, e.g.,
P Ra: mor il et P Pt Rt of Bikebhift:
conpositigas of the present invention may be used to nodul ate the

expression of target genes and proteins both in vitro and in vivo by
cont acti ng ceIE§C\?0Q)9 050G(9)-d particle of the present invention associated

wi th a nucl ei i r : QA - si RNA) or
a nucl eic aci gnt% Egt? eltn?g Clg’éﬁ%%gﬁﬁltog%:h%ﬁeggg@?de@gﬁggg%ﬁ%éégetggHglsfilgrla gd protein
(e.g., a thtassindireretow. g ceiten debodimdniprtbe Bpid)particle furthiardompsisaxenpl ar y

enbodi nment s, of .t.ge ati.gnic.lipids of the present invention,.as |1 as
ord par i B i g Sl R Bt IR A ERE o O R Ppfin B 6
del i ver tihed ppeukicondgessisantand onGplatlladeogaped afntle pregdngiinvesik@r 69 on are
described in further detail_ below

neutral lipid selected from DSPC, DPPC, POPC, DOPE and SM; (iii) sterol, e.g.

cholesterol; and (iv) peg-lipid, e.g. PEG-DMG or PEG-DMA, in a molar ratio of about

20-60% cationic lipid: 5-25% neutral lipid: 25-55% sterol; 0.5-15% PEG-lipid. In one

embodiment, the lipid of the present invention is optically pure.



LI PI DS The present invention provides novel |ipids having certain
design features. As shown in Figure 2, the |ipid design features include at
| east onewof2otons44ool | owi ng: a head group with varyi ng pReT/s2@awsdaic, 10,
2 and 3, nonoam ne, Di and triam ne, A igoam ne/polyanm ne, a | ow pKa head
groups - imdazoles and pyridine, guanidinium anionic, zwitterionic and
hydr ophobic tails can include symmetric and/or unsymmetric chains, |ong and
shorter, saturated and unsaturated chain the back bone includes Backbone
glyceride and jgt,pgtioRsY¥Qht-& cABMiRGSs, (RY flebdnt itPAER inBLEX HptLpRfide R Yeycli c
| i nkages with ethers, esters, phosphate and anal ogs, sul fonate and anal ogs,
di sul fi detb¢ ipyehtgmrtbittipngleer icpmprgsetherbpdubic agent-alnsorgrethbiedinzdng thg thilapeitiand
hydrazoneg,., A0 \XLIES. 1n one S RAER AL i BXERLEGM: PrgNigdgs novel 1ipids

t hat are advan ageousFy as ey T I pi par?lc es o it ptesent invention
for the iimmvinestirdehioveslyzoaficltditicapantlt sragendBgdnacicetideSe.gi aicdntigindg | i pi ds
having the. follow ng structure In one gspect, the lipid i conmpound of
formul a )QBPNYICOtids 9p anpseORY’ & deyalg %“@3?40 I@Pu‘ilg%‘rﬁiﬁrgg'taﬁéé% f 4% wher ei n:

Rl and RZahger@ashibbngependently for each occurrence optionally substituted
Cl10- C30 al kyl, optionally substituted C o-C30 al kenyl, optionally
substituted CloyeRmotickiahied crafpnditaerd] thy presdyd tventiadinciudes@30 acyl, or

-linker-1 o i . i o i - | kyl ,
opt ol 1588RREical compodfbp Bl ARt BRI SHRS bbb hnindihad!

al kynyl , @lakyiddeeticatig pedeptabkl dkyiping sprdniat ef dilkkty| phosphor ot hi oat e,

al kyl phosphor qdi t hi oat.e, al kyl phos nates, al kyl.am nes, hydro I | s,
oo moal kot et SRt Gisafior FrBly BRlSai e Te e BRIt & it des” |

t hi ophos phedlikiHeShe Oprds@BAbE Y t3s8dSEAd Mtaedll iRt ¥RIHIY [ceRprighy pRVidiMREGa MV

100-40K), optionally substituted nPEG (mw 120-40K), heteroaryl,
het er ocycted a lgyvd partifle or phagaaeputien gomppsstia @)t pesepppgyntion. The tayggt one

enbodi e i optionally
subst |t i B ey M RSl UEREROBRNY i ERCHe BEHE S
OFLion?Ihym@wmfmmmuP?dmﬁhamfm?m?bﬁe??mﬂ?ggﬂh$$emm?wsub§@ﬁtd??d Cig-f?? o
al Kenyl ox | Ona SUDST | e O- a n Oopt Il Oha upstitute
Gi o- C30. APRYRSImERFTesTORH Bfesl 7 somaPmEE ot tabts gl [ partleutar

anot her esmdii@ig, theRDid farticle @PinpAGR lalthersitast hiout adectel-fiek@aml Kyl ,

optionally substituted C2-C o al kenyl, optionally substituted C2-C10
al kynyl , BpRynepEnytosy plégonpeletiiead kijElp straidse ghgaiucisplidcops) Inanéisiase i t ut ed

het er ocy cleahibotid@ P ARBbink: 5 UL {kinath AldonbABARRNAL & sioRAl anal 'y
substitutegﬁpﬁ%ébhohlky?% opfional%y suﬂ%tf%uped al ky phosphor ot hi oat e,
opt i onal | aptandyst fibagyed. phospharaihénsahkpicleiopeii arplbdnyid shab sndotlest ad

al kyl phos rodi t hi oate,. optjonally substituted phosphorodithioal kyl,
optionalI%ﬁgﬁb?%?%ﬁPgﬁogg%g?% g%%ﬁ%a4?%5r%ﬂﬁ$Q%l Fy substituted
phosphonoal kylIn captdpearalfliye iaudsivohtthé edscapereds sdg@itddoi@h the golgst i t ut ed

al kyl am no, optionally substi%ﬁied d%&alk¥4%anino tional ly substituted

ani hoal kyAoTSigHtE Giariol VakB et kS TRKRy et §o4r Ry R: RSY: PBREI e &0Bst i ¢ ut ed

di (al kyl )mmgalekgﬂc,%eﬁatdmgéﬂeyem hé, Wod dnederiebkiel INRREAQRAH ¥
substituted pol yet hyl ene glgcol ( PE nMIIO%-

40K), optional 'y substituted
gene, Erk1/2 gene, PCNA(p21) gene, MYB gene, JUN gene, FOS gene, BCL-2 gene,
Cyclin D gene, VEGF gene, EGFR gene, Cyclin A gene, Cyclin E gene, WNT-1 gene,
beta-catenin gene, c-MET gene, PKC gene, NFKB gene, STAT3 gene, survivin gene,
Her2/Neu gene, SORT1 gene, XBP1 gene, topoisomerase 1 gene, topoisomerase 11 alpha
gene, p73 gene, p21(WAFI1/CIP1) gene, p27(KIP1) gene, PPM1D gene, RAS gene,
caveolin I gene, MIB I gene, MTAI gene, M68 gene, mutations in tumor suppressor

genes, p53 tumor suppressor gene, and combinations thereof.



nPEG (mw 120-40K), optionally substituted heteroaryl, optionally
substituted heterocycle, or linker-ligand. In one enbodi nent, where the

lipid is wocompswed of formula XXXl 11, provided 1 N..., PCT/US20094063927 , s t hat
when Eis C(0)0 and R3is -e , R and R2 are not both linoleyl. I n one
enbodi ment, the lipid is a conmpound of formula XXXI1l, wherein R3 1S H,

optionally substituted C2-C o al kenyl, optionally substituted C2-C10
al kynyl , al kyl hetrocycl e, al kyl phosphat e, al kyl phosphor ot hi oat e,

al kyl phosphor agiyhh@akfbodfthdy RAARRIORI! &% pléénlﬁ){ R LR Res M&f(&;{ﬁi@é kyl's,

co-am noal kyl s, co - (substituted)am noal kyls, co -phosphoal

-t hi ophosq:rtacfanct«tg@lngl vagiphtiop fiakmyntgdyeefi sugh deht perirgssiomypif élwew@rpﬁp@de o(rlﬂm mv
100- 40K), - opti onal | | 120- 40K), heteroaryl,

het er ocyc eaug?pzﬂmﬁ%ﬁ%ﬁghmnﬁ£ggop%1WX&Jg% anot her enbodinent, the lipidis
a conpound of Ih@fétrwfuathé@ﬂﬂatdd emblogingini tllRﬂpramlt mZeraioa isdwdes b mibepeindent |y f or
each occurrence optlon |1 ' '

.S bstltuﬂfd On- C30 al k * %?tloaa%k% substit ut ed
G o- C30 aFi{Ag P diseie iobAlsPdgt diaisterizemt R0 e eIsss1aR §i @ Pjypeptifly r-ligand. In
one aspecubickBorthpNERY providiRab wiesbRcd 4 IRid patick Ok ﬁh&r&aé&]ﬁ&(l 1 ,ER3CH
composition of the present invention, wherein the therapeutic agent is selected from an
siRNA, a microRNA, an antisense oligonucleotide, and a plasmid capable of expressing
an siRNA, a microRNA, or an antisense oligonucleotide, and wherein the siRNA,
microRNA, or antisense RNA comprises a polynucleotide that specifically binds to a
polynucleotide that encodes the polypeptide, or a complement thereof.
In another related embodiment, the present invention includes a method of
treating a disease or disorder characterized by underexpression of a polypeptide in a
subject, comprising providing to the subject the pharmaceutical composition of the
present invention, wherein the therapeutic agent is a plasmid that encodes the polypeptide
or a functional variant or fragment thereof.
In a further embodiment, the present invention includes a method of inducing an
immune response in a subject, comprising providing to the subject a pharmaceutical
composition of the present invention, wherein the therapeutic agent is an
immunostimulatory oligonucleotide. In particular embodiments, the pharmaceutical
composition is provided to the patient in combination with a vaccine or antigen.
In a related embodiment, the present invention includes a vaccine comprising the
lipid particle of the present invention and an antigen associated with a disease or
pathogen. In one embodiment, the lipid particle comprises an immunostimulatory
nucleic acid or oligonucleotide. In a particular embodiment, the antigen is a tumor
antigen. In another embodiment, the antigen is a viral antigen, a bacterial antigen, or a
parasitic antigen.
The present invention further includes methods of preparing the lipid particles and
pharmaceutical compositions of the present invention, as well as kits useful in the

preparation of these lipid particle and pharmaceutical compositions.



J(XXVIT1, salts or isonmers thereof, wherein Eis C(0)0 or OC(0); R1
and R2 and Rx are each independently for each occurrence H, optionally
substi t utwo 20/3iMd1al kyl , optionally substituted Cl10- C3@Calusgéog/oedye? onal |y
substituted C10- C30 al kenyl, optionally substituted C10-C30 al kynyl,
optionally substituted C10-C30 acyl, or linker-ligand, provided that at

| east one of RL, R2 and Rx is not H, R3 1S H optionally
substituted C1-Cl0 al kyl, optionally substituted C2-Cl0 al kenyl, optionally

substituted C;GlOnal &¥ay e ALEHAPHEREX Gl Fethd doEvRRESRNALSposition
al kyl phosphor ot hi oat e, al kyl phosphor odi t hi oate, al kyl phosphonat es,

al kyl am ntést, in¢lydhserpadikyd & 2 thayapentin ogdnk 91 dagrostic {geabend & ipiddY thei noal kyl s,
co - phosphrgs%ln%(- Ivesﬂt-ogo - thiophosphoal kyls, optionally substituted

pol yet hylpene g yco]I (PEG nw 100-40K), optionally substituted nmPEG (nmw

120- 40K), heteroaryl, heterocycle, or linker-ligand; nis O, 1, 2, or 3. In

one enbodi nent, where the |lipid. s conpound of formil a XXV, 1

NS e Ml BESERRPON G il SeR IO LieR's ORGTEDRASTNGS L ana
one of Rl, R2 FihrelX StenfdtictrfiRBchiBork SN dPtibALAfurElpid Rdih @hjud%tedr € not both
l'i nol eyl . In some enbodi ments, each of and R2 is independently for

each occupestes bgaidonal |y substituted G o-C30 al kyl, optionally substituted

Ci 0- C30 al kenyl. i ) e I O- ponally
substituted Oy%-g?ﬁg ) gg@%&% r %4?%[2{&@{1 ?fgjfg%&s %%e%‘pﬁé@ﬂhe pQ&tCht
invention.
Figure 3. shows a table depicting the EC50 and pKa values of exemplary lipids

tested using method described in the Examples.

DETAILED DESCRIPTION

The present invention is based, in part, upon the discovery of cationic lipids that
provide advantages when used in lipid particles for the in vivo delivery of a therapeutic
agent. In particular, as illustrated by the accompanying Examples, the present invention
provides nucleic acid-lipid particle compositions comprising a cationic lipid according to
the present invention. In some embodiments, a composition described herein provides
increased activity of the nucleic acid and/or improved tolerability of the compositions in
vivo, which can result in a significant increase in therapeutic index as compared to lipid-
nucleic acid particle compositions previously described. Additionally compositions and
methods of use are disclosed that can provide for amelioration of the toxicity observed
with certain therapeutic nucleic acid-lipid particles.

In certain embodiments, the present invention specifically provides for improved
compositions for the delivery of siRNA molecules. It is shown herein that these
compositions are effective in down-regulating the protein levels and/or mRNA levels of
target proteins. Furthermore, it is shown that the activity of these improved compositions
is dependent on the presence of a certain cationic lipids and that the molar ratio of
cationic lipid in the formulation can influence activity.

The lipid particles and compositions of the present invention may be used for a

variety of purposes, including the delivery of associated or encapsulated therapeutic



In sonme enbodi ments, Rx is Hor optionally substituted Cl-Cl10 al kyl .

In sone enbodi nents, Rx is optionally substituted Cm C30 al kyl, optionally
substi t utwo 2Cos@dd al kenyl, optionally substituted G oPCEUSadops3R7
optionally substituted Cl10-C30 acyl, or |inker-Iigand. In one

enbodi nent, Rl and R2 are each independently for each occurrence optionally
substituted G o-C30 al kyl, optionally substituted C o-C30 al koxy,
optionally substituted C o-C30 al kenyl, optionally substituted G o-C30

al kenyl Oxagﬁn@@& LaRabJY iSRS hhd B8, @&o 1ok g}){éent ﬁ&%ﬂtf&ﬂ%‘réxbfde%UbSt' tuted
Ci 0- C30 al'kynyl oxy, or optionally substituted , or
-Iinker-hnghwu(ﬁnﬁmH@chﬁmem@rémbmbwneﬁﬁmnﬁsnmeﬁﬂﬁuepéhdeﬂnmvnﬁeﬂweach
occurrence H . 0 u C10 al k sub tltuted
o a0 Rl O EPR i BTt e e Ny A0 SRRl er e

substltut@ﬁnﬁlkylheterocycle optlonally substituted heterocyclealkyl,

optionally substituted alk hat.e, ionally substituted phosphoal kyl,
optional 'y sub‘istﬁ'ieﬁﬂf@ghaie el H%TIBIP%P&{?BY@S%HVSH%%WE%FB%‘%? it ed
phosphor oiBipadrkid deli@Blyl FRBEIEY a§1‘d§>§ﬁélﬁdlh%@ Al kN Rhes phRsadh bhiaake,
optionally substituted phosphorodlthloa optional |y substituted

al kyl phos arcethe diptd mmtegwswnd@b@pwmre@f ﬁﬁdﬁi?ﬁﬁ@trlb‘aqnl‘@ll mag jye jugedP| y

substi t ut I 0 1y
substltufggmgﬁkgﬁex %%%@ﬁ%ﬁ&é<@#%, ‘F@ﬁ ng%?%u?ggRE%QE%gbﬁmﬁ optionally
substi t ut @dtaainkglct@lmmmai ligyd paraple |oﬁﬁmlﬁrc;seﬁtuhedntibmaﬁdcldne(1 adlﬂhyal n)uahfmnoal kyl ,
optionall bstltuted dr oxyal k opt i subst.i t ut ed ethylene
ol yool (P e s REenG ool (o SO LV R a5 Hoig

opti onal | Y@ tbb@&ﬂeawe@grem@dsmewred RotedPlel 0 rhadhhsymé vhslideubhegeshed er ocycl e,
or linker-ligand. In one embodinent, Eis -C(0)0- or - 0)-. In one

enbodi merrotem). js -0-, -S-, -N(Q-, or alkylene. I n sone

ci rcunst ances, z{:r)‘?buk §X &g‘pﬁ% lﬁYGIH S ocf(ﬂle(cﬁﬂglﬁ& ﬂl@)fﬂ\%\ﬁﬁﬂﬁ%&%llm&no as

cophosphoalkyl or co- kyI ea Is optionally
substi t utwed! asﬂlqadrpdtraslemncb@m(wsnbsns ¢antpe15)ngrtim@aiek yﬂd tgmo ugstoidalcvande

2- (di net hyl am no) et h i isopr an no op

3 (N ot hy PR BEGHY oy EFBPR B BB SRR RIS os8Hiosd ip 8 ound ¢ hat
cationi c ddtf sisoweonpri si ng unsaturated al kyl chains are particularly usefu
for formng lipid nucleic acid particles with increased nmenbrane fluidity.
I n one enbodi nent, at |east one of RL or R2 conprises at |east one, at

| east twopgipat | east three sites of unsaturation, e.g. double bond or
triple bond. I n one enbodi nent, only one of RL or R2 conprises at

| east one, at Tleamsentviovmioaprolvebsno‘telhtieiés bitiegcafaindesgndeaticonAs I n

one erTbOdlhown 11{1 F1§u ('EIheFI)Z cri) 8est1gncfo %{els ?necluadte alt Feassttong QF the %llolwelr?‘g:t a fleva\ﬁ or at
| east three s ‘uns H'ura

group with varying pKa, a cationic, 1°, 2° and 3°, monoamine, Di and triamine,
Oligoamine/polyamine, a low pKa head groups — imidazoles and pyridine, guanidinium,
anionic, zwitterionic and hydrophobic tails can include symmetric and/or unsymmetric
chains, long and shorter, saturated and unsaturated chain the back bone includes
Backbone glyceride and other acyclic analogs, cyclic, spiro, bicyclic and polycyclic
linkages with cthers, esters, phosphate and analogs, sulfonate and analogs, disulfides, pH
sensitive linkages like acetals and ketals, imines and hydrazones, and oximes.

The present invention provides novel lipids that are advantageously used in lipid
particles of the present invention for the in vivo delivery of therapeutic agents to cells,
including lipids having the following structure In one aspect, the lipid is a compound of

formula XXXIII,



In one enbodi nent, RL and R2 conprise different nunbers of unsaturation,
e.g., one of RL and R2 has one site of unsaturation and the other has two
or three WpRen/Bi40unsat urati on. In one enbodi nent, Rl amdTRB209m0b39%eDNPri se

t he same nunmber of unsaturation sites. I n one enbodi ment, Rl and R2
conprise different types of unsaturation, e.g. unsaturation in one of Rl
and R2 is double bond and in the other unsaturation is triple bond. I n
one enbodi nent, RL and R2 both conprise the same type of unsaturation, e.g.
doubl e bond or_tripl erpond. I n one enbodi nent, at |east one of Rl or
R2 conpri ses a?fT%é§§Rgne doubl e bond and at |east one triple bond. I'n
one enbodi nent, only one of RL or R2 conprises at | east one double bond and
at | east one triple bond. In one enbodi ment, Rl and R2 both
conprise at | eastyxne dou | e .bond an Ieast one trlple bond. I n
one enbodi ment, Rl and 'R2'"™% ‘Wé“ﬁ%?ﬁﬁg 9" R1 and R2 are both linoley

(C18) or R1 arfd d1d Rafag: hoh hdappidastacmr Sacﬁra)y&urrelnae ompneifbaditeed C;RL and R2
are different fromeach other. |In one enbodi at | east one of Rl and R2
i s chol esteprbyl, optionally substltuted C10-Cso alkenyl optlonally substituted C0-Cso alkynyl,

optionally substituted C;¢-C3¢ acyl, or —linker-ligand;

R3 is H, optionally substituted C;-Cy¢ alkyl, optionally substituted C,-C;¢ alkenyl,
optionally substituted C,-C,o alkynyl, alkylhetrocycle, alkylphosphate,
alkylphosphorothioate, alkylphosphorodithioate, alkylphosphonates, alkylamines,
hydroxyalkyls, w-aminoalkyls, o -(substituted)aminoalkyls, ® -phosphoalkyls, ® -
thiophosphoalkyls, optionally substituted polyethylene glycol (PEG, mw 100-40K),
optionally substituted mPEG (mw 120-40K), heteroaryl, heterocycle, or linker-ligand;
and

E is C(O)O or OC(O).

In one embodiment, R; and R, are each independently for each occurrence
optionally substituted C;o-Csg alkyl, optionally substituted C,¢-Csq alkoxy, optionally
substituted C;o-Cso alkenyl, optionally substituted C19-Csg alkenyloxy, optionally
substituted C;o-Cso alkynyl, optionally substituted C;o-Cso alkynyloxy, or optionally
substituted C;-Csg acyl.

In another embodiment, R3 is H, optionally substituted C;-C,o alkyl, optionally
substituted C,-Cyo alkenyl, optionally substituted C,-C, alkynyl, optionally substituted
alkylheterocycle, optionally substituted heterocyclealkyl, optionally substituted
alkylphosphate, optionally substituted phosphoalkyl, optionally substituted
alkylphosphorothioate, optionally substituted phosphorothioalkyl, optionally substituted
alkylphosphorodithioate, optionally substituted phosphorodithioalkyl, optionally
substituted alkylphosphonate, optionally substituted phosphonoalkyl, optionally
substituted amino, optionally substituted alkylamino, optionally substituted
di(alkyl)amino, optionally substituted aminoalkyl, optionally substituted alkylaminoalkyl,
optionally substituted di(alkyl)aminoalkyl, optionally substituted hydroxyalkyl,
optionally substituted polyethylene glycol (PEG, mw 100-40K), optionally substituted

10



I n one enbodi nent, one of RL and R2 is -linker-ligand. In one enbodinent,
one of RL and R2 is -linker-ligand and ligand is a |ipophile. In one
enbodi nerwo 2ato/dsemst one of RL or R2 conprises at | east POMAISAMA/OGIUP Wit h
one or both Hreplaced by F, e.g. CHF or CF2. In one enbodinent, both Rl
and R2 conprise at |east one CH2 group with one or two H replaced by F,
e.g. CHF or CF2. I n one enbodi nent, only one of RL and R2 conpri ses
at | east one CH2 group with one or both H replaced by F. I n one

embodi nE%PE@t(mkxgw4%??oﬁfon% bestﬁ_%teh%@f&cﬁﬂtleozjtlioﬂal%gstitﬁ;gfz :2)) or CF3. In

one enbodi nent, both and termnate in CHZF, CHF2 or : I n one
enbodi menheteregycleeastinkgnbgafd.- R1 or R2 is -(CF2)y-2Z"-(CH2)y-CH3, wherein each

y is independentl +10 and 7" is 0..5 0r enbodi ment ,
both of R and i SO RRDfersi i Nadle gt i 2R R pETRE

i ndependently 1-10 and Z" is 0,|S or N(Q. I n one enbodi ment, at

| east one,of Rl or s - (CH2Y > 2)yV: CF3, erei.n each y is
independeth"f‘tl“)'/hef-]?ilﬁ Cgﬁ&b?ndéslso,wm&?gme n%ﬂ_bhgc_’l odi ment, both of
Rl and R2 are Inb&khBodinehtCh)liyidGk 3 cottsiiri JF featila XxbIT wHapamrdantl y 1- 10
and Z" is 0, S or N n_one enbodj nent, at |east one of RL or R2

is -( CF2)%Piletlﬁb’)S}'lb@F%a@ﬂ@rl@i‘lhéf@b@ﬂ?ﬁ?nqﬂéf spbriigpechdefid gkynyho. I'n one
embodi menfie 1Rty AL, SRR, AiG1pnb RGNS &E 2o ph MR, €ach y s
[ ndependent)f y 1- 10,

alkylphosphonates, alkylamines, hydroxyalkyls, w-aminoalkyls, o -

(substituted)aminoalkyls, @ -phosphoalkyls, @ -thiophosphoalkyls, optionally substituted

polyethylene glycol (PEG, mw 100-40K), optionally substituted mPEG (mw 120-40K),

heteroaryl, heterocycle, or linker-ligand.

In yet another embodiment, the lipid is a compound of formula XXXIII, wherein

R; and R, are each independently for cach occurrence optionally substituted C9-Csg

alkyl, optionally substituted C;9-C3o alkynyl, optionally substituted C;-Cso acyl, or —

linker-ligand.

In one aspect, the invention features a lipid of formula XXXVIII:

Ry
Ra
E
R3/ wc Rx
H n

XXXVIII, salts or isomers thereof,

wherein

E is C(O)O or OC(O);

R; and R, and Ry are each independently for each occurrence H, optionally
substituted C;-C alkyl, optionally substituted C;o-C3¢ alkyl, optionally substituted Cy¢-
Cso alkenyl, optionally substituted C;¢-C3 alkynyl, optionally substituted C;¢-Cso acyl, or
linker-ligand, provided that at least one of R;, R, and Ry is not H;

R3 is H, optionally substituted C;-Cy¢ alkyl, optionally substituted C,-C;¢ alkenyl,
optionally substituted C,-C,o alkynyl, alkylhetrocycle, alkylphosphate,
alkylphosphorothioate, alkylphosphorodithioate, alkylphosphonates, alkylamines,
hydroxyalkyls, w-aminoalkyls, o -(substituted)aminoalkyls,  -phosphoalkyls, ® -

11



I n one enbodi ment, R3 is chosen froma group consisting of nethyl, ethyl,
pol yam ne, -(CH2)h-heteroaryl, -(CH2)h-N(Q 2, -0-N(Q 2,

- (CH2) h- Avo(2eHi2)sisomet er oaryl , i nker-1ignad, -(CH2)h-hetrerapedoocnt

-(CH2) h-Z"- (CH2) h- het erocycl e, wherein each h is independently 0-13 and Z"
is 0, Sor N(Q. I n one enbodi ment, when Z is C(R3), at |east one R3
is co-am noal kyl or co - (substituted)am noal kyl . I n one enbodi nent,

when Z' is 0, S or alkyl, at least one R3 is co-am noal kyl or co

- (substi ttHfo‘foHés%HbzﬂQﬁL |S¥J[10na|119 sARRiInREPAI BEne Bdo? (PEAKSEY 1dogaRg, | n one

enbodi nent , gand 1s fusogéenic peptide. Tn one enbodinent, the lipidis a
racem c mmtomﬂbf substituted mPEéh@l\é dﬁ@réﬂﬁia eteraand, hdtqpeycles oelinkechigehdi n one

di ast er eoner %I |p|d has at | east 95% at |east 90% at |east 80%
or at | east 7d@%gid &r Eonmeri ¢ excess. I n one enbodi ment, the lipid
is enriched i nnonee@badiincot®hereehglipill Ber donpodndasfoahulbe@sXVHAREY% at | east
90% at |east 80%or at |east 70% epanti oner excess. In one enbodi nent, the
lipidis chirally pure, e.g. is a s|ngle optical isomer. In one enbodlnent

the |ipi dyrbsidenthbChies E RrC(one, Rbki caT/\éna{done of Ry, Mh6F R, i8 Hlenthltke bond i's
present (e.g., a carbon- carbon doubl e bond or car bon- n|trogen doubl e bond)
there carfeBemingfdti Bneihx arnsotdit igplevdt i on about the double bond (i.

cis/trans or BjZyh QHEBB&lﬁJ%ts Abebert i €019 n%l‘l@“fgpﬁsgt(’g?ﬁ% e bo”d s

illustrated in a c em ca tructure I't Ts underst |
corresponﬁnmgdb&mhﬁnwcéﬁmﬁCQGHb@CpnegéWBHMmhﬁah@mdhmaﬁﬁnﬂSHMBndeesent can

vary, dependi rel tlve ners. a d the energy
required %@q: %@gﬂ{&ﬁelﬁbﬁ O?tmm’ @ﬁ“ﬁ%&E%H“HgPrﬁ BE*dbubl e bonds

are, for practhcamepumbpdisests, m,nesﬂedsrtopnnnamsylsub@maemgl € L40aflj gur at i on,
whereas others (e.g., Wwhere the relative stabllltlesﬁﬁre sim | ar and t he

energy of conJ@ﬁ@PBﬁmbﬁmywﬂﬁth%05?@?@ﬁ§“§§“$ﬂ§épé%% ¥ eRfipnr i um mi xture

of confi gqubatdRne:,-Cs. alkenﬁ%ptﬂin@ﬁﬁﬁfbsﬁtﬂ%é%@ )80, SRR 19850, saBhi&si s of
| i pi ds described herein in‘racemc as wel|l as i n optically pure form

I n one enBodime, orinkerdigendnic lipidis chosen froma group consisting of

l'ipids shown B 031_9‘ erngocil' r?tI ﬁl and R, are each independently for each occurrence

optionally substituted C;¢-Cs3¢ alkyl, optionally substituted C,¢-Cs alkoxy, optionally
substituted C;o-Cso alkenyl, optionally substituted C19-Csg alkenyloxy, optionally
substituted Cjo-Cso alkynyl, optionally substituted C;o-Cso alkynyloxy, or optionally
substituted C;o-Csg acyl, or —linker-ligand.

In one embodiment, R3 is independently for each occurrence H, optionally
substituted C;-Cyo alkyl, optionally substituted C,-Co alkenyl, optionally substituted C,-
Cio alkynyl, optionally substituted alkylheterocycle, optionally substituted
heterocyclealkyl, optionally substituted alkylphosphate, optionally substituted
phosphoalkyl, optionally substituted alkylphosphorothioate, optionally substituted
phosphorothioalkyl, optionally substituted alkylphosphorodithioate, optionally
substituted phosphorodithioalkyl, optionally substituted alkylphosphonate, optionally
substituted phosphonoalkyl, optionally substituted amino, optionally substituted
alkylamino, optionally substituted di(alkyl)amino, optionally substituted aminoalkyl,
optionally substituted alkylaminoalkyl, optionally substituted di(alkyl)aminoalkyl,
optionally substituted hydroxyalkyl, optionally substituted polyethylene glycol (PEG, mw
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100-40K), optionally substituted mPEG (mw 120-40K), optionally substituted heteroaryl,
or optionally substituted heterocycle, or linker-ligand.

In one embodiment, E is -C(O)O- or -OC(O)-.

In one embodiment, Z’ is -O-, -S-, -N(Q)-, or alkylene.

In some circumstances, Rz is @-aminoalkyl, o-(substituted)aminoalkyl, ®-
phosphoalkyl, or o-thiophosphoalkyl; each of which is optionally substituted. Examples
of w-(substituted)aminoalkyl groups include 2-(dimethylamino)ethyl, 3-
(diisopropylamino)propyl, or 3-(N-cthyl-N-isopropylamino)-1-methylpropyl.

It has been found that cationic lipids comprising unsaturated alkyl chains are
particularly useful for forming lipid nucleic acid particles with increased membrane
fluidity. In one embodiment, at least one of Ry or R, comprises at least one, at least two
or at least three sites of unsaturation, e.g. double bond or triple bond.

In one embodiment, only one of R; or R, comprises at least one, at least two or at
least three sites of unsaturation.

In one embodiment, R; and R, both comprise at least one, at least two or at least
three sites of unsaturation.

In one embodiment, R; and R, comprise different numbers of unsaturation, e.g.,
one of R; and R, has one site of unsaturation and the other has two or three sites of
unsaturation.

In one embodiment, R; and R, both comprise the same number of unsaturation
sites.

In one embodiment, R; and R, comprise different types of unsaturation, e.g.
unsaturation in one of R; and R; is double bond and in the other unsaturation is triple
bond.

In one embodiment, R; and R, both comprise the same type of unsaturation, ¢.g.
double bond or triple bond.

In one embodiment, at least one of R; or R; comprises at least one double bond
and at least one triple bond.

In one embodiment, only one of R; or R, comprises at least one double bond and

at least one triple bond.
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In one embodiment, R; and R, both comprise at least one double bond and at least
one triple bond.

In one embodiment, R; and R, are both same, ¢.g. R; and R; are both linoleyl
(C18) or R; and R; are both heptadeca-9-enyl.

In one embodiment, R; and R, are different from each other.

In one embodiment, at least one of Ry and R; is cholesterol.

In one embodiment, one of R; and R; is —linker-ligand.

In one embodiment, one of R; and R; is —linker-ligand and ligand is a lipophile.

In one embodiment, at least one of R; or R, comprises at least one CH, group
with one or both H replaced by F, ¢.g. CHF or CF,. In one embodiment, both R; and R,
comprise at least one CH, group with one or two H replaced by F, ¢.g. CHF or CF,.

In one embodiment, only one of R; and R, comprises at least one CH; group with
one or both H replaced by F.

In one embodiment, at least one of R; or R, terminates in CH,F, CHF; or CFs. In
one embodiment, both R; and R, terminate in CH,F, CHF; or CFs.

In one embodiment, at least one of R; or R is «(CF»),-Z2”-(CH;),-CH3s, wherein
cach y is independently 1-10 and Z”’ is O, S or N(Q).

In one embodiment, both of R; and R, are (CF,),-Z”-(CH,),-CH3, wherein each
y is independently 1-10 and Z”’ is O, S or N(Q).

In one embodiment, at least one of R; or R, is -(CH3),-Z”-(CF;),-CF3, wherein
each y is independently 1-10 and Z’” is O, S or N(Q).

In one embodiment, both of R; and R, are (CH),-Z"-(CF,),-CF3, wherein each y
is independently 1-10 and Z” is O, S or N(Q).

In one embodiment, at least one of R; or R, is «(CF»),~(CF,),-CF3, wherein each y
is independently 1-10.

In one embodiment, both of R; and R, are -(CF,),-(CF»),-CF3, wherein each y is
independently 1-10.
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In one embodiment, Rs3 is chosen from a group consisting of methyl, ethyl,
polyamine, -(CH;)p-heteroaryl, -(CH)p-N(Q)2, -O-N(Q)s, -(CH;)y-Z’-(CH»)n-heteroaryl,
linker-lignad, -(CH;)p-hetercycle, and -(CH,)y-Z”’-(CHy)p-heterocycle, wherein each h is
independently 0-13 and Z”” is O, S or N(Q).

In one embodiment, when Z is C(R3), at least one R3 is w-aminoalkyl or o -
(substituted)aminoalky].

In one embodiment, when Z” is O, S or alkyl, at least one R3 is w-aminoalkyl or @
-(substituted)aminoalkyl.

In one embodiment, Q is linker-ligand.

In one embodiment, ligand is fusogenic peptide.

In one embodiment, the lipid is a racemic mixture.

In one embodiment, the lipid is enriched in one diastereomer, e.g. the lipid has at
least 95%, at least 90%, at least 80% or at least 70% diastercomeric excess.

In one embodiment, the lipid is enriched in one enantiomer, ¢.g. the lipid has at
least 95%, at least 90%, at least 80% or at least 70% cnantiomer excess.

In one embodiment, the lipid is chirally pure, e.g. is a single optical isomer.

In one embodiment, the lipid is enriched for one optical isomer.

Where a double bond is present (e.g., a carbon-carbon double bond or carbon-
nitrogen double bond), there can be isomerism in the configuration about the double bond
(i.e. cis/trans or E/Z isomerism). Where the configuration of a double bond is illustrated
in a chemical structure, it is understood that the corresponding isomer can also be present.
The amount of isomer present can vary, depending on the relative stabilities of the
isomers and the energy required to convert between the isomers. Accordingly, some
double bonds are, for practical purposes, present in only a single configuration, whereas
others (e.g., where the relative stabilities are similar and the energy of conversion low)
may be present as inseparable equilibrium mixture of configurations.

The present invention comprises of synthesis of lipids described herein in racemic
as well as in optically pure form.

In one embodiment, the cationic lipid is chosen from a group consisting of lipids

shown in Table 1 below.
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Table 1: Some cationic lipids of the present invention.
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Although not all diasteromers for a lipid are shown, one aspect of the present
invention is to provide all diastereomers and as such chirally pure and diastercomerically
enriched lipids are also part of this invention.

In one embodiment, R is —linker-ligand.

In particular embodiments, the lipids of the present invention are cationic lipids.
As used herein, the term "cationic lipid" is meant to include those lipids having one or
two fatty acid or fatty alkyl chains and an amino head group (including an alkylamino or
dialkylamino group) that may be protonated to form a cationic lipid at physiological pH.
In some embodiments, a cationic lipid is referred to as an “amino lipid.”

Other cationic lipids would include those having alternative fatty acid groups and
other dialkylamino groups, including those in which the alkyl substituents are different
(e.g., N-cthyl-N-methylamino-, N-propyl-N-cthylamino- and the like). For those
embodiments in which R; and R, are both long chain alkyl or acyl groups, they can be the
same or different. In general, lipids (c.g., a cationic lipid) having less saturated acyl
chains are more easily sized, particularly when the complexes are sized below about 0.3
microns, for purposes of filter sterilization. Cationic lipids containing unsaturated fatty
acids with carbon chain lengths in the range of Cjo to Cy are typical. Other scaffolds can
also be used to separate the amino group (e.g., the amino group of the cationic lipid) and
the fatty acid or fatty alkyl portion of the cationic lipid. Suitable scaffolds are known to
those of skill in the art.

In certain embodiments, cationic lipids of the present invention have at least one
protonatable or deprotonatable group, such that the lipid is positively charged at a pH at
or below physiological pH (e.g. pH 7.4), and neutral at a second pH, preferably at or
above physiological pH. Such lipids are also referred to as cationic lipids. It will, of
course, be understood that the addition or removal of protons as a function of pH is an
equilibrium process, and that the reference to a charged or a neutral lipid refers to the

nature of the predominant species and does not require that all of the lipid be present in
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the charged or neutral form. Lipids that have more than one protonatable or
deprotonatable group, or which are zwiterrionic, are not excluded from use in the
invention.

In certain embodiments, protonatable lipids (i.c., cationic lipids) according to the
invention have a pKa of the protonatable group in the range of about 4 to about 11.
Typically, lipids will have a pKa of about 4 to about 7, ¢.g., between about 5 and 7, such
as between about 5.5 and 6.8, when incorporated into lipid particles. Such lipids will be
cationic at a lower pH formulation stage, while particles will be largely (though not
completely) surface neutralized at physiological pH around pH 7.4. One of the benefits
of a pKa in the range of between about 4 and 7 is that at least some nucleic acid
associated with the outside surface of the particle will lose its electrostatic interaction at
physiological pH and be removed by simple dialysis; thus greatly reducing the particle’s
susceptibility to clearance. pKa measurements of lipids within lipid particles can be
performed, for example, by using the fluorescent probe 2-(p-toluidino)-6-napthalene
sulfonic acid (TNS), using methods described in Cullis et al., (1986) Chem Phys Lipids
40, 127-144.

In one embodiment, the formulations of the invention are entrapped by at least
75%, at least 80% or at least 90%.

In one embodiment, the formulations of the invention further comprise an
apolipoprotein. As used herein, the term "apolipoprotein” or “lipoprotein” refers to
apolipoproteins known to those of skill in the art and variants and fragments thereof and
to apolipoprotein agonists, analogues or fragments thereof described below.

Suitable apolipoproteins include, but are not limited to, ApoA-1I, ApoA-II, ApoA-1V,
ApoA-V and ApoE, and active polymorphic forms, isoforms, variants and mutants as
well as fragments or truncated forms thereof. In certain embodiments, the apolipoprotein
is a thiol containing apolipoprotein. "Thiol containing apolipoprotein" refers to an
apolipoprotein, variant, fragment or isoform that contains at least one cysteine residue.
The most common thiol containing apolipoproteins are ApoA-I Milano (ApoA-Iy) and
ApoA-I Paris (ApoA-Ip) which contain one cysteine residue (Jia et al., 2002, Biochem.
Biophys. Res. Comm. 297: 206-13; Bielicki and Oda, 2002, Biochemistry 41: 2089-96).
ApoA-II, ApoE2 and ApoE3 are also thiol containing apolipoproteins. Isolated ApoE
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and/or active fragments and polypeptide analogues thereof, including recombinantly
produced forms thereof, are described in U.S. Pat. Nos. 5,672,685; 5,525,472; 5,473,039;
5,182.364; 5,177,189; 5,168,045; 5,116,739; the disclosures of which are herein
incorporated by reference. ApoE3 is disclosed in Weisgraber, et al., "Human E
apoprotein heterogeneity: cysteine-arginine interchanges in the amino acid sequence of
the apo-E isoforms," J. Biol. Chem. (1981) 256: 9077-9083; and Rall, et al., "Structural
basis for receptor binding heterogeneity of apolipoprotein E from type 111
hyperlipoproteinemic subjects," Proc. Nat. Acad. Sci. (1982) 79: 4696-4700. See also
GenBank accession number K00396.

In certain embodiments, the apolipoprotein can be in its mature form, in its
preproapolipoprotein form or in its proapolipoprotein form. Homo- and heterodimers
(where feasible) of pro- and mature ApoA-I (Duverger et al., 1996, Arterioscler. Thromb.
Vasc. Biol. 16(12):1424-29), ApoA-I Milano (Klon et al., 2000, Biophys. J. 79:(3)1679-
87; Franceschini et al., 1985, J. Biol. Chem. 260: 1632-35), ApoA-I Paris (Daum et al.,
1999, J. Mol. Med. 77:614-22), ApoA-II (Shelness et al., 1985, J. Biol. Chem.
260(14):8637-46; Shelness et al., 1984, J. Biol. Chem. 259(15):9929-35), ApoA-1V
(Duverger et al., 1991, Euro. J. Biochem. 201(2):373-83), and ApoE (McLean et al., 1983,
J. Biol. Chem. 258(14):8993-9000) can also be utilized within the scope of the invention.

In certain embodiments, the apolipoprotein can be a fragment, variant or isoform
of the apolipoprotein. The term "fragment" refers to any apolipoprotein having an amino
acid sequence shorter than that of a native apolipoprotein and which fragment retains the
activity of native apolipoprotein, including lipid binding properties. By "variant" is meant
substitutions or alterations in the amino acid sequences of the apolipoprotein, which
substitutions or alterations, ¢.g., additions and deletions of amino acid residues, do not
abolish the activity of native apolipoprotein, including lipid binding properties. Thus, a
variant can comprise a protein or peptide having a substantially identical amino acid
sequence to a native apolipoprotein provided herein in which one or more amino acid
residues have been conservatively substituted with chemically similar amino acids.
Examples of conservative substitutions include the substitution of at least one
hydrophobic residue such as isoleucine, valine, leucine or methionine for another.

Likewise, the present invention contemplates, for example, the substitution of at least one
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hydrophilic residue such as, for example, between arginine and lysine, between glutamine
and asparagine, and between glycine and serine (see U.S. Pat. Nos. 6,004,925, 6,037,323
and 6,046,166). The term "isoform" refers to a protein having the same, greater or partial
function and similar, identical or partial sequence, and may or may not be the product of
the same gene and usually tissue specific (see Weisgraber 1990, J. Lipid Res. 31(8):1503-
11; Hixson and Powers 1991, J. Lipid Res. 32(9):1529-35; Lackner et al., 1985, J. Biol.
Chem. 260(2):703-6; Hoeg et al., 1986, J. Biol. Chem. 261(9):3911-4; Gordon et al.,
1984, J. Biol. Chem. 259(1):468-74; Powell et al., 1987, Cell 50(6):831-40; Aviram et al.,
1998, Arterioscler. Thromb. Vase. Biol. 18(10):1617-24; Aviram et al., 1998, J. Clin.
Invest. 101(8):1581-90; Billecke et al., 2000, Drug Mectab. Dispos. 28(11):1335-42;
Draganov et al., 2000, J. Biol. Chem. 275(43):33435-42; Steinmetz and Utermann 1985,
J. Biol. Chem. 260(4):2258-64; Widler et al., 1980, J. Biol. Chem. 255(21):10464-71;
Dyer et al., 1995, J. Lipid Res. 36(1):80-8; Sacre et al., 2003, FEBS Lett. 540(1-3):181-7;
Weers, et al., 2003, Biophys. Chem. 100(1-3):481-92; Gong et al., 2002, J. Biol. Chem.
277(33):29919-26; Ohta et al., 1984, J. Biol. Chem. 259(23):14888-93 and U.S. Pat. No.
6,372,886).

In certain embodiments, the methods and compositions of the present invention
include the use of a chimeric construction of an apolipoprotein. For example, a chimeric
construction of an apolipoprotein can be comprised of an apolipoprotein domain with
high lipid binding capacity associated with an apolipoprotein domain containing ischemia
reperfusion protective properties. A chimeric construction of an apolipoprotein can be a
construction that includes separate regions within an apolipoprotein (i.e., homologous
construction) or a chimeric construction can be a construction that includes separate
regions between different apolipoproteins (i.c., heterologous constructions).
Compositions comprising a chimeric construction can also include segments that are
apolipoprotein variants or segments designed to have a specific character (e.g., lipid
binding, receptor binding, enzymatic, enzyme activating, antioxidant or reduction-
oxidation property) (sec Weisgraber 1990, J. Lipid Res. 31(8):1503-11; Hixson and
Powers 1991, J. Lipid Res. 32(9):1529-35; Lackner et al., 1985, J. Biol. Chem.
260(2):703-6; Hoeg et al, 1986, J. Biol. Chem. 261(9):3911-4; Gordon et al., 1984, J.
Biol. Chem. 259(1):468-74; Powell et al., 1987, Cell 50(6):831-40; Aviram et al., 1998,
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Arterioscler. Thromb. Vasc. Biol. 18(10):1617-24; Aviram et al., 1998, J. Clin. Invest.
101(8):1581-90; Billecke et al., 2000, Drug Metab. Dispos. 28(11):1335-42; Draganov et
al., 2000, J. Biol. Chem. 275(43):33435-42; Steinmetz and Utermann 1985, J. Biol. Chem.
260(4):2258-64; Widler et al., 1980, J. Biol. Chem. 255(21):10464-71; Dyer et al., 1995,
J. Lipid Res. 36(1):80-8; Sorenson et al., 1999, Arterioscler. Thromb. Vasc. Biol.
19(9):2214-25; Palgunachari 1996, Arterioscler. Throb. Vasc. Biol. 16(2):328-38:
Thurberg et al., J. Biol. Chem. 271(11):6062-70; Dyer 1991, J. Biol. Chem.
266(23):150009-15; Hill 1998, J. Biol. Chem. 273(47):30979-84).

Apolipoproteins utilized in the invention also include recombinant, synthetic,
semi-synthetic or purified apolipoproteins. Methods for obtaining apolipoproteins or
equivalents thereof, utilized by the invention are well-known in the art. For example,
apolipoproteins can be separated from plasma or natural products by, for example,
density gradient centrifugation or immunoaffinity chromatography, or produced
synthetically, semi-synthetically or using recombinant DNA techniques known to those
of the art (see, ¢.g., Mulugeta et al., 1998, J. Chromatogr. 798(1-2): 83-90; Chung et al.,
1980, J. Lipid Res. 21(3):284-91; Cheung et al., 1987, J. Lipid Res. 28(8):913-29;
Persson, et al., 1998, J. Chromatogr. 711:97-109; U.S. Pat. Nos. 5,059,528, 5,834,596,
5,876,968 and 5,721,114; and PCT Publications WO 86/04920 and WO 87/02062).

Apolipoproteins utilized in the invention further include apolipoprotein agonists
such as peptides and peptide analogues that mimic the activity of ApoA-I, ApoA-I
Milano (ApoA-Iy), ApoA-I Paris (ApoA-Ip), ApoA-II, ApoA-IV, and ApoE. For
example, the apolipoprotein can be any of those described in U.S. Pat. Nos. 6,004,925,
6,037,323, 6,046,166, and 5,840,688, the contents of which are incorporated herein by
reference in their entireties.

Apolipoprotein agonist peptides or peptide analogues can be synthesized or
manufactured using any technique for peptide synthesis known in the art including, e.g.,
the techniques described in U.S. Pat. Nos. 6,004,925, 6,037,323 and 6,046,166. For
example, the peptides may be prepared using the solid-phase synthetic technique initially
described by Merrifield (1963, J. Am. Chem. Soc. 85:2149-2154). Other peptide
synthesis techniques may be found in Bodanszky et al., Peptide Synthesis, John Wiley &
Sons, 2d Ed., (1976) and other references readily available to those skilled in the art. A
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summary of polypeptide synthesis techniques can be found in Stuart and Young, Solid
Phase Peptide. Synthesis, Pierce Chemical Company, Rockford, I11., (1984). Peptides

may also be synthesized by solution methods as described in The Proteins, Vol. 11, 3d Ed.,
Neurath et. al., Eds., p. 105-237, Academic Press, New York, N.Y. (1976). Appropriate
protective groups for use in different peptide syntheses are described in the above-
mentioned texts as well as in McOmie, Protective Groups in Organic Chemistry, Plenum
Press, New York, N.Y. (1973). The peptides of the present invention might also be
prepared by chemical or enzymatic cleavage from larger portions of, for example,
apolipoprotein A-I.

In certain embodiments, the apolipoprotein can be a mixture of apolipoproteins.

In one embodiment, the apolipoprotein can be a homogeneous mixture, that is, a single
type of apolipoprotein. In another embodiment, the apolipoprotein can be a

heterogencous mixture of apolipoproteins, that is, a mixture of two or more different
apolipoproteins. Embodiments of heterogenous mixtures of apolipoproteins can comprise,
for example, a mixture of an apolipoprotein from an animal source and an apolipoprotein
from a semi-synthetic source. In certain embodiments, a heterogenous mixture can
comprise, for example, a mixture of ApoA-I and ApoA-I Milano. In certain embodiments,
a heterogencous mixture can comprise, for example, a mixture of ApoA-I Milano and
ApoA-I Paris. Suitable mixtures for use in the methods and compositions of the invention
will be apparent to one of skill in the art.

If the apolipoprotein is obtained from natural sources, it can be obtained from a
plant or animal source. If the apolipoprotein is obtained from an animal source, the
apolipoprotein can be from any species. In certain embodiments, the apolipoprotien can
be obtained from an animal source. In certain embodiments, the apolipoprotein can be
obtained from a human source. In preferred embodiments of the invention, the
apolipoprotein is derived from the same species as the individual to which the

apolipoprotein is administered.
LIPID PARTICLES

The present invention also provides lipid particles comprising one or more of the

cationic lipids described above. Lipid particles include, but are not limited to, liposomes.
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As used herein, a liposome is a structure having lipid-containing membranes enclosing an
aqueous interior. Liposomes may have one or more lipid membranes. The invention
contemplates both single-layered liposomes, which are referred to as unilamellar, and
multi-layered liposomes, which are referred to as multilamellar. When complexed with
nucleic acids, lipid particles may also be lipoplexes, which are composed of cationic lipid
bilayers sandwiched between DNA layers, as described, e.g., in Felgner, Scientific
American.

The lipid particles of the present invention may further comprise one or more
additional lipids and/or other components such as cholesterol. Other lipids may be
included in the liposome compositions of the present invention for a variety of purposes,
such as to prevent lipid oxidation or to attach ligands onto the liposome surface. Any of a
number of lipids may be present in liposomes of the present invention, including
amphipathic, neutral, cationic, and anionic lipids. Such lipids can be used alone or in
combination. Specific examples of additional lipid components that may be present are
described below.

Additional components that may be present in a lipid particle of the present
invention include bilayer stabilizing components such as polyamide oligomers (see, e.g.,
U.S. Patent No. 6,320,017), peptides, proteins, detergents, lipid-derivatives, such as PEG
coupled to phosphatidylethanolamine and PEG conjugated to ceramides (see, U.S. Patent
No. 5,885,613).

In particular embodiments, the lipid particles include one or more of a second
amino lipid or cationic lipid, a neutral lipid, a sterol, and a lipid selected to reduce
aggregation of lipid particles during formation, which may result from steric stabilization
of particles which prevents charge-induced aggregation during formation.

Examples of lipids that reduce aggregation of particles during formation include
polyethylene glycol (PEG)-modified lipids, monosialoganglioside Gm1, and polyamide
oligomers (“PAO”) such as (described in U.S. Pat. No. 6,320,017). Other compounds
with uncharged, hydrophilic, steric-barrier moieties, which prevent aggregation during
formulation, like PEG, Gm1 or ATTA, can also be coupled to lipids for use as in the
methods and compositions of the invention. ATTA-lipids are described, e.g., in U.S.

Patent No. 6,320,017, and PEG-lipid conjugates are described, e.g., in U.S. Patent Nos.
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5,820,873, 5,534,499 and 5,885,613. Typically, the concentration of the lipid component
selected to reduce aggregation is about 1 to 15% (by mole percent of lipids).

Specific examples of PEG-modified lipids (or lipid-polyoxyethylene conjugates)
that are useful in the present invention can have a variety of "anchoring" lipid portions to
secure the PEG portion to the surface of the lipid vesicle. Examples of suitable PEG-
modified lipids include PEG-modified phosphatidylethanolamine and phosphatidic acid,
PEG-ceramide conjugates (e.g., PEG-CerC14 or PEG-CerC20) which are described in
co-pending USSN 08/486,214, incorporated herein by reference, PEG-modified
dialkylamines and PEG-modified 1,2-diacyloxypropan-3-amines. Particularly preferred
are PEG-modified diacylglycerols and dialkylglycerols.

In embodiments where a sterically-large moiety such as PEG or ATTA are
conjugated to a lipid anchor, the selection of the lipid anchor depends on what type of
association the conjugate is to have with the lipid particle. It is well known that mPEG
(mw2000)-diastearoylphosphatidylethanolamine (PEG-DSPE) will remain associated
with a liposome until the particle is cleared from the circulation, possibly a matter of
days. Other conjugates, such as PEG-CerC20 have similar staying capacity. PEG-
CerC14, however, rapidly exchanges out of the formulation upon exposure to serum, with
a T/, less than 60 mins. in some assays. As illustrated in U.S. Pat. Application SN
08/486,214, at least three characteristics influence the rate of exchange: length of acyl
chain, saturation of acyl chain, and size of the steric-barrier head group. Compounds
having suitable variations of these features may be useful for the invention. For some
therapeutic applications it may be preferable for the PEG-modified lipid to be rapidly lost
from the nucleic acid-lipid particle in vivo and hence the PEG-modified lipid will possess
relatively short lipid anchors. In other therapeutic applications it may be preferable for
the nucleic acid-lipid particle to exhibit a longer plasma circulation lifetime and hence the
PEG-modified lipid will possess relatively longer lipid anchors.

It should be noted that aggregation preventing compounds do not necessarily
require lipid conjugation to function properly. Free PEG or free ATTA in solution may
be sufficient to prevent aggregation. If the particles are stable after formulation, the PEG

or ATTA can be dialyzed away before administration to a subject.
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Neutral lipids, when present in the lipid particle, can be any of a number of lipid
species which exist either in an uncharged or neutral zwitterionic form at physiological
pH. Such lipids include, for example diacylphosphatidylcholine,
diacylphosphatidylethanolamine, ceramide, sphingomyelin, dihydrosphingomyelin,
cephalin, and cerebrosides. The selection of neutral lipids for use in the particles
described herein is generally guided by consideration of, e.g., liposome size and stability
of the liposomes in the bloodstream. Preferably, the neutral lipid component is a lipid
having two acyl groups, (i.e., diacylphosphatidylcholine and
diacylphosphatidylethanolamine). Lipids having a variety of acyl chain groups of
varying chain length and degree of saturation are available or may be isolated or
synthesized by well-known techniques. In one group of embodiments, lipids containing
saturated fatty acids with carbon chain lengths in the range of Cjo to Cy are preferred. In
another group of embodiments, lipids with mono or diunsaturated fatty acids with carbon
chain lengths in the range of Cjo to Cyg are used. Additionally, lipids having mixtures of
saturated and unsaturated fatty acid chains can be used. Preferably, the neutral lipids
used in the present invention are DOPE, DSPC, POPC, DPPC or any related
phosphatidylcholine. The neutral lipids useful in the present invention may also be
composed of sphingomyelin, dihydrosphingomyeline, or phospholipids with other head
groups, such as serine and inositol.

The sterol component of the lipid mixture, when present, can be any of those
sterols conventionally used in the field of liposome, lipid vesicle or lipid particle
preparation. A preferred sterol is cholesterol.

Other cationic lipids, which carry a net positive charge at about physiological pH,
in addition to those specifically described above, may also be included in lipid particles
of the present invention. Such cationic lipids include, but are not limited to, N,N-dioleyl-
N,N-dimethylammonium chloride ("DODAC"); N-(2,3-dioleyloxy)propyl-N,N-N-
tricthylammonium chloride ("DOTMA"); N,N-distearyl-N,N-dimethylammonium
bromide ("DDAB"); N-(2,3-dioleoyloxy)propyl)-N,N,N-trimethylammonium chloride
("DOTAP"); 1,2-Dioleyloxy-3-trimethylaminopropane chloride salt (“DOTAP.C17); 3 -
(N-(N',N'-dimethylaminoethane)-carbamoyl)cholesterol ("DC-Chol"), N-(1-(2,3-
dioleyloxy)propyl)-N-2-(sperminecarboxamido)ethyl)-N,N-dimethylammonium
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trifluoracetate ("DOSPA"), dioctadecylamidoglycyl carboxyspermine ("DOGS"), 1,2-
dileoyl-sn-3-phosphoethanolamine ("DOPE"), 1,2-dioleoyl-3-dimethylammonium
propane (“DODAP”), N, N-dimethyl-2,3-dioleyloxy)propylamine (“DODMA”), and N-
(1,2-dimyristyloxyprop-3-yl)-N,N-dimethyl-N-hydroxyethyl ammonium bromide
("DMRIE"). Additionally, a number of commercial preparations of cationic lipids can be
used, such as, e.g., LIPOFECTIN (including DOTMA and DOPE, available from
GIBCO/BRL), and LIPOFECTAMINE (comprising DOSPA and DOPE, available from
GIBCO/BRL). In particular embodiments, a cationic lipid is an amino lipid.

Anionic lipids suitable for use in lipid particles of the present invention include,
but are not limited to, phosphatidylglycerol, cardiolipin, diacylphosphatidylserine,
diacylphosphatidic acid, N-dodecanoyl phosphatidylethanoloamine, N-succinyl
phosphatidylethanolamine, N-glutaryl phosphatidylethanolamine,
lysylphosphatidylglycerol, and other anionic modifying groups joined to neutral lipids.

In numerous embodiments, amphipathic lipids are included in lipid particles of
the present invention. "Amphipathic lipids" refer to any suitable material, wherein the
hydrophobic portion of the lipid material orients into a hydrophobic phase, while the
hydrophilic portion orients toward the aqueous phase. Such compounds include, but are
not limited to, phospholipids, aminolipids, and sphingolipids. Representative
phospholipids include sphingomyelin, phosphatidylcholine, phosphatidylethanolamine,
phosphatidylserine, phosphatidylinositol, phosphatidic acid, palmitoyloleoyl
phosphatdylcholine, lysophosphatidylcholine, lysophosphatidylethanolamine,
dipalmitoylphosphatidylcholine, dioleoylphosphatidylcholine,
distearoylphosphatidylcholine, or dilinoleoylphosphatidylcholine. Other phosphorus-
lacking compounds, such as sphingolipids, glycosphingolipid families, diacylglycerols,
and -acyloxyacids, can also be used. Additionally, such amphipathic lipids can be
readily mixed with other lipids, such as triglycerides and sterols.

Also suitable for inclusion in the lipid particles of the present invention are
programmable fusion lipids. Such lipid particles have little tendency to fuse with cell
membranes and deliver their payload until a given signal event occurs. This allows the
lipid particle to distribute more evenly after injection into an organism or disease site

before it starts fusing with cells. The signal event can be, for example, a change in pH,
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temperature, ionic environment, or time. In the latter case, a fusion delaying or
"cloaking" component, such as an ATTA-lipid conjugate or a PEG-lipid conjugate, can
simply exchange out of the lipid particle membrane over time. By the time the lipid
particle is suitably distributed in the body, it has lost sufficient cloaking agent so as to be
fusogenic. With other signal events, it is desirable to choose a signal that is associated
with the disease site or target cell, such as increased temperature at a site of
inflammation.

In certain embodiments, it is desirable to target the lipid particles of this invention
using targeting moieties that are specific to a cell type or tissue. Targeting of lipid
particles using a variety of targeting moieties, such as ligands, cell surface receptors,
glycoproteins, vitamins (e.g., riboflavin) and monoclonal antibodies, has been previously
described (see, e.g., U.S. Patent Nos. 4,957,773 and 4,603,044). The targeting moieties
can comprise the entire protein or fragments therecof. Targeting mechanisms generally
require that the targeting agents be positioned on the surface of the lipid particle in such a
manner that the target moiety is available for interaction with the target, for example, a
cell surface receptor. A variety of different targeting agents and methods are known and
available in the art, including those described, e.g., in Sapra, P. and Allen, TM, Prog.
Lipid Res. 42(5):439-62 (2003); and Abra, RM et al., J. Liposome Res. 12:1-3, (2002).

The use of lipid particles, i.e., liposomes, with a surface coating of hydrophilic
polymer chains, such as polyethylene glycol (PEG) chains, for targeting has been
proposed (Allen, et al., Biochimica et Biophysica Acta 1237: 99-108 (1995); DeFrees, et
al., Journal of the American Chemistry Society 118: 6101-6104 (1996); Blume, et al.,
Biochimica et Biophysica Acta 1149: 180-184 (1993); Klibanov, et al., Journal of
Liposome Research 2: 321-334 (1992); U.S. Patent No. 5,013556; Zalipsky,
Bioconjugate Chemistry 4: 296-299 (1993); Zalipsky, FEBS Letters 353: 71-74 (1994);
Zalipsky, in Stealth Liposomes Chapter 9 (Lasic and Martin, Eds) CRC Press, Boca
Raton FI (1995). In one approach, a ligand, such as an antibody, for targeting the lipid
particle is linked to the polar head group of lipids forming the lipid particle. In another
approach, the targeting ligand is attached to the distal ends of the PEG chains forming the
hydrophilic polymer coating (Klibanov, et al., Journal of Liposome Research 2: 321-334
(1992); Kirpotin et al., FEBS Letters 388: 115-118 (1996)).
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Standard methods for coupling the target agents can be used. For example,
phosphatidylethanolamine, which can be activated for attachment of target agents, or
derivatized lipophilic compounds, such as lipid-derivatized bleomycin, can be used.
Antibody-targeted liposomes can be constructed using, for instance, liposomes that
incorporate protein A (see, Renneisen, et al., J. Bio. Chem., 265:16337-16342 (1990) and
Leonetti, et al., Proc. Natl. Acad. Sci. (USA), 87:2448-2451 (1990). Other examples of
antibody conjugation are disclosed in U.S. Patent No. 6,027,726, the teachings of which
are incorporated herein by reference. Examples of targeting moieties can also include
other proteins, specific to cellular components, including antigens associated with
neoplasms or tumors. Proteins used as targeting moieties can be attached to the
liposomes via covalent bonds (see, Heath, Covalent Attachment of Proteins to Liposomes,
149 Methods in Enzymology 111-119 (Academic Press, Inc. 1987)). Other targeting
methods include the biotin-avidin system.

In one exemplary embodiment, the lipid particle comprises a mixture of a cationic
lipid of the present invention, neutral lipids (other than a cationic lipid), a sterol (e.g.,
cholesterol) and a PEG-modified lipid (e.g., a PEG-DMG or PEG-DMA). In certain
embodiments, the lipid mixture consists of or consists essentially of a cationic lipid of the
present invention, a neutral lipid, cholesterol, and a PEG-modified lipid. In further
preferred embodiments, the lipid particle consists of or consists essentially of the above
lipid mixture in molar ratios of about 20-70% amino lipid: 5-45% neutral lipid:20-55%
cholesterol:0.5-15% PEG-modified lipid.

In one embodiment, the lipid particle comprises at least two lipids disclosed
herein. For example, a mixture of cationic lipids can be used in a lipid particle, such that
the mixture comprises 20-60% of the total lipid content on a molar basis.

In particular embodiments, the lipid particle consists of or consists essentially of a
cationic lipid chosen from Table 1, DSPC, Chol, and cither PEG-DMG or PEG-DMA,
e.g., in a molar ratio of about 20-60% cationic lipid: 5-25% DSPC :25-55% Chol:0.5-
15% PEG-DMG or PEG-DMA. In particular embodiments, the molar lipid ratio is
approximately 40/10/40/10 (mol% cationic lipid/DSPC/Chol/PEG-DMG or PEG-DMA),
35/15/40/10 (mol% cationic lipid/DSPC/Chol/PEG-DMG or PEG-DMA) or 52/13/30/5
(mol% cationic lipid/DSPC/Chol/PEG-DMG or PEG-DMA). In another group of
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embodiments, the neutral lipid, DSPC, in these compositions is replaced with POPC,
DPPC, DOPE or SM.

Therapeutic Agent-Lipid Particle Compositions and Formulations

The present invention includes compositions comprising a lipid particle of the
present invention and an active agent, wherein the active agent is associated with the lipid
particle. In particular embodiments, the active agent is a therapeutic agent. In particular
embodiments, the active agent is encapsulated within an aqueous interior of the lipid
particle. In other embodiments, the active agent is present within one or more lipid layers
of the lipid particle. In other embodiments, the active agent is bound to the exterior or
interior lipid surface of a lipid particle.

“Fully encapsulated” as used herein indicates that the nucleic acid in the particles
is not significantly degraded after exposure to serum or a nuclease assay that would
significantly degrade free nucleic acids. In a fully encapsulated system, preferably less
than 25% of particle nucleic acid is degraded in a treatment that would normally degrade
100% of free nucleic acid, more preferably less than 10% and most preferably less than
5% of the particle nucleic acid is degraded. Alternatively, full encapsulation may be
determined by an Oligreen® assay. Oligreen” is an ultra-sensitive fluorescent nucleic
acid stain for quantitating oligonucleotides and single-stranded DNA in solution
(available from Invitrogen Corporation, Carlsbad, CA). Fully encapsulated also suggests
that the particles are serum stable, that is, that they do not rapidly decompose into their
component parts upon iz vivo administration.

Active agents, as used herein, include any molecule or compound capable of
exerting a desired effect on a cell, tissue, organ, or subject. Such effects may be
biological, physiological, or cosmetic, for example. Active agents may be any type of
molecule or compound, including e.g., nucleic acids, peptides and polypeptides,
including, e.g., antibodies, such as, e.g., polyclonal antibodies, monoclonal antibodies,
antibody fragments; humanized antibodies, recombinant antibodies, recombinant human
antibodies, and Primatized™ antibodies, cytokines, growth factors, apoptotic factors,
differentiation-inducing factors, cell surface receptors and their ligands; hormones; and

small molecules, including small organic molecules or compounds.
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In one embodiment, the active agent is a therapeutic agent, or a salt or derivative
thereof. Therapeutic agent derivatives may be therapeutically active themselves or they
may be prodrugs, which become active upon further modification. Thus, in one
embodiment, a therapeutic agent derivative retains some or all of the therapeutic activity
as compared to the unmodified agent, while in another embodiment, a therapeutic agent
derivative lacks therapeutic activity.

In various embodiments, therapeutic agents include any therapeutically effective
agent or drug, such as anti-inflammatory compounds, anti-depressants, stimulants,
analgesics, antibiotics, birth control medication, antipyretics, vasodilators, anti-
angiogenics, cytovascular agents, signal transduction inhibitors, cardiovascular drugs,
e.g., anti-arrhythmic agents, vasoconstrictors, hormones, and steroids.

In certain embodiments, the therapeutic agent is an oncology drug, which may
also be referred to as an anti-tumor drug, an anti-cancer drug, a tumor drug, an
antineoplastic agent, or the like. Examples of oncology drugs that may be used according
to the invention include, but are not limited to, adriamycin, alkeran, allopurinol,
altretamine, amifostine, anastrozole, araC, arsenic trioxide, azathioprine, bexarotene,
biCNU, bleomycin, busulfan intravenous, busulfan oral, capecitabine (Xeloda),
carboplatin, carmustine, CCNU, celecoxib, chlorambucil, cisplatin, cladribine,
cyclosporin A, cytarabine, cytosine arabinoside, daunorubicin, cytoxan, daunorubicin,
dexamethasone, dexrazoxane, dodetaxel, doxorubicin, doxorubicin, DTIC, epirubicin,
estramustine, etoposide phosphate, etoposide and VP-16, exemestane, FK506,
fludarabine, fluorouracil, 5-FU, gemcitabine (Gemzar), gemtuzumab-ozogamicin,
goserelin acetate, hydrea, hydroxyurea, idarubicin, ifosfamide, imatinib mesylate,
interferon, irinotecan (Camptostar, CPT-111), letrozole, leucovorin, leustatin, leuprolide,
levamisole, litretinoin, megastrol, melphalan, L-PAM, mesna, methotrexate,
methoxsalen, mithramycin, mitomycin, mitoxantrone, nitrogen mustard, paclitaxel,
pamidronate, Pegademase, pentostatin, porfimer sodium, prednisone, rituxan,
streptozocin, STI-571, tamoxifen, taxotere, temozolamide, teniposide, VM-26, topotecan
(Hycamtin), toremifene, tretinoin, ATRA, valrubicin, velban, vinblastine, vincristine,

VP16, and vinorelbine. Other examples of oncology drugs that may be used according to
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the invention are ellipticin and ellipticin analogs or derivatives, epothilones, intracellular
kinase inhibitors and camptothecins.

Nucleic Acid-Lipid Particles

In certain embodiments, lipid particles of the present invention are associated with
a nucleic acid, resulting in a nucleic acid-lipid particle. In particular embodiments, the
nucleic acid is fully encapsulated in the lipid particle. As used herein, the term "nucleic
acid" is meant to include any oligonucleotide or polynucleotide. Fragments containing
up to 50 nucleotides are generally termed oligonucleotides, and longer fragments are
called polynucleotides. In particular embodiments, oligonucletoides of the present
invention are 15-50 nucleotides in length.

In the context of this invention, the terms “polynucleotide” and "oligonucleotide"
refer to a polymer or oligomer of nucleotide or nucleoside monomers consisting of
naturally occurring bases, sugars and intersugar (backbone) linkages. The terms
“polynucleotide” and "oligonucleotide" also includes polymers or oligomers comprising
non-naturally occurring monomers, or portions thereof, which function similarly. Such
modified or substituted oligonucleotides are often preferred over native forms because of
properties such as, for example, enhanced cellular uptake and increased stability in the
presence of nucleases.

The nucleic acid that is present in a lipid-nucleic acid particle according to this
invention includes any form of nucleic acid that is known. The nucleic acids used herein
can be single-stranded DNA or RNA, or double-stranded DNA or RNA, or DNA-RNA
hybrids. Examples of double-stranded DNA include structural genes, genes including
control and termination regions, and self-replicating systems such as viral or plasmid
DNA. Examples of double-stranded RNA include siRNA and other RNA interference
reagents. Single-stranded nucleic acids include, e.g., antisense oligonucleotides,
ribozymes, microRNA, and triplex-forming oligonucleotides. The nucleic acid that is
present in a lipid-nucleic acid particle of this invention may include one or more of the
oligonucleotide modifications described below.

Nucleic acids of the present invention may be of various lengths, generally
dependent upon the particular form of nucleic acid. For example, in particular

embodiments, plasmids or genes may be from about 1,000 to 100,000 nucleotide residues
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in length. In particular embodiments, oligonucleotides may range from about 10 to 100
nucleotides in length. In various related embodiments, oligonucleotides, single-stranded,
double-stranded, and triple-stranded, may range in length from about 10 to about 50
nucleotides, from about 20 o about 50 nucleotides, from about 15 to about 30 nucleotides,
from about 20 to about 30 nucleotides in length.

In particular embodiments, the oligonucleotide (or a strand thereof) of the present
invention specifically hybridizes to or is complementary to a target polynucleotide.
“Specifically hybridizable" and "complementary"” are terms which are used to indicate a
sufficient degree of complementarity such that stable and specific binding occurs
between the DNA or RNA target and the oligonucleotide. It is understood that an
oligonucleotide need not be 100% complementary to its target nucleic acid sequence to
be specifically hybridizable. An oligonucleotide is specifically hybridizable when
binding of the oligonucleotide to the target interferes with the normal function of the
target molecule to cause a loss of utility or expression therefrom, and there is a sufficient
degree of complementarity to avoid non-specific binding of the oligonucleotide to non-
target sequences under conditions in which specific binding is desired, i.e., under
physiological conditions in the case of in vivo assays or therapeutic treatment, or, in the
case of in vitro assays, under conditions in which the assays are conducted. Thus, in
other embodiments, this oligonucleotide includes 1, 2, or 3 base substitutions, ¢.g.
mismatches, as compared to the region of a gene or mRNA sequence that it is targeting or

to which it specifically hybridizes.

RNA Interference Nucleic Acids

In particular embodiments, nucleic acid-lipid particles of the present invention are
associated with RNA interference (RNA1) molecules. RNA interference methods using
RNAi molecules may be used to disrupt the expression of a gene or polynucleotide of
interest. Small interfering RNA (siRNA) has essentially replaced antisense ODN and
ribozymes as the next generation of targeted oligonucleotide drugs under development.

SiRNAs are RNA duplexes normally 16-30 nucleotides long that can associate
with a cytoplasmic multi-protein complex known as RNAi-induced silencing complex

(RISC). RISC loaded with siRNA mediates the degradation of homologous mRNA
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transcripts, therefore siRNA can be designed to knock down protein expression with high
specificity. Unlike other antisense technologies, siRNA function through a natural
mechanism evolved to control gene expression through non-coding RNA. This is
generally considered to be the reason why their activity is more potent in vitro and in vivo
than cither antisense ODN or ribozymes. A variety of RNAi reagents, including siRNAs
targeting clinically relevant targets, are currently under pharmaceutical development, as
described, e.g., in de Fougerolles, A. et al., Nature Reviews 6:443-453 (2007).

While the first described RNAi molecules were RNA:RNA hybrids comprising
both an RNA sense and an RNA antisense strand, it has now been demonstrated that
DNA sense:RNA antisense hybrids, RNA sense:DNA antisense hybrids, and DNA:DNA
hybrids are capable of mediating RNAi (Lamberton, J.S. and Christian, A.T., (2003)
Molecular Biotechnology 24:111-119). Thus, the invention includes the use of RNAi
molecules comprising any of these different types of double-stranded molecules. In
addition, it is understood that RNAi molecules may be used and introduced to cells in a
variety of forms. Accordingly, as used herein, RNAi molecules encompasses any and all
molecules capable of inducing an RNAi response in cells, including, but not limited to,
double-stranded oligonucleotides comprising two separate strands, i.e. a sense strand and
an antisense strand, e.g., small interfering RNA (siRNA); double-stranded
oligonucleotide comprising two separate strands that are linked together by non-
nucleotidyl linker; oligonucleotides comprising a hairpin loop of complementary
sequences, which forms a double-stranded region, e.g., ShARNAi molecules, and
expression vectors that express one or more polynucleotides capable of forming a double-
stranded polynucleotide alone or in combination with another polynucleotide.

A “single strand siRNA compound” as used herein, is an siRNA compound which
is made up of a single molecule. It may include a duplexed region, formed by intra-
strand pairing, e.g., it may be, or include, a hairpin or pan-handle structure. Single strand

siRNA compounds may be antisense with regard to the target molecule

A single strand siRNA compound may be sufficiently long that it can enter the
RISC and participate in RISC mediated cleavage of a target mRNA. A single strand
siRNA compound is at least 14, and in other embodiments at least 15, 20, 25, 29, 35, 40,
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or 50 nucleotides in length. In certain embodiments, it is less than 200, 100, or 60

nucleotides in length.

Hairpin siRNA compounds will have a duplex region equal to or at least 17, 18,
19, 29,21, 22, 23, 24, or 25 nucleotide pairs. The duplex region will may be equal to or
less than 200, 100, or 50, in length. In certain embodiments, ranges for the duplex region
are 15-30, 17 to 23, 19 to 23, and 19 to 21 nucleotides pairs in length. The hairpin may
have a single strand overhang or terminal unpaired region. In certain embodiments, the
overhangs are 2-3 nucleotides in length. In some embodiments, the overhang is at the

sense side of the hairpin and in some embodiments on the antisense side of the hairpin.

A “double stranded siRNA compound” as used herein, is an siRNA compound
which includes more than one, and in some cases two, strands in which interchain

hybridization can form a region of duplex structure.

The antisense strand of a double stranded siRNA compound may be equal to or at
least, 14, 15,16 17, 18, 19, 25, 29, 40, or 60 nucleotides in length. It may be equal to or
less than 200, 100, or 50, nucleotides in length. Ranges may be 17 to 25, 19 to 23, and 19
to21 nucleotides in length. As used herein, term “antisense strand” means the strand of
an siRNA compound that is sufficiently complementary to a target molecule, ¢.g. a target

RNA.

The sense strand of a double stranded siRNA compound may be equal to or at
least 14, 15,16 17, 18, 19, 25, 29, 40, or 60 nucleotides in length. It may be equal to or
less than 200, 100, or 50, nucleotides in length. Ranges may be 17 to 25, 19 to 23, and 19

to 21 nucleotides in length.

The double strand portion of a double stranded siRNA compound may be equal to
or at least, 14, 15,16 17, 18, 19, 20, 21, 22, 23, 24, 25, 29, 40, or 60 nucleotide pairs in
length. It may be equal to or less than 200, 100, or 50, nucleotides pairs in length.
Ranges may be 15-30, 17 to 23, 19 to 23, and 19 to 21 nucleotides pairs in length.

In many embodiments, the siRNA compound is sufficiently large that it can be
cleaved by an endogenous molecule, e.g., by Dicer, to produce smaller siRNA

compounds, e.g., SIRNAs agents
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The sense and antisense strands may be chosen such that the double-stranded
siRNA compound includes a single strand or unpaired region at one or both ends of the
molecule. Thus, a double-stranded siRNA compound may contain sense and antisense
strands, paired to contain an overhang, e.g., one or two 5’ or 3’ overhangs, or a 3'
overhang of 1 - 3 nucleotides. The overhangs can be the result of one strand being longer
than the other, or the result of two strands of the same length being staggered. Some
embodiments will have at least one 3’ overhang. In one embodiment, both ends of an
siRNA molecule will have a 3’ overhang. In some embodiments, the overhang is 2

nucleotides.

In certain embodiments, the length for the duplexed region is between 15 and 30,
or 18, 19, 20, 21, 22, and 23 nucleotides in length, e.g., in the ssiRNA compound range
discussed above. ssiRNA compounds can resemble in length and structure the natural
Dicer processed products from long dsiRNAs. Embodiments in which the two strands of
the ssiRNA compound are linked, e.g., covalently linked are also included. Hairpin, or
other single strand structures which provide the required double stranded region, and a 3'

overhang are also within the invention.

The siRNA compounds described herein, including double-stranded siRNA
compounds and single-stranded siRNA compounds can mediate silencing of a target
RNA, e.g., mRNA, e.g., a transcript of a gene that encodes a protein. For convenience,
such mRNA is also referred to herein as mRNA to be silenced. Such a gene is also
referred to as a target gene. In general, the RNA to be silenced is an endogenous gene or
a pathogen gene. In addition, RNAs other than mRNA, e.g., tRNAs, and viral RNAs, can
also be targeted.

As used herein, the phrase “mediates RNAi1” refers to the ability to silence, in a
sequence specific manner, a target RNA. While not wishing to be bound by theory, it is
believed that silencing uses the RNAi machinery or process and a guide RNA, e.g., an
ssiRNA compound of 21 to 23 nucleotides.

In one embodiment, an siRNA compound is “sufficiently complementary” to a
target RNA, e.g., a target mRNA, such that the siRNA compound silences production of
protein encoded by the target mRNA. In another embodiment, the siRNA compound is
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one enbodinment, R3 is -linker-Iligand. In particul ar enbodi ments, the
| i pids of the present invention are cationic lipids. As used herein, the
term"cationic lipid" is nmeant to include those |ipids having one or two
fatty acid or fatty alkyl chains and an am no head group (including an
al kyl am ”%x%tly@oﬁ!pﬁﬂ&[@q&otothﬁ&‘éE‘QRNJ&?&g.[‘_ﬁié tﬁgetﬁﬁ@}s%ﬂ@_ﬁﬁ@jﬁl@ﬂ orma cationic
lipid at physiological pH In some enbodinments, a cationic lipidis

ref erred eompayndmuntalpforexdrmpli ¢ form a hybridntade excdwsiety ef Wepspat&rgobisd i ncl ude
t hose havjing.alternatiyve fatty,acid groups t her .di al kyl am no groups,
ot udt ng PR RAG e iR PR o R O P L

N- et hyl - NRINRtday irehide @n int®nplr o @iph (Ns.ed tu llaasi IMoruckodddshehat iskejctlyFor t hose
enbodi ments in which RL an re both | ong chain al kyl or acyl groups,
they can ‘B’_énptl?"i’éenéaéﬁéo %Far%ﬁtmeﬂf’moy?ﬁ @é}’?g?‘glefnqﬂofhﬁi‘e&?j%]@.sg:uﬁga cationic
l'ipid) hayniRuh@§ecIRA A@Mias! a GRINCRE RIS RRS ITh YhiStREhe

parti cul ar'l%\/J when the conpl exes are sized bel ow about 0.3 mcrons, for

pur poses BRNAj dopwourd eitly mediptds dNAIGhetagheamnl¢pendary dofevad M thgragiesat ur at ed
fatty aci i1 : | ns.Ln: e of CGoto C20 are

typi cal . %@&M&ggp@%@%gﬁ%%@%te}&c&ésdglgétﬁgfegégfggr ate the am no group
(e.g., the.am group of the cationic lipid) and the fatty acid or fatty
al kyl por@—ccrr%—o‘%the cationic lipid. Suitable scaffolds are known to those
of skill in thdicas RNAs (miRNAR) @ten hghty @nbadédatat of saat RNA @oletydeds of t he
present invention have at | east one protgnatabl e aor deprotonatable group,
Such t hat hiifee F?lﬁmqusfr%@ff% {Péb@g@wgrea@gpl&fﬂsan(iﬂna@%ofmﬁéq M physi ol ogi cal
pH (e. 9. wphsiatedintoPRGciRCPEdcdlsc@miRNASGR\ShaM kiraRO&S e Yuckotigé (rRpove

physi ol ogi cal pH. Such lipids are also referred to as cationic lipids. It
will, of Ri&rmdecules thaideeamwingorppratedtinie taoRINAripducsd sengtmgabmpfexpr ot ons as a
function &f ' I LB f ace to a

char ged O@I% edﬁi?lrag?b%%g?%ﬁllﬁg? gg'r’%se?{rggl? %térsnog{a g‘?‘% 0 enﬁ,ﬁgll Eﬁfoé%%%ﬂoglant speci es
and does apoptosiegud diefetdnaibtial IThef atcielibvaditd plag apolesentgulanion bhgenchar ged or

neutral form .Lipids that hayve pore than on r of onat abl depr ot onat abl e
o oup. or Shiun B Bhglis el oot B Rt RLE’ moRks

i nvent i ondown-regulatiéh &RIch@btpre&RRAA BB GansREiGLD MHIEIRGE tlah b clbivale,

cationic |lipids) according to the invention have a pKa of the protonatable
group i n Uieth dHgE ipplse Berlicatedintranssiiptions! siteyeing |y thg nuqleysiofis wWigls | have a
pKa of a t 7, e.g., between about 5 and 7, such as between
about 5. ggg edékée. ?&p\/\thg%n incorporated into lipid particles. Such lipids wll
be cati oni c atThe nuower ofphi RMNA meduatdes lestifigrkto dateiis Birgrammtligcdveisgwi | | be

ar ound pHIF Y R i R R Br SR b na e B R TR heen about 4

and 7 is dehadncas idre@stin®gime noheh@htraGrifias 906dsd, €hlodick RI Vi@ Dusgen de
surface of the particle will lose its electrostatic interaction at

physi ol ogt-dHen Arfarisht AemtyRLU99. 34 Fgtabasgilaug<y M0-Phifk “greatrs¥educi ng
the parti RS SHRERULRLIS NAR 0004831 BRGEsc RiSfe TRAOUS ATPRIG or| | PI ds

within lipid particles can be perforned, for exanple, by using the

f | uor escehtp:/mishen®safigertaglullisdqueodes6- napt hal ene sul fonic acid (TNS), using
met hods described in Cullis et al., (1986) Chem Phys Lipids 40, 127-144.

I n one enbodi nent, the fornulations of the invention are entrapped by at

| east 75%nrabnde@@sbonB09%tides at | east 90% I n one enbodi nent, the
formul ations of the jnyention further conprise an apolipoprotein. As used

herein, the tdRRPe SHBPTEER: dEBIIF® agil 194 EpTSE ailgpnupleptiedijegied to a

apol i pOprtgltgﬁ{ Pty htRRWAAL OTHNOSE" Rlis@ikd bligdnDclbMRicabE sifpf “afilantgs and
fragments thereof and to apolipoprotein agonists, analogues or fragnments
t her eof deeant fviagdlupedlsenudeotidgbihat appspinplspicotasi tas: thngeted delynpieotide e not

i m ted {9, 800 isoAROA:Lhuct SRR 1V sin RN ARSI FNAN AGL Ve
pol yrmrphlg OFnB, 1 SOf OrMB,  varbant s and nutants as well as ragnments or
truncated forns thereof. In certain enbodi nents, the apolipoproteinis a
thi ol containing apolipoprotein. "Thiol containing apolipoprotein” refers
to an apolipoprotein, variant, fragmef® or isoformthat contains at |east
one cysteine residue. The nost common thiol containing apolipoproteins are
ApoA-1 M 1lano (ApoA-IM and ApoA-1I Paris (ApoA-Ip) which contain one
cysteine residue (Jia et al., 2002, Biochem Biophys. Res. Comm 297:
206-13; Bielicki and Oda, 2002, Biochem stry 41: 2089-96). ApoA-11, ApoE2
and ApoE3 are also thiol containing apolipoproteins. |solated ApoE




and/ or active fragnments and pol ypepti de anal ogues thereof, including
reconbi nantly produced forns thereof, are described in U S. Pat. Nos.
5,672, 685v0RpBAB440T2; 5,473,039; 5,182,364; 5,177,189; PCIAB2@95$3927
5,116, 739; the disclosures of which are herein incorporated by reference.
ApoE3 is disclosed in Wisgraber, et al., "Human E apoprotein
het erogeneity: cysteine-arginine i nterchanges in the am no acid sequence of
t he apo- E isofornms,” J. Biol. Chem (1981) 256: 9077-9083; and Rall, et
al ., "Stryet Iﬁénté??%d $ cflREn ELEERE A o B BYENED IR RISRIsEeOf apol i poprotein
E fronttype III yperllpoprotelnentc subjects,” Proc. Nat. Acad. Sci.
(1982) 7xligoegdetifigare Seaghi tg onhilahBan lexpissewsiyobindingtrer cruo@oetary I n
certain e@ﬁﬁ% “@i”&f%% tg th the tﬁg‘%'rﬁt&%rc% Bl t&%ﬁlb?t?od JF gl SeTREMES p%or m inits
pr epr oapol I poprot el I iTn1ts proapolipoprotein ornt no- and
heterodimﬁﬂﬁghMM&ﬁ@tﬁ@aS|ble) of pro- and nature ApoA-| (Duverger et al.
1996, Arteriosg Thr onb. Va Bi.ol M | ano
( Kion et al. %efday @FWBH%M}P iy, of 931%1‘7’@ nﬁﬁéﬁ&é@%ﬂrﬁ%lﬂ%{lg Wit 1985,

. Biol. &hfyntadzr@qo dé%%@an%ﬁ)oft}éﬁﬁt@eﬂ mRAA AnlRAYIDRIA @hn.be wlQOY tarder MDI . NEd.
77 614-22), ApoA— hel ness et al 1985, J. Biol. Chem 260(I4):8637-46;
Shel ness @eci RCOngwﬁmHUYUBd@E0f@h@ﬁ@¢2@9@i5)H99@9%3 cs psevthisv (Duver ger

Toss, 3. Bl ERerd subh R B B HER R e IR S G, P

scope of atnlueensnvbgmuolnotldes contaihfrotestioat h0 @rdbodi Srﬁantckzptlddsemamol i poprotein

can be a frégggn@ % 4n1&£ t he apoli rotein. The term
"fragmentP™ OPB 'ﬁf‘gﬂ ﬂ%%%?%‘%i AU RgOSAC ‘ﬁﬁ”éﬁ%ﬁn§%quence
shorter tchaglantdlatud@stthat A hot®e 3RV R Pléhﬁhﬁr}at&dhé/\ﬁésﬁbd faagpeit Tesai ns the
act|V|ty of native apolipoprotein, includin bi ndi ng propertles By
"vari ant "thp §1vegtigcag 5§ﬂrﬁﬁﬂnﬁﬁ?n6ﬁ‘@Ft%@%r@ﬁﬁﬁﬂﬁ@ﬁﬁﬁéﬂaﬁﬁﬁ%eﬁ&mé sequences

of the apgj aﬁg;&tearrtwhet@tmtéa@étéqgleta WiitaRlingfe B B PRRmeFotls widdi L ons
and del etions of amno acid residu do not activity of native
apoI|popr@t&ngﬂsmnwhwﬂsﬂgDMEpdeMWmﬂmEPQMQm@nmées Thus, a variant can

| . o T |
e B kSO BSRLAT A TRR SHBAR b s Bl o o,

ani no aciidhib@sis @8 potdiavntRSR N0 BEREYRhilY @hy bstedtd tpet@day thibetheni cal |'y
simlar amno acids. Exanples of conservative substitutions include the
substit utIPrBW“bTYnﬁ]FSIF bagtargﬁt%d gRpar dpheibicacyr entissaseseligenudeqtidss Bici ne,

val i ne, ﬁ%h&g %temmh@gu @%h%gtaamt@eﬁor Jxhilpi B sy dfi&isyresent invention
cont enpl at es, & exahpl e, the substitution of at [ east one hydr ophilic
resi due smodﬂfga@staufqmaseeanérﬂtﬂ lauscmmfmem acftjylnlnqtme a«wdpttoysnen@nbltfeithmeen

gl utam ne_and aspara bet ween i ne serine U. S Pat .
Nos. 6, 00%1%5%60 g%glegtﬁ; lre tgﬁﬁelﬁgg‘ie\éﬁ ersnetq”?nscg gﬁ%eﬁ ers to a
prot ei n hayinp dtdnd tS@rrEategrse’Bﬁt%awertpalret |eatmlﬁlust@ﬁanasbnand1hsdmmrﬂ lawe identical

or partial sequence not be the pro uct of the same gene and
usual |y t§es8 demansge efi.“e&(tgagu%tgw%é}whfg@e mujtiplg dpieqepgiance g§4d) - 1503- 11

Hi xson anggye t@AﬂmJE seleculnl mﬁ lRﬁ%ataﬁéfA@A L%&%x&%nd hﬁﬁ&Kﬁ‘EGFet al ., 1985,
J. Biol. Chent 260&6% et al 5@ .
261(9): 39daskylskiGs plcrricnee. al|988 qu93h240t485@i) bp44- @h‘éawnthzsl@lm anthahmm,i, Powel | et

Vase. B o B upd 6080 RN iy Byl Mol b HLOPEAGL,y T O

101(8):158153@)3M%m1eb@ePaanaMMIIZ@OOS EmagSNBQahs‘stna&mtza(&lo91335 42;
Draganov e Chem 275 : 33435 t ei z and

Ut er mann é‘gg Pate gcﬁlo\}?ﬁe uﬂﬁ%@toﬁﬁ aﬁﬁgg%" NSHRCH élﬁo gFen Cpei@ d°3. Biol.
Chem 255620\ hibR4B8d caflbe N ELH t%tat @-{larlet}l&%noﬂnal bélﬁﬂzﬂ p?ﬁﬁferaggh{sl} 80 8 Sacre
et al., 2003, FEBS Lett. 540(1-3):181-7; Wers, al ., 2003, %IO phys.
Chem 100%enc@Y U4 Ratrpi S BBAG7G1U. & Patenidp)1.317 aBdét S Rienhs. 733 PE3B) - 29919 26:
Ohta et al ., I

6, 372, 886) . ]i\%gtﬁoﬁis}]tOf %&“nﬁ%ﬁ%hdﬁzﬁ%&a@le&%@ﬁet%ﬁ%‘glgglat#?j cggn%%%nlt%g?ons of
t he presewrtdilymdepttd enprodalewd entiteeseud goodclavtidh thaetargetscay potymotleanieof an
apol i poprotein. For exanple, a chineric construction of an apolipoprotein
can be conprised of an apolipoprotein domain with high Iipid binding
capacity associated with an apoli poprotein donain containing ischem a
reperfusion protective properties. A ¢hineric construction of an

apol i poprotein can be a construction that includes separate regions within
an apolipoprotein (i.e., honologous construction) or a chineric
construction can be a construction that includes separate regi ons between
di fferent apolipoproteins (i.e., heterologous constructions). Conpositions
conpr|5|ng a chlnerlc constructlon can also |nclude segnents that are

o, = - e o o o I



Apol i poprotei n agoni st peptides or peptide anal ogues can be synthesized or
manuf act ured using any techni que for peptide synthesis known in the art

i ncl udi ngvoesw/os44ome t echni ques described in U S Pat. RO3/USB(000439925,

6, 037,323 and 6, 046, 166. For exanple, the peptides nay be prepared using

t he solid-phase synthetic technique initially described by Merrifield
(1963, J. Am Chem Soc. 85:2149-2154). Other peptide synthesis techniques
may be found in Bodanszky et al., Peptide Synthesis, John Wley & Sons, 2d
Ed., (1978}udRd 9tih&fonoehflseReetighfRoliYe &Y AdcAbLRIR NPsgerskidet €d in the
art. A summary of polypeptide synthesis techniques can be found in Stuart
and Youngseq®uict i tRkxilsoPepalydeot By phdvesiagget Riquenrs a@h detemahat@orgdany
Rockford, 111, 1984 Pept.i des may al sq. he nt hesj. zed. by sol ution

et hods. 25 e ERT rrp bl S bnd IR SR, ERAERR, Y 00 ot R
Eds., p. dQbn@ddbtidécadent scldtalstmsedNon Yiodikelaly Y inabilify/ ) fornA\pipicapr i at e
protective.groups for use in different ptide syntheses. are described in
t he a_bovehah%H’Fi Sl sesRpdary Sryghires ot vyl e eor Phibeats @@fﬁﬁ%_&o in

Organi ¢ Ghe frsdt RN K10 HHt BE1E SHighNewe f¥RE K ard¥t togidnd 3F Bk-mANA iRQRdd des of the
present invention mght also be prepared by chem cal or enzymatic cl eavage
from | ar gpscpegipisonoT aear theoh U emplpeon iagslipp eplostaad thoae sequences thaigiecer t ai n
enbodi ne ' [ bt ur | ] r ins. In one
embodi mont 0 ey ABRpGBRRLRL S Rk 8 4R RN bR s BRRLLRRERLE, T

si ngl e t ypelysés adodrg@ope etlaition cbmsidenaione caredymdiomeat, fortdvemplooisingop4 ot ei n

can be a e eous m xture_of | i oteins,.that js, a mxture of
two or m‘%ﬁ%{)ggﬁé’ﬁfméwlﬁbﬂpﬁﬁﬁgﬁq qle‘%ﬁg%}d?lﬂ@h _lghﬁs??%{/(grtg‘benous m xt ures
of apol i PRPASTRIZNGS 6ROriGaIRTiwE (AREMR%AIR NIcler Atidd REL 1997, aN

apol i poprotein froman ani mal source and an apolipoprotein froma

sem - synthétDS38%dP¥e. In certain enbodinents, a heterogenous nixture can
conprise,AJé@bﬁgﬁanple, a mxture of ApoA-1 and ApoA-1 Mlano. In certain
enbodi ments,” a het erogeneous m xture can conprise, for exanple, a mxture
of ApoA-I M | ahvagmadrsApoRNA-HardgonBuédtidbd thatrhaxtion vesodsonodiSetions fohe met hods

and conpogi.tions of. the invention will .be apparent to. one qf i1l in the
art. P RN PRl SRRl R RS wBE B o e e e s, 11 can
be obt ai ngflaker DiRByali fikadm abrmaM R by @bir &@mpldf cdriiglct@RODIRaRY i@ ¢f | S
obt ai ned from an ani mal source, the apoliﬁgprotein can, be from any speci es.

I n cert ai HeanBisPhuathioats baskbansapddpr Semets: 8 shelpdcrebmgichied 3F¢m an ani nal
source. | aj I A dih i i: i froma
P soun e e BB B P R AR o ot o
i s deri vednfprigmgttheantzgomispeandsgcagust R NAdhericbiuprcventingiiB N At-induced

apol i popr Oet gisﬁ] n|c1sn a nriier)lii rsnt ero%glhtal‘cl)rrlilr-[r)ne%ltqég r%‘lg\%A silencin -Epﬁﬁ%ﬁgnscenntoﬂ nvent I on
al so proﬁ%aes ﬁlp#d par?|8 es conpri sing one or Nore 8" 5t 1%ni ¢ | i pids
descri bedn#b0O¥E dedcripedlinfafutafelties of, Nahutel 200 DU3 886 85-68K, whichiid €ghrdsely

| i posonmes. As used herein, a liposone is a structure having .

| i pi d- coﬂpaqrﬁ?rﬁtjdﬂvéﬁﬁ?@ﬁ%%heéﬁe fbEY TSR Arfeeasuis RNaseravahe syPihgd&snes may

have one &, BRald sBii pRREBI 8RS Ico TR yh KGN iR o GOSEATR! pitgs Dot h
singl e-1ayered |iposones, which are réferred to as unilanellar, and

mul ti -1 ayep@gatiorpersoNes | 1AAAZ.EH8 andel Iy &Y7eiHl dthedesclosurmof eachardethichrare When

conpl exed. W |.el i ipid particles may al so be |ipopl exes, which
are conpdged%Q?Qggfﬁgﬁpg%F?%F "bi l ayers sandwi ched between DNA | ayers, as
descri bed, e. gAp aitigdnél gamanglu&cli@ntlicbnjogde®mos@ner subunits adhenohomerd parti cl es
of the prgsent inveniion nma urt her conprise one.or, . addi tjonal i pids
and/ or o_tﬁéPh%,o EoRéSENGERh TRETHHEY sopemgls ar q%&rﬂfqdﬂ%ﬁrd‘sewﬁcaa@ni ncl uded
in the |iResoMEea8FPRSH bh A0SusP 012004 PABSREAE0rhR &NRAVR R 0V suct@t] @kl Of

pur poses, such as to prevent |ipid oxidation or to attach |igands onto the

| i posone asut feseebedan ¥ CatAnplisafadyo. FCT/URR WS/ AYO Bled onddarph 8 3D0fi posones of
‘h . / ! . . > Lonicc. | and
Cont o ritiacoiEgh 8 BompRELe St BIPNEARK ST Bl Ry SHMANE &

ani oni c |1 pids. al one” or Speci fic
exanpl es of additional |ipid conmponents that nay be present are descri bed
bel ow. Addi ti onal conponents that nmay be present in a lipid particle

of the present invention include bilayer stabilizing conponents such as
pol yam de oligonmers (see, e.g., US. Patent No. 6,320,017), peptides,

proteins, detergents, |ipid-derivativé%d, such as PEG coupled to
phosphat i dyl et hanol am ne and PEG conjugated to ceram des (see, U.S. Patent
No. 5, 885, 613). In particular enbodinents, the lipid particles

i ncl ude one or nore of a second amno lipid or cationic lipid, a neutral
lipid, a sterol, and a lipid selected to reduce aggregation of lipid
particles during formation, which may result fromsteric stabilization of

oy - - o .



Exanpl es of lipids that reduce aggregation of particles during formation

i ncl ude pol yet hyl ene gl ycol (PEG -nodified |ipids, nonosial ogangli oside
Gr , and wolywmsd®iol i gomers ("PAO') such as (descri bedPCh/uS289/06%927 No.

6, 320, 017). O her conpounds w th uncharged, hydrophilic, steric-barrier

noi eties, which prevent aggregation during fornmulation, |ike PEG Grnl or
ATTA, can al so be coupled to |ipids for use as in the nethods and
conpositions of the invention. ATTA-lipids are described, e.g., in US.

Pat ent  Nomoid28r &L 4vit PN thoRER didR St O YOREES AR 085S, €.9.. in U S
Patent Nos. 5, 820,873, 5,534,499 and 5, 885,613. Typically, the

concent r ave.diC TV SEHK/Q7089 filedbompblaeaht8,880%ct ed to reduce aggregation is
about 1 to tlS%)s(by nol e percent of |ipids). Speci fic exanpl es of

PEG nodi f7&& ¥ pi ds (or |ipid-pol yoxyet hyl ene conjugates) that are useful

i n the presentAptmvien aircotucinacihvepeptideaunb ety eothat tAnCoar pangLuldrinpletufzor t i ons
to secure the PEG porti .to the surface of e |lLpid vesi . anpl es of
sui t abl e E@,¢Wﬁ‘f@f’lﬂ?@§£|ﬁ&ﬁ}l‘é{§n Aactisdy rw EP@dégmﬁﬁ§?§%&985ﬁanol am ne
and phospighh Gnd@Siddiak PRk eI4a s €1 ®on. DR &SRNA-agtamcRAavEBE&GL4 Or

PEG Cer C20) whi ch are described in co-pendi ng USSN 08/ 486, 214, i ncor porated
her ei n bysueesseplyipwdueEehigubing ewny dfokgat artitree Srogmlar P tam 8l fof snead]

1, 2-di acy -.3-am : re . -Or ef gr, ified

i acyl gl yeEeRPhORA AT EIRE, OIS Cithl Bidl EA TR SEo) ol ol

st eri cal | @pinastget.RidkedP249CHa5 aREBeonanAhhd\Patck Scienga2$ats2a-3@0@0)l i pi d

anchor, the selecti.o t | | pi d anchor. depends on what .t ype . of
associ at i&’lta?lﬁlé %rﬁe[}ﬂg%\é?r Bg\mt hg)sﬁg’\?é’gﬁaé’ﬂn‘gﬂ iR S&'”ﬁ%rgirgﬂoé‘%‘fhﬂs fs wel |
known t hagard?Ee{ MRl @st @AKRYRNRSPD ahildkk&t hanelrNiaay(REG DSPE)

will remain associated with a liposone until the particle is cleared from
t he ci r cupindipgpf thp et sty thewendy achvityafus, @ ‘cthaf (i such as
PEG Cer C20, have, &idfH Sty Q&ﬁzﬂfhi‘y PQQ@!; hewey idly
exchanges OJl%? 0 fgt lghﬁ{)lrn?r%?gﬂﬁoﬁ upo l{esxogéls%re t’g%éeengu%v&wﬁ{%rega%u | ess
t han 60 nmarnbsencaobitntergasmalgsule Asenietally saptamasiaicrenginS:redPdroughpgrieatedt i on SN
08/ 486, 214 t least three characteri Sti i nfluence the rate of exchange:
Cengt h of o4edioféh ik s A RUR M R e i Bl o

st eri c- bagxpbdntibeadicBrmhentpto KERMROMASs Maltulgr tsigels adteas\satallatidleugesof t hese
features may be useful for the invention. For sone therapeutic applications
it may belTpicEddiusklieadidss ardepedlsntities @ orgagisnsy Bhaptamaginegnbe ost from t he
nucl ei ¢ agLidd B thyRdbhhGhdnddinkluitheAYHnBEN¢&ohiBfafEG D ffdafish | 1 pi d Wil |
possess ?Ige\rl %‘tr% v@{ yyshort [ pi c’imar%lchog‘rasg. I'n ot her ther apeut i‘g appl i cations
it may bemgthedseambinay bovsetl hbonaatingiombawitida hiithiothep apteingisespecafieiohilisi t a

| onger pl as cireul.ation lifetine d. henc he PEG-modifi.ed Jipid wll
possess’ ramauges bBhalRerckb R ARY LS e IR, SoRBRP P iabe t hat

aggr egat i iaclufidsev&ohddig apampRU Belgaididg AQLnAARSE@Icht/ddr®adifrod donfpating
conjugation to funpction properly. Free PEG or free ATTA in solution may be
suf fi ci enf"or% nﬁﬂr%g’é?ﬂn PYPEYH 3 Scn 19F8°%the particles are stable after

fornul atigpe. e PEG or ATTA can be dialyzed away before administration to
a subj ect”. Neutral |ipids, when present in the lipid particle, can be
any of a nunbekccofding toiagodhpeenoglimgrit ohthexventien, mheleiciapiddividnaheleyerd or

neutral zw.tterioni at, . LO hCa | Qi i ncl yde, for
oxanpl e d sk b R P R B PP e ot Bl

cer am de, casgyticndparayie| thar poshicryahd omphiangany ey (Kim agpbeahj Proc &ad Azed 8bir osi des.
The selectiop aof neutral |ipi or use_in th aryicle [ her ei n

i s genera ﬁfgdﬁﬁa &°§§8%bhéﬁ%g$§%ﬁﬁﬁaﬂgﬁy@96¥?kﬁi%%ééﬂﬁiég§§ﬁgﬁgsg}abiIity
of the |ippeRABSle] J‘laﬁ%%%umb@pﬁsﬁﬂoﬁﬁﬂés Re bR Yphob & thaker RhctldnP wgth
conmponent is a lipid having two acyl groups, (i.e., ,

di acyl phospaadegrys eftordifietaaticnelasingindy praef sqytremhaphogssrae an |j pi ds
havi ng a ' in YA iI700d. d degree of
ot ur at | o tan el e R SRR 194 BEEHAE SR RN B8 Menonn

t echni queWesthaf, dive] i@ ulPIODeerfhid( 3yeidt <10 R@phkidd-thmtkaandi Shgb Stadturcat ed fatty
acids with carbon chain lengths in the range of G o to C20 are preferred.

I n anot her group of enbodinents, |lipids with nono or diunsaturated fatty
acids with carbon chain lengths in the range of Cl0O to C20 are used.
Additionally, lipids having mixtures 6% saturated and unsaturated fatty
acid chains can be used. Preferably, the neutral |ipids used in the present
i nvention are DOPE, DSPC, POPC, DPPC or any rel ated phosphati dyl chol i ne.
The neutral |ipids useful in the present invention may al so be conposed of
sphi ngomyel i n, di hydr osphi ngonyel i ne, or phospholipids with other head
groups, such as serine and inositol. The sterol conponent of the lipid
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tenperature, ionic environnent, or tine. In the latter case, a fusion

del ayi ng or "cl oaki ng" conponent, such as an ATTA-lipid conjugate or a

PEG | i pi owoaenjougatoe, can sinply exchange out of the |i piPdTaseem0ob®2Tenbr ane
over time. By the time the lipid particle is suitably distributed in the
body, it has lost sufficient cloaking agent so as to be fusogenic. Wth

ot her signal events, it is desirable to choose a signal that is associated
with the disease site or target cell, such as increased tenperature at a
site of infbampid, 16374173611 B {RbT RIRAHTR MiSbutid ol L8Sdabl e 1o
target the [ipid particles of this invention using targeting noieties that
are specithitghe gibatrge bindtvpweefic bassuaingTiategstivmgo dfc infepialigpide sidobes using a
vari ety K I.ng, ol et i e ands, cell surface receptors,
glycoprotél(%g)%ﬂ ﬁwn?%nm§°°ﬁﬁ%'?F%VP%? and nonocl onal anti bodi es, has
been previ ouslaAt lelzes Sk ibbeelv{riceies oﬁlaglrall}bb@urrﬁgtﬁﬁymﬁﬂﬁsRNAs 9% knéwd and

4,603, 044 rgeting noie an rise t e protein or
fragnent rﬁ%?eﬁ]%oﬁ chgp @@?’Wﬁ@ﬂl RHRR SR %S\QEBIF%PIP ffsaﬁ[l} pes i {4t (o

targeti nghag@Rtteab oMESRNAASIEIR) bk PHYdA6E cAcohdIBorlsi Bh GeR@dIt i cl e in such
a manner that the target noiety is available for interactron with the

target, foeyagammickic aeidseict byfirst Binding éeeprgst RNA.vachdindieg oggifst er ent
targetin i i ncl udi ng
those. deahRERlR @G UTRIAP S8 Br AR AOHANBLGER N Cubith Atec

42(5): 43 9pr6ﬁn(1®0®31) enzgmdttlé\lpmal,on IRM}Etmﬂlequle]thaﬂ.zicmOs okevdRbs tard2 RINAG, (2002) .
The use artlc poso w t.h . a surf oatj ng of

ydr ophi ?f‘&,usp F et ah g st gt BRRp Y haHuNg Ty B R DA st or
targeting BAR pasak (A dR6 boﬁ{@tlo the &BrReflitd] £& SkyBhphys aa Acta
1237: 99-10 (1995 DeFrees, et al Journal of the American Chem stry
Soci ety 1thgtargt 1@4ateglggleavagepﬁwh agargef RNA il dpitiol éts abHlitBiosiisgisi ca” Act a
1149: 1804 v, I h 2:
321334 (1005 SptEmepldRORR AfEh B sy MG ARl €l OB B SRR o st 1y
4: 296-29&I@ﬂﬁg@gﬂ ZahwbekwfhﬁEB@tRE%UBB&H@SBHaﬁthAmgmgmdxmnZaI|psky, in

Stealth Li asic and Martin, Eds) CRC Press, Boca Raton
FI (1995?6&F%§%F§H§E$$gggﬁnegH1@8§nd such as an antibody, for targeting

the |ipid partiielezybatldiikRe dc@l thbRcOhRY bbEdeheg Db paincthicfd, dsirpiar41i ng t he
lipid particle. In another approach, the targeting ligand is attached to

t he di st atepalifissd vfust gleuPEBehar R%Iaﬂifz?rl?qmﬁélft%@clfﬂmﬂd‘pm 21n|1@\11ﬁ(gllgﬂﬁer coati ng

(101 banov bl o JOHLRTA L RRABRSITR BERSAL Sy ine Rl of 1992): K rpotiT

coupling halnenetrhmgenotefgenetdsmmad be Russé el alﬂﬁmlexetmpisaes 1992 Sep

phosphati dy a can be cti at d.for attach t of target
e s of V2l 1oRRb 23, BRinmdlons It v bl 6 Py Bt > o
bl eonyci nAplgalﬁubtper\wmot)%A@su)m %él aﬁmhagie dc@aﬁ@wwsx)amnbe 280NguHuLt ed
using, for instance, |iposones t |nco@§orateﬁfrote|n A (see, Rennei sen,

et a: | J.3%RHsmpehew., Npgdsic PeaBRescAP Ton 3565 (24AW-bMomelf.iS. Pateal . | P[) og
Na A 1 .
co;jugaf?gn g%? d%sc 0 kﬁy %%%g%%gafgﬁgghﬁfw%%%%@?@ﬁ%?gkﬁgiﬁgg%ﬁﬁhgg gf

whi ch ar eBiodworigar. a0€UDbet 81 (#7hY1 §48f2r encempixafitpt BNagdP matifget i ng noi eti es

can al so inclu he onent i ncl udi ng
anti gens SEHE gi%'(ziﬂ’e etrll?l[r g%%pﬁ?ﬁsréeq}g&b%éuﬁ%?%@%%}%@ IE? %%fas”ér geting

noi eti es REA riRzahé a@hed deSeribbe by CRDBO IR/l aadm\naiseeéu hopolstaysee, Heat h,
Coval ent Attachment of Proteins to L4§osones 149 Met hods i n Enzynol ogy

111-119 (Keblddheto-: saylle preColiiggFyge Nt fesd $capg%ﬁ he Infé¢thods i ncl ude the
bi ot i n-avj.gdg Mo SHSKER Colling and eh%lel@eﬁemk]?rt/99<3rmdzsr@ref1,) 2580l iRl gy particl e

conpri ses ‘a nlxture of a cationic |i presént i'nventi’on, neutr al

| i pi ds ( otxlampletdidie Grogatl iimgroings th:Spnbk)d indJ. St Batoht 48771 d:rhpcbrem er ol ) and a
PEG nodi f i,ed nbodi nent s,
the 11 pi chiirstPis ab fafote® shigh R bt s irer e S aBPR G ™11 o o
of the priasahéy havearpdcinit suastfbeeblhaﬂngIsit@wdxchadq&dnqg&remiry t@oik @ nitfrGofodi fi ed
lipid. In further preferred enbodinents, the lipid particle consists of or
consists essentially of the above lipid mxture in nolar ratios of about
20-70% ami no |ipid: 5-45%neutral |ipid:20-55% chol esterol:0.5-15%

PEG nodi fied |ipid. In one enbodtnent, the lipid particle conprises
at least two |ipids disclosed herein. For exanple, a mxture of cationic

| ipids can be used in a lipid particle, such that the m xture conprises
20-60% of the total lipid content on a nolar basis. In particular
enbodi ments, the lipid particle consists of or consists essentially of a
cationic I|p|d chosen fron1TabIe 1, DSPC, Chol, and either PEG—DNG or
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I n one enbodi nent, the active agent is a therapeutic agent, or a salt or
derivative thereof. Therapeutic agent derivatives may be therapeutically
active t worelwsgioor t hey may be prodrugs, whi ch beconePpa@tise@ompsny f urt her
nodi fication. Thus, in one enbodi nent, a therapeutic agent derivative
retains sonme or all of the therapeutic activity as conpared to the

unnodi fied agent, while in another enbodi nent, a therapeutic agent
derivative |lacks therapeutic activity. I n various enbodi nents,

t her apeut e 298 At HRA! JHREN 2R EHRAREH & Hal Y nEILBAL LdReALE DhithRY ordr UT,
such as anti-inflammatory conpounds, anti-depressants, stinulants,

anal gesi cayroandingibet substrathbinting sverwhish impalt emRNdngleavimg gsyiviet fogke

vasodi| at gris,  anh ANGL 0BEDHE0n SR VASFILAE 1AGERLS oncBirdNRlidl FaRedugt i on

i nhi bi tor'S, ~¢ardi ovascul ar rugs, e.g., an?i-arrhy%hnlc agents,
vasoconstlidr@hor s, hornones, and steroids. In certain enbodi nents, the

t herapeutic a nh i S an(fncolo y drug, m@hgh nag aI?O %e referred to as an
anti - t unor drﬁﬁ_?t a7 fAYFIUE RS AFUogY g e URGPY B MBUC SN A ARG ast i ¢
agent, Qﬂqu%jhﬂkﬁwtE&@ﬁ@h@§n&&b@@@ﬁ%&ﬂ&w@é&ﬁ%miﬂﬁhtPENA@ELPﬁ&dN@CCOVd'”9
to the invention include, but are not limted to, adriamycin, alkeran,

al | opur i n¥I0 9323368 addmelat il d3hl. Mo, VEA 241028%lcach speeificallyriseomparated i oxi de,

azat hi opry e i I in,: | ity . busul f an
ool onn b RGRLERR stk S WA My AR o R R HBRO Rl

chl oranbuci | , Ribsphatdchiyitetadre dptimézed by altosmpthe tenAth aftherilsdzyme, cyt osi ne
ar abi nosi de,. daunor ubi ci cyt oxan, daunorubi.cin,..dexanet hasone,, .

dexr azox aHBIINGFFR A ¥ ?r?wgl&»x%;ymﬂ*&ﬁlanﬁ,ﬂ qeyBrubEAdifignoEs thap Preyelt dhei,

est r anust ddgfada®PROSER riBhARRAM: §scclO AL Pae AP PYH- 16, wexengricangt. FK506,
fl udarabi ne, fluorouracil, 5-FU, gentitabine (Ge

5- FU, near),
gentuzuna%ﬁoimédhﬁéﬁﬁrVﬂa§éﬂéﬂghlﬁbgﬁaﬁé@uB@ﬂﬂ&%ﬁ”ﬁ?ﬁﬂE&?ﬁﬂ%ﬁﬂ%Wdarubicim
i fosfam dg, i N te, Qi A0k ot t :

P 111) o B B P SRR B P S Pl TR 380,
i treti nd¥il3oaBgalsith déscribeyquivab eemital RANficrbemsahatvet homadx atths suget hoxsal en,

m t hranycin, .m tonycin, Ju oxant e itrogen .nustard, B pacl.taxel,

parn dr onapereipu S A RFEHLRT Foddi b Rem Tt i pPEGRelSiE i ¢ uxan,
st r ept 0Zo&iIK, an§Hm&aLof tan Dbk &No shakatReN £ sytthdszith&nind esdutethapasdl de,

VM 26, topotecan (Hycantin), torem fene, tretinoin, ATRA, valrubicin,

vel ban, ViCABIAS ™ fSne, vincristine, VP 16, and vinorel bine. Qther exanples of
oncol ogy grigssAhdlrRdibs.pessiAccording to the invention are ellipticin
and ellipticin analogsS or dertvatives, epothilones, intracellular kinase

i nhi bi t ors andNwispeadiwsoonsed Witk lipidpaaeiad-of iipdesPatrinvantieg may be | n
certain enbodi nents, li.pid.particles of the.present,.i nt.ign are

assooi at PR THORAEE SRR ynes G ately P EtntREdss IS MPOR o parti cle.
| n parti cddudle-stiabddd) oanabR,of ittkicing @h éhouAactedpdnse fvlitd ydreiadapsitdat ed i n the
lipid particle. As used herein, the term"nucleic acid" is meant to include
any ol i go%’hl‘?F’e&ihiA%‘én%’rbeﬁo‘PWI @&tbea@?thﬁﬁ-a%ﬁflgg%éﬁtaéﬁﬁwﬂ@al&ﬁ?rae%o

nucl eot i desdiR & HIGPRIREd¥aly QIBErQ 8 aNURLRRAS § desi. (a0sh) T ORERIN. Nagment s are
cal l ed polynucl eotides. In"particular enbodi nents, oligonucl etoides of the
present iHVerl7ohoareG mB1Eg anwell epotharisnomm ISEdeptures (such as myltitthe cont ext of
this invqﬂ%g%&,“%Q9oggﬁﬂ@6"polynucleotide" and "oligonucleotide" refer to a
pol ymer or 61|goner of nuc?éotide or nucl eosi de nononers consi sting of

nat ural | y occuriciimghunaseponss ugdrts aamchatadrensdgaive (hackdoRpinst.i Thkages. The
terns "pakﬁgucleotideﬂ ﬁp&."oli onucl eotide" al so i cludeg %%L nmers or

ol i gomer sTERHSSYEFRG HEKCH AR FIOS NBUE HPPURG SR 4RY &caugFd p&PHYons t her eof
whi ch f unginhef s§itloBkéebrant themmets b RHicRs Suh&tditivéettrhingnue] g9t | des are
often preferred over native forns because of properties such as, for
exanpl e, @avaneEy ledartisuly capedinentartic iepeaisEdnst @py b¢ mycosal-t he presence
of nucl eases. . =Y 2] i kN i pid-nucleic
acid particIelggg%¥ggﬂ§ng%ﬁ%§#§2@2%@%%?%%my%8ﬁﬁ§§§ﬂ%ﬁ§p¥g?h:of nucleic acid
that i s kinommostithelatouciveercadntndsradsiedoinbmaiion walna heidgiantglleasd sawded DNA or
RNA, or doubl e-stranded DNA or RNA, or DNA-RNA hybrids. Exanpl es of
doubl e- stranded DNA include structural genes, genes including control and
term nation regions, and self-replicating systens such as viral or plasmd
DNA. Exanpl es of doubl e-stranded RNA #hclude si RNA and ot her RNA
interference reagents. Single-stranded nucleic acids include, e.g.,

anti sense ol igonucl eotides, ribozynmes, mcroRNA, and triplex-formng

ol i gonucl eotides. The nucleic acid that is present in a lipid-nucleic acid
particle of this invention may include one or nore of the oligonucl eotide
nmodi fications described bel ow Nucl ei ¢ acids of the present invention
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In particular enbodinents, the oligonucleotide (or a strand thereof) of the
present invention specifically hybridizes to or is conplenentary to a
target powvoraulsetoide. " Specifically hybridizabl e" and Pcomsh@ewsisary” are
terms which are used to indicate a sufficient degree of conplenmentarity
such that stable and specific binding occurs between the DNA or RNA target
and the oligonucleotide. It is understood that an oligonucl eoti de need not
be 100% conpl enentary to its target nucleic acid sequence to be
SpeC'f'C%hhﬂmﬁMﬁ&hﬁk%@Qhéamﬁﬁn@kk@QH%§L§9$R9@7”ﬁc&ﬁ&ﬁéﬁi&éb&%mﬂybrldlzab|e
when binding of the oligonucleotide to the target interferes with the

nor mal f unegntion, suth tarhehgoanngthldmﬂi eangiderctl ¢o baumpurpstimgkitasy. utility or
O o Sl M A0 NSRS LBk LL NS LIRGL S Blccpuppenent ari ty
to avoi d non-speci I'n of %% gonucl eot 1 de 5N p?arget
sequenceswhgndefs neomzimtrédmhsr thefy sphuﬁballszpﬁﬁd fol amd bédudé thg euprem dfectarget e.

under physi ol o CO@%IIIOHS in the case of Hﬁ Vi vOo .assays or therapeutlc

t r eat mentPo! Yﬂ“"% I‘I‘?etlﬁ@r LePigokepnjynuge feseaise. THEY&F™Dndi ti ons i n whi ch

t he assaygmmiRsHRMeieet tbleid Big mhycahiiRe a%@ﬁlﬁﬂéé‘&?ﬁe%onﬁ@n% ekdggansc! eot i de
includes 1, 2, or 3 base substitutions, e.g. msmtches, as conpared to the
regi on ofa eatgeteoesurrinRrgane etBALS buhikey may stsll baeaysidered non-se@ionprl ch | t
specific rence Nucl ei ¢ Acids In
partlcuIg%eéﬁgxg&hg%%ﬁﬁkm§§%uhgﬁgb§1 lipid particles of the present

i nvention arela$seembm®dmnuﬂh1ﬁmwnommeﬂﬁenenmEuﬁﬁNﬁnyﬂ@nmE&mhés RNA

i nterference nethods usi npl e be, us di,srupt the
expr essi o THYISE Yeriat Y (g?gI m‘i}@é@ﬁ c%ﬁe 8¢gqnﬁ¥18‘?téd§t°r%q§§{a$’fluql‘?ﬂt fné‘P’i ng RNA
(si RNA) I&almgﬂute@bﬂ Methﬁmeaqedm@m&ﬂ SIEnENhaRenidRABY RSy agcltibe next

generation_of targeted ol |gonucleot|de drugs under devel opnent.
Si RNAs arasidpemispt #least %r@?ﬁ dlyuqeotgl@ hgviag agratlydaed eyigpindadt orcan associ at e

with a cy nci ng
corpl ox_ (FagtatuadH o BER LS &2 TR (RO M BRIkl S EE S
honol ogouis saRIURG dlam@w'dpﬂme‘ﬁlhbtedf &r e sEicRNANbadinet, dbfsm@Imdam@ knock down

t th t t
Fechnol ogh B &1 B ber In LR CehCEaal ar Rutim-oi 0B o contr ol

gene eXprtﬁsﬁuaﬂchaﬁngbnmet &@ﬂlt\ﬂ@CMlnu-EwoﬁdésSwﬁ@ﬂéﬂlraﬂéayt dneRrsiodigeed to be
t he reason % their act|V|ty is nore potent in vitro and in vivo than

ei t her anfitiehr@ doprlepiidesiivypsinated. In ﬁh@t@@ﬂlmea?}b%@m%n thencl udi ng

Si RNAs t I r

ohar macer T odleltdcpfaum i BELEYRAL L HAGIA. B Ml CERbARCHORRT | o

al ., Nat m@lmlémrﬁlmapmwtxqmﬂdmucleotldeleheeeln heledst pa¢ offekEIGed RNAI
ol ecul o8& TN AL VPELARIEATRILSLNG both an RNA sense and an RA

anti sense’ ot {MREE® oW Béen “defdfstrat ed that DNA sense: RNA anti sense
hybri ds, RNA dansesidicanitiodainge t]‘ibyllilrclldﬂéam@.ﬂﬁn}@h\%s DlAcduehed 3Is are capabl e

f di at | ' Ch I I
Bi of cchnol gy HALTHAG CRGRISS oy e s TR LT OS0! A

mol ecul esscGRHRE ESthp e@ﬁ%s@&mh&ﬂ?QCQMTﬁﬁAéﬁﬁTKXﬂﬁ§A@GT@@H@kﬁn§ﬂk%&9ed
mol ecul es. In addition, it is understood that RNAI nolecul es may be used

and i nt r oditrses inslicatsd|is bpld aze mathiylatod. nfpaftonutas emhe@lemdiSn@}t YDMNis used herein,

RNAI nol ecyl a uci ng an
RNAI respgﬁggﬁﬁﬁﬁgggﬁﬁﬁ%lngﬁ&dmgﬁgl utcﬁg%%f é%’?gﬁiﬁ%ggwgggtranded
ol i gonuc| @DNi#e ODOHRIDIBN g, (D]DNI%BM@DN%},BQMSV,nHelc@v. a sense strand and

an antisense strand, e.g., small interfering RNA (si RNA); doubl e-stranded
ol i gonucl eoti de conprising two separate strands that are |inked together by

nonnucl eotaly b, ExBplary PhnAHRYGHARSIFOl SoRBIbEIRIODNI r pi n | oop of
conpl enment ar qpnupggﬁz whi ch nrn;§Q§#§?h g qtrgndgﬁgrpnlnn . 9., ShRNA

mol ecul es, alRP¥XPAEEsi on vectcr%EQI@ﬂnﬁé&BNé§§CEdéVb} nor e poly1ucleotides
capabl e of form ng a doubl e-stnamded pol ynucl eoti de al one or in|conbination

wi t h anot her |@oNyinucl eot i de. A5 TRNAQGETSAIGHGGSARNA conpopnd” as used
herein, is afugiaRN¥Agonpound whi ch ils nmade up of a single nolecule. It may
include a duplexed region, torned by infrastrand palring, e.g., it my be,
or include, a hairpin or pan-handle structure. Single strand si RNA
conpounds may be antisense with regard to the target nol ecul e A

single strand si RNA conpound may be s@fficiently long that it can enter the
RI SC and participate in R SC nedi ated cl eavage of a target nRNA. A single
strand si RNA conpound is at least 14, and in other enbodi nents at |east 15,
20, 25, 29, 35, 40, or 50 nucleotides in length. In certain enbodinments, it
is less than 200, 100, or 60 nucleotides in |ength. Hai r pi n si RNA
conpounds mnll have a duplex reglon equal to or at least 17, 18, 19, 29,
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The anti sense strand of a doubl e stranded si RNA conpound may be equal
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The nunber of m RNA sequences identified to date is |arge and grow ng,
illustrative exanples of which can be found, for exanple, in: "m RBase:

m cr oRNA wequevises)l targets and gene nonencl ature" G i f PCrhus200/063925,
Grocock RJ, van Dongen S, Bateman A, Enright AJ. NAR, 2006, 34, Database

| ssue, D140-D144; "The mcroRNA Registry" Giffiths-Jones S. NAR 2004, 32,
Dat abase | ssue, D109-D111; and al so at

http://m crorna. sanger. ac. uk/ sequences/ Antisense O igonucl eotides

I n one errbOdldﬁ?N[ gnuclrerc a B UERDE gonucteoti fle directed
DO ynuc?‘e tl(?rO ﬂlﬁQen@g E(FOj i

to a target | oti de The onucI eot i de or sinply
"anti sense" i u. i bat cofptenentary to
strands of W%eh}émehé(@sc&}aé comﬁ errent ar(yJ a_chosen sequepce, e.g. a
target gene theligltGrewtise ol i|gonud® ép@fiq%@GﬁﬁiA%G nh{bit gene

expression b tard a conpl eneq @GAAPPF@MCUQ #iding to the target nmRNA
can | ead to {|@BNB2fi on of gene |expr ¢8RREGYHY-Y hr ough maki ng t he
ei ther by pr@BRtiIgg transl atiqn of [FompteTEGA@GGEGBNA-Et rands by bi ndi ng
toit or by lggdigg to degradatli on ¢.cdARCERTATGAGIHNAGANST sense| DNA can be

used to targ%D]‘Q #ﬁﬁﬁﬁhﬁh ngﬁo "ene EWAYAéé??GRQ}(%G@Rﬂ’fom ng) RNA. | f

bi ndi ng t ake b, Phates: ntsa A “' togln e ed—by—the enzyne
RNase H. In partlcpu?g fy ntics g§ ucl ecti des contain from

about 10 to ab lgpnuse ogm T e gﬁ?l“ 5%"6‘3&2115 to about 30
nucl eot i des. ngg%“ e Qﬁi\‘ﬁe § Em‘&l eotides that may
not be exactl L pgnety Ef@gppéﬁ\ltléﬁ 9 SBERRS, the

i nvention can d@éecl‘?filapii beth ex bﬂﬁ%‘@%‘ié@@“ﬁ?ﬁé‘ﬁ@%@ﬁ aFtéYlae(M@ﬁé@Zt fic-activities

are found witH08htisense, or where an antisense sequence containing one or
nore m smatches with the target sequence is the nost preferred for a

particul ar use i trated to
be effective ajnccithttlonal éf ‘“?"%ﬁﬂ?%i {9 {Sirsgg%% 8‘l'sr ot ielg%rﬁlgaﬁ e 8%52%91%
consequentol yse i6 @it dmﬁlpdslﬁdnstﬂldﬁmﬂlﬁ:d(fslof&iehyvdnﬂm hnetdemloecelnrReﬁaymehﬂsl s by a

target ed gene cacy ant | e oli f | nhi biting
prot ei n s@m%%ﬁ lgﬂarfga ey g émrffg%ﬁnfi P%%%gé?g ﬁ Gﬂﬁheéa s of

IOOI ygal acdatmQnasaindine, Umlsrﬂéé&ﬁf th@@orhlydéﬁlo%s @ﬂ@&yﬂhGH@éﬂtH@pﬂé%ept or are

i nhi bited by antisense oligonucl eotides directed to their respective nmRNA

sequencesinytios hayes phespipdrsgr (79" Abaskbpnegr aphoshoroshigae (®38) . Furt her,
exanpl es of i Iy i V$ th the nucl ear
ot ot o1 - cureidRle SR (TR ﬁl&%&@i{%ﬁ%ﬁ%ﬁﬁﬁé‘éﬁéf%&%f“ | CAM T,

E- sel ectllhecosnﬁgamuaiéaﬁdast al GABAA recept or and human EGF (Jaskul ski etal.

Sci ence. 1988 eun 1%&2%1%&#85%)0 1544- 6, san %ﬁl’t%ﬂg Ahnmed, Cancer ,
Comun. 1989; {4§us P Eorse"teé‘?gmze %ﬁ’i‘? P {78 SEEEP998 Jun
15; 57( 2) : 32Rir2fe abben& ofRatr6idimy &Qémﬁ@ﬁNAUs&rt ﬂ%ﬁlﬁﬁleo@d@ﬁ@eaﬁﬁgmeu S.

Patent 5,718,709 and U.S. Patent 610, 288). Furthernore, antisense
const r uct @npayes kindiag Efe@nw@%érsp%if trapserntioRifaster canke Bsed apEls®E to treat a

5707, 470 TR L E kB LTl (ERE R Gra T PR TR el Pt o1

Met hods  odeliperyahdi siahg‘dacttyi Qilgnswlamltldgﬁonwhﬂcegteltdesreacmliﬂcd@mbd)undtdyehert and
can be readl ad uce a onucle e that targets
oy ol yraceeleRhSReEuR LR G Plaf Rl ST S A S ARG RS T fSt e
sequencesrca@ecihtit@ndcaibtién Gicto hehbBdf sEBGYEMES birklidpas ek prp@dtcargionsi s of
the chosen target sequence and determ nation of secondary structure, Tm

bi ndi ng eMergst eeasid Deeyaciy be uedgp Fhef%PeutNrﬁgF%féarFéféefdP|1'§BW%81€@6P1‘F%(§1 may be
sel ected &%%ﬁéi tHRQR: 1dAChtkd th%hs)éﬁpﬁ&ﬁﬂbﬂokto}‘t&ﬂorég%ﬂﬂ% g&ﬂ%@'fh%t afd@i rpins, or
ot her secondary structures that would reduce or prohibit specific bi nd| ng
to the taaugeltesmﬁzmtherbiedih@sfa caliskriptiinghdter. d%@fnetetseﬁtheamgeatlon@@dmw of the
MRNA I ncl l’ld%nltlcqeo%l%es En und inMa neatraltrele?iUfr;w% t 56(1) tlbgriObpéb%itl on codon
and t hose’ equences are su antia Tene regi ons of
t he mMRNA. wﬂibleisaexefesﬂndﬁbi;poﬁdtefdl@tmfeeerﬁeakryﬁqem 1Mt1t@y get site selection
consi derations can be perfornmed, for exanple, using v.4 of the OLI GO pri ner
anal ysis software (Ml ecul ar Biology Insights) and/or the BLASTN 2.0.5

al gorithmsoftware (Al tschul et al., Nucleic Acids Res. 1997,
25(17):3389-402). Antagomirs Ant 48omirs are RNA-|ike oligonucl eotides
t hat harbor various nodifications for RNAse protection and pharnacol ogi c
properties, such as enhanced tissue and cellul ar uptake. They differ from
normal RNA by, for exanple, conplete 2'-0-nethylation of sugar,

phosphor ot hi oat e backbone and, for exanple, a cholesterol-moiety at 3'-end.
Ant agom rs may be used to eff| CI entIy 5| I ence endogenous m RNAs by form ng

e 8 e LA




noieties for use with oligonucl eotide agents are described in PCT
Application No. PCT/1JS2004/07070, filed on March 8, 2004. Aptaners

Apt aner s woeorusk@iic aci d or peptide nol ecul es that bi neCrasacopasigtul ar
nol ecul e of interest with high affinity and specificity (Tuerk and Col d,
Sci ence 249:505 (1990); Ellington and Szostak, Nature 346:818 (1990)). DNA
or RNA aptaners have been successfully produced which bind many different
entities fromlarge proteins to small organi c nol ecul es. See Eaton, Curr.
Opi n. Chem,Bhp! . 1:10-16 (1997), Famul ok, Curr. Opin. Struct. Biol
9:324-9(1969), and Hermann and Patel, Science 287:.820-5 (2000). Aptaners
may be RNA or /DOiipchakedfcraiod smgle strpotledidowble sthrnded erarartighyrdobelswi t ch is a
part of an mol ecul et hat .can direct i\ hd smal | t,arget cul e,
B whos e T B EE BTt FRGATE] PP L Re X Moyt B HEiPRS5n M
t hat cont@ibosh @ modificattohClheiesT, thihichdiak ¥ nuclv@idéesdqicicy @aiik sdbsagtialtys own
activity,. depending . t he presence or .absence of its rget nol ecul e.
General | ylﬁelgﬁﬁﬁtﬁépgmﬁ&é\ SHGPH AT FePPEe &ag%f%ﬁla gef_alr I 1 o

sel ect i ony|Rbn@dsNVBd &Mpoted StafNal(Sy&LEMBHuCIcENREL IR Ml bigands by
exponential enrichnent) to bind to various nol ecular targets such as snal
mol ecul esinteprugteeside (ba el lenkagiscard vavich entain dd¢askonetnoggaasallnd or gani sms.
The apt angr . P, o] : i 4di ng synt hetic,
reconbingﬁ??qgﬁﬁggﬁﬁfﬁﬁgg ﬂgﬁ%ﬁg@ﬁggg;ggﬁgﬁhggg%g*%%gﬁg%pone or in

conbi nat i digonndlévtiothar pegitrecterver speeifdrne becaust bidesmatde paperéits suehing,her, as
described.nore fully herein the term"aptaner! specifically includes

" secondar " S e caRang ?@ﬁ%ﬁﬁ@“&*@%ﬁ?’%ﬁ n@%&ﬁ@ﬁggcﬁ ﬁvgéapaon1conparing

tWwo or nokEckR@WRALARE ATRE Sreb@c@oUieRAsds AYL brefdRicdRZHEBEnent, the suFA(ﬁﬁpr ding to
anot her enbodi nent of the invention, nucleic acid-lipid particles are

associ at edpeanetinglpdror seressstrapgl od ymarothar prafpuedambod imes, thopraniedodtavi ng

N S S R L L

Synons, GeténdatydBmctpr, bavif 63 xanRially 203 le-sFanded wadgiphysialop@algenditintrer of

ri bozynes, accel erat e. ph oester transfer .reactio L,th a hi degree of
Cpectt1 o 48 SESHRE R BT RERHRH Ghsru BT G verBr buRBE shlss SeBplhiles

ol i gonucl et ihat 50t 5 alees theesboueteds, 3096100, 1098 br B8 o2hé SuRRkmid)is 487- 96;

M chel and Westhof, J M Biol. 1990 Dec 5;216(3):585-610; Rei nhol d-Hurek
and Shub, duixgd @ith ityd§ o Thgaypperminesnipdpds a haprpig§egmen, &2 SEERGSei ty has been
attribut gd.fpphng dEAWL SIRF fyBRHIZE 61 RUBSIJARS rBliod . 3 GPR&IE6
base- pai ?l?r%g in}?ertacti ons to the Internal guclﬁrgee gg%u_e’r?cge’ ((ﬁ)?GS"r)%lo? t he

ri bozyme gret esttlo2 chenit ead preéadtly s than 8, 7, 6Aer 1t manddotides elgadinuclotidéset i es of
nat ural | yroccurri enz tic ar nown presently. . Each catal yze
Che hydr ol Gafbler ek HE B el B Bt B PSR Sn T v SChn ol ave
ot her RNArrdBe el e s dified@Ts physiotHecd ghbalimeaitd §upeisir isldup@reewitha enzymati c
nucleic acids act by first_binding to a.target RNA. Such bindi ogcurs
through t18 e g8t b g7 PPt 4o mfleg z@}%agﬁhce-%-ueq%lie@ré%tg@?%ﬁﬁch is

hel d in clse M it Bhe ¥nd Mdan (RN B ifal RPEi A0 o Bthe tl}RrAR! ecul e that acts
to cleave the target RNA. Thus, the enzymatic nucleic acid first recognizes
and t hen hifddkmianitar get RNA t hrough conpl enent ary base-pairing, and once

bound to the cos .S S tical 1ar .
Strategic cIeégg%§£%¥%g%gﬂﬂ§£§%}ggé%gﬁﬁ*%ﬁ¥%Mﬁé%?ﬁ%&“%?@1%@?%ﬁ%$£$%\direct
synt hesi ssileficiapatghigadede pr@bei miRNMd Fhusarheaady haictoaRNW aligic® refetsdo has bound

and cleaved  its RNA target, it is | eased fro hat . \ tQ search for
anot her tYPHste a%cocf‘&?% ﬁﬁé@é&%mwﬂ%ﬂmw&md@r‘@g@@ H%@lﬁ%'gﬁ%ﬁp@.mme The
enzymat i CoMEéRlogerdat hikRRAG Al &e réﬁiyab&eoﬁeﬁfeﬁﬁ%tﬂermam@dmwjmqeglﬂaain@pi n, a

hepatitis 6 virus, group | intron or RNaseP RNA (in association with an RNA
gui de secgfaper)resroNNERI34 pyrrcs\r8n RRldesigneidfas nfagie alasplce(c.Spwels i ¢ exanpl es

of hanmer I fs: i,b S ] 2] el | ds Res. 1992
Sep 11: 200 e BE Bl TR e e - R RN, BN AR S %y el
et al. (EomprRatof miypic acRUtnhadifivel or BRINZGIORGIE)C, ackBhreludangd Trit z,

Bi ochem stry 1989 Jun 13;28(12):4929- 33; Hanpel etal., Nucleic Acids Res.
1990 Jan 25;18(2):299-304 and U. S. Patent 5,631, 359. An exanple of the
hepatitis virus notif is described by Perrotta and Been, Biochem stry. 1992
Dec 1;31(47):11843-52; an exanple of the RNaseP notif is described by
GQuerrier-Takada etal., Cell. 1983 Dec; 35(3 Pt 2):849-57; Neurospora VS RNA
ri bozynme notif is described by Collins (Saville and Collins, Cell. 1990 My
18;61(4):685-96; Saville and Collins, Proc Natl Acad Sci US A 1991 Cct 1,
88(19):8826-30; Collins and dive, Biochemstry. 1993 Mar 23;
32(11):2795-9); and an exanple of the Goup | intron is described in U S

-~ 2 A NN N A e T ) - .



Met hods of producing a ribozyne targeted to any pol ynucl eoti de sequence are
known in the art. Ri bozynes may be designed as described in Int. Pat. Appl.
Publ . No.wo@2083528%69 and Int. Pat. Appl. Publ. No. WO 9¢r0R3@5/063aTh

specifically incorporated herein by reference, and synthesized to be tested
invitro and in vivo, as described therein. Ri bozyme activity can be
optim zed by altering the length of the ribozynme binding arns or chemcally
synt hesi zing ribozymes with nodifications that prevent their degradation by

serumfri b&@gﬁlll&@o?ﬁ%s éo\%,\%?lsﬁrlg%wuh&ﬂthmlp adbn, RAPR! mocP de RNMO Dl\m)ngc%f Qf?(p 65; Int.

Pat. Appl 5187; Int. Pat. Appl. WO 91/ 03162;
Eur. Pat. DNﬁplock@lﬂmcleIMIdsgmA@@EC 4thy@ne$rlth®ntel®caB4ENm orang I nt. Pat.
Appl . Publ esehil r hem nodi fications
t hat can %omblna OV\Qf richyah mﬁcﬁ][\]lgelgﬁéfhygrnlésa fn aldalt lﬁfAcu]ineS)

nmodi fi CatdaﬁmSmw‘isdid’d)nﬁlgb‘aﬁldﬁt édmeaffecedeﬂlwerg;:mtramlalek bc&npaamd:ntaelmm of st em ||
bases to shorten synthesis tines and reduce chem cal r nt

| mrunost i YA GPGCIEring SHFEP BB Fisand usage, an&aﬁwwyagee%e @&ﬁg wi th

l'i pid parﬁﬂrﬁllcﬁﬁegBuBl@@trz{?l'a@@ﬁlmechl@é/ 10 aaypleeregmgawee%@;u@w,
i ncludi ng i nmunostinul atory oligonuc eotides (ISS; single-or

doubl e- standrbiew)3 1 cupleblides ¢t lengtlilienidagntain enerarmeore sesenese thikaycadhmini st er ed
to a subj I e.g.,
cor tai n oo g R 13 AR Ao RlERIonPRM SRl ZARLIER D00
S., et al (chlmggZQ Qlmethlyhmndllﬁcatilodagandl@’?meé«ﬂlﬁG@t;on@)ror@ﬁOm'bbtlhfsﬂran(BSwael| as

ot her kno features (such as |.ti -G domai ns, .see

The' | mmurlbe rslisalsad s pti iR b G BB SIdREe The
i mmune sy@hemelnﬁcleic\acmes@lawm&@n@/oﬁweeﬁuﬂmﬁ 8ddifidR AER SWSHh RS @dmnaﬁ&sw red
adaptive i mmne stemof vertebrates, the latter of which is further

di vi ded | ¥cehan apvebaqgapwcoeﬂéusfmfriem@cleqtlﬁeqo% ¢itherthg’ @rnﬁaé@ﬁ dents, the

i mune r eSRANSEIBYd Pefﬁ HRUERRRL to eﬂhaﬂ@é LaGithPSr MARRALEE M iSoned .

i mrunostinulatory nucleic acid is ost| mul at ory en adm ni st ered
in conbi rmmbodrrnwt,tmalNA}mldnqammprtsbea dlaﬂdc icgionof béetmeembsandilil at ory when
adm ni stere 'free " . Accor di to t resent invention, such
ool conticalifait ont bRl FeMe oS BE hitfishSutd iR ppfime: MeXehie

| munost i mh@b@ftaﬁnmabeie@lyaﬁiodﬁioaﬁ@qsmﬂaue@rdesi 1 afd beconafinseeence specific
when it is not required that they s C|f|caII¢/] bind to and reduce the

expr essi odor the seasepdigopsispider aistalef the\Copngel's; ity Pitiscrskerad i mmune

[ €SPONSE. i dtiSarichCE AR IOR AT R Yk BEHeR! Cin U IS ABor EARBT biS€ 2
seugence correspondign to a region of rally occurring gene or nRNA,
but they thafv aitliof thetpeigomvkiotide. edd sobiligahjnenusleopéciiflages avmeirsst Witub at or y
nucl ei c afl ?eotldeS Ovenha%ne enbodi nent, the imunostimulatory nucleic acid
or oligonuc eorigsd ¢ '*ses at | east one CpG di nucl eoti de. The

ol i gonuclmbmdermmiﬁ)ﬁhwzz@ucl eotide may be unmethylated or nethylated. In
anot her enbodi nt t he |rrmg,nost| mul a{ug ”n,pc ei c_acid conprises at |east
one CpG di nucI IS AU iR MYy ‘abied rcytna&lﬂlélblt?r > G hBs i Frent , t he

hucl ei ¢ VMR ah& Rerdo Bl u@le@@&%s‘ék Hiéﬁif%@fohgﬁmc}’éfeﬁdi&'tﬁhtErﬁ@rf@rﬁx@t%‘ ne in
said CpG nucl eotide is nethylated. In a specific enbodi ment, the nucleic

acid conpthﬁ slifityt HeperliumAtAG’ In TARGETHGAGHEGEATC Bucleir acidior mOﬂeﬁedatl ve
erbod! Mol ORI RYE Lt AL E SIREREIAN obRATind KRG G SOt | des.

wherein a yt oS ne dés 1s hy1 ated. In a
further ebNadmueiticd mhodgeti@mclee acidls (AP & adiyrveaibéntiodebthpeksent in the

o ural | L MO R fie o AR G ) atkel maiBegion i Epe oo
di nucl eotm@eﬁcmmunaeﬁe@uae@tmélr@écﬁﬂcawﬁén@gnﬁhosphorothtdmeqﬂ@dlﬁ@ﬁﬁmiI

enbodi nent, the nucleic acid conprises the sequence 5 TTCCATGACGITCCTGACGT
3. In arfbﬁtr?éﬁ afprd dekvesy s bddy weenificith tiaer juéar eomparemense]iretiee Ot onpr i ses the

sequence i cated in
bold are ﬁfn-fg tggi%?n part%léfg ceaﬂngg %%nétosﬁlgh\r%pth%%%sfﬁgi ellelg d froma
group of iobNsllclansimspartngnciliz4IoON, s#bili@Dd#&, poEDdy . #Rhib@DN cdd ad@Ddl #5, ODN #6,
ODN #7, CODN #8, and ODN #9, as shown bel ow. Table 3. Exenplary

| mmunostinul atory A igonucl eoti des (ODNs)
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ODN NAME SEQ | D ODN SEQUENCE (5'-3') . ODN 1 human c-nyc
5' - TAACGTTGAGGGGCAT-3  ODN NAME SEQ I D
WO 2010/054401 PCT/US2009/063927

variety of configurations including single stranded, double stranded (RNA/RNA or
RNA/DNA duplexes), and hairpin designs, in general, microRNA inhibitors comprise
contain one or more sequences or portions of sequences that are complementary or
partially complementary with the mature strand (or strands) of the miRNA to be targeted,
in addition, the miRNA inhibitor may also comprise additional sequences located 5' and
3' to the sequence that is the reverse complement of the mature miRNA. The additional
sequences may be the reverse complements of the sequences that are adjacent to the
mature miRNA in the pri-miRNA from which the mature miRNA is derived, or the
additional sequences may be arbitrary sequences (having a mixture of A, G, C, or U). In
some embodiments, one or both of the additional sequences are arbitrary sequences
capable of forming hairpins. Thus, in some embodiments, the sequence that is the reverse
complement of the miRNA is flanked on the 5' side and on the 3' side by hairpin
structures. Micro-RNA inhibitors, when double stranded, may include mismatches
between nucleotides on opposite strands. Furthermore, micro-RNA inhibitors may be
linked to conjugate moicties in order to facilitate uptake of the inhibitor into a cell. For
example, a micro-RNA inhibitor may be linked to cholesteryl 5-(bis(4-
methoxyphenyl)(phenyl)methoxy)-3 hydroxypentylcarbamate) which allows passive
uptake of a micro-RNA inhibitor into a cell. Micro-RNA inhibitors, including hairpin
miRNA inhibitors, are described in detail in Vermeulen et al., "Double-Stranded Regions
Are Essential Design Components Of Potent Inhibitors of RISC Function," RNA 13: 723-
730 (2007) and in WO2007/095387 and WO 2008/036825 each of which is incorporated
herein by reference in its entirety. A person of ordinary skill in the art can select a
sequence from the database for a desired miRNA and design an inhibitor useful for the

methods disclosed herein.

Ul adaptor
U1 adaptor inhibit polyA sites and are bifunctional oligonucleotides with a target domain

complementary to a site in the target gene’s terminal exon and a ‘Ul domain’ that binds
to the U1 smaller nuclear RNA component of the Ul snRNP (Goraczniak, et al., 2008,
Nature Biotechnology, 27(3), 257-263, which is expressly incorporated by reference
herein, in its entirety). Ul snRNP is a ribonucleoprotein complex that functions

primarily to direct early steps in spliccosome formation by binding to the pre-mRNA
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ODN SEQUENCE (5'-3") . * ODN Im 5' - TAAZGTTGAGGGGCAT-3 ODN 2
5' - TCCATGACGITCCTGACGIT-3 * ODN 2m 5' - TCCATGAZGTTCCTGAZGIT-3 ODN 3
WO 2010/054401 PCT/US2009/063927

exon- intron boundary (Brown and Simpson, 1998, Annu Rev Plant Physiol Plant Mol
Biol 49:77-95). Nucleotides 2-11 of the 5'end of U1 snRNA base pair bind with the 5'ss
of the pre mRNA. In one embodiment, oligonucleotides of the invention are Ul adaptors.
In one embodiment, the Ul adaptor can be administered in combination with at least one

other iRNA agent.

Oligonucleotide modifications

Unmodified oligonucleotides may be less than optimal in some applications, e.g.,
unmodified oligonucleotides can be prone to degradation by e.g., cellular nucleases.
Nucleases can hydrolyze nucleic acid phosphodiester bonds. However, chemical
modifications of oligonucleotides can confer improved properties, and, e.g., can render
oligonucleotides more stable to nucleases.

As oligonucleotides are polymers of subunits or monomers, many of the
modifications described below occur at a position which is repeated within an
oligonucleotide, e.g., a modification of a base, a sugar, a phosphate moiety, or the non-
bridging oxygen of a phosphate moiety. It is not necessary for all positions in a given
oligonucleotide to be uniformly modified, and in fact more than one of the
aforementioned modifications may be incorporated in a single oligonucleotide or even at
a single nucleoside within an oligonucleotide.

In some cases the modification will occur at all of the subject positions in the
oligonucleotide but in many, and in fact in most cases it will not. By way of example, a
modification may only occur at a 3’ or 5° terminal position, may only occur in the
internal region, may only occur in a terminal regions, e.g. at a position on a terminal
nucleotide or in the last 2, 3, 4, 5, or 10 nucleotides of an oligonucleotide. A
modification may occur in a double strand region, a single strand region, or in both. A
modification may occur only in the double strand region of a double-stranded
oligonucleotide or may only occur in a single strand region of a double-stranded
oligonucleotide. E.g., a phosphorothioate modification at a non-bridging oxygen position
may only occur at one or both termini, may only occur in a terminal regions, e.g., at a

position on a terminal nucleotide or in the last 2, 3, 4, 5, or 10 nucleotides of a strand, or
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may occur in double strand and single strand regions, particularly at termini. The 5° end
or ends can be phosphorylated.

A modification described herein may be the sole modification, or the sole type of
modification included on multiple nucleotides, or a modification can be combined with
one or more other modifications described herein. The modifications described herein can
also be combined onto an oligonucleotide, ¢.g. different nucleotides of an oligonucleotide
have different modifications described herein.

In some embodiments it is particularly preferred, e.g., to enhance stability, to
include particular nucleobases in overhangs, or to include modified nucleotides or
nucleotide surrogates, in single strand overhangs, e.g., in a 5’ or 3’ overhang, or in both.
E.g., it can be desirable to include purine nucleotides in overhangs. In some
embodiments all or some of the bases in a 3’ or 5” overhang will be modified, e.g., with a
modification described herein. Modifications can include, e.g., the use of modifications
at the 2° OH group of the ribose sugar, e.g., the use of deoxyribonucleotides, e.g.,
deoxythymidine, instead of ribonucleotides, and modifications in the phosphate group,
e.g., phosphothioate modifications. Overhangs need not be homologous with the target
sequence.

Specific modifications are discussed in more detail below.

The Phosphate Group

The phosphate group is a negatively charged species. The charge is distributed
equally over the two non-bridging oxygen atoms. However, the phosphate group can be
modified by replacing one of the oxygens with a different substituent. One result of this
modification to RNA phosphate backbones can be increased resistance of the
oligoribonucleotide to nucleolytic breakdown. Thus while not wishing to be bound by
theory, it can be desirable in some embodiments to introduce alterations which result in
cither an uncharged linker or a charged linker with unsymmetrical charge distribution.

Examples of modified phosphate groups include phosphorothioate,
phosphoroselenates, borano phosphates, borano phosphate esters, hydrogen phosphonates,
phosphoroamidates, alkyl or aryl phosphonates and phosphotriesters. In certain
embodiments, one of the non-bridging phosphate oxygen atoms in the phosphate

backbone moiety can be replaced by any of the following: S, Se, BR3 (R is hydrogen,
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alkyl, aryl), C (i.e. an alkyl group, an aryl group, ctc...), H, NR;, (R is hydrogen, alkyl,
aryl), or OR (R is alkyl or aryl). The phosphorous atom in an unmodified phosphate
group is achiral. However, replacement of one of the non-bridging oxygens with one of
the above atoms or groups of atoms renders the phosphorous atom chiral; in other words
a phosphorous atom in a phosphate group modified in this way is a stereogenic center.
The stercogenic phosphorous atom can possess cither the “R” configuration (herein Rp)
or the “S” configuration (herein Sp).

Phosphorodithioates have both non-bridging oxygens replaced by sulfur. The
phosphorus center in the phosphorodithioates is achiral which precludes the formation of
oligoribonucleotides diastercomers. Thus, while not wishing to be bound by theory,
modifications to both non-bridging oxygens, which eliminate the chiral center, e.g.
phosphorodithioate formation, may be desirable in that they cannot produce diastercomer
mixtures. Thus, the non-bridging oxygens can be independently any one of S, Se, B, C,
H, N, or OR (R is alkyl or aryl).

The phosphate linker can also be modified by replacement of bridging oxygen,
(i.e. oxgen that links the phosphate to the nucleoside), with nitrogen (bridged
phosphoroamidates), sulfur (bridged phosphorothioates) and carbon (bridged
methylenephosphonates). The replacement can occur at the either linking oxygen or at
both the linking oxygens. When the bridging oxygen is the 3’-oxygen of a nucleoside,
replcament with carbobn is preferred. When the bridging oxygen is the 5’-oxygen of a

nucleoside, replcament with nitrogen is preferred.

Replacement of the Phosphate Group

The phosphate group can be replaced by non-phosphorus containing connectors.
While not wishing to be bound by theory, it is believed that since the charged
phosphodiester group is the reaction center in nucleolytic degradation, its replacement
with neutral structural mimics should impart enhanced nuclease stability. Again, while
not wishing to be bound by theory, it can be desirable, in some embodiment, to introduce
alterations in which the charged phosphate group is replaced by a necutral moicty.

Examples of moicties which can replace the phosphate group include methyl

phosphonate, hydroxylamino, siloxane, carbonate, carboxymethyl, carbamate, amide,
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thioether, ethylene oxide linker, sulfonate, sulfonamide, thioformacetal, formacetal,
oxime, methyleneimino, methylenemethylimino, methylenchydrazo,
methylenedimethylhydrazo and methylencoxymethylimino. Preferred replacements
include the methylenecarbonylamino and methylenemethylimino groups.

Modified phosphate linkages where at least one of the oxygens linked to the
phosphate has been replaced or the phosphate group has been replaced by a non-
phosphorous group, are also referred to as “non phosphodiester backbone linkage.”

Replacement of Ribophosphate Backbone

Oligonucleotide- mimicking scaffolds can also be constructed wherein the
phosphate linker and ribose sugar are replaced by nuclease resistant nucleoside or
nucleotide surrogates. While not wishing to be bound by theory, it is believed that the
absence of a repetitively charged backbone diminishes binding to proteins that recognize
polyanions (e.g. nucleases). Again, while not wishing to be bound by theory, it can be
desirable in some embodiment, to introduce alterations in which the bases are tethered by
a neutral surrogate backbone. Examples include the mophilino, cyclobutyl, pyrrolidine
and peptide nucleic acid (PNA) nucleoside surrogates. A preferred surrogate is a PNA
surrogate.

Sugar modifications

A modified RNA can include modification of all or some of the sugar groups of
the ribonucleic acid. E.g., the 2" hydroxyl group (OH) can be modified or replaced with a
number of different “oxy” or “deoxy” substituents. While not being bound by theory,
enhanced stability is expected since the hydroxyl can no longer be deprotonated to form a
2'-alkoxide ion. The 2'-alkoxide can catalyze degradation by intramolecular nucleophilic
attack on the linker phosphorus atom. Again, while not wishing to be bound by theory, it
can be desirable to some embodiments to introduce alterations in which alkoxide
formation at the 2' position is not possible.

Examples of “oxy”-2' hydroxyl group modifications include alkoxy or aryloxy
(OR, e.g., R =H, alkyl, cycloalkyl, aryl, aralkyl, heteroaryl or sugar);
polyethyleneglycols (PEG), O(CH,CH,0),CH,CH,0R; “locked” nucleic acids (LNA) in
which the 2’ hydroxyl is connected, e.g., by a methylene bridge, to the 4’ carbon of the
same ribose sugar; O-AMINE (AMINE = NH;; alkylamino, dialkylamino, heterocyclyl,
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arylamino, diaryl amino, heteroaryl amino, or diheteroaryl amino, cthylene diamine,
polyamino) and aminoalkoxy, O(CH;),AMINE, (e.g., AMINE = NH; alkylamino,
dialkylamino, heterocyclyl, arylamino, diaryl amino, heteroaryl amino, or diheteroaryl
amino, cthylene diamine, polyamino). It is noteworthy that oligonucleotides containing
only the methoxyethyl group (MOE), (OCH,CH,OCH3, a PEG derivative), exhibit
nuclease stabilities comparable to those modified with the robust phosphorothioate
modification.

“Deoxy” modifications include hydrogen (i.e. deoxyribose sugars, which are of
particular relevance to the overhang portions of partially ds RNA); halo (e.g., fluoro);
amino (e.g. NHy; alkylamino, dialkylamino, heterocyclyl, arylamino, diaryl amino,
heteroaryl amino, diheteroaryl amino, or amino acid); NH(CH,CH,NH),CH,CH,-
AMINE (AMINE = NHj; alkylamino, dialkylamino, heterocyclyl, arylamino, diaryl
amino, heteroaryl amino,or diheteroaryl amino), -NHC(O)R (R = alkyl, cycloalkyl, aryl,
aralkyl, heteroaryl or sugar), cyano; mercapto; alkyl-thio-alkyl; thioalkoxy; and alkyl,
cycloalkyl, aryl, alkenyl and alkynyl, which may be optionally substituted with e.g., an
amino functionality. Preferred substitutents are 2'-methoxyethyl, 2'-OCH3, 2'-O-allyl,
2'-C- allyl, and 2'-fluoro.

The sugar group can also contain one or more carbons that possess the opposite
stereochemical configuration than that of the corresponding carbon in ribose. Thus, an
oligonucleotide can include nucleotides containing e.g., arabinose, as the sugar. The
monomer can have an alpha linkage at the 1° position on the sugar, ¢.g., alpha-
nucleosides. Oligonucleotides can also include “abasic” sugars, which lack a nucleobase
at C-1'. These abasic sugars can also be further containing modifications at one or more
of the constituent sugar atoms. Oligonucleotides can also contain one or more sugars that
are in the L form, e.g. L-nucleosides.

Terminal Modifications

The 3' and 5' ends of an oligonucleotide can be modified. Such modifications can
be at the 3’ end, 5’ end or both ends of the molecule. They can include modification or
replacement of an entire terminal phosphate or of one or more of the atoms of the
phosphate group. E.g., the 3" and 5’ ends of an oligonucleotide can be conjugated to

other functional molecular entities such as labeling moicties, e.g., fluorophores (e.g.,
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pyrene, TAMRA, fluorescein, Cy3 or Cy5 dyes) or protecting groups (based e.g., on
sulfur, silicon, boron or ester). The functional molecular entities can be attached to the
sugar through a phosphate group and/or a linker. The terminal atom of the linker can
connect to or replace the linking atom of the phosphate group or the C-3' or C-5' O, N, S
or C group of the sugar. Alternatively, the linker can connect to or replace the terminal
atom of a nucleotide surrogate (e.g., PNAs).

When a linker/phosphate-functional molecular entity-linker/phosphate array is
interposed between two strands of a dSRNA, this array can substitute for a hairpin RNA
loop in a hairpin-type RNA agent.

Terminal modifications useful for modulating activity include modification of the
5’ end with phosphate or phosphate analogs. E.g., in preferred embodiments antisense
strands of dsRNAs, are 5’ phosphorylated or include a phosphoryl analog at the 5* prime
terminus. 5'-phosphate modifications include those which are compatible with RISC
mediated gene silencing. Suitable modifications include: 5'-monophosphate
((HO)2(O)P-0O-5"); 5'-diphosphate ((HO)2(O)P-O-P(HO)(0O)-0O-5"); 5'-triphosphate
((HO)2(O)P-O-(HO)(O)P-O-P(HO)(0)-0O-5"); 5'-guanosine cap (7-methylated or non-
methylated) (7m-G-0O-5'-(HO)(O)P-O-(HO)(O)P-O-P(HO)(0)-0O-5"); 5'-adenosine cap
(Appp), and any modified or unmodified nucleotide cap structure (N-O-5'-(HO)(O)P-O-
(HO)(O)P-O-P(HO)(0O)-0-5"); 5'-monothiophosphate (phosphorothioate; (HO)2(S)P-O-
5"); 5'-monodithiophosphate (phosphorodithioate; (HO)(HS)(S)P-O-5'), 5'-
phosphorothiolate (HO)2(O)P-S-5"); any additional combination of oxgen/sulfur
replaced monophosphate, diphosphate and triphosphates (e.g. 5'-alpha-thiotriphosphate,
5'-gamma-thiotriphosphate, etc.), 5'-phosphoramidates (HO)2(O)P-NH-5',
(HO)(NH2)(O)P-0O-5"), 5'-alkylphosphonates (R=alkyl=methyl, ethyl, isopropyl, propyl,
etc., e.g. RP(OH)(O)-0-5"-, (OH)2(0)P-5'-CH2-), 5'-alkyletherphosphonates
(R=alkylether=methoxymethyl (McOCH2-), ethoxymethyl, etc., e.g. RP(OH)(0)-O-5'-).

Terminal modifications can also be useful for monitoring distribution, and in such
cases the preferred groups to be added include fluorophores, e.g., fluorscein or an Alexa
dye, e.g., Alexa 488. Terminal modifications can also be useful for enhancing uptake,

useful modifications for this include cholesterol. Terminal modifications can also be
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useful for cross-linking an RNA agent to another moiety; modifications useful for this
include mitomycin C.

Nucleobases
Adenine, guanine, cytosine and uracil are the most common bases found in RNA.

These bases can be modified or replaced to provide RNA’s having improved properties.
E.g., nuclease resistant oligoribonucleotides can be prepared with these bases or with
synthetic and natural nucleobases (e.g., inosine, thymine, xanthine, hypoxanthine,
nubularine, isoguanisine, or tubercidine) and any one of the above modifications.
Alternatively, substituted or modified analogs of any of the above bases, ¢.g., “unusual
bases”, “modified bases”, “non-natual bases” and “universal bases” described herein, can
be employed. Examples include without limitation 2-aminoadenine, 6-methyl and other
alkyl derivatives of adenine and guanine, 2-propyl and other alkyl derivatives of adenine
and guanine, 5-halouracil and cytosine, S-propynyl uracil and cytosine, 6-azo uracil,
cytosine and thymine, 5-uracil (pseudouracil), 4-thiouracil, 5-halouracil, 5-(2-
aminopropyl)uracil, 5-amino allyl uracil, 8-halo, amino, thiol, thioalkyl, hydroxyl and
other 8-substituted adenines and guanines, S-trifluoromethyl and other 5-substituted
uracils and cytosines, 7-methylguanine, 5-substituted pyrimidines, 6-azapyrimidines and
N-2, N-6 and O-6 substituted purines, including 2-aminopropyladenine, 5-propynyluracil
and 5-propynylcytosine, dihydrouracil, 3-deaza-5-azacytosine, 2-aminopurine, 5-
alkyluracil, 7-alkylguanine, 5-alkyl cytosine,7-deazaadenine, N6, N6-dimethyladenine,
2,6-diaminopurine, 5-amino-allyl-uracil, N3-methyluracil, substituted 1,2,4-triazoles, 2-
pyridinone, 5-nitroindole, 3-nitropyrrole, 5S-methoxyuracil, uracil-5-oxyacetic acid, 5-
methoxycarbonylmethyluracil, 5-methyl-2-thiouracil, 5S-methoxycarbonylmethyl-2-
thiouracil, 5-methylaminomethyl-2-thiouracil, 3-(3-amino-3carboxypropyl)uracil, 3-
methylcytosine, 5-methyleytosine, N*-acetyl cytosine, 2-thiocytosine, N6-methyladenine,
Né6-isopentyladenine, 2-methylthio-N6-isopentenyladenine, N-methylguanines, or O-
alkylated bases. Further purines and pyrimidines include those disclosed in U.S. Pat. No.
3,687,808, those disclosed in the Concise Encyclopedia Of Polymer Science And
Engineering, pages 858-859, Kroschwitz, J. 1., ed. John Wiley & Sons, 1990, and those
disclosed by Englisch et al., Angewandte Chemie, International Edition, 1991, 30, 613.
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Cuationic Groups

Modifications to oligonucleotides can also include attachment of one or more
cationic groups to the sugar, base, and/or the phosphorus atom of a phosphate or modified
phosphate backbone moicty. A cationic group can be attached to any atom capable of
substitution on a natural, unusual or universal base. A preferred position is one that does
not interfere with hybridization, i.e., does not interfere with the hydrogen bonding
interactions needed for base pairing. A cationic group can be attached ¢.g., through the
C2’ position of a sugar or analogous position in a cyclic or acyclic sugar surrogate.
Cationic groups can include e.g., protonated amino groups, derived from e.g., O-AMINE
(AMINE = NHy; alkylamino, dialkylamino, heterocyclyl, arylamino, diaryl amino,
heteroaryl amino, or diheteroaryl amino, ethylene diamine, polyamino); aminoalkoxy,
c.g., O(CH,),AMINE, (e.g., AMINE = NH;; alkylamino, dialkylamino, heterocyclyl,
arylamino, diaryl amino, heteroaryl amino, or diheteroaryl amino, cthylene diamine,
polyamino); amino (e.g. NHy; alkylamino, dialkylamino, heterocyclyl, arylamino, diaryl
amino, heteroaryl amino, diheteroaryl amino, or amino acid); or
NH(CH,CH,;NH),CH,CH,-AMINE (AMINE = NH3; alkylamino, dialkylamino,

heterocyclyl, arylamino, diaryl amino, heteroaryl amino,or diheteroaryl amino).

Placement within an oligonucleotide

Some modifications may preferably be included on an oligonucleotide at a
particular location, ¢.g., at an internal position of a strand, or on the 5’ or 3’ end of an
oligonucleotide. A preferred location of a modification on an oligonucleotide, may
confer preferred properties on the agent. For example, preferred locations of particular
modifications may confer optimum gene silencing properties, or increased resistance to
endonuclease or exonuclease activity.

One or more nucleotides of an oligonucleotide may have a 2°-5’ linkage. One or
more nucleotides of an oligonucleotide may have inverted linkages, ¢.g. 3°-3°, 5°-5°, 2’-
2’ or 2°-3’ linkages.

A double-stranded oligonucleotide may include at least one 5°-uridine-adenine-3’
(5’-UA-3’) dinucleotide wherein the uridine is a 2’-modified nucleotide, or a terminal 5’-

uridine-guanine-3’ (5°-UG-3’) dinucleotide, wherein the 5’-uridine is a 2’-modified
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nucleotide, or a terminal 5’-cytidine-uridine-3’ (5°-CU-3") dinucleotide, wherein the 5°-

cytidine is a 2’-modified nucleotide, or a terminal 5’-uridine-cytidine-3’ (5°-UC-3’)

dinucleotide, wherein the 5’-uridine is a 2’-modified nucleotide. Double-stranded

oligonucleotides including these modifications are particularly stabilized against

endonuclease activity.

General References

The oligoribonucleotides and oligoribonucleosides used in accordance with this
invention may be synthesized with solid phase synthesis, see for example
"Oligonucleotide synthesis, a practical approach”, Ed. M. J. Gait, IRL Press, 1984;
"Oligonucleotides and Analogues, A Practical Approach”, Ed. F. Eckstein, IRL Press,
1991 (especially Chapter 1, Modern machine-aided methods of oligodeoxyribonucleotide
synthesis, Chapter 2, Oligoribonucleotide synthesis, Chapter 3, 2'-O--
Methyloligoribonucleotide- s: synthesis and applications, Chapter 4, Phosphorothioate
oligonucleotides, Chapter 5, Synthesis of oligonucleotide phosphorodithioates, Chapter 6,
Synthesis of oligo-2'-deoxyribonucleoside methylphosphonates, and. Chapter 7,
Oligodeoxynucleotides containing modified bases. Other particularly useful synthetic
procedures, reagents, blocking groups and reaction conditions are described in Martin, P.,
Helv. Chim. Acta, 1995, 78, 486-504; Beaucage, S. L. and Iyer, R. P., Tetrahedron, 1992,
48,2223-2311 and Beaucage, S. L. and Iyer, R. P., Tetrahedron, 1993, 49, 6123-6194, or
references referred to therein. Modification described in WO 00/44895, WO01/75164, or
W002/44321 can be used herein. The disclosure of all publications, patents, and
published patent applications listed herein are hereby incorporated by reference.

Phosphate Group References
The preparation of phosphinate oligoribonucleotides is described in U.S. Pat. No.

5,508,270. The preparation of alkyl phosphonate oligoribonucleotides is described in
U.S. Pat. No. 4,469,863. The preparation of phosphoramidite oligoribonucleotides is

60



Decoy A i gonucl eoti des Because transcription factors recognize their
relatively short binding sequences, even in the absence of surrounding
genom ¢ DMB&20805#4010!1 | gonucl eoti des beari ng the consens®sThiSe@ongIgEqUENCE
of a specific transcription factor can be used as tools for manipul ating
gene expression in living cells. This strategy involves the intracellular
delivery of such "decoy oligonucl eotides", which are then recogni zed and
bound by the target factor. COccupation of the transcription factor's

DNA- bi ndi igcrfichign DYs. Phe Nde§0Ye rendlan s. Phent r gy 7sPtrine Brdp@ialiof of Ncapabl e of
subsequently binding to the pronoter regions of target genes. Decoys can be

used as tiesplpéiasice ohgrhogycleitidhers deseribedhingdi . PdieNexdWBsxBodhef genes t hat
are activated.b anscript.i facto r.t regqu es that are

e por ossonii i SHEbEATRRTpRA Sl BRIk 1 RuUBLAGK| I S.08080 ¢ PEL
utilizat i H30302d@d Syl 70]1980THE pepirhtiasofiBpcbey-B'anmido phoshhsrametateal ., J. Cin.

I nvest., 2000, 106: .1071-1075, .whj I S.expr y.jncorporated by reference
her ei n, i‘ﬁlfﬁofll's‘oré]l‘ifeio? SyS @?%?%lwgrbati%g&ﬁ;g;%ﬁr éy'gz' to a single

str a_nd9d1m&ﬁﬂ@h@fah_@%ﬂ‘h@ﬂﬁ@QligHribBﬁlﬁctléo@i!dleélis@@%ﬁb@d stARned,; oliGMenepr pol ymer
of ribonuclelc aci RNA) or deoxyribonucleic acid (DNA) or both or

nodi fi cat3Ws6G Ré¥Ea301. igreratioaof sulfivi bridgad nieleatidpiandescribegtin Sgroat er

subst ant 'C?! Aféﬁ{ééé%& NGabod s?kﬂ%%aﬁd‘éfo%ﬁf& 3l %QM;?@%P%%W {do" §gpeCt to
its target. IS termincludes’oligonucleotides conposed o

nat ur al | y46®8curri ng nucl eobases, sugars and coval ent internucl eosi de
(backbone) |inkages and which contain at |east one non-naturallyoccurring
portion which functions simlarly. Such nodified or substituted

ol i gonucl 9ok} des,tgphrekerred over native fornms because of desirable

properties such as, for exanple, enhanced cellul ar uptake, enhanced
affinity for M@dl@?@loaémh@arrg@f_ilf%@m privbedfwnl is\asmp, ¥y ¢nditie Reresence of
nucl easesgiol A 198L150r SR th LI BRRhccs e AUBBEHE nBBfRaMAN 6! ude a sense
st rand, and in another pref erredr embodi ment , e supermr does not

sel f - hybriilgise eart ke fausd yrih¢ fotlawingaxfeemices: ArflsopdKavasakeett alr, ddMed t he

i nventi on.can e ry, ur. e, L. 1S i

si ngl e- st?gfﬂﬁe@@ nt esggﬁg@i’%r@gﬁgﬁaﬂ%ﬁd%b’oh&{m‘ ﬁﬁ?"g@%gﬁﬂ%dng% &-s
subst ant i ‘gINA” evegleE Tstidanded RS, Bongie3st-samded to the extent that |ess

t han about 50% (e.g., |ess than about 40% 30% 20% 10% or 5% of the
supermr is duplexed with itself. The supermr can include a hairpin
segnent, g, GcemSSW N0 8 6FARIRLIAL e 3 end can self hybridize and
forma duplex region, e.g., a auplex region of at least 1, 2, 3, or 4 and
pref erably | ed¥cthilancrasthylimio liokedoligaubeuicledadss, @sgidentifigiheran bddes. The
dupl exed i,0 an_ be conpect ed a l.inker . J.....8, Nucl eoti de |inker,
e.g., 3, W&f&(%&o}égoé gr,lucé?oﬁl.%,e S’nr%egiy%l?neeglmﬁ’ sy.m}ider}lazgr%%l%( Flder enbodi ment the
superm r dlotbpiueicodidw, hiko Alesiifddd lefciohs BIMH Hnlged, 0li@brilonublecosidesSand9, or 10
nucl eotides in length, e.q, t..one or both of the 3' and 5' end or at one
end and i RCPHENHBIORY sy OgaRr B e @aﬁgfe@ﬁrelwsmdﬁ%m cs

m RNA M i g3d bERIRRAN IR 398 nRkhyieSaibetbsMalinERID 1 Ren1teedidbQ aisBi t at e the
gene silencing ability of one or rrore m RNAs. "Thus, the term "m cr oRNA

miomc" r eiflentiicd bersymashetiiled fiskedcattioriborizgsides as wallns nik@Nmckkbongot  obt ai ned
by purificati f a of n(il;ﬂgﬁ)n 1 B@Vfﬂ e capabl e of
entering (ioﬁg Oﬁﬁ%}{ag@ﬁh%\%a%ﬁygl% ncreéalhﬁblgatt?lﬁg geﬁlg&lgg%g'rr essi 15%‘?@%%‘% m m cs can
be desi gneedpas axat deseribal iedUb et (Nosg5,338,824, 6,386 )028detRP 6017 andl in ¢ precur sor s

e.g., pri-.or pre-m ] 1 m C ised of nuclejic acid
(o 11 6P bl dubhiine PL de Buibhar e Ry SE MRS ueGietas e npr 1 i ng.
wi t hout [ 9om3sab v .anfOE208m3dfdspevENA, FoaNAsctdTaAl fHiddiNbal ligeked nucl ei ¢
acids, or 2'-0,4"-Cethyl ene-bridged nucleic acids (ENA

, 0r _an
conbi nat i Gigosponugeogidencan b nedpaigi gg SO RRAITMY br P@Fs)\l.ost)s?%eﬁé?tan%n, m RNA
mmcs c ri b 23t | i ol zelq-ul ar
conpart neaﬂ%ée:l ’?P@zaat@ r%&%gutxg%ﬁf@? C}Bﬂ@%’gﬁﬁlﬁﬁdﬁ%ﬁbﬁe trlé/p%%égl Z}Stlg;g,lésgrgtfégﬁ usage,
and/ or potSnByt. NbnS, 2866 Ide SilgrgneneiiNAnrhsiacsdacgbedon Bbemist,f Bnded nol ecul es
(e.g., with a duplex region of between about 16 and about 31 nucl eotides in
| ength) and contain one or nbre sequences that have identity with the
mature strand of a given m RNA. Modifications can conprise 2' nodifications
(including 2' -0 methyl nodifications 8hd 2' F nodifications) on one or both
strands of the nolecule and internucl eotide nodifications (e.g.
phor phorthi oate nodifications) that enhance nucleic acid stability and/or
specificity. In addition, m RNA m m cs can include overhangs. The overhangs
can consi st of 1-6 nucleotides on either the 3" or 5 end of either strand
and can be nodified to enhance stability or functionality. In one

I Y L 8 ren LA . o o A o~ I )




exon- intron boundary (Brown and Sinpson, 1998, Annu Rev Pl ant Physi ol

Pl ant Mol Biol 49:77-95). Nucleotides 2-11 of the 5 end of U snRNA base
pai r bi naweizbtv/ash®15' ss of the pre mRNA. I n one enbodi meaT/US2009/063927

ol i gonucl eotides of the invention are U adaptors. In one enbodi nent, the
U adaptor can be adm nistered in conbination with at | east one other i RNA
agent. digonucl eotide nodifications Unnodi fied ol i gonucl eoti des may
be |l ess than optimal in some applications, e.g., unnodified

ol i gonucl gabi;das;q¢ abs. 19881781850 CRRLALALIIRRmEYts GreliescrbRl it Rkndapic! eases.
Nucl eases can hydrolyze nucleic acid phosphodi ester bonds. However,

cheni cal h%dl(%@ub&mn§1851dPB@oﬁmbb@%ﬂﬁﬂ§§Qdamnmohﬁmqéﬁﬁﬁﬁ@V@Edgropert|es,
A oo I TRl SR Sl 9D reRL! BRSNS SLABLE RoMMEHERSER. | As
ollgonucleo Pés are po uni'ts or of "t

nmodi f i catdestribedéis Stifchad EHEII‘DJMeﬁxﬁAuﬂs Rts.a9$ﬂ}3|7161(29. V\:hl ch i s r epeat ed within
an oligonucleotide, e.g., a nodification of a base, a sugar, a phosphate
noi ety, or the non-bridging oxygen of a phosphate noiety. It is not
necessar YR M cembhi ORI A OPR:1d-RibdsIBYEPoR RGOBHEL eotide to be uniformy
nodi fied, and 1n fact nore than one of the aforenentioned nodifications may
be i ncor por at déyclabutyl sigigheregiicgompendstcrabe picpavenas adewrisphiyl @Snucl eosi de
within a I lgQt |1 occur
2t ol o P Sk AR bR ding suewr R REE TR R PO  and i
fact in nEthmésSel@ 1i34. Mbiphotiet sugBysunayatef captempdpercdas iodtséritedtin OrS.may only

egion oy N5 3Ll i s B s Bl Tasires " pien B o

term nal R&ad @NAéjﬁreq{nO‘wﬂ Peh& drdshn Be pBpardd iaccOidadd@ wikcAgQriges of an
ol igonucleotide. A nodification may occur in a double strand region, a

singl e stYasinds Pregidyres referrphtopPRptids Musdile Aeids (1B HdynbesuPrensrties i2pd t he
doubl e st ige Iy occur
na oi ng) i AR B O O T o e 1Y
phosphor dichiroztral imadédrdaat with (&5 Rat.Mn-SE3Pd§Bng oxygen position nay onIy
occur at one or both termni, may only occur in a termnal regions, e.g.,
at a position on a termnal nucleotide or in the last 2, 3, 4, 5, or 10
nucleotidﬂﬁmgml@kgykaﬂa,RQa@m@y occur in double strand and single strand

regions, particularly at. termni. The 5 end or ends can be phosphoryl at ed.
A nodi fi cat i onlgBRt medidicpignsipre deagribsd it Menehsran, Mpdr ¢4 d4tisebir,adr t he sol e

type of i i | it a nodification
can be cgpn%ll%beggl\%iml?%g%gyg&ﬁ%?g 12% 12'8@202??1?%%?%%%?31@%2% bed herein. The
nodi fi cati ons described herein can al so be conbi ned onto an
ollgonuclﬁotgl%eE zkgrlgkgferent nucl eoti des of an oligonucl eoti de have

di fferent escri bed herein. I n some enbodi nents it is
particul arl y rN-efsabitﬁd:,d parige nudléstihandies shibd pricpared 40 idewelibeteinpast i cul ar

nucl eobases i n ov an or to i Iude |f|ed nucl eo |des or, cleotlde
sur r ogat 2t Ney 5645 ﬁgﬁé gPF%ﬁ%‘d’“B%}%P FRyLle agngtes cihbgprEpargs asys desgip Wg in

both. E.gus. pit &8 @5?7 aask %Béﬂb%lth@d?gﬁﬂnﬁﬁ& RIMdoGEe Qﬁlfdlt%é)&dncl%préﬂhréw er hangs
In some enbodi nents al'l or some of bases in a 3" or 5 overhang will be

nmodi f i ed,asds describddiih UaS. stliNg. Sl &h7 cﬁegr@pyrbé@yh@rdememucmdw poghicons can

i ncl ude, (%n%epﬁzh%d%?%(%(xﬁgguig%gbloﬂg ﬁa&i&ﬁgz OH group of the ribose
sugar, e. deox onucl eoti’des, é.g., deoxythym dine, instead
of ribonucleotldes, and nDdlflcatlons in the phosphate group, e.g.

phosphot hj oat e nodi fications. Overhangs need not be honol ogous mﬁth t he

target s Specific nodifications arﬁﬁdlscussed in %gre detail bel ow
The Phosphat e @ederal Tinker” mepfganofganp oty HGLEPINECH VRAMBIV &1 y char ged

speci es. (;Blﬂﬁ)oﬁﬂ@r[gﬁ(eksstygﬂcﬁq}r ¢ RE 2 aat@lbbid 91‘/2@{ at&rﬂ%uéh"‘é% 0'319?6nmr sd@img oxygen
atoms. However, the phosphdte group can be nodified by replacing one of the

oxygens i ht aickip$ NB/ é?(@),s(&(lﬁl:)NHt, §nB02, S NHeerl chamfoftatnings, sisdiaki cation to
RNA phosp, e

ol 1 gor bonge SR PLRERSGaT b, WISEERITR TR ALARER SR Wiedotni ng 1o be
bound by theory, it can be de5|rable in sone enbodi nents to introduce
alterations which result in either an uncharged |inker or a charged |inker
wi th unsymretrical charge distributior612




Exanpl es of nodified phosphate groups include phosphorot hioate,
phosphor osel enat es, borano phosphates, borano phosphate esters, hydrogen
phosphonavezpigpise®phor oam dat es, al kyl or aryl phosphonaCeasand/ 063927
phosphotriesters. In certain enbodi nents, one of the non-bridgi ng phosphate
oxygen atons in the phosphate backbone noi ety can be replaced by any of the
followng: S, Se, BR3 (R is hydrogen, alkyl, aryl), C (i.e. an alkyl group,
an aryl group, etc...), H NR2 (Ris hydrogen, alkyl, aryl), or OR (R is

al kyl Or‘ﬁﬁM%an&ﬂﬁbﬁﬂ@%ﬁhgk U%yﬁm&%&!Qq@ﬁbH@F%@kﬁhﬁﬁmEﬂQSphate group is

achiral. However, replacenen one” of "t he non-bridgi ng’ oxygens with one
of the anWeOGthwmdrh@@omvkmomyah@mmcwéﬂdevhhthewEﬁDbbhmﬂous atomchiral ;

in other }%gr 9cye glﬁgﬁﬁf éra(r)yrl e?era%rgpheteroc goa;t]ka/l X Olu %cgr?}/]ql fied in this way

is a stereogenic ¢ reogen p 5 ‘can possess
either t rtekylﬂyladquaug,uuratalkoﬂyl( fieyletyhaliBmyl1, @&ehﬁ&ry'[aﬂ(yl,w])kﬁniygtwlﬁké@m (herein

Ul ur. TR THOURRE G bORFERs R EEmHSEDaY R I3 PORTRG achiral whi oh
pr ec| Udesalkﬁﬁet&‘aﬁ%tuty@rhll%ﬁhé?érbﬂ?faﬂ&ﬁﬂuﬂkﬂﬁ&k%ﬁylﬂkﬁﬁﬂl ereorers. Thus, whil e

not wi shing to be bound é,t eofy, nodiflcations to both non- brrdgrng
oxygens, alkingheereanyiplylea h@ylhqwrp@nyla@@nylepkewllgeterpmbﬁqy@yl@d| t hi oat e

i xt or o5, TR Fp AL P Al n e AR N SRR BRI oy one of s

Se, B, C alkylhd‘tlerooycb([Hk(/lRalkglhaﬂekmycl@]laﬂﬁnydl dlkylhererocdiglalilgogphat e |i nker can

al so be i f ed of bri in n, (i. 2Xgen that |inks
Fhe. phos sl reeteh Rl aBiT ol Slaw bt pro g biortryl it SA9F
phosphor oamrgﬂteesaoyc@wmﬂ rauéﬁrfyr}féee&y@l@oﬂ&tigar Q&?hﬁﬁét&%lyo%ﬂﬁik?@ﬂ bon (bri dged
nethylenephosphonates) he repl acenent can occur at the ei t her | i nki ng
oxygen oraﬁtmﬁb@ﬁf@H@Yl@HWPM@Q@X@@@%%ﬂUWWbﬁmﬁﬁﬁh%@p@giﬁ&@@XW@@ﬁmﬁé t he

3' - oxyge r regd. Waen the
bri dgy g eprg o bRt e ATl b CARRARA b B B B S i ogen
i s preferNe&l)., ), aleembirtlinking dreurPhaspvitdeor @neubptituted arlesfmbstnhtod phat e group

o be. boult By Lo TR s R I RRRY Che Mg hah P nod: st or

gr oup |s;kbeaﬁ@ambboﬁm@aﬂ&ﬂmhpmMmucleontrc degradation, its replacenent
Wi th neutral structural m mcs. sh art enhanced nucl ease stability.

Again, while rIBtOHQ\F@h?‘Hgle’tﬂoﬂﬁémb‘%fuhd (Bﬁ 1 - R bdn-ToeVbaeni abl e, in
some_enbodi e g fopi R Q&chdt—'? @Ach%&bélﬁﬁﬁtl}'/ fBr‘é’E‘éhccfbcﬁﬂ?&tha%&ﬁcb(ﬁﬁQﬁphat e

group is replaced by a neutral noiet anpl es of noi eties which can
repl ace tOeS,HISPEHE(QY, 6ilh, CHdNHd@Hﬂ%ﬂﬁ@CHﬂ%d@ﬁﬁoﬂaﬂeCHﬁEWNﬂylan1no

si | oxane, carbonate capboxymnet h I carbamat e, gand de, thioether, ethylene
oxi de |inker, teﬂM, 0 i cet\ap” fornacetal oxi ne,

met hyl en %ﬂ;@r t hylNenenet m no, et hyl nehydrazoﬁpu\v/

met hyl ene ﬁ%ylhydran and net hyl eneoxynet hyl i m no. ’ referred

repl acenent Qi ncl ude the net hyl enecar bonyl am no and nethylenenethylrnino
groups. Hoit]::dified phosphat e |i nkages where at | east one of the oxygens

| i nked to Hhe|phosphate has been repl aced or the phosphate group has been
replaced-bv nr phtosphvtylpus group, are also referred to as "non

phosphodreste backbone I|.i.n acenent of Ri bop hat e Backbone
Qi gonucl eoti d? %ﬁn@@f?ﬂbmgggp?%V%zgwaﬂl&V?Heﬁg 5%ﬁ§fﬂﬁﬁted'mherern t he
phosphatecﬁaﬂkeKCng H(TPRRE(BY@EY-, ael,Cepbagad,dmy-,pucl ease resi st ant

nucl eosi de_or nucl eot i de surrogates Whi | e not mnshrng to be bound by
theory, iCH6H@)i(AE4:NFat t he absence of a repetitively charged backbone
di m ni shes b'@@hﬂﬂm&ﬁopégkﬁhﬂﬁlt g# ogni ze pol yanions (e.g. nucleases).

Again, while not wshing to theory, it can be desirable in sone
enbodi nent , tdiunﬂﬂoduoemaimmdadednehrn whi ch the bases are tethered by a

| de th I
35??2?. dine and Sq? A3, yzfolfgﬁﬁkucﬁﬁ%qngosi’ e’s @&O%8¥ﬁ££§“ty

preferred surrogate IS a PNA surrogate Sugar nodifications

nodi fied RNA can include nodification of all or some of the sugar groups of
the ribonucleic acid. E.g., the 2 hydroxyl group (OH) can be nodified or
replaced with a nunber of different "oxy" or "deoxy" substituents. Wile
not being bound by theory, enhanced sfability is expected since the
hydroxyl can no | onger be deprotonated to forma 2'-al koxide ion. The

2' -al koxi de can catal yze degradati on by intranol ecul ar nucl eophilic attack
on the linker phosphorus atom Again, while not wi shing to be bound by
theory, it can be desirable to sonme enbodinents to introduce alterations in
whi ch al koxi de formation at the 2' position is not possible.



Exanpl es of "oxy"-2' hydroxyl group nodifications include al koxy or aryl oxy
(OR, e.g., R=H alkyl, cycloal kyl, aryl, aral kyl, heteroaryl or sugar);
pol yet hylwoegiyiselos (PEG, O(CH2CH20) " CH2CH2OR;, "I ockedPCmuusk@omciei ds
(LNA) in which the 2' hydroxyl is connected, e.g., by a nethylene bridge,
to the 4' carbon of the sane ribose sugar; 0-AMNE (AM NE = NH2;

al kyl am no, di al kyl am no, heterocyclyl, arylam no, diaryl am no, heteroaryl
am no, or diheteroaryl am no, ethylene diam ne, polyam no) and am noal koxy,
0(CH2) . AM NE, K'€isGndepMeNE % 'é%rocétlujféﬁlc@m Hféthyﬂ'eﬁlylfﬂr@}ﬂ?l NQprdifi eugeyc! yl
aryl am no, draryl am no, heteroary am no, or “di héet'eroaryl am no, ethylene
di am ne, mdky@ﬁqno) It is noteworthy that oligonucleotides containing only
the net hoxyet h gnr(f)ci’]’paré M:c]lzi)l c}eé ng_lgocrgfc%o 4 éE 6 OI ¥ tvx!h\é e} thgxhl bi't

nucl ease stabiti'ties’ conp al oL S AoE e he ro
phosphorkamm@ganmeﬂimiﬁatmﬁﬂbrdﬁﬁxmﬁ 'Deoxy" nndrfrcatrons |nclude hydr ogen

(i.e. deoxyrlbose r ich are of rticular relevance to the overhang
portions of pdtfi epgghehﬁﬁgfﬂmﬁaﬁgﬁeéeg% 0 #Mdoro); amino (e.g. NH2:

al kyl am no, duﬁh&xh@ﬁhggmyh&kﬁﬂpg&ﬁhy&m(ﬁgylan1no di aryl am no, heteroaryl
am no, diheteroaryl am no, or am no acid); NH(CH2CH2NH).CH2CH2- AM NE

(AM NE = NH2; Talok Prahe dimentdthelinjeroempeisests teastony clepyablelinkingwraw. di ar yl

am no, heter Oarmél:rtaé}f{‘e,lﬁlgmﬁﬁleﬂﬂ htﬁ& RO b&ﬁ'&h@&?ll erN'T‘ﬁé Qéaﬁcﬂ?%mt 0? eyl
cycl oal kyl, ar oaryI or sug

al kyl -t hllﬁalaihkd{lmketr Irnagaalelaobeyst tlawdierm,ltiuytn,aydbyalt@mlvklyrht pemteyzlalenad)d(enyl and

al kynyl whi ch may be opti onal subst i
Funit ] onattiiatensatmg £ SRR BRe e e e uP b e P mbatingsaiss

2'-0-all ytheb%ncr@mahd yIN, -a0d)-2; -3-um-o, -ss-C, -c(dha@ugaocgnpup)can al so

contain one or nore carbons that possess t he opposite stereoc enlcal

conf i gur QR (Ph&not MQ)@@)@% wsreia s Aricnendenthhion cadh acpwese Hiius, an

ol i gonucl as the
cugar T A L O P Lo Ik W e B ety B RS ol £2
sugar, e.@uwmampha nucl eosi des. G i gonucl eotides can al so include "abasic"
sugars, which lack a nucl eobase at C-1'. These abasic sugars can al so be
further containing nodifications at one or nore of the constituent sugar
atonms. O Cpenwt) Betiheesogan al so contain one or nore sugars that are in the
L form e.g. L-nucleosides. Term nal Mbdifications 3' and 5'

ends of an ol i4yeiseablsdinking saw Benepaichivtiliaently shbds euttids theﬁsﬂ ®3h be at
the 3' en\ghlcﬁu (ﬁf@]t 1nt99ttt @trgéﬁ 1@8162&'@& tmle‘ﬁ%gtwg Pa’eﬁé tﬁ(ﬁpnke?fsl H@)‘lj(ﬁn

nodi fi cation or rep acenen an entire term nal ate or of one or
more of tthecth¢rolmsa plfefetrh?é eptboélp‘mat ehegrlv:mrpble Enking gtchle lsBCIeza/rrd aplecasghls of an
L 2onu] G 5T B8R HAG" B0 R PR Ty LYRGLL 0RL TRLPE gy, et it es

fl uor escare&rerﬁﬁormincﬁy(&h@bhesh Of., lﬁrr@tee&tiltdsrgmgrcmup@rééamsledaceuglar on sul fur,
silicon, boron r ester %gge fu ctional nol ecul ar entltﬁﬁém% qﬂge attached

to the sugafit lpﬂ nétledﬂ rfatS@ 5l Otnsleb? fieond 1efRase co hal at om
of the Iinkes Ce@set&rya%tmtﬁt Rlrepr8RhAGRdI8s Ful i@e BIRMoPlerhiig Phosphat e
group or the % N, 'S or C group of the sugar. Alternatively,
the |i nke@lee‘aihledmkmromm amsm@ptlbleéo thavage pgdntfak-gapbiaraghx aotqmtealeotr de
surrogat e r/ ecul ar
entity- I|Hé§m<3ceop@%%%hgr?gpﬁ$§g% &knh g@§8§§é%h%fﬂg&§%lﬁ ??}a dsRNA,
t hi s ar r afpucdat }ﬁgliestervélsrbeadtﬁrrtlea 1ﬂ$&lerc{ells’lthah\lih deaump ot load. hﬁxmrmlﬂ-dfym RNA

age Ter.m nal i cagtions eful f atr tivit include
T 11 oG e 3!&% Wﬁ?’ha%&‘%ﬂ ch e 53 gomaltléu gh%‘l%%aée in
pref er r edwBigR AskcRYuBstARS dpSERsEy, $ﬂdhﬁﬂ¢g3 cQf, o@!ﬁtaﬁlées@r redRtide e&hﬁspbpryl ated or
i nclude a phosphoryl analog at the 5 prinme term nus 5'-phosphate

nodi fi catlicé#sive agdntrdach hb@erc\wﬁa@hp@ﬁ@t sotpbatthaican degradery rednedevabled gene

silencin

((+0) 20y PGHEE D & QL RRES ol Gt SIS UERCg Rt yeiac
5'-tr|phoamhamﬁmﬁ(eg)Q@Qyﬂmﬁammom@@ﬁPﬁﬁh@@Hmy@ﬁ)aﬁyﬁbammﬁmnguamQaene cap
(7-nmet hyl ated or non-net hyl at ed)

(7mGO0-5-(HO) (0)P-0-(HO) (0)P-0-P(HO) (0)-0-5"); 5'-adenosine cap (Appp),
and any nodified or unnodified nucl eotide cap structure (N-0-5"-(HO0)(0)P-0-
(HO) (0) P-O- P(HO) (0)-0-5'); 5'-nonothi 6phosphat e (phosphor ot hi oat e;
(HO)2(S)P-05"); 5'-nonodithi ophosphate (phosphorodithioate;

(HO)(HS) (S)P-0-5"), 5'- phosphorothiolate ((HO)2(0)P-S-5"); any additional
conbi nati on of oxgen/sul fur replaced nonophosphate, di phosphate and
triphosphates (e.g. 5 -alpha-thiotriphosphate, 5'-ganma-thiotriphosphate,
etc.), phosphoranldates ((FD)Z(O)P—NH—S (HO) (NH2) (0) P-0-5"),

o o, - o . o




useful for cross-linking an RNA agent to another noiety; nodifications
useful for this include mtonycin C. Nucl eobases Adeni ne, guani ne,
cyt osi ne wWodouwmEeiol are the nost common bases found i n RENUSTIO®6e3RASES can
be nodified or replaced to provide RNA's having i nproved properties. E. g.,
nucl ease resistant oligoribonucl eotides can be prepared wth these bases or
with synthetic and natural nucl eobases (e.g., inosine, thym ne, xanthine,
hypoxant hi ne, nubul ari ne, isoguani sine, or tubercidine) and any one of the
above nmodifd.caké ANseid é%&x%%f&%ﬂk‘ﬁ%' @upSMba%tnhg 's!§ Qgerféi‘ral o] ﬁépﬁ@as@@@shﬁ’&ﬁ of any
of the above bases, e.g., "unusual bases' bases' non- nat ual
bases” anw@n'bamibsersapchioestd phesdniaesd her ei n, can be enpl oyed Exarrpl es

i ncl ude w thou am.n ade

derivatives ofgag%vg]br?gmgﬁ %rmépri Suc asf dlsu?ﬁd aXlF%susc%?EQ% Berl vat i ves of
adeni ne apﬂiogmammrun’érsmt ewhilachd awafuge @ytaoslim,pfﬁrsphglpwrlymrufaagmg and

cyt osi ne, a r tosi pe and thymn uraci | seudoyracil),

4-t hi our a%‘?rtl ag@tﬁatl ﬁgr Eeg SOmgS E’]aZ’e a&ﬂ@ﬁ&%%ﬁ% )“Ettllﬁéi‘rfge °§g§n§eﬁ7&ngl |yl uracil,
8-hal 0, afidiemed Rivelan el @dlckildic hY 8 Q¥mld BMds@hoighkeds wibskt hut ed adeni nes
and guanines, 5-trifluoronethyl and other 5-substituted uracils and

cyt osi nesS eaﬂabﬂéﬂln&mglgmﬂoﬁbat lﬂlméﬂﬁ%mﬂe@deépﬂb thictebr sajcasgigdbagniionisi di nes and
N2, N6 e [ opy! adeni ne,

iy propynylﬁﬂg‘ggml(th l%gl:féoe e E?{rt quz? trtllgfa‘éé{vt% Q&génﬁgﬂt%%{e RY.

3-deaza- 5 azaaytlmlmmﬁn 1n21rudemIllapw‘oilmlmknfg-grahﬂ('ghlausateatza,ble?b}azi ii%ﬁlgl]ﬂ‘nl ne,

5-al kyl tos - dea ade N6, N&-di net hyl adeni he, 2, 6-di am nopuri ne,
5" 2 no- SPRE LT PS ORBC AP iR D TR P Ra. IBS B P Ps, b
pyri di nonge ce‘it t@'Hertéﬁ’gét@&)' For e&arﬂptermyur%étﬁg li2afBIcBRKY HAlRQItb the cationic

uracil - 5- oxgacetl c acid, 5- nethoxycarbonyl nmethyluracil,

5- met hy1-lpi mﬂlmylghellmkerathw%@@yéla?%@rﬁywﬁetlhyet -cplls qrp righy prpgsfqrases, and

5- net hyl TRk &R iR YRR ! 3-

met hyl cy?tgéﬂlaﬁ)g@ E-lrretgfh&lp b%léo%?%demm%me acée clé(tglﬁcgpﬁe 5 ﬁ]i%%gst OStI ne,

NG- et hy| adeoti aseyashigich s@ﬁentqll bgeniichen thermctshyctludlﬁ lINGE ihsdlpgnteamlyl adeni ne,
N- et hyl guani neﬁ ?r 0- al kyl ated bases. Further purines and pyrim di nes

i ncl ude tR0SE W ¥ ¥sed in U S. Pat. No. 3,687,808, those disciosed in the
Conci se Encycltgpm@, thafdonBal peptide BehdReLbAIGdEIEh ReestingGell PARESCIBMS- 859,
Kroschw t z, ., ed. John Wley & Sons, 1990, and those discl osed by
Engl i sch I?—?P“ﬁatses SpehpsRTECYs ERbRngYIoPYieer nat i onal Edition, 1991, 30, 613.
Cationi ¢ G OURg general, the VRRILEIEG BF b CARIidaR: &tdvgaettﬁtﬁgtgwt@%a&ﬁ@e\%t&% ncl ude
at t achnment of_or% or nore cationic groups to the sugar, base, and/or the
phosphor usy tastowpthd alahim\vtﬁg}dhaa@atm agend i driceddipposphiste the ciddlihes lindiingt y. A
cationic grou attace at o bl ubstitution on a
natural , % pIt Walrﬂals%I Re eeés%rg‘% %also f%st&he cang‘ | A EeablgtélF EmI?l ggroug"tlort hat does
not int erszelttg tMtetsf@t d*lyabzagdinzﬁet blood oif when, 1ndOﬁ5ctI’W)fh dthdreihedrgetwiste. t he

hydr ogen bondi ng |nt er actil needed for base pai A_.cationic group can

be at t achBi's@ngcan dArEiRanE Freates suyserit ity e ¢ FaVé‘gE{ﬂ%t&’Ferb? firshatdyous positi on
in a cyclicgofdfcoddiieh] whd@Rirs W {cRIRl%0 b@ﬁfdﬁc‘aﬂ{/&ofgfl&‘éﬁ’% 1ﬁ%ﬂa1’g€'t°deHde e.g.,
prot onated am no gr oups derived frome.g

al kyl am na_md thit selcqyd laﬁtlmsed todrcandearioe pf clea&fagt anothe tlsmeapyblomqabﬂulﬁet eroaryl

oo o i) MRFREM T Oy pAVERRE oS BTLAG cAERETRL: umGae o

het er ocyodeyllcultmeyﬂnamgancn,r tldsuarcylturamrnm whbketaﬂrrﬁxﬁst ylt nagiba msefmlrto cfhaﬂtet eroaryl

am no, ethyl ene_ di.am ne, oI am. no m no . g.
el o o R D Epy PR YR TR o dTanS o Fnn et by BrdiL AR no,
di het er oajpY¥WhoRdndQals Oln ﬁefeﬂ@d 8&b&dimeRk, dyk&%%wwon%a@d?ar%ﬂ%d@m NE =

NH2; al kyl ami no, di al kyl am no, het erocycl yl am no, diaryl am no,
het er oar yiFasai hd O6F 10 hweetasist ipl thaedli{e) un%r Hed tf@ﬁ@ndmumseﬂe@t to mimic

ol i gonucl gl i ﬁlar ondmonéoﬁfsecq?ﬁﬁﬁt d't8%1d08%§ séi%éﬁ BF &}Id%f i%%f P&dtt[b%'s‘lded on an
ollgonucleotl at ocat g., internal position of
a strand:whxmdmamhamEmnndmhrmmﬁummhn ollgonucleotlde A preferred

| ocation of a nodification on an oligonucl eotide, may confer preferred
properties on the agent. For exanple, preferred | ocations of particular
nodi fications may confer optinmum gene sil encing properties, or increased

resi stance to endonucl ease or exonucl ase activity. One or nore
nucl eoti des of an oligonucl eotide may have a 2'-5" |inkage. One or nore
nucl eoti des of an oligonucl eotide my have inverted |inkages, e.g. 3 -3,
5'-5", 2'- 2' or 2'-3" linkages. A doubl e- st randed ol i gonucl eoti de

may include at |east one 5 '-uridine-adenine-3" (5 -UA-3") dinucleotide
whereln the ur|d| ne |s a 2 rmdlfled nucleotlde or a term naI 5'-

o ~1 1 1™~ ~1 o, - P I L - o



The ol i gori bonucl eoti des and ol i gori bonucl eosi des used in accordance with
this invention may be synthesized wth solid phase synthesis, see for
exanpl e "v@Di2govniedo@ot i de synthesis, a practical approaclRCI/USA009N63937 Gai t,
| RL Press, 1984; "digonucl eotides and Anal ogues, A Practical Approach”,
Ed. F. Eckstein, IRL Press, 1991 (especially Chapter 1, Mbdern
machi ne- ai ded net hods of ol i godeoxyri bonucl eoti de synthesis, Chapter 2,

A i gori bonucl eoti de synthesis, Chapter 3, 2'-0-- Methyloligoribonucleotide-
s: synthesis and applications, Chapter 4, Phosphorothioate

ol i gonucl gobt L A88, FBRLSS orBupsSy Nt hesi s of ol i gonucl eoti de

phosphor odr thni ar DY [ I.ORr.2: I | eosi de
nethylphosphoﬁg 62%“§E§§B%§%6%%Féfg&gﬁﬁgﬁﬁg%&ﬁﬁﬁ% gg?ﬁgggﬁﬁ%%?%?%%ng

nodi fi ed desed updad laductipant bxadataml Wrusemhple cfyratuegtdly cloavabidinkes, growgagent s,

bl ocki ng grou anpd. reaction ditipns are.descrjbed i rtin, P., Hely.
i Aot 8a g o B € SRC e am e e § S B h s ot

Tet r ahedrign suild®2iredBtivel? ¢Ravablellinkint: BeaycagRr edmple isaHatly B usdwith.
Tetrahedron, 1993, 49, 6123-6194, or references referred to therein.

Mbdi f i catd Btitigdad RNBemotcly andravichleptiszetipg gagny sueern lepk Waethers321 can be
used her ey ipth s Cﬁo?%k'zg#%@,fa &hligh Qlﬂﬂ AL AARed b?z%&f%ﬁéo \gﬂﬁ' publ i shed
patent applications |liste erein are hereby 1nco poratedl y reference.
Phosphat ediGiogitRdDdlermesher reducing Tgant psiep snagtrtononf inphosphvmet mimic

ol i gori bopucl eotides is descrihed.in US Pat. No, 5,6 508,270. The

pr epar at itﬁﬁ T Ol RS WSH’:&’tbbee BFTYS ‘int'ilocﬁﬁcff-%o? fogesd C‘SE ﬁb%%@ﬁ%tas inUS.
Pat. No. &n463.68@3aludtb@uiicepaidaiond Whith phaseiertamitid ol sgefdnbonucl eot i des
is described in U S. Pat. No. 5,6256,775 or U S. Pat. No. 5, 366,878. The

pr epar at | ©RIGPH Hsneferrdendinentganiidak semeedg et qleavadbrpimed in U. S

Pat . “b-,ﬁw@ﬁﬁh@%@odTﬂﬁmﬁﬁﬁﬁéE@%b&ng&Jﬁgﬁ@&QmﬂﬁﬂﬁBﬂgkﬁmﬁkkg@&ﬁQﬁﬁUC!eOt'de
is described in U S Pat. Nos. 5,130,302 and 5,177,198. The preparation of
3' - Deoxy-®B'lcaatd, dol oo unefidetie thel del dori undenio Iveot ¢aadgionssaiessatbbed in U. S.

Pat. No. 5,476,92 3! - Xys3' - neth e sphonat e.. al i .1 bonucl eot i des
e descr i B TRRuE ofFR by cofByt BT GRBRRNT FuedieaB R

Pr epar at | @iecel t& tihitrexbtdctighd condit@e). i egatc o f deswigt bechndilapoambusts al .

Nucl eosi des Nucl eoti des 1988, 7,651 and Crosstick et%(?l,. T%t rahedron Lett.
1989, 30, CAbsscenyysd unpeipdest azEme sinctics assaypyadqricendfighshersntne 2

modi i cat hQme iGARIRRar RRHaddo¥Par to Sonditiond khosBR M midie extrRlefglem 1998,

67, 99-134 and all references therein. Specific nodifications to the ribose
can be fouediain the followi ng references: 2'-fluoro (Kawasaki et. al., J.
Med. Chem, 1993, 36, 831-841), 2'-MXE (Martin, P. He/v. Chim Acta 1996,
79, 1930-1938), "LNA" (Wengel, J. Acc. Chem Res. 1999, 32, 301-310).

Repl aceneiosplart-heseRPlataplidt BniGioppumef er ences Met hyl enenet hyl i m no

I : nked gl i gOlr iHlms%lﬁteeméﬁﬁs?vaaﬂegﬁkin@%m?dﬁﬁ igﬁtléh@?@ia?a%&ts:mﬂt dle:gﬂgﬁcedr | -

ol i gori bonucl eosj des, pnethyl enedi net hyl hydrazo | inked ol i gori bonucl eosi des,
al so i den®idfql¥es th%P@SHhaé%gW KPﬁ?&@HPISIOf ab?geﬁbﬁhafcqq%aagﬁ phosPhaggpgroups in

met hyl enegag henwbamngck a%glpﬁa_tds&qwelhse%aaﬁﬁ%s ofbBRphHEBALCA lliﬁfé'inF_er ein as
am de-3 |inked ol1goribonucl eosi des, and net hyl eneam nocar bolgl)(/l i nked
ol i gonucl grogisdes;O-RIQHORKERE.i-Or @) (KRkeiGh, 45 PEH RO A-| thREV(ORk)-O-, -

st ance. DA BRSSPI Se o A2 8 TERATES Sk OfRig2®, o
oUbl | Shed_ PCT anbl 1 catlons. BCT] UEas] 04294 ani. PGT) Uhao) 04305 (gubl | shed as
3[)92/20g%ﬁﬁ%%ﬁgﬁhméﬁfﬁﬁ§§§F£§é§%gé$ 'é?ﬁ%ﬁﬂ235§§b35§%ég%§}gﬁr for macet a

| i nked ol p@oo ucHgge) -camw.p BRer ed-msyosNdessrphropyo-U.g  Pat.
Nos. 5, 264(,9)2 2@2% 5,61!21@21@%?4. "Et hgjl)g?lepoii defql )i(nk%d ’olli{g:ogi bgnuél eosi des

6
can be prPAEBOasOPESHESEri -Hd ONEI9-5:S-Pa)(HNG-, -SPEQRHESS -OF (S kdme
repl acenmegqt s i N _§935A) Ja F. . j i Res. 1988,
1o 4583, Car et bRl 8 SF Q@ T ikl AnidhEHE E CARLES o
Soc. C 19®ing &B&ds aGalopavsytorgtosy esceiddaebenent s are descri bed in Edge, MD.
et al. J. Chem Soc. Perkin Trans. 1 1972, 1991. Carbanmate repl acenents are
described in Stirchak, E.P. Nucleic Acids Res. 1989, 17, 6129. Repl acenent
of the Phosphat e- Ri bose Backbone References Cycl obutyl sugar
surrogate conpounds can be prepared a80is described in U S. Pat. No.
5,359,044. Pyrrolidine sugar surrogate can be prepared as is described in
U S Pat. No. 5,519, 134. Mrpholino sugar surrogates can be prepared as is
described in U S. Pat. Nos. 5,142,047 and 5,235,033, and other rel ated
pat ent di sclosures. Peptide Nucleic Acids (PNAs) are known per se and can
be prepared in accordance with any of the various procedures referred to in

o o ~ o " ~ 2 a2




Nucl eobases References N-2 substitued purine nucl eoside am dites can
be prepared as is described in U S. Pat. No. 5,459, 255. 3-Deaza puri ne

nucl eosi awoaniodisses can be prepared as is described i n BCHUSEPW/063907
5,457,191. 5,6-Substituted pyrimdine nucl eoside am dites can be prepared
as is described in U S. Pat. No. 5,614,617. 5-Propynyl pyrimdine

nucl eosi de am dites can be prepared as is described in U S. Pat. No.

5,484, 908. Linkers The term "l inker" means an organic noiety that
connects two parts of a conpound. Linkers typically conprise a direct bond

ggzansgtzo YRR A% BN EER R sul fur, a unit S'UChtaésj NR , C(O),'C(?)SIH,IEOI,
, NgLﬁrjﬁ?ggﬁgaf%a‘ : : ituted al kyl,
substituted or unsu sPﬁgb e P%%E@?Pﬁéﬁ%§$?§$%gz?oﬁgﬁﬁgﬁgégﬁ%ﬁ%%d al kynyl ,
aryl al kyl gonditiphsal lngmnyfbrredaenybealikiymy hcid blesvebdinkingl deydps ahedlervodinydnal kenyl |

et o ooy g RPIETaT TS Vil bt pior Mt o G gty PO- ST Begrdgien o

cycl oal keyydgen@lskoH @reybyhdthat cah katladh bk @Bl In @k spécyiclblymy |

al kenyl aryl al kyl , al kenyl aryl al kenyl , al kenyl aryl al kynyl , al kynyl aryl al kyl ,
al kyny!| ar§/e#ickenyuch 9é|ek%9ma$ Yy SOPARES cag| kG ithet eedyapg frafineyment for

al kyl het g : I |24 -al - kyl ,

21 Kiny ! herar QeI Kl Bl B O i e e e MR Y e ki
al kyny|l hetce tioaicy tahydearphss, edtéry.rapk lkettsrod amydoadckdg nycid dédvgblhetampocyc! yl al kyl ,

21 keny! hatar dtergrLERit CrviagihEoersasto ) AR embodimentis when
al kenyl heheteatychtydchddayibd oxyabkynyit baéqReyexylsadupyis,an aryl group,

al kynyl het erocycl yl al kenyl, al kynyl het erocycl yl al kynyl alkylarﬁl,

al keny! arSpstitaied pheyl gipyi. or kriiary Ry bergdp j4ch as divesily ivertyl erdriyiy]. These

al kynyl NeLaHAGY ban NS4 RaREGsiBE nI¥R8s FRIBSLENAR LR PPl BERLT Upt €d or
S, S(0) 2, "N(R1) 2,

term nated by O, , S ), cleavable Iinking group,
substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl,
subst i t ut BdereraserhBnilyst groupsed het erocyclic; where Rl is hydrogen, acyl,

al i phatic or disixstbatadtobehvalle phiahg groupsaro ok aenidydinaemnts suches ¢stanbses | S

-[(P-QRg-X-(P -Q - k-T-, erei n: , P, .. PP, R and T, ,are each
L eoonanrdase taeal Jeimms ot Bbmhig Geqpie nking er@ps Sk ihgie o) o,
CH2NH,  CHER 1in NP Edr 0 Oalkylerde( DkerfsikiRahd Mitynyl0 &Sops. Mitek BlRavabicQ r-r/\ sSs’

S-S CHNO ,H, .
linking groups have the general formula -C(O)O-, or -OC(O)-. These candidates can be

evaluated using methods analogous to those described above.

Peptide-based cleaving groups
Peptide-based cleavable linking groups are cleaved by enzymes such as

peptidases and proteases in cells. Peptide-based cleavable linking groups are peptide
bonds formed between amino acids to yield oligopeptides (c.g., dipeptides, tripeptides
ctc.) and polypeptides. Peptide-based cleavable groups do not include the amide group (-
C(O)NH-). The amide group can be formed between any alkylene, alkenylene or
alkynelene. A peptide bond is a special type of amide bond formed between amino acids
to yield peptides and proteins. The peptide based cleavage group is generally limited to
the peptide bond (i.c., the amide bond) formed between amino acids yielding peptides
and proteins and does not include the entire amide functional group. Peptide-based

cleavable linking groups have the general formula — NHCHR*C(O)NHCHR®C(O)-,
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0 HO H1l or heterocyclyl; Q and Q are each independently for each
occurrence absent, -(CH)n-, - CRl)(R2)(CH2),-, -(CH),C Rl (R2)-,

- (CH2CH20Vopid@S2401 or - ( CH2CH20) nCH2CH2NH-; X i s absemrCTars2@9nbmavabl e
i nking group; Ra is Hor an amno acid side chain; Rl and R2 are each

I ndependently for each occurrence H, CH3, OH, SH or N(RN)2; RN is
I ndependently for each occurrence H, nethyl, ethyl, propyl, isopropyl,
butyl or benzyl; g, 9 and q" are each independently for each

occur rencghQz RO ANRPWREHERLOBR oF BRERD B R biif@RiRE ThER SANBA& can
different; n is independently for each occurrence 1-20; and mis

i ndependetdvplupgd usiag metmods pradogoes B-tBese described above.

Ligands

A wide variety of entities can be coupled to the oligonucleotides and lipids of the
present invention. Preferred moieties are ligands, which are coupled, preferably
covalently, either directly or indirectly via an intervening tether.

In preferred embodiments, a ligand alters the distribution, targeting or lifetime of
the molecule into which it is incorporated. In preferred embodiments a ligand provides
an enhanced affinity for a selected target, e.g., molecule, cell or cell type, compartment,
e.g., a cellular or organ compartment, tissue, organ or region of the body, as, e¢.g.,
compared to a species absent such a ligand. Ligands providing enhanced affinity for a
selected target are also termed targeting ligands. Preferred ligands for conjugation to the
lipids of the present invention are targeting ligands.

Some ligands can have endosomolytic properties. The endosomolytic ligands
promote the lysis of the endosome and/or transport of the composition of the invention,
or its components, from the endosome to the cytoplasm of the cell. The endosomolytic
ligand may be a polyanionic peptide or peptidomimetic which shows pH-dependent
membrane activity and fusogenicity. In certain embodiments, the endosomolytic ligand
assumes its active conformation at endosomal pH. The “active” conformation is that
conformation in which the endosomolytic ligand promotes lysis of the endosome and/or
transport of the composition of the invention, or its components, from the endosome to
the cytoplasm of the cell. Exemplary endosomolytic ligands include the GALA peptide
(Subbarao et al., Biochemistry, 1987, 26: 2964-2972), the EALA peptide (Vogel et al., J.
Am. Chem. Soc., 1996, 118: 1581-1586), and their derivatives (Turk et al., Biochem.
Biophys. Acta, 2002, 1559: 56-68). In certain embodiments, the endosomolytic
component may contain a chemical group (e.g., an amino acid) which will undergo a
change in charge or protonation in response to a change in pH. The endosomolytic
component may be linear or branched. Exemplary primary sequences of peptide based
endosomolytic ligands are shown in Table 4.

Table 4: List of peptides with endosomolytic activity.
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I n one enbodi ment, the linker conprises at |east one cl eavable |inking

group. In certain enbodinents, the linker is a branched |linker. The

br anchpoiwoO 20fo/asi®1br anched |i nker may be at | east trivaCemsomos3may be a

tetraval ent, pentaval ent or hexaval ent atom or a group presenting such

mul tiple valencies. In certain enbodi nents, the branchpoint is , -N,

-N(Q-C, -0-C, -S-C, -SS-C -CONQ-C, -0CO)NOQ-C, - NNQC(0)-C, or

-N(Q C(0)0-C;, wherein Qis independently for each occurrence H or

optional |y sfRgEITUTed pdkWhee (U QL NET_Enbodr ment, The DRranchpoi nt is

gl ycerol or glycerol defrivative. C eavable Linking G oups A cl eavabl e

| i nki ng group 1 sGeme Wi £ALHAS ASNEEAINFADEAYAINARMNGE:COUt S1 de thel cel |, but

whi ch upon entry into a target cell is cleaved to releasle thel tw parts the

| i nker is holdi ngAlifoget heaLAHARABABAISIAEABYEAriygdiGiient , t|he2cljeavabl e

linking group—is cleaveld at least 10 tines or nore preflerablly at | east 100

times faster|in the targ%[tEAééF{*L%’?L%der a fi rst ref erence3condi tion (which
eRfesent racetH colndi tions) than

can, e.g., b‘ sef "c* ed—t HatraceHu
in the blood|o subj ec(t‘;LF.EA;EG }%Ne(}rvvm%rcwﬁd ref erence coné‘ii tli on (which

can, e.g., be blﬁ,ffﬁxgzeu PO G NG W ERIBEtG comdr tTonms—[fogmd i n the bl ood
or serun). Cleavable Ii n% ng groups are suscepti ble to c|l eavage agents,

e.g., pH redoX pREENTI [aGLIOTAIEREL INGRS EGMEDGW YGEQT adat 1 ve| el ecul es.
General ly, cl|eavage age (tt']ﬁ: %GEH}%VPEEM?}%(T‘?\% ar found at higher |evels or
an 00 8

activities ipside cells in serum or Exanpl es| of sjuch
degradati ve agendidFp ncl judd’: EAl EGBMNATeREN] bich are sel ecfted flor parti cul ar

substrates of which haveGLn@Aﬁgbsltm\@tveE@gg%(ﬁ@ city, including,|e.qg.,
oxi dative or H-eductive—enzyres—or—reducti \'Was—mr capt ans,
present in cell s Hhat C%IrF’GE%GF%Id%E AFEEOSA T esb Akt O T ki ﬁg group by

reduction; egterast et : n at maci di ¢
envi ronnent , etééﬁ,g%tﬁ‘%ose % x%@le%{flﬁg éﬁémﬁlbf-i&]zﬁtgﬁggs%r Io%er; enzymes t hat

can hydrolyz¢ HEAGGR INEANGRDE ¢ T NKT g group by acting as a
general acid| peptidases (whi strate specifilc), and

phosphat ases A C|%I<'f\% gFﬁﬁmygg%%ﬁ%oup, such as a di sal fide bond can
be suscepti bl &, korigldineThe pH of human serumis 7.4, while the average
intracellular pH is slightly |ower, rangi ng fromabout 7.1-7.3. Endosones
have a nore acl di ¢ pr |rt1) thelrah 19 §6 2964297? and | ysosones have an even
more acidic pH at ar ounau By S8he P nké have a cl eavabl e |inking
group that is cl eaved” at g lrJe‘?“é?hF%(sf gfﬂé ”tgﬁsé BBy rel easing the cationic
l'ipid fromthe Iigandingf %ﬁié FHe' eert 0026Fha‘f”ﬁTZfS“"t"Ff‘é"Va&?WI%V&IPE%‘Wﬁart ment of
the cell. Ahapeps RESTSTRA f"iatﬁ‘éfFeti‘H@"s‘ﬁlesétle‘@%i%tﬁlﬁse&”Fhi’”nWW groupt hat is

cl eavabl e by a parti ctil rerf2se: BThelt § puh ofvigt EAVdblePyarFEyr gr oup

i ncor por at ed i nt &svgtivirprrkier o aieoepentiicoirsthhete gl syseps ‘bl tar-geét@d.12°Por

exanpl e, liver targeti nlshidgantisoman Heal (PRkingiotaphatafraztpad ngrdisae-| | pi ds

t hrough a | i nker disuyadrerida @l yebeatiam cesti@plivegpOumprolidoone@rapge s api@ CheanCiT. 1 N
esterases, and thesefore the linker will be cleaved nore efficiently in
liver cells than in cel lovthypes, rhdadate ;a0 ®s) mdbnci@Sti@mase ofhicebreidsGhnfy@r cel | -t ypes
rich in esterasesnsiinGhude pG@lsIpSiv.Qfatefid MiiddtdGgonubi@ather cOkd €X, and testis.

Li nkers that contain peptide bonds can be used when targeting cell types
rich in peptidases, such as liver cells and synovi ocytes. I n general,
the suitabili tBtefafrediligemdslbdﬁi&r@r@deemna;hirehylbrm{iamign gmdupecifarnitylpeoeviddsuat ed by
testing th ability of a de radati ve ?g]g or con |t|orﬁé.to cl eave the
candi dat € |“Pﬁ€/| iy \BIPS%V;‘} nugle WF%IS%CSB el s epMRAEiSdt est t he

candi dat eplfpbaByRRIBtilid, BKh POlyBleAt ol Rhletcd/pAbing by cdndbihfBh DT noheA¥age in the
bl ood or when in contact with other non-target tissue. Thus one can

det er mi nedes¢ribed drrsin and/os maweshor pioHified ribpnydetideige bet ween a first and a
second condi ti cl eavage
in a target ce Iﬁ? nd@@?%ﬁeiagg%%hg ?%{hgﬁa?g%{t%gﬁ&gﬁér cb%e %?%{zﬁ%%ggﬁ?t cr eavage in
ot her ti sdam®stor cdm@luod @atpdrieugsps eg.gfor niwindodngdistsibntum; cibeeliekiag uat i ons
can be carried out in cell free systens, in cells, in cell culture, in
organ or tissue culture, or in whole animals. It may be useful to nake
initial evaluations in cell-free or culture conditions and to confirm by
further evaluations in whole aninmals. |In preferred enbodi nents, useful

candi date conpounds are cleaved at |ef%t 2, 4, 10 or 100 times faster in
the cell (or under in vitro conditions sel ected to mmc intracellular
conditions) as conpared to blood or serum (or under in vitro conditions
selected to mimc extracellular conditions). Redox cleavable |inking groups
One cl ass of cl eavable |inking groups are redox cl eavabl e |inking groups

t hat are cI eaved upon reductl on or oxi dat i on. An exarrpl e of reductl vel y
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Phosphat e- based cl eavabl e | i nki ng groups Phosphat e- based cl eavabl e
| i nki ng groups are cl eaved by agents that degrade or hydrolyze the
phosphat evgrowys44am exanpl e of an agent that cl eaves phesph@st@9gsaps in
cells are enzynes such as phosphatases in cells. Exanples of

phosphat e- based |inking groups are -0-P(0)(ORk)-0-, -0-P(S)(ORK)-0-,
-0-P(S)(SRk)-0-, -S-P(0)(ORK)-0-, - 0-P(0)(ORK)-S-, -S-P(0)(ORK)-S-,
-0-P(S)(ORK)-S-, -S-P(S)(ORK)-0-, -0-P(0)(Rk)- 0-, -0-P(S)(Rk)-0-,

- S- P( 0) (RlgknR: and maeRisdb Il conferiR(ibHRE) GRneral &'aa%& (ndride1/pids, Preferred
enbodi nent’s are -0-P(0) (OH)-0-, -0-_I§(S)(O-|);O-, -0-P(S) (SH) - 0-,

- SP( 0) ( OHfergids, i@mB{sOJYaK) prStcins, SpEey), pOhmBes, and patEy MOkdicss- |
-S-P(S)(OH)-0-,. -0- P(0Q -0-. 20-P(S)(H +0-. -S-P(0 -.0-

1S p(9) (o o- Listlel ks R Roblind hadinee ShPEN R 681 rent i s

- 0- P( 0) ( Gkdmdd-seruhhalsem aifidiag alo@sdensity xepestaih (BDEY higgh-d@sitelipupascianal ogous
to those rib bove. Acjd cleavable |inki grqups.. Acid cl eavabl e

| i nki ng 5", ﬁgﬁﬂﬁ PhiERg Bie (Chat deyiganchd dcfufﬁrgéhlt%sepd%hrbonqi tions.
I'n prefergeidenhadt ARMSnRGEM), Gk 8 HpRP 1hellighikd Ady FKOYPE r@bRbflafi@ted in an
acidic environment with a pH of about 6.5 or |ower (e.g., about 6.0, 5.5,
5.0, or |vndietlic metecply, wigeat ssyithobic aslyasryeriesr tyRHctie pelyaeinoggidaaryener al
acid. In a. 4 i fi p L :

ysosomns AP §Ek shaplinR B ahHRR S haRmBUGRaERARRPITOTERLARI g
groups. Bxamplyésimef(PRL),olyl leaspatticeacld, pily ngglgraoupscid, solrerdtemiuic aaide not

o e o RIS e LT P o Bl Sy BhA s 2o £
enbodi Mendnhiy&iw@po v hRr, da(LRMraty A BehcticlyeniaX YR\ e (v Agster (the

al koxy group) is an arz/l roup, substituted al kyl group, or tertiary alkyl
group sucheleghydeneslyppl Pﬁé%t pelygpyhaleehe PV Apheodeirethaeg, delyesctbylacrpBiceval uat ed

usi ng et SNJ& . e i ) - | Lnki ng
gr oups Eets}t rNgg@gﬁg&ldé’é{l}glgF Egﬁll I’?ESI ﬁgﬁdéggﬂﬁ@ gl}llg' g%ﬁ@égpg@9%ﬁ%§$res such as
est er asesingnde: poiydtiyEsimine,gehilgsincERap Ispenofic, sxtrardiba pelfamineavabl e |i nki ng
groups include but are not limted to esters of . al kyl ene,. al kenyl ene and
o Ryl enseiiapile-Rfantt. peflopBet hdig S BunErsod i g or mi 2
-C(0)0-, hidmOGHrOdaminel BafMiCladlicdad8s p&phyie qeManbiatseld o8BS bolgarilkhads
anal ogous to those descri bed above. Pepti de-based cl eavi ng groups
Pept i de- sdRhadichied) ®BPtElel i nki ng groups are cl eaved by enzynes such as
peptidases and ;pLitk €ASAS, inRuaeladsuti Lde-based chieavahh&iligkiing groups
are peptide boﬁgs&%gr rrego' ggtu\%geang%grrhggg;ugg’%aég’_ t% fi elﬁsgﬂéol .&égf%*%é"_%ﬁtaes (e.g.,
di pept i desg., ¢ lechs plycdprotan,dipjd enmdotonl y.pept brtéody, Peghbinde thasedific eell abl e
groups do_not jncl th 1. de..grou .. The am de grqup. can be
Porned bevieh 3hs XEfe) A2 L6fa8 SlBRS R AMmaP s ee fuft ABintona T
speci al tyipepedteiatudacthapdottdramdudie twbety dedid, moulail & 1dc sy, intlldv4dapt | des and
proteins. The peptide based c| eavage grqup is.generally limted to the
pept i de b%fl@&tqsﬁa.%—.afew1@?%5@@1%%)@%%%@5% t_l\é?.lﬁnﬁa{aa%qsas yi el di ng
peptides gpghvREALBENRS, sFl9e8 p B9k mimdadidd enlifR LA GoRM s fdCt | onal
group. Peptide-based cleavabl e |inking groups have the general formula -
NHCHRAC( OhisgHorRD e Qolygluthapte, IRAyaspattaRBa dipwl, chdesRrgl o sigridbbile heidt wo
adj acent 1. NO..aci ds. e i . ©S ! d i t hods
et ogouso L Tk I, EAE Gy R0 RS of RO RUELHAL Ror i Bl

Table 5 shows some examples of targeting ligands and their associated receptors.
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Mannose-6-phosphate
receptor

3) Kupfter Cell (KC)

Mannose

Mannose receptors

Fucose

Fucose receptors

Albumins

Non-specific

Mannose-albumin conjugates

Other examples of ligands include dyes, intercalating agents (e.g. acridines),

cross-linkers (e.g. psoralene, mitomycin C), porphyrins (TPPC4, texaphyrin, Sapphyrin),

polycyclic aromatic hydrocarbons (e.g., phenazine, dihydrophenazine), artificial

endonucleases (e.g. EDTA), lipophilic molecules, e.g, cholesterol, cholic acid,

adamantane acetic acid, 1-pyrene butyric acid, dihydrotestosterone, 1,3-Bis-

O(hexadecyl)glycerol, geranyloxyhexyl group, hexadecylglycerol, borneol, menthol, 1,3-

propanediol, heptadecyl group, palmitic acid, myristic acid,03-(oleoyl)lithocholic acid,

03-(oleoyl)cholenic acid, dimethoxytrityl, or phenoxazine)and peptide conjugates (e.g.,

antennapedia peptide, Tat peptide), alkylating agents, phosphate, amino, mercapto, PEG
(e.g., PEG-40K), MPEG, [MPEG],, polyamino, alkyl, substituted alkyl, radiolabeled

markers, enzymes, haptens (e.g. biotin), transport/absorption facilitators (e.g., aspirin,

vitamin E, folic acid), synthetic ribonucleases (e.g., imidazole, bisimidazole, histamine,
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imidazole clusters, acridine-imidazole conjugates, Eu3+ complexes of
tetraazamacrocycles), dinitrophenyl, HRP, or AP.

Ligands can be proteins, e.g., glycoproteins, or peptides, e.g., molecules having a
specific affinity for a co-ligand, or antibodies e.g., an antibody, that binds to a specified
cell type such as a cancer cell, endothelial cell, or bone cell. Ligands may also include
hormones and hormone receptors. They can also include non-peptidic species, such as
lipids, lectins, carbohydrates, vitamins, cofactors, multivalent lactose, multivalent
galactose, N-acetyl-galactosamine, N-acetyl-gulucosamine multivalent mannose,
multivalent fucose, or aptamers. The ligand can be, for example, a lipopolysaccharide, an
activator of p38 MAP kinase, or an activator of NF-«xB.

The ligand can be a substance, ¢.g, a drug, which can increase the uptake of the
iRNA agent into the cell, for example, by disrupting the cell’s cytoskeleton, e.g., by
disrupting the cell’s microtubules, microfilaments, and/or intermediate filaments. The
drug can be, for example, taxon, vincristine, vinblastine, cytochalasin, nocodazole,
japlakinolide, latrunculin A, phalloidin, swinholide A, indanocine, or myoservin.

The ligand can increase the uptake of the iRNA agent into the cell by activating
an inflammatory response, for example. Exemplary ligands that would have such an
effect include tumor necrosis factor alpha (TNFalpha), interleukin-1 beta, or gamma
interferon.

In one aspect, the ligand is a lipid or lipid-based molecule. Such a lipid or lipid-
based molecule preferably binds a serum protein, ¢.g., human serum albumin (HSA). An
HSA binding ligand allows for distribution of the conjugate to a target tissue, €.g., a non-
kidney target tissue of the body. For example, the target tissue can be the liver, including
parenchymal cells of the liver. Other molecules that can bind HSA can also be used as
ligands. For example, neproxin or aspirin can be used. A lipid or lipid-based ligand can
(a) increase resistance to degradation of the conjugate, (b) increase targeting or transport
into a target cell or cell membrane, and/or (¢) can be used to adjust binding to a serum
protein, ¢.g., HSA.

A lipid based ligand can be used to modulate, e.g., control the binding of the
conjugate to a target tissue. For example, a lipid or lipid-based ligand that binds to HSA
more strongly will be less likely to be targeted to the kidney and therefore less likely to
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be cleared from the body. A lipid or lipid-based ligand that binds to HSA less strongly
can be used to target the conjugate to the kidney.

In a preferred embodiment, the lipid based ligand binds HSA. Preferably, it binds
HSA with a sufficient affinity such that the conjugate will be preferably distributed to a
non-kidney tissue. However, it is preferred that the affinity not be so strong that the
HSA-ligand binding cannot be reversed.

In another preferred embodiment, the lipid based ligand binds HSA weakly or not
at all, such that the conjugate will be preferably distributed to the kidney. Other moieties
that target to kidney cells can also be used in place of or in addition to the lipid based
ligand.

In another aspect, the ligand is a moiety, ¢.g., a vitamin, which is taken up by a
target cell, e.g., a proliferating cell. These are particularly useful for treating disorders
characterized by unwanted cell proliferation, ¢.g., of the malignant or non-malignant
type, e.g., cancer cells. Exemplary vitamins include vitamin A, E, and K. Other
exemplary vitamins include are B vitamin, e.g., folic acid, B12, riboflavin, biotin,
pyridoxal or other vitamins or nutrients taken up by cancer cells. Also included are HAS,
low density lipoprotein (LDL) and high-density lipoprotein (HDL).

In another aspect, the ligand is a cell-permeation agent, preferably a helical cell-
permeation agent. Preferably, the agent is amphipathic. An exemplary agent is a peptide
such as tat or antennopedia. If the agent is a peptide, it can be modified, including a
peptidylmimetic, invertomers, non-peptide or pseudo-peptide linkages, and use of D-
amino acids. The helical agent is preferably an alpha-helical agent, which preferably has
a lipophilic and a lipophobic phase.

The ligand can be a peptide or peptidomimetic. A peptidomimetic (also referred
to herein as an oligopeptidomimetic) is a molecule capable of folding into a defined
three-dimensional structure similar to a natural peptide. The peptide or peptidomimetic
moiety can be about 5-50 amino acids long, e.g., about 5, 10, 15, 20, 25, 30, 35, 40, 45, or

50 amino acids long (see Table 6, for example).

Table 6. Exemplary Cell Permeation Peptides.
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Cell Permeation Amino acid Sequence Reference
Peptide
Penetratin RQIKIWFQNRRMKWKK Derossi et al., J. Biol.
Chem. 269:10444, 1994
Tat fragment GRKKRRQRRRPPQC Vives et al., J. Biol. Chem.,
(48-60) 272:16010, 1997
Signal Sequence- | GALFLGWLGAAGSTMGAWSQPKKKR | Chaloin ef al., Biochem.
based peptide KV Biophys. Res. Commun.,
243:601, 1998
PVEC LLIILRRRIRKQAHAHSK Elmquist et al., Exp. Cell
Res., 269:237, 2001
Transportan GWTLNSAGYLLKINLKALAATLAKKIL Pooga et al.,, FASEB ],
12:67, 1998
Amphiphilic KLALKLALKALKAAILKLA Ochlke et al., Mol. Ther.,
model peptide 2:339, 2000
Argg RRRRRRRRR Mitchell et al., J. Pept. Res.,
56:318, 2000
Bacterial cell wall | KFFKFFKFFK
permeating
LL-37 LLGDFFRKSKEKIGKEFKRIVQRIKDFL
RNLVPRTES
Cecropin P1 SWLSKTAKKLENSAKKRISEGIATAIQG
GPR
a-defensin ACYCRIPACIAGERRYGTCIYQGRLWA
FCC
b-defensin DHYNCVSSGGQCLYSACPIFTKIQGTC
YRGKAKCCK
Bactenecin RKCRIVVIRVCR
PR-39 RRRPRPPYLPRPRPPPFFPPRLPPRIPPGF
PPRFPPRFPGKR-NH2
Indolicidin ILPWKWPWWPWRR-NH2

A peptide or peptidomimetic can be, for example, a cell permeation peptide,

cationic peptide, amphipathic peptide, or hydrophobic peptide (e.g., consisting primarily
of Tyr, Trp or Phe). The peptide moiety can be a dendrimer peptide, constrained peptide

or crosslinked peptide. In another alternative, the peptide moiety can include a

hydrophobic membrane translocation sequence (MTS). An exemplary hydrophobic

MTS-containing peptide is RFGF having the amino acid sequence
AAVALLPAVLLALLAP. An RFGF analogue (e.g., amino acid sequence
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Peptides that target markers enriched in proliferating cells can be used. E.g.,

RGD containing peptides and peptidomimetics can target cancer cells, in particular cells
that exhibit an avP3 integrin. Thus, one could use RGD peptides, cyclic peptides
containing RGD, RGD peptides that include D-amino acids, as well as synthetic RGD
mimics. In addition to RGD, one can use other moieties that target the av33 integrin
ligand. Generally, such ligands can be used to control proliferating cells and angiogeneis.
Preferred conjugates of this type lignads that targets PECAM-1, VEGF, or other cancer

gene, ¢.g., a cancer gene described herein.
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A “cell permeation peptide” is capable of permeating a cell, e.g., a microbial cell,
such as a bacterial or fungal cell, or a mammalian cell, such as a human cell. A microbial
cell-permeating peptide can be, for example, an a-helical linear peptide (e.g., LL-37 or
Ceropin P1), a disulfide bond-containing peptide (e.g., a -defensin, B-defensin or
bactenecin), or a peptide containing only one or two dominating amino acids (e.g., PR-39
or indolicidin). A cell permeation peptide can also include a nuclear localization signal
(NLS). For example, a cell permeation peptide can be a bipartite amphipathic peptide,
such as MPG, which is derived from the fusion peptide domain of HIV-1 gp41 and the
NLS of SV40 large T antigen (Simeoni et al., Nucl. Acids Res. 31:2717-2724, 2003).

In one embodiment, a targeting peptide tethered to an iRNA agent and/or the
carrier oligomer can be an amphipathic a-helical peptide. Exemplary amphipathic o-
helical peptides include, but are not limited to, cecropins, lycotoxins, paradaxins, buforin,
CPF, bombinin-like peptide (BLP), cathelicidins, ceratotoxins, S. clava peptides, hagfish
intestinal antimicrobial peptides (HFIAPs), magainines, brevinins-2, dermaseptins,
melittins, pleurocidin, H,A peptides, Xenopus peptides, esculentinis-1, and caerins. A
number of factors will preferably be considered to maintain the integrity of helix stability.
For example, a maximum number of helix stabilization residues will be utilized (e.g., leu,
ala, or lys), and a minimum number helix destabilization residues will be utilized (e.g.,
proline, or cyclic monomeric units. The capping residue will be considered (for example
Gly is an exemplary N-capping residue and/or C-terminal amidation can be used to
provide an extra H-bond to stabilize the helix. Formation of salt bridges between
residues with opposite charges, separated by i + 3, or i £ 4 positions can provide stability.
For example, cationic residues such as lysine, arginine, homo-arginine, ornithine or
histidine can form salt bridges with the anionic residues glutamate or aspartate.

Peptide and peptidomimetic ligands include those having naturally occurring or
modified peptides, e.g., D or L peptides; a, B, or y peptides; N-methyl peptides;
azapeptides; peptides having one or more amide, i.¢., peptide, linkages replaced with one
or more urea, thiourea, carbamate, or sulfonyl urea linkages; or cyclic peptides.

The targeting ligand can be any ligand that is capable of targeting a specific
receptor. Examples are: folate, GalNAc, galactose, mannose, mannose-6P, clusters of

sugars such as GalNAc cluster, mannose cluster, galactose cluster, or an apatamer. A
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cluster is a combination of two or more sugar units. The targeting ligands also include
integrin receptor ligands, Chemokine receptor ligands, transferrin, biotin, serotonin
receptor ligands, PSMA, endothelin, GCPII, somatostatin, LDL and HDL ligands. The
ligands can also be based on nucleic acid, ¢.g., an aptamer. The aptamer can be
unmodified or have any combination of modifications disclosed herein.

Endosomal release agents include imidazoles, poly or oligoimidazoles, PEIs,
peptides, fusogenic peptides, polycaboxylates, polyacations, masked oligo or poly cations
or anions, acetals, polyacetals, ketals/polyketyals, orthoesters, polymers with masked or
unmasked cationic or anionic charges, dendrimers with masked or unmasked cationic or
anionic charges.

PK modulator stands for pharmacokinetic modulator. PK modulator include
lipophiles, bile acids, steroids, phospholipid analogues, peptides, protein binding agents,
PEG, vitamins etc. Examplary PK modulator include, but are not limited to, cholesterol,
fatty acids, cholic acid, lithocholic acid, dialkylglycerides, diacylglyceride, phospholipids,
sphingolipids, naproxen, ibuprofen, vitamin E, biotin etc. Oligonucleotides that comprise
a number of phosphorothioate linkages are also known to bind to serum protein, thus
short oligonucleotides, ¢.g. oligonucleotides of about 5 bases, 10 bases, 15 bases or 20
bases, comprising multiple of phosphorothioate linkages in the backbaone are also
amenable to the present invention as ligands (e.g. as PK modulating ligands).

In addition, aptamers that bind serum components (e.g. serum proteins) are also
amenable to the present invention as PK modulating ligands.

Other ligands amenable to the invention are described in copending applications
USSN: 10/916,185, filed August 10, 2004; USSN: 10/946,873, filed September 21, 2004;
USSN: 10/833,934, filed August 3, 2007; USSN: 11/115,989 filed April 27, 2005 and
USSN: 11/944,227 filed November 21, 2007, which are incorporated by reference in their
entireties for all purposes.

When two or more ligands are present, the ligands can all have same properties,
all have different properties or some ligands have the same properties while others have
different properties. For example, a ligand can have targeting properties, have
endosomolytic activity or have PK modulating properties. In a preferred embodiment, all

the ligands have different properties.
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Ligands can be coupled to the oligonucleotides various places, for example, 3°-
end, 5’-end, and/or at an internal position. In preferred embodiments, the ligand is
attached to the oligonucleotides via an intervening tether. The ligand or tethered ligand
may be present on a monomer when said monomer is incorporated into the growing
strand. In some embodiments, the ligand may be incorporated via coupling to a
“precursor” monomer after said “precursor” monomer has been incorporated into the
growing strand. For example, a monomer having, ¢.g., an amino-terminated tether (i.c.,
having no associated ligand), e.g., TAP-(CH;),NH; may be incorporated into a growing
sense or antisense strand. In a subsequent operation, i.c., after incorporation of the
precursor monomer into the strand, a ligand having an electrophilic group, e.g., a
pentafluorophenyl ester or aldehyde group, can subsequently be attached to the precursor
monomer by coupling the electrophilic group of the ligand with the terminal nucleophilic
group of the precursor monomer’s tether.

For double- stranded oligonucleotides, ligands can be attached to one or both
strands. In some embodiments, a double-stranded iRNA agent contains a ligand
conjugated to the sense strand. In other embodiments, a double-stranded iRNA agent
contains a ligand conjugated to the antisense strand.

In some embodiments, lignad can be conjugated to nucleobases, sugar moicties,
or internucleosidic linkages of nucleic acid molecules. Conjugation to purine nucleobases
or derivatives thereof can occur at any position including, endocyclic and exocyclic
atoms. In some embodiments, the 2-, 6-, 7-, or 8-positions of a purine nucleobase are
attached to a conjugate moicty. Conjugation to pyrimidine nucleobases or derivatives
thereof can also occur at any position. In some embodiments, the 2-, 5-, and 6-positions
of a pyrimidine nucleobase can be substituted with a conjugate moiety. Conjugation to
sugar moicties of nucleosides can occur at any carbon atom. Example carbon atoms of a
sugar moicty that can be attached to a conjugate moiety include the 2', 3', and 5' carbon
atoms. The 1' position can also be attached to a conjugate moicty, such as in an abasic
residue. Internucleosidic linkages can also bear conjugate moieties. For phosphorus-
containing linkages (e.g., phosphodiester, phosphorothioate, phosphorodithiotate,
phosphoroamidate, and the like), the conjugate moiety can be attached directly to the

phosphorus atom or to an O, N, or S atom bound to the phosphorus atom. For amine- or
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amide-containing internucleosidic linkages (e.g., PNA), the conjugate moiety can be
attached to the nitrogen atom of the amine or amide or to an adjacent carbon atom.

There are numerous methods for preparing conjugates of oligomeric compounds.
Generally, an oligomeric compound is attached to a conjugate moiety by contacting a
reactive group (e.g., OH, SH, amine, carboxyl, aldehyde, and the like) on the oligomeric
compound with a reactive group on the conjugate moiety. In some embodiments, one
reactive group is electrophilic and the other is nucleophilic.

For example, an electrophilic group can be a carbonyl-containing functionality
and a nucleophilic group can be an amine or thiol. Methods for conjugation of nucleic
acids and related oligomeric compounds with and without linking groups are well
described in the literature such as, for example, in Manoharan in Antisense Research and
Applications, Crooke and LeBleu, eds., CRC Press, Boca Raton, Fla., 1993, Chapter 17,
which is incorporated herein by reference in its entirety.

Representative United States patents that teach the preparation of oligonucleotide
conjugates include, but are not limited to, U.S. Pat. Nos. 4,828,979; 4,948,882; 5,218,
105; 5,525.,465; 5,541,313; 5,545,730; 5,552,538; 5,578, 717, 5,580,731; 5,580,731;
5,591,584; 5,109,124; 5,118, 802; 5,138,045, 5,414,077, 5,486,603; 5,512,439; 5,578,
718; 5,608,046; 4,587,044; 4,605,735; 4,667,025; 4,762, 779; 4,789,737; 4,824,941;
4,835,263; 4,876,335; 4,904, 582; 4,958,013; 5,082,830; 5,112,963; 5,214,136, 5,082,
830; 5,112,963; 5,149,782; 5,214,136, 5,245,022; 5,254, 469; 5,258,506; 5,262,536;
5,272,250; 5,292,873; 5,317, 098; 5,371,241, 5,391,723; 5,416,203, 5,451,463; 5,510,
475; 5,512,667; 5,514,785; 5,565,552; 5,567,810; 5,574, 142; 5,585,481, 5,587,371,
5,595,726; 5,597,696; 5,599, 923; 5,599,928; 5,672,662; 5,688,941; 5,714,166; 6,153,
737;6,172,208; 6,300,319; 6,335,434; 6,335,437, 6,395, 437, 6,444,806; 6,486,308;
6,525,031; 6,528,631; 6,559, 279; each of which is herein incorporated by reference.

Characteristic of Nucleic Acid-Lipid Particles

In certain embodiments, the present invention relates to methods and
compositions for producing lipid-encapsulated nucleic acid particles in which nucleic
acids are encapsulated within a lipid layer. Such nucleic acid-lipid particles,

incorporating siRNA oligonucleotides, are characterized using a variety of biophysical
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parameters including: (1)drug to lipid ratio; (2) encapsulation efficiency; and (3) particle
size. High drug to lipid rations, high encapsulation efficiency, good nuclease resistance
and serum stability and controllable particle size, generally less than 200 nm in diameter
are desirable. In addition, the nature of the nucleic acid polymer is of significance, since
the modification of nucleic acids in an effort to impart nuclease resistance adds to the
cost of therapeutics while in many cases providing only limited resistance. Unless stated
otherwise, these criteria are calculated in this specification as follows:

Nucleic acid to lipid ratio is the amount of nucleic acid in a defined volume of
preparation divided by the amount of lipid in the same volume. This may be on a mole
per mole basis or on a weight per weight basis, or on a weight per mole basis. For final,
administration-ready formulations, the nucleic acid:lipid ratio is calculated after dialysis,
chromatography and/or enzyme (e.g., nuclease) digestion has been employed to remove
as much of the external nucleic acid as possible;

Encapsulation efficiency refers to the drug to lipid ratio of the starting mixture
divided by the drug to lipid ratio of the final, administration competent formulation. This
is a measure of relative efficiency. For a measure of absolute efficiency, the total amount
of nucleic acid added to the starting mixture that ends up in the administration competent
formulation, can also be calculated. The amount of lipid lost during the formulation
process may also be calculated. Efficiency is a measure of the wastage and expense of
the formulation; and

Size indicates the size (diameter) of the particles formed. Size distribution may
be determined using quasi-clastic light scattering (QELS) on a Nicomp Model 370 sub-
micron particle sizer. Particles under 200 nm are preferred for distribution to nco-
vascularized (leaky) tissues, such as neoplasms and sites of inflammation.

Pharmaceutical Compositions

The lipid particles of present invention, particularly when associated with a
therapeutic agent, may beformulated as a pharmaceutical composition, ¢.g., which further
comprises a pharmaceutically acceptable diluent, excipient, or carrier, such as
physiological saline or phosphate buffer, selected in accordance with the route of

administration and standard pharmacecutical practice.
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comprising saline or other salt containing carriers, the carrier is preferably added

following lipid particle formation. Thus, after the lipid-nucleic acid compositions are

formed, the compositions can be diluted into pharmaceutically acceptable carriers such as

normal saline.

The resulting pharmaceutical preparations may be sterilized by conventional, well
known sterilization techniques. The aqueous solutions can then be packaged for use or
filtered under aseptic conditions and lyophilized, the lyophilized preparation being
combined with a sterile aqueous solution prior to administration. The compositions may
contain pharmaccutically acceptable auxiliary substances as required to approximate
physiological conditions, such as pH adjusting and buffering agents, tonicity adjusting
agents and the like, for example, sodium acetate, sodium lactate, sodium chloride,
potassium chloride, calcium chloride, etc. Additionally, the lipidic suspension may
include lipid-protective agents which protect lipids against free-radical and lipid-
peroxidative damages on storage. Lipophilic free-radical quenchers, such as a-
tocopherol and water-soluble iron-specific chelators, such as ferrioxamine, are suitable.

The concentration of lipid particle or lipid-nucleic acid particle in the
pharmaceutical formulations can vary widely, i.e., from less than about 0.01%, usually at
or at least about 0.05-5% to as much as 10 to 30% by weight and will be selected
primarily by fluid volumes, viscosities, efc., in accordance with the particular mode of
administration selected. For example, the concentration may be increased to lower the
fluid load associated with treatment. This may be particularly desirable in patients
having atherosclerosis-associated congestive heart failure or severe hypertension.
Alternatively, complexes composed of irritating lipids may be diluted to low
concentrations to lessen inflammation at the site of administration. In one group of

embodiments, the nucleic acid will have an attached label and will be used for diagnosis
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nucleic a01d composition.

As described above, several of these cationic lipids are amino lipids that are
charged at a pH below the pK, of the amino group and substantially neutral at a pH above
the pK,. These cationic lipids are termed titratable cationic lipids and can be used in the
formulations of the invention using a two-step process. First, lipid vesicles can be
formed at the lower pH with titratable cationic lipids and other vesicle components in the
presence of nucleic acids. In this manner, the vesicles will encapsulate and entrap the
nucleic acids. Second, the surface charge of the newly formed vesicles can be neutralized
by increasing the pH of the medium to a level above the pK, of the titratable cationic
lipids present, i.e., to physiological pH or higher. Particularly advantageous aspects of
this process include both the facile removal of any surface adsorbed nucleic acid and a
resultant nucleic acid delivery vehicle which has a neutral surface. Liposomes or lipid
particles having a neutral surface are expected to avoid rapid clearance from circulation
and to avoid certain toxicities which are associated with cationic liposome preparations.
Additional details concerning these uses of such titratable cationic lipids in the
formulation of nucleic acid-lipid particles are provided in U.S. Patent 6,287,591 and U.S.
Patent 6,858,225, incorporated herein by reference.

It is further noted that the vesicles formed in this manner provide formulations of
uniform vesicle size with high content of nucleic acids. Additionally, the vesicles have a
size range of from about 30 to about 150 nm, more preferably about 30 to about 90 nm.

Without intending to be bound by any particular theory, it is believed that the very
high efficiency of nucleic acid encapsulation is a result of clectrostatic interaction at low
pH. Atacidic pH (c.g. pH 4.0) the vesicle surface is charged and binds a portion of the
nucleic acids through clectrostatic interactions. When the external acidic buffer is
exchanged for a more neutral buffer (e.g., pH 7.5) the surface of the lipid particle or
liposome is neutralized, allowing any external nucleic acid to be removed. More detailed
information on the formulation process is provided in various publications (e.g., U.S.
Patent 6,287,591 and U.S. Patent 6,858,225).

In view of the above, the present invention provides methods of preparing

lipid/nucleic acid formulations. In the methods described herein, a mixture of lipids is
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combined with a buffered aqueous solution of nucleic acid to produce an intermediate
mixture containing nucleic acid encapsulated in lipid particles, e.g., wherein the
encapsulated nucleic acids are present in a nucleic acid/lipid ratio of about 10 wt% to
about 20 wt%. The intermediate mixture may optionally be sized to obtain lipid-
encapsulated nucleic acid particles wherein the lipid portions are unilamellar vesicles,
preferably having a diameter of 30 to 150 nm, more preferably about 40 to 90 nm. The
pH is then raised to neutralize at least a portion of the surface charges on the lipid-nucleic
acid particles, thus providing an at least partially surface-neutralized lipid-encapsulated
nucleic acid composition.

In certain embodiments, the mixture of lipids includes at least two lipid
components: a first lipid component of the present invention that is selected from among
lipids which have a pKa such that the lipid is cationic at pH below the pKa and neutral at
pH above the pKa, and a second lipid component that is selected from among lipids that
prevent particle aggregation during lipid-nucleic acid particle formation. In particular
embodiments, the amino lipid is a novel cationic lipid of the present invention.

In preparing the nucleic acid-lipid particles of the invention, the mixture of lipids
is typically a solution of lipids in an organic solvent. This mixture of lipids can then be
dried to form a thin film or lyophilized to form a powder before being hydrated with an
aqueous buffer to form liposomes. Alternatively, in a preferred method, the lipid mixture
can be solubilized in a water miscible alcohol, such as ethanol, and this ethanolic solution
added to an aqueous buffer resulting in spontancous liposome formation. In most
embodiments, the alcohol is used in the form in which it is commercially available. For
example, ethanol can be used as absolute ethanol (100%), or as 95% ecthanol, the
remainder being water. This method is described in more detail in U.S. Patent 5,976,567).

In one exemplary embodiment, the mixture of lipids is a mixture of cationic
lipids, neutral lipids (other than a cationic lipid), a sterol (e.g., cholesterol) and a PEG-
modified lipid (e.g., a PEG-DMG or PEG-DMA) in an alcohol solvent. In preferred
embodiments, the lipid mixture consists essentially of a cationic lipid, a neutral lipid,
cholesterol and a PEG-modified lipid in alcohol, more preferably ethanol. In further
preferred embodiments, the first solution consists of the above lipid mixture in molar

ratios of about 20-70% cationic lipid: 5-45% neutral lipid:20-55% cholesterol:0.5-15%
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PEG-modified lipid. In still further preferred embodiments, the first solution consists
essentially of a lipid chosen from Table 1, DSPC, Chol and PEG-DMG or PEG-DMA,
more preferably in a molar ratio of about 20-60% cationic lipid: 5-25% DSPC:25-55%
Chol:0.5-15% PEG-DMG or PEG-DMA. In particular embodiments, the molar lipid
ratio is approximately 40/10/40/10 (mol% cationic lipid/DSPC/Chol/PEG-DMG or PEG-
DMA), 35/15/40/10 (mol% cationic lipid/DSPC/Chol/PEG-DMG or PEG-DMA) or
52/13/30/5 (mol% cationic lipid/DSPC/Chol/PEG-DMG or PEG-DMA). In another
group of preferred embodiments, the neutral lipid in these compositions is replaced with
POPC, DPPC, DOPE or SM.

In accordance with the invention, the lipid mixture is combined with a buffered
aqueous solution that may contain the nucleic acids. The buffered aqueous solution of is
typically a solution in which the buffer has a pH of less than the pK, of the protonatable
lipid in the lipid mixture. Examples of suitable buffers include citrate, phosphate,
acetate, and MES. A particularly preferred buffer is citrate buffer. Preferred buffers will
be in the range of 1-1000 mM of the anion, depending on the chemistry of the nucleic
acid being encapsulated, and optimization of buffer concentration may be significant to
achieving high loading levels (see, e.g., U.S. Patent 6,287,591 and U.S.

Patent 6,858,225). Alternatively, pure water acidified to pH 5-6 with chloride, sulfate or
the like may be useful. In this case, it may be suitable to add 5% glucose, or another non-
ionic solute which will balance the osmotic potential across the particle membrane when
the particles are dialyzed to remove ethanol, increase the pH, or mixed with a
pharmaceutically acceptable carrier such as normal saline. The amount of nucleic acid in
buffer can vary, but will typically be from about 0.01 mg/mL to about 200 mg/mL, more
preferably from about 0.5 mg/mL to about 50 mg/mL.

The mixture of lipids and the buffered aqueous solution of therapeutic nucleic
acids is combined to provide an intermediate mixture. The intermediate mixture is
typically a mixture of lipid particles having encapsulated nucleic acids. Additionally, the
intermediate mixture may also contain some portion of nucleic acids which are attached
to the surface of the lipid particles (liposomes or lipid vesicles) due to the ionic attraction
of the negatively-charged nucleic acids and positively-charged lipids on the lipid particle

surface (the amino lipids or other lipid making up the protonatable first lipid component
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Cecropi n P1 SW.SKTAKKLENSAKKRI SEA Al Al QG GPR a-defensin
ACYCRI PACI AGERRYGTCI YQGRLWA FCC b-dcfensi n DHYNCVSSGGEQCLYSACPI FTKI QGTC
YRGKAKCCKvOBamismsei N RKCRI VWI RVCR PCT/US2009/063927

are positively charged in a buffer having a pH of less than the pK, of the protonatable
group on the lipid). In one group of preferred embodiments, the mixture of lipids is an
alcohol solution of lipids and the volumes of each of the solutions is adjusted so that upon
combination, the resulting alcohol content is from about 20% by volume to about 45% by
volume. The method of combining the mixtures can include any of a variety of
processes, often depending upon the scale of formulation produced. For example, when
the total volume is about 10-20 mL or less, the solutions can be combined in a test tube
and stirred together using a vortex mixer. Large-scale processes can be carried out in
suitable production scale glassware.

Optionally, the lipid-encapsulated therapeutic agent (e.g., nucleic acid) complexes
which are produced by combining the lipid mixture and the buffered aqueous solution of
therapeutic agents (nucleic acids) can be sized to achieve a desired size range and
relatively narrow distribution of lipid particle sizes. Preferably, the compositions
provided herein will be sized to a mean diameter of from about 70 to about 200 nm, more
preferably about 90 to about 130 nm. Several techniques are available for sizing
liposomes to a desired size. One sizing method is described in U.S. Pat. No. 4,737,323,
incorporated herein by reference. Sonicating a liposome suspension either by bath or
probe sonication produces a progressive size reduction down to small unilamellar
vesicles (SUVs) less than about 0.05 microns in size. Homogenization is another method
which relies on shearing energy to fragment large liposomes into smaller ones. In a
typical homogenization procedure, multilamellar vesicles are recirculated through a
standard emulsion homogenizer until selected liposome sizes, typically between about 0.1
and 0.5 microns, are observed. In both methods, the particle size distribution can be
monitored by conventional laser-beam particle size determination. For certain methods
herein, extrusion is used to obtain a uniform vesicle size.

Extrusion of liposome compositions through a small-pore polycarbonate
membrane or an asymmetric ceramic membrane results in a relatively well-defined size
distribution. Typically, the suspension is cycled through the membrane one or more
times until the desired liposome complex size distribution is achieved. The liposomes

may be extruded through successively smaller-pore membranes, to achieve a gradual
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PR- 39 RRRPRPPYLPRPRPPPFFPPRLPPRI PPGF PPRFPPRFPCKR- NH2 | ndolicidin

| LPWKWPWAPVRR- NH2 A peptide or peptidom netic can be, for exanple,
a cell pewoeatowsmiopepti de, cationic peptide, anphi pat hi eCpasteodos3r

hydr ophobi ¢ peptide (e.g., consisting primarily of Tyr, Trp or Phe). The
pepti de noiety can be a dendriner peptide, constrained peptide or
crosslinked peptide. In another alternative, the peptide noiety can include
a hydrophobi ¢ nenbrane transl ocati on sequence (MIS). An exenpl ary

hydr ophobi.g, Mb1,¢ 25Ys8inBis 26, Hled%&ﬂeq{%sth&eﬂﬁ%lﬂ}%ha&cta&% BHpBYLdGwhigequence
AAVALLPAVLLALLAP. An RFGF anal ogue (e.g., amno acid sequence AALLPVLLAAP)

cont ai ni ryge &rimgd copbowicd Wilheitcar salngo be a targeting noiety. The peptide
oi ety can be g oS8l Shic AERLI Ao MG 5A CRLLYoh ALER: BRLAfTD! Soul s

i ncl udi ng peptl rgonucle ot'T el nacross ce Mefbr anes.

For exanpite oﬁﬁqmﬁﬂm%Satﬂd’a@lmohieQ)fHHe\éuﬂfaée qhmgfeebmth(eﬂaﬂlmlﬂ?ﬁ@hm t he
Drosophi | a nten dla pr RQ RRPKWK een found to be
capabl e dﬁwf 1ﬁﬁ“@§s F 8?&pﬁ3ﬁ¥wéggaLﬁ?%@%ﬁ?%@”& 4§EDpt i domi netic

can be e WQ%SM@ ni@8E B SEMRANESN Be 1NPparH€ BurfiRe @ncp@d?ltﬂe%mb%nt ified
froma phage-display |ibrary, or one-bead-one-conpound (OBOC) conbinatori al

library (fremthecoaipositiNapuingcorysatiazl gahniques 1 Prefapbly amandapsuldied pebt i de or
pept i dom !:ecac%sgltbgg Eﬁ’cqff-lE g(}la{lalje %\%ﬁ%&n e ?esﬁﬂmé QS%Q& (A Gkofanoner unit

is a cell targeting pepti such as an arginin ne-aspartrc acid
( RGD) - peptxichiange of biRED sofutioes. Har p:eqmmdeepmneateyt @famnrz&e\gefferr(plﬂahgltm (f,rom

2 St r uct dPal MrgaTTTE R ORPo NG Eh P g e Gl teg rlpbie e, ° 1

conf or matdoRARh, REMIER £He@1%utra‘}m{t1&i° oftlﬂ)@scﬁﬁé Hefabd Ald MR kPl @asfre@scri bed
bel ow can be utili zed. pepti de noiety can be used to target a

t unor celthe syipep Ahe %@&Paéqﬁidmcm 4051 ca@lah@rbecrémpvqﬂwaclyp@a@gra@ah@@ngt unor cel |
(Zitzman tﬁltd%l metf;@dlc%d tﬁ)@r?svh gd ﬁﬁ'@gbﬁ@er H aﬁt‘i\r %@?Wﬂhg lcaan

faC|I|tate targeting an | agent to tunD iety o PSt her
ti ssues, usa¢l uding the lung, kldney, spleen, or liver (Aoki et al., Cancer

e N T T o KR

cyclic, ad%fiie&ﬁfbuﬁér dAdiAetl @6ling amgofthlhwmyh@bﬁbiedcubov@pﬂwlt@h@cﬁn@rpoff acilitate
targeting to specific tissues. For exanp | ycosyl at ed RGD pepti de can

del i ver ahe pygipic a@énﬁS@escab%%hw c.cb¢ Pqué%‘ﬂﬁté%@? ulkhk’ﬁ of3 nihaglpwdhe et al .
Jour. Nuglg, ME{HT amfhd 134P- &é&utl&p&]@le nucleic ac15)secpa§1'tgé?1soeta|aa$d foahQeti omr ker s

enriched in proliferating cells can be used. E contalnlng ‘pepti des
and pept i proformed vesglasad Otaﬁpg@ncapami@mn Q:fe1u|c1§1c acnis plao suchilpag-formed’s t hat

exhi bit an ayr33 | mn%gg'l 111 Lo %coho? as e%lilalﬁaqg I%_ é[cagggfetﬁ Cl

pepti des b TR TR 63 At ionc ani ho aci das, s wel
as synt heghbaldIB@@rmlﬁﬂats coﬂcﬁn@zdd)htolf@lbbdt Q0RE/w poeboantsesev/ay. her noi eti es

t hat target the avr33 integrin lig General ly, such lig nds can be used
to cont rctddptos; it may nﬁifng tosW%{ﬂH% %@e&f@r%formﬁiwmlwﬂ?&ﬁf fi§at es of

this typeydd &Qﬁéjéqu'%&?stbutfﬁf gihsol RECAN tba tMERFa R 0 fAbbRN seans ghodsFec €. 9., a
cancer gene describ her ei n.
depending on the composmon of the lipid vesicles and the nature of the nucleic acid. It

will be apparent to one of ordinary skill in the art that optimization of the encapsulation
process to achieve a desired level of nucleic acid in the lipid vesicles will require
manipulation of variable such as ethanol concentration and temperature. Examples of
suitable conditions for nucleic acid encapsulation are provided in the Examples. Once
the nucleic acids are encapsulated within the prefromed vesicles, the external pH can be
increased to at least partially neutralize the surface charge. Unencapsulated and surface

adsorbed nucleic acids can then be removed as described above.
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A "cell perneation peptide" is capable of perneating a cell, e.g., a

m crobial cell, such as a bacterial or fungal cell, or a mammali an cel |,
such as awbunawnsesitl . A mcrobial cell-pernmeating pepti @#eTABR00086392Dr
exanple, an a-helical linear peptide (e.g., LL-37 or Ceropin Pl), a

di sul fide bond-containing peptide (e.g., a -defensin, P-defensin or

bact enecin), or a peptide containing only one or two dom nating am no aci ds
(e.g., PR-39 or indolicidin). A cell perneation peptide can also include a
nucl ear | ocalization signal (NLS). For exanple, a cell perneation peptide
can be a bipartite anphi pathic peptide, such as MPG which is derived from
t he fusi oiethedwf Hse domai n of HI V-1 gp4l and the NLS of SV40 large T antigen
(Sinmeoni etal., Nucl. Acids Res. 31;2717-2724, 2003) I n one

embodi ment, a theriid ParticlpeefitheRrescst My paiipnRayabe ‘ISPNQ dedjxefee therapatict he
carrier ald.gaFacetan e @ @ﬂphirpﬁatrmlﬁar%nﬁ%hfn%{s mewﬁergeuu%msary _
anphi pat hi'c a-hel i ‘cal peptides include, but are not Iimted , Cecropins,

| ycot oxi rmlclepraacaﬁ a\;hlqisls delisferdi tn a ceiPBsing anbileic acidiliped peptledef thapeyent

cat hel i ci o v shy.i I

antimcr og loﬁeg‘fh. %H&?’B?Ig%“& i @"%ugﬁées 5[1}1%({\%81% 1¥de P%‘% r#atg%ptl ns,
melitti nsandpélemd@hardialeutilcﬁ’lkon@pmtldmsof théepm@uslnpapiondesexeﬁ@hﬁbceml nis-1, and

caerins. nunper of fact pre onsi dered t tal n the
ot egr ¢ yACBRGRTSLteq oo e P el IerHe A A iR GpTh
st abi | i zagdnQyasiti8sd AbEBe Wallily &eptéalfd)ﬂtg@@emvefygof,any ﬁiérap%ﬁﬁ’o a%%t foy gl and a

m ni mum nunber helix destabilization residues will be utilized (e.qg.
proline, fratragatiof ensndjrroneet disouddr gt Wh@hﬁa#ﬁlff@l?@hltﬁa@mﬂ | be consi dered
(for exanple Gy i3, gﬂbS’dﬁ%@RIs (IJXpIéLs&R— 8%%&%&9? s$3b ﬁitr%&E ”ﬁeg“% .

am dation can be use rovi de an ex ra PIiZe th elix

For mat i omwefeisadid inlor a ckgjbsl’rb&trv@mlmesmdm&s intdotlctop poe |ctlds abhsiR)es, separated
by i 3, Siti ns C rovi de st abi | |en%1drFor exanpl e, cationic

resi dues @H%‘H“%?é‘mlo Inﬁé? eml . PIRIES. PRt BDORPET NS hi sti di ne

can for mrﬁéthbdshﬁﬁ}dlﬂﬁéarr\{%dtdht biaeoraﬁutﬁglﬂce PRSI EUR T oMb RIRE tRIprasspar t at e.
Peptide and peptidom netic |1 gands I nclude those having naturally occurring

or nodi f i BHenseptiiddhe cadls dor a pyrigd of tipe suifigieyt fop intrpgelludpr dliyesnia of€BE. N net hyl
pepti des; azapgpy g'o\jﬂ\ﬁ%ﬂtl&%mf'tﬂ%es}%ﬁyho&tﬁﬁ%ﬁr?f)e 5&51%6@‘% %ﬁl’ostj an? cell PEPL i de,

l'i nkages repl ace one or nore urea I ourea, carbamate; or sulfonyl
urea | i nkapesOnaradeyrbéd, chepmiotei cdkesd-lipid particlEheart athgebé ﬂglobytgmddbycaan be any

ol ate, aarigke! Barder petreruARbaaf FUTRERs s B ol B 2o ST IgHE cuch as

Gal NAc cl atsh@iporafestnegsie: filclsd &iid p&abRef B6 CotibMs LAl takOpladdvid Pt ieRdf. A
cluster is a conbination of two or npre sugar units, The targetlng | i gands

al so i ncltens ehveys- YYithedtdpiending fofgrlyaite RPG§EIortBe 99P8 Pf I gands,

transf er rifontif3h gt ls%lléﬂ}%ﬁ%a‘?m e Egs%%@%%lcfe's gRBdgy 1&%@61‘?9\9%&%%0&5 GCPI I,
somat ostatin, LDL and HDL [i gands | 1gands can al so be based on nucl e| C

acid, e.dhe pafnclaptlmnmﬂeradfhetlatpc alm@somalrmebeblamm@ultmem destabdizatiegmef

S R A et T R
futsogem Cln’@@@ictldESfthB@{l(}é@@bﬂXd/hlaﬂﬁs aclaeity&eftelll@?Spllagfgsfeﬁllanlyl1g¢1%egr p?I y

pol yrror s G156 b GHESKEROBP T kRIS o0 Pt Lo P BAC. GHikh B BRRGr | mor o

W th maskeghcofhe %Bmerﬁ%h@ﬂ'lﬁte?‘atea%tg 'ﬂ{ecceﬁrﬁ?erngﬁ%e and the coﬁ%nfmﬁtu' at or
stands for pharnmacoki netic nmodul PK nmodul ator include |ipophiles, bile

aci ds, sttbe paromeghmbplgoriipthel indraatlbdardliid. degntactbetwepr beselts anidiilei ng agent s,
PEG wvit I . rre not limted to,
chol est e?lgq &%Pa%ﬁ amﬁ)%%g@) oI%légH;%i%éa&(ﬁﬁ%&ﬁ qﬁﬁlctalgcé%& gl al kyl gl yceri des,
di acyl gl yhnelbgtdelly @Impbl&lquiudﬁ Thptunagatatiph dﬁcommprtmnemn \rabpwrdaf}en vitamn
E, biotin ,etc onucl eotides th e.a nunber hos orot hi oat e
| i nkages UPEpSe BRGHCTD: HinGae e, Lud nﬁfﬂ@f/@?‘ﬁvee{l p il S8

ol i gonucl APHKEESIn cBrtlin cRibbGiaRHE! 8QkheaDr afc BROWIth thlRs®Fucldif ablases, 15
bases or 20 bases, conprising nultiple of phosphorothioate I|nkages in the

backbaone are also anenable to the present invention as |igands (e.g. as PK

nodul ating |igands). In addition, aptaners that bind serum conponents
(e.g. serumproteins) are al so amenabP % to the present invention as PK
nodul ating | i gands. O her ligands anmenable to the invention are

descri bed in copending applications USSN. 10/916, 185, filed August 10,
2004; USSN: 10/946,873, filed Septenber 21, 2004; USSN:. 10/833,934, filed
August 3, 2007; USSN: 11/115,989 filed April 27, 2005 and USSN: 11/944, 227
f| I ed Novenber 21 2007 whi ch are |ncor porat ed by ref erence |n the| r

o r o oy



For doubl e- stranded ol igonucl eotides, |igands can be attached to one or
both strands. In sone enbodi nents, a doubl e-stranded i RNA agent contains a
| i gand cowmpurgarmsasoio t he sense strand. I n other enbodi mPaTAIS2@09/063927

doubl e-stranded i RNA agent contains a |igand conjugated to the anti sense
st rand. In sonme enbodi nents, |ignad can be conjugated to nucl eobases,
sugar noieties, or internucleosidic |linkages of nucleic acid nolecul es.
Conj ugation to purine nucl eobases or derivatives thereof can occur at any
POSi tion doglobittbAGwiIERAGGHE bi: CarABE o4O EMEIdISeidN AFfrerdiites QEBLSFROMLENT S,
the 2-, 6-, 7-, or 8-positions of a purine nucl eobase are attached to a
conj ugat epamoileeftimChamupdant lon 24 dopssr prafedibheromebewPas shovrs. der invdtro ves
thereof cansal % RCHiNaY FMCBeSHYL Ol v @ 3008 STRAd TRALS wikhe, & S
and 6-pOS|Plons of a pyﬂpnlalne nucl eobase can Supstiturédwth a

conj ugat eplamioehyimaCorigingattcoatctod iBugabrateparritdfasy dfsuauctyposindasfeaadh occur at

any carbon atom a e carbon ato of a sugar noiety that can be
att ached ff%bozs}ﬂe%i%@geﬁs Wil bg %iminﬁak‘fe HangrR groferdbiy ma ﬂﬁs-cg@aﬁ Wostt oms.  The

|" posi tigprefdly RIngd Rfs.attached to a conjugate noiety, such as in an
abasi c residue.” I nternucl eosidic |inkages can al so bear conjugate noieties.
For phosphor usn@sngemiuniofigmbediragies lrad-gucleis neid patitlcesysransiop ifosldpdioot hi oat e,

hosphor og ¢ ki r i 3 [ 3 jsugat e noi et
P bo pritbdh Sbh fu AROS PARTAGMLASER USR] of ifml deiyio” IRt & TPom Y
bound to dclenphosphprefisabd avnut Forl 0antlkénl oThamindesteting af thi Rgspension
i nt er nucl egsi di | i.pkage . P ., the nj te noiety .can he attached
Lo Che v R e b P Rt tram B0 vl o S MebE rhorfpisinti 2o ot o
There are,gmrerous met hods for preparing conjugates of oligoneric

conpounds. Cenerally, an Qligonenhc conpound i s attached to a conjugate
noi ety by contlaenethey enbodieent.tbe bpid pprtickes gf the@yentpy cagdiciay bearpbiey| |

al dehyde, 3404 £ Qgidd éﬁ:@c} 1o ecliNg c%%fg@rexgmsgww W hne)gm%%ﬁmg group on

the conjugate noiety. In sone e nts, ohe reactive group Is
el ect r ophixainpleanfsiuchecltiharin¢lsdan iHLoEHITC €at N: CCL-PBoKB&AARP] €t Nan

| act hili ) o ¢ ; Ty q
nucl cophi 1+ TgP AR R SRS SRETS NP N S by Vs T on o

nucl ei ¢ aglicdgA BOd CaeNated-i7), gones ( £TCOMRONI HY BABY) hP@3d AWACOMIN:! i nki ng
groups are well described in the literature such as, for exanple, in
NhnoharadCR%4ﬂ®§hééﬁ%@*ﬁ@gééfth§ﬁd“%®Sﬂpédwﬁb%gKﬁéKEbQéﬁﬁﬁﬁﬁgééieu, eds.
CRC Press, Bocp,Raj Q%blicﬁﬁ&s incii%%%sing%%ﬂtk‘ﬁBwﬁ}roc}@ﬁﬂrgﬁo!ﬁodiﬁ@ﬂﬁg&ﬁlﬁffd herein

by reference inits entirety. ' epresentative United States patents
t hat t eacdelivery op sk &t knonk déwobi glsnecipeofic deldaripggat Akerhatoklyde, but are

not limted.to, U Pat.. Nos 828 4,948, 882 218, 105: .5, 525, 465;
5. 541, 310 Pt Spmt sy Bieh Srptindt dye Ryqgnd T BoncioP dupplingy
5, 591, 584yschul pO9ppdes. In IHi8 maBs?; therapB 8, ékade Bfod deheld disedseH86, 603;
5,512,439, 5,578, .718; 5 608,046, 4,587,044: 4,605, (35, 4,667,025 4,762,
779 4, 759PRAE iGN o abseregregroskiR (i gpbDygisangs GoRoplsh see Iﬁl}fﬁ@h, 013;
S5, 082, 830y 4p, B2 ARA3BuIR 48?‘}:63@-@43 PLIRER anBRR cystic kibrosRO e GoottdiohB2;
5,214, 136; b, 245,022; 5,254, 469; 5, 258,506; 5, 262, 536; 5, 272, 250;
5, 292, 873Natg;¢3¢;108983 (5891 (thar,usss, fRothe Po®poBtios®f AGPressnt4gicn4ies; 5, 510,
include introduction of antisense oligonucleotides in cells (see, Bennett, et al., Mol.
Pharm. 41:1023-1033 (1992)).
Alternatively, the compositions of the present invention can also be used for
deliver of nucleic acids to cells in vivo, using methods which are known to those of skill
in the art. With respect to delivery of DNA or mRNA sequences, Zhu, et al., Science
261:209-211 (1993), incorporated herein by reference, describes the intravenous delivery

of cytomegalovirus (CMV)-chloramphenicol acetyltransferase (CAT) expression plasmid
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475; 5,512,667; 5,514,785; 5,565,552; 5,567,810; 5,574, 142; 5,585, 481;
5,587,371; 5,595, 726; 5,597,696; 5,599, 923; 5,599,928; 5,672,662

5, 688, 941WO0Ril0s44066; 6, 153, 737; 6,172,208; 6,300, 319; P6TAB2004843927

6, 335, 437; 6,395, 437; 6, 444,806; 6,486, 308; 6,525,031; 6,528, 631; 6,559,
279; each of which is herein incorporated by reference. Characteristic of
Nucl ei ¢ Acid-Lipid Particles In certain enbodi nents, the present
invention relates to nmethods and conpositions for producing

i pi d- encapsub@t Sk DI AGid AL LELeNvare 903:850-Pucti9b%) aci ds are
encapsul ated wthin a l'ipid layer: Such nucleic acid-lipid particles,
|ncorporanﬁngmgkﬁmmﬁaﬂmqwﬁm@menkﬁﬁégsﬂanbhwﬂapéﬁﬁevﬂméﬂﬁmming a variety of
bi ophysi cal ' par aneters i.ncl ug. t ihd rati 2 ncapsul ation
effici enct)r/arnsanlar 1(&135: condu tan(fe regllﬂgtgr@lgﬁ ggne t% 1tf1) }apolfgie ai g/a)nd? hi gh
encapsul aetlvem ietHel lﬁm@srm],ce,gmﬁ@ lijJU@drﬁ@SBrfgﬁsmSétalﬂQ@mﬁDM@ES&Im%tML| ity and
controll rtrcle size, generally less_than 200 nmin diangeter are

desi r abl I(r]1 adrlfqrsrrateflﬁsreﬂh%regi ket dracngR i Ve rransg%ﬂtw@ﬁrngs of

si gni fi CadtGRice it @Fuddien iR Prdlaf@tit @BnnchURE BlcGntRiebBfifad dhzpRcef fort to

i mpart nucl ease resistance adds to the cost of therapeutics While in many
cases pr oshlafpmphaido) aqetytiransterase SC ATantleus, Ualcempositions of thstimeaniipsean t hese
criteria @r e&ﬁnﬁytg&ﬁgmkﬁlyg&ﬁm§ﬁﬁ JEication as follows: Nucl ei ¢ acid
to lipid ratrois nuc erc acid in a defined vol unme of
preparation dHﬂﬁﬂeﬂwbmhﬁh&Hammuﬂm[ﬂhHwamﬁmlﬂmNMBH&ﬁﬂEepﬁﬁﬂﬁﬂy This may be
on a nole nol e basi s, or on %$ er wei ht basi s r on a weight
o "ol e BREM RGN gt G SRS ey brmaricicoll, the nuclel ¢
aci d: | i piufcitatdoBsly %r@rﬁfa@rﬁisaﬂﬁqjy afhtpaftictiaR bMBb Eme RO 1BOBhLAL&RRYaland/ or
enzyme (e.g., nuclease) digestion has been enployed to renpve as nuch of

t he exter%ﬁﬂmN0@m§H§a@@Hwﬁ%§dﬁ@@%ﬁ@P@yOrHﬁmp@%@%ﬁghbhﬂbéﬁséﬂ%$@ﬂency refers
to the dr t i drug to

| pi dr a8 OB HfSEphele AT S IRGH G TR L W o P 2
nmeasur e dfereig Ibmrefmenw‘ Intlcar:@hrdzy nuflorc aaldrﬁeaswéamlscalbrso ldiscessed fni ci ency, the
total amoyunt,of nu v g % ed to th%k gartF(% xtgrghthat ends up in
the admin gPP8?$%ﬁ2€ H%EP&%FIW PAYEE O SREANET ESS D e APl at ed.  The
anount of 1drr5qaos2r7Q$¢8391uvrhrngnd I@ﬁazf @*erhatqlu@m PRDGSS 6L 9BBY Nadosdy, beu/gal cul at ed.
Efficiency is a neasure of th mastage and expense of the formulation; and

Si ze i ndi @4t 8¢v-tTie Q@%C%rrleéngéife‘? $3GE7k HE8Yarind Belasdqcot ety Resi ze
di stri butjqiyy i (@@%esan BiHeP Aot LS a‘alﬂﬁﬁr'steﬁh@ﬁﬁ1'd%a£édgﬁ%ra1§éﬁ%§ gting (QELS)

on a Niconp M sub-mcron particle sizer es under 200 nm are
pr ef er r eddeporbediig tfoi dmtnmtmRtahmm‘e@wésHLﬂ Entientedo. 3L VAKYY; $dass Ues Pagath as

neopl as a i t.es P e it The
lipid pg‘rslgr E:hlde@ Lfolﬁ Papaha ﬁ?poru{rg/srgn lrogjns pgentrrg]% %ﬂ f’%l\/\hggﬁrgpa(z%o%rgg‘? Ywith a

t her apeutNe. 4aapanit79; HﬁmxbetdﬂSUPﬁ&ﬁdkaﬂ5&2ﬁbﬁﬁﬂﬂ@6WﬁMﬁ&kakdﬂﬁﬂ&ﬂ&non, e.g.,
whi ch further conprises a pharmaceutically acceptable diluent, excipient,

or carrié[?IO s physi ol ogi cal saline or phosphate buffer, selected in
accordance wi tf orﬂe@nremaa@ tpef p}ﬁﬁﬁl&hﬁéaﬂ Bl aauaﬁqnagxwﬁfaetea ka’#hf’fﬁ&ellt i cal
practice. I'n particular embodi men phar rmaceuti cal conpositions

conpri si ntgrgeh@ssmb:rdllrfrwemércetlmfdhqommr@tl@§o dife tishies- ﬂﬁ\fteinplrl@ﬁmarr@}qb? epar ed
accordin r chni.que then r r eutically
accept abIgnelgl(?:eabﬁ;tgglgg1 %@Egr%’}l Fﬂgedsh ?‘P?g r§%I§f toﬁvlg{lm %?ne%nf) ng&gs t he

pharnaceu@mhahbyoﬁdﬁ@ﬁ@ﬁhkanﬁﬁrmtpﬂmmﬁMhanBQMKkﬁ@kéuﬁmeknﬁﬁmnmnclude e.qg.
water, buffere 9% sal i yci.ne,..ang, the |ike, |nclud|ng

gl ycopr ot ¥Fhas B\é\?én?{aﬁltaéﬂlxs’?’%‘inf‘ “Qlto%fﬁéﬁale@ldé‘il%]ﬁ‘?ﬁ n OPFR gy pregiiess

gl obul i n, ar@tifese prdc&RITRHiEH ROBAE HIRIHeShOkiS 8t 4 PRicAl arfdtd‘r%étl}sﬂlsﬁahﬁfﬂ@t ai ni ng
carriers, the carrier is preferably added follow ng %artrcle

f or mat i onthe Thdeslyingftisaye to pwhigh the ﬁh%méwélrléala?éqparaélemg mltsds bisés f or med, the
conposrtr riers such
as nor mal ]ﬁﬁﬂg“%ﬁmﬂykﬁ$ﬁq“h§%8¥pﬁﬁéﬂ% §Fﬁ%%§ﬂ%¥g§ﬁ85$§§§%25.%%S may be
sterili zeldn@y algtomiegl taparvadmy wedckeesk nbdwmisslenickiaz et dthar directhsnrgieads. The
aqueous sol utions can then be packaged for use or filtered under aseptic
conditions and |yophilized, the |yophilized preparation being conbined with
a sterile agueous solution prior to adnmi nistration. The conpositions nay
contai n pharnaceutically acceptable all®iliary substances as required to
appr oxi mat e physi ol ogi cal conditions, such as pH adjusting and buffering
agents, tonicity adjusting agents and the like, for exanple, sodium
acetate, sodiumlactate, sodiumchloride, potassiumchloride, calcium
chloride, etc. Additionally, the lipidic suspension may include

Irprd protectrve agents mhrch prot ect | i pi ds agai nst free-radical and

o, o - g = - o I L o o o



The concentration of |ipid particle or lipid-nucleic acid particle in the
phar maceuti cal formulations can vary widely, i.e., fromless than about
0.01% usweal2bw/msi400r at | east about 0.05-5%to as nmuch RETAB2409/083%6 by

wei ght and will be selected primarily by fluid volunes, viscosities, etc.,
in accordance with the particular node of adm nistration selected. For
exanpl e, the concentration may be increased to |lower the fluid | oad
associated with treatnent. This nmay be particularly desirable in patients
havi ng atherase |EhO s ASR0C M ekedi" HRNaSE M€ iRGAVL ploRbduddsan UhiGaHET €
hypertension. Alternatively, conplexes conposed of irritating |ipids my be
di | ut ed tloterrml\ﬁaegﬂﬁ@equtet a'talnoh@retctiy Wegzsl@nd,lhut heanysad Viennsttinghestginteatsof

adm ni str ane t he nuclelc have an
attached tg}%léﬁ Smaﬁlwouﬂsq%e u%‘%’d g? i qgﬁ}té%]ibrep%%nons ndrc atalarrrtum%t#gd%r esence
of conpl eﬁeptrabtyeunuls;t fdedlcdovagdy. Likawida) the phmhamcaltﬂﬂ@awmummapﬁe conpl exes

adm nistered wl | end .upon the particular |abhel t he di sease state
being di aaéiﬁBgléT&reéﬁﬂe}{éﬁeel]%ﬁ%@m’talS?Tdtttéfén PO e E’t‘}f%at}\]"llrtcu’é‘éneral ly be
bet ween aRaulcdbP ]ﬁ(ﬁg AU ttioRfg 8 tHRGJatikitla® 8588 Re¥cRE Ghthal preferably
bet ween abouteO 1ép 1actlbout lg né/ Eﬂa 1bocally wei g%plg ° gIg]nz:f)t ed above,
the |ipi olan@ﬁbtsaap@utlttezag@ntlme@ngof t ne@nelcer%etmnqsapbt elpsepefatiphfe | nvent i on
may i ncl PE i fied phospholipids, PECGceram de,
or gang| ﬂggl gée)!l@%%%}ﬁrloggy%?dﬁ)lsé%)lr:c%evgtgg | ipids effective to prevent or
limt aggr egatT}mdipidAdwtiletib aa:idoémemﬂmm@mpdsmhet slndoB®ratoh aneeekol pr event

Cir oul at | BPAIRY PR PR roF RS PR HE- Al varo BT eRECEEghat el ai ¢ aci d

conmposi t i @fect Mjdchiéh htahdgie JfidssMSCulver, HumhR&cRE THEAPy, IMMERhA DIEbak SO
provi des |ipid-therapeutic agent Cﬂ%ﬁOSI tions in kit form The kit will

typi cal | yinpePellivpers.éar prkapedht/di(h¥Dk hat is conpartnentalized for hol ding
the Varl ous elﬂ{gqﬁlétﬁodg f?ﬂ%gpre%' flt‘l Jﬁ!ﬁ‘ﬁohh{a }pkacﬁ&%lﬁ'a@aﬂ&g OPﬁ{) % Cl es or

phar maceuti cal conposition of the present nventi on ferably in

dehydr at ekfcferred bogemteiude ersinfnmiian spictel, sunlsasrltmmetne,nmnﬂmmamlpelmatasecﬂqgslr ation or
dilution and ﬁn%nlstr tion h gertaln enbodi nents, the particles conprise
t he actlﬁg’aﬁﬁ ity Gl ﬁ?nm%ﬁ ePX%nbodi ments, they do not. Methods of

Manuf act ur e Dosagesﬂiﬂh%bfdﬁﬁ&aﬁ&ﬁc@Qéﬁ@@&ﬂtfble@ﬂﬁth@ﬁords&lﬁ iheMest win make use
of certain cationic |ipids, the synthesis aration and characterization
of whi ch §e@cRbEthpE Fiig qﬁéhleéwea%ageﬁt @H@l%@dﬁeaﬁwwga EEPRSEERNS n additi on,
the pr eseginibAYRIE bR LRYIICRA EBIdIRdSo Qe prifRAT  ng 11 pi d particles,

i ncl udi ng those assocrt ate herapeutic agent, e.g., a nuclelc aci d.
In the net hodsln@esemb@rbmemethemmsela N oxation eroafde$apted®di0§rr®dnlbtm$dhew t h a

buf fer ed a ueeSS(PIHI?O a% e? Gr)] nucleo el C aCI é[OT}PeSC uﬁl-o sanenlera er rTEdI'

m xture cORt Al Nl Ny Béamd‘enc %1 I rrp 8% lf pvx?teremthe
encapsul atoethcﬁmg:dt eelbwaleadpldafaﬁlcma%@presdm awemtizinehzﬁ 1metﬁitecpwdh grati o of
about 3 w9 ?to about 25 wt % &ageferably 5to 15 wté The nt er redi at e

m xture nAFlHpIGGsrRRDls obBodlaeg the cyNERIN qfiafrractaReayelertitced nucl ei ¢ aci d
par ti cl espdiRbEID ADGcl hBlcfh ftfarttrtmﬁocatzemgméfagred allﬁ’:hng’%'e% RSsiostef erably
having a dianeter of 30 to 150 nm nore preferably about 40 to 90 nm The
pH i s t hetargetpdpicteotideen nodyncpedeatin ddfsent gmpodimicol, wpduldengsanfngee char ges

he | |
o e B i AR PREL LB ccl R BTN Mo Ao fAS AT 1 2l LY
descri bedhabwvief esemancai of@ftaﬁgh‘q&fkyrﬂﬁlebﬁdﬁ @ ﬁoi}@emdewrekmmdl avpmladﬁe that are

charged at a .o pKa of the am no group and su stantl neutr al
at a pH aBdVe rtstt‘é‘g gdte gsBethat ?ﬂfﬂli(’aleylP%ﬁ‘iVH ¢ JrBseiBhoReRe F‘F%‘t cati oni ¢

l'i pi ds anda&R (Re- Btagchnunnﬁlttﬁoﬁlasméhﬁtat RBniQhest MepdrivaMtdnddidndg a
two-step process. First, lipid vesicles can be forned at the lower pH wth
titratabltec ael ertuxereﬁsm f<s taieat RedYreielegbdq @ nolypepipdsrie pcecapad arfieduseesence of
nucl ei ¢ ok Bins bl . e and entrap the
nucl ei c gtg}}ag eaS'Jsfeb% A)’qﬁg g%%’f%dgﬁe O\é aéragée of Vgotﬁeasnég\ﬁﬁg&kiégérlgd vesi cl es can
be neut r alpprepdiateyconmeln@bsi ng t he pH of the nediumto a | evel above the pK,
of the titratable cationic |lipids present, i.e., to physiological pH or

hi gher. Particul arly advant ageous aspects of this process include both the
facil e renoval of any surface adsorbed nucleic acid and a resultant nucleic
acid delivery vehicle which has a neuPtal surface. Liposomes or lipid
particles having a neutral surface are expected to avoid rapid cl earance
fromcirculation and to avoid certain toxicities which are associated with
cationic |iposone preparations. Additional details concerning these uses of
such titratable cationic lipids in the formulation of nucleic acid-lipid
partlcles are prOV|ded in U S Patent 6, 287 591 and U S. Patent 6 858 225,
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conbined with a buffered aqueous solution of nucleic acid to produce an
internmediate m xture containing nucleic acid encapsulated in |lipid

parti cl eswoeon/os4amer ei n t he encapsul at ed nucl ei ¢ aci ds PATAISPIRAEIN7 i N a
nucleic acid/lipid ratio of about 10 wt% to about 20 wt % The internediate
m xture may optionally be sized to obtain |ipid-encapsul ated nucleic acid
particles wherein the lipid portions are unilanellar vesicles, preferably
having a diameter of 30 to 150 nm nore preferably about 40 to 90 nm The
pH is then r alfso@@xz_t@pl@,qyfnmuea%xﬁfeséima IARPlACRsREd, eIk d A&e char ges
on the lipid-nucleic acid particles, thus providing an at |east partially
sur f ace- nve badi eeteshippvebtentbatpeaides epohunudledtsledladt dnewdapds ideditd. I n
certain enhodi t t Lxtur f hipids. includes | £t 1 pid
conponent B EPRe o gn 1 Pt i Tefleed PRSI B R A BEE Ry nciaf BEhork et

sel ect ed it desitedargthk inpéleis avddingdy teav.e., an pikaesuahigbateotibe sIRNpA bri s cati oni c
at pH bel ow t pKa and.neutral gt pH above the pKa, .and a second |ipid
conponen_tmtcra%l%%«j‘xéhaé é?re_eﬂeseeaaw@mﬁﬁ%ﬁg BRI %%a?mﬁ%élyéwbﬂﬁaﬁtpe| e

aggr egat i @yimfotid@thhal RicddRukd @it fALSkpRas khGts fiQupRid KPresdith HBKET cul ar
enbodi nents, the amno lipid is a novel cationic |ipid of the present

i nvent i ontarget polynucfeopdegrarilyngrtidre AHiggnasivelyade auelpigiagidpaaticd Masnyel t he
inventio t i 1] pi i i.C gn of lipids in an
organic g%1§%ﬁng$%#%%ﬁ?éP%%§£%‘g*ﬁ%%é@eéggkﬁﬁg%ag%&g$8éd to forma thin
fil mor |yophilhionegdarticulfomimbodimowdbe pleednd irvein@inngoviyelr ametlodwt h an aqueous

buffer to formliposones. ternatively, in a preferred.nethod, the lipid
it or e canEesRe BT Ea of h PAD e EF bk st suPETBE AT S oH S %t hanol

and this 1%@@%%%@%@&&@5{@@&%@ & sEHtiaBAUEONSId REG LR Froh£B4bId 1, MBSEQ) _
spont aneous |iposone formation. In nost enbodi nents, the alcohol is used in

t he for m¢plapd BRGIPMGsorddimbMA o¢- & yingiaplaatstie of mhgyut 2Q-40%| cationi¢ Hadol can be
used as absed, ! I Bso, g 0 ! , I i: . hei ng
hater TS maisa T o Asastben s RECEIMRER RN TR I TR G58°559)

| n one exerpberted erthodictentacidichpabid otrowdalaing thepixgsessisn af the polypeptdt. cati oni c

| i pids, utral . lipid ot her tha cationic |ipid) rol (e.qg.

chol est erBitpr it SRpitmb Fr m b PpRaRbsghroy sl ial e Bosim i h an

al cohol sakivgiBllipid DSPC/Eher PEG-BVIGAHPRENDSIA Y, BS/1514pild (fibXt Wit n&onsi st s
essentially of a cationic lipid, a neutral |ipid, cholesterol and a

PEG- nodi fHR3§DISPhichalREGHPYIfoPT PRHEIMAY ef & kHBYS émalhettionicn furt her

pref err ed; saRREN SEG-BRIG bf BEGTNIUY | AMrBARB LIS o PEmbim@ROVE: ! 1 Pi d

m xture in nolar ratios of about 20-70%cationic lipid: 5-45% neutral

|i pi d: 20-B8%dinod esthescoomPostidisy REGcerbwith PORC, DBPA. DORE9riSM. f urt her
preferred enbadi nent the,.first, solution consiskts entia of a lipid
chosen from nglpgg lf}lﬁbgﬁ%d”eﬁ%tf’ t}éen e]aﬁ%i%lﬁl\?ée%rls %%%N%m %?lie{&\ybAr’é‘f erably in
a nol ar ratckdRMA, @haititen2®ebgucladtideniml d plpingld chpaBRoldohCsstiy HEIRNA,

Chol : 0. 5-15% PEG. DMS or PEG DMA. I n particul ar, enbodi nents, the nolar lipid
ratio i s APFSHNetieAnrutIorEINtgCq it BICRTIRIE TRV aPISSPENEhel / PEG- DVG
or PEG DMkiserd@RAH Apkfed QP&I?&&%OHQ@H& Jg«i@iﬁgélgﬁﬁﬁ:ﬂs%@dogﬁgblg\{@e%at PEG DVA)
or 52/13/30/5 (mol % cationic Iipid/ DSPC/ Chol / PEG DMG or PEG DMA). In

anot her gineogesdlic prlwfeetidedr @ atyaplemerittbereathsuch ghat thelexpicpdieh ¢fithe hese

conposi ti i with POPC, DPPC, DOPE or SM I n accordance
W th thellg)o1 gﬁﬁ?%ﬁ?&ﬁﬁgglipid m xture is conbined with a buffered aqueous
sol ution that Ineyheeombadimeathghauedl@t aciddd dslasndidehdoufidodeettic aglypeitlesol uti on

of is typically. a solution in whjch the buffer has H of |1ess than the
oKa of 1 R pPtisR By o PR Ah: Ticpa ke of ERRmeRtErord t abl o
buf fers imgattiel wrbhdrSragRRRASBESEs iREQtRL €, and MES. A particularly
preferred buffer is citrate buffer. Preferred buffers will be in the range

of 1-1000 nmM dn relpied gipedimenis fba ticat rycntin RRvdpss gthed of tieatingel ei ¢ aci d
bei ng enc i i f feer t: j may be
significéﬁgﬁggﬁgﬁﬁ%%%Pﬁggﬁ%g%hﬁggggﬁgﬁ%gvéﬁ§%€§§§?&ggéﬁ?%H@%#’Patent

6, 287, 59 1coanlisldgprovrding nt the s@H&t 2pbIrmasdiitienlnatipestiyn ofthe prosatter aci difi ed
to pH5-6 with chloride, sulfate or the like may be useful. In this case,
it may be suitable to add 5% gl ucose, or another nonionic solute which wll
bal ance the osnotic potential across the particle nmenbrane when the
particles are dialyzed to remove ethaf!dl, increase the pH, or nixed with a
pharmaceutically acceptable carrier such as normal saline. The anmount of
nucleic acid in buffer can vary, but will typically be fromabout 0.01
ng/ mL to about 200 ng/nli, nore preferably fromabout 0.5 ng/ni to about 50
ng/ L. The m xture of |ipids and the buffered agqueous sol ution of

t herapeutic nucleic acids is conbined to provide an internedi ate m xture.

- .




In particul ar enbodi ments, methods of the present invention further
conprise a step of neutralizing at | east sone of the surface charges on the
i pid porwoenw/wfi4otthe |ipid-nucleic acid conmpositions. BgTAS2000863927
partially neutralizing the surface charges, unencapsul ated nucleic acid is
freed fromthe lipid particle surface and can be renoved fromthe

conposi tion using conventional techniques. Preferably, unencapsul ated and
surface adsorbed nucleic acids are renoved fromthe resulting conpositions
through E%GQ@BHewﬂﬁmQHkﬁﬁ&r?&ﬁﬁ%g&ﬂ%umﬁﬁ&d?%ﬁﬂﬁl§RNA?9%§&%KR@Ian acitrate
buffer (pH about 4.0, used formng the conp05|t|ons) W th

HEPES- bufdnéisedc sbgdnuelc¢tBSaphh ﬂb@mﬂ cafp@)e faixpicssong ar eBVAL 8 niigroRN,

neutral i zat | on.of J {|PBRR on%l%r heRlh 1nt %CﬁﬁACm%%IQ\IAUAr a%ﬁsen A{ he
surface. THE Teleased nuct el ¢ aci h en be renoved via chronmat ogr aphy
usi ng st wmﬂemp&mﬁleoawthhm-clﬁwltym tb atpolyau&ietftfdenhmﬁdmdas fpel above the

pKa of the lip used. tionally the lipid vesicles (i.e., lipid
partlclesWﬂE§HU%%O¥6FWEGGQQ”H§§P§E|on in an aqueous buffer and sized using

any of the rretm@%el%&ﬁﬁlwteﬂle%ha%eacwﬂcmcoh@o@ﬁahEérﬁﬁls%athgwmcdl@l c acid.
As described above, the aqueous buffer should el ow t he pKa of

the am nothitioengists af @T(ﬂomlﬁté)ﬂssélﬁtlatﬂﬁ@fmhl@ldeqhés@cfrmTé‘@lﬁ 1t ReRCHeh@d@aéd to t hese
sized, pr It N 0 s into
such "préﬁ%gggggkYﬁggf% 'bﬁnfﬁwﬁﬁg&g oulgg &%p %ﬂ%%!é}CSﬁE?? such as
et hanol . D8&PE ﬁé—%%ﬁs@hcdfo Selﬂarml(i DMG shPEGeDMA, pheseanhe Gpidpageiecient r at i on of

about 20% t. bout 45% addi t ] en ssary to
war m t he aﬁé Fiév I@ftﬁf)ﬁ]@raﬂ%‘?tﬁéﬁ arcbci glgpéﬂ’(‘}u EIPE‘?C%mS?:tg&E‘? Woﬁ‘ﬁgp queous
buf f er - et RAG Q| apProxikiitely 40/ 1@/40@@1(@{0@%%@0@& 1ifie D8PRG/ HEG-BIMG br PEGC
dependi n e conE05|t|on of the |IE@/ vesi cl es and the nature of the

nucl ei ¢ gléMd\) PYIUHYI0 grolgppdieristinibDERe (Gl BEGIMIGordiEG-PM4Y) ethe art t hat
opt i mi Zat {1 gf's tﬂao/emgﬁqi A/DPCRIREPES BACPGHIRYBMATIGRIh6MA evel of
nucl ei ¢ aC| int véglc es W require mani pul ation o? vari abl e
such as egrbamof endmdmmtsr dta rentrargid mrthese abupesitidos anpbesedoitis BOPEDI e
conditionﬁﬂ%ﬁr @Pgle' acid encapsul ation are provided in the Exanpl es.
Once the P "are encapsul ated within the prefroned vesicles, the
external pH can ahe@htMeneasabotineat, the@sdenpiakértiah liycliRy b hidthogeft he surface
charge. Unencapsul ated and surface adsorbed nucleic_aci ds can, t hen be

r emoved a%ea&é%eﬁh%@a oRBIsYIEer gstagisEzest byuglerexpressiqmhef 4 RAYREPEEE idc] es of t he
present | t ell, in
D Ero or T b g R i AP R R e T
nucl ei ¢ aov@tlomyhﬂnelnéhedétmmmedgm isen lednhid glwit ngcodenthe pelyperdice ar i pi d
partlclesjil ik F;§m§§§9ﬁ1'@X% &kg . Wiile the follow ng description o
various nethodsof usi ng ehe ﬁlpl "particles and rel ated pharnmaceuti cal
conposi tions dhohhemboﬁﬁﬁﬂmﬂm@%@m&kBMwan&nqmeMphbémﬁmwbyI@Eﬁ@wﬁdﬂion

rel ated HﬁgnUC|e|C acid-lipid p%ytlcles, i S understogd t hat these

met hods ceaﬁﬁaef?wﬁ@stﬁrﬁve% @éa.hpgﬂ%ba%ﬁﬁtf&nffal?letlhla ber FRdyd of  any

t her apeut pigG a0@8tor PRG-I td£ah %mlal%u@af/ab@htsz&)aé(m QhiificRtides-2§hat woul d
benefit from such treatnent. In certain enbodi nents, the present

i nventi onDﬁlP@@ﬁdé% el 9ed §5% FEG- BMQ)GUBEGQDMAnWbE@InthbPId pariicls ia cel | .
Preferred, o%ﬁ ?'vsplthatﬁ%; gl%rall?&lit cJﬁ[ fe? %?& lﬁ%aﬁﬂgﬁr &%Léoﬁméﬁtg 4 B lipi

i mune- stnuT a eo0 I'sense and ri oz mes.
These nehﬁﬁdsz@gmxbandamonedoawunmy%mmmhﬁ@hmﬁgXHhECpaﬂEKbD®ﬂ3@rPEG-

conpositi o] lnvent i riod of tine
sufficieh@ﬂﬁﬁ QVnggiéﬁpﬁglgnﬁgw éf@spgkgﬁkgﬁGﬁﬁwk§m¥§%}?%E%b@it|ons of
the preseqy13/ByehdONcARAiICPIEOSPCER/PRGADNIRSSr FHY-DAGAL. ThiBR6theONCe
adsorbed, the nucleic acid-lipid particles can either be endocytosed by a
portion ogroum@f ehodimends ieaneyial lingd @§hWtcﬁmB@qlq10WP]éﬁ‘?é%Wlt]bPo¥Gse with the
cells. rporation of the nucleic acid portion of the conpl ex
can take pfﬁ%259?% gﬁgpone of these pathways. Wthout intending to be
limted with respect to the scope of the invention, it is believed that in
the case of particles taken up into the cell by endocytosis the particles
then interact with the endosonal nenbrane, resulting in destabilization of
t he endosonal nenbrane, possibly by the formation of non-bil ayer phases,
resulting in introduction of the encaPdul ated nucleic acid into the cel
cytoplasm Simlarly in the case of direct fusion of the particles with the
cell plasma nenbrane, when fusion takes place, the |iposone nenbrane is
integrated into the cell nenbrane and the contents of the |iposone conbine
with the intracellular fluid. Contact between the cells and the

I|p|d nuclelc aC|d conp05|t|ons mhen carrled out |n V|tro mnll take place

. o o o "



usi ng DOTMA- DOPE conpl exes. Hyde, etal., Nature 362:250-256 (1993),

i ncorporated herein by reference, describes the delivery of the cystic
fibrosi s woanavesmen ane conduct ance regul ator (CFTR) geneCrasSe@oobiki a of
the airway and to alveoli in the lung of mce, using |iposones. Brigham et
al., Am J. Med. Sci. 298:278- 281 (1989), incorporated herein by
reference, describes the in vivo transfection of lungs of mce with a
functioni ng prokaryotic gene encoding the intracellular enzyne,

chl oranpheni cofpcagQky 11&%%'&51‘(1 BIAREPHILY a mEHIR of B cin® AR RfbACRSp ke t he

i nvention can be used in the trea?nent of 1 nfectious diseases. For in
vi vo admiiniasstbjaeti empriskrs mhadmé@ﬂtelsulabctéhﬁm@mtqegwl egreppitwhet disl y

B ot e EhaPA ST Phdr¥n el GermplRELARRH SRRy enoust Y,
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u. S Patent . In other nethods, the pharnmaceuti cal
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envi ronnent, as the.skin har ext er.nal. audi.t ory .canal, and the
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by a sur gwre‘alﬂeSp‘faﬁelé%ﬁﬁO@pr@%ﬁ lipid pertiglp pESPERIENLIRY caL SO MNGES
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approach to the target ‘ti ssue. "C osed” procedures are Invasive procedures
i n whi ch ineunienespomselis teprgét Int pasteanés emfoedlmtltsdthr: eutideyp iv/4 Bl iantegen oput
accessed iVi saso!ng 23 W thna% 1nf%St1\;euarTentsSu gg Oeu a VIrus bactADa orS alr 0 %ehe skin. For
exanpl e, tHE rep ararions gB admi i ereﬂl é}ﬁ?oneuntby needl e
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The net hods. of §he ventlon ma racticed a var.i et
host s. praétlg?%f?mp egfe ﬁ‘?&‘P BICHp T léﬁéfepétgls K frepm DA ARHED. ¥nnon human

primat es, otH@GSpeckathe antethntil & HePRtRESrecSMBRRt sk NeardoteRaspect, the Dosages
for the |ipid- t her apeut 1 c I{ggnt particles of the present invention wll

depend onantigen tsalttumowntlgﬁ‘e aptes of gigh imeroaspoopite! antigenstyae N4 EBVat i ng
physi ci a ient.
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the expression of a target polynucleotide or polypeptide. These net hods
generally conprise contacting a cell with a lipid particle of the present
invention that is associated with a nucleic acid capable of nodul ating the
expression of a target polynucl eotide or pol ypeptide. As used herein, the
term"nodul ating" refers to altering Phe expression of a target

pol ynucl eoti de or pol ypeptide. In different enbodi nents, nodul ating can
mean i ncreasing or enhancing, or it can nean decreasing or reducing.

Met hods of neasuring the | evel of expression of a target polynucl eotide or
pol ypeptide are known and available in the arts and include, e.g., nethods
enploylng reverse transcrlptlon polynerase chaln reaction (RT PCR) and
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In other enbodi nents, the nucleic acid is a plasm d that encodes the

pol ypeptide or a functional variant or fragnent thereof, such that

expr essi omoabiwdsetopol ypepti de or the functional variant Por/USe@gmesye7 t her eof
i's increased. In related enbodi nents, the present invention provides
a nethod of treating a disease or disorder characterized by overexpression
of a polypeptide in a subject, conprising providing to the subject a
pharmaceutical conposition of the present invention, wherein the

ther apeutiy g +#9&Riscl r@la@g bﬁ‘&&ﬁ%xﬁé&%%& BbEnarRt afffi eh ORNRe o AL RIH thS GRS
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Tabl e 1, W@S‘?‘Cﬁ‘iﬁ)‘lty%?ﬁ 8r ¢ eXpéeSEFd OTORCIgX N YH of about
20- 60% cadelIQM @ongjaﬁgcq} wieh R&rﬁa[)&?@ @%d@fﬁ%@ btdbhsmd 2% BEG NG or PEG DVA,
wherein the lipid particle is assocated wth the therapeutic nucleic acid.
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orpe | Derisnis, W pmEtohpr eyt BEEE & URGS (AL S R ERbASER: " hvent on

i ncl udes g%nergwaq&s anc&ﬂe%@ﬁﬁt@gnﬁt1§i§u§%§§&ﬁ@(buﬂh&%rﬂ@ﬁ spe Bt pditBrch@fdnby
under expression of a polypeptide in a subject, conprising providing to the

subj ect aAnyEesneEioRh faster r@ém@smlhsarfa@rcafbvéwér@%éﬂ@ueﬁnfvmn Wil wherein the
t her apeut | aRd aly £ 1t ncodes the pol ypeptide or a functional
vari ant rsfeﬁlggrr%%t ﬁrtn %@e%ﬁmge 1%ﬁeﬁgone enbodi ment, the pharnmaceuti cal
conposi tion ccﬁmciiﬁsembadltneptscbf pamrrasdscewttdfdatntlgmnsndu@ ek.,orutgahsi st s
essentially of a d chosen 0 able 1, PC, Chol and PEG DMG o

PEG- DVA, %Xléens S“FP%S hBP%?F“‘P 8‘%0‘18“%?} %Egﬂﬁ p%‘opré TGN PSSy 25%
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In one enbodi ment, the pharmaceutical conposition conprises a |lipid

particl e sublags VY3 QLSS and €& smgeiss sushanMust] gndd¥luer2| gapgdosedsdsen from
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wher ei n tgdebd-Hpadl giwdprcﬁélﬁs sixhas $acHioathswh erlddmeutﬂmmgaemﬁ)@ndhum ei c acid.

In parti di nents, the nol.ar idratio I‘OXI

201 101 40/ A6 (KOS o B isoF AT ERBE Rt HoR birds 15/ 40/ 10
(ol % cat ds%lpas liinRiudlb RERG St s/ titEeSa DMy Qr aspﬁlg’n%@bbﬂ[n ARtk réssédmI %
cationic |ipid/ DSPC C%%IC/Q;PEG DMG or PEG DVA). | n anot her péf)r%og%
enbodi nemrsmom%@nﬁbmph%raﬂlonbp@ ﬂ}ﬁnnh@éxtés PorRga IR scll mmbpmated with POPC,
DPPC, DOPE or i r ufi,cal

conposi tion |§§g%§9F683“§@b§ﬁ% Fgggqgﬁﬁgg |nggﬁd%'”jgﬁg§ £g€0|ne or
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an i nmunostinul atory oligonucl eotide, and is also associated wth an
antigen to which an immune response is desired. In particular enbodi nents,
t he anti gwo 200/0&440un0r antigen or i s associ ated w th anPChfisetowessagent ,
such as, e.g., a virus, bacteria, or parasiste. A variety of tunor
antigens, infections agent antigens, and anti gens associ ated with other

di sease are well known in the art and exanples of these are described in
references cited herein. Exanples of antigens suitable for use in the
present i QVaatiRitd R H4ARiridN e 27 BurlR intrhiHobietkidRy v peRE hdgrant | gens and
DNA anti gens. Specific exanples of antigens are F%patltls A, Hepatitis B,
smal | pox(alspatfewed ras AR -ILAfAVienHd L Vi iphaY, ot Bt \ahihsandrpglees isegatesy ot avi r us,
di phtheri a ., pertussi uber.cul osi s,. and rubel la antigen in a preferred
erbod nerteh FRANGRE: BsahHEFLELAS o PSSR A T SR 0o "o her
aspect s, huneandaluxisgkie vifuses, HepatiukdssedhorewesbCalaiviridan(é. gestraidstharvatdzer
aspect, the antigen js a.tunor antigen. Exanples of such tunor-associated
anti gens EFEONSEL): TeBY SR (g8n CabiB® mply@ﬂgegg%ep@_@alqu}w s

| ymphoma. (eloh dqandudviligds, @rbgifditis VGeqNel IO Teved vRukY) 05idnavifidieleat,ed protein
tunor antigen reconbi nant antigen. Those of skill in the art wil know of
ot her antdojansirasgh) Rbpldovpdagdes residydar slogxéifs virgps ahignviruses);

Tunor - assegl g A I Byt i j | i on include
poth it ar ST e e ar S uh AR pBlitthE & B Rl el YRR 20 "G

t unor typebicshianses); Bilonigdsdv.er, abold yipess)oPataonyrewriden(dgo paexdlumsdav el y
expressed .or overexpressed in tunmor cells in . conparison with .normal cells.
' addi ¢ WHSED TG SiTHS e iSO RN Sy A S SR OB KT e of

expr essi o g0fnfkBkAGYSHRIRMga@ANE (b QS HiGan Hrie® buRkHeinaBd nmuci ns have al so
been docunented. Exenplary tunor-associated antigens for use in the subject
cancer val@%‘i’h‘?é%’uﬁeﬁélll(gﬁélr%VlélﬂSéii)hAfﬁ“écYH&aé (pmashegig denss virgsgip Reeiigices sor
genes an : e : r (£ gL unor

Tel 1 5, 1 e AR e M A AR o BRI (e Edh e

t i ssue- speunis; iParvolpuridafoervevimnmses);Hapcvdviralae dpapflmertifuats, polyams viyeses), gr owt h

factor re t or ell surface .carbohydrate residues, f i vi r al

pr ot ei ns éﬁegl%ﬁ“ﬁa%ﬁ%‘?“ 8‘?%8‘{”5‘??5)3 F@e?)‘%réciagithﬁ?.es SimpIex V%@@iﬁﬁgpgﬂ%‘%’ydi nents of
t unor - assegicalLs@n{inge Brombedl sidfis (EMY), hdipdsatiag FRtirdens bk iasest he
protein products of the Ras p21 protqQoncogenes, tunor suppressor p53 and
BCR- abl off¢elgBridgisesaroXparYsesd sandpiRdovislag (¢ 2. edigrmsayine fexeigimek and at eni n;

over expr e pdsi AR HaRES (S Ghe AR18ALR L dhspdRtiRihd dhedhhafRhMRRI e anhydr ase,
Al dol ase A, PRAVE, Fbpfﬁ#eu? Er%%—Z %ﬁ% KS ,%%ncofefa ag?tige’nsesuch as

al pha f etageniotfelcha igppmis (thanghnto bl erdetogiive gentlaid of hapiins Bh@gy), theakéntant i gens
such as carci noenbryoni g.. i gen and .nel anocyte differentiation
antigens(gﬁg i d© *¥@*ﬁﬁ%§¢%ﬁ9§?“%§%@%F“&%?ggi f?%sﬂ%%gg?m'RPl and TRP2;

pr ost at e @ssotcdl(Ld, Aefatigeqs; Matehlkand PSited PR s, RBWAstrdRBivkds). and PSM P2;
reactivated enpryonic %fne pn?ducts such as, MAGE 1, MACGE 3, GE 4, GACE 1,
GAGE 2, BAGE, ‘RAGEI*BAERGHRat! SN0 e SE'EIaTTiege ABNETE i YECRVIESDL, 55X2
and SCP1; gl iR gfalﬁ_l BssitNeGradicADthelViE - it a33R01imASH B8%RHENa §ecfR, CD2 and
GD3, neutral glycolipids and glycoproteins such as Lewis (y) and gl obo-H,
and gl ycopretyadcnscispesies aandifiteptPlaoreps erecies citgemegiters taoteiigaeluyd¥utand sTn.
Al so i ncl . 1 - i at.e I gen rei cell and tunor
cei | 1ysatsaon B L ARRRE B SR BRMLARR SplRE Sl ST oSG

i mmunogl ofpekifie ckaihplcy piafeetiprséasteda orludo bocdroned linpikcal tof er ati ons of B

| ynphocytes. for use agajnst B cell .| ynphopas. Pat hoge i.ncl ude, but are
ot 1t e icpBhersTnadd Hord bguipetri o ool pirsbP AN FHREEDS Bl 5. and
nor e par tieguiInariyerbbBOM. ST astrdellbRfS 8. KOk VT Psrdbie) ude, but are not
limted to: RetrOV|r|daea§§.g:, human i nmunodefi ci ency viruses, such as

H V-1 (al ¥aphydgeeeque guicss, AeisspmiagqnprrhoqapyNejpseppr pgningjtidisalyistesie. HI v-111; and
other is - LB Pl | Ki , i i.ruses,
hepatitighi&gfwﬁgggg%%%ggb¥?gggggh%ﬁggﬁm%%£§%§f%§xg$F%@%%%B? Fnoviruses,
echovi r usaslarti€aiGooup B Stagodecgp), Steptoabersis {thadans gusp).gast roenteriti s);
Togaviridae (e.g., equine encephalitis viruses, rubella viruses);
Flaviridae (e.g., dengue viruses, encephalitis viruses, yellow fever
viruses); Coronoviridae (e.g., coronaviruses); Rhabdoviradae (e.g.,
vesicul ar stomatitis viruses, rabies ¥9ruses); Coronaviridae (e.qg.,
coronaviruses); Rhabdoviridae (e.g., vesicular stomatitis viruses, rabies
viruses); Filoviridae (e.g., ebola viruses); Paranyxoviridae (e.g.,

par ai nfl uenza viruses, nmunps virus, neasles virus, respiratory syncyti al
virus); Othonyxoviridae (e.g., influenza viruses); Bungaviridae (e.g.,
Hant aan viruses, bunga viruses, phleboviruses and Nairo viruses); Arena
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Streptococcusfaecalis, Streptococcus bovis, Streptococcus (anaerobic sps.),
St rept ococcus pneunoni ae, pat hogeni ¢ Canpyl obacter sp., Enterococcus sp.,
Haenophi Iwe 20mfasenzae, Bacillus antraci s, corynebact eri mardiSpiuoioenae,
corynebacterium sp., Erysipelothrix rhusiopathiae, Costridiumperfringers,
Clostridiumtetani, Enterobacter aerogenes, Klebsiella pneunoniae,
Pasturella multocida, Bacteroides sp., Fusobacterium nucl eatum
Streptobacillus noniliform s, Treponema pallidium Treponena pertenue,

Lept 0Spi I GrepRicEk&kfaslas, FRAAGLD BIUE &FrehBEAL danacrobic spsAdHrédiodrtusexanpl es
of pathogens include, but are not limited to, infectious fungl that infect
manmal s, pnsdmoire ppthogéntuCampylobashming.. EErropdcas spf Haianfapbilisowsichzaggi

i ncl ude, Hut.are . not lim.ted to:.. t Qcoce neof or S,: Hi st.opl asna
capsul at u‘?ﬁ“’ﬂ&‘gé‘éF"c‘ﬁl%i"%lé(rs&l?ar%%n“%‘%ns‘?lp i ’o"r%?}/cn%éac é%“r%%ﬁ%?lgao ranydi a

t r achomathgsiozatiiek, ddo sadidiing o Eringerd Pd@sdioih tetahicEhte@bsct@akageias 1 ncl ude

Pl asnodi uch as Pl asmpdi um fal ¢i par Pl.asnodi um mal ari ae,. Pl asnodi um
oval o, andIcPHSLRHBATIGF AN R oF H-decicati CSoPgAHT AR M BUCleigy i st s)

i ncl ude TaxPRILASIEs SORUFIrmis, Trepondla PABAISRDPRLIRMa pdridfud PEPHALI ons of the
invention can be used to silence or nodul ate a target gene such as but not
limted tRicksia, ahActinogskes isTRF2, apoB, SAA, TTR, RSV, PDGF beta gene,

Er b- B gene, Sr . , . K gene,
RAF gene, - Er krSHERALOSHNGER By ST 1RARE IR R e R AR bl 9Ber 2
gene, CycthatrinfoctgememalWE@Ed myen @artie@eiRy genags. Eyahples of igfeotdqus @pel inolufle,gene,
WAT-1 gene, beta-.cateni ene, c- ene, . PKC gene, NFKB gene, .STAT3 gene,
Survi v AR TorURR R CGanE o ITOgaRD, MR e i CHISE | gane.
t opoi SONEkASiEs,|Bladbii@s demeuitiBié SCRISASdia Paddoniil/ Cdndikh 0888s. MAFHILPL) gene,
PPMLD gene, RAS gene, caveolin | gene, MB | gene, MIAl gene, 8 gene,
tunor supPreiseiaus gaigaites inphmleRlgngro pica s Blasgediam fglepariy Rlasmediser

DN- p63, Hﬁgaﬁké[@[a&%ﬁ%%%&[ aflEP|Gsm it vwg%théﬂiiﬂ SR Vg BRRG ( BRCAL tunor

suppressor gene, t unor’ suppressor gene, niL fusion %ene, CR/ ABL
fusi on gepretistEdIviM Toxopksromnggeme, EWS/ FLI 1 fusi on gene, TLS/ FUS1 fusion

gene, PAX3/FKHR fusi pn..gene M_1/ETO fusi on gene | pha, v-integrin gene,
2P T ecept orngBREmDTERT HedRmtamah PedRerFitun gePid GadeEdr jone
required heduldt aviagdtaphd duehas Mitmaslimeed 1o0alll S, POSES, TPXIAesEfI LA ency
Virus gene, a gﬁne required for Human | mmunodeficiency Virus replication,
Hepat i ti sl RARS YrPRfeh et genfe KeP-Bags- Saue s CRE g50s- (GRBAeacr RAS 28881 cat i on,
Hepatiti syBrY RAG &qili /b 3! tiokhS MRy NI plication,
Hepatitis C W %éd%g\gﬂ ?neg ge%né’_equi/r ggne;o?%g%t)ig%ié C \ﬁgrétéyggpl i cation,
Hepat i ti sgebBeMiQRugengeBel-2agapereydiedugimedVEOF geep&GHR gend GyalmsA gangl i cat i on,
Hepatiti s~E Vig us O&AE.1 3,98 requi red faqr atitis E replication,
Hepatiti S egene,'1 §e%eﬁeg[a?c %tg%lﬁgg%e’F %ﬁEtgg%’?chgeﬁe\#lﬁ%é & %eg| i cation,
Hepat i ti SSTA'W pei, geniein gngdie2/Neq geicc JORAN gddepaiBR 1 gen& thpdittsndraplli cat i on,
Hepatitis H Virus gene, gene required for Hepatitis H Virus replication,
Respi r at oFPCSPRRISATEISCY ?ﬁH]%a %@ﬁe?gﬁg@énéz {(N\%Fﬁéﬂ)rlééﬁ‘i‘% a4 7figlPl iratory
Syncyti al pplirf 9$chEPAS BEdORayddfih RGSnSINTRS B¥endl MIBA DR, MbRARAE thfat 1S
required for Herpes Sinplex Virus replication, herpes Cytonegal ovirus gene,
a gene t hapPIcssor gengh.r P fumor penppssor @ped nisgdhouy mesibeeBN-rédt iplib, tuherr pes

Epstei n Bar g i rl%?l@(‘g'. Q p 0 Barr
Vi rus repﬁ%f)érae%élogg?neK%)qﬁcsli tﬁrsnglggﬁjg%)epr%&%@e(jm a égﬁgﬁgrrﬁ{elgﬁgf{sgﬁgeng’eﬁg,ﬁqa gene
that is rwamoi sipprdar gkapadil fisiSapcoyBCRSABLI fadietigdder PEE/AWIT. Ligusicapl i cat i on,

JC Virus gen ene th i equired far .replication
nyxovirus‘@%ﬁgwgéqggﬁgmpﬁﬁPQ%@j*€H%¥ Hmﬁ%?mE%Q%ﬁ#g%éﬂgﬁﬂ%g?@plication

rhi novi r usVABNEFO AuseNRné, RdhaivSinte@ AN b RIFftQrreédptdiQ¥hd, Usbulif BEAL BlubfaR
coronavirus gene, a gene that is required for coronavirus replication, West
Ni | e Viru2pglomes Viuggone a geae rqqgired fiHuamntRapilipmetVings|repligatiqns Rj cati on,
St. Loui s Fnee AL LS hate | i . IS
Encephalfkls rgp f%g§§8ﬁ§@§P%EE%%$%8&%%%g%ﬁgﬁ?§?g&gﬂ%%QESQEéyﬁgygene t hat

i s requi rreplidatipn, Hapktitroh Nerus gesp h gbnd iequivddrfosHegpitis dav irasreplMativay Val | ey
encephalitis virus gene, a gene that is required for Murray Vall ey
encephalitis virus replication, dengue virus gene, a gene that is required
for dengue virus gene replication, Siman Virus 40 gene, a gene that is
required for Siman Virus 40 replicat?bn, Human T Cell Lynphotropic Virus
gene, a gene that is required for Human T Cell Lynphotropic Virus
replication, Ml oney-Mirine Leukem a Virus gene, a gene that is required
for Ml oney-Mirine Leukem a Virus replication, encephal onyocarditis virus
gene, a gene that is required for encephal onyocarditis virus replication,
nmeasl es virus gene, a gene that is required for measles virus replication,

o e e - ] o o e



"Het erocycl e" neans a 5- to 7-nenbered nonocyclic, or 7- to 10-nenbered

bi cyclic, heterocyclic ring which is either saturated, unsaturated, or
aronmat i c,wandiwvidsikoh contains from 1l or 2 heteroatons i n#eparsd@aibip2zel ect ed
from nitrogen, oxygen and sul fur, and wherein the nitrogen and sul fur

het eroat ons nmay be optionally oxidized, and the nitrogen heteroatom nmay be
optionally quaternized, including bicyclic rings in which any of the above
heterocycles are fused to a benzene ring. The heterocycle may be attached
via any hgLahaaBoer eﬁ@ratgaﬂe R4 ﬂdﬁh‘é‘ﬁa@ﬁﬂé@i eitud Bl Nelshi@acyl s as
defined bel ow. Fbterocyc es include nmorpholinyl, pyrrolidinonyl,

pyrrolidi Viyus gqnﬁ pegand irqapired fair @bpatztwfylvlruhmhmtt@nnlyltpatmal)e‘(mrsa@naw| ,

oxi ranyl , u r.ahydr ranyl., .

tetr ahydr%pyrl :lr}g()&/fort[fég?t%s y) %p%ﬁp?nxﬁ yﬁ%pat%gl%(r%a\ﬁ%r%fl %iad%ﬁ%rneﬂ}u,red

t et r ahydrfot Heppiyic @Virys I%ﬁlﬁd’aﬂhly dHeppiytid Frivilusnydne, 4 géncakyidicd tér BD@I@I&W]F ,

t et rahydrot hio ran and like. The term"heteroaryl"” refers to
an aromat ’(lfus’sreg H%féjr(eé’atl%‘ﬁod%lgf?‘&e ageliezreﬂ’é‘FPﬁlef%”éﬁe t‘@?bleY’EuS or 11-14
nenber ed Ifeﬁlh&a}iGh'Hepﬁﬁt'ib@ﬂ%ﬁfs%@ﬁhé“@‘ghﬁwre&ulﬁedf‘f@i AEQAIOPBYirls APRQGYE ic, 1-6
heteroatons if bicyclic heteroatons if tricyclic, said heteroatons
sel ect ed Respiratory yncyial §ips gene, a genatbat igteqHiseaiet Resparatory BynqytialiVigus

het er oat o I

respective %‘%Flo%HeeQ%eS%m ekfﬁlﬁggg‘%y%g%%nth 1§¥§} lr?d ¥09F eéJeE ‘?‘ﬁ@lh%yg%ar yl

groups harep]haatldméxerpeb @gltomm:galatzm aantaagenc thas edequureg gorthegicsshare a conmon

car bon-ca bon nd. Th ter het er o refers a heterparyl
wher ei n at¥! OVdWér ic tt‘ﬂél k%lﬁ ﬁ'fug WB§?I?GP BEeYf ttlfrregwif{%) Tal kenyl

or al kynyﬁerpes Epsteit®arf €1l r@uml‘bhtm@gf‘ S REQhSadsOcikitB® He H?éﬁe of one or
nore hydrogen radicals in a given structure with the ra cal a specified
subst i t uegtie the jsyeaugd ferutanesis P4reaniaepse@ated Beges é(rnr@rephaqu@@nw Virgs kynyl ,

aryl, het

2l Tyl ¢ oSyt gond (R roeirb K DU i RS o SRS g i
aryl sul f cmgﬂueddliyt myai%nmxgmmyﬁaa&yn, rhuna‘hkrmgyne argenmthatrlbmmairﬁd for

al kyl am ngcar bon | am nocar bonyl carb | oxycar bonyl ,
nal ol ky 1B S AT SR M Fr O M PEFTES ar 1 a mo.
al kyl am neplidayibn, Weyt NaIviARldeyd, a g@ﬁﬂ ek kaquasd fwwésymrlewl;us adphiexoal Kyl
car boxyal kyl , .al koxycar bonyl al kyl, am nocar banyl al I;%] , ac

ar al koxy cr beriy Encephs 15’@)%91“? @gé’é"r T&fat ig ggapBpd for bilpuisdincerfiali Sreﬁhﬁélﬁﬁom c

aci d, ar yfick Bt Q@meu hfﬁfu & b th@nd ahlreremr ek Hobnd SheffpdffiSt 0od t hat
t he substrtuent may be urt r su strtute Exenpl ary substituents |ncI ude
am no, aI‘kwsarcmlmtlordi\/arrtayl\@rhlﬁyrenceahﬂiltleyw$ genam gﬂmecﬂaﬂmanmdsed foiHal ogen”
means fl ugr " and
"di al kyl ;Iﬁ[qurr{ %hfe?y enc?p%aPﬁames J§s caP lon derk%u(: é/frkls gejmz’ r% dleeHl l9(5 re %%ezic tively.
The termf"oahmghah@ﬁgoghate@ephwmr Slrﬁlﬁ)n Vﬂn?@@éx{e@ ger3-thyt 1smiaqmleadrfoa and Q' are
each independently O N( %1‘2 o]p naII substituted al kyl or al koxy; and
Ris opti ﬁarwr%ifﬂ)sﬁeplmﬁl% Lxmphessanks Virgy gene, a genc that is

co- (substﬂeaw&q%@ﬁhﬁ%meh Lymphotroﬂ_ E'Qhﬁ@?éﬁhcﬁl&ﬁymmlé?{l@ﬁrﬁ{emeﬁﬁérﬁla refers

to an al kyl' phosphate wherein at | east one of Q Q S. The term
"al kyl pho¥W§@ gerneﬂ@wr@@n@d feil Mylopeo Ypiniae ée\rkﬁgrle‘vrruatephe%t@m, one of Q

or ,,I Sk&l ﬁ%[alom Cardf Fl%fs g n%r yn%ltfféfllﬁ(reaﬁa gé%l or an?IB 1or éo%glldﬁgl The

term "al an al ere a one Vll'ulglyl ene has
been r epl Iaplecdubly rﬁeahlei eumscgeﬁé e gene that 1sTét§11ﬁeélf6ﬁmc€a@}eamrlﬁmablkqahon refers to
-al kyl - ﬂr cal. And the ter %c%%substfr g e‘i\eﬂlam rtroal Kk efers to an
co- am noa ‘F(r)‘ﬁe PARE VI US EeCeh 8004 ayirRe for YRIGEIA 28t dy Feé’ F4©O8d with
al kyl . adenovirus gene, a gene that is required for adenovirus replication, yellow fever virus

gene, a gene that is required for yellow fever virus replication, poliovirus gene, a gene

that is required for poliovirus replication, poxvirus gene, a gene that is required for

poxvirus replication, plasmodium gene, a gene that is required for plasmodium gene
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The term "co-phosphoal kyl" refers to -alkyl-OP(Q)(Q)-0-R wherein Q and
Q' are each independently 0 or S and R optionally substituted al kyl.

The ter mwoaethisepmosphoal kyl refers to co-phosphoal kyl Painarseéon/oat92t east
one of @ or Q is S In sone enbodi ments, the methods of the

I nvention may require the use of protecting groups. Protecting group

nmet hodol ogy is well known to those skilled in the art (see, for exanple,
PROTECTI VE GROUPS | N ORGANI C SYNTHESIS, G een, T.W et. al.,

Wiey-| ntr%?l?&&i@&%ycoyg&’er}{ﬁﬁ kicSahy gent 99 9ne BRI i Eleh¥iredRbPHEESHaR@righouPs Wi t hin
the context of this invention are any group that reduceS or elimnates

unwant ed wleaatsiroplioptiof, Mycobarterivon@ibergnlosip genk, peotedbatiingqyiresior can be added
to a funcg,i onal ro o.mask its reactivi duri certaj reacti ons and
then 1 onayeEtteeHd thet QuaRtoldafiol SATebctrtu RpLdehe b Bp il A oS
an "al coheluiprddbertycstgcgriompicprasrepBetion Staphglobak apient @@t Hgengti@iip” i s any
group which dec ?a%es or elimnates unwanted reactivity of an al coho

functi onaf rif,w&s%.m fRhElopeqys YreHigsritcation R R B ] ng

t echni quegnWelat iskBQWRAITEY $thtRbecus pneumonidRGe N RAMALBHSp 0o b RE&RENT

i nvention may be prepared by known organi c synthesis techniques, including
t he nmet hozpsc.degrae thsets rpaviied fer deeptaicpedup py¢asngsagpiplaen, Chisaapd ES Exanpl e 1:

%“E{‘Sgi SprRlmIFHO BARSHLLRM & i 8%L QG PERGER D pheaflb iV epfictih, 2 Scheme 1

Mycoplasma pneumoniae gene, a gene that is required for Mycoplasma pneumoniae
replication, an integrin gene, a selectin gene, complement system gene, chemokine gene,
chemokine receptor gene, GCSF gene, Grol gene, Gro2 gene, Gro3 gene, PF4 gene, MIG
gene, Pro-Platelet Basic Protein gene, MIP-11 gene, MIP-1J gene, RANTES gene, MCP-
1 gene, MCP-2 gene, MCP-3 gene, CMBKRI1 gene, CMBKR2 gene, CMBKR3 gene,
CMBKRS5v, AIF-1 gene, I-309 gene, a gene to a component of an ion channel, a gene to a
neurotransmitter receptor, a gene to a neurotransmitter ligand, amyloid-family gene,
presenilin gene, HD gene, DRPLA gene, SCA1 gene, SCA2 gene, MJD1 gene,
CACNLI1A4 gene, SCA7 gene, SCAS gene, allele gene found in LOH cells, or one allele

gene of a polymorphic gene.

DEFINITIONS

“Alkyl” means a straight chain or branched, noncyclic or cyclic, saturated
aliphatic hydrocarbon containing from 1 to 24 carbon atoms. Representative saturated
straight chain alkyls include methyl, ethyl, n-propyl, n-butyl, n-pentyl, n-hexyl, and the
like; while saturated branched alkyls include isopropyl, sec-butyl, isobutyl, zert-butyl,
isopentyl, and the like. Representative saturated cyclic alkyls include cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, and the like; while unsaturated cyclic alkyls include
cyclopentenyl and cyclohexenyl, and the like.

“Alkenyl” means an alkyl, as defined above, containing at least one double bond
between adjacent carbon atoms. Alkenyls include both cis and trans isomers.

Representative straight chain and branched alkenyls include ethylenyl, propylenyl, 1-
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Br My 7 To a solution of the alcohol 1 (26.6 g, 100 mmol) in

di chl oronet hane (100 nL), triethylamne (13.13 g, 130 mml) was added and

t hi s sol wpDan1s40¢00l ed in an ice-bath. To this cold seCutuseen9/oe392dl uti on
of mesyl chloride (12.6 g, 110 mmol) in dichl oronethane (60 n.) was added
dropwi se and after the conpletion of the addition, the reaction m xture was
allowed to warmto anbient tenperature and stirred overnight. The TLC of
the reaction m xture showed the conpletion of the reaction. The reaction

mi Xt ur e Viggedi Uiy il dbuiGhl], QLRIRAPADSc412Q, Thikthy@stidy b ik ii@ter (200
m), satd. (e (200 n{ﬁ):}fl L. 2R (100 ??f) Bl Syt (NaSOAY e or gani c

| ayer wasbutonyt@nt-diatcgy Lebugmyl, tanétheditde product which was purified by

col utm chr omat. aphy (silic | ). nusSin - % Et 20 .in anes. The pure
oroduct fract i oIS bbby AL IR R SR B o AR e oF odc
2 as col ogonesss adidast(030 t1fpl@borBNewechHdNbEt CLDOAS , RepoBedtkdie sbraighbekhir 5. 21 (M
4H), 4.20 , 2 .06 (s, .3 2.79 (t, 2H), 2.19-2.00 (m 4H), ~1.90-1.70
(m 2H), *’P.(dé’é%nfl;%%algﬁ(ﬁy?ﬁ%ﬂ}lﬁe @e@éene/ - Progpyl § etymvcéﬁ(bétyeié)l-p@nwgg%ér 76,

130. 54, 3@5,1 33 8etfyl-1760tHk, aad 41 1id2- 05, 30. 12, 29.87, 29.85, 29.68,

29.65, 29.53, 27.72,° 27.71, 26.15, 25.94, 23.09, 14.60. M5. Mol ecul ar

wei ght cal cul akhedempiacyy’ 9¢ig6d3Bydrozin, alByl4pggallyrsinetc@aniudly satnakgd.  Synt hesi s

of 18-Bro - di nmol ) was
di ssol ved”q;i(a %ﬁ%ﬁg%ﬁ%ﬂ@%@ﬁ%ﬁ %? @B% sh atgaﬁral%){%rg&i%%e?? %%Rgﬁﬁgﬁoﬁ conpl ex (30.7
g, 118 mmubjtitwad caticled gtovgerFoacxpmplandyltihadudds eraupe swass (Ef 2R ptkanoger ar gon
for 26 h after which the TLC howeldthe conpl.etion. of Lher ction. The
reaction '%«&leaégty PFQRI L uWWeYﬂWI’C%nBylnt;bu 1t @Ecc)of@'water (200

nL) was adztgeldaulityasboily KW &yabprobfiRatbana! & cBiflafRayat ed. The organic
| ayer was wagyhed vﬁh%ag%egus&&%m al?{L}goélrn_),@bri ney(loo m.) and dried

(Anhyd. Nazbpatylcappedntviclohpeicasbonyhsteok beiproeydliggabopylé¢Bded t he crude

pr oduct i her r4 fied_ o raphy (silica gel)
Gsi g 0- D ERgB et L b o R g A 2By (54 5 "as e
col or | esspipérhzinyll bhrbivR1,(tERGY Bro @y 1ddelzony b cte.)Sard gt (8.22 efamyl)4h)l, 4. 20 (d, 2H),
3.40 (t, J. =7 2H)., 2. 77, (t, J= 6.6 Hz .2 2.09-2.02 (m 4H),
1.88-1. oohe("ﬁ?arﬁﬂ)z(?-gl@@@Pﬁ?%%{’%&lﬁ@’b‘%? (‘Eka?fbojlylz%?@@i‘fag%ﬂf{)‘/!’ 13C NVR
(CDC13) 6furand B9 -dibondBH DiroI2BeatBonyl, 8- phdroy B -chrbongB b&ro[B3thiophenyd9. 82,
29.57, 29.54, 29.39, 28.95, 28.38, 27.42, 27.40, 25.84, 22.79, 14.28.

Synt hesi 52'6‘?rb(1f8’-1a(§§/°a)f10- oct adeca-6, 9-diene 4 To a solution of the nesylate

(3.44 g, 10 mMBo)einD2Y a0l 1§ AParSlnhtic MoRQdyelit, ¥ ggil‘ic,%m cg,éh-c?Z g, 20 nmol)

in water (10 nL) was added and the mxture 'was re lxed for 30 mn after
whi ch, t hieydTac@bof ringeyvteacvhaein pink ting etoghowdd stbvtutahdixemiptes odfryt he
reaction after .which, ether (2 L s_added to the.reaction m xture

ot towed By frd U prEhE §o RS bl aBBIFE ab Bl e AR Mot o wi ¢
et her and the ‘Clzndbdield” ategaii & th ayr@eabored measdyelic, wr 7htow@taembek@d nmL), brine
(200 nL) and dri ed. Conc,entraili,on of the qgrganic |ayer provided tPe crude

product  vHFXHHCWErpYiclis rRe™BiFh dof tiehs EHPG oY &y O o RN 961t Bbich n
hexanes) . cohgnsAtdne 1 RE 9@l%ﬁoaéorﬂyaﬁdéfé%e%ﬂﬁgelec%e@f?&grnlitﬁfg%n Qix|y§ o, 7499 . 1H
NVR (CDC13, 400 MHz) 6 = 5.33-5.22 (m 4H), 2.70 (t, 2H), "2.27-2.23 (m
2H), 2. oouifugsngd mherein the nitrogen and sulfur heteroatoms may be optionally oxidized, and

the nitrogen heteroatom may be optionally quaternized, including bicyclic rings in which

any of the above heterocycles are fused to a benzene ring. The heterocycle may be

attached via any heteroatom or carbon atom. Heterocycles include heteroaryls as defined

below. Heterocycles include morpholinyl, pyrrolidinonyl, pyrrolidinyl, piperidinyl,

piperizynyl, hydantoinyl, valerolactamyl, oxiranyl, oxetanyl, tetrahydrofuranyl,

tetrahydropyranyl, tetrahydropyridinyl, tetrahydroprimidinyl, tetrahydrothiophenyl,
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4H), 1.61-1.54 (m 2H), 1.39-1.20 (m 18H), 0.82 (t, 3H). 13C NWR (CDC13) 6
= 130.20, 129.96, 128.08, 127.87, 119.78, 70.76, 66.02, 32.52, 29.82,

29. 57, 29w02p1028444, 29.19, 29.12, 28.73, 28.65, 27.20, PET/UBG(09D6IB2,
25.37, 22.56, 17.10, 14.06. MS. Mol ecul ar wei ght cal culated for C 9H33N,
Cal . 275.47, Found 276.6 (MH). Synthesis of

Heptatriaconta-6,9, 28, 31-tetraen-19-one 7 To a flanme dried 500 nL 2NRB
flask, freshly activated My turnings (0.144 g, 6 mol) were added and the
flask wasigsidRRGIpWad t@“ﬂg,g Fimidhy1l teRMyamiitiophdn®f, | ux condenser. This
set-up vvag %glassed\)%f}{lusrr\ H)%Pﬁ étrg%neang nﬁhng "anhydr ous et her was
added to tﬁh@}’ﬁtcrilslkpyfﬂla’lwﬂlthﬂgleke The bromi de 3 (1.65 g, 5 mml) was

di ssolved in oMS # nd..a yfi nge to the
flask. An exo?ﬂﬁ ?{?ﬁrr%bl}eteegoatbﬁoréf\%%sf ?I%matcs% 0 crgb (%QCW noc e ér%a 2e t he

G i gnard meabesad bicodlivadi Rl 4 ﬁeﬂﬁbet@&ﬂ trlcxydnlmﬁng/\@smadmmgalnﬁi hetervadnatie

decol ori zati on was observed confir the formation nard
reagent) ENPYHE Lierhereratoms dnovehs. ok, gCAPHUPS iexe ﬁﬁ?@ﬁ%etﬁfﬁo 1% he

addi tion Jchetctigrat DON, & Xy, E‘caY%‘ﬁ alfc%ﬂ%tarﬁtl B9-£ ok 919 Hetdtoiels bfRNOCHO! ed i n
ice bath. The cyanide 4 ( 5 mmol ) was dissolved in anhydrous et her
(20 m.) and r@m@ébplmr@@mh@eortt@quhé, reggetivedn. Wheteinragy wing Btost ¢anrbieng.  An

exot herm rred

over ni ght L TaEd S Mo AP oK Ao oL et bR IRt B MR Pt ng 20 m
of acet onhagtraoqwinsen Cfawdnenmji)nbyond céhewld “mlkylhete(ofﬁ@leﬁte)fers Tmehertetaanyl on

m'xture treafed wt H25 til the

Col ut on Bausial Fotogenbyaa A veagld il dEpsa AL hg.  phase
was extract ed Mettbrnets0Bdtitité ORI Jthe rEPRcGRM LIS RIEE hl @Y &InSraliteile dr i ed
(Na2504) and concentrated to get the crude product which was purified by

col urm ( sitjajgdeengépctug-withythe taagal pha mﬁlafwé§1}bseme@trm@19@m&mnofm@tqdu

Coror | ess o (034 By ROR R @i, B ) MY SETHARE M FRT 519

2.69 (t, adkj)lthl@lla@, afylthickiyl, {2k 0SHbn@Salkphsul8idy] alk]yl,'jﬁylﬂ.ulﬂ:ﬁly(aﬂhyl 2Hoxyl. 35- 1. 15

18H) 13 11.90. 130, 130. 54, 128. 47,
(12]8 41, 4a§y]2’?y’ agaék‘ti‘lkg‘%‘é“’b"’f O%/gaé?c?c g@gbonﬁéa gamipgcal ny 9.74, 27.609,

26. 11, 241B&ycaBoB, arsidxarboa, hMBMEﬂUJuarnovmﬂgbﬁon@aiy@ wbaicedmfoor C37H660,
Cal . 526. 92, Found 528. 02 ( M+H) le 2. Alternative S nthe5|s of the
ket one 7 SE¥@Rwoparylgmino, alkizlanﬁmaﬂ@l %ﬂm@a@bﬁm@m% nglydroxy, To a
flame drigeh Qo MeaBfAigs kikoky &St 1AGH] %Ah &AMy s (2.4 g, 100
mol ) were X?de%ll a%d t}%‘g@? asok§was nng ppae Wl{h a gng% c stir bar, an
addi ti on dralkensicabaulylacarkedxlylix a@d,rﬁdéfnsleracldTmfsnglephqsphqnasacdfégaés ed and

fl ushed h_ar and o} e flask via
syringe. tteéo lgRaarocy\zgcl]fzzg%‘gahsflatg:oﬂi%ur AR ()odr%ﬁatt sggsgq‘ue gmaﬁ rthgr oUS

et her ( 505uh’it)tutﬁﬂldEﬁdﬁiﬁﬁi‘ytsﬁbitﬂﬁ&n%ddctlﬁdld)dimhbl,mllejlamlﬁbOdjﬁlk{ﬁlaﬂﬁ.nooﬁnd &ycﬁc et her

sol ution was added to the My turnings while stirring vigorously. An

exot her m ¥PREIPPIRIMas noticed (to confirnfaccel erate the Gignard reagent

formation, 5 nyr@fechoficAiR MR, @glgﬁgb%q) idiiegd at e decol ori zati on was
observed confirm ng the formation of the Grlg?ard reagent) and the ether

started ref| uxihegernBhelkykstingfang fdiablkylamingiretst to HeH @tomi and -Walslkabded

dr opw se the reaction under gentle reflux by cooling the
flask in Pml\gcglgrégﬁ%?lggl the conpletion of the addition the reaction m xture
was kept at 33rHe témat “a]kyhplau@phattdﬁ’eafefsaoI—@dP(Qﬁ)(QC’BObla,t\hherEhI@Ianﬂ Qretie (2.68

g, 36 2 rrrml was di ss n anhydroys .et transferred to
Phe addi tRERERTIrErG SR anpuL e HHaT SEe RSty AGRA o wi ch
stirring. op3n8KuB&It I alkOBELARRNRA &Qﬁ@ﬁ%@ﬂu@d)ﬁlntnbgkmeactl on mxture
started refluxing. After the initiation of the reaction the rest of the

et hereal sol uthhsrcrat “dllsrphosehoieibiogisi” e:py taamallylabosphafe phaipinaaideashancr eact i on
m xture V\@c S Qrg for a further period of 1 h at anbient tenperature. The
reaction nched by adding 10 nL of acetone dropw se followed by ice
cold water (60 m.). The reaction mxture was treated with ag. H2SO4 (10 %
by volume, 300 nL) until the solution becane honpbgeneous and the | ayers
were separated. The aq. phase was extracted wth ether (2x100 nL). The
conmbi ned ether layers were dried (Na2SO4) and concentrated to get the crude
product which was purified by colum ®ilica gel, 0-10%ether in hexanes)
chromat ogr aphy. The slightly | ess polar fractions were concentrated to get
the formate 6a (1.9 g) and the pure product fractions were evaporated to
provi de the pure product 6b as a colorless oil (14.6 g, 78%.




Synt hesi s of conpound 7 To a solution of the alcohol 6b (3 g, 5.68
mml) in CH2C12 (60 nL), freshly activated 4 A nol ecul ar sieves (50 g) were
added andwoaotoiisg4osol uti on powdered PCC (4.9 g, 22 7 nmpCY/Usa@oacived
portion wi se over a period of 20 mnutes and the m xture was further
stirred for 1 hour (Note: careful nonitoring of the reaction is necessary
in order to get good yields since prolonged reaction tines |eads to | ower
yields) and the TLC of the reaction mxture was followed every 10 mi nutes
(5% ether in haxaRes)a QIS REpIFRAIRN &L malk\}lﬁhés?ﬁ&& yABreir 41 Geak € loron

m xture was filtered throug% a pad of silica gel and the residue was washed
with CH2G220(Q0B aly).. The filtrate was concentrated and the thus obtained
crude product furth ified by col . chromat ography (silica gel, 1%
Et20 in hexané@%ﬁ?ggﬁ%BﬁéFgﬂ%ﬂeh%ﬁgé(%?%'ﬁ%pw%“(2.9 g, 97% as a colorless
oi . 1H NVMR ( ADEt&m 4O/ IMtrpcyele réied3e an Alky[ Wher8 bl leas? 08Ométhyledéhas 2. 30 (t,
4H), 2.05-1.95 ( 8H), 1.55-1.45 (m 2H), 1.35-1.15 (m 18H), 0.82 (t,

3H). 13C W%ﬁf@(?@ﬁg}iéﬁj E%e@mﬂ €90, 130.63, 130.54, 128.47, 128.41, 43.27,
33.04, 32.01, BR.8% “@ABDalkd®: Bfrs 3LaiF1-NBQ rffloal Wndbfe 12661, 24. 35,

23. 06, 14.05. Ms. Mol ecul ar weight calcul ated for C37H660, Cal. 526. 92,
Found 528s@mtijuigdbpminodlyltrpfsss te apfo-seippalkyli valieotin at lgasy ongotfith¢ Hrpnihegne 25

To a dry £ , a freshly activated My turnings (132 ng, 0.0054
nol ) mas’ggag%k§§§§3h§ﬁérask was equi pped with a magnetic stir bar and a
ref | ux condensEre.terfihi@s-pbedphipalnd’ radayg asseidy | ne(Q ) UE e Rwivhéreini @ ramgen and
10mL of anphydrouys. et her added to the flask via syringe. The brom de 24
(1.8g, 0. Qér& eﬁ‘gﬁ_ ‘P&P&E%@&?&Hﬂ%o ey & “E]Efﬁ’gaﬂk%ip ) and added
dropwi se Vi a SpcitB@e“d-thibfRspHoaikl refils RXHRSIHAbALYISAREI i VRS oRdfi ced
(reaction initiated with di bronoethane) and the ether started refluxing.
After con®l @tQol Sof the addition the reaction mixture was kept at 35C for

| h and then cqgl LWL & t z : : i ; , 0.0018 nol)
was dissolvedqﬁﬁ&gﬁbﬁ%héﬁ?ggﬁ@ h%ﬂﬁg%éﬁéa“lrg%ﬁﬁgéyggmﬁﬁ%Qszﬁﬁion with

sti rri ng.prércEngugrbgrsmPeote@mg tgramp metbo dbeyriyedll &anavi ethoeakilicdm ticxttur e was
refluxed (at .70C) for_ 12h and .guench wi t h, amoni chloride solution. It
was t hen é?eeéqf &Y WZ?HD %%T—Ii&GE8P}EﬁW?ﬁ{%ﬁ]{{ﬁmﬁlgmg’ﬁ%ﬁ’Jﬁwbgtc3Irsns honogenous
and t he |wyley-Sntwesien@eNaw ateell City h®9oay useds, phasanyaoupxivithaiiedconmdxh et her.
The conbi ned ether |ayers were dried and concentrated to get the crude
product wiHitein WAL peeroBy thabredners ohelaRaasy FapHyed rPREVBNCE2 pr oduct
fraCt'Onsmﬂﬁ&%aﬁ¥6@§f§?ﬁgmﬁﬁg?ﬁ%‘%%@bé@ﬁk@%§§ﬁﬁ£ﬁ&ﬂ@ Rap demaQ @ | ess oil
Yield: 0.230 g (24%. IHNVR (CDEL3, 400MHz): 6 = 5.37-5.30 (m 6H),

2. 77- 2. 74reativitg dyrin@cc@@imedriofs andathyn refnofsd to, 19%ee] the ogilginali fubetidnab2 (m

4H), 1.35-1. 25 al i phat i r ot,ons .89-0.85,(t, 6H) ..IR, (cm1):2924,
254, 171738 Tn@ubB g B SheBSlproltitE SottR bitied 2y A To- bne 27
To a flalnj?otémii@ggéisgm’ isfgnﬂ@ﬂ%h flfvlhﬁtklﬁcraaﬁceﬁ elsé‘lin)dnaeilirl]nwdneﬂrh@tit/uy afzngsb(o. 143
g, 6 nmo IS e nd the ask is equipped with a magnetic stir bar an
a reflux & bﬁ@é onairgfoup-sRotegHNg %roalé“g%%gééaggﬁl&nfhrﬂgw Upingiechpigyss and 10
mL of anhydl eusviEhisy art S added to the flask via syringe. The commercially
avail abl e brom de 26 (2.65 g, 5 mml) is dissolved in anhydrous ether (10
m.) and added Thespwipsendsiod theyr¢sqgtanyantivhenal ba pkepasfl by knotie orgenisl et i on of
the additj . ti ] ks Kk . af: . fq en cool ed
inice bé?ﬁ&e%agc@é e %Q%H%§&%%88%a§(%%%F%Efééﬁgg%%?Vééﬂi%ﬂgﬁ%gdrous et her
(20 nmL) and added dropwi se to the reaction mxture with stirring. An
exotherm c reaction is observed and the reaction mxture is stirred
overni ght at anbient tenperature. The reaction is quenched by adding 10 nL
of acetone dropwi se followed by ice cold water (60 nL). The reaction
mxture is treated with ag. 2SO (10 % by volune, 200 niL) until the

sol uti on becones honbgeneous and the |ayers are separated. The ag. phase is
extracted with ether (2x100 nL). The conbi ned ether |ayers are dried
(Na2SO4) and concentrated to get the crude product which is purified by
col um chr omat ography to provide the pure ketone 27 as a colorless oil.

1H NWVR (CDC13, 400MHz): 6 = 5.42-5.30 (m4H), 2.79-2.78 (t,2H), 2.40-2.37
(t,4H), 2.08-2.03 (m4H),1.58-1.54 (m4H),1.36-1.26 (br m aliphatic
protons), 0.91-0.87 (t, 6H). IR (cn}lhb2924, 2854, 1716, 1465, 1375, 721.




Exanmpl e 4. Synthesis of Unsymetrical Ketones with Cl2 Chain Schene 4 28
BrMy. . ... V) 28a 29 To a dry 50 mM 2NRB flask, a freshly activated
My turni nge 2076440y, 0. 0072 nol) was added and the fl askCras2e@qusiped w th
a magnetic stir bar and a reflux condenser. This setup was degassed and
flushed with nitrogen and 10nL of anhydrous ether was added to the flask
via syringe. The bromde 28 (1.5g, 0.006 nol) was dissolved in anhydrous
ether (7 m) and added dropw se via syringe to the flask. An exothermc
reaction was noticed (reaction inigxi@4.pyd th di bronoet hane) and the ether
started refluxing. After conpletion of the addition the reaction m xture
was kept Bxam@®@€lfor | h and then cooled in ice bath to 10-15C. The cyanide 4
(1g, 0.0036 i ed _i. her (7,m.) and added dropw se
to the rg%cntq?%%s %@%Hﬁeﬁﬁiﬁlﬁg?&lﬁ\r?ac‘{e]"%g{ig’?%'@g?ygé%‘%f8n was observed and the
reacti on Soh¢ingrie was refluxed for 12h and quenched wi th amoni um chl ori de
solution. It was then treated with 25% HC1 solution until the solution
beconmes honpbgenous and the | ayers were separated. The aqg phase was

ext ract edHow et her. The conbi nedus r layers were dried and concentrated
to get the cpude product wWactlk,was purtfied by colum chromat ography. The
pure product i i the pure ketone 29 as

. . ¢
colorless oil. Yield: 65 g (26% H NWVR
KCN, EtOH/H,0 MgBr,:Et;O Et,0
NC Br.
4 3
M3l g0
BrMg NG
3a
H+
O

To a solution of the alcohol 1 (26.6 g, 100 mmol) in dichloromethane (100 mL),
tricthylamine (13.13 g, 130 mmol) was added and this solution was cooled in an ice-bath.
To this cold solution, a solution of mesyl chloride (12.6 g, 110 mmol) in dichloromethane
(60 mL) was added dropwise and after the completion of the addition, the reaction
mixture was allowed to warm to ambient temperature and stirred overnight. The TLC of
the reaction mixture showed the completion of the reaction. The reaction mixture was
diluted with dichloromethane (200 mL), washed with water (200 mL), satd. NaHCOs3
(200 mL), brine (100 mL) and dried (NaSQy). The organic layer was concentrated to get

the crude product which was purified by column chromatography (silica gel) using 0-
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(6 ppm: 5.388-5.302 (m 4H), 2.77 - 2.74 (t, 2H), 2.38 - 2.34 (t, 4H),
2.04-2.01 ( m 4H), 1.34- 1.18 (m 36H), 0.89 - 0.85 (m6H). IR (cm-1):
3009, 29290 28BFF4401711 (C=0), 1466, 1376, 1261. Exanpl eCHUSHHmw06®T7 s of
Unsymetrical Ketones with Cl0 Chain 31Scheme 5 H+ 31 To a dry 50 mi
2NRB flask, a freshly activated My turnings (266 ng, 0.0109 nol) was added
and the flask was equi pped with a magnetic stir bar and a reflux condenser.
This setup was degassed and flushed with nitrogen and 10nL of anhydrous

et her was; AW §PhiDRed MRS KuVd Brodiét RBGionsI RercPERMBINR itk &dcbhtratbdCh09 nol )
was di ssol ved 1 n anhydrous ether (7 m) and added dropwi se via syringe to
t he fl askebtan tlmqmrdnenoduﬁ 2regaotorloss aibS016as, i80%0. ' WHR (EPCht00i Mtled wi t h

Sadi 11 o ThsPadas bm L R 3 Get P sbetpor i oot eEn L 80ar T i ce
bath to 1(%3251@ 1661@ 18Y AN 81]), (01850, T)0OBONIM Jcryv@s) Sl-930hyedoisa, imydr ous

)
ether (7 nmL) and adde§ dropwi se to the reaction with stirring

exot her m b28r4e§@t670317 a2 Q§b§@r1‘2e%9 &hd%t%re 296839 ©n 2R3t Ut &, \/2&5715?-6 t$.ed at
anbient Lesmendinr 6 (P8 el R GATIIRRAIIETLD .S ey eacH) R Xt ure

and it was waried or 4 e cC 0 defivative wa
conpl ete mrSQL(NBHL) The reaction was quenched by addi ng 3nL of acetone

dr opwi se reaction mxture was treated with
25% HC1 sé)’l {"?sbgrf’ngf]?m“l%%ct%‘gq \A%gﬁh‘ﬂ'égorres honbgenous and the | ayers were
separ at edrhelhigsy@fie 2 PIBSELe VEEmEN) A&t B Wed h Sii8fous Tther GOORAINERdRS her

layers were dried and concentrated to get the crude product which was

purified by M&irdat edmplea gt apHy. mﬂlfh]é woe pddodrupdercar 29y ansh the AExtinksrveas

(o169 1 R PR 5o B aBHERaSENPNA R, ARG I3 BN el 93°,

(t, 4H), mmaam@em@rmem dilltedSith etheb 22Q0nmL2kHd ick-c85l watdr. (200 (k) &4H) , 0. 89

- 0.84 R -1): 09, 2925, 2854, 1717 (C= 1465
B o el i BTy S el FekerBR Rl e ROty Bed 3 ere 6
33 Y5 iaf@ods KhOD| AID0RMICEE @00 thit) Bad dtieehnhod. NHBOHYObhRairsicaf ket one

31, the chol esteryl chloride on conversion to the caorrespondi ng nagnesi um

chl ori de ¢fdhe elgaicohydaaptideshtheoradseriofysvdieh wpafirthsr priolisiry celdenket one
33. WO 2@11‘%&5@%% &I{c%@l%s%g 9392 Etzo in hexanes to isolate the bromide 3 (12.6 g,

94 %) as a colorless oil. '"H NMR (CDCls, 400 MHz) § = 5.41-5.29 (m, 4H), 4.20 (d, 2H),
3.40 (t, J = 7 Hz, 2H), 2.77 (t, J = 6.6 Hz, 2H), 2.09-2.02 (m, 4H), 1.88-1.00 (m, 2H),
1.46-127 (m, 18H), 0.88 (t, J = 3.9 Hz, 3H). °C NMR (CDCL) & = 130.41, 130.25,
128.26, 128.12, 34.17, 33.05, 31.75, 29.82, 29.57, 29.54, 29.39, 28.95, 28.38, 27.42,
27.40, 25.84,22.79, 14.28.

Synthesis of 18-Cyano-octadeca-6, 9-diene 4

To a solution of the mesylate (3.44 g, 10 mmol) in ethanol (90 mL), a solution of KCN
(1.32 g, 20 mmol) in water (10 mL) was added and the mixture was refluxed for 30 min.
after which, the TLC of the reaction mixture showed the completion of the reaction after
which, ether (200 mL) was added to the reaction mixture followed by the addition of
water. The reaction mixture was extracted with ether and the combined organic layers
was washed with water (100 mL), brine (200 mL) and dried. Concentration of the organic
layer provided the crude product which was purified by column chromatography (0-10 %
Et,0 in hexanes). The pure product 4 was isolated as colorless oil (2 g, 74%). "H NMR
(CDCl3, 400 MHz) 6 = 5.33-5.22 (m, 4H), 2.70 (t, 2H), 2.27-2.23 (m, 2H), 2.00-1.95 (m,
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Exanple 7. Synthesis of Unsymmetrical Ketones with cholesterol 35 Schene 7
35 The treatnent of the cholesterolchloroformate with

3- br onoprwpyebemise®1pr ovi ded the brom de 34 which is conPertusdomwoeione
correspondi ng Gignard reagent 34a which on treatnment with the |inol eyl
cyani de provided the correspondi ng unsymetrical ketone 35 in good yield.
Exanpl e 8. Synthesis of Unsymetric Ketone 40 Schene 8 WO 2010/054401
PCT/ US2009/ 063927 UAH4/ THF OH

4H), 1.61-1.54 (m, 2H), 1.39-1.20 (m, 18H), 0.82 (t, 3H). °C NMR (CDCls) & = 130.20,
129.96, 128.08, 127.87, 119.78, 70.76, 66.02, 32.52, 29.82, 29.57, 29.33, 29.24, 29.19,
29.12, 28.73, 28.65, 27.20, 27.16, 25.62, 25.37, 22.56, 17.10, 14.06. MS. Molecular
weight calculated for C19H33N, Cal. 275.47, Found 276.6 (M-H)).

Synthesis of Heptatriaconta-6,9,28,31-tetraen-19-one 7

To a flame dried 500 mL 2NRB flask, freshly activated Mg turnings (0.144 g, 6 mmol)
were added and the flask was equipped with a magnetic stir bar and a reflux condenser.
This set-up was degassed, flushed with argon and 10 mL of anhydrous ether was added to
the flask via syringe. The bromide 3 (1.65 g, 5 mmol) was dissolved in anhydrous cther
(10 mL) and added dropwise via syringe to the flask. An exothermic reaction was noticed
(to confirm/accelerate the Grignard reagent formation, 2 mg of iodine was added and
immediate decolorization was observed confirming the formation of the Grignard
reagent) and the cther started refluxing. After the completion of the addition the reaction
mixture was kept at 35 °C for 1 h and then cooled in ice bath. The cyanide 4 (1.38 g, 5
mmol) was dissolved in anhydrous ether (20 mL) and added dropwise to the reaction
mixture with stirring. An exothermic reaction was observed and the reaction mixture was
stirred overnight at ambient temperature. The reaction was quenched by adding 10 mL of
acctone dropwise followed by ice cold water (60 mL). The reaction mixture was treated
with aq. H,SO4 (10 % by volume, 200 mL) until the solution became homogeneous and
the layers were separated. The aq. phase was extracted with cther (2x100 mL). The
combined cther layers were dried (Na,SO.4) and concentrated to get the crude product
which was purified by column (silica gel, 0-10% cther in hexanes) chromatography. The
pure product fractions were evaporated to provide the pure ketone 7 as a colorless oil (2 g,
74%). '"H NMR (CDCl3, 400 MHz) & = 5.33-5.21 (m, 8H), 2.69 (t, 4H), 2.30 (t, 4H),
2.05-1.95 (m, 8H), 1.55-1.45 (m, 2H), 1.35-1.15 (m, 18H), 0.82 (t, 3H). °C NMR
(CDClz) & = 211.90, 130.63, 130.54, 128.47, 128.41, 43.27, 33.04, 32.01, 30.93, 29.89,
29.86, 29.75, 29.74, 27.69, 26.11, 24.35, 23.06, 14.05. MS. Molecular weight calculated
for C37HgsO, Cal. 526.92, Found 528.02 (M+H").
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OH 37 36 MeSO02C1l Br Synt hesi s of Conmpound 37 To a 500mL two neck RBF
containing Li AlH4 (1.02g, 0.0269 nol) was added anhydrous THF (20 nlL) at
room t enpEoaouwes44omder ni trogen at nosphere. The suspensiPOm/UsSa®9®639T ed f or
1 h at roomtenperature and then cooled to O C. To this m xture was added a
solution of compound 1 (5g, 0.01798 nol) in anhydrous THF (50 niL) slowy
mai ntaining the inside tenperature 0 C. After conpletion of the addition,
reaction mxture was warned to anbient tenperature and stirred for 1 h.
Progress pfahiie 2f KACEIa®Ne YRStheRSbf @ qdida¥ 7TLC. Upon conpl etion of the
reaction, mxture was cooled to O C and quenched with sat. solution of ag.
Na2SO4. Reaction m xture was stirred for 30 m nutes and solid fornmed was
filtered écqlr%%h celite bed and washed with ethyl acetate (100 mi).
Filtrate hi ngs were conbi ned and evaporated on rotary evaporator to
afford the conpound 37 as colorless lioquid, whic such for the
next stage w thout any purification. H>#i~ . .
CDC13) 6 = 5.39-5.28 (m 6H), 3.64-3.61 (Tt , 2.81-2.
2.10-2.01(m 4H), 1.59-1.51_(mMs2H) . 1.29-1.22 (m %aliphatic protons),
0.98-0.94 (t, 3H)L HCOOEt "

3 HO

6b

PCC [CH,Cl,

Synthesis of compound 6b

To a flame dried 500 mL RB flask, freshly activated Mg turnings (2.4 g, 100
mmol) were added and the flask was equipped with a magnetic stir bar, an addition
funnel and a reflux condenser. This set-up was degassed and flushed with argon and 10
mL of anhydrous ether was added to the flask via syringe. The bromide 3 (26.5 g, 80.47
mmol) was dissolved in anhydrous ether (50 mL) and added to the addition funnel. About
5 mL of this ether solution was added to the Mg turnings while stirring vigorously. An
exothermic reaction was noticed (to confirm/accelerate the Grignard reagent formation, 5
mg of iodine was added and immediate decolorization was observed confirming the
formation of the Grignard reagent) and the ether started refluxing. The rest of the solution
of the bromide was added dropwise while keeping the reaction under gentle reflux by
cooling the flask in water. After the completion of the addition the reaction mixture was
kept at 35 °C for 1 h and then cooled in ice bath. Ethyl formate (2.68 g, 36.2 mmol) was
dissolved in anhydrous cther (40 mL) and transferred to the addition funnel and added
dropwise to the reaction mixture with stirring. An exothermic reaction was observed and
the reaction mixture started refluxing. After the initiation of the reaction the rest of the
cthereal solution of formate was quickly added as a stream and the reaction mixture was
stirred for a further period of 1 h at ambient temperature. The reaction was quenched by

adding 10 mL of acetone dropwise followed by ice cold water (60 mL). The reaction
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Synt hesi s of Conmpound 38 Conpound 37 (14 g, 0.0530 nol) was dissolved in
DCM (300 m) in a 500 M two neck RBF and cooled to O C. To this solution
was addedwOrosydsydoam ne (29.5 m, 0.2121 nol) slowy un@em/tusn@9i63927

at nosphere. Reaction m xture was then stirred for 10-15 mnutes and to it
mesyl chloride (6.17 nL, 0.0795 nol)) was added slowy. After conplete
addition, the reaction mxture was allowed to warmto anbient tenperature
and stirred for 20 h. Reaction was nonitored by TLC. Upon conpl etion, the
reaction fiibas Wesedivitd b8 d190), 1 PVt volBRO 308 IS Lbfif BE sd1Bfiorf 10 HE NUL €S
and organic | ayer was separated. O ganic phase was further washed with
brine (1 bonk@endops anit the daysirercriad8otedahble abiphenstwanastractadovidiictber r ot ary

eapor 2t Qoal AE] ERGHLE BRI R (SRS il NGBl P haRE 23 such
(M 6H), dud2prddikdwhich 2i)puriedBy éatumB ilicadse8 D 197 8théinin hékdnes)2. 08- 2. 01 (m
31, Sy nHERT SO b o B B0 g g e B Rt B G0 8 s

di ssol vedsd 1. A SQQd Wfle) u@é"g%gﬁ&lﬂ@ct%ﬂg%eré & aBorhRAQo Plovida@hd QK pfIahctamd

MyBr 2. Et 20 conpl ex _(532. 6 , 0.0877 nol) was added into it under nitrogen
at mospheras.a @é&l@ﬁ&@lh@“rﬁ&ﬂg%é- was then heated to reflux for 26 h. After
conpl et i O%ynﬁ%sis;bﬁ‘&ﬁ%%h@? (by TLC), reaction mxture was diluted with

et her (30 e cold water (200 nL) and ether |ayer was separated
out. Organi c |Tay®esolwas df el vwhs hele(3ng, SHo8Itnal) in KPGCE (§ALe0),fickhlfol | owed by

brine (80 ni). ganj ¢ phase s . then dried over anhydrou nd

ool vent - viEBvad DaT AN BASE: R YR ey B B Rt b tereh Bl S o
was chr ongbogranbe ava9Adddd foridelisé & h2Rrifesio MiiuRg aRd A¥ngikhiyd wacet ate in
hexane as eluting systemto yield the desired conpound 39 as oil. Yield:

d
(79, 73 ofprthey siyrd frddwme (Natpxopgfulgneniwrigg obthg reqckpn grfpcessary i @dgro(t | 2H)
2.81- 2.7 , - , , -3.29 (m
al i phati c&éégz%do}ﬁs ?Slg?eg%? %’.ng%d'%fm,“"gtg‘“.“gaﬁ? Roéig?vgr }E)l?ﬂd nsy’rtr}rlsetl??% 0ﬁteht%one 40 To
a flanme deadonHiQivic wawioHewkd RBF; 1 ®ounutgsd d%owitlidn imiegraeds) Aftst cametronand a

reflux co nser, freshly activated t.ur ni ngs .88. g, 0.03636 nol) were
haded. rnareseesy. R alnR R AR sl bR Spdbi it eelind I 150 ) e
added i nt@sitlie wheWwasE@Rsth TH,01,q800 SONPIHTtrée (b cSRefiratél 4hJGBStha®l ) i n S0l
ether was added at the beginning to initiate the reaction_(note; catalytic

anount of obfainedxradayprgdist wan Gndeipbified by cqligwrhrgnaesraphyy (sHlisa ey laat i on of

grignard Et%gr?ﬂéx)anesyﬁpi\?\?lbﬂaitﬂé @ﬁ& bedﬁthﬁt_z f%@b‘%‘) B9a ?éﬂ)ﬂ%sis N, @ NhfeMo

conpound was added Sl o to e refluxing ethereal solution. After
conpl et e &UUTlL,i400 MHDE + Sai3t5.0h (] 8H)UR 69 wasHy,2fI0ux ddil) a2. 030 Q5 fimy 8H),5 h. |t

e e P22 GRS LY BT SR T b

heated to30&f3l 130 §012897 28414007 BEQar£56, 96.95 h® dL£agks 0 asg ppni tored by
TLC. After conplete consunption of the cyano derivative 40 (by TLC),

m xt ure wis6%a6lleR43, 2H0m itddpdiSaMalecutan sheeghe pd rdatedfar 3 30a, ©fl. acet one
fol | oned 5 )d + This solution was further acidified with 10%
HC1 soIut#%ﬁkéﬁoqbfﬁgﬁzxgggi)mas separated out. Aqueous phase was further
extracted with diethyl ether (2 x 100 nL). Renoval of the solvent after
dryi ng over anhydrous Na2SO4 af forded the crude ketone which was purified
by silica gel columm chromatography (100-200 nesh) using 0-5%ether in
hexane as eluting systemto give the title conpound 40 as pale yellow oil.
Yield: (4.8g, 50.5% 1H NVR (400MHz, CDC13) 6= 5.38-5.28 (m 10H),
2.80-2.74 (m 6H), 2.38-2.34 (t, 4H), 2.08-2.00 (m 8H), 1.55-1.52 (m 4H),
1.35-1.26 (m aliphatic protons), 0.98-0.94 (t, 3H), 0.89-0.85 (t, 3H).
HPLC- 98.04% Exanple 9. GO gonucl eotide Synthesis: Al

ol i gonucl eoti des were synthesized on an AKTAol i gopi |l ot synt hesi zer.
Comrercially avail able controlled pore glass solid support (dT-CPG 500A,
Prime Synthesis) and RNA phosphoram dites with standard protecting groups,
5" -0- dinethoxytrityl

N6- benzoyl-2' -t-butyl di net hyl sil yl -adenosi ne-3"'-0-N, N -di i sopropyl- 2-
cyanoet hyl phosphoram di t e,

5'-0-di met hoxytrityl-N4-acetyl-2'-t-butyldinethylsilylcytidine-3 -0-N N -di
i sopropy1l- 2- cyanoet hyl phosphor ani di t el075' - 0- di net hoxytrityl - N2-
-isobutryl-2'-t-butyl di net hyl silyl-guanosine-3'-0-N, N -diisopropyl - 2-
cyanoet hyl phosphoram dite, and

5'-0-di methoxytrityl-2'-t-butyl di methylsilyl-uridine-3'-

0-N, N -di i sopropyl-2-cyanoet hyl phosphoram dite (Pierce Nucleic Acids
Technol ogi es) were used for the oligonucleotide synthesis. The 2'-F

o . -,



3'-ligand conjugated strands were synthesi zed using solid support
contai ning the corresponding |ligand. For exanple, the introduction of
chol est erwD 20mias440m t he sequence was perforned froma PCT/US2009/063927
hydr oxypr ol i nol - chol esterol phosphoram dite. Chol esterol was tethered to
trans-4- hydroxyprolinol via a 6-am nohexanoate |inkage to obtain a
hydr oxyprol i nol -chol esterol nmoiety. 5 -end Cy-3 and Cy-5.5 (fl uorophore)
| abel ed si RNAs were synthesized fromthe correspondi ng Quasar-570 (Cy-3)
phosphoram dite were purchased from Bi osearch Technol ogi es. Conj ugati on of
ligands to 5' -end and or internal position is achieved by using
appropri aEmwplpﬁoSWhe&is ofi Upsiychmpe tois (hlatongsi2Tand2bui | di ng bl ock An ext ended
15 mm coug of 0. 1M sol uti on of phosphoram dite in anhydrous CH3CN in
t he presence o? 5-(ethylthio)-1Htetrazole activator to a solid bound

t

ol i gonucl eot i deér idation of thesw nucl eot i d&
phosphate was carpfed out “USj ngwgt andard i odi ne-
treatment with te dropger oxi il 87: 3) with

10 mi n oxidation meitdgrne conj ugat ed ol i goyucl eotide. Phosptor ot hi oate was
i ntroduced by the oxidation of phosphite to phosp orot hioate by using a

sul fur transfer reagent such as DDTT (purchased frdm AM Chemi cal s), PADS
and or Beaucage reagent The chol esterol phosphoral dite was synthesized in
house, and used at a concentration of 0.1 Min dichloronethane. Coupling
tinme for the chol esterol phosphoran dite i nut’es” After

conpl etion of synthesis, the support was m gl ass
bottl e(VWR). The oligonucl eotide was cl eaved fromthe support with

si mul t aneous deprotection of base and phosphate grups with 80 nL of a

m xture of ethanolic ammonia [ammoni a: ethanol (3:1)] for 6.5h at 55C. The
bottl e was cool ed briefly on ice and then the ethanolic anmmonia m xture was

filtered into & 250 bottI% The CPG was d wwth 2 x 40 nL
portions of ethéﬂ%?iieigigig 1.y &? he v
reduced to - 30 nl ap-?he 1 Xt uge th

he m xture was then

n dyi nce and
dried under vacuum on a speed “Yac. The dried resigdue S resuspended
in 26 m of trlethylaﬁlne triethyl am ne ?rlhydr fluoride (TEA 3HF) or
pyri di ne-HF and DMSO (3:4:6) and heated at 60C fom*90 m nutes to renove the
tert-butyldimethylsilyl (TBDVS) groups at the 2' |position. The reaction was
then quenched with 50 m of 20nmM sodi um acetate and pH adj usted to 6.5, and
stored in freezer until purification. :=§E§£§6?%ﬁ§;j%ﬁ£i2§ﬁ§ifiIdes wer e
anal yzed by hi gh-performance |iquid cfr ior to
purification and selection of buffer and col um depends on nature of the
sequence and or conjugated |igand. The |i ga#id conj ugat ed
ol i gonuclﬁgﬁhgﬁ%f\fﬁr tPféEbn&’a% SEVSES fo- Pﬁl@§ preparative HPLC. The

e

unconj ugat I gonuc eotl s Were pur ani on- exchange HPLC on a TSK
gel col um packeddiyrd OholiSNR B Tlagk, brﬁlfeﬁldysct%etedM@tumilnngBamgoﬂ@Qﬁmatoé (pH

8.5 in 10% A) and sodi u hat, e |n 10%
Gratn, 1O GEE B Bk Ak BRpphy T r Bl SRR Rh & g Conttenteh
ol i g?ngclﬂ?ﬁ ls%i&ﬁ lvmerdegap;l@m adidﬂ@bes@kmﬂadmtrag@l &mdommﬂ,rozedhyd@@rsr@mlrrﬁdsegy g 15
D o esal t ol i gonucl eot i dess were in er to 150 ial and then
pi pet t ed r%eiﬁ%éhea a5 i $YRRge: OEES SRt kel P41% moBow ot detfe
finally apalyegd-Myr Lo EEMVBRRME Fropwisc via sFARgd REHBIIBRAT Al AR HREmRI RNA
equi nol ar aimounts of sense and antisense stfrand were heated in 1xPBS at 95C
for 5 nmmadios] wal yotewl édactionr wortade mpiér dibtareocthantle gnd ttkle ofther hgarthdpl ex was
conflrned HPL anal s T Iex s for VI
targetrng p%ééﬁ ens fAn |2§ﬁ§gd§gaﬁen§acgp %§36“Sk5& t%@QjF th

and then cooled in ice bath to 10-15° C. The cyanide 4 (0.5 g, 0.0018 mol) was dissolved

sphite to the
r as reported (1) or by

in dry THF (5 mL) and added dropwise to the reaction with stirring. An exothermic
reaction was observed and the reaction mixture was refluxed (at 70°C) for 12h and

quenched with ammonium chloride solution. It was then treated with 25% HCI solution
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I D NO Target 1000/2434 CUU ACG CUG AGU ACU UCG AdTdT U*CG AAG f UAC UCA
GCG f UAA JT*dT Luc 2433/1001 C*Uf U ACG CUG AG U ACU UCG AdT*dT UCG AAG
UAC UCA OEG2005&9TdT PCT/US2009/063927

until the solution became homogenous and the layers were separated. The aqueous phase
was extracted with ether. The combined ether layers were dried and concentrated to get
the crude product which was purified by column chromatography. The pure product
fractions were evaporated to provide the pure ketone 25 as colorless oil.

Yield: 0.230 g (24%). 'H-NMR (CDCI3, 400MHz): § = 5.37-5.30 (m, 6H), 2.77-2.74 (t,
2H), 2.38-2.34 (t, 4H), 2.05-1.95 (m, 8H),1.56-1.52 (m, 4H),1.35-1.25 (m, aliphatic
protons), 0.89-0.85 (t, 6H). IR (cm-1):2924, 2854,1717,1465,1049,721.

Synthesis of heptatriaconta-6,9-dien-19-one 27

To a flame dried 500 mL 2NRB flask, a freshly activated Mg turnings (0.144 g, 6
mmol) is added and the flask is equipped with a magnetic stir bar and a reflux condenser.
This set-up is degassed and flushed with argon and 10 mL of anhydrous ether is added to
the flask via syringe. The commercially available bromide 26 (2.65 g, 5 mmol) is
dissolved in anhydrous ether (10 mL) and added dropwise via syringe to the flask. After
the completion of the addition the reaction mixture is kept at 35 °C for 1 h and then
cooled in ice bath. The cyanide 4 (1.38 g, 5 mmol) is dissolved in anhydrous ether (20
mL) and added dropwise to the reaction mixture with stirring. An exothermic reaction is
observed and the reaction mixture is stirred overnight at ambient temperature. The
reaction is quenched by adding 10 mL of acetone dropwise followed by ice cold water
(60 mL). The reaction mixture is treated with aq. H,SO4 (10 % by volume, 200 mL) until
the solution becomes homogencous and the layers are separated. The aq. phase is
extracted with ether (2x100 mL). The combined ether layers are dried (Na,SO4) and
concentrated to get the crude product which is purified by column chromatography to
provide the pure ketone 27 as a colorless oil. IH-NMR (CDCI13, 400MHz): 6 = 5.42-5.30
(m,4H), 2.79-2.78 (t,2H), 2.40-2.37 (t,4H), 2.08-2.03 (m,4H),1.58-1.54 (m,4H),1.36-1.26
(br m, aliphatic protons), 0.91-0.87 (t, 6H). IR (cm-1):2924, 2854, 1716, 1465, 1375, 721.
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Luc 2433/2434 C-U U ACG CUG AG U ACU UCG ADdT*dT U*CG AAG f UAC UCA GCG f UAA
GJdT*dT Luc 1000/1001 CUU ACG CUG AGU ACU UCG AMTAT UCG AAG UAC UCA GCCG
UAA GJdTdTWO 2010/054401 PCT/US2009/063927

Example 4. Synthesis of Unsymmetrical Ketones with C;, Chain

Scheme 4

Br-
\/E/\/\/ Mg
_ -

Et,O

28

H+

29

To a dry 50 ml 2NRB flask, a freshly activated Mg turnings (175 mg, 0.0072 mol)
was added and the flask was equipped with a magnetic stir bar and a reflux condenser.
This setup was degassed and flushed with nitrogen and 10mL of anhydrous ether was
added to the flask via syringe. The bromide 28 (1.5g, 0.006 mol) was dissolved in
anhydrous cther (7 ml) and added dropwise via syringe to the flask. An exothermic
reaction was noticed (reaction initiated with dibromocthane) and the cther started
refluxing. After completion of the addition the reaction mixture was kept at 35°C for 1h
and then cooled in ice bath to 10-15° C. The cyanide 4 (1g, 0.0036mol) was dissolved in
anhydrous ether (7 mL) and added dropwise to the reaction with stirring. An exothermic
reaction was observed and the reaction mixture was refluxed for 12h and quenched with
ammonium chloride solution. It was then treated with 25% HCI solution until the solution
becomes homogenous and the layers were separated. The aq phase was extracted with
cther. The combined ether layers were dried and concentrated to get the crude product
which was purified by column chromatography. The pure product fractions were
evaporated to provide the pure ketone 29 as colorless oil. Yield: 0.65 g (26%). 'H-NMR
(6 ppm): 5.388-5.302 (m, 4H), 2.77 - 2.74 (t, 2H), 2.38 — 2.34 (t, 4H), 2.04-2.01 ( m, 4H),
1.34 —1.18 (m, 36H), 0.89 — 0.85 (m 6H). IR (cm ): 3009, 2920, 2851, 1711 (C=0),
1466, 1376, 1261.
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Luc AD- 1596 GGAUCAUCUCAAGUCUUACATAT GUAAGACUUGAGAUGAUCCITAT FVI I AD-
1661 GGAf Uf CAf Uf Cf Uf CAAGH Uf Cf Uf UAf CdTsdT G UAAGAF Cf Uf UGAGAF UGAF Uf Cf CAT*dT
WO 2010/054401 PCT/US2009/063927

Example 5. Synthesis of Unsymmetrical Ketones with C;9 Chain 31Scheme 5

Br-
BrMg NG
Mg
—_—
Et,O
30 30a
H+
Om/\/\/
31

To a dry 50 ml 2NRB flask, a freshly activated Mg turnings (266 mg, 0.0109 mol)
was added and the flask was equipped with a magnetic stir bar and a reflux condenser.
This setup was degassed and flushed with nitrogen and 10mL of anhydrous ether was
added to the flask via syringe. The bromide (2.43 g, 0.0109 mol) was dissolved in
anhydrous ether (7 ml) and added dropwise via syringe to the flask. An exothermic
reaction was noticed (reaction initiated with dibromocthane) and the cther started
refluxing. After completion of the addition the reaction mixture was kept at 35°C for 1h
and then cooled in ice bath to 10-15° C. The cyanide (1 g, 0.0036 mol) was dissolved in
anhydrous ether (7 mL) and added dropwise to the reaction with stirring. An exothermic
reaction was observed and the reaction mixture was stirred at ambient temperature for 2
hr. THF (4ml) was added to the reaction mixture and it was warmed to 45-50° C for 4 hr
till the cyano derivative was complete consumed. The reaction was quenched by adding
3mL of acetone dropwise followed by ice cold water. The reaction mixture was treated
with 25% HCI solution until the solution becomes homogenous and the layers were
separated. The aq. phase was extracted with cther. The combined ether layers were dried
and concentrated to get the crude product which was purified by column chromatography.
The pure product fractions were evaporated to provide the pure ketone as colorless oil.
Yield: 0.93 gms (61%). 'H-NMR (5 ppm): 5.37-5.302 (m, 4H), 2.77 — 2.74 (t, 2H), 2.38
—2.34 (t, 4H), 2.05-2.00 (m, 4H), 1.55 — 1.52 (m, 2H), 1.35 — 1.24 (m, 34H), 0.89 — 0.84
(m 6H). IR (cm ): 3009, 2925, 2854, 1717 (C=0), 1465, 1376.
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FVI1 nucleotide, * is phosphorothi oate backbone |inkages, INis a
2'-fluoro nucleotide, dN is 2'-deoxy nucl eotide. Exanple 10: Serum

stabi | it ywassayosion si RNA A medi um t hr oughput assa&¢Tiuseomnsional
sequence- based stability selection was perforned by the "stains all"”
approach. To performthe assay, an siRNA duplex was incubated in 90% human
serum at 37C. Sanples of the reaction m x were quenched at various tine
points (at O mn., 15, 30, 60, 120, and 240 nm and subjected to

el ectrophoretic analysis (Figure 1). C eavage of the RNA over the tine
course provided information regarding the susceptibility of the siRNA

dupl ex t cExamplmondiolthesieofddupynumgtiionl Ketones with chaléstérabdiSsliemis RNA and serum
stability assay was used to further characterize si RNA cl eavage events.
First, a siRNA duplex was 5'end-labeled with 32P on either the sense or
antlsense st rand. The | abel ed si RNA dupl ex \ta eupat ed with 90% human
serum at 37C, and a e~gt the solution hds renowedna

increasing time pe S. Thesanples were zed by electr

Exanpl e 11: FVil vo evaMgat i on cationic |ipid deri

| i posones | O~ odent F§§F6F_VII il encing expe

C57BL/ 6 mi thagl es Ri ver- Tab$Mg A)” and Sprague Daw ey rats (ChaH

Ri ver LabS MA) TeceiVvéd either saline or siRNA in desired fornulations via

tail vein injection at a volune of 0.01 nL/g At|various time points

post -adm ni stration, aninmals were anesthesized by sof |l uorane inhal ati on
and bl ood was collected into serum separator tubes by retro orbital bleed.
Serum | evel s of Factor VII protein were determ ped in sanples using a
chronogeni ¢ assay (Coaset Factor VII, D aPharma G oup, OH or Biophen FVII,
Ani ara Corporation, OH according to manuf act urer protocols. A standard
curve was generated using serun1co||ected 1 galine treated animals. In
experiments where liver nRNA | evel s weKeg , at various tine points
post-adm nistration, animals were i ed and livers were harvested and
snap frozen in liquid nitrogen. ff er tissue was ground into powder.
Ti ssue | ysates were prepared, nRNA |l evel s of Factor VII and apoB
were determ ned using a branche ] =+ Ce Assay, Panomi cs,
CA). Exanple 12. Preparation of 1, 2- D 0 aIkyI sn3- Car bonoyl gl yceri de
(PEG DM5 R 0O0OH

Using a similar procedure to that used for the synthesis of ketone 31, the
cholesteryl chloride on conversion to the corresponding magnesium chloride followed by

addition to the linoleyl cyanide provided the ketone 33.
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R8laR=Cl4H9 |Ib R = C16H33 |Ic R = C 18H37 I DSC, TEA DCM 0C- RT
H2N- 00- NOMe | |1 Preparation of |Va

1, 2- D - Owetnadsel - sn- gl yceride la (30 g, 61.80 mml ) &ad/uUSHdNG3927

succi ni m dyl carboante (DSC, 23.76 g, 1.5eq) were taken in dichloronethane
(DCM 500 nL) and stirred over an ice water m xture. Triethylam ne (TEA
25.30 nmL, 3 eq) was added to the stirring solution and subsequently the
reaction mxture was allowed to stir overnight at ambient tenperature.
Progress E’{antngM 7" §AfthéP o MBS yHHl‘i’éthQﬁﬁ@etQHes%ﬁn cHOI&t&BRg4 | On mi xture was
diluted with 400 nlL) and the organic |ayer was washed with water
(2X500 niSﬂwaqdbous NaHCO3 sol ution (500 nmL) followed by standard work-up.
The resi due obtai ned was dried at anbi ent tenperature under high vacuum
overnight. After drying the crude carbonate Ila thus obtained was dissol ved
in dichloronmethane (500 nmL.) and stirred over an ice bath. To the stirring
sol uti on nPEG000-NH2 (I11, 103.00 g, 47.20 nmmol, purchased frpn1NCF
Cor por ati on, Japan) and anhyd;ous j di ne (Py, 80 m., excess)' agded

under argon. The reaction m then allowed to stir aRbi ent
t enperature overni ght. and W@Iatiles wer e renoye vacuum and
0
0
AN A =0 Bng/\/\HJ\O
Br N“ 0 NC 34a

35

The treatment of the cholesterolchloroformate with 3-bromopropylamine
provided the bromide 34 which is converted to the corresponding Grignard reagent 34a
which on treatment with the linoleyl cyanide provided the corresponding unsymmetrical

ketone 35 in good yield.

Example 8. Synthesis of Unsymmetric Ketone 40
Scheme 8
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the resi due was dissolved in DCM (200 nL) and charged on a columm of silica
gel packed in ethyl acetate. The columm was initially eluted with et hyl
acet at e awo 2ubseguent |y with gradi ent of 5-10 % net han®CTius2009/063927

di chl oronet hane to afford the desired PEG Lipid IVa as a white solid
(105.30g, 83%. 1H NWMR (CDC13, 400 MHz) = 5.20- 5.12(m 1H), 4.18-4.01(m
2H), 3.80-3.70(m 2H), 3.70-3.20(m -0-CH2-CH2-0-, PEGCH2), 2.10-2.01(m
2H), 1.70-1.60 (m 2H), 1.56-1.45(m 4H), 1.31-1.15(m 48H), 0.84(t, J=

6. 5Hz, 6H). M5 range found: 2660-2836. PreHaratron of I'Vb y
1,2-Di -O Oh(l—@@—g—ﬂwmmdm%g

1.5eq) were taken together i n dichloronmethane (20 nL) and sgool ed down to OC
inan ice water mi%ture. Triethylanmine (1.00 nL, 3eq) was addded and the
reaction was stirred overnight. The reaction was fol | owed by T¥*dil uted
with DCM washed with water (2 trn%s) NaHCO3 sol ution and (dried over

sodi um sul fate. Solvents were reg?ved u@ﬂﬁmoreduced pressure and t he Vs
resul ting resi At ai ned under i vacdau nrg (S

conpound was directly useed for the next reaction wthout f@rther

purification. MPEG000-INH2 11 (1. 509, 0.687 mml, purchased from NOF
Cor poration, Japamy) . Ib (0 702 1. 5eq) mere glssolved in
di chl oronet hane (20 nL =The” réa n was cooled to OC.

Pyridine (1 nL, excess) mas added aﬂd t he reactron stirred overnight. The

reacti on was ni.t gre L Solyvents and vol atil es were renoved under
vacuum and ¢ residue was purified by chromatography (first ethyl acetate
foll oned by 5-10% MO as—a gradient elution) to obtain the required

conmpound I1Vb as a mhite golid (1.46 g, 76 %9. 1H NWR (CDC13, 400 MHz) 6 =
5.17(t, J— 5 5Hz 4.13(dd, J= 4.00Hz, 11.00 Hz, 1H), 4.05(dd, J=

5. 00Hz, 3.82-3.75(m 2H), 3.70-3.20(m - O- CH2- CH2- O-,

PEG CH2) 32’%‘?“10 5525{’?30“2‘!1)37 1.80- 1.70 (m 2H), 1.61-1.45(m 6H),

1.35-1. 17{¢n 566D nwoone%E(RtBF ebnta@nég'hm@ﬁ)(l 0B 0. @agendipwadadded Jaﬁhﬁﬁ&%
Preparation of 1Vc - -C)octadecyl sn-glyceride Ic (4.00 g, 6.70
mol ) andlBSE2 2nEgagroom Seqr)ermreeultdakélﬁrqg@geﬂttmerp eis. dihe HusnCoMeR Hease ( 60
m.) and c i 75 .,
Sty was IR0 L 0N fem EnlPrafe LEFIRLSIeINON € o B F N BT tcltl [0
fol | owed s’m)yltfﬁhcof GI:Ioinlpbmdi i i($e, Do:mmxamn in ztnﬂ’ly&mtml’l“ﬂl? GDmad) |, slowyHCOB

solution, and.dried over sodi um syl { at Sol vent.s ved under
MOt i s R e R o g 0 o L A ik g

over ni ght mixhit Svas ¥ARALDER WRSicditéBedrhtMrelbm@diifred fdrnen. me¥dreds@dehd RRActint hout
further purification. MPE&ROOO-NH2 111 (1.50g, 0.687 mol, qﬁurchased from
NOF Cor poV&tPemtorghipyahh.C alﬁraprrr@n(rrbetme@é theremaign, MBS Hios sl

dichloro I

Pyr 1 d ne TEiALs wEOELLIBASE (318080, MACEERIIGR VAR ERR NG Ailles | he.
The r eactandrsolad $ormod intag figdred yhryugh ceﬁtﬁl hedring vaslcbdwoiklatthylesctaer(€0G @iy ed

ol Toved By v mbat oy seBingf 4 il Fofpn 6 dranorerie, r od
conpound dfﬁlp@ﬁn@sm’@i &(ﬂoﬁ&k liguidOwRi2h Gvas 42&6%:15 sulchl fMRe Ql@@@ila%e \N‘lﬂ}r@uﬂ\&ﬂgf) 6

5.22-5.15 , dd, J= 4. OOFE 5. 00Hz,
01 60 i ety aeid, Yosin 9y HINHR SIUISMH, CRORLS. A0S FRGSEID)

1.80-1.7 , t102)G, 6. SHz,
S ?%én‘é”é 6?'(%'12(}11% ﬁ;gr?% 7§59’(( %H)%@ 2301?& zilH)lfr(s@h %1?:{:/'9\ 219, 856 1.2,
aliphatic protons), 0.98-0.94 (t, 3H)

Synthesis of Compound 38

Compound 37 (14 g, 0.0530 mol) was dissolved in DCM (300 ml) in a 500 ml two neck
RBF and cooled to 0 °C. To this solution was added tricthylamine (29.5 ml, 0.2121 mol)
slowly under inert atmosphere. Reaction mixture was then stirred for 10-15 minutes and

to it mesyl chloride (6.17 mL, 0.0795 mol)) was added slowly. After complete addition,
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2004TEA, DVAP2005 NaN3, DMF 2006 Synthesis of 2005: To a solution of
2004(50g, 95 nmmol) in DCM (400 m) under Ar atnosphere, was added TEA(53
m, 378 rwol2p10z0se40DVAP( 1. 2g, 9 5 nmol) and stirred at r ®@OEUSMRLIRUr €
under Ar atnosphere. Reaction mass was cooled to -5C and the sol ution of
mesyl chloride(15 nL, 190 mmol) in DCM (100 m) was added slowy at
tenperature below -5C and allowed to warmto RT after addition. After 30
mnutes (TLC), reaction nmass was quenched with ice cold water (20 ni).

Organi ¢ | @Y efachEs napRl ediowtash S tb b nlekn{cBuid hd WREEFor 2 h.ne,
dried over sodiumsulfate and evaporated at reduced pressure to obtain

pure prodiecti¢gibses mosit@ed bl yelpavednimdetiod, the Feasngd ha0wcmds dilapdydt: 6 0. 89

t, 6H J =.6 0] = 6. 8 J2
(= 6.8). 2 aits?r ?2%2) n}}é s%jl‘%d?@‘%\xu% ng'é atld%ng%p laye!_bﬁa(s pa%x_éz&l &a%lcgéas(e

Synt hesi w&OﬁﬁherRQasaecswithbhﬁ@(loi 7@(&(15 (5 veBRasfO0|ahd isolvENFw s 2800 vdd) under
argon atnosphere, was added

NaN3 d heated tgo 70C, and
mai nt ai neW! F?éyF‘éar%?rt‘gttBtht the crudg %%‘iﬂdi:‘%( m%&'n‘?ﬂémﬁ ‘f"ﬁsr‘ésea/é??ﬁhl ut ed
W th vat efor a8d r&x%tis@Rotied: w7tgh9§b/s)yh ﬁm&@bwﬁéx@@@ )=53498 39 éﬁﬁ@H? | ayer

was washed with water, brine, dried over Na2SO4 a evapor at e reduced

pressure 4-82-4i194t aHMdRIDfsodT b2 8 IwhiE ). B@Srﬁ‘@le@l,tﬁﬁ)s 1% 4 &9da1, 2H),

chr omat og i fyuent. The product was eluted at 2%
et her hexg%?t&o%%é?%ilg@&é&?%{g) 6?2%94{:@ Ie yel | ow l'i quid. 11 1 NMR (400 i
MHz, CDCI1S)nth&ishf¥Dnijiqunddp, 1. 30 (m 36H) 1.49 (t, 4H, J 6 4 Hz) 2.04
(q, 8H, J J 5.34
(m 8H). Thscnigi ib@opaq'é%éa@é)wagéh alVid mééo@m@ Hzléfdf% eﬁh éi%zg

29.3, 29.4b, tw%%e@ﬁ REH ai 1\/Eg43r21Et2©3301np1e1x2('Q2953 dglrlﬁOSWQnél) waR a(ﬂf&r hrito £098.

Exanpl e 14: si RNA formul ation using preforned vesicles Cationic |ipid
cont ai ni ngrdgapitoeereamasphergrdigeuliiag AYXtirevr drohpael peisflex ormdt odiltercat i oni ¢

l'ipid, hal n G at a

nmol ar tS':D gl p(% 00?%% aeg;tldgl @P/esp cﬁ% H%E@h%%#tgﬂh{e%e@ﬂu% V\QS g‘laLc?ed to an
aqueous banfdfiee ccélamé\ﬂ(m(i tnlataed cfhier Zh)yewamsapiam'tetdg)w Owgathic Agler etahdeol and
lipid conce at.i o cti.ve and al | owed
to equilibts ﬁ?é éﬁlh ﬁé} %é(r?%éxlgiolu?’g %%f dﬂsiylbr f@bé"@(t 841's HLXS?%aShydrat ed
|i pi ds wethen @véd esdeanHyldF sy G, $OParkl dbkatw8eapb el efsietyidlihes give

(Nucl epore) at. 22C using a Lipex Extruder (Northern Lipids, Vancouver BCO)
it 1o Vb FEIle TRt o BrOaRETIBE] reoarah e By RPTD ip el Yot 5, s

obt ai ned. i Sc@eREhaldY af %H%%@te\];ne {-;bl ,@@ggﬁidﬁggati Fﬁlﬁﬂaﬁﬁ%@a@%ﬁﬂél@' d

m xt ures whlchddnot orms id mxture with
a | ower pHgbT¥ ter H(BMMWJOMHZE &CL)pH=3) 3% b3bl(mt 6H)at3e41t he7 pth@Hp;hth group

on the D%D% ?I%?‘gﬁ ,%&-E%EQ 4fFBr %gtl%l 8n 7£{ q A y&%' clig hp%atlc protons),
0.98-0.94 (t, 3H).
Synthesis of Unsymetric Ketone 40
To a flame dried 500mL two neck RBF, equipped with magnetic stir bar and a reflux
condenser, freshly activated Mg turnings (0.88 g, 0.03636 mol) were added. This set up
was degassed, flushed with argon and ether (150 mL) was added into it. Few drops of
bromo compound 4 (11.89 g, 0.03636 mol) in 50mL ether was added at the beginning to
initiate the reaction (note: catalytic amount of 1, 2-dibromo ethane was also added to
accelerate formation of grignard reagent). Upon initiation, the remaining solution of
bromo compound was added slowly to the refluxing ethereal solution. After complete
addition, the reaction mixture was refluxed at 40°C for 1.5 h. It was then cooled to 10°C

and the linoleyl cyanide 4 (5 g, 0.01818 mol) in 30 mL of dry ether was added drop wise
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The FVI1 siRNA (solubilised in a 50nmMcitrate, pH 4 aqueous sol ution

cont ai ni ng 30% et hanol) was added to the vesicles, pre-equilibrated to 35C,
at a rat ewof20rdsidomi n wWith m xing. After a final target PSITRN&M0p3oA7 rati o
of 0.06 (wt/w) was achieved, the m xture was incubated for a further 30
mn at 35C to allow vesicle re-organization and encapsul ati on of the FVII

si RNA. The et hanol was then renoved and the external buffer replaced with
PBS (155mM NaCl, 3nM Na2HPO4, 1nM KH2PO4, pH 7.5) by either dialysis or
tangent i alndfthOMs iR midtfiRtHQMhen HiSted tRRuE RE2DT ab& pedANEoF el 1 Pid ratio
was determned after renoval of unencapsul ated si RNA using size-exclusion
spi n col umgionwas orpngsiesd dhdd-G gifier cohplatesomvampior of Bie cyamodevivatest4dr mi nat i on

of effic novel 1ipid,farnulatio Te fo ien re

i 1 al |y PLLEEL IR B MR Pl Rsnand Sl SO SERUAE 6 s

femal e C5(BBALE] by GO ml)ide. vlaterOTBis sdluflorawaks fartGeragl e dw it 1 @6 HC8ouEbn

treatment grou Al'l studies included aninal s receiving eithe

phosphat _e%ﬂ@&ﬁ}eg}aéfar L FRg RN At & asGreR By e&f%ﬂeﬁwafgﬁtﬁyloeﬂaﬁm ati on.

For mul at i @Rs]008HE). RemdtAGf R sbRen@HIRF @R Aver SpaRt Nald@niffoRlcdBR _

imedi ately prior to testi ngf. M ce were wei ghed and the appropriate dosing
1

vol unes cabeuicsnsaviiidowey pugitisd &y siksk geltoplunmedromptagispliie 82RO msplul at i ons
as wel | - PBS<{, - r i.mal : ] .Aj st ' venously via
the | at e?lZSIHP@:?Lf/O e\%efn. ﬁ?é%@t@rsggtgﬁégwg?@ stgl cf%r pﬁg?% e‘rrls%v?n? ({lh an

i ntraper i yotinealil. ijléqt i8en500§% Ket Hivi R &0y Hiz O 19rée¢ BIX05.Z00n) WHf bl ood was

Bl ood vas? REATT(Pubol Tap 2 bR GoRer T BT SThel LRaTeb T dtr itk ol | ect e
and stor eéiié)ﬂ&ticﬁ%néwbbg-O?)le({,)BH),SQ.8956185gﬁ,§H. msc-wareeof hawed at 37C for 30
mm diluted in PBS and aliquoted into 96-well assay plates. Factor VI

| evel s were assessed using a chronobgeni c assay (Biophen FVI1 kit, Hyphen

Bi oMed) aﬁ}gﬁﬁ@ 39 digommdyaggﬁﬁl@é& i nstructions and absorbance neasured in
W

m cropl at e reader egui ppe a 405 nm wavel ength filter. Plasma FVI I
| evel s were qualhbliganedecatntts BOEGyn(hdosal anesuAKTAgligapilat §@%esiectuct i on i n

pl asma FVLI | evels ca red, t ontr.ol anpinmals I sing a standard
curve gen ?%PS‘&”PP/&P{?IL%EGO°8P€81?%C‘§?%? %la%ffsoggﬁmo%tr(gﬁi@ngbﬁg’ %HP?T‘N s. Those

f or mul at | @msheats) At AN & phoshemintigitRivgth dteveldSpretctingl drodproskdown (EDS0 << 0.1
ng/ kg) were re-tested in independent studies at a |ower dose range to

conf i r m pYekeyytEhd Nosheageylgntpgldimethylsilyl-gdepepine- 5 -Gl -dBeorEoryhRt e

depi ct i NgyLAS iR s Ror&RITe) sarddmﬁglm.%& _HSLRG 1hiephy G iod. Exanpl e

15A: Determ nation of pKa of for i pids The pKa's of "thé different

i oni sabl ecy¢idineeni NN piliiopiopy e2-detnercthy ipbokpbswandiicab 1-¢-dmeitiesdriiybé&2- ( East man
et al 1992 Bio ,Sthy 31: 4262-4268)  US] ,he 1 uorescent probe

2- (p-tol uidl %@ﬁ%%&@%@éf"éﬁé&% a(r)l?lsll%:e'gé?%’ﬁ'@f?prcml%h is non-fluorescent
in wat er d&uahodigdsivephappidac,aablsy-ckdiverps geint-2Madatyibditha thytsdypidifiases .

Vesi cl es conposed of cationic |ipid/ DSPC CH PEG: c- DOVG. (40: 10: 40: 10 nol e
ratioc) webduh 1dU%<é>aOHY§-2_cﬁY11?ﬁ9rhﬂphsﬁﬂ %g{tq@’eﬁm N&éil,cfcfh‘iﬁjéﬂé INEY, 10mM
MES, 10”%&’1‘5'3@&9&«3‘6%&%&09&1@ SmtHc&OIFHRS fF Mk photfnidites, Aoal i quot of the
TNS aqueous solution (1 uMfinal’) was added to the diluted vesicles and

after a 30msthowyititddifi-ddeni-di-flore-peidinged "t P&, N|-didtoprpehi-cpdnoetzl-

TNS- cont aj;ni sol.ut i at Cj I onHand- epl ssi.on,wavel engt hs
of 321m ard MRt bRDs PR HRASHRE- S aR R 0RO IR 20t ai mi
vesi cl es aasodletl-ghosphedntiyitpl @t purgascl dome@semed).f Allphephenaadiagai nst t he
pH of the solutjons and fitti he data .to (. gnodi al curve using the
commer ci al g rEsHi AGORCBGH A atgoppiigaceioniitclEfCh et gy FUETC Thte
depi cti NgwihRed 9. DV BXQARhAIYinA0IPPUPANCE B8¥ e Cduplingrebidimgiidade Exanpl e
16: Synthesis of guanidiniumlinked |Iipids Guanidinium Analogs Preparation
of ConpountutesEes used. The activator was 5-cthyl thiotetrazole (0.75M, American

International Chemicals), for the PO-oxidation Iodine/Water/Pyridine was used and the

PS-oxidation PADS (2 %) in 2,6-lutidine/ACN (1:1 v/v) was used.
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3’-ligand conjugated strands were synthesized using solid support containing the
corresponding ligand. For example, the introduction of cholesterol unit in the sequence
was performed from a hydroxyprolinol-cholesterol phosphoramidite. Cholesterol was
tethered to trans-4-hydroxyprolinol via a 6-aminohexanoate linkage to obtain a
hydroxyprolinol-cholesterol moiety. 5’-end Cy-3 and Cy-5.5 (fluorophore) labeled
siRNAs were synthesized from the corresponding Quasar-570 (Cy-3) phosphoramidite
were purchased from Biosearch Technologies. Conjugation of ligands to 5’-end and or
internal position is achieved by using appropriately protected ligand-phosphoramidite
building block An extended 15 min coupling of 0.1M solution of phosphoramidite in
anhydrous CH3CN in the presence of 5-(cthylthio)-1H-tetrazole activator to a solid bound
oligonucleotide. Oxidation of the internucleotide phosphite to the phosphate was carried
out using standard iodine-water as reported (1) or by treatment with zert-butyl
hydroperoxide/acetonitrile/water (10: 87: 3) with 10 min oxidation wait time conjugated
oligonucleotide. Phosphorothioate was introduced by the oxidation of phosphite to
phosphorothioate by using a sulfur transfer reagent such as DDTT (purchased from AM
Chemicals), PADS and or Beaucage reagent The cholesterol phosphoramidite was
synthesized in house, and used at a concentration of 0.1 M in dichloromethane. Coupling
time for the cholesterol phosphoramidite was 16 minutes.

After completion of synthesis, the support was transferred to a 100 ml glass
bottle(VWR). The oligonucleotide was cleaved from the support with simultancous
deprotection of base and phosphate groups with 80 mL of a mixture of ethanolic
ammonia [ammonia: ethanol (3:1)] for 6.5h at 55°C. The bottle was cooled briefly on ice
and then the ethanolic ammonia mixture was filtered into a new 250 ml bottle. The CPG
was washed with 2 x 40 mL portions of ethanol/water (1:1 v/v). The volume of the
mixture was then reduced to ~ 30 ml by roto-vap. The mixture was then frozen on dyince
and dried under vacuum on a speed vac.

The dried residue was resuspended in 26 ml of triethylamine, tricthylamine
trihydrofluoride (TEA.3HF) or pyridine-HF and DMSO (3:4:6) and heated at 60°C for 90
minutes to remove the zert-butyldimethylsilyl (TBDMS) groups at the 2° position. The
reaction was then quenched with 50 ml of 20mM sodium acetate and pH adjusted to 6.5,

and stored in freezer until purification.
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The oligoncuelotides were analyzed by high-performance liquid chromatography
(HPLC) prior to purification and selection of buffer and column depends on nature of the
sequence and or conjugated ligand.

The ligand conjugated oligonucleotides were purified reverse phase preparative
HPLC. The unconjugated oligonucleotides were purified by anion-exchange HPLC on a
TSK gel column packed in house. The buffers were 20 mM sodium phosphate (pH 8.5) in
10% CH;3CN (buffer A) and 20 mM sodium phosphate (pH 8.5) in 10% CH3;CN, 1M
NaBr (buffer B). Fractions containing full-length oligonucleotides were pooled, desalted,
and lyophilized. Approximately 0.15 OD of desalted oligonucleotidess were diluted in
water to 150 ul and then pipetted in special vials for CGE and LC/MS analysis.
Compounds were finally analyzed by LC-ESMS and CGE.

For the preparation of siRNA, equimolar amounts of sense and antisense strand
were heated in 1xPBS at 95°C for 5 min and slowly cooled to room temperature.

Integrity of the duplex was confirmed by HPLC analysis

Table 7. siRNA duplexes for Luc and FVII targeting.

Duplex | Sense/Antisense | Sequence 5°-3° SEQ | Target
1D)
NO:
1000/2434 CUU ACG CUG AGU ACU UCG AdTdT Luc
U*CG AAG fUAC UCA GCG fUAA GdT*dT
2433/1001 C*UfU ACG CUG AGEfU ACU UCG AdT*dT Luc
UCG AAG UAC UCA GCG UAA GdTdT
2433/2434 C*UfU ACG CUG AGEfU ACU UCG AdT*dT Luc
U*CG AAG fUAC UCA GCG fUAA GdT*dT
1000/1001 CUU ACG CUG AGU ACU UCG AdTdT Luc
UCG AAG UAC UCA GCG UAA GdTdT
AD- GGAUCAUCUCAAGUCUUACATAT FVII
1596 GUAAGACUUGAGAUGAUCCATAT
AD- GGAfUfCAfUfCLfULfCAAGEULfCLUfUALCdTsdT FVII
1661 GIUAAGALCEUfUGAGATUGATULCECAT*dT
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| pyrazol e carboxam dine. HCl, DI PEA HZNIHNN,.."..--Nc NHO 7204 Preparation
of Conpound 7013: To a m xture of 1,2,4-butanetriol (7012, 21.2 g, 200
mrol , 5. oweqpio/audoinol eyl ketone (21.0 g, 40.0 nmol, 1. @CEG)S2E0063927

p-tol uenesulfonic acid (0.76 g, 4.0 mol, 0.1 eq) in toluene was refl uxed
under Dean-stock conditions for overnight. After conpletion of the
reaction, was cool ed, evaporated the solvent and purified by colum
chromat ogr aphy usi ng hexane and ethyl acetate (15% as gradients gave
desired ketal (7013) Ep 47% yi@eHd as an oil. 1H NWR (400 MHz, CDCl13) 6 5.48

- 524 (m 8H, 4.32 -4.17 1H), 4.08 (dd, J= 7.8, 6.1, 1H, 3.86 -3.74
(m 2H), 3.53 (t, D& O\.1 2.77 (t, J=6.4, 4H), 2.30 - 2.19 (m 1H,
2.05 (g, J= 6.8, , %588 -N1.75 (m ﬁg& 1.69 - 1.51 (m 4H), 1.42 - 1.19
(m 36H), ? 8 J= 6.8, s, for 1H740 14, ound
637.3 (+ﬂ§te i&nf%e5|s of conpound 7201: Té“g“%%FuP|gn8 ahqn6§%%§d7013

(11.6 g, dblBtidad is pho@h@ﬁb}hl&nd bhdkiberdhikaged, i i§ 5.245ubto, m@leofiderdN is 2. 0 eq)
i n di chl or,opet han 0 C was added drop wi se a solution of nmet hanesul f onyl
chloride % ?ﬁyﬂﬁ’“§@667 mmol, 1.2 eq), and the reaction was continued at
roon1tenperature for |h. After conpl etion of the reaction, was washed with
water, brine, and conbi ned organics were dried on MgSO4. The concentrat ed
m xt ure wasapeieiif] Sdron sedlirnsehfeondiddgr aphy usi ng hexane and et hyl

seetate (20 S5l aFkM Al Ao PR, BN U B IF R AOD) 30 a0
= 10. 0, 4pcdforided) by the&st2ins al’ dpprdach. TolperfekmliBe asbaPIn(SIRNApple8vwas (t, J =

incubated in 90% human serum at 37°C. Samples of the reaction mix were quenched at

various time points (at 0 min., 15, 30, 60, 120, and 240 min.) and subjected to

electrophoretic analysis (Figure 1). Cleavage of the RNA over the time course provided

information regarding the susceptibility of the siRNA duplex to serum nuclease

degradation.

A radiolabeled dsRNA and serum stability assay was used to further characterize

siRNA cleavage events. First, a siRNA duplex was 5’end-labeled with **P on either the

sense or antisense strand. The labeled siRNA duplex was incubated with 90% human

serum at 37°C, and a sample of the solution was removed and quenched at increasing

time points. The samples were analyzed by electrophoresis.

Example 11: FVII in vivo evaluation using the cationic lipid derived liposomes
In vivo rodent Factor VII and ApoB silencing experiments.

C57BL/6 mice (Charles River Labs, MA) and Sprague-Dawley rats (Charles River Labs,
MA) received either saline or siRNA in desired formulations via tail vein injection at a
volume of 0.01 mL/g. At various time points post-administration, animals were
anesthesized by isofluorane inhalation and blood was collected into serum separator tubes
by retro orbital bleed. Serum levels of Factor VII protein were determined in samples
using a chromogenic assay (Coaset Factor VII, DiaPharma Group, OH or Biophen FVII,
Aniara Corporation, OH) according to manufacturer protocols. A standard curve was
generated using serum collected from saline treated animals. In experiments where liver

mRNA levels were assessed, at various time points post-administration, animals were
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7.6, 1H), 3.02 (s, 3H), 2.77 (t, J = 6.4, 4H), 2.13- 1.85 (m 10H), 1.57
(dd, J=18.2, 9.2, 4H), 1.44- 1.15 (m 36H), 0.89 (t, J=6.7, 6H. Calc.
mass for wWo2pinaBH®1i s 693. 1; found 693. 2. Synthesis of eowFsaNd/0§RR2: To a
solution of the conpound 7201 (2.0 g, 3.0 mml, 1.0 eq) in DVF was added
solid NaN3 (0.98 g, 15.0 nmol, 5.0 eq) at roomtenperature and the reaction
was continued at 65 Cuntil the conpletion of the reaction. Reaction

m xture was poured onto ice water, extracted into ethyl acetate, conbined
or gani cs Wefifeddlah& v a9 WiRARRbs 18 ARG SR} in lﬂj&ﬂﬁd Fit GorO G R YHYBr

chromat ogr aphy using hexane and ethyl acetate (5% as gradients to get pure
azi do (7203)c Wex growind wto powdg0 of iyjug|lybates MeNNRefadGDandHwer OBCIB)evelsf 53 - 5. 19

(m 8H, A4 rr 3. 97 3. 57 - 3..29 2. ~J £.6.4, 4H),
S (. b g ndipob R esf gt using G0 oA oy (Gucfligete Ay

36H), 0. 8&npinics)J€AH. 8, 6H). Calc. mass for C4i H/3N302 is 640.0; found 612.5
(-N2). Synthesis of conpound 7203: To a solution of conmpound 7202 (1.7 g,
2.65 mol, 1.0 eq) in anhydrous tetrahydrofuran, was added drop wise a 1M
solution of LAH (3.98 nL, 3.98 mmol, 1.5 eq) at 0 C. Reaction was conti nued
at roomtenperature, after conpletion of the reaction was quenched wth

sat ur at edExampie ildnPrspargizg©f 12+ Binyalkyl-sp3 € arbomesigheevide (REGIMGad i nt o
excess anountRoi\pgtr?wl acetate, organic |layer was washed with brine, dried
over Na2SO4, cBnge ated and further dried on vacuumto get pure am ne
(7203) in 90% yreld, and this has been used directly w thout further
purificationrden,NVR (400 MHz, CDC13) 6 5.51 -5.16 (m 8H), 4.13 (dd, J=
9.3, 3.6, 1HPR=ACHB; (dd, J= 7.5, 6.1, 1H), 3.46 (t, J= 7.8, 1H), 2.96 -
2.67 (m 6H) °FFO¢% 1.92 (m 8H), 1.82 - 1.49 (m 6H), 1.46- 1.12 (m 38H),
0.88 (t, J= 6.8, ggg Lalc. mass for the CA1H/SNO2 is 614.0; found 614.5.
Synthesis of co o%& 7204 (ALNY-232): To a solution of am ne 7203 (0.61 g,
1.0 mol, 1.0 eq)] @Ry DI PEAL(1~84 e0 mmol, 10.0 eq) in a solvent

m xture (DCM DMFY was added 1H pyfaz | e- 1- car boxam di ne hydrochloride (1.46
g, 10 0 mmol , 10.006% porti on 'geNgt room t enpewat ure, , under argon

at nosphere. ghe reatt | was contFhued for F&)@‘er/nb&u/\/aé{t\e@ | etion of
the reaction,°was Dol onto |g}¢DC@nd extracged witth the ethyl acetate.
The conbi ned organi cs®were washgg W th water, bri ne ﬁ['&eﬁi over Na2SO4 and
purified by prlegatatiyve chronmat ography to get pure .&ﬁ B¢ HigZS% of the
guani di ne der i RRDYE( 7204) . 1H NVR (400 MHz, CDC13Ye = GidH;

(t,

6 (s, 1H), 7.99

Preparation of IVa

1,2-Di-O-tetradecyl-sn-glyceride Ia (30 g, 61.80 mmol) and N,N’-
succinimidylcarboante (DSC, 23.76 g, 1.5¢q) were taken in dichloromethane (DCM, 500
mL) and stirred over an ice water mixture. Triethylamine (TEA, 25.30 mL, 3 eq) was
added to the stirring solution and subsequently the reaction mixture was allowed to stir
overnight at ambient temperature. Progress of the reaction was monitored by TLC. The
reaction mixture was diluted with DCM (400 mL) and the organic layer was washed with
water (2X500 mL), aqueous NaHCOs solution (500 mL) followed by standard work-up.
The residue obtained was dried at ambient temperature under high vacuum overnight.
After drying the crude carbonate Ila thus obtained was dissolved in dichloromethane
(500 mL) and stirred over an ice bath. To the stirring solution mPEGy00-NH; (I1I, 103.00
g, 47.20 mmol, purchased from NOF Corporation, Japan) and anhydrous pyridine (Py, 80
mL, excess) were added under argon. The reaction mixture was then allowed to stir at

ambient temperature overnight. Solvents and volatiles were removed under vacuum and
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J =6.3, 1H), 7.44 (s, 2H), 5.48 - 5.20 (m 8H), 4.24 - 4.00 (m 2H), 3.54
(dd, J =7.3, 6.2, 1H, 3.32 (d, J =3.0, 2H, 3.09 (dt, J = 10.5, 5.3,
1H), 2.76W()t2;)101]05zr406 5, 4H), 2.03 (g, J = 6.8, 8H), 1.90PCTMISZN(O63921H),
1.76 - 1.49 (m 6H), 1.48 - 1.05 (m 34H), 0.87 (dd, J = 6.8, 6H). 13C NWR

(101 MHz, cdcl1l3) 6 158.96, 130.41, 130.36, 130.33, 128.18, 128.14, 113.52,
77.54, 77.22, 76.90, 76.60, 72.36, 69.54, 46.09, 38.39, 37.68, 37.01,
34.09, 31.74, 30.10, 29.92, 29.78, 29.76, 29.56, 29.55, 29.53, 27.47,

oS na i S Rkl e Py [
LAH THF 7gsequently with gradient of 5-10 % methanol in dichloromethane to afford the desired

PEG-Lipid IVa as a white solid (105.30g, 83%). '"H NMR (CDCls, 400 MHz) = 5.20-
5.12(m, 1H), 4.18-4.01(m, 2H), 3.80-3.70(m, 2H), 3.70-3.20(m, -O-CH,-CH»-O-, PEG-
CH,), 2.10-2.01(m, 2H), 1.70-1.60 (m, 2H), 1.56-1.45(m, 4H), 1.31-1.15(m, 48H), 0.84(t,
J=6.5Hz, 6H). MS range found: 2660-2836.
Preparation of IVb

1,2-Di-O-hexadecyl-sn-glyceride Ib (1.00 g, 1.848 mmol) and DSC (0.710 g,
1.5eq) were taken together in dichloromethane (20 mL) and cooled down to 0°C in an ice
water mixture. Triethylamine (1.00 mL, 3eq) was added and the reaction was stirred
overnight. The reaction was followed by TLC, diluted with DCM, washed with water (2
times), NaHCOs solution and dried over sodium sulfate. Solvents were removed under
reduced pressure and the resulting residue of IIb was maintained under high vacuum
overnight. This compound was directly used for the next reaction without further
purification. MPEG000-NH; IIT (1.50g, 0.687 mmol, purchased from NOF Corporation,
Japan) and IIb (0.702g, 1.5¢q) were dissolved in dichloromethane (20 mL) under argon.
The reaction was cooled to 0°C. Pyridine (1 mL, excess) was added and the reaction
stirred overnight. The reaction was monitored by TLC. Solvents and volatiles were
removed under vacuum and the residue was purified by chromatography (first ethyl
acetate followed by 5-10% MeOH/DCM as a gradient elution) to obtain the required
compound IVb as a white solid (1.46 g, 76 %). 'H NMR (CDCls, 400 MHz) & = 5.17(,
J=5.5Hz, 1H), 4.13(dd, J= 4.00Hz, 11.00 Hz, 1H), 4.05(dd, J=5.00Hz, 11.00 Hz, 1H),
3.82-3.75(m, 2H), 3.70-3.20(m, -O-CH,-CH»-O-, PEG-CH3), 2.05-1.90(m, 2H), 1.80-
1.70 (m, 2H), 1.61-1.45(m, 6H), 1.35-1.17(m, 56H), 0.85(t, J= 6.5Hz, 6H). MS range
found: 2716-2892.
Preparation of I'Vc

1,2-Di-O-octadecyl-sn-glyceride Ic (4.00 g, 6.70 mmol) and DSC (2.58 g, 1.5¢q)
were taken together in dichloromethane (60 mL) and cooled down to 0°C in an ice water
mixture. Triethylamine (2.75 mL, 3eq) was added and the reaction was stirred overnight.

The reaction was followed by TLC, diluted with DCM, washed with water (2 times),
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NaHCOs solution, and dried over sodium sulfate. Solvents were removed under reduced
pressure and the residue was maintained under high vacuum overnight. This compound
was directly used for the next reaction without further purification. MPEG0o-NH; III
(1.50g, 0.687 mmol, purchased from NOF Corporation, Japan) and II¢ (0.760g, 1.5¢q)
were dissolved in dichloromethane (20 mL) under argon. The reaction was cooled to 0°C.
Pyridine (1 mL, excess) was added and the reaction was stirred overnight. The reaction
was monitored by TLC. Solvents and volatiles were removed under vacuum and the
residue was purified by chromatography (ethyl acetate followed by 5-10% MeOH/DCM
as a gradient elution) to obtain the desired compound IV¢ as a white solid (0.92 g, 48 %).
'H NMR (CDCls, 400 MHz) & = 5.22-5.15(m, 1H), 4.16(dd, J= 4.00Hz, 11.00 Hz, 1H),
4.06(dd, J=5.00Hz, 11.00 Hz, 1H), 3.81-3.75(m, 2H), 3.70-3.20(m, -O-CH,-CH;-O-,
PEG-CH»), 1.80-1.70 (m, 2H), 1.60-1.48(m, 4H), 1.31-1.15(m, 64H), 0.85(t, J= 6.5Hz,
6H). MS range found: 2774-2948.

Example 13:

AL MsCl, DCM A

OO0 = oo

HO — — MsO — —

2004 TEA, DMAP 2005
NaNs;, DMF AN
_—

N3 =/ =
2006

Synthesis of 2005: To a solution of 2004(50g, 95 mmol) in DCM (400 ml) under Ar
atmosphere, was added TEA(53 mL, 378 mmol) and DMAP(1.2g, 9.5 mmol) and stirred
at room temperature under Ar atmosphere. Reaction mass was cooled to -5°C and the
solution of mesyl chloride(15 mL, 190 mmol) in DCM (100 ml) was added slowly at
temperature below -5°C and allowed to warm to RT after addition. After 30 minutes
(TLC), reaction mass was quenched with ice cold water (20 ml). Organic layer was

separated, washed with 1N HCI (30 ml), water, brine, dried over sodium sulfate and
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EDCI / DVAP/ DI PEA/ CH2C12 7004 Experinmental Conmpound 7002: Magnesium (711
ng, 29.25 mmol) was placed in a round bottle flask. THF (30 nL) and 2-3 ny
of 12 werwOadoed440The m xture was warmed at 50 C and ol egirhrseemosessg7001,
6.46 g, 19.50 mmol) was added slowy. Wien -1 nL of ol eyl brom de was added,
formation of the Gignard reagent was initiated. After addition of the
reast of oleylbromde, the Gignard reagent was stirred at roomtenperature
for 60 mn then slowy added to a solution of 1,1'-carbonyldiim dazol e

(1.54 9, QapdrafXig} aedﬁd’&dy&%s&é@momml péte praflict¥ssEhss. s"o;%ﬁgstyeﬁawmqﬁfdum vas kept

stirring at -50 for 3 hen at room tenpérature for 60 mn
reaction MMER(:flﬂ@rMHedClMIla}) 210.8((t, 6H, bat Wy .at.2d.5 (NHAGH), dch.7 (emdHd, h’eOSn(iqxt ure

i1t or od S cohbaAt abe: thetlet UAd D purith FLgtmy D Syl Sy D
ol 53oRybeis 0Bt it Ut SR 065D h DB L) WEEGHAYAT e ghi

for C37H7a1910£7ﬂ1£@ié2 w@@hd‘ded%ilg Te. FuishoDIhd BeatEPRPOLD end ARiBiaink@ the SOI Ui on
of conpound 700 1.36 g .56 Mol ) in THF (25 nmL), 1 MIlithium alum num

hydri de it@mPEEtUS oxﬁomﬁbou@ (E@Chﬁbp mixiges vegsdblgtediwith waterrmd extaeied With mi xt ur e
was stirr enched with
ot ur at ed U Sheh @SB IRE AL U nlcdhy o a0k W1 RS BT HRE e ST e i
| ayer wasN atsoedncbmelpom@aredﬁfcddtpeewute angdive oncle ptddattex&hlclﬁh@s pnutal hyas
urified s i.,ca ge hro ra 5% Oin to give
P omound el 3mSRy e ERRTRIRAL IR e it Bk bR 8, oo T
Hexane) . &esipexdid td 08400d B6g, w)ewslpa ci\,tailotfztnajmalui‘Iql NMRQM(EmmED(JJsY 6 ol )
and 4- (dinethylamno)butyric acid 2!/3 ochl ori de (355 2.12 mmol) in

CH2C12 ( 1%0. ﬁﬂyt 8H), |1§@;inoé9ﬂlbt1w;9l(au+ﬁn (604 H2002-04 (a. 8H2H 7 pl1g = 14Hz),

ol ) anct OB 43 i 1 SRt “SFE bch NI PEMAL B as

stirred at4.1,00mm, LeEPRY.BALUNE2Y. @r2913429qsr29 65Tbesrﬁapt63qn1m Ytante3pas diluted
with CH2CL2 (100 nL) and washed with saturated NaHCO3 ag. (50 m.). The
organi c | X W% i ed over MpSH, filtered and concentrated. The crude
was purified by silica gel colum chromatography (0-5% MeOH in CH2C12) to
gi ve compound 7004 (817 ng, 1.26 mol, 72% Rf = 0.29 devel oped with 5%
MeOH in CH2C12). Mol ecul ar wei ght for C43H84NO2 (M+H) Cal c. 646. 65, Found
646. 5. Schene 4

Example 14: siRNA formulation using preformed vesicles

Cationic lipid containing particles were made using the preformed vesicle method.
Cationic lipid, DSPC, cholesterol and PEG-lipid were solubilised in ethanol at a molar
ratio of 40/10/40/10, respectively. The lipid mixture was added to an aqueous buffer
(50mM citrate, pH 4) with mixing to a final ethanol and lipid concentration of 30%
(vol/vol) and 6.1 mg/mL respectively and allowed to equilibrate at room temperature for
2 min before extrusion. The hydrated lipids were extruded through two stacked 80 nm
pore-sized filters (Nuclepore) at 22°C using a Lipex Extruder (Northern Lipids,
Vancouver, BC) until a vesicle diameter of 70-90 nm, as determined by Nicomp analysis,
was obtained. This generally required 1-3 passes. For some cationic lipid mixtures which
did not form small vesicles hydrating the lipid mixture with a lower pH buffer (50mM
citrate, pH 3) to protonate the phosphate group on the DSPC headgroup helped form

stable 70-90 nm vesicles.
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The FVII siRNA (solubilised in a 50mM citrate, pH 4 aqueous solution containing 30%
ethanol) was added to the vesicles, pre-equilibrated to 35°C, at a rate of ~5mL/min with
mixing. After a final target siRNA/lipid ratio of 0.06 (wt/wt) was achieved, the mixture
was incubated for a further 30 min at 35°C to allow vesicle re-organization and
encapsulation of the FVII siRNA. The ethanol was then removed and the external buffer
replaced with PBS (155mM NaCl, 3mM Na2HPO4, 1mM KH2PO4, pH 7.5) by cither
dialysis or tangential flow diafiltration. The final encapsulated siRNA-to-lipid ratio was
determined after removal of unencapsulated siRNA using size-exclusion spin columns or

ion exchange spin columns.

Example 15: In vivo determination of efficacy of novel lipid formulations

Test formulations were initially assessed for their FVII knockdown in female 7-9
week old, 15-25g, female C57B1/6 mice at 0.1, 0.3, 1.0 and 5.0 mg/kg with 3 mice per
treatment group. All studies included animals receiving either phosphate-buffered saline
(PBS, Control group) or a benchmark formulation. Formulations were diluted to the
appropriate concentration in PBS immediately prior to testing. Mice were weighed and
the appropriate dosing volumes calculated (10 pl/g body weight). Test and benchmark
formulations as well as PBS (for Control animals) were administered intravenously via
the lateral tail vein. Animals were anesthetised 24 h later with an intraperitoneal
injection of Ketamine/Xylazine and 500-700 pl of blood was collected by cardiac
puncture into serum separator tubes (BD Microtainer). Blood was centrifuged at 2,000 x
g for 10 min at 15°C and serum was collected and stored at -70°C until analysis. Serum
samples were thawed at 37°C for 30 min, diluted in PBS and aliquoted into 96-well
assay plates. Factor VII levels were assessed using a chromogenic assay (Biophen FVII
kit, Hyphen BioMed) according to manufacturer’s instructions and absorbance measured
in microplate reader equipped with a 405 nm wavelength filter. Plasma FVII levels were
quantified and ED50s (dose resulting in a 50% reduction in plasma FVII levels compared
to control animals) calculated using a standard curve generated from a pooled sample of
serum from Control animals. Those formulations of interest showing high levels of FVII
knockdown (ED50 << 0.1 mg/kg) were re-tested in independent studies at a lower dose
range to confirm potency and establish ED50.
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7018 Conmpound 7017: To a stirred solution of ketone 7016 (1.5 g, 2.84 mmol,
1.0 eq) in nmethanol and THF (2:1) was added solid NaBH4 (0.16 g, 4.26 mol,
1.5 eq) awoQol/gesoiti ons Wi se and continued the reacti onprPaf/use@uos®aper at ur e
until conpletion of the reaction. Reaction was quenched with drop w se
addition of 2N HCl1 solution at ice cold tenperature, organic solvent was
evaporated and re-dissolved in ethyl acetate, washed with water, brine,
conbi ned organics were dried over My504, concentrated and purified by

col um chromatfqgﬁr@ Méesragrdawe Rtin %@dso@%&é}ﬁﬂ h}é(%%\{%)oa@sgé@@ ents to
get pure al cohol 7017 in 94% ( % yi el ds 4 MHz, CDCl13) 6
5.49 - 5.®hgths ngithod. 3. 57 (s, 1H) 2.76 (t, J= 6.4, 2H) 2.13 - 1.88 (m
9H), 1.51 - 1.12 (m 53H), 0.95 - 0.75 (m 6H). Calc. mass for the C37H700:
530.5; found 531.5. Conpound 7018: Prepared by simlar experinental
conditionsmum@dlaa D@&rﬁﬂﬁﬂmmmdpR&ﬂﬁTbMﬁﬁM@ﬂﬂhﬁthI 7017 (1.42 g, 2.68
mml NN—dlmeth%Iamno butyric acid drochloride (0.53 g, 3.21

e
1. 2“@3%14 2" ppiphadifferangiongsablg catigyplipid %Wereéiagérme pEpsseyiatly ay, 2. 94 ol

1 1 ¢ arflet a emi i oRSC A of th
S eegz Od@gﬁ%?g%&@%ﬁi? t @1@ EEUPA Qaéée%z' @6@%& ?@%ﬁ% ik ?eé St léli)%%e/() of the

- 4 77 (m?2- ﬂn—ao1u1Q1n¢B6@taphtUaier®SIBfonm-ec1d @1\283 Whitch lwnifbloeescaltﬁl wtef) but2 20 (s,

1 16 ( m 8bf6981es @pge%}abgfl_%&)rescerﬁé}ﬁben bi%r&l( |_l%eﬂes %elggs c%ggos%(? ﬁf73 61 L

130. 51, 136040 llpikI&DS%/CH]ZBEG%DONB@ (4261 0: 4112&) th6le rd2§.vlde difutedto, 0. iM23,
31,75, 29.99

76.91. 74.46. 5918, 8 34 84, 32 69. 32.13
29. 92, 29n§§ﬂ%§é1%%n cgﬁum@§c§§cm§§q%¥109@4ggm % HEBES kol vapguy g’
29.36, 27, Iﬁﬂ@,ra@%?éﬁom@ro&‘} §§a§cﬁmt gﬁmé%sza%ug&rs s@l%ﬁ@r@(l JM f?n@l) w31, Calc.

mass for the C4 6, found 644.5
added to the diluted vesicles and after a 30 second equlhbratlon perlod the ﬂuorescent of

the TNS-containing solution was measured at excitation and emission wavelengths of
321nm and 445nm, respectively. The pKa of the cationic lipid-containing vesicles was
determined by plotting the measured fluorescence against the pH of the solutions and
fitting the data to a Sigmodial curve using the commercial graphing program IgorPro.
Figure 3 provides a Table depicting the pKa of exemplary compounds tested

using this method.

Example 16: Synthesis of guanidinium linked lipids

Guanidinium Analogs

Preparation of Compound 7204:
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RS wee
7204

Preparation of Compound 7013: To a mixture of 1,2,4-butanetriol (7012, 21.2 g, 200
mmol, 5.0 eq), dilinoleyl ketone (21.0 g, 40.0 mmol, 1.0 eq) and p-toluenesulfonic acid
(0.76 g, 4.0 mmol, 0.1 eq) in toluene was refluxed under Dean-stock conditions for
overnight. After completion of the reaction, was cooled, evaporated the solvent and
purified by column chromatography using hexane and cthyl acetate (15%) as gradients
gave desired ketal (7013) in 47% yield as an oil. '"H NMR (400 MHz, CDCls) § 5.48 —
5.24 (m, 8H), 4.32 —4.17 (m, 1H), 4.08 (dd, /=7.8, 6.1, 1H), 3.86 — 3.74 (m, 2H), 3.53
(t, /=8.0, IH), 2.77 (t, J = 6.4, 4H), 2.30 — 2.19 (m, 1H), 2.05 (q, J = 6.8, 8H), 1.88 —
1.75 (m, 2H), 1.69 — 1.51 (m, 4H), 1.42 - 1.19 (m, 36H), 0.89 (t, J = 6.8, 6H). Calc. mass
for C41H7405 is 614.5; found 637.3 (+Na).

Synthesis of compound 7201: To a solution of compound 7013 (11.6 g, 18.9 mmol, 1.0
¢q) and triecthyl amine (5.45 mL, 37.7 mmol, 2.0 ¢q) in dichloromethane at 0 °C was
added drop wise a solution of methanesulfonyl chloride (1.74 mL, 22.67 mmol, 1.2 eq),
and the reaction was continued at room temperature for lh. After completion of the
reaction, was washed with water, brine, and combined organics were dried on MgSQO,.
The concentrated mixture was purified on column chromatography using hexane and

cthyl acetate (20%) as gradients to get pure mesylated derivative (7201) as an oil in 93%
yield. "TH NMR (400 MHz, CDCl;) § 5.48 — 5.22 (m, 8H), 4.35 (qd, J = 10.0, 4.9, 2H),
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7020 .., ., g.,OH 1 EDCI, DVAP, DI PEA DCM rt 7021 Conpound
7020: Prepared by simlar experinental conditions used as conpound 7017,

usi ng ketwoeo®ns§M175 g, 1.43 nmmol, 1.0 eq) in methanol PamaSIde/063221) was
added solid NaBH4 (0.08 g, 2.14 nmmol, 1.5 eq) in nmethanol: THF, gave 0.63 g
(84% of the pure alcohol 7020. 1H NVR (400 MHz, CDC13) 6 5.48 - 5.20 (m
10H), 3.57 (s, 1H), 2.88 - 2.65 (m 6H), 2.06 (dg, J= 14.0, 7.1, 8H), 1.50-
1.18 (m 35H), 0.96 (t, J =7.5, 3H, 0.88 (dd, J=12.8, 6.2, 3H). Calc.

mass for fhe G3aHAOGH)5263 iy, (f30(:x&{‘qff§255§(t E’Lepélfm)' @02@5 3@@@#({%1021
Prepared by simlar experinenta conditions used as for conpound 7010,
usi ng al cohalt)7029- (1035621,QOH1 119 (ddol 5 13.200.200H). N,4N- di lrﬁdnhﬁﬁbﬁnOr&? (but yric

acid hydr 0 23 1. PV | PEA (0.65 ni, 3.54 mol,
3.0 eq), 287 %fé?%ﬁ”’ mags ‘gr(r%%ﬁ?j@%k?q#,fgﬂﬁﬁ( 028 g, 0.23 nmmol, 0.1 eq)
i n DCM gaSymtResGofGompdund g202: e mﬂmioﬁl‘oﬁdﬁ:&bmf)@ﬂdd 720 (NIAE, § 400mdiHz.0 CDC13)
6 5.46 -5. 91 - 4. 78 5 9 (dt, J=
15.2, 7.54 A’r-é)ﬂ%w%a%d&d Sgligf Nadis iégé J%%%&} Pl)e‘D "1”%’ (tEFg%efﬁmfel%ds 7.5,

2H), 1. 49h{ dhacdon wasoontthlled a16§éb uiktil ke édﬂlpl@t?dﬂ)of e @8ctloh: Rdictidn Mixtald) » 0. 87
(t, J= 6.8, 3H). 13C NVR (101 MHz, CDCL3) 6 168.17, 126.73, 125,15, 124.98,

124. 93, 193, mredloz@o B4 waieg gexpgcted APtO gthyl a@@tmsomhmd gnganig9 wer dried on

NaySOg4, concentrated, purified on column chromatography using hexane and ecthyl
acetate (5%) as gradients to get pure azido (7202) derivative in 89% yield. "H NMR (400
MHz, CDCls) 6 5.53 — 5.19 (m, 8H), 4.21 —3.97 (m, 2H), 3.57 — 3.29 (m, 3H), 2.76 (t, J
=6.4,4H), 2.04 (q, J = 6.8, 8H), 1.80 (m, 2H), 1.66 — 1.43 (m, 4H), 1.40 — 1.07 (m, 36H),
0.88 (t, J= 6.8, 6H). Calc. mass for C41H73N30; is 640.0; found 612.5 (-N3).

Synthesis of compound 7203: To a solution of compound 7202 (1.7 g, 2.65 mmol, 1.0
eq) in anhydrous tetrahydrofuran, was added drop wise a 1M solution of LAH (3.98 mL,
3.98 mmol, 1.5 eq) at 0 °C. Reaction was continued at room temperature, after
completion of the reaction was quenched with saturated solution of Na,SO4 slowly at 0
°C. Compound was extracted into excess amount of ethyl acetate, organic layer was
washed with brine, dried over Na,SO4, concentrated and further dried on vacuum to get
pure amine (7203) in 90% vyield, and this has been used directly without further
purification. '"H NMR (400 MHz, CDCl3) 6 5.51 — 5.16 (m, 8H), 4.13 (dd, J = 9.3, 3.6,
1H),4.03 (dd, J=17.5, 6.1, 1H), 3.46 (t, J= 7.8, 1H), 2.96 — 2.67 (m, 6H), 2.20 — 1.92 (m,
8H), 1.82 — 1.49 (m, 6H), 1.46 — 1.12 (m, 38H), 0.88 (t, J = 6.8, 6H). Calc. mass for the
C41H7sNO; is 614.0; found 614.5.

Synthesis of compound 7204 (ALNY-232): To a solution of amine 7203 (0.61 g, 1.0
mmol, 1.0 eq) and DIPEA (1.84 mL, 10.0 mmol, 10.0 eq) in a solvent mixture
(DCM:DMF) was added 1H-pyrazole-1-carboxamidine hydrochloride (1.46 g, 10.0 mmol,
10.0 eq) portion wise at room temperature, under argon atmosphere. The reaction was
continued for overnight, after completion of the reaction, was poured onto ice, and
extracted with the ethyl acetate. The combined organics were washed with water, brine,
dried over Na,SO, and purified by preparative chromatography to get pure 0.16 g (25%)
of the guanidine derivative (7204). |H NMR (400 MHz, CDCI3) 6 11.76 (s, 1H), 7.99 (t,
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71.81, 71.49, 69.04, 53.75, 40.25, 28.95, 27.27, 26.33, 24.47, 24.45,
24.36, 24.33, 24.29, 24.15,
WO 2010/054401 PCT/US2009/063927

J=6.3, 1H), 7.44 (s, 2H), 5.48 — 5.20 (m, 8H), 4.24 — 4.00 (m, 2H), 3.54 (dd, J = 7.3, 6.2,
1H), 3.32 (d, J = 3.0, 2H), 3.09 (dt, J = 10.5, 5.3, 1H), 2.76 (t, ] = 6.5, 4H), 2.03 (q, ] =
6.8, 8H), 1.90 — 1.77 (m, 1H), 1.76 — 1.49 (m, 6H), 1.48 — 1.05 (m, 34H), 0.87 (dd, J =
6.8, 6H). "C NMR (101 MHz, cdcls) § 158.96, 130.41, 130.36, 130.33, 128.18, 128.14,
113.52,77.54,77.22,76.90, 76.60, 72.36, 69.54, 46.09, 38.39, 37.68, 37.01, 34.09, 31.74,
30.10, 29.92, 29.78, 29.76, 29.56, 29.55, 29.53, 27.47, 27.46, 27.41, 25.84, 24 37, 24.12,
22.79, 14.31, 8.86. Calc. mass for the C4,H77N30; is 656.0; found 656.2.

Example 17: Synthesis of Ester linked lipids

Ester Analogs
Scheme 1
Mg — O LAHITHF
VY e PV g
Br —_— —_—
5 -
7001 Ni\N/ﬂ\N/\N 7002
(NI S W
-40°C tort.THF

jr”\¢/\ -

HO. N
— OH | Hcl — o -
O N
OSSOSOV MOCORSSOSR Al

EDCI/DMAP/DIPEA/CH,CI, 00
7004

7003

Experimental

Compound 7002: Magnesium (711 mg, 29.25 mmol) was placed in a round bottle flask.
THF (30 mL) and 2-3 mg of I, were added. The mixture was warmed at 50 °C and
oleylbromide (7001, 6.46 g, 19.50 mmol) was added slowly. When ~1 mL of
oleylbromide was added, formation of the Grignard reagent was initiated. After addition
of the reast of oleylbromide, the Grignard reagent was stirred at room temperature for 60
min then slowly added to a solution of 1,1’-carbonyldiimidazole (1.54 g, 9.51 mmol) in
THF (100 mL) at -50 °C. The reaction mixture was kept stirring at -50 °C for 30 min then

at room temperature for 60 min. The reaction was quenched with 40 mL of saturated
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24.10, 22.05, 22.04, 22.00, 20.42, 20.41, 20.32, 20.15, 17.96, 17.38,
15.35, 9.08, 8.88. Calc. mass for the CA3H7/7NO2: 639.6; found 640.5.
Schenme 6 WO 2010/054401 PCT/US2009/063927

NH4CI aq. and the mixture was extracted with Et,O and H,O. The organic layer was
dried over MgSOQy, filtered and concentrated. The crude was purified by silica gel column
chromatography (0-5% Et,O in Hexane) to give compound 7002 (2.70 g, 5.09 mmol,
53%, Ry = 0.48 developed with 5% EtOAc in Hexane). Molecular weight for Cs;;H7;0
(M+H)" Calc. 531.55, Found 531.5.

Compound 7003: To a solution of compound 7002 (1.36 g, 2.56 mmol) in THF (25 mL),
1 M lithium aluminum hydride in THF (5.12 mL, 5.12 mmol) was added at 0 °C. The
reaction mixture was stirred at room temperature for 3 hours. The reaction was quenched
with saturated Na,SOy4 aq. (20 mL), then extracted with Et,O and H,O. The organic layer
was dried over MgSQOys, filtered and concentrated. The crude was purified by silica gel
column chromatography (0-5% Et,O in Hexane) to give compound 7003 (942 mg, 1.77
mmol, 69%, Ry=0.26 developed with 5% EtOAc in Hexane).

Compound 7004: To a solution of compound 7003 (940 mg, 1.76 mmol) and 4-
(dimethylamino)butyric acid hydrochloride (355 mg, 2.12 mmol) in CH,Cl, (15 mL),
diisopropylethylamine (0.920 mL, 5.28 mmol), N-(3-dimethylaminopropyl)-N’-
cthylcarbodiimide hydrochloride (406 mg, 2.12 mmol) and DMAP (43 mg, 0.352 mmol)
were added. The reaction mixture was stirred at room temperature for 14 hours. The
reaction mixture was diluted with CH,Cl, (100 mL) and washed with saturated NaHCO3
aq. (50 mL). The organic layer was dried over MgSQ.,, filtered and concentrated. The
crude was purified by silica gel column chromatography (0-5% MeOH in CH,Cl,) to give
compound 7004 (817 mg, 1.26 mmol, 72%, Ry = 0.29 developed with 5% MeOH in
CH,Cl,). Molecular weight for C43HgsNO, (M+H) Calc. 646.65, Found 646.5.

Scheme 4
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| Pd- &/ H2 MeOH EtOAc, it O 11\1.'LO 7023 Conpound 7023: To a sol ution of
conpound 7022 in nethanol : ethyalcetate solvent mxture (2:1) was added
10% Pd/ C,woenowmsd4oai r by vacuum purged with argon, repearaseociogt! e
(2x), finally purged with H2, and continued the reaction under H2 at room
tenperature for overnight. After conpletion of the reaction, filtered
through small pad of celite, washed with ethyl acetate, evaporated the

sol vent and purified by colum chromatography using dichl oronet hane :

nmet hanol (5% as gradients to get purg.white solid forn1of conpound 7023 in

64% (0. 64 oL Ay J=
6.2, 1H), 2.29 IS4G 76> AHponDED1 (s, iy 7 1X(m 2H),
1.49 (d, J= 5.4, 3% 1.36- 1.13 (m 64H), 0.87 (t, 1216.8, 6H). 13C NMR
(101 MHz, cdcl3) 6 173.58, 77.54, 77.22, 76. 9% | 55 A o8 64, 34. 36,

32. 83, 32. 70, 32.15, 29.92, 29.88, 29. 81 29. 78, 29. 58 025! 55, 23. 36,

22.91, 14.33. Calc. mass for the C43H87NO2: 649. 6; found 650. 8. Exanple 18:
Ester synthesis. Schene 1. Mseries (es{ J eS1 % A EDCIDI VI AP
| HOecji4:1 n |£ﬂ}&r

7018

Compound 7017: To a stirred solution of ketone 7016 (1.5 g, 2.84 mmol, 1.0 eq) in
methanol and THF (2:1) was added solid NaBHy (0.16 g, 4.26 mmol, 1.5 eq) at 0 °C
portions wise and continued the reaction at room temperature until completion of the
reaction. Reaction was quenched with drop wise addition of 2N HCI solution at ice cold
temperature, organic solvent was evaporated and re-dissolved in ethyl acectate, washed
with water, brine, combined organics were dried over MgSO4, concentrated and purified
by column chromatography using hexane : cthyl acctate (20%) as gradients to get pure
alcohol 7017 in 94% (1.42 g) yields. '"H NMR (400 MHz, CDCls) § 5.49 — 5.20 (m, 6H),
3.57 (s, 1H), 2.76 (t, J = 6.4, 2H), 2.13 — 1.88 (m, 9H), 1.51 — 1.12 (m, 53H), 0.95 - 0.75
(m, 6H). Calc. mass for the C3;7H,,O: 530.5; found 531.5.

Compound 7018: Prepared by similar experimental conditions used as for compound
7010, using alcohol 7017 (1.42 g, 2.68 mmol, 1.0 eq), N,N-dimethylamino butyric acid
hydrochloride (0.53 g, 3.21 mmol, 1.2 eq), DIPEA (1.48 mL, 8.0 mmol, 3.0 eq), EDCI
(0.56 g, 2.94 mmol, 1.1 eq), DMAP (0.065 g, 0.53 mmol, 0.1 ¢q) in DCM gave 1.34 g
(78%) of the pure product 7018. 'H NMR (400 MHz, CDCls) § 5.47 — 5.20 (m, 8H), 4.92
—4.77 (m, 1H), 2.76 (t, J= 6.3, 2H), 2.28 (dt, /= 16.6, 7.5, 4H), 2.20 (s, 6H), 2.08 — 1.89
(m, 8H), 1.83 - 1.70 (m, 2H), 1.48 (d, J=5.2, 4H), 1.38 — 1.16 (m, 40H), 0.91 — 0.80 (m,
6H). "C NMR (101 MHz, cdcls) § 173.61, 130.51, 130.40, 130.35, 130.13, 130.05,
128.16, 128.13, 77.55, 77.23, 76.91, 74.46, 59.18, 45.68, 34.36, 32.84, 32.69, 32.13,
31.75, 29.99, 29.92, 29.89, 29.78, 29.76, 29.72, 29.67, 29.58, 29.54, 29.52, 29.40, 29.36,
27.45, 2743, 25.84, 25.57, 23.39, 2291, 22.80, 14.36, 14.31. Calc. mass for the
C43HS81NO2: 643.6; found 644.5.

Scheme 5
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DLi n- M C1- DVA DLi n- M C1-DVA. A solution of dilinolenylnmethanol (0.50 g),

N, N-di net hyl gl ycine (0.53 g), 4-N,N-di net hyl am nopyridine (0.60 g) and

1- Et hy1- 3w02e10disust hyl am nopr opyl ) car bodi i m de hydr ochl eCirds2¢0/06827y) in
nmet hyl ene chloride (5 nL) was stirred at roomtenperature. The reaction
was nonitored by TLC. Wen all of the dilinol enyl nethanol had been
converted, the reaction m xture was washed with dilute hydrochloric acid,
foll owed by dilute sodium bi carbonate solution. The organic fractions were
dri ed over a drQ raqnesi i sul fatse, filtered h 0 nt._renoved.
The resi dlie\ve assed—dowa-a-si | i Ga,geh col°u i _

nmet hanol / net hyl enezghl ori de el uti on gradi ent, vyierds ng DLI n- M CL- DVA (0. 35
g) as a colorless oil. ifINVR (CDC13) 6 O. 91\@\;/%56. &btz pwabblea 2. 07 (M
8H); 2.42 (s; 6H); 2.79 (t; J=6.5Hz; 4H); 3.21i(s; {2H)|,ocdz97 (m 1H); 5.37
(m 8H DLin-MC4-DVMA | A?./N/1 N, N- di et hy1- 5- am ropent anoi ¢ aci d.
Bronoval eric acid (2 g) was dissol ved .| W@%@WI anm ne
and stirred at room tenperature overni ght. [Thesof vén as remnoved on a
rotovap and the residue treated with an aqueous sof%ftion containing one
equi val ent of sodi um bi carbonate. The sol vent was renoved, the residue
suspended] t .and filtered. The solyent,. was. renmved fr e
FiTErace SolpFHGr ARY: ARG« ob ShBlucTnTni k) RS R SR En ge

agai n. Afdseg Hetdre5at(0.0h g, I.ehomall, 106 cd)lie netHavielnind FITHING2t Hevds ialdadabold yi el ded

an oi |l (1, ), that sl ow rystallized tora jn- M C4- DMA; as
descri be $%§4 &9 rmléfﬂt%w?é%@ fﬂetﬁmﬂ-?ﬂﬂﬁiﬁ%@g&m%%e%%%% aci d.
alcohol 7020. "H NMR (400 MHz, CDCl3) & 5.48 — 5.20 (m, 10H), 3.57 (s, 1H), 2.88 —
2.65 (m, 6H), 2.06 (dq, J = 14.0, 7.1, 8H), 1.50 — 1.18 (m, 35H), 0.96 (t, J= 7.5, 3H),
0.88 (dd, J=12.8, 6.2, 3H). Calc. mass for the C37HgsO: 526.5; found 527.5.

Preparation of Compound 7021: Prepared by similar experimental conditions used as
for compound 7010, using alcohol 7020 (0.62 g, 1.18 mmol, 1.0 eq), N,N-dimethylamino
butyric acid hydrochloride (0.23 g, 1.41 mmol, 1.2 eq), DIPEA (0.65 mL, 3.54 mmol, 3.0
eq), EDCI (0.24 g, 1.3 mmol, 1.1 eq), DMAP (0.028 g, 0.23 mmol, 0.1 eq) in DCM gave
0.63 g (84%) of the pure product 7021. '"H NMR (400 MHz, CDCL3) & 5.46 — 5.19 (m,
8H), 491 — 4.78 (m, 1H), 2.85 — 2.68 (m, 6H), 2.29 (dt, /= 15.2, 7.5, 4H), 2.20 (s, 6H),
211 -1.95 (m, 8H), 1.78 (dd, J = 14.8, 7.5, 2H), 1.49 (d, J = 5.5, 4H), 1.40 — 1.17 (m,
32H), 0.96 (t, J = 7.5, 3H), 0.87 (t, J = 6.8, 3H). “C NMR (101 MHz, CDCls) § 168.17,
126.73, 125.15, 124.98, 124.93, 123.06, 123.04, 122.75, 122.72, 122.43, 121.91, 72.13,
71.81, 71.49, 69.04, 53.75, 40.25, 28.95, 27.27, 26.33, 24.47, 24.45, 24.36, 24.33, 24 .29,
24.15, 24.10, 22.05, 22.04, 22.00, 20.42, 20.41, 20.32, 20.15, 17.96, 17.38, 15.35, 9.08,
8.88. Calc. mass for the C43H77NO,: 639.6; found 640.5.

Scheme 6
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11-INVR. (CDC13) 6 0.91 (t; J=6.9Hz; 6H); 1.67 (m 2H); 2.07 (m 8H); 2.32
(s; 6H); 2.37 (m 4H); 2.79 (t; J=6.5Hz; 4H); 4.88 (m 1H); 5.37 (m 8H)
DLi n- M O5wOIgMoNs44dL) r 1 0 N, N-di met hy1- 6- am nobut anoi ¢ aecu{usa@9oseser i bed
for N, Ndi net hyl-5-am nopent anoi ¢ acid usi ng 6-bronobutanoi c aci d.

DLi n- M 05- DMA; as described for DLi n-M Cl-DVA using N, N-di nethyl-6-

am nobut anoic acid. iHNVR (CDC13) 6 0.91 (t; J=6.9Hz; 6H); 1.66 (m; 2.07
(m 8H); 2.31 (t; J=7.5Hz; 2H); 2.39 (s; 6H); 2.47 (bm 2H); 4.88 (m 1H);
5.37 (m 8':{ DLen- K5- C2-DVA Len-Br. A solution of linolenyl nesylate (2.2

g) and lit OQ%WS m.) was stirred at room

t enper at ure overni ght™ (o i s added and the sol uti on washed
twice with water. Theger ganic fractions were dried over anhydrous magnesi um
sulfate, filtered and ther%“&f*\%'ent renmoved. The residue was passed down a

silica gel colum using ay®2%°&'hyl acetate/ hexane el ution gradient,

yielding Len-Br (2.1 g) as a colorless oil. DLen-Mformate. A solution of
Len-Br (2% i ou eth ettier~”(B0 nL) was treated with
magnesi um filings ( r X>0overni ght. The sol ution was al | owed

to cool and ethyl formase (0.5 nL) added dropw se. The reaction was stirred

at roomtenperature for three hours. Aqueous sulfuric acid (5% 40 nL) was
added andCempounyl TA23pHho explutien eticopronnd7 @2y imashanel : ctipaécettaymiicst f r act i on

e Vet L L A0 AU RS LA 7 o
usi ng a Oh3&padt (2x), famBy atigbdrexhamb, @lduwohmed tladicanion upde|Hb angponk ude
DLen- M Ot[érrrrl?)';[:r%tu?'es fo?' ox%)rlnl%{l‘! EA%tser ((:)(i)rllpletion of the reaction, filtered through small pad of
celite, washed with ethyl acetate, evaporated the solvent and purified by column
chromatography using dichloromethane : methanol (5%) as gradients to get pure white
solid form of compound 7023 in 64% (0.64 g) yields. '"H NMR (400 MHz, CDCl) & 5.37
(s, OH), 4.85 (p, /= 6.2, 1H), 2.29 (dt, J=14.8, 7.5, 4H), 2.21 (s, 6H), 1.84 — 1.71 (m,
2H), 1.49 (d, J = 5.4, 4H), 1.36 — 1.13 (m, 64H), 0.87 (t, J = 6.8, 6H). °C NMR (101
MHz, cdcls) 6 173.58, 77.54,77.22,76.91, 74.49, 59.17, 45.64, 34.36, 32.83, 32.70,
32.15,29.92,29.88, 29.81, 29.78, 29.58, 25.55, 23.36, 22.91, 14.33. Calc. mass for the

C43H87NO2: 649.6; found 650.8.

Example 18: Ester svnthesis.

Scheme 1: M series (esters) synthesis

R>_ | EDGIDMAR L iHl
OH  + eeereeeeeeeerede
HO N~ R™ "o "N\

R n

R o Et,N ij
R>_ OH  + c)*’]’a o Rioj*/l;ar ™ Rioﬁl\’tx\v

DLin-M-C1-DMA

DLin-M-C1-DMA. A solution of dilinolenylmethanol (0.50 g), N,N-dimethylglycine
(0.53 g), 4-N,N-dimethylaminopyridine (0.60 g) and 1-Ethyl-3-(3-
dimethylaminopropyl)carbodiimide hydrochloride (0.50 g) in methylene chloride (5 mL)
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DLen-M Crude DLen- M fornmate prepared above was treated with a 5% sol ution
of sodi um hydroxide in water/ethanol (10 nL, 10:90 v/v) for 30 mnutes. The
sol uti on waodvdsutoed wi th water and extracted w th net hpCens2abloesede. The
organic fractions were dried over anhydrous magnesium sulfate, filtered and
t he solvent renoved. The residue was passed down a silica gel colum using
a 0-10% et hyl acetate/ hexane elution gradient, yielding DLen-M as a
colorless oil. DLen-ketone. A solution of DLEN-M (prepared above) in

met hyl eney, ghligiel derobebraliRs ThE RAL&S Mstrﬁorﬁbb"récf%ﬂl%f‘ whtpspghhomate (1 )
at roomtenperature for two hours. D ethyl ether (50 nL) was added and the
resultant&bmdgewgﬁbmﬂmé@hbanmhmem@ﬁ1heb@dummn§hnteasgeﬂwd2xﬁnhmhe solvent
was removied, a ﬁor%c%%dr B d%&bf%ﬁutgd OH‘Q’%I bsolnlal C?ru%lgn 1‘318 };g 0 MEd " 2%

et hyl ace { exane’ gradie y|e one '( 5 as a coIorIess
oi | . DLenw¥&b-d62d O¥dr aﬁhyﬁi&bustmaglﬁe@lﬁm @lﬂ@ne Ifﬂtefﬁdem(l (ﬁldis?)l\@)ﬂ; reﬁmwdi iMhe um

p-tol uenesul f onate ( and an-1,2,4-tr 0.50 in luene (100
m) was réPfEsEE Foited B S&lcgtgafreﬁ%lbar% 5050 8 mgaﬂ?meﬂ%ﬁ fon

m xture veeud@lagr&dléﬂtgﬁerqmlgqjmm AEbIA 185 ohlsarcoeleandl. bri ne. The organic
fractions were dried over anhydrous magnesium sul fate, filtered and the

sol vent r &ROVBA(CIIGR) § 891 dhud=auaidz; rﬁéﬁsbw thoviti a2 92 I(3; 68 g9 gol~eriizusi ng

nethylen hl,qr i y -0H (0.52 g) as a col orless oi
Procedure QEgéé ?E9‘£§%gBS@DDE§Zﬁ -OMs. A solution of DLen-K5-C2-0H
(0.52 g) in nethylene chloride (20 nL) was treated with nethanesul f onyl
anhydride 0 40 2) and triethylamne (0.7 nL) at roomtenperature

overnight fractlon was washed with saline, dried over
anhydr ous qagnesrunrsulfate filtered and the solvent renpved. The residue

was used Iﬂ\8ubjﬁﬁngtztzzszszznghOUt further purification.
DLen- K5- C2- DVA. Q= L DLen- K5-C2-0Ms in 2.0 M dinet hyl am ne
in THF (15 nL) was stirred at roomtenperature for two days. The sol vent

was I enoveN-@itothyl Gt viagpeat@oicheidr Biintialcpassiad2 dpwns &ikdoled ig&ductsd Ng a
0- 696nethano|/nethy|ene chl oride gradient, yield ng DLen-K5-C2-DVA (0.34 Q)
as a col ovlwws offmethylamigrpad gteyrsdpeyoom psiagyre oyeemghiFhe gilyent wase (m 4H) ;

(1m701(H) m &Hbvecﬂ?@érowag LR the%es‘?cﬁle(tfeate?'wlth A a%lzeC(u% sorﬁ{'%n c&lrﬁﬁng Bhe i{) H) ; 52326
(m 12H) eg@m@c’zstMum icb@raBr. Thasolse o wmehdrrthd:_@mdBc suscrrdgdm eyl

ggsélengl e[% aglolyaﬁndo frBEa c?_lcfa Hl% gehge% %re)ls_ f{n?ov%ﬁgrtog‘tﬁ fll\éat[eoall’nrmfae resilus guspen%’ed bO-M
in methylene chloride and suspended again. After filtration, removal of the solvent from
the filtrate yielded an oil (1.3 g) that slowly crystallized on storage.
DLin-M-C4-DMA; as described for DLin-M-C1-DMA using N,N-dimethyl-5-
aminopentanoic acid.

'HNMR: (CDCls) 8 0.91 (t; J=6.9Hz; 6H); 1.67 (m; 2H); 2.07 (m; 8H); 2.32 (s; 6H); 2.37
(m; 4H); 2.79 (t; J=6.5Hz; 4H); 4.88 (m; 1H); 5.37 (m; 8H)

DLin-M-C5-DMA
0. = =
T CCCCEC]C

N,N-dimethyl-6-aminobutanoic acid; as described for N,N-dimethyl-5-aminopentanoic

acid using 6-bromobutanoic acid.
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DO ket one; as described for DLen-ketone using DOOM DO K5-C2-0H, as
descri bed for DLen-K5-C2-0H using DO ketone. DO K5-C2-OMs; as descr
DLen- K5- GROOMY/03g4iomg DO- K- C2- OH. DO K5- C2- DVA; as descPCiams2600/063927
DLen- K5- C2- DVA usi ng DO K5- C2- OVk. (CDC13) 6 0.86 (t; J=6.8

1.55 (m
1.99 (m

4H); 1.64 (m 1H); 1.79 (ddd; J=12.6Hz, J'=11.2Hz, F=6.2Hz;

8H): 2.20 (s: 6H): 2.26 (ddd; J=12.2Hz, J'=9.5Hz; F=5.9Hz;

2.38 (ddd; J=11.9Hz, J'=9.7Hz, F=5.6Hz; 1H); 3.46 (t; J=7.3Hz; 1H);

(m 2H);

Bt B2(E-DA RideerMh ERsrDINME 1 Dﬁmﬁs@ N Qﬁnéﬂﬁyﬂt g 14 Jul

DLi n-M C3-A A solution of dilinolenylnethanol (0.51
N- BOC- 4- aamhinolgangid asidci d (0.53 g), 4- N, N-di met hyI am nopyr| di ne (0.

and 1- Et
in methyl

BNV RS baY (e R | Rl “p T By Bl benl

i bed for

Hz; 6H);

1H);
1H);
4.05
09) :

39
30 g)
ght The

reacti on mx{susH); Wy (baSbEY Mg (h; diH) U8 87 iy dpchl oric acid. The organic
fractions were dried over anhydrous magnesium sul fate, filtered and

sol vent renoved. The residue was treated with triflouroacetic acid (2 mL)

at roomt
chl ori de,

enperature for an hour. The solution was diluted with neth
washed with water and then washed w th aqueous sodi um

t he

yl ene

bi car bonaPken-Ki3eCIMAi ¢ fracti ons were dried over anhydrous nmagnesi um

sul f at e,

filtered and the sol vent renoved. The residue was passed d

silica geh col ym using a 0-10% net hanol / met hyl ene chl oride el ution

gradi ent ,
6 0.87 (t;
J=7. 4Hz;

/yi 5 g) as a colorless oil.
J=6"18kz: — - J=7.3Hz; 2H): 2.03 (m 8H); 2.32
2H); 2. 75 (m 6H); 4.84 (p; J= 6.2Hz; 1H); 5.35 (m 8H)

DLi n- N$C3-NA

Len-Br. A solution of linolenyl mesylate (2.2 g) and lithium bromide (2.5 g) in acctone
(25 mL) was stirred at room temperature overnight. Methylene chloride was added and
the solution washed twice with water. The organic fractions were dried over anhydrous
magnesium sulfate, filtered and the solvent removed. The residue was passed down a
silica gel column using a 0-2% cthyl acetate/hexane clution gradient, yielding Len-Br
(2.1 g) as a colorless oil.

DLen-M-formate. A solution of Len-Br (2.1 g) in anhydrous dicthyl ether (60 mL) was
treated with magnesium filings (180 mg) under reflux overnight. The solution was
allowed to cool and ethyl formate (0.5 mL) added dropwise. The reaction was stirred at
room temperature for three hours. Aqueous sulfuric acid (5%, 40 mL) was added and the
solution extracted with dicthyl cther. The organic fraction was washed with saline, dried
over anhydrous magnesium sulfate, filtered and the solvent removed. The residue was
passed down a silica gel column using a 0-3% ethyl acetate/hexane elution gradient,
yielding crude DLen-M-formate as a colorless oil.

DLen-M. Crude DLen-M-formate prepared above was treated with a 5% solution of
sodium hydroxide in water/ethanol (10 mL, 10:90 v/v) for 30 minutes. The solution was
diluted with water and extracted with methylene chloride. The organic fractions were

dried over anhydrous magnesium sulfate, filtered and the solvent removed. The residue

own a

( CDC13)
(t,

was passed down a silica gel column using a 0-10% ethyl acetate/hexane elution gradient,

yielding DLen-M as a colorless oil.
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DLin-M C3-Br. A solution of dilinolenylnmethanol (0.5 g) in nethyl ene
chloride (20 nL) was treated with 4-bronmobutyryl chloride (1 nL) and
triethyl awDrre10(ab44vit) with stirring at roomtenperature @CEUus2@he3IThe
reaction m xture was diluted with water, acidified with hydrochloric acid
and extracted with nethylene chloride. The organic fractions were dried
over anhydrous magnesiumsulfate, filtered and the sol vent renoved. The
crude DLin-M C3-Br was used in subsequent reactions wthout further

puri fi catphpgh. k&B&CQ%[L%OQ%f B@Ekﬁ-ﬂ@(pﬁéﬂ@re@%ov% Retb s Miorids @0ltt)i on of

DLin-M C3-Br (0.51 g) was treated wth a solution of nethylam ne |n
THF/ met hy\lva;srteeatﬂdlvath pieid(rBom whtor@br@aate (lvg) aatoono@mp@@hap@f@ﬁw bourThe reaction

was noni t19 ﬁldl Q ¥1er V(|56: m%\xgars] aEiE'e% n?i%:tljesurhan ssutsé: gnea ng edQﬁ'\roﬁ ﬁ&f of VBS

renoved on a-ro € residue was ween ene
chl ori de slich gdi {zbtb ahhydwaaM@rremomladd thEhesmueg&@sed dpkwa&e;ﬂmgemhﬁd with

di | ut e aqueous um bi car bonate sol uti d hydr ous rragnesi um
sul fate, Fiter 2 bl Erac borpe bRho e Rhen et b5 T SH£8LEE down a
silica gejjjcolum using a O- 4% met hanol / met hyl ene chl oride el ution

gradl ent, gl el di ng DLi n- M C3- (0.31 g) as a colorless oil. 11-1NVR
(CDC13) 6PherslR5(G2-OBk=4. @hﬁlon@PPLeakstznq(Qqu) pyriliggm(piolgpgsulfonag (1t ;

4 6s (p 0T Spf i 28hipy 0 Reehjo b R Pl i@ ppendigh A28 41
d(ESCI‘i b?dSt’ﬁldIl:apDhIth M@B'rghMThsiﬂ&gti@trh';bdﬁ&ﬂiwﬂ@pariiﬂieﬂdﬂl‘ﬂ@twe(eﬁ]ﬁ@ﬂ@lerﬁ 0. 87 (t
233 (1) Siidgipd Do Th3 omieqacu vt gt e S maghbsippeliuty” 5

(t; J=6. 4i|i‘1¥ered4“hbd thésddent Rimoled Grndhigsidubas pﬁss@@dé\ﬁh aitlca Db ddtuMiGRid gPA
DLi n-M C3-1PA; as described for DLin-M C3- usi ng i sopropyl am ne.

( CDC13) enethglpng ghloriegyglding Bign-K3-@OHHO. 53@6 apppolodesp oil1, 78 (p; J=7. 3Hz;
&235)') o 83Pr%5@du§a"@9-0228 F@? A%tr 09)] D7L§ﬂ'§5 03'39 5.2x 8fufdn of 31 endF-c245P(0.32 77 (M

g) in methylene chloride (20 mL) was treated Wlth methanesulfonyl anhydride (0.40 g)

and triethylamine (0.7 mL) at room temperature overnight. The organic fraction was

washed with saline, dried over anhydrous magnesium sulfate, filtered and the solvent

removed. The residue was used in subsequent reactions without further purification.

DLen-K5-C2-DMA. A solution of crude DLen-K5-C2-OMs in 2.0 M dimethylamine in

THF (15 mL) was stirred at room temperature for two days. The solvent was removed on

a rotovap and the residue passed down silica gel using a 0-6% methanol/methylene

chloride gradient, yielding DLen-K5-C2-DMA (0.34 g) as a colorless oil.

'HNMR: (CDCls) 8 0.95 (t; J=7.5Hz; 6H); 1.56 (m; 4H); 1.70 (m; 1H); 1.81 (m; 1H);

2.05 (m; 8H); 2.27 (s; 6H); 2.36 (m; 1H); 2.46 (m; 1H); 2.79 (t; J=6.0Hz; 8H); 3.27 (t;

J=7.2Hz; 1H); 4.06 (m; 2H); 5.34 (m; 12H)

DO-K5-C2-DMA
V6 SooCB 004
N
- \/__[O —
O-Br; as described for Len-Br using oleyl mesylate.

DO-M-formate; as described for DLen-M-formate using O-Br.
DO-M; as described for DLen-M using DO-M-formate.
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DLi n- M C3-DEA (ED50 = 0.3) DLin-MC3-DEA;, as described for DLin-MC3-MA
usi ng di et hyl am ne. DLi n-M C3-DI PA (ED50=4.5) -cO N DLin-M C3-DI PA;, as
descri bedwbapi1oDisi4v1 M C3- MA usi ng dii sopropyl am ne. DLi nPETC32000/868927
DLi n-M C3-M PA; as described for DLi n-M C3-MA using mnethylisopropyl anm ne.
DLin-M C3-EI PA O N DLi n- M C3-ElI PA; as described for DLi n-M C3-MA using
et hyl i sopropyl am ne. (CDC13) 6 0.87 (t; J=6.8Hz; 6H); 0.94 (d;
J=6.2Hz; 6H); 0.99 (t; J=7.1Hz; 3H); 1.71 (m 2H); 2.03 (m 8H); 2.30 (t;
‘% ;0?"("2 I?_%)keto%e?’a?s cfeEGrlb%!T')for I?L(ﬂﬁke((gl’e ugrﬁ pDRi. 2H); 2.75 (t; J=6.4Hz; 4H);
m ;

DO-K5-C2- OH as descrlbed for DLen KS C2 OH using DO-ketone.

DO-K5-C2-OMs; as described for DLen-K5-C2-OMs using DO-K5-C2-OH.

DO-K5-C2-DMA; as described for DLen-K5-C2-DMA using DO-K5-C2-OMs.

'THNMR: (CDCls) § 0.86 (t; J=6.8Hz; 6H); 1.55 (m; 4H); 1.64 (m; 1H); 1.79 (ddd;

J=12.6Hz, J’=11.2Hz, J"=6.2Hz; 1H); 1.99 (m; 8H); 2.20 (s; 6H); 2.26 (ddd; J=12.2Hz,

J’=9.5Hz; J”=5.9Hz; 1H); 2.38 (ddd; J=11.9Hz, J’=9.7Hz, J”=5.6Hz; 1H); 3.46 (t;

J=7.3Hz; 1H); 4.05 (m; 2H); 5.32 (m; 4H)

DLin-M-C3-A

Procedure 09-071 (14 Jul 09): DLin-M-C3-A. A solution of dilinolenylmethanol (0.51 g),
N-BOC-4-aminobutyric acid (0.53 g), 4-N,N-dimethylaminopyridine (0.39 g) and 1-
Ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (0.30 g) in methylene
chloride (5 mL) was stirred at room temperature overnight. The reaction mixture was
washed with dilute hydrochloric acid. The organic fractions were dried over anhydrous
magnesium sulfate, filtered and the solvent removed. The residue was treated with
triflouroacetic acid (2 mL) at room temperature for an hour. The solution was diluted
with methylene chloride, washed with water and then washed with aqueous sodium
bicarbonate. The organic fractions were dried over anhydrous magnesium sulfate, filtered
and the solvent removed. The residue was passed down a silica gel column using a 0-10%
methanol/methylene chloride elution gradient, yielding DLin-M-C3-A (0.45 g) as a
colorless oil.

'HNMR: (CDCls) 8 0.87 (t; J=6.8Hz; 6H); 1.75 (p; J=7.3Hz; 2H); 2.03 (m; 8H); 2.32 (t;
J=7.4Hz; 2H); 2.75 (m; 6H); 4.84 (p; J= 6.2Hz; 1H); 5.35 (m; 8H)

DLin-M-C3-MA

I CCCCIIICT
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DLin-M C3-MEA ---\ 0 O DLin-MC3-MEA, as described for DLin-M C3-MA using
nmet hyl et hyl am ne. 11-1NVMR (CDC13) 6 0.87 (t; J=6.9Hz; 6H); 1.02 (t;
J=7. 2Hz; WwO2p10105701(m 2H); 2.03 (m 8H); 2.19 (s; 3H); pETAB2¢mm063%Rf) ; 2. 39
(q; J=7.2Hz; 2H); 2.75 (t; J=6.5Hz; 4H); 4.84 (m 1H); 5.34 (m 8H) Exanple
19: Synthesis of 2,2-Dilinoleyl-5-dinethylam nonethyl41l, 31-di oxane
(DLi n-K6S-C1-DVB); ".../\... ) \=..--""2=0,\...,"\.M."0OB02CH3 | LiBr Acetone

DLin-M-C3-Br. A solution of dilinolenylmethanol (0.5 g) in methylene chloride (20 mL)

was treated with 4-bromobutyryl chloride (1 mL) and triethylamine (1 mL) with stirring

at room temperature overnight. The reaction mixture was diluted with water, acidified

with hydrochloric acid and extracted with methylene chloride. The organic fractions were

dried over anhydrous magnesium sulfate, filtered and the solvent removed. The crude

DLin-M-C3-Br was used in subsequent reactions without further purification.

Procedure 09-061 (16 Jun 09): DLin-M-C3-MA. A solution of DLin-M-C3-Br (0.51 g)

was treated with a solution of methylamine in THF/methylene chloride (50 mL; 20/30

v/v) at room temperature. The reaction was monitored by TLC. When the reaction was

complete the solvent was removed on a rotovap. The residue was partitioned between

methylene chloride and dilute hydrochloric acid. The organic phase was washed with

dilute aqueous sodium bicarbonate solution, dried over anhydrous magnesium sulfate,

filtered and the solvent removed. The residue was passed down a silica gel column using

a 0-4% methanol/methylene chloride elution gradient, yielding DLin-M-C3-MA (0.31 g)

as a colorless oil.

'HNMR: (CDCls) 8 0.87 (t; J=6.9Hz; 6H); 1.82 (m; 2H); 2.03 (m; 8H); 2.33 (t; J=7.4Hz;

2H); 2.43 (s; 3H); 2.62 (t; J=7.1Hz; 2H); 2.75 (t; J=6.4Hz; 4H); 4.84 (p; J= 6.3Hz; 1 H);

5.35 (m; 8H)

DLin-M-C3-EA

Y CCCCIS2CT
DLin-M-C3-EA; as described for DLin-M-C3-MA using ecthylamine.
'HNMR: (CDCls) 8 0.87 (t; J=6.8Hz; 6H); 1.10 (t; J=7.1Hz; 3H); 1.82 (p; J=7.3Hz; 2H);
2.03 (m; 8H); 2.33 (t; J=7.4Hz; 2H); 2.65 (q; J=7.0Hz; 4H); 2.62 (t; J=7.1Hz; 2H); 2.75
(t; J=6.4Hz; 4H); 4.84 (p; J= 6.3Hz; 1H); 5.33 (m; 8H)

DLin-M-C3-IPA
)\YV\I PPN

DLin-M-C3-IPA; as described for DLin-M-C3-MA using isopropylamine.
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................ s ..o "Br L. WMy, etherll 2.
Et hyl formate KOH OHCO IV Pyriclimumchl orochromate Tol uene TsO- PyHO
WO 2010/054401 PCT/US2009/063927

'HNMR: (CDCls) & 0.87 (t; J=6.8Hz; 6H); 1.03 (d; J=6.2Hz; 6H); 1.78 (p; J=7.3Hz; 2H);
2.03 (m; 8H); 2.32 (t; J=7.4Hz; 2H); 2.60 (t; J=7.3Hz; 2H); 2.77 (m; 5H); 4.84 (p; J=
6.2Hz; 1H); 5.34 (m; 8H)

DLin-M-C3-DEA (ED50 = 0.3)

O CCCTICCT

DLin-M-C3-DEA; as described for DLin-M-C3-MA using diethylamine.

DLin-M-C3-DIPA (ED50=4.5)

\ @)
N \/\/]\ - -
~ o~ CCTC T
DLin-M-C3-DIPA; as described for DLin-M-C3-MA using diisopropylamine.

DLin-M-C3-MIPA

DLin-M-C3-MIPA; as described for DLin-M-C3-MA using methylisopropylamine.

DLin-M-C3-EIPA

\ @)

N~ ——
~ T
DLin-M-C3-EIPA; as described for DLin-M-C3-MA using cthylisopropylamine.
'HNMR: (CDCl3) 6 0.87 (t; J=6.8Hz; 6H); 0.94 (d; J=6.2Hz; 6H); 0.99 (t; J=7.1Hz; 3H);
1.71 (m; 2H); 2.03 (m; 8H); 2.30 (t; J=7.3Hz; 2H); 2.37 (m; 2H); 2.43 (q; J=7.1Hz; 2H);
2.75 (t; J=6.4Hz; 4H); 2.90 (m; 1H); 4.84 (m; 1H); 5.34 (m; 8H)

138



CH(CH2C142014) 3 V (CH3S02) 20 Di net hyl am ne M 0 DLi n- K6S-C1l-DVA 1. Synt hesi s
of Linoleyl Bromde (I1) A mxture of linoleyl nethane sulfonate (26.6g,
77. 2 molwoanw/dsi4omi um br om de (30.5g, 350 Mol ) in acePOmAISEBSO63¥R) was
stirred under nitrogen for two days. The resulting suspension was filtered
and the solid washed with acetone. The filtrate and wash were conbi ned and
sol vent evaporated. The resulting residual was treated with water (300 ni).
The agueous phase was extracted with ether (3 x 150 nlL). The conbi ned et her
phase waspppshedswWikR water (200 nmi), brine (200 nlL) and dried over
anhydrous Na2504. The solvent was evaporated to afford 29.8g of yellow sh
oil. The cru roduct was purified by columm chromat ography on silica gel
(230-400 nesh, m.) elufed with hexanes. This gave 20.8 g (82% of

0
| i nol eyl brorrid,er"t LY ™. %t_Wte(lll)

DLin-M-C3-MEA; as described for DLin-M-C3-MA using methylethylamine.

'HNMR: (CDCl3) 6 0.87 (t; J=6.9Hz; 6H); 1.02 (t; J=7.2Hz; 3H); 1.77 (m; 2H); 2.03 (m;
8H); 2.19 (s; 3H); 2.30 (m; 4H); 2.39 (q; J=7.2Hz; 2H); 2.75 (t; J=6.5Hz; 4H); 4.84 (m;
1H); 5.34 (m; 8H)

Example 19: Synthesis of 2,2-Dilinoleyl-5-dimethylaminomethyl-[1,3]-dioxane
(DLin-K6S-C1-DMA);
LiBr

NN AEANANO80CH, ——— A A AASAAUBT
Acetone

I
l 1. Mg, ether II
2. Ethyl formate

—
HO = = OHCO = =
v 11
Pyridimium chlorochromate ‘
Toluene
— — O —_ —
TsO-
ISSooNoiE R VS oo ey
o == CH(CH,CH,OH); o
v VI

(CH380,),0 l N

| O — = Dimethylamine 0o —_ _—
AT —— el XCTTSTTCS
O o]

DLin-K6S-C1-DMA vit

1. Synthesis of Linoleyl Bromide (IT)

A mixture of linoleyl methane sulfonate (26.6g, 77.2 mmol) and lithium bromide (30.5g,
350 mmol) in acetone (350 mL) was stirred under nitrogen for two days. The resulting
suspension was filtered and the solid washed with acetone. The filtrate and wash were
combined and solvent evaporated. The resulting residual was treated with water (300 mL).
The aqueous phase was extracted with ether (3 x 150 mL). The combined ether phase was

washed with water (200 mL), brine (200 mL) and dried over anhydrous Na,SO4. The
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To a suspension of My turnings (1.64g, 674 mmol) wth one crystal of iodine
in 500 nL of anhydrous ether under nitrogen was added a sol ution of

i nol eyl woemods44oil, 18.5g, 56.1 mmol) in 250 nL of anirgrusa®omtiver at
roomtenperature. The resulting m xture was refluxed under nitrogen
overnight. The m xture was cooled to roomtenperature. To the cloudy

m xture under nitrogen was added dropw se ethyl formate (4.24g, 57.2 mmol).
Upon addition, the m xture was stirred at roomtenperature overni ght. The
m xture vagchi & &dpdhtch 1 63504 RIURALS: 5P Mk ioRide AR Ws-pufiRgd et her
phase was separated and aqueous phase extracted wth ether (150 nli). The
conbi ned by gphuhe clphagegiwaby wasihetigali(2 3940t reesh( ZW0om gluted mithehegd@9. nl), and
t hen dri .over QUS = ation of the solvent gave 17.8 g of
yel | ow sﬁﬂblls gavgsﬁ?%&gc@ Oérll\llgélggﬁ)rﬁnldggﬁs'ﬁe crude product was used directly
inthe followng step wthout further purification. 3. Synthesis of

Dilinol ey t hanol . (I. The above cr dilinoleylnmethyl formate (I11,

17. 89) an% g%ﬂln?%soif ;m lglegh[yﬁ??rér&tq(ﬁﬂg5% Et OH at room tenperature under
ni trogen overnight. Upon conpletion of the reaction, nost of the sol vent

was evaporated. The resulting m xture was poured into 150 nL of 5% HCl
sol ut i on. Torheusaenseonns Mg Bseingie(d - 6d g1 ¢ 7ot map D itth o digstal (of iodines0 SR ML The

conbi ned t . i . . r (100 ni),
and dri ecfﬁtoa\% dr%{}%?%ﬁ@%ﬁ%ﬁ%ﬁ%%@rag?&%n(%fhﬁée}ggg{n\?e% ’gag\r/']%’ZO. 0 of
di I 1 nol eyj6. heinlvdnial250 ) ofamhyd@bliosthas at mioln temiperaa e dée pesotingtmivase puri fi ed
by col um chr gmat.ography on silica gel .(230-400 sh, 700 nL) eluted with
07 556 et Y SIEOPaH OGRSt ok Aeenit Fi Wiy BaGD kool BrvaRep T cloey

met hanol  thé Moud@miSyR R8s ntr&den Bak h@dQYdpWHES GRA fhilate (R243, M X&) of

di i nol eyl nethanol (4.0g, 7 2 nmol) and anhydrous potassium carbonate

(0. 4g) i nUn@oadditionghc aupIacowsirrad de@omemnperauiiR Ve Hght o EfrBiviire WaPCC, 4. 0g,
19 mmol ). : of | S I QR ' for 2
nour s, & e BB 0 SRR EANoHes hL| 1BE er DR e R ¥ g
br own suspeeaisphasgastrad¢ted etk dthehiloO gil) al lpacbndfineslidrgapiée gheke ¢adb@ased . The

silica gel.pad further h wi.th ether (3 5 «~The et her
filtrate % W\?&Eﬁ?@& rﬂl}@r Eﬂ eo(#ﬁﬁ H’ig ané\}geélocirgﬁiogég a&?‘ygrﬂ'ésrﬁéqs\%nt gave 5.1 g of
an oily resipdtidbn astha selved@ayy DURIE bf ydloevigl DS fdredysbdwedIpuThd | ed by

col um chr omat ography on silica gel (230-400 nesh, 200 nL) eluted with 0-4%
ethyl acetBfsePpanchariaped dirgsiysindhs (oHewmestap withorobytherpuificatiRh eyl ket one
(V). 5. S_yngpﬁﬁégs @Di%n&'eﬁ'l\hétﬁﬁlo@{ﬁ/a& hydroxynmet hyl )-[ 1, 3] - di oxane (VI) A
m xture of dilinoleyl ketone (V, 1.05 g, 2 0 nmol),

2- hydr oxynet hyl- 1, 3- propanedi ol (490 ng, 4.2 mmol) and pyri di nium

p-tol uenesul fonat e . ( 100 0] ) kN ne was_ refl uxed
under ni %gag rolv%(\:/rél?iél%%ﬁ?lrgglnh}e&’ygfc ggéﬁ-(g?alrtégs &g%Kt?j:)H fﬁn%s\ew e{/\%\l\%%gre d "rhe

resul ti nggav KtQH at wask temptratird ehdeonitfo f@nperdghtr EponldvenpdétPanifchephase was
washed with water (% x 100 nl), brine &,00 ), and dried over anhydrous
Na2504. EVAPOPaRPYRT 81 sphyentsts\raprorsted (fihe &eruitie sairwropps poprest igio 15%he crude

product wap opY¥] fIEES 6T PheFe SRIAIREPATARMM PRI bihbt@ 980 hBB3nd00 nesh,
100 mL) with 0-5% net hanol gradient in dichloronmethane as eluent. This

af f or ded @ngneg afffer puirast Whs weshgd wathovater (8 x 160 mIneksiine (690 mL), and dried
2,2-Dilin - B- S | - 3] - di (WA ution of
2 2-di 11 Ry S B TS R oo o 3Byl md B BR) L 5"y
tri et hyl assiysBowiZBOilITThe 2ud prodhlc) wasiplrFiadibyablvanhyhdsoatsgrepldCi?siliaaszehdded

met hanesu anh [ 400 3 | ), under nitrogen. .The resulting
m xt ure vd%ég% W%B)@@ “&38 t?de‘ﬁglgpéfz/ ?J?tgy%‘é%‘i‘?i%ﬁf‘?m?hléex@ Gahtls SBffase was
washed W ¢ b owWatigiolegl Methdndrdv). brine (75 nL), and dried over anhydrous
Na2504. The sol vent was evaporated to afford 1.0 g of pale oil. The crude

product was used in the following step without further purification.
4. Synthesis of Dilinoleyl Ketone (V)
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7. Synthesis of 2,2-Dilinoleyl-5-dinmethylam nonmethyl)-[1, 3]-di oxane

(DLi n-K6S-Cl1- DMA) To the above crude material (VIlI, 1.0 g) under nitrogen
was addedw@Qomosefordi met hyl amne in THF (2.0 M. The re®drftisagomsieur e was
stirred at roomtenperature for 7 days. An oily residual was obtai ned upon
evaporation of the solvent. Colum chromatography on silica gel (230-400
mesh, 100 m.) with 0-3% nethanol gradient in chloroformas eluent resulted
in 150 ng of the product DLin-K6S-Cl-DVA as pale oil. 1H NVR (400 MHz,

COCL3) 6-19a R dlfhoidl nbafSHELHD. 7 fmgfblxaeah[',an%@hrol?sgsta%?n)ogrb%git@6,<f o

OCH)

X NCH3) (1) 4g5lr2101)7hﬂe 9HC HoCL, Avax adﬂddyalyrldmmﬂzcldn@cmlel)natel(P@ﬂ g. 09519(121&10 m CHZ),
1.54-1.6 1. S} : 90 CH3) ppm
Exanpl e 2 “é%}“ﬁ%eus 715 n&)aﬁ B%TZI fiof Oé?/ﬁ%ﬁwé"‘m% f%ro% }éorlﬁrsﬁl%@tf{@op[%&?%] - di oxane
( DLi nK6 S- - thddgdded into the"mledre, and the resulting"bréwn suspensmﬁ&véﬁhil&rdd&hﬂmﬁglmd was
synt hesi zed as al e ol Iar nner. to th n_ Exanp 9, where
2- hydr oxyheadh} £ fageldﬂé%@ﬂégﬁhﬁwwage Ig%%ef&ft%rf*ﬁ WH%WESJ%M 1,3-
propanedi@f ). T%Eiemwﬁﬁ&ﬁ%nw%sh&%&mﬁbm@ %%&rétfbn(&then@oh/éﬁt @l'ﬂ) 3.79
(2H, dd, 2 x CCH)), 50 (2H, dd QOCH), C—C) 2. 37

(2H, t, N(ﬂaz)oﬂyzesymlatwcrgd%mdm%ye cnzieamoctl@HNasOpurlﬁesl balcpgumnc CH2 ),
.03 1. 90 Al ol by BRgbblndth, B0t Bhea dickd:dbs Gy Rfhe )+ 0 90

2, 2- Di | i neixenck- Bhishffetibd B.arg (A2%) bfydilipdlgd]ketbnoxéne ( DLi nK65- C2- DVA) Thi s
conpound was synthesized as pale oil in a simlar manner to that in Exanple
19, where 2-hydroxynethyl-1, 3-propanedi ol was replaced with

2- hydr oxyst Bydthdsisdof 201- Qﬁlﬁib‘?@ﬂ BlhydddRy MRy ()490 |- Md&xandiWEL3) 6: 5.25-5.45 (8,
R S S T S i et Do o . 2,75 (4k t, 2 x
C=C CHp- C=C). 2.45-2.860 (2H, “or NCH2), 2,40 (6H, s, S NCHS) 2.03 (8H q,

5070 SATSHR Al Gy ke, G20 o G, Aol Zr B,
2, 2-Di | i ngbeyik; 42 mandl) met pryridammaeetohegslifpBite (:liOOXI@)Q.ﬁl(Iﬁlnloh-uKGm BR-dDVA)
toluene was refluxed under nitrogen overnight with a Dean-Stark tube to remove water.
The resulting mixture was cooled to room temperature. The organic phase was washed
with water (2 x 100 mL), brine (100 mL), and dried over anhydrous Na,SO4. Evaporation
of the solvent resulted in pale oil (1.2 g). The crude product was purified by column
chromatography on silica gel (230-400 mesh, 100 mL) with 0-5% methanol gradient in
dichloromethane as eluent. This afforded 0.93 g of pure VI as pale oil.

6. Synthesis of 2,2-Dilinoleyl-5-methanesulfonylmethyl-[1,3]-dioxane (VII)

To a solution of 2,2-dilinoleyl-5-hydroxymethyl-[1,3]-dioxane (VI, 0.93 g, 1.5 mmol)
and dry triecthylamine (290 mg, 2.9 mmol) in 50 mL of anhydrous CH,Cl, was added
methanesulfonyl anhydride (400 mg, 2.3 mmol) under nitrogen. The resulting mixture
was stirred at room temperature overnight. The organic phase was washed with water (2
x 75 mL), brine (75 mL), and dried over anhydrous Na,SO4. The solvent was evaporated
to afford 1.0 g of pale oil. The crude product was used in the following step without

further purification.
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7. Synthesis of 2,2-Dilinoleyl-5-dimethylaminomethyl)-[1,3]-dioxane (DLin-K6S-C1-
DMA)

To the above crude material (VII, 1.0 g) under nitrogen was added 20 mL of
dimethylamine in THF (2.0 M). The resulting mixture was stirred at room temperature

for 7 days. An oily residual was obtained upon evaporation of the solvent. Column
chromatography on silica gel (230-400 mesh, 100 mL) with 0-3% methanol gradient in
chloroform as eluent resulted in 150 mg of the product DLin-K6S-C1-DMA as pale oil.
"H NMR (400 MHz, CDCls) &: 5.24-5.51 (8, m, 4x CH=CH), 4.04 (2H, dd, 2 x OCH)),
3.75 (2H, dd OCH), 2.7-2.9 (2H, br, NCHy), 2.78 (4H, t, 2 x C=C-CH,-C=C), 2.57 (6H, s,
2 x NCH3), 1.95-2.17 (9H, q, 4 x allylic CH, and CH), 1.67-1.95 (2H, m, CH3), 1.54-1.65
(4H, m, 2 x CH), 1.22-1.45 (32H, m), 0.90 (6H, t, 2 x CH3) ppm.

Example 20: Synthesis of 2,2-Dilinoleyl-5-dimethylaminobutyl-[1,3]-dioxane (DLin-
K6S-C4-DMA)

| 0 ——
AT 8
g — —
This compound was synthesized as pale oil in a similar manner to that in Example 19,
where 2-hydroxymethyl-1,3-propanediol was replaced with 2-hydroxybutyl-1,3-
propanediol. "H NMR (400 MHz, CDCls) &: 5.24-5.45 (8, m, 4x CH=CH), 3.79 (2H, dd,
2 x OCH)), 3.50 (2H, dd OCH), 2.76 (4H, t, 2 x C=C-CH,-C=C), 2.37 (2H, t, NCH>),

2.31 (6H, s, 2 x NCH3), 2.04 (8H, q, 4 x allylic CH, ), 1.63-1.90 (3H, m, ), 1.45-1.62 (4H,
m, 2 x CH,), 1.22-1.45 (36H, m), 0.90 (6H, t, 2 x CHz) ppm.

Example 21: Synthesis of 2,2-Dilinoleyl-5-dimethylaminoethyl-[1,3]-dioxane (DLin-
K6S-C2-DMA)

ANCETTTTTST
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D nethylamne Ms%"..... /\0 O DLin-K6A-C2-DVA 1. Synthesis of
1,3,5-Pentanetriol (11) Diethyl 3-hydroxyglutarate (I, 1.0 g, 4 9 mol) in
anhydr ouswOHP10(05@®0ml) was added dropwi se to a suspensi oRCOfUSROADERH2T N
anhydrous THF (110 nl) under nitrogen with a cold water bath. Upon
addition, the bath was renpbved and the suspension was stirred at room
tenperature for 2 days. The resulting m xture was quenched by adding 13 niL
of brine very slowly with an ice-water bath. A white suspension was

resul ted, Tlﬁ@@orh&ﬁmﬁ‘v@&% gﬁﬁ‘hé@ﬁéd al bz[lé 64 il sikQAMMbSTIP RS tﬁ&t‘iﬁ%xgiﬂiﬁé‘iﬂht The
solid was filtered, and washed with THF. The filtrate and wash were

conbi ned, Whmd2émlmémmeféayhbémmmedld vgasveplacedovith bhydrakwestinildl.3- Col um

oo 9 SRRl ISR RS G730 P s e B B2

Synt hesi s2 ch?H)si 304 (Qﬂoh@;btzﬁb 225 turdreoxy etaydn4t=8), 2dioxsneH, lby) A m xt uré
of dilinole ket one (111 pentanetriol (11, 0.54

g, 4.5 mif z)a%&();s%sd?mw;d %Bﬁ}q Lﬁéh@swfaaﬁﬁqﬁHebd g!l-8QUI3% mirbP§- i n 150 ni
of tol ueng;yggy qlglemﬁ%fyggqr%;(?%l?gg&g MEBEN th [)%E @ Dean-Stark tube to

renove water. Thé resulfing m S coofe m t enperature. The

organi ¢ phase was washed with water (2 x 75 rrL), brlne (75 nm.), and dried

over anhyExangsle RA2SGvthesisvaf[202- Bilimmbe yb-# -2 ibms tiy¥amin oethyl)-[1,3]-dioxane
(DLin-K6A-C2-DMA)

O OH o0 LiATH, OH
—_—
/\O)l\)\/u\o/\ HO OH

I I

Toluene

—>
I v

<CH3soz>201 EtN

- VT CCSCOTES 22 Y ecesoose
O >
\4

DLin-K6A-C2-DMA

1. Synthesis of 1,3,5-Pentanctriol (IT)

Diethyl 3-hydroxyglutarate (I, 1.0 g, 4.9 mmol) in anhydrous THF (10 mL) was added
dropwise to a suspension of LiAlHy4 in anhydrous THF (110 mL) under nitrogen with a
cold water bath. Upon addition, the bath was removed and the suspension was stirred at
room temperature for 2 days. The resulting mixture was quenched by adding 13 mL of
brine very slowly with an ice-water bath. A white suspension was resulted, and the
mixture was stirred at room temperature overnight. The solid was filtered, and washed
with THF. The filtrate and wash were combined, and solvent evaporated to give 0.70 g of
pale oil. Column chromatography of the crude product (230-400 mesh SiO,, 100 mL, 0-

12% methanol gradient in chloroform) afforded 0.54 g of II as colourless oil.

2. Synthesis of 2,2-Dilinoleyl-4-(2-hydroxyethyl)-[1,3]-dioxane (IV)
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resulted in pale oil (1.1 g). The crude product was purified by colum
chromat ography on silica gel (230-400 nesh, 75 nL) wth 0-3% net hanol

gr adi ent Wo 2diogiskononet hane as el uent. This afforded 0. PET@ISEIM$390T pure
IV as colourless oil. 3. Synthesis of

2,2-Dilinol eyl-4-(2-nmethanesul fonylethyl)-[1,3]-dioxane (V) To a solution
of 2,2-dilinoleyl-4-(2-hydroxyethyl)-[1,3]-dioxane (IV, 0.75 g, 1 2 mol)
and dry triethylamne (0.58 g, 5 7 mmol) in 40 nL of anhydrous CH2Cl2 was
added net hanesw Jm)[ﬂole%z"l‘ﬁé%gﬁé Af1, 680201 9:mido1f, IMTB)pkn bhiASs] (ﬁ bisagens The
resulting mxture was stirred at room tenperature overni ght. The organic
phase wasmwabhed pWIdlhlum -taluqnpsutfosare |(1<£() mg . 2hmn{od)oin g mLagfdoenedasoy er
anhydr ous, Naga0crGo 88 loYERlenaRy SUARBIAE ik Qo Al AL dllr SPhSoBligRa! € O
as a crude p produ ? clfeg s useg Iovvl ng s gep

wi t hout fudixtlrefvapusdléd mabmm Iﬁemﬁérat&}en"[lﬁ@@rgsmﬂf)hase was washed with water (2 x

2,2-Dilin 4- di noet I - 3] - dj oxane. i.n- K6A- C2- DVA) To
t he above%c?qvjéé’nﬁél%ér - BET ) YG%?&F%& F‘é@r E&@Qr%&g% éﬁlﬁ"%t m. of

di met hyl apdRdin J@Eﬂ(lzl %Mhe cf[fd@p’fd%i%é'tl&ds’iﬁnﬁbé%ﬁﬁ&uﬁ\ﬁ%h@&ﬂa‘f é%i)h?tonr oom
tenperature for % e solid was filtered. ‘An oily residual was

obt ai ned lpgrse b@éﬁdﬁélﬂieéh 7(§fmlph‘élﬂ$613\/eﬁ1§tha@dlgmﬁlﬁ%m@ﬁlﬁ@@gwﬁﬁhwﬁbn silica
gel (230-400; rxﬂqﬁyﬁfo}gé%o@%gg%? o glé)pllr{gé I"b%!bq‘gﬁ i ent in dichloronethane

as eluent resu I NK6A- C2-DVA as pale oil. 1H
NMR (400 MHz, CDCl13) 6: 5.28-5.45 (8, m 4x CHCH), 3.85-4.0 (2H m 2 x

,37 (1H, dd, Hot, 55 2.90 (2H,
w NCH) ‘?th %wf%%(%@@ ’Z?f‘é%anf%fon&lethlﬂ)i% %ﬁxﬁ%‘? 1. 65- (1 90

(4HmC|—|2) 147165(4HmC|—|2) 1.1-1.65 (36H, m, 090(6H t, 2 X
CH3) ppm_ Exanple 23: Synthesis
2,2-Di | i nbt eyolutiey &268- ﬁ@pﬁlyy%ﬂ%bxﬂr@wmyh)ﬂléidmxg&%ﬂy P PP ignl Repndd3- DVA)

HO™. ... and d'r§ tré@lylamme (0.58 g, 5.7 mmol) in 40 mL of anhydrous CH,Cl, was added
methanesulfonyl anhydride (0.50 g, 2.9 mmol) under nitrogen. The resulting mixture was
stirred at room temperature overnight. The organic phase was washed with water (2 x 50
mL), brine (50 mL), and dried over anhydrous Na,SO,. The solvent was evaporated to
afford 0.80 g of pale oil as a crude product. The crude product was used in the following

step without further purification.

4. Synthesis of 2,2-Dilinoleyl-4-(2-dimethylaminoethyl)-[1,3]-dioxane (DLin-K6A-C2-
DMA)

To the above crude material (V, 0.80 g) under nitrogen was added 15 mL of
dimethylamine in THF (2.0 M). The resulting mixture was stirred at room temperature

for 6 days. The solid was filtered. An oily residual was obtained upon evaporation of the
solvent. Column chromatography on silica gel (230-400 mesh, 100 mL) with 0-6%
methanol gradient in dichloromethane as eluent resulted in 0.70 g of the product DLin-
K6A-C2-DMA as pale oil. "H NMR (400 MHz, CDCls) &: 5.28-5.45 (8, m, 4x CH=CH),
3.85-4.0 (2H, m, 2 x OCH), 3.78 (1H, dd, OCH), 2.78 (4H, t, 2 x C=C-CH,-C=C), 2.55-
2.90 (2H, br, NCHy), 2.47 (6H, s, 2 x NCH3), 2.05 (8H, q, 4 x allylic CHy), 1.65-1.90 (4H,
m, CHy), 1.47-1.65 (4H, m, CH>), 1.1-1.65 (36H, m), 0.90 (6H, t, 2 x CH3) ppm.
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Example 23: Synthesis of 2,2-Dilinoleyl-4-(3-dimethylaminopropyl)-[1,3]-dioxane
(DLin-K6A-C3-DMA)

OH

o 0 o LiAlH, /\)\/\/OH
/\O)j\/u\/\n/ ~ HO

1 © i

Toluene
—_— —_— —_—
o == 11 O
111 v

(CH3soz)zol EtN

~ . .
QO — =
‘o] d —_— N
\%

DLin-K6A-C3-DMA
1. Synthesis of 1,3,6-Hexanetriol (IT)

Dicthyl B-ketoadipate (I, 1.86 g, 8.6 mmol) was added dropwise to a suspension of

LiAlH4 in anhydrous THF (90 mL) under argon with an ice-water bath. Upon addition,
the bath was removed and the suspension was stirred at room temperature overnight. The
resulting mixture was quenched by adding 10 mL of brine very slowly with an ice-water
bath. A white suspension was resulted, and the mixture was stirred at room temperature
overnight. The solid was filtered, and washed with THF followed by EtOH (2 x 50 mL).
The filtrate and wash were combined, and solvent evaporated to give 0.90 g of pale oil.
Column chromatography of the crude product (230-400 mesh SiO,, 100 mL, 0-10%

methanol gradient in dichloromethane) afforded 0.70 g of II as colourless oil.
2. Synthesis of 2,2-Dilinoleyl-4-(3-hydroxypropyl)-[1,3]-dioxane (IV)

A mixture of dilinoleyl ketone (I1I, 1.80 g, 3.4 mmol), 1,3,6-hexanetriol (I1, 0.50 g, 3.7
mmol) and pyridinium p-toluenesulfonate (100 mg, 0.40 mmol) in 120 mL of toluene
was refluxed under argon for 3 hours with a Dean-Stark tube to remove water. The
resulting mixture was cooled to room temperature. The organic phase was washed with

water (2 x 50 mL), brine (50 mL), and dried over anhydrous Na,SO,. Evaporation of the
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solvent resulted in pale oil (2.0 g). The crude product was purified by column
chromatography on silica gel (230-400 mesh, 50 mL) with 0-3% methanol gradient in
dichloromethane as eluent. This afforded 0.90 g (41%) of pure I'V as colourless oil.

3. Synthesis of 2,2-Dilinoleyl-4-(3-methanesulfonylpropyl)-[1,3]-dioxane (V)

To a solution of 2,2-dilinoleyl-4-(3-hydroxypropyl)-[1,3]-dioxane (IV, 0.97 g, 1.5 mmol)
and dry triecthylamine (0.44 g, 4.3 mmol) in 60 mL of anhydrous CH,Cl, was added
methanesulfonyl anhydride (0.60 g, 3.5 mmol) under argon. The resulting mixture was
stirred at room temperature overnight. The organic phase was washed with water (2 x 30
mL), brine (30 mL), and dried over anhydrous MgSOs. The solvent was evaporated to
afford 1.1 g of pale oil as a crude product. The crude product was used in the following

step without further purification.

4. Synthesis of 2,2-Dilinoleyl-4-(3-dimethylaminopropyl)-[1,3]-dioxane (DLin-K6A-
C3-DMA)

To the above crude material (V, 1.1 g) under argon was added 20 mL of dimethylamine
in THF (2.0 M). The resulting mixture was stirred at room temperature for 5 days. The
solid was filtered. An oily residual was obtained upon evaporation of the solvent. Column
chromatography on silica gel (230-400 mesh, 40 mL) with 0-7% methanol gradient in
dichloromethane as eluent resulted in 0.85 g of the product DLin-K6A-C3-DMA as pale
oil. "H NMR (400 MHz, CDCls) &: 5.25-5.45 (8, m, 4 x CH=CH), 3.7-4.0 (3H, m, 3 x
OCH), 2.77 (4H, t, 2 x C=C-CH,-C=C), 2.5-2.8 (2H, br, NCH,), 2.5 (6H, s, 2 x NCH3),
2.05 (8H, q, 4 x allylic CH3), 1.65-1.90 (4H, m, 2 x CH;), 1.40-1.65 (4H, m, 2 x CH5),
1.1-1.65 (38H, m), 0.90 (6H, t, 2 x CH3) ppm.

Example 24: Synthesis of 2,2-Diarachidonyl-4-(2-dimethylaminoethyl)-[1,3]-
dioxolane (DAra-K5-C2--DMA)
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D et hyl 13-ketoadi pate (I, 1.86 g, 8 6 mmol) was added dropwi se to a
suspensi on of Li AlH4 in anhydrous THF (90 ni) under argon with an ice-water
bat h. Upomoaddvasism, the bath was renoved and the suspemrs€iTars2e®6®7rred at
roomtenperature overnight. The resulting m xture was quenched by adding 10
mL of brine very slowy with an ice-water bath. A white suspension was
resulted, and the m xture was stirred at roomtenperature overnight. The
solid was filtered, and washed with THF followed by EtOH (2 x 50 nlL). The
filtrate apd-wash vwere_copered, .and sol vent _evaporatedsto give 0.90 g of
pal e oil. Colum chromatography oftert he crude product, (230-400 nesh 5i 02,
100 m., 0-10% net hanol gradient in dichloronmetvhane) afforded 0.70 g of!! as
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over anhydrous Na2504.V Evaporation of the s(gjsyz%i&wr esul ted in pale oil
(2.0 g). The crude product was purified by colu chromat ography on silica
gel (230-400 nesh, 50 nmL) with 0-3%pgid gradient in dichl oronet hane as
eluent. This afforded 0.90 g (41% of purd_ P as<co N 3.
Synthesis of 2,2-Dilinoleyl-4-(3-nethanesul fonyl propyl)- Ll, 3] - di oxane (V)
To a solution of 2,2-dilinoleyl-4-(3-hydroxypropyl)-[1, 3] dioxane (1V, 0.97
g, 1 5 mol) and dry triethylamne (0.44 g, 4 3 [yampey 60 L of anhydr ous
CH2C12 was added net hanesul fonyl anhygdride (0.60 g, 3.5 nmol) under argon.
The resulting mxture was stirred at ooy p€pperatdrelovern{ofit. The
organi ¢ phase was washed with water (2 x 30 nmL), brine (30 nL), and dried
over anhydrous My504. The sol vent was evaporated topabkerdvi. 1 g of pale
oil as a crude product. The crude product was used in the follow ng step
wi t hout flur Shethegpruefi AiactadenyhBromidSyi hesi s of
2,2-Dilinoleyl-4-(3-dinethylam nopropyl)-[1, 3]-di oxane (DLi n- KBAC3-DMVA) To
t he above crude material (V, 1.1 g) under argon was added 20 niL of
di met hyl aginfietuidof Briich(@n@l MthanthRelfs s 1t0 Q. Mol Ad \Wagn&diirh bRniaé room
tenperature for 5 days. The solid was filtered. An oily residual was
obt ai ned @pch 1éwHpel Hranbndigs ¢ther (4@ mkd Ntas sessdvhslecHe &4 dpry T silica
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colourless oil.

2. Synthesis of Diarachidonylmethyl Formate (IIT)

To a solution of arachidonyl bromide (II, 1 g, 3 mmol) in anhydrous ether (30 mL) was
added Mg turnings (78 mg, 3.2 mmol) followed by one crystal of iodine. The resulting
mixture was refluxed under nitrogen for 10 hours. The mixture was cooled to room

temperature. To the cloudy mixture under nitrogen was added ethyl formate (0.25 mL),

and the resulting mixture was stirred at room temperature overnight. To the mixture was
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added 20 mL of 10% H,SO4 aqueous solution. The ether phase was separated and
aqueous phase extracted with ether (30 mL). The combined organic phase was washed
with water (2 x 25 mL), brine (25 mL), and then dried over anhydrous Na,SOj,.
Evaporation of the solvent gave 1.1 g of pale oil as a crude product (III). The crude
product was purified by column chromatography on silica gel (230-400 mesh, 40 mL)
eluted with 0-3% ethyl acetate gradient in hexanes. This afforded 0.43 g (40%) of
diarachidonylmethyl formate (III) as pale oil.

3. Synthesis of Diarachidonyl Methanol (IV)

The above diarachidonylmethyl formate (III, 0.43 g, 0.71 mmol) and KOH (100 mg)
were stirred in 95% EtOH (20 mL) at room temperature under nitrogen overnight. Upon
completion of the reaction, most of the solvent was evaporated. The resulting mixture
was treated with 20 mL of 2M HCI solution. The aqueous phase was extracted with ether
(2 x 30 mL). The combined ether extract was washed with water (2 x 25 mL), brine (25
mL), and dried over anhydrous Na,SO,. Evaporation of the solvent gave 0.44 g of IV as
pale oil. The crude product was purified by column chromatography on silica gel (230-
400 mesh, 40 mL) eluted with 0-5% ethyl acetate gradient in hexanes. This gave 0.41 g

of diarachidonyl methanol (IV) as colourless oil.
4. Synthesis of Diarachidonyl Ketone (V)

To a mixture of diarachidonyl methanol (IV, 0.41 g, 0.71 mmol) and anhydrous
potassium carbonate (0.05g) in 10 mL of CH,ClI, was added pyridinium chlorochromate
(PCC, 0.50 g, 2.3 mmol). The resulting suspension was stirred at room temperature for 90
mins. Ether (50 mL) was then added into the mixture, and the resulting brown suspension
was filtered through a pad of floresil (30 mL). The pad was further washed with ether (3
x 30 mL). The ether filtrate and washes were combined. Evaporation of the solvent gave
0.40 g of an oily residual as a crude product. The crude product was purified by column
chromatography on silica gel (230-400 mesh, 10 mL) eluted with 0-3% cther in hexanes.
This afforded 0.30 g (75%) of diarachidonyl ketone (V). '"H NMR (400 MHz, CDCls) §:
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5.3-5.5 (16H, m, 8 x CH=CH), 2.82 (12H, t, 6 x C=C-CH,-C=C), 2.40 (4H, t, 2 x CO-
CH,), 2.08 (8H, m, 4 x allylic CH>), 1.25-1.65 (20H, m), 0.90 (6H, t, 2 x CH3) ppm.

5. Synthesis of 2,2-Diarachidonyl-4-(2-hydroxyethyl)-[1,3]-dioxolane (VI)

A mixture of diarachidonyl ketone (V, 0.30 g, 0.52 mmol), 1,2,4-butanetriol (0.25 g, 2.4
mmol) and pyridinium p-toluenesulfonate (20 mg) in 60 mL of toluene was refluxed
under argon overnight with a Dean-Stark tube to remove water. The resulting mixture
was cooled to room temperature. The organic phase was washed with water (2 x 30 mL),
brine (30 mL), and dried over anhydrous Na,SO4. Evaporation of the solvent resulted in a
yellowish oily residual. The crude product was purified by column chromatography on
silica gel (230-400 mesh, 40 mL) with 0-2% methanol in dichloromethane as cluent. This
afforded 0.29 g (84%) of pure VI as pale oil.

6. Synthesis of 2,2-Diarachidonyl-4-(2-methanesulfonylethyl)-[1,3]-dioxolane (VII)

To a solution of 2,2-diarachidonyl-4-(2-hydroxyethyl)-[1,3]-dioxolane (VI, 0.29 g, 0.43
mmol) and dry tricthylamine (254 mg, 2.5 mmol) in 20 mL of anhydrous CH,Cl, was
added methanesulfonyl anhydride (0.20 g, 1.1 mmol) under nitrogen. The resulting
mixture was stirred at room temperature overnight. The mixture was diluted with 30 mL
of CH,Cl,. The organic phase was washed with water (2 x 25 mL), brine (25 mL), and
dried over anhydrous MgSQO,. The solvent was evaporated to afford 0.30 g of pale oil.

The crude product was used in the following step without further purification.

7. Synthesis of 2,2-Diarachidonyl-4-(2-dimethylaminocthyl)-[1,3]-dioxolane (DAra-
K5-C2--DMA)

To the above crude material (VII, 0.30 g) under argon was added 15 mL of
dimethylamine in THF (2.0 M). The resulting mixture was stirred at room temperature
for 6 days. An oily residual was obtained upon evaporation of the solvent. Column

chromatography on silica gel (230-400 mesh, 40 mL) with 0-5% methanol gradient in
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H3CO2SO0 VII Di net hyl am ne DAra-K5-C2-DVA 1. Synthesis of Arachi donyl
Bromde (Il) A mxture of arachi donyl nethane sulfonate (1.0 g, 2 7 mmol)
and magnespuemonsewide (2.2 g, 12 mmol ) in anhydrous et h@eCT(U$eonrios39as
stirred under argon for two days. The resulting suspension was filtered and
the solid washed with ether (2 x 10 nL). The filtrate and wash were

conbi ned and sol vent evaporated. The resulting residual was treated with
hexanes (50 nmL). The solid was filtered and sol vent evaporated resulting in
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1. Synthesis of Docosahexaenoyl Bromide (IT)

A mixture of docosahexaenoyl methane sulfonate (2.0 g, 5.1 mmol) and magnesium
bromide (4.3 g, 23 mmol) in anhydrous ether (100 mL) was stirred under argon overnight.
The resulting suspension was filtered and the solid washed with ether (2 x 30 mL). The
filtrate and wash were combined and solvent evaporated. The resulting residual was
purified by column chromatography on silica gel (230-400 mesh, 40 mL) eluted with

hexanes. This gave 2.2 g of docosahexaenoyl bromide (IT) as colourless oil.
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3. Synthesis of D arachidonyl Methanol (1V) The above di arachi donyl net hyl
formate (I11, 0.43 g, 0.71 mmol) and KOH (100 ng) were stirred in 95% Et OH
(20 nlL) aworowwnsgsmper at ure under nitrogen overni ght. Upcm/useemploeioedn of
the reaction, nost of the solvent was evaporated. The resulting m xture was
treated with 20 nL of 2M HC1l sol ution. The aqueous phase was extracted with
ether (2 x 30 nL). The conbi ned ether extract was washed wth water (2 x 25
m.), brine (25 nL), and dried over anhydrous Na2504. Evaporation of the
solvent gave 0.44 g of IV as pale oil. The crude product was purified by
col um chr omat ogr aphy on silica gel (230- 400 nesh, 40 nL) eluted with 0-5%
et hyl ace? afenthesadefdhitiodosalivascmpkmetiphiFerngred1D. 41 g of di arachi donyl

met hanol (1V) as colourless oil. 4. Synthesis of Diarachidonyl Ketone (V)
To a m xture of diarachidonyl nmethanol (IV, 0.41 g, 0.71 nmol) and
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phase was,washed wit t 2 rine (30 nL), and dried over
anhydrousdlﬁgcfgaglﬁ?(ae@\(}gﬁ%yﬁﬁ'ﬁ%%a@mﬁ 3)61 ?)E resulted in a yellow sh oily
residual. The crude product was purified by colum chromatography on silica
gel (230-400 nesh, 40 nl) th 0-2% net hanol in dichloronmethane as el uent.
Thi s af f of-dednth ewf§lémh%?e%M¥MeWPn%§I‘GaI e oil. 6. Synthesis of

2, 2- Di arachi donyl- 4- ( 2- net hanesul f onyl et hy1) 41, 31-di oxol ane (VIl) To a

sol ution of 2, 2-di arachi dony1- 4- ( 2- hydr oxyet hyl )-[ 1, 3] - di oxol ane (VI, 0.29
g, 0.43 nﬂtﬂa)boamdiidm%ah@(h%mhme&lmltﬁ@n(azﬂlllny%2 51 mrodl) andKQH (300 o)
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under nit rogen. e resu O mtenper ur e

over ni ghtcommalomoﬂhtrreaa\laﬁ rdd)dt ufﬂné széﬂm%@empo@eftedHBEia’éultﬁgmmugaan| c phase
was washed with water (2 brine (25 nL), and dri ed ov r anhydrous

My504. Th asstEﬂatféﬁ*(H%Psmé@gBM %&wwwnﬂ%me@uwa& Bis PEPECOMD ke cr ude
product was usaf). e thBbieh LOW AXeaSteR Wish&owhn (it LE%E S(PHl'L') firmRien. 7.
Synt hesis of 2,2-Di arachi donyl-4-(2-di nmet hyl am noet g 3] - di oxol ane
( DAr aK5- @aL), Biviylried over anhydrous MgSOs. Evaporation of the solvent gave 18 g of crude

IV as yellowish oil. The crude product was purified by column chromatography on silica

gel (230-400 mesh, 50 mL) eluted with 0-6% cthyl acetate gradient in hexanes. This gave

1.0 g of didocosahexaenoyl methanol (I'V) as colourless oil.

4. Synthesis of Didocosahexaenoyl Ketone (V)
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To the above crude material (VIlI, 0.30 g) under argon was added 15 nlL of
dinmethylamne in THF (2.0 M. The resulting m xture was stirred at room

t enper at Wwe 2bvosésodays. An oily residual was obtai ned upcm/UusSe@pos3eT on of

t he sol vent. Col umm chromat ography on silica gel (230-400 mesh, 40 nL) with
0- 5% net hanol gradient in dichloronmethane as eluent resulted in 0.18 g of
t he product DAra-K5-C2-DVA as pale oil. 1H NWR (400 MHz, CDC13) 6: 5.3-5.5
(16H m 8 x CH=CH), 4.0-4.17 (2H, m 2 x OCH), 349(1H t, OCH,
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evaporated. The resulting residual was purified by colum chronatography on
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turnings (145 ng, 6.0 mol) foll owed by one crystal of iodine. The
resulting m xture was refluxed under argon for 5 hours. The m xture was

cool ed 1t 0s.r QoAMERTIRY BDiIR0sahBx dehi6y 1 C4-PBYdrBX ety ] 1B} xoting euIWas added
ethyl formate (0.50 nL), and the resulting m xture was stirred at room

tenperature overnight. To the m xture was added 40 nmL of 5% H2504 aqueous
sol ution. z d 5 keacted with
ot her (50" B R B R o PR 1 50
m.), bri rIeIIl@B@tndbyl;ldlarmdlp hﬂmndsulﬁwdato‘lﬁ}mghimyﬁmhsf =04 wakvedpeedt i on of the
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1.38 g (65°/c) of di docosahexaenoyl methyl formate (I11]1) as pale oil. 3.

Synt hesi sPryFe (8% a%é@éléﬁi@%eﬁwphM@tﬁé%ﬁ?O{ ﬂi\/ypor?f@n&ééhﬁesolvem resulted in a
di docosawlammlg%smal HOE RRiE fﬁddh&pwa'ls il b ctufiRhdonfshrdfik! 06300 D)

were stirred in 90% EtOH (70 room tenperature under nltrogenfor 90
m n. Uporsilkeeagsl @80¢A0 afesh, Hl@ mle)awttln 613 motendfin dishlosuhatkane anelvcrtyvpor at ed.

The resul tﬁ‘ Qedrﬂﬁ%t r)gaot%é)aree@]t lf'u 60 nL of 2M HC1 sol ution. The

aqueous pahase was er (2 x 75 nmL). The conbi ned et her
extract was vvashed vvlth wat er (2 x 50 rrL) brine (50 nit), and dried over
anhydr ous 504 ,Ev orat| n o the nt ave of cruyde 1V as

yel | ow shP-oPynthesie ST EX 2f’iné awué'%ymlb rfﬁ? W%phy on
silica gel (Qﬁg)-400 rresh 50 nL) el ut ed with 0-6% ethyl acetate gradient in
hexanes. This gave 1.0 g of di docosahexaenoyl nethanol (1V) as col ourl ess
oil.

To a solution of 2,2-didocosahexaenoyl-4-(2-hydroxyethyl)-[1,3]-dioxolane (VI, 0.42 g,
0.59 mmol) and dry triethylamine (300 mg, 2.9 mmol) in 50 mL of anhydrous CH,Cl,
was added methanesulfonyl anhydride (0.25 g, 1.4 mmol) under nitrogen. The resulting
mixture was stirred at room temperature overnight. The organic phase was washed with
water (2 x 25 mL), brine (25 mL), and dried over anhydrous MgSQOy. The solvent was
evaporated to afford 0.43 g of pale oil. The crude product was used in the following step
without further purification.
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4. Synthesis of D docosahexaenoyl Ketone (V) To a m xture of

di docosahexaenoyl nethanol (1V, 1.2 g, 1 9 mol) and anhydrous potassi um
car bonat ewQQotogs44om 30 ni of CH2CLl2 was added pyri di ni umcthiseso9nbivemat e
(PCC, 1.05 g, 4.8 nmmol). The resulting suspension was stirred at room
tenperature for 2 hours. Ether (120 nmL) was then added into the m xture,
and the resulting brown suspension was filtered through a pad of silica gel
(75 mL). The pad was further washed with ether (3 x 75 nL). The ether
filtrate and washes were conbi ned. Evaporation of the solvent gave 1.3 g of
an oily residual as a crude product. The crude product was purified by

col um chf-obentbepisaphyt on2.giliflerasahekachodot-@odmetiytamingetinil)-[ledJudiexblatict h 0- 3%
et hyl aceta i n This afforded 0.83 g (69% of di docosahexaenoyl
ket one (V). E‘?"hgﬁrﬁgﬁg's'uﬁz“%% 2, 2- Di docosahexaenoyl

-4-(2-hydroxyethyl)-[1, 3] -di oxolane (VI) A m xture of diarachidonyl ketone

(V, 0.43 g, .0.69 mml|), 1,2, 4-butanetrjol (0.35 3.3 ) and pyridinium
p-t ol _uene'g%‘jhﬁﬁ‘ﬁ%‘feepr\(%d“ﬁﬁ‘)‘ﬁi(ﬁn%'@@ B‘Féefﬁ‘f Bh"@s\?&g‘%ﬁdrléﬂ’ﬂggd under argon

over ni ght gicth§laghifeRANFHRL & &M UDR QIR BKurdR a8 Stirrcdth® ré§ 8 tntpcR@ud Xt ur e was
cooled to roomtenperature. The organic phase was washed wth water (2 x 30

mL), bri nfer { daysatin oilymesidnel web Quancdiopdy enesatigsd the splvgpoatinsh of t he
| ent , | ovi ) . -
oor 1 ed G0k Eabl o e QIS0 Wk 3 ALYy S Su AU MR 0 G 1

0- 2% met hdicidbronmetitihe bl duenedshiankin®s3 1ef ofdht prodinit DBHAKSAEHDOMAs g (95% of
pure VI as pale oqil|._ 6. t hesi , 2- Di docosahexaenoyl

P (2 e rARBaTI Ry NOUR P o 08l ot s SOV o 2 TG ot

2, 2- di docpsahexagnaydofn (RsMer 9>€)’(§3ftﬂ)2.]8)74311?ﬁ%ﬁb??‘l@bﬁ@@.@-’bm AL g, 0. 59
nmrol ) and dry tri’ethylamine (300 ng, 2 9 mmol) 'in 50 L of anhydrous CH2C12
was addedlOretharddduCEon2lo5daHys bir.dex NOHB 2¢)6 (8HAmpdslallylimdHyr), 20t2bgen. The

phase vad T EnGaEU TR et B 0 rba TS (B § GEERED Gl attdTover ¢

anhydr ousppMy504. The sol vent was evaporated to afford 0.43 g of pale oil.
The crude product was used in the following step without further
purification. 7. . . . . .

Synt hesi siEfample ppgdvrhesiofRilinglevl2-2oDunethylaingsthdsmaanatg @1dp- gi oxol ane

( DDha- K5-MAL-GRMIMAY t he above crude material (VII1, 0.43 g) under argon was
added 15 nL of dinethylamne in THF (2.0 M. The resulting m xture was

stirred at roomtenperature forcfcoays. F%:D/M/I\y\r’esﬁ}m obt ai ned upon
evapor at i 6n70f tHe sorvent @olumr throrgtagrapby. o silica gel (230-400

mesh, 40 nL) with 045% net hanol gfadient i n dichi oromet hane as el uent
resulted in 0.31 g of the product DDha-K5-C2-DVA|as yellow sh oil. 1H NWR
(400 MHz, CDC13) 6: 5.25-5.45 (24H, m 12 x CH=CH)*“2"0%%4. 17 (2H, m 2 x
oCcH), 3.50 (1H, t, OCH), 2.87-3.15 (2H, br., NCH2) 2.73-2.87 (20H, m 10 x
C=C-CH2-C=C), 2.65 (6H, s, br, 2 x NCH3), 286 (8H & >~aklylic CH2),
2.0-2.2 (2H, m CH2), 1.75-1.95 (2H, mN FARAL~EABH A~ 4 x CH2),
0.90 (6H, t, 2 x CH3)

1. Synthesis of Dilinoleyl Malonate (II)

DLin-MAL-C2-DMA

To a solution of linoleyl alcohol (I, 5.0 g, 19 mmol) in anhydrous CH,Cl, (70 mL) was

added dropwise malonyl dichloride (1.36 g, 9.3 mmol) under argon at 0-5°C. The

resulting mixture was stirred at room temperature for 6 hours. The mixture was diluted
with 50 mL of CH,Cl,. The organic phase was washed with water (3 x 75 mL), brine (75
mL) and dried over anhydrous Na,SO4. Evaporation of the solvent gave a brownish oily

residual (5.8 g). The crude product was purified by column chromatography on silica gel
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PP1n. Exanple 26: Synthesis of Dilinoleyl 2-(2-D nethylam noethyl)-nmal onate
( DLi nVAL- C2- DVR) 1. NaH Il 2. (CH3)2NCH2CH2C1 DLi n- MAL- C2-DMA 1.
Synt hesi swofzolvdsiu4eol eyl Mal onate (I1) PCT/US2009/063927

(230-400 mesh, 200 mL) with 0-4% cthyl acctate gradient in hexanes as cluent. This
afforded 3.1 g (55%) of pure II as colourless oil. '"H NMR (400 MHz, CDCls) &: 5.25-
5.45 (8, m, 4x CH=CH), 4.13 (4H, t, 2 x OCHy), 3.35 (2H, s, CO-CH;,-CO), 2.78 (4H, t, 2
x C=C-CH,-C=C), 2.05 (8H, q, 4 x allylic CH5,), 1.55-1.65 (4H, m, CH,), 1.2-1.4 (32H,
m), 0.90 (6H, t, 2 x CH3) ppm.

2. Synthesis of Dilinoleyl 2-(2-Dimethylaminocthyl)-malonate (DLin-MAL-C2-DMA)

To a suspension of NaH (0.17g, 60%, 4.1 mmol) in anhydrous benzene (40 mL) was
added dilinoleyl malonate (II, 0.50 g, 0.83 mmol) under argon. The resulting suspension
was stirred at room temperature 60 min. To the resulting mixture was added N,N-
dimethylamimocthyl chloride hydrochloride (0.12 g, 0.83 mmol) in one portion, and the
resulting mixture was refluxed under argon for 2 days. The organic phase was washed
with water (3 x 20 mL), brine (2 x 25 mL) and dried over anhydrous Na;SOs.
Evaporation of the solvent gave a pale oily residual (0.50 g). Column chromatography on
silica gel (230-400 mesh, 40 mL) with 0-4% methanol in dichloromethane as cluent
resulted in 0.13 g of the product DLin-MAL-C2-DMA as pale oil. '"H NMR (400 MHz,
CDCls) 6: 5.25-5.40 (8, m, 4 x CH=CH), 4.05-4.20 (4H, m, 2 x OCH3), 3.47 (1H, t, CO-
CH-CO), 2.75 (4H, t, 2 x C=C-CH,-C=C), 2.35-2.9 (6H, br, 2 x NCH3), 2.15-2.35 (2H,
br, NCH,), 2.05 (8H, q, 4 x allylic CH;), 1.55-1.65 (4H, m, CH,), 1.2-1.45 (32H, m), 0.90
(6H, t, 2 x CH3) ppm.

Example 27: Synthesis of Dilinoleyl 2-(2-Dimethylaminoethyl)-malonate (TetraLin-
MAL-C2-DMA)

o _—
| G
AN —
—CC 8
4 N —
This compound was synthesized as pale oil in a similar manner to that in Example 26,

where linoleyl alcohol was replaced by dilinoleyl methanol. "H NMR (400 MHz, CDCls)
d: 5.15-5.50 (16, m, 8 x CH=CH), 4.89 (2H, quintet), 3.46 (1H, t, CO-CH-CO), 3.08-3.2
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To a solution of linoleyl alcohol (I, 5.0 g, 19 nmol) in anhydrous CH2C12
(70 m.) was added dropwi se mal onyl dichloride (1.36 g, 9.3 mmol) under
argon at WORQo/0Bk®1resul ting m xture was stirred at roomCrarsp@oasine for 6
hours. The m xture was diluted with 50 nL of CH2Cl12. The organi c phase was
washed with water (3 x 75 nL), brine (75 nL) and dried over anhydrous
Na2504. Evaporation of the solvent gave a brownish oily residual (5.8 g).
The crude product was purified by colum chronat ography on silica gel
(230-400 ) p th t hylo= ragh_ ' as
i uent. Thre drrordad a1k (oe bt ke [T R T BT EM (T NENER, Tk (400
MHz, CDC1395 6:6H5q2bx alylysCH g, 1.43-14% (SH=aHyH2)41.23 4M4@4Ht m).20.90 @OZHR2Y, 2 3. 35
(2H, s, O -00), 2.78 (4H, t, 2 x CCC-CH2-C=C), 2.05 (8H, g, 4 x allylic
CH2), 1.55-188"4H, m CH2), 1.2-1.4 (32H, nj, 0.90 (6H, t, 2 x CH3) ppm
2. Synthesis of Dilinoleyl 2-(2-D nethylam noethyl)-nal onate
( DLi n- MAL- C2- DIVA%' 0 a susagnsj on of NaH (0.17g,.60% 4 1 n'n})lz,i n
anhydr ousE8RNe A Purhests) ol 4Dimeshrlaming-buivels| acid | 1Iseptadecpq6, 1 0trigavl - 0. g3
mmol ) undemadegonhl0,Theriercd gster 0§Ssldypensi on was stirred at roomtenperature
60 mm To the resulting m xture was added N, Ndi net hyl am noet hyl chl ori de
hydrochl otifde (0.12 g, 0.83 nmol) in one portion, and the resulting mxture
was refl u??éebmdwgﬂwmys/\'ﬂhe organi ¢ phase was washed wth
water (3 20 nL), brinej(2 x 25 nL) and dried over anhydrous Na2504.
Evaporati on of the sol ve%t MgBrwdiclty! pire oi ly residual (0.50 g). Colum
chromat ogr apy qn silica gel (230-400 neshy A0 n) with 0-4% nethanol in
di chl oronét hane as eluent resulted in 0.13 g of the product DLi n- MAL- C2- DVA
as pale oil. 1H NWR (400 Mz, £DC13) 6: 5.25-5.40 (8, m 4 x CH=CH),
4.05-4.20 (4H, m 2 k-h@qiz;-, 347 (1H, t, COCHCO, 2.75 (4H t, 2 X
C=C-CH2-C=C), 2.35-2.9 (&H, br, 92 x NCH3), 2.15-2.35 (2H, br, NCH2), 2.05
(8H, q, 4H5<Oallylic CH2), 1.55-1.65 (4H m CH2), 1.2-1.45 (32H, m, 0.90
(6H, t, 2 x4 p a : nthesi s ogfggDi | 1 Ol eyl
2- (2- D et hyl axg Li nMAL- C2-DVA) Thi s conpound was
synt hesi zed as pale oil in a simlar nmanner to that in Exanple 26, where
| i nol eyl al cohol was kepllacegy, byndi | i nol eyl nethanol. 1H NVR (400 MHz,
CDC13) 6: 5.15-5.50 (16, ym 8 x CH=CH), 4.89 (2H, quintet), 3.46 (1H t,
cCOCHCO, 3.08-3.2 (2H, m, 2.8-2.85 (6H, 2 s), 2.78 (8H, t, 4 x
C=C- CH2- C=Q), 2 , 2.05 (16H, q, 8 x allylic CH2),
1.45-1.65 H, —1.2-1. , , 090302 (12H, t, 2 x CH3) ppm
Exanpl e 28: Synt hesis of 4-Di nmet hyl am no-butyric acid
1- oct adeca- 6, 9, 1206¢i08W§1 nondffeca- 7,510, 13-trienyl ester (005-14)

CH,Cl, SN

| 0O
0O
_N — — —
\

Compounds 005-8 to 005-12 were synthesized in a similar manner to that in Example 19.

Under an argon atmosphere, to a round-bottom flask charged with DLen(y)-Mc¢OH (005-
12, 262 mg, 0.5 mmol), 4-dimethylaminobutyric acid hydrochloride (101mg, 0.6 mmol)
and 4-(dimethylamino)pyridine (13 mg) in dichloromethane (5 mL) was added
dicyclohexylcarbodiimide (134 mg). After the mixture is stirred for 16 hr at ambient
temperature, the solvent was evaporated and the residue was taken in diethyl ether. The

white precipitate is discarded by filtration. The filtrate was concentrated to dryness (0.4 g
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O0iS.,.MyBr2, diethyl ether 005-8 DCC, DVAPHCI CH2A 2NrOH 10

WO 2010/054401 PCT/US2009/063927

oil). The residue was purified by column chromatography on silica gel (230-400 mesh, 50
mL) eluted with 2% to 3% of methanol in dichloromethane. Fractions containing the pure
product were combined and concentrated. The residue was passed through a layer of
silica gel (2 mm) washed with hexanes (6 mL). The filtrate was then concentrated and
dried in high vacuum for 1h. This gave 166 mg (0.26 mmol, 53%) of 005-14 as clear
slightly yellow oil. '"H NMR (400 MHz, CDCls) §: 5.41-5.26 (m, 12H, CH=CH), 4.83
(quintet, J=6 Hz, 1H), 2.77 (t-like, J=5.2 Hz, 8H), 2.29 (t, J=7.6 Hz, 2H), 2.25 (t, J=7.6,
2H), 2.18 (s, 6H), 2.02 (qg-like, J=6.8 Hz, 8H), 1.75 (quintet-like, J=7.6 Hz, 2H), 1.48 (m,
4H), 1.37-1.20 (m, 24H), 0.86 (t, J=6.8 Hz, 6H) ppm.

Example 29: Synthesis of 5-Dimethylamino-pentanocic acid 1-octadeca-6,9,12-
trienyl-nonadeca-7,10,13-trienyl ester (005-23)

HO 005-12

DCC, DMAP Br OH
CH,Cl, EtsN g

(@)
@)
a2 00=0==00¢
Br NN
005-21
l N
H

O
/

Step 1, 005-21:

Under an argon atmosphere, to a round-bottom flask charged with DLen(y)-McOH (005-
12, 262 mg, 0.5 mmol), 5-bromovaleric acid (181 mg, 1.0 mmol) and 4-
(dimethylamino)pyridine (30 mg) in dichloromethane (10 mL) was added
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\ 005-14 Conpounds 005-8 to 005-12 were synthesized in a simlar manner
to that in Exanple 19. Under an argon atnosphere, to a round-bottom fl ask
char ged wvOhloDlsmioy) - MeOH (005- 12, 262 ng, 0.5 mmol), PCT/US2009/063927

4-di met hyl am nobutyric acid hydrochloride (101lng, 0 6 nmol) and

4- (di met hyl am no) pyridine (13 ng) in dichloronethane (5 nL) was added

di cycl ohexyl carbodiimde (134 ng). After the mxture is stirred for 16 hr
at anbient tenperature, the solvent was evaporated and the residue was

taken in &ibﬁq&ﬁé;{yl@a{m@dnmla@?221mhfg? th@tcfhg'thﬁhﬁ’e ii$ sﬁ'r&?ﬁfrdl%dhtbyt ihbitsat i on.

The filtrat'e was concentrated to dryness (0.4 g ). The residue was
purified tblylpct@tummhecﬂ@ﬂ\@nhwasg@apmtedmné ithei rcsdI@eWaS(tz@@Lm@@Xmsﬁfhe@@nWL)

el ut ed vvlth 2% 1 o 3%.of t.happl i C onet hane. ns..coent ai ni ng
the pure pr o%luc inaérelscarcpngb fift tl cglhecgln aEeafV asdb’oq‘(f?mrateg%%tﬁigy%s%assed

t hr ough archidyewaobusfidd Byacglahm( alrmatogﬁpmedn wilich gblegane®0 (heshl-F0 m1[t)e
filtrate was.then concentrated gn ed.in hi vacuum f or Ih Thi s gave
166 ng (02984 nHibl 2cHgyinohexgpss. (s a |a&téﬂnss<mngwlvg/ @%mrlf?wp& PCt WEFSNVR (400
Mz, COCIgni et koccdfialell mz@avecrm%oaz%@qm; F 00126 okt h¥1|y') 277
(t-like, J=5. 2 8H) . 9=7.6 5H) SH, 2. 18
(s, 6H), }231192’0(1]q like, J= 6 8 Hz 8H), 1.75 (qumtet-llke J 7 6 Hz 2H)
1.48 (m 4H), 1.37-1.20 (m 24H) 0.86 (t, J=6.8 Hz, 6H) ppm Exarrple29:
Synt hesi sStglfg1 50 _gget hyl am no- pent anoi ¢ acid 1-oct adeca 6,9, 12-

trienyl -non éeca , 10, 13-trienyl ester (005-23) Step 1, 005-21: Under an
argon at nosphere, to a round-bottom flask charged with DLen(y)-MeOH (005-

12, 262 nip 005-81 (A9 mg) Bapardsied danethyleminsi @V 181HRY10 mLY. Reodojutpndvas-

stirred at room temperature for 6 days. The excess amine and solvent was evaporated.
The crude product was purified by column chromatography on silica gel (230-400 mesh,
50 mL) with methanol in dichloromethane (1 to 3%). Fractions containing the product
were combined and concentrated. The residue oil was passed through a layer of celite and
washed with hexanes (6 mL). The filtrate was then concentrated and dried in high
vacuum for 2h. This gave 204 mg (0.31 mmol, 74%) of 005-23 as slightly yellow oil. 'H
NMR (400 MHz, CDCls) &: 5.43-5.30 (m, 12H, CH=CH), 4.84 (quintet, J=6 Hz, 1H),
2.77 (t-like, J=5.2 Hz, 8H), 2.39-2.28 (m, 4H), 2.28 (s, 6H), 2.06 (g-like, J=6.8 Hz, 8H),
1.66 (quintet-like, J=7.2 Hz, 2H), 1.60-1.48 (m, 6H), 1.41-1.24 (m, 24H), 0.90 (t, 6H,
J=6.8 Hz) ppm.

Example 30: Synthesis of [2-(2,2-Di-octadeca-6,9,12-trienyl-[1,3]dioxolan-4-yl)-
ethyl]-dimethylamine (005-31)
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(di met hyl am no) pyridine (30 ng) in dichloronmethane (10 nL) was added

di cycl ohexyl carbodii m de (227 ng). After the mxture is stirred for 16 hr
at anbi enwotermpss@tiur e, the sol vent was evaporated and rh@/use@vad2Nas
taken in hexanes. The white precipitate was discarded by filtration. The
filtrate was concentrated to dryness. The residue was purified by colum
chromat ography on silica gel (230-400 nesh, 50 nL) eluted with acetate in
hexanes (0-2% . Fractions containing the pure product were conbined and
concentr at ed. 84% of 005-21 as slightly

yel l ow oi | .H®tep 2, 005-23: To 005-21 (290 #8P12nas added di net hyl am ne (2M
in THF, 10 m). fredat roomtenperature for 6 days.
The excess am ne and solvinh{%as evaporated. The crude product was purified

by col umm chromat ography ¢n silica gel (230-400 nmesh, 50 nL) w th methanol
in dichlorongthane (1t Fractigons containing the product were

conbi ned @ concentrate Thé Tesidué oil o passed through a | ayer of
celite and The filtrate was then concentrated
and dried in high vacuum for 2h ThIS gave 204 ng (0.31 nmol, 74% of

005-23 as slightl | ow |0i | . \H/NyR\QﬂOO MHz, CDCl13) 6: 5.43-5.30 (m
12H, CHECH), 4.8 ¥Pysﬁ:r°r'1”8i J=6 Hz, QH), 2.77 (t-like, J=5.2 Hz, 8H),

2.39-2.28 (m 4FD 2.28 ( 6H), 2.06 (g-like, J=6.8 Hz, 8H), 1.66
(quintet-1li . 1. 6H), 1.41-1.24 (m 24H), 0.90
(t, 6H, Jzpk. ynt esi's ofoos-29

[2-(2, 2- DF oct | an-4-y1)- ethyl|-dinmethyl am ne
(005-31) Step 1, 005 28: To a mxture of di l'i nol enyl (7) nethanol (005-12,
550 nmg, 1.05 mmol) and angkdnmusbpota55|untcarbonate (58 mg) in 25 nL of

anhydrous CH2C12 was addedy pyri di ni um chl orochromate (PCC, 566 ng, 2.63

nmmol, 2.5 eq o) e I ti )ensi o s stirred at roomtenperature
for 90 mm €t Ber (1 0 ni) mas then added into theood-3ture, and the resulting
brown suspensi on 9a TO ad-of silica gel (150 nL). The

filtrate and washi ngs were| combi'ned. Evaporation of the solvent gave 510 ngy
of an oily residue as a cryde Product. The crude product was purified by

col um chp@ ograp y _on a gel (230Q- 400 nesh, 50 nL) eluted with 0-3%
of ethyl acetat exdanes. This gave 344g (63%ooe$1 the titled product
(005-28). Step $ } (344 ng, 0.66 mmol),

1,2, 4- butanetrlol (349 ng, 3 2 mmol ) and pyridi nium p-tol uenesul fonate (30
ng) in 50 {n_ épééytﬂene was heated to reflux under argon overnight with a
Dean- Star% Pab remove water. The resulting m xture was cooled to room
tenperature. The organi c phase was washed with water (30 nL) (the

but anet r i Dd aimsixtund of diliubleeyli (y) hethaesie(00542) 3t mgeC.aftmmblg agdlanliydosusand t he

triol was |left behjnd), hrine.( ), d dri yer an rous . Na2504.
Evapor at | BHSETY Fidb G bt P et 1of 2 YEPYS Gfeft 20W|a§/ A B e o ude
product WﬁﬁnQMﬁ&BM@QPQ@ 606 WE) AV AR 085 &Ry . )0 The irkdufimeGfkpdndidl-wkR0 nesh,
40 nL) eluted with 4 %ethyl acetate in hexanes. Fractions containing the

pur e pr odiligted wereencispprisatc SndO0dnine Bier d08 L) THisshef dded &ro §Bmirgrg.8394 of
pure 005-49 tﬁ‘éregﬁtlfl)é lt>1’:t‘)§s§1 s(aéﬂensmn was filtered through a pad of silica gel (150 mL). The

silica gel pad was further washed with cther (3 x 50 mL). The cther filtrate and washings

silica gel Pad was furtheerashed with ether (3 x 50 nL). The ether

were combined. Evaporation of the solvent gave 510 mg of an oily residue as a crude
product. The crude product was purified by column chromatography on silica gel (230-
400 mesh, 50 mL) eluted with 0-3% of ethyl acetate in hexanes. This gave 344g (63%) of
the titled product (005-28).

Step 2, 005-29:
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Step 3, 005-30: To a solution of 005-29 (337 ng, 0.55 mml ) and dry
triethylamne (0.28 nL, 2 nmmmol) in 30 nL of anhydrous CH2Cl2 was added

met hanesuwoaenyosagehydri de (310 ng, 1.78 mmol) under nit Pogars20090e39%esul ting
m xture was stirred at roomtenperature overnight. The m xture was dil uted
with 30 mL of CH2Cl12. The organi c phase was washed wth water (2 x 25 niL),
brine (25 nlL), and dried over anhydrous My504. The sol vent was evaporated
to afford 377 g of the desired product as colorless clear oil (99%. The

pr oduct vy@%nlszwr@o?'o@stgﬁ 69@@@6@ 6951‘%1%01%”1 baeoﬁtﬁle{rfbw(w RoeB 2WhnldUngf ur t her
purification. Step 5-31: To 005 7 nmg) under argon was added 15

mL of di mmtdynlamm@luenesmﬁﬁnz(tfz(@ ) lnTﬁém_le@momengwh@@tcétw\mﬁustumdﬂed at
oo et Vel i P RS Lk CSRNF S 1RP LR HRAR, GYaporat ton

of the soa[ unn chrong ography on silica ge h, 740 L)
eluted w dololea%nrrebﬂnanambenaﬁlrdinfetl @gmﬁetph@saewastashted Gmfh gart @ninlg (thee pure

r oduct re conhi ned concentrated to 314, f the title r oduct
?oos 31&%@6@}%&% n@a@qﬁ? P ol ion 0 {wbge thedﬁié& ng%ﬁ the AHolovasgle mp 12H,
CH=CH) , %e@ﬁld annle"dEO IﬂL)OJm& ‘aﬁed %b&r alfﬁ?dl%us ﬁ(a%djszwa&rﬂfbn(&dﬂle Lblvedk=7. 5,

|

7.5 Hz), 2.77 m 1H), 2.19 (s,
6H) 2. 02 uiterluvaea Mewsshmﬂy 8P91dua1 Be (cmdelppodu@ B7s (nvyifigd)by golgmn1. 51 (m

1.38 4 6 , Synt hesi s
0, 4, 5Satyholn gD Bk e BVl T RATED i
di enyl - ndrtaah&eaFfbﬁtldrB abneimihg @st gure @@@ﬁeﬂ%}:rel—@ﬂinéﬂ?arﬂ(lﬁnc@lm&d. ThaCl 2 0 /
afforded 337 mg (83%) of pure 005-29 as colorless oil.

Step 3, 005-30:

To a solution of 005-29 (337 mg, 0.55 mmol) and dry tricthylamine (0.28 mL, 2 mmol) in
30 mL of anhydrous CH,Cl, was added methanesulfonyl anhydride (310 mg, 1.78 mmol)
under nitrogen. The resulting mixture was stirred at room temperature overnight. The
mixture was diluted with 30 mL of CH,Cl,. The organic phase was washed with water (2
x 25 mL), brine (25 mL), and dried over anhydrous MgSO,. The solvent was evaporated
to afford 377 g of the desired product as colorless clear oil (99%). The product was pure

enough and was used in the following step without further purification.

Step 4, 005-31;

To 005-30 (377 mg) under argon was added 15 mL of dimethylamine in THF (2.0 M).
The resulting mixture was stirred at room temperature for 6 days. An oily residual was
obtained upon evaporation of the solvent. Column chromatography on silica gel (230-400
mesh, 40 mL) eluted with 3% methanol in dichloromethane. Fractions containing the
pure product were combined and concentrated to give 314 mg of the titled product (005-
31) as clear pale oil. 'H NMR (400 MHz, CDCl;) 6: 5.41-5.26 (m, 12H, CH=CH), 4.06
(m, 1H), 4.01 (dd, 1H, J=7.5, 7.5 Hz), 3.45 (dd, 1H, J=7.5, 7.5 Hz), 2.77 (t-like, J=5.6 Hz,
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Br/0 Cs2CC3, TBAI, CH3CN Step 1, 005-13: Under an argon atnosphere, to
a round-bottom flask charged with DLi nMeOH (001-17, 528.9 ng),

4- br omobuworzow/geiod (200 ng) and 4- (di net hyl am no) pyr i @CmaSERS/06a927 i N

di chl oronet hane (10 nL) was added di cycl ohexyl carbodiim de (268 ng). After
the mxture is stirred for 16 hr at anbient tenperature, the solvent was
evaporated and the residue was taken up in diethyl ether. The white
precipitate (DCU) was discarded by filtration. The filtrate was

concentr t refint | e

chr omat o(g%}?gﬁ?@gﬁl lglﬁ?l ca éﬁe 1?? I?ﬂs?lggb A% (qW?% %_%8 fgizu%%)gyvaggh 0 20 1% of
et hyl acet.at enjldDhégénied.(mMTHHS 1@,’88\1132D(m424@1)(@56/§t oifl, JFOS-H3 res1. col or | ess
oil. Step 2, 005-18: A mixture of 005-13 (0.44 g, 0.65 mmol),
2-nmethylaziridine (148 ng, 2.6 mol, tech. 90%, Cs2CO33 (2.6 mmol) and TBAI
(2 4 mol) in acetonitrile (10 m.) was stirred under Ar for 4 days. After

Lwo phascbeuine DSt % 57 OIERY Gy RaRrLEbRR BT ST afdedS i pco”

W th hexaa@,sy](,psnaaecalimgyam@ylrég@rqr(g %c phase was dried over sodium
sul fate and concentrated to dryness e resulting residual oil was

purified by colu chr gnat on silica gel (230-400 nesh, 50 nl)
el uted withol% to 3% of thanol | chl or oneddrane. Fracti ons contai ni ng
t he product were™~conti d ted (200 ng of oil). This was

purified again by colum|chrag o @phy on silica gel (230- 400 nesh, 50
m.) el uted WEPMYFddient Letfﬁyl adetate in hexanes (5% 20% . Fractions

cont ai ni ng the pgre product were conbined and concentrated. This gave 96 ny
(33% of 005- 0 MHz, CDC13) 6: 5.43-5.30 (m
8H, CH=CH), 870 (t00511ke J=6 Hz, 4H), 2.39
(t-1ike, FL7.8 He, . (t- 2.06 (g-like, J=6.8 Hz. 8H),
1.89(qU|ntet-I|ke J7§ , 2H), 156148(m 5H), 1.41-1.24 (m 38H),

1.18 (d, J=B5s5:2037BAI BHKN 90 (¢, 6H, J=6.8 Hz) ppm Exanple 32: Synthesis
of 2,2-Dilinoleyl-5-dinetihyllam nonet hy141, 31- di oxane (DLi n- K6S- C1- DVA)
0

» =

Step 1, 005-13: Under an argon atmosphere, to a round-bottom flask charged with DLin-
MeOH  (001-17, 5289 mg), 4-bromobutyric acid (200 mg) and 4-
(dimethylamino)pyridine (25 mg) in dichloromethane (10 mL) was added
dicyclohexylcarbodiimide (268 mg). After the mixture is stirred for 16 hr at ambient
temperature, the solvent was evaporated and the residue was taken up in dicthyl cther.
The white precipitate (DCU) was discarded by filtration. The filtrate was concentrated
and the resulting residual oil was purified by column chromatography on silica gel (230-
400 mesh, 50 mL) eluted with 0 to 1% of ethyl acetate in hexanes. This gave 0.44 g
(65%) of 005-13 as colorless oil.

Step 2, 005-18: A mixture of 005-13 (0.44 g, 0.65 mmol), 2-methylaziridine (148 mg,
2.6 mmol, tech. 90%), Cs,CO3 (2.6 mmol) and TBAI (2.4 mmol) in acetonitrile (10 mL)
was stirred under Ar for 4 days. After the solvent was removed, to the residue was added

hexanes and water. The two phases were separated, followed by extraction of the aqueous
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phase with hexanes (X 2). The combined organic phase was dried over sodium sulfate
and concentrated to dryness. The resulting residual oil was purified by column
chromatography on silica gel (230-400 mesh, 50 mL) eluted with 1% to 3% of methanol
in dichloromethane. Fractions containing the product were combined and concentrated
(200 mg of oil). This was purified again by column chromatography on silica gel (230-
400 mesh, 50 mL) cluted with gradient ethyl acctate in hexanes (5%-20%). Fractions
containing the pure product were combined and concentrated. This gave 96 mg (33%) of
005-18 as colorless oil. "H NMR (400 MHz, CDCLs) &: 5.43-5.30 (m, 8H, CH=CH), 4.87
(quintet, J=6 Hz, 1H), 2.78 (t-like, J=6 Hz, 4H), 2.39 (t-like, J=7.8 Hz, 2H), 2.26 (t-like,
2H), 2.06 (qg-like, J=6.8 Hz, 8H), 1.89 (quintet-like, J=7.2 Hz, 2H), 1.56-1.48 (m, 5H),
1.41-1.24 (m, 38H), 1.18 (d, J=5.2 Hz, 3H), 0.90 (t, 6H, J=6.8 Hz) ppm.

Example 32: Synthesis of 2,2-Dilinoleyl-5-dimethylaminomethyl-[1,3]-dioxane
(DLin-K6S-C1-DMA)

NN A AN 0S0,CH; L NN A AN N B

I Acetone
l 1. Mg, ether II

2. Ethyl formate

Pyridimium chlorochromate ‘
Toluene
—N— O — —
TsO-
LT 2 ol LTSS
@) =N\= O
VI

CH(CH,CH,OH);
v

<CHssoz>ZOl BN

| O = = Dimethylamine
AL CCCCC 8 — wme LTSS

DLin-K68-C1-DMA vit

8. Synthesis of Linoleyl Bromide (IT)
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(cH3S02) 20 Di met hyl ami ne MsO DLi n- K6S-Cl1-DVA 8. Synthesis of Linoleyl
Bromde (Il) A mxture of |inoleyl nethane sulfonate (26.6g, 77.2 mol)
and |ithiwm2broasuade (30.5g, 350 nmol) in acetone (350 MPLTWES3006392Ed under
nitrogen for two days. The resulting suspension was filtered and the solid
washed with acetone. The filtrate and wash were conbi ned and sol vent
evaporated. The resulting residual was treated with water (300 nL). The
aqueous phase was extracted with ether (3 x 150 nL). The conbi ned et her

phase wasa Waghed,Minb Eymlt’:ﬁqﬁne( KO8 26.4Y. T8 (iRHY aﬂﬁrﬂthﬁﬁﬁbl%{i&%(g%g r

anhydrous Na2SO4. The sol vent was evaporated to afford 29.8g of yéllowish
oi | . The ¥Funwopnwanstemewsy) plr whd sidred yndasinifrages erdwatdayy: dpaiyesultingi | i ca gel
(230-400 nesh,. 700 | u -t h anes. .Thi 0. 8299 of

[ nol oyl Branrias s it WA RaltE SRR AL TR R P R 1) 1
suspensi ogontfinddthnt] Yo IRem@safotatéd The bobdltimaodsidual Whs weaeedoviyisivaler G00INddi ne in

500 nL of__anhydrous et her unde i trogen s added a sol ytjon of |inoleyl
broni de (TS 2dygousghassgvap eﬁﬁ%ﬂt‘j‘{ Vi e a P %ﬁ%‘? ERIEDIBE RT3t

t enper at up&hed Heh &%%ﬂgidm%ﬁh@(%om dn@ Tk eebrunBRioRING, 99 THever ni ght .
The m xture was cooled to roomtenperature. To the cloudy m xture under

ni t rogen set¥snhdetedyaperaisditseffad RYI8g 0 yerevash al. Thg crugy prodiptorgs. putiiedh

it ur o vk St bR Shh [ EGRA RN MEIPHALES y@UHRRRes T8,
phase wasTlgeparcai0eds é¥1th)adlieday hpdrasle (Hxt racted with ether (150 nli). The

conbi ned organi ¢ phase was washed with water (400 ni), brine (300 nm.), and
then dried over anhydrous Na2504. Evaporation of the solvent gave 17.8 g of

yel | ow shg‘oisyn@@siﬁommg@eﬁh@q@o;poﬁﬂaké i) The crude product was used directly
inthe followng step wthout further purification. 10. Synthesis of

Dilinoleyl Methanol (IV) The above crude dilinoleylnethyl formate (111,

17.89) angd, Kgépéglﬁioﬁﬁ)w[ frfin (ilfé4gg676{m?ﬁ%ﬁ@%e?%%§tﬁ%@‘ﬁ&d%&ﬁ%@6 Wge under

ni trogen overnight. Uponh conpleti e react nost of the sol vent
was evaporianbytrotshehar @sddrnitngeniwat addedweass lupon pEbinaleptl brabide (AL, I8.525% HC1

sol ution._The aque hase s extracted with eth 2 x. 150 . The
Combi nod 3 hEP Bl AP R RECE el Bt 306 ettt (100 o).
and dri edwaviefluadhyndéaiigodya2564ighEViap aiRfutORasddootddgo ssdnvRRipe@are 120. 0 of
di i nol eyl nethanol (1V) . .

the cloudy mixture under nitrogen was added dropwise ethyl formate (4.24g, 57.2 mmol).

Upon addition, the mixture was stirred at room temperature overnight. The mixture was

treated with 10% H,SO, aqueous solution (250 mL). The ether phase was separated and

aqueous phase extracted with ether (150 mL). The combined organic phase was washed

with water (400 mL), brine (300 mL), and then dried over anhydrous Na,SOs.

Evaporation of the solvent gave 17.8 g of yellowish oil as a crude product (III). The

crude product was used directly in the following step without further purification.

10. Synthesis of Dilinoleyl Methanol (IV)

The above crude dilinoleylmethyl formate (I1I, 17.8g) and KOH (3.75g) were stirred in
85% EtOH at room temperature under nitrogen overnight. Upon completion of the
reaction, most of the solvent was evaporated. The resulting mixture was poured into 150
mL of 5% HCI solution. The aqueous phase was extracted with ether (2 x 150 mL). The
combined ether extract was washed with water (2 x 100 mL), brine (100 mL), and dried

over anhydrous Na,SO4. Evaporation of the solvent gave 20.0 of dilinoleyl methanol (IV)
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as yellowi sh oil. The crude product was purified by col um chromatography
on silica gel (230-400 nesh, 700 nL) eluted with 0-5% ethyl acetate

gr adi ent wWo 2hex@Es®s. This gave 9.6 g of dilinoleyl methao®luseoow)e3ori.
Synthesis of Dilinoleyl Ketone (V) To a m xture of dilinoleyl nethanol
(4.09, 7 2 mml) and anhydrous potassium carbonate (0.4g) in 100 nL of
CH2C12 was added pyridi nium chl orochromate (PCC, 4.0g, 19 nmol). The
resul ting suspension was stirred at roomtenperature for 2 hours. Ether

(300 ) ERIEHER oAAARL M RodREwW fﬂrm‘e% by%@gltﬂﬂﬁlrérﬁﬁ%%&bﬁ&go@sﬁ

B Lel
suspension was filtered through a pad of Silica gel The silica
gel pad waso-#00 tigelr, 7R otla dlupdd Witle0138¢ cthyl acct7® grna_(blcntTIhleeX@ndseThlﬂ ghvter at e and

washes rali on of the solvent gave 5.1 g of an oily
resi duaY\E%Egé)?gtrﬂﬁl Eylmg}é O?.(léuz'l)he crude product was purified by col um

chr omat ogr aphy on si I | ca gel (230-400 nmesh, 200 nlL) eluted with 0-4% et hyl

acetate i ex nes 3.0 g (799 of dilinoleyl ketone (V). 12.
Synt hesi sﬂogy ?Slﬁ’fll? 1@3# rl‘ﬁr‘y&r)oxynet hyl)-[1,3]-dioxane (VI) A mixture
of dilinol eyl ket one (V 1.05 g, 2 0 nmmol), 2-hydroxynethyl-1, 3-propanedi ol

(490 ng, 4.2 mmol) and pyridi nium p-tol uenesul fonate (100 ng, 0 4 Mol ) in
150 niL of Tq amiene ofddinotsl] medanal fdiBe. T mrwdendenlydipysotagsipm cartoaeata- St ar k

tube tor t I 4190 erature.
The organ (l%rﬁ?% aié@ %Sf% fég%y {l%eia%élﬁh éﬁ%@hlﬁ%@%&%eﬁ? r| ngg(?oﬁﬁj@ and
dri ed oveThcanbyidguspdNaidb®vhs stavada radm mmpnfatmrhéorsnhonmﬂit}reesaﬂomﬁ) in paI e
oil (1.2 The, crude product pur i col um chrgomat o hy on
o1 o el bapSEA T eR RERE. arg et e W BB oAgr S B g ach

di chl or or@ﬁataadf@ﬂ@@ g8l (wshinl) TiHeSilah fzer shady R f&ale@w%hdaufvlﬁl éﬂherf@xpal e oil. 13.
Synthesis of 2,2-Dilinoleyl-5-nmethanesul fonylnmethyl-J1 -di oxane (VII) To

a sol ut i oRLbfThg eféleﬁﬁltliamnéw@s@aswwe exybiaed Iﬁﬂorg]mmf@a@aw cphgaved.log g, 1 5
ol ) andof%xéﬂk rés‘?&lﬂ% &‘eﬁr% ecgmg dﬂm&gagﬁfhepﬁoy fr@hydrous CH2C12

was added anesu ony anhy r| der ni trogen. The
r esul t i ngchmomitogrephyasn Sti¢arge«b(123at40t)m1msht@ﬁpﬂu)aﬁlutc@wuh@rm gﬂmyl acth ior gani ¢

phase was, washed .w t.h r .q% brin 75 mL), and dried over
anhydrou?mﬁ§§§ }S¥ﬁ§d§%?@§4§&%§83§95 %Wé?é’e ‘afford 1.0 g of pale oil.
The crude product mas used in the follow ng step without further
purificatjon. 14. Synthesis of

2, 2-Di | i N3 syntheispiret-RylinolyisrrdrpymethyD ] SgdioxarreVIbLi n- K6S- C1- DVA)

A mixture of dilinoleyl ketone (V, 1.05 g, 2.0 mmol), 2-hydroxymethyl-1,3-propanediol
(490 mg, 4.2 mmol) and pyridinium p-toluenesulfonate (100 mg, 0.4 mmol) in 150 mL of
toluene was refluxed under nitrogen overnight with a Dean-Stark tube to remove water.
The resulting mixture was cooled to room temperature. The organic phase was washed
with water (2 x 100 mL), brine (100 mL), and dried over anhydrous Na,SO4. Evaporation
of the solvent resulted in pale oil (1.2 g). The crude product was purified by column
chromatography on silica gel (230-400 mesh, 100 mL) with 0-5% methanol gradient in
dichloromethane as eluent. This afforded 0.93 g of pure VI as pale oil.

13. Synthesis of 2,2-Dilinoleyl-5-methanesulfonylmethyl-[1,3]-dioxane (VII)

To a solution of 2,2-dilinoleyl-5-hydroxymethyl-[1,3]-dioxane (VI, 0.93 g, 1.5 mmol)
and dry tricthylamine (290 mg, 2.9 mmol) in 50 mL of anhydrous CH,Cl, was added
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To the above crude material (VIlI, 1.0 g) under nitrogen was added 20 nlL of
dinmethylamne in THF (2.0 M. The resulting m xture was stirred at room

t enper at Wwe 2bvosF4odays. An oily residual was obtai ned upcm/UusSe@pos32T on of
t he sol vent. Col umm chromat ography on silica gel (230-400 nmesh, 100 mi)

wi th 0-3% net hanol gradient in chloroformas eluent resulted in 150 ng of
t he product DLin-K6S-Cl-DVA as pale oil. 1H NVR (400 WHz, CDCl3) 6:
5.24-5.51 (8, m 4x CH=CH), 4.04 (2H, dd, 2xOCH)) 3.75 (2H, dd OCH),
2.7-2.9 ( E,;Hg”)h : : 2 X
NCH3) | 1. Ié!:ghaé&%ulfcm fydgde7(&f0()ﬁ{§v 2It3cmngl:lo_| uﬁ&n%,e 71‘65%11’[9% Iﬁ@h%re m CR) .
1.54-1. 65wa{szﬁﬂrred1at 1201 t@H@ratu.ﬂ_e @@rrmgMSqueathmmhase)wg@wemed V~t1th watgr (EH3) ppm
Exanpl e 33 t.hesi 2, 2-Di h nobut di oxane
(or1 kes- o Bt s o SAL BT SR b8 TUPER Yt ydpbitld 1 P
manner tCIotaﬂdeiOgE»)f@ﬁlIBloﬂ Bﬁbcrwﬁqu@dlﬂzt Wdﬁ@)dymﬂiehyllovﬂm§stlap ophoedi OI was
repl aced %/l\lng ydroxybutyl , 3- propanediol. 1H NMR (400 MHz, CDC13) 6:
5. 24- 5. 45ft er fyi &%loéH:CH) 3.79 (2H, dd, 2 x OcH)), 3.50 (2H, dd OCH),
2.76 (4H, t, 2 x C=C CH2-C=0), 237(2H t, NCH2), 2.31 (6H, s,2 x NCH3),
2. 04 (8H, q,4xaIII|cCHZ£ 63-1. 90 3Hm),145162 4H, m 2 X
CH2), 1. 2bt bymBesitef2.2pilingley S(d@pﬁthylammomethsl:k)) 1 GrdhioxEne KBLEn-BAHS-Grnt hesi s
of 2,2-Dilipgh Xl 5-di et hyl am noet hyl -[ 1, 3] - di oxane (DLi nK6S-C2-DVA) This
corrpound was syht hesi zed as pale oil in a simlar manner to that in Exanple
32, where 2- hydroxyrret hyl 1, 3- propanedi ol was replaced with

2- hydr oxy, thyl 1 1 NVR (400 Mt 3). 6. 5.25-5.45 (8,
m 4x CHe Eo‘f?f“( &%18@%}151‘1“@%%@?%” °b 75 (4H, t, 2 x
C=C CH2- Qﬁg)eth l?anﬂ@ei%m 207V PThe Rdtig m&t&@w‘a@kﬁrr&ta@r%nﬁ“@ﬂ@erm&eO?’ (8H q,

4 x allylic ), 1.73- 86 (1H, r&,156 1,72 (6H, CH2) ,
1.22-1. 45f0(§21ws ﬁgloﬂw r@mll(abws gbtaipedunopy anpgs#HONEE b’GB‘BCOWm hesi s of

2, 2- D 1 ngli¥do g1ty H TRES @808 0L 1B nitly iiPe 30Em i dl ok DVA)
chloroform as eluent resulted in 150 mg of the product DLin-K6S-C1-DMA as pale oil.
"H NMR (400 MHz, CDCls) &: 5.24-5.51 (8, m, 4x CH=CH), 4.04 (2H, dd, 2 x OCH)),
3.75 (2H, dd OCH), 2.7-2.9 (2H, br, NCHy), 2.78 (4H, t, 2 x C=C-CH,-C=C), 2.57 (6H, s,
2 x NCH3), 1.95-2.17 (9H, q, 4 x allylic CH, and CH), 1.67-1.95 (2H, m, CH3), 1.54-1.65
(4H, m, 2 x CHy), 1.22-1.45 (32H, m), 0.90 (6H, t, 2 x CHs) ppm.

Example 33: Synthesis of 2,2-Dilinoleyl-5-dimethylaminobutyl-[1,3]-dioxane (DLin-
K6S-C4-DMA)

| 0 ——
AN T 8
g — —
This compound was synthesized as pale oil in a similar manner to that in Example 32,
where 2-hydroxymethyl-1,3-propanediol was replaced with 2-hydroxybutyl-1,3-

propanediol. "H NMR (400 MHz, CDCls) 8: 5.24-5.45 (8, m, 4x CH=CH), 3.79 (2H, dd,
2 x OCH)), 3.50 (2H, dd OCH), 2.76 (4H, t, 2 x C=C-CH,-C=C), 2.37 (2H, t, NCH>),

164



Tol uene TsO-Py HO I (cDh, S03) 20

WO 2010/054401 PCT/US2009/063927

2.31 (6H, s, 2 x NCH3), 2.04 (8H, q, 4 x allylic CH, ), 1.63-1.90 (3H, m, ), 1.45-1.62 (4H,
m, 2 x CH,), 1.22-1.45 (36H, m), 0.90 (6H, t, 2 x CHz) ppm.

Example 34: Synthesis of 2,2-Dilinoleyl-5-dimethylaminoethyl-[1,3]-dioxane (DLin-
K6S-C2-DMA)

AANCETTTTTSS

O

This compound was synthesized as pale oil in a similar manner to that in Example 32,
where 2-hydroxymethyl-1,3-propanediol was replaced with 2-hydroxyethyl-1,3-
propanediol. "H NMR (400 MHz, CDCls) &: 5.25-5.45 (8, m, 4x CH=CH), 3.87 (2H, dd,
2 x OCH)), 3.55 (2H, dd OCH), 2.75 (4H, t, 2 x C=C-CH;-C=C), 2.45-2.60 (2H, br,
NCH>), 2.40 (6H, s, 2 x NCH3), 2.03 (8H, q, 4 x allylic CH; ), 1.73-1.86 (1H, m), 1.56-
1.72 (6H, m, 2 x CH3), 1.22-1.45 (32H, m), 0.90 (6H, t, 2 x CH3) ppm.

Example 35: Synthesis of 2,2-Dilinoleyl-4-(2-dimethylaminoethyl)-[1,3]-dioxane
(DLin-K6A-C2-DMA)

OH

i P! - /\)\/\
B ———
/\o)\/\/u\o/\ HO oH

I I

Toluene HO
—_— — —
o == Il 0
11 v

<CH3502>20l EtzN

N
7~ \/?:O — — Dimethylamine MO o — —
OO SOOI
d d —~—
v

DLin-K6A-C2-DMA
5. Synthesis of 1,3,5-Pentanctriol (IT)
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D net hyl am ne O DLi n- K6A-C2-DMA 5. Synthesis of 1,3,5-Pentanetriol (I1)

D et hyl 3-hydroxyglutarate (I, 1.0 g, 4 9 nmmol) in anhydrous THF (10 nli)
was addedworopvisg®it o a suspensi on of Li ALH4 i n anhydr oBs€T/ISE000DE2T1L)
under nitrogen with a cold water bath. Upon addition, the bath was renoved
and the suspension was stirred at roomtenperature for 2 days. The
resulting mxture was quenched by adding 13 nL of brine very slowy with an
i ce-water bath. A white suspension was resulted, and the m xture was
stirred at roomtenperature overnight. The solid was filtered, and washed

with THF. The filtrate and wash were conbi ned, and sol vent evaporated to
gi ve 0. 70Digthyt 3hailrexpglitara@o(luhd gchp omaeldgrapigrond THR¢! Cmbdwapadiddct
(230-400 sh. S1 02, 100. ml .. Oz 12% met.han radient in _chl grof.aorm

a1 7o ded DoBRg ot taSiol sy LR T P Lol B8 BA

2, 2- Di | i nolleyitedbdtR-Unyaraddiieh it bath a8 fenthved andthilsWipehsioh whdgt@redfat

dilinoleyl ketone (I11,.0.80_g, 1.5 nmml), 1,3,5-pentanefri 1, 0.54 g,
4.5 nmol )roawaelﬁwf‘%f Oa?n?i@ést 3&%@&@5{% _é?Va(S@B?fng?‘%Y S3iib) ‘rim 150 ni of
tol uene vafchRfy Uk WRLET icRivhicP RN, R\WEHMIsEEnMbl WadreRRRA; adahk tube to
remove water. The resulting m xture was cooled to roomtenperature. The

or gani ¢ phEsEc Was stiseshs soam tompgestwe oyanightz Thepglid wies fHterqd7 andyivyshednd dri ed
over anhy, i .t he, I d .i lecoil (1.1
o AR SRRl N LR Lol C
(230- 400 pubsi]. Cobumi_yhrambtogpBRoitht hade broguned2 2400 mesh Kibh 000t [fane as

) 0 .
el uent. Tﬁl"/f mae]‘:hfagcl;ldg?gdigrit ZnS clgor(o ogrrr/g a&grdgcllj 6%4 lg\éf?fascc%llo%lfll%lsseoslls. orl.
6. Synthesis of 2,2-Dilinoleyl-4-(2-hydroxyethyl)-[1,3]-dioxane (IV)

A mixture of dilinoleyl ketone (I1I, 0.80 g, 1.5 mmol), 1,3,5-pentanetriol (I, 0.54 g, 4.5
mmol) and pyridinium p-toluenesulfonate (60 mg, 0.24 mmol) in 150 mL of toluene was
refluxed under nitrogen overnight with a Dean-Stark tube to remove water. The resulting
mixture was cooled to room temperature. The organic phase was washed with water (2 x
75 mL), brine (75 mL), and dried over anhydrous Na,SQO4. Evaporation of the solvent
resulted in pale oil (1.1 g). The crude product was purified by column chromatography on
silica gel (230-400 mesh, 75 mL) with 0-3% methanol gradient in dichloromethane as
cluent. This afforded 0.75 g (79%) of pure IV as colourless oil.

7. Synthesis of 2,2-Dilinoleyl-4-(2-methanesulfonylethyl)-[1,3]-dioxane (V)

To a solution of 2,2-dilinoleyl-4-(2-hydroxyethyl)-[1,3]-dioxane (IV, 0.75 g, 1.2 mmol)
and dry triecthylamine (0.58 g, 5.7 mmol) in 40 mL of anhydrous CH,Cl, was added
methanesulfonyl anhydride (0.50 g, 2.9 mmol) under nitrogen. The resulting mixture was
stirred at room temperature overnight. The organic phase was washed with water (2 x 50
mL), brine (50 mL), and dried over anhydrous Na,SO4. The solvent was evaporated to
afford 0.80 g of pale oil as a crude product. The crude product was used in the following

step without further purification.
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7. Synthesis of 2,2-Dilinoleyl-4-(2-nethanesul fonylethyl)-[1,3]-di oxane (V)
To a solution of 2,2-dilinoleyl-4-(2-hydroxyethyl)-[1,3]-dioxane (IV, 0.75
g, 1 2 muebRoswmd4eny triethylamne (0.58 g, 5 7 mmol) i mCa@Spd0906392anhydr ous
CH2C12 was added net hanesul fonyl anhydride (0.50 g, 2.9 mol) under
nitrogen. The resulting m xture was stirred at roomtenperature overnight.
The organi c phase was washed with water (2 x 50 nm.), brine (50 nm.), and

dri ed over anhydrous Na2504. The sol vent was evaporated to afford 0.80 g of
pale oil as a crude product. The crude product was used in the follow ng
step without further purification. 8. Synthesis of

2, 2- Di | i n®l Synthesiy of HRiptim}¢ydri-@edmhthly lanfinged]yldil o) aiexag O hinkdS PAC2- DVA) To
the above c naterlal (V, 0.80 g) under nitrogen was added 15 ni of

di et hyl am ne |% THF (2.0 M. The resulting m xture was stirred at room
tenperature for 6 days The solid was filtered. An oily residual was

obt ai ned n vapor sol vent.. Col um raphy on silica
gel (230- ftg% ﬁg% ey @g%gh%dr%‘?lﬁﬁ%% W@*r@é?%%rf’%dl chl or onet hane
as el uentdlﬁl%ﬁlglahﬁge in”F}@FgZOOM)thetﬂ@ﬁﬂ@ﬂg)ﬂH&ﬁre %s@t@e%e@%da&/&ngﬁrmke oil. 1H
NVR (400 MHz, CDC13 4x CH=CH), 3.85-4 (2H, m 2 x

3. 708r ( dpys. dhe sch@Hyas fiterg. (%nlqglytfes@akww@qzhmﬁ@)wa@ras@n ofthgo (2H,

i A R b B e B 0L
CH3) ppm mé&kamy gmdﬁ:ﬁt 1n$§1¢1ﬂd5remlethamé as cluent resulted in 0.70 g of the product DLin-

2,2-Di|linal t hyl am no 1)4 - di an i 6A— DvVA) 0 O
RS RofCHBMA a8 pale o AR Rk Doty &'sE0Ts (7, B s, P
3.85-4.0 2H, m, 2 x OCH), 3.78 (1H, dd, OCH), 2.78 (4H, t, 2 x C=C-CH,-C=C), 2.55-

2.90 (2H, br, NCH,), 2.47 (6H, s, 2 x NCHj3), 2.05 (8H, q, 4 x allylic CH), 1.65-1.90 (4H,

m, CH;), 1.47-1.65 (4H, m, CH), 1.1-1.65 (36H, m), 0.90 (6H, t, 2 x CH3) ppm.

Example 36: Synthesis of 2,2-Dilinoleyl-4-(3-dimethylaminopropyl)-[1,3]-dioxane
(DLin-K6A-C3-DMA)

OH

o 0 o LiAlH, /W\/OH
/\O)K/u\/\r( ~ — ™ WO

I I

Toluene
L0 = SRS
. -
111
(CH;80,),0 | F6N

; —C
v

DLin-K6A-C3-DMA

5. Synthesis of 1,3,6-Hexanetriol (IT)

Dicthyl B-ketoadipate (I, 1.86 g, 8.6 mmol) was added dropwise to a suspension of

LiAlH4 in anhydrous THF (90 mL) under argon with an ice-water bath. Upon addition,
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the bath was removed and the suspension was stirred at room temperature overnight. The
resulting mixture was quenched by adding 10 mL of brine very slowly with an ice-water
bath. A white suspension was resulted, and the mixture was stirred at room temperature
overnight. The solid was filtered, and washed with THF followed by EtOH (2 x 50 mL).
The filtrate and wash were combined, and solvent evaporated to give 0.90 g of pale oil.
Column chromatography of the crude product (230-400 mesh SiO,, 100 mL, 0-10%

methanol gradient in dichloromethane) afforded 0.70 g of II as colourless oil.

6. Synthesis of 2,2-Dilinoleyl-4-(3-hydroxypropyl)-[1,3]-dioxane (IV)

A mixture of dilinoleyl ketone (I1I, 1.80 g, 3.4 mmol), 1,3,6-hexanetriol (I1, 0.50 g, 3.7
mmol) and pyridinium p-toluenesulfonate (100 mg, 0.40 mmol) in 120 mL of toluene
was refluxed under argon for 3 hours with a Dean-Stark tube to remove water. The
resulting mixture was cooled to room temperature. The organic phase was washed with
water (2 x 50 mL), brine (50 mL), and dried over anhydrous Na,SO,. Evaporation of the
solvent resulted in pale oil (2.0 g). The crude product was purified by column
chromatography on silica gel (230-400 mesh, 50 mL) with 0-3% methanol gradient in
dichloromethane as eluent. This afforded 0.90 g (41%) of pure I'V as colourless oil.

7. Synthesis of 2,2-Dilinoleyl-4-(3-methanesulfonylpropyl)-[1,3]-dioxane (V)

To a solution of 2,2-dilinoleyl-4-(3-hydroxypropyl)-[1,3]-dioxane (IV, 0.97 g, 1.5 mmol)
and dry triecthylamine (0.44 g, 4.3 mmol) in 60 mL of anhydrous CH,Cl, was added
methanesulfonyl anhydride (0.60 g, 3.5 mmol) under argon. The resulting mixture was
stirred at room temperature overnight. The organic phase was washed with water (2 x 30
mL), brine (30 mL), and dried over anhydrous MgSQj4. The solvent was evaporated to
afford 1.1 g of pale oil as a crude product. The crude product was used in the following

step without further purification.

8. Synthesis of 2,2-Dilinoleyl-4-(3-dimethylaminopropyl)-[1,3]-dioxane (DLin-K6A-
C3-DMA)
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DLi n- K6A- C3-DMA 5. Synthesis of 1,3, 6-Hexanetriol (11) Diethyl

13- ket oadi pate (I, 1.86 g, 8 6 mmvbl) was added dropw se to a suspensi on of
Li A1lH4 i rwarhywdsews THF (90 nl) under argon with an i cePaaiuszolomativ27 Upon
addition, the bath was renoved and the suspension was stirred at room
tenperature overnight. The resulting m xture was quenched by adding 10 nL
of brine very slowly with an ice-water bath. A white suspensi on was
resulted, and the m xture was stirred at roomtenperature overnight. The
solid was filtered, and washed with THF followed by EtOH (2 x 50 nL). The
filtrate and wash were conbi ned, and sol vent evaporated to give 0.90 g of
pal e oi | . Tk aheveatpdermatongl 48hl: 1 @ undee argondhes pdded PO 0BOMEOY lansish Si 02,
(]:-SPOITF_I egsl[g-ll'ﬁ? &E%W”Wﬁk rgsu?tgngetﬂlrxturg ngls gtﬂlfe%ra?rrroeb&lb%ﬂlp%ra%{rg ?or(%e(glys TZlg g of!! as
2, 2- Di | i noligwhs ‘ﬂi-lt(aﬁdhé(ﬁibﬂ)y(yepfdﬁﬁl)&ﬂa)slbbtaﬁleddlpov(amofaltlw oAtheisltyeriteColimn

d|||noleyl ket one (I xanetriol (11, 0.50 g,
3.7 mmol )° ??HatB%IFP‘g’ ]h‘iaﬁée? (%%Qe‘@&ﬂngo‘é‘?)éﬂe) ‘(“Et%g %meﬁla% SR I n 120 i
of t ol uengcme®nictfahd ¥edudRaRU1AS i@ORS Dbf (Be HOULSE DHihIK e JegapvE erlkalé ube to
renpve water. The resulting m xture was cooled to roomtenperature. The

organi ¢ phiksd NMB (4RsMEt, GDCk) wal.25-5¢43 (R, IBDMQ’Q)H b -4 GGH, 3 xand dri ed

over anhy S A 0 % S oil (2.0
Tho S7GaE B OUICE WaL Bar i Lab By 881 G e e Sucou P tphy: BNCEF ca ge
(230 400 m(&H 204 rla)lylnd ©H2)91 3%1r9@t(hﬁnm 2 §rcath), endo-i.65 I hhar oaeL hane as
eluent. This afforded O. & /%@of pure IV as colourless oil. 7.
Synt hesi sl-6f-© 38k ), Hcﬂoe@@ 42 3 MdPR%nesul f onyl propyl) 41, 3] - di oxane (V) To
a solution of 2,2-dilinoleyl-4-(3-hydroxypropyl)[1, 3]-dioxane (IV, 0.97 g,
15 mol) and dry triethylamne (0.44 g, 4 3 mmol) in 60 nL of anhydrous
CH2Cl12 was added net hanesulfonyl anhydride (0.60 g, 3.5 nmmol) under argon.

The resul rur SofSt 0, rmi,ght. The
organic p as"gplnw b Iﬁﬁé{% %1 i Cﬂl?@q 4%6 lﬁfe?ﬂﬁ%r}nﬁ)gﬁ'(@dq ?%f?f), and dri ed
over anhydioodlsnMIROh-KIIE2- -SIM\Agnt was evaporated to afford 1.1 g of pale
oil as a crude product. The crude product was used in the follow ng step
wi t hout further purification. 8. Synthesis of

2,2-Dili nwmwmmwwwwm n- KEAC3- DVA)

ether
ll Mg, ether II
2. Ethyl formate

-~
HO — — — — OHCO — — — —
v I
Pyridimium chlorochromalel
Toluene HO o)
e
o — — — — (0]

HOCH,CH(OH)CH,CH,0H

v VI

(CH380,),0 l Et;N

VII

H3CO02S0

J Dimethylamine

O oCe

DAra-K5-C2-DMA

8. Synthesis of Arachidonyl Bromide (II)
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To the above crude material (V, 1.1 g) under argon was added 20 nL of
dinmethylamne in THF (2.0 M. The resulting m xture was stirred at room

t enper at we 20mvosssodays. The solid was filtered. An oilyPcedisdealocisas

obt ai ned upon evaporation of the solvent. Columm chromat ography on silica
gel (230-400 nesh, 40 nL) wth 0-7% net hanol gradient in dichloromethane as
eluent resulted in 0.85 g of the product DLin-K6A-C3-DVA as pale oil. 1H
NVR (400 MHz, CDC13) 6: 5.25-5.45 (8, m 4 x CH=CH), 3.7-4.0 (3H m 3 x

oCH), 2. 712 n(lﬁhldre 5f1ara?ch?80§y1cﬁl%e§u@nat@(150§ 287 Kn%id 8 alaamdgf;&@m b?on%déGH s, 2
x NCH3), 2.05 (8 g, 4 x allylic CH2), 1.6 CH2) ,

1.40-1. 65(2(24g—| 12 mmql) 1 apHggrous cthery4@ H1L() 3\81H5t11m@d ur@egﬂgcrsfer two d@vskam—B) ppm
Cram! i S fy P AP R AR DI oAl i 31
and wash were combined and solvent evaporated. The resulting residual was treated with
hexanes (50 mL). The solid was filtered and solvent evaporated resulting in an oily
residual. The crude product was purified by column chromatography on silica gel (230-
400 mesh, 30 mL) eluted with hexanes. This gave 1 g of arachidonyl bromide (II) as

colourless oil.
9. Synthesis of Diarachidonylmethyl Formate (IIT)

To a solution of arachidonyl bromide (II, 1 g, 3 mmol) in anhydrous ether (30 mL) was
added Mg turnings (78 mg, 3.2 mmol) followed by one crystal of iodine. The resulting
mixture was refluxed under nitrogen for 10 hours. The mixture was cooled to room
temperature. To the cloudy mixture under nitrogen was added ethyl formate (0.25 mL),
and the resulting mixture was stirred at room temperature overnight. To the mixture was
added 20 mL of 10% H,SO4 aqueous solution. The ether phase was separated and
aqueous phase extracted with ether (30 mL). The combined organic phase was washed
with water (2 x 25 mL), brine (25 mL), and then dried over anhydrous Na,SO;,.
Evaporation of the solvent gave 1.1 g of pale oil as a crude product (III). The crude
product was purified by column chromatography on silica gel (230-400 mesh, 40 mL)
eluted with 0-3% ethyl acetate gradient in hexanes. This afforded 0.43 g (40%) of
diarachidonylmethyl formate (III) as pale oil.

10. Synthesis of Diarachidonyl Methanol (IV)

The above diarachidonylmethyl formate (III, 0.43 g, 0.71 mmol) and KOH (100 mg)
were stirred in 95% EtOH (20 mL) at room temperature under nitrogen overnight. Upon
completion of the reaction, most of the solvent was evaporated. The resulting mixture
was treated with 20 mL of 2M HCI solution. The aqueous phase was extracted with ether
(2 x 30 mL). The combined ether extract was washed with water (2 x 25 mL), brine (25

mL), and dried over anhydrous Na,SO4. Evaporation of the solvent gave 0.44 g of I'V as
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pale oil. The crude product was purified by column chromatography on silica gel (230-
400 mesh, 40 mL) eluted with 0-5% ecthyl acctate gradient in hexanes. This gave 0.41 g

of diarachidonyl methanol (IV) as colourless oil.
11. Synthesis of Diarachidonyl Ketone (V)

To a mixture of diarachidonyl methanol (IV, 0.41 g, 0.71 mmol) and anhydrous
potassium carbonate (0.05g) in 10 mL of CH,ClI, was added pyridinium chlorochromate
(PCC, 0.50 g, 2.3 mmol). The resulting suspension was stirred at room temperature for 90
mins. Ether (50 mL) was then added into the mixture, and the resulting brown suspension
was filtered through a pad of floresil (30 mL). The pad was further washed with ether (3
x 30 mL). The cther filtrate and washes were combined. Evaporation of the solvent gave
0.40 g of an oily residual as a crude product. The crude product was purified by column
chromatography on silica gel (230-400 mesh, 10 mL) cluted with 0-3% cther in hexanes.
This afforded 0.30 g (75%) of diarachidonyl ketone (V). '"H NMR (400 MHz, CDCLs) §:
5.3-5.5 (16H, m, 8 x CH=CH), 2.82 (12H, t, 6 x C=C-CH,-C=C), 2.40 (4H, t, 2 x CO-
CH,), 2.08 (8H, m, 4 x allylic CH»), 1.25-1.65 (20H, m), 0.90 (6H, t, 2 x CH3) ppm.

12. Synthesis of 2,2-Diarachidonyl-4-(2-hydroxyecthyl)-[1,3]-dioxolane (VI)

A mixture of diarachidonyl ketone (V, 0.30 g, 0.52 mmol), 1,2,4-butanetriol (0.25 g, 2.4
mmol) and pyridinium p-toluenesulfonate (20 mg) in 60 mL of toluene was refluxed
under argon overnight with a Dean-Stark tube to remove water. The resulting mixture
was cooled to room temperature. The organic phase was washed with water (2 x 30 mL),
brine (30 mL), and dried over anhydrous Na,SO4. Evaporation of the solvent resulted in a
yellowish oily residual. The crude product was purified by column chromatography on
silica gel (230-400 mesh, 40 mL) with 0-2% methanol in dichloromethane as eluent. This
afforded 0.29 g (84%) of pure VI as pale oil.

13. Synthesis of 2,2-Diarachidonyl-4-(2-methanesulfonylethyl)-[1,3]-dioxolane (VII)
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DAr a- K5- C2-DVA 8. Synthesis of Arachidonyl Bromide (Il) A mxture of
arachi donyl nethane sulfonate (1.0 g, 2 7 mml) and nmagnesi um brom de (2.2
g, 12 mowd 20r0/@mbeydr ous et her (40 nL) was stirred undePCaFR009/063921 WO
days. The resulting suspension was filtered and the solid washed with ether
(2 x 10 nL). The filtrate and wash were conbi ned and sol vent evapor at ed.
The resulting residual was treated with hexanes (50 nL). The solid was
filtered and sol vent evaporated resulting in an oily residual. The crude

pr oduct fidd 51D NYiaLLhidPR, 19DOORESGERPHY 1 kbl 2 34400 mesh,
30 ) eﬁ?%%&c{h&%exgﬁ%g 1'd_HI_11rI]yI sh(rg%&% QPL{a?ggﬁb blr)o?n%dg { 1) as

col our | esmmel)land dry @yﬂwhasn@(%# nlB aﬁanmoldamgﬂ métdfylhhﬁb@wﬁféqud W) To a

sol ution hIdO bro s ether (30
m) was agiéle(g 4 ?Js}ln Wl an}(y %(fi%gzl | 1%11}0% qlmao gmb%ﬁ N ?H%%éﬁﬁr%/st al of

i odi ne. Thtureswub ttirkgl modnufempmm ef/érl:n)gﬁd Thadexturd wasaletedfwith 3I(I)mbour s. The

m xture I to roo terrper To t

nitrogen%%&dg‘ge gteaRpic 't‘ﬁeﬁWéfV lﬂh’l’i’?ter &rﬁjﬂ nggj%’é’élﬁ)é ﬁ‘ig)r?f’ ture was
stirred aljdiQRB 4BNBSLAKKE), OM%rsBIVgﬁ%twas-EQaﬁd?ﬁedmd(éfo%@OW@% APdedi20 m . of
10% H2504 aqueous Sol ution. The ether phase was separated and aqueous phase
ext r act edlvg arrdearpdycet wapuset Yn thyellavong btae itbpgdhithcr praBeatipas washed wit h
water (2 x 25 nmL), brine (25 nmL), and then dried over anhydrous Na2504.
Evaporation of the solvent gave 1.1 g of pale oil as a crude product (I11).
The crudel4pSentbiedis ved's 2 geidiafackidolpyl-4e@Fdimathy lunonedtlod)- i iydiawlsic| (RAragel
(230-400 ne eluted with 0-3% ethyl acetate gradient in hexanes.
This afford 62'49%1)(40% of diarachi donyl nethyl formate (I11) as pale
oil. 10. synt hesi s of Diarachi donyl Met hanol (1V) The above

di arachi donyl methyl formate (I11, 0.43 g, 0.71 mol) and KOH (100 ng) were
stirred iTPéIS‘?@HW(teZOatﬁﬂj)l( i, pé@@ﬂ@%é@ﬂm‘@éa@ﬁﬂéﬁ mk of ogen over ni ght .

ool t1 g ettt B A O e B S 3R M e EXAREAEE 2 seouie
phars] gdvvsmsfoeﬁtla)t&g?aebllw;@sh%wt Wey otft@noed m;w&aporélfm of drdslohedt S?g]rm;lnﬁxé ; gﬁts was
Nao504. " EPABERLE PR iR R0 2 Wb oM Bor Gefibndl Sl © The

crude pr o@leKlbrowRehapelbd élﬁ@fﬂréamt&nh@rm Lo tROBloag TRA- KZSI-(SZI-DM;QaQI&{Ie (230- 400
mesh, 40 nL) eluted with 0-5%eth acetate gradient in hexanes. This gave
0.41 g ofOIHiHﬁ‘H\‘JPH(élQﬂMHZn@PﬁéﬂéI5%15\6(1%1 toBaurtiesd). 4id-4. 11 2H. 9yt hesi s of

Di arachi dgpyh K6 Qe+ O0H), 2.65-2.85 (14H, m, 6 x C=C-CH,-C=C, NCH,), 2.55 (6H, s, br,
2 x NCH3), 2.06 (8H, m, 4 x allylic CH,), 1.80-1.92 (2H, m, CH;), 1.4-1.75 (4H, m, 2 x
CH,), 1.22-1.45 (20H, m), 0.90 (6H, t, 2 x CHs) ppm.

Example 38: Synthesis of 2,2-Didocosahexaenoyl-4-(2-dimethylaminoethyl)-[1,3]-
dioxolane (DDha-K5-C2--DMA)
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To a m xture of diarachidonyl nethanol (IV, 0.41 g, 0.71 nmol) and

anhydr ous potassium carbonate (0.05g) in 10 nL of CH2Cl2 was added

pyri di ni wwochioosemhr omate (PCC, 0.50 g, 2.3 mmol ). The Pesaistimgem»2Tpensi on
was stirred at roomtenperature for 90 mns. Ether (50 nL) was then added
into the mxture, and the resulting brown suspension was filtered through a
pad of floresil (30 nmL). The pad was further washed with ether (3 x 30 ni).
The ether filtrate and washes were conbi ned. Evaporation of the sol vent
gave 0.40.g=Qf=ap=Qi+y +esidualosass amc ude_ roduct The crudegproduct was
purified by colum chromat ography orhesi|iCa ge , 10 )
eluted with 0-3% ether in hexanes. This afforded lQ él(;lmg (75% of

di ar achi donyl tone - 400 Mz, CDClS) 6: 5 3-5. 5 (16H, m 8 x
CH=CH), 2.8 = @
m4xaIIyI|cCHZ) 125V165(20H n') . 1 x C .
Synthesi s @f.dufnt.al achi donyl-4-(2-hydroxyethyl ) - [1 31-di oxol ane (VI) A
m xture of diarachi dpnyl ketone (V, 0 30 g, 0.52 mol ), 1,2,4- butanetrlol

o B B o e

t ol uene wa = = over night w renmove
wat er. The resulting mixture was“¢g8fed“t'6"room t enpprat ure. vfhe organic
phase was washed with water (2 x 30 nL), brine (@9} and dried over
anhydrous Na2504. Evaporation of the solvent resultet in a yellow sh oily
residual . The crude product was purified by colum chromat ography on silica
gel (230-400 nmesh, 40 nmL) with 0-2% mefﬂa\tﬂ*[ [ ane | uent .

This afforded 0.29 g (84% of pure VI as pal €ol'lI'7 I3, Synfthesis o
2, 2- Di arachi dony1l- 4- ( 2- net hanesul fonyl et hyl )-[1, 31- d%oxol ane (M1) To a

solution of 2,2-diarachidonyl-4-(2-hydroxyethyl)-[1, B]P=dioxol ane (VI, 0.29
g, 0.43 mml)and drytrlethylamne(254rrg 25 ) in 20 nL of
anhydrous CH2Cl2 was added net hanesulfonxh\,qijsly ride. (0. 2 1.1 _pol)
under nitrogen. The resulting m xture was st e
overnight. The m xture was diluted with 30 nL of CH2C12 The orl\ganl Cc phase
was washed with water (2 x 25 nlL), brine (25 nL), and dPPeEever anhydr ous
MySO4. The sol vent was evaporated to afford 0.30 g of pale oil. The crude
product was Susthekid ¢f DdvesdhokdcawyIByomidegIM t hout further purification. 14.
Synt hesi s of 2, 2-Di arachi donyl-4-(2-di nmet hyl am noet hyl )-[1, 3] - di oxol ane
(DAraks- C2--DVA) To the above crude material (VII, 0.30 g) under argon was

added 15 AimiQfurdifmtonhadbng hiéth-Ehﬂ:sdl%theM 0glhe nﬁﬁ&yhﬂd RegdxhUr € was
stirred at roomtenperature for 6 da oiiy residual was obtai ned upon

evapor at | amiste (¢Re2. 3myrel) in abydraps @K«?rdﬂr%& @@b Highytirsnd widps argomyeveriglgo- 400
mesh, 40 0 r Jent
resul t ed %e)r(gyﬂi%&g&ol? é%%w%?(@gkre? %grhgg {)&d %ﬁgﬁ/&}@s@%ﬁp@?gﬁﬁl NVR (400
MHz, CDCIffljra@:an8 waslbwbre(chfibjnehan@solvditieClpratetl. DhelredTltiQ@ Msidopl Wasx OCH), 3. 49
1H, t, .65-2.8 14H 6 C, NCH2 H s, br, 2
. NCH3), B Lgd%éﬁ?mmn Cir%(wai?érwrﬂwé\ff e 50 giss sh, ?@f&%e%%ﬁ%v LA
(4H M ZhoxakdPThis gavé2- g 65d({c392|ﬁex£810yl(1)r&ﬁ1dégﬂ) ad coldurksd@diB) ppm Exanple
38: Synthesis of 2,2-D docosahexaenoyl-4-(2-dinethyl am noet hyl)41, 3] -

di oxol ane ( DDha- K5- C2- - DVA)
9. Synthesis of Didocosahexaenoylmethyl Formate (IIT)

To a solution of docosahexaenoyl bromide (I1, 2.2 g, 6.0 mmol) in anhydrous ether (60
mL) was added Mg turnings (145 mg, 6.0 mmol) followed by one crystal of iodine. The
resulting mixture was refluxed under argon for 5 hours. The mixture was cooled to room
temperature. To the cloudy mixture under argon was added cthyl formate (0.50 mL), and

the resulting mixture was stirred at room temperature overnight. To the mixture was
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VI Dinethylam ne DbDha-K5-C2-DVA 8. Synthesis of Docosahexaenoyl Brom de
(I'') A mxture of docosahexaenoyl nethane sulfonate (2.0 g, 5 1 nmol) and
magnesi urwobromvadedsoi4. 3 g, 23 Mol ) in anhydrous et her (P00/UsSR)09xw63925t 1 rred
under argon overnight. The resulting suspension was filtered and the solid
washed with ether (2 x 30 nL). The filtrate and wash were conbi ned and

sol vent evaporated. The resulting residual was purified by colum

chromat ography on silica gel (230-400 nesh, 40 nlL) eluted with hexanes.

Thi s gave,@e?4@nff 0f40f ASRHEXREAR%b 1AL Ml Het %ﬂas@%a%’ép@f&'fédea%ﬁ_aaﬁéous 9.
Synt hesi s of D docosahexaenoyl nethyl Formate (I11) To a sol ution of

docosahexaenosAtrapicd miltiether (50 LR The cembinadrotgpnic phasshwed maslederitiewatts0 nl)

was added i N Q. 1) follo ne cryst of i odi ne.
The ©ocu @i HLDLARE ode). THy 1affTRloh Rl AT PUSARIRLR NGO’ | 081 Do
cool ed t asohv@angdve 2y3es aft weilewishoiltaka celdeyayduoi AL Ehewndeprédugowasvas added
ethyl formate (0.50 nL), and the resulti 1 XLure s stirred. at room

t enper at u? ifigg i??’ PR, c)h*i%nact‘?%al?rjﬁyﬁntﬂlé’av%ﬁg(% g&éé Hleﬁ%%mﬁﬁutgfﬁw ﬁggm aqueous
sol uti 0”-7%@&1y@£&é€d%e QQ@&_@& i%@xa%@ﬁ?%ﬁ:ta%fércﬁzﬂqﬁogl@@% Ophase extracted with
ether (50 nlL). The conbi ned organi c phase was washed with water (2 x 50

mL), bri nddgomeahgracnogmgthvh émgici(Bd) swvate ethhydr ous MySO4. Evaporation of the
sol vent gave 2.3 g of yellowish oil as a crude product (I1l). The crude
product was purified by columm chromat ography on silica gel (230-400 nesh,
50 nmL) el 1t SgnthedihoflDidddasdichydnogcdehteol gh\di ent i n hexanes. This afforded
1.38 g (65% of didocosahexaenoyl nethyl formate (l111) as pale oil. 10.

Synt hesi s of Di docosahexaenoyl Methanol (1V) The above

di docosahpheasaey iaBs At exhoymi@nyll fdrnatel(1A81.98 ¢22.1 nili®) AndIHKED (3P0 ND)
were stirred in 90% EtOHFggmrrrL at room tenperature under nitrogen for 90

m n. Uponveesiredt ind okEtQ TN tRRPratye upds nitsnaga fer ReBineVagivr at ed.

The 1esul tGed Bt WeGeM@iSn HhERbEGe W ivEn§s T t%!*"ﬂﬁ' §fhb Wi The
agueous pha e was eftreactré’c}ﬁ%ﬁtﬁ g%er (25x ?%a p %ees clo%mlnezf et her
extract wes twasidedthw® hLwde®t HCRsolutk®. he aquopusnshagcS@asdx)ractedhevittiicihed over
anhydr ous 4 aporation. of the solvent ve 1.18 0 rud V as
yel | owi sh(z(l\ﬁ/" i)j nﬂl’%g\ﬁg FRige™, $8tggc?%%swaﬁﬂﬁsque‘gﬁbvat€5mo E‘ﬁr?g%‘?g% aphy on
silica gehL{ 2380d4&0ovEesthydafdis MSCE| Bl gdratioh Bf OreGbvedthyle AL afervge adi ent in
hexanes. This gave 1.'01%; of di docosahexaenoyl nethanol (1V) as col ourl ess
oil. IV as yellowish oil. The crude product was purified by column chromatography on silica

gel (230-400 mesh, 50 mL) eluted with 0-6% cthyl acetate gradient in hexanes. This gave

1.0 g of didocosahexaenoyl methanol (I'V) as colourless oil.
11. Synthesis of Didocosahexaenoyl Ketone (V)

To a mixture of didocosahexaenoyl methanol (IV, 1.2 g, 1.9 mmol) and anhydrous
potassium carbonate (0.1g) in 30 mL of CH,Cl; was added pyridinium chlorochromate
(PCC, 1.05 g, 4.8 mmol). The resulting suspension was stirred at room temperature for 2
hours. Ether (120 mL) was then added into the mixture, and the resulting brown
suspension was filtered through a pad of silica gel (75 mL). The pad was further washed
with ether (3 x 75 mL). The ether filtrate and washes were combined. Evaporation of the
solvent gave 1.3 g of an oily residual as a crude product. The crude product was purified
by column chromatography on silica gel (230-400 mesh, 40 mL) eluted with 0-3% ethyl
acctate in hexanes. This afforded 0.83 g (69%) of didocosahexaenoyl ketone (V).
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11. Synthesis of D docosahexaenoyl Ketone (V) To a m xture of

di docosahexaenoyl nethanol (1V, 1.2 g, 1 9 mol) and anhydrous potassi um
car bonat ewQQotogs44om 30 ni of CH2CLl2 was added pyri di ni umcthiseso9nbivemat e
(PCC, 1.05 g, 4.8 nml). The resulting suspension was stirred at room
tenperature for 2 hours. Ether (120 nmL) was then added into the m xture,
and the resulting brown suspension was filtered through a pad of silica gel
(75 mL). The pad was further washed with ether (3 x 75 nL). The ether
filtrate and washes were conbi ned. Evaporation of the solvent gave 1.3 g of
an oily residual as a crude product. The crude product was purified by

col um chiZodentbepisagf2-Bridespdaheracyeil -4-£30ydroxy cthydhl 1, 34gligno}ane(Yibed with 0- 3%
et hyl acetate in hexanes. This afforded 0.83 g (69% of di docosahexaenoyl
ketone (V). 12. Synthesis of 2,2-Di docosahexaenoyl

- 4- ( 2- hy dA exiy®tdofl d)arﬁclmﬁ)]nybll'tml (¥ne.4p ¥l 9. 69\nnilo<11 ureA-biitasktaslgoB3s gonygl ket one

(V, 0.43 anet Q.3 and pyridi ni um
p-tol uenefgﬁlpg&ﬁipgrn@s%%*}o%ﬁl Fogic 6§d ﬁéﬁmgg@m l‘i’ﬁ%&?ﬂ&‘ﬁﬁ‘gr ar gon

over ni ghtyitet fgén HrRANZRKa DURESTafk HBEMMBMYAL Rliter. TRE résBRMb hiiR@rdM Xt Uure was
cooled to roomtenperature. The organi c phase was washed wth water (2 x 30

m_l) bri n‘éaS(c;s»@ledm rooghigmageiague.dhe organipyithesigasvgsbad with sigesr £ k A md9. t he
o e BT AR LR S EMLES] M SRR aR e

0- 296nethﬁmothmﬂgmﬁMhmtdhebhﬂa@nmamahuthﬁeahysdamh@hdmdmﬁy4&y@n(95@6 of

pure VI as.pal es| s 2 do hex noy .

P €2~ e s R Brp S T S s B G R R oo g o g B

2, 2- dIdOQﬁﬁﬁ&QWﬁ@ﬁQ{ﬁw@xﬁ%uﬂyWIQ%%ﬁﬁhyl)41 31- dloxolane (vVl, 0.42 g, 0.59
nnDI) and dry triethylamne (300 ng, 2 9 mol) in 50 nL of anhydrous CH2C12

was added net hanesul fonyl anhydride (0.25 g, 1.4 mol) under nltrogen The
r esul t N TELHEs, VS 2L DdRG Al EARM LAMDRERL, 1 Biesiaoani c
phase was magﬁ JQVnth water (2 x éqg),eﬁgéne €§%8ﬁﬁgﬂ§gﬂb3 r|e Gver
anhydrous MjBO4. The sol vent mas evaporated to afford 0.43 g of pale oil.
The crude product was used in the following step without further
purification. 14.

Synt hesi spf 2 sAuiRdndaoos alassremaydmodt-§ 22-di dekfuhyan) mailds}wlam [(ﬂZI 3] 42§ oxol ane

( DDha- K5- C2--E%ﬁg To the above crude materi al %VI under argon was
added 15 M9 mmad) apdidry tristhyiranipg (3p0mg, 2. mmppD) i @mle%ﬁﬂnhyﬁgu%?l;&% e was
stirred r ned upon
evaporat?%ﬁ“%@gq%@ﬁggﬁggﬁﬁﬁaﬁgﬂﬂﬁ%gg%fo&gfgg?gxkggghgs|Ilca g§F ﬁ%30-400

mesh, 40 mtqumwmsmmﬁh@nﬁmmamukﬂgmadvgn@hithpﬁhhmmbWEnhanﬂmbglwﬁment

ited in.0-3 th t - K5- C2- DVA 1o . 1H NWR
(400 vz, “Beice 2 Enel HE BB Gl RIS Rl o B Ry 1 51
oCH), 3. 569]af)drbted1t0 affdei, 432 &hal. oib T2 tud®produdiGhHR usell 1Z3h62foﬁawfn%@l'é,p m 10 X

C=C- CHe- c_ﬂzuﬁﬁj 5 s, br, 2 x NCH3), 2.06 (8H m 4 x allylic CH),
2.0-2.2 (¥ f%ﬁ&l}’uﬂ a1 95 (2H, m CH2), 1.3-1.65 (8H m 4 x CH2),

0.90 (6H, t, 2 x CH3) ppm

14. Synthesis  of  2,2-Didocosahexacnoyl-4-(2-dimethylaminoethyl)-[1,3]-dioxolane
(DDha-K5-C2--DMA)

To the above crude material (VII, 0.43 g) under argon was added 15 mL of
dimethylamine in THF (2.0 M). The resulting mixture was stirred at room temperature
for 6 days. An oily residual was obtained upon evaporation of the solvent. Column
chromatography on silica gel (230-400 mesh, 40 mL) with 0-5% methanol gradient in
dichloromethane as eluent resulted in 0.31 g of the product DDha-K5-C2-DMA as
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Exampl e 39: Synthesis of 4-Di nethyl am no-butyric acid
1-octadeca-6,9, 12-tri enyl nonadeca-7, 10, 13-trienyl ester (005-14) MBr2,
di et hyl evben10055+038 KCOH 85% Et OH PCT/US2009/063927

yellowish oil. '"H NMR (400 MHz, CDCls) 8: 5.25-5.45 (24H, m, 12 x CH=CH), 4.05-
4.17 (2H, m, 2 x OCH), 3.50 (1H, t, OCH), 2.87-3.15 (2H, br., NCH;) 2.73-2.87 (20H, m,
10 x C=C-CH,-C=C), 2.65 (6H, s, br, 2 x NCH3), 2.06 (§H, m, 4 x allylic CH,), 2.0-2.2
(2H, m, CH,), 1.75-1.95 (2H, m, CH3), 1.3-1.65 (8H, m, 4 x CH3;), 0.90 (6H, t, 2 x CHj)
ppm.

Example 39: Synthesis of 4-Dimethylamino-butyric acid 1-octadeca-6,9,12-trienyl-
nonadeca-7,10,13-trienyl ester (005-14)

&
e — — —
¢ MgBr,, diethyl ether

Br e e 005-8

HJ<O o~ ~_

KOH i 85% EtOH

HO 005-12

CH,Cl, N OH
| W

0]
o)
_N — f— p—
\

Under an argon atmosphere, to a round-bottom flask charged with DLen(y)-McOH (005-

DCC, DMAP HCI
~

12, 262 mg, 0.5 mmol), 4-dimethylaminobutyric acid hydrochloride (101mg, 0.6 mmol)
and 4-(dimethylamino)pyridine (13 mg) in dichloromethane (5 mL) was added
dicyclohexylcarbodiimide (134 mg). After the mixture is stirred for 16 hr at ambient
temperature, the solvent was evaporated and the residue was taken in diethyl ether. The

white precipitate is discarded by filtration. The filtrate was concentrated to dryness (0.4 g
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DCC, DVMAPHCI CH2C 21\1-rOH 10 Under an argon atnosphere, to a

round- bottom fl ask charged with DLen(y)-MOH (005- 12, 262 ng, 0.5 mol),
4- di met hywerebraisutoyri ¢ aci d hydrochl ori de (101ng, 0 6 nEOT)USA004/063927

4- (di met hyl am no) pyridine (13 ng) in dichloronethane (5 nL) was added

di cycl ohexyl carbodiimde (134 ng). After the mxture is stirred for 16 hr
at anbi ent tenperature, the solvent was evaporated and the residue was
taken in diethyl ether. The white precipitate is discarded by filtration.

The filtrgf eTlY@%sﬁ@é\%&‘s”ﬁJrﬁffeﬁ@ytceluﬁ'{nyeﬂﬁﬁ{%at&é}a&y%n s%éa)gel @36 L4068 di & onas
purified by col utm chr omat ogr aphy on silica 50 )

el uted wimh) le’éetlowtk%%to %tdﬁarﬁdlanplnndlmhmr@mot%mmEmtlorﬁrmotalrm&the@nlteal ni ng
the pure a[? P&uclt] Wer nggda)m@ cfn%ntfc? nﬁ?ntt‘eal Al ed ngseﬁe[ﬁ}ot% mv_?yer_?%afzsed

t hr ough exane
filtrate sas gelhem n&@hwsshted am&ﬂhcaaﬁiesotsnﬁn) mhe hilgdite\msuhma édmrceﬂtfatedends gave

Vb, | CoC1djedh T yamgor 4 1ok tegabeqnt @it oo Bsgid s e 2. 77
(111 ke Jeu2: Hiow 81) 11 28 (@C)OB@HZ@)(C%)SS%‘%I vy (i, m(ﬁg 2t 218

(s, 6. (g-1i ke, J=6 o, uintet-lik
18 Gt ain 150 .07 (i 10 e, {H). 2 P06t0peb LT oB AR (& 157

2H), 2.18 (s, 6H), 2.02 (qg-like, J=6.8 Hz, 8H), 1.75 (quintet-like, J=7.6 Hz, 2H), 1.48 (m,
4H), 1.37-1.20 (m, 24H), 0.86 (t, J=6.8 Hz, 6H) ppm.

Example 40: Synthesis of 5-Dimethylamino-pentanocic acid 1-octadeca-6,9,12-
trienyl-nonadeca-7,10,13-trienyl ester (005-23)

HO 005-12
DCC, DMAP Br OH
CH,CI, EtsN '
o
0
A S 00O uSOd
Br — — —
005-21
\N/
H

O
N g
/

Step 1, 005-21:

Under an argon atmosphere, to a round-bottom flask charged with DLen(y)-McOH (005-
12, 262 mg, 0.5 mmol), 5-bromovaleric acid (181 mg, 1.0 mmol) and 4-
(dimethylamino)pyridine (30 mg) in dichloromethane (10 mL) was added
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Exanpl e 40: Synthesis of 5-Di nethylam no-pentanoic acid 1-octadeca-6,9, 12-
trienyl -nonadeca-7, 10, 13-tri enyl ester (005-23) 005-23 Step 1, 005-21:
Under an wogon/@i4smmsphere, to a round-bottom fl ask char gea/useann/063927
DLen(y)- MeOH (005- 12, 262 ng, 0.5 nmol), 5-bronovaleric acid (181 ng, 1.0
mol ) and 4- (dinmethyl am no)pyridine (30 ng) in dichloronethane (10 nL) was
added

dicyclohexylcarbodiimide (227 mg). After the mixture is stirred for 16 hr at ambient

temperature, the solvent was evaporated and the residue was taken in hexanes. The white

precipitate was discarded by filtration. The filtrate was concentrated to dryness. The

residue was purified by column chromatography on silica gel (230-400 mesh, 50 mL)

cluted with acetate in hexanes (0-2%). Fractions containing the pure product were

combined and concentrated. This gave 290 mg (0.42 mmol, 84%) of 005-21 as slightly

yellow oil.
Step 2, 005-23:

To 005-21 (290 mg) was added dimethylamine (2M in THF, 10 mL). The solution was
stirred at room temperature for 6 days. The excess amine and solvent was evaporated.
The crude product was purified by column chromatography on silica gel (230-400 mesh,
50 mL) with methanol in dichloromethane (1 to 3%). Fractions containing the product
were combined and concentrated. The residue oil was passed through a layer of celite and
washed with hexanes (6 mL). The filtrate was then concentrated and dried in high
vacuum for 2h. This gave 204 mg (0.31 mmol, 74%) of 005-23 as slightly yellow oil. 'H
NMR (400 MHz, CDCls) &: 5.43-5.30 (m, 12H, CH=CH), 4.84 (quintet, J=6 Hz, 1H),
2.77 (t-like, J=5.2 Hz, 8H), 2.39-2.28 (m, 4H), 2.28 (s, 6H), 2.06 (g-like, J=6.8 Hz, 8H),
1.66 (quintet-like, J=7.2 Hz, 2H), 1.60-1.48 (m, 6H), 1.41-1.24 (m, 24H), 0.90 (t, 6H,
J=6.8 Hz) ppm.

Example 41: Synthesis of [2-(2,2-Di-octadeca-6,9,12-trienyl-[1,3]dioxolan-4-yl)-
ethyl]-dimethylamine (005-31)
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di cycl ohexyl carbodiimde (227 ng). After the mxture is stirred for 16 hr
at anbi ent tenperature, the solvent was evaporated and the residue was

t aken i n wWexands440The white precipitate was di scarded bycfriuseeoatszsz The
filtrate was concentrated to dryness. The residue was purified by colum
chromat ography on silica gel (230-400 nesh, 50 nL) eluted with acetate in
hexanes (0-2% . Fractions containing the pure product were conbi ned and
concentrated. This gave 290 ng (0.42 mml, 84% of 005-21 as slightly

yellow oil. St , = 235 T10~Q05- ng) was added di net hyl am ne (2M
in THF, 10 HA)X The solution was stirred at %#®¥m tenperature for 6 days.
The excess am d>sol vent was$ evaporated. The crude product was purified

by col um chromat ography on il i ca gel (230-400 nesh, 50 nmL) with nethano
in dichloronmethane (1 to 8% . Fractions containing the product were

conbi ned and.concentrated. The residue oil was passed through a |ayer of
celite ang shed w hexanes (6 nL). Theodsdstrate was then concentrated
and dried in\Hi cu i ave 204 ny (0.31 mmol, 74% of

005-23 as slightly yellow oil. 1H NWR (400 MHz, CDCl13) 6: 5.43-5.30 (m

12H, CH=CH), 4. 84P§%U'En§nej, J =4z, 2.77 (t-like, J=5.2 Hz, 8H),
2.39-2.28 (m 4H), 2. fs, 6H), 2.06 (g-like, J=6.8 Hz, 8H), 1.66
(quintet-like, J=7.2 Hz, 3AH), 1.60-1.48 (m 6H), 1.41-1.24 (m 24H), 0.90
(t, 6H, J=6 He) e 41:_ Synt hesi s of

[2-(2, 2-Dgocta [ , 3] di oxol ass-2b- y1) - et hyl pdi net hyl am ne
(005-31) gﬁep , Nl inolenyl (7) methanol (005-12,
550 ng, 1.05 mmol) and anhidrous pot assi um carbonate (58 nmg) in 25 nlL of

anhydrous CH2Cl2 was added| pymegtpoum chl or ochromate (PCC, 566 ng, 2.63
mmol, 2.5 equiv.). The resylting suspension was stirred at room tenperature

for 90 mm Et a0 s then added in he m xture, and the resulting
brown suspgngi o s filtered through a pad of siobs-ma gel (150 nmL). The
silica gel-<pad was wa i 3 x 50 nm.). The ether

of an oily residue as a crude>pfoduct. The crude product was purified by
col utm chr gmat ography on sjlicl gel (230- 400 mesh, 50 nL) eluted with 0-3%

of ethyl atet te(; hexanes. This gave 344g (63% of the titled product
(005-28). Ssgﬁ\gi 05- 29: m Xture 5-28 (¥s3ng, 0.66 mmmol ),
1, 2, 4- but anetri olo ~di ni um p-tol uenesul fonate (30

ng) in 50 nL of toluene was heated to refl ux under argon overnight with a
Dean- St ar tq?ﬁ%£%$rennve water. The resulting m xture was cooled to room
t enper at &P gani ¢ phase was washed with water (30 nL) (the
butanetriol is not soluble in toluene, so just decant the solution and the
triol wasTd efmhixtuehbfdilinolnylng) 3thandl) (005412, §50 md, ©08mmaolhydd anlsydNar504.

Evaporati on of the solvent resulted in a yell ow oi ly residual... The crude
product VRSB Pty (Romah Eﬁrfgw?&gb%%ﬂ@ﬁ bty Péd afdad 1@5@'@?%@0 mesh,
40 ) el ghQdcibhbte 4PtiCehY |mgac'2°?63a¥rﬁldl,n2bee>§lﬁﬁfl')ﬁ ThEr&@lti@NdssdBloaivisng the

pure product were combi ned and concentrate is afforded 337 ng (83% of
pure 005-gigred gt pasmpliempsiatusg for 98traiy. Bthep(H0 3g:) wWas thensgsldgd inde thefmpbse.29 (337

, 0.55 n rd L an, ‘o )
gﬁhydrou§ﬁgﬁ%%fgﬂadggﬁgﬁgﬁgﬁg¥h§§L£ﬁF%g%éﬁog%hy%¥$%gh%%%g(ﬁg?g%?ggwnnnl)
under ni tyiligese]l paheay sthért wastjedrivith ether (@ars 58 il r Bleb @berrfdoae hedpeshatgsr e
overni ght. The gixhuEe wa .di% tedlmjgh 30 g} offCHZC}Z. The or%an'c phase
was washedi PHORSHeF VipoTaion f Hhg solyf gave 55 me)of A yieridhc 8y ar 11hdr‘fhydr ous
MyS04. Thgosth VY crt@sSproua ara paflfit® balb ik chfdmao@bpliynén diged fad2pv-oduct as

colorless clear oi roduct was pure enough and was used in the

| (99% . The S
f ol I owi ngfMkragshywp@ Wb&:?lufedrwﬂve(w%ﬁfi cfhiyd agqtaim n hexanes. This gave 344¢ (63%) of
the titled product (005-28).

filtrate and washi ngs mere}conbined. Evaporati on of the solvent gave 510 ng

Step 2, 005-29:
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Step 4, 005-31: To 005-30 (377 ng) under argon was added 15 niL of
dinmethylamne in THF (2.0 M. The resulting m xture was stirred at room

t enper at Wwe 2bvosésodays. An oily residual was obtai ned upcm/UusSe@pos3eT on of

t he sol vent. Col umm chromat ography on silica gel (230-400 nmesh, 40 nlL)
eluted with 3% net hanol in dichloronmethane. Fractions containing the pure
product were conbi ned and concentrated to give 314 ng of the titled product
(005- 31) as clear pale oil. 1H NWR (400 MHz, CDC13) 6: 5.41-5.26 (m 12H,

CHECH), 44 Q6ix d mdE 715, =7 5,
7.5(3';)2) AZ;Q%{&(I% O%P%%2§59£4ﬁ1% 0635'#11H§15 1§4%ta'§1eh'io)1 (34?9 ngeéédmmw ,nliz 19 (s,

6H), 2. OZDY(ftthil‘llmep tomeaesalfmate B}GD mg) in7§0 (Hh oﬂ_llq)uenq_ W@? heated H.Q-Deﬂwl u@@erl 51 (m
4H), 1. 38- E) H, . J npl Synt hesi s
of 4-(2- I\?e%?]n %V‘Li(arrzlllg%g&'l 31%e -5 tﬂf ﬁq’lectoarg 8Vi ageca élﬁ Slmlzre Wk
di enyl - noamadﬁCta rbemmm@elaﬁlyé E&t @gal(i({)@ﬁaslz&)/asl-m&d WithDEaler VARL)CHRCI 2 O
1/ Br/Q . . . . .

butanetriol is not soluble in toluene, so just decant the solution and the triol was left

behind), brine (30 mL), and dried over anhydrous Na,SO.. Evaporation of the solvent

resulted in a yellowish oily residual. The crude product was purified by column

chromatography on silica gel (230-400 mesh, 40 mL) eluted with 4 % ethyl acetate in

hexanes. Fractions containing the pure product were combined and concentrated. This

afforded 337 mg (83%) of pure 005-29 as colorless oil.

Step 3, 005-30:

To a solution of 005-29 (337 mg, 0.55 mmol) and dry tricthylamine (0.28 mL, 2 mmol) in
30 mL of anhydrous CH,Cl, was added methanesulfonyl anhydride (310 mg, 1.78 mmol)
under nitrogen. The resulting mixture was stirred at room temperature overnight. The
mixture was diluted with 30 mL of CH,Cl,. The organic phase was washed with water (2
x 25 mL), brine (25 mL), and dried over anhydrous MgSO,. The solvent was evaporated
to afford 377 g of the desired product as colorless clear oil (99%). The product was pure

enough and was used in the following step without further purification.

Step 4, 005-31;

To 005-30 (377 mg) under argon was added 15 mL of dimethylamine in THF (2.0 M).
The resulting mixture was stirred at room temperature for 6 days. An oily residual was
obtained upon evaporation of the solvent. Column chromatography on silica gel (230-400
mesh, 40 mL) eluted with 3% methanol in dichloromethane. Fractions containing the
pure product were combined and concentrated to give 314 mg of the titled product (005-
31) as clear pale oil. 'H NMR (400 MHz, CDCl;) 6: 5.41-5.26 (m, 12H, CH=CH), 4.06
(m, 1H), 4.01 (dd, 1H, J=7.5, 7.5 Hz), 3.45 (dd, 1H, J=7.5, 7.5 Hz), 2.77 (t-like, J=5.6 Hz,
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Cs2CC8, TBAI, CH3CN Step 1, 005-13: Under an argon atnosphere, to a
round- bottom fl ask charged with DLi nMeOH (001-17, 528.9 ng), 4-bronobutyric
aci d (200wogp1oaseso4- (di met hyl am no) pyri di ne (25 ng) i npdiraiscamwosmehane (10
m.) was added dicycl ohexyl carbodiimde (268 ng). After the mxture is
stirred for 16 hr at anbient tenperature, the solvent was evaporated and
the residue was taken up in diethyl ether. The white precipitate (DCU) was
di scarded by filtration. The fiItrate was concentrated and the resulting
resi dual f S 30- 400
mesh, 50 %fﬂ22@3?£3PQM%Z%KSPMES?§? zQﬂﬁgggﬁaF2¥i%F%egghgg8Q$LE§?gave
0.44 ¢ (65% (rof 1105603 . 5els(mcéH&>r1I@s&b(ﬂlﬂ@)e@ﬁ@(t 0l 5=08 HA pwinxt ur e of
005-13 (0.44 g, 0.65 mmol), 2-nethylaziridine (148 ng, 2.6 muol, tech.

90%, Cs2CO3 (2.6 nmol) and TBAI (2 4 mmol) in acetonitrile (10 nL) was
stirred under Ar for 4 days. After the solvent was renoved, to the residue
was added hexanes and water. The two phases were separated, followed by
extract i dbxaphple H3: dyudless phé<2-Mthyl-dranidinelsyl)-umyric tid toetaileradd,b2-gani c
phase was dﬁ'lendng &B_Iﬁ)oglél %sf%@s concentrated to dryness. The
resultlng iy r| py”col um chromat ography on silica gel
(230-400 nesh, 50 m.) eluted with 1% to 3% of nethanol in dichloronethane.

Fractions cgn ™ roguct nbi ned,gngd concentrated (200 nmg of
oil). This wa chronatography on silica gel (230-
400 nesh, 50 nL) eluted gradl nt ethyl acetate in hexanes (5% 20% .
Fracti ons cactamvaengH,.tihe um Uct were combi ned and concentrated. This
gave 96 ny (33@6 of 005 8 as coﬂbrless oil. 1H NWR (400 MHz, CDCl13) 6:

5.43-5.30 (m 8 J=6 Hz, 1H), 2.78 (t-like, J=6 Hz,
4H), 2.39 (- ik@ . (t<TTke, o2k, 2.06 (g-1ike, J=6.8
Hz, 8H), B89 (qui Met< : 1.56-1.48 (m 5H), 1.41-1.24
(m 38H), 1.18 (d, J=5.2 Hz 3H), 0.90 (t, 6H, J=6.8 Hz) ppm Exanple 43:

Synt hesi s oﬁgﬁog}m@bh qlno Ryt - 2-enoic acid

4. 87 (quintet,

1- oct adeca- 9, 12- dleny nonadeca- 10, 13- di enyl ester (005-34)

y .

Step 1, 005-13: Under an argon atmosphere, to a round-bottom flask charged with DLin-
MeOH  (001-17, 5289 mg), 4-bromobutyric acid (200 mg) and 4-
(dimethylamino)pyridine (25 mg) in dichloromethane (10 mL) was added
dicyclohexylcarbodiimide (268 mg). After the mixture is stirred for 16 hr at ambient
temperature, the solvent was evaporated and the residue was taken up in dicthyl cther.
The white precipitate (DCU) was discarded by filtration. The filtrate was concentrated
and the resulting residual oil was purified by column chromatography on silica gel (230-
400 mesh, 50 mL) eluted with 0 to 1% of ethyl acetate in hexanes. This gave 0.44 ¢
(65%) of 005-13 as colorless oil.

Step 2, 005-18: A mixture of 005-13 (0.44 g, 0.65 mmol), 2-methylaziridine (148 mg,
2.6 mmol, tech. 90%), Cs,CO3 (2.6 mmol) and TBAI (2.4 mmol) in acetonitrile (10 mL)

was stirred under Ar for 4 days. After the solvent was removed, to the residue was added
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Step 1, 005-32: Under an argon atnosphere, to a round-bottom flask charged
with DLi nMeOH (001-17, 528.9 ng, 1 mmol), 4-bronocrotonic acid (330 ng,
2mol ) amsiode1o(adii4eet hyl am no) pyri di ne (49 ng) in di chl orowaiSk@amcyo20 ni)
was added di cycl ohexyl carbodiimde (454 ng, 2.2 mmol). After the mxture is
stirred for 16 hr at anmbient tenperature, the precipitate was renoved by
filtration and the solid was washed with dichl oromethane. To the filtrate
was added 4-bronocrotonic acid (165 ng), 4- (di methylamn no)pyridine (15 ng)
and i nal foyaglisGHE WaREXDHeGRb RASNcE WelSchRRRd Taowd ByedxibhbonBrttdd febd Stirred
for 16 hr at anbient tenperature, the solvent was ‘evaporated and the

resi due welwse wikbrhckanchéXahedhe Torebingd prgapicatipgsi wat érig soismcijudfetgr ded by
filtration., The fil e, was c ent r.at ed _and .t resul 1.} residue oi

(567 o) s WEad B ratRsr BF R IbE TRy PR VS M RE LT SHENE, 25 o
005- 34: TehréhgtogmpideorDOBe3ge] (EBH7400hedhnde mlaregacd wak 1 addeds 6f methahol

di et hyl am in THF (2.0 . The.resylting mxture was stirred at room

t enper at dPéﬂ‘ﬁB‘Pm%‘e@ﬁ%. Fﬁ‘ﬁtl}%?sl qPnfaiing; fig) Progict Sistareinghan nspsREd on of
the sol venho ado@p. PHIE ivfds §ilriBYd 601N BD c6RhANEH: Qa4 6h Silitd 6@ (98-
(230-400q%es%?p40 %Lﬁbelutgg;mﬁthggic Ioronethanea%g%%ﬁ, 1%)t% é%)of

met hanol 409 @rdhS8rhiehitedevitlirgssiqng syt eertaie i hgxanke (Pard’pr begdenswer e

b1 e WeoHC DT O PUil et Pl et A T L B RSB 7T

1H), 5. 97005618 ab=brssz)., HBVMR-B0B MHBIEDGH) CGH).30 ¢, K31, (CHHCHEY,87)=6. 7

oy 5 oepe s i 1B ke bz, Arhsa 39 (s 17 8 i 28 o Thiné sty

J=6.8 Hz)2HpPmMo6 (q-likeTNe.§ 8zl QU EORFIARNILS, $e5T HZbed) absy e 48 m, BE),conbi ned
to provide further enbodiments. Al of the U S. patents, U S. patent

appl i cat i bhl-pdBine3ttohd 8 (d.dréi2di. pE- ARkt quﬂé@-grﬂzﬁ)ﬁp@nt appl i cations and
non- pat ent publications referred to in this specification and/or listed in
the Application Data Sheet, are incorporated herein by reference, in their
entirety. Aspects of the enbodinents can be nodified, if necessary to
enpl oy concept.s Qf ol vard ous tent.s, .applicatio a uplications to
o ovi te yErapF s ifishabt iR ARo iR bR A G T oPRAE T TakPDe [mde
to the enbmdide®Al®l3-dichyoditer@d03-34) above- detail ed description. In general,
inthe followng clains, the terns used should not be construed to |imt
the clains to the specific enbodi nents disclosed in the specification and
the clains, but should be construed to include all possible enbodinments
along with the full scope of equivalents to which such clains are entitled.

Accor di ngl ?A t he di scl osure. CLAIMS W
claim 1. BOr{pj Vi e _structu -E>-<ORI-1Z3| | or salts or isoners

t her eof
OH
DCC, DMAP, CH,Cl, | Br” >
0

Br. — —
(@]

i (CH3);NH, THF

/
—N — —
@)
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wher ei n: R1 and R2 are each independently for each occurrence
optionally substituted C10- C30 al kyl, optionally substituted G o-C30

al kenyl , wpt2oovmshdoy substituted C10- C30 al kynyl, opti on&Cryussassiseut ed

C o0-C30 acyl, or -linker-Iigand; R3 1S H, optionally substituted
Cl1-C10 al kyl, optionally substituted C2-Cl0 al kenyl, optionally substituted
C2- C10 al kynyl, al kyl hetrocycl e, al kyl phosphate, al kyl phosphor ot hi oate,

al kyl phosphor odi t hi oate, al kyl phosphonates, al kyl am nes, hydroxyal kyl s,

co-am noaddey hSe0%92: U RKPE altggﬁ %)c%?ﬂé?@% hy&ﬁl,d tﬁ)@tompﬂmwﬂﬁgé&%ﬁ DLGR -
t hi ophosphoal kyl's, optional I'y substituted polyethylene glycol (PEG nmw

100- 40K) | Mgt BTy SStBsmet dnmml)nﬂﬂ@omnwom 46) (33 hengrvangl) ,and 4-

LT Y Rl DRSS A ) B e ) ey Al il o
dlcyclohexylcarbodumlde (454 mg, 2.2 mmol). After the mixture is stirred for 16 hr at
ambient temperature, the precipitate was removed by filtration and the solid was washed
with dichloromethane. To the filtrate was added 4-bromocrotonic acid (165 mg), 4-
(dimethylamino)pyridine (15 mg) and finally dicyclohexylcarbodiimide (250 mg). After
the mixture is stirred for 16 hr at ambient temperature, the solvent was evaporated and the
residue was taken in hexanes. The white precipitate (DCU) was discarded by filtration.

The filtrate was concentrated and the resulting residue oil (587 mg) was used for the next

step without further purification.

Step 2, 005-34: To the crude 005-32 (587 mg) under argon was added 7 mL of
dimethylamine in THF (2.0 M). The resulting mixture was stirred at room temperature
for 3 days. An oily residual was obtained upon evaporation of the solvent and was
purified by column chromatography on silica gel (230-400 mesh, 40 mL) eluted with
dichloromethane 100mL, 1% to 3% of methanol in dichloromethane. Fractions
containing the pure product were combined and concentrated to give brownish oil (XD-
005-34, 69 mg, 11% from DLin-McOH, 001-17). "H NMR (600 MHz, CDCLs) &: 6.92
(dt, J=6.2 Hz, 15.7 Hz, 1H), 5.97 (d, J=15.7 Hz), 5.41-5.31 (8H, m, CH=CH), 4.93
(quintet, J=6.7 Hz, 1H), 3.07 (dd, J=1.1 Hz, 6.2 Hz, 2H), 2.78 (t, J=6.9 Hz, 4H), 2.27 (s,
6H), 2.05 (m, 8H), 1.58-1.52 (m, 4H), 1.39-1.24 (m, 36H), 0.90 (t, 6H, J=6.8 Hz) ppm.

The various embodiments described above can be combined to provide further
embodiments. All of the U.S. patents, U.S. patent application publications, foreign
patents, foreign patent applications and non-patent publications referred to in this
specification and/or listed in the Application Data Sheet, are incorporated herein by
reference, in their entirety. Aspects of the embodiments can be modified, if necessary to
employ concepts of the various patents, applications and publications to provide yet

further embodiments
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or salts or isoners thereof, wherein Eis C(0)0 or OC(0); Rl and R2 and Rx
are each i ndependently for each occurrence H optionally substituted G -C10
al kyl, opvoensldsysosubstituted C o-C30 al kyl, optional | ypPsuhmstéowosm®dr CLO-
C30 al kenyl, optionally substituted C o-C30 al kynyl, optionally substituted
C10-C30 acyl, or linker-ligand, provided that at |east one of Rl, R2 and Rx
is not H R3is H optionally substituted C-C o alkyl, optionally
substituted C2-Cl10 al kenyl, optionally substituted C2-C o al kynyl,

al kyl het r 0CyC|'ﬁ1es@$ﬂS¥dﬂE€?QﬁH&@§ San 12 3 RD AR AR Sight of the above-

al kyl phosphor odi t hi oate, al Kyl phosphonat es, al kyl am nes, hydroxyal kyl s,

co- am noaidfza}leé dessoiptigrs ulbgendral ed)lafnllr@mwlalms Tdaotermh@sqﬁlﬁbamlﬂylbsbe co -

t hi ophospho I naII t hyvl ene .al . (PEG nmw
100308 T SSTH R B Y B PREBE RS SHRYE & 5P

het er ocycdrﬂ th@dflallrﬂsnlklﬁl’sh(bul@Bﬂd@nst‘tud:cﬁto@nclﬂde a2, posyibId emBodinlehiatbngavith cl e

conpri si pid of cl |nB lor 2. 4.The |i %% article of claim 3,

conpri si ntg ?‘HLSCPP‘?)? agyva P‘élt%w 1°h§“°hr‘fjr%m’rslaﬁi %‘t &tﬁﬁ?oéd%glycﬁhﬁl 15 wherein

the partigl goff IHhitdae)y t6OOREIbSLS @ neutral lipid and a lipid capable of
reduci ng aggregati on.
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6. The lipid particle of claim5, wherein the lipid particle consists
essentially of a. Lipid of claiml1 or 2; b. a neutral lipid selected from
DSPC, DPPEP 2PORG440DOPE and SM c. sterol; and d. PEG DMBCTIUs2@9/w39aT rati o
of about 20-60% i pid:5-25% neutral |ipid:25-55% sterol:0.5- 15% PEG DMG or
PEG DVA. 7.The lipid particle of claim3, further conprising a therapeutic
agent. 8.The lipid particle of claim7, wherein the therapeutic agent is a
nucleic acid. 9. The lipid particle of claim8, wherein the nucleic acid is
a plasmd. 10.The lipid particle ofcchpif®@ 8, wherein the nucleic acid is an
i munost i nul atory ol igonucl eotide. TT. The lipid particle of claimS8,
wherein the nuWkelamacid is selected fromthe

1. A lipid having the structure

R
Ry—F—<"
Ry

XXX

or salts or isomers thereof,

wherein:

R, and R; are each independently for each occurrence optionally substituted Cio-
Cso alkyl, optionally substituted C;o-Cso alkenyl, optionally substituted C;-Cso alkynyl,
optionally substituted C;¢-C3¢ acyl, or —linker-ligand;

R; is H, optionally substituted C;-Cy¢ alkyl, optionally substituted C,-C;, alkenyl,
optionally substituted C,-C,o alkynyl, alkylhetrocycle, alkylphosphate,
alkylphosphorothioate, alkylphosphorodithioate, alkylphosphonates, alkylamines,
hydroxyalkyls, w-aminoalkyls, o -(substituted)aminoalkyls, ® -phosphoalkyls, -
thiophosphoalkyls, optionally substituted polyethylene glycol (PEG, mw 100-40K),
optionally substituted mPEG (mw 120-40K), heteroaryl, heterocycle, or linker-ligand;
and

E is C(O)O or OC(0O).

2. A lipid having the structure

R4
Ra
E
R3/ wc Rx
H n

XXXVII

or salts or isomers thereof,

wherein

E is C(O)O or OC(O);

R; and R, and Ry are each independently for each occurrence H, optionally

substituted C;-C; alkyl, optionally substituted C;0-Cs¢ alkyl, optionally substituted C;o-
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group consisting of an si RNA, an antisense oligonucl eotide, a mcroRNA, an
antagomr, an aptaner, and a ribozyne. 12.The lipid particle of claim 11,
wher ei n twe 2owalseéoe acid is an si RNA. WD 2010/ 054401 PCPCUSZO@9/0693D27 13.
A pharmaceutical conposition conprising a lipid particle of claim8 and a
phar maceutical |y acceptabl e excipient, carrier, or diluent. 14. A nmethod of
nodul ating the expression of a target gene in a cell, conprising providing
to acell the lipid particle of claim7. 15. The method of claim 14,

wher ei n tHe JRRYIaRRIhhIFy ﬁﬂ@tﬂhteﬂ%ﬁ@ 0%%3%91 foﬁ@éﬂaﬁ? s&“’dsﬁ&l@ed Ap-cangeem r, an

anti sense ol i gonucl eoti'de, and a plasm'd capabl € of expressing an si RNA, a

ri bozyne, méwrhgﬂdnngmkddntadﬁwS@ﬁgéTblRg@ﬁd@ﬂeomﬁﬂe 16. The nethod of
claim 14, wheregei.n.the.nu elc is a t es t

orymentt don oneUR H AR Slifadflad: LG, BBl BRMANY M BRGRCEE g

expr essi osptiohaltyh@bgalid€pid; dakpiyl taﬂi@lﬁmej‘zdl@ laadylphasp}ﬁm or fragnent thereof

by bver cabRdas e ah S gty plavt S TR Sl T Rger v ol ng for
t he subj eglirdé:HeIk ?Ea&)fiﬁﬁ@dﬂl&y@@b @é@lﬁﬁm&)‘a&%dﬁfky@ di-phokdhoaifigy, @ n the

therapeut| c agent 1s select ed froman si RNA, m cro an anti sense

oI i gonucl@@ph@@hoﬁhds,@pbmﬁélmséb%lﬁﬁ%{bp@wﬁhylmlm|(B§Gam“SIQQNﬂQK)a m cr ORNA,
t ; t
o 1 S EETAR SLLRBRHSAEL e, A ME 5L LA O

pol ynucl eot i den isldat, 22ncddes t he pol ypeptide, or a conplenent thereof. 18. A
nmet hod of treating a disease or disorder characterized by underexpression
of a polypeptide in a subject, conprising providing to the subject the

phar maceut i caljs, conppﬁpmkﬁﬂwgﬁx@hﬁgﬁ@%amm%@ﬁﬂﬁh@15h@ t herapeutic agent is a
pl asm d that encodes the pol ypeptide or a functional variant or fragnent

thereof. 19. A net Hd¢ lipfd pagiiep 313?13 icamprieng dsdwikel dl4ma. subj ect |
conpri si ng prqy'@h@ﬂbﬁgmﬂﬁﬁcﬁ%ﬁhﬁ%tw&&%mﬂ%ﬁ&ﬂﬁ&@%&ﬂﬁ?to @ﬂE??h&hﬁ@ of claim

13, wherein the therapeutic agent is an i nosti mul at or gonucl eot i de.
20. The net hod ohmdhadam@mgmmﬁé¢efmdmmmg¢mamgmmmut|caI conposition is
provi ded 6. The lipid particle of claim 5, wherein the lipid particle consists essentially of

a. Lipid of claim 1 or 2;

b. anecutral lipid selected from DSPC, DPPC, POPC, DOPE and SM;
sterol; and

d. PEG-DMG,

in a molar ratio of about 20-60% lipid:5-25% neutral lipid:25-55% sterol:0.5-

15% PEG-DMG or PEG-DMA.

o

7. The lipid particle of claim 3, further comprising a therapeutic agent.

8. The lipid particle of claim 7, wherein the therapeutic agent is a nucleic acid.
9. The lipid particle of claim 8, wherein the nucleic acid is a plasmid.

10. The lipid particle of claim 8, wherein the nucleic acid is an

immunostimulatory oligonucleotide.

1. The lipid particle of claim 8, wherein the nucleic acid is selected from the
group consisting of an siRNA, an antisense oligonucleotide, a microRNA, an
antagomir, an aptamer, and a ribozyme.

12. The lipid particle of claim 11, wherein the nucleic acid is an siRNA.
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to the patient in conmbination with a vaccine or antigen. 21. A vaccine
conprising the lipid particle of claim9 and an antigen associated with a

di sease owopatdinsgem. WO 2010/ 054401PCT/ US2009/ 063927 2PCTIse009A6392Ne Of
claim?22, wherein said antigen is a tunor antigen. 23. The vaccine of claim
22, wherein said antigen is a viral antigen, a bacterial antigen, or a
parasitic antigen. 24. The lipid particle of claim7, wherein the nolar
ratio is 52% | ipid:5%neutral |ipid:30%sterol: 13% PEG DMG. 25. The net hod

of claimip, Whe b RBufAl A%hpHRIR cbs: ﬁehgg Eﬁlﬂameﬂe(tmai&rsomaconsisti ng
of Factor VI, PCSK9, TPX2, apoB, SAA "TRSV.  PDGF beta gene, Erb-B

gene, Src gene @Rngeﬂ@cﬂEFB@q@%ﬁ@ﬂWRASHg@neﬂ(Nﬁkm@gene JNK gene, RAF

gene, Erk 2 geng Zlciulaglng p?es %‘rrll%‘ f] etg el '(::gﬁ %SlnBCL-Z
gene, 'n D gene %ﬁ FheA ene mP E gene,
VNT- 1 gene betapﬁﬁkﬁmgm2@£H€m3mm&§ﬁhgemédaﬁmﬁ gene, NFKB gene, STAT3 gene,
survivin gene, 2 ene, XBPl gene, oi sonerase | gene,
t opoi somer’ase IP%%F ‘g@ﬁégnﬁﬁgRTéﬁ%nt%?@?@@@ﬁ%éﬁﬁffs gﬁ@dfﬁ?VPKIPl) gene,
PPMLD gene, RAS GRRE\, af N@BEh, dn HBNRsc MiBnliclOSNR, alMAa@80apabREr9ene,

tunor suppressor genes, and p53 tunDr Suppressor gene.
expressing an siRNA, a ribozyme, an aptamer or an antisense oligonucleotide.

16. The method of claim 14, wherein the nucleic acid is a plasmid that encodes
the polypeptide or a functional variant or fragment thercof, such that
expression of the polypeptide or the functional variant or fragment thereof is
increased.

17. A method of treating a discase or disorder characterized by overexpression of
a polypeptide in a subject, comprising providing to the subject the
pharmaceutical composition of claim 13, wherein the therapeutic agent is
selected from an siRNA, a microRNA, an antisense oligonucleotide, and a
plasmid capable of expressing an siRNA, a microRNA, or an antisense
oligonucleotide, and wherein the siRNA, microRNA, or antisense RNA
comprises a polynucleotide that specifically binds to a polynucleotide that
encodes the polypeptide, or a complement thereof.

18. A method of treating a disease or disorder characterized by underexpression
of a polypeptide in a subject, comprising providing to the subject the
pharmaceutical composition of claim 13, wherein the therapeutic agent is a
plasmid that encodes the polypeptide or a functional variant or fragment
thereof.

19. A method of inducing an immune response in a subject, comprising providing
to the subject the pharmaceutical composition of claim 13, wherein the
therapeutic agent is an immunostimulatory oligonucleotide.

20. The method of claim 19, wherein the pharmaceutical composition is provided
to the patient in combination with a vaccine or antigen.

21. A vaccine comprising the lipid particle of claim 9 and an antigen associated

with a disease or pathogen.

187



WO 2010/054401 PCT/US2009/063927

22.
23.

24.

25.

The vaccine of claim 22, wherein said antigen is a tumor antigen.

The vaccine of claim 22, wherein said antigen is a viral antigen, a bacterial
antigen, Or a parasitic antigen.

The lipid particle of claim 7, wherein the molar ratio is 52% lipid:5% neutral
lipid:30% sterol:13% PEG-DMG.

The method of claim 15, wherein the target gene is selected from the group
consisting of Factor VII, Eg5, PCSK9, TPX2, apoB, SAA, TTR, RSV, PDGF
beta gene, Erb-B gene, Src gene, CRK gene, GRB2 gene, RAS gene, MEKK
gene, INK gene, RAF gene, Erk1/2 gene, PCNA(p21) gene, MYB gene, JUN
gene, FOS gene, BCL-2 gene, Cyclin D gene, VEGF gene, EGFR gene,
Cyclin A gene, Cyclin E gene, WNT-1 gene, beta-catenin gene, c-MET gene,
PKC gene, NFKB gene, STAT3 gene, survivin gene, Her2/Neu gene, SORT1
gene, XBP1 gene, topoisomerase I gene, topoisomerase Il alpha gene, p73
gene, p21(WAF1/CIP1) gene, p27(KIP1) gene, PPMID gene, RAS gene,
caveolin I gene, MIB I gene, MTAI gene, M68 gene, tumor suppressor

genes, and p53 tumor suppressor gene.
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