DI BLOCK COPOLYMERS AND POLYNUCLEOTI DECOVPLEXES THEREOF

FOR DELI VERY | NTO CELLS CROSS- REFERENCE [ 0001] This
wa@ppbitee? on clains the benefit of U S Provi si BPOEIUS2009/043847

Application No 61/052,908, filed May 13, 2008 U S

Provi sional Application No 61/052,914, filed May 13,

2008, U S Provisional Application No 61/091, 294, filed

August HiBLORRADPOLYMIHSOWISPOLVNU RO TIDB COMPUNIES 1/ 1

12,054, filed NoyErdwr FOODERIERY INTS OBLOSI si onal

Application No 61/1 12,048, filed Novenber 06, 2008, U

S Provisional ApplicaCROSS-REFERENCH), 769, fil ed

(TS TR ol oo SRR sk S L PN RIRY APRBHGF R s, g
MgppBi 2008 }Jts_nPersuﬁal/KbAl@atmmp 6ﬂ401%d4 m@me} 2®4, U.2 @o8isiamd
WG 51805k BPLLSEL 8y UL Shfon g
fHesirNsivember {16 030p%H Ut Erdwbgnalr/’@b@ﬂ@né@ 614 17,048. frled daydmbert0g), 2008,

gwﬁm A@:ﬁcaT i ﬁﬁ%’ﬁ%@%@(ﬁ ﬁ’&ﬁ%ﬂ% RSPl G0 hlication

IS 1nventi on was na over nirent’ su port wunder

Nep Al 148219, fled Becrratter BR20DY §S B‘BV'SI%IWaﬁfPHEfd"%WOt g40Hti ftedal

Dedshbet 4L 288 £f UtdeAbiifondNG @lvo%mr@nh JrasiQelhfigh obd; BBt S
in the invention FI ELD [ 8 This invention rel ates

Epentyns alk §f ey ogymensy i m"a:m@we'me%wyfere% inyheEEntERe i st ry,
bi ochem stry, nol ecul ar biol ogy, and nedicine In
parti cul FTATEMENTASEED FEDERYIMYYSPONSOREDRESEAROIOCK

rrers and co exes thereof wth po [
B EB it orday i ohb & Fap g arg e SHE! BPbFES
daldydbyce@Natidnaidsstiiuii f Healti Nig GoedrinsenBACIKEROIIND inGhe iftdhtion.
| NVENTI ON [ 0004] In certain instances, it is
beneficial to provide thergpgytic agents (e g ,
ol i gonucl eotides) to living cells In sone instances,
[6098] This ipvenfiongelads tqibé¢ fatds of @ganic cemiistrys pelyrhar chiemigtrs bioghemistry,

rf?cf‘%mg%%%ﬁ? aﬁmgdﬂnlg ul‘h' ﬁ%&ﬁpﬁeﬁe]a{es Ws [ﬁgogigll)cklc om) and

provi ded herein are rs conmprisin
cqmplExesereat yh mlmqke@ndeﬁ e psed @tvehmle@éomdeélmmfutf@upﬁgnuslﬁotldes into
iveRstsone constitutional unit that is hydrophilic (e g
, at about physi ol ogic pFD and the second bl ock

conprising a plural hobic npieties In
certain enbodi mﬁ@gKGi{ﬂQNQéﬁ%ﬁE‘pﬁV@@wQ Nir t her
(0603 i c‘é&ﬁn lastzﬁalfba,ﬁlgﬁl&béfﬁlalﬁ@@ﬁh&%&herdpﬁtleég&hﬁ(é gt Higoablediigsto

t
e Fndt BRe R Bt e ek Bl o np R gy S i
wehaic.geabl e speC| es, there will exist an equilibrium

di stribution of chargeable species in both fornms, that .

is about 50 %Il be ani ?E @\d about 50% will be
non- charged The furt her e pHis fromthe the pKd of
[0005] drsamgerabodimenssoproyided her¢imare eopolihers domprising eirleags sypoiratknthe

ﬁ"rg 'bfoEk JOHPrL nk at l&iﬁ%hé do}éﬁlfu%nalsuﬁlfm tlﬁagér ﬂlg{@egg gﬁgog Fﬂy 1%] V\%Cr

val ues e anionic formw 5; . )
i1 apduheisseond blpek compsisiag geleralitoet iryapphobisrrecities necegaimgebodiments,

tﬁé@&qﬂ ﬂ@c@?tﬁthg%éﬁﬂ?l@cﬁq c - gﬁéﬁﬂerlpéc@§ Inefifcer Ihp@lalfg&f (ml&f-ch;r&@ state,

copol ymers at any H val ue of

19 e aaipmient prasiclefigRls g‘ﬁ’ﬁ verpfyen the gid ‘S@h‘"’é’Pl@ &g pKeof %@f@tgé@'e species,
Wérd WillAst BY @CINBAURAMrIbYtidn Bf chargeable species in both forms, that is about 50 % will
be anionic and about 50% will be non-charged. The further the pH is from the the pK, of the
chargeable species, there will be a corresponding shift in this equilibrium such that at higher pH

values, the anionic form will predominate and at lower pH values, the uncharged form will
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the uncharged form [0006] Preferably, in certain

i nstances, wherein a polyner described herein is in
w@emwvaeu2wi th a cellular nmenbrane, it di srupt SPOI/US2009/043847

ot herw se destabilizes the nenbrane and enters the

intracel lular environment In specific enbodi nents, a

g@én&i fee! TIF& %dd%% 'E]&Er%le&‘he}e% u?cihqé’tﬁé’m M‘ttﬂe%%ﬁ% d/mglts Q:%BWI»ﬁx%lue

est abi | |Z|g@$ an endosonmal nenbr ane
A &P xilu§ ob#RsBEsPamEansendogmsl il CH@SGétPIWPF%CS avllk%w{eecrna?amly in

1mrm5r§gaqorq,est abilizing (e g, an endosonolytic or an
one- nenbr ane dest abilizing) copol yner conprising

[‘{“391 %[efFPP‘?‘iéf" BrLayLiRstangeg vherein §P°‘m%€q§°f%1 *ﬁt‘j‘"a\s IRGRBLRBIH |a iC
cOluREKsmbAe it(dR)up@ oSmRaId dBtabilites the REmEME BiEnbrs e kmhzemmv@
a. menbr c. bl ock risin

lestahilizin Q bi [of0]

epyirpnraent ﬁ‘rsgetc ifig ﬁ'&‘?"g‘éﬁﬁf '8 P‘gﬁ%‘:& P’é‘é&p ﬁ%{?"‘ is gndgsomglyfi n‘})g‘ﬂ‘e’w‘sg
d&b@ﬂhn@ﬁﬂﬁhﬁ&@@ﬂﬁwﬁhﬁ&lI) a second chargeabl e spe0|es

t. cationjc,.at about Si 0
(ol iR e B B e b fele 2o
ectesimalyiid oran ﬂgos()me -gembran denll drgh@byl §rieC capiprigimg:
endosone- e izin : , risin
oy o T E o B R ARl cf bl o R BB BB %T’oph i
bl ock coiflpri si wgpndblbdkr e seehdbleps dhbgs reepbriedsstabilaing i s

cationic at a §$%BE¥QMQ%ﬁ%L@§pH' (b) a second bl ock,

t he second bl ane destabilizing
hydr ophobi ¢ bl ®ck aé@hﬁ\ﬂrgs@bln gpeqigsythapis anqnisrabiaber abygielags pH

speci es that ig aQ's&Gﬂthﬁ%ealﬁ@s@éﬂes RQLdoRit alibbut ﬁl@ﬂol&% pH.
t hi rd chargeabl'e speci es is cationic at about

[9988)sIn sorescpmBodimpentseieyided hereliis peelly@mamprarstdppbilizag 6 &i 4t ed
eWoEJ?h_o a/h@or ah En%som ﬁﬁ&kbn[n@@&%nhﬂld@) &)ﬁéﬁrﬁﬁr Ebngesﬁgdl nments,

provi ded herein is a cel nbr ane tab|I|2|n

(e g, at® end%)%’é‘rNS’F'ythS’Sbtﬂocéhe"@ﬁ&b‘g%ﬂ'ﬂé‘c ReTksPraRising a first
dest abi | i zi ngyhargeuBIR kpéETEN thaC19 BAMBHiSd! at@m(pa)sma)gfcupnst bl ock,

t he flrst bl ock bejn hyd l.ic bI

second bi®ck, 2 Steﬁ’ég E'@%o‘ﬁedse%/ﬂ"%@&lg b"é?gr?d“eg' g g%"g"’g
destab|I!2|ngmhyﬂmwphmhhﬁmbhmgk conpr|5|ng an acrylic
aci d residue 0 al k%cax?d%ﬂ%%;eabﬁ% spec1es that a[momc fit aQouiLne-Ltra {)‘H and

one aspect the Dour? o

copol ymer (e dii, dltlbdd@hﬂxgenbdrppdcymbn)s cetmmplauabwungmyaolégmﬁt
bl ock conprising g first constitutional unit that is
hydrophilic at nornal physi ol ogi cal pH, a second bl ock
conpri si g a setiemdlobdessspaaidivgth Bk fighileckt hat i s

[ﬁﬁ&]i Bmar&inaetnbm%,l pr@hﬂ@lﬁe%nqui &ithiar BERARA destabilizing (e.g., an
endosomolytic or an endosome-membrane destabilizing) copolymer comprising:

(a) a first block, the first block being a hydrophilic block;

(b) a second block, the second block being a membrane destabilizing
hydrophobic block comprising an acrylic acid residue or alkylacrylic acid
residue.

[0010] In one aspect the current invention relates to a copolymer (e.g., diblock copolymer)
comprising:
a first block comprising a first constitutional unit that is hydrophilic at normal physiological
pH;
a second block comprising:
a second constitutional unit that is cationic at normal physiological pH and

which can be the same as or different than the first constitutional unit;
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whi ch can be the same as or different than the first
constitutional unit, UWTW 33268APAK -2-a third

w@ostiget i onal unit that is anionic at nor mal PCT/US2009/043847
physi ol ogi cal pH, a hydrophobi city-enhanci ng noi ety
wher ei n: the hydrophobicity-enhancing noiety is

coval ent | hiRRBESG A ubiliBar RAFOHACh: FPRA bhykigbkina, unit;
or, the hydrophohicity enhancing moiety i s coval ent I y

bonded t6‘W?‘f%PhPtH‘f‘WG“r@’@ﬁ%t"T°telXtWh6rﬁ'él unit; or, the

hydr ophobi ci t y- enhgengéreghoti®iy @hihdncing n@QWWdoSa&qtl)i BandRd to the
fourth constitutional unit of t he second bl ock; or,

any conbi nat i SHOGFOBHYOBBYET and, the second bl ock is
substantially neuttheaiydrbﬁholﬂdl@kﬂiarlcmg maieg s cojalttlylbndedito the
vari ous enbodi irst constit ut| onal unit is

cationic at n@%ﬂsnﬁ%’i’/@ﬁi’ftbél cal pH (i.e., about
physi ol ogi c pH), it fﬁd’rblﬂlnbmtyathaliwigmletypsfvp&brﬁbd)'g'BfDalhh

pH_, i s neut ralc{ngttunona mogtﬁps\é&n&’&&’&‘ (%a pH, or is

zwi tterionic ogl ca In sone
enbodi nent s, Bﬂmorﬁhmaswndﬁlhg@ﬂoveoﬁndt he copol yner is

po: Y Gatd-QRbooal sues%n@k ﬂ"{}s. O@L@l@éh . E

yani oni ¢ at nor 0gl ca H, I s neutral at
[0Q il vagidyy ernboflierits e ﬁlp!HOﬂSéwthnﬁ upibis gﬁzwct 4t eqring phygiolggical pH

(P@ rB% @M&'w%—@gé &Rhic El'#ormlalrbh;sm(;g’aﬁ bHEREEH FRE S, ph}sn’ﬁ)glcal

T st Iock of 't he copol Y has substantla[ﬁ)ﬂ%e
PEB s 4vEsTiQniqY WPM@@IOW @ﬁ&bﬂg@wb%me%thaﬁrs ‘h%fl‘he
E)(ﬁﬁepls A& cEiithic Btornfl ShysiolbgfealpP ¥ E@l}ahn@rﬂé £ né@halRERBESBAPH, is

ani oni c_at endosonal Bﬁ’ is neutral at
r@waib@ afffaf" Ppystologial p, Opmpg)mttev@ﬁ rreal By sl SRS i furthey,
M@dmmsl tRe @5 B10AEdP 86 topblRerGbl st Akrially MESAIE ORic propeRices t O

a i k copolymer) c risjng: a .
FUREET B Dot beig| EF b B R GETBRLARL f ptponic a
énB&bmal pH, CeerleintNdt @nd%mm@ﬂl’mgs ppliapstedbrigit edbsopiiipHa S EC ond
conprising:. a Sseco onstitutjon ntt tls
g e R i S
dohprisigme as or different than the first const Ptuti onal
gglr tnalﬁrst l:hocsr q‘qugn St Irstt U%Lt%ﬂn%‘%l lgﬂ IthtaHE gaﬁém%a;nogrﬁ%q gtﬁlts:i?lﬁgéa] pH;
ggo] etayecvdd@}oehqnmprtsm hydr ophob| ci ty enhancing noiety is

coval ently bogﬁe%@d‘c&ms&tﬁh%n i Athé%ﬁmhl%ké‘iolo B FH and

or, the hydrophobicity en ancing nolety Is cova 'y
bonded t ovhidhe canth thel sagne s idifferent dwmihe fiicenstitgyjonal wte

hydr ophobyj igifd KB RARNGhiNEat mh@rtlé’ at 'nocrmﬁ:l‘aﬂﬁ{oiog@aqj plin &
fourth constitutional unit of the second Bl ock; or,

any combi HEPRRDiGY-cpiRecingivolpy: Whaisi;
the hydrophobicity-enhancing moiety is covalently bonded to the

second constitutional unit; or,
the hydrophobicity enhancing moiety is covalently bonded to the
third  constitutional unit; or,
the hydrophaobicity-enhancing moiety is comprised in a fourth
constitutional unit of the second block; or,
any combination of the above; and,
the second block is substantially neutral in overall charge.
{0013] In an aspect of this invention, the first-constitutional unit comprises a cationic nitrogen
species (i.e., a nitrogen species that is cationic at normal physiological pH). In an aspect of this

invention the cationic nitrogen species is an ammonium species. In an aspect of this invention the
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the second bl ock is substantially neutral in overal
charge. [0013] In an aspect of this invention, the

WO poogti4@ensti tuti onal unit conprises a cati oni BCT/US2009/043847
nitrogen species (i.e., a nitrogen species that is
cationic at normal physiological pH). In an aspect of

detn@confiv@Bal AN isttitQarfcdt the RisCeorttitui BB, P8 GIpES of (s ﬁﬂntlon the
annDnlunlspeCIGS In an asp ect of this invention

AR RSB o rbosy icEid PN B PR ING PRI f"F@“’FWé“hef
@ﬁhﬂrﬁeﬁ&hirﬁlﬁ]eiﬁttaI’@hsuﬁlﬁcﬂﬁltdnit thdofyahterspisda. ambrig lWﬁr@SdﬂﬁE\Iuoﬁf

nvent Qon t he oni C S S CO
ol B IPrLO 4 iR (o aeigr e Rk e AL RO EeF 1f"
dnfesabfeitd' 18ddiflohtion krofipis T hﬂﬁpeﬁl@ﬂtﬁi‘s inS@Sonif ple@htgRe fo@thtcodlitutional

constitutional | rsper anong t he
PRt el PR B o RPE B Yol e 3BT BB T T e
[DOIE it dextariny entbbdiménitst B¢ firstipolyodr beekdoapgrokimatelk 1 GG Palionsassizs or
a]bglfﬁbOOodnl?onsr t?%:ﬁ.lf 3%%O@Jaltr91\r}g>ﬂ%%gut§ 56()od]gmd Iofaﬁou?ﬁlogi{ﬂdagtgng lf,P s[oHle
mrbpcsmntsutm first @bl ymaviblockdengonet @ssvefclnammsaw@rum abdd¥¥s tabie Ebigeunet
l@gao(%%%ngdn%tﬂ l'%(hﬁ%ul§&?h QQIVQ‘LCPC k [ 0014] l n cert al n

[ , I st 'ymer bl ock is approxi mately
[QQJSD@GOmmb@ﬁsleritwhsaiez@d p@rmeahimhtls approyiroatedndapa kpghet figst polymer
R HimoRLul WQighladr b0 .2- ﬂfme@l%%ﬁt)ut& 3%9195 tg\?élzte gﬂﬁe ﬁrg a Block

13,000 daltons. In sone enbodi nents, first %
¢ Benostipederrad qbpdipenss the; sgeandsilymerdlosk ﬁ?npm*'mawlyéﬂémom rec)

Rk e sikedf thbBrstpBly maqgﬁﬁlve charge on the S|RNA nDIecuIe
bei ng del i vered. %001 one enbodi

[BU6h FompemPRgimensy &Rydfoghﬂacpﬁlﬁr@s& bipgk @Fvnpéea%ﬂa’r"hﬁlaeq he
lfltbrﬁl&tlgeﬁtﬁ)‘ DERRIwit 1" 6okiadedw kD bIe'Githk RS oW |g955t one &*mo?él@bﬂlem bond,
-5 tlnegwﬁor about,  1-

3t ze of
OﬁBPWPéer'O’Bﬁa rading “F?i“bﬁi"i%‘i“ “BF"@? %‘r”ieé’g‘:) éW&&PWﬁ‘f%‘d‘i H’él“é‘“g a
Eyﬁ@&dt:qealgyamRm&ock |s apprOX| mately 2-3 (tvvo to

(IGE fo PE  rsBl b e eptts bGP T e oF oy
tdcksakrongh am@pnmiaﬂgx@«dvahletdsval(emseﬂ Ih it Bpectofithy eadaitiyn, ther ei n
ﬁmrymﬁleot%‘? is % eFied fggrﬁ Se grguﬁ con%tsnn%%WA tR?JA’anﬁsE natliral an%¥yn91gt?c

angloge thaeofi Ionn aspectodd Hipi imaitionthe pdyardofide iantiseise It anlaepect af this

,L\%f’?t?ok the ﬁ&@ﬂg@\@&% %95_} Lr{‘a%éeg{%t tgg 5]2% 584 t?(aﬂ\ﬁ‘{ g%}iéﬁggfﬁ mthe
&rchle ccpl@llstyna el RN, |pd?é1AbmtBe‘Nk\ andsiN 4. dciatbedt of thin @vqnflonttlmélNA i
SNy mer bl ocks through an optionally cleavable

coval ent bond. In an aspect of this invention, the '
[BUBY Fpe pewent pidiais igvepigpnieach g%heec@@se@twl@mswedegqn@ﬁnﬁy derived from an
e@r@l’éﬁlb ﬁtbﬂoﬂﬂr aad sy%ns ORNAcoﬁd'iﬂneP@%Hﬁs@J llv?r@‘gol?&fé?ltzzhﬁﬁ I C

anal ogs thereof. In an aspect of this ihvention the
(BYPY, s poest plds 'r'gen%mtthf‘sférw@@c mprwmarns Hapuicmegemer j g
[om]e ProliBda il (RRaiDEMbYA b6 Efein kel dibTocENPolythdd, hdvinASeRBGHical |
g8ﬂ§1|nvent|on the RNA is selected fromthe group

ot Isting of nRNA, pi RNA, puRNA and siRNA. I'n an
aspect of this invention the RNA is si RNA [0018] In
an[ as ct of this inVentfio each of the constituti®na
un ts'I's i ndep@hdentlly deri d f yomPa ni c

I| ngbﬁ yneyﬂgatlg TQ{OOQ ﬁgggbe_ﬂq ?ﬁls

in engaon th ethyI ni oner i sJan acry

mononey. [ 0020 "provi de |ru%erta|n dnbodi neﬁts het &
is a Qobl ock c@pol yner, hawng the daem cal Fornul a I
:[0021] In sonme enbodi nents

(D
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A, A, A2, A3 and A are selected fromthe group
consisting of -GG, -C, -C(O(CO C(OO, -0(0 O -
W@e@IALKEY bO-, wherein, ais 1-4, b is 2-4, Y PGI/US2009/043847

sel ected fromthe group consisting of hydrogen,
(IGI1Cal kyl, (3C 6Ccycloal kyl, O (IC 100 al kyl,
m@ﬁp)n@e,mg;n;l@@&alahskyl C(ONRS(1C100) and aryl, any of

which is optionally substltuted with one or nore
f1uorine groufsAfe As §1d Ayar selestedifrom thegreipeprsising ol C-C- -C-,

sel ect ed &), LBOIIROKCOP A% -BLa)TY; vkrel, coval ent bond,

(I G100 al kyl - C(O)CXZC—lOC) al kyl -, -OC(O)(IC—IOC)

al kyl -. - O(Zditﬁbal kyI and -S(2C 10Qal kyl - -C(O NR
6(2C 1OC) al kyls2,-4Y is sel ected fromthe group
consisting.of a .cov

(6C 100) apyeiediRE iy i PRtedi it B e a) - aa

t hat ar e 6@utyclalkyl, O-( 5L HDalkyL tGEA) Ol G- Oy IYCE@ENER,CGRPCBine atyl,
WI th an aﬁ}p r S@Bﬂs%&&l&g‘? substgutedhetgél%g)?ﬁg ?h? %rg%éég fRIr om
t h e g r ou pYociasi Btarenigleghdehiiydel ented from ﬂ@grou;adomshng ofib koyalert |

het er oal ;h\g},d (,@)ng)?%y&(o)&% ﬁ{)@gﬁ(ﬁl Qﬁﬂ(djyio 108] %nlgl -anthc.

het er oar tut ed
with one I@E)akkﬂr@dfﬂ(lfbchwyat@{@w&@ P9 alfkylr eS| due

sel ected r&%&&?ro&ﬁ&%%u&&%énﬁé df@govglﬁm bé&al (PELEgo) MO &b
are hydrophl I c at physiologic pH and are at | east

parti al | yo@&KDayveiepinchar ged at physiol ogic pH (e g ,

am no, al kyl am no,e@0aRitan atdils kA SAMRNH: fulidBiitied Gith
| m dazol yl, pypdyl, or the like), at least partially

negati vely ch r%seaﬂd at physi ol ogi ¢ pH but undergo

protonation at | ovgly,pklcdn®legd with @& Bgpriate nsnbef &b RRIRGgelatoms;
boronate, pho

sphonat e, osphate, .or the lik
Sobotantt al [y eRERy Bufs RORRBC hF i gismig i ko pegre
le (eI g ,collmsﬁifgcmxyydro@@l -XDNXzyllylaiaRﬂmﬁahtélr(eydalkylp@blya}lltyhﬂét&ﬁt@cloalkyl,
co 0 e C t hio or. the, | ke at
Penet. parpt MROBS LR eE mi oo bgligtin 8 o nb o
nmonomer i dlugsiadime conprising a phosphate group and an

ammo n! um gro uﬁg@& re;p]mé%élecle? %rﬁ thP th)up d{:&% #é%@{eﬁﬂesewtﬁé’h are

functi onahzab
reacti ve rgdromhplc aphgpiologmpHdud areaalt kgshl@mam;wshwlyrchmé at

ester, af | .
ester, p- Sﬂﬁd&“%enyg]e‘@ﬁ\lto eafﬁ%@{?? |a§ﬁjpﬁlﬁ§'§ﬁ ?rﬁﬁc@ﬁﬂ%%ua?lﬂge’
like), orlmhl%?ng)éﬁ}’l @thejlike);zt leasisriagipley nagstively chasged at physiologic

hydr ophi | jiudnddidprdisthid 'at%vm"'pH @%dcdrb%xﬁtsulkoﬁﬁﬁge boronate,
partially positively charged hysi ol ogi c

ani no, al ARGAPEARTH BhOSFZi‘ﬁ‘ﬁstS’hﬁhEl‘f*ﬁe) éﬂbf&i‘l“ Wﬁldmnogﬂarg?dd e,

| m dazol yghysidmglcipHYd.g., hodrodyRlybiyle) alkAtpoly@RSdne Aol i al |y
polypropylene glycol, thiol, or the like); at least partially zwitterionic at physiologic
pH (e.g., a monomeric residue comprising a phosphate group and an ammonium
group at physiologic pH); conjugatable or functionalizable residues (e.g. residues that
comprise a reactive group, e.g., azide, alkyne, succinimide ester, tetrafluorophenyl
ester, pentafluorophenyl ester, p-nitrophenyl ester, pyridyl disulfide, or the like); or
hydrogen;

Qi is a residue which is hydrophilic at physiologic pH, and is at least partially

positively charged at physiologic pH (e.g., amino, alkylamino, ammonium,
alkylammonium, guanidine, imidazolyl, pyridyl, or the like); at least partially

negatively charged at physiologic pH but undergoes protonation at lower pH
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negati vely charged at physi ol ogi c pH but undergoes
protonation at | ower pH UWM1LM 68APdi -5-(e g ,

w@ 2000030427 sul f onam de, boronate, phosphonat e, PCT/US2009/043847
phosphate, or the like), substantially neutral at
physi ol ogic pH (e g , hydroxy, polyoxylated al kyl,
pol yet hylepec.@bye %lfondﬂ@de)ﬂﬂfoﬂaﬁé/ Fﬁ%oﬁleyﬁ@phaté s}lmelhke)or

the like), or at |east partial ZW tteponic

physi ol ogstapially peuigpl at Pﬁvswhﬁaﬁ%ﬁfca P@gqxw@'y%%ﬁ‘ ?"grl 'ng a
phos phat SoFEBIe AREdI, wypajmermlgwem gﬁlfllﬂathlallkeﬁ) Eyﬁ le@tt g@lany
Pysi O oG R R TRRARE by TBO™E ek domg e e
al kél amI rglaoupammmhrumunedrdwla@nmmgww) guani di ne,
i m dazoly
negatively ch§? ’éggeg%/ Wﬁ'ﬁgﬁ |p?ﬂm<¥aY %aﬁﬁw?fmf'o‘ﬁ%copﬁ {Jluding but
pr ot onat mmmated loamniab, afklamine) @mahiung albyldmnmotum| guanidieed t o
car boxyl suI %plyrme' bor onat e, phosphonate, and

e

phosphat elmldalzo ss than 1 0 (e g, O to about O

25), 115’ or e@riea ssiamhON boSENDCY shagey alisiabs0p b s
about 10) or e = -

St 10} G ST o e oy 0 e
about 0 ohgsehagate, anpbesphag; 2 t o about 0 5) wherein r is

O to about 0 ﬁlg@to%ssthaqlt()‘?egal@%%bo&o@%! wherein p + q +
r =1 v is from about Kba, and, wis

from about 1 wg&@eruhanﬁ@ mg[@mﬁmﬁmy QiR
enbodi nent, v is apoyt 5 to about 25 kDa In further or
alternat|ve specific enbodi nents, wis about 1 to

about 50 H(‘E)i‘i’°f‘@d2‘?>’ﬂb°‘ltﬁgﬁetﬁ7éb°éh%8?%‘r9t§ t he nunber or

ratio of JTPiRITBRG HEEDIUSS bR ES eidlexd) Wedinand q are
wi t hin about 30% of e ch otR) habout 20% of each
ot her , atfdstﬂtoilﬁ"")oodgf(e& tﬂa e6 WHEEIN e | ke | n

speci fic enbogirgmnaty, p is subst ant i al | y the sane as ¢
In certain gnbqdi nents t least partially charged
general |y ‘fﬁ%? ?Pa%g?‘%ébf"‘ézf‘h”éna"g’ trace amount of charged
speci es xi/ra(ﬁbmdbongl tod)ogSQk]ad | east 20% of the residues

0 es| d,
7% BApEsnBhmeRaT) wd g ok PR R G AL AR,
eofooctuh@tsreswbhuetstoatroed@hair ged, at |east 60% of the

t

(RS} LG ASgRER, AR Bigp AT ol Al W BRI R i
W@"Gb%\lh éWQf eqch otheryabayit ¢lifeofgarh ether agoun {Afr of grh Pther, asfhd like. In
sﬁ&mteﬁ%!nghtg ¥ |§75§t5§aﬁt?ah hO%amP Q’sﬁ ExQQ’faQ%ﬁ%odﬂﬁen@ legdspdaﬁglyc

hysi ol ogi c any chargeabl e speci es
c@wg@gew"w@wqﬁmm awweﬁmaumh@‘@hwﬂ SPERPNYYing greip 2t least 20%

SR ARG RE ShargSd) R3dag D% @ti ti\eyresﬂﬂ& aﬁraﬁaﬁ@@ Gl lbd@@b%@?@e re§tduls are
|l ess than 5% are charged, |ess than 3% are charg

B 5t Vo B EHARE ST o LA R
70% of the residues are charged, or the like.

[0024] In certain embodiments, m is 0 and Q, is a residue which is hydrophilic and substantially
neutral (or non-charged) at physiologic pH. That is, at physiologic pH, any chargeable species on Q,
is predominantly in a neutral form. In some embodiments, substantially non-charged includes, e.g.,
less than 5% are charged, less than 3% are charged, less than 1% are charged, or the like. In certain
embodiments, m is 0 and Q, is a residue which is hydrophilic and at least partially cationic at
physiologic pH. In certain embodiments, m is 0 and Q, is a residue which is hydrophilic and at least
partially anionic at physiologic pH. In certain embodiments, m is >0 and n is >0 and one of and Qg or

Q. is a residue which is hydrophilic and at least partially cationic at physiologic pH and the other of
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enbodi nents, mis O and Q is a residue which is
hydrophilic and at |east partially cationic at
w@bysitgl4eni ¢ pH In certain enbodi nents, -mis OPEIUSIYNG/043847
is a residue which is hydrophilic and at | east
partially anionic at physiologic pHIn certain
wbodi nRGdS whx@ﬂ i %d?&hlﬂ@;ﬁﬁd i3 sﬁ@taﬁ@lyﬂ@ﬂra% ﬁ'xygélo?d ¥H. @ceRkin

is aresid |sh%/rop| ic and. at 1eas
ehpdimests| §y ’SEQP'Pdd‘ﬁ? 0 3¢ o5 REASH B G & @ Edereict ﬁé'y%?H%FF angpt
IWMM@Q&WMW}'&IQ@PW&M e oth& oBQJ 28| il iR sidvamGidh is Sydrophilic

i PR hoe G PR BB T 1 EABIRGTS, mi Py 3R

rEﬁdu?@himdh)ﬂmmllQ:fanmﬂ d:a@n@ny Eriosc aaprryeab@hm anthha tesidue which

hydr.ophj | i
lb%@}l%iﬁ@&?r unﬁtﬁngﬁ%})l rﬁséd%%st rtlabr*err&d lSCT IS, >gan£ nrj >SOa8cb%, isa
redidue Whictsis kydabplolihund substamtidly nentr&i atphysiidgicaHlayd Quésutresixlue witich is
hysi gl o rtain enbodi ments, mis >0 and n
|C%'X ﬁt%le&ﬂ&:&mahzalbgres'%ueaue which is hydr ophilic and at
(D@23ks Propigadtin @ttdiyendmdiments heremtis qoppjrriettiapigs & lepdtvarpipck@0hd fgsta
' [ i I -

HEEHOHE L Blealtal DRl Rlind WGP EAER, frep
eaehcpf Qe teims descriibed fhergio argig deseribed alPW@r ophi li ¢ "and
substantially neutral at physiologic pHand Q) is a

resi due which is hconjugatabl e or functionalizable

r esi uesR1 [ 00 5]R2Prow ded iln chtal efaodi ni?s
herein copol havi ng |at ast vrd . the
firs dlpel‘;k hav[lyAgEnth cheni 13('\2 E(%LH d\sf) aé\wecdh
bl ock hdving thel chenmijcal Hornyla’lb, erel n gach of
t he erﬁ(Q descri\lbed t ket ei - ar 2 as desqgPfi bed abbve:
[0026] Ky certaid enbodi nents,gprovidegyherein is a
conpound of Formula I1: [0027] n sone enbodi nents:
A0, Al, A2, A3(ahd A4 are sel ected from th&group
consistlng of -GC, -C(O (0O 1C(OO0, -0(0 1 O -
[06d] iefain &@odim&ﬂeﬁr&iid&d hefeirt i§ a domounBofi Brndilarl: 4; YO and
Y4 are independently selected fromthe group
j sting of hydrogen, (LC- I OQalkyl,

(3C 6C)p;1ycl oal ky,, O (] C-{10CRagl kyl , pg()) al g

I lkEA]C()NR(s(I 1 )[and ar, Igny ff%xichis
opt ifonphA4 u‘otA ed -wt r.12] ST/ uolA
groups; M g\?—d Y2 |ar@T| ndepgendent sel pcg fr|om€_t_he

group cYnsi sti n%;of a ‘coval eh(t bond, \(;J C—I Q0¥ kyl - 4 w
-C(O Q(2C 100 kyl - OC(O(IC—IOC) al kyl -

-Q(2C 100 a! kyl and - S( 2C- 10Cy4l kyl - Q?( O NR 6( ZC-1 CC) an
al kyl; Y3 is selected fromthe group consisting of a

[@&VF'I&%eQ%@lmerﬁJ G 1O al kyl and (6C 10C) aryl; wherein
tetraval ent carbon atons of Ar A that are not full

subst i tuted whphiRe-ARENdAgIsdeloetsd fram die groensasisinedd -Gkt
anRappr opk @}@ Rgm@becs(cpé(olmémsm@m aVRpR, each R, RZ R

are independently sel ected from the
group consi st?ﬁd ¢ hydrogen, -CN, alkyl, alkynyl,
het er oal kyl , ew@l-oal kyl, heterocycl oal kyI ,

Yo and Y, are independently selected from the group consisting of hydrogen,
(IC-10Q)alkyl, (3C-6C)cycloalkyl, O-(1C-10C)alkyl, -C(O)O(1C-10C)alkyl,
C(O)NRg(1C-10C) and aryl, any of which is optionally substituted with one or more

fluorine groups:;
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aryl and heteroaryl, any of which may be optionally

substituted with one or nore fluorine atons; Q and Q
wae@nesetues which are positively charged at PCT/US2009/043847

physi ol ogi ¢ pH, including but not limted to am no,

al kyl am no, amoni um al kyl ammoni um guani di ne,

i m dazol y, andalnzqremﬁﬁée%éhtly s@bte’d Frof the gx%hpﬁééﬁslsw &Q cdvilent bond,
negati vel )é(ﬁchar ged SI ol o

i A A s I P W 8

car boxyl an@@ki@l@@}ﬂkﬁlﬂC(b%@(@@hm) amhosphonat e, and
phosphate; mis Qo about 49; I's about Q.51 to

about 1.0% 'mé?f‘éhfwmmeﬂwp Conis"bg 418 cotBlgRi g GCH iy e
0.5; g i Se@pomyirylOwhéretn0 about 0.5; wherein: p is
substantially the sa abo

wherein p + q + r ‘ma%‘?"\’)t ﬁag’q'ft}l?ﬁ%og/g&m‘h%ar? @Bbﬁ‘l’m%d with
kDa; and, w i R,-R @itYalypuit compte@d @ittoditapinépriktOaumbEORBtogen
Provided in some. enbodi nents herein is a diblock

copol yner, ha{PRy (at normal physiol ogical pH) the
chem' cal for rmiclaRI R4, R], RORO }ndIRg are ndeperelprilg shlaved frem BOgroup

1% A, 25K LR LR oo

-Q(C) bO-aryl prdéetesioaryl, any dfgvhich hay tg optepnglly substitied wifR@ne qRmore
R4, Rs, worid®afeds; R Rio d Rn are independently
sel ected fromthe group consisting of hydrogen,
(1 G50 al kyl , Q(®dQ6wy teyiduchuichyre pasityely Hrarspd at p%yﬁlylosjf PH,

whi ch rraymén@mg Bt n@ Mkdtddto SRS bikyfidthiRIanydnfdmOME 1aRmo R, €
fluorine atons, YO and Y4 are independentiy selected

from t he gisins. ‘E‘ﬁ’ﬁ@?yéta‘i‘wr‘@f hydr ogen, (1 C | OC)al kyl ,

( 3C‘ 6C) cycl Oabkﬁs’ b resi€¥e(Whfeh ﬂs(ﬂ@alﬁleiﬂéﬁarged at physnolo ic pH, but undergoes
A I G 10C aIkI and Fw

he
opt | onal | ROIQEHPE £ ?‘Kﬁ’ B! ‘?/ff“(d'ﬂg %/Ph%m B‘F“){er‘}borcé’bf”lybé‘l”"?f"g“de boronate,

gr oups, \ﬁhagantnafaaﬂrmosbndependent ly selected fromthe
group consi sti n 04(3val ent bond, (IC-10QC) alkyl -
S0 O 2C 100! W’“ 0C(0) (1C-100)  al kyl -
- A 2C- 100) al ky ls-abaan@ls1-+&{bad-1 D0@einkyl -, Y is sel ected
fromthe group conS| sti g of a coval ent bond,
(I CsCal kyl and cheRy !,
p is about 0.2 to about 0.5;

q is about 0.2 to about 0.5; wherein:
p is substantially the same as q;
r is 0 to about 0.6; wherein
p+q+r=1
v is from about 5 to about 25 kDa; and,
w is from about 5 to about 50 kDa.
[0028] Provided in some embodiments herein is a diblock copolymer, having (at normal

physiological pH) the chemical formula III:

R R,

I !
i/~ i |~ [AQJF;—/—[AJQ / w—--- .
Yo Y1 \")

+*NRgR7Rg NRngRn COO 7
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wherein tetraval ent carbon atons of ApA4 that are not

fully substituted with R7-Rn and YO-Y4 are conpl eted
wowaok/1gm2appr opri at e nunber of hydrogen at ons, PAI/US2089/043847

physi ol ogi cal | y acceptabl e countepon, mis O o about

™9, nis about 6 1 to about 1 O wherein m+ n - 1p

(0629 RQbke GodiRerdbout G5, q is about Q2 to about 05
wherein p S substantl ally the sane

a
abouto 66 Atk @ dre gelecteq frm fhe group oM EF aﬁé@éc>§(9)9- -
about(@ e (D -eq@L0-Whesinf r om about 5 to about 50 kDa
[0030] In %E‘stpect of this invention, A I|Is -CCY, is
-C(O CCH¥ =, R6 is hydrogen, R7 and R8 are each -CH
, and, R®ii%-4,CH 3 [0031] In an aspect of this :

o+ BB B Ry B R o 5 2 odifontePg e et

- CH BOnE Q@8 Ahydrogea il P @A, (3F-6@)dyclsalkyhand plicnydrany ok3vhicks may be

- opt ?’o‘ﬁ%s"%%%rmogﬁa”ﬁ Aqcoval ent bond, and Z

|sap ogl call'y "accep ean’ion(e ,
pol yd aftnld dmarpimdgpenderdly selegtedfronttht gromsynsifing @G]ydrbm ¢ E-tQeDatkyl,

enbogh aoa@@hbglc i%c%ugl ol cﬁlcsﬁic%ﬁ%ﬁaqwewﬂaaé{m%%wp
consi St I n )
2) 3Cpionally substnuted with one or more fluorine groups;
Y, and Y, are independently selected from the group consisting of a covalent bond,
(1C-10C)alkyl-, ~C(0)O(2C-10C) alkyl-, -OC(O)(1C-10C) alkyl-, -O(2C-10C)alkyl- and
-S(2C-10C)alkyl-; '
Y, is selected from the group consisting of a covalent bond, (1C-5C)alkyl and phenyl;
wherein
tetravalent carbon atoms of A,-A, that are not fully substituted with R;-R,; and Yo-Y,
are completed with an appropriate number of hydrogen atoms;
Z is a physiologically acceptable counterion,
m is O to about 0.49;
n is about 0.51 to about 1.0; wherein
m+n=|
p is about 0.2 to about 0.5;
q is about 0.2 to about 0.5; wherein:
p is substantially the same as q;
ris O to about 0.6; wherein
p+q+r=1
v is from about 5 to about 25 kDa; and,
w is from about 5 to about 50 kDa.
[0030] In an aspect of this invention,
A, is -C-C-
Y, is ~C(0)OCH,CH;-;
Ry 1s hydrogen;
Ry and Ry are each -CHj; and,
R; is —CH;.
[0031] In an aspect of this invention,
Az is -C-C-;
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[0034] In sone enbodinments AO is CGCRi is selected
fromthe group consisting of hydrogen and
w@ b@93@uat kyl, and Yo is selected fromthe groR@I/US2009/043847
consisting of-C(O QI C3C)al kyl [0035] In sone
enbodi nent s, mis O In certain enbodinments, r is 0 In
soneY”qugé . mand r are both 0 [0036] In certain
nmbodi en ﬁrdVlded herein is a method of delivering
a pORylﬂh.b@fOé@tl de into a cell, conprising contacting
the ﬁ%krldl%""ate'}aé\@ﬂl yqer pol ynucl eoti de conpl ex her eof
Ee0| I c enbodi ments, the polyner pol ynucl eotide
conp ex¢ attached in any suitabl e manner i ncl udi ng,
[6082)VEYan Npech@ifnid ihEhddnNg exanpl e, ionic and non-ionic
I nteractions, such as one or nore coval ent bond,
conbPhaté-bns thereof, or the like In a specific
enboqbgenkﬂgpﬁqvided herein is a method of delivering
% nucle1 {) g ({;to a cell, conprising contacting
the ef f AP TR RE@BYVal ent conjugate of the pol yner and
pol y@ us:el oidl ek al]yQE3ptibld anios?.gasgeation of plitrdlitysof tativiet i on,
[@gﬁkp yhucl ec t|de is selected fromthe group
Hg 0t "BNYR, RNA and natural and synthetic
anal egns~tfﬁereof [0038] In an aspect of this invention,
t he : _gnpal 0gs thereof IS
ant | SUnEen Rl BN B ine SRR bis REROT,
pol yMuie HEOYAEHE)CELRNA. I n an aspect of this invention,
In an aspect of this invention, the
[QPQNEj %@%@@%@%d to a cell invivo In an aspect of
thisAbh@éhtlon the polymer of this invention is

at t aghectietd f?d?lﬁpé £8HdorksiRing oﬂﬁvﬂr@@h hridq1 A1) QkyY; ahd) an
aspect of this invention, targftlng noiety is

covallehtelegtedifamibrgerp cesiotii 0%‘%8(1 3G copol yner (e g
[0038] B s0i6kenbOBALYIRIS0. InRerfilh cAMBARENs Qs O FisGme eMbeithdnB/m and r
the targeting noiety is covalently attached to the

Oof "t he copol yner, or is covalently attached to a
[po36pl mknagfeamwnﬁémst & ideORedinineinetifod ogdenvediagm polyhucleotide into a

In an aspe f this
“F‘grcii{%‘% ORfpsUas @ ?eﬁ elg@f RoNmery pcpwﬂgagg co%%x Q0% hefel¥Cin specific
ddlbbcﬁfﬁddﬁ]lﬁﬁﬁﬂﬁ’dru pﬁolynh@ohd’ﬁlcblﬂlﬂextlattauhtd ihagiseésble mmérlwbiying, by

tibo . >
waé o?noa Iﬂm%h%léaxgm%le uﬁé ancl g éogtg énge?ﬁ%m%oﬁ)% %%%w%%ﬁ:htj b%nd,
daEEEdREN@Ereptoo)m]hkNd a spmb‘llc et imom sprevivdd lppmrem method of delivering

ﬁ)%{%dcfégt d% 3 HE @Jrﬁg&ﬂﬁ@cohtﬁk{&%ﬁ&e@ 9@&{ cfo{/eﬁe% doﬂﬁ%@ fofthe polymer

el n 1 ncof orat ence for t
apf pabudlegtidehe sane extent as if each individua

[mabj tncaﬁtatp&moms lm@etmtth@dmhace@ctdt QR NRS fr§rP?n€E b Bhsishnednd
I ndi vid 'y 1 ndicated be i ncorporated by reference

M@Aermt*@EWSMWNGS [0040] The novel

(06281 W 28 Bsp& oftthiEintenNAthd 19104, RINA of Riurd] @trsSlthheVit tna]ogs thereof is
particularity in the aggended clains A

‘IHFFG'@F 41 apfgpesy @f 8§ inygpeons B pahmpseotds s Rivfy Hhat’ éi?&cé Ofd‘f‘s ipygation, the

1{NA%§ GRNAIIR yredapelcm gmwédvknnb:e o BIREA I’];Qldlwbbéd oalc&rie nee Intad aspéteof
ow n tail escriptio

i It s o5 i GG =Bk R RE o Rl e

dsfer of 1M aﬂtnm&n tha ta@emtgnﬂole@e@l;ova&h@ ditheBeda6 the BRIV tha Gopolymer

R

e.g., dibloc¢ copolyme Inan aspect of this invention, the targeting moiety is covalently attached to

‘the w-end of the copolymer, or is covalently attached to a pendant group of the copolymer

(e.g., diblock copolymer). In an aspect of this invention, the targeting moiety is selected form but not
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[0041] Figure 1 is an illustrative summary of various
pol yners descri bed herein [0042] Figure 2 is an

WO kdogsswat i ve synt hesis of [ PEGVAW - [ B- P- D] [ OPdB1S2009/043847
Figure 3 is an illustrative characterization of
P7- PEGVA 100-40 kDa [0044] Figure 4 is an illustrative
l%é@@%db@&‘es Oafmlﬂoh])efra%ﬂgmsoz?h'ufaddg ﬂk@ﬁ@eeﬂés%ﬁtfd%é @y@llcq;eptldes and

GVADMAENMA copol yrrer s gure

ﬁmallmg'fqumu ve synthesis of [PEGIVAW— I\/AA( NHS)] [B P- D]
[0046] Figure 6 is an illustrative RAFT
copol ynepzati on gRCORLHMAFION BYREMHENC®O047] Figure 7
' illustratjve RAET copol tion.of DMAENA and
(ReaL AyyiEons kg Aepligi o magiopag 1B FRRGTSPHOnGIF AFTRRS | o
lﬁtforpam rEf@l@vfbgfor fhe ghﬂlicﬁesgltdd% thebaind dxtesita Hedcl Rdisigid fL®Bdason or

0050]
iy ety e ry SRt R rD € OB drmeme
and (B) polyner/si RNA constructs [0051] Figure 11
illustrates FEERIE@@ESCMQONQEH&DMWMGSZAMI abel ed

[ﬁ(?ﬁ]'\%earﬁ%l E&erm&{eﬂvﬁ%zﬁé Lrﬁmﬁﬁ Lrggﬁg%y lrﬁ%%ﬁeﬁdeg%lalms A

lustrates nonspeci La Cyto OoXl ClI
e mierntarsiR dobiequmys apdsadzanfages ef theoniesest inksnimAyilbles| opiariagd by
r@l@r@lﬁg ﬁ)rthe[fggwri'r?hg ddtdi Q@ﬁe@cnﬂ:@bn'tﬂal ée‘t§ t’oﬁﬁ‘hlﬁsﬁra@@%dm%: KePAOHAR the

gure Il Tustrates the pol yner
Riagiplepof %wvww{empmr awtre(ammy{nsnmsrqmgmﬂh [ 0055]

Yy rJeti id dn |11M§1Faﬁﬁ:ts@|§m§r§n§¥ v&m; ﬁb%ﬂeﬁ dQEribByREbA
di sul gur e illustrates reaction of

[BWHylg“ﬂlzéﬁﬂ“fl|“8@“¥f(§y'wi’f§f' °fé?ﬁ9h&”ﬂl% PRIt h the peptide
[]90431 Fiﬁﬁﬁ 3[|§tm5m];tra5¢e@tiarr@;eﬂ|§aud)d df HBPEGM@E)OA@klﬁtDS PAGE gel

r aract er n e I de ner. c al e
(ol Pt 5 oy B o R o sty BB RO o

EMAmasmsmerhe capacity of the polyner to trigger

t Rt
PHEERER G 2ASE R ER: S BB ao S TR ol o
11 )2) Flgmat6nsmr1 ﬂfusﬂahm/li%@ cppolyyenzatiop ONFEGYSY and MAA-NHS
I
Ly R B S s e D S R
(80481 FignretSas abdtuhrawrwmlabls @‘rP@é‘lMé and did not result in
t
i R RS ST
[QQSOTFFE"lIeNN/EW@\!hf{ igoelzyis aflhipelypereine (5) gelyeasBY A rensrusts of

[MB?] wgsﬁqmnumwma oM iRENR R 6T FRIONMEI A Al ﬁﬁ‘fa()l%'lg@gnRNA
herein, it will be obvious to those skilled in the art

©RBeres e h errbodl nments are provided by way of exanple

[0052) Fidh¥a D MdsiratéAiohpbdifRMeLa GRARGASA) M GAPDR Rhdckddivh @) 8s a
| now occur to those skilled in the art w thout

W |
f&‘gﬂ%{‘r‘if?‘ﬁﬁ’\f’?lmﬁrﬁ‘irée’l nvention It shoul d be understood
(04353} thafelwuﬁsuade:tmm knd&dovinan HéLRs enbodi ment s of the

IPAE Pl o) iR m ST PR TR PR ek R pyava

[besi5] Biginreds ﬂlhmmh@hsﬁthdseoﬁdyedysmmnﬂe G1TAt he invention and

[B&(fggf Fi eri((i) qlﬁsn nsd reasc lon Q 'g)ilfllﬁﬁ %wmo(}e pol&mer end Ogrq(uﬁ eﬁh %e peptlo% Cysteine

ere
[0057] F|gure 17 lllustrates An SDS PAGE gel for characterizing peptide- polymer conjugates

[0058] Figure 18 illustrates a membrane disruption assay used to measure the capacity of the
polymer to trigger pH-dependent disruption of lipid bilayer membranes

[0059] Figure 19 illustrates peptide intracellular localization following polymer conjugation
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Pol ymer [0063] Provided in certain enbodi nents, the

present invention provides earner polynmers and pol yner
w@ologhuakeot i de constructs I n certain i nstanceRCT/UR®E®043847

pol ynmers and pol ynmer pol ynucl eoti de constructs neet

the need for a safe, robust systemfor delivering

[bdwey a@ﬁutzo mumdeydahﬁﬁéa@@ﬁaét%e&d th@ Q-3 hndiv% bloROBEH sithilhr to both

certain enbodi ments, provid ereinis a cellular
cAurPheTaReand d€paipssspl ipp ‘Sﬁc("@ ‘°d‘°"y an endosonol ytic or an

[60%AD SRR 2N BINIARI WoaEtORY SpbdtilZdon@gate€ OOl ymer conpri si ng
(a) a first block, the first block being a hydrophilic

bl ock, and ( | ock being

a menbr ane dggsﬁflg E)I?hﬁﬁ%% h%o%#g@g m@ggconpr i sing

[006R] 3Whfl¢ preferred braliogiomins & tr&pssrmvesvcmhabavc beemshpwming deatribed herein,
|

f\ﬁg‘dé %ug!taxsgsh 8!():5‘8%{11% gne(am Besgflﬁlg g%blsjr%eﬁg %r ?%gg%g!]%y @%ﬁo‘% e Efple

calyb Ydinerems vaiatiqns. ohangte dnmhémtﬁpns will gove edcirg these méh'ﬂ)lﬂém@ﬂ

B i P AP ARARR b Sy s Batestoe

e(riydirgengsiof e inysnignnjdescrtigdherdin may bbmwe epriagiiciag Wy ayeapmi lisc

lmr{ae&qhg alern{lmhgk@atnas delifeSite ssoﬁa@af% %Marﬁio§ﬂ§ fhatGetHolhahd dSictures

cationic at abou

%SI ol ;)]%mg %qa second bl ock,
Yithin theseapmef tspecstakmszag thgr equi P%méer?ﬂlé eBbi | i zi ng
mysfepphi bi ¢ bl ock conprising (i) a second chargeable
cies that is anionic at about neutral nd 0.0 a
[ﬁ(ﬁ?} GrodifedinedBt Enbefme| e 8e PSR! InV e iRV ”5&P°§B‘8 & gnd
golyyer: ﬂil}@@dldbtl@ldonsmd o ee)nalamstﬁﬂcesgmupdlmtslada)o@ssmmlﬂn@adtnde

PSS e BT R R e SEaR by § BETB P s  es
[0&64]0 tna:smant enbodi lacndsl ﬁrfﬁvﬁYeéhﬁenﬂomﬂulztr weinbravé|destabilizing (A.g.Samme
FIPGOR G endfro- B b FROBH g AR Bl BT, Ve
enbodi msr(h)s aflsddxmh@lw(ﬁanlsimkbuwa@mdibphwnblbckcampr| ses
the UWOTL)\\26 In
the WOTLEPO Meodbdbiodéus & o%@ﬂgck%gﬁiagrﬁ%haﬁe FRAFIAY

const i t ut i onahydanhabicdlypfromeisigt he t hird char geabl e
speci es [0067] ﬁorﬁqlrgtha;g@a%le%%a%thaﬁ KLAGRA abdit phyRioREic pH
this |nvent|on are st at ed be cationic or anionic at
nor mal physi ol @i @aﬁpcomhqrzﬁa@e SPPGFS dhatrepiipnia afahef plrielegic pak
(06551 T8 soREhTo@MOE, 5:3idel breit £ 8 ceRNRGheRBrafbaN fabiziRE R oL Bt
results init being protonated (cationic, positively

APPSPTRRAY OGP C'H‘@Sﬁf"éf’sﬁ 'lédes(%ﬂh?"t%m"@"‘y'ﬁf‘é@%'m“%}&ﬂ y char ged)
Present | ya)pr ef aisi iRk, GRtiksORbk b&ik My @Sphai blIB&k}ésmlﬁ}lsmgh G
pH are nltrogen S CI es uch as ammnl u

guani di ni um (¢ Eh Az caenic at ahon Ry i gl‘f& onl caI
forns thab) ar ESek(mﬂ‘blackt (De Ielftﬁﬁﬂocﬁdbblhd @&bknibrand de@aballzing
wherein the R)% Hg piad & | nge endent |y hydrogen,

al kyl, cycl oal 'BF PSP ™ wo R groups bonded to
the sane or adp}acearstconddiurgagbinspamasﬂm meaxy)mbet abdus@utiopH; and
joined to one ot

such as pyrr ol(gp ahﬁ 5&*‘8 e];b?er Pgngo{ﬂe Szicﬁtg)%%% albﬁ%t ﬁ"@?&”&c pH
Mononepc resi dues aml

(o) an oligonucleotide associated with the first block.

[0066] In specific embodiments of the polymers described herein, each chargeable species is present
on a different constitutional unit. In some embodiments, a first constitutional unit comprises the first

chargeable species. In further or alternative embodiments, a second constitutional unit comprises the
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constitutional units descpbed herein as cationic at

nor mal physi ol ogi cal pH conpri se a species charged or
weh@pgerbt e to a cation, including a deprotonap@iig2009/043847

cationic species [0068] In various enbodi nents

descpbed herein, constitutional units, that are
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I nst ances, a conjugatable or functionalizable“sid
chain is a group bearing one or nore reactive groups
that can be used for post-polynerization introduction
@invagdit i onal functionalities via know in the art
chem stries, for exanple, "click" chemstry (for
exanpl e of "click" reactions, see Wi, P.; Fokin, V. V.
Catal ytic Azi de-Al kyne Cycl oaddition: Reactivity and




Applications. Aldrichim Acta, 2007, 40, 7-17). In
certain enbodi nents, conjugatable or functionalizable

W@ e@e/1e32ai ns provi ded herein conprise one or nRCEUST009/043847
any suitable activated group, such as but not limted
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Y is selected fromthe group consisting of a coval ent
bond, -(1C10C) al kyl-, -(4d OCheteroaryl- and

WO ¢®e14Be) aryl -, wherein tetraval ent carbon atPOEUS009/043847
Al-A4 that are not fully substituted with YO-Y4 are
conpl eted with an appropriate nunber of hydrogen
atons, R, R2, R3, R4, R5, and R6 are independently
[6@BE Gls6iee dnfbBdimédte gr oup consi sting of hydrogen, -CN,
al kyl, al kynyl, heteroal kyl , cycl oal kyl_,
het er ocyctogat Ry anéﬁwe S&Eée BrdheErp fonsiging o't~ Wit ch
may be opClioxNTaLiojOs Wesk Oy ka0 0, vaeeinor  mor e
fluorine atons Cg,is a residue selected fromthe
group consist?ﬁd’of resi dues which are hydrophilic at
physi ol ogi ¢ pbis2add are at |east partially positively
char ged 1 ,0logic pH (e . am no m no,
armon um 4TRET T GBS ik BB G2oeHb
pypdyl , dBC-6@eycloplkgd)Q-(16t10C) kgt -Cifh@t CaAPT)ykyhsQMNRYEE-0C),
char ged ) ' ' 3 : ' :
over pH (R eRO R (@b, WRLELAR PR RcRbin one
phosphonar wore Jhasioperatrss, or the |ike), substantially

neutral  (\Yry BRY,GRa85GRAenRlsel Y Frbi e Fofp Bliskifs Fa covalent
hydr oxy, poléox%lated alhﬁl &fl etolene %I¥col,
pol ypr opyehe Cgbgeb; €D ?¢4.)31H¢'(¥Q%¥}]§ alltybg@f2C-
parti al | yiozpixiit SBME10@YahY.E(ONR@ICCI0RThiky®, G1C-108)heteroaryl-
nononepc resi due conprising a phosphate group and an
anmoni um¥¢ &fp! %2 hysi ol ogi ¢ pH), conj ugatabl e or
functi onat,iizakda flfoﬁhsﬂe%uﬁﬁc&\ﬁstigl c{(fesdvdlek%mﬁhat-looygmyn, q6C-
a reactive group, e g azjde, alkyne, succinirrude
ester, te@?gﬂﬁ lbﬁﬂéﬁgﬁ&S§WéﬁT” &nt af | uor ophenyl
ester, p-nitrophengtlavast @iben PRaAyA -Alitgudrd dodflly @bstitulee with
like), or hyqulgend UWOTLL33268AP d<". - 1 5 -Q is a
resi due whi ch™I"S*#iydr ophilic at physiologic pH and is
at | east parti al | yYopQsietompited witharaggropriate nyitbgsif by doggercatoms;
pH (e.g., am Rog an AR j I um
guani di ne, inFnggF$¥?53§ﬂga§I, o&kﬁﬂédﬁkgé§?mgggwﬁast
parti al | ycomestygtofl hydfogenc 162 gt abiynyloheyesdatkylogyiclealigykihgserecycloalkyl,
under goes, pLAhARR10Ry StwhicR WY beRplichty Jubstithéd RABNH
sulfonanidgt boroﬁ%te? ﬁ%égﬁﬁ%ﬁa gi gh%gghate, oﬁ"#ﬁ%
like); subvetingaomsl |y neutral at physiologic pH (e.qg.,
hydroxy, pol yexihatigg salcey Ikrom (e kr%fﬁ)tclays;sﬁ f @lideOhhich are

e

pol ypr opyl ene gl ycol, thiol, or ike); or at |east

parti al | ydrophilic arahpsfilagic ot a9hyre it dnet gardallp ppsitigelpcharged at
conpri si Niysdld2RGARNE Lathind! Y RmAR AmABnI GNP hrbtOn@ifO blianidhe,
physi ol ogi ¢ ; g I's a residue which Ls)p05|t|vely
char ged di‘“dbﬁ@ PEI9¥gtr e Hke): 3 R RGP s Yely fBreed iphysiolpeic
to a_m'd_no,pl-aalulqmb@gﬁ pidonateoi AN GWer! PR (e, kayloRyIT¥BIFInAhRie, boronate,
guani di ne

Jn1qazFIMJ, andwgg(%d k' g “g(aneqjdgﬁt

whi ch i s TG BISPARLF Gabkehs Bﬁvw PG & "Bt @

under goesphysiologic pH (e.g., hydroxy, polyoxylated alkyl, polyethylene glycol,
polypropylene glycol, thiol, or the like); at least partially zwitterionic at physiologic
pH (e.g., a monomeric residue comprising a phosphate group and an ammonium
group at physiologic pH); conjugatable or functionalizable residues (e.g. residues that
comprise a reactive group, e.g., azide, alkyne, succinimide ester, tetrafluorophenyl
ester, pentafluorophenyl ester, p-nitrophenyl ester, pyridyl disulfide, or the like); or

hydrogen;
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protonation at |ower pH including but not limted to

car boxyl, sul fonam de, boronate, phosphonate, and
w@bwsphEee; mis about Oto |less than 1.0 (e.g.PCOUSIN0I/043847

about 0.49); nis greater than O to about 1.0 (e.g.,

about 0.5 1 to about 1.0); wherein mt n = 1 p is about

0.1 to about §; i, l(eﬁduggﬂwhl(cl"flilgﬂ)l*&opghczatEJIQ/S@QQU[;H Bnd39 at lefht %a?nally

about 0.1 to about t o about
wher ei n: PpsitjVgly ghaggsd %\B%*PIOQC@*@@ » gnino, e*kxl%m%ﬁmowme)

wherein Qlk?laﬂmd‘nnfm Fuakidive, |1rﬁdd‘z6]ﬂr@yaml& thdlike ® a1adAQ Pirtial$
kDa, or about t o about

1 oho abodeebi et SrPrtsiee ol Prrikisetosasiors nety 4]

In sone qapadnbmnmfonahm bokefdae phosphorfa@ phasplafe, drtR R | c
resi dues re ent e 30%

o "each crmaranY 3R eife” btk By BE e of

each ot hq;bl,yethylené igcol, pd(@ropylmegpemmﬁmlmr ehrml@d |om£m$panplly S
Z::Jb?tegg: Iz%xttﬁomclafphym%og dﬂz[ée e(:ﬂrg?ﬂS‘nFillp OS ﬁn‘%&? arr;geﬁ a§Unon1um
than a trmaataahxmrmglcplﬁ) char ged species, includi ng

e.g., at leas Abding b
o101 ) 2, AR IR RTS8 oA A5 nlhgpe by
t he resi dudinigd e avinartigeming smneniusy, alkdggephivmphgsanidisg dues
are char tadd 1,60% of the residues are charged,
at | east g@gg%ogf at E’gﬁyey dues are charged, or the |ike.
[0075] In cer Reib Areafsaichis Aeeativeprehaggedit algiologic pr; byt undergoes

resi due Whijidnhioh st lSWe%I@ﬁ’t"&lu&h@bu@ﬁlﬁjluﬁlkébﬁi%Bﬂyﬁkdl%naﬁﬁ!étbb@hate,
(or non-charged) physi ol ogic pH [In sone
enbodi nerﬂ‘%sPh%ﬁbé‘tdePﬁ?SP*&Iel y non-charged incl udes, e.g.,
:ess tEan 51330 ﬁiﬁﬁab@dﬁ@fo@@ﬁmad IEIE(SgI(hla_llE(oﬁl%ﬁllafe charged,

ess than 1% are cha e like. . In certain .
embodi ments, PiSiEatEt ]%i‘gg“’(ﬁbo“i‘ 56 g'gr é@f"g)usé ‘%W?”&LB}? gpmm
hydrophilic and atmigast partially cationic at
phy5|olo mis 0 and Q

is a resi dbf‘é’g\m]'é abfﬁ%ﬁﬁ S%Wg u‘é)%git | east

parti al | yjissboailco Zbut f.AYesy, @boodl. Tto plidut 015 wheeib:ai n

enbodi rrent d one UW\OTU3326B AP
‘dot. - é(%lo%oat%&e% a%go})’rwggiggue which is

hydr oph| lic andaatr=lleast partially cationic at

physi ol O%ercH#Lb@Elq thJBgutgﬁlaﬁrorQ{?u@o QJothIS kf)aS af, T €SI due

whi ch is hydrophilic and Is substantially neutral at

physi ol ogt 6 frpmiatont IdeptiowiSh Kepmprgbeuhietaout kP8 >0 and n
[b674]>91 s%gen%eﬁmmts ﬁ\@\%ﬂ@’r oPfatiddf nfo§on@nér @ﬁdu@é*l’@pré’é@”te‘a By b $nd q are

p [ic and at | east partl al ani onli ¢ at
wﬁw@m %9&4 o eashiothgicrbeuh %0t kEh 0B ﬂ@“ Hi% eheach gthey, gr e fike fa

s\ﬁmfﬁfambocamiamgirpmhbslahtﬁnﬁeﬂdsam@ass;uméramtemaéatmem@Qumsqiamaty
HIln certain enbodj nents, mis

Sty g Keundle FaaiGiramar SRPTES HFIPOBIITEG S a0
df@RSdsidRakrt thalgkd/ atlGa@lBOR ptﬁheaemqa&sysﬁlcmrgwlacleq@dﬂomdth@ammﬁs afe
SRRt DRk S AL RS o A5 R
A Qe fesith@s e cﬂm@@éddmehewhé chis hydr ophi l'ic and
[ﬁ@@f(&f chttallaile!n!b%dxmen st m ?s oO ﬁl% (&phy I(RIC 9v 1s '5' ahoﬁcaal%)sulos?ﬁnfil ially
rreamil GuencRgEEd]at dhmsm@rmvﬂehrbmh embcvdnreﬁmstshlatapx@ﬁy ton ¢ ged
sgg Q 185 th‘% 5‘7/J ﬁ@&targ&a{egsltﬁ#l !3‘% al? glﬁl'g'éd \@?J tyanqa%egﬁggea or the
like. In certain embodiments, mis 0 and Q, is a residue which is hydrophilic and at least partially
cationic at physiologic pH. In certain embodiments, m is O and Q is a residue which is hydrophilic

and at least partially anionic at physiologic pH. In certain embodiments, m is >0 and n is >0 and one
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physi ol ogic pH group is a -NRLR' group, wherein R and

R are independently selected from hydrogen, alkyl,
weywboal4kyl , or heteroal kyl which may be opti OPEl/U§2009/043847

substituted with one or nore hal ogen, am no, hydroxyl

groups and/or conprise one or nore unsaturated bonds,

o'f Fhd %0 B, SRR ERRESs hyropHRek afti at RELpaRAMEALdRAEH §’6logﬁcCpH and
forma substituted of unsubstituted he ﬁer oary

AR & On e RS WI i3 THOGRIPHS BRI Beutgjpiplppiologic pH.
flesain Besddiete imns AFan@ AR B ind@he/of elday, 9e@l i restdue WEietsit hydrophilic

e A N (e R R R R S O

hadrbphidic adiiSdubsytntiaiirhduaal a@ﬁysﬁdlaglc aH] Imber(aen egqunqmnpﬁwd >handmiis

>8Iaac{/€ H%aqwaﬁh%epgyfrogglw agd ?t z%g B4L rvaa}g gnu mc a %nygol?glc pH ang R%ls a

rbsidﬁe%lchhﬁt @hjogaraylke oii fonicrianal{zeblgresidupylp cirtaly Ie1)1bodmentt tweis b0 dod n is
>r9 él&ds (? 18 A rfs%%ﬁhlgmpéy%rolplgﬂc alfiﬁ &lbs({ii}%ﬁ’a(ﬁg (%?lﬁ {b §s%l 1c ﬁ anq Qisa

Ive
resitiae gech iad comhgt@bb bxfgncoonlealtquSldmd er goes pr ot o natio n at

[b(%‘ﬁ fn sB enﬁ)U&ﬂen?ﬁMmWﬁh?%ed 3P4 {:?E‘s'f 5 allﬁ&snﬁmﬁrged at

oxync OI‘ ont ¢ acl
physioflagisipl gepup id 2 -NRIR feraup.ovherein § an%&l affwdeeenés‘@ﬂ)clselected from

I'@ %H hatl cl@'ﬁkﬁj or REARN WAk m%ode AptiocRdN9 SRR QAUSth 3fd dd more

oni t he deprotonat'ed conj ugat e base
heleganexstino, lmdrom érovns RAs/oF Grprse opgPr gt URRHIEHPAIEN ihSTRss

bR hARKR BRIFE kD takc?n t(%etﬁé? et HCk utRf b St kB tidoted RARLY! 4N
sone enbodi ment s A, A2, A3 and A4 are, sel ec@f%a"ea“

Aipysha hegeexsiedny ﬁpna?@wqug%epﬁg%mars desgried hercings @ysitesly ghefe

paQin(%poﬁ(\@)y thafddflat ph¥sfeogio BH mayi@ide] b awa)aof in6n-limiding elanipte, dnino,
are inde endentl

%h@}”@t‘?ﬂ@’ E{Pm‘h@ﬁ?}l‘b I}?(C%”@e %Oéﬁwtyp/late glp%rnndlge) eah%chc 1Rino
é§QﬂlI@@O‘b}jﬁdl@&ﬂ@)ﬂi&t@ﬂ(&@ﬂ&@) al tkg/likc) he@d@)yOfrino@.g., pyridinyl), or

tgﬁ %/?ﬂe ymcéogzg?{nf tg{ﬂj;és 3&35%'%6:%%66# as S%Igat rTSlP, gl}/af%e% %r\rl\ﬂﬁagt pam%ly

1@ EAVBcharydd aephglsiotabicaHebui undeegpenaieenitiop asedee pif @ath fy, bnwaylé

n%%?l@f lei? %%%‘I)]?Sltff?&glc aci W@?? %nﬂy&gclagp k@&.@héﬁ}’ Lu'lﬁmc
aciO| DIfxit B¢), ahdsghlonc mndcbhe@@@amd ®Qephérgys acid, @'(rbgyNchd the

C k ected fromthe gr oup
a%grotona eg gné gat yase theY%)g loitﬁf‘lﬂ{e).on d, (1C |0Qal kyl and
[ye] 1r0©)tearrgmbodlmkm pbndet bargimiy arasippund af isompladt ons  OF ApA 4
that are not fully substituted with R -R5 and YO-Y4
are rrpl et ed vvlth an app oprlate nunber of h droge

at ons; R R4,|R5 alﬁ’d r eR4 ndepe ntly
sel ct ro the group cpn yd g - CN,
al kyll, | AdikyAyT, [ Ak eroaTk 51 oaI L&i / T an

het roc al kyll aryl | an er oaryl any of! V\,hl ch
tlonaII substVt te 2vvlth on or nor
quorlne atoms; (J and 2 arg,residueg, which are -

positively char ged at physi ol og| c pH, 1 ncl udi ng but
not limted to am no, al kylam no, ammoni um
@078y lesemro ernbodimetiani di ne, i m dazolyl, and pyridyl.

Ao, A1, Ay, A; and A, are selected from the group consisting of -C-C-, -C(0)(C),C(O)O-,
-O(C),C(0)- and ~O(C),O-; wherein,

ais 1 -4

bis2-4;
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@ is a residue which is negatively charged at
physi ol ogi ¢ pH, but undergoes protonation at |ower pH,
WO pwbadi4ey but not limted to carboxyl, sulfoneei/us2009/043847
boronat e, phosphonate, and phosphate mis O o about
0.49; nis about 0.5 1 to about 1.0; wherein mt n = 1
p '55 YR, argmaept:rfaerfﬂp%te@frcﬁn thg%rbtﬁz ca@@ﬁh"g oﬂwaroéeg (?@-%ﬂ)allgl

; wher ei n:: ﬁﬁls Substanti al 8/
t o abBeROQcIgky R Hel 103Ky GO0} wcia“iyl F@)W@rﬁ 6L aryl,
1t o aRQethidds mallﬂubsﬂ*@@@tvnﬁonte@rrﬁ@mﬂom%%rdéﬁa and, w

is fromabout 1 to about or about ’o about
50 kDaand ffotsez@?epmqe%fﬂt@ﬁttﬁ%}%ﬁﬂ?%ﬂt@mgPfr?ewt? egichend.
?opokmt:)atksﬁl aC@)(MZOOG)C)@mﬂQLQ(I(elI(IC Itmytgm} Cze- mwml yEEth

or nor Si cal or about neutral p

%‘%Jfogj iy - {’J@l@@g{% ]ﬂg)@gﬁg ai n enbodi ments, A0, A,
A2 A3is seda@dd fom ths growptcbiisistirgdf evidlenchosd { 1€ 0CRKpIrand@C 1l 0@aryl;
constitutional units (used interchangeably herein with
"mondREPL units” and "nononepc residues") of the
pol ymer aétrakamnaatben dtdnis of A,-Aplscaré nat fubyrybgdiiuted mits R,-Rshaed
nonomnepc For mul a
R R R i A
condiRi,Ro |R$ Rb,Rs, @e&tltaate_rmdpmscteah@dyted from the Brphreensistingcnf Ridepaen.
or ¢ W%I‘k)trl %ilégﬂﬁ‘,%l&t.er‘dﬂlly‘, cyclogl%,cﬁet]:mycﬁmqy IERIT and mg&ﬁ'l I'iny of
bstituted wt

each Cis _ | _ [ or’ any ot her
sui t abickemgyrbe apsiondlly subgituadptith ore@r M AEPrRASIer S

cont @), fHaRgard reGidle PORcHA! JoGHVe ] bR at ﬁ&@i@l’ogl?ﬁgﬁluhlﬁg but not
certain enbodi nents, each A group g ,.each A0,

Al, MnedA(Baml%akyl@nynonﬁvnobtém(q y@mmoqlméwﬁwéﬂfupvoly] and
sel egfrggtl from -CGC (i e, an ethyl en| c m)nomepc uni t
or p nmer. ba

pol ya?h%%f?ﬁf‘é‘ﬂ‘é" “ﬁ‘tf r’.‘é%ﬁ"el!cﬁft'g éf“ P%%Vﬁﬁ pH t?ét‘c“t?i‘fé%?&s)t’“’“@(“t‘fj‘ at
C(O) Howket pPEmclucﬂngﬂﬂi npeitied toRBBR e onanidé, batna@Oghysplinate, and
backbon -(CObO (i e, a polyal kylene glycol
nDnoH@ﬁ n|t or polymer backbone), or the like
(whemngi throaedntnd4d; i s di -substituted with H and/ or any

ot her .s ch as described herein,

i ncl udS gm&%pléoab%lél/oi' rﬁ%? as descri bed above) In
specific renbedl ments, the term"a" is an integer from
lto 5anintegerfrom2to4|n certain

i nst gnscag@p@éggﬁou“@ and "R' group attached to the
backbm%@zpéhw%whﬂm"{i e , any one of YO, Yi, Y2, Y
, Y4, R, 1531bstzﬁtla] R sanf@) i S bonded to any "C '

(i ncI udi n % a or (C()] b) of the specific nononmepc
uni t TisR % @EP ¢@ibodi nents, both the Y and R of a
speci fic nono @qrumt i's attached to the same "C' In

certain speci i ments, th e Y.and R of a
speci'fsf @%th@ﬁ@”%?‘ga’loéabgt‘ {]g)at*t‘?g' same "C',
t he wIGronbaebbmgtoaibalnmm,drb]lﬁ)utcsatshﬁm)ﬁbklgaroup of the

i f t. [0081]. .1 i fi .
Ty AN TR TR T —
foynobiaqg @ovmalaphysiplogic e opbout de@irdd @H) of Formula IIT:

I?\:)]m_/_[ij]n_" — [Azl / [Aglq/ [A4]— ()

Yo T1
. NR6R7R8 NR9R10R11 COO | ;.
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al kyl), cycloal kyl (e g, 3C6C cycloal kyl), or

phenyl, wherein any of RpRn is optionally substituted
wawdaob/1e3e7 or nore fluorine, cycloal kyl, or phePyl/pS2009/043847

whi ch may optionally be further substituted with one

or nore alkyl group [0082] In certain specific

B6%aP &H IR He%qboMQer@an X4A§‘D\§ ah&zﬂeﬁﬁsﬂ{d@ms la{ilc%t@& &%ﬁa‘é th rom

hydr ogen, Sé% 32/0 oal dg

consyiati@a UQWP qn‘gsyha)ngea@ gﬁrq{ry\ynh( @org)menccgn(t @di@g)oaqewpm ues")

of (e GY1 {ARdr KHornkua 191, In SN Qnlbddiments QBN Indric ufils oPRRHYHing (RIW

of which is optionally substituted with one or nore
groupbet it pranule dih s polymerizag oy Hs ARPEOPriafg copgifipnsy b cgiain
ihdA e, QR etRyMnlcYbackBdne 61 BbtiduficMugit, QQ@L%tymbloﬂﬁi:renﬁéa&)}d 1s di-

BRELE 30 e B 00T b S i St
cafDCH-EYbah bonible bgad efCeCalm ynaih enpodiBEnts, each A group (e.g., each of Ag, Ay, Ay,

e I T e e

pOan(erZﬁekllorM(@W)a(](ﬁ)(b (aret, apatyaghyigic momontesc unY 8r golymer backbone),

BRQTESE ey LTR8BSy RACHERS orfhin

@mmnwmt gnit OZpolyrwr paclémmtor be lll@bslewtn ehoh Coeditsebistituted with H
%&9%&@5&&!6\/@&%&5 as%escﬁ&GMPgm Eﬁ%luh )ﬁ/g ]b}/zg\%xqg, as%c(‘scﬂlbgd

certa I rent s, I'S an count d
2pie)- Brspesidic embadimente psrierm qorlse*h é\feamfrymét% andobrpani initeer from 2 to

@ﬁ%@ﬁaﬁf ms‘ta@]&s eRHOP" A 'R QYouyBched toﬂ@‘ﬂackl&oﬂé Jf'FB‘r%uﬁ)H@{ml 4y one
| 'oride, 1norganic or organic hate, sul

‘§0ﬂ0 flonat e, YelbefakeRs By E&P'@FFHP any Su@w@t‘@"y (ﬁa\d%ﬁ%@ af the

PRI ARhEneriC AT M kREife erMRBMmatCho BUY HIR of ﬂypﬁéﬁ&ﬁcﬁomenc unit is
pal mate, stearate, palmtolate, oleate, hnola

Srchep B e "G Mot et CRPSPL TS BaNBe ¥ and K of g Sggeific monomeric

m¥ &QRichali©the dame t@ s "CJ baikQlpa4 © the Sabongl glodd & the monomeric unit, if
desam onphenyl al ani ne, desami noseri ne,
e not hr eoni ne, e- hydr oxycapr oat e,

' [3981}/ dr specifio winyddin@he,,R RT,hgedrrdepeydamtywla:tce from hydrogen, alkyl (e.g., 1C-5C

e e e T
wath dnmf mpeel flagring o ydhaeddy b orpbenylawichasy bmm&llly befurttgr sbatiwted with one

ituted are conpleted with the approprlate
ern‘t?)é]k%%&%hydrogen atons. The nunbers m n, p, and r

[0} dnerin sptrdficrpbalineniacoicwshY «afe indenehdenttyrelectet froi d)wengen alkyl
(UQ' tc w@ aukw ch&ﬁ(Fl <@g dsd/s@cgaoawlyﬁ TRMLIE ot B%@Ri@ﬁgh &(0)0-

(g n certarn enbod
Wy (e4 C((N@ (2G30GHEYDAer Phgnd., @épfe@tcw optiog sty sbstitejedonifh oné or
QO Bofhd N of -G, -GG, C(O)(CR 12R H) C(O)O
(&CR 12R, 3 aC(O)- and (XCR 2Ri 3) bQ, wherein, i S
90 ] I:bsoin%cr@odlmemsRlY. anﬁ&’z armdep@pemlm]ectpg frowoggamlpgi alkyl,
préf@a} at predut.a (mm)tcb'ﬁn@l ay(@)0-dNG € preRABN bl s e CanD.TC-forimy,
sistin

%’?@”@@ @f}&ﬂfﬂg{i |2kRygsent ?%‘Qéoi %é“*g?%ﬁﬂ 'e &B?@@f%%r%%{?sw -0QGy
KO)C)aMdyll aﬁh—S?rzﬁlwl pefeaplly axpradnt -)Sd(sﬁ-bﬁﬂ)alk)mthedrtm ¢nibodimEntQ Y, is

| uor Y4 ' enden
GBI oy S PRITR. aX Bl P E SRR RTIERY,
(008a} IIrG@)m‘trﬁbpﬂlmer(tSZ: iS@}seny ot abahkmlc¢na®e@bcﬁ+r1bﬁt€)vabrkny IR, and/or R,

is gdﬁ% llSbe}g | %rﬁi{ll e{ng(gigneﬂ{g,ﬁi] ng can%ngrr (e !\'?(%ng or mofr]ee counterion),

e or nore
;gqu@l:@sa biocompatible counter ion, such as, by way of non-limiting example, chloride, inorganic

or organic phosphate, sulfate, sulfonate, acetate, propionate, butyrate, valerate, caproate, caprylate,

caprate, laurate, myristate, palmate, stearate, palmitolate, oleate, linolate, arachidate, gadoleate,
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Yi and Y2 are independently selected fromthe group
consi sting of a covalent bond, (IC1QOC alkyl -,
WO ZoneE2C- 10C) al kyl -, -OC(O (1 C10C) al kyl -PCFO$§D/043847
| OQal kyl - and - S(2C | 0OQal kyl-; Y is selected from
t he group consisting of a coval ent -bond, (IC- 5C)alkyl

afshaR Rk glycwﬂa@ rsﬂlcﬂat& @ésﬁﬁu@hmfala&m Qi AR dddmiftimeBnine,
t hat are not substituted w %wﬁg 5 and Yo- Y4

féwew%wma'éﬁéadwwm‘aaﬁ higrssryarar Bralgrie iy ¥ gen
eaibéumentszvues eaeme FOdnd Btiofal DI 19dowdnﬂy’:\lbdn(}éd ACaCaPbradp the selected
nterio
S S ol et SRt s ey e B Baopticuhi
Hydrbgen Groins Thedm@niberm, 2, f, § aralbmpteseﬁt the; moldfeat toin Of eagh cotitutional unit
substanti a o about O, 6;
lw,ssgt?()é?hndaa J\}g]pr_gw etl?e rﬂ%‘?ﬂgai&r ht orfﬁagtbb(?oc 1 to about 25
[RABS] Inarertarepbbdibentsp about 25 kDa and, wis from about

1 t O g%g% fAsgndk AP%r’e aecfgctegﬁgr}il 6?r0lklocoﬂggd‘ét0£\g@a§? , 4[ 2926]

| nderféﬂlﬂ@htﬂ yC@DecQ(QBIwRur)@t@)tmogcﬁh@p)b@oﬁslesw| ng of
-GG, -gOH 1 (OO0, -0(0 11¢(O- and - C) bO;
\Nhereln UV\DTLU3268LP|] -20-ais 1 -4; bis 2 -4, R,
R2, R3, RiS2RE R6, R7. Rs, R9, Rio and R , ‘are

i nde . € of Rd BIL QERIHETISHNG SelediBd
e RERIRON X 6L oL g0 5 v

any éﬂouwvse*hngrfaéwds)éenoﬂfiﬁ%ﬁ&v‘r9 @ﬁmqawm@@rwm %e or

mor e |dd)keRFday e ar@topmﬁeh ) beshilonily @bsBtuted G RPSB Biehtrd Horine atoms;
selected from @%r oup consistin

of  hydr ogen,
(1 C Veiep e Wndep@s se&jeegs%ﬁr%whwwP%eﬂmetr"@%%?%ﬁ"1&?-‘0C>a"<Y"
- ( QﬂGC)@clodll@Qal(k&homm pdieytyi G- 10@mykydnd pHehye,Any & which is
option ane or nore fluorine

gr ou ﬁ%w“aWS@ﬂ'a”W “EP’? o ?%%f%B‘é"H&“e%ﬁ?“Pir sel ected fromthe
gr oupy, @0 Nsarsﬁaddpg)dmﬂy glected/fedmethd grdnp nehsist{ng &l aOQalekybord,

1 2R ey PO A ol Tl ) Rl s g g
frornS@EGO@nlbyjp consisting of a coval ent bond, .
(1C égs @Jlé@é& fr@rpﬂe Erlc')]lﬁ)rz:){]lsisting of a covalent bond, (1C-5C)alkyl and pheny!;

wherein tetravalent carbon atoms of A,-A, that are not fully substituted with R,-Rs and Y,-Y,
are completed with an appropriate number of hydrogen atoms;
Z is one or more physiologically acceptable counterions,
m is O to about 0.49;
n is about 0.51 to about 1.0; wherein
m+n=1
p is about 0.2 to about 0.5;
q is about 0.2 to about 0.5; wherein:
p is substantially the same as q;
ris O to about 0.6; wherein
p+q+r=1
v is from about 1 to about 25 kDa, or about 5 to about 25 kDa; and,
w is from about 1 to about 50 kDa, or about 5 to about 50 kDa.
[0086] In a specific embodiment,
Ag, Ay, Ay, Az and A, are independently selected from the group consisting of ~C-C-,
-C(0)(©),C(0)0-, -0(C),C(0)- and —O(C),0-; wherein,
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wherein tetraval ent carbon atons of ApA 4 that are not
fully substituted with Rr R5 and YO-Y4 are conpl eted
wowaok/1gm2appr opri at e nunber of hydrogen at ons; PAI/US2089/043847

physi ol ogi cal |y acceptable counterion, mis Qo about
0.49; n is about 0.51 to about 1.0; wherein m+ n =1

p is aboyt;0.2 to about 0.5; g is about 0.2 to about

0.5; wherein: p is substantially the same as q; r is O

to about(ﬁ%r wherein p +q+r =1vis fromabout 5

t 0 aROR} RLR, KDR; RARGRIWR |, SndR,; Q8 i3 seHd El@c@b@,hhth 20
K Da. [0%8% KPR RAREIRIR o ndf Qi RBfenty seicbomlshedup

“Z o) o iog ot hydrog (S ke uttesplpatyf e e sy gfavewh may
-CH ;  a6dprionBy substitufeltiwith ¢ne B8 %re fludriQidls;eMbodi mant S,

is -CC
I AT NN (o Lfeh o Regrqug s U1 %?i‘%éﬂl{ﬁs‘
" due _23c-6d)@a&Myl, bm(smﬁ)alle/nrtmaiomt G)alkdBand gheﬁyl Gny ofRdich is
nt. bond: and Z' is a
phyS|oP%89@§ﬂP§ng@gh gmgﬁwgﬂeyTB%QO] In some
e nb &G andeh trs jndghdndersly seﬂbc@d frorfRifie greupselsetintgeda fovalent bdnd (1C-

9&’ %)p (J@iﬁ@?%‘é&@&{c LRI C216E afyl- 288c-18Galksi- and
-§(2C-10C)alkyl-;
Y; is selected from the group consisting of a covalent bond, (1C-5C)alkyl and phenyl;
wherein tetravalent carbon atoms of A;-A, that are not fully substituted with R;-Rs and Yo-Y4
are completed with an appropriate number of hydrogen atoms;
Z is a physiologically acceptable counterion,
m is O to about 0.49;
n is about 0.51 to about 1.0;
whereinm +n =1
p is about 0.2 to about 0.5;
q is about 0.2 to about 0.5: wherein:
p is substantially the same as g;
ris O to about 0.6; wherein
p+q+r=1
v is from about 5 to about 25 kDa; and
w is from about 5 to about 25 kDa.
[0087} In some embodiments,
A, is -C-C-
Y, is -C(Q)OCH,CH,-,
R is hydrogen;
R; and R; are each -CHj; and,
R; is ~CH;.
[0088] In some embodiments,
A, is -C-C+;
Y, is ~C(O)OCH,CH,-;
Rg is hydrogen;
R0 and R, are each —CHj; and,
R;is —-CHs.
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[0091] In sone enbodinents, AO is GCR i is selected
fromthe group consisting of hydrogen and
w@ b@93@uat kyl ; and, YO is selected fromthe grBCpUS2009/043847

consisting of -C(O QI C3Calkyl. [0092] In sone
enbodi nents, mis 0. [0093] In sonme enbodi nents, r is
[@es%m%ﬂerﬁbgd@,gme enbodi ments, mand r are both 0.

Provi ded i n sone enbodlnents is an exenpl ary
but ﬁ@ﬁ@ﬁmtl ng pol ymer of this invention: IVl [0096]
I n celiaurH,o8t.ances, the constitutional units of
conpound 1 are as shovvn Wi thin the square bracket on
the MeFf HAEPWE curved brackets on the right and they
are a7 Meghykioogidlipacdgneenmins: | | Il 11 H2C=C C O CH
?@QE E%Bﬁ)ﬂ H2C=C- C- OH H2C=C- C- Q(CH 2) 3CH3 CH3

A §me43[ 0097] The letters p, g and r

repre.sentcthe nol e fraction of each constitutional
uni t vu thi repr esent
the Ko s %"’m‘he 6’%‘%"C?’H‘S‘rr"éekhygmé‘?‘é"de C%nfa"&gach bl ock in
t he d’kbl—G(@&O(CHp;ﬂWrrer [0098] Provided in sone

' onmpound provi ded herein is a conpound
ﬁfﬂlsgtﬁﬁée @ﬁngture I V2 [0099] As discussed above,

letténsCd- g and r represent the nole fraction of each

- C OhSiRI fs %Etléc@&]%m llﬂphrt)up%rtsml 0\‘ ﬁyﬁrog’e'nqmlc I@%k)tl ea'iuﬁ ers v

and w represent e nol ecul ar wel nunber aver age)
of eé(cﬁs%ﬂlc%ko“?‘ﬁegfﬁé’cm%‘l"ts@f(—(&@@éﬁ‘y kyl.[ 00100 I n sone

[@%@1 ngpgnsmd,p,gr@svh,qisaﬁ herein the foll ow ng pol yners:
MA] V- [ BP-/ - Pq Drlw | V3 [ PEGVA] V-[BP-/-Pqg-/-Dr]w

&’Q?él ["PEWWHWDRM‘ENMH[ B p-V-P* -Dr]w | VS [ PEGVA

08941 MAGGLNABbdilvmd, Band raFéq:n{hﬂDr] w 1 V6 [ DVAEMA
[%W&Q%%}%ﬁo%@%ﬂtg ESFQB] e)yemB?r}/ mtw -limiting polymer of this invention:
[ PEGVAM / - PDSWMn] v-[ Bp-/-Pqg-/-Dr]Jw 1 V9 [00101]1In sone
enbodi ments, B is butyl nethacryl &' residue; Pis
propyl acrylic acid resi due D andJFDMAEMA are

i met hylegm n et hyfl met hagny e r e; [PEGVAyi 8]
ol yef"hyll ene I_y__ccérré'?hhcr teHar esi‘die [(fe. §: I Wi

—

- 20 &fffyTend oxilde nits,] Jucieasi T u tra e n
conmpoun&=PV- 2, or| ¥-5 &Yyl X (0 oc—b
t hyl en& oxi dle units); OMAAENHS) |8)met yI acryblc r
ci d-N-iwidro y CliHa

| CH )
i i e |
ch/ \CH3 ch/ \CH3 éH:
v — —Jw
V1

[0096] In certain instances, the constitutional units of compound 1 are as shown within the square

bracket on the left and the curved brackets on the right and they are derived from the monomers:

o)

[ l [
H,0=0=C-O-CH,CH N(CHy), H,C=C=C-OH  1,c=G~C-0(CH)sCH;

CH, o (CH)oCHy 4ng  CHs
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succi ni m de residue; HPMA is N (2-hydroxypropyl)

nmet hacryl am de residue; and PDSM i s pyridyl disulfide
woreiobaeryt ate resi due. In certain enbodi ment s, PET1ES2009/043847

terme m n, p, q, r, wand v are asdescpbed herein In

speci fic enbodi nents, wis about O1 tines to about 5

[009mje'$he\lette|@{)/ q@h@MEpr&eﬁ IhERsle trQ:u&m HJch &)n&htﬂ@rﬁl Mhit WA ok
ners are exarrpl es of yners ﬁr oV

Theletarsy aeswmeéﬁ"ﬁbe rRoIGrBlpY wetay! Wberaﬁegigﬁkwc'b & "uﬂ $ )
comiimeg up the first block of the polymer Moreover,

ypers set forth in the Figure nd Tabl e, wel |
(0 BBt s GPepBimeie e ogampRiTe g B AP e s
sirietubdV and/ or nononeric residue ratios) are
specifically provided for herein In sonme enbodi nents,
the constitutional unit(s) of the ghrst bl ock are
varied or chemically treated in ordef to create
pol ymers where the first block is %Hzconprlses a

const i t ysi, ong|l t/ thagyi Hé} g/ PEC%![\
clat i o,c] (e d , ENI) |
ereGte—NH] 75— ©1-§? Cact r-@c@yh
ci d), aégé:;l e g ¢ =0 t he! s
(¥ or %XQ e,

hiydrol y ; Cld)' Ofp/zwi terii o
pl! y[ 1_§Qt hacjr yl oyl oxy- 9 t pmet hyl & noni unet hyl

phosphat e]) enbGls ment s, pol ymers conpfi sing

pyddyd. dijsul f|i de unctigpalityinthefirst bI@dgk, e%
[|PE PDS P-D], Ythat can be and is optCinal |y~
cted|Wwth |a thjolatglH5i RNA to form a polyn@'q-siRNA

clonj fe'f Ipi me> odi ments, the pol yrfers| of

IS [nventi albloc Scopol ymers " The téelam

nghyaer" tes that the polynmer is the resutHtw
ol ymeri of two or nore different nononers In

some instances, a "block" qgpolyner refers to a

structure in which distinct sub-conbinations of
nstitutional nlts ar 0|ne ther In cert

(i éﬁ%@gssedabws ek P pdirkarese e uolg ﬁgﬂ%'mf 5P Coaaw'mh""“

vathindts Pedky MRYletlBRY ity @prpsdiittitic Gloleautar GEight aninbyr betakd 8f dach bpck

ilic segment or a hydrophobic segnent of a
'&W%ﬂpé%fqggﬁgiyner) In some instances, a diblock
(6010} In\soree embodippenisSeevided besdin thel\blldwlr(gqoklsmera schemnti c

generalization of su I d look Iike
[ AaBbCc Jm - [ XxYyZ,, 1 |l' E&ﬁéﬂgﬁ# \e@gﬁ | etter stands v
for a constitutional uUPEGMAlelBghPgubkcript to a Ivd

constituti onal untPtE Wr/ﬁ/ﬁ@kl)\fAfh@/ } %fracti on of Ivs

that unit in the particular block,” the Three dots
i ndi cate that thelPEGHAy/-MAARTS] ([Bu’tl’qéprleourse there IvV6

may al so be fevve[ﬁM,s;m;gt;mm\ I\@BT‘] [ymptﬁDlln each block yyy

and mand n indicate nol ecul ar vvel ht of each
bl ock in the dibl ocwpwpﬁfpmﬁ [Bes/- Psu@dest ed by the Iv8
schematic, the nun‘[pﬁ_rgmd/mjgm]ng;mpe/mfw each v9

constitutional unit is separatel control l ed for each
(BB o sprpe qrbodimentsr B s e r%@Hla%fY‘%thréS'ée HelhRPRYLCTYEC feighresifucs Brand
BMAEMA o ldl@hemgaﬁm]mthynﬁbﬁﬁwaeﬂreme | FEG®TA @pwyen\szlk@g]?@ns hi p
at soever zetweE 5 nunb r .of %f lt |t uél ona Hé%z
ehagrHae 5t H5 &7 di ’F‘ BREIEYPEs UG Luagd v GeTs or
mtﬁy&nd dxide adk, 007-8 tthyenb b)OdBkJSltsWAA(SHﬁhﬁnéﬂqheﬂ'ﬁidcﬂ Nagadky
S&C%I,[]]dn%el eCrcrasldIQ%naPlXum ghygr%!()i?l‘)%ﬁy J;lme?hgag'elgn%g resug (g ﬂD%gpyndyl
disslfidd metteerglate [pkiduskln tdn@n@mbrsltmetltmthemnrad m unnp ns, wrend vhe as
di sposed in a purely random an alternating random a
regular alternating, a regular block or a random bl ock
configuration unless expressly stated to be otherw se
vlonperet y random confi gurati-zsa woul d, for exanple, be
X-X-Yy-2Z-X-Yy-Yy-2-Y-2-2-Z OF y-Z-X-Yy-Z-y-Z-X-X An



al ternating random configuration would be

X-Yy-X-Z-y-X-y-z-y-x-z , and a regular alternating
w@oovbitgdeat i on woul d be X-y-z-Xx-y-z-Xx-y-z A r eRCi/H82009/043847

bl ock configuration has the foll ow ng genera

configuration .x-X-X-y-y-y-z-z-z-X-X-X , while a

deRAGA AR Qﬁlﬁecﬁﬁ Bhba@ikfet, iwOBabo@ 9. 1 tiRes t§ &I3&5@iknes v, or about 1 times to

configuration X-X-X-z-z-X-X-Yy-Yy-Yy-Yy-2Z-2-2Z-X-X-2-2-2-

PHLHGRE Vof the preceding generic exanples -24-is the

[00R.02] Pt yhheBITV] m@tawsash;ﬂds Ofpolytners ﬁndh&ddduah cdhﬁ)ﬁﬁrtgl atverietyanal

t Stit |
Sl B P g SR A
Riduey anld @ atde msSiet] ldQsﬂwalBally mel&ti)polmmﬁarch bseraniaumg iraviwaind/or

limting.the actual by uct ock y rs of
PR R TioR # B EG] MRt B Bt b RO BRR I L b
coisetuianal waids) bf thacfies bockaacadsliongperibaly am un Ctrd@t Iloollﬂa¢ polpmietts s

vf}.ﬁr% 2 Bkst c?u o or BHfri<al 4 COFS?] (?{191 uREM &?s‘%%\ﬁnrafk?n?b n{:@aé&urohf&at

cons on ens e Ves
(¢.8, DMINEM & rednict(eg- |P<EﬁMA NI, wherephe Ni$is hmol}sqi}arheamd or acrylic
t
aglgf;?tﬁ)ﬁ{)lzl{cl O% a[fl\@ﬁ'ﬁn}\lb[,? ng—l‘\ISVI n\?/lﬁ{whem nsq{yeryleB to tﬁ%cn@}pﬁ}?glteylomc
(Fonerampls. pely[Reethacnylqyipxy- awmthxlamr@gwmathyl all'(’ﬁ@?tﬁ]ét Ip prie

e%aa%&{s ;Jaiy%rkcoq{pn{m%rbg@dﬂ mumakfuﬁc@gteah%{;getrﬂr@teﬁg rTrgluZ in

efan éP@ﬁNb‘hP tlﬁe?tchtb% &anib mw%ﬂ"aluﬁ?aqu Withiaphiolgigd SRR Ay fprm

alpglymgts,lm\mc@ﬁ]gi@g and nust not be construed, as

i ndi cating or sug (gestl ng that the constltutlonal a}gnits
[0910H F"r?o't“’rf‘@‘bb‘i"a?f‘ﬁée %P"&Yaﬁﬁﬁ pf tig mxenfign e, diflogkoprolymessy” Jhg term
"L OIRG]T sighiTidSthar 3 @Blyrhdr isitise réstiledt @elyrieipaibmortbedr mare @liidicge
neutral constituti

[, unjt be "random.y .. .
RO P RE Bkttt B0 PP b P R S SETORAS At s of
shlh&)rrfblnﬁtﬁ)hs ditoekutiofal amdarbjomad@gemao IIrycmBam lﬂlﬁantehlagblock' refers to a
i nvent

sggrr}e& o Elqpéon ﬁ%earpé)rﬁsrg}a]ug’g a‘ﬁe(lmﬁulz{r 8ha{aﬁter%suca ées% a. hV\@cath gmenlg c‘;j} a
lgdmpphoit ygmaand o gnadlemfdpgwma); Ingome ihs@DdE) G diblork csumhnner comprises
JUSnRVO%IOH(ES a ssrigmgt!g %e %r%bz%ﬁ en oggu%h zP;{ﬁ)lyglnrﬁweog@égog glfe tAI?%:,?C '6}‘"‘ -
[Pfe\deu mn aherarb@dtletweamd%fbr apHISiltstlomi meit, taalngybstripvp/agpnstitppngd unit
r%&&t@#%e%moﬂ?{rﬁm Brhlqﬁ]th!z %Glﬁmﬂ%}% hrde Iaétpmaéater[ﬁr{ m:re may

nor e nore than

W @Orergpt pficourse mhe@m alearits &ﬂeﬁé‘ﬂ‘ﬁtéu“"i‘%‘"}ﬁémﬁ% Qllo%i(ra“(f B |and n
it Qle%lfnoQQJlaY W@lﬁlﬁ onﬁ%' bﬂ)gk f t@ﬁﬂfo@%bdl)‘nﬁr (@s sﬁkgeste@ by the

cationic h c) first block hree Sf)eCI es
sghicaglicnhie fup QFH tmwwﬁﬁﬁh EnHuERIR! “(“éﬁ F"(BHP‘&‘Y cqnugliedyier gach
HRE 1Y SfeRbihaChe Rfdhall i€ 8 RibanBahd shotld Rl Béﬁoﬁsﬂ'ﬁ’éahdllﬁﬁfany
bl ock, or are otherw se present in an mtersgoz
relatpnsbinwatsagenbeteaR th mbes|ofgopstijutiongkunits s the yymbg Pl{sfefﬁ'éfypes of
d@ﬁsumﬁ@hl uiliad @éh e BISEkKs. :j N isl tl&@@krhatlcgrfdarﬁtlalﬂﬁ;prrl_ﬁ Sﬁy@;ﬂfﬁﬁair]
this orientatlion provides |1 ncrease ol. ubli of the
BRI o b s 1 BGur D o Fira P e
@hshiuo@k veiapa) yadspssediat pﬁréjt] tahdomnan’ﬁﬂhhzmng]raralble ap¢gOMi alierthating,
BBt G801 B AT AR QU TR P S
rarglom nehé gusdtioneoutdn fat extinge, bh acnay:t eyiystytzezsz. of y dixtzyedex-x..

' ot
SERRhYTRED SHSBERLRSL B TPRLS 5. AN, LREL Mg sl
dosfigeofionsvouli be: kaitz x-eased - dyreguisedlerk serifigusaiionkas Hie fallpwing general
RS GuicHK] k.lxsq-y-ﬁz-i-b.ﬁ.xart wme' alranBéin a@&%mﬁgurmonmsﬁ@ nbr
such copol yners, which therefore be wth he
OEligpRlianf - £ Hixg- errfv\é}‘rtﬁydﬂ z ’{’O@E%] Inmgee of the Q‘Fceﬂr’g)%?ke”éﬁxamples

exenpl ary di bl ock copol ynmers are conposed of nononelic
wesisdues of -24-



di met hyl am noet hyl net hacryl ate (DMAEMA), which

efficiently binds to and condenses nucl ei c acids at
w@bysitgl4oni cal pH. The second bl ock of an exenptHD$2009/043847

pol ymer descri bed herein contai ned nononeric residues

of DMAEMA as a cationic constitutional unit; nononeric

if BShallas RiapRfiePHf! |md%(1M lcén@m@i@hadurﬁt? M)ocl@%r B nudBéQNI C
constltuglona unit and ue to the groghoblc prop

yl
cnstu{ons! Yeifsn a block efyiherumbee Bfrb'OF‘Eﬁ MepbNgy ;‘)‘lﬂ’P B capsiryed as i any
nﬁﬁrhammﬂg@n BAinfing the adighl HRAGEBITibock @§¢1ﬂh&@s&>f s nbbﬂ(%ﬁ

| te (BMVA titut
AR bbb SR A s bR e

n&ﬁ\h aiGerngt 1oy c@fisyued kdmea thitalieRonsiGiload) Ges theindeBesdarentiidks, That

1%81[: &onftﬁl&%%hmtig%gtiﬁq%e bracgeés ryay ?%rﬂ)élﬁj ?n a?g‘gé]nglergvng éha ot%er
coprirfuipmarabiis odtaih the blackgies., pivelg andomnal Boaridg randrargus alternating,

regnlgi'{)loc]% or rand&nrl] @bck conﬁ )gurgﬁc’t abl'lhusln Z(? lgloc? opofyﬂersi 5‘? ﬁnd r reé)resemalhe

§PoMbgical “conditr ons,
n@te fhagtan obhuomnsmtttxorraemuIlﬂhd(blwamdhﬁotohntpwsd and\mlst(nel bg construed, as

iy 1c9t§n% %?sgjgﬁg%tg%ﬁgm)coﬂ’sﬁtﬁtgoﬂﬂ Qs @ﬂ}qn ek Ety& ﬁseg bl'ock within a

residues in simlar a
W@%ultlng in approxi mate charge neutrality and charge

[@(ﬁ@ﬁ*ﬂ%uk %H Pl stQEd }Ienlgf% thaPf c@aar?é’neﬁtgﬁcoﬁsgfun@ﬂtal' uafe mQ}f bel" 'fAhHomly

palrs. In certaln |nstances 8pn up t ake of
injesspgrsest arpane fhe first carsfintienampiosf he ﬁb@é'sqfna diplogk %w@?ehofﬂhﬁ 0

iRaHS ARhns HRNRER L BB wouRhate A Sire e lgenchidaBy Ak ihatREcred above
t he endosonal environnent causes anionic residues of

fora@uielyraneprtORi i i onal unit (e.g., PAA carboxyl ate

(01061 PSdmd éﬁmbb&m&ahwomln@at@gdofamdalouh@p@wermeﬁms@am@em in
dlsrugtlve I n sonme instapces, tﬁ@?ton 1 on or

apuspHS SHOD g Pegmapahent asutral pf isgiorg mre haw? me(mk, more
tha@ SO /SL, infdre WMBTRYRE SRR BAC0 mZnTadt @anll00MPhe eidlnddfe than

VER903  RE e TORS P R -
¢ iic [ lod¢ ook omM’ta' nic
@f"—;} ’é‘zzif ool Theor et eal Theor et "g%j:‘““@ Cpental
SAPPRE Rt espl 85 Pin SR SR e BherOFLSIRI S,
REbpersédsBVENcEsubhXiat Ye %@Mlﬁof %ﬂMa%yME.MN chg gemgrlo?: éts Igllmg(t)hc lin
S T Rpkes TSRO pE A Rt BT P B 008
(00168 [n@er5iy emodgFens Iheribl@k aqpalyBerg@Cforth igEabl 14 pRoviiEd Breipgin

cgnaan 1|§stalr:)>és %ucﬂl%&yr&rsga%sc‘ld a?éb ﬁ@cle%@de%éngﬂ%mgngﬁtgarggar?_er% g_msz

m@rrsm@d Q-aut theghaggtepgjcspf 119'96@@@0@8 desoripedyip Tapip Iymd gtherwive hggin

vﬂ?be%am&abiklo o#ePdidlock 2ot maPneddr hh R, basad eﬁﬁhedﬁ‘st:l%{ums m
SEC Tosoh TSK-GEL R-3000 and R- 4000 col ums

“B%%‘E‘F‘b‘ﬁ £he art willbg enpahie,af prepaEng spo)coRoly RIS Cthich w“h‘heé%?rtf %%Wlm
(R sMips 6fakii€ikvemiemax VE2001 and refractometer VE3580

O RIT A P S iru O T HABE F AL o s of
dirdt aminadthylmethacrylate (DMAEMA), which efficiently binds to and condenses nucleic acids
at physiological pH. The second block of an exemplary polymer described herein contained
monomeric residues of DMAEMA as a cationic constitutional unit; monomeric residues of propyl
acrylic acid (PAA) as an anionic constitutional unit and, due to the hydrophobic propyl substituent, a
contributor to the hydrophobicity enhancing moiety; and monomeric residues of butyl methylacrylate
(BMA) as a separate constitutional unit, constituting or comprising a hydrophobicity enhancing

moiety. In certain instances, the sccond block enables endosomal escape of the bound nucleic acid
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wei ghts of the synthesized copol yners were determ ned
using a series of poly(nmethyl nethacryl ate) standards.
wh2eodetser m ned by 1H NVR spectroscopy (3 wt 9BCTIUS2009/043847
CDCL3; Bruker DRX 499) UWOTI L33268AP docchar ge
neutralization of the PAA acidic residues and, in

tﬁr%ﬁgth abh-ildi&Rb @dﬁfbﬁﬁaﬂoﬂaﬂchﬁlg@ QRED B iRAles, tRAR gﬁme‘nﬂra‘%é‘ e
ymer to a hydrophobi ¢ menbrane-destabilizing form

CFSMGWPJP SNy undaPhyiongical sendiiprsy theseqopd grhydsephepicesere

ARk Bds Both ﬁ’osﬂve ORQbIATE DMA‘EMA@ Qﬂﬂﬂey:ﬂ‘i@ heghthv@ (ekgs d@ﬁrotaM%d PAA)
DVAENVA and PAA are prepared in any suitab

TeYfes I EmUan %ountf’éqsx}ltlmm %ghaﬁp A g?lléyoang)@arge stablllzatlon (I)f the
anIby e rdni:auﬂngofﬁzl%wm derdiiastaptet SpRapalafof 4 B mBAmlleiCIoN

an ical initiator In so t nce
BB Sty BRRE TR e mariaas S s b e RS HecB 1 o
dndcR sl ewﬁ)nﬁlem icases axfiontt rézldoe lof moqud qommSomufumt e.gt, RRA BMdxylate

R R <o PR aRE ety AP CREE SRR bG8 o
rremslutatlomgnmIalyofelresammeresd\wvmulmn Table 1 Simlar bl ock
si zes were observed for all seven diblocks giving the
pol ynmers an overall nol ecul ar wei ght of around 20, 000
g/mol In certain enbodi nents, |ower nolecul ar weights
are chosen In sone instances, |ower nol ecul ar wei ght
polynmers minimze polyner toxicity and enabl e renal -
cl earance of the polymers in order to ensure anenabl e
translation to in vivo testing Also showmn in Table 1
are the theoretical and experinentally derived nonomner
conmpositions of the second bl ock Each polyner |isted
-is an exanple of a class of related polyners For
exanpl e, . polynmers of the P7 class have severa
versions, one of which is characterized in Table 1
Wiile all polymers are relatively close to the
t heoretical conposition, sonme deviation is observed in
all cases and is likely due to differences in the
nmononer reactivity ratios [00110] Alternatively, the
opentation of the blocks on the diblock polyner is.
reversed, such that the w end of the polyner is the
hydrophilic block In various enbodi nents, this is
achi eved in any suitable manner, including a nunber of
ways synthetically For exanple, the synthesis of the
bl ock copol ynmers of the present invention begins with
t he preparation of the PAA/ BMA DMAEMVA hydr ophobi c
bl ock, and the hydrophilic, charged block is added in
the second synthetic step either by subjecting the
resul ting PAA/ BMA/ DMAEMA macr oCTA to a second RAFT
pol yneri zation step. Alternate approaches include
reduci ng the PAA/ BMA/ DVAEMA macroCTA to forma thio
end and then covalently attaching a pre-forned
hydr ophi lic, charged polyner. to the forned thiol This
synt hetic approach provides a nethod for introduction
of a reactive group on the wend of the hydrophilic
end of the polymeric chain thus providing alternate
approaches to chenical conjugation to the pol yner
[GA11JThe di bl ock copolynmer P7, one exanple of a
pol yner of the present invention, consists of two
bl ocks, one is pol y(DMAEMA), which is hydrophilic and
charged at physiol ogical pH, and the other block is a
random copol ymer of nonomer units hydrophobi c ( BVA)
and | oni zed/ hydr ophobi c or | oni zabl e/ hydr ophobic units
( PAA, DVAEMA)
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Definitions and Enbodi nents [001 12] It is understood

that, with regard to this application, use of the
wa@Rovgah@e7 i ncl udes the plural and vice versa uPCEES2009/043847

expressly stated to be otherwise That is, "a" and

"the" refer to one or nore of whatever the word

nmodi fi es For exanple, "the polyner" or "a nucleotide"

may refer to one polymer UWOTLM26BAPLK -28-or g

nugl eotide or to a plurality of polyners or 9

lecular

nugl eoti des By the sane token, "polyners" ando

"ngcl eot i leg” uld refer to one polymer of oHe g
nugleoti € f_él Il as to a plurality of po ymgr s or
nugl eot i des SS, aifn, et &S expressty|stat or
obgi ous fr';mﬁwgth conga%xtmthgt such is ngj{ nt gndgd -
[0(3113]A l&j‘:@d\'h rein, words of approximtipn s;uc% as,
wi Bhout [Jimtation, "about" "substantially g o
‘egsentiakly" afpd "approxi mately" nean that thkeZ

el §rrent §l¢iﬁﬁ ation so nodified need not |beZexactly
that whidE gSwiitfen-bup may yary fromd hat widten
degcri ptil@sto $one ekt ent The“extent” t o whi cB the

degcri ptildh ray
ong of or|di nary
stgll consider
ang capawg tie
gegeral,
nugepcal ppPye
apgr oxi o
| eBst 15%" abou

vary will depend on how gr¢at §a gFhange
skill in the art would accept zard
he el ement to have the chafaceterg stics
of that element or limtatiog I& 3
ject to theqprgcedi ng. di.sclissi
erein that Ts Modffied By @ wer
y vary fromthe stated val e By
15% about 10% about 5% |abgutz
ut 1% As a specific non-1li n’tEﬂn%o
difs invention, the second bl pckgofzg
r of Rhis igveati @, Hhikh|colt &
d ani oni T speci’ 2

il

I <))
aneth

Ires at nor mal
, is described as being "subs
1 charge" and substantially
hydr ophobf & «<Expédri nental |y, however, it is
di f5fi cul t| & § Achi eve gxact geufrakity agl eit
catfi oni ¢ [@r sthe |ani oni c SpecieS may predonina
sorge exteft as ijllustrated in Table 1 One ¢f &
skigl | in he arf would, however, accept a $ecgn
vvitgh a sl|dhktsexcess of one or the other chargeds .
speci es A gtE ||| being "substanti @ |\ nept 1 al
[08114] As| diged herein, a ' polymer' refers|to
noleecul e npos¢d of one or nore smaller nole
calgl ed "npnonmerg " A nononer nay react with i
create a hogopollyn®er ®r Rt Bay$greact M th one
ot Ber nonjoners {o ¢reat e-copol yners & oups|o
may be rejacted o form ' prepolyners, " which
cofghi ned oxf ormn the pol ymer The nonaomers ¢o
'cBnstitueigral unjts3' 8f 8heSpoBymg [011
or "Hongch@rg8d" comst i uf i
whi ch no atom bears a full
ge at physiol ogi cal pH, th:
s are still _considered "ch:
- GhargedS AB ndn-G p&@irg
onstidutsonal wni & weul b
yl met hacryl ate,
CH2) 3CH3 nononer [00116]
refers to a _straight or bran
(np doubke Br & %l e fborkls
hydr ogar b no?(ca boh and hydrogen only) group
of al kyl ‘groups’'include, but are not limted to,
met hyl, ethyl, propyl, isopropyl, butyl, isobutyl,
sec-butyl, tertiary butyl, 2pentyl and hexyl As used
herein, "alkyl ' includes "al kyl ene" groups, which
refer to straight or branched fully

boh catijdhi G 3
physi ol ogjftal® p
nedtral i over

ME co
ly(ngthyl

gra
E ]
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saturated hydrocarbon groups having two rather than
one open val ences for bonding to other groups Exanples
w@booalikosbene groups include, but are not |i m tBAI/US2009/043847
nmet hyl ene, -CH2-, ethylene, -CH2CH2-, propyl ene,
- CH2CH2CH2-, n-butyl ene, -CH2CH2CH2CH2-, sec-butyl ene,
mmm%%e PRAGLididYesidubskasia, Merﬁaﬁnk?{stan&§ HHofbrmattind change

i nvention may optionally be subst it ut ed vvlth one or
Rie eelxmerigaih OPQ?b&d?f@b[aMi‘ﬂ"ﬂg‘g (fS®d herein, "nCto
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e zﬁld%tﬁ%u@feotﬂ&ﬁ&? b@]ﬂgpﬁre@gy { fBbd? Of rﬁ(e%ﬁnsmso(fne 5vah§ch & the
pendant groups on pol ynmer nononers [00144]
fermation ef -mﬁygqny%-legbqgﬁr@lhylpf@,]1pkag@g %&gpr\pplety of a nucleomde however,

uSd RN 1&%@%@&@&m%ﬂ’yﬁd¢@&@§.s AtBn GORERGE fﬁfs Im&&@torf ane aia%i@(enstlc
and surface charge and the resulting ta are_shown

of bfgss gei @barafs]fhem' gabliyarhen hyhedized 8@%00"15!61"9\‘?& %‘p?ﬁg%{f“

cUrﬂ%)a@ RCunfnEdifldd DN DN A o N AJRI O BupfeRdy \ﬁa‘ﬂa&nﬁﬂlﬁmdcleﬁda?m
0S .0

and si R t heor tlcal e r.at
?CQ%‘QH 15'}‘15‘?(02%%“1"\"’ t"%“s}"’@% eﬂ‘fﬂ“ﬂ‘f@?‘@ﬁ‘%g‘gﬁé?ja %"é‘ OBE‘O‘H%"“
afi@tication. t Hov €arhipl€ B Corfparisol fen CINADINAXLNA cestruttivithsiRegpect to

P7 th 48% B
PO eRaBLoRary | b BB T a8y o
spaype il (VRY) miCoe7 odls 8%ealadnhatOvhd©siRNA @ere enranbn gaent oifisehda@gents

gams YI?I e?(grcsrsllglg t Setglrg\fi)l\g/{ L \(;\%Aru& wag I?7§ Gan?FSOVmg rnlore I;}Eelgnt g)

swpressmg FYRd tl@r‘x’ %s%tm@@sehwtothmteta#@ Endnd olrmhu}leotdesb Gowkeller,
P h B particle sizes were further

Aé)%garln %ngr%gfﬁjl ﬂaﬁglé\ ratios ranging froml:1 to 8:1

(1 d1] Amasaccref dhisshgtien isa palgtykleotige or Pplusahite pff pol YRR sty tht ere e

aﬁécﬁé?ﬁo &%&5&%%# (e d c%@ieh%n@& n&h&w& .Bﬁa‘hér%dmaﬁmg R €S
val ues of nm 09 at 1t o 8

mt&fﬂﬂlmgoam b‘SidE'é‘“éFf?ﬂ"OZ‘S y&f%rwludalwwwwﬁwomner

cﬁé@ﬁﬁeh fdr&s 1f &ﬁd"ﬂr@nﬂabtﬁﬁleﬁfﬂ' thdas oI baveed th B@Qﬁe‘? tddpBlynucleotide is
aﬁ%?vﬁ&g ratio of 4:1 as a function of buty

(C9NaL5P ORISR YIS HAteragsoms i cepbisfigns Z’éfte%f Popsiiti al
eﬁb@ﬂﬁ’eﬂfs ChoPEHvMEH? Essc(cﬁm)ns 6ﬂ'mé)poﬁﬁ15rf@é' #)f ik ﬁrlﬁﬁ)cﬁtharéof)lwnﬁ) the
1 32 O? 7.0,59 P4
pj?l;_yrgruclﬁot ire bse 011_ c%va gt 1%@@0@5 ?ﬁl“ \gn 0 Vufat% iogig dntgsachions,
h@dr6gén BonBibg and van der Waals forces but for the purposes of the current invention the non-
covalent interaction comprises ionic interactions. The ionic interaction arises between the cationic
constitutional unit of a polymer (e.g., of the first block thereof) and the polynucleotide, which is

naturally negatively charged by virtue of the phosphodiester linkages:
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P7 85 0.20 0.18 1.0 TABLE 3: Size and z-potenti al
nmeasurenents of particles fornulated with polyner 7,
W0 b@ogeapbsi tion with the greatest butyl contemtT/Us2009/043847
Si RNA as a function of charge ration. Theoreti cal
D anmeter . PDI Zeta Potential Standard Charge Ratio
(+/-) (nm (nV) Error 1:1 3 0.09 0.27 1.1 2: 1 530
0.16 0.99 0.91 4: 1 85 0.2\0.18 1.01 8:1 54 0.27 0.41
0.81 [00146] In certai I’bl\n ances, surface charge of
si RNA/ pol yner conpl exes, Zased on z-potenti al
nmeasurenents, is found imdar and slightly
positive for all pol yrrers (~O0. Weish a range of
0.13-1.1 nV). Moreover, in so ances, conpl exes
formed at +/- of 1:1, 2:% 4: d 8:1 using pol yner
7 showed no dlfference .' F‘mof ace charges again wth
slightly positive values Q)O 18-0. 99 with no trend
with respect to charge ratrlg@ In sone |nst ances, at
1:1 charge ratios, particles are expected to have very
little surface charge as the PAA and DMAEMA char ges

(001451 R6-RSAANHsoBLRG %a?&%%x&Emls@@ﬁﬁad&%%Q nRIB&! Thel N
various instances, as the charge ratio increases to 2

polynucleotidgs apdfer Ug-palymes may begnndtiedyifsbemisabmaigtiss thfdeadtharpie hivg an

ARG} fol %8 athed ACPas @ NAaELary1Bd#énid Bk S1EAR YadEHme acRUERin¥\BSper or
not observed. I n sone instances, with increasin

OLYGCRGPHIE MBHTS: JRBiciEactions Rekwesmpasitivg aé%“’“’é%‘éi"n‘"d‘é’ gH9P [5R B‘ﬁ%‘&ya“d
pOB AURIFbLIAG, oNBUeE tybds ghtoh yovaaﬁ Kl&ducaleﬁlhy linM‘gEﬁ asdnrbgauqhabm

ha
s Palepisttiie B BEtop But Fpalv i L RE SV HED (RURERA
poSertwiti@ mioBgrgRsbindigy oﬁBﬂMerpminymcm akaeéndg atachdd ®itHaNélymer.
GBS RAGEps i Ehosri@ire iniSur Raphf B opymero
mm@ﬂnd cheica eonpugalios lacmauﬁe Tedavapst hved/betneenrted pplyaertand the
p%@ﬁlicgaldg’ Ia}; b rnhr?cléﬁ%%%aé?@a@%bﬁ’e t}ogds%}(?i?pel uEel. gzggczratﬁﬁy &é/fer?ed
cp@elblt bands ee;euh Jubideboodralratydissbcats ih tht wduging gtvamemw the CytOPIasm
fﬁ{nt Lok L@ iGctl afoem Agg cpe%canlvgo& bga{b%%thbae é{udﬁl t9&qlimlted to
mbranes. [ 001 nmer an pol ymer

aemm@rb%elslmmr aniesgsalfydiyHidkdry Pmlﬂqw@rbphyamelllnlteSﬁ W@rhmtwb
Ifn?eqjs th@é)gm&%i(emh&mahy 11 dAf lnﬂ(Hs %%&zﬁca{b@rlygr\ﬁ@nﬁkertso the

endosomal / | ysosomal ‘traf )]él ckin i gni ficant

B a1 HEorrg oot BIEerh Sy P arheh sttt Ky sy

rry@rb@vm&rs thplﬁp@mh@d}yl 11hlefmdabbbuyam@nydrwtlmwﬁartﬁwdﬁent
enhanced responsi veness %/ars f ound

ca@ofgﬂme wﬁff ém hy&‘P”ﬂﬂ@“éh‘d‘&’?&nﬁP‘y‘tgﬁ‘E’" SINGHSR O RErBerk

pl?kjeb’slﬁﬁé’ boﬁdsﬁmﬁlbéri ﬁﬁluﬂlﬁgebtfy h& ainRitio, B)Hrzd@ﬁmd&ml linkages. A large
enolysis wth essentially no ac t H7.4,.
LR e b TG SPar b eyt hed g bt S o rpin gpiam
apdl-Deﬂt EdﬁMadﬁﬁlllainﬁBQ&n&ethtmm&elS)umemﬂb@fﬁek iylayEbd adn_ux@:tt&ldo ther
a%g t .G (?C{t!;re\érj F tg tlﬂelehda‘ﬁ’t ' nﬂle oI er nome

1] xg@§n Sr g i ?@/ §°§psf) P W mﬁarg
[pHU4] QSerteee‘u)e!yknmmnethéuompdcmvmm tredansey parigcles are eharagbreeding
szlgl- n%%g) a@ed‘?i%%/e afn(?%piegmin MLH FEX&n in ’rﬁﬁe&he”‘)' ysis
exfibited conp EXEE Was I'ncreased when conpared
[0Q18H If qea@n pesangayenolyaerd appess unimesig (€0 na ingoluttear Ganpleagsifeymesf

fﬁﬁn]powﬁlgé W sikiNA-at tﬁ&lre\/igﬁ‘%harge ratios of 4:1 ranged in sizes from 85-236 nm. There

seemed to be no definitive trend for the complex sizes with respect to BMA content. However,

polymer P7 with 48% BMA content in the endosomolytic block exhibited the smallest particle size of
85 nm * 0.20. The remainder of the particles had sizes from 144 to 236 nm, where the greatest sized

particles were formed from polymer 6 which had 27% BMA content in the endosomolytic block.
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showed the greatest henolytic activity at a charge
ratio of 4:1, with essentially no henolysis at pH =
W@ 2009/188% henol ysis at pH = 6.8, and 100% henoPgEUS2089/043847
pH 5. 8. These data suggest that the pH responsive
henol ytic activity of these polyners is linked to the

%%&fm@m@m p@r’ﬂcl@fxz& & RYRE: %mgi wilhlchar@ieiahdg foRi1atys:1,
net acp%kate Thi s finding corroborates reV|ous

PR nENR TEFDE ds Pfesr/gRNA ﬁ@é&%sgﬁéﬂeﬂeget%ramawzﬁghafse ratio

1&Gﬂa§éﬂﬁiﬁr§vah&<¥f 643&\%@ 9ial 1: 2884 kM€ QL PRR:AL | On Of
hydr ophabi ¢ noi eties such as al kyl am nes or aromatic

NG sicind Bpaas ey o GREET B SO POy fraficoreic

cMegehritdnes: Dhssifunplidn@NbudyatéiRdcry MR rttpsieonDest abi | i zat i on
[00149] In certain embodinents, a polyner or polyner

ri bed her-?ﬂ %soéiate&' iYe
ﬁﬂ%leotlde) a cellular stabllleHﬂ

dlsrﬁptlve of a gellular nﬁgggane). In1 ertain 132
enbobi nent s, t hé%el I ul ar rane i s, by way of

e el | ul ar eﬁi’%ranea” e@&é?i?'e', oG fETTAnE: s

endospre, a Ilpz or a | d bl ood c +J. I'n somg
enbodi nent s, n admruster d to a cell, the nenbi"ane
di sryptive poly r or pol yrggypol ynucl jde is
dellegred into t e cell. Igﬁcertaln en@%dlnents sfﬁNA
is appreferred pgl ynuceotigg,to be assggi at ed MAtm
polyﬁgr of this ?%ventlon ané subsequeng%y endocytosed
Wi t hpd he polymehsg nto the igggerior of pgving cellggs
UWOTL Me8AP. I J(X. ' -39-[00150] Endocytosis is the

procgss by mhlcmsa subst anggo(for exanplg, a pol yngg,

th on-*ﬁ'm"
nenbranemg

de%c

Of IIUL.I cl C dCl u OI LTe pPprescrit I nveritl Oﬂ) gal ns
entrance into a cell w thout having to traverse t he
| asma nenbrane The substance is envel oped

3o Riznd £-pengid measyisfers ohrartislet fopnuletsd W“h B,"‘Bﬁ’iehlz HEd of f

HRpJIniBOwitIh dg%mﬁﬁwcwwaf and@RNAla€a fhEi6h dfoirgS wlast. ance
cytosed and the endosone has aci difi ed,

has been en

6 5 1t‘he eqU|I|5¥?un1betmeéHpthe un- |0'?&ed and t hel
ionized forns of the acidic units, i e the anionic
constiltuti onal WiPts of a ﬁUIyner of tH?% i nventi O}
is shifted to th? un- |on|ze forn1|n contrast to tQﬁ
i oni 2&d form of fhe polyner Zwhich is giatlvely !
hydrgphilic, the_un-ionized formis su antlaIIy
hydrgﬁhobic and %gpable oquﬁteractl 82 , 0.81

the rel ease o% the substance into the cytoso
(DA Bk ihdebingtE, sirfibedhitgd df ERNAEy MY camphahA, mma.h exastiat

4 1 charge ratios was I nvesti Eated usi ng
W%“EFHE'E‘HP feuad to B i pilis prd shghtlpopsifiedprall B‘HY'P‘ﬁSe(l 95 ?*&Wébar?ﬁge of
ml&lrleﬁxgo NBievRr, end.aemml:eﬂcbﬁplabamaﬁa anl-sf 1.5 9:1Hol, hid\si 1Rgng

of exposure to 25 nM of r conplexed
SRR T P A st B RS G PO T PG
(0.08-0.29 ra¥ )evithind henBMAh @epadt m'dlarg:frattohﬁl ssmnomhcdslaob k(;har\gé tatios,
p%l%ﬁ{i&ff: ex%e.cteds Cew(g: 219?' Sl;le %‘E?JC% hh%fg% as tﬁvleAA r ane %ﬁ%ﬁr the
sedond tg@d cgoppilexescimive heepus pﬁ@mp&;usmqphdMNsncwated 2t1 a1,
affect internalization of cationic polyner/nucleic
A&lelaGoNpl exes, -38-



with positively charged conpl exes achi eving hi gher
internalization rates and transgene expression. These

wo e®ahsm2are |likely not a function of surface POEHUS®OD043847
size, as all the particles exhibit the sane, slightly
posi tive net charge and sizes (85-236 nm) well wthin

4181 lohdWdufl ek Rt OREOMERLGirf Jositi RREHIEYhAE, But (nERRINGY Zdch was not
Rather the effect on uptake be a function of the

LEES olmﬂwsence% W&W?Wﬂ%@@“%mpﬂ@"f’em Palaﬂfsahweﬁ@omhology
Hatoafidg nB&ﬁ@ﬁilyQﬁbkEtE mlh}h&ke‘ésnrfgeﬁddéetrz&o iEiS pdsdite B0 e Qutthce charge is

LR e s G TR E Frer PO B e o s g ghops ond

stRoAEEd n@ tohoRéd vﬂhn&lﬁeRNAoﬁlmdﬂﬁmllest he cell increases,

L
gl e B B GRS PB M Eriby el
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poswﬁﬁ&urfacet c%ar%eqrgﬁq%ttee Lé)takleqi_y l(eglrogtgr[% rl&leg?c? %X )vklp%g&%‘%r%mm
remtbengsal i zat i on of conpl exed si RNA by up to 23% of
[6@'4&]%019 H&l%’ e?g {RNﬁ/éﬁf}HEr%o% ex@Ne‘?eeeUﬁl!laYCer&m ?o'llp}g[ofngﬁce red
erape |ca as the cunul ative uptake 1s
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LY rogetayaBY =i e pa L bemaﬂaa‘ eB |—|6§ f}"ﬁ 8%@"18%% ﬁ'é g8
beynférlgg TGRRIRINEGES 1 PdvalchalIfg@eharic gividfin (-ﬁelilslIENJ/( -cottpleRdAUren.
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siaweld G'tejgreﬁlést ieeblytid dctivts atﬁhhasgetrnm ofA: 1, yitic@asentddy noelmalgsik abyH
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rietespousivy. meabriars] desiabilieiag pristless thaetiaverudilizee edmogition of hydrophobic
rﬁc%u\lé S%a'lb-lk Ll”()tl ymIQ(IS OP J?OI'NE]IUE ﬁrQupQ H)leﬁﬂdﬁc% %e bﬁ ld@peﬁﬁ*t'h?dr&pﬂ%‘rfélsmon
ty carriers to effectively del
@FWW‘%@"Q"HV&@@P@H‘E% wi th knockdown expenrrents
agai nst GAPDH with conpl exes formed fromall polyners
at t heor et [ cal charge ratios of 4 1 GAPDH protein
i B gnd/or Membrang Destabilizationt ot reat nent with

mna91@aﬁmlmwxﬂm5ymrynﬁm polfhies: pdlymicMRidecondtadt tnec:tmhsx@tany

ICI eductlon of roteln ue to
PR bt S gl B & sl Er gt B
(EA'FBDHn@ bmsmpnvemelghum(nleo i3 d&aﬁmm oemsrdpzm oﬂMcElhlat rh@nbtas@ Iof

B e ery nE B e Sl S S e PR Pl
mw&raeaseldtracdlulﬁ&%r@fant 2] eesehoknmmelley tri anddsbmbckhp(omie yomered
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her characterize earner efficacy, polyners were

‘HH@D?@@HOWQWWﬂﬁEFFwﬁﬁﬁﬁlty t o- knockdown GAPDH nRNA

levels Simlar to the protein nmeasurenents, polyners

dednBbd.cited very little redugsion of nRNA signal, as

eval uated by RT-PCR Again, polyners P4-P7 showed

i ncreased



knockdown of GAPDH as the BMA content of the

endosonol ytic bl ock increased Specifically, GAPDH
whp@mekdaan was reduced to 39% 30% 31% and 2RO%/U82009/043847

control at a charge ratio of 4 1, for polynmers P4, P5,

P6, and P7, respectively Overall, the results are
(66156 Eﬁfb@)ﬂkls Witle IBrof:és{‘W vﬂﬁﬁ a ngQJﬁE@(H? g(amﬂé 9;1591§m§xo? h&ﬁﬁgcnd of
dellvery strategi esf have found t hat

thecPERSeNt IBYENET) SRP6 P b’FO@ Ce!bwﬁlpﬁéavmg ﬁé@wqfseélﬁlplawwe&b@w The

sORiafide is@veloPRIBNY beHi AR REcell BB whidN@led¥fiNched off formin g an
nmet hacry Iate as utilized here, enhance transfecti

et ) Vsl e sipaae Pegdesn spiofyEes aaiha snegroresy haspidifcd, the
c“éhhl&hcohlﬂé‘shidﬁiﬁﬁheltpblgm&@ aytered be@fise TR Qk@of&xe@ﬂ?m%@ﬁblho@d‘d such that
S i ncl.udi ng vari 0 su
Dol Vil e eR m%mﬁgﬁgégaﬁsﬁqwﬁ‘ff@wﬁcwwe inionied
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t to char ti o and Ler
BenopeTPERT bur CuRrga e iAo G gy R
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P Ao e LGB OGBSO, 5y
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[ﬁ?l éb%fula]; ﬂtel&ﬂ fZatfof? w cl%}nb/ly)iegéf \?‘\g F%&IF e gs?[;eag ﬁl(’e;tl gated usmg flow
c&@%trylfwwolwmhlm 13/7 baseth en thqirfrelevary pHmesERARPRIdndasarRof y&ic %ha@ctenstlcs
F%pc%fﬁgf 4' h%urg 9f etqn)?urestb ROV Bﬂﬁfymkr&ogﬁéxkcy G164 celRBr Wﬂiﬁ@wz@ found to

cont rol Is utilized at a arge I‘atIOO
Rofidely CP@'W'@ iBYH qonte'ﬁﬁ&theémo&wocbr\vntan@m Pesheyiag e hlghest

Ié’elto@ Lptik8 (BAKIRNAOGE e by Rrif¥RYs hR¥Snd Pesitlvkigehatgdd com lexes have
fering levels of condensation of the si RNA wt

wrmwwwsw@o 1fiees inssrpbizet ophgaEonc Py mepfnuieit mcomplexes
wlm%ﬁﬂay elgug@@mbw& fchi@ AR Hghtr mmnaulmorﬁﬁxw@msgemsmsmd
re condensed Partlc eswﬁga le 3

eSS oY S A Pt ot faction ph apefaqe e 96 raéz“E‘B"n%‘ﬁ'&'Fs %Eﬁf e f2ge
tighilly P&itivdieCdhirgd dnd ﬁdzs (851285 1) fwleIC ivigtint theylingits foandrispéciiic eRiag@dis

b Th fi.ndp
R T I L X T
M@ﬂhrm%tbhyﬂ Saed muhtexoland'edﬂWs;BMA/doytsm imeregsesdesies escape
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%ccurs%%? re tezr gxrt]e%é ]thls! ngclygln g Frth ﬁ]%\cegragcre%%ggn%\éﬁ Sazelbrggg{gg} of L?ISRINY/]\g
vRihinate cell mhalsegsmnlaxtto oth@bronylarrywa@ldf;ormirungte@ongatbeo Bgdad on

AP B P RS O OB i o
20 upthe(ul RZS0 by @bhmwaimeommmwltwaﬂim (naged SHFINAM of
Iﬁt'e%u\ﬁﬁ& c%ﬁléx‘c’@sﬁl@@A bﬁp'&gB@QJf YaE6n1 ) MEPUYRIL R BARMEY Sromising

his 1evel knockdown approaches that seen
fa@hmet@eefﬁwwsp@r%@ﬁtwe BP1ake Ikl B myph bighsr afigtihefull 48 hour

&%kﬁu MeddRnlsIRNA atm\?}é%linmdé}éd to RQLYIPRY. 1 canibbifetydidd Rehin the
yner 7, denonstrated enhanced bioconpatibility, as

SR by THOMS TBS Gy GUERT B < SO BBl o

dfedver Fect Although S|gn|f|cant | evel s of gene

Si 25- n wer e
RS oot ey B SRR o oA SHEIE Pa PR A Hele
dgKyIn thepregaiice otdl&&bmﬂbdeeat f:hargacahosaf/el for Yirtiofirk, mgmtrelamdmmwabm
Ffrvgtgﬁ\'gwe %&ﬂ]ﬁer tf r al] Pch)(msersl tess%%1 ?é/mhglf Polhmet dsa{r)@e&lcu?ar ca?omc
pefyfnm ic@mtte asspdiageid eant@ﬁppteheblmtogomry/ §q>rﬁimnqgaﬁﬂl has bees shown to

tﬁ%%@%}‘?os? Gtlor RCHAR Ia :@ég% &M h}ie? rﬂmﬁttdxﬁgr % @Qgﬁlcédsog Themic Flly

certain e inments, e pol ynucl'eotides o
ddifging themohedtionsegheat wigrhedronhitic egments; kaweven thgreds Hyyably @ traderdf
ultimately delivered into the subject's cells are
Rielarably DNA, RNA or naturalg.or



synt heti c anal ogs thereof Wth regard to DNA/ RNA and
anal ogs thereof that are able to inhibit expression of

W0 200gat04gEnes, these include such species as, BT/H82009/043847
limtation, antisense polynucl eotides, m RNA and si RNA
[00157] Diseases that are optionally treated using

BRI Tc oy BTIASRty. PR Y B roadi0 k¥ D¢ GF £hrb Rt raa kRRBIoeH of the
this invention 1nclude, wthout I|mtat|on Elatho enlc

PQiyaesdelivery vehiclepresyraablyimainjaimedughspry vl Wl dngrérro'cpl a cells.

[0653] TheRBiGidy BBthe daRRRkJLIRIN &Y @euw‘r smreA alxahveSigted wafﬁ] Rdckdons ,
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methacrylate or monomeric residue derived therefrom; "Gal" refers to galactose or a galactose
residue, optionally including hydroxyl-protecting moieties (e.g., acetyl) or to a pegylated derivative
thereof (as described below); HPMA represents 2-hydroxypropyl methacrylate or monomeric residue
derived therefrom; "MAA" represents methylacrylic acid or monomeric residue derived therefrom;
"MAA(NHS)" represents N-hydroxyl-succinimide ester of methacrylic acid or monomeric residue
derived therefrom; "PAA" (or the letter "P" as equivalent shorthand notation) represents 2-
propylacrylic acid or monomeric residue derived therefrom, "PEGMA" refers to the pegylated
methacrylic monomer, CH;O(CH,0),.3s0C(0)C(CH;)CH; or monomeric residue derived therefrom. In
each case, any such designation indicates the monomer (including all salts, or ionic analogs thereof),
or a monomeric residue derived from polymerization of the monomer (including all salts or ionic

analogs thereof), and the specific indicated form is evident by context to a person of skill in the art.
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ibdubaped i dyineoaki beffdn yihospbamrenr bieantsbnak) eptl berwedniTidgind 8.5 fior Malkrk@ rdom
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[00174] Thiol ated si RNA was obtained commercially
(Agilent, Boulder, CO as a duplex RNA with a

waele@ahiisele nodified 5 -sense strand The free tPCDUSI009/0a3847
for conjugation is prepared by dissolving the
| yophi li zed conpound in water and treated for 1 hour
E%ﬁmblehh’@eﬁfa‘ﬁuﬁ drlddBarh @GSN YT ABMAIPDSFRA % yaltk eshiMRaRLror
-46-i nmobi li zed within an agarose gel he reduced RNA
S(W‘HW“\%YS then reacted for 24 hours with the pypdyl

di sulfi d@xﬁth’d@@bﬁ MA@ diZede PRthyABle noforRh@pglAL.e buf fer

R e R e N e

1i59 bl de dpedivedar0 wi dfimethbr] MNAS tnhd>fo~1coarmmslon was added as a

- pypdi net hj on tro hot
ARG LR PR DR B L B oo
réadnﬁd'n lvas stivred undkaNefodd 88 al K.T. dﬂexexaphamw of sotviaes, torjidghdegs
heg1 [wlilc{?a w?tn 4(?l rtnlho§([i)|§hﬁ 'ehle ng erctgrg%)c | dn was gléSPlé’e n g(gr{d%lg lneetL;%’n%I
amdnlrmupduptz’@dpr?c@ﬁﬁlecbmco wnlt A1) nﬁ@@xm@a © getehieidesyred compaisd! as
%%h[ f,elngwggll\{é\qlgloogg §,he polymer in a reducing environnent

n reactions are conducted at pol yner/ RNA
(60131 ] BrvidmerdithroedWargfie (1,,6.72, 30K cnn®!) BN eqihytaming (hdstnd @87 rmol)

Pﬁso%@\%@ 91%1\‘1‘1‘3@2135 %‘H‘Bﬂ‘s ¢ 8% mPhad rﬂmaﬁ?foyl%m AR A&H N5 88 Emol)

ease are us asure conj u Ion efficlencies

v addpr towdy viassyrRIgar 961 Yreeeaction mt‘é&‘”@ Istérea £or & b ptAak. iAdipy reaction,
lﬁ&%mlwaﬁmﬁed\@ at. fNanéb; 3 19 an &mte%tb?emﬁ @Jetd{é‘(ﬁb ab! €he

| exation via ar ose ardati
SSRGS st e Hresedss N & WHAITA Y. PP i Vs 0 ml.

Als)28] BiePRINITO, The pisd Mu@w%%ﬂﬁé\bﬁoﬂ%%&hﬁﬂography (EA/Hex :
gBr ookhaven | nstrunents Cor p ?}66](?(:”5)5 Hol t svi | |

1 A asslew sYRE Fre %“é‘é‘iﬁ"‘ %riefly, poI ymer
was isor UM 2PDSMA Bb-gol vy syhthdsi@ phosphat e buf f er ed

A5 5 SRSt P o

disamiiEadiRcrylal @priclly € a0 Wngeer Fa&(ﬁ)hs(]:@ndx]aaﬁﬁi DMIR"(50 weight percent

o N S
(MIBN) b tbenfeee welicd nrmatolr @FidueP) a T heamddae am efrﬁ’mgo AN ie100b 1 &d the
B B R S el b ) SR pldGy B0l ¥
Q0% cexpsias J Moaﬁﬂﬁﬁ -BRY) imagro-GT & et ienlated g spratediprecipitation into
A&‘%ﬁ“{?‘%m’"‘ méliShri bution Average el ectrophoretic

tires were neasured at 25C using the ZetaPALS
[DUFH TheonasretGTAl is driseingeri vecuwrp for Yblhours angdrifeen psed for Peskent i al s

IyEneRAki Gt aﬁn%ﬂyl&}ﬁhdaﬁhyltn‘i}ﬁ]ac%m?é r&?ﬂ&*m hQ (PAA), and

agueous suspensions Exanpl e HeLa cel |

tueybmetiEprylags K(BMA). ﬁewﬁﬂar@é%nweéaﬁw/ﬁm Aéaang §MA5(IMWTE€@410
NEya%) addWRY e mmgs mﬁgom msmm ﬂ&iﬁﬁemyif@lna,ﬁ&d(wwt %
cont ai_ni ng | ut am %%‘
'b‘é‘ﬁ'?“if j2pd pagrogTA @ﬁ?lmg)cﬂﬁ "(d@a‘bw}m AlYs 1@% yidRLTASLpitiger
SR I N0 16 IFBﬁ,e pbxwériziti@gﬁal)ouaa to Prob¥ed @aet ﬁﬂ’m@ﬁﬂmﬁspwpioes Wurs at
H-d endent nenbrane |sru8t| on of carriers an

D e C B B oD b P78 PP ES s RSO
cd@lty&é’tlf&/ﬁtﬁtaﬁehﬁd@ﬁlblﬂglhIeﬁhnoﬂféd@&ﬂf@lpydhbm Aetprodindt ¥ e winiddh
Si, RNA/ yher conj ugates at pH val ues

‘H%&W’ﬁ]%ﬁf‘& e@ﬁ%@%%?veﬂgﬁf? aé‘f? ' ng (extracel lular pH = 7

gndosonme pH = 5 8)

[\%Z@ﬂu&hte%/@wﬂ%Hedghlgrg%cllﬁ@%\lg " B%Gl'dé?dcd)gs AP RNA vitha

alners contalnin was centp
@u@.gmougpis rsensedranda g frmglhlefgrm for conjugation is prepared by dlssolvmg the

lyophilized compound in water and treated for 1 hour with the disulfide reducing agent TCEP
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three tinmes in 150 MM NaCl to isolate the red bl ood

cells (RBC) RBC were then resuspended in phosphate
whoedbaso4¢PB) at pH 7 4, pH 6 6, or pH 5 8 Pol yP&Er/ES1009043847

ug/ M) or polynmer/si RNA conpl exes were then incubated

with the RBC at the three pH values for 1 hour at 37C

infbiRcAd ﬁ% aW%éa?osé Q:? NrLe RadcRd WQO@W) Wl Bed 1ERRE 1'09511 Hdurs with

rel eased | nto supernatant was neasured by absorbance
they pysidyd diswfidgr&inggigndlipagipelamer drphesphagst ks (R edvtainRg e mM
ef@ﬂ%@ﬂﬁethbét%e& aEld QLTI %re%?om the henol ysis of
l&%tig at a concentration of /m and Figure 10B
eSO e PSR POXEE Y6t bt KD M TBAABBHEreor
wh«ﬂ Tk yﬂmfogho&mzmadny RSEEED tiaAbertzb ah gatlbrgéfﬁ@el‘icyffro further’
1zed rel a

c activit rn
Vé“"ﬁi‘iéﬂ‘ﬁ??é’@ﬂéf G conIUBBIES A “T"r“ua’i?glﬁs BAGHASrfEciogreg! In Paraﬁe'
an@mrs eﬁtﬁd’ﬁoﬁybga\l@ reldficas ré @aRedwitt imghbiRli 2K PEER pmernb sms:nmbedlfy

ndard devi at i
AR i L e NS T L
ak pm)rn&deﬂm mbnanomtpteadﬁe Z)ﬁnd§l RMA;Sepodpmmretrmolﬂsp{bmmeammems at
T m t 1gn freloa\év G use a¥uréco afion e?nchl ison LSR
%znc 0troBy an% Fe 3 HeT'8S were see’&% 5900
Exainblsﬂncsmédpmwn&k ko) chavactatiagtioe. over ni ght FAM

[(Nﬁz@ ?thqg}ﬁczltlldﬁsf%grﬁgﬁg %en!ar-x?gg)llet%ﬁ(gﬁdlr Eh@e WL nga)r X‘?e?retardatlon

SN Mpolymeirompleremmiveraehandaired ferrpesnd ee @teawuwnaeﬁﬂdwédett@r
(machmeﬁin%ﬂml‘ﬁ&é‘épc%o@ }iohﬁmk N Fﬁl\lﬁ\vffa@é}QS‘JHeﬁt%Eanfb7@Bm)25

After I ncubation Wlth eco | exes
B:reﬂy golyiesr wastfpryplaiedt &d mafel 'W@%@ﬁ?@ﬁ%@ Siﬂwe ﬁ?Bé QAPOP}?"G) 5%

Brrfle@ferOroRikd by Jdulm@frbf?&y&ﬁ‘a TOAPRR sIRNAS AWBISN) Ut thd ihdi@dd as
revi ously descri bed uenchi ng of extracellul ar

thaofsHgabbradyaLos Bised Oaupeservrlmwfq YIABYA c8vRhiseRBropaaled ahpird 4

RAEBEnBATACWRSEIRNY. Corbldtdn LAORG R ed)lleaecwex RaiRArY aigest 90°,
ence at I

per sanple and fl uores erm
N e B e SR R AR L NS
Qemad @ pesseds éfctvAllbhabelsaing a Rmormalgwremibﬂl Aefemmlebieipmem

|nternaI|z Jjon o bel eds
B rerarne dansrangte S AL AR R R P e e nd
pdehuatse\medalcﬁnmd 4sithy thacSn@lualroeysky modal fonaqeepus wepep@nclent .

E‘ell’4 ac tul_ected intriplicate with error bars

ep Pésent e andard error of the nean (SEM Exanple
[00177]$!ell?awrpml cyfmeerl caramppla eslls GYRCETA83i 20 i wese nfaGNEOIp minimum
€8se co lu n o); 1 n- t xco) and
S %é&%éﬁh il ) con@iti E R I 53"% f Qr% '@Gg

usi n tate rogenase yt ot
I@@tfe@tbp\wn sirn (Fﬁiﬁdeheggen)ie@a" 1% CQRkr e seeded |n

l%gmm U pl—phéﬁtrﬁ%mﬁenﬁr'ﬂ@ ﬁﬁlluwfon% ca}lgerpg-m A RIyRRF co\‘iﬁ‘)iekes

her e overni g ht n’p exes were formnmed
[B@H%i&amwsa r‘I"ab‘fse‘b‘e Hejaine (hepofeniigy engpsomelyiciactiyty Qfbpth fiegpolyger
%Pm@énmcﬁ}ug&mq%m@sahat ﬁamﬁm&)smt trmckmg (eﬂualeuaraﬁpﬁ 0

attain a concent ration of | exe
T charlyendesepme gH = 6.4. apg '%Ré?d@soaﬁaaa 51823 B{Aiﬂyl ‘§h°l°r*|‘“‘f‘ar"|btﬂ°i’ Y,‘%?t e
oeﬂetcea m@ﬁlcdnﬁn&k&dmhﬁﬁgwm Bload & cdnBifugddd pladid aspirmédt &nd twbsehed

Gigs A RPN 3 e PSR T DR By

* phvbsphute by ffér $PH) ufpHenr4, $H. 0.6, otipH S’\Elelym&z(XlWrﬂlp&-pH(ﬁhqr/smNA7 5,

céi%@p@ywere t%nl cubamchylat e%E@W@Ftﬁhe tlrree é)E(\;/'LA S (gosrg)/ort]l-r tat%[?"fn@act

mhwmwﬁuéqd)vdﬁadiance)obrh odteaskd mwuupeabtam 9@ wkhsued bynabxarlagee at

rgés%ﬁ § . ﬂ%& gﬂﬁ:@[ c#rlenﬁ)é‘n li}iteméfﬁlralne lly§{§ ﬁg&remshg\'v i l%glol}sns of
polymers at a conccntranon of 10 pg/ml and Flgure 10B shows polymer/siRNA complexes of
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| act at e dehydrogenase (LDH) by mixing with 100 uL of
the LDH substrate solution After a 10-20 mn

w0 pwaba42dn for color fornation, the absor bancECTXES2009/043847
neasured at 490 nmwith the reference set at 650 nm
[00181] Figure 12A shows nonspecific HeLa cytotoxicity

p@l’%?ler!s: 5 %irtl%on@t%ﬁ cﬁn&w&mﬁﬁ%mp%ﬁ@we aél§n>awafs H&%llz@d"rel%fve to

yrrer carrier La cells were transfected
aé’PSNNAC%@%h Hay/v E&w@ﬁ'%tandzge rﬁmserganﬁ@da&cﬂowémlg?mwent

Cg@mgdea(@g,cg@nmda{]e@.a%n theoretical charge ratios of 4
(A) After cell |ysate was collected and

ngé@@!ﬁ@Mwew&?f&?r@ﬂa@%m&wﬁawkea nmeasure of cell
[0U129)intracklYular Gidite datRzNAv lymBrQWipl£xed vids iméBurbdusiap fisveatoa@try

Beabikrim Lok foris éna&ﬁ%{h}‘ﬁ@%&?ﬁhgﬂ o R RS Tiobea o

adi@tel ov¢rﬁ1yht FRVE(P-cabictyRibre 2(E), labele s PRINA (Amblioyi) waminpmlaatdamhs

-48-shown, r el e to ce n
oo Bl o AT sy S i vt PRt PRl
piaged dlisics etd finad siRNA pbricagriten v 25hMeAftap incibatiop witke the emehtqs fig4 h,

the c@l{l%}’eq%%g%eﬁnd Pe%s%é%gm P%S%v:th gg‘%ﬁ%ﬁtah 19 try@APBF T)l?’g

bﬂU@ 0262] lze?rmreefoﬁal)c@sﬁybedfor nmchse pﬁaestr@ﬂlupoﬂg@rmcye fmﬂr

ﬁt%u?ﬁ f cé’nﬁn‘ie?(es%?hﬁ% &Peﬂ@dé lf}gel AL a\%l%%d per
assay HelLas 12 OO cnm?) were pla
sgreplegal flugmiserncs satiag pasrdetprpinigd using mp@x @se“("tgwarrga@nqﬂwﬂ wmef

it chhplVRE GitAodhe Qbé’le‘a SRR]. B8d 8 sflws Belld BfinteHhI 2N of FAM labeled
concentration of 25 nMin the presence of 10%

STRAVA 284 pbyter/BIRNA Fqlzmkxmﬁn%dt% PebAPIT-4- b%n@lti%ﬁv‘ﬁedrf%fd‘db P%ﬁe from
INBSnRESESERFrithentd oL ih ripMak Gk erRNbSeResih@d siandsfd error of
control . parallel knockdown experinents were run usi ng
ths; psan BE W (Q agen) follow ng manufacturer's conditions
EkBmple arﬁmwmn@ﬂaﬁlﬂleaemwm&ty was measured as descri bed

uf act ur er n e kinetic
e SRR Gerlss brot B e e bk and A GRS ERE e g
(LDHI dpetokicilyl derwumgkne(ﬁutat)l ldrrILa edlls edcrasealedig 9ewplt gasiadadensity of
] \qutp cel?screwe and aﬁAweQ'_(') adh ovgrgleﬁ%rr}lcl%m wgre %o]grﬁ ?E(m;t]bn of

FIOradCence €06 eScent secence
plotyingr (0T h mg/tnt govk faibishi GﬁnPBH@ldiuﬂet ldftO(ttlwahalS(r gids pf 4 bant foyattain

4 e
kBTSN CHN ORI Sl EL Bl SRR DR,
hiliceles Affesaelly hascheapiigulpasd for 24 hoers RiFh theRIRr domalexes the media was

rErﬁ(ﬁ/@J JHEI?.E ceWé &/Qe &89@3'&% PBS @e Aht &nQ&érptﬂenqysem&rlﬁﬁ bhh i O
gure 13B shows GAPDH knockdown i n

el ot s HE G G50 VEABCHE e AT I BETA, 1% Titn,

2t J ket pbeﬂoEbh@t@ Wﬁ-gliceﬂ)‘ﬁh(ﬁphﬁtﬂ NGHM §Ualuﬁhfonﬁiv%te§iﬂy$ €hour
e earner. Ne

50 t
BT SR B PR il AR T S5 god uanied fr
IRVl dlera/brlo@niss ams) eﬁmxm@wmemg QDb thetiDPESuBse ¢ so(ulbraged h,
as. ne oSitive contr

B3 By o GGy DE P HEc: i P08 it eornce

seidedSOndy the carrier that produced the nost robust

[ﬁdlgﬁlﬁgure gh%\gs n(gA F)penq'{:3 lrcg-g:fé)a C ﬁ%ﬁlﬁntyraag @'Furs L e\@
lanemdb\m @s zdﬁmrce@tdf ynREA ablyradr eander. Riskce @i vewaraysfedied with sIBNA agamst

H:a: Wenrr\)ge &&H ?&]&ﬁ%l{ﬁ% E@?@%ﬁlgﬁﬁﬁmﬁﬁme&%ﬂ?rﬂ agl% Pa?Xsedf HL4N
Kyeazjéhceﬁ lyegtqa\sdﬁ caldeiesrandiasehy qanes dastpte dehpdrogenase, Amsﬂsmed‘ cdumblhty
ag@&gﬂl s@toméaﬁv@ totulﬂﬁeat%@&n @AW@@S q ' tgﬁﬂ:o?e% (&%@ mﬁf\lg%vels

DNase agen uantifled using t
lﬁb@f%@ﬁmla V8 § Dé‘cww aF"ertﬁlb*’é%‘)’ g RTRERof§spedsigely, and data is
nanufacturer S instructions
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[00184] Reverse transcription was perforned using the
Omi scppt RT kit (Q agen) A 25 ng total RNA sanple was
w@e@d/15@e7 cDNA synt hesis and PCR was conduct edP@FUSZP09/043847

the ABlI Sequence Detection System 7000 using
predesi gned prinmer and probe sets (Assays on Demand,

AR iR %Icegye%&ﬁﬁ@r)o uemeroNalRhle 364 trpe%mfae@ﬁaem@xp%ﬁménne

housekeepi ng gene Reactions (20 m to consi sted of
CWUW iy FPBRe YAk PREQR AT TERIGSpriag stapgard %gttozérm x, 1 mL of

% gﬁ 8/ RaRen oROAPBH Eﬁotéﬂf arﬂ@“{é kn&k&lﬂﬁh}? SIRNAtlﬁly&Qr dﬂnplexes
il

ucl ease-free [.on). The
F%CY\RE‘P%SCH% }Na"; %"5 S‘BEAPEJWC@U“SWTF%TFGI ‘B\RéEIGéf/D‘ﬁS
aCteh &xSayQAmEISn) HeLis@r2,080 cefls/animgl warbpliéa ih of- walq)mes Tieesho! d

ROPRE) ¢k 5 1D abaanied ot JPRSEN ok elel Bianp e
pménbﬁﬂﬂ% seri@l @ke ebcdéd PYiIRN A medrated CIAPDHtotddarsdugiton @vhs assessed 48 h

p%ﬁ txXrLs epton; ]As alpLsgtlve C()&E’ : pa)aﬁe?%cﬁc%&rl expplnmer%lt Jre rﬁ}l Qslijnrg ?Iil%ﬁ-‘ect

(Q(agqn[ flofRiviAg- nb\nl[f(cm) (OBM@QHQ DhAENN)ihg BARDH devitg tvasomeasured as
REAR ; fhg ﬁlan\ﬁﬁgtgrevj lglgg{hp Bﬁe"iﬂ: ﬁlg)re\fdeﬁca ﬁf\F;rl o Hd’&?& 5 min and was

synthesis strategi es using a
celalaidd ppcotding trethd foldogh ing Favation: %mnmnag ehpmssamle flapredaénc e GOBPE/
fﬁlgééégda@ Ao kBnRASH n}EFeS ﬂ@&‘%@eﬂ&:& fRBrbNCd 5 i) ﬂ@d?é!ecence lrruH

ependent ne rane est ab I ZI Ng proper | es
thﬁfRﬁF@eréWé'ﬁﬂ@aP‘ sighifppyy, affec éém BPressig WhenAdIORiracing feausace

JNEiARA Wahs&dFikite T3 A0ME@s dvﬂ?ﬂﬁ(n@ckmsﬁﬁemﬂn&&% NialrQl txme
]{)r oduce the desired properties for each bl

TS it ir el AR e OBPIRS S 25 QS0 IGA BPhires Bl (hégr‘) @A Eigb’é 13B

sh@RIaARDHKYocRIowR hmeml R@dufed Pihreblaie ROPCRAL & hiver BAKRRIMAMEMA
rot onati on and 50% PAA ?Eﬁ’)’r otonati on predjct edewand

CP'BP Eiﬁ%j"éla&a"‘é’" efrsm dosediot BMLViREPlEmesy @ BpRBIsT Hegafiyy control
SR #n(mblyn) aﬁuarcgre.@leraﬁlgtaaallwne daﬁsr@ﬁonpédg@n Vi FeFadTBNAgSn), were
E%n% }/ SIS of tﬁ' ridyl disulfide-CTA

¥Y31 é‘]‘"v 4 popt t’t’fﬁ/%ﬁ’ﬁ‘éos IRt %)/P"sul f anyl t hi ocar bonyl )

[601B3] Ay lthe frexiat areem IG nda:mfyihc{ dafrity thqn premmdsl&rmmsbust siRNA-mediated

%ﬂ%oc&gowpurﬁ% wln% xﬁ\éﬁrsle I%rén cr‘ﬂ% olauﬁeras ct{alrn é%ét on MalaCeR was used to
dirTA}vainats siBY A titliesy. 2¢ier 48 hours of gubatn with tamplxds@Tiotned thoee, cells
\%)'r;éﬁﬁ gﬁ Fraso I'Fl)tgl?ﬁ\% ‘ga%sélgt?&@ag&(ag% gjsashée,ddei and RNessy mini it Any
ridicng) @mmym&é\on the pangiles ¢@ dig&Gd (RNasge-TirepdINasasfist; Qiaghinsand R avas
c{ %tiﬁ@gsi%hgﬁ\/\'ﬁéﬂd}%g EQ%M%CUEP%OIS&))BF df &n tm@n?anﬁ or§ Fﬁghﬁ%ns
g | car F1m

[PU 88B o ersgyransrigtiopdves Prriouaed usigldel mmWéptsFH] k@}t(@ewnh\éé'ﬁ ng total
R haik Q?sdlse%tforQDl@Afsﬁnfhesls Aﬂ@p@ Al dorafien uall,% et stRedceact

at roomtenperature for 22 hours. The sol uti on was
Refretion SystemePtpsing Predesignse Pringre and ipohece's syt on Reggndapepliet e
Bl dbinds 0Br cmimam b R6h ag ltr@ h&@ékaerpmg 83h3 RR4cBdrs @0 1 t&la@consnsted of

re nt s under vacuum and
‘Wl? ﬂ&sﬁafas'ﬂv‘ “HHS*W?&R ?t?rwc f% @ Rrimexfprgbegng 2L pt ‘%‘“‘g bmught
up +AR0RIBith ni Reke e Wik [ Athtidn). O‘hﬁblﬁbwlr@ IPCR @arfribtc®Ovegs, utifized 95 °C

ATyt P0G L SSEl L R00, 9 290, o

usadnte qilydttﬂy GARDOH, edriﬂglliza:m) bega-avevsant] Fe@ariveadlekpssibn ofpiniraaed HeLas.
hr s. 20, re was then

l%{flﬁng u{)ccilona? Besggn o{ polygﬁﬁﬁﬁéﬁ‘g(géé %l\zié IWAﬁ SUr S

(eF1BHFiggolAshonts thegpipwerldesign i PapEEMaED {/(EAB)GI&MM(IDMAEMA)]

r
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dvselflwndrfumtw%wﬂ &ilde farma Slles srcfmegwgéesns@ri FogPoss¢sHAURARS
s1GH! %dgmgﬁem%meMSt%ﬂ%@ﬁ ];r éﬂgﬂei UThe %%§mléﬂ

U LgéSAPlob 3 [S )
C(CH3) (CN) (CH 2CH2) : 4H], 2.86-2.97 [t CHZSS 2H]

3.50-3.61




[t, NHCH2: 2H], 7.1 1-7.22 [m Ar Para CH IH,
7.46-7.52 [m Ar CH Otho: IH, 7.53-7.62 [br, NH

WO Bj09/170438-7. 68 [m Ar neta CH | H], 8.47-8. 60P¢TMUSI00%/6:43847
CHNL | H . [00164] Preparation of Thiol Reactive
Pol ymer: RAFT Pol ynerization of Pyridyl D sulfide
fEﬁén&)ﬁlﬁt@ﬂﬁéhﬂl ARl iPakud ME’AM%]chd?en in ((rEJeﬂ%)p(daM@}tk MW}mesﬂ?e

?/ITEH zation of N (2-hydroxypr OE
eﬁ%‘tpﬁléﬂ‘i‘?r)? Ogkril a@r%wmulaégasmw B %t"ﬁ’érﬁ'&’ at plygiologic

PR RkinfaRKy GeR Dmm?m&@lédﬁﬁm 30%HA AR biontisheFedidted) and to
ar. our

ni trogen_at nbs r
uzgeégo agrgramsrf Q3 ng Uf S)ﬂh%lcrﬁn@ posipt ?y(c Trg%?tatggl l?uﬁeéplil ?nénéonments.
Exaﬂlplezm sy.mnehs ﬁtp@ﬁdyl diagfidead®ey. ratio of CTA to Al BN was

to CT t t hat
B B Bt ey Pt Sl o
s@ﬁthem&ﬁ% thowmie Fgum oi. Thaygyrip biy(lfideidhjtiondicadd RAET Ahaiamnsfer agent
(F%R) v%:s,rgydw? ze{ byq gebcifng ?EJT Po tge%l-is %ﬁf Ar\ owea%d%amém &vﬁ}g her
pyadytdithi-£tbylaniide. E@ijrl 95 ardnnidhend Nrb)elobwsmmnbmdﬁdfa 460 g, 4 mmol) were
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dhryithr gfebts dfiAntpeRH3nonamlas mmabm@ate aduldoidicaeltiat caspgse &grnating is

SQJH%{EK bﬁ%”i%&t%me geg)l (}e afon® ?98{]') p%FIﬁJe féehll%akkorﬁ?%ﬁangm Xist f|9]r

cat I onic nor na SI1'0
hﬂcb@ontohmertgawensarscae;rasedctfvﬁt@n etm Mlhnanllx, rlnesefqmﬂts guggest tat there

was no steric hindrance or other reductions in peptide-induced caspase activity as a result of

conjugation to the polymer.
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constitutional unit; (ii) a third constitutional unit
that is anionic at normal physiological pH (iii) a
why@pophebi ci t y- enhanci ng noi ety wherein: the PCT/US2009/043847

hydr ophobi ci ty-enhancing noiety is coval ently bonded

to the second constitutional unit; the hydrophobicity

enhancing noiety is covalently bonded to the third
\NHAtGhSLAﬂwmmmmal unit; the hydrophobi city-enhancing

nﬁlqég rised in a fourth constitutional unit of

t he %@ 3”5? S8y, any conbination thereof. 2. The

copol ysr oﬁﬁﬁhmbma&mmmﬁﬁgeﬁmthhemﬁ@ﬁﬁndmbmm&kmeQﬁhcmnmmml

substantiallg n?ut ? in overall charge 3. The

copol ymer of™d ' iFai ms 1-2, wherein the copol ymer

is a dﬂb|OCKs&ﬁmDMyﬂﬁbnmﬁﬁnghe copol ymer of any of

clains 1-3, % { onstitutional un Rﬂ%ﬁ logical

cationic, anih m é‘secﬁ‘é %ﬁn%\t t““°6‘? “i‘wttlaf B ng madripfgsiologica

copol ymer of cl apmadd whiecai it tidvamt by Stdit@as tah teifonal

unit is cationic. 6, The copol ynmer of any of clains

1-5, wherein t he ¢PietomR| ﬁ conprises a plurality of

first constigiyti enald comititisional unil thet i€ opaliymebroefl paripldical pH;

clainms 1-6, mgere @% £CO d bl ock conprises a

plurality ofdecd &drS Y TR EA% MRV S bl ural ity

of third constitutionge hymbplﬁ),blcaﬂ-dnl&nﬁhgjmaietytlyC(ﬁ'ﬁlently bonded to

Ay of ol aims 17 aher dlRE i BV ERYE o1 ogi cal pH

I's about 7.2 to about thé.idroPhob#itg efiahyifnehoie@iPpedvsiEmty: bonded to
o % b e on e B b B e per (o

a second bl ock cpnpriﬂkmngQMEEhﬁaﬂﬁﬁéagmoers5xﬁﬁk¢haa
second constituti onal un ﬁﬂiaﬁ&gngﬁgfgonlc at nor mal
physi ol ogi cal pH and whi'€ ane as or

different than the fi oste soosthlbdt oonal unit; (ii) a

third constitutional unltnﬁ ﬁ ‘ﬁ qjonlc at nor nal
physi ol ogi cal pH, (ii M} @"WdrdpRabicity- enhanci ng

Mai €fhe copndymdr s clhinel, Wwhdicophoet@idibjock iHsabaintglynuedlyn bsrall
Chargcovalently bonded to

3. The copolymer of any of claims 1-2, wherein the copolymer is a diblock copolymer.

4. The copolymer of any of claims 1-3, wherein the first constitutional unit is cationic,
anionic, neutral, or zwitterionic.

5. The copolymer of claim 4, wherein the first constitutional unit is cationic.

6. The copolymer of any of claims 1-5, wherein the first block comprises a plurality of first
constitutional units.

7. The copolymer of any of claims 1-6, wherein the second block comprises a plurality of
second constitutional units, a plurality of third constitutional units, and a plurality of hydrophobicity-
enhancing moieties.

8. The copolymer of any of claims 1-7, wherein the normal physiological pH is about 7.2 to

about 7.4.

9. A copolymer comprising:

(a) a first block comprising a first constitutional unit that is cationic at normal
physiological pH;
(b) a second block comprising:
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the second constitutional unit; or, the hydrophobicity

enhancing noiety is covalently bonded to the third
w@oenstiiet i onal unit; or, the hydrophobi city- entHISI0NY043847

noiety is conprised ina fourth constitutional unit of

t he second bl nat n of

and, “the sectind ek ABNuGRERARR P Py sl it ysiological

overal | charge. pO.and\whiehdase@mid sk @s GQipryretan the first

conprising: (a) a fj.rst Plock the first block being a

hydr ophi l'ic bl ocKO™UHE% Wlaond bl ock, the second

bl ock bei ng @) rremﬂﬁ@mﬁnﬂesﬁ)admhm ﬂlhﬂ’igal’ﬁ@’rdct’ apboiil physlodgkcal p;

conpri sing: (i) char geabl e s ecies.that is

ani oni ¢ at é&g aﬁgﬁ? P“%#f%%?ﬁm%§¥¥ Y 3R har geabl e

speci es that is cati omiehyabplabrity-efiedtin@hoiety.is dolaleMly bonded to
endosonol yti c copol yner np a first bl ock,

the first block being a ﬁ ﬁ?%BH”Pg“H%P%Ewlégnpr|S|ng a
first chargeabl e spec H&?ﬂyﬂlbﬁiobic&y etiah@id Woiady i@d@bltntly bonded to

neutral pH, (b) a second, blo the s cond bl ock bei ng
a menbr ane destablI|2|ndh%?5ﬁ8%ﬁ5%‘%mg Bek" conpri si ng:
(i) a second char geabie hspepicdiity-hatiantisg mbie@ns conddrised in a

about neutral pH and ( a third char bl e speci es
that is cationic at aboJ%&HEﬁPwﬁwmﬁalmﬁﬁg%féCO‘ﬂhOd‘Or

ol i gonucl eoti de assocC @t @thbiatibn dfhie: dbovestindyl ock. 12.
An d I i si ng: first

ol ook, TERERT Pl SRERMGLH G AT RySFARHITRE bl ock: (b)
alee@madohh@thcﬁh@m&ee@m&mhgock being a menbr ane
dest abi, | Kk I
aci d r 681 aud "Bt Parkaeny ok B £ BeRndle Mg ' €

pol ynmesn s@:f)ndilﬁlycl@fhe Gtcahdmlodic Behg a\/ﬂmﬂearﬁ dbdubilfzirgdtydrophobic block
pol ynmer bl ock is.about 10,000 daltons. 14. The pol yner

of any of cFATRHE™: 12, wherein the first polymer bl ock

is about 2,009 dalﬁtm Mrge@blabmulks t:BG)t 1Q£}ﬁonﬂ<aittatm$ neulial pH

The pol yner

ool yner bl ocki o kot el daieepd N aB oS odg P
dalt@m&woﬁMﬁmmBﬁaﬁ&&ﬁmd@ﬁmﬂﬁ@ 16. The pol yner of any
o LA Lty aeiE R s ORar RONATR L B5s R
wei ght of t hieargdabls tpepieb yhawE cdviooic kit about neutral pH;

(b) a second block, the second block being a membrane destabilizing
hydrophobic block comprising:

(i)  asecond chargeable species that is anionic at about neutral pH; and
(i)  athird chargeable species that is cationic at about neutral pH; and
(©) an oligonucleotide associated with the first block.
12. An endosomolytic copolymer comprising:

(a) a first block, the first block being a hydrophilic block;

(b) a second block, the second block being a membrane destabilizing
hydrophobic block comprising an acrylic acid residue or alkacrylic acid
residue.

13. The polymer of any of claims 1-12, wherein the first polymer block is about
10,000 daltons.

14. The polymer of any of claims 1-12, wherein the first polymer block is about
2,000 daltons to about 30,000 daltons.

15. The polymer of any of claims 1-12, wherein the first polymer block is about
8,500 daltons to about 13,000 daltons.
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17. The copol yner of any of clains 1, 9, 10, 11, or
12-16, conprising the chemcal Fornmula I : A0, A, A2,
WAN0an427 are sel ected fromthe group consi stP@UST009/043847
-C- -GG, C(O)(QaC(O)O -O(QaC(O) and tO(Q]?O

re| cte rom
or SlsPotbRes iy <Bimmy B sygiin B eray kg oo B0

molecﬁl&@veﬁ@t thacis abduk y43, tlnﬁs (He(ﬁiol&ﬁl)aﬁ%vklglht of tHe(ie) %l[ymer block.

ETod G prThh B SR N BTAF ShBRuY: v

Formu\Mlth one or nore fluorine groups YO Y| and Y2 are
i ndependent |y sel ect ed fromthe group consisting of a
oval ent bond, (1C | yl-, -C(O Q(2C 10Q al kyl -

OC(R) (1 C- 1 O0RAl kyl -], - (2qk IkyI and Rs
S(2€-100) Al kyil* C(O)N 6 aIIk
ageréreron g a )AOL feﬂm
rom the/ group consi t|n of a val ey

| CG-YEC) al kyl ,Y4(4C 10Q) h temze\ryl and(\@C— 100 ah(xl w
wher |n t et raval ent carbon @oms of Ail-A4 that are not
fuIIy substitdted with Ri-R&and YO- Y&szar e conpl et ed
with an appropriate nunber of hydrogen atons; R, R2,

R3, R4, R, and R6 =9 Eﬁd dA”Q@&?&%@%hMFigJo&%o%gsdJ Qﬁné hee.c.,

group con3|st|n rogen, -

het er os(F(I@(]C)aCéQKP o&(@yﬂ(())hmdeﬂﬁ(iy@f ovdklein | aryl and
heteroaryl, ;any_ Qf whi ch may be optionally substituted
with one or nore fluorine atons; Q) is a residue

sel ected frbm3hé& group consisting of residues which

are hygr anbiclidLndh uRys %&%ﬁ%pgkry I%géu (ARG 10"

functional | za%cre resid E
resi du@wal@aékm@ﬂ@plﬂ(])iﬂbylaﬁ(%h@lo@hyﬁgi 6(@@%@E 100),

pH, @
A T T
resi duer mpiedloring gnepat i vel y charged at nor nal

physi C)IYC)gib Caﬁ(h Ypﬂe 1 Qllgen&ll@lq Eeg&%e%l fR{leth gl%tlf) Q(S‘hsfé‘ltm &%Bvalent

pH, mi $" about ess .
0. 49) ; bend, énglr(Eéftl@rl tﬁ%@?OO?Gz U)Ca)bl&}rt PQQOI(éCQOC) aélk»éutOQC

t005ébt QO@Qﬁ%glt arkt Q)3C-YRSLRIN _M)NRACH0R) hiRy@RAYY 0O héeroaryl
and (6C- IOC)aryl
Y; is selected from the group consisting of a covalent bond, (1C-10C)alkyl,
(4C-10C)heteroaryl and(6C-10C)aryl; wherein
tetravalent carbon atoms of A|-A, that are not fully substituted with
R;-Rs5 and
Y-Y,4 are completed with an appropriate number of hydrogen atoms;

Ri, Ry, R;, Ry, Rs, and R are independently selected from the group
consisting of hydrogen, -CN, alkyl, alkynyl, heteroalkyl, cycloalkyl, heterocycloalkyl,
aryl and heteroaryl, any of which may be optionally substituted with one or more
fluorine atoms;

Qo is a residue selected from the group consisting of residues which are
hydrophilic at physiologic pH; conjugatable or functionalizable residues; or
hydrogen;

Q, is aresidue which is hydrophilic at normal physiological pH;

Q, is aresidue which is positively charged at normal physiological pH;
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g is about 0.2 to about 0.5; wherein: pis

substantially the sane as q; r is 0O to about O.6;
wob@eesd2p + g +r = 1 v is fromabout 5 to abpti/u2®09/043847

kDa; and, wis fromabout 5 to about 50 kDa. 18. The

copol ymer of, cl a res

ue that |
positively Erag%%g]ug Hﬁ%‘?ﬂ%ﬁga%ﬁ&ﬁhgt‘lggcg?tél%magBl’nyswpoglcaf pSH, but
negat i usdeygoehpogedioatat loeeryal; physi ol ogi cal pH but

under goes rotona eut at nor nal
physi gl ogi gBPSﬁ J&F‘ﬂ% ttlaflg\rleﬁ%lp@"to q:%él

physi ol ogi calis g‘lé:lterllgm OThebooopol(eyg‘r,eibomfo.sanyamin ch@ivhEein
1, 9, 10, 11, or 12 gorrpri sing the chem cal Fornul a
I1: A0, A, A2 gn A4 are selected fromthe group
c&nsél) sglés}r@oafo 2-t6_-a523u,t 05 O)l( Qag:f( O)bO_ , -20( QiC( 8)0- ang4
- : er ein, is 1.- 4 i's - 4 an

are | naéspa@ﬁmtpfg%uéﬁécwléeﬂelf"r om the group consi sting
of hydr ogenp 13(du&titrfiﬁ])}aﬂhkydme & 3C 6C) cycl oal kyl ,
Oo(IC10 k Al G100 al kyl, C(ONR6(IC 100,
(4C 10EP t??‘%%/‘lt (s ‘%&2“3 6C-10C) aryl, any of which is
optionally puhptituted with one or nore fluorine

ou endent | el ected fromthe
Sr ougséfé%ﬁ?‘%?‘?oﬁbg E?fa%8“t833§5 “bond. S(| C-1 Q0) al kyl -
- C( O Op2Ctrafi@alt Kyd ahout I0GTA) (| C- | OC) al kyl -

aﬁézﬁne ct)%é:al kBélf agg} ]632&5%&132%)15( %"é%/ %Pv s po@%lv?lg harge (:E)ltC ormal

phys10$c%h<ﬁb1ﬂ£dle§dt1®ﬂ'y theegeg raonEmaIqissisibéiod prbu&Jrﬁl@[\gaéSQﬁttoﬁﬁﬁldat lower

o1t nellak R NG e R B B RO O R B i o

Ol ATF4opdigberaf enyndtclafnud 1, 9, BUDE bt 12 t@dprisidghhdRbeiRfrallFormula II:
and YO-Y are conpl et ed wi th an appropriate nunber of
ydrogen atons; each_Rl, R2, R3, R4, R, and R6 are
ilndependent | y Fszel ected fom R e group |:q:on5| sti m{% of

ydr dgen, #CN, 17l kyl,| al yn I| het roal
yel gl et\ﬁ} ye]-eal ?-y ooy —any
f whic e optl opal Iy quB t ut ed| ong or D)
reYgl uorl ne Yt ons; nd ¥R are res\rsdues whiYgh are 1w
positively chakged at normal [physiologjcal pH B is a
resi due whi ch ¥s negatively @har ged at=Hor nal
physi ol ogi cal pH, but

Ag, A1, Ay, A; and A, are selected from the group consisting of —C-C-,
-C(O)(O),C(O)O-, -O(C),C(0)- and —O(C),O-; wherein,

ais1 -4,

bis 2 —4;
Y, and Y, are independently selected from the group consisting of hydrogen,
(1C-10C)alkyl, (3C-6C)cycloalkyl, O-(1C-10C)alkyl, -C(O)O(1C-10C)alkyl,
C(O)NR((1C-10C), (4C-10C)hetroaryl and (6C-10C)aryl, any of which is optionally
substituted with one or more fluorine groups;
Y, and Y, are independently selected from the group consisting of a covalent bond,
(1C-10C)alkyl-, —C(O)O(2C-10C) alkyl-, -OC(O)(1C-10C) alkyl-, -O(2C-10C)alkyl-
and -S(2C-10C)alkyl-, -C(O)NR(2C-10C) alkyl, (4C-10C)hetroaryl and (6C-
10C)aryl;
Y; is selected from the group consisting of a covalent bond, (1C-10C)alkyl,
(4C-10C)hetroaryl and
(6C-10C)aryl; wherein
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under goes protonation at lower pH, ms Qo about O0.49;
nis about 0.51 to about 1.0; wherein m+ n =1pis
wW@bwmati4@22 to about 0.5; q is about 0.2 to aboRCT/0SHN9/043847
wherein: p is substantially the same as gq; r is 0 to
about 0.6; wherein + +r =1 v is from about to .
about 25 kDa; an&ﬁtrav@kinég‘\‘ﬂ?o&ﬁto%soqﬁﬁléqlgt gﬁBﬁt&u‘ébs"ET%?ted with
20. The cop®l-Roeid of-Yaay cofmplelcainih al apoprik@,nuibber of hydrogen
12, conprising the chemcal Formula | : AO, A, A2, A3
and A4 are &8€M&cted fromthe group consisting of

-GG, - OcRE(I0) R, R,,-FO(4Q8 & Ge-ind@pchder@y@1béRkd from the group

wherein, a.is - 4 1s.,2 -.4: YO and Y4 ar
ndepeninshipse buiadind % i SR liah &y Ebfiy reprocyetoatio.
hydr ogeiy] arfd Herekdakgal alsy bt wifiICnoBccaptib@dlly kiyHstituted with one or more

o (I c-éo%? k%l%, _C(O 1 G10C) al kyl, C(O)NR6(IC-100),

(4C- 10EJHEEAIGEryl and (6C-10Q) aryl, any of which is
optional |y subst@fdt ediddstihicdre: @kitin@y eharded@r adial physiological
groups;  UNOTLB3268AP doc -59-Yland Y2 are

i ndepeﬁgent ly selected fromthe group consisting of a

coval ent boxdis a(rkdidue OBl ik ydgativetyChpEd ££nbfka) pialstoydgical pH, but

-OC(O (1100 alkyl-, -O(2C 10C) al kyl and

-S(2C-§ 8P Pt-o?atg‘l)&(anNﬁ '2C-100) al kyl

(4C- 100C) het arioanyiboarky;6Cl OQaryl ; Y3 is selected from
t he group consi st.i of. a coval ent bond, (1C

100) al kyl af a(bék‘f-orl]%é?gl??f ,f‘8 f€in tetraval ent carbon
atons OFAi - A4 that+aea not fully substituted with
R7-R i .and YO:Y4 are _conpleted with an appropriate
nunber Pé%abﬂk}tg)r%tﬁél%o“éﬁéns; R, R, R3, R, R5 Re, R7,
R R9, Riiwabaind).Ro absue Oisnelepandent |y sel ected fromthe
group consi sting of. rogen, -CN, alkyl, alkynyl,

het er oal kyl Plsc%'}gsft%lla‘%tg?s St%8flocycl oal kyl, aryl and
het er oaftsyl to alouy 0.6f wwhdich may be optional |y substituted
Wi th one or nor e fluorine atons; Q and @ are

resi dues whfdH ale positively charged at normal

physi ol agir@ahbqot td abclt2dikpg; dadt not limted to am no,

al kyl a0, A0MR !4 Bdse,2mmoni um

20. The copolymer of any of claims 1, 9, 10, 11, or 12, comprising the chemical Formula I:

i T7 Rg ] T9 Tm ITH ]
|
_['?O]m_ - ‘A1]n_ — [ ['TZ]p_/_[?s]q_/_['?w]r_
{
YO Y1 Y2 Y3 Y4
= | v (5 I - w
Qq 2 Q3

Ag, A1, Ay, A; and A, are selected from the group consisting of —C-C-,
-C(O)(O),C(O)O-, -O(C),C(0)- and —O(C),O-; wherein,

ais1 -4,

bis 2 —4;
Y, and Y, are independently selected from the group consisting of hydrogen,
(1C-10C)alkyl, (3C-6C)cycloalkyl, O-(1C-10C)alkyl, -C(O)O(1C-10C)alkyl,
C(O)NR((1C-10C), (4C-10C)heteroaryl and (6C-10C)aryl, any of which is optionally

substituted with one or more fluorine groups;
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guani di ne, imdazolyl, and pyridyl; QB is a residue

which is negatively charged at normal physi ol ogi cal
w@Rjoohu42under goes protonati on at | ower pH, i nECTUSI909/043847

but not Iim'ted to carboxyl, sul fonam de, boronate,

hosph and pho about [
Dot 0 8 Y ks bt T e L YL e onc
\(/)vh 2t o (BEbont)allyls -CEOICE2@DOUN alk1-2-H@OFDOUDCPalkyl-, -O(2C-10C)alkyl-
erein: tang.i 1S t
Sbout 61 Sagp TS N0 3 AF: BiotanistirTahdlgc-
about ZGC)K@& and, wis from about 5 to about 50 kDa.
21 Th ol f ¢l ai 1
coorrer it dheias w1 o Casaghy and
doc -GOG(AH)C)MI whA2einA3 and A4 are | ndependent ly
sel ect ed fromthe COI’]SI stl -C G, : .
_C(O0(C) a0 O, %Xa% E al: ogr]?d) %@ ch&bét are w‘)]tefplgf Sﬁlbst]éuted with
is1l- 4, bR-®, 121nd 4; YRIY,4 afdZpmPleted Rith alappré@iateRamb&R dR
>Ri o and Rlé fare [ ndependent ly selected fromthe group
consi sting 6f F#6gen, (I G50 al kyl,

(3C- 60 cycl GalRkyR;, Rp @& HeRyRs, RAIRY, il Mﬂr@ﬁdémydeb&y selected from
option subst i.t ut dWIth

atom: TylRaov o o TP AR AGeRr) er e AR D i e
group aaastgtdangl, afyl imddeegarny), aay & WG @hktyd gptionally substituted
(3C-6 cl oal k | G- 10Qal kyl, -C(O QI C|OQalkyl

and phé’h‘%l‘me Ay r%ﬂu?ﬂﬂg’é‘??lqss optional Iy substituted

wi th one or QrameQf dreesidie wihidupsSgosiiien dha¥g:dar @rmal phys1ologlcal

DR S5 Bk S5 SRR, SRS LR P,
- OC( O ehdoidifoCmiadzkiyl, and pydid2lC- | OQal kyl - and
X209 AL R SR SO ARG Bt .
phenyl pndshgereprotoh@ion aula{VarﬁH Crxtuaong bat rEmoéd BlarBdxyl,hat
compl et s bE e SHBEPBE hydr ogen
atons; Z i snsis Irtyﬂdooﬂ(n@ cally acceptable counterion, m
Is 0 to abo%tls 2930ut%51r}0 abou?P8u\£lhe(r)emsl to about 1.0
m+n=1
p is about 0.2 to about 0.5;
q is about 0.2 to about 0.5; wherein:
p is substantially the same as q;
r is O to about 0.6; wherein
p+q+r=1
v is from about 5 to about 25 kDa; and,
w is from about 5 to about 50 kDa.

21. The copolymer of any of claims 1, 9, 10, 11, or 12, comprising the chemical Formula II:

R Rz

|
[/~ [l |~ [A21 / [Aglq/ 1A41— -
Yo T1 v
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wherein m+ n =1 p is about 0.2 to about 0.5; q is
about 0.2 to about 0.5; wherein: p is substantially

wWo b@ssame7 as q; r is O to about 0.6; wherein pPET/US2009/043847

=1vis fromabout 5 to about 25 kDa; and wis from

t 5t t 50 kDa 22. A Gapol rising.t
o Rort i Rr Aaiar e PereRgntelccyed PR RpuRg TR of S

sel ec{@ACK,c@)yOt, he(@Iwop a8ONSI(BI0-NGheddin- C-, -C C
-C(O)(Qag(0,0, -0(QC(O- and - C bO; wherein, a
is 1-%% LB3268AP doc -61-b is 2 - 4; Y4 is

sel ecteas Trom the group consisting of hydrogen,

C I I -6C I I kyl ,, O (1 C-10C) al_kyl
CREB i R conltics ROKE i A ey e e e gpur
whi cdondiSing pt hyaldleh,y 1S30%RlKyL, U3@AC Wdlballon @ndphe @y of which may
fluarine oups; YO, .Yi and Y2 are independently
Sl B PR pl o B et 8PS Coval et bond,
( ll(ﬁhﬂlci@drdéﬁlﬁependeﬁfl@e?ﬂc&@-ﬁé}ﬁﬁ)le QjokfyéoonsistliI@F @c(rd)g,@n,; (Gl\ﬁ)l 0C)alkyl,
a -, = - a - - - - C .
o (TG Dy BB AT T S B peitha or which i
CONSdpsibmang setfsti@ted oiidloadidr haa dyor(nt @roupdC) al kyl and

C- 100 aryl ; rein tetrayal ent carbon ato Al - A4
Ot S inbebentimiy Sulue bVt efir AR eobh
ar e @onpCeiist, viOho@M- @Y LIRHF,i-ata)NDET) atdy1-hyd2Ogen)alkyl- and

atons;., R R, R4, R5, and R6 are independently
sel e Ez(gglqcr)%li’he group consi sting of hydrogen, -CN,

a¥ Ky $elecal kipmythe grbet @haalngywl a copeh@mh I C-5C)alkyl and phenyl;

het er ocycl pal kyl , aryl ~an et eroaryl , an f .whi
RSBy Blat R0 DGR O Wl BRgt A na vy,
f | uairé aenphdt@imgith Qpp®pidate Asntdtief Igetoget #6nd;r om t he

[ resi dues which are hydrophilic at

%&%E’stgogﬁ%‘? %?Cq:@gt%]?lﬁ‘éoé‘?tﬁﬂ?lé or functionalizable
resicduescut 049hydrogen; Q is a residue which is
SLBRLE oy 9! PPt of ot cal Bl 2 15 2
physi ol ogi cahepidm @45 a residue which is negatively
cg?srgjgglt Oz.aitorgg(gurtrals; physi ol ogi cal pH, but

q is about 0.2 to about 0.5; wherein:

p is substantially the same as q;
r is O to about 0.6; wherein
p+q+r=1
v is from about 5 to about 25 kDa; and
w is from about 5 to about 50 kDa

22. A copolymer comprising the chemical Formula I:

Il?1 32 33 ||?4 35
M/~ wdi | = [ Ladi /= d /|
TO Y|1 \ Tz Y:3 Y4 W

QO Q1 QZ Q3

Aqg, Ay, Ay, Az and A, are selected from the group consisting of -C-, -C-C-,
-C(O)(O).C(O)O-, -O(C),C(0O)- and —O(C),O-; wherein,

ais1 -4,
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under goes protonation at lower pH, mis about 0 to
less than 1.0 (e.g., 0 to about 0.49); n is greater

wo o/ 142 about 1.0 (e.g., about 0.51 to abouPCUSI0N9/043847
wherein m+ n =1 p is about 0.2 to about 0.5; g is
about 0.2 te. aé)OhIt 0.5; wherein: p is substantially
the sane as is 0 to about 0.6; wherein p +q +r
=1v ivs 1sfsEl@mcﬂb@tjthe€grdu@ caix@tihg @Ghykiogen, ard]0Ghalkg, f rom

T8, "wnBiehn gt d-Pesingidy nafo RS B STl eige and
at n Olr asl, a@j’]@‘t&blﬁ&lﬂg prMnalsz.lbsﬁlﬁgﬁl \ill\‘cf)fﬁdany otr3 lgltafgggl??gﬁ groups;

owor. DFE Y B0 4 FatpRuPT PR AT G A R o ovatn
éWi t t ebba {1C- B Akylyad (PyXi-obOaikgal (IQH))(UB@F(EJF@WKR2C—

oc ca

For nul iO(?)IaIky CPE%C}/@M%@ é@%}kﬂ%g{: ésg)ealhl@'ir’]t ed from

th ng r QU p seleqtsd Bérh g g@éu(p}-cﬁhs%hlg% Zﬁ(@)/(al@?t 261%_(0? l@L-iIOCt))al}(};l agd

q ) agj(CgL%C)leﬁ'Pg {’ndependently sel ected fromthe

g r ou p consisting te(nﬁvﬂngnd cog@nonfsl SCA-GL)tal ke ot fully substituted with

(3C60) cycl %C;R %/ O (I G100 al kyl ,
o1 C166far kI, CCONRB(1C-100) and aryl, any of
whi ch is optionaly, W4St¢t¢3tnblet¢ﬁﬁdth\ahhlbpr@’ﬂﬁteomnﬂﬂﬂﬁ hydrogen atoms;

fl [ Yj d tl ted
from the or SugcubnSr Se Ry Rof EBar TG he St
( : E— : O)maiskiyd Cof ]t_lge(l;lﬁé@?{ @Q@@ngﬁﬁy&wﬁeroa}m@)c@l@ ,h&&ocycloalkyl,
a - a
o 26 1) TRy gny ¥ SRS e i R e more
consi stlusrihe@fona; coval ent bond, (1C 10C)al kyl and
6C- 10C l; . wh t t b t 4
hat are- nof2 F Ty eoserd BEElE Mo St heth AR gl
ar e conplrethio anpliyRioaiRicgidp coidagibk of fiibigdnaldfabla y&idnge or
at ons; H?S“aCh R, R, R3, R4, R5, and R6 are

i ndepeR8PETY sel ected from the group consisting of
hydr ogen, - QNis aakddue, wlﬁﬁhkylm}quphhletaellic@ﬁhll@}ﬁb/s,lologlcal pH;

orolgal k1 RES L ST BN XLy S Xy B0 BT AR B
nor e Qs is aresidue Wthh is negatively charged at normal physiological pH, but
undergoes protonation at lower pH;
m is about O to less than 1.0 (e.g., O to about 0.49);
n is greater than O to about 1.0 (e.g., about 0.51 to about 1.0); wherein
m+n=1
p is about 0.2 to about 0.5;
q is about 0.2 to about 0.5; wherein:
p is substantially the same as q;
r is O to about 0.6; wherein
p+q+r=1
v is from about 5 to about 25 kDa; and,
w is from about 5 to about 50 kDa.
23. The copolymer of claim 18, wherein Q; is a residue that is positively charged at normal
physiological pH; negatively charged at normal physiological pH but undergoes protonation at lower

pH; neutral at normal physiological pH; or zwitterionic at normal physiological pH.
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fluorine atons; Q and @ are residues which are
positively charged at normal physiological pH @@ is a

wo e@pdug2whi ch is negatively charged at nor mal PCT/US2009/043847
physi ol ogi cal pH, but undergoes protonati on at | ower

pH, M s o about . 0. 49 0.51 to about 1.0;

mﬁ%r&}ﬂ” nfrﬁ“mxfmﬁﬂpcmgﬁﬁﬂﬁb o about 0.5; qis

about 0.2 to about 0.5; wherein: p is substantially
ane as q, UWOTLB3268AP doc -63- r |s O to about

ere|n 2|-q +r -1vesfr 5t5{5about
|sfroma to abu
opi% r/ comprilsi ng t he chLﬁ‘g] Forlrfd K@ an
, 3 and A4 re sellct df omthe gr up conS| t|ng W
--C- - 1(Qac:( )0 -0 QaC(O) Y - QQ
wherein, aisd,- 4 is 2,4, YO any, Y4 are

[ ndependent 'y seI ect ed from t%e group conS| sting of
hydrogen, (I C10OQal kyl, (3C 6C)cycl oal kyl, o

O (I G- 10C) aPeyry Ae,@_(s @)@(}4 a 16(1)@)eélfll©y1 the @9@ NR@QtlI@-OIf GE)C
and ar yé(O)@%C(@fO-W@(@ﬂC{(ﬁ- %t | gl théﬁéﬁlst ituted with

one or nore fluorine groups; Y2 areé

i ndependent kys setiected from t he group consisting of a

coval ent bogd,, (4C10C) al kyl -, - (O (2C- 10Q al kyl -
-OC(O (I G CI:) alkyl -, -Q(2C 1OC) al kyl and

-S(2C Yo @)daYK-W mder@(l@lme@f(@@ﬁm@)le gibtgy¢onsitgjog hydrogen,

sel ect h t

(e 186 AR R AR R I e Rl CRMBLEDI AR

car bon C M(IQWC) A arplaanyf @highis dptpally sultstuied yiith @ne or more

W th Rfg gghe%ggl YO-Y4 are conpleted with an appropriate

nunber of hy dr o gen atonms; R, R2, R3, R4, R5, Re, R7,

R R9, HMi @daYnoﬁr@nd@pedehﬂw@iﬁeréﬁmtbe Felreeoneding pbieqvalent bond,

%g?gfogﬁ ﬂé&lk@g _@E(P)@(?é 98 iy1- M@ k¥ locRuNNYbe2c-100)alkyl-
and -S(2C-10C)alkyl- —C(O)NRG(ZC 10C) alkyl;
Y; is selected from the group consisting of a covalent bond, (1C-10C)alkyl and
(6C-10C)aryl; wherein
tetravalent carbon atoms of A;-A, that are not fully substituted with

R;-Rs; and Y(-Y,4 are completed with an appropriate number of hydrogen

atoms;

each Ry, R,, R3, Ry, Rs, and Rg are independently selected from the group
consisting of hydrogen, -CN, alkyl, alkynyl, heteroalkyl, cycloalkyl, heterocycloalkyl,
aryl and heteroaryl, any of which may be optionally substituted with one or more
fluorine atoms;

Q; and Q, are residues which are positively charged at normal physiological
pH;

Qs is a residue which is negatively charged at normal physiological pH, but
undergoes protonation at lower pH;

m is O to about 0.49;

n is about 0.51 to about 1.0; wherein

m+n=1

p is about 0.2 to about 0.5;
q is about 0.2 to about 0.5; wherein:

p is substantially the same as q;
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het er ocycl oal kyl, aryl and heteroaryl, any of which
may be optionally substituted with one or nore
wo bavoniitaae7 atons; Q and Q2 are resi dues whi ch BCBUS2009/043847

positively charged at normal physiological pH,

i ncl udln but n imted to am no, al kyl am no,

amoni ﬁi‘?} QR Qh\‘?ﬁl?ﬁf%’i‘n guani di ne, imdazolyl, and

pyridyl; piksgar£esi due which is negatively charged

at nor mal h si ol ogi ca , byt undergoes protonation

at | oner® fﬁ‘ﬁ? ]?OHE% e ﬂ‘ﬁzB%EarﬂHE’ limited to carboxyl,

sul f onanik dem sban enaitent Phoxphonat e, and phosphat e;
k832 8AP doc. - 64-m s CI% 1Fj[uh 0.49; n is about

5% EPORBSHEOPTIN SNSRI oA A0 1 b i s about 0.2 to

about 0.5; q is about O. 2 to about 0.5; wherein: pis

subst-antl IIythe§8a Otoa ldt 0. 6;
wher gi n p + q +/r 1v |s from|about about %ﬂ

oe; mwoi:r's L gRRi=S Lo ghgu A zﬁ%

R2- Aif- Yi i a esi dug of |a CIY (D)
di al Kyl a%Qno(o 6Yal kyl ffet hacryl gte, O - @(3 Y .

al kylani no(d - 6) a@kyl met Yacr yl at@z (5 w

am no(d -6)al kyl acfyl ate, O -6 3

di al kyl am no(d -6) al kyl et hacrylate, -6 al kyl am no(C
1- 6) al kyl et hacs yhatag an@ni ﬁ@ée@cﬂeﬂ@ﬁoﬁi tkygleﬁlhwﬁiyﬁ@toerc-c-,

1 iy arf oot ToR Gl S el Bh0% et ©

am no(d - 6) alikyl acryl ate. 27. The copol yner of any of
cl ai ns 17-1350%1 24 or 26, wherein R3-A2-Y2-Qis a

resi due of & dial kyl am no(C - 6) al kyl met hacryl at e,
A - 6 alykyhaw fe{ndbpeddoati K ydldret M@ thé @bep consisting of hydrogen,

' - | kyl te, -6
G Ryt aei B Bl P g0 PRGBS
1-6) al kybattacr @t arldyaf Whikch §) @ikl bitacinel i@ one or more
ad-6 d| al kyl am no(d -6)al kyl acryl ate, -6

al kyl a APAHYEE Y8y al kyl acryl ate, or
am no( @, ae) vl dcyinageydeatleselc@d froMeheapey yonEstingfof atyvarht bond,

clains -19, 21- r - 27 ., er el - A3- Y3- i
a resi &]31]9' @algyzl —%é))ii %’é&%@r Yﬂ%ﬁép C%Cﬁgl - -&%C-ISOC)alkyl-
\(ll\ﬁpol yﬁﬁf so;fc ajalefl- b @)NRy(17-100) ald1- 24 or 26- 28,
er e| s ares
al kyl ach @%ted s %?WPWé%lﬂ%lefraﬁOé@%ndbavd Ef -1 alkyl and
al kyl etchamqf)la@I azherf%ﬁh A copol yrrer conprl si ng t he
chem cal Formula III

i ndependent |y se Iteéré‘Yaé‘H“ Farr]i‘)% s OélAé lﬁj % s P%ﬁlﬁbwﬁmmed with

-GG, R;-R;; and Y-Y,4 are completed with an appropriate number of
hydrogen atoms;

Ri, Ry, Rj, Ry, Rs, Re, R7 Rg, Ro, Ry and Ry are independently selected from
the group consisting of hydrogen, -CN, alkyl, alkynyl, heteroalkyl, cycloalkyl,
heterocycloalkyl, aryl and heteroaryl, any of which may be optionally substituted
with one or more fluorine atoms;

Q and Q; are residues which are positively charged at normal physiological
pH, including but not limited to amino, alkylamino, ammonium, alkylammonium,
guanidine, imidazolyl, and pyridyl;

Qs is a residue which is negatively charged at normal physiological pH, but
undergoes protonation at lower pH, including but not limited to carboxyl,
sulfonamide, boronate, phosphonate, and phosphate;
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-0 (QC(O O, -0(QC(O- and -(C) bO; wherein, a
isl- 4 bis 2 - 4, UNTLB3268AP doc -65-R, R2, R3,
wWo200R8404R0 R7, R RO Rio and Rl11 are i ndependenedT/US2009/043847

sel ected fromthe group consisting of hydrogen,

(1 G50 al kyl,. é C-60) cycl oal kyl and phenyl, any of
which may b&'% ?‘??ﬂ%ﬁ)q%ﬁ’substitut ed with one or nore
fl uorine at amsibo®.HANd abGht B0pvticRdependent | y sel ect ed
fromthe group consi §t1i ng of hydrogen, (IC-IQQC) al kyl,
(3C 6C) cycl oal ky™ " B&°(I ¢ 100) al kyl, -C(O (I

C | OQabkydboarik gplaesuy D.5; any of which is optionally
substituted with on r re fluorine groups; Yland Y2
are i nﬂéspaz’ﬁ'ét\é&rétf))?g%ugpgc‘fvgegelf“r omthe group consisting
of a coval eplis dabdightially @e bdXe)adlgkyl -, - C(O Q(2C- 100

al kyl -, . - O -1.00). al kyl-, -0(2C | OQal kyl - and
-S(2C i@&%%‘#bg Wr%% sel ected fromthe group

consi sting ef @rcoval ent bond, (IC 5C)al kyl and
phenyl; .wherein fetraval.ent carbon atons of Al-A4 that
are not ST Ogh%?tﬁg?ﬂggggﬁma? ' R1-Rs and YO-Y4 are
conpl ewadfraintabod s t@fHonagorkiat e nunber of hydr ogen

a . Z is a physi.ol ogical l ept abl ounterion,. m
i 280 CSORBBUE Og?“}li’g);f Ct‘i“ i 31°7é o%??'%i NAh g’é‘gugl'é} .8 residuc of a
C1-6 dl\hﬁflz:ihiﬂo(g\l ;6)ﬂkﬁm&?&aﬁlgeﬂh@@ilkﬂarﬁinb(@ lai)ﬂ]djtlmt&h&irylﬁ{le,: S
. 0] . 0 " el n: | S antial ly
amino e R S O ER B e Sl B 0 %0 X
alkylaﬁbnb((%/l—@ﬁltkfflémrﬂbl@,LHmiEo(CO6§1§_l@flt!trha2@laheD€;l—6and Wf is fr o;n
. ou 0 . e.C 0 mer Q
ik Bt PR e £ B mat e RSB E b M opgrtare.
;Dmgxfihefbbﬁ)lyrﬁfﬁ of dityeof ekaimsl \Y/3id 21@54 ang, W{lerﬁ%‘g'b—mihﬂ-@ls a residue of
aCl- C}Jr er, C@‘%l’)lfl n%ha laercgl?iq IIC ag{%ﬁ_ - C? t
OO R Ch O A pRhasy G e PREC P A e g Ent
amino{(3l -@sikpladrgtie dC b tialkly heimopbb pielcthaGdlate I 6copol yner of
cl ai erein the tic t. is an si RNA
kst b BRG TP st TOMSESRuREN s e Ther apeut ¢
dialkyBgediC i —g) Z&y]ﬁdi%@a&eﬁl 16 ngylaﬁrﬁBno(G' hé)au@pody%a_ma br am{indti@y—@mﬂkylacrylate.
C | or er el e r | a n | . .
cof ol ooyt PRl ST Sa bR WRerBIRIANR Q. i residue
of a C1-6 alkylacrylic acid.
29. The copolymer of any of claims 17-19, 21-24 or 26-28, wherein Rs-A,-Y4-Q, is a residue
of a C1-6 alkylacrylate, C1-C6 alkylmethacrylate, or C1-C6 alkylethacrylate.

30. A copolymer comprising the chemical Formula III:

Flh Fﬁz Fﬁs F|{4 Fﬁs
B N e T e ]
Yo Y4 v Tz Ts Yq4 w

Ag, A1, Ay, A; and A, are independently selected from the group consisting of —-C-C-,
-C(O)(C).C(O)O-, -O(C),C(O)- and —O(C),O-; wherein,
ais1 -4,

bis 2 —4;
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37. The copol yner of any of clains 34 or 35, wherein

the therapeutic agent is ionically associated with the
waeopoliyer . 38. A conposition conprising a plurel/us3009643847

copolynmers of any of clains 1-37. 39. The conposition

Ok b3 8 LB B i oGBS, S,
UWOTdoB32ing APhydiBsen, G 6C-5C)alkyl, (3C-6C)cycloalkyl and phenyl, any of which may
be optionally substituted with one or more fluorine atoms;

Y, and Y, are independently selected from the group consisting of hydrogen, (1C-10C)alkyl,
(3C-6C)cycloalkyl, O-(1C-10C)alkyl, -C(O)O(1C-10C)alkyl and phenyl, any of which is
optionally substituted with one or more fluorine groups;

Y, and Y, are independently selected from the group consisting of a covalent bond,
(1C-10C)alkyl-, —C(0O)O(2C-10C) alkyl-, -OC(O)(1C-10C) alkyl-, -O(2C-10C)alkyl- and
-S(2C-10C)alkyl-;

Y; is selected from the group consisting of a covalent bond, (1C-5C)alkyl and phenyl;

wherein tetravalent carbon atoms of A;-A, that are not fully substituted with R;-Rs and Y-Y,
are completed with an appropriate number of hydrogen atoms;

7 is a physiologically acceptable counterion,

m is 0 to about 0.49;

n is about 0.51 to about 1.0;

whereinm+n=1

p is about 0.2 to about 0.5;

q is about 0.2 to about 0.5; wherein:

p is substantially the same as q;

r is O to about 0.6; wherein

p+q+r=1

v is from about 5 to about 25 kDa; and

w is from about 5 to about 50 kDa.

31. The copolymer of any of claims 17-30, wherein the ratio of v:w is about 1:1 to about 1:3.

32. The copolymer of any of claims 1-31, further comprising a therapeutic agent.

33. The copolymer of claim 32, wherein the therapeutic agent is associated with the

copolymer.

34. The copolymer of claim 33, wherein the therapeutic agent is an siRNA.
35. The copolymer of claim 33, wherein the therapeutic agent is a polypeptide.

36. The copolymer of any of claims 34 or 35, wherein the therapeutic agent is covalently

attached to the copolymer.

37. The copolymer of any of claims 34 or 35, wherein the therapeutic agent is ionically

associated with the copolymer.

38. A composition comprising a plurality of copolymers of any of claims 1-37.

39. The composition of claim 38, wherein the plurality of copolymers have a polydispersity

index (PDI) of about 1.2.
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