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efficiency relative to PEI and the transfection efficiency can vary depending on the types of

cells being transfected.

Therefore, there is a need to develop other biodegradable polymers to overcome the above

and other problems. Surprisingly, the present invention meets this and other needs.

BRIEF SUMMARY OF THE INVENTION
The present invention relates to novel branched, dendritic or hyperbranched poly(amino
ester) compounds, having ester linkages or ester-like linkages between two optionally
substituted nitrogen units in the polymer backbone. In one aspect, the compounds have at

least one secondary amine linkage and at least one tertiary amine linkage in the polymer
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In formula (I), subscript x is an integer between 1 and about 10,000; each of R!,R>and R’ is
independently selected from the group consisting of hydrogen, deuterium, tritium, hydroxyl,
thiohydroxyl and hydrocarbyl; each of R*, R>, R®, R7, R® and R’ is independently hydrogen,
deuterium, tritium, or hydrocarbyl; each of L' and L? is independently selected from the
group consisting of NR'? and N(-R'*-)(-R'*-)Z, wherein each R'? is independently ’
hydrocarbyl, hydroxyl or thiohydroxyl and each of R'? and R'* is bonded to N and Z to form
a cyclic structure, and wherein each of RIO, R”, R and R"is independently oxo, -S-,
optionally substituted C;_3¢ alkylene, optionally substituted C,.3y alkenylene, optionally
substituted C,.3p alkynylene, optionally substituted Cs.g cycloalkylene or optionally
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In the formula (II), subscript x is independently an integer between 1 to about 10,000; each of

R', R* R? and R'® is independently selected from the group consisting of hydrogen,

deuterium, tritium, hydroxyl, thiohydroxyl and hydrocarbyl; each R* R’ RS R, R, R’, R

and R'® is independently hydrogen, deuterium, tritium or hydrocarbyl; each of L', L?and L’

is independently selected from the group consisting of NR'? and N(-R"*-}(-R'*-)Z, wherein

each R'? is independently hydrocarbyl, hydroxyl or thiohydroxyl and each of R'* and R' is

bonded to N and Z to form a cyclic structure, and wherein each of Rw, R”, R”, R'*and R"

is independently oxo, -S-, optionally substituted C,.3¢ alkylene, optionally substituted C;.39
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In yet another aspect, a method for preparing a branched poly(amino ester) is provided. The

method includes reacting an acrylate monomer having the formula:
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with a diamine monomer having a formula selected from the group consisting of:
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In the above formulae, each of R', R? and R’ is independently selected from

the group consisting of hydrogen, deuterium, tritium, hydroxyl, thiohydroxyl and
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In the above formula, each of R, R? and R? is independently selected from the
group consisting of hydrogen, deuterium, tritium, hydroxyl, thiohydroxyl and hydrocarbyl;
each of R4, R’ , R6, R7, R®and R’ is independently hydrogen, deuterium, tritium, or
hydrocarbyl; each of L' and L? is independently selected from the group consisting of NR'?
and N(-R"-)(-R'*-)Z, wherein each of R"* and R' is bonded to N and Z to form a cyclic
structure, and wherein each R’ is independently hydrocarbyl or hydroxyl or thiohydroxyl,
each of R°, R" R and R" is independently oxo, -S-, optionally substituted C,_3 alkylene,
optionally substituted C,.39 alkenylene, optionally substituted C,.3 alkynylene, optionally
substituted C;.g cycloalkylene or optionally substituted Cs.15 arylene, any of which may
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In formula (IV), each of R', R%, R®> and R'® is independently selected from the group
consisting of hydrogen, deuterium, tritium, hydroxyl, thiohydroxyl and hydrocarbyl; each R?,
R’ R, R’,R®, R°, R"” and R'® is independently hydrogen, deuterium, tritium or hydrocarbyl;
each of L', L* and L is independently selected from the group consisting of NR'? and N(-
R"-)(-R'*-)Z, wherein each R'? is independently hydrocarbyl, hydroxyl or thiohydroxyl and
each of R" and R' is bonded to N and Z to form a cyclic structure, and wherein each of R
R'", R"’,R'" and R is independently oxo, -S-, optionally substituted C;.3 alkylene,
optionally substituted C,.39 alkenylene, optionally substituted C,.3o alkynylene, optionally
substituted C;_g cycloalkylene or optionally substituted Cs.3 arylene, any of which may

optionally contain one or more heteroatoms selected from the group consisting of N, O and S;
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H or hydrocarbyl. In still yet another §pecf3\ a nethod for preparing
Sid

a branched pol y(am no ester) is provi . The'gtet hod i ncl udes
reacting an acrylate nonomer hgving th|e formula: R2 R6 | i

I 0 o)
R4 c I //
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o=¢ No—ve A R
5/ \ | © C==¢
l R18 R9
o0=—C R15
C=C/
/ \
R3 R16
(VII)

with a diamine monomer having the formula selected from the group

consisting of:
H R13

\;N—R19—NH2 H— / N Z—R?—NH,
R12 and \R14/

(V) (VID)
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deut er injrochfbyl;i RIfs 1@l aﬂuél{tgqgrdliaa/d ibyRo2hydrok y1de e DERITbX &acﬁrowé?wl
or hydr oxyolc ogyl hi oshlydfpoxyl, each glg ylg jIR14§,] RlQH?gd %20 S

i ndepe Rie and RGx mdepalden@ppmn& |Optlgmﬂbls/tsubs§ttetdd Chsaak e loptienally
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contain —one or nore heteroatons selected fromthe g{ up cansistin
of N, Oongred nre fgtefogtosed ssdactad frem dha graep eensising oA S andgS;of  icselegted)| |

S Sy 0, R P

consi sttetgki®N,N-digtylamizohyidrasanlyhd Zti¢ seddcked froxhrthagrphp Bénsisting of N, CH,
het eroaryl ene, tricycl oal kyl ene, triheterocycl oal kyl e
tris-N, TQFRTWIaFﬁl%Véyl tnrarglew, h@@roalrwwwclog lqyyqne talhﬁ@f%wclgﬁlgylene

RaRb t a
%dr oc?attr BW 1? Xﬁﬁﬁﬂ%t w déf%? lalnﬁné Qﬂ? gg%gegﬂf%é Rhlgjdeh&lF@ee a?r}éR and

car bocyri is @@peﬁt&h&y ayohd,d br hgdrovdrbyl dr hegeftied withoC ﬁd‘iﬁlto Rrm Rdur-R3,
R4, R5, R6, R7, R8, R9, R12, R15, R1G and R18 cannot 1avze 631 Ig‘{ | ga 6y
am no W@bﬁ‘mﬁnégé@m)&i”ilhca?ﬁ hetereyclic ring, with the proviso that R',

R, R}, R’ R'2, R’ R'® and R'® cannot have a primary amino group, a secondary amino

group, or a carbon-carbon double bond conjugated to a carbonyl group.
In a different aspect, the present invention provides a pharmaceutical composition having a

branched poly(amino ester) and a bioactive agent.

In a further aspect, a method for preparing a pharmaceutical composition is provided. The
method includes solubilizing a branched poly(amino ester) compound of the present
invention in an aqueous buffer to obtain a protonated form of the compound, and admixing

the protonated form of the compound with a bioactive agent to produce an admixture.

In another aspect, the present invention provides a composition for transfecting a cell having
a DNA or a RNA molecule or a salt thereof and a branched poly(amino ester). In some
embodiments, a DNA or a RNA molecule or a salt thereof forms a complex with a branched

poly(amino ester) compound.

In a further aspect, a method for transfecting a cell is provided. The method includes
contacting the cell with a composition having a branched poly(amino ester) complexed with a

DNA or a RNA molecule or a salt thereof.,

In still yet another aspect, the present invention provides a composition useful as an imaging
agent. The composition includes a branched poly(amino ester) and optionally a targeting

agent.



group, or a carbon-carbon doubl e bond 9conj ugated to a carbonyl group.
In a different aspect, the present invention provides a
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i nvention provides a conposition useful as an inmagling agent.
conposi@DCh. Reettictesmaisidt4hbhéd.8gus gridaATndhmssis showmndFléptlidg iaG| 1B,and
targetil_?g ]ﬁf\gent. .9 In still a further aspect, a use of the

conposi t B oFPEHE ¥ esent invention in the preparation of an

i magi ng agent is proyided. BRI EF DESCRI PTION OF THE DRAWNGS FI G 1

i s a sdiéntillustraggsrae S MR speciaim off pratersiteshdendrioé pelyéaniine lgstet)s formed by
addi tion__pol i zat,i f atris(acrylate ester) nonomer, such as
trimet Hfz‘l‘%‘?‘g raingtffq%zgte (TMPTA), with a di am ne nonomer, such
as 1-(2-am noet hyl) piperazine (AEPZ). FIG |A- C are 13C-NWR spectra
r ecor ddilG-3 Hpstrptesghe sthectyes ghibe iteraninadlingsr andrdeade e upitrof lyiperbrapchad 2

feed mplar, ratio. a r rati,on of. 200 / room

t erper Aty @n St RRRTRY AP rEP o R e B A B 267
firs asnghavdlatels ieBas dAtarfhmorEneddarriiogt thé%ghﬁﬂﬁl@éﬂﬂﬁ y. FIG 2
illustrates a 13C-NWR spectrum of protonated dendritic poly(am no

est er) FHGprrbgwpihe FEBMR spectiomt Rreiprepiadpoty(amie ester)s, udtasat es t he
1Ll 57 e 4R MO 615, B

t he ( TNdRG#hGAERZ)4A and FIG. 4B, respectively.

FIG. 5 illustrates the results of Agarose gel electrophoresis retardation of pRE-Luc DNA
using hyperbranched poly(TMPTA1-AEPZ2). Each lane number corresponds to a different
DNA/polymer weight ratio. For example, lane 1, ratio = 1:0 (DNA only); lane 2, ratio =
1:0.6; lane 3, ratio = 1:0.8; lane 4, ratio = 1:1; lane 5, ratio = 1:1.5; lane 6, ratio = 1:2; lane 7,

ratio = 1:3; and lane 8, ratio = 1:4.

FIG. 6 illustrates a graphical representation of the average effective diameters of

poly(TMPTA1-AEPZ2)/DNA (pCMV-Luc) complexes with different w/w ratios.

FIG. 7 illustrates a graphical representation of the average &-potentials of

poly(poly(TMPTA1-AEPZ2)/DNA (pCMV-Luc)) complexes with different w/w ratios.

FIG. 8 illustrates a graphical comparison of the cytotoxicity profiles of a hyperbranched
poly(TMPTA1-AEPZ2) with a PEI (M,, = 25 kDa) in HEK 293 cells.
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PEI 25 kBaé nediated transfection under optinmal conditions.
FI G 1 *i 11 usOFERROD8 ot 1y eni ssion and excitation spectra of a

hyper branched pol y( TMPTAI - AEPZ2) sanple at pH = 7. The sanple is
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of bioactive aqents such as drugs, DNA 0O NA; bi oconpati b
i magi negilylalkybeglkylbulfanydaling, %rybdlfhre)rlélkml,, ald(ﬁbukf@ryhlkﬁymb@ mtyi,dlkyl,r ef ers

and- 1 nettbasgon g s sifue R BB el AR, ot N Eb Ry

such  asrahondd any ﬁhﬂ)’rﬁhaheﬁ e, kydh aswuﬂ)y@@lklswh arﬁlhbgﬁbﬂfyil amidylalkenyl,
car boxyal kyl , aryl al kyl, het er oaryl al'k

yl,
al ky| suthfoghsehzl, Ra}rboxwdlsdnyh |af>dm1;ma{u<l;ﬂrterom/1aikeguf/fsnlyiylslganjdy|
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; pn b (r]I srg‘fllﬁiﬁg@uhﬁiw&mlﬁ Uiz Yl s@iForaHhids ysal fo 8 Minid ydTk 18R i€ AMbalkenyl; branched
and un Y)ranched alkynyl, such as hydroxyalkynyl, aminoalkynyl, amidylalkynyl, thioalkynyl,
carboxyalkynyl, arylalkynyl, heteroarylalkynyl, silylalkynyl, alkynylsulfonylalkynyl,
arylsulfonylalkynyl, alkynylsulfinylalkynyl, arylsulfinylalkynyl, alkynylsufonylamide,
arylsulfonylamide, sulfonlyamidylalkynyl and haloalkynyl; aryl, heteroaryl, carbamoyl,
carbamoyl-amino, carbamoyl-oxy, thiocarbamoyl, alkoxycarbonyl, aryloxycarbonyl,
carbonyldioxy, cyano, alknoyol, aroyl, cycloalkyl, cyclic aromatic, and heterocycloalkyl,
each of which may be substituted with one or more substituents selected from the group
consisting of branched and unbranched alkyl, branched and unbranched alkenyl, branched
and unbranched alkynyl, aryl, heteroaryl, carbamoyl, carbamoyl-amino, carbamoyl-oxy,
thiocarbamoyl, alkoxycarbonyl, aryloxycarbonyl, carbonyldioxy, cyano, alknoyol, aroyl,
cycloalkyl, cyclic aromatic, heterocycloalkyl, alkoxy, aryloxy, alkylamino, dialkylamino,

arylamino, diarylamino, alkylarylamino, alkylthio, arylthio, carboxyl, amidyl, alkylsilyl,



t hi oal kenyl, carboxyal kenyl, aryl al kenyl, heteroaryl al kenyl,
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meant to include oxygen % , nitrogen (N), sulfur (% i con
(Si). AdAdpentadienyd), nt yoyle 11 @rdd-proplyyly 3-bbtyniyt, ead thednghes hpamiogsfand
anot her. substituent, neans, unless otherw se stated, a straight or
br anched®®BH&i n hydrocarbon radical, having the nunber of carbon
atons designated (i.e. G -8 neans one to eight carbons). Exanples of
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to an unsaturated al kyI group having one or nore triple bonds.

Non- | i nformaglovkierhond svitfa earedn atamatAsheterodlkyl kyolup can be attached to the

remainder of the molecule through a heteroatom.

As used herein, the term "alkylene" by itself or as part of another substituent means a divalent
radical derived from a branched or unbranched alkane, which may contain one or more
heteroatoms as defined herein. Typically, an alkyl (or alkylene) group will have from 1 to 30
carbon atoms, with those groups having 12 or fewer carbon atoms being preferred in the
present invention. A "lower alkyl" or "lower alkylene" is a shorter chain alkyl or alkylene
group, generally having eight or fewer carbon atoms. In the present context, the term
"alkylene" also includes divalent radicals that are linked to the compound via heteroatoms,

for example, -OCH,CH,CH,CH,CH,0O-.
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al so i nakbkamidl, wilyRatbdxatiddtloso dRfIsafigyl] Afdketlo! BxbMplary cycloalkyl groups
include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cyclohexenyl, cyclohepta-1, 3-
dienyl, and the like. "Cycloalkyl" is also meant to refer to bicyclic and polycyclic
hydrocarbon rings such as, for example, bicyclo[2.2.1]heptane, bicyclo[2.2.2]octane, the like.

As used herein, the term "cycloalkylene" refers to a saturated or unsaturated divalent cyclic
hydrocarbon radical comprising from about 3 to about 12 carbon atoms. Cycloalkylene
groups can be unsubstituted or substituted with one, two or three substituents independently
selected from alkyl, alkoxy, amino, alkylamino, dialkylamino, arylamino, diarylamino,
alkylarylamino, aryl, amidyl, ester, hydroxy, halo, carboxyl, alkylcarboxylic acid,
alkylcarboxylic ester, carboxamido, alkylcarboxamido, oxo, alkylsulfinyl, and nitro.

Exemplary cycloalkyl groups include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
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"het er ex Qc t ”
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car bon mtrarvbyl praedlgl, aptisnidibplubyddazmyteaazoldl, taaodyl, mtidam)ylydndokyl,1 t o
bout 4 b t I db t
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oxi di z t; o t
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het er ocy2,|3-oxadiarglydy ] grbumzrﬁyl b8, 4-tisadlazodyl, 2i-payroiyhtdH-phsadylo pipelidinyl,
group terocycl iC grougiﬁcs:&ﬁpbe unsubstituted or, substitut ed vvlth

one, digxapy, morpholiny A tarompuRhnling b RyTazingh naRgradnyly b

| kyl ; | )
ﬁy d?oxyﬁ%ﬁglyl 32?2?9113[;'1 b’é&& @B 3@{%%{;;6%%2;@ &ﬁ%l&l %en%tﬂllaf’dlw quinolinyl,

al kyl caandakylike acid, al kyI car boxylic ester, aryl, aryI car boxylic
acid, arylcarboxylic ester, amdyl, ester, alkylcarbonyl,

aryl car ROy hefli K HhS th! "B¥erocGALRRITNE rebd?d RCALDATRY lor ufithdradh Syclic

hydrocarbon group having about 2 to about 12 carbon atoms (preferably about 4 to about 6
carbon atoms) where 1 to about 4 carbon atoms are replaced by one or more nitrogen, oxygen
and/or sulfur atoms. Nitrogen and sulfur atoms are optionally oxidized, and the nitrogen
atom(s) are optionally quaternized. Sulfur maybe in the thio, sulfinyl or sulfonyl oxidation
state. The heterocyclic ring or group can be fused to an aromatic hydrocarbon group.
Heterocyclic groups can be optionally substituted with one, two, three or four substituents as

described above for heterocycloalkyl.



acid, sulfonic ester, sulfonam do andlAitro. Exenplary heterocyclic
groups incl ude pyrronI furanyl, thienyl, 3-pyrrolinyl, 4,5 6-

t ri hydrés @ied hgream ylne tepyr’ h@tcmychqcommnuhw rrgﬁgytq wippgrhnd p@iymi@lcympounds
thazonI oxazolyl, thiazolyl, imdazolyl,
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ynollgg yrrollndlnyl oxazol i ndi nyl 1, 3- dloxolanyl
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oxygen alkyithiormine.falikylamipesdialivianggerdaming, dianylamingralkylasylamince el y
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group. Heterocyclic groups can be optionally substituted w.th one,
two, t ArBEadenylogidylisster.icaeoxamydo, alklsarboparidgpearaomyh, sulfonic acid,

het er Oc%l‘ffpﬂ e'fger suﬂfénmﬁ%io"iﬁ%%tﬁf plm%uﬁs%'ﬁmed Wgyﬁlc!llﬁie

conmpounds t o nono-an |c conmpounds rising at
| east qﬁ&af&lqrbpt@hyhpémaﬂwﬁphmyr Isﬂljona/ﬁﬁd&;&ﬁdflsfmﬂbﬁylnaryﬂdmﬂ'ohﬁllg and' ehe Yike.
means, unl ess otherw se stated, a polyunsaturated, typically
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pyridyl, napthyl, henyl , qui noyl, tetrahydronaphthyl, furany
i ndany| °X1‘i11ﬁ%fb 494 the mﬁa%m atom() areptionally auatsrizgd: oﬁdsete(re)%l AR gan be
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two. or TRei bR R Or e HOBHEE bbb irpadiy Xibe e g R
al kyl t hederoanyl gronpsinklidarti-pyerol gl akazprbl@m}qpyn@lyly )] qmrmlyl,di@ymlz@lm 2o,

al kyl aryl.am ? hal o, = cyano, al kyl sul finyl, zd oxy, . carbox
car boxyMmigazelylef-imidpralyle Rymsginyli2coxaeplyl, 4-anaglyk Ardaz9ivl. &- 1é%7E9éPfyl dryl,

aryl car; M})M Saﬁg%zogflyi ﬁﬂé&@gﬂhﬁaﬁﬁ 4. thl%wcgﬁ g@qu 1, 2-thienyl, 3-

aryl carbony gst er oxam car bonyl ,

sul f oni thieagl, @; pyrrsiyl Bepyiriclyg st eyridys, 8- fﬁpnﬁ:ratyua paymﬁlmdylt Schenﬁxamadﬂgr yurinyl,
substituted a%? groups include . tetraf] uorop

pent af | A8FHHRERFPLYL Sansamyearr by, >-BdRM slunsmmwlyl érlw@enerlﬂn%qulwahmé
like. quinoxalinyl, 3-quinolyl, 6-quinolyl and 1,2,3,4- tetra-hydroquinoline. Substituents for each

of the above noted heteroaryl ring systems are selected from the group of acceptable

substituents described above in aryl definition section.

As used herein, ther term "arylalkyl" refers to an aryl radical, as defined herein, attached to an
alkyl radical, as defined herein. For brevity, the term "aryl" when used in combination with
other terms (e.g., aryloxy, arylthioxy, arylalkyl) includes both ary! and heteroaryl rings as
defined herein. Non-limiting arylalkyl groups include benzyl, phenylethyl, pyridylmethyl, 4-
hydroxybenzyl, 3-fluorobenzyl, 2-fluorophenylethyl, and the like.



The term"heteroaryl" refers to aryl dboups (or rings) that contain

fromone to five heteroatoms selected fromN, 0, and S, wherein the
ni t r ogeks uaed heteirs, e tgro teryialkenyptrefonniolap aryxadicaleas defingd hpreimiaitachge fo

at onq s) t| Q uat.erni z e
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Non- | i mﬁyngrc@&ﬂﬁph@gz] .aind theliles. oaryl groups include 1- pyrrol yl,
2-pyrroly pyrrolyl, 1-pyrazolyl, 3-pyrazolyl, 2- im dazol yI
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5-t hi aZx@dhthll; agddfined heredh, fattﬁdﬂed t@ad Qlk?r‘MHLcaBas ﬂéﬁri%ﬁ)l’ﬂerelrz pyridyl,
3-pyridyl, pyr| dyl, 2-pyrimdyl, 4-pyrimdyl, 5-benzothiazol yI
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6- qui nat ydlowerchlyl2rSupd - Nélel1hﬁnﬁg/ara@qﬂnsnﬁlaimy ghatips indludnhsthboy, edaxly, t-
of the above noted heteroaryl ring systens are selected fromthe
group dfut ‘H@’céﬁt%&ﬂn&yo’%lﬁ%ﬂ?qrﬂ’é‘ﬁ%@x&@éﬁb%]é# above in aryl definition
section. As used herein, ther term"™ ar;/ alkyl." refers to an aryl

r adi cal As wddhefeumehb feen daryloxaf refetsad OO awherahk&? is amlaxyabr heterodnl groeg,

her ei n. ity term"ar used in o Lon with
ot her | aseREnpLgein Neprgae Rl of g Try REries PIIHBREAT ot h ar yi
and het &R Qaykky ik dASi %/%%J ARfthRekei n. Non-limiting arylalkyl

gr oups (lﬁjri\cl ?Jdey’ﬁedr%gly ol en;yll’ et hyl’, pyridyl methyl, 4- hydr oxybenzyl

ber i o R R gttt %%?E@M[f%oetr%éﬁ% RS- cesrip i ihealfo siairy s lsfingd

her ei n,he@él;l.ached to an alkenyl radical, as defined herein.
Non-limting exanples of arylal kenyl groups i ncI ude styryl,

Dot or db e eiofg e 5 ket o ko Beyie P 45 b Pl geavpcas defiged

radi calpherds, WefHicled aﬁﬁérﬁleﬂ an%htl%%lﬁﬂ ad &fﬁi@d?ﬂaﬂﬁﬂ N@i‘ij-'llﬁﬁﬁmg aaantjfitd inedde
herein. As used hereih, the term "al koxy" refers to R500-, wherein

R50 i s aplabkioky Lgrchp@upludésaeoayiom phenydethexy, ohbrowekylbtlgmmd the like.
Non-limting exanpl es of al koxy groups include nethoxy, ethoxy, t-

but 0xy, A€ ¥l PREM, HhOeYm "blkox{IkAMRIER¢ t0MYalkHYrblS ab uléﬁnedﬁ%ré{ﬁ%pended

herein, the term™aryl oxy" refers to R550-, wherein R55 is an ary
het er oalpylrl atjybgroup, assdediokil hergirheNei- HmitNenexaimpilesi aiglkexxalpylegous mclude

aryl kox oups, incl th on i hol yl.oxy, isoquinoli zinyl oxy,
and the‘xf’tﬁ @"R%EYIUE’SH”H@? g?ln S%PW«? %‘gfli% F‘%‘i//{hfﬁﬁ% refers to R50S-,
wherein R50 is an al kyl group, as defi ne her ei n. used herein,
t he t er#s usedherdindhgtermor'cydpdbsxparofets tpé?f s whereamR3 1|s@>cyclgaldiubgroa1s ora
defi neq:)

ridged cycloalkyl group. Examples of cycloalkoxy groups include cyclopropyloxy,

cyclopentyloxy, cyclohexyloxy, norbornyloxy and the like.

As used herein, the term "cycloalkylthio"refers to Rs4S-, wherein Rsy is a cycloalkyl group or
a bridged cycloalkyl group, as defined herein. Non-limiting examples of cycloalkylthio
groups include cyclopropylthio, cyclopentylthio, cyclohexylthio, norbonylthio and the like.

As used herein, the term "oxo" refers to -O- or =O.

As used herein, the term "hydroxyalkyl" or "hydroxyaryl" refers to a hydroxy group,

appended to an alkyl or an aryl group, as defined herein.



herein, to which is appended an aryl g6oup, as defined herein.
Non-limting exanples include arylal koxy groups include benzyl oxy,
pheny| eAdwm¢yt heeln, maxphﬁﬁhdlegehﬁ)oy "hao'trefdretd iokime (Bsbrosene (Br),ahigrine€1),
term "al 5}) éal kyl"refers to an al koxy group, as defined herein,
appendedd/of BugHie(Ry| group, as defined herein. Non-liniting exarrpl es
of al koxyal kyl groups include methoxynethyl, methoxyethyl,

i sopr oplsysed hianeln, tizent@n emiriok eeferdto vl Hgl, dmerllq‘rlmnimrgfomre rardialkylamino group,

cycl oal koxy" .refers tao R540- vvherel 54 i s, ac cIoaIk roup or a
bri dged&y ﬁ@a}wpu@@dﬁm @eaﬁﬁrcé@ %ﬁa!f&;iew dHPIRGE) ‘5%8%%’ #w?me group,
cycl opr ony, nor bonyl oxy and the
like. aqwu%gééﬁh%rra{é%ﬁﬁér‘agﬁa Xdec oal kyl'thio"refers to R54S-,
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i ncl udejegyed RBERP Néﬂjhﬁltlrfgyé%laﬁiﬁf‘é@to)f hik§lathiné g'quBE' ﬁf&ﬁidehh&hylammo
nor bonylthio and the used hérein, term 0X0 refers to

-0- or eﬂw}'lammoublédlahen@|CBrs>10h¢veylaremm arghytte bktyal kyI or "hydroxyaryl"
refers to a hydroxy group, appended to an alkyl or an aryl group, as
def i nedaigde@in@reir, Ghe Bfm USELNIAL CHdfers tR NI MWhERIORENS awhry! BRMP; as
refers to iodine (1), bromne (Br), chlorine (), and/or ftluorine
(F). Asdefisedihereinei n, the term "am no" refers to -NH2, an al kyl ami no
group, a dial kylam no group, an arylam no group, a diarylamno

group, Asuseldhigtei, thewinodatiolgning eyt & Ryﬂ{@ﬂil-n@:hglreﬁumz and Raghereach y|
or ahe_teroc clicrin as defined herein. used herein, the term
"al kyl dﬁfi%ﬂ olyengalleyd ereymwes defiied herein. F@oerméalardl%lkklwnnm grebps igglude

o 'h”Fi%gﬁé?”‘a’l’m{lﬁ@ﬁet‘r}%ﬂ%‘ﬁ%q?e?ﬁﬁ%%gﬁ%neﬁohex LR, “and the 11 ke.

As used herein, the term"arylam no" referg,to RS5NH- . whergin R55 is
an ar y| Agpssdherein thejierm i diarfameion refas ta RSR Air, avherein Re” anerfn’ are each

"di al kyha(%ﬁ P&’entﬁea&leakgllérf?uﬂ?%gﬁggﬁ\éd e}oé]gr ein R52 and R53 are each

i ndepen aup, ned herein. Exenplary
di al kyl am ng groups include di methylam no, diethylam ng 55met hgl

pr opar gfw usedhisreinyibe tere "pikylarylammesgaryalkylaming'ie ol B M-y vasre
refers i Qﬁgﬁg%'h'?’as"%ﬁhgdﬂe@ﬁﬁ R>RE0 Iyeglq)?lﬁh%d depfadgnt!y an

ar yl gr oup I ne erern used er m

"al kyl aryl am no.or_aryl al nm no efers to R@ZBSS whergi.n R52
is an aMkyteddiersin ! h%@ﬂaeﬁﬁﬁgaylﬁw@mm AEErROR R N, Whereind o isan alkyl
def i ned, B&Y &k Refined herein, and R™ is an arylalkyl group.

As used herein, the term "alkylcycloalkylamino” refers to R*R*N-, wherein R* is an alkyl

group, as defined herein, and R* is an cycloalkyl group, as defined herein.

As used herein, the term "aminoalkyl" refers to an amino group, an alkylamino group, a
dialkylamino group, an arylamino group, a diarylamino group, an alkylarylamino group or a
heterocyclic ring, as defined herein, to which is appended an alkyl group, as defined herein.
non-limiting examples of aminoalkyl groups include dimethylaminopropyl,

diphenylaminocyclopentyl, methylaminomethyl, and the like.

As used herein, the term "aminoaryl" refers to an aryl group to which is appended an
alkylamino group, a arylamino group or an arylalkylamino group. Non-limiting examples of

aminoaryl groups include anilino, N-methylanilino, N-benzylanilino, and the like.



As used herein, the term "al kyl aryl al kgl am no" refers to R52R79N-,
wherein R52 is an al kyl group, as defined herein, and R79 is an

aryl al kAd usgd hetein, Ase tese dthierrefens tot-Seot €4Hn " al kyl cycl oal kyl am no"
refers to R52R80N-, wherein R52 is an al kyl group, as defined

her ei n, @]ng i R YShRAIK RN QY as defined herein. As used
her ei n,At edtﬁglg}n’ﬁ}fraﬂnanoaﬁLgfl{ilgf refer sLIEFf)(c()))ain am no group, an al kyl am no
group, a dialkylamno graqup,. an_arylamno group, a diarylamno
group, ‘%ﬁnusﬁﬁ%ﬂeéﬁﬁ eamos‘af%@db rgfer tX‘l’ﬁr&’)é'rocycl ic ring, as defined
herein, to which is appended an al kyl group, as defined herein.

non- | i M4 ised hescanhestsrmf'swl finateAlréfpts tg FO§IO)i-0¢ IRIUB-S(0),-0- or R*>-0-S(0),-0-

di met hyl am ngpr.opyl., di phenyl agd.nocycl opentyl, _me | am nomet hyl , and
the 1i ké?"%eﬁ%Rué%g‘y plkylegtRup f“PfL\ﬁt é?ﬁ‘?g%( Baf%deﬁp%‘# E‘%/rgmt o an aryl
group to which is appended an al kyl am no gr oup, a ar yl am no, group_or
an ar ylAd ket Ariefro thy toup "simatmidd"trefers toxS(QR-AYRINR Anivhereiy R gnd Ry5are
i ncl ude anil.ino, met hyl ani |l i no, benzyl ani | ino, and the |ike. 17
rs use L FREIERLYS bysroBctpor: pplky CEFPYP 38 argrEtowf Pt andiFieroyt as
her ei n, defiRgd h&em, oSRTanBR ™" wheh @iken tdethef Sd-a hetMScy¢Hie @in?,ezi &dlealkylSroup
term"sulfonyl" refers to -S(0O) 2-. As used herein, the term
"sul f oreatadridged eyadoalkyl-apogy, @ defned IRBAD- S( 0) 2- 0- or R55- O S( O) 2- 0-
where R50 is an al kyl group and R55 is an aryl group, as defined
her ei n. Ad\sscd Siefbit) @heicim "hIRG1shEbMAmia! fefia o 4ailfoneiedoSerolp, as defined herein,
-S(0 2-N(R51) (R57), wherein RS and R57 are each independently a
hydr ogeappeidsehto am alkykgioupy asulsfinghhereipt  group or an heteroaryl, as
defined herein, or R51 and R57 when taken together are a heterocyclic
ring, aAsyeldoeldylth@fefiParydulfonihiddyedeye b eallfdiamids gtonp, asdedigbd hedin,
herein. As used herein, the term"al kyl sul fonam do" refers to a
sul f onaPPeERcgto ap aryl grais pndadined heieH~ appended to an al kyl group, as
defined herein. As used herein, the term"aryl sul fonam do" refers to
a sul f onanded hegimuRe tead "dikfyithieot rdfersed RS- apRead e’ fsanadlkdrgrdupy aodeined
as defined herein. As used herein, the term"alkylthio" refers to
R50S-, hemeip &preferaidy  dovser alldygroups auselingd hgeined” herein (preferably
a lower al kyl group, as defined herein). As used herein, the term
"aryl t hAoiiseddkesis thoteRRS Seylthidieefeisto R3-| whamindk Ylis gt aypgroap, aefetinat!
herein. As used herein, the term"arylalkylthio" refers to an aryl
group, heggetef i ned herein, appended to an al kylthio group, as defined
her ei n.

As used herein, the term "arylalkylthio" refers to an aryl group, as defined herein, appended

to an alkylthio group, as defined herein.

As used herein, the term "alkylsulfinyl" refers to R°-S(0)-, wherein R* is an alkyl group, as

defined herein.

As used herein, the term "alkylsulfonyl” refers to R°-S(0),-, wherein R* is an alkyl group,

as defined herein.

As used herein, the term "alkylsulfonyloxy" refers to R*-S(0),-O-, wherein R™ is an alkyl

group, as defined herein.

As used herein, the term "arylsulfinyl” refers to R*-S(0)-, wherein R’ is an aryl group, as

defined herein.



As used herein, the term"al kyl sul finyg" refers to RGD-S(O) -, wherein
R50 is an al kyl group, as defined herein. As used herein, the term
"al ky| sAd dsed fibreir, éfeetermn t' aryRalfo {10y dfers tRET-8(0),-RBMeiesn RIT iski iyl gramppas
as defined (gere_i n. As used herein, the term "al kyl sul fonyl oxy" refers
to R50-d8?1@$ DEEM. wherein R50 is an alkyl group, as defined herein.
As used herein, the term"arylsulfinyl" refers to R55-S(0O -, wherein
R55 i s Aarusad Yikregr, thipierm Sarythatfonddxyierefeirsto R%—S(%-Ose@ehﬁn@'sﬁs anhaeyl
term"aryl sulfotnyl refers to R55-S(0O)2-, wherein R55 is an aryl
group, SUP gefetiied NsEFRI n. As used herein, the term "aryl sul fonyl oxy"
refers to R55-S(0) 2-0-, wherein R55 is an aryl group, as defined

her ei n.AsAssed hextir) dlresierm "arhalyl erefort BnR AGCIO)NBF By, wieeeiiRBE CfrO) Y RE7dach

wherein R51 and R37 are each independently_a hydrogen ato an al kyl
group, "A%FPER nﬁgraaw&fog&n@m’cﬁa Al £reiinn ah b aToRd) 2 CRFloalkyL Theidoaltyl%
het erO%Qré?@&lci@élkﬂbrQh&%ﬁ&fﬁ?&sﬂeﬁn@éh&%ﬂ ned herein. As used herein,
the term"carbamiyl " refers to -C(O N(R51) (R57), wherein R51 and R57
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her ei n.hetgoalkdda hetemicricloall ereanhetarpdrpomang asdefinedheranortly” and R™ taken
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" car barmydro@kyIng heteRfc§E1valk9l orNnRRAN64re) MM dRad HéMRed) hersthasra’h aibR)’ tBeh
and R6' are each independently a hydrogen atom an al kyl group, a
cycl oal tRgdtherase ahgteragyelifringotkbredgsd|ckgipalkyl graep.as defiesbligreyyi or an
heteroaryl ring, as defined herein, or R51 and R57 taken together are

a het exogydiheeit, ith@tean, Ratbantgedx ¢yef@atdadC(@Nm’ (RS ) dad irasm
herein. As used herein, the te6r1r8 "t higcarbanoyl -oxy" refers to
- 0Q( S) Nerbamersamine aefersdo t MFn )COINER al BawoyhereinifoR ' andRe argeach

- N(R61): ). el <) [

i ndepe nlgéeﬁ%epél&%hay}gr%g%ﬁ vgg%%m%gpﬁ%r ?("&1 ch ?@g%@% a@f/@ll gg‘ﬁ’%yf‘ Petgrnoagc'y gi Ial

group, letdiedyetoatityl vt an Beteroaryl ring, as defined herein, or R>' and R* taken together are a
heterocyclic ring or a bridged cycloalkyl group, as defined herein.

As used herein, the term, "thiocarbamoyl-oxy" refers to -OC(S)N(R*')(R”’) and the term

"thiocarbamoyl-amino" refers to -N(R®")C(S)N(R’')(R”"), wherein R>', R*” and R®' are each
independently a hydrogen atom, an alkyl group, a cycloalkyl, an aryl group, a heteroalkyl, a
heterocycloalkyl or an heteroaryl ring, as defined herein, or R> and R’ taken together are a

heterocyclic ring or a bridged cycloalkyl group, as defined herein.

As used herein, the term, "carboxyl" refers to R"°(0)CO-, wherein R’ is a hydrogen atom, an
alkyl group, a cycloalkyl, an aryl group, a heteroalkyl, a heterocycloalkyl or an heteroaryl

ring, as defined herein.

As used herein, the term, "alkanoyl" refers to RSZ-C(O)-, wherein R* is an alkyl group, a

heteroalkyl, a cycloalkyl, aheterocycloalkyl group, as defined herein.



het er ocycl oal kyl or an heteroaryl ringg as defined herein, or R51 and
R57 taken together are a heterocyclic ring or a brldged cycloalkyl
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each independently a covalent bond, H, a lower alkyl, a heteroalkyl, an alkoxy, an aryl, an

aryloxy, a heteroaryl, an arylalkoxy, a halide or a carboxyl, as defined herein.

N

As used herein, the terms "alkoxy," "alkylamino" and "alkylthio" (or thioalkoxy) are used in
their conventional sense, and refer to those alkyl groups attached to the remainder of the
molecule via an oxygen atom, an amino group, or a sulfur atom, respectively. Additionally,
for dialkylamino groups, the alkyl portions can be the same or different and can also be
combined to form a 3-12 membered ring with the nitrogen atom to which each is attached.
Accordingly, a group represented as -NR™R" is meant to include piperidinyl, pyrrolidinyl,

morpholinyl, azetidinyl and the like.
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ranging from zero to (2m’+1), where m’ is the total number of carbon atoms in such radical.
R’, R” and R” each independently refer to hydrogen, unsubstituted C;-g alkyl, unsubstituted
heteroalkyl, unsubstituted aryl, aryl substituted with 1-3 halogens, unsubstituted C;-g alkyl,
Ci-g alkoxy or C;-g thioalkoxy groups, or unsubstituted aryl-C;-4 alkyl groups. When R’ and
R” are attached to the same nitrogen atom, they can be combined with the nitrogen atom to
form a 3-, 4-, 5-, 6-, or 7-membered ring. For example, -NR’R” is meant to include 1-

pyrrolidinyl and 4-morpholinyl.

Similarly, substituents for the aryl and heteroaryl groups are varied and are generally selected
from: -halogen, -OR’, -OC(O)R’, -NR’R”, -SR’, -R’, -CN, -NO,, -CO;R’, -CONR’R”,
-C(O)R’, -OC(O)NR’R”, -NR”’C(O)R’, -NR”C(0O);R’, ,-NR’-C(O)NR”R’”,
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As used herein, the term "branch point" refers to a point in a polymer in which one polymer
backbone or branch (comprising a plurality of reacted monomers) is covalently coupled to
two or more other polymer backbones or branches (comprising a plurality of reacted

monomers).

As used herein, the term "acrylate" or "acrylate monomer" refers to a molecule containing at
least one acrylate functionality that has a carbon-carbon double bond in conjugation with a
carbonyl group of the acrylate. As used herein, the term "acrylate" also refers to a structural
motif containing at least one acrylate functionality that has a carbon-carbon double bond in

conjugation with a carbonyl group of the acrylate.

As used herein, the term "triacrylate" or "tris(acrylate ester)" or "triacrylate ester" is used
interchangeably and refers to an acrylate monomer having three acrylate functionalities

attached to a common structure.
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As used herein, the term "terminal unit" refers to a structural unit of the poly(amino ester)s
that occurs at the end or terminus of a polymer chain. The terminal unit can have an

exemplified structure shown below:

_ R R®
o /(l:H—clz—L‘—R‘O—NH
A
—r-—cl:—(:H/ \O—Y{ Oo
4 8
5 1 O0—C R
R® R \ |
C -NH,
L F|23 R

A used herein, the term "diamine monomer" refers to compounds having one secondary
amino group and one primary amino group. The compounds can further comprise one or

more tertiary amino groups.

As used herein, the term "acrylate monomer" refers to compounds containing at least one
acrylate functionality/moiety or acrylate-like functionality/moiety. An acrylate functionality
has a carbon-carbon double bond in conjugation with a carbonyl or an ester group/moiety.

Preferably, an acrylate monomer has 3, 4, 5 or 6 acrylate functionalities.
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solvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic and
absorption delaying agents, and the like that are physiologically compatible. In one
embodiment, the carrier is suitable for parenteral administration. Alternatively, the carrier
can be suitable for intravenous, intraperitoneal, intramuscular, sublingual or oral
administration. Pharmaceutically acceptable carriers include sterile aqueous solutions or
dispersions and sterile powders for the extemporaneous preparation of sterile injectable
solutions or dispersion. The use of such pharmaceutically acceptable carriers and excipients
for pharmaceutically active substances is well known in the art. Except insofar as any
conventional pharmaceutically acceptable carriers and excipients is incompatible with the
active compound, use thereof in the pharmaceutical compositions of present invention is
contemplated. Supplementary active compounds can also be incorporated into the

compositions.

The term "pharmaceutically acceptable salts" is meant to include salts of the active
compounds which are prepared with relatively nontoxic acids or bases, depending on the
particular substituents found on the compounds described herein. When compounds of the

present invention contain relatively acidic functionalities, base addition salts can be obtained
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obt ai negph¥naceutical Salts”, Journal of Pharmaceutical Science, 1977, 66, 1-19). Certain specific
compounds of the present invention contain both basic and acidic functionalities that allow

the compounds to be converted into either base or acid addition salts.

The neutral forms of the compounds may be regenerated by contacting the salt with a base or
acid and isolating the parent compound in the conventional manner. The parent form of the
compound differs from the various salt forms in certain physical properties, such as solubility
in polar solvents, but otherwise the salts are equivalent to the parent form of the compound

for the purposes of the present invention.

Certain compounds of the present invention can exist in unsolvated forms as well as solvated

forms, including hydrated forms. In general, the solvated forms are equivalent to unsolvated
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polymers, such as PEIs. The globular-like structures of the dentritic or hyperbranched

poly(amino ester)s also offer unique advantage of having higher density of amine and ester
functional linkages, which are important for achieving good biodegradability and high cell

transfection efficiency.

In one aspect, the biodegradable poly(amino ester) of the present invention can be prepared
by a Michael addition reaction of an acrylate monomer comprising at least three acrylate
functionalities with a diamine monomer, wherein the diamine monomer has one primary
amino group and one secondary amino group. The properties, such as the degree of

branching of the biodegradable compounds can be regulated by varying the feed ratio of the
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In the above formula (I), subscript X is an integer between 1 and about 10,000. Preferably, x
is between 1 and 2000. In one embodiment, x is 1. In some embodiments, the compounds
have a polydispersity index from about 1 to about 10, 1to 3, 2to4,1t05,2t06,3to 7 or6
to 10. Preferably, the polydispersity index is from about 1 to about 5, such as about 1.1, 1.2,
13,14,15,1.6,1.7,1.8,1.9,2.0,2.1,2.2,2.3,2.4,2.5,2.6,2.7,2.8,2.9,3.0,3.1,3.2,3.3,
3.4,35,3.6,3.7,3.8,3.9,4.0,4.1,42,43,44,45,4.6,4.7,4.8,4.9 or 5.0. In another

embodiment, the compound has a polydispersity index close to 1. Polydispersity index is a
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R’ , R6, R7, R® and R’ are hydrogen, deuterium, tritium. In the most preferred embodiment,

R* R°,R®, R’, R® and R’ are hydrogen or deuterium.

L' and L? are divalent linking groups. Each of L' and L? is independently selected from the
group consisting of NR'2 and N(-R"*-)(-R'*-)Z, wherein each of R"® and R'* is bonded to N
and Z to form a cyclic structure. In some embodiments, L' and L are NR'2. In yet other
embodiments, L' is NR'? and L? is N(-R"*-}(-R'*-)Z; or L? is NR'? and L' is N(-R"*-)(-R'*-)Z.
In still other embodiments, L' and L? are N(-R"? (-RM9)Z.

R'? can be independently H, hydrocarbyl, hydroxyl or thiohydroxyl. In some preferred
embodiments, R'? is H, hydrocarbyl or hydroxyl. In some more preferred embodiments, R'?

1s H, C;_galkyl, C,scycloalkyl, C;_gheteroalkyl, aryl and heteroaryl.

Each of R'?, R", R and R" can be independently oxo, -S-, optionally substituted C.3
alkylene, optionally substituted C,.3p alkenylene, optionally substituted C,.3o alkynylene,
optionally substituted C;_ cycloalkylene or optionally substituted Ce.1garylene, any of which
may optionally contain one or more heteroatoms selected from the group consisting of N, O
and S. In some preferred embodiments, R', R'", R"> and R' can be optionally substituted

Ci.30 alkylene, optionally substituted C;.g cycloalkylene or optionally substituted Cq.15
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preferred embodiments, Y1 1s N, CH, (CH2)3C(CH2CH3), (CH2)3N or (CH2)3SI(CH2CH3)

Symbols A, B! and B? in formula (I) represent end-groups. End-groups are functional groups
located at the prephery of the dendritic polymer structures. Preferably "A" group is a
nucleophile. Each A is independently selected from the group consisting of H, NH,,
hydrocarbyl, hydroxyl, carboxyl, thio, amidyl, alkylthio, aryloxy, alkylamino, arylamino,
heterocyclyl, heteroaryl, dialkylamino and diarylamino. Preferred end-groups include, but
are not limited to, alkylamino, dialkylamino, diarylamino, morpholinyl, optionally substituted

piperazinyl, optionally substituted piperidinyl, optionally substituted azetidinyl and optionally
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car boxyl $octLt T 9eR98 Mirthet MRlanta el A/ JPRPRERBIAEHE and R is H; R, R?
and R? are H or C;-Cs alkyl; each R'%andR''is independently an optionally substituted C;.3
alkylene; and Y' is selected from the group consisting of (alkylene);CCH,CHs, (alkylene);Si

CH,CH;, (alkylene);N, triphenylene and triphenylenemethylene.

In a second group of embodiments of compounds of formula I, L' is NR'? and L? is
N(-R"-)(-R'*)Z; each of R*, R*, R®, R7, R® and R’ is independently selected from the group
consisting of H and alkyl; each of R', R? and R® is independently selected from the group
consisting of H and hydrocarbyl; each of R'%, R'", R'® and R'* is independently an optionally
substituted C;.3p alkylene; Z is N, CH, or C(C,.3p alkyl); and Y! is selected from the group
consisting of (alkylene); CR°, (alkylene);SiR°¢, (alkylene);N, triphenylene and
triphenylenemethylene, wherein each R® is independently an alkyl or aryl. In certain
instances, Y' is selected from the group consisting of (C;.salkylene);CRS, (C;salkylene);SiR°®
and (C,_salkylene);N. In certain other instances, Y' is selected from the group consisting of
(CH,);CR’, (CH,);SiR¢ and (CH,);N. In yet certain other instances, each of R*, R>, R%, R’,
R® and R’is H; and Y' is (CH,);CR°. In still other instances, Y' is (CH,);CCH,CH;. In
certain further instances, each of R*, R%, R® R’, R® and R’ is H; R', R? and R® are H or C;-Cs
alkyl; each R'* and R'' is independently an optionally substituted C,.3o alkylene; and Y' is
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selected fromthe group consisting of 3gal kyl ene) 3CCH2CH3,
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optionally substlt ted 30 al kyl ene; "and Y is selected fromthe
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R11, RLZ Ay q{lRMnt@penH&ﬂ g%;é |¥eug#§1(ﬂ\|1"8n CH; ! ﬁleﬁjyev%n nitre pRderlRl ar e
H, andY 'S alk}/lene% erein R 1s an alkyl or aryl. In
anot herendwdimergnB & R°xRi snchR! |amb3ghogemramd1elltenmnabout 2000; and Y1 is
(CH2) 3CCH2CH3. I n yet another occurrence, x |s 1. In another aspect,

the presRAtbfRAVRNRIOR’ MEORT GES i RIFAOHH r@%bneéélﬁéﬂurﬁ(lﬁﬂﬁhhngr
having the formula: R2 R6 CH G LI-R10-N R6 CH
CEO- | ZMhydragrrhel.| n a prefamgdrznbodinent, MORZIfERRB R5R R R ,R” and R"are

hydrogen, deuterium, tritium. In another preferred embodiment, three of R* R’ R® R’ R®,
R’ R'® and R'® are hydrogen, deuterium, tritium. In yet another preferred embodiment, four
of R*, R°,R®, R7, R®, R%, R"* and R"% are hydrogen, deuterium, tritium. In still another
preferred embodiment, five of R*, R°, RS, R, R, R’ R and R"®are hydrogen, deuterium,
tritium. In yet a further preferred embodiment, six of R* R’ RS, R’,R® R°,R"° and R'®are
hydrogen, deuterium, tritium. In still a further preferred embodiment, seven of R* R°,R® R,
R% R’ R!® and R' are hydrogen, deuterium, tritium. In the most preferred embodiment, R*,
R’ R® R’ R® R’ R!® and R'® are hydrogen or deuterium.

L', L? and L? are linking groups. Each of L', L? and L? is independently selected from the
group consisting of NR'? and N(-R'*-)(-R'*-)Z, each of R'* and R'* is bonded to N and Z to
form a cyclic structure. In some embodiments, Ll, L? and L? are NR'?. In other
embodiments, L', L and L* are N(-R"? )(-R'-)Z. In still other embodiments, any two of the
linkages from L', L? and L? can be different from the third. For example, L' and L? are
NR", L is N(-R" )(-R")Z; or L” and L* are NR'%, L! is N(-RP-)(-R'-)Z; or L' and L? are



CHC L3-R77 NHB3 13 116 X (11) 32 3Bn the above formula (I1),
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are hydrogen, deuterium tritium In yet another preferred
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hydr ogen, erre

five ofhykfecalyl, tRelkyRGiarRRne RterbtkHleasdri Ak Bervy eHRpe byt yddrelffs-
tritium In yet a further preferred enbodi nent, six of R4, R5, R6,

R7, R8,NRbdiafaiaming, trseN A daryigraine geis:N-glkh &V-enfgmine; silyba metal and || a

further~pyghe . e Ja b n 4 . , .
and. R1ECH & hyhFERERRRTLIRER" Uyl poft pEB ooyt Ggnti i
enbodi n@fdin tdform Rour-RE twBTe-nRBnbdrarbBdyrliand hEttfocatle: tiyd peefeabbithat R,

deut erin}g{n ,L'y L2 and L? gre |inking groups. Each of L', L2 and L3 is
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ot her canbe CC).galkyl, C-cycloalkyl, C-heteroalkyl, C-aryl or C-heteroaryl. Triarylene includes
triphenylene and the like. Tris-N,N-dialkylamino, tris-N,N-diarylamino and tris-N-alkyl, N-
arylamino have the formula [NR*];R¥, wherein each of R* and R* is independently alkyl,
cycloalkyl or aryl. R* is preferably a C,galkyl, C;.scycloalkyl, Ce.joaryl or Ce.joarylalkyl.
Silyl groups can be SiH. arylsilyl, arylalkylsilyl or alkylsily. The metal can be main group
metal, such as B, Al, Ga, In or TI; or transitional metal, such as Fe, Ru, Cr, V, Taor Au. In
some preferred embodiments, Z is N, CH, CC,galkyl, SiH, SiC,salkyl or a metal selected
from the group consisting of B, Al, Ga and In. In some even more preferred embodiments,

each of Rlo, R“, R" , RM, R"is independently CH,CH; and Z is CH or N.

Y? is selected from the group consisting of C, silyl, tetralkyl, tetraaryl, tetraarylene,
tetraheteroalkylene, tetracycloalkylene, tetraheterocycloalkylene, tetraheteroarylene, tetra-

N,N-dialkylamino, tetra-N,N-diarylamino, tetraheteroalkylene, tetracycloalkylene,
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In one group of embodiments of compounds having formula II, each of L', L? and L’
is independently NR'% each R*, R>, RS, R7, R®, R>, R'5, R"®and R" is independently selected
from the group consisting of H and alkyl; each of R', R%, R* and R"® is independently selected
from the group consisting of H and hydrocarbyl; each of R'®, R!! and R" is independently an
optionally substituted C;.30 alkylene; and Y? is selected from the group consisting of C, Si,
tetralkyl, tetraarylene, tetra-N,N-dialkylamino and tetra-N,N-diarylamino. In certain
instances, Y is selected from the group consisting of C, Si, tetralkyl and tetraarylene. In

certain other instances, R*, R>, R, R, R®, R®, R”® R!® and R'®are H. In yet certain other
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cor oLl DTS TR0 B ARIULTE, 8 WhaloR Eagpliao ke

el ect r apN-tialkykagiio ahd BlraaWN-Bdr@anidee | ndependently H, hydr oxyI or
hydr ocar byl . Suitable agents that can form end-groups Bl, B2 and B3

include, b G 12
aci ds. al ka3t G ERr P s SRk AG A ATUGTE ca R o1
hal i de,is afd¢ ﬁIdIeMIly Nal'? glesL’ ﬁllﬂ%y@&nﬂﬁw@%ﬂ( -RESW; ehed ¢ﬂi€"’§R SR, R,
hal i des, kyl halides, heteroal kyl halide, carboxylic acids,

car boxyR s & a&i cangriy ds inderenderily seiqs&qdafrm  STPYD eensisiing @ Homd alkyl; each

enbodi 1S, 0fp, 3G BIN each of nd L3 is

i ndepe ggﬂint I{y II\IIQ%gR? eésgﬁd%%ghﬁgl,y S%Ién%ﬁionh@e g?éu P (IQ:I@SU%@ZH% HR18 i's

i ndepengdridaybyseacie bER'C, R 'amdtiie igindeenéans afﬁtdpltl@nﬂgr dubstivdted! Gy ;

each of Rl, R2, R3 and RIS is | ndependent|y sel ecte
alkylene; and Y7 is selected from the group consisting of C, Si, tetralkyl, tetraarylene, tetra-
N,N-dialkylamino and tetra-N,N-diarylamino. In certain other instances, R4, R’ , R6, R7, R8,
R9, RY , R'and R"®are H. In yet certain other instances, R4, RS, R6, R7, R8, R9, RIS, R'® and
R'® are H; each of R', R* and R? is independently selected from the group consisting of H and
C;-Cg alkyl; each of Rlo, R''andR" is independently an optionally substituted C;.3
alkylene, and Y” is selected from the group consisting of C, Si, tetralkyl, tetraarylene, tetra-

N,N-dialkylamino and tetra-N,N-diarylamino.

In a fourth group of embodiments of compounds having formula II, each of L', L? and
L’ is independently N(-R"*-)(-R'*-)Z; each R*, R*, R®, R7, R®, R%, R">, R"® and R"®is
independently selected from the group consisting of H and alkyl; each of R', R%, R® and R'® is



fromthe group consisting of H and hydgocarbyl; each of R1O, RI1 and

R17 is independently an optionally substitut ed C] _30 al kyl ene; and

Y2 is Sﬁde@eﬁaﬂtlif rselmtbdi]érogf margr@tprmnslsummofdﬁ aﬁi;l hﬁﬂrpcarbgh; eadhiofiR", R and
tetraaa ene, tetraNN— ugmno andt ]Ir’e |ar Iamn(f) ?1
cert ai wslfléqpeaéentwﬂ.@tlg@aﬂ cuRgtitpied i isnalky awné d5 asplggfed from the;

tetral ’ N-R6
7, e g AL AR RO, R N MR AR and RN

i nst anckaylakdno. Rm, ceRain d¥er ik8andes), R'RRS, R6RR6 Rin®’ R'8, R entiR taeH. dh yet
R, RZ and R3 is indepgndently,sgl egt ffomithe group consi st

H And GPU oMK Istanges R o R OR SR B5 5e REnd R aroHo BRI | B é?F‘g R™1
option t m fe
gPoup ?%(!}] c (#Rﬁg sEl}éEtgg frgn #Q &?&.ﬁ%{g‘ﬁ?ﬁﬁn@tﬁﬁ aXﬁd :Cz r%%lllgﬁ c%ghfo?ﬁ , R,

t et r a- B 'Nisinadgeyitlaniynm cmmdnaldgt sm)sﬁtubéd (dtgaau(brhrre nmd Yis aelscﬁed)frdnghe)up
of enbodi nents. of ¢ unds h |ng formula |l

NRL2 arfOURRHSEng 9f Gngh [FafI L ERdRRR AR dﬁi‘@"*}‘{“n&f& fogra LN

R4, RS5,4iR%amily: BY. RO, R, R16 and R18 is independently selected
fromthe group COI’ISI sting of Hand al kyl; each of R, R2, R3 and R18

i s i ndependent | S d fromt rou i sting of and

hydr ociﬁsww Phegtn S diments igees e St B E Brear s b Gy dprmyute
substi t(y[taﬁ Cl - 30 aI kyl ene; and Y2 is selected fromthe group
consisting of C, Si, tetralkyl, tetraarylene, tetra- N, N-dial kyl am no
and tetra-N,Ndiarylam no. In certain other instances, 4, R5, R6,

R7, R8, R9, RI5 R16 and R18 are H In yetRﬁertal n ot her instances,
R4, R5, R6, R7, R8, |R9, R15, R16 a@g_c,lfgl&Nére F—meaciyof R , R2 and
R3 is independently |selected fr the gr oupreonsi sting ¢f H and

Cl-C8 al kyl; each off R0, R1' and R17 is independently an optionally
substituted Cl-30 alkyl eneO andoY2 i s sel ect ed fromtheg group
consisting of C, Si,| tetral |etr@ar ene etra- N, N di al kyl
amino and tetra-N, N{h@ﬂyﬂz yﬁm— té %W\gr odp—6f i nent s of
conpounds having forlmula I'l, eacH LGHzand IRF is independently NR12
and L3 is independently N(- R13 )(O R14-)Z; each of R4, Ry, R6, R7 R38 ,
R9, R15, R16 and R1§ is independgntly sel e {eed fromthe group

consi sting of H and |al kyl; eacl? ’_?I&__ _and ,R18 ils .
i ndependently sel ectled from the ¢ uBH?con Haqd®
hydr ocar byl ; each ofLR10, R' and R17 is i n’dependently af optional ly
substituted Cl-30 alkylene; and Y2 is selected fromthe group
consisting of C, Si, tetralkyl, tetrat | ene, tetra- N, N-dial kyl am no
and tetra-N, N-diarylamno. In certal ot her instances, R4, R5, RG,

R R g g e ntaes FomrCighothotS! K5 SFRR RUEE RASLANGES,

R?, R® and R*is independently oxo, -S-, optionally substituted C,.3¢ alkylene, optionally

substituted C,.39 alkenylene, optionally substituted C, 3o alkynylene, optionally substituted Cs.
g cycloalkylene or optionally substituted Cs.i5 arylene, any of which may optionally contain
one or more heteroatoms selected from the group consisting of N, O and S. Preferably, each
of RIO, R“, R , RM, R”, RZI, R22, R® and R* is independently C,_jpalkylene, more
preferably C,.salkylene, for example, CH,CH,. Y?is C, Si, tetralkyl, tetraarylene,
tetraheteroalkylene, tetracycloalkylene or tetraheteroarylene. Preferred tetraalkyl includes
R"(R'-), wherein R" is C, Si or Castetracycloalkyl. R can be H, Ci-30alkylene or C;.
soarylalkylene. Preferred tetraarayl includes R"(Ar'-)4, wherein Ar' is arylene, heteroarylene.
Preferably, Ar' is Ce.10arylene, Cs.jparylalkylene or Cygheteroarylene. The metal used can
be Ti, Zr, Mn, Ge, Sn and the like. In some other preferred embodiments, Y?is C, Si, (C.



R 8 are H, each of R, R2 and R3 is ipBdependently selected fromthe
group consisting of Hand CI-C8 alkyl; each of R1O, R' and R17 is

I ndepenghtintléne) ) RRiargaklyleyie st (1S1t3bztllayle@b)gsl BOsond myteprefered embddinsents,
sel ected fromthe group consj st IGS%{}O@ C, Si, tetral kyI tet r aanyl ene,

tetra- N in(GizalianghCrer (nerlkden patieylpeprefesred eMbRdIRRN 1Y g% oup

of embogippt f W &g 410 3 (&3
s ST G SRS (RS 2o M e o R Bonboly rE (2
RI 6 andalky, CKC:. gm@ﬂnﬂer@ms ﬁﬁﬂyﬂ?)cCe(@u‘shimfoﬁﬂ?E) Bith - (Copsky), iSpgCof H
and al kyl; each o and R18 is 36 independent]y sel ected
fromth et@malkpﬂ)cah(sqasow@ %f(%lam%row&rqs@aw gl suchzas19F 21 Bndgroup A g
R17 is l, S It 1 kpyd d Y2
s a s RIFERRRERE oY pA IR LARRlL (D b (1) CEnprote B! 06 SR65° 20

t et r aardeliaedthetsete as hbd\d‘edbﬁfdﬂyﬂumm(np(m)rmhdt(ﬁpra N, N diarylamno. In
certain other instances, R4, R5, R6, R7, R8, R9, R15, R 6 and R18 are
H. t i.Ast: R 6
and ngﬁtgrdéﬁﬁ% %&’ t? € ?Lésglgzl angarll«’g%dég% Bg) haﬂ@ g{eglgfggﬁeig from
the group consisting of Hand Cl-C8 al kyl; eagh of RlO R11 and R17
i s independently an optionally substltut d Clr30 al kyl ene and Y2 is
sel ected fromthe group consisting of '§__L tetral

tetraaryl ene, tetra-N, N-di alkyl am no and gt rf |\|'N- di arﬁ am no. In
sonme preferred enbogi nents, ||or esent @mu%étlo .provi des conpounds
having the formula "(Ila): CH%%N I-RlO NHBI OCRA40
1 Rz1 A CH2 CH2 0- Y2cFHRZN IrrpCH2 ~RR2 0 TC R23 O
H2C-CH2 N \\ Z3- R17R H BS\R1 ~R24 X

\

R3

—NH,
RQ

(I
In the above formula (III), all the substituents are the same as defined above for formula (I).
Each of R', R? and R’ can be independently H or hydrocarbyl, preferably, hydrogen,
deuterium or alkyl. Each of R*, R°>,R®,R”, R®and R’ is H or hydrocarbyl. The hydrocarbyl
is preferably alkyl or heteroalkyl, and do not have a primary, a secondary or a carbon-carbon
double bond conjugated to a carbonyl group. Each of L' and L? is independently selected
from the group consisting of NR'? and N(-R13-)(-R14-)Z, wherein each R'? is independently
hydrocarbyl, hydroxyl or thiohydroxyl and each of R'? and R'* is bonded to N and Z to form
a cyclic structure. In some preferred embodiments, L' and L? are N(-Rls-)(-RM-)Z. Each of
R R" R andR"is preferably independently optionally substituted C, 3 alkylene, more
preferably C,.salkylene Z is preferably N, CH, CC,.salkyl, SiH, SiC,salkyl or a metal
selected from the group consisting of B, Al, Ga and In. Preferred Y! includes C-alkyl, CH,
(C.salkylene)s, and (C;_galkylene);N. In another preferred embodiment, R',R*and R’ are H
or CHs; R4, RS, R6, R7, R® and R® are H or deuterium,; L' and L? are N(CH,CH,)Z, where Z is
N, CH or C;salkyl; R'® and R'! are CH,CH,.

In still a different aspect, the present invention provides a compound having the formula:



(Ita) In formula (Ila), xis an integeggfrom 1l to about 2000. Each of
R10, R11, R13 R14, R17, R21 R22, R23 and R24 is independently oxo,
-5-, optionally substituted Cl1.30 al Kyl eneR® optionally substituted
C2- 30 al kenyl ene, optionally substituted Ci 30 al kynyl ene, optionally
substituted C3. a cycloal kyl ene gr optiton 1-1—9-'st) tiNHat ed C6- 18

aryl ene, any of which may opti onal g cont ai one or nore heteroatons
sel ected fromthe group congi sting/of N, ORénd S. Preferably, each
of R10, Ru, R13, R14, R17, R21, , R23 and R24 is independently
C1. 30al kyl ene, moreR\ \Pr ef er a:lk gal k@l ene, |[for exanple, CH2CH2. Y2

is C, Si, tetralkyl, Q’:FICaar yl 9ne—Y2 teLC&heHeroea-ILR-y-lRéhe\er

tetracycl oal kyl ene 85/ tet|rahetero ryI@ne r ef|erred t et raal kyl
includes Rh(R -)4, "wher&'n Rhisd, Si or R&%tetraeycl oal kyl. R
can be H, Cl1.30al kyl ene or C1. 30&ry| al kylbene. Preferred tetraarayl
i ncludes Rh(Arl-)4, wherein Arl |s/ ryl en het er oar yl ene.
Preferably, Arl is C6_10aryl ene, Cs -aJ—Wl—eme—qerz

C4. 6het eroaryl ene. The netal used can/ be| Ti, Zr, M1, Ge, Sn and the
like. In some other preferred enbodi R?BntSR‘GYZ is C Si, (d. 37

3oal kyl ene) 4C, Cg_i 2aryl al kyl ene or (C _3oal kyl ene)4Si. In sone nore
preferred enbodi nents, y2 is (Cl_galg{ ene) 4C or (C] _sal kyl ene)4Si.
In particular preferred enbodi nment s 2 (CH2) 4C, (CH2CBHACHR) 4C

cal kyl)PicubefleEhe S raéf’ﬁ"%rﬂ%ég?%@f.fﬁ%ﬁﬁ BC (Gashet eroaryl), SiH

Si-(C _salkyl), Si- het | kyl) .. Sir
G e St S S PR e 17 6 BRI g

def d {1

def 1 Dol RSP IR R g bETHAT bl 300 o REnde s
and (111!, Lhasd Dl ztréN(e@ﬂzcaﬁpﬁccﬂzmg)msgemwmmn‘f BRepteifdastha group

conmpound havi ng the f ormul a: CHC-L1-RIO-NH2 O R _C 11 % 17
CC O Yreousistreg afiC,¢S1, §dl(cand @H&ﬁﬂlm oqripin instargss, the mefhod further includes

the step of reacting with an end-capping agent, such as an electrophile or a nucleophile.

In certain aspects, the compounds can be copolymers or blends of poly(amino ester)s of
formula (I) and formula (II). In one embodiment, the compound can be a block copolymer of
poly(amino ester)s having formula (I) and formula (II). In another embodiment, the
compound can be a random copolymer of poly(amino ester)s having formula (I) and formula
(II). In yet another embodiment, the compound can be an alternating copolymer of
poly(amino ester)s having formulae (I) and (II). In still another embodiment, the compound
can be a blend of poly(amino ester)s having formulae (I) and (II). In still other embodiment,
the compound can be a copolymer of poly(amino ester)s having formula (I) and/or (II) and a

linear unit.
Iv. Methods of Preparing Poly(amino ester) Compounds

In one aspect, the present invention provides a method for preparing a branched, or dendritic,
or hyperbranched poly(amino ester) compound. The method includes reacting an acrylate

monomer having the formula:



In the above formula (I11), all the sgpstituents are the sane as
defined above for formula (I). Each of R, R2 and R3 can be

i ndependently H or hydrocarbyl, preferably, R¥ydrogengé deuterium or
al kyl . Each of R4, R5, R6, R7, R8 and RO is or hy;zfrocarbyl. The
hydrocarbyl is preferably alkyl or heteroal kg=—=argd do not have a
primary, a secondary or a car bolrf carbon doulf e bond conjugated to a
carbonyl group. Each ofRIL' and |2 is ind pen%ently sBf ected fromthe
group consi sting of NRlZ\a_ng Nk-q?i@-)(-114-) 0 wherein each R2 is

i ndependently hydrocar byt dr oxy?— oM t hi ohygdroxyl and each of R13
and R14 is bonded to N ghd Z t\g,form a v_clé/c strugfure. In some
preferred enbodi nents, T and [2 are N( - 34) (-R14+) Z. Each of R10,
R11, R13 and R14 is preferably independently i-ofial | y substituted
Cl-30 al kylene, nore preferably C]_gal kylene/ Z is\ preferably N, CH,
CC] _8alkyl, SiH, SiC]_aalkyl or a netal selgcted fromthe group
consisting of B, Al, Ga and In. Preferred Y1 includes Calkyl, CH,
(C]-sal kyl ene)3, and (C] _sal kyl ene) 3Nvy)l n anot her preferred

enbodi nent, Rl, R2 and R3 are H or ; R4, R5, R6, R7, R8 and R9

are H q. . ' - [ ( | S .CH or
C] gal %1}1??%8{1%%@ngﬂgh¢ué f% upnsgs_ét% ﬁﬁ%)oﬁn gl:@:‘g?é‘r?pen dsggrplgg{', t he
present invention prl_pvi des a conpound having,the fornula: 38 R6

O CCHIi-L1-R10- NH2 \574II O RBCO11 1 ~\OY ~

~C-CH G L2_-R11-NH2 S8—HRP—MHL 18 R9 Q MECreB-q\Rl7 NH2 R3
R16 (1V) The substitdents are the sane a\s\def/lned for formula (11).
In one embodi ment, AA? R2, R3, R4ndrR5, R6, R7, R3, R9, R12, R15, RI6
and R18 are selected fromthe group consisting of H deuterium and
tritium R10, R11 and R17 ana)CH2CH2; L', L2 adI)-3 are

N( - CH2CH2-) (- CH2CH2- ) NCH2CH2NH;, and Y2 is selected fromthe group

R', R? and R? are the same as defined for formulae (D-(I11). R* R’ RS, R’ RS, R’ and R are
defined the same as for formulas (I) and (II). R"* and R' are defined the same as for

formulae (I)-(IIT). Z is defined the same as for formulae (I)-(III).

Each of R!® and R* can be independently oxo, -S-, optionally substituted C;_3; alkylene,
optionally substituted C,.3p alkenylene, optionally substituted C;.3o alkynylene, optionally
substituted C;_g cycloalkylene or optionally substituted C¢_;5 arylene, any of which may
optionally contain one or more heteroatoms selected from the group consisting of N, O and S.
In some preferred embodiments, R' and R” can be optionally substituted C;.3y alkylene,
optionally substituted C;_g cycloalkylene or optionally substituted Ce.19 arylene. More
preferably, R" and R? are optionally substituted C,.30 alkylene, for example, C;_galkylene,

such as (CH;),, wherein n is an integer from 1 to 8.

In one embodiment, the method further comprising the step of reacting with an end-
capping agent. In certain instances, the end-capping agent is an electrophile. In certain other

instances, the end-capping agent is a nucleophile.

In another embodiment of the method, Rl, R? , R3, R4, Rs, R6, R7, R® and R’ are H,
deuterium, tritium or CHs; and Y! is selected from the group consisting of N, CH, C-
hydrocarbyl, trialkyl, triarylene, tris-N,N-dialkylamino, tris-N,N-diarylamino, silyl and a



consisting of C, Si, (CH2)4C and (CH2%dSi. In certain instances, the
met hod further includes the step of reacting with an end-cappi ng
agent, nscua:lh Taseraain élseaices PHiis saelmtechfromcthtegxphp kensistmged(CHe ICRS pect s,

t he co nds. .ca copol yners s of am no ester f3 14
for rruI %gii».&naéﬁ?ﬁmﬂaf LFr)em ffa‘r‘igcr% Rgdﬁla%ﬂ? X‘? g‘ﬁb’d’ﬁﬁa&?a bB
a bl ock,,gqp0), P7M§ /g ester)s having formula (I) and

f or mul kdm?II) r)érlﬁjizacg%t’ﬁR e%vboélrm;{ent the conmpound can be a random
copol y no est.er havi n for and f b (rry.
o ver TR apher et AR P stien ABISKS aHBE Sy Prentr ae Arfged

copol y Rt A ¥AetBSd ficliiel A¥inBFollMeARhES fidnoadithté ohombfh
still no}{(ﬁ%‘}noe o)((:h mente ﬁue cor?poun Eogﬁ’in bega bl eoralld of pol ?/I(namarY(IJng
est er ) shéiforinntp @By oufoamulal(JVRNd (11). In still other enbodi nent, the
conpound can be a copol yner of poly(am no ester)s having fornula ()
and/ or i aﬁ@tﬁexaaspédt N@a prddBitlinvdn¥ion MRIVIRLS Réthbd &R PrépasinEQlbroRAENO
ester) Conpounds In one aspect, the present invention provides a

met hod foby(apimepestarhglhe bethnd resdudes readtingian adrglate roendygrdrayingribé gmula:
pol y(am no ester) conpound. The nethod includes reacting an acryl ate
nonomer having the formula: 39 R2 R6 RC=C @\ R Il OCR- /CC
OYILRSRLO \ /RB CC R3 RO (V) vm h a |amne nononmer having a
formul a sel ected fromthe group consi st HR3 /N RL9-NH2
HN ~Z-R20-NHZ R12 and \R14 (VI) ( {p and R3 are the sane
as defined for fornmulae (I)-(I1LI). R4 R5, R6 R, R8, RO and R12 are
defined the sane as for formulgs (1) and (I11). oR13 and R14 are

defined the sane as fd | //
\c=c/ No—v2__ _C R®
7\ | 707 Ne=c
RS R1 0] /
I R18 RQ
040\ R15
C—cC
\
R3/ R16
(VIII)

with a diamine monomer having formula (VI) or (VII).

The substituents in formula (VIII) are defined the same as for formula (I). For instance, R',
R? and R? are defined the same as for formula (ID. R4, RS, R6, R7, Rg, R9, R' and R' are
defined the same as for the corresponding substituents in formula (II). Y? is defined the same

as for the corresponding substituents in formula (II).

In one embodiment, R', R%, R’, R*, R>, RS, R”, R® R’ R'"* R"*, R'®and R"® are
selected from the group consisting of H, deuterium and tritium,; R R and R" are CH,CHy;
L', L* and L* are N(-CH,CH,-)(-CH,CH,-)NCH,CH,NH; and Y? is selected from the group
consisting of C, Si, (CH;)4C and (CH;)4Si. In certain instances, the method further includes

the step of reacting with an end-capping agent, such as an electrophile or a nucleophile.

In a further aspect, the present invention provides a method for preparing a branched

poly(amino ester). The method includes reacting an acrylate monomer having the formula:



formulae (1)-(I1l1). Zis defined the gane as for fornulae (1)-(111).
Each of R19 and R20 can be independently oxo, -5-, optionally
substituted Cl-30 al kyl ene, optionally subs®kitutegsC2.30 al kenyl ene,
optionally substituted C2_30 al kynyl ene, opt i\pnal |/ substituted C3_8
cycl oal kyl ene or optionally substituted &526_1 Ca-|_~y¢\e\ne, any of which
may optionally contain one or nore hete Wzms sel*geted fromthe
group consisting of N, 0 and S. In_sone prleferred enbodi nents, R19
and R20 can be optionally substitutgpd Cl-3@ al kyl en optionally
substituted C3_8 cycl oal kyRgne or tional Ily substiguted 10
arylene. More preferably, R?G@L&w}gmopacg subs} tuted
Cl-30 al kyl ene, for exanple,/ d _Qal kyl ene, | su as (eHx¢,, wherein
nis an integer froml to 8 In ¢pne enbodi %ent, t he ifet hod\ f urt her
conprising the step of reacting with an enq- cappi r'?éa agent .R®l n
certain instances, the end-capping agenp=sx an el eefsT ophile. In
certain other instances, the end-capping adent i,g a nucleophile. In
anot her enbodi ment of the nethod, Rl, R2, >~ RAG R5, R6, R, R8 and
R are H deuterium tritiumor CH3; and Y3 is sgkgcted fromthe
group consisting of N, CH C hydrocarbyl, trialkyl, triarylene,
tris-N, Ndialkylamno, tris-N Ndiarylamno, silyl and a 40 netal.
In certain instances, Y is selected fromthe u onsi sting  of
(GD) 3R, YE st menamechiy e fPERA frieeieth e (e BtauR sprigstingfy
In certain other instances, R13, R14 and R20 are CH2CHZ; and Zis N
or CH. In another aspect, Qe present inventi ont/%; Vi des a met hod for
od

preparing a branched poly(ay-horestgy) . Tkﬁe_rrﬁ cludes
honopol yneri zi ng a nonoacryl/Ate nononmer having \KPe Hormul a (Wzl) or
formula (1V). In still anoRRer aspect, tmk presentR'*nvention provides

a nethod for_preparing a branched ;, poly{ag no_ester). Jhes ngt hod q.

i ncl udes r edBtSPRG eawogemt%@écm‘w&a 1T{a@‘i Ry Rl s g%aﬂ]gﬁg S’rﬁgZarﬁgRlols /

CR:ZL:SQ C iRdepeRderttly sHleBted Foit H ofup SorSBting &f N A&terRnfritiufH8d 8,; Jadr? is
selected from the group consisting of C, Si, tetralkyl, tetraarylene, tetra-N,N-dialkylamino,

tetra-N,N-diarylamino, tetraheteroalkylene, tetracycloalkylene, heteroarylene and a metal.

In certain instances, poly(amino ester)s having more secondary amino groups may be
preferred because secondary amines are more readily protonated than are tertiary amines and
may improve the utility of the poly(amino ester), for example by enhancing water-solubility
or enhancing the ability of the poly(amino ester) to interact with a bioactive agent.
Secondary amino groups can be introduced into the polymer via addition of linear

poly(amino ester)s having secondary amine linkages in the polymer backbones or units of

formula (VI) or formula (VII).

In some embodiments, the poly(amino ester)s of the present invention can have between 1 to

2000 linear units. For example, the poly(amino ester)s can contain at least 0.1%, at least 1%,
at least 20%, at least 30%, at least 35%, at least 40%, at least 45%, at least 50%, at least 55%,
at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%,
at least 95%, at least 97%, at least 98%, or at least 99% linear units of.

In certain other embodiments, the poly(amino ester)s of the present invention can have

between 1 to 2000 dendritic units of formula (I), formula (II), formula (VI) or formula (VII).



C=C R3 RI6 (VIIl) with a diam ne noggner having fornmula (VI) or
(M1). The substituents in fornula (VIIl) are defined the sane as for

for mul &of le)\am;ﬁ@ lthé E&lty@d]ﬁﬁo eRer)s cﬁzcc&mn BBleadt ®. [96fdt et 1Reatsad¥e26%, 4tor
formula (11 R8, RL5 and R16 are defined the

R7,
same asleafswg%h@ least %é)pairiqashéo%ubtsl@ast 6% af lpast POYondl laast PPYo, atpast §0%, at
det ) e A Pl oL 180 LESROMG SR IS oL L,

R15, Rli6astorb,RdtGeat 98%s6H AGERAOG, ARhArRE: \GHifR W fSaNT ab bﬂﬂ)rl(ﬂfllaFdH) In some
deuteriumand tritiunm R10, R1' and R7 are CH2CH2; L' L2 and L3

are N(-cohpdinenty, gHiDADLY NO TeRRHPnAlyFoRRedted lsseatéeqséqnef Yaer tRigs. gr oup
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the gro p conS|st|ng of H deuterium tritiumand CH3; and Y2 |s
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t et r ac e Ry ﬁ%xaﬁﬁ:‘»ﬁ& LORHuBN®) ARAT®), Te4A/or 12 can contain asymmetric
nitrogen groups when R'? differs from the other substituents on the nitrogen or when R", R
and the third substituent are different from each other. Similarly, in formulae (II) and (IV),
each of L', L* and L* can independently contain asymmetric nitrogen groups when R'? differs
from the other substituents on the nitrogen or when R'?, R!* and the third substituent are
different from each other. The diamine monomers used to prepare the poly(amino ester)s can
also be asymmetrically substituted having a secondary amino group and a primary amino
group that generally differ in reactivity. For example, in formula (VI), the monomer can have
an asymmetric nitrogen when R'2, R" and H are different from each other. Similarly, in
formula (VII), the monomer can have an asymmetric nitrogen when R, R' and H are
different from each other. Z can also be an asymmetric nitrogen when R" R" and R® are
different from each other or an asymmetric carbon when H, RE, R™ and R? are different
from each other. In formula (V), the tris(acrylate) ester monomer can also be asymmetrical
depending on the choice of substituents R', R?, R*, R*, R®>, R®, R’, R® and R®. In formula
(VIII), the tetra(acrylate) ester monomer can also be asymmetrical depending on the choice of
substituents R, R, R?, R, R®>, R® R7, R®, R’ R"°, R'® and R'®. The reaction of an
asymmetric diamine with a tris(acrylate) ester monomer can give rise to a number of
diastereomeric dendritc units. The orientation of the substituents can be controlled by

adjusting the reaction conditions.
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backbones. For exanple, in formula (1) and (I'll), L' and/or L2 can
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diacrylate/diamines, carbon tetraacrylate/diamines or pentaerythritol tetraacrylate to form
copolymers. In one embodiment, FIG. 1 shows that the linear or dendritic units can be linked
to the polymer backbone through a linker having a tertiary amine and a secondary amine,

wherein secondary amines having reduced activity can still react with acrylates.

Various commercially available acrylate monomers and diamine monomers can be used for
the preparation of poly(amino ester)s. Suitable acrylate monomers include, but are not
limited to, trimethylolpropane triacrylate, trimethylolpropane trimethacrylate, glycerol

propoxylate (1PO/OH) triacrylate, pentaerythritol propoxylate triacrylate, pentaerythritol
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is carried out by reacting trinethyl propane triacrylate (TMPTA) with
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equi v OzI tegria&rrn}.llgteésvi/ith three equiv of diamines. In some embodiments, the polymerizations are
carried out by self-initiated polymerization of monomers having formula (III) or (IV). In
other embodiments, the polymerizations can be initiated in the presence of an agent, such as a
catalyst. Suitable agents can be a base, such as an amine; or an acid, such as H' or a metal
ion. In some further embodiments, hyperbranched copolymers can be prepared by
polymerizing a mixure of monomers having formulae (IIT) and (IV). Hyperbranched block

copolymers can be prepared by sequential polymerization of monomers having formulae (III)
and (IV).

Suitable diamine monomers that can be used to prepare poly(amino ester)s include, but are

not limited to, 1-(2-aminoethyl)piperazine, N-methyl ethylenediamine, 4-
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The reaction can be carried out either in neat or in the presence of a solvent. Preferably, the
reaction is carried out in the presence of a solvent. Solvents that can be used include, but are
not limited to, water, organic solvents and combinations thereof. The organic solvents used
include, but are not limited to, C;_galcohols, such as methanol, ethanol, isopropanol, butanol,
pentanol, hexanol, heptanol and octanol; a ketone, such as acetone; a chlorinated solvent,
such as chloroform, dichloromethane, methyl chloride, carbon tetrachloride, dichloroethane,
tetrachloroethane; a chroinated aromatic solvent; tetrahydrofuran; C;_galkanes, such as

propane, butanes, pentanes, hexanes, heptanes and octanes; an aromatic solvent, such as
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preferably between about 0 C and about 80 C, even nore preferably,
bet weerfhabgs from@beutalil S0 d i andpreferably about 1:2. The molar ratio of tetracrylate and

diamine can change from about 3:1to 1:4,2:1to 1:4, 1:1to 1:4, 1:1.3to 1:4, 1:1.5to 1:4,

1:1.5to 1:4, 1:2 to 1:4, 1:3 to 1:4 and preferably about 1:3. Although increasing the amount
of tris(acrylate ester) monomer relative to diamine monomer can increase the degree of
branching in the poly(amino ester), longer reaction times may be required to complete the
reaction. In another aspect, the degree of branching can also be varied by adjusting the

reaction temperature, time and solvents.

The structure of the compounds obtained by the foregoing reactions can be characterized by a
number of analytical methods, such as '>C NMR spectroscopy. For instances, °C NMR

spectroscopy can be used to identify and/or to confirm the presence or absence of carbon
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good biodegradability property of the compounds may be in part attributed to the facile
hydrolysis of the ester linkages under physiological conditions. To use as a vector in
delivering bioactive agents to cells and tissues either in vivo or in vitro, it is essential for the
compound to be biocompatible and biodegradable. The present invention contemplates that
the branched, dendritic or hyperbranched poly(amino ester)s can be made both biocompatible
and biodegradable using non-toxic monomers. In one aspect, non-toxic monomers, such as

acrylates are used as starting materials for the preparation of poly(amino ester)s.

In one aspect, the present invention provides a pharmaceutical composition

comprising a bioactive agent and a branched poly(amino ester) as described herein and a
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(1| NVGATHEYention dnude gagesl metals|cgmnier¢iplly gyailabledmpgiag agents used in positron
emission tomography (PET), computer assisted tomography (CAT), x-ray, fluoroscopy,

magnetic resonance imaging (MRI) and contrast agents. Examples of suitable materials for
use as contrast agents in MRI include gadolinium chelates, iron, magnesium, manganese,
copper, chromium and their chelates. Examples of materials useful for CAT and x-ray
imaging include iodine-based materials. In one embodiment, dendritic poly(amino ester)s are

used as biocompitable imaging agents.

Prophylactic agents that can be delivered by the poly(amino ester)s of present invention
include, but are not limited to, antibiotics, nutritional supplements, and vaccines. Vaccines
can comprise isolated proteins or peptides, inactivated organisms and viruses, dead organisms

and viruses, genetically altered organisms or viruses, and cell extracts.
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poly(amino ester)s that can associate with negative charges present in the bioactive agent to
form a complex by electrostatic attraction. Alternatively, the monomers used to form the
repeating unit can be selected to provide a poly(amino ester)s with functional groups that are
available to form covalent bonds with a bioactive agent. In one embodiment, the poly(amino
ester)s can form a complex by physically encapsulating the bioactive agent. In another
embodiment, the poly(amino ester)s can form a complex through hydrogen bonding

interactions.

The poly(amino ester)s-agent complex can be modified to include targeting agents to target a
particular cell, collection of cells, nuclei, or tissues or to promote endocytosis or phagocytosis

of the complex. The targeting agents may be attached to the poly(amino ester)s of the present
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for exanple, be greater than base pairs | ong or even greater
t han 1Go0@dcxbmeepprainare leasily. throngh @rﬁdly@rmlebmedem@mmfmw t he
pol ynucl eotide is purified prior to use and is substantially free

from ganhafichapt, the pely(dimoReley)s UsdIpRidiciRide SompRk lesd bed AB6R: dal e
about 50% pure, nore preferably nore than about 75% pure, and even
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or t he dss¢rihedan 861l Ribligatjorb® @ RYAP 4R ingorpgrataddisteirly reference. Methods of

gene transfer into hematopoietic cells have also previously been reported (see Clapp, D. W.,
and et al., Blood 1991, 78, 1132-1139; Anderson, Science 2000, 288, 627-629; and
Cavazzana-Calvo and et al., Science 2000, 288, 669-672). It is known that naked DNA may
be introduced into cells by complexing the DNA to a cation, such as polylysine, which is
coupled to a ligand for a cell-surface receptor (see for example Wu, G. and et al J. Biol.
Chem. 1988, 263, 14621; Wilson and et al. J. Biol. Chem. 1992, 267, 963-967; and U.S.
Patent No. 5,166,320). Binding of the DNA-ligand complex to the receptor may facilitate
uptake of the DNA by receptor-mediated endocytosis. A DNA-ligand complex linked to
adenovirus capsids which disrupt endosomes, thereby releasing material into the cytoplasm,

may be used to avoid degradation of the complex by intracellular lysosomes (see for example
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suppositories, pills, capsules, powders, liquids, suspensions, lotions, creams, gels, or the like,
preferably in unit dosage form suitable for single administration of a precise dosage. The
composition can include, as noted above, an effective amount of the selected drug in
combination with a pharmaceutically acceptable carrier and, in addition, may include other

medicinal agents, pharmaceutical agents, carriers, adjuvants, diluents, the like

The administration in vivo can be performed by parenteral administration, e.g., by
intravenous injection including regional perfusion through a blood vessel supplying the
tissue(s) or organ(s) having the target cell(s). Other means of administration can include

inhalation of an aerosol, subcutaneous, intraperitoneal, or intramuscular injection, direct



can be protonated, for exanple, by sokpbilizing the poly(am no
ester)s in an aqueous solution of a pH suitable to protonate at

| east tth@sfettidiiinyo, I3, ﬂfbiie pi@aNEells répacediol yfrplancation et )ad orgahithat is
pol y(am no ester)s-pol ynucl eotide conpl ex nmay form nanoqsipart I cles

t hat catbicHuentlydrangplented sntgdhg subject. urgsr m}mleetlpa@setlt scan [ngludpiozal
| st |
Do RSB e B PR e AR T 500 REuaSiLE

degr adgatt@nlarBishdictht BemgrRkiiy BY sappoitorpfdnake process. By neutrali zing
t he charge on the backbone of the pol ynucl eotide, the neutral or
slightl I I .

S Int B AORICLLNS Y BAT R BRI BILR SHEAESRAL S ROLI R ons of, |

cel | . Imaratfm&terandism%gfe Tﬂlbeombstﬁammbee&hﬁnl)a&d a9 @l sy hutioh edidrekgnulsion,
conpl ex descri bed above can be used to _deliver therapeutic genes to

cel | s diposeme.rfisege-gigd PP snray-gried powyderr othspardsred augyae suteBle tg aeh
ther apy(ﬂ’@é Sorii:@f?t‘tﬁhdn” }%%aﬁ{etr cn§§§a rsél?ér}tg);f] ?@E&rog%&imrﬁ%%ﬁ%}m for

5,399, 3 I ncor por at'ed herei i oconpat | ‘apsul e
for delex\amplmgza@e,rtelhaml,rmlwi (faok exanpld.agdyderdlepropyleRECEl yRolh bnd Bquidn WO

95/ 05452 d l.h.b f h d f
nto o RarE e B mdShe ki i d S BB Siveryhpigsh ThemsPogybBican e
app, IQalnté{ned ﬁ)‘?‘éxﬁﬁ%@t bzygﬁle%‘ggoﬁg%atlngguchl&sqgclt]lﬁﬁ% tﬁ@ﬁf’a‘irﬁ&ﬁnce of the

SCI ence 2000, 288 and CavazzZana-Calvo and et al., Science
2000, Zeaulrcﬁla&nﬁd{@lze irt the sasernddispetsadn analkothOhe cnfas;arfatrentsnﬂrr wduy eabes, it
into cell eX| the DNA to a catlo such L ysi pe,

whi o bR § AL BRI reeRts B PP oLl
exanpl %%ltoﬁsoﬁﬂ@l &k s@&lurh chlﬁirﬁie in t%%po%i@i%ﬁ P?(ﬁg’m%oegfag%%rp@ be@p and

et at J. Biol. Chem 267, 963-967; and

5, 166, aﬁﬁ):tabBl qm(hmgtloﬁs cemabdZMAughtghmd btyonqduéng tthelvempesiéph en ageay which
facilit ake by recept r-rredl at e%endoc tosjs. A
i | § Y iR esn, for atmelty MR GIORHE: EHAAL. MPERVh & papimino

endos ON&ger)-AMaF EpIEL LEREE Mni’ﬁ?stt&éd & G tn‘ﬁE ?el&i’s@ f&ﬂﬁtﬂﬁicﬁ‘ﬁ for exHﬁH}SIeQﬁ‘ a

used to av0| d degradatlon of the conplex by intracellular |ysosones
(see f ovomgpoarniohevitidh inClndeeh slamebasea;bqulﬁcmc’rhemuw colppalindScan bé fBapared

1991, 88, 8850; ano d et a Proc tl. Acad. Sci.

Too3, obith Sastssimasll sieathe rahp Sy chi e el A B e Belease
of t hefoﬂh@ﬁﬁ@ﬂ 1h<ﬂﬁ(ﬁﬁ% ﬁﬁﬁlaﬂﬁ%m@%kﬁ%@ﬁeap@dlﬁt@@ Hel?s‘e?i]‘@ys@emé r’F&QHﬂ’s"pﬁﬁJoh@”
with a targeting agen recept or - medi at ed pol ynucl eot’i de upt ake,
vi r al - neddegratibte; hms«bmpatntdqpolrymemamheaﬂsed tincdwdhg dut oot litiverptos ethybne

[ mvent [ BEP OB BBHRRFGot BRDEROLY R Ay Bl PBRoRiser PRDR Ageid

conmpoungs
COP ou R poR AL By o SHCGp g»g»g@ggexécgp rMaxw ReHB3E T RRTpre farkdn of such

formulations are patented or generally known to those skilled in the art.

Sterile injectable solutions can be prepared by incorporating the poly(amino ester)s -agent
complex in the required amount in an appropriate solvent with one, or a combination of
ingredients enumerated above, as required, followed by filtered sterilization. Generally,
dispersions are prepared by incorporating the active compound into a sterile vehicle which
contains a basic dispersion medium and the required other ingredients from those enumerated
above. In the case of sterile powders for the preparation of sterile injectable solutions, the
preferred methods of preparation are vacuum drying, freeze-drying and spray-drying which
yields a powder of the active ingredient plus any additional desired ingredient from a

previously sterile-filtered solution thereof. In accordance with an alternative aspect of
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t her apedtvpaeys djse28¢s ve conpound conpl exed with a pol y(am no ester)s
of present invention and a pharnmacol ogically acceptabl e excipient or
car r i erTheTiresephiavemtmaudls oo videsosndgingagentgonsisingd aibtaachad roty(amumwous

solution at a physiologically acceptahl e pH .Dependi ng on. the
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for exanple, tablets, suppositories, pills, capsules, powdlérs,

| i qui dsadjsstesigandianging theomblsaslar weightsedegged of, branchirtgeandi sebentspised. eFlab| y
os age. AR AearSBE OBt ST aperttin et PoR B dbiRb PO bt BRTITpES or
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acceptabl e carrier and, in addition, may include other nedicinal
agent s, blgridsrcambe cepad whersge lends obypedranchad polytamiso esfer)sbaving diffesent

nan ni SEPdtFshaige Sepcaltit otioPRERBe R ff B erirtndit mhagims en
per f usiofih bikePHAr 8r aN @A BrarRHEPHIN yierst 18 ond hspebe (i) taRetity g%%gg (ia)n

having the target cell(s). Qher nmeans 0of admi nistration can incll

i nhal athegherapewdie targeoadigens ulnconereathedjménts, tiaplargetiogegént can be an antibody
intramuscul ar injection, direct ransfection into, e.g., bone

v ow @A Grast Rl oo e L E oA g Saie B £R Rigfaces
subsequgiidayivélyaime RAraetiRchdent Qnlee Biklhe phrindrof b RfEerad B}diéiﬁfe&ﬁxfe'sééﬂ on
met hods can include oral” adm nistration, particularly when the

conpl exendsthehdael ghrfaced In edditient the thetipentic targeting agent san alise bk an hgenthen

the conplex is i.n suppository fo Phar maceuti cal conpasitjons ..

typi cal 1y TiStectide SpEF Fmpdhrl apd placesti dBCTlnambgRent R GHEcH e trgeting
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sol ution, mcroenulsion,” |iposonme, freeze-dried powder, spray-dried

powder endothehdrcel sudaced est,rancintibed ystoithatargetedprbiegrhexpressed on endothelial cell
surface); or a specific binding partner of the targeted protein expressed on endothelial cell
surface. In these embodiments, the active agent component can be, for example, a
radionuclide; a chemotherapeutic agent; an immune stimulatory agent; an anti-neoplastic
agent: an anti-inflammatory agent; a pro-inflammatory agent; a pro-apoptotic agent; a pro-
coagulant; a toxin; an antibiotic; a hormone; an enzyme; a protein (€.g., a recombinant
protein or a recombinant modified protein) a carrier protein (e.g., albumin, modified
albumin); a lytic agent; a small molecule; aptamers; cells, including modified cells; vaccine-

induced or other immune cells; nanoparticles (e.g., albumin-based nanoparticles);

transferring; immunoglobulins; multivalent antibodies; lipids; lipoproteins; liposomes; an



drug concentration. The carrier can bgga solvent or dispersion nmedium
containing, for exanple, water, ethanol, polyol (for exanple,
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like), and suitable mixtures thereof. The proper fluidity can be
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above. In the case of sterile powders for the preparation of sterile
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conpl eXAccohﬁn?l‘?C@lE PRRER 1‘1%511%10% TS DrATRR copimBERP fatkab VGG a
phar maceuti cal “conpositions of the "present invention, conprising a
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cormerm ack s whi ch. futther.conprise inst i ons for use of
t he gtruc%ons P g?he prevention, (Iilagnosw anHP treatment o are evant disease.

The following examples are offered by way of illustration and not by way of limitation.
VL Examples
Materials and Reagents

Plasmid DNA (pCMV-Luc) (National Institute of Infectious Diseases, Tokyo, Japan).
Plasmid DNA was amplified in E. coli, purified by Qiagen column according to the supplier's
protocol (Qiagen, Hilden, Germany), re-suspended in TE (Tris 10mM, EDTA 1mM) buffer at

a concentration of 1 mg/ml and stored in aliquots at -20 °C.



pol y(am no ester)s -agent conplex forsgherapeutic use such as the
prevention and/or treatment of various diseases. The present
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acryl at@erftirayihaeaé¢tedeadionini t s or copol ynmers or bl ends of
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targeting agent can al'so be an agent havi ng an active agent
conponentmandllz malegetr wgightyendre caliipataéd againit polyitetbhlenhexiday gatdardy.
agent conponent is: an agent that specifically binds to a targeted
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agent; an immune stimulatory agent; an anti-neoplastic agent:
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albumin); a lytic agent; a small nolecule; aptaners; cells, |nclud|ng

modi f i ettie pelymerizatimmod iTMPTAGIIAERE withitke motamiati afel:2.she reacie@ame¢hahsm
i €1 vl SRRSO AR RHrie o Tt . v YR eq4iPOL3 aathes friganal séted
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or non-viral gene delivery  vector; a prodrug; or a prombdlecule. In
anot herpmpercwas qht@s@chfromrthenomnaatm qfrtkwmcﬁetg ganmteﬁd@brmlfat@f{amgmhn

i magl n ent r| se ranch
est er ) rfnﬁéh; ggHtSItB &gng P thgrPg f %ﬁf or}/ equlv ''Gf TMPTA with 2
equiv of AEPZ performed in CDCl; using 3C-NMR verified the formation of the

(acrylate);(amino),-type intermediate. At the beginning of the reaction as shown in Figure
1A, the only appearance of the new peaks a;, b;, ¢|, dj, €|, and f; at ca. 39.1 ppm, 61.4 ppm,
53.3 ppm, 53.2 ppm, 53.8 ppm and 32.6 ppm, and reduced intensity of peaks ay, by, ¢o and dg
at ca. 38.9 ppm, 62.1 ppm, 55.0 ppm and 46.4 ppm, respectively indicates that the most
reactive 2° amines (original) reacted with TMPTA to form an (acrylate);(amino),-type
intermediate. Figure 1B shows that with the progress of the polymerization, all the AEPZ
monomers were consumed as indicated by the total disappearance of its characteristic
resonances, such as peak by at 62.1 ppm, and some oligomers from the polymerization of

(acrylate);(amino),-type intermediate were formed as demonstrated by the new peaks such as



met hod of perform ng physical imagingsef an individual, conprising
admnistering to the individual an imaging agent conprising a

t ar get ianm,ageimid hs ang s ppadS &N ppmans.5e@m sl 35 Bppragressdcergly. Further,
conponent, wherein the targeting agent conponent specifically binds
to a thgyedeshpwethat thedppedsancgd paly(aaing seleDn ithdghmojeculs gight were
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i nvention provides nethods of delivering such imging agents in a
neopl ashm sgglated monomarinemgtimomionaRy subs(ittal carthamrear) orsdoygblebonids, wimren is

further enbodiments, the present |n tign, .cont.enpl ates net hod
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an imaging agent conponent and a targeting agent conponent, as

descr i bmgivadfalreninamibresezes Thegolymers fotned ahgablledted arddriqorioyeewen.ofhe
absence of a concentratio f the agent of [nteres wherein the
pr esenciuclyye %ﬂgﬁﬁﬁ ef%l‘?i%ﬁ H&negﬁéq'&ﬂg?ﬁa yt‘icﬁltlg?tbg‘ils'i s indicative

of the presence of neoplasia. Accordingly, the present invention
f ur t herExamplie 3¢ Synthesiniof hypertbrpadiedgwly(dMPT Al rdEBZ2)ol y(ani no
ester)s -agent conplex or the above-nentioned conpositions together

with iRBP7 0.8 8ol Vas HREIPEEMEM drOformEl SePHirsordNethPératui & atNMA Gf4
a rel evant disease. The foll ow ng exarTP es are offered by way of

I 0
i |1 ust rramobrvasraddebdropyisgety thsf solutieintvelhijeosirringy/ifollavyeshin rélssi%w)éhﬁanlsof
and Reagents Pl asm d -lLuc) .( ional, Institute of Infectious
P s encadota oy, THE iR WaBitted o Hnei it BE A4t & piek ThE BloaRé
puri fi edadptedibit@ied oMl HEReadG601£hHI00 Ml bhgcefoRRbhRniSg S IIVFAg@ochloric
(Q agen, Hilden, Germany), re-suspended in TE (Tris 1g0n1\/l EDTA 1m\V)

buf f er asid (18 MbnEhapreeipitats viss collegigdriwaghed witlo fregh dogtaaieiand drigd &t a vargum
C. 55 <h2~am pqget hyl ) pi perazi ne (AEPZ), trinethyl ol propane

triacr Jfé@ec?f?‘ivga%% 3-(4,5- dinethylthiazol-2-yl)-2,5-di phenyl
tetrazolium bronide (MIT) and pentaerythritol tetraacrylate were

pur chadsexamplerd: Alharactprigationeliperbranchedpplytaminesesteris t hout furt her

purification. Al other materials, including solvents, were used as
recei vesl water&olubid pslidtamino ester)s was obtained having an average molecular weight of

19100 g/mol with a broad molecular weight distribution index of 2.32 as determined by GPC.

3C NMR spectroscopy was performed to verify the structure of the compound. As shown in
Figure 2, the product has one type of carbon linked to the primary amines with peak (a,)
located at 42.6 ppm, two types of carbons linked to the secondary amines with peaks (a, and
g2) located at 43.5 ppm and 40.3 ppm, respectively, and eight types of carbons linked to the
tertiary amines, as reflected by only five peaks at 48.4 ppm (d,+d,), 48.8 ppm (C1+C,), 51.4
ppm (b), 51.9 ppm (e;+e;), 52.5 ppm (b;) due to the similar chemical environment of
carbons of ¢; with c;, d; with d; and e, with e;. These results indicate that the poly(amino
ester) having secondary and tertiary amines in the interior and primary and tertiary amines in

the peripheral (as shown in Figure 2) was successfully prepared.



further purification. CGeneral charactgrization "H NVR (400 MHz) and
13C NWVR (100 MHz) spectra were recorded on a Bruker DRX-400
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used in zatlo riacr e reac Ivity sequence
of the médsnr@d types of amines in AEPZ may be simlar to that reported
in the polynerization with diacrylates because tricarylates and
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reaction as shown in Figure he only appearance of the riew peaks
al, bi,the mplydTMP§V\l AEHZ£)1 Bherefare, §8.degspof hmrowsamm bemmtomﬁhy the. 2
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TMPTA to forman (acryl ate)l(amno)2-type internediate igure I B

shows thiadegradation ksealgsy chpersd fof pA @ EFN lyABPZ Ip¢cmpounds$.| t he AEPZ
nononers were consumed as indicated by the total disappearance of its

char act Exariple: szﬁﬁﬁeﬁraﬁaﬁg chifdtt@izatRalof hy Pértﬁanéhmm APXEPZ3).
ol i gorrers fromthe polynerization of (acrylate)l(am no)2-type
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res peCtlln\tEé abovElemhpllé 3. THeGWikiohGs %ﬂwo&tf@tdrbmsbwﬁﬁbﬁ 8neRét equiv of
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r ef | ect@amiig monomess tol a pendagspibaiad ttwaetylatihd B Agysolutiono Tha ceastion i carried
al most 5t Froom temperature or an elevated temperature, such as between 40 °C to °C 80. The

polymer formed can be precipitated in a solvent, such as acetone and dried in vacuum. The
structure of the polymers are characterized by *C NMR spectroscopy. Resonances similar to
poly(TMPTA1-AEPZ2) are observed for the poly(PETA1-AEPZ3) compounds. The
molecular weights are determined by GPC, which are in the range of 100000 g/mol to
1000000 g/mol.

Example 7: Synthesis and isolation of TMPTA1-AEPZ2 monomer

Monomer TMPTA1-AEPZ2 was synthesized by slow addition of AEPZ to a dilute solution
of TMPTA in chloroform over a period of a week using a syringe pump. TMPTA1-AEPZ2

formed is isolated using a flash chromatography on silica gel or recrystilization. The



intensity of the peaks a, and a2 at c3g39.1 ppmand 46.6 ppm On the
basis of the nmechanism described in Figure 1, hyperbranched
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the st rpgdmidadNAGPREAGIS ag At t&fhc¥RER tamsehaati APtuaRys0.5-PeudBl) in
of pol y( TMPTAI - AEPZ2) was assessed by taking the

(acryl ai% elycasd, mothovariepingi rMasrome dinatiets 2604 M tsalution 9f poly6dPT AtlhEEPZ2)

in 5% glucose was added slowly to the DNA solutions. The amount of poly(TMPTA1-
AEPZ2) added was calculated based on chosen weight ratios of poly(TMPTA1-

AEPZ2):DNA. After the solution was incubated at ambient temperature for 30 min with
gentle vortexing, the poly(TMPTA1-AEPZ2)/DNA complexes were formed. The complexes
were mixed with a loading buffer and loaded onto a 1% agarose gel containing ethidium
bromide. Gel electrophoresis was run at room temperature in HEPES buffer (20mM,
pH=7.2) at 80 V for 60 min. DNA bands were visualized by an UV (254 nm) illuminator.
Similarly, poly(PETA1-AEPZ3)/DNA is formed by slow addition of 0.1 M solution of
poly(PETA1-AEPZ3) in 5% glucose to a DNA solution.

Example 12: Effect of weight ratios on retardation of DNA migration



termnal, linear and dendritic units gge shown in Figure 3. However,
the structural difference anong the termnal, linear and dendritic
uni ts agl gRefirinedly, Redidty sdteRAnNAhikRe itPENTMPT Al AEPER)ivedieth thei ng
1H or 13C NWR, s}(; t he [_)%ra_ccordiﬂﬂg to thﬂl)sw(;ﬂefj nition was difficult
to be pretasaied hrmBtphpsielogicabplddengbbrmthe palyéamimiosstep thiniapgrvatited

ol y(am ng.ester)s TMRTAL.-. AEPZ2 s.tested f.or .
Clog) sadser D SHatgrataf AP ey I Aringe e BNl SRt folisti S aepz2)
i N aqueRHpnstedte! tHaPthe e AT X SVa8 r&hrdell @oRpletdly Ghekl the WEEhNAAs of
attributed to the proton attached to the a carbon in the

tri met el EPH2HDNA tveserhighergband 1 .4:12 Thsreonwlexes ohgo3(BETrbin

But the ttributed.to the proton attached to the nethyl groups
inthe ‘%ﬁﬁﬁéﬁﬁwwlﬁlffﬁsﬂ%%as unchanged at 0.9 ppmduring the

hydrol ysis of the pol y(TMPTAI - AEPZ2). Therefore, the degree of

hydr ol yExampesd 3p Effeptofi weighit ragiosea the Himepsiomandghapgtaf pobi(amino

i ntegrat WRiensities (14.2 /10.9) of the two peaks at 4.2 ppm and
0.9 pgeﬁ]&g)m?‘%gilhp e%‘gsshowed that ca. 12% of the ester bonds degraded
in 11 days. Simlar biodegradation is alsq observed for

pol y( PEH® 6 shesyspoly B AdAERL DanddBA cap derrbeqraplgyesdigying diameters
char act.ggi | r | - 1A hed
pol y( Pé%%l‘fém% g; Eagr@eﬁﬁg;l Et ﬁespglgggg}s%ﬁ&g %&Jsei lﬁgrﬁ@ ﬁsgl('t?%ﬁ%%@é’t?i@

descr i bwthpléxes fdrened movatios eboyd ES 8an dffiectivelyaiieni cel tlirangh eiooytosiky The
dropwi se additiqgn of three equiv of diamne nononers to a.

pent aerRAHRIF fige dtteresales snatsient pihApose sl tha loppIemir Hheat ndiieyre 7. In
carrie : . as
bt weort 0 s PmIAGTAtIRAH Elidsnfth dBfhekts oY Ehithe hETRA I Ay S el
sol ventaggsgatiorasccace tligere drsdhods itlead charge acuirahity ddvers & tarpotymerdNA ratie
pol ymers are characterized by 13C spectroscopy...Resonances .

B r | arbecgeensbi g i sepo tiefyes BpBansEn RPN oA gpp fem
conpoundy ¢, 3@ m {7l ﬁay{réf/m@x BdHios aBER 9;}@551@1 Rgek 1@?1 td e forffol &7 € 1N
the range of 100000 g/nmol to 1000000 g/nol. Exanple 7: Synthesis and
i sol at i panticdés GiERA siZABRADe pravention dbapgregati FiVPA AlmidAERPZAd uasbserved for

synt hesi ze sl ition of AEPZ to a dilute solution of TMPTA
in chl &%Y@F%v@gy%%ﬁ%ﬁo%l%e%ek using a syringe punp.

TMPTAI - AEPZ2 forned is isolated using a flash chromat ography on

si |l i ca Exdmple 1de Oyyatbxicity assayrof pbhyaméno esterpound i s characterized by
NVR and | R spectroscopy. The data from'H, 13C NVR and nmass

spect r oEBGRYs GRAY duifikdd e DMENREuMenintdIMATRM 0AFRZR aPRIT 1 0% F @ RhE 95
Synt hesi s of PETAL- AEPZ3 nononer

relative humidity. For the cell viability assay, polymer solutions were prepared in serum

supplemented tissue culture medium. Osmolarity of the preparations and pH were routinely
measured, for example, pH and osmolarity were adjusted to 7.4 and 280-320 mosm/kg,
respectively. The cells (10,000 cells/well) were seeded into 96-well microtiter plates (Nunc,
Wiesbaden, Germany). After overnight incubation, the culture medium was replaced with
100 pl serial dilutions of the polymers, and the cells were incubated for another 12 h. Then,
medium with polymer extraction was aspirated and replaced by 100 pl DMEM without serum
to minimize the change of aggregate formation between the charged sites of proteins and
polymer before adding 3-(4,5-dimethylthiazol-2-yl1)-2,5-diphenyl tetrazolium bromide (MTT)
assays. Sterile filtered MTT (20 pl, Smg/ml) stock solution in phosphate buffered saline
(PBS) was added to each well to reach a final MTT concentration of 0.5 mg/ml. After 4 h,

unreacted dye was removed by aspiration. The formazan crystals were dissolved in 100



PETAL- AEPZ3 i s synthesi zed and isolatgg according to the simlar
procedure described for the preparation of TMPTAI- AEPZ2 in exanple

7. The |3iFeladMS® EDH N REBOSPHliES En@th@ap@l{daﬁegsaﬁbdapemhanﬂnmwy in

spectroscopy. Exanple 9: Synthesis of hyperbranched
pol y( TMRBAIS Agpizy §MoteldihghBicaBad)z |amp epgthiod r576mmrl\ﬂmpemwmféer

DT iERs b iedie b ithateea s SRR SMingR pelleo e i F1 grpwin
room t upeElaict& céritfol B EorailiB kell culife RRIWAR withSuf folBéedladdalculated

precipitation into a solvent, such as acetone and dried in vacuum
The polbyriétests’ {Aheansiol erlpﬁealmx}armcywmmb@é@by okpetvehor polyéRET At -
melghtZE%%§3 determ ned using GPC. Exanple 10: Pol ynerization of
PETAL )The polymerization is carried out simlarly according to
the procedure described in exanple 9. The pol ynmers obtained are

i sol at dixamplpA8cComparision ofieytatexieity ofpelytrming esterisandMEIsThe
materials are further characterized by NVR and | R spectroscopy.

Exarrpl Figdre SFAbWRtHeaBs1ERG AN WStoSichT aRkY Polyy(MIPITAG - AEPED) Kas no effect on
onpl exes Plasm d DNA (pRE-Luc) was diluted to the sel ected

concentthawlbwamgu@ foya polpmer cpngplltyation of 300 geinelode compatisoper t exi ng.

Vari ous I3 of 0 ut i f TNPT. P

o ucos et iirne PR kO fe oBR HERE HEEIRY ' 45Vt of DNA,
pol y( TNHEA = ﬁEBZZ()Xl@:@}dMeﬂ@&e@ BY el spdrifc dnageleaaud GélDﬁlaﬁllwatgfﬁolymer
rati os of poﬁ) TMPTAI - AEPZ2) : DNA. After the solution was iIncubated

at anbi @n@erﬁr@ﬁg@ pEAQ e/ mlo CYTORICHY dFsel 1s gJameanducied paing Rgly(RIRBAT-AEPZ3)

p0| y( TNP% 1 ﬁ‘ﬁﬁP Zﬁ?lé %nﬁ) r171Pa1 QA Sspéég élg%ftlge négg}q(g - &%ﬂgggé(ogﬁeﬁ)omg fave no

m xed W er an o agar 05

cont ai mffwt&{mmlutmlt}bﬁ;pmﬂw c&k&ﬁ?aﬁi@ﬁ'&@[z@@gg/n\ﬂas run at room
tenperature in HEPES buffer pH=7.2) at \% for 60 mn DNA

e el Eﬁgkﬁﬁﬁmiec?la?#ﬁ%&%%% PrpbanipBH m‘ywnmegtsmt on of

pol y(PETAl AEPZ3) in 5% Iucose to a DNA solution. Exanple 12: Effect
of wei ghie inatfrotansiection gfitraercyel oplyGpinaicstens Wam esguatad in E%eceﬂis usag the

d t A Z2
o ot onael g e i RV OG L R PR M o e VS el ey 2Tl
to int eAEpm)WFClAG nac DiegateNew¥reGhal-ded r td R@ngre&tidntifitof4-w @ plates
agar ose gel ectrophoresis in Figure 5 enonstrate that the

m gr at i @ecton-IDrlangers Linsodr Bark, Ndbrpll adasipy ah2X 10 @enmiel with & imdof of
complete medium. At the time of transfection, the medium in each well was replaced with
500 pl of serum free DMEM. Polymer/DNA complexes (100 pl) with various w/w (or N/P)
at a DNA dose of 2ug/well were dropped into each well and incubated with the cells for 4 h
at 37 °C. The medium was replaced with 0.5 ml of fresh complete medium and cells were
further incubated for 48 h. After the incubation, the medium was drawn out and the well was
washed with 0.3 ml 1XPBS, and cells were permeabilized with 200 ul of cell lysis buffer
(1X) (Promega Co., Wis.). The complexes were cooled at -78 °C for 20 min, then returned to
room temperature, cooled at -78 °C for 20 min again, returned to room temperature and
collected into 0.6 ml of tubes. After centrifugation (15000/5 min at 4 °C), the samples were
ready for testing. The luciferase activity in cell extracts was measured using a luciferase
assay Kit (Promega Co., Madison, Wis.) on a single-well luminometer (Berthold Lumat LB
9507, Germany) for 10s. The light units (LU) were normalized against protein concentration

in the cell extracts, which was measured using a protein assay kit (Bio-Rad Labs, Hercules,



pol y( TMPTAI - AEPZ2) / DNA were higher thgn 1.5:1. The conpl exes

of pol y( PETAL- AEPZ3) shows simlar effect. Exanpe: 13: Effect of

wei ght Qatifora).0Highieardifeveios ieffiviais isilapebsefved dbyfdniPET A e AEPZB j/ DN
conpl exes FIG 6 shows pol y( TMPTAI - AEPZ2) and DNA can form conpl exes
havi ng ‘Q@M@MECers raging from50 to 150 nm at DNA pol yner ratios
above 1:5. The results suggest the conplexes formed at ratios above
1/5 carExanipie 17 VEyctaofivagighit iatiob oh hranseetion dfficiémryiof poly(@mimpnester)s e
size data are al so consi stent vvith those of the 4-potentials shown in
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charge neL i's achieve aggregation occurs. ure 7 shows
t hat chﬁaﬂ;gﬁernﬁdtmaj\i WI)QTMB’ISABE\EQZQQ)WI&d/tmghat transfhﬂtom&éﬁiméhd& ahad

1 and the i;-potentials as_the particle R i mting val
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have |
1 SRS SR ot o
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D000 o Gy Mhgh i eaighacs hemase ikt 1ot o oy ek ERYITANE DeFfleass

vi abi | i AHRASRYtorsPb FRAoDA ! "[‘HQﬁl@?ﬁfa%sEEWfﬁGwh%§ﬁSMWTMPTA1-
suppl emented tissue culture nmedium™ Gsnolarity of the preparations

and pH ABPZ&2)risptobaklyydue n@&mﬂxmﬂmgfpamaey(ammee whpih mmmwm frining wer e

dj ust ed t n t {10, 000
ool 'S vierinfexts ral AR IURh iBE Mg Rotion ERbp s ip iqubs. i ihe Suffe
W esbad@BabifF & Yhe s1ﬁh1t§ﬁeoqy1§renisqhg sécBRERS ahPibs ahll ‘i‘erﬁh&lyta%lﬁem&dhm

was replaced™with 10 serial dilutions of the polymers, and the
cells vfeclhtatm&labde@d Off &NArfmtrmgmdostm Hightransfeetitinefiivieney sallsprabserved

extract ir and replaced by 100 | DVEM wi t hout serum to
m ni m ?}Wgé\@%gggregate formati on between the charged sites
of prot el ns and polynmer before adding

3- (4, 5- ElxarmpthtHhngsceucwl)nsﬂoundhwh@wanctledrmix:@mﬁm psten)d de ( MIT)
assays. Sterile filtered MIT (20 I, 5nmg/ M) stock solution in
phosphay Nrrgneb&aﬁ@fea@owmm( R@)zzwﬁjlqgi@lﬁg) s ERSEIv¥EIN ddidhifsIasdied4

final concentration of O. After 4 h, unreacted dye was
r enovednbyat asenaeatratim Ofﬁqﬁenfg@ﬂhﬁ&/éﬁ) The selulien wes ehaliFw algoomdemperae 50

|/ wel | B rator I i_es
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wavel ertﬁ&ﬂ]ay%fbl@e7 Rinfifescdite vaRaGirh@RRe b EY ﬁ?ht W365 aal. | BN PET A10ABPZ3)

absor bance using cul ture medi um w t hout ce The relative cell

gr owt h also has a UV-vis absorption and exhibit an even stronger fluorescence emission when
excited by UV light. The fluorescence properties of poly(amino ester) having various

molecular weights and degrees of branchings are also investigated.

Figure 10 shows both the excitation and emission fluorescence spectra of a hyperbranched
poly(amino ester), such as poly(TMPTA1-AEPZ2). The poly(amino ester)s presents an

excitation band at 366 nm and an emission band at 460 nm.

It is understood that the examples and embodiments described herein are for illustrative
purposes only and that various modifications or changes in light thereof will be suggested to
persons skilled in the art and are to be included within the spirit and purview of this

application and scope of the appended claims. All publications, patents, and patent



(% related to control cells containi®d cell culture nedium w thout
pol ynmer was calculated by [Altest / [Alcontrol x 100. Simlar |ow
cyt ot oxapplieajions ciggdiereib gee hasebyf weoporajqdimmaferensgmr heir qakizgtp fer alls:
Conpari sion of cytotoxicity of poly(amno ester)s and PElIs Figure 8
shows tH&PPEults of the cytotoxicity assay. Poly(TMPTALl- AEPZ2) has
no effect on the cell viability up to a polynmer concentration of 150
g/m. In conparison, poly(ethylenimne) (PEI) (25 K), one of the
nost efficient polymers for the delivery of DNA, shows apparent
toxicity as reflected by the significant decreased cell viability at
a polynmer concentration of 40 g/m . Cytotoxicity assay is also
conduct ed usi ng pol y(PETAI - AEPZ3) conpounds. The experinental data
show t hat the pol y(PETALl- AEPZ3) conpounds have no effect on cel
viability up to a polynmer concentration of 200.xg/m . Exanple 16:
Cell transfection efficiency of hyperbranched poly(am no ester)s The
invitro transfection efficiency of poly(am no ester)s was eval uated
in 293 cells using the conplexes formed with poly(TMPTALl- AEPZ2) and
pCAG Luc DNA and pol y(PETAI - AEPZ3)/ pCAG Luc DNA. Cells were seeded
24 h prior to transfection into 24-well plates (Becton-Di ckinson,
Lincoln Park, NJ) at a density of 5 X 104 per well with 0.5 m of
conplete medium At the tinme of transfection, the mediumin each well
was replaced with 500 | of serumfree DVEM Polynmer/DNA conpl exes
(100 I') with various ww (or NNP) at a DNA dose of 2 tg/well were
dropped into each well and incubated with the cells for 4 h at 37 C
The nedium was replaced with 0.5 mM of fresh conpl ete nedi um and
cells were further incubated for 48 h. After the incubation, the
medi um was drawn out and the well was washed with 0.3 m [ XPBS, and
cells were perneabilized with 200 | of cell lysis buffer (1X)
(Promega Co., Ws.). The conpl exes were cooled at -78 C for 20 mn,
then returned to roomtenperature, cooled at -78 C for 20 m n again,
returned to roomtenperature and collected into 0.6 m of tubes.
After centrifugation (15000/5 min at 4 C), the sanples were ready
for testing. The luciferase activity in cell extracts was neasured
using a luciferase assay Kit (Pronega Co., Madison, Ws.) on a
single-well |um noneter (Berthold Lumat LB 9507, Germany) for | GCs.
The light units (LU were nornalized against protein concentration
in the cell extracts, which was neasured using a protein assay kit
(Bi o-Rad Labs, Hercules, 61 California). H gh transfection
efficiency is also observed for pol y(PETA 1- AEPZ3)/DNA conpl exes.



Exanple 17: Effect of weight ratios on transfection efficiency of poly(am no

ester)s Figure 9 displays the results fgy the conpl exes conprised of

different weight ratios of polyner and DNA. Pol y( TMPTAI - AEPZ2) vyi el ded the

hi ghest transfection efficiency at a polyner/DNA weight ratio of 20:1,

whi ch was about 70% of control experinents enploying poly(ethylenimne)

(PET)1 (2vHAT IS CERAPMED lp§: noted that the non-optim zed transfection

ef ficl enTYy measured 1or pol y( TMPTAI - AEPZ2) was obtained in the absence of

chl oroqui ne, a commonly used weak base to enhance in vitro transfection

throwh facilitatihg tha hranched polyrmipmasten compeund bavinhdsdomada: The high

transfection efficiency of poly(TMPTAl - AEPZ2) ks pgsobably due—ﬂo t he

exi sting primary am nes whilch participate in fofmn conpl exes |wi th DNA

through ionic interaction with phosphate groupscH-anc—t+he—mitFrer—alapability

from the sinmultaneously exilsting se@ondary am Aes ahd tertiary gm nes, which
Endoso 5% gh Rransfection|efficiency

is al so observed for pol wWPEFALKEPZH— rxanpl®l 8: Fl uor escence eni ssion of

hyper br anched pol y(am no ester]) S | Hyper br ancheg©pol y ( TMPTAI - AEPZ2) - HCI (30

nmg) was di ssolved in deionizedswater (4 nP a ¢oncentrationjof 7.5 ng/m

(wV). The solution was shaken at room tenperatirecrfor, 2tw hounse. followed

by adjust pHto 7 using NaQH solution (1.0 M. he|co| orl ess solfution

di spl ays bl ue | um nescence [when irradi ated by | Rght at 365 nip,

Pol y(PETAL1- AEPZ3) al so has a UV-vis absorption and exhibit an even stronger

fl uorescence em ssimbarewhen excited by UV light. The fluorescence properties

of poly(am no ester) hayving variou | ec wei ghts and degrees of
branchi ngs are al s&4 Wé%%&g‘ga?t&a@ i?@%&@uigbﬁh%\/\s both the excitation and

em ssgon {1 uor escepgah SHECR! R’ R iIPEARNADSOEHed RohYHa TP BhliStig ofsuch as
pol y( TMPTAI - AEPZ2) . The poly(am no ester)s presents an excitation band at

366 nM ahgdrageredewstium, toidinch, ahd Bgdocarbyli t i s under st ood t hat the exanpl es
and epbodi nents descri hed heraei e far.illustrative r pos only and
that Yarious nodi fF%%‘tqt%&sﬂoch éﬁﬁ@é‘di 91? }I‘Gﬁli’enfiﬁ%t:lyeﬁ?‘\%%l OIBzﬁ%%f_BBésted to
Per Sogs §J§ﬂsﬁslrt]iiﬁg of BydiBSer UbutBAtinMrRiuhParf¥thydiscattied Wi thin the spirit and

purvi ew of t appltcation and scope of the appended clains. All "
publ 1@at i ons, pat endch,ofdndngar énindgndensiy seteated drean thet graupheansisting PENRET anidy

| nCO{ Por %t(ﬁl%-s)(YRﬁ?)%?\rv Qr%?n ﬁﬂ ig H%rgca?g}t/li, zrmedt & fa%cri Ra"‘l 2|1re b%ll’llcrié)do t%(ﬁ 'anci3 E to form a

12 cyclic structure, and wherein each of R", R'", R' and R" is independently selected from the

facilitate the rel ease of DNAjfrom S.

13 group consisting of optionally substituted C;._3 alkylene, optionally substituted C,.3 alkenylene,
14  optionally substituted C,.39 alkynylene, optionally substituted Cs.s cycloalkylene and optionally
15  substituted Ce.;5 arylene; and Z is independently selected from the group consisting of N, CH and
16  C-hydrocarbyl, and C(R*R®), wherein R* and R together with C join to form a four- to twelve-
17  member carbocyclic or heterocyclic ring, with the proviso that Rl, Rz, R® , R4, R’ , R6, R7, RS, R’
18  and R'?cannot have a primary amino group, a secondary amino group, or a carbon-carbon

19  double bond conjugated to a carbonyl group;

20 Y! is selected from the group consisting of CH, C-hydrocarbyl, RER%),, silyl, and
21  (alkylene);SiR¢, wherein R is an alkyl or aryl, R® is an aromatic ring, and Rfis C,salkylene;

22 A 1s selected from the group consisting of H, NHj, thio, alkylthio, arylthio,

23 hydroxyl, aryloxy, alkylamino, arylamino, heteroaryl, dialkylamino, diarylamino, cyano,

24 morpholinyl, optionally substituted piperazinyl, optionally substituted piperidinyl, optionally

25  substituted azetidinyl and optionally substituted pyrrolidinyl;



1 WHAT IS CLAIMED IS: 2 1. A branched pol y(am' no ester) conpound having the
formula: R2 R6 CH |C L1-R10-NH Bl 4 Q4R oCl, C/ 0A-CCHO VY1 00
I511 0- \ ie CHCL2-R11-NH 62 3 9 3 2z 4 vvhereln 5 x is an integer
between 1 and about 10, 000; 6 each of Rl, R2 and R3 is |ndependently

sel ggted fromthe 0 s

hyd?gcar byl; 8 eac%‘lsh ‘?ﬂ?{ 8{2]% ltslﬁg&pgfjené‘égég%gﬁg&nsﬂ?#&gg ISt %/ I_glq'{tiakc)?l
fronmt heaﬂfaﬁmm afkaioylsarayl, agyl Hetdiyatyh Bewroatislittedyilunesyl and admluogn dnd

hydr ocarbyl; 10 each of L' and L2 is independently selected fromthe group
condBsting of NRLIVhgran thethydrogartyl g sefeeted)fpom W?e%r@VmCWQtlpg of mrewﬂﬁg and

R13 ,gnd

e R R s A T LT
grogp caindihstetorgcloblkoh tachnatl whicls stji)tlbhallyesihbﬁiiu% vaﬂkydeerrenore piienabead defected
substl tuted C2_30 al kenyl ene, 14 optionally substi tut&d c2 30 al kynyl ene,

opt Bdnalfrom thegHen mnét;tlr@BO% rayehed and )‘}P@W&C@ﬁ@ kybthranched gnd yil r§’&Pé’§@ pikgRdg

Eﬂﬂg] n e o) I i_.ng of
g% r%&ﬁ?g - yﬁ%dcgr%%?&gh%%% ,1’ %?Ié(lg}ﬂ (gﬂg anc?qlsgH t Gget herglwlth C
j 0| B33t 0 dxgy thicatbaioyl, hlkokymrw@y],brﬂemjmrbomr bﬁxtbyﬁjrldroxgrcyaeb edllamyol, amyt,i ng,

with the proviso that RS, R6, RO 18 and R12 cannot

haveda porlealkyl amlw&r@newp he@r%cé(el@ﬁkkal« 91kQﬁVsr?6leFbLﬁékyl6‘P1@ gialylauiBgyr pon 19

consist 10 B iRl QSRR e Sr il Kok EShAR ARG, P

whenéi n aniiné.s an al kyl or aryl, Re is an aromatlc rlng and Rl i's
Cl] _Sal kylene; 22 Ais selected fromthe group consi sti ng of H NH2, thio,
al kyl.thi o, arylthio, hydr oxyl , ryI XY, | am no,
hetedoaryl, dial ky am ﬁ‘ﬁ"e c&Fﬁ’PW‘é g em R1s3elebied frond the group

2 consisting of morpholinyl, optionally substltuted piperazinyl, optionally substituted

3 piperidinyl, optionally substituted azetidinyl and optionally substituted pyrrolidinyl.

1 3. The compound of claim 1, wherein x is an integer from 1 to about
2 2000.
1 4. The compound of claim 1, having a polydispersity between about 1

2 and about 4.

3 5. The compound of claim 1, wherein each L' and L? is independently
4 NR'%
5 each of R*, R°, R®, R”, R® and R’ is independently selected from the group

6  consisting of H and alkyl; each of R', R? and R? is independently selected from the group
7  consisting of H and hydrocarbyl;

8 each of R'%, R", R" and R'*is an optionally substituted C,_3, alkylene;
9 and
10 Y' is selected from the group consisting of (alkylene);CR", (alkylene);SiR®

11 and (alkylene);N, triphenylene and triphenylenemethylene, wherein each R° is independently
12 analkyl or aryl.



24 norpholinyl, optionally substituted piperazinyl, optionally substituted
pi peridinyl, optionally 25 substitutedgq@zetidinyl and optionally
substituted pyrrolidinyl; 64 26 each o? B 1 and B2 is independently
selected fromthe group consisting of H, alkyl, 27 carbanoyl, alkanoyl,
aroyl, aryl, heteroaryl, heteroal kyl, tosyl, nesyl and acryloyl; and 28
wherejn the hydrocgr byl 1ing cSRHEEAIESK dILiRB, Wierdh §URs Mé&écﬁﬁblﬁgh@%roup

hydr oxyal kyl , 29 am noal kyl, "am dyl al kyl', carboxyal kyl, aryl al kyl,

het er dar ybadisting of ¢§ cdaiolldng);CREy(hisalkplene)s$iRE and (0 salkgtlenelsdr ocycl oal kyl, each
of which is optionally substituted with one or nore nenbers selected 31
fromthe group congj sti of branched .an nbr.anghed, al k anched and
unbraLched aIkenyI?' 32q%?éﬂ%%8ﬁ“§ﬂ§£ﬂﬁ5€éﬁ?ﬁaﬁQﬁﬂ%ﬂ%@??yé?vﬁﬁeEQP%roary|
CarbagDykonﬁﬁﬁ%Qﬂ?@trﬁ@kﬂgcyﬁﬁgﬁ@@ﬁ&kCﬁ%nyy, t hi ocar banmoyl, al koxycar bonyl,
aryl oxycar bonyl”, carbonyl di oxy, cyano, alknoyol, aroyl, 34 cycloalkyl,
cyclic aromatic, heterocycloal kyl, al koxy, aryl oxy, ahkﬁga@ no, q.

di al k¥l anmi no, 35 a8yl aniliie comipaknd efirilaio 6,a1heyeinegihafiRioR’ AR\ BoH® andRriigly | |
het ergaryl , is0¢ | .odhydroxyl and 36 amino. 1 2. The conpound of claim
1, wh re¥%3£9591§gﬁ%§#g%'fron1the group 2 consisting of norpholinyl,
optionally substituted piperazinyl, optionally substituted 3 piperidinyl,
optionpal Iy substitgfed ﬂl@fcbgl}gﬁﬁﬁd &nslaigPs, ivaieadih W' S41(GH {CCHECRY adot isdiny! . 1
3. The compound of claim 1, erein x is an integer from1l to about 2 2000.

1 4. The conpound of claim 1, having a polydispersity between,about 1 2 and
about 14. 3 5. The d8npodhd cgmpeu@d%g@%éwmnéa@w@,Bn,d{kffi% and R” is

i G oo, P RS e o

sel ec romt hie grou S i'ng of an , "R2 and R3
i s i ndepenbkeinittd Cs gl Alofl@tt; bidW {eleagtedUiom theqeowy sdnisizgngbf H and hydr ocar byl ;
8 each of R10, R', R13 and R14 is an optionall%ﬁsubstituted C, . 30 al kyl ene;
9 and410 (akyleBe)seCHHy (plkyignend Grirsihy, dldeng)iNdriphenyleng ¢néne) 3cR
(al kykene) 3Si R al kyl ene) 3N, triphenyl ene and triphenyl enenet hyl ene,
mhere?n Z%@ﬁhg#néédﬁggg%endently 12 an al kyl or aryl. 65

1 11. The compound of claim 1, wherein L'is NR'? and L2 is N(-R"*-)(-R"-

2 )z

3 each of R*, R>, R, R”, R®and R is independently selected from the group

4  consisting of H and alkyl,

5 each of R', R? and R’ is independently selected from the group consisting of H
6  and hydrocarbyl; each of RIO, R”, R and R"is independently an optionally substituted C,.3o

7  alkylene;
8 Z is N, CH, or C(Cy.39 alkyl); and
9 Y! is selected from the group consisting of (alkylene);CR®, (alkylene);SiR®,

10 (alkylene);N, triphenylene and triphenylenemethylene, wherein each R° is independently an

11 alkyl or aryl.

12 12. The compound of claim 11, wherein Y' is selected from the group
13 consisting of (C;.salkylene);CR", (C;.salkylene);SiR® and (C,.salkylene);N.

1 13.  The compound of claim 12, wherein Y' is selected from the group
2 consisting of (CH,);CR®, (CH;);SiR® and (CH;):N.



1 6. The conpound of claim5, wherein Y1 is selected fromthe group 2

consi sting of (Cl_gal kylene)3CR, (G _8g kylene)3Si R and (Cl_gal kyl ene) 3N.
1 7. The conpound of claim6, wherein Yl is selected fromthe group 2
consisting of (CH2)3CR, (CH2)3SiR and (CH2)3N. 1 8. The conmpound of claim
6, wherein each of R4, R5, R6, R, RB and RO is 2 H and Y is (CH)3CR. 1

9. The conpound of 1g! ai MmyBcoBsER 8t aind £, WHERIBREHECKS ING® Znd RY Me 11 10.
The conpound of claim5, wherein each of R4, R5, R6, R’, R8 and RO is 2 H
R, R anpdd¥3is(@GHMHGR". C1-Cg al kyl ; each R10 and R11 is independently an

optionally 3 substituted Cl1.30 al kylene; and Y1 is selected fromthe group

consi sting of 4 (alkyle 3CCH2 al kyl ene) 3Si 7 Gal kybene) 3N,

tri pthyI ene and égt ri ﬁéﬁ%@ﬂ@@?fh@?‘g’m er%iék%%?gg’%ognan%k 8]I'e)aPiI°”m 1,
wherepn R R3alR32ard Mo @, -Cs allyL; Blcdr of(R'Rauft R2 i3 dn optictallh seistiRdted 8Dy R6, R,
R8 and R9 is independently selected fromthe group 4 consisting of H and
al kyl 3 5 abledanepdndrY | is Releetnd firm ths gravgeonsisting ofyalkyleaebe6HhEHm t he gr oup

 ndepinaof Ty GHET B e STREN (TR e iRy R RIS T o o

C(C1-30 alkyl); and 9 Y1 is selected fromthe group consisting of

(al kylene) 3CR', (alky! emak3SBound di14iad KyWiRaan 3hh AT ey liehdegndently
tri phenyl enepget hyl ene, wherein each R is jndependently an 11 alkyl or
aryl . 212 N(R“J6R cisaninef Bt Rei R, R IR | andrerig indepandently s¢lected flompthergione gr oup

i sting. of | 2 | Kyl iR
(e ot kgPhfidiper Hand ot b RBTERCTR: Aot B SRARH SRR c# B the grgupe, o
from ghe c@ﬁs@étﬁ’ltg o? FEa{ihyalrddagbydf eac FOPRICRY, R( GiRY) B'SiRndasknd&HR) 8MNbptidGallyl 14.

The conpound of claim 12, wherein R4, R5, R6, R, R8 and RO are H 2 and Y
i s (ChR) sdpstituted 6,30 pHeylensapdtiprlecded Epmithe aroup gprsiging ok, (5 and6(CiRy, R3 and

R9 arg H;alk ; At 'IY,::\?S s%%gte??f?gﬁ &el_érc%p &)Jffs%ngu((}éﬁkyl&l%%%ﬁaf (aﬁ%?en%ﬂgil@} 1is an

optional I'y ﬂgs(% ute
7 (alkylene)sN, triphenylene and triphenylenemethylene, wherein R is an alkyl or aryl group.

1 17.  The compound of claim 16, wherein Y' is selected from the group

2 consisting of (C;salkylene);CR®, (C) galkylene);SiR® and (C;_galkylene)sN.

1 18.  The compound of claim 17, wherein Y is selected from the group
2 consisting of (CH,);CR®, (CH,);SiR® and (CH,);N.

1 19. The compound of claim 17, wherein RY R°, RS R’ R®and R’ are H
2 and Y'is (CH,):CR".

1 20. The compound of claim 19, wherein Y!is (CH;,);CCH,CHs.

21. The compound of claim 16, wherein R4, R’ , R6, R7, R® and R’ are H;
R', R? and R® are H or C;-Cg alkyl; each of R'® and R"' is independently an optionally
substituted C,.3 alkylene, and Y'! is selected from the group consisting of
(alkylene); CCH,CH3, (alkylene);SiCH,CHj and (alkylene);N, triphenylene and

A B N VS I S

triphenylenemethylene.

1 22.  The compound of claim 21, wherein R', R?, R® and R*, R, R, R", R®
2 and R® are H; each of R'%, R!!, R"* and R is independently CH,CH,; Z is N; A, B' and B
3 are H; and Y' is (alkylene);CRS, wherein R® is an alkyl or aryl.



3 alkylene, and Y' is selected fromthe group consisting of

(al kyl ene) 3CCH2CH3i 4 (al kyl ene) 3Si CH2GB and (al kyl ene) 3N, triphenyl ene and
tri phenyl enenet hyl ene. 1 16. The conpound of claim 1, wherein each of L' and
L2 is independently 2 N(-R13-)(-Rl4-)Z; each of R4, R5, R6, R7, RR and RO

i s independently selected fromthe group 3 consisting of H and al kyl; each
of Ry R2 and R3 ig;ind t hRYBr BomaNsiabbitng of H
and hi/drocar byl ; eg%:'h O?H%?gﬁﬁ%ﬁﬁﬁ %%gﬁgln%ggil%&imsi iﬁﬁdélgpfeélr%dent |y an optionally
5 subti 200EAnCY ' 3O(CGHAEHLHZ is sel ected fromthe group consisting of N,

CH and C(C1.30 6 alkyl); and Y' is selected fromthe group consisting of

(al ky|l ene) 3CR', (alkyle 3SIR 7 kylene)3N, triphenyl ene and

tri phenyl enenet hyl é‘:ﬁ‘e, @ﬁéf%@ﬁbﬁdéf?a&%% el x 15 4 group. 1 17. The
conpoynd of clai m 3§, WygEebRpdind S FEMES baRrdih 0414 ChRpeIRIs2 aibet sting of
(Cl _8al kyl ene) 3CR, (Cl_sal kylene)3SiR and (Cl _sal kylene)3N. 1 18. The

c onpoRind nufleculaaiweight betwreen about Y00 iggnelaind @bewt G0PNP0EEOGr oup 2 consi sting of
(CH2)3CR', (CH2)3SiR and (CH2)3N. 1 19. The conpound of claim 17, wherein

R4, , R6, R7, Rs,and are H and Y1 i.s . . conmpound of
cl ai E‘flg, wherein Y i sﬁ?@ﬁﬁ%&@qﬁ'&@{mfsﬁ’?Co%ﬁga%%%g\gﬂ%g%gpr%ﬁgi m 16,
wherein R4, R5, R6, R7, Rs RO are H r2 R, R2 and R3 aré|H or C1-C8

al kyl ; each of RLO and R' is |i ndependent|y |an bpti pnal 1on 3 subgtituted C1.30
al kylene, and Y' is selected fromt thgr oﬁb—cgrsﬂs‘t‘i'ﬁg—w—q——a

(al kyl ene) 3CCH2CH3, (al kyl ene) 3Si CH2CH3=and (&l kyl ene) 3N, tripghenyl ene and
5 triphenyl enenethylene. 1 22. The §orrp01|md of claim2l1l, whergin RlL, R2, R3
and R4, R5, R6, R7, R8 2 a dTRQ arCNa H ¢€ach of Rl 7 R, R13 gnd R14 is

i ndependently CH2CH2; Z is N; IA B d_ 3iare B and.Y 19 .

(al kyl ene) 3CR, wherein R £ drol\ Cﬁy\?%or |a79‘|’9 Tl L2§g{ The co?rpound of
claim?22, wherein x is an integer'from 10to abow® g2 2000; and Y' is

(CH2) 3CCH2CH3. 1 24. The conpound of cl a%m 2%5 wherein x is 1.] 1 25. The
conmpound of claim 1, whereir said conpodnd hds a number 2 nollecul ar wei ght
bet ween about 500 g/ mol and |about 600,000°§TrTD‘I._}3‘2%1.7—A“13‘|’m'ﬁ§?1 pol y(am no
ester% conpound having the flornula: R2 Rti —

3 R16 X
3 wherein
x is independently an integer between 1 and about 10,000;

each of R!, R%, R* and R"® is independently selected from the group consisting

4
5
6  of hydrogen, deuterium, tritium;
7 each of R, R> RS R’, R®, R’, R and R'®is independently selected from the
8  group consisting of hydrogen, deuterium, tritium and hydrocarbyl;
9 each of L', 1.2 and L? is independently selected from the group consisting of
10  NR'and N(-R"-)(-R'*-)Z, wherein R'%is hydrocarbyl, and R!? and R' are bonded to N and Z
11 to form a cyclic structure, and wherein each of Rlo, R“, R R"and R is independently
12 selected from the group consisting of optionally substituted C;_3 alkylene, optionally
13 substituted C,.30 alkenylene, optionally substituted C, 39 alkynylene, optionally substituted C;_g
14  cycloalkylene and optionally substituted Cq.15 arylene and Z is selected from the group
15  consisting of N, CH and C-hydrocarbyl, and C(R*R®), wherein R? and R® together with C join
16  to form a four- to twelve-member carbocyclic or hetercyclic ring, with the proviso that R, R,
17 RLRYRS, RS RV, RE R® R'2ZRY, R'®and R'® cannot have a primary amino group, a secondary
18  amino group, or a carbon-carbon double bond conjugated to a carbonyl group;

19 Y? is selected from the group consisting of C, Si, and Rh(Ri)4, wherein R"is C,

20 Si, or an aromatic ring, and R'is Ci.oalkylene or C;_sparylalkylene;



CHCLLRDNBL OC/ I R RAI1l 1 I COA--CCH

O Y2-OTCCH C L2-R11-NH B2 511 ORI8 I RI5 CHC L3-R17-NH B3 2 13 116 K
3 wherein 4 x is independently an integer between 1 and about 10, 000; 5 each
of R, R2, R3 and R's is independently selected fromthe group consisting 6

of h (iir ogen, deutery HL eEtretltffé)ﬂﬂhg r%r@ﬁ)(:&ngfstnf%of IﬁzSNHRGCh ORZI’ky@ §§Ithlgl5 and

R16 |s | ndependent 'y se ec cton rogen

deut @i umyditokit, mtyﬂm@mdlkmadm@,aaﬂdyﬂnmoi?haambr}ofdlﬂkylahﬂncarddaryﬁmlm Icylzdﬁpendent |y
selected fromthe group consisting of 10 NR12 nd N(-R13-) (- R14-I¥@pﬁrere|n

R12 #3 hyefrBRelmy optionadlysibstipigd RIDETaEiTY tﬂ?ﬂaa%l Bbpfityted paperidinglp
CyCl bﬁ Ztgp]lkjﬁ?lrt&{écgazeﬁpglgr\’gﬁf&tﬁn g\lbgtltu% ﬁohgh Bl3 R14 and R 7 is

i ndepen se rom group consi s | 'ng of optionally
subspht ut ed 01 30 ehdydfBleB? ade&mhﬂgpeﬂléBemllylsslebtedtf&m{hzg%&a;astdnersyhgmﬁ;l

optignal | ubstituted C2. 30 al kynyl ene, tionally substitut . 4
cycl 8l k f@iéa&aawa efkgrarl voghagxla helﬁr@%ry eterpalicyl tatid, AT znff %Crxlevhe{li

fro he group 15

or 2R o i R Rkalhy SURo et F R,
car ba@sy claminaatkyheinadgtklyi, Cc:afholxgalky\h, atyldikyd, hﬁtma@talk)hactchialkyIR&ychdZroﬁﬁtlc R4,
R5, RG, R7 Ri6and R s caBnot have a primary am no group,

a se88ndap9het$@caﬂpﬂgllgﬁwwf vatichys opHBRAMLYSHPHERted S nes Aepre Hted to a
car bggyl g &H@fro&%ﬁ%rd@ @‘ﬁ&%ﬁ%&&%&%%&%h@@ﬁ gﬁﬁokﬂ%h&f alf&s Si, and

Ro(R") 4, eren or an aromatic rin
Cl. 30al kyhbrnached aﬁen@Dhr@]Ichd:d(aﬂdanﬂararﬁBed ﬂ]lywyl; a/yls attemiagyd, datloemdyhe gr oup

consi tlng of 0, alkylthl : hi o, . 22 hydroxyl, onxy,
al kyl3 mi 80 alalply_‘ %{Pﬁnﬁocar e¥lepxyy thiocgy é Oﬁajcar'a?ryrlwélm‘}% L

il pBsl | %1{bon§§g%05(8r§} }néf AR, fa%ﬁ%yefoeﬁe'y%ymé arofBié %?éréé&cﬁ)‘dﬁ@i 'am&@d
34  aryloxy, alkylamino, d1alkylam1no arylamino, diarylamino, alkylarylamino, carboxyl, amidyl,

35  heteroaryl, isocynatyl, hydroxyl and amino.

1 27.  The compound of claim 26, wherein A is selected from the group
2 consisting of morpholinyl, optionally substituted piperazinyl, optionally substituted
3 piperidinyl, optionally substituted azetidinyl and optionally substituted pyrrolidinyl.

1 28. The compound of claim 26 having a polydispersity between about 1
2 and about 5.

29. The compound of claim 26, wherein each of Ll, L*and L’is NRIZ;
each of RY, R® , R6, R7, R8, R9, RY , R'%and R® is independently selected from the group
consisting of H and alkyl; each of R', R% R’ and R"® is independently selected from the group
consisting of H and hydrocarbyl; each of R'%, R!' and R" is independently an optionally

[ B o

substituted C, 39 alkylene; and Y? is selected from the group consisting of C, Si and Rh(Ri)4.

—_

30.  The compound of claim 26, wherein Y? is selected from the group
2 consisting of C, Si and -Rh(Ri)4.

1 31. The compound of claim 30, wherein Y? is selected from the group

2 consisting of C and Si.



24 substituted azetidinyl and optionally substituted pyrrolidinyl; 25 each
of B, B2 and B3 is independently selected fromthe group consisting of H,
26 al kyl, carbanoyl, al kanoyl, aroyl, aeyl, heteroaryl, heteroal kyl, tosyl,
mesyl and acryloyl; and 27 wherein the hydrocarbyl is selected fromthe
group consi sting of hydroxyal kyl, 28 am noal kyl, am dyl al kyl, carboxyal kyl,
aryl al kyl, heteroaryl al kyl, cycloal kyl, cyclic aromatic, 29 and

het er ocycl oal kyl, 83ch dfhewbinpbundotpaimdtymherenBSIRY BE R, REfR’, RS ROt nore
menbers 30 sel ected fromthe group consisting of branched and unbranched

al kyl 2 brPBth&neie Bnd 31 unbranched al kenyl, branched and unbranched al kynyl ,
aryl, heteroaryl, carbanoyl, 32 carbanoyl-am no, carbanoyl -oxy,

thi ocqr bamoyl . al kaxy Cari@uyhmoffd/bRANFRIS Wittein RS IRARDORY IRA 1Rk RY@noO,
al knoyol , ar o%/l , cycl oal kyl gycl ic aromatic, heterodéycloal kyl, alkoxy, 34
&

ar ylboiZyl, andl Ry Fﬁh@g%ldd)fd{{}iiz and lRE)is_ iadgpead(:mlly,sehtb?dﬁomrﬁhtvcgéo@ qagds'mﬁ%g gf;H n_cl)_ ]
car boxyl , eterpaiyl ,..isocynatyl, roxyl and.ani na. . The
conpod nd 383 @é'%l af‘ﬁ}é%‘?acaﬁgﬁei’ %‘_1 A?qulils & l\éE?F@éfi?qt@/rﬁntor?é‘?@?@h%lbStétugegrfsl'ﬂ%t i ng of
or gl | Anier@PIAOR oS o ) RAGII €, APLIRRRY Subst L uted

pi peridin optionally substituted et1dinyl and optionally substituted

pyrrolidinyl. 1 28. The conpound of claim 26 having a pol ydi spersi ty, bet ween
about 11 2" and abo®#. 5. The2ompdhied efnipiouf vdferaih aaoh [26s indepenaientl e N8 of L',

L2 and L3 iis NR12: gach ,of R4 7,,R8, 5 _¢RlH6.a 18 i s
ndependdit FFGULcnRd i BARRECHPONERS I G G SOR R aRs Bt By Bach o
R, Rg, K3° %Hijr@inkiépénHQxﬁBﬁéé%{MP/orﬁﬁle?&@@c&{s%ﬁhé BEHUAWKyl AeaCRBERSL | Ng Of
H and hydrzociar byl each of '/R1I0, R 1 and R 7 is independently an optionally
5 subgt i tRit Bdar@R 3 isinkypeadentlyasedeckl fram shel groue dorfsistimg oh &l apddydragerbyi;st i ng of

C, Si.and ' (Ro)4u 30. .The c ound of ¢l ai 6, erein Y2 i el ected
't om #ho BRLRAT o Kodod B 1 dnaspetdenty ai qatonadybhitites ¥Sodli et abdva o

cl ai ms30,sepabxed Eoth the ghcupi@nsistittof ¢ @M he group 2 consisting of Cand Si.
69 1 32. The conpound of claim 30, wherein R4, R5, R6, R7, R8, R9, R15, R16
2 and R18are H 1 33. The conpound of claim 29, Wgei n R4, R5, R6, R, RS,
R9, R15, R16 2 and3R18 dihe chmpeuatoiotlaimi34, Rtherginl YR3s $edectaddieqre thkegroly

sel ected fromth Lou pnsi sting of H 3 and C1-C8 al kyl; each of R10, R 1
and R{7 Q"% H‘époz&gaéhf“?%/ﬁa@s)ﬁpti onal Iy substituted Cl-30

1 36.  The compound of claim 35, wherein Y? is selected from the group

2 consisting of C and Si.

1 37. The compound of claim 35, wherein R R’ RS, R, RS, R’, R R'®and
2 R'™areH and Y?is selected from the group consisting of C and Si.

1 38. The compound of claim 34, wherein R4, R’ R6, R7, RS, Rg, R15, R'S

2 and R"™are H; each of R', R%, R® and R'® is selected from the group consisting of H and C;.
3 galkyl; each of R'>, R'"' and R" is independently an optionally substituted Ci.3¢ alkylene, and
4 Y?issclected from the group consisting of C, Si and R"(R))s.

1 39, The compound of claim 38, wherein R, Rz, R3, R, RS, R6, R’ R8, R9,
2 R“ R%andR'® are H; RIO, R“, R”, R'* and R are CH,CH,; Z is N; Y? is selected from the
3 group consisting of C and Si.

1 40.  The compound of claim 26, wherein each of L' and L? is
2 independently NR'? and L’ is independently N(-R'>-)(-R'%-)Z; each of R*, R®, R®, R”, R®, R’,
3 R R%®andR"™is independently selected from the group consisting of H and alkyl; each of



4 al kylene, and Y2 is selected fromthe group consisting of C, Si and

Rh(R )4. 1 34. The conpound of claim 26, wherein each L' is independently
NR12 2 and each of L2 and L3 is indepem@lently N(-R13-)(-Rl14-)Z; each of R4,
R5, R6, R7, R8, RO, R5 3 Rl16 and R18 is independently selected fromthe
group consisting of H and alkyl; each of Rl, 4 R2, R3 and R18 is

i ndepgnd®ii Ry Beahé®'t ifidependdnelygeloctpd Gronsths grouy cohsiktimnef Hiydd bedrotarbyl; 5
each of R10, RLl and R17,is independently an optionally suypstituted,Cl.3
Syl Sne.cagief R K ang Re ofscedepannBiat ROy SRSrS -ﬁgﬁ@ﬂe@; a4 YSs 1 35,

The cgnp I , : 0] 1! G} ted fromthe group 2

consi gti ESIQ%F@EO%@E%\%%%W% CS'flé(’iisk‘%.aﬁqﬁeh?;(‘)‘'rrpound of claim 35, wherein Y2
is selected fromthe group 2 consisting of C and Si. 1 37. The conpound of
cl ai m35, wherein R, RTheR6mpBund &8;laiR040, RifereiRYS isselectd] R18 the grotp and Y2

is selected.fromthe. group. Gonsisting of Cand Si. 1 38. The conpound of

cl ai mz34,C°Wﬁ§F’§i°rfcgg}g%ﬁ (ﬁéﬁ' R7, Rs, R9, R15, Rl16 2 and R18 are H each of
Rl1, R2, R3 and R18 is selected fromthe group consisting of Hand C1. 3

gal kyh; each of RlQp R 'TiaremBbind &f dAHEPERARAIM ¥ M schRid ORGh e tituted
Q 30 alkylene, and 4 Y2 is selected fromthe group consisting o , Si and

Rh(R ?24. conggingTfé& awhPiound of claim 38, wherein Rl, R2, R3, R4, R5, R6, R7,
R8, RO, 2 R15, R16 and R18 are H R, Rl11, R13, Rl14 and R17 are CH2CH2; Z

is N .Y2 is select fr the 3 gr consi.sti.ng40fs Ce 9,9 L14Q,16 The
corrpoﬂl_nd of claim %g \Aﬁ[giﬁ&oﬂlptgﬁ%cﬂogﬁgfpﬂ;ﬁ’vd“eﬁeén%s’oé’&ggg&d%nhy R12 and
L3 152 ndgaeitient; b RididctedRidn e gr8as boritstild oRE,anB&iR7, R8, R , 3 RIS,
R16 and R18 is independently selected fromthe group consisting of H and

al kyl'; each of 70 4 R, R2, R3 and R18 is independently 7selgecgtRigserpmthe
grouplconsi sting of4H ardetepmpoued bidlaim 40, edereip R AROR 'R, BFndRRRY", ks

i ndependent, Lys an . ppt i onﬂ%ﬂ 2sgibstitigt ed  Cl- | ky] ene;. and Y2 is 6 sel ected
from ehe 00 BunREER BRI g R aesdo lty SR el e it Bfng o
40, wher jf Ml @ SaBksl;Rat1e6f RIPOR1 'tahg RIT RUfdepénde@n§iafi lobanaly sebstPited .,
R'(R)4. 1 42. The conpound of claim4l, wherein Y2 is sel'ected fromthe
group4 2 alfopeniesanidny isfselectad drogi the group consisting of C, Si and R'(R),.
1 45.  The compound of claim 26, wherein each of L', L% and L’ is N(-R"-)(-
R14-)Z; each of R, R°, R®, R7, R® R’ R’ R'® and R"%is independently selected from the
group consisting of H and alkyl; each of R, R?, R and R'®is independently selected from the

2

3

4  group consisting of H and hydrocarbyl; each of R'’, R and R'” is independently an

5  optionally substituted C,.3o alkylene; and Y is a selected from the group consisting of C, Si
6

and R"(R'),.

1 46.  The compound of claim 45, wherein Y? is selected from the group
2 consisting of C, Si and R"(R'),.

1 47.  The compound of claim 46, wherein Y? is selected from the group

2 consisting of C and Si.

—

48. The compound of claim 46, wherein R4, R’ ,R6. R, RS, R9, RP ,R!® and R'® are H;

2 and Y?is selected from the group consisting of C and Si.

1 49, The compound of claim 45, wherein R*, R>, R®, R7, R®, R’, R">, R'"® and R'® are H;
2 eachof R', R*, R® and R'® is independently selected from the group consisting of H and C;-
3 Cgalkyl; each of R'®, R and R is independently an optionally substituted C,.39 alkylene,
4 and Y~ 1s selected from the group consisting of C, Si and Rh(R‘)4.



1 43. The conpound of claim41l, wherein R4, R5, R6, R7, R38, R Rl5, R16 2
and R18 are H, and Y2 is selected from H’ue group consisting of Cand Si. 1
44. The conpound of claim40, wherein R4, R5, R6, R7, R8, R Rl5, R16 2 and
R18 are H, each of R, R2, R3 and R18 is independently selected fromthe
group consisting 3 of H and Cl.8al kyl; each of R10, R11 and R17 is

i ndepgndent |y an oppi onghl i % h nep4 FROROYR7is el ect ed
o The-gr oty contlst T T L T i
, er ; RZ, 2CH;R1-N, X iseadite ,
R6, R7, R8, R _R15, Rlg.and R18 is jndependent]y ct fromt .group
consi 3t i Agabsut 2O and Y yis selected frem the gropp Fowtléﬁ@%gl%hi(ég‘i%@é&@ ﬁagh)gll'y
sel ected fromthe 4 group consisting of H and hydrocarbyl; each of . R1, Ri1l
'S a Sel ccted Trom the oTeusTESR SRS BRI MhEh T R (R )4, 1 6. The
conpound of claim45, wherein Y2 is sel ect ed,fromthe group 2 consisting of
C, Siland R'(R ) 4. 52. 47 ThEkempoumbaidaiof 26 vdieraid 63id whimpeund a2 aisolsailact ed
fromihe grqu 2 consi sting of nd Si. 8., The compound of clai m 46,
wher eén R’%‘MFWSP a&?{t%ﬂg, W@%Ba%%@gm%lé@‘ﬂare H 2 and Y2 is selected
fromthe group consisting of Cand Si. 1 49. The conpound of cl ai m 45,
wherein R4, R5, R6.53R7, Aot f HRLG: BBACHR BoBN Sintio csRreasin@ihddl, R2.
R3 and R18 is independently sel gﬁ?{gl&afromthe gf%oE){c() consi st)iGng of H and Cl1-
3 C8 al kybmpasiog: of R10, R11 and R17 is independently an optionally
substituted CI-30 alkylene, 4 and Y is selected fromthe group consisting
of C 38 and R (R Jerciing an jeicmononshainad e formuld m 40, wherein R, R,
R3, R4, R5, R6, R7, R8, RO, 2 R15, R16 and Rl8Rare H, g813, R14, R10, R11
and R7 are CH2CH2; Z is N, xis an integer from 3 to about 2000; and Y2
is selected fromthe group consisting of C, Si, (HYAC and (CH2)Si. 1 51.
The conpound of clai m 50,, wherei nOxis 1. 1 52. e conpound of cl ai m 26,
wgertei gogaiogoco/rrpo:mdlh%\ap\rmlEﬁggf; 2 v@i—gh_{:\éget \Aﬁeﬁ7aﬁogt 5|00(g/_rm| and
abou , g/ nol . . me or (eparl a branched pol y(am no
ester), said nmethod 2 co%r‘l":sqi\qg: 30readiing a% acryl ate nononer having the
4

formul a: ol " o—C RS
\C=C/
/ N\
4 R3 R®
5 with a diamine monomer having a formula selected from the group consisting
6 of
H R13
\N—R‘Q—NH2 H—N/ \Z—Rzo—NHz
7 R‘Z/ and \R“‘/
8 wherein
9 each of R', R? and R® is independently selected from the group consisting of
10 hydrogen, deuterium, tritium;
11 each of R4, R, R6, R7, R®and R’ is independently selected from the group
12 consisting of hydrogen, deuterium, tritium and hydrocarbyl;
13 R'? is hydrocarbyl;
14 each of R, R R" and R¥ is independently selected from the group

15  consisting of optionally substituted C;_3 alkylene, optionally substituted C,.3, alkenylene,
16  optionally substituted C,.3¢ alkynylene, optionally substituted C;_g cycloalkylene and
17  optionally substituted Ce.; arylene;



R Re 0CC R411 OCR7 \ - ~C11/ \\ CCOMN 0 40 RRR OQ /R8
CC 4 RB RO 5 with a diam ne nononer having a fornmula selected fromthe
group consisting 6 of: HRls /NRLI9-N2 HN ,Z-R20-NH2 7 R12 and R14 8
wherein 9 each of R, R2 and R3 is independently selected fromthe group
consisting of 10 hydrogen, deuterium tritium 11 each of R4, R5, R6, R7,
R8 argl R9 is i ndepyhdapidciedsrg tieagoliy einisistigg 6f OHp C-HyRire@itsil SRRE);Hdilyl,
hydrogen, deuterium tritiumand hydrocarbyl; 13 Rig is hydrocar b)ﬂlf;, 14 each
of RIS, RikyleR)SiRmndrapetal whesan Bnianalkyl 9 padiRds ap gramatis rieang R ss
conshst Eg a‘ﬁ%yl%t lonally substituted Cl-30 al kyl ene, optionally substituted
C2. 30 al 'ﬁy ene, 16 optionally substituted C2.30 al kynyl ene, optionally
subs?ituted C3_g cyads sidded eoe thagrob copsistimgalf Ny GGG hidrot&tylOend CR*RPY| ene;
72 18 Y' is selected fromthe group consisting of CH GC hydroca[r byl ,

R (RZ) 3wheremyR’ andiRy’ togethen with C3gingo formya @%@gw,elm?rabﬁ qrbacycligdral kyl  or

aryl 5, Reyl . Al . LG 1 H% R32Q4 @5 sal enge, 1Z ] t ed
frorr% 3t hehég?%:gglc?(i) |sﬂthﬁﬁégbgb1gn%r{ﬂaé§ ’%—’k%/drﬁd(%FEYI@ia{n’gg C%‘é%bf@oggivg\ﬁ%erei n
Ra aitl Rpritnageiniias graupha Sedoadarytamifi®pioup, dratarbdnecarven dearbiedadrcoappitedycl i ¢
or 23 hetercyclic ring, with the proviso that Rl, RZ, R RR5 R6 R R$> RO
and 12 toshesboyhgeoun; ansy pri mary anino group, a secondary amino group, or a

car bgg- car bon doubl.g.hand. %9@09%5/?1‘3 selected from the group consisting of
27  hydroxyalkyl, aminoalkyl, amidylalkyl, carboxyalkyl, arylalkyl, heteroarylalkyl, cycloalkyl,
28  cyclic aromatic, and heterocycloalkyl, each of which is optionally substituted with one or
29  more members selected from the group consisting of branched and unbranched alkyl,
30  branched and unbranched alkenyl, branched and unbranched alkynyl, aryl, heteroaryl,
31  carbamoyl, carbamoyl-amino, carbamoyl-oxy, thiocarbamoyl, alkoxycarbonyl,
32 aryloxycarbonyl, carbonyldioxy, cyano, alknoyol, aroyl, cycloalkyl, cyclic aromatic,
33 heterocycloalkyl, alkoxy, aryloxy, alkylamino, dialkylamino, arylamino, diarylamino,

34  alkylarylamino, carboxyl, amidyl, heteroaryl, isocynatyl, hydroxyl and amino.

1 54. The method of claim 53, further comprising the step of reacting with

2 an end-capping agent.

1 55. The method of claim 54, wherein said end-capping agent is an

2 electrophile.

1 56 . The method of claim 54, wherein said end-capping agent is a

2 nucleophile.

1 57. The method of claim 53, wherein said acrylate monomer and said

2 diamine are present in a molar ratio in a range from about 4:1 to about 1:4.

1 58.  The method of claim 57, wherein said acrylate monomer and said

2 diamine are present in a molar ratio of about 1:2.

1 59. The method of claim 53, wherein said step of reacting is carried out in

2  the present of a solvent.



25 to a carbonyl group; and 26 wherein the hydrocarbyl is selected fromthe

group consisting of 27 hydroxyal kyl, anyﬁoalkyl, am dyl al kyl, carboxyal kyl

aryl al kyl, heteroaryl al kyl, cycloal kyl, ™ 28 cyclic aromatic, and

het er ocycl oal kyl , each of which is optionally substituted with one or 29

nore nmenbers selected fronithe gr oup consisting of branched and unbranched

al kyl; 30 branchedg A6t B b READENSH AR, AN ANESR ! kynY!
nﬁ anDy

aryl, heteroaryl , 1 car Eam)y car -am no, oxy,
thiocarbgﬂmphpnaukquhmnhpnmhhwﬁﬂﬁmmyhdxymm;ﬂnm&h mcdndﬁﬂyhdwdwwnﬁumkmo,

al knoyol, aro cl oal kyl , cyglic aro 33 het rrocycl gal kyl , al koxy,
aryl oy, % eawh%nn%rﬁeﬁtﬁlye&n% ﬁaahygrwﬁnﬁelveat agtons Gigreot.

al kyl aryl am no, carboxyl, amdyl, heteroaryl, i socynatyl hydr oxyl and
am noy 1 54. The rrcthodmt ntéﬂ?ddremalmfsar wtefel§et@£tb§bneatﬁt¢g 2 leRie@louf facting
with 2 an end-capping agent. The met hod of cl aim54,” wherein said

end- c2ppiarignpayatnte besween ab2>utei2@c’Crtophoutd.OOIC56. The nmet hod of cl ai m 54,
wherein said end- capping agent is a 2 nucIeophiIe 1 57. The net hod of

ot ar | rati 0 1n arBue APGIABO SR dlo i <40 5o o Bgh%E ChuBa Yy
cl ai @57até{ml%’r§thfb%g3@£{0ﬁ{p@(tmﬁ?70@d said 2 diamne are present in a
nolar ratio of about 1: 59. The nethod of claim53, wherein said step of

reacting is carried out in 2 the present of a solvent. 73 1 60, The nethod
of cl&im 59, wherebd sailticswithasinf daimsid, sberin saidbstep hEreactgissagisAoitati ng of

wat er,, tetrahydrof.uran n an al cohol, dinethysul foxide, 3
an an?‘de atem %T‘B’fqtiteﬁg%lag’é)ilg%@%to %&?%Q%rocar bon sol vent and conbi nati ons
thereof. 1 61. The net hod of claimb53, wherein said step of reacting is

carried out at 2 @41 enraeaidiic SRIMESS, abetsin RARCRE R‘aRORS, ROR’Gnd R62.
The nmethod of claim6l, wherein sai step of reacting is carried out at 2 a

t enpe? at grecisdeuiosam, atianre o1 6H, and Bhiswselevted Gromithe Frouptrenpistingef G €1 ai m 62,
wher ek n rocgrt) Rt(fl%é;e%(fyl Pa%(ylésne%% ¢ Faﬂ(y? e);%‘ERC d%al‘k?fng)Eﬁt ure between

about 20 to ab

1 65. The method of claim 64, wherein Y' is selected from the group
2 consisting of (CH;);CR®, (CH,);SiR® and (CH,)3N, wherein each R¢ is alkyl or aryl.

1 66.  The method of claim 64, wherein said acrylate monomer is selected
2 from the group consisting of trimethylolpropane triacrylate, trimethylolpropane

3 trimethacrylate, glycerol propoxylate (1PO/OH) triacrylate, pentaerythritol propoxylate

4  triacrylate, pentaerythritol triacrylate, trimethylolpropane ethoxylate triacrylate,

5 trimethylolpropane propoxylate triacrylate and tris-(2-(acryloyloxy)ethyl) isocyanurate.

p—

67.  The method of claim 66, wherein said acrylate monomer is

2 trimethylolpropane triacrylate.

1 68. The method of claim 53, wherein said diamine monomer has the

2  formula:
H

N

/N—R19—NH2

3 R2

4 wherein



1 64. The nethod of claim53, wherein Rl, R2, R3, R4, R5, R6, R7, R$ and RO
2 are H, deuterium tritiumor CH3; and Y1 is selected fromthe group
consisting of CH C 3 hydrocarbyl, R(R743i silyl, (alkylene)3CR,

(al kyl ene) 3Si R and (al kyl ene)3N. 1 65. The nethod of claim64, wherein Y' is
selected fromthe group 2 consisting of (CH2)3CR (CH2)3SiR and (CH2) 3N,
wherai n each R i sR@likyhydrocabylt and 66. The method of claim 64, wherein said

acryl ate nononer is,,selected 2 fromthe group _consisti ng%,of

tri mé hyl ol propaneRt s sedesiedafrem the group ROnseIting o qpdomlly sphtityisd Cypaat e,

gl ycer ol | at. réh ac entaerythritol propoxylate 4
tri a?; yl %?%l,glpegge&ﬁt@tgﬁ%lﬁrﬁbo {etrdi(ID c'?rcyr%ﬂg'? f(la(?}letn rg'i net hyl ol pr opane et hoxyl ate
triacrylate, 5 trimethyl ol propane propoxylate triacrylate and

tris-§ 2-(acryl oyl o6%) et Tiyd hethed oy alaim 88 ewherdinG7id difeineetdrothephacthai m 66,
wherein said acrylate nononer is 2 trinethylol propane triacrylate. 1 68. The
met hod ofe™®@hk m 53, wherein said di ani ne mononer has the 2 fornmula: H
/IN-R19-NH2 3 R12 4 wherein 74 5 R12 is awhydrocarbyl; and 6 R19 is

sel ected fromthe group consisting of o,p(i onal |y substituted C1.30 7

al kyl ene and optional ly substitut e@ﬂ%cyp&zo_ar*ﬁyTé‘Wé. 8 69. The nethod of
claifp 53, wherein said diam ne nononmer hag“the 9 formula: R13 HN

>z- R20 NH2 10 11 12 wherein each of R13, R14 and R20 is independently
sel edted fromthe group 13 consisting of optionally substituted Cl.30

Substd tut ed 2. 30 AREh e RopR Gy bk s LM ene and
gg ] gll@; It ioénlgllsigt%{n @%ﬁ&b&[{lﬁ%ﬁ%@ﬁt}g Eg@g{lh%ad%if?&@substi@eéd@g@ dikkbnlend, he group
14  optionally substituted C,.39 alkynylene, optionally substituted C;_g cycloalkylene and
15  optionally substituted Cq.15 arylene; and
16 Z is selected from the group consisting of N, CH, C-hydrocarby and C(R'R),
17 wherein R* and R® together with C join to form a four- to twelve-member carbocyclic or

18  hetercyclic ring.

1 70.  The method of claim 69, wherein R'?, R'* and R* are CH,CH,; and Z
2 isN.

1 71.  The method of claim 69, wherein R'?, R"* and R*’ are CH,CHy; and Z
2 1sCH.

1 72. The method of claim 69, wherein said diamine is selected from the

2 group consisting of 1-(2-aminoethyl)piperazine, N-methyl ethylenediamine, 4-

3 (aminomethyl)piperidine, 4-aminopiperidine, 3-aminopyrrolidine, N-ethylethylenediamine,
4  N-methyl-1,3-propanediamine, N-isopropylethylenediamine, N-hexylethylenediamine, N-

5  butylethylenediamine, N-(2-hydroxypropyl)ethylenediamine and N, N-diethyldiethylene

6 triamine.

1 73. The method of claim 72, wherein said diamine is 1-(2-

2 aminoethyl)piperazine.

1 74.  The method of claim 53, wherein said acrylate monomer is

2 trimethylopropane triacrylate; and said diamine monomer is 1-(2-aminoethyl)piperazine.



17 wherein Ra and Rb together with Cjoin to forma four- to twelve-nenber
carbocyclic or 18 hetercyclic ring. 1 73. The method of claim69, wherein
R13, R14 and R20 are CH2CH2; and Z 2 is N. 1 71. The nethod of claim 69,
wherein R13, R14 and R20 are CH2CH2; and Z 2 is CH 1 72. The method of
claim 69, wherein said diamne is selected fromthe 2 group consisting of
1- (2-jam noet hyl ) pi per azjngeth it MR pRParift A HEMORE FOTV@tindtester), said method

(am nomet hyl ) pi peri di ne, 4-am nopi peri di ne, 3-am nopyrrolidine,

N- et /| ecdmpresiegdi ani ne, 4 N-net hyl - 1, 3- pr opanedi ani ne,

N-i sopropyl et hyl enedi am.ne, .N-hexyl et hy] enedj,arg. ne.. N- 5

but ylgt hyl enedi ami ﬁ(gfloﬁ\(l’-lw@ﬁ?&? 8?3}’8?85§*‘3Vé%9??%%“d|”%m ne and N,

N-di ethyl diethylene 6 trianmne. 1 73. The net had ofRéclai m 72, wherein said
diamne is 1-(2- 2 am noethyl)piperazine. 1 74.\The| met hod of cl ai m 53,
wherein said acrylate nmononer is 2 trinethyl oproparte—tir'agt®ytéte; and said
di am ne nononer is 1-(2-am noethyl)pi perazine. /75 |1 75. A nmethod for
preparing a branched pol y(rimi no ester), s Pa—r?gt ho®R” 2 conprising: 3
honopol yneri zi ng a nononer Yawvi he. forfula: OR2Z RB 1Hi-L1-R o-NH2 0 4

Il OC7ROR -Q 0-0 Y,/ ORg RL O\ "

%gnCldljoC-LZ-Rll-NHz R34 R 5
wherein 6 each of RlL, R2 gpd R3 d1s i ndepen 7y s&fected fromthe group
consi sting of \

CH—C L2—R"—NH,
R3
4 R® ,
5 wherein
6 each of R', R? and R is independently selected from the group consisting of
7  hydrogen, deuterium, tritium and hydrocarbyl;
8 each of R*, R, R R, R® and R’ is independently selected from the group
9  consisting of hydrogen, deuterium, tritium and hydrocarbyl;
10 each of L' and L? is independently selected from the group consisting of NR'2

11  and N(-R13-)(-R14-)Z, wherein each of R'? and R' is bonded to N and Z to form a cyclic

12 structure, and wherein R'? is hydrocarbyl; each of R"?, R", R'® and R" is independently

13 selected from the group consisting of optionally substituted C,.39 alkylene, optionally

14  substituted C,.3 alkenylene, optionally substituted C,.39 alkynylene, optionally substituted Cs.
15 g cycloalkylene and optionally substituted Ce.;5 arylene; and Z is selected from the group

16  consisting of N, CH and C-hydrocarbyl, and C(R*R®), wherein R* and R® together with C join
17  to form a four- to twelve-member carbocyclic or hetercyclic ring, with the proviso that R',

18 Rz, R? ,RY R, RS, R7, R® and R’ cannot have a primary amino group, a secondary amino

19  group, or a carbon-carbon double bond conjugated to a carbonyl group;

20 Y' is a selected from the group consisting of CH, C-hydrocarbyl, R%(R%)s,

21 silyl, (alkylene);SiR® and a metal, wherein R® is an alkyl or aryl, R® is an aromatic ring, and
22  Rlis Ci.salkylene; and

23 wherein the hydrocarbyl is selected from the group consisting of

24 hydroxyalkyl, aminoalkyl, amidylalkyl, carboxyalkyl, arylalkyl, heteroarylalkyl, cycloalkyl,
25  cyclic aromatic, and heterocycloalkyl, each of which is optionally substituted with one or

26  more members selected from the group consisting of branched and unbranched alkyl,



7 hydrogen, deuterium tritiumand hydrocarbyl; 8 each of R4, R5 R6, R7, R8
and R9 is independently selected fromthe group 9 consisting of hydrogen
deuterium tritiumand hydrocarbyl; 10 each of LI and L2 is independently
selected fromthe group consisting of NR12 11 and N(-R13-)(-R14-)Z, wherein

each,pf cture, and

V\her%?n Eﬁcl s%ﬁﬁ%?ﬁé%g?%%{]ﬁ?& I%r%lfcﬁ%g?% @ﬁ%‘%&%ﬁk?{oﬁ R%gl Ii%t e?(;no&l pendent |y

13 sz8 ectaﬁarﬁoydmatrhz&n@rlmupnccnaﬂraaidyhgxp,fthmparbamayll ylksxyrathonyt,ed C1- 30

al kyl ene, optionally 14 srbstl tuted Opﬁl onal I% substituted
an

.3 | k I
c2. 3% a: RRY ygﬁgon%p%rw 19X GBI, @ﬁﬁexp(fc%owi%%ﬁ% %fwrwé
.S, ; 16
OPcLe] hAeRp R £80 Bl Snma o AT IR o0

t oges her alkiylatylfinjnoj carbdxiyltamitlgl, tretardaoylrisodynatylydlydesxiybarseaminar bocycl i c or
hetercyclic ring, with the proviso that Rl, 18 R2, R3, R4, R5, R6, R7, RS

car boh- car bon doubl bothe BB #hERFoRn - B dupk 30, T Hengi; 7

sel ecj edgf 'rl@'ﬂ}etégﬁec&ﬁcﬂﬁ?n %“g?béﬁ &(Hﬁlsﬂfl%% &lﬂéiﬂfn‘i’ﬁfi’d Bitlum;REOWAA BRI ardl silyl,

(al kyl ene)3Si R anq a netal, wherein 1S an al kyl or aryI Re is an
ar oned i ¢ OH,6H,; andd.' ap@ IRard I§( -CH,688, R CEh€H,aNTTREHANEY. ei n t he hydrocar byl is
sel ected fromthe group consisting of 24 hydr oxyal kyI am noal kyl ,

i dy] al kyl, carboxyal k | al k ylalk | k
Cycl b ar omat o aii et BEVAGHRYI, PoECIOMRrLHE e Wit Hhgwid®

substj t uhLenddtd Q{ 26 nore nenbers sel ected fromthe group consisting
of branched an un ranched al kyl, 76 27 branched and unbranched al kenyl ,
branched and unbranched al kynyl, aryl, heteroaryl, 28 carbanoyl,

car bahoyl - ani no, c#8banmdhe nw(ly)d Qﬂ@i&mﬁﬂb&hﬁl&eln sagd msqparmxynt is 20

aryl ?ycafbon L., carbonyl di oxy, cyano, al knoyol, aroyl, cycloal kyl, cyclic
ar ond terocycloalkyl, al koxy, aryloxy, alkylanino, dialkylanino,

aryl am no, diarylamno, 31 alkylarylam no, carboxyl, amdyl,

heterparyl, -i socynagyl , Thy eHethodl of @ Emarm waereﬂn saﬁi enH: f@ﬁigmgquﬁ acl ai m 75,
wherein R, R, R3, R4, R5, R6, R/, RS8 and RO9; R are selected from

t he gt oupudenphilsting of H, deuteriumand triti um RlO and R' are 3 CH2CHZ;
and L1 and L2 are N(-CH2CH2-) (- CHZCHZ ) NCH2CH2NH. 1 77. The method of claim

75, fyrther conpri gﬁ)g Bgnﬁvﬁﬂr lan%afSt {vﬂgr Yl\ﬂl stald st%p gpreﬁ&ﬂ'l% 1@891’1‘1%90 gnt - 1

78. e net hod of said cappl
2 the present of a solvent.

1 81. The method of claim 80, wherein said solvent is selected from the
2 group consisting of water, tetrahydrofuran, a ketone, an ether, an alcohol, dimethysulfoxide,

3 anamide, a chlorinated solvent, a C4.shydrocarbon solvent and combinations thereof.

1 82.  The method of claim 75, wherein said step of reacting is carried out at

2 atemperature between about -20 °C to about 100 °C.

1 83. The method of claim 82, wherein said step of reacting is carried out at

2 atemperature between about 10 °C to about 70 °C.

1 84. The method of claim 83, wherein said step of reacting is carried out at

2 atemperature between about 20 °C to about 50 °C.

1 85. A method for preparing a branched poly(amino ester), said method

2 comprising:



2 el ectrophile.

is a 2 nucleophile. 1 80. The nethod of claim 75, wherein said step of
reacting is carried out in 2 the presgnt of a solvent. 1 81. The nethod of

claim 80, wherein said sol vent

wat er ,

an api de,
t her eof .
carrfted out at 2 a tenperature between about -20 C to about 100 C. 1 83.

1 82. The method of claim75, wherein said step of reacting is

The nethod of claim82, wherein said step o; regeting is carried out at

t enperature between about 10 C to about 70R
wherein said step of reacting is carri eg) Cia-t—C%lé—t@Prpﬁh‘lzature bet ween
about 20 Cto about 50 C. 1 85. A netho

ester),

OC-CH G L2-+V1I-NH2 R5 R1 O ‘Rél_B__CRQ 1\(5?_]._5\(2

O 0 ~1 O Wn

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

is selected fromthe 2 group consisting of
tetrahydrofuran, a ketone, an ether, an al cohol, dinethysulfoxide,
a chl orlhaﬁio@dly&@n\tﬁfgta,man&ﬁéieraiaymgommbmnlasol vent and conbi nati ons

1 79. The method of claim 77, wherein said end-capping agent

3

2 a

1 [84. The nethod of claim 83,

arlng a branched pol y(am no

said method 2 conprising:o77 34 onDpoI ner|2|ng a nononer havi ng
the formula: 4 R6 Rz CH e L1- Rlﬁ) NH2 OTC/ R? (?RRS cC' OVY2 ~
L

3 RIZ:NR 5 R3 RI6

- |
R5 R1 o R18 Rg
\ RS
° |

wherein

x is independently an integer between 1 to about 10,000;

each of R', R%, R? and R" is independently selected from the group consisting
of hydrogen, deuterium, tritium, and hydrocarbyl;

each of R* R®>, R® R’ R® R’ R" and R s independently selected from the
group consisting of hydrogen, deuterium, tritium and hydrocarbyl;

eachof L', L? and L* is independently selected from the group consisting of
NR'? and N(-R" )(-R'-)Z, wherein R'?is hydrocarbyl, and R" and R'* are bonded to N and
Z to form a cyclic structure, and wherein each of R R R" ,R"and R is independently
selected from the group consisting of optionally substituted C;_3 alkylene, optionally
substituted C,.3 alkenylene, optionally substituted C,.39 alkynylene, optionally substituted C;.
g cycloalkylene and optionally substituted Cg.;5 arylene; and Z is independently selected from
the group consisting of N, CH and C-hydrocarbyl, and C(R*R®), wherein R® and R together
with C join to form a four- to twelve-member carbocyclic or hetercyclic ring, with the
proviso that R', R, R%, R*, R°, R® R7, R® R’, R'?, R'® R!®and R'® cannot have a primary
amino group, a secondary amino group, or a carbon-carbon double bond conjugated to a
carbonyl group;

Y? is selected from the group consisting of C, Si, and R"(R'), wherein R" is C,
Si, or an aromatic ring, and R'is C 1-30alkylene or Cy.3parylalkylene; and

wherein the hydrocarbyl is selected from the group consisting of
hydroxyalkyl, aminoalkyl, amidylalkyl, carboxyalkyl, arylalkyl, heteroarylalkyl, cycloalkyl,
cyclic aromatic, and heterocycloalkyl, each of which is optionally substituted with one or

more members selected from the group consisting of branched and unbranched alkyl,



6 wherein 7 x is independently an integer between 1 to about 10, 000; 8 each
of R, R2, R3 and R18 is independently selected fromthe group consisting 9
of hydrogen, deuterium tritium and hygrocarbyl; 10 each of R4, R5, R6, R7,
R8, R9, R15 and R16 is independently selected fromthe 11 group consisting
of hydrogen, deuterium tritiumand hydrocarbyl; 12 each of L', L2 and L3 is
i nde9endsaidhyd aed esiragthtd alRehVieb@nchsd andngbmheted aitynyl, 3rNRisterand],
N(-R13-)(-R14-%Z, wherein R12 is hydrocarbyl, and R13 and R 4 are bonded to
N ardd 1rbamaylicarhameybpeing cabameyloee, taecirRamedydi alkageabenylRl0, R1', RI3,

R14 gnd LSyl e : [,k1 Ng of

opt 1 -anal T OSBAOEREAGHIhy, fyandIBRHEE ST DRI TBC ARIEE' 03 30

al keazy| eretsroofetdating dijoxsy iisloxyy hlkellafiing diAk W ymirop arylanaipd, diayldnyingubst i t ut ed
C3- 17 8 cycl oal kyl ene and Qgtlonally substltuhgg Cﬁ-lﬁ anglene; and Z is

i ndePenddktlpylamine.qeerpxyh gridylghateraaryl-diasyRBHs NEqrrRy 49 aRiNeH and

C- hydrocarbyl, and C(RaRb), wherein Ra and kb together 19 with Cjoin to
formga four- to t ve- e i D het RE QAChF RT RAR? PR tE? t he 20
brovieo that R, RS Ra i a8 DRl B i) R R R M s
canrist HRVeRS, RiSanmdR)® ard kelacted frogr thegroup copsistimpofyH ateiteoiugr adpritiom; B'°,

Sl o ol AR, P TbBac binds 804 kg st ecee Ay RPN BHERNE, it s o

;ﬁdsj'z?;s aﬁleﬁf&d‘?}’f d ol &%sisﬁpg.o%, 'Sﬁ é((%ige)i@%&g(]':}?%?spr Cl. 30aryl al kyl ene;

erein the hydrocarbyl~is se dfro e group consisting of 26
hydr oxyal kyl , am noal kyl, am dyl al kyl, carboxyal kyl, aryl al kyl,
het erloaryl al kyl , c8&| oalle/nethod 8f clyuh BS, fartberedoimpyistngdhdstep obropetingavitly| , each
of substituted with one or 28 nore nenbers sel ected

ich is optionall
from hé”ﬁ?@d%p@ﬁﬁgggﬁing of branched and unbranched al kyl, 78 29 branched
and unbranched al kenyl, branched and unbranched al kynyl, aryl, heteroaryl,

30 carbamoyl, car bggroy! TiREMBMod SRERANSY) wRek¥in shidl A@APFIABYbentd kpXYycar bonyl ,
31 aryl oxycarbonyl, carbonyl di oxy, cyano, al knoyol, aroyl, cycl oal kyl,

cycl iz aelentwphds. 32 heterocycl oal kyl, al koxy, aryl oxy, alkyl ami no,
di al kyl am no, arylam no, diarylam no, 33 alkylarylam no, carboxyl, amdyl,

het er,oaryl , -i socy yl, hydroxyl .and ino. .34 86. .The .net hod.of clai m 85,
wherdin R Ro LY ha TR of M7 srein Sadng ViR BB Wl 168 1" Rie ar

seleqtequkk@g?P@e group consisting of H, deuteriumand tritium R 36 R
and R17 are 2CH2; L', L2 and L3 are N(-CH2CH2-) (- CH2CH2-) NCH2CH2NH, and Y2
is

1 90. The method of claim 85, wherein said step of reacting is carried out in

2 the present of a solvent.

1 91. The method of claim 90, wherein said solvent is selected from the
2 group consisting of water, tetrahydrofuran, a ketone, an ether, an alcohol, dimethysulfoxide,

3 an amide, a chlorinated solvent, a C4ghydrocarbon solvent and combinations thereof.

1 92. The method of claim 85, wherein said step of reacting is carried out at

2 atemperature between about -20 °C to about 100 °C.

1 93.  The method of claim 92, wherein said step of reacting is carried out at

2 atemperature between about 10 °C to about 70 °C.

1 94.  The method of claim 93, wherein said step of reacting is carried out at

2 atemperature between about 20 °C to about 50 °C.

1 95. A method for preparing a branched poly(amino ester), said method

2 comprising:



37 selected fromthe group consisting of C, Si, (CH2)4C and (CH2)4Si. | 87.
The nmethod of claim85, further conprising the step of reacting with 2 an
end- cappi ng agent. 1 88. The nethod of 79l ai m 87, wherein said end-cappi ng
agent is an 2 electrophile. 1 89. The nethod of claim87, wherein said
end-capping agent is a 2 nucleophile. 1 90. The nethod of claim85, wherein
sai d 3step of reactie@ingSanGafylitethoddiner Ravidg thedommmesent of a solvent. | 91.
The net hod of claim 90, wherein said solvent is selected fromthe 2 group
consi4sting of water, tetrahydrofuran, a ketone, an ether, an al cohol,

di met hysul foxi de, 3 an am de, a chlorinated solvent, a C4.8hydrocarbon

sol vent and conbi nations thereof. 1 92. The ngthod qfg cl aim 85, wherein said
step of reacting is carried out at 2 a tenper turq/ etween about -20 Cto
about 100 C. 1 93. The nethod of claim 92, whegetncsaid step of reacting is
carried out at 2 a tenperature between aBeut” 10 C'b?%about 70 C. 1 94. The
nmet hod of claim 93, wherein said step of reatcting is carried out at 2 a

t enperature between about 20 C to ab@ut 50 1 95. A nmethod for preparing a
branched poly(am no ester), @aid nmethod 2 cpnprising? 79 3 reacting an

acryl ate nononer having the formula M R2 F 1CHOR IR RAIO.~C 12
d R CCOYRsI OVcC f7¢ 0T Ne=d
R® R’ 0 7\
l R1 8 Rg
==C R1 5
\_/
/C—C\
5 R3 R16
6
7 with a diamine monomer having the formula selected from the group
8  consisting of:
H R13
\N_R19—NH2 H'—N/ Z__RZO_NH2
/ S
9 R12 and R4
10 wherein
11 each of R, R% R? and R"® is independently selected from the group consisting
12 of hydrogen, deuterium, tritium and hydrocarbyl;
13 each of R*, R>, R®, R7, R’ , R’ R and R'% is independently selected from the
14  group consisting of hydrogen, deuterium, tritium and hydrocarbyl;
15 R'? is hydrocarbyl;
16 each of R'>, R', R"” and R? is independently selected from the group

17  consisting of optionally substituted C,.3¢ alkylene, optionally substituted C,_3 alkenylene,

18  optionally substituted C,.3p alkynylene, optionally substituted C;_g cycloalkylene and

19  optionally substituted C¢_;5 arylene;

20 Y? is selected from the group consisting of C, Si, and Rh(Ri)4, wherein R" is C,
21  Sior an aromatic ring and Riis Ci.0alkylene or Cy.3parylalkylene;

22 Z is selected from the group consisting of N, CH and C-hydrocarbyl, and

23 C(RR), wherein R* and R® together with C join to form a four- to twelve-member

24 carbocyclic or hetercyclic ring, with the proviso that R!,R%, R} RY, R, RS R’ RE R° R



RRLi RI8\ RO 0=CR15 CC 5 R3 Rl6 6 7 with a diam ne nononer having the
formula selected fromthe group 8 consisting of: HRL3 NR79-NH2 H N
,,Z-R20-NH2 9 R12 and \R14 10 whereing8@l each of R, R2, R3 and R18 is

i ndependently selected fromthe group consisting 12 of hydrogen, deuterium
tritiumand hydrocarbyl; 13 each of R4, R5, R6, R7, R8, R9, R15 and R16 is

i ndependefRY asé RECiaadof Haveatphignarit dmiifoogtpurs; ansst@idangamino pyalipo gea cartlent er i um
tritiumand hydrocarbyl; 15 Rl12 is_hydrocarby]; 16 each of R13, Rl4, R 9 and
R20 20s | gilshopd semagteditor 3 earbetyd SUBuUYI% 7 consi sting of optionally

subsyituted Cl- 30 ol g8 GRAGTAN LIRS S FRoibudbkeny ene, - 12

optionally substitut I ene, option bstituted C3_8

cycl28al khyldeoxgralkgl] af@naaityil camaildly balkslilrathok yalkyl, GFlakylahatéremeylalRyl, oilaatkydel ect ed
fromthe group consisting of C Si, an R )4, erein Rhis C 21 Si or
an 29omeEke ?@H@tla,rﬂaldﬂ@etqggcye@&@; R %ﬂ%ﬁgﬁ l%ﬁznt@agﬁ& Fhﬁasremt%‘@l,th oA s

sel egt e hSLd : nd 23

G I A S i e e S S L LR

t weldle- reradnbed 2dd wehribatygd bikenylr blaattexdand unbranched, alkynlyh arylehgieromiyso t hat R,

R2, R3, R4, RS , R, R, RO, R2, 1 80 5 R15, R16 and R 8 cannot have a
pri mery %ﬁiaﬁtﬁ’y&;rcg{?’ﬁF‘oé(l@‘é‘&?ma%{P?n%lf%’ gﬁl%‘é?a yiaf‘ufﬂiﬁ'yﬁﬁ Onyls carbon doubl e
bondyzconj : i : byl is

el Bt e B R o s Rl ey Bl

am i allieydrocychrabiok ek dayl aryixyl alkidpinind) diadkydaninoabiyiamingydidylenkiyd,, 29
Cy O OB hna el LSS A1 S35 hest b El) bl uSREE Onal 1Y

1 96.  The method of claim 95, further comprising the step of reacting with

2 anend-capping agent.

1 97.  The method of claim 96, wherein said end-capping agent is an

2 electrophile.

1 98. The method of claim 96, wherein said end-capping agent is a

2 nucleophile.

1 99. The method of claim 95, wherein said acrylate monomer and said

2 diamine are present in a molar ratio in a range from about 4:1 to about 1:4.

1 100. The method of claim 99, wherein said acrylate monomer and said

2 diamine are present in a molar ratio of about 1:2.

1 101. The method of claim 95, wherein said step of reacting is carried out in

2 the present of a solvent.

1 102. The method of claim 101, wherein said solvent is selected from the
2 group consisting of water, tetrahydrofuran, a ketone, an ether, an alcohol, dimethysulfoxide,

3 anamide, a chlorinated solvent, a C4_ghydrocarbon solvent and combinations thereof.

1 103. The method of claim 95, wherein said step of reacting is carried out at

2 atemperature between about -20 °C to about 100 °C.



30 nore nenbers selected fromthe group consisting of branched and
unbranched al kyl, 31 branched and unbranched al kenyl, branched and
unbranched al kynyl, aryl, heteroaryl, g2 carbanoyl, carbanoyl-ani no,

car banoyl - oxy, thiocarbanoyl, al koxycarbonyl, 33 aryl oxycarbonyl,

car bonyl di oxy, cyano, al knoyol, aroyl, cycloal kyl, cyclic aromatic, 34

het erocycl oal kyl , al koxy, aryl oxy, al kyl am no, di al kyl am no, aryl am no,

di aryl am no, 35 al(4y! aTld meihea of €Rihd8Y, wheaéih dyid stdpaifecviiny lis carsatyinat yl |
hydroxyl and am no. 1 96. The nethod of claim95, further conprising the
step of #Eaperanyekreenabay 1&ng-teapphtnd egent . 1 97. The nethod of clai m 96,
wherein said end-capping agent is an 2 electrophile. 1 98. The nethod of
cl aim 96, wherein d

met hgi.d of claim QSﬁg\/\he?%?W%glgpg@g%?gqg{‘ ew%ﬁgﬁép%ﬁd&qp%hgis Cclf'nzgrg %u-emgre
present a tengperanirabetvaden @about 28 *CangbodtrS@fCabout 4: 1 to about 1:4. 1 100. The
nmet hod of claim99, wherein said acryl ate nononer and said 2 diam ne are

hor dhn Sai d Step 6T oBe o O ik PacBiFinedeh of KndCpRodEnf dF: B 801 vent
1 102 The greiogh of'*Gl ﬁid@b%git%?tzli%@lﬁé&é@fr&ﬁ'tﬂe @%hﬁtf %@ﬁs1ét§1 %?'Pﬁ%@cgnﬁx{lom the 2

group consi st’ing of water rof uran one, et Rer, "an al cohol ,
di nethy stwitfuoxandeCH;; and iy 2asmedl«x:tedafr«):[’nIth)etr gmoap eohmllng@rﬁtc Sa aﬁ‘d Rgﬁwzir ocar bon
sol vent and conbi nations ther eof 1 103. The nethod of claim 95, wherein

said step of react car erat.u between about -20 C
to about 100 C. 8116]7? 1 ﬁﬂﬂggfwﬁ?rﬁ‘in §ele%ﬁ‘i?f8 HAYPst ep of

reacts ngcdnglsﬁﬁé{)f@dsloyﬁdﬁll(R)g a terrperature bet Ween about 10 C to about 70

C. 1 105. The method of clai’m 104, wherein said step of reacting is carried
out at 2 a tenperature between about 20 C to about 50 C. 1 106. The net hod
of cllai m 95, wherel08.eathe mfetlﬂd of Rajm iR@7, \ﬂmrelﬂsaldmrylﬂe mar@mer & sRigcteR15, R16

R e R L A T

and Rh(R )4. 1 107. The net hod of cl ai m95, wherein Y2 is selected fromthe

groupy 109. The method of claim 95, wherein said diamine monomer has the

2 formula:

AN

N—R'9—NH,
/

3 R12
4 wherein
5 R'? is a hydrocarbyl; and
6 R" is selected from the group consisting of optionally substituted C;_3

7  alkylene and optionally substituted C;_g cycloalkylene.

8 110. The method of claim 95, wherein said diamine monomer has the
9 formula:
AN
H— —R%—NH,
10 Nt ,
11
12 wherein each of R'?, R and R¥ is independently selected from the group

13 consisting of optionally substituted C; 3 alkylene, optionally substituted C;.3o alkenylene,



2 consisting of C, Si, and R'(R )4. 1 108. The nethod of claim 107, wherein
said acrylate nononer is selected 2 frgmthe group consisting of carbon
tetraacrylate and pentaerythritol tetraacryl ate. 1 109. The nmethod of claim
95, wherein said diamne nononer has the 2 formula: H/NRL19-NH2 3 R12 4

whergj n . roup
COﬂSIFStI n%ldg%ﬁ%%ﬁ gr"‘li]%qjé“é) E)@A‘&!teﬁl?e tl%iﬁ%ub%mﬁﬁb%ﬁ gdfoa mgrf)ltglg%(gal |y
substst ub}ﬁtbnﬁBX&lhsynit@hC(thgﬂme @8nd.10. The method of claim 95, vvherel n said
di am ne nmonomer th ormula: R13 HN - R20- 10 \R14 11. 12
wher&l n each of Rl ﬁi%teélr%orﬁﬁlﬁf $roup ﬁ?ﬁesbsé‘ﬁaé?ﬁNZ &%‘P‘Q@%& HETSR oup
13 cpnsi pt I t

13, 00nsL R R A AR sl § Sk I SRRy Rt gRa e

al kyr§/| erieg. optional |y substituted C3-$ cycl oal kyl ene and 15 optionally
substituted C6-13 arylene; and 16 Z is selected fromthe group consisting of

N, d C hyd wh d Rb t th t to f
% four - to tvel ve- RehbernbaebOgyecain 3. RBtreraptd famtys fifged fbide  Tpe”
met hod ofro6h 3biBidRg &ﬁ’fi%%ﬂﬁ&hﬁ)ﬂ&ﬁhﬂ@ N %eﬂﬁjl %ﬂlty‘l?éiilefhaafﬁhé hfe 2 group

consi sting of 1-(2-am noethyl)pi perazi ne, et hyl enédi amine, 4 3
(ami rﬁ)rre(ahyhc)rpetpgl;)mgemmne éﬂwammpmepélme,cﬂ anemoaymrhdmmmethyd&ﬂh)denedlamme

N ok ohOeRRe s i diaming [ FisRbionik v AR, STh RS 1eghylenediamine, N-

but yl et hMﬁt?l%ﬁQ‘lé‘l@Hlﬁﬁrlné\'N &- H%ﬁf)%@ﬁﬁ%))l&{ehﬂlﬁﬂ@%@m Rediéhglididthylene
N-di et hyl di et hyl ene triam

6  trlamine.

1 112. The method of claim 111, wherein said diamine is 1-(2-

2 aminoethyl)piperazine.

1 113.  The method of claim 95, wherein said acrylate monomer is

2 pentaerythritol tetraacrylate; and said diamine monomer is 1-(2-aminoethyl)piperazine.

1 114. A pharmaceutical composition comprising a bioactive agent and a

2 compound according to any one of claims 1-52.

1 115. A pharmaceutical composition comprising a bioactive agent and a

2 compound according to claim 23 or 50.

1 116. The composition of claim 114, wherein the bioactive agent has a net

2 negative charge or is electrically neutral.

1 117.  The composition of claim 114, wherein said bioactive agent is selected

2 from the group consisting of a DNA molecule, an RNA molecule, a protein and a drug.

1 118. The composition of claim 117, wherein the bioactive agent is a DNA

2 molecule or a RNA molecule.
1 119.  The composition of claim 117, wherein the bioactive agent is a DNA.

1 120. The composition of claim 117, wherein the bioactive agent is a protein.



1 112. The nethod of claim 111, wherein said diamine is 1-(2- 2

am noet hyl ) pi perazine. 1 113. The nethod of claim 95, wherein said acrylate
nonomer is 2 pentaerythritol tetraacryl8te; and said di am ne nononmer is

1- (2-am noet hyl ) pi perazine. 1 114. A pharnaceutical conposition conprising a
bi oacti ve agent and a 2 conpound according to any one of clains 1-52. 1
115. A pharmaceutical conposition conprising a bioactive agent and a 2
conpound accor di ngl2lo cThé cor@Rositionsd.cldmilllG, whtreinctheposctivoageof is@ldmgn 114,
wherein the bioactive agent has a net 2 negative charge or is electrically

tral. 1 117. Th i tion.of . 4, . wher ei i.d i ' t
o sehected 2 11 ok et ubPeui Sl T uhRE il wRBics ek s o ¢
a prof ei froaP dodi gDt %ﬂt}%oti& 8 aaRRMAPAddng Qn%es@ﬁei‘ic”&rﬂétzpoidiﬂg Sﬁ@}ﬂrt],gntahﬁ-

bi oactive agent is a 2 nol ecule or a RNA nolecule. 1

conpdsi t inflamofatary agentldivantishenpldstic agat Hncatigén @ vagene, anantb@iyaa 1 120. The
conposition of claim 117, wherein e bipactive ent is a protein 83 1
To1" e ICORESER A AU S Epede PR RE TR aRe PR BeBO ety ug. 1
122. sThea@PomAmbigian @halgésdd, Th had-dephesdatt, An 2ai Pspthetc | Sdigrtiecs ed fromthe 2
group consisting of an antibiotic, an anti-viral agent, an anesthetic, an

st er o datardigeasculanactivetagent3a vasohetimesdgonty a age-steroidal anfitinflaremplony egent agent , an
anti gen, l<1;\tg¥iac i ne, an antibody, a 4 decongestant, an anti hypertensive, a

sedat | veMHUBFH @BMont rol agent. a progestational agent, 5

anti-cholinergic, an anal gesic, an anti-depressant, an anti-psychotic, a

diuretic, a 6 cardipyastyé gharfatuiiRaltdaiposition VRERARUILYQ AGEAtiedform.
non-steroi dal anti-inflanmatory agent and a 7 nutritional agent. 1 123. The

phar maceutical conposition of claim114in freeze-dried form 1 124. The
phar naceut i cal co?&ﬂsi t Tonpharmepaitisalicompogitiop ohglatn il éd it epray-driad fopm.  The
phar maceuti cal conposition of claim11l5 in freeze-dried form 1 126. The

phar npceuti cal conpasi “rﬁé‘Pl%m%L 'ﬁ%ﬂc}oﬁg}o@itiﬁ%i‘&aﬂﬁ hgs HI BE%-dgﬂed;&h A
met hod for preparing a pharnmacenti cal conposition, said netho
conprising: 3 solubilizing a branched poly(am no ester) conpound as defi ned

in any one of 126. The pharmaceutical composition of claim 115 in spray-dried form.
1 127. A method for preparing a pharmacentical composition, said method
2 comprising:
3 solubilizing a branched poly(amino ester) compound as defined in any one of

4  claims 1-52 in an aqueous buffer to obtain a protonated form of said compound; and

5 admixing said protonated form of said compound with a bioactive agent to

6  produce an admixture.

1 128. The method of claim 127, wherein the bioactive agent has a net

2 negative charge or is electrically neutral.

1 129. The method of claim 127, wherein said bioactive agent is selected from

2 the group consisting of a DNA molecule, an RNA molecule, a protein and a drug.

1 130. The method of claim 129, wherein the bioactive agent is a DNA

2 molecule or a RNA molecule.
1 131.  The method of claim 129, wherein the bioactive agent is a DNA.

1 132.  The method of claim 129, wherein the bioactive agent is a protein.



4 clains 1-52 in an aqueous buffer to obtain a protonated formof said
conpound; and 5 adm xing said protonated formof said conpound with a

bi oactive agent to 6 produce an adm xg4ire. 1 128. The nmethod of claim 127,
wherein the bioactive agent has a net 2 negative charge or is electrically
neutral. 1 129. The nethod of claim 127, wherein said bioactive agent is
selected from 2 the group consisting of a DNA nol ecule, an RNA nol ecule, a
protéin and a drud331 13 .méeheal ofdlhian 2% whemimmhtDeactibeaginnistadrupi oacti ve
agent is a DNA 2 nolecule or a RNA nolecule. 1 131. The nethod of claim

129, wherein the bhigactive agent.is a 1.132, .The t hod.of claim 129,
wher &i n the bi oactlﬁge %@%etﬁ@%fﬁ%lm leﬁw?Avhsr&m s1q 4B1e 15 e‘%@‘fﬁ%‘ tg? SR m
129, zwh%ﬁgi&mgmf aﬁ!aﬁaﬁbﬁy,eanag%ﬁmiran 5%&t,%taaestﬂetﬂe§én sttRBddTRERArednic! ai m 133,

wherein said drug is selected fromthe group 2 consisting of an antibiotic,
an aBt i -inflanahatageagent, an antiesoplesticcagentn as tgtigeh gy acagenan atibodptd 3
i nfl tory agent, an anti-neopl ast.ic nt, an antigen, vacci ne, an
ant i Bod oo ey RV REnsHR, SHEPYH A NSIVE! G tiPEAENRI A8 cont r o
agent, anfIAgGR&k! Qﬂﬁla_lg%%,”&n ant_ﬁdé}ﬂéésﬁrﬁ!‘é}l AP GLhotic@R daffakigasi c, an
anti-depressant, “an anti-psychotic, a diuretic, "a 6 cardi ovascular active
agend, aaxdacwsatlinsstivgagenf, aavanoavtise egant,dalonast¢roidahdntaimimtronatoryggent aadd a 7
nutritional.agent. 1 135. The method of claim 127 further conprising

Je- dPpitipga et

free "2 adm xture. 1 136. The nethod of claim 127 further
conprising spray-drying the 2 adm xture. 1 137. A nmethod for preparing a

phar pacentical conBesi thRMmetAdd &f dRINEH fudh& BN prsiirec?e AYiHPH 21 Ng a
branched pol y(am no ester) conpound as defined in claim23 or 4 50 in an
aquedus admiftere. t o obtain a protonated form of said conpound; and 5 adm xi ng
said protonated form of said conmpound with a bioactive agent to 6 produce

an agm xture 1 1336A HREhodhl 5 ALEPEET At AIRIRGSBH ERhfATROS! T on.

2 admixture.

1 137. A method for preparing a pharmacentical composition, said method

2 comprising:

3 solubilizing a branched poly(amino ester) compound as defined in claim 23 or

4 50 in an aqueous buffer to obtain a protonated form of said compound; and

5 admixing said protonated form of said compound with a bioactive agent to

6  produce an admixture

1 138. A method for preparing a pharmacentical composition, said method

2 comprising:

solubilizing a branched poly(amino ester) compound as defined in claim 74,

4 86 or 113 in an aqueous buffer to obtain a protonated form of said compound; and

5 admixing said protonated form of said compound with a bioactive agent to

6  produce an admixture.

1 139. A composition for transfecting a cell, said composition comprising:
2 a DNA molecule or a salt thereof complexed with a compound according to

3 any one of claims 1-52 or a salt thereof.



3 solubilizing a branched poly(am no ester) conpound as defined in claim74,
4 86 or 113 in an aqueous buffer to obtain a protonated formof said
conmpound; and 5 adm xing said protonat@&d form of said conmpound with a

bi oactive agent to 6 produce an adm xture. 1 139. A conposition for
transfecting a cell, said conposition conprising: 2 a DNA nolecule or a
salt thereof conplexed with a conpound according to 3 any one of clains
1-52 lor a salt therddof . Tigbconipoké®dn of kkimddposhereiorthofornpaindid 803 wherein the
conmpqund i? in g 2 protonated form 1 141. A conposition for transfecting a
cel | 2 sah"8PB oYM i on comprising: 2 a DNA molecule or a salt thereof

conpl exed with a conpound according to 3 claim23 or 50 or a salt thereof.
1 142. A nethod forgit r angbapbifen forGRinkfectsitl LcdIEt418omPHRIibS LotpHRRd: act i ng

2 the cell with a conposition of claim139.” 1 143. A nethod for transfecting
a cell, said nethod conprising contacting 2 the cell wth a conposition of
clai A 140. 1 144. 3Dhet melechisror arsak sreseaficagplexeé mith asepmponad HM?EIGWi si ng
cont acti el i th conposition of claim141. 1 145. A conposition
for ?nadﬂ%ﬁfzgéi %5%%%?%%?%@ conprising: a conpound 2 according to any one
of claims 1-52. 86 146. A conposition for imaging, said conposition

conprii sing: a conpRUNdA agabhsdifon Grahsfedingi a8el3sad method béhprifingsenattiide

conposition of claim 145 in the preparation of an imgi ng agent.
2 the cell with a composition of claim 139.

1 143. A method for transfecting a cell, said method comprising contacting

2 the cell with a composition of claim 140.

1 144. A method for transfecting a cell, said method comprising contacting

2 the cell with a composition of claim 141.

1 145. A composition for imaging, said composition comprising: a compound

2 according to any one of claims 1-52.



86

146. A composition for imaging, said composition comprising: a
compound according to claim 23 or 50.

147. A use of the composition of claim 145 in the preparation of an
imaging agent.





