10

15

20

25

30
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THE I NVENTION Field of the Invention The present
i nvention concerns the field of dendritic polyners
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bel ow. Pol ynerizations using ring opening is well
known, particularly with using cyclic ethers, am des,
aziri denes, SLBAC&QROQNB%% NAION by ei t her
Fiel ni oni Cronf8 ationic or other mechanisns. (George Qdian,
f Pol ynerization , pub. John WIley and

SOTfe predSd inveAfiBhA 8hnchrns tHOREM OF dettiiRicqfolyrhét§ wheR deRBrimers are
pol yrrerl zations in the synthesis of highly branched

an eq&mhglﬂef ﬁxe.meﬂms@ poleriiersk ridwsr: polpnkrsthaye beidisparen ghat may lestrap
us in nerlzat ons the synthesis
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cases the ring opening polynerization is of the
traditional type resulting in random hyperbranched
Desqritipmerf RelatedAtir oad pol ydi spersities. One of the first

Branc)lggtirpl)ﬁffne?ku{ Iggemggeﬂeac O| ymerizations to prepare a

Various ring opening reactions to prepare branched polymer systems are known. A

(€

few of these processes are described below.
Polymerizations using ring opening is well known, particularly with using cyclic

ethers, amides, aziridenes, sulfides, siloxanes and others by either anionic, cationic or other

mechanisms. (George Odian, Principles of Polymerization, pub. John Wiley and Sons,
1993, Chapter 7.) However, use of ring opening polymerizations in the gynthesis of highly
branched polymers is less well known. Work has been done in the use of ring opening
polymerizations in the synthesis of various hyperbranched polymers. In most of the cases
the ring opening polymerization is of the traditional type resulting in random hyperbranched
polymers with broad polydispersities.

One of the first examples of ring opening polymerizations to prepare a
hyperbranched polymer was the work of Odian and Tomalia [P. A. Gunatillake, G. Odian,
D. A. Tomalia, Macromolecules, 21, 1556 (1998)] where hyperbranch materials were made

from oxazolines.
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hyper branched pol yner was the work of Qdi an and

Tomalia [P. A Gunatillake, G CQdian, D. A Tomali a,
wormsobecul es, 21, 1556 (1998)] where hyper bPErok2005/013864

mat erials were made from oxazol i nes. Ri ng openi ng has

g%gﬁ%mgmag BEe Ig‘%e& mmeggn%&uéﬂ B‘Fl?t{eapér &%ﬁ@gmgﬂyems

ers-as single ion uctors
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xazol i nes achi eved hyperbranched PEOX or PElI polyners
Chemséél@ 5HAP¥-s 4, 690, 985, 5,631,329, and 5, 773, 527) .

o5 SRR A0S tid Gpdiial SR EAER of BRNRERRAE
hype\iabxtahclwa PROX b2 PBI pelymeRgSeoUS, Pateivdd,690)98 3, i51631 (320 Nndndg

B merization including, for exanple, Pd-catalyzed
5,77 5513 )-openi ng pol ymeri zation of cyclic carbamates in

?Iﬁer %%%ﬁ?d ggnﬁiﬁﬁghﬁcfdn%lgc{\}a@sﬂa(}g 3‘?‘5&0&% 4 Multlbranching

usa cronD ec
polyﬁ@?1%at7&17@1\/fﬂlg‘9 abproacﬂﬂwﬁzh adititidtbr atShe 66 ih08lvink ring-opening
Shiraga, T. Saegusa, Nacronol ecules, 31, 1716-19

poly(meg%t}qn mépdmg T pxmgplép%hpﬁglyzwmdwmglgawlmrwpen of cyclic
carbRRRY ot 18 DrokEier T ah s fltok figih b eaids BV, SO A oy SBegusa,

Madr&Roleddls, @@emmhmggmﬂ) NN, SiARAGA YioSidAadShiraga, T.
di stinct from ot her gger br anched poI ymer met hods

Saeguse.odVgémuoteciigs, s 1 c@98)lyzed reactions [H. T.

E h 21, .2313-.23
14?‘%%’9%}’]“% OPi%{lgpﬁﬂet Wgtag}é@zgim%{ngg?@egg é P, i5 Ipjtiated
by ali@itiod BE BAARED ashoum N8 iXieigios) stich Jﬁﬁéﬁlﬂ@idneﬁl@%ﬁe@ Mrbugh a

ring opening polynerization to polydi spersities bel ow
novell pSopfagatiumdde distnct Hansethanlyperbsanchied polyRer tvigthiods prvolving
acidb/gr ga%g-%lat%fyzec? react?ozns [ﬁz %OCﬁa%nA'g?J M.J. Frechet, J. Am. Chem. Soc., 121,
2313-2314 (1999)]. AB, monomer type glycidols are polymerized to hyperbranched
“polyglycerols” by controlled anionic ring opening polymerization to polydispersities below
1.5 [A. Sunder, R. Hanselmann, H. Frey, R. Mulhaupt, Macromolecules, 32, 4240-4246
(1999)]. Cationic cyclopolymerization of dianhydro-D-mannitol is used to produce
hyperbranched carbohydrate polymer [T. Imai, T. Satoh, H. Kaga, N. Kaneko, T. Kakuchi,
Macromolecules, 36, 6359-6363 (2003); T. Imai, T. Satoh, H. Kaga, N. Kaneko, T.
Kakuchi, Macromolecules, 37,3113-3119 (2004)].

Hyperbranched polymers are obtained by combining ring-opening polymerization

* and some features of self condensing vinyl polymerization (“SCVP™), ring opening

polymerization of caprolactone to give hyperbranched polyesters having a polydispersity of
about 3.2 [M. Liu, N. Vladimirov, J.M.J. Frechet, Macromolecules, 32, 6881-6884 (1999)].
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(1999)]. Cationic cyclopolynerization of
di anhydro-D-mannitol is used to produce hyperbranched

W@ 2006068266 at e pol yner [T. Imai, T. Satoh, H KegaDSNN5/013864
Kaneko, T. Kakuchi, Macronol ecul es, 36, 6359-6363
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ol yreri zati on of ethyl hydroxymet hyl oxet anes
(200})é.sul ted in hyperbranched pol yet hers, polydispersities

Db 3008 Ok 2 iy b ool B hon
carb(;’?cy%lgbﬂhdg’s (TR OnY RO FopREiBREsdqubitte® BENLJASbIx§antyatlde ring

nerate hyperbranched polyethers [H Mgnusson, E.
openiviz| amﬂtend-rcpuﬂmgi—ia&dtl,onwa"ﬁhls poicessulens(s iBA0lyBR86 1670 with 2

s S e et i PO R 5 R, Bt n
m’ﬁ“ Bsk f
apolﬁﬂéar O)E{}M%}?gﬁld{jsg ri lﬁgbﬁg%ﬁﬁ;egﬁgsegd coupl i ng

reactions. This process results in polyneric regions
_Wlth 3 st 3 JSt call driven average chain length per
EPUODS| engt hs, and results in a
k€@ Pedh ditdo®Spdthibl dader ba ti
Prec?ﬁlﬁ&&%ﬂbﬁn&r %&lng 13ﬁgérﬁflstﬁﬁIre %ea t odr?@ Pol ysa f?l(éigondl ons
with dpicHliorovifiieda mmgpdlwmaﬂﬁdm (SmU‘SlPrat;nss 45581210, ahd 458@829).

basi ¢ conditions h epichlorgsulfide to_form
Thessémy%pafgmspisa p e prsppratie ph2 ROy ERINPS LI idg fgdrimer using a
reactforost e ino core with an excess of ethylene sulfide to form a polysulfide

followed by reaction with excess aziridine to from further generations.

Addition of N-tosyl aziridine is discussed as a way to create a partially protected
dendrimer surface (US Patents 4,361,337; 4,587,329; and 4,568,737) and is extended to
azetidine derivatives.

Precise Dendrimer Ring Opening Reactions for Attachment of Surface Groups

Ring opening reactions are discussed as a way to add terminal groups. For example,
US Patent 4,568,737 discloses the use of oxiranes to create a polyol surface on the
dendrimer.

Processes for Precise Dendrimer Structures

Many specific reactions have been used to create a wide range of precise dendrimer

structures. These reactions typically define a core (“C”), branch structure type (“BR”) and

-3-
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These sane patents al so discuss the preparation of a
pol yam nosul fi de dendrinmer using a reaction of a
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di scl oses the use of oxiranes to create a polyol

anchering type comstrugioriendri mer. Processes for Preci se
Denpdr i Struct ecibfig re i
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(" , branch structure ty andt er m nal
Newkome 7,607 n0.45 (& Bk, Ve Chiptt Hedra Chpmprdees (1955,
tructures s. been. perf.or

PolyfetieRisp IS oY e ha7ad oaR PR gh AraRlsRbrten cel
reagfrﬁQBéc/fz%& ghat eﬁﬁé@fy"ﬂﬁ‘ﬁbﬁcot@ =4 ¢hd Qfﬁ%ﬂu&ﬁ&hﬁﬁ6$"

|rrers and "ot her ndritic Pol yners, eds. MJ.
tr10bemy¢ie[2r2 Z]oétané' cNi&BL dn tlpsymse aphotettied bl;ang]n gblb@ﬁgent was used in
1) hi.n t broad c ories there
B e ondimgh Bl AFG, Ghigncia b PRt e Biotsetign os an
[ [ ef .
i 0 S el e 20 1 PO IS e ether
(e afrthmeﬁmohhe ether riegiyant straiinadodndatbes ootplingepeprdsfiog pelymerization.

branch cells around a core to form|l ow nol ecul ar
wei ght arborol structures [G R. Newkore, Z.-Q Yao,

Sten?ﬁﬁ% Bk diti Sn@i%@ c em, 50, 2003

en rlne s were synthesi zed
Sterixt&lfﬁegtsmsaieﬁnwam sanlblfno}emﬂel chemistrly, ave tite toathgeolimeldsels
on _a pent aer yt hritol

nanopcale 8pase ki meionlmthat ol f%wé%%%ise&?& ngplocule Shyilding plock
comg@n gts” épe tamtﬁs mﬁoﬁal%&b% Cﬁﬁo&%@&aﬁﬁhhg 9@9%@$up%ﬁd their

relationship to each other in critical reaction and assembly events. The effect that their

relative sizes have on reactivity, displacements, substitutions, chirality, associations,
assemblies, specific product formation and attainable architectures have always remained
issues of very high importance both in the academic as well as commercial realms. For
example the steric effect that decreases reactivity is call “steric hinderance” [See P.Y.

Bruice, Organic Chemistry, 2M Eq, (1998), p 362, Prentice Hall]. Steric hinderance results

from groups getting in the way at a reaction site. Classical examples include the “neopentyl
effect”, wherein the relative reactivities of increasingly hindered alkyl halides to Sn;
reactions are increasingly suppressed to a point that that a teriary alkyl halide (i.e. neopentyl
bromide) is too slow to measure. It is not just the number of alkyl groups attached to the
carbon undergoing nucleophilic attack that determines the reaction rate ; the relative sizes of

the alkyl groups are also very important.



10

15

20

25

30

the building of the dendriner branch structure, which
requi res chem cal deprotection as an added step to
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results fromgroups getting in the way at a reaction
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|
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mthémtdlﬁaﬁfe?&iﬂi&hxbf%ip BRER@Hof.0 @ point that that a
teriary alkyl halide (i.e. neopentyl bromde) is too

slow to neasure. It is not just the nunber of alkyl

royps attached tE‘Pt E@ Eagbon!undergm ng nucl eophilic
——YME%%\MPOI ' on rate ; the

I etk \be 1R G ftultfes i he A HULsiO6 CIREri AR AL BfhelRl irh the methods
important. Cram's Rul ej s”anot her cl assical exanple of

usedsombdke mhﬂmacEdm:xamptel the pfapetanon \Mpd)lg(anndoammh) (ﬁﬂAMAMé)

bound by , | ff
R LSS o b oSt B R SULES, 2y
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states nuc e approaches a carbonyl™ al ong
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ns itself anti, to the rbonyl , group to . mnimze
200t hHgpist P cieaumlossst mafaen g i {9 Hep @hich mvolves slow

chenéﬁ%@i,??l?%fghﬁdr%g@%st%ﬁ%ﬁ)p—d&?ﬁ?&ﬁ@%ﬁ&l BbndiifiefiiBlites. These

circumstances force the process to require high dilutions resulting in low capacities and high

costs, particularly at higher generations. Additionally, PAMAM dendrimers, due to their
specific amide structures have access to low energy routes to degradation through reverse

Michael addition reactions and hydrolysis reactions.

Clearly, it would be desirable to find a process to make precise dendrimer structures
with a faster reaction time, easier separation with fewer by-products, and lower cost of
manufacture than that presently used. Additionally, if the dendrimers were more stable and

easier to scale, that also would be desired.
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dpenitiglpeodebemforfth¢ir prcpamationt he preparation
of pol y(am doam ne) ("PAMAM') dendriners, one of the
ke sipiopwe farithesa dedditic pobymess is thowa bydiampla () below:
pol ymers, currently focuses on M chael addition
chem stry Ipq:ﬂ in-situ branch cell formation
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ani dation step V\HFI] i nvdliF}g sl ow chenistNy, 1ong
reaction tinmes and non-differentiated di functi onal
i nternmedi ates. These circunstances force the process
to require high dilutions resulting in |ow capacities
and high costs, particul &etgulaiDhi gher generati ons.
Addi,tional |y, PAMAM dendriners, due to their specific
am"0& ¥ uct ures have access to | ow energy routes to
degr adat(t?)ﬁle&{yma reverse M chael addition reactions
and hydrolysis reactions. Cearly, it would be
desi r abl(EFtmednis adoeal point Guwtiornlitpkemponsot efctheleorgr i mer

structur w th faster, react..on ti easi

separ at i(gg) I q?lé%@ ??35112 E’?’fﬁ%&t?és grgﬁgx‘ 'ihﬂ\?\z I(ﬁgg)g{ay(}))]e the same
manuf act ure thapifhad siegent |y used. Additionally, if

the dendriners were nore Stable and easier to scale,

t hat al pds theubal embkrsif bencBRIEABR)NMVEReORriMeiEand is an integer
I NVENTI ON The, depdritic, pol r structures of the

present inve%f"inbﬂ%b%é@e%eg‘vgé %ral uni que conponents

that manifest surprising properties (conpared to
traditional dendritic structures)

N, 61 N.G2 N, G3 N, Gi X = j1
=Total#of BR)= | — + —> + ﬁ- + . =2 -| TN
N, N, b RN

(o]

(IF) means interior functionality, which if q is greater than 1 (IF) may be the
same or a different moiety;

q is independently 0 or an integer from 1 to 2000;

(EX) means an extender, which if m is greater than 1 (EX) may be the same
or a different moiety;

m is independently 0 or an integer from 1 to 1000;

(TF) means a terminal functionality, which if z is greater than 1 (TF) may be

the same or a different moiety;

-6-



and utilize unique ring opening processes for their
preparation. A structure for these dendritic polyners

w0 200sk6i206 by Formula (1) below Fornula (1) wheE€EBUS2005/013864
(C© means a core; (FF) neans a focal point

functional e

br anch £aerio i AR suflice ks L5 HRAPRCR puber
the sane or gosgibfef tbf ﬂfet(BRg ife a/given genetdtiont(G) ahd Budetieed by
of branch cells (BR) in the dendrd mer and is an

i nteger from 1 to 2000 deriZ®&MNy:p " C (I1F) neans
|nter|o func : A
(1'F) %8‘“{1 ?%oﬁé%mcvméﬁﬁdeil sﬂqtal'lsssuglrouﬁ’&lﬁ% ttl{e;@)?e,

sane or eren

5 Indepenﬁgmwno@ménnanuplm@gmdfrom 1 to 2000; (EX)
means an extender, which if mis qreater than 1 (EX)

may be Nbis cosmmulbipligityiand is aaintegesi
i ndependently O or an integer froml to 1000 (TF)
means a termnal functionality, which if z is greater
Mord paferdbl %-Eﬁé pFEBoht BEndrlifer§ BfMhiPMvantibnf drefepRisetod BY YtieZFormula
neans the nunber of surface groups from1l to the
(I):t heoreti cal nunber possible for the (BR) for a given
generation (G and is derived by z NcNo G G is nunber

10 of concentric branch cell shells surrounding the core;
Core Interior Surface
]
N.
Where:

N, = branch cell multiplicity

N, = core multiplicity

z = NN

G = Generation (i.e., 1,2,3 ...j)
TF = terminal functionality

R’ = (BR) N&' N2 N N, & x =z i1
p=Total#of BR) = | —> + —= + == + == = N
Nb Nb Nb Nb N x=0
15 Formula (III)

These dendritic polymers of Formula (I) are prepared by the processes described
later in this specification and illustrated by Flow Charts I and II.

20 These dendritic polymers of Formula (I) may be used as mentioned below and

described further in this specification. It is believed that based on knowledge of these
-7-



10

15

20

25

30

Nbo is branch cell multiplicity; and NO is core
multiplicity and is an integer from1l to 1000. More

w@e@bmeRhé y, the present dendriners of this i NRENUSINS/013864
are represented by the Formula (H'): Core Interior

o S ATt U A
mentionddusédard hgfhybtheds. iheteh@gfhhd ¥lebesritl Barkll, theib@aflritic

dendritic polyners of Formula (1) are prepared by the
polymerscrandeve udlityin Bl cells (62 imenpbrpaess prialy 3t5)e eRAISHstatage

illustr.at Fl ow Charts | and | 1 hC
el stfe B e koot oy CoR afbe SRS ibgss
dispRD¢l efRohic A, fntsdyer dieRctiid] ShotiResist hoRichla elebtroriss, telecom
bel'i eved that based on knowl edge of thesematerials and
deviedsrimaseguidasi photogiosophptegraphitvegteridlsnand steadthgahgneementegf
‘%ﬂ?f%)l ay all of these nentioned uses and many ot hers.
mat he energy and el ectronics nmarket, these dendritic

POl R eBvEMinbiANGirat, tHekd YerdRitit Pelynte®d t HaQe dtility as chemical and
menbranes, catal ysts), energy Storage (hydrogen, solid

biosesatsgeletiydntic nose (atray-hased sensargdieinonfacship) @anesasoding ghmaterials
enmttin i odes, displa .el ectronic.inks, interl ayer

for Gy pRBPHF tocgaH Saet Joeh et o Bk Leps lpebBolcy R

envit@InROPNsERYHC B AMPYERHAR SSviroRAREBNEchSing REREARIISR *ian water
materi al s, and stealth enhancement of mafgerl als, I'n

(e-g4 toa exnlvingeh cleat alr (age ayper hewebalgnad ¢atdyshol ymers can
h a\fr?th%tplelrslohzl/ﬁao%se%%i{n ar%g,lthe%g glendritic polymers can have utility as

environmental upgrading of fuels, coatings and surface modifiers (such as to provide stratch

resistance, an antimicrobial surface, color changing, texture modifier, dirt resistent, water
resistant), cleansers and lotions, cosmetics, pigments and dyes, UV absorbers, carriers of
nutritionals, surfactants, and functional additives without adding color.

In the chemicals and manufacturing market, these dendritic polymers can have utility
as improved binders, chemical catalysis, chemical separation materials, filtration systems,
petrochemical processing (nanocatalysts), and toxic leak sensors.

Also the dendritic polymers for Formula (I) may have various carried material
present in their interior void spaces. These dendritic polymers may have a variety of uses as
agents in the pharmaceutical and agricultural fields.

In the human and animal medical and health area, these dendritic polymers can have utility
with in-vivo diagnostic imaging (e.g., targeted control with increased contrast), diganostic
sensing (e.g., signal booster simulatenous targeting), drug delivery (e.g., enhanced oral,
veinous, dermal, nasal, efc.), drug discovery (e.g., miniaturization, bioarrays), in-vitro and
ex-vivo diagnostics and therapies, protein resistant coatings for medical devices (e.g., in-vivo
and ex-vivo), anti-biofouling coatings and surface for devices, transdermal delivery,
chemotherapies for oncology, remote and in-vivo devices, polyvalent pharma applications,

near infrared absorbers, non-invasive imaging and sensing, targeted therapies, magnetic
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bi osensors, electronic nose (array-based sensors),

| ab- on-a-chi p, nanoencodi ng of materials for
we@pwsioe2eent al tracki ng and source identifi catP@RPS2005/013864

anplification technol ogy .for environnental sensors,

. i,ocidal ' ' L on t ol NSL0g, .
sioneBRE T TR e P LR s SATSLAG e couings and
contr8iléd fefoale (e. & HRRApeatisynbetdhalspatel).cat al ysts, In the

per sonal / househol d area, these dendritic pol ynmers can
halreheifaodiang agdewiwge markeb taese depdsiticiobynegs cqtve utility as

. ..coatings and, s LE] [
nigh § Rl BEPLRMROrE e RE B R el (o RO i, soua,
sightCHRNBEIN GarghRd] nonetorTdiibdetadablierpesticiddsshetbicidenairge-released
resistant), cleansers and |otions, cosnetics Fi ment s
fertiligers apyleosticifesaprebriiag satasialy (e, gnisroba gesistant plag lgsg, freshness,

cont o5 AN B HRGHL RN A P B G b Attt
t hRagitieRAHY, tHeks d&ﬂiﬁﬁﬁ@b@nﬁ@m&ﬁ\tmybﬁlbﬂ degiralsle intmasrRVEs

~ binders, cﬁe_m cal catal ysis, em cal separation
discussgdefuithérsherdinl t r at i on systens, petrochem cal

A 5 Tnteds hERRR oS pibm P et &P 1RRED o
descMBdd RiYSincarried material present in their interior

vol d spaces. These dendritic polyners may have a
vari ety of uses as agents hi the pharnaceutical and

icult fl [ di cal
and heal ¢ n ERIEF SRschIRTRANUF ATE R NIRRT, o
ut Fi&’ufey 1 WubtPatbda Hﬁé’@diﬂie%giﬁﬁﬁtﬂrg et MndBm6k core-shell
tardeted control wth increased contrast), diganostic

archsenat fier o dendrimes bfffarimubo@s weh ceinpuhaiterfoumre €r)gen interjor that
L 0, Yoo AR o B K SR o st
grou?%%?&ﬂa@ﬁé‘)eteﬁﬁhﬂ fuhQidafyrFy! vo di agnostics and
aples, protein resistant” coatings for nedical

deVigues2 {Imstyates the-vaiivas anelcanporiens)((C) that inajpicofisistlof nge or more

coati ngs. and surface for, devicges, transdermal . .
of al}j@pqw%gh,c rewswriﬁ&@rraﬁe‘@g igmiehy Ny Pr ofghipet v geiety (0), ora
combiﬂ?t‘fénv&' &g&\é'rﬁ(ﬁéﬁesp %‘fﬁhﬁﬁﬁci@?@&ﬁ@co@@ Rl defiRld Q0K MBRMed

I'ntrared absorbers, non-ihvasive | magli ng and sensi ng,
withirathget tbete tdrasaB), €5n), mad (0}, ix biditieat the susfomary maikties for these

growm h and harvestjng), drug rel easing stent syrface
mo“?%@&tqf%@@}lp%ﬁ’&h@é Atdeafioa vithepeal peint imgfr ioppgy o, a it lustrated.

n qu'u}é PNRsBateSTE iterior portion of a dendrimer of Formula (I) that has a

branch cells (BR), which have one or more of the following: electrophilic moieties (E),

nucleophilic moieties (Nu), or other reactive moieties (O), (i.e., free radical) or a
combination of these moieties. Additionally, the interior may optionally have groups that
provide interior functionalities (IF), usually derived from a ring opening reaction which may
have one or more of the following: an electrophilic moiety (E), a nucleophilic moiety (Nu),
or other reactive moieties (O), or a combination of these moieties. Also optionally present
in the interior are extender moieties (EX), which have one or more of the following: an

electrophilic moiety (E), a nucleophilic moiety (Nu), or other reactive moieties (O), or a
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In the food and agriculture market, these dendritic

pol yners can have utility as highly selective control
W@ ens06R66 sensory anplification materials (e. geCT/USRDE)13864

snell, sound, sight, and feel), targeted, non-toxic

I ti [ I
com@hgtg&ﬂ; AfaR ifoiBS gﬁegesgteda? hict 1e9|9§4g HelrgfStaed @@%%ﬁ generation
of theidendrigert €si st ant pl asti cs), freshness cont ami nat i on,
and/ or tanper sensors, .and deli ver of dr’ctg géo pl ant s
R

anbigarg ﬁ&l@tramabmehaﬁ ghowipg the (3 &aisty hispiety and the
o A S N S -2
111usﬁ§2ﬂe&6'ﬁrE$gL@£ 1Formula (1) for these uses are al so

descri bed herein. BRIL.EF DESCRI PTI ON OF THE DRAW NGS

Fi Giguee 3 illustrates themambsr ohyistace pasns (2) that havedpreinpbiynetionality
(TF )Fgflﬁ%ﬁa gﬁé’)lsc o eﬁﬁg inmea(l;rccﬁtfgl%ﬁ UAFSO fﬂ%’se @E ﬂg\';e! JBe or%ore of the

hconponen interi

foll fdafied?d hﬂ@l‘ebtr@;ﬂhﬂl@m()%@ E Qh@ﬂbdptnlidlﬁﬁiet}qmaiﬂ 6r}bther reactive
(I and extenders t&;gEX)' and nunber of surface groups
$e Bag

moigty (O), lene chmbination oy ﬁbh 1B0igliesy (TF). Figure 2

il ustrtst vario (C .
co E%“g? gﬁgés e e 4 en%?imggp gmiwél(l c)dr?%‘glg bt tecture)
ﬁoxrﬁoﬂ@é‘én@ﬁﬁbﬁ td the MBXEAL thé\luéndrmc ﬁMﬁﬂér o &R it dh@ngealrﬁhascale
O, or a conbination of these noieties. The

mOIMarusbapecﬂsumllfteh enaghematicallyiby lefaned yNE) = mﬁ@(l?-;}ded

th hree t
epoptay Pyt 5@%&{2@%’5 bisiogbrah P AL b s,
epm?ﬁ)?o [%Wt@( > B I I usg @F)ti‘dl—PQ@ gr&ﬂjerf(TF) piperazine,

ncti‘onal it trated. Fig
and inolagstar atcights dser funetomi ddigeperatioon of a dendr| mer of

ont B T e SsTonalaP Rt s dpimet dpoentf o Formota

@ td Sow FEEEREEN VafioiPhieti8Swhdihe (BR) U ¥Bbr BRE bl MBaller than the

noieties (O, (i.e., free radical) or a conbination of
© aﬂdeheN&iiS effecdon thedinbayodigtopps pbssiblat eri or may

L ona have s.that provi nt.eri
F R b aytraies o oS aiter Sichan PR o of Formnla
(D) tORRN RAcAERA dfRAriMN mbBielBYwhen the (BR) is larger than the (C) showing that
further reaction by smaller reactants is still possible.

Figure 9 illustrates the combinatorial reactivities of (Nu), (O), and (E) reactions for
(BR), (EX), (C), (FF) and (TF) to form the dendrons/dendrimers for Formula (I).

Figure 10 shows the enhanced thermal stability of dendrimers of Formula (I)
compared with traditional PAMAM dendrimers. In this Figure 10 the numbered lines
represent the data from these dendrimers: 1 is Example 7D, 2 is Example 13, and 3 is
PAMAM, G =3, (C) = DAB, (TF) = amine.

Figure 11 shows the size exclusion chromatography (SEC) for representative
products of Formula (I) [i.e., Examples 13 (#4) and 14 (#3)] compared to two related
hyperbranched dendritic polyglycidols with average molecular weight of 5000 (#2) and
8000 (#1) molecular weight.
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have one or nore of the follow ng: an electrophilic
nmoi ety (E), a nucleophilic noiety (Nu), or other

WO e@o63266 noi eties (O, or a conbination of thEGEUS2005/013864

noi eties. Also optionally present in the interior are

ext ender noieties (EX), which have one or nore of the

follow ng: an electrophilic noiety (E), a nucleophilic

moi ety ( NDETANLED DESCREIION OFTHH BSVENTION

aconbi nati on of these noieties. These interior
_Cﬂ_oimjleti es may be repeated for each generation of the

Fi . 4 _
ot B GO et L RIS RO oS BN Bl and
fortﬁegéfeﬁahxﬁégﬁ mamemdbmephuaell reagent; where Nb= 3.
Sim | arly, en Nb = 2 is illustrated on Figure 1.
AFNFmg&nSelt@nlCIfDmtml@tOé@Whe nunber of surface groups (z)
hat h t it TF). Th TF
I%g?ﬁaﬂ%?ée §br§lso a*yfl%tﬁ% ionality (TF). ese (TF)s may

Al so these (TF)s have one or

APS ABinSorhm tpefoxly@ishit ng features: an el ectrophilic
moiety (E), a nucleophilic noiety (Nu), or other

BGP%mm&lES(ﬁfglﬁmﬂflelO)Phemﬂ)l@ethmb| nation of these
|et| Flgure6|IIustratesthe growt h of
Boqolﬂ‘éanﬁg?{gp F‘Xcaﬂi (i.e., dendriner architecture)

Celitb h%@&i%t&@i&%&tdaﬁﬁ (Fi@hérrﬂﬁldiiﬁi%) As the dendritic
pol ymer grows, it changes nanoscal e nol ecul ar shape as

DAH meansplidathinebutaes hemati cal |y by defined by (C) =

fr(2,3:. epoxypro yI)isocyanurate, quanti zed nunbers of
DCNBF“%ﬁ%dlE@gFgX‘% = tris(2,3-
DEA%%%QS;&M drSigeyanur at e) (EX) = piperazine, (IF) -

groups of (TF) pi perazi ne, and nol ecul ar
DI meedsddienizesl watbunct i on of generation. Figure 7

[ llustrates the NSIS characteristics of the
DM%%WE‘F%‘#BW&O g"?"&f‘ns of Formula (l) to show
Dmgﬁf’eﬁxgi;iﬁl&hﬁﬁaﬁnaiéa“ ous noi eties when the (BR) is

arger or smaller than the (C) and the NSI S
DMS0 heahs dimetliyésutioniiler frof Aprosipganios smdofwﬂleﬂfdlgmlted Bior to use

DO RN} AP RS CBRORSARN 4. LI RS SR
DOYEREM, | 70, Rlrad BB ?'rﬁ? téfm?lﬁ%?& &t on by
DTPaatimsrdigthylehatidminepersdacttic gadsi bl e.

DTT means dithiothreitol

EA means ethanolamine

EDA means ethylenediamine; Aldrich

EDTA means ethylenediaminetetraacetic acid

EPI means epichlorohydrin; from Acros organics and further distilled prior to use

G means dendrimer generation, which is indicated by the number of concentric branch cell

shells surrounding the core (usually counted sequentially from the core)
g means gram(s)
HCl1 means hydrochloric acid
Hexanes means mixtures of isomeric hexane (Fisher Scientific)

IR means infrared spectrometry
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Figure 9 illustrates the conbinatorial reactivities of
(Nu), (O, and (E) reactions for (BR), (EX), (O, (FF

waeaedRP6 t o form t he dendrons/ dendrimers for MOF/D81085/013864

(1). Figure 10 shows the enhanced thermal stability of

',g;%- ST it AdbicRdwdRAa
KOLE&% engl}l?:{n%}{ra;. Irf&htsét?-%s @3@%&10 t he nun‘?ere(%@bﬁgosreuse
L meaaplieg@nt the data fromthese dendrinmers: 1 is Exanple
7D 2 is Exanple 13, and 3 is PAMAM, G = 3, .= DAB,
MALRH= OF wmatrﬁ-@%ﬂ%eéflfseg LI R S R &g htﬂht mass
ch phy (SEC) for representative products of
Fo%ﬁr%ugﬁé\&?b? [i.e., Exanples 13 (#4) and 14 (#3)]
MBDGARAERE 4140-nietiyiémd Hi@UNbYgBichivhagiliae) dendritic
ol yglycidols with average nol ecul ar wei ght of 5000
MBE mejnsanultispochipg pplymsrigatittar wei ght . DETAI LED
M SCRI PTI%@&F THE | NVENTI ON G ossary The fol |l ow ng
CHeMEIS{ECHE® in this application are to be defined as
mg Bk elidely) and for these terms, the singular
i ncl udes' the E‘Ilural . AFM neans atonmi c force m croscopy
MIBK| B8 mashyisobutglketpnebi si sobutyl nitril e APS ammoni um

. per oxydi.sul fate BGPM neans
Mm‘gémﬁf"{mé‘? i dyl oxyphenyl ) met hane BOC neans
mL hids rhutiexycar bonyl Celite neans di atonmaceous earth

(Fi sher Sci'entific) DAB neans di anmi nobut ane DCM neans
NMR ingtahonmaket eagoctiDEasonaaes di et hanol ani ne DI nmeans

NSIé.J Ienieglg]si ga%gsc\aﬁt s?erﬁc%in%%gcf stg{.cg}%%llqe%y ethane
PAGE means poly(acrylamide) gel electrophoresis

PAMAM means poly(amidoamine) dendrimer

PEHAM means poly(etherhydroxylamine); dendrimers of Formula (I)
PETGE means pentaerythritol tetraglycidyl ether

Percent or % means by weight unless stated otherwise

PGA means poly(glycidyl) aniline

PGE means poly(glycidyl) ether

Rsmeans relative flow in TLC

RT means room temperature, about 20-25°C

SCVP means self-condensing vinyl polymerization

SDS means sodium dodecylsulfate

SIS means sterically induced stoichiometry

TBE means #ris(hydroxymethyl)amidomethane, boric acid and EDTA disodium buffer
TGA means thermal gravimetric analysis

TLC means thin layer chromatography; toluene and acetone (7:3 v/v) were used and spots

visualized from KMnOj stain
TMPTA means trimethylolpropane triacetate

TMPTGE means trimethylolpropane triglycidyl ether; Aldrich; first distilled and purified by
column chromatography (1.75° x 10”) over silica gel (200-400 mesh) with 1:2:2 ratio
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DM neans di net hylitaconate DVSO neans

di net hyl sul foxi de; from Acros organics and further
waele@biobd2ed prior to use DO3A neans PCT/US2005/013864

|,4,7,10-tetraazacycl ododecane-|,4,7-tri s(acetic acid)

HBAES et?mgl"’acétatelﬁﬂ &ﬂér@ﬁﬁﬁ%é@l&gé) GREFREton of 5 g of TMPTGE

1, -tetra(acetic acid) DIPA neans

di gmyj qum%azmkh)ecﬁqmtea@&é%)anﬂemaj Beactionaves kept for 60 hours as

di t hi ot hrei t ol ns et hanol am ne EDA neans

et HSHC%‘HEH‘IQSWH%OVG ﬁf’ ch EDTA neans

TPNPF h%@ﬁ EPlI neans
epi c %@’glﬁ n; fro crosﬂgjfhganl cs and further

TRISinmhnédrB@yﬂroxymethyl)asmc@mM&s dendri mer generation,
which is indicated by the nunber of concentric branch
cell shells surrounding the core (usually counted

Cherﬁ?cgtjﬁﬂldhﬂruy fromthe core) g neans gran(s) HC neans
hydrochntori ¢ aci d Hexanes neans mi xtures of isoneric

he Thsdeddritpplyntirisanttufes of tHepreganiverntionaiosstss several unique

spectronetryKOH neans potassi um hydr oxi dgmeused as . 85%

coqun&@affm@m&ﬂ WEPLEENG menﬁ@%@oa)@awfiéo traditipngldgpdritic structures)

r dal
and elg%r‘&'?%on ot %I Pon opélﬁ) ?egalltaaérlgsé %S pec erfé)ggh()efﬁl
dbﬁa(ﬁélym@ﬁ; sﬁo&nb&%ﬁ)&hﬁ@ Heldw¥ - di gl yci dyl aniline)
MBP neans mul ti branchi ng pol yneri zati on MeOH nmeans

met hanol ng neans mlligran(s) M BK neans
met hyl i sobut yl ket one

[FIF]

1€ F{BRE——EXI—TF, |
h[' ]q [I ]q } Ne

Formula (T)
wherein:
(C) means a core;
(FF) means a focal point functionality component of the core;

(BR) means a branch cell, which if p is greater than 1 (BR) may be the same or a

different moiety;
p is the total number of branch cells (BR) in the dendrimer and is an integer from 1
to 2000 derived by
N, G1 N, G2 N, G3 N, Gi x=i1
p=Total#of BR)=| — + —> + -l\-tl’- o022 | 2| TN

N N

(o3

(IF) means interior functionality, which if q is greater than 1 (IF) may be the same or

a different moiety;
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M ns. neans mnutes nL nmeans mlliter(s) NVR neans

nucl ear magneti c resonance NSI S neans nanoscal e
w@e@sioeabé y i nduced stoichionmetry PAGE neans PCT/US2005/013864

pol y(acryl am de) gel el ectrophoresis PAVAM neans

B |q>{ﬁ( ﬁﬂﬁge?&ﬂ%tﬁﬁ() oﬂﬁﬁﬂ(ég)@?ﬁoﬁﬁ%'\éoﬁﬁans

y(et Oxyl am ne dendrinmers of Fornmula (I)
PETEX) mmnmtﬁndar,y\ﬂnﬁuhlf ol istgedatadhanci (BX) nagshbs the same or a
Percent or % neans by wei ght unless stated otherw se

diffeprsh mpdeits pol y(gl yci dyl) aniline PGE nmeans
po t JTBRRS ve flowin TLC RT
ne%i(gq}rl&/o%m‘%gnh grdgt%ﬁrnggg about1 %h%j@: SCVP neans
s e(TF)anemhe ngemgnali foydtiopality nwhich af 7 i3rgr@B3 thaenh €T antiyra the
dodecyl sul fate SIS neans sterically induced

same Pl QUkeEEMOEDHBE neans n( hydr oxymeny! ) ani donet hane,
bori . | . . t7or
or el R RBeOE Arfak? BRSO, { ] BEoRRRADIRE Plsible or
chr omat dgr@R)or 4 givere penesatidnd Gy todis c{eﬁvé’d byv) were
used and spotg visualized from KMO stain TMPTA neans
tri met hyl dﬂéﬁlbopane triacetate TMPTGE neans

tr first
o B IS O AREARL bl G henebifthunatlodhe fote, T 5%
X Nglgbm&fcalmun@hg@ (200 400 nesh) vvlth 1:2:2

rati oof hexanes, ethyl acetate and chl orof orm as

el Mcé%corpwﬂmplmuaeﬁ 15 igtegergromNpe df0@ave 3.2 g (64%
yield) of pure (>98% material. Reaction was kept for
60 hours as

In the above Formula (I) the terms used are further explained as follows.

(C) includes the following:

A core includes a simple core, a scaffolding core, and a super core.
Simple cores are well known in this art. Some examples of a simple core include, but are
not limited to, poly(glycidyl ethers) (e.g., bis-phenol glycidyl ether, PETGE, TPTGE,
TMPTGE, BGPM, tetra(epoxypropyl)cyanurate, methylene bis(diglycidyl aniline) diglycidyl
aniline, diglycidyl glycidoxyaniline, sorbitol, glycerol, neopentyl, ferfbutylglycidylether,
allylglycidyl ether), aminoethanol, polyamines [e.g., ammonia, ethylenediamine, PAMAM,
hexamethylenediamine, diethylenetriamine, methylisopropylidine diethylenetriamine,
piperazine, aminoethylpiperazine, hyperbranched (e.g., polylysine, polyethyleneimine,
polypropyleneimine, tris-2-(aminoethylamine))], linear polyethyleneimine, water, hydrogen
sulfide, alkylene/arylene dithiols, cystamine, 4,4’ -dithiodibutyric acid, isocyanurate,
heterocycles, multicarbon cores (ethylene, butane, hexane, dodecane),
polyglycidylmethacrylate, poly(functional acrylates) (e.g., TMPTA, diallyl amine),
diethylaminodiacetate, trishydroxymethylaminomethane, phosphine, oxiranes, thioranes,
oxetanes, aziridines, azetidines, siloxanes, oxazolines, carbamates, or capralactones.
Preferred cores are cystamine, isocyanurate, heterocycles, multicarbon cores (ethylene,
butane, hexane, dodecane), phosphine, linear, branched or cyclic moieties with single or

multiple functional epoxides. Simple cores are illustrated by those discussed in US Patents

-14-



10

15

20

25

30

precauti on or done overnight. TPMIGE neans
triphenyl nethane triglycidyl ether TRIS neans /rz
whyasosszeet hyl ) am nonmet hane Chemi cal st ruct ur ePdES2005/013864
dendritic polyner structures of the present invention
4,56897.5£5€1, 52/ 816313991 41988, FRIBONANGE; § KL SW%H%Dendnmers and
Sur’prising ptoperties (conpared to traditional
othePadtiriticiPoahersicdartes) Mah #rachet, Dz 4. Tininglia pubnkphop¥ilenand Sons,
rocesses for their preparation. A structure for these
CZOOS)Endriti c polyners is showmn by Formula (1) bel ow
For = o
o e e e L P o b oS are cfiie
attachedWwhich thoneseple asehd platfbiing Forithe qbendﬂtlg pelytreer gtdveth td theBijt
I.s .the total

may be the sane di fferent iety;
generﬂﬁwne Examplss gh Eq\i*%r@bﬁ% cqrainciude, ﬁ%fi 1oy fgppeg mypferials,

t
suchied (EAS A s Pk DELGE kRS ) €T 0T
axniﬂ@ethgzh@esm OMPRT GE fchgpedwithpiperaying of sminvethyhripkentihg, do-
an integer from1l to _2000; (EX) neans an extender,

1mm?ﬁ>f§qqetiqa 5, epayideatusiace REHAMS.Ex)  may be the same or
|
: coreg% dxg{e}(e( %E%ﬂd%dlé?%g&g?gsetﬂg cdre Ictic ?.H%HX%S %ﬂfer

fro neans erm na

dendific %ﬁu(ttﬁrez may beraeaéied or geswil frohfls stlfiicdder 4 dvdd pamiele@ br olloids,
different noiety; z neans the nunber of surface groups,

latex; mstal oxides, mhgeldsevssialescand kipsames, byskwhalls.carhon nanotubes (single

and double wall), carbon fibers, silica. Some examples of super cores are PAMAM with a
PEHAM grown on its surface, PEHAM core with PEHAM and PAMAM grown on its
surface.

Cores have at least one nucleophilic or one electrophilic moiety; or a polyvalent core
bonded to at least two ordered dendritic branches; or a core atom or molecule that may be
any monovalent or monofunctional moiety or any polyvalent or polyfunctional moiety,
preferably a polyfunctional moiety having 2-2300 valence bonds of functional sites
available for bonding with dendritic branches.

Nucleophilic core examples include ammonia, water, hydrogen sulfide, phosphine,
poly(alkylenediamines) such as ethylenediamine, hexamethylenedamine, and dodecyl
diamines, polyalkylene polyamines such as diethylenetriamine, triethylenetetraamine,
tetraethylenepentaamine, linear and branched polyethyleneimine, primary amines such as
methylamine, hydroxyethylamine, octadecylamine, polymethylenediamines, macrocyclic
polyamines, polyaminoalkylarenes, tris(aminoalkyl)amines, heterocyclic amines, and other
various amines. Other nucleophilic cores are ethylene glycol, polyalkylene polyols,
polyalkylene polymercaptans, thiophenols and phenols.

Examples of electrophilic cores include cyclic ethers (epoxides), oxiranes, cyclic
sulfides (epichlorosulfide), aziridines, azetidines, siloxanes, oxetanes, oxazolines, oxazines,
carbamates, caprolactones, carboxyanhydrides, thiolactones, beta-lactams, alpha-beta-
ethylenically unsaturated carboxylic esters such as methylacrylate, ethylacrylate,
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the (BR) for a given generation (G and is derived by
z NcNb G G is nunber of concentric branch cell shells
W@ 006065266 Ng the core; Nb is branch cell nmul tipeT/TB1095/013864
Nc is core nultiplicity and is an integer from1l to
acryldiGBile, lnmethy étaedrates dirasthyl] fambtates, Rl ARG dHES ﬁn@ bfides such as
urt her expl ained as foll ows. (C) i ncl udes the
acryiaémrjsw ng: A core includes a sinple core, a

res are
ol eyt 8o Bl funcB ildBE bort ree%m%?ouad%@qurs “eapount
flefit dordTod - d et hers
°apa(b5“’f?g,“’?faﬁﬁ%22f’§§| TR oo e S PSS
CS ade Q?lr}%@ %/9 E?lalmrsmselesqréleﬁw Yl atents 4,507,466;
455’§"1§261 %4&’436913’% gAni line) diglycidyl aniline, diglycidyl

oxyanirTi'ne, sorbitol, glycerol, neopentyl,

f emﬂﬁmp&iﬂrﬁﬂhﬁdlﬁiﬂs@f Rke catbh x&%x&yﬂt@ teBhit@Yihtes, triepoxide,

am noet hanol , polyam nes [e.g., anhoni a,
tetragposgje MY%@& r@@ﬂmpﬁ@mmpeth@«thﬁym@mninammbanylmethane

g B R S A B T et B Sinn Gbliighitponitinehe,

tetrabpi@ﬂﬁbé aiﬁﬁbﬁ&&&dlglsoc)&ﬁhﬁéké(%d%?pmg% yleenei mine,

pol y | enet m ne, tris am ho I'am ne))] l'i near
pofmmgulhm@amﬂ@se cutser hydr ogen sul fide,
al kyl ene/ aryl ene dithiols, cystam ne,
4,4 -di thiodibutyric acid, i socyanur ate, heterocycles,
(FF)Iﬂﬂéahs q%rf@g@wg,?r es (ethylene, butane, hexane, _
dodecan ygl yci dyl net hacryl ate, pol y(functi onal
achhe & I)Ol(lfefugctionEWT(RF) ghiogitiey beragrionemhble a dendron to be used as a

hyl th
e A LSS S8E ] SR BT areL
or m8kedendion§ Sogeflel S1RAGH e\ﬁfﬁg @Rpes carbamates, or

s’ are cyst am ne,

capral actones. Prefer
E@f@rﬂdr(EFmeiwbeamabaolsemml dattRxyhoacidn esters, ethers, cyclic
ene, putane, hexane, dodecane), phosphlne

ether% i?%ga FroV} iR hetyRizads}, erRhyHBY. d doxylymaleimides) aldedydes, alkyl
halides, arylalky! halides, phosphines, boranes, alcohols, aldehydes, acrylates, alkenes,

cyclic anhydrides, aziridines, pyridines, nitriles, itaconates, cyclic thiolactones, thioranes,
azetidines, cyclic lactones, macrocyclics (e.g., DOTA, DO3A), chelating ligands (e.g.,
DTPA) isocyanates, isothiocyanates, alkynes, imidazoles, azides, mercaptoamines, silanes,
oxazolines, oxirane, oxetane, oxazines, imines, tosylates, protecting groups (e.g., BOC) and
siloxanes or derivatives, substituted derivatives or combinations thereof. The number of
carbons present in each of these moieties, when present, is from at least 2 to 18; halo means
chloro, bromo, fluoro, or iodo; hetro means S, N, O, Si, B, or P. Preferred are mercapto,
amino, carboxy, oxazoline, isothiocyanates, isocyanates, hydroxyl, epoxy orthoester,
acrylates.

Figure 2 illustrates these (FF) moieties.
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mul ti ple functional epoxides. Sinple cores are
illustrated by those discussed in US Patents4, 568, 77,
wa288/06280; 4,631, 337; 4,558,120; 5,714, 166; 5SpPGBBSHB013864
and in Dendrimers and other Dendritic Polyners, eds.
et, DD A Tomalia, pub. John Wley and
(BR oﬁs,sl\{%%%%%ﬁg scaffolding core is one where the
Si pplyeelkoghiliasr elettesphitin rebgensthat isenpatle eSreattingohiddthe (C), an
whi ch_then serve as the platformfor th endritic

extepdaryH). witlharather braneh cell prbragehesibyengsnt (BR-Gpjpwangfunctional

o {TEL P P REPERACD R pibie RS el F et g
multiplidity Rif peicivd peupdiof Gie mapgadration{G). The (BR) bonds with the (C), the
am noet hyl pi perazji ne, TMPTGE capped w th_pi perazi ne or

extendar(BED by (BR)edrthe lover gemaratimnseduss & growthe dendrizpes o the next
: . .
zendliol 18 EB5 MR A737RS0) DAlcks (VAL 1@ AORLAbITRD reagt and form

bonds wiiie thél g dt¥rmbigaldfubaivnaliticsr(TEY grps oOie iptisr Bwet gteration
or a glgl d particles or colloids, |atex, netal oxides,
w.

dendrimer whigh isviesy being furthgrrepeipd Engrew the srtdighes genesgtipan Thus, any
1anot ub (single_and do e wall), carbon fibers,
mulgﬁnfté‘%{’.a?@rfga}é%%ﬁ%%asg SL?per cores are PAVAM with a
PEHAMN@IeR Wi codadthrits foHboadiag wWibHAdLetephilid forE¥HnéiMuand
PAMAM grown on its surface. Cores have at | east one

nuclpephiikomieidtics sush as meked andinanishly|pretestod pelyamines hoth branched and

. _pol yval ent, core bonded,to at .l east, two_ qgrdered

linef R 0 PR s oy I ep S inine RSP HERRIRS ¢ nat

tetra@ﬁx}{rle]%?éﬂ?éénﬁﬁ@, PoBlefiyleneimifi®HRHAGMIR) By droRyetiylarRine ANY
polyval ent or Eol yfunctional noiety, preferably a

octagedylemine,triotyradthytonesiiamines such ag hegoethydénsdinmineonds of

pobsRe Lengid Glpoo  ine st et GhRerfeiocveti

amiNBR8Eh ad WHEDPBReS BletidRies, RRASIINYI Biperazines, and various other amines
pol y(al kyl enedi am nes) such as €t hyl enedi am ne,

suchhastydeidyythglaedsedtindamse dneoapioslkyldimamds imstcaptoethylamine,

ol.yal kyl ene pol yam nes .such. as di et hyl enetri am ne,
morB It gL Bt BR PG AR JTBERYF c AP H ARG, Cbidrie nd other
ben A€ aRfiRRGHEH aPRls¥eS B )nERGhhP§oenREde TR e iRiHEE ndkEbpAke
reactants include polyols such as pentaerythritol, ethylene glycol, polyalkylene polyols such

as polyethylene glycol, polypropylene glycol, 1,2-dimercaptoethane and polyalkylene
polymercaptans; thiophenols and phenols. Preferred are the polyamines.

Alternatively, a nucleophilic moiety can be reacted with an electrophilic reactant to
form a core adduct which is then reacted with a suitable second coreactant to form the
dendrimer.

When the (BR) moiety is part of a ring opening reaction such (BR) may be cyclic
ethers (epoxides), oxiranes, sulfides (epichlorosulfide), aziridines, azetidines, siloxanes,
oxetanes, oxazolines, oxazines, carbamates, caprolactones, carboxyanhydrides, thiolactones,
and beta-lactams.

Preferred (BR) moieties are triacrylate, tetraacrylates, triepoxide, tetraepoxide,
diallyl amine, diethanol amine, diethyliminodiacetate, #risthydroxymethylamine),
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nmet hyl am ne, hydroxyet hyl am ne, octadecyl am ne,
pol ynet hyl enedi am nes, macrocyclic pol yam nes,
wpologasizeoal kyl arenes, tris(am noal kyl ) am nes, PCT/US2005/013864
het erocyclic am nes, and other various anm nes. O her
dietr Qi SRRl ol PSRRI R AR Bl e AR T T yood
includh@nplssy. Exanpl es of el ectrophilic cores include
cyclic ethers ,‘(lepoxitges) xi ranes, cyclic sulfides
( epFightes B ead i te these (BR)weeietiosy et i di nes, si | oxanes,
oxet anes, oxazolines, oxazines, carbamates,
caprol act ones, carboxyanhydri des, thiol actones,
(IF) hei-thefdlMBng: al pha- bet aet hyl eni cal | y unsat ur at ed
carboxylic esters _such as nethyl acraYI ate,

ot Ryis autexorfunctional G HNtis A beiquephgal feafi Afihese dendrimers

di hyl  f : . . .

creal§y B AR eact T BhiiEpidiR bEloEh BOM LA Ica BE (SYReRBR M e

growif B8m(gepéatiCompemedlion N The Biterios oerea U sisesC@R Al @00/, sulthydryl,
_generating a polyval ent core or star/conb-branched

mnnqgoﬂmﬁiémxgssila@gr@gm@ﬁéakbwwmd@,@é@hlfeﬁw fomdhg fing pering
i i.n_US Pat 7 -4 12Q:_ and 3
reac St ot ot SR ffap ety pllgVabp b AR s

reacted] @ﬁ[é’ﬁl%&itﬁh%ﬂfﬁﬁ@bﬁhﬁtiﬁ@mal EinBRAhdRnalittstRENO firdhelation

di gl ycidyl aniline, am noethanol, ethylenedi am ne,

or encapsyilesion] (D hlap provids wiged atackmprdrsites for adjusting the

hy&%%%@@ﬁ%@%feﬁ%@@tﬁe:ﬁ%@ggg ﬁ%élfqeeg%’itica%o&ymer or for attached

thereg@ﬁﬁﬂ Mftitidh ¥d srecaragyir at e( epoxypropyl ) cyanurate. Figure
illustrates these cores. (FF) neans the follow ng:
ThBreffacal (IPoheittidsare hydrowyli thjol( #@)amipeet i es serve to

enabl e a.dendropn to-he used as a core whereby the core
na lguﬁgpﬂﬁ'ﬁgfﬁ&?%@@g@g%, i ncl udi ng but not
limted to joining two or nore dendrons together or

reacting with a (BR). Preferred (FF) noieties are
(EX) meaxisghe fodomirsg: car boxylic acids, esters, ethers,

SN ENEXTRCE I T DN

provide a means to lengthen the distance and thereby increase the space between generations

of the dendrimer. This added space interior volume increases the capacity for the dendrimer
to encapsulate carrier materials (M) further described below. These (EX) may occur prior to
or after the (BR) moiety or both prior to and after the (BR) moiety. These (EX) may also
have an (IF) moiety present. These (EX) shall have at least two reactive sites.

Preferred extenders (EX) are lysine, other poly(amino acids), oligoethyleneglycols,
diethylenetetraamine and higher amine analogs, fatty acids with di- or greater heterogeneous
or homogenous functionality, unsaturated aliphathic and aromatic difunctional or
polyfunctional moieties, and hetergenous unsaturated alipathic and aromatic difunctional or
polyfunctional moieties.

Also preferred (EX) are diaminoalkanes, diphenols, dithiophenols, aromatic

poly(carboxylic acids), mercaptoamines, mercaptoethanol, allylamines, piperazine, amino
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hal i des, aryl al kyl halides, phosphi nes, boranes,

al cohol s, al dehydes, acryl ates, al kenes, cyclic
wa@pivgdeizees, aziridines, pyridines, nitriles, PCT/US2005/013864

i taconates, cyclic thiolactones, thioranes,

azetidine ' 21 : .
et BRI LY R hRShARE ORI ES, o AR
and Hypeithhmby@aéidesic palymeresuchiagipeBigimes, azi des,
mer capt oam nes, silanes, oxazolines, oxirane, oxetane,
oxBigureed illustigtasthese (B magiglées. pr ot ecti ng groups (e.g.,
BOC) and sil oxanes or derivatives, substituted
derivatives or conbinations thereof. The nunber of

(TF)9adR9 0 Blesmgt 1 n each of these noieties, when
present, is fromat least 2 to 18; hal o neans chloro

br Semningll Gerctionalr gtovns; (Thyt suifisisaths Teactive 1, usilerg, adslition or

P. .Preferred ar.e nercaptq, amng, r box azoline

subsfi o YA PEETE PReE(le oL iaak Furip Bl e i)y Bt o be used to

prop2¢did ARSdRtitie bfntR ¢ the ek F%r@ra_%icﬁnl |96%id Bite®t bINEFE) Mmbleties may
noi eties. (BR) neans the foll ow ng: An%/ nucl eophi |1 c or

reacteioe forno e héxs gesaxgtion dehdrimps andiibh (BN o groupsandynbe whe kame or
PRITH I I T T IR AT T
sMJcE@oupIB?aﬂferﬁa%&lb{@éfﬁkh%?tﬁE@? be capable for such a

reaction and resudlt in a nultiplicity of reactive
gr Sops ekamplehef such tergamad gecvips are; BcluditebytBRY libited to, amino

with,the (Q, the extender (EX) or (BR f. the | r.
eroul, A R ot SRR AL SHoHon 4 g tast bt 3o, i famino,
hydrs eii oct eg gh%l agi e té%%%oegg g%%?%@%%aﬁ%%ﬁ%ﬁf %E't’ Egn@ﬂiﬁammo,
diethydn_mino,lr bis(hmmgdthﬂ)apﬁnd»,dﬁagdy_iams N\;hais)aﬁ@g Nﬂwlab%d demivatives;

prior ower enerati o nari r | | (0] el n .
hydrpXy. OMEFPAIQ & &H@“@‘Vﬂﬁﬂi’ methallylit émia@:f&\f,%t‘%f% 8Xlranyh

.. A i } O: a

ezirig ox Y ingl Wbl TR ok o s o i e
isothdbeyahatophé hembarofsarbons prdsent fiarl thesp lprdups ishomtd ©d 8s tehminal

as naked and partjally protected pol yam nes both
rouBy BYAY e qubsHErted i othep gTvRF Ysiag goreationn) Pg’ﬁzcegure& [See US

I et 40l el k@i r{-etihyl enet et raam ne,

Pate{ffgt% f%ﬁlﬁgf Bé’ﬁcseg’g%@?éﬁlhjg? ']pol yet hyl enei ni ne,

me Praféreed svefachyndupx(iat) yd polyetkyleneglycol, pyrrolidone, hexylamides,

tris(hydroxymethyl)amidomethane, amidoethylethanolamine, carbomethoxypyrrolidinone,

succinamic acid, amidoethanol, epoxides, acrylates, amines, carboxylates, cationic, anionic,
neutral, aromatic, biotin, avidin, strepavidin, DOTA, DTPA, metal chelates, organic
chromophores, polyvalent attached compounds, carbon nanotubes, fullerenes,
nanocomposites, all metal nanoparticles, all semiconductor nanoparticles with all varieties
of cores and shells, radioactive materials and their chelated analogues, fluorescent
molecules (metal salts, organic compounds), electrically conductive molecules, UV, VIS,
and IR absorbing molecules, quantum dots, polyfluorinated molecules, surfactants,
dendrons, differentiated dendrons, dendrimers, methoxy ethoxy ethoxy, polyazo

compounds, polyphosphazine , polyfluorinated sulfonates, heteroatoms chains and branches,
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oct adecyl am ne, pol ynet hyl enedi am nes such as
hexanet hyl enedi am ne, pol yam noal kyl ar enes,

w0 agoawaed kyl ) am nes such as r y(am noet hyl ) anP@EDS2005/013864
het erocyclic am nes such as i m dazolines, piperidines,

lipfY B Sl iR, OiplcR QbR P DV 190 S (e 2
NATBHY; 2p badfigdntsri ne, nor phol i ne, substituted

pi perazine, amno derivatives of polyviny] benzyl )
chl évscs preferepddiIika Brayen 257 nieeraging agryidie mosthacrylate, acrylamides,

3 5- o) ).he . r_.suitabl g
by R BRIk LRAAE M5 1S i hAE cBborylates, ally, aviridine,
alkpbésters,fepbkide bod alcehdl\praups, Bior&®), mopshofiak kanhiaaecagky hiyl,

such as polyethyl ene gl ycol, pol ypropylene glycol,
hydrozylsindepexide. gaethyl fstekmaotserd g)ﬂfy/’r €AdoEY pyeplidans; and ethyl
itﬁp{zgd%henol s and phenols. Preferred are the pol yam nes.
PIp, rhatively, a nucl eophilic noiety can be reacted
Wi t Irigife SilRGHaRPHeke CTMQadipant to forma core adduct
which is then reacted with a suitable second
coreactant to formthe dendriner. Wen the (BR) noiety

oy T St ol s PEEAHad B7 SickBRor5 Y% et SRoEx0) or )
pres@ftiis Hedr Rsid dtlRIure.azi ri di nes, azetidines, siloxanes,
oxet anes, oxazolines, oxazi nes, carbanmates,

caprol act ones, carboxyanhydri des, thiolactones, and

Cot 00 pRRRaL, ¢ P BEFomdih ) et aifya wile ety of
coPbiifis tétpRiianilyRitithal ShrSbdhAlls Witﬁ%cﬂ&%hﬁt’a@teﬁsﬁcsd For example,

fr/5(hydroxynet hyl am ne), di'et hyl i m nodi acetate, an
a dpndsimerthagin@EGuaindlcaiing moddticy mapribe gdctedoriyh asatumatyd bigriles to

SRt S WPt RIS L

poffy%ﬁfei, Sphd, WRet diIaditdly dnlithratedl Rted B %égsjte? B#ninated dendrimer,

eature of these dendrinmers created by t reaction o
an apipangdo fetea belynk; kthykenically agmnhirsted saiffida ¢ foomtanthiol Rifninated

that are, gr,owi ng f.rom generation tqQ generation. The
deqdiinigey & A Eter Paviag JEsRney by dsomyh oG Azt TRYed i a

carboxylic acid to form an ester terminated dendrimer, with an alcohol or alkylhalide to

form an ether terminated dendrimer, with isocyanate to form a urethane terminated
dendrimer, with thionyl chloride to a chloride terminated dendrimer, and with tosylate to
form a tosyl-terminated dendrimer. As an example, preferred generalized structure is shown

by Formula (II) below:
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am ne, al kyl silane, silane, boranes, carboxy, or
amde, etc.) result fromthe ring opening reactions.

wahios/op2e0/i des an interior coval ent chem stry PEntibmos/013864

whi ch may be further reacted, while maintaining the

i mportant internal amne functionality suitable for
chel ati on or encapsulation. (IF) also provide unique
attachment sites for adjusting the

hydr ophobi ¢/ hydrophilic features of the interior of
the dendritic polynmer or for attached therapeutic
entities as pro-drugs. Preferred (IF) noieties are
hydroxyl, thiol, and amne. Figure 3 illustrates these
(IF) noieties. (EX) nmeans the follow ng: Extenders
(EX) may optionally be present in the interior of the
dendrimer. T provide a s.to lengthengh

di stance and reby incr eg‘i@@mg space bet\gﬂgg@g
generations of the ¢gendriner. This\add
interior volume iIncfeases the capacyt
dendrimer to encapguyl ate carreer Jm

descri bed hel ow. eSse (Exz_nby/ C

after the/(BR)\ nmi pbot h pri o
(BR) ni gt yeoriresen rayoansol h
present. TYhesé Sshal | have ay_{e
sites. Preferred|extenders

pol y(am no aci ds),
di et hyl enet et raam ne R
acids wth di- or—greater heterogeﬁBd&s Or nNg
functionality, unsaturated aliphatti®c and aromatic
di functional or polyfunctional noieties, and

het er g®WHute: unsat ur at ed al i pat hi ¢ and aronatic

di functional or polyfunctional noieties. Al so

preferred (EX)naLg éﬁm{ﬁﬁﬁé
di t hi ophenol s, %w omatl C poly qugtbxs%l E'%g((:m Itsphclty
mer capt oani fesy,  ner capt oet hanol, al |yl ami nes,
pi perazi ne, cgpg haet hyl |pera2| ethyl - E— I perazi ne
car boxyl at yl enedi %ﬂ@ é acet at e,
and hyper branched dendritic polyners such ast
polylysine. Figure 3 illustratesothese (EX) noieties.
HO
O 0
[TE]= ——HZC)\/ 0\/@\20

[TF] =—C0,CH,CH3, H, -CHy-CHo-NH,
fo]
[TF] = ——'HZC\(\N

OH g

<1

o]
N (o]

i Jc
——-HZC
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(TF) means the follow ng: Term nal functional groups
(TF) sufficiently reactive to undergo addition or

W@ s06266 | on reactions, or ring opening, or aPyI/US2005/013864
functionally active noirety that can be used to
propagate the dendritic branch to the next generation.
Sone but not all (TF) npieties nay react to formthe

nexihe gestbochwhern e pratipn gfithetdendrime) is gravapis wedlkrvevn. Figure

+ihe. s or differe he.(TF) can b ol yner .

6 it 3 foptth R RlfcalOF it oo Pe PEDBS on hsdporeasea

mol&dul&tidigge groups nmat hematically defined by the G
Some exanpl es of such term nal groups are, including
butMerspréferablye thetpsesenirdendrigpersigf ghis invehtion ang represented by the

F anl% condary am no groups e.g., nethylam no,

orrgy ﬂi@m no, hydroxyet hyl am no, benzyl am no,
nmer capt oet hyl am no, tertiary amno, e.qg.,

di met hyl am no, di et hyl am no, bis(hydroxyethyl)am no,
N-al kyl ated, N-arylated, N-acyl ated derivatives;

hydr oxy, nercpato, carboxy, al kenyl, allyl, nethalkyl,
vinyl, am do, hal o, urea, oxiranyl, aziridinyl,

oxazol i nyl, im dazotémyl, suedernaSupfac@hosphonat o,

i socyanat o, and isothiocyanato. The nunber of carbons
present for these groupsfis from2 to 8. Terninal
groups nmay be subgtitutel Mith her gfoups using
conventional pr oc ‘[eieg §t8hai s 4, 507, 466;
4,558, 120; 4,631, 38(. JL/Pjeferredpsurfage groups (TF)
are pol yet hyl enegl ycol, pyrrolidone, hgxylam des,

tri s(hydroxynet hyl ) am doiret hane, N¢

am doet hyl et hanol am ne, car bonet hoxypyrrolidi none,
succi nam ¢ aci d, am doet hanol, epoxides, acryl ates,
am nes, carboxylates, cationic, anionic, neutral,
aromatic, biotiM tdin, strepavidin, DOTA DTPA,

met al chel at es, Ngr=geranch celt owlijgioites, pol yval ent
attached conmpouhys; carembitiplivitpot ubes, ful | erenes,
nanoconposi t es, zaE NgFal nanoparticles, all

sem conduct or nanepRehdmlies (W.tn2ad | jyarieties of
cores and shel |l §¢ 5@?&9%‘??%‘&%% rials and their

chel at ed anal ogues, Tl uorescent | ecul es (netal
sal t;s, organic conpounds), electrically conductive
molfecU®Y, wv, vis N,&' N, N.G8 N. Gi x = i1
p = Total # of (BR) = + i =| Y N
Nb Nb Nb Nb x=0
NC
Formula (III)

Nanoscale Sterically Induced Stoichiometry (“NSIS™)

Briefly , NSIS may be presently defined as a specific nanoscale steric effect that
changes or effects the reactivity (i.e. valency/stoichiometry) of a nanoscale reagent or
reactive substrate. These NSIS properties are virtually unknown and at best ill defined in
the nanoscale realm. They appear to be manifested whenever certain combinations or

permutations of nanoscale reagents, nanoscale substrates, sub-nanoscale reagents or sub-
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and | R absorbi ng nol ecul es, quantum dots,
pol yfl uori nated nol ecul es, surfactants, dendrons,
walrdobeeend | at ed dendrons, dendrinmers, mnethoxy BCTIUK2005/013864
et hoxy, polyazo conpounds, pol yphosphazi ne ,
f
nano IOt fRbusth LRARLAS uRELRIAEY SERSALAN sffimolccula
assoc3AtidAE o1 assbrnBhEsn Additignally] hitsdmsizéd substdtecast mnpescae reagents

oy eibabacg e Aot ot oG s
o R PR PFA A S B b S

avail@slé Qfaﬁoscﬁ&%h@ﬁuﬁ@dn@hg ahelctign sitp Such WEIS affeets begin to emerge.
nor phol i ne, am ne, carboxyl, allyl, hydroxyl and
For e@p@pledwhemrm dengirigper spifaseagoevOETAS aRkhiEeRpeFagpnt volumes

apprc?%éfl q,vgﬁé@e Fﬁtg %({?.‘\é!)n g{}tgﬁ{@ﬂg%c‘)l gh&g{ glir@actwe dendrlmer

surfa@é f)m B, l(ehétlo&frﬁfeg hedr¥mbidoatly strpkessesd arﬂﬁea@fvu(e@é}“ céftam
present in their desired structure

groupﬂr @p avhstantintpaffeates: i b: Ao omgliand. aM( Nﬁyleb rW bé Peddard HL,

d
el et et 25 ST e SR B postl foe his
NSISSfeceiritBlighce FeREBH phidRiectdpdinl Bred ﬁfrrﬁlyﬂmbm Rerious cores, branch
noi eties nmay be reacted with unsaturated nitriles to

cell maglndi denslodnsnilendirineers and ethertdeadritig pelsmen étracmres based on the
hy
relatie s Pyfinest AR BRI RR R Rro bR Rl M sihits,

nano§t§a§ee£nc1t s%rﬂaﬁéécﬁfé rQS%%ﬁfs' 408 subsatedXkEBinGhdse chRsticons.
pol yol, ethylenically unsaturated sulfide to forma

thiol termnated dendrinmer. A dendriner having
M term.nal. hydroxyl noieties may be reacted with a
——t‘x@gigg%lg‘—‘ée ; acid to forman ester term nated dendri ner,
Wirh8 v& ni g&ﬁp %héféreeée%méeaése@ gbdvR skt Firi orhireactions

term nated dendrinmer, with isocyanate to forma
resulting flrhpoigmenzanonatoehypdénmqhmépolymetsh ratlir dhmapl use lof @ highty

hl d dd i
energ BRGSO [ e F O Ehe iR of iesals ik ivppranch cel
ampl?éggngﬁ r§fle Qﬁ(g bﬁﬁ? bf Mgu r #e'fér@ndé 0B H\YBmbYnaFiBh %P{cf"produce the

el ow ter ace
use of reactive ring openmg reactions with highly functional branch cell reagents as is now

reported by the present invention. None of these references teach the use of ring opening, or
other highly reactive, precise chemistry for the stepwise controlled addition of a branch cell
reagent.

The traditional process for PAMAM dendrimers includes an amidation step which
involves thermodynamically driven, lower reaction rate, slow chemistry, accompanied by
long reaction times involving non-differentiated, difunctional intermediates (i.e., ethylene
diamine and methyl acrylate). These process features require high excesses of reagents and
high dilutions resulting in low production capacities per reactor volume and thus high costs,
particularly at higher generations.

The current invention involves building the dendrimer branch structure using branch

cell reagents, which are typically bulky, multifunctional molecules compared to the smaller
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Where: Nc = Core Multiplicity; No = Branch

Mil tiplicity [TF] = -CORCH2CH3, H, -CH2-CH2- NH2The
woredokoes2eher e each generation of the dendri merPCHUSIONN 3864
is well known. Figure 6 illustrates such growth and

reag@iB (i d.] %%\Aé&raimne had MeIe @c%arte(g%)es&fb@a RP typidl %ig@rgent PAMAM

I ncrea nmol ecul ar wei ght. preferably, t
synthesgssgneessksndr i ners of this invention are represented

B r t gﬁ"’@ﬁ‘?’ﬁ%ﬁ‘?‘kﬁ‘"&ﬁ% %Rilc Qﬁf%%tlsg iﬂl‘r%ﬁ?{lﬁ/gcﬁv‘éﬁ f{‘;eeuiztivg?rinzg
opedifd bEA i 2., SO $h 0% dtﬁer??s; rs%ar_:ﬁe))& com‘aﬂneg Ezitﬁ the use of more

term nal Tunctionallity Fornu noscal e

bulkg polyfuattional braochectliSeagents (BROtin u chiitlesd way tBlrapidlbr)an?i precisely
LNSI S may pbe presently defined as speci fi c nanoscal e .

build gkl ek et eperelio B g hsrations QVLPTEr PZERPTOIges precise

ihre®wi Ve tS M ypiEY Yo P fofteS10weA e !
S P T PIRL K oA R 1ok 2P B Hhslof
reagents,tloabt lpvelnfhditutioanthus dffbsisg a higherd@badigdnéethod tich is more
nanqcis(é:al e real They, appear to be manjfested whenever

g

easily spaled 10 copmperaiat tigrasigns. perrangasiod matestals, andlonver gost. The

e T S e

therrhalr stabdlitgyraind akhiBlin tiss of nd mvenss Mickasl readtloal(compared with
.assqciations or assenblies. Additiaonally, mcron-sized

tradifigpal FANBM slrertwrano Feetheanare dhonieachhenpapsulasion susfher deasities

. I { i RAi,s ncept
(e SHAGEL o BRE g ) IRE s MU G RSERYs cos
traditional PAMAMD spness. Vadipaendapheaasibsedt reade@RGf poly-functional
branch cell reagents (BR), possessing highly functionalized surfaces do not lead to gelled,

bridged/cross-linked systems/materials even at lower stoiochiometries/excesses than

normally required for traditional PAMAM systems.

The terminal surface groups (TF) may be reacted in a variety of ways. For example,
when (TF) is an amine moiety it may be reacted with: an unsaturated nitrile to yield a nitrile-
terminated dendrimer; an a, B3-ethylenically unsaturated amide to form an amide-terminated
dendrimer; an a, B-ethylenically unsaturated ester to form an ester-terminated dendrimer; an
oxirane to form a hydroxyl-terminated dendrimer; or an ethylenically unsaturated sulfide to
form a thiol-terminated dendrimer. Additionally, the dendrimer terminal groups may be
reacted with difunctional or trifunctional compounds such as alkyl dihalides or an aromatic
diisocyanate to form a poly(dendrimer) or bridged dendrimers having a plurality of
dendrimers linked together through the residues of the polyhalide or polyisocyanate. The
bridged dendrimers can also be formed by reaction of an electrophilic surface dendrimer
with a nucleophilic surfaced dendrimer such as an amine-terminated surface with an ester-
terminated surface. When this reaction occurs, a linking group may optionally be present to
space the dendrimers apart. Thus sheets or aggrates of dendrimers that are joined

(associated with one another) may be prepared.
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avai | abl e nanoscal e space surrounding a reaction site,
such NSIS effects begin to energe. For exanple, when
w@eenbasnecendri mer surface-group vol umes and i PCDDOBE2005/013864
reagent vol unmes approach the avail able exterior volune
SUIThe Widhad aaditieh t@sfibh wieh vs&Pf: HESdrﬁﬁé}%FrhtﬁEﬁs, $8%:d &&&nple of
groups (TF), reaction rates are dranatical l
a thermogyesssical ladrivenadditioniof a@sﬂbftmcmnaénmclgmdmweagam (z e. an amine

to a@#&s ant é?{x&ﬁf apks a f f ect ‘Z’&; Tl%?@mﬁqfc}%nn%éﬁareﬁ{am %‘@\{1 under moderate
condiﬁ&lsl 4d 4 8(9@1&1(1 pgﬁﬁh‘ﬁt intterﬁﬁ‘ Mc@ioﬁﬁlt? OFhtRfRe ﬂﬁy ??cﬁuce

his NSIS effiect 'to i nfluence react par anet e
dendmneﬂ stredtufal comneatinigsihat lng}mkagh ﬂmsmalcmblmtndss ami::*.tatﬁhtyl as

3 AT e BB s

operiihd KdaBEGR with #615:30 b ANEF PREINLES %Kt? efdnvenb Kinstically

features, etc. of speC|f|c nanosca “nanost
contrcdbg@m@@sm do poideta morshersmily irobush éaﬁlrmo sEhetues Mﬂhﬁlﬁh are more

resw%%té 2’58%2 ffﬂé%m b fg}"-g’]ﬁ ety %%g%% omgns&%age in using
thes Bitil EQrdIRd Eig?%? é?éabt‘?%% i3 am{-ﬁﬁ c&raﬁgﬁﬁg t interior

pol yners, rat an use y energetic ring
ﬁmcﬁpm:lityl {JF) ehidhi dms hmrocbiueth]m Mclﬁels&(ﬂldﬁdﬁl reaction®

ts t h cell i ficat Th
t o Agpsp o FerearEpal R0 It COHD) GrdosRoBE 10

ﬁmcﬂ[» 18 gﬂf)%eﬁﬁn%n‘?iﬁle k& 'iélXﬁve{]éx Ak la?xﬁ %Ha(g%ln %1?18&1 éo%néc'm%% If the

unct1 onal branc S das

(BR) Bﬂargeleﬂalbﬂlet(ﬁe, therefzomet (BR])l@ﬁtphg)SicalI}kﬂﬁﬁi :Qﬁcé foesleow chemical
efer nces teach the use_ of ring opening, or other

bondj thegeteryliye lasge dePmble NI G0y OBtk wbers‘taéé,\r/]ufﬁw ©)is
T
R T

able amb@kat with tlsd (€)). Wbingitigate it eff8istdTNSIBIHS @fés@xﬁhh%ntwn uses (EX).
driven, |lower reaction rate, slow chem St

SuchyEorAklan maremhysislgoon detwesh thy (@eand MHR)@ the NSIS effect is
Jep-differentiated, difunctional intermediates (i.
less ﬁy

thyl ene di am ne and nmet hyl acrylate). These process

f eBlgures il thelViaflbusie@RHE that hrel LGS His dMEnfb® b prepare
dilutions resulting in | ow production capacities per

dendrigess ok Farsplad)-and t hus hi gh cost s,
Another use of NSIS is to form differientiated dendritic polymers (i.e.

dendrons/dendrimers). For example, NSIS can be used to control the reaction of a single,
focal point functional (FF) dendron with a polyfunctional (C), branch cell (BR), extender
(EX), dendron or dendrimer terminal groups (TF), to form orthogonally reactive,
differentiated dendritic strucures. Thus, a dendron having a (FF) can be reacted with a core
and (EX) that is joined to a (BR). The (BR can be further reacted and the dendron has its
own surface terminal groups (TF) which also may have (TF) groups.

Divergent dendritic growth can be precisely controlled to form ideal dendritic
polymers which obey mathematical formulas, at least through the first several generations of
growth. However, because the radii of dendrimer molecules increase in a linear manner as a

function of generation during ideal divergent growth, whereas the surface cells amplify
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particul arly at higher generations. The current

i nvention involves building the dendrinmer branch
W@ Re0os26€ usi ng branch cell reagents, which aP€r/us2005/013864

typically bul ky, nultifunctional nolecules conpared to

: ohl1a®: :
o B e PR Sion e AR AR RO ity
Thesyistalveitical genereters atswhith éhei reacting idendrireersiurfacadass weshdvie@enough
ki netj cal riven, reactive [i

use of faster, I . .
spaylo ARTRRARATT Bepipopition of al of MiaentherBRitaly Bemed Pgyiunits. This

) S . ) h y .
S e 0 PRE B e s 2 Re Bl T (et ptKed stage. A this
stageptht satfdce bevayes so arawdet with taaimfirad Giredbyal lproupd that, although the
dendri mer structyres, generation by generatiqn. This
tempsfl@s%mps&f%@mcagiyaﬁl & fg?sé%mé@ngﬁliWPﬁ&bggd articipating
c i i ) ]
frtfics SRRRE1 SARRUE bigtntn, YPOBE WS, B0 LROBIREUE S paf ERHILRT:
reachbd in divérgentrignthedis ghen theapanpt feeredlnnd avhilatle iosthevdaetive

easily scaled to comrercial dinensions, new ranges of
surfae gpPRfecreaspibelomdhe melseulanypluge seavited ordbapaasiionsiaie of the

) [ g [
desBEERBIEA FOSRT BTNl L AR, 08 I3l
of tiy deGenheyvduhsepidket 3RS inf diaeibmyqibesipasshonpieblude further

traditional PAMAM structures). Furthernore, they reach

dendrificgrowtinbeyend $his paise K bashacpdsmpnsteated bycgpassrspectrographic

] - s 2 rii . nerat ions nd
s R TP RS BE AR 8 oS PR kO ensc
paclddrsgidelr es.  Unexpectedly, these present reactions of

pol y-functional branch cell reagents (BR), possessing
hi ghpqact Asenlfio Bpizeoatiowtion s dembitiscarowtieybod feldeat-packed

ri o [gross-|inked.systens/ rial.s even at .|l ower
stag8l SFRCAIET R WP LERSE TRt BB hiis B g Worsor
genérbBi6h dre GRalcalRAPAMuENEE 6MEnddiBink Fiihdidbactibh f FREnGHBMRT
(TF) may be reacted in a variety of ways. For exanple,

funetioanl oS dnse dendeirren avhigbi has pednt gromy post the deGavenderse-packed
an.ynsaturated, ,ni,triJe to,viel.d nit.riletern nated )
stagf PP R Sherst ohe sl BnberBhfay B tediviy ShiEh Bl fes@epegation
Thi$ @6¢Bn@RuidfsdRetiRERH Aok SidnslBRALH IB/deGaAnA dense-packed stage.
b-ethylenically unsaturated ester to form an
ester-term nated dendriner; an oxirane to form a
hydr oxyl -term nated dendrinmer; or an ethylenically
unsaturated sulfide to
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forma thiol-termnated dendrinmer. Additionally, the
dendrinmer term nal groups may be reacted with
waledognei2zsonal or trifunctional conpounds such PGCT/aB109$/013864
di hal i des or an aromatic diisocyanate to forma
pol y(dendrimer) or bridged dendrinmers having a
plurality of dendriners |inked together through the
resi dues of the polyhalide or polyisocyanate. The
..bridged_dendriners can also be forned by reaction of
Differeneasdn ReagiWit¥i ¢ surface dendrimer with a nucl eophilic
S y?%ﬁl%q‘gll%g %éa%ﬁfm §éﬁ%£5eaﬁ1eggte 3 ﬁ&?ﬁ? B efal MiGers was
Wi an esterterm nated surface. en I'S reacti‘on
5 studizdcurs, a linking group may optionally be present to
space the dendrinmers apart. Thus sheets or aggrates of
dendrinmers that are joined (associated with one
anot her) may be prepared. The M chael addition
reaction, when used for dendrinmer ynthes%sN@ s an
exanpl e of a thernp i aH(:>d(£§bn addjlti on of a
mul tifunctional _n eophilic Teag&nt (i.d. Jan anine to

an unsat;ﬁ%;edrﬁvl chael s ac¢Beptor). They arfe &nown o

be reversibl%, everf“URHEFNNBHEY® condi ETohs/ And° do
not ¥l eld p&dant interior functionali ty.her efore

t hey P.r odlice dr r ructural c@nnectijvity that

| acks iR Ker mal e 85t abi | i Pya%

determ ned by thermal graviggetric anal yses QTC¥92 On
the other hand, snal|esgtf@ion@syrdnng opETTHGFEEREY'5HFS
wth the sane or simlar polyfunctional reagents are
driven by ki neticallypd@ddiehdserdupr o0cesses to produce
nore thermal ly robust dendritic structures which are
nore resistant to thermal degradation and ther nal
rearrangenent. A further advantage in using these

ki netic controlledring opening reactigns is that they
create pendanthinverior functionality (JF) which does
not occur with M<haels addition reiEtions. NSIS
appears to affect the reactivity of a 60 with a (BR
or focal poi ruzN/f\uﬂC/t\Lxé'Hal i zed (FF) deﬁdﬂon due to the
relative sizes anb the di nmensions conctrned. If the
(BR) is larger than the (CQ, then fewgf, (BR) can
physically find space to all ow chem cal bondi ng and

there results bar ge de‘%;zﬁghe NSI S effect. On the

10

ot her hand, HA<the (C) g substantim1y 1 arger than
the (BR) there a%8naller N8f&'effect “-88GHLs and nor e
(BR) will be e £

li-g
Branch cell reagents; Figure-2
15 In the following discussion, the bold numerals refer to the structures in these above
Schemes.
1. Effect of Electron Density on Ring Opening Reaction
The reaction of amine reagents (Ile-IIg) with poly(glycidyl) ethers (Ia & Ie-d)
(PGE) was faster than with poly(glycidyl) aniline (Ib) (PGA). Addition of TRIS (1I-e) to
20  glycidyl aniline (Ib) was not completed even after 3 days at 60°C and the observed product
contained substantial amounts of both bis- and tri-adducts. Prolonged heating caused

extensive decomposition of the starting material. Reaction with diethanolamine (II-f) gave
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able to bond with the (C). To mtigate the effects of
NSIS, the present invention uses (EX). Such (EX) all ow
worene/ogi2ysi cal room between the (C) and the (ER)T/I;ImODhelssm
NSIS effect is | essened. Figure 9 illustrates the
vari t
tetroo B8 ARAER FonclED SHOPH LR BFdpa e, U Brold e ool R o
decot@oélﬁoﬁofme(jjrcﬁdlmtl entiated dendritic poI ynmers (le.

CoMlgIot REShLTEAD1e A B hep RgHtas b5 Lo Feaciniy iffrence

: K

in i PO B0 e g PR M 80l Gl of

oxygef biid Aiddog@. OBinse oFfekh id mofesicohontiuiye ﬂmmﬁmmpﬂﬂe\e&,ctron
differentiated dendritic structures, Thus, ge? ndr on

densitpon g ePORideyINgLin %@Ersébf’dﬁ-“ééhw enpxifedBld ghpat
mductrﬁvgl et?%@ﬁgxgn% ?aghlftﬁ@g 1:|1r1<%r Rc1é S ur a%gpeﬁnﬂ{gn P@rrﬁgsh ifses the

PGACS Frhusthe DGRP SSI(iavE&)fasha‘\ﬁadtfﬁﬁkn@ OTHas dat@sldcﬂf/sgtﬁhat the dendnmers of
dendritic growh can be precisely controlled to form

Formued) h Btef reaplmytifee-s whi ch obey mat henmati cal
formul as, at |east through the first several
generations of growth. However, because the radii of

2. depgbitFpKAYnGRdcaity sicARa®e i N a |inear manner as a
function of generation during ideal divergent growh,

thm&lsnty leé brrnch edbreagants(Tkaie) Wb&’éﬂi diangPGé’s was also found to

be dﬁ%?e {l"b?] 819 2 rg&fi’%ﬁ?fﬁy lg;/%\sl\%g> Zf‘g tfgen dl?h *ﬁ’grgrrx(?e\/\{tnlﬂ%eac%vﬁy of
the tﬂ%@ 8fkh €811 Alagiit 6dh B &pladR@tdnNte B83661 B pRYUVEREE The pKa
does not have enough space to acconmodate

valug nf:msﬁtyﬂamymﬁoﬂ)ammo wethahe(TRIShst 0 ead digthreejamingdDEA) is

0353t M s T T S5 P g i

charéé@érsthﬁ PR, ik r&%a@tﬂﬁxg A4th DK APEHsRL THiS WRMaNIviA supported by the
termnal functional groups that, although the term nal

expeginend ewidenash dibius Hiel highee ﬁ[ﬁtpKzaefor theePBRirtke Ester theakdcyion.
prohi bited fromparticipating further in ideal
dendritic growth. In other words, the deGennes
3. deE?f@ctE%Fi‘ﬁﬂic td hd " TRRfREMLN di vergent synthesis
when the average free vol une avail able to the reactive
suThaeds gddfperde i thasextibity o PGES and| RétATsand wathivaeious

re |redfor transition state of th
nucleop es branch cellt &ﬁ{) reagents. Reactlsons were stugheg in various solvents and

temperature. Initially, reactions with substrate Ia tri(glycidyl ether) were studied in
methanol at room temperature and found to be slow with reaction times requiring up to 10
days. These reactions were reexamined in various solvents and higher temperature.
Addition of branch cell reagents (Ile-g) (BR) to all glycidyl ethers was studied at a small
scale (up to 3 g) at 60°C. Surprisingly, all the reactions go to completion in 12-24 hours in
methanol at 60°C. However, in contrast reactions with poly(glycidyl aniline) (Ib) were very
slow even at 60°C. Thus the (BR) was not the rate determining factor, but the substrate was
with PGE’s being the fastest.

These reactions were studied in various solvents namely, methanol, dichloromethane

(DCM)/ methanol (MeOH) mixtures and dimethoxyethane (DME). Reactions were slow in
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desired reaction to extend the growh to the next

generation. Neverthel ess, the appearance of the
waele@eneress dense- packed stage in divergent syntPEBUS2005/013864

does not preclude further dendritic growth beyond this
DCM@hADME lané asMeeENatde oRNShpah /e, théE@?&suﬁPW et @S%mf protic

studies that further increase in the nol ecul ar
solvenis isquefgrred toypromote de dardd nndeophlisajiitidoed st age
Products resulting fromcontinuation of dendritic
growt h beyond the dense-packed stage are "inperfect"”
Crarhy FRjl¢ uct ure, because sone of the surface groups in
the precursor generation are sterically precluded from

u ﬁMbtﬂagmtrvgslﬁng tchlesr bouad dyitory, Titis beliensdthaifsterigreffctto oahtrol the

sterefl s uCrea e Ao e e b Al BEBaRtion, Grva’s Rule
statek @0 h nuBl@&ﬁh?lE%bfb@l:ﬂxéé aRlafsHinGt ﬁgn%ﬁ‘xle Yehal10% sﬁ&ghem alignment.

generation. Thi's discontinuity 1I'sS Interpret
The l.tar@sagnwup afigns itself ans Ge ﬂmestrbmmsgoppukmdnlmlze the steric effect such

that P e e s o1 (1 s o el gbehansy E¥ge D. .

Craxﬂ%%lﬁ&i%ﬁsJWC%MdS&d 74@:;2%%9%3' propane triglyoi dyl
ether Tri phenyl ol met hanetri gl'yci et her

Bi s(4-gl yci dyl oxyphenyl ) net hane Poly ql vci dyl ethers:
.F|re-l&IH,NHZHZNHOII-aII-c/O—I/ -CH20H -
ypieakieasiionCond NH NH - OH x -CH2OH CO2CH2CH3 , i e

Il The {dvetidH RPGHeCHlt is AGIHERMISo tld Qi S rBaction systems including (1)

addition reactions and (2) ring opening reactions. The addition reaction examples include

but are not limited to Michael addition reactions where acrylates are reacted with amines.
The ring opening reactions examples include but are not limited to ring opening reactions
where amines react with epoxy, thiorane or aziridine functional groups. In all of these cases
the amines, acrylates, epoxies, thioranes or aziridines groups can be functional parts of the
core (C), including simple core, scaffolding core, or supercore, extender (EX), branch cell
reagent (BR) or terminal functional group (TF). Reaction conditions for these two classes
of reactions, addition reactions and ring opening reactions, can be described by the range of
conditions established in the literature for addition to a carbon-carbon double bond [See for

example, R. T. Morrison, R. N. Boyd, Organic Chemistry, Chapter 6, pub. Allyn and Bacon,

Inc, New York, NY, (1966) or general ring opening reactions also at Chapter 6]. Typical

ranges of reaction conditions are further described.

Acrylate-Amine Reaction System

An example of the acrylate-amine reaction system is the reaction of an acrylate

functional core with an amine functional extender, such as shown below:
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In the follow ng discussion, the bold nunerals refer

to the structures in these above Schenes. 1. Effect of
wEbk@eneae Density on Ring Openi ng Reacti on ThePCEHS100D013864

of am ne reagents (lle-11g) with poly(glycidyl) ethers

(la &I )]335(;15 er than with poly(glygidyl)
anilin )q)b( GL(;)V&%(Mﬁﬁon of TRIS (11-e) to(15
glycidyl aniline (1b) was not conpleted even after 3
days at 60C and the observed product contai ned

wherg ()t Inimeshylolpropanstriseryiaie:{EX) s Piperazipe: (Fhta denige;

Prol onged heat ed _extensive GQ |

7T ShERERgR. A8 RRE Tt SARIR, HRSORRRS Al fmcton
extel{dleh chie 1BRAE @)I(BX) @ Wit araﬂsﬂﬂﬁteqimdmalt tr@ichvdellfedgentsuch as

gave a tetra-adduct, but prolonged reaction led to

deconposi tion of the product. Wiile not wishing to be

bound byt LYo 0 A d\S bel | this reactjyity
differe eﬁﬁ(ﬁﬂé@_@gﬁg\‘%ﬁ@scan be explgyned
on the basis of the relative electronegativities of
oxygen and nitrogen. Since oxygen is nore

where (€} +rlomegylopepahatriaciviateEX) =t Piperszinet (Fdh= denigit BROT
the OXIde rin | ess than epoxide

Trimetbedo rg))mv(qmgcry]%ﬁ:raggg&% ‘Ig‘%&{%tlve effect), thus
facilitating the nucleophilic ring opening of the PGE
s verses the PGA's. Thus the PGE s have a faster
reaction tinme. This data shows that the dendriners of
Formula (I) have a faster reaction tine. 2. Effect of
pKa on Reactivity of Am nes Reactivity of branch cell
reagents (lle-11g) with PGE's and PGA's was al so found
to be different The olserved r ivity was_Ll-f > Hg

E;e d|f nce i ﬁ reactl\/{Egid}#)t he fﬁxwf)anch

ceII r( be “expl ai ned on the\baS|,8/of their
pKa val ues. The pKa val ue of Ms(hydroxy(@)yl)aniiio
methane (TRIS) is 8 10 and di et hanol am ng (DEA) is
8.88. The higher the pKa val ues the strohger the base.
Si nce DEA posses a stronger basic char(gxx‘lrpl)han TRI S,
i.e. reactions with DEA are faster. This Trationale was

s_upported by the experi @g)a.ﬁ vidence. Thus the
hi ghe(Bn)grpﬁa for the/ faster t_I:e reaction.

\(EX) - (EX) .
o .+~ (BR)
| 2
(EX) |
* (BR)(TF),

For the addition of a branch cell (BR), extender (EX), or functional group (F)to a
simple core, scaffolding core, super core or current generation product, the mole ratio of the
molecule to be added to the moles of reactive functional groups on the simple core,
scaffolding core, super core or current generation product is a critical parameter. For
example, in the addition of an extender group to a core, the mole ratio of (EX)/(C) is defined

as the moles of extender molecules (EX) to the moles of reactive functional groups on the
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3. Effects of Protic Sol vents and Tenperature There is

a difference in the reactivity of PGE' s and PGA s and
wowak/ogesé ous nucl eophil es branch cell (BR) reRQEOSHN5/013864

Reacti ons were studied in various solvents and

R

additl 6T RhntheeA A6 a kimpld cbie, eaffoldaw obré, Bupeaotd, onciridie generation
requiring up to 10 days. These reactions wer

structuze (BRY di flefingdep dhesmalss okbrencherdl mplgrdes eﬂlaﬁmp@.s of
{
by S SR Fr bR ey

gene&hoﬁ"str@&@z@ TRpeidihg oAl Helstrudtute ddiied, aBelevelnsd a@dltibﬁ of branch
conpletion in 12-24 hours in net hanol at 60C. However ,

cellsion e:ctmiem@ta caseseafipldingicete, pamey copeye curyent gﬁmratmal progiyet can

be cappfed B hesn AP T MBS ol Sudb bR {2y, 5.

Prefdrel for AR R&LtioRSs iR & 8k cesI HRRE nichatilds ‘M&xé’?b@ sélﬁ amd, such
i n various solvents nanely, nethanol, dichloronethane

as thé BXAMder weblaacio bell wag tarihi furcsionalraoutisratthe iyl heare
React i ons sl.ow i nDCM and . and in MeCH
scattbfeeliont BetHer Site ol S PUSHRY & EHBH t hat use. of
pr Gf’de? oB AANGEY SF thseRaBibeS £186pd &nﬂ{e%ﬁftﬁmtdfﬁlef @ﬁp}é core,
nucl eophilic addition. Cranis Rule Wile not w shing

scaffoblntgcomwuuertvprd dmazmnynt geneiagom piaduvicd thhbranelt enll QI extender or

oS A e Btk S
curre(;'ﬁ g%ﬂeﬁt ! o At PR fdrRAsieds ACIIRRARAI df@h@ﬁg{pm@%cﬁ’foldmg core,

ony  ong the small est substituent i gnnent
supef eorg s turgend geneaktiogrsoducs ol the axtenddrer brench aelbmagéntgr oup
to mmmzethe erigc eff t such t

t th
RSB s e leBrdiag o1, 6 Feactint coniBpirisn@lusmdegperature,

actwgtp %&%@g%ﬁ& g'gmé‘f' [ﬁe{ct%r% §§tec('19 enirgiﬁgi}a%sgﬁedﬁg tl‘%%l’nreaction

cond@ivid khownsn fHeenr suffecientam achieveladditionutadtionsitot anl unsatisded organic

to two major reaction systenms |ncI udi ng (1) .additjon
functiengl erodis JR&ﬁerlqnzt}m?a G39 r&gsdrany L muawteite %%Yergiﬁéysawail fqnsﬁr
reacti TGOk AS PR k&R bR 6F PR sterically bulky groups or for reactions to

crowded surfaces, such as addition of surface groups to higher generation products.

Reaction temperatures can be in the range typical for carbon-carbon double bond
addition reactions. The temperature range is limited by the thermal stability of the reagents
in the reactions and the length of time at that temperature required for the reaction. Typical
reactions temperatures are shown below.

Any organic solvents or water suitable for these addition reactions can be used
including typical solvents for addition reactions to a carbon-carbon double bond. Any
solvent mixture sufficient to dissolve the reagents to concentrations suitable to allow
reaction can be used. Preferred solvents are polar, protic solvents. Also useful are mixtures
of solvents containing both polar and nonpolar solvents, and protic and aprotic solvents or
combinations thereof. Solvent mixtures can be predominantly nonprotic solvents with

sufficient catalytic quantities of protic solvent to catalyze the reaction. This provides for
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Ring Opening Reaction System

An example of the ring opening reaction system is the reaction of an epoxy

functional core with an amine functional extender, such as

(©) +(EX) =(C) (F1) (EX) (F1)

)

where (C) = Pentaerythritol tetraglycidyl ether; (IF1) = Internal hydroxyl; (EX) =

Piperazine; (F1) = Amine;

Another example of an epoxy-amine reaction is the reaction of an amine functional

extended core reagent (C) (IF1) (EX) (F1) with an epoxy functional branch cell reagent such

as
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or combi nations t ?rfof. Sol vent xt can be
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catal ytic quantit(E) of protic solvent to catalyze the
reaction. This pr@F2)des forconditions which allow the

di ssolution and r ion of |ess palar or non polar
sinpl e cores, scag:))l\ di ng cores, super cores,
extenders or branth’ell reagents, the difference in
the reactivity of poly(glycidyl)ethers and

Corbt hefibe of bR oL Y Belepift BT & Mahogetol® (1B o
10  simp@ lc&%!ﬁcﬁff@ﬁl%% QP NAdrHoRSor dufteht gthbiétioh ?ﬁﬂh'bt?ﬂx% MOIE Ratio of the
substrate latri(glycidyl ether) were studied in

molemsidtarbeladded RTthanwldsafmehctive fimctdmalvgwiuph on dwcdimple core,
n to 10 d Wer e

scatfalf0R8 AR ethEFH O P BRI GPPGRIEE RSHCh Sghiarich BRpeP et o
exariold] thitRaditid SNEexE&ldbr HERPIRY Sork, thenfdle £aBo VF(EX)/(C) is defined
as the moles of extender molecules (EX) to the moles of reactive functional groups on the

15 simple core, scaffolding core, super core, or current generation structure. Similarly for
addition of a branch cell to a simple core, scaffolding core, super core, or current generation
structure (BR)/(C) is defined as the moles of branch cell molecules (BR) to the moles of
reactive functional groups on the simple core, scaffolding core, super core, or current
generation structure. Depending on the structure desired, the level of addition of branch

20  cells or extenders to a simple core, scaffolding core, super core or current generational

product can be controlled by the mole ratio added or by sterically induced stoichiometry.

Preferred is using a excess of the molecules of the group being added, such as the extender
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Any organic solvents or water suitable for ring opening addition reactions include

typical solvents for strained ring opening reactions. Any solvent mixture sufficient to
dissolve the reagents to concentrations suitable to allow reaction can be used. Preferred
solvents are polar, protic solvents. Also useful are mixtures of solvents containing both
polar and nonpolar solvents, and protic and aprotic solvents or combinations thereof.
Solvents can be a nonprotic solvent with sufficient catalytic quantities of protic solvent to
allow reaction. The concentration of the reagents in the solvent can range significantly. In
some cases the excess reagents for the reaction may be used as the solvent. Solvent
mixtures can be predominantly nonprotic solvents with sufficient catalytic quantities of
protic solvent to catalyze the reaction. This provides for conditions which allow the
dissolution and reaction of less polar or non polar simple cores, scaffolding cores, super
cores, extenders or branch cell reagents. For example, difference in the reactivity of
poly(glycidyl)ethers and poly(glycidyl)aniline with various nucleophiles branch cell reagents
required investigation of various solvents and temperatures. For reactions which require

higher temperatures, less volatile solvents may be required.
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reactions and strain ring opening addition reactions. Additionally, known methods of

isolation of typical dendrimeric molecules are used. Preferred are ultrafiltration, dialysis,
column separations using silica gels or Sephadex, precipitation, solvent separation or
distillation. The method of isolation may vary with the size and generation of the product.
As the polymer particle grows in size, more preferred methods of dendrimer separation
include ultrafiltration and dialysis. In some cases the differential solubility between the
reacted and unreacted species can be used to assist in separation and isolation of the
products. For example, the solubility differences between the epoxides, which are fairly non
polar, and the ring-opened polyols, which are more polar, can be utilized in the separation

process.
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Utility

Uses for the dendrimers of Formula (I) are as numerous as for the PAMAM
dendrimers and other dendritic polymers. The following listing of uses is not all inclusive,
but illustrative only. Because these dendrimers of Formula (I) are precise for size, they can
be used as a size selective membrane, as high efficiency proton scavengers, and as
calibration standards for electron microscopy. These dendrimers of Formula (I) may be
used as demulsifiers for oil/water emulsions, as wet strength agents in the manufacture of
paper, and as agents for modifying viscosity in aqueous formulations such as paints, and in
other similar solutions, suspensions and emulsions.

The unique properties of these dendrimers of Formula (I) are: they are more stable to

both thermal degradation and not subject to reverse Michaels reactions when ring open
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viscosity in aqueous fornulations such as paints, a
particnlar target organism or to a particular determinant or locus in a target organism, such

as an animal, human, plant or pest.

The surface groups (Z) can have the chemistry controlled in a predetermined fashion
by selecting a repeating unit which contains the desired chemical functionality or by
chemically modifying all or a portion of these (Z) groups to create new surface
functionalities. These surfaces may either be targeted toward specific sites or made to resist
uptake by particular cells, e.g., reticuloendothelial cells.

In addition, when bridged dendrimers are prepared containing one or more of the
dendrimers of Formula () these polydendritic moieties are also suitable as carriers of
materials.

The interior of the present dendrimers has possible interior functionality (IF) where

these interior groups have the ability to react with materials and serve as a more strongly
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eterminant or locus in"a target organism suc
entitigsi, typlcally duretipngl|geortps docgiedsat.or near the surface of the dendrimer; (b) there

can be covalent, coulombic, hydrophobic, or chelation type association between the carried

-

material(s) and moieties located within the interior of the dendrimer; (c) the dendrimer can
be prepared to have an interior which is predominantly hollow allowing for physical
entrapment of the carried materials within the interior (void volume), wherein the release of
the carried material can optionally be controlled by congesting the surface of the dendrimer
with diffusion controlling moieties, (d) where the dendrimer has internal functionality
groups (IF) present which can also associate with the carrier material, or () various
combinations of the aforementioned phenomena can be employed.

The material (M) that is encapsulated or associated with these dendrimers may be a
very large group of possible moieties that meet the desired purpose. Such materials include,

but are not limited to, pharmaceutical materials for ir vivo or in vitro or ex vivo use as
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entitigs enthsdaution;ssigal feflectors, such as paramagnetic entities, for example, Fe, Gd,

or Mn; chelated metal, such as any of the metals given above, whether or not they are
radioactive, when associated with a chelant; signal absorbers, such as contrast agents and
electron beam opacifiers, for example, Fe, Gd or Mn; antibodies, including monoclonal
antibodies and anti-idiotype antibodies; antibody fragments; hormones; biological response
modifiers such as interleukins, interferons, viruses and viral fragments; diagnostic
opacifiers; and fluorescent moieties. Carried pharmaceutical materials include scavenging
agents such as chelants, antigens, antibodies or any moieties capable of selectively

scavenging therapeutic or diagnostic agents.
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materials include scavenging agents such as chelants, chelated metal (whether or not they

are radioactive) or any moieties capable of selectively scavenging therapeutic or diagnostic
agents.

In another embodiment, the carried material, herein represented by (M), are
immuno-potentiating agents. Such materials which are suitable for use in these conjugates
include any antigen, hapten, organic moiety or organic or inorganic compounds which will
raise an immuno-response which can be associated with the dendrimers without appreciably
disturbing the physical integrity of the dendrimers. For example, the carried materials can
be synthetic peptides used for production of vaccines against malaria (US Patent 4,735,799),
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pharmaceutical materials which can be associated with these dendrimers without

appreciably disturbing the physical integrity of the dendrimer, for example: metal ions, such
as the alkali and alkaline-earth metals; signal generators, which includes anything that
results in a detectable and measurable perturbation of the system due to its presence, such as
fluorescing entities, phosphorescence entities and radiation; signal reflectors, such as
paramagnetic entities, for example, Fe, Gd, or Mn; signal absorbers, such as contrast agents
and an electron beam opacifiers, for example, Fe, Gd, or Mn; pheromone moieties;
fragrance moieties; dye moieties; and the like. Carried materials include scavenging agents
such as chelants or any moieties capable of selectively scavenging a variety of agents.
Preferably the carried materials (M) are bioactive agents. As used herein,
"bioactive" refers to an active entity such as a molecule, atom, ion and/or other entity which

is capable of detecting, identifying, inhibiting, treating, catalyzing, controlling, killing,
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gelagudpendions; allnulsmns, injections (intramuscular, intravenous, 1ntraparatoneal) may

also be used as a suitable formulation. Customary pharmaceutically-acceptable salts,
adjuvants, diluents and excipients may be used in these formulations. For agricultural uses
these conjugates may be formulated with the usual suitable vehicles and agriculturally

acceptable carrier or diluent, such as emulsifiable concentrates, solutions, and suspensions.
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pesti ci de or
stained (as described below). Because the silica gel is a polar polymer support, less polar

molecules will travel farther up the plate. “R¢” value is used to identify how far material has
traveled on a TL.C plate. Changing solvent conditions will subsequently change the Ry
value. This Rris measured by the ratio of the length the product traveled to the length the
solvent traveled.

Materials: TLC plates used were either (1) “Thin Layer Chromatography Plates —
Whatman®” PK6F Silica Gel Glass backed, size 20 x 20 cm, layer thickness: 1000pm
Catalogue No: 4861:840 or (2) “Thin Layer Chromatography Plate Plastic sheets — EM
Science™ Alumna backed, Size 20 x 20 cm, layer thickness 200um, Catalogue No: 5547-7.
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be purified by standard procedures, imobilized on a
sui tabl e support and be used for subsequent detection
wo@Roobles2pesti ci de or pollutant in the environneel/USZ005/013864
an organism In a further enbodinment, the carried
mat Stirdhg corititicisrwerep [ HaARRRIDNA soMitionififalle ifh 1.5 g of ninhydrin
sui tabl e for use in these conjugates include any ’
5 ol lacetie acids andr5S00HRk 0885 Yeethangl. alhecplatp insubsseged indhe ninhydrin
l4l.: ' associ.ated wi.th these .
solffRE S84 B i 5 B8 200 310 Eolot et 55 ol amomple spots
indicatecté biegerle of BEriEEN (tgl Haine CAMRYOBL T 1B plced M elosed
such as the alkali_ and al kaline-earth netals; S|gnaf
conj@ines diherid.C wlatedh plased indbe chamheniforgl & mimtesesd praducnspats will be

bl sur apl erturbation, of the tem
s BRI RRIREAN AR hAER MR S SeRUES o ¢ o
K009 a1 Ao sROBT bhd 166 mANst ML Bld PIC pBitd gaéubmerged in KMnO,
reflectors, such as paramagnetic entities, ftor
solgtiemgmdarodust sids tuge ydltow.s@@yiaV eatrniimtion:s Ansilicdvislst (UV) lamp is

t.yast .agents.an n.electro eam opaci fiers, for
usell 0 HnatE B0t ot Biprlugh, STl kel 7Bl @19 1688 VY8658 are both

used @b irb@sct idbvafirRigt i es; and the like. Carried
mat eri al s i ncl ude scavengi ng agents such as chel ants

or any nvoi eties capable of selectively scavenging a
MATH FOEMGiss 306 agent o, As used her el n. i oact i ve"

o o Poe R B I R { B RuRTeR TIY AL 1Ok Ay,
speptaaneter with §ulsed FirbExtiavon. t Masd fanges befvaly kDaGvere acquired in the
refEoR OS AL a5 KV FBIE: Yologr GEb3 bV srfiechon pipes Elivethylene
oxidld Whfhused f&A88L8EnC Ffiéher ﬁlagﬂaﬂgése\gerg Btggﬁﬁr&iglﬁ %haégai%%relglode using

organi sm [ for exanple; a m croorganrs
a 2(kY wapleivotthgedi Tige hiphorahass sanghs wereRUABARH] Wil bifderum
lbta.rgeted noi ety. Al so included as bioactive agents are
albWRifetic materials that have broad applicability in the

4 | 28 e
Lt pteally, SRR 0GE BRbared B UL Rind BT L S800E e § g,
solutiod of émpemalytswithn @ pilhef rhitke solilies CUSRE steakase hdted, Wlematrix

ef fecti 89 cell transfection and bioavailability of

soluélgﬁ &tas d Oppg/ml ofi 2, 3-dhydroxybenzaicasifbingy7 afetenittiderdater.i Aliquots
L fss jal .and i ng, thj | _
C WG R R B HERE L PRV ot in TReRdp e aBoned to air ry

at ronjeugetaereay be used in a variety of in vivo, ex
Vivo or in vitro

Dialysis Separation

In a typical dialysis experiment about 500 mg of product is dialyzed through a
dialysis membrane with an appropriate pore size to retain the product and not the impurities.
Dialyses are done in water for about 21 hours with two changes of dialyzate. Water is
evaporated from the retentate on a rotary evaporator and the product dried under high

vacuum to give a solid.
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di agnostic or therapeutic applications. Sonme exanples

are the treatnment of diseases such as cancer,
wa@eoeioesrece di sease, genetic defects, central PET/US85/013864

system di sorders, infectious di seases and cardi ac
Sephad ¥ §&atatiofli agnosti ¢ uses such as radi oi nmunossays,

el ectron m croscopy, enzyne |inked i munoadsor bent

assApeyt (diahgef prodgries dissalesidn2nnk of prettanokandipurified through
Sepg)gg% ﬁ?{z:?éjii’nan nge&ﬁl %’o&év%ﬁg?r@bgt o’e;g hyfg 84 dig?lte éc;h\fleeng; I’cono tain the
DT i ek ROkl in P Tt A, B BN it
CHaOH) is wsell ¢nidentify fractiens @mtaising sinfitar prt&hlbtlgi)ﬁuﬂhsac Siilar fractions

ranul ocyte col ony stimylating factor, and ot her
are%i“é?‘giﬂi‘fic %lﬂlvqn; 8@?@%3 grevEspligpredicte, anti vir al

agents. These conjugates nmay be fornmulated into a

tabl et using binders known to those skilled in the
NMRt. Such dosage forns are described in Rem ngton's

Phar maceuti cal 6 Sciences, 18th ed. 1990, pub. Mack
PubP#gRle REeRaEHioan o ¥ald0ong opadrysimpipias addF00-200 pl of a

de it 0 BB UREIEE TR sSive R AR CERE, ERDR SO, g scetone-
ds. COHRTiSBBRd shpleaiss traasirtdtd AONMI 88 €0 b Abloht 6f ~ 85Gm high in

the |ike. Anpoul es, ointnents, gels, suspensions,
»sions, injections (intramuscular, intravenous,

€
i nt I e ed. as .a su e .
o R R B SO Ry AR s Vrin
Megdr§ Blus2NR B tFomelér sy§iBinSusapthnEXGb R8O TripRYRdREnd#2E Broadband
in these fornul ati ons. For agr | cgltural uses t hese

(ATERprabat¥X (véyrep¥ is wnahle foey Nitoh Wh Datesasghisiiontveds| abtained on a

su SR8 150 < BRRWESHIE H Solir3id dneBRGERL Ry B8 ot Ehie e pas VMR
v6.800 (HSO0RMIEE NIVR Hath vidieobtink®vh A S00XEIPS-6BarhBEV %3 1H%a
equi pnent and met hods used to run the various tests

50 : rsppapnesdrsystemagingreeswitchabilenzolen B{féX@(zie tungble from N
o P55 SR BB of P55 T ShBbpe Pt S
oper ARl TG s@ng}"v%ftd%@d WROVINMRRZSIEe. used hi the SEC

experinment (1 concentration).

Dynamic Force Microscopy

All images were obtained with a PicoSPMLE AFM (Molecular Imaging, USA) in
deionized water with tapping mode, using Multi-purpose large scanner and MAC mode Tips
[Type I MAClevers, thickness: 3 pm, length: 225 pm, width: 28 pm, resonance frequency:
ca 45 KHz and force constant: ca 2.8 N/m (Molecular Imaging, USA)]. Typically, 3
lines/sec. scan speed was used for scanning different areas, with a setpoint of 0.90 of the
cantilever oscillation amplitude in free status. To avoid hydrodynamic effect of thin air

gaps, the resonance was carefully measured at a small tip - sample distance.
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Al'l the sanples were prepared fresh and used
i mredi ately for SEC. Dendriners were anal yzed
waee@bioeasé vel y by Size Excl usion Chromat ogr aphpCT/B80)35/013864
SEC system (Waters 1515) was operated in an isocratic
Sol{{PiﬁgyV‘“h refractive index detector (Waters 2400) and
Waters 717 Plus Auto Sanpler. The anal ysis was
per The dexdriaters adnrinelp@r at gererally 4 whits er lightlyyllav icgloe eblid, in

TSK I s, (Supel co), G3000PW and 500PW
confyari i BAMAM Beiiirisasy abe exIp oS Lohl HARR i dgad to stay
of n el gpﬁ%l . W
dryT %ﬂ /' m n&ta%]&ewe aﬁriaégas?g/raa\ﬂn’g%egﬁ en rlal{r?g?m\f[/\l/lglg g{)@}grﬁt\}ggme
derideintees drt stobedithenmcsotidifovgn dointrhethgeib as asolatiof No difference

dendrimer. Thin Layer Chromat ography (TLC) Thin Layer |
bet@ﬁ?fbﬁbﬁ%eo@wémgm%e%@&heeﬂehﬁemd- %‘Ehssepa%@&nwgs @ssolve in water,

. Py . I '

o AL ST ENR hAMal, FRABE BB LLN i

water, but iregegarhllpRirdérco gardigdobaddniontteeduab viergdel-tika 8lagy of this
and all owed to develop for_generally 10- 15 m nutes.

serigs pEmatepialss dihgesrendemeed Aoanuiadd, disspiveute Whteftabmpss immediately

rall ' t : | ned ' .
a8 A B PRES TP, ) BE GAGEL B gne bt
limited fotht follcﬁzﬁ%:ﬂﬁétﬁindlg@tmul, @soprégahol, daN&hoxdyathiahé€ chitRoform,

the plate. "R/' value is used to identify how far

methyteag chlorides!, 2rdigdoreethane, methazypropeeol, wathwlsahythdlstones and
1 C?ﬂ%uﬁfogpd% wi || subsequently change the Rf value. This
i's neasured by the ratio of the length the product
traveled to the length the solvent travel ed.
Materials: TLC plates used were either (1) "Thin Layer
ThexmebGravigetisHynabysis @SA) What man(r)" PK6F Silica Gel

L o BIEsRm g et BRab0) ob PR IR T HRRAT
Ter%ér@tﬁ?é Qah wak &Hon 2 RS3300CSTELA famp fald cICI0ERGoes per minute.
uma backed, Size 20 x 20 cm |ayer thickness 20

Sample sizas wersgupically atesul0 Mgt aokd prpdoendi ti ons were: (1)

Ni nhydrin: A solution is made with 1.5 g of ninhydrin,

5 nmL of acetic acid, and 500 nL of 95% et hanol. The
Gellgétfophdredisbner ged in the ninhydrin solution, dried

and héated with a heat gun until a col or change occurs

( pi Dendyimeys that svepdored in solvent are dried under vacuum and then dissolved or

diluted with water to a concentration about 100 mg in 4 mL of water. The water solution is
frozen using dry ice and the sample dried using a lyophilizer (freeze dryer) (LABCONCO
Corp. Model number is Free Zone 4.5 Liter, Freeze Dry System 77510) at about -47°C and
60 x 10° mBar. Freeze dried dendrimer (1-2 mg) is diluted with water to a concentration of
1 mg/mlL. Tracking dye is added to each dendrimer sample at 10% v/v concentration and
includes (1) methylene blue dye (1% w/v) for basic compounds (2) bromophenol blue dye
(0.1% w/v) for acid compounds (3) bromophenol blue dye (0.1%w/v) with 0.1% SDS for
neutral compounds.

Pre-cast 4-20% gradient gels were purchased from ISC BioExpress. Gel sizes were
100 mm(W) X 80 mm(H) X 1 mm (Thickness) with ten pre-numbered sample wells formed

in the cassette. The volume of the sample well is 50 uL. Gels not obtained commercially
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i ndi cate the presence of amne). (2) Iodine Chanber:

2-3g of | is placed in a closed container. The TLC
w@bk@bme63266 pl aced in the chanber for 15 m nut esP@(rmszoos/mssm

product spots will be stained brown. (3) KWnhO Stain:

vesens gtk s o A0

(2. piukdewiter @ubmsEy de% APKIHDAIS)) TEMED (36 gLpr WBEdiufﬁpﬁie‘él for gel
eJIo 4 ex ation; An ultraviolet

clegtifioleSisiSBiptied e Aoty zamps»a 45 (48 2 boric acid

AR, SRR SO R P IR HERS S b

is delptedt4r timesepréorabisd. ned on a Bruker Aut of| ex LRF

MALBS TOE mass, spectronmeter with Pul sed Ion
EFoRIpresiitis dopepriagsa Barvekapg0q wm%p@w@up@m ah BIO-

AL R eE U 00 Gy SRSy

assamblyb Baffieois. loaded fito themaer dagher WRIoPetiBE Wlﬂ’e@r 1hB obik® chamber
node usj a 20 kV sanpl e voltage. The hi gher

|
andr%ag@%bgqsge@om ngmﬂﬁegﬂem dyemiguren &5 pb eagh) areoadad, into
I d.b nb 1. ]
seo B SRy SR 0o G R S e i

suxfateme ﬂaed With a@lmﬂdaﬁyde \Jolueisss ﬂirlasdsw oB8 hB £ thd\Bained with
matrj x_solution was 10 ng/ nL of 2, 5-di hydroxybenzoic

Coopgsgic; Blug R7259der aheut png houka Gels arAIthee}ubstam(sQ foridpowif ortet®ur using
o oIS RULCEUERNE sy, ol PR eo PGt s i anisl G BIC scanner.

D| alysis Separation In a typical dialysis experinment
about 500 nawof product is dialyzed through a dialysis
dan appropriate pore size to retain the

%?g?fg’?% FBEBE et e it o F Vi g Eragom Tohared
Spegiréthyétay, B{odéAGNeries OBUAR Byl d DRB, t&el E’l&lglgglt @@99602”20

rotary evaporator and t he "product dried r hig
Products were run neat using salt plates.
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vacuumto give a solid. Sephadex Separation About 640

rag of product is dissolved in 2 nL of nethanol and
weonosfseds t hr ough Sephadex LH-20 in methanol (RETUSDHS/013864

m.). After eluting sufficient solvent to obtain the

Pr odUelintxaids wifl ba Gl Sladified 69 hlcBhdigatich S8& foltbwhhg examples,
aliquots. TLC (50%\NHACH in CH3 Is used to identi

whighyere iintaadeddn baiphrehyexsimmlar of frequtesent imivmtiamle She Shtterécaexamples

! . :
are RS 0T b o T e BmPERA P o st G189 g obhe prosent
invenelbi; 8TRe RoMBs nasidedq Qx%gllgc:ﬂ!tre(&t) afhBive @}Eﬁﬁgie’s.

sol vent to dissolve. Typi sol vents are
CD30D, DVBO, and acetoned . The dissol ved sanpl e was

dransferred to an NVR tube to a height of ~ 5.5 cm
SL'u%%E\giﬁg?ﬁ?e tube. Equipment: (1) 300MHzNWR data were
bt ainghoiant ansiAAMEs Aarthg Rl AnkADe &ﬁgr@g% trofl ARirfdbut they

spectroneter system using an Autonati on _
hawes nvapaéy Bf obeity 0%. (WTiBlesisraodler phiificatiohef tetX-glgcidyl ethers were

U i R o oo

DMRéerating system The software used was VNWR v6. 1C.
(2) 500MzZNMR data were obtained on a 500MHz 3-channel
Varian | nova 500MHz NVR spectroneter system using a

' H y ble f 15N to 3 1P),
Exaliple A PRl el Reepitii h B o eidbihepiiagp ageythrito! and

co WdindEPP) aris 9 operating system The
so%ﬂmﬁg}éﬁm SBVNI\/R v6. 1C. Dynam c Force

M cl@5coPFTGE] i mages were obtained with a PicoSPM.E

b AL TR ot oo 5
P RG0S Y e Bl SO e of PO
(148 RHndFAHT(03 42 gl o220 anhol, 2 @qivSleiNs et OBH) € TY ML rapidly stirred
mi}I(turrPeglin rzllg\i/atgrsf)@ﬂ]l at IH( es;ag gllclie)c/l’ drgpwise (about 1 drop per 10 -15 sec)
epichlorohydrin (34 g, 367 mmols, 3 equivalents per OH ) (Aldrich) over 60 to 90 mins.

The temperature was monitored every 10 mins. to maintain the temperature below 35 C.
After another hour the exotherm had subsided and the mixture was heated to 35°C for 5-6
hours. The reaction was monitored by TLC using toluene-acetone (7:3). Spots were
visualized from KMnOj stain. Aliquots were added to the ether-brine mixture to remove
DMSO and the ether layer dried with Na;SO,. The TLC of the reaction mixture showed 5
spots after the addition was complete, then 2 spots after 7 hours. The mixture was filtered
through a course fritted funnel and washed twice with 60 mL diethyl ether. The filtered
liquid was mixed with 150 mL diethyl ether and combined with the washes. This ether
layer was washed with 80 mL brine. The brine layer was washed with another 150 mL
diethyl ether. The combined ether layers were dried with anhydrous magnesium sulfate,
filtered and evaporated to give 12 g of crude material. This crude material was dissolved in
a mixture of 9:1 toluene-acetone and was added to 140 g of silica gel (604, 230-400 mesh)
in the same solvent. The first two fractions were 200 mL each containing a very high Ry
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i nes/sec, scan speed was used for scanning different
areas, wth a setpoint of 0.90 of the cantil ever
WO 3@blobaé on anplitude in free status. To avoi BCT/US2005/013864
hydrodynami c effect of thin air gaps, the resonance
mater$al CBL.ES. UThemexeds baetoratwete SORIT! edch Rvi ﬁﬁ@P i ions 7 —
di st gncej. Solubility The dendri ner sdcgfmﬂl]:lorrm goﬁzllct)méi'ragt1ons7
10 dhe ipradugt fachieps weisrcolleefnd agdevaguatediongive 610igi(370yield , 10.85 ¢
théb?{ifcé st to PAMAM dendriners that are gel -1 o0o0king
sol'1 ds’ e dendriners tend to stay dry, and do not
abs oftbNWER £5002MHRASDIY;)AS 21993 Nk, PAMMEesdy, IER S, J=65Hz)
Currently the dendriners are stored either Tn soll ’

S 2.528(m, dH)i 3l hee.tdbe 3. Bs(dddsbt @0, 34, 1 8dIaHHDeBEASEd, T = 12 Hz, 4H),

3 AR B Tl o LS R0 B B ana mich
easiter NMRBANAY dpad))i Beius,7, PA ,'\étﬁm?l‘sb.%!ﬁz.(zl{z‘?ﬁbks,

soluble in water, but are generally harder to g
12§P8sB-Ui8dancht o water due to the gel-like state of this

seri el i al hese drimers of Formula (I)

di sl\}g@b@{?@ge‘é@%-éﬁoé}n@t‘dg Uat el y and have al so
10 been found to be soluble in a nunber organic solvents,

including but not limted to the follow ng: nethanol,

Exampledds| Synthesip 06 Bentadrythditoldichaglyeitiylofther fedth Pentaoryhritol and
nmet hyl ene .chl.oride, 1, 2-dichl oroethane,
met Eﬁ%@ﬁ’gﬁal(tgﬁet hyl i sobut yl ket one, and
di HRU))HFET(&EW de. Thermal Gavinetric Analysis (TGA)

Thermal gravinetric data were obtained on a Universal
V3. hisplodesswaupefirmed eopediag W BliSaas: d/aSg@a/vas 487 01993) and is

.20 t9. 520 i th r.a rate of 10 degrees per m nute.
15 111@&%&@5@?‘%&%@@19%?0&' ly about 10 ng of solid
product. Gel Electrophoresis Dendrinmers that were
stored in solvent are dried under vacuum and then

di ssol ved or dil ut ;e;bg t"h wat to a concentpation

about 100 n§.in 4(3@131\,8& water. The watgr solutyon is
gg%?f‘yi ‘and th

frozen usiy ce a e sanpl eydrled using a Q&
| yophilizer OLeezeD@yeF) Corp. M °
nunber is Free Zor€ 498 t &, Fregze Dry Systeny

77510) at about -47C and ) v \_VO

Scheme A
20
Pentaerythritol X (13.6 g, 400 mmol, OH mmol) and DMSO (100 ml) were taken in
a 1L 3-necked round bottom flask and then added 52.7 g of KOH (800 mmol, 2 equivalents
per OH) all at once. The reaction mixture was stirred vigorously with a mechanical stirrer
and cooled to 15-20°C with an ice bath. Epichlorohydrin I (110.4 g or 93.55 mL, 1.2 mol,
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60 x 10 3 nBar. Freeze dried dendrinmer (1-2 ng) is
diluted with water to a concentration of 1 ng/ni.
wae@ekoizee dye i s added to each dendrimer sanpl PCHUSZ05013864
v/v concentration and includes (1) net hél egf) gjlkuevgge
3 elqiiPialihis)pet OH) QA S ipfesS@BRGUAHEnd HhnEvRERRABED S4DvEY Eperiod of
eﬁo. 1% ’\ﬁpv) Q]fpgr acll:)i d cgﬁgpundsé(S) bror_mphenoP_ bl ue dyg
15é 01in.04khe fempieratuny WesonshEaingd ah b0 dengpibepddition of

. - . 4= % i | s. h f | SC
R Y
Aftet BbralRERS theVddtiflioh SRad R MiLRRE "v&%ﬁ gﬁ?\gﬁ% F)e% ‘]% Ili'g %gumng

in the cassette. The vol ume of t

continuedovernight. Bngg@'smﬂhc wacton iwak mpniored by 4. ediftas3 Hafs, TLC
OGRS RS B WS D i

trigéi%«c)le'dyl-gﬁ:l@h’.( %yﬁ:oﬂi-tﬁumg ﬁ%c’@(g&, Exgélxgﬁﬁdeﬂflé} VG expected to be

ctrophoresi's i s prepare _ _
convieited Mo podyntell hHopamtm somet timneizeéh &f ) wabobdetvedCivtlich gave
22.08 g), disodiumEDTA (3.68 g) in 1L of water to
pro?iap a solution of pH 8.3. The buffer is diluted 4

i i ar- i s i ne usi-ng a
A e R R
withrdithdemndthahe CH00aphDMEEiy. Uelatits fridions 8f BCM Mefcreliolbd on a

dei oni zed water before assenbly. Buffer is |oaded into
rotyI SVARATEPT. c Hantsade Teactiogaixtum avagiticated ovith satirated brine (2x100 mL)

sTORPE:Y. . Prepa .
and QRN A Bt R EFOLERD Bht e SRR fhrsl doyer were dried over
NasStpamatcencsimpted onel toBurpedpbiigorab @hlel QRO Y@RWlight brown liquid.

experient run. Dendrinmers with am ne surfaces are

Crydeygas diyided mieywn equabpsriensand subisated o colamawhrapmasograpity over
» ' i ie BlLue R -~ about
sUGIEL, SRk Y7060 WA ot aRRS Sotfd (6, ASigia ke 20wl At

elutisg 5D mlgifacivehts Rtiofis FeteboHettdd P40 mi MFg8Eo R K ctions were
recorded using an I;:_gr ScanJet 5470C scanner, Infrare

epieifarohy drinvinllowgd by PESICEIIED Bt T 8162 dhen dieree (BhfRaFriee4)pand

o 0 e A AT, Tl B R TS 0 ome

- | at eIs1 Q‘%Egm?ﬁv ention %Eigsmbg&fogrﬁt&%) e ;@g Pg%li%?%lggs E;V}? S agreement
Wit seporiad dateifonllband aralyisis dnowddrteRéSpV esere also satisfactory.

Example C: Tetra(episulfide) from PETGE: Making the Episulfide Branched Cell

[(C) = Tetrathiorane; (TF) = Thiorane]

An oven dried, 100 mL single necked round bottom flask was charged with PETGE
1(1.8 g, 5 mmol) and dry acetonitrile (40 mL) added. Thiourea (3.04 g, 40 mmol) was
added to the above reaction mixture all at once followed by LiBF, (0.372 g). The flask was
arranged with a refluxing condenser and heated at 60°C. After being heated for 5 hours,
TLC indicated traces of PETGE 1 and two other new spots on the top. Heating was
continued overnight under N,. The reaction mixture was then quenched with 50 m[. water
and extracted with CHCl3 (3 x 50 mL). Combined extracts were washed with brine (2x30

mL), dried over Na;804, and concentrated on a rotary evaporator to give a liquid. The crude
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whi ch are intended to be purely exenplary of the

present invention. The |lettered exanples are synthesis
wW@Roose266 ng nmat eri al s; the nunbered exanpl es BCEUSIN0OST@13864

exanpl es of the present invention; and the Ronan

reacid RELREE @é@pm@&i B Igﬁ @amfnadurmmgﬁm esing Sligs §d1Rath

materials Tri-glycidyl ether used as starting
hexarmsetliyh h@tatayhlbeofom él Aay wtndngmd} 61dhe (9% yueldé ¢f parge
r f ab 7 SL S, ;
tegepinytia bt Sl g iR PBER bt i Bl ghapgl,bur s
sohﬁoilﬁmﬁbpmsﬁﬁh% foyRbirh Bre a§m!dw§l s" 1993, p487, using
epi ch ohydrin, KOH and DMSO. Exanple A: Preparation
of HeNIvHIar(WMMHzaICD@t;)r agl-ye(diy U =2 pe& 540z, 4H), 2.50 (d, T =

6 00F%, 4TGRO R i o9 o #0n SRChi GPrideD, &P haBeG 6 00 1,

4H>b%dvvas added 4.1 g of pentaerythritol (30.1 nmmols,
mmols OH) (Aldrich) and 30 nL of a m xture of DVSO
(153@NMR: ersaAVIKIHCDIL3:)4 3 28)90, 8246, 45099, 695778 andnt s

per OH). To this ragldl stirred mxture in a water

batMAéﬂDIF'a‘if)E\a@nH@b@e 4% doyng 1t (M Np)@Fer 10 - 15
hi 3 i val ent
o or Tha B SRR kit GBI, o S Cd s e o e

was rmnltored every 10 mins. to nai ntaln t he
t enper at ur @ bel ow 35C. After another houg the exotherm
had subsi d and the m xture qvas heat ed 35C for 5-6

hours. The r t S noni t)bred by TLC using
t ol uene- acet one Spot“é" e visualize 61‘“??13 KMhO
stai n. Ay Quotls vvere adde‘d"t_'t‘ﬁ) et h e{/‘\bd' m xture

to renove DI\/SO nd the ethéfshdysr dried withg Na SO .
The TLC of the reaftion m xture showed 5 spot‘s—«efter
the addition was conplete, then 2 spots after 7 hours.
The m xture was filtered Kbl a course fritted
funnel and washed twice with 60 nL diethyl ether. The
filtered liquid was m xed with 150 nL di ethyl ether
~and conbined with the washes. This ether
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| ayer was washed with 80 nL brine. The brine |ayer was
washed with another 150 niL diethyl ether. The conbi ned
werdvencizesers were dried with anhydrous nagnesPCIUS2005/013864
sulfate, filtered and evaporated to give 12 g of crude
' r b was di ssolved in a
Ex TI";()lE"Ulf 21{41%}1%[ SSAg&Pg]g%%@e one and was added to 140 ¢

A.of  giappiag dgelridcbdte vABOP#HOAZINE $6 Prodicd the TsRAMENSPlntEbhal Core
The first two fractions were 200 nL each containing a

ver Y GiryRMRT e (BX{L4T Piperazine; €hD) ndmingdo fracti ons were
f
pr o Catefsg):}g]\é\”{olﬂxd%ﬁgnpﬁgsﬂ%ﬁ airlrfxég %n ﬂa? Qs Z(tldeéllltga g oi.ha%gydrous

ions were col evacua
&n@ 1 87 fon¥o13 aléht8pertacky1aey @lliféd))and 35 of'rhé‘bhdﬁl Thi
TN DR NN ST S A
nuz;tuee wasrmpde lzomtmnms amldl)csolsd 1@4‘(%1Hdﬂf-§\5 Fodhis stitrad mixtare was

b icir B L b, oy e e
(AREhLRAIN o thethaddtionerdPouBl 0 mirh. ﬂéin%g droppingXun@dl: & 8% mixture

69.93, 72.013, 72.036, 72.055, 72.0 and MALDI -
wagstizred @66CAor onechavel thenfos oue hewraatB6 €. thlsymm&was thporated of

Voggpﬁi g}gr yt{) I % %IPOT Egﬁ ¥ g%gﬁ%&f%wﬁégﬁoh[eé@ chloroform and
extEH@mH wafer 5026 %\A@Srrge gé%mmﬁﬁ?%ﬂiaﬁ& hfalé\étécﬁtﬁe  complete

et ah, Synthesis, 7 (1993) and is illustrated by t
rersytié nEpipeissinewThGotgenis laycPevas decoy oyarispdium su@fa& Giltered and

400 mol. d O. were ken in a
evitRr S Vel IF o ) P Shhe Lobied murse t a5 visgpus,
colgﬁegg%ha&;gﬁh mol, 2 equivalents per OH all at once.

Th e reaction nixture was stirred vi gorously with a

mec hERNYR (50iMHey CEﬁ?db)n 600.89 (qtp3HLSCH)C1 WP (h 2Hn CiH g 2.42 (bs,

12abiy), 5@&.%2@%%9 6 @i P 58866 2. CHanf05(higfL CHoy: and

UMl NWBE (BAdAEL 0 CaRe R & GURL 287P %é%ll@%“sﬁ 03, 54.93,

The te ture was mai'ntai ned at 1% dut
63 addo3. 57;r17@104 and

MALDI-TOF: Calc. 554.4, found 556 amu.

The above reaction is further illustrated by the following Scheme 1:
0

/ 0 NH
[8)
(o]
o ‘“
O
}._\ MeOH
0 \
Trimethylolpropane triacylate /\\
N

\\/NH

Scheme 1
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epi chl orohydrin. The color of the reaction mxture
turned fromcolorless to pale yellow. After conpleting

WO b@eadktsé i on, reaction mxture was all owed toP@EUA2MD013864
RT and stirring continued overnight. Progress of the

B.r eadtdddtion/efSA ¢rplate Bagch Oy Rb%] enfid 1B TARRRUOSal Plpérazine Core from
|nd|catedsotsfor pent aer ritol tetraglycidyl
et hé&X Paoly(estemmipde emGEdl triglycidyl

B APV AT Al

somToc 2EmizatndBotin fhdk dWARIARS 8sMebhr Wiia@le DG S of
product V. Reaction mixture was filtered througha

mlséﬂaﬁl@ﬂpmménavaﬂates@l i a@m}e Requisleats pm NH) (Aldrich) and 5 g of

0 ha (10 {i i.ons of
Lor SFPLAB0 RS chted bl G Yoo oo b5kt ipparte s
i eemi iSBpidhae 36 Merfol! FoeSin@ch] nﬁﬁ%% xﬁﬂh Qi
piﬁ mﬁ é an}dcextract ed with diethyl Zt her Zﬁgzgd
meghanol qyes abeutiSi mise. é’tuseme:anre Way stisedwt25°d |f011921) lwwes inNRe dark. The

iR AP B St sl heides melibagbay orows

stripEé%@ﬂ#tﬂbtﬂ@Qéﬁ h RryRREhoTakBE. eE@ﬁ:@aﬁ«fi} Wil Vg%%\-& {or 30 mins. gave

mat ogr aphy over silica gel
49|8)9ﬂ§9dmﬁo col um (10" hei ght X 2.2" width). After

eIut nlL .of . sol.vent tions were collected
igﬁ}?r{"f Profugshps §ix acm; ? W\é‘?é MeeMdor ohydri n
f ol Foweiby BREGE, ¢ ) i
(Rf = 0. 44){1 and ?iéngll%yg‘ty?lz;%?g” 4] 51 3‘%%“7@?2?&4092 >0.59,
52363844, I6édl4a1237d97pt1r2&0PH[KH31yl€ei s 165189 1475 B0V X640 amd
0 m_nated w th other side products).
Speg&&aﬁk ngbggfs%@squ‘i‘dégf"ééﬁ%lnt with reported data
for 11l and analysis on products IV & V were al so
satisfactory. Exanple C. Tetra(episulfide) from PETGE:
C. Mak Capping ef theiGul1f Actelatdr Surfiee GroGeFkarh§1€) B=with Pi gerazme

Tet hi or ang; F). Thi rane] An oven dri ed,
Si né&&“ﬁ?&%’é’&e}é orﬂfl ask was charged VVI th

o) T E AR &fﬁﬁ% RS SAE Ak 6 Mo o -

abox%mmﬁactl on mixture all at once foll owed by Li BF4

0. The fl| ask was
( % 2%2) mL round bottom flask containing a stir bar was added 8.8 g of piperazine

(102 mmol, 5 equivalents per acrylate) (Aldrich) and 38 g of methanol. To this mixture,
cooled to 4 C, was added 4.9 g of poly(esteramine) dendrimer, G = 1, acrylate surface
(3.4 mmol, 21 mmol acrylate) (made by Example 1B) in 10 g of methanol. This mixture
was stirred for one hour at 4°C and then one hour at 25°C. The volatiles of this mixture
were removed by a rotary evaporator. This resulting crude mixture was bulb to bulb
distilled of piperazine at high vacuum to give 5.5 g of desired material. A gram of this
material was dialyzed with a 1K regenerated cellulose membrane in methanol with four
changes of dialyzate to give, upon evacuation of volatiles, 400 mg of product. Analysis by
B¢ and 'H NMR spectroscopy indicated the product was the desired product.

A PAGE of this material indicated a tight band corresponding to a G =1 Tris
surfaced PAMAM dendrimer; and
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arranged with a refluxing condenser and heated at 60C.
After being heated for 5 hours, TLC indicated traces
wWoRopPEIZE 1 and two ot her new spots on the topPCHES10051013864
was continued overni ght under N2. The reaction m xture
vas ‘HREMRyBO0 Mg, @\DCE%SQ 0189 Wt 1H)and7 et S1g), 9@-%% 72H),
i ned extracts were washed

2. 63_60:% %i{zxz‘gd) ﬂ‘r_# (tLdrT é&lzo4H), HASS 24HBnandoncent r at ed

on a3 Ve h QUi T
on 2SI BL5.L 8 15,0, B 800825 o s
4000y 45192, 3QU63P BY.8D SIS, S|4|0'905‘4 9&|S4VT9t B3 B@X@f‘ |
7a(:et at e: chl or of orm (1 2:2), ‘which gave O. 61?8 191.?%,9]0%2.08, 172.40,

1%‘5@413)2-&&- pure tetra(episulfide) as a colorl ess
liquid. (Tetraepisulfide is not soluble in nmethanol,
but is soluble in chloroform) Its spectra are as

f1 O!Zghz@osll%ﬁm%éﬁc%ﬁg&em s(mtﬁl)s step%f %héla%X&E peagt}%

(quintet, Jb= 6.00/Hz \,NH 343350(m 14H), 3.56
(qui ntet, J =& 00\ Hz/ 4H) and 23C NVMR (75 MHz,
cDd 3) 3. 90 32. 56, , 76.85; and

MALDVTF: CLPH2 O4S4; | c N 429, Ofound 447 (A*Na)

amu. The +é\év|/n\g Scheme B\ es this reaction:

Schene anpl hael di t| on Reactions A

Cappi ngeCeoTn acr with %er azine to Produce the
F

Triamn unctlona re [ (O TMPTA, (EX) =
Pi per azi = Am ne] To a 250 AL found bottom
flask cont a stir bar was added 13 g of

anhydr ous p razine (151 mmol, 5 equival ents per
acrylate) (Aldrich) and 45 g of methanol. This mixture
was made honogeneous and cooled to 4C under N . To

this stirred m xture was added 3 g of

trimet hyl pl propare Lriacrylate (1@ 12 I, 3ml
t ham9l ov

This M xtyfe

acryl af e) \(T TM chy in 20
aboft Ins. using a dr opju nel .

was sStiirred at 4C for one houry then for] one—houvr—ab
25C. This m xture was evaporated of voldtiles on a
rotary\evaporator. The resulting nesidug was di ssol ved
i n chl oxof orm and

Scheme 2
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extracted wth water (4x 20 nmL). A TLC (5% NH4OH in
nmet hanol ) indicated the conpl ete renoval of

wpr@ene2stie. The organic | ayer was dried over BOOUS2U05/013864
sul fate, filtered and evaporated of volatiles to give

B of AL bETunEtiodd ATt B iU the Pipfrais} TG mer
(at, %mmhmpﬂem Poly(e3tdrarkin?) denanﬁﬁr,((bsz 12H CH2) ,

2. 52 66_(t, 6H CH2 12H,
(McbsTMP (=) Pibsgeing SRR T8 | by K2 Drgpazine;

® o (R ETAT TP g, 45 20, o 0%, 20, 03

f oumd 556mb Foundgtoabfiysk wiglag biioshr wWgapped twieh alummum foil was
|Ilustrated by the foll owing Schenme 1: Schene

added - 64 & At simotlylgipsenanginacerates] 3.3 reagjeth FQ‘GIMalFWé per NH) (Aldrich)

an(;gf; rrrtd% éi?lgl?nclln ?)oﬁgig%é}r m@tﬁ% \tvéﬁ JHFF%?@ Westfré%me_)

detirBRéraGi=NE,; trifnBffly)olgivbdut cotd, piped@ivd irfabe 18 020k, 3.1 mmol

round bottom flask cont ai ni ng a stir bar was added 6. 4

NH) (grade by FgampledGrin panke of piethangl eyepaliord 5 minsroThis mixture was
sS85 Chat e S0 4B 3B s, e

meilianGElfor vedsriagbeeer 110 ingins Topa ﬁﬁz&%dﬂi D Qﬂlpﬂ{é?éﬂe ©3.88nmol,
mmol , 10.8 mmol NH) (nade le | A

abw&male@tﬁmer awlate) 50 Ay g;-of mﬁtha@ qqleum 4«/@5 T'ls¢ rasulaug mixture
25
ol A0 UL 2l sy Y gkt WiB ey o about

59%wih aaRls ahaufw 208$n ﬁfeﬂiaﬁsﬁmgfa mlr@gehéﬁ&d%uﬁog@ﬁx%&ane for
evapor at or . Evacuat| on with high vacuum for 30 m ns.

36 hauws withgs ghangequaﬁ@lyzate (Removadof Nhletlbs bvucthe metentsiexgave 900 mg

A S0 RetlS pROLESE S ARG M (A Wiy Seanony
shoteddShly ore it amBadtbw RAV Haterlsd Z)re%Znt deB- 01,
131,31, 165. 79, 165.80, 171.96, 172. 04 and

'HNMR (500 MHz, CDCI3) 5 0.82-0.94 (m, 30H), 1.34 (q, 2H), 1.38 (q, 6H), 1.49
(bq, 12H), 2.42 (m, 84H), 2.51 (t, J = 7 Hz, 60H), 2.65 (t, J = 7 Hz, 60H), 2.86 (bs, 84H),
4.05 (bs, 60H); and

BCNMR (125 MHz, CDCL): § 7.36, 7.44, 22.40, 22.71, 31.97, 32.11, 32.18,
32.30, 32.38, 40.81, 40.87, 40.92, 45.73, 45.84, 52.63, 52.70, 52.74, 53.40, 54.05, 54.10,

63.50, 64.06, 64.47, 171.88, 171.95, 172.03.
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MALDI - TOF: Calc. 1442; found 1443 anu. C. Capping of

the G=1 Acrylate Surface fromExanple IB wth
werenezshie: Pol y(esteranm ne) Dendrimer, G = |PET/C2005/013864

TMPTA, (EXI) = Piperazine; (BR) = TWMPTA, (EX2) =

' ZiAN8s: = ] . .round bottom
Explfy 22 ARioh Uel BARARind Qamig RAGGGRI"C O
A.pi palappingahd THepaxidd witlh PRgitizital 16 S THahind Puyéting) Core:

(Aldrich) and 38 %,of met hanol . To this m xture,
cool leimetBylaipronang iy drdty deoxypgppyl-3mipspaaer ani ne)

dengfire ol Akl supface. (3 mpl . 1

m’mlci(da? cr W&ﬁ@(@%& 21:(2%/4 g}gwpl félp ngmeh(’l%a mé@%nfne%

met Mano250 hibirsund wﬂﬂrﬁﬂﬂﬂ&oﬁtaﬁizﬁﬁ%d sfifbar W abl@d 1 B¢ ofifiperazine
and then one hour at 25C. The volatiles of this

(198 sempled oy alenisprr egosgel A dreh) ynd 08 gof meghanolr nThis mixture was
f] e t | b.distilled :
S A5 L AR MRS o oty bl

etheR{ 3.2 Bimol AME®maisl eﬂf)oyiiaé) Sn DB infdth S ovtir abd@SAniMs! Th mixture
| K regenerated cel

ul ose nenbrane in nethanol wth

wap dgated Farddwuet at g0HT yadar aitregeyi veTLGpS thie vmide atiktore (£ NH,OH

in KD e S0 i e io ot e o orepi fpoideq This
miRfuPEias evapofdédoftioldtidsonBioiry 8vagorfbl meﬁét‘gil\%&gidue was

band corresponding to a G =1 Tri's surfaced

distidlad of piperazma gringeRultsodulb-distibpitin3ipparathsGisidg hight vacuum and

2 1.47 t 2. 3-2. 6 72H) 3 2. el .=
hedj o RitreRggo 1 ok 3050ifs” Ak OF e SR Meok)
indi GHOIMBsidhADiplitAin el ading irfthé . i i
3008 T80 33 40 85 A0 BT, 4?.{%21,[;52%6r§%a%§€%32%§50%dm20g
of gRthaso! Byl roixed Sthi6), ¢ Bluche., ThB hoMogeueots mitiade W distilled on a
172'7086 f’L7ﬁq)40, 172..50, .172,1%%. The foll ow ngﬁqr act.ion .
TOtAIy RYAROTEIOL f, e O ipsPIRFTaF NGy Thi Profsavis Wasdercatsd-theg figes to give a
ipeRzifddeid o i '

plpt%he 1 Pi perﬂgg%cgg%eﬂi‘%g :}Trggrllvlg ‘[flgﬁrﬁ %ﬁn%ﬁg%f%&ﬁm% £5ic gatv% 68
(92% lyiel dsif¢headdsived padnds amkr, G = 2

'HNMR (500MHz, CDCls): & 0.84 (t, J = 7.5 Hz, 3H), 1.40 (qt, J = 7.5 Hz, 2H),
2.3-2.5 (bm, 12H), 2.7-3.0 (bm, 12H), 3.3-3.5 (m, 5H), 3.88 (m, 6H); and

*C NMR (125 MHz, CDCls): §7.71, 23.14, 43.40, 46.03, 54.61, 61.48, 66.35
71.96, 73.14, and

MALDI-TOF: Calc. 560.4, 560 amu.

Scheme 3 below illustrates the above reaction:

/—4\0 I\ /_(—N/\DNH

2

H

0 10 NH N
\__/ o OH
(o] -
o _\G MeOH )
0

\—W 50°C,20 h 0 /ﬁ
0 OH\{ " K/NH

Trimethylolpropane glycidyl ether
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[(©Q = TMPTA; (EXI) = Piperazine; (BR) = TMPTA, (EX2)

Pi perazine; (BR2) = TMPTA, (TF) = Acrylate] To a 50 niL
wo ouatied2es t om fl ask with a stir bar wapped w PET/US2005/013864

alum num foil was added 3.64 g of trinmethyl ol propane

triacrylate (12.3 mmol, 4Semthyal ents per NH)

(Aldrich) and 8 nL of nethanol. To this stirred

m xture was added 1.0 g of poly(esteram ne) dendri ner,

B & b TR B BRORE 1 SRS P 6 ore

m. @t et hanol over about 5 mns. This mxture was
stirred for 24 hours at 25C. This m xture was

ext[(@rt SMRIGH; GFL 30HEREaRigsrazites (W) &S| (BRdy srTMPTGE;
was d: ver 10 mins. To a mxture of 3.0 g of

p@? Zi (34.8 mmol, about 6 equival ents per

ac ryd @"1@() il rohfd Bot@fm @ﬁﬁl@&ﬂx@é g%' B bt wak ddded B G : of

resulting mxture was stirred at 250C for about i
mrﬂwwﬂdpm’ﬁhmstrmlyadyﬂ ethend 46 o3 Nequtivatenth perdVH) Aldtichytand 20

L SE Gl ofp 1165 TN P RO B pRb S iy o bropyl3-
pipGIAAGRS mﬁbﬁls%%ﬁml ﬁﬂ;@%})ﬁh 9,{13%1&}1@%'2 ~°Wafs fa@&@d BE10 mL of

f
rete tate gavé 900 desired
methamd u This nlixTire wak hed‘tﬂds fmrﬁtcialyts atl5 (X"(Eﬁﬁfdbﬂ-}iﬁ-ﬂ"herwolatlles were

romGr e B TSRV ERRY {SLBERFBAES B)° 638 O BAGRgRglyan aliquot
of 6?@1:(0 ﬁ%p%fiﬁigg Py?é‘bhajdl i?i -£6lin rﬁg%?m;l f‘?acﬁ?ﬂs 1 la'ﬁoere golfe%ted and

smﬁmd)of vBlaﬁﬁes (b glveE%EBI)mg @20EyiEH3 of Hddhct. mwmcbyf\’m@aa@dhs NMR
7.44, 22.40, 22.71, 31.
spegtgosgqpy ]@élci@d ﬂgezprgéuct 3¥AS glge degge(ggrodgq \glfyh thg @pg}gde ring opened

vl ool PR i g tin a1

EDA%Zré}H]&SWAMdeMﬂh&& i(Dand;ﬁicMmhhdegﬂ; gec. Iﬂaﬁdli ng
Realctl ons p Dg?At e Triepoxide with erazine to
t he Hr mm&ﬁep 2 0P (bsTi A @Farﬁ Ade2.? (m, 12H)a
I i e) [(O TMPTGE;
33 %:??ﬁl YRR 53 o BEHARTC) | (O
BoNMR (125 MHz, CDCl3): 6 8.13,23.95, 44,62, 54.12, 59.49, 61.23, 62.28,
65.83, 68.20, 68.94, 70.49, 71.89, 72.68, 73.88, 75.15, 75.40, 80.20.

C. Addition of Trifunctional Epoxide Branch Cell to Trifunctional Piperazine Core,

G = 1 Capping with Piperazine

[(C) =TMPTGE; (IF1) = OH; (EX1) = Piperazine; (IF2) = OH; (BR1) = TMPTGE;

(IF3) = OH; (EX2) = Piperazine; (TF) = Amine]

To a 25 mL round bottom flask containing a stir bar was added 873 mg of
trimethylolpropane triglycidyl ether (2.9 mmol, 3 equivalents per epoxide) and 5 g of
methanol. This mixture was made homogeneous and cooled to 4'C. To this mixture was
added 180 mg of trimethylopropane #ris(2-hydroxypropyl-3-piperazine) (3.2x10™* mol,
9.64x10™ mol NH) (made by Example 2B) in 3 g of methanol over 5 mins. A TLC (30%
NH;OH in MeOH) of the reaction mixture after one hour at 25°C indicated a streak from the
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To a 250 nmL round bottom flask containing a stir bar
was added 17 g of piperazine (198 mml, 5 equivalents
w@ercopi2ké de) (Al drich) and 50 g of nethanol . H¢/8S2005/013864
m xture was made honogeneous. To this m xture was
bas@HEH RS Bt 0 albhd WRihliNd StREGRARIetaE Rg=Ycd. dA ITTET bithis mixture
(13.2 mol, 40 mmol epoxide) in 20 g of nethanol over
showbdno starting ansine Fmaining X no basalias spethintp ¢ploef spatsas Rafp-9.

5 d j . A TLC of i i % NH
RTINS
pipéé&ﬂ%é‘(%@ﬂnﬁdi Qwiﬁlt@fxer%eﬂigﬁn 28 &F mgthindl.e TWRSnixture was

vapor at ed of es on a rotary evaporator. The
stirred Sol 24 grs #9580 The goltilss iweretbnusive op @ratareyvaneraty tagive a

bulb to bulb distillation at ' -hi . m
whigie e 4B RPSTRU N GREVa D3 Bkt Bite g fiagh @i il and
1600155y 3 Kl & %}Zé)/ 4 Ne#OcbioR edVafdridi Retigah e 2rge STiHs Aaterial was

piperazine refmaining in the mxture. The residue was
dialgzabasl /5% vw/w dlutignon M éma | Kangeneiatescellitlose g@mprane with 3

chap RS AU OB S400 O3 SATBHES By mobafuiphon $4F etBodk yield) of
the glésg%rﬁgﬁ‘&ﬁmwaﬁ PARRE B 8k HeR8l hoWRE atiRhPbatR Brresponding to G=1,

zine free product by TLC. H gh vacuum evacuation
EDav®kd) ITiRIS PAM AR Gerglaineer §D8uafr{tR29anpieehuylogies,tthe);dedi r ed

D MR T sl OBY 5D 8 & a2 P el e, s,
23405) 2k Qe 22, 520 s i ®s 86 (0, B s RS Bebim. a6t 12m);

andd6. 03, 54.61, 61.48, 66.35, 71.96, 73.14, and
MALDI - TOF: Calc. 560.4, 560 . Sch |
NI 7§ ML B0 TR0 072 L o0 Fr2 g 82, 54,61,
i iti f Trif ti |
55 Qoo b by Sk KR AR, 2 B T o o per oot me ar e,

G =The folloving Sdetie; illustHtgs the Ghve(rEatitipn= Pi per azi ne;
(1F2) = OH (BR) = TMPTGE;

-60~-



(TF) OH To a 100 nL round bottom flask containing a
stir bar was added 4.4 g of trinethyl ol propane
wao eioglogeselyl et her (14.6 mtnol, 3.9 equival ent BCpEs20biA) 13864
(Aldrich) and 20 nL of .nethanol. To this m xture 700
nmg of trinmethyl ol propane ?r(2-hydt oxypropyl -

pi perazine) ( 1.25 nme|, 3.7 NH) (made by

Exanpl e 2A) was ad h {b@ of methanol. This

mi xture was. heaf eth for 3 days at>§00C under N . The
vol atil es nmoved by a retary evaporator and high
vacuumto gi Ot_e\B/‘g erudehatert al . An aliquot of
600ny was p,uéfl & b phadex LH 20 in nethanol.
Fractions 1-1¢ e collected and stripped of

vol atiles to giwe™220 ng (92% yi el d) of product.

Anal ysis by 13C and 1HNMR spectroscopy indicated the
product was yhe desired product /Viz\ t he epexide ring
opened with/met hangl . A PAGE of st hi's\mat & al’

i ndi cated |a|tight /band cerresgondi ng to-a G =1, EDA
core, TRIS it

Nanot echnol ogi es, | né—Y; and 1HNI\/R 00 MHz3CDCI 3) : d
0.84 (bs, 12H), 1.38 .3-2.9 (m 12H), 3.37
(s, 18H), 3.4-3.7 '(°B‘"““$’amﬂﬁff|5’"m§ '93 (bs, 18H): and
13CNMWR (125 MHz5CDCA 3): d 8.13, 23.95, 44.62, 54.12,

59.49, 61.23, /62.28, 65.83, 68.20, 68,94\ 70. 49,
71.89, 72.68,/73.88, 75.15, 75.40, 80\20™\C. Addition

Ep@m de Br anc '+ to Tr)functional

= W th Pipegagine [(CO

TVPTGE; (I Fl)\NH, {'—\ rasy (1p2) = OH;
(BR) TMPTGE; \(I F3) CH—/(Exz) Pi per &zi ne: (TF) =
Amine] To a 25 nL rglins mlgqmmgr%]fl ask containing a stir
bar was added 873 ng of trinethyl ol propane triglycidyl
ether (2.9 mmol, 3 equival Beltesaeper epoxi de) and 5 g of
nmet hanol . Thi s m'xture was nmade honobgeneous and cool ed
to 4C. To this m xture was added 180 ng of

D.t( ! g&;gd%wfqgrfoqfiﬂa&ﬁmﬁ@p&a@@@ RTIOMYberdziRé R&FA% Hérimer and

Capping with Piperazine: Poly(aminoalcoholether) Dendrimer, G =2

[(C) = TMPTGE; (IF1) = OH; (EX1) = Piperazine; (IF2) = OH; (BR1) = TMPTGE;
(IF3) = OH; (EX2) = Piperazine; (IF4) = OH; (BR2) = TMPTGE; (IF5) = OH; (EX3)
= Piperazine; (TF) = Amine]

To a 25 mL round bottom flask with a stir bar was added 2.3 g of

Pi perazi ne

trimethylolpropane triglycidyl ether (7.6 mmol, 10 equivalents per NH) and 12 g of
methanol. To this stirred mixture cooled to 4°C was added 250 mg of
poly(aminoalcoholether) dendrimer, G = 1, piperazine surface (1.26x10™ mol, 7.5x10 mol
NH) (made by Example 2C) in 3 g of methanol over 5 mins. This mixture was stirred under
N in a sealed vessal for 24 hours at 25°C. This mixture was added over 10 mins. to a
mixture of 10 g of piperazine (116 mmol, 5 equivalents per epoxide) in 30 g of methanol.
This mixture was stirred for 18 hours at 25°C. The volatiles of this mixture were removed
by rotary evaporator to give a white solid. Piperazine was removed using a bulb to bulb

distillation at high vacuum and 140°C for one hour to give 6 g of a clear, colorless viscous
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4 mol N made by Exanple 2B) in 3 g of
?re?ﬁglnool over SH?r n§1i s. A ¥LC (30% NHAOH in MeOH) of
W b@efoered i on m xture after one hour at 25C i nEIﬂ:T_VHSHJdS/mlssM
streak fromthebaseline to Rf about 0.6 along with the
magoreabs $hispmaterdd vads dRsa1ved th 100 Jbmefhakdliand WaAl%0 2 1K
shovveg ng starting amne remaining ( no baseline spot)

regeherated csliplpee membrage én 4k ofkmethagol with 8 chagesof éialytiitﬁ g@:r 24

. : 1ns. to 14.5 g
ho%? ?%alft gg\‘r?% iZIQ %eﬁf%g&%ﬁmm&ﬁg?g \iq?&[#):}ﬂ PWEL some lywer gnolecular
weifht qatdriabpicsan 0 Furtldti dsalyaix oy %ﬁotﬂ@szﬁﬁdlﬁid&%et‘ ﬁ{ersg.?xg rc)c;ndi’cions

hours at_25C The volatiles were renoved on a .
g JP& (BN visld)i of erodughthatshovied the dbisencpiof enyalowee mudseular weight

; bulb to bulb distillation at high vacuum
m%‘%l;ﬁ%%%g(’)@qo? 30 ?n'ng. to give a clear, colorless
S NMRUSOOMILG CDRIY: SU6(PLET B 1485, Hipy3eds B, s,

a 5% w w solution in | K regener

2384 Ure D), Aonibs.dile 2v0t(bs, 3Dc B84 gie § =0f.0 »ggg),(%a(-g.gg/ itbs, H), 3.64
' tion ngy 0
s 37 he el el cduct A PAGE of this materia
sholledNmiK (1gbtMha @DWDDL e @.9@98.6%61239) 1647 58 43 5931755.49,
TRI S PAMAM dendriner (Dendritic Nanotéchnol ogies,
62.66,63)28, 6849168628043z CD3OD): d 0.86 (t, J 7 Hz,
12 H 1.41 (q, J 7 Hz, 8H), 2.34 (m 60H), 2.84 (m
12H), 3.34 (bs, 12H), 3.36 (bs, 6H), 3.37(bs, 6H),

. . . . . d 8.04
Exan0 3( b&ddit { !
et i AR MR ¢ 0.5
A. 63. Rmg Gipnug Ugsg a7 AndRodfcohth B#anch el Ré&géﬁ\!\ﬂgﬂroxyl_ Surface
Scheme. 4 il lustrates the above reaction: Pol yet heram ne .
dert ?rché?er@b:: ;) gam%wgﬁkpwa% Aeglyeisky! Bther ancgahﬁmaolamme
L : ; - = |
4 PP PEESfIFTY L DREBR —D%gf; il .=t(§{ :
Pi p[)lc(er)zggi ne Sur?gﬂée)r Dendrr(l rrei}fj_an >((galpgl n ﬁ th ~
Pi dRiethanolemimolly([ 82ign BAH T aleblp {AKFiEh AW FRfhanG grz@ mL)
= TMPTGE: FI) = O (EXI) Piperazine;, (IF2) = .
(Al :(@ﬁ]l ywthoqq\fpx%t&; pu(qﬁpg}on;\n@:q plageddn an opempdniatz2 0anl, single
neckddidhindbbitdB A2, T sk v%%)qmgﬁ'ed gv'i:%%zu‘ bar and septum.
Trimethylolpropane triglycidy! ether I (5 g, 16.55 mmol) was dissolved in dry methanol (40
mL) and added to the above stirring solution through a pressure equalizing funnel dropwise
over a period of one hour at RT. The funnel was replaced with a refluxing condenser and
heated at 60°C for 60 hours under N, .

Solvent was removed on rotary evaporator under reduced pressure, which gives
colorless transparent liquid. The entire reaction mixture was transferred into 100 mL, single
necked round bottom flask. Excess of diethanolamine (II) was separated by Kugelrohr
distillation apparatus under reduced pressure at 180-190°C, (The distillation process takes
about 45 min.) The distilled diethanolamine weighed 3.11 g and the undistilled material,
I, weighed 9.76 g (95.53% yield) as a transparent viscous liquid.

Analytical data ("H & *C) of the distilled material showed signals for
diethanolamine. *C NMR of undistilled material in CD;0D solvent showed 9 signals for

hexahydroxyl surface dendrimer (G=1) III and no contamination was found in either of
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= Piperazine;, (TF) = Amne] To a 25 nL round bottom
flask with a stir bar was added 2.3 g of
W0 0064296 ol propane triglycidyl ether (7.6 nmmoPCT/LI82005/013864
equi val ents per NH) and 12 g of nethanol. To this
thésbiffat 86hsTUSHBbend-P listofed it fnefBiRoPdl @@é gé&tfwfoptompound iy
pol y(am noal cohol et her) dendri ner, , Pl perazine
ar%urface (1.20x10 4 nol, 7.5XI0 4 m)l NH) (rrade by

xR Gy S, 0PV S8 5B aB T 6l s e it 1=

7.5 S tz%é? é?ﬁsls?fl)ﬁ 45 ?sé?’]ﬁ?] 395‘09(% éi—@) T40%d, $25.10 Hz,

a mxtute o Pl pe

6I—Bq316¢616§’r(n5 1pHD, %@bésexhreb J |=nS B@Hg 30, %F(B,rﬁﬂ 6 JOIED; and
xture was stirred for hours at 25C.__The vol atiles
of t He BIMR¢7 érl‘éH&e@QﬁPQ}m%é&?*b%Z Totidrp, 8%:4por8l o 5943, 68.32,
\/ iste solid. Piperazine was renoved using a
71%6 23 V%‘SI b distillation at high vacuum and 14Q0C for
one TR@Meat):00 g, 885K 2939f2827C145a] 140801367, @331, 1280, 1111, 1081, 1070,
Vi scous[mterl al. This material was dissolved in 100 g
878 TTeatmamet and di al yzed in a |K regenerated cellul ose

ovmﬁﬁ rPAMSEfC@Fe %121 ;@Wébh-ébfg% dg\ﬁ%m zat e

in m@lf&nmﬁg@dh@ﬂm ilRnales B RabtigE: Wei ght mater | al
present. Further dialysis for another 24 hours under

the sane conditions gave 3%@]’*2959% yiel d) of ppodyet CHOH
that showed the absepce of™ wer rml ec Qwv%wg EKCHZOH
i npurities TLEe—H NI\/R(SIQ& : d%

o CH,OH

J=7.0H , 1 41 (g, J 0 Hz 8

(m W 5 . 2. 6016395 /eppride 54 7.0 "\_ch,0H
Hz, H, 3.33-3. Z 3730 beH H),

3.89 (m H): angs-{igNwR (ﬁgoﬁﬁé’ g[‘i?bo) d 8. 0\4/?@/@,7/,—CH20H
23.91, 44.59, 46.21, 54.61, 55.49, 62.66, 63.28, \—CH,OH

68. 49, 68TMPTGE g3, 75 43. Exanple 3: Additional  Ring
Openi ng Redadi ons and End capping A. Ring Openi né'

Usi ng an Am nodi al cohol Branch Cell Reagent: Hy@®7egyl
Surface Dendriner (G = 1) fr Tr| Eet hyl ol pr opane
Triglycidyl Ether and D et hano

B. Ring Opening Using an Aminodiester Branch Cell Reagent: Ester Surface
Dendrimer, G = 1, from Trimethylolpropane Triglycidyl Ether (TMPTGE) and
Diethyl iminodiacetate
[(C) = TMPTGE; (IF1) = OH; (BR1) = Diethyl iminodiacetate; (TF) = Ethyl ester]
Diethyl iminodiacetate II (14.07 g, 74.47mmol) (Aldrich) and dry methanol

(120 mL) were placed in an oven dried 250 mL, single necked round bottom flask. The

flask was equipped with a stir bar and septum. Trimethylolpropane triglycidyl ether

(TMPTGE) I (5 g, 16.55 mmol) (Aldrich) was dissolved in 40 mL of dry methanol and then

added to the above stirring solution through a pressure equalizing funnel dropwise over a

period of one hour at RT. The funnel was replaced with refluxing condenser and the flask

heated at 60°C for 60 hours under N, .

The solvent was removed on a rotary evaporator under reduced pressure, which

gives a colorless transparent liquid. The entire reaction mixture was transferred into 100
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[(O = TMPTGE;, QFI) =CH, (BR) = DEA, (TF) = OH

Di ethanolamne Il (7.82 g, 74.47 mol) (Al drich) and
walegoee2b@nol (120 nli) (Aldrich), both w thoutP€T/US1V65/013864

purlflcatlon were placed in an oven dried 250 ni,

[ 0 . hih
w5 K i B ML D Aol BRA RS st
byﬁqugglrym distillaﬁbh] anddr réducgd pﬂa@mﬁé af 189 1608@s (Disﬁﬂ@ﬂlcmeﬂobé’ss takes
dry met hanol_ (40,  nL) and added to the above stirring

abQHAign PFﬁ“@}E‘é Hiegy, r@glgé#aéetetqm@?drﬂf@ lrgmdemncustd}sdnn@éenal 111
RT. .T
w12 9 95590 005 P ol U o -

stomim&&hymalmbﬁolmﬁdm N . Solvent was renoved on rotary
evapor atpor_under reduced pressure, which gives
col oH|8é £ MQB@IF@M matqualdwas*nn@gmmmewle dicthybiminodiacetate

f i DGR (AR A el BTV G sste

aisat EINNR Hepradedffecdstt o r
pr(?)gduced pressure gt 1860 fQOO%baﬁiF%grbgﬁgfgtll%%ﬁl g’ﬁﬂ%and 17231

prrasddSssignaleds thediphatiGrogion, )Spw:aa fiir lointploenid (III) are

S ARG SHEED 41 GBSk b b o,
s Syanen s s 4 )90y Lt 15 1%

of the “di st
2H)li 228 haat,ol -a iri80diz & IRz, FH ) D7t d, Iﬂ=e8i.40& gN10aiz, bH), 1.37 (q,T=

75000 2D Léﬁ 'éh 2 N 67 2 6 s i s . e CHL), 0.85 (T

_jwngdg g ofthese fractions. Conmpound-Il1 is
st or e anol at 00C. Spectra for Conpound (I111)

ar el CHHMWR?S 327 (Mjl)D)Cm 130363 1§Z&§2z 66% 51? A8, 5@85"253 62,

55 ié+§6 2k 5§2)0(§0 g%réo 68, &8. @121)71 1§7, g@ 36571 504)73.49, 18143,0178 4]8 168.67,
1 , 3.54-3.67 (m 12 3.93 extet, J =
17(22 8[7253 %ES 4.85 (s, 6I(-I 6 xH)G-i) and(is)c(: NVR (75

6
47@%?3?2%;1%18(2%9322296@ zsgégdﬂ?’ig ?{%(211340@813% 1345319250 1198,

1112181965 1834, 983493, 8606734 cnsbland 1280, 1111, 1081, 1070,
MALDI-TOF MS: Calc. for C3oH;1N30ys; 869 and found 893 (A * Na) and 847,

801, 779, 775 amu. (The spectrum show typical fragmentation pattern for elimination of
OC,H;s group.)

The following Scheme 6 illustrates this reaction:

CO,C
NH(:: > CHCH; ~\\“’/jf"l\’/N//"—COz()HgCH3
0

/_<c\> CO,CH,CH; N—CO,CH,CH,

o il (DEIDA) H
W/\O o (1.sequiv./epoxide) O/\I/\ COLHCHs
\—VO C,H50H, 60 °C ;Oh o0ae o

215 s '
| i 0/\/\ /-—COZCHZCHS
(TMPTGE) LCOZCHZCHS
n
(59
(12.59g)

Scheme 6
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871, 778 cmd ; and MALDI - TOF MS: Calc. for C27H59N3012

, 617 and found 641 (Af*Na) amu. The follow ng Scheme
W®2006/068266 at es this reaction: Schenme 5 B. Ri ngP@peEsimg 013864

Usi ng an Ami nodi ester Branch Cell Reagent: Ester

Surface Dendriner, G=1 , fromTrinethylol propane

Triglycidyl Ether (TMPTGE) and Diethyl imnodiacetate

C. [ ( C)Armdim o Edtéd Surﬁcl;t':] G|(=BR|v91th=RiEi%€ﬂﬂtEyﬂnlg Branch Cell Reactions:
déhggg%’gh@xﬁlgﬁﬂg 4 S?Zeé:]ﬂmfr) {AI drich) and
ﬂLy [ s ouﬁ"‘?ﬁﬁlft%??@z L iRl A3 s (i -
equifppiad] Wi th a stir bar and septum

Trinet hyl gl propane triglycidyl ether (TMPTGE) | (5 ¢
16. %teﬁ%‘ﬁg 0% p ﬁ&é Gal s@eade by Bxample H) wis mnayedthh

et}&ﬁéh%ﬁﬁ'in@g@o Mb‘f@ &Iﬂepeét 516 agll?{‘g’ﬁ o ”' § §'g$ﬁ er (G=1)

ressure equa I'zI'ng

V. PEiid reactivh wasepehforthediinddf staddied Eb&{uiﬁdmsv\@ﬁftdr%@&ea@@ﬁk ﬂb tdhalytical
refl uxing condenser and the fl ask heated at 600C fo

datgvas saHecterhereq cryde sanpple a§6 Ilt\waﬂfoumtqlmm\ag@emnnmth structure

AR BB S RS S £ TN e o

amideX(OH) fd&ichhidls MALBUTOR: ﬂae]m%ow&l B9le8n B@&ki%gthe expected
round bott mtl Iask Excess of diethyl imnodiacetate

mOQqqlqarms &0 + dMByvagalyelin agreenienitwith stticome amitersurface

de‘id%é‘i esi%‘{%ﬁat TR BRI m nod acet at e
wel gg@‘l’erédlzlﬁnﬁe /@'8@ n’ﬁI‘dﬁ% inl rh@tﬁaﬁ@t ﬁd fAble &llax]l \}9:299[31’ was

(87.55% yield) as a pale yellow cou
addeddoind00 @dn‘p\@ghdleckadl roingd bottometlaskn Bterfidsk atas cﬁllusiiedawh Na,

calppegdoNhe S b RieOPIRA R iR Bolefiy 0°G i ice bath. Hexa-
eth} 6P rRce UBHirRhd TIF®. 450! I%OIN%%F iy g‘%ﬁ?]ﬁ Wal%dded over a

characteristic properties, ree
perést afr20omins o e preasire agualizing@BmGT wai Fén@kdand tHehduad bottom flask

was closed with a septum and stored at 4°C for 40 hours. The flask was allowed to warm to

RT and excess of ethylenediamine and methanol were removed on a rotary evaporator to
give a colorless, transparent liquid, hexa-amino surface (G=1); dendrimer V, which was
further dried under high vacuum. Residual EDA was separated by azeotropic distillation in
methanol and toluene, which gave 0.95 g (>99% yield). The spectra for dendrimer V are:

'H NMR (300 MHz, CD;0D): 60.8-0.9(t, J= Hz, 3H), 1.30-1.42 (q, ] = Hz,
2H), 1.94 (s, 3H, 30H), 2.64 ~2.80 (m, 24H), 3.26 — 3.40 (m, 30H), 3.82 (m, 3H); and

BCNMR (75 MHz, CD;OD): 6 6.70, 6.95,21.42, 40.77, 40.81, 41.70, 41.94,
43.41,43.71, 59.41, 59.59, 68.05, 71.58, 73.79, 172.86; and

IR (Neat): vmax 3290, 3068, 2930, 2863, 1659, 1542, 1437, 1360, 1292, 1110, 919,
603 em™,

MALDI-TOF MS: Calc. for C3oHgzN15012, 954 found 977 (M Na) amu.

The following Scheme 7 illustrates this reaction:
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ppm and 19 signals in the aliphatic region. Spectra

for Conpound (Il1) are: 1H NMR (300 MHz, C D 30D):
wa@l20060628€xtet, J = 4.20 Hz, 3H), 4.16 (m 12HrCT/BSHO5/013864

(s, 12H), 3.36 (s, 6H), 3.30 (s, 6H), 3.05 (dd, J =

3.60 Hz, 3H), 2.95 (dd, J 3.90 Hz, 2H), 2.81 (dt, J =

1.80 Hz & 9.90 Hz, 3H), 2.67(dd, J 8.40 & 8.10 Hz,

2H), 1.37 (g, J = 7.50 Hz, ;—Zﬁ)ZCHQCkQ 7.20 Hz,

6H,2xCH3),1.25 x CH 3) ,

0.85 (t, J = 7.50 Hz, BH, C HH3) ;cx;gﬁlggNNR (75

MHz, C D 3CD) dé. 366,13, 46~CQ§£3"66H3 43. 48,

49.85, 53.62, 55.76, 58, 21, 160 68,
68.72. 71.17. 71.33. 71.50: 4o % y Y8. 48
168.67, 170.25, 172.31: and IR 2Chp8l 5980 2934,

2904, 2868, 1741, 1460, 1408, 13787C sHQCHaz5o 1198,
1111, 1065, 1024, 983, 927! %60 784 cm"11; . and
MALDI - TOF MS: Calc. for C39H71 1&69 and found 893
(M+ Na) and 847, 801, 779, 77%4 (The spectrum
show typi cal fragnentation patter for el i mnation of
OC2H5 group.) The fol | owing Scherfh 4th lustrates this
reaction: (12.59g) Schene 6C. |on of an Ester
Surface G=1 with R ng Opening Branch Cel | Rq'é\/;\ons:
Synt hesi s OE am ne Surface, G=1 , Dengu_ge [ NE)
=TMPTGE; PN O-yH(BR) Diethyl ini dnéta@ (EXI)
EDA; (TF) = Am ne end
(G=l) (made by Exdanpl eat ed W|th
et hyl enedi am ne (200/no ofd nt per ester)Nw"\?e
hexaam ne E'ENxt/abﬁ dendr i rrer (G=l) Tiie reacthon was
performed under Btandard conditions. ter H|_wor k
up, analytical data was collected on a rNJdeosan'pI &H,
and it was found to be in agreenent with oicture.

v

ter surfac

HN

L

NH,
Scheme 7

Example 4: Ring Opening Using Tris(hydroxymethylamine)(T RIS) Branch Cell Reagent:

Hydroxyl Surface Dendrimer, G = 1, from TMPTGE and TRIS

[(C) =TMPTGE; (IF1) = OH; (BR1) = TRIS; (TF) = OH]

TMPTGE (I) (2.66 g, 8.8 mmol) and methanol (50 mL) were placed in an oven dried
100 mL, single necked round bottom flask. The flask was equipped with a stir bar and
stopper. TRIS (II) (4.79 g, 39.6 mmol) (Fisher Scientific Company) was added to the above
stirring reaction mixture all at once at RT. The flask was arranged with a refluxing
condenser and heated at 60°C for 60 hours under N». TRIS will dissolve completely after
being heated for about 15 min.

The reaction mixture was cooled to RT and transferred into a 500 mL Erlenmeyer
flask and then 120 mL of chloroform was added. Hexanes (300 mL) were added to the

above mixture slowly with constant mixing with a spatula. While adding hexanes formation
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Anal ysis of the sanple by infrared showed absence of
ester carbonyl (C=0 and presence of am de (C=0

wo eveve2e@l i ty. MALDI - TOF: the M5 showed a cl eR€T/pszkS/013864
for the expected nolecular ion. 1H & 13C -NWR was al so

' £ with bbkeBiddY e iGix it (s StiKddaBerod ghlgont@sgaih and
Ofa%%rrogﬁlt has § F) in the hy%lroxyl ggo] gltﬂsj sahan

allofetiye smmdalataRff n@er(ugat) $ailid wavscem asBaliea volthe walds emﬁll bottom of the

qyj val ents per. eter dded .to a .5
flasha Lkt S RGBT Dreenis e Hescfie sSrePoiat e IR Blsion

& the 8ighst}al7 Zi Of the b f
thr %ﬁ?ﬁdi&%ﬁ cool é(gnaf‘a(t) 0oC \?\Aglﬁ}w}géelﬁﬁlgﬁ gHexaet yl estﬂerOttomo

the ﬁasrkf aamfloxﬂkess gastereamdihdd, (en8ERr gepaiatmgmlne solid] Thig paste weighed

s added, over, a, p od_gof 20 mi.n Th
5.2 B Bt 6 O RE R et o A RAGmEE RO AT e iR o of TRIS).
e e
majexe@spomeht. et hyl enedi am ne and met hanol vvere renoved on

a rotary evaporat t | orl
7 lheEbone R ) Wi fikalveddn PymE gk Rartioneh &g gk o a

T T B

the tolut@n Q\fth&hﬁiﬂg @80 mIOoﬂﬁle’glaﬁ@lQﬂ%ﬁdne Iwé)e co]heted plei:i 1. aliquots.
for dendri ner are: 1H NWR (300 % 2
Dereirme(rtwas JoundHp frastlens 18-FpHand HBIY yas fyund fifracsigns 898 TRIS

oy iy AP v PO B S . rions

frof- 18047 Werd Pnixed artPthe 46veént, wab@EvBdoratéd or Q. rothdy Mpoﬂtﬁ)r%der
43.71, 59.41, 59.59, 68.05, 71.58, 73.79, 172.86; and

reduqRd (piesawp; Whivh ga w2602 8 (6852%%bethyeresapic seish (GTEhdendrimer-TIL.

Bvapgmionl ol SR AR G oh AT BlS e Replonie s

f ol &t Q&nﬁ%@ﬁ'{q{ & P wedvicli B théte Svak @8 ebhtaminebanBd the
Exanpl e ng Qpeni ng Usi ng

prodwdthgndpuxeivelatedicampre)dsT Aibg)r sprcirat Hat@siap irRegiegsnent with structure.
xg%gxrggm}/t of %J rcienﬁnm[e)gfﬁ i$ Seill ’Wltﬁ TRIE. Anafys1s o¥ I\ﬁ;l’ samﬁe showed that

the major component is dendrimer-III which shows the following spectra:

'H NMR: (300 MHz, CD;0D): & 0.86 (t, J = 7.20 Hz, 3H), 1.42 (g, J = 6.90 Hz,
2H), 2.64 (dd, J=7.80 & 8.10 Hz, 3H), 2.78 (dd, J = 3.60 & 3.60 Hz, 3H), 3.34 (s, 6H),
3.35 (s, 6H), 3.41 (d, 5.10 Hz, 6H), 3.48 (s, 1H, OH), 3.50 (s, 1H, OH), 3.53 (d, J = 3.00 Hz,
12H), 3.58 (s, 1H, OH), 3.67 (bt, J = 3.00 Hz3H, 3 x NH), 3.79 (sextet, J = 3.60 Hz, 3H),
4.81 (s, 9H, 9 x OH); and

BC NMR: (75 MHz, CD;0D): § 6.91, 22.72, 43.41, 44.34, 59.83, 61.49, 70.07,
71.57,74.27; and

IR (Neat): vmax 3354, 2919, 2873, 1460, 1424, 1408, 1367, 1296, 1234, 1106, 1029,
866, 773 cm™.

MALDI-TOF MS: Cale. for Co7HsoN30;5; 665 and found 689 (A "Na) amu.

The following Scheme 8 iltustrates this reaction:
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[(C =TWMPTGE; (IFI) = OCH (BR) = TRIS;, (TF) = OH

TMPTGE(Il) (2.66 g, 8.8 mmol ) and nethanol (50 nL) were
w@b@emes2s61 an oven dried 100 nmL, single neckedP€DURINOS/013864

bottom fl ask. The flask was equi pped with a stir bar

and stopper. TRIS (1) (4.79 g, 39.6 mvl) (Flsher OH

Scientific Conpany)owas added Ohe above stirri n NH{

reaction m ture—aﬂ at oncENa %ﬁ"The flask OH
arrang ] refluxi ng ondenser nd heat at _600C

for \Gf\8urs der N. TRI \‘?\ﬁ‘q"'I e‘lf??"g‘%ol Ve I@MNH{
afteP being hea o or abougy & P "The reacXign OH

m xture was coo to RT ancrtaoans erred into a%SOQ\rr/LH{
Erl enne};igfwg] %§k and then 120 nL of chl orof or m waso

added. & (300 nL.) were added to the above "

m xture slowy with constant mxing with a spatul a.
Wi | e addi@r@eﬁ%exanes formati onof a white precipit &39)
was observed. The m xture wa gjé{)r(leg t horoughly once
again and allowed to stand at>*Bf™8¥erni ght. Solid was

seen as flakes on the walls and bottom of the fl ask.
The solution was m xed gently to get the solid

Exemple 5t Ritg (ipeining Usigg Mreplxdingt Abernaﬁva)%@bnéarﬁa%hnﬂae
o i SREPERESHFLE Rk “Rephrias LS Covnatnla

gvefrgasf 4RigSBRROALE gggmgg)féf&hﬁlng @8 Hisfo] O Rdor dry

medhamobatvi T, 0. 6048g:ef mmmim,ﬂcslpﬂipaf[ﬂr@ymcﬁﬂ athar h(2 mmOd))‘ int2hal of dry
soluilon 14 g of a hyd oscopic solid and

methang Wﬁ%@&a filané% oRgfe Frpgress ¢f, gin WWO@%%%E&% After
b ol Qe TR el e oA lon SEINIEIRY v

wa2 ci&nﬁhmsﬂ abRTreehaginl Thacolvarded randved dica fxtdry @vapofftbeiinder
i ng 600 of net hanol, fractions were coll ected
req “ﬁe Brepfurean Gﬁds‘m echigh VAR Remgtn gxqers mprblianto give 2

col(]g)gaf?gtrgl%grgsﬁl{ Fg]/ d. T n? Ul?.lﬁe iéé%ﬁ{l&?ﬁl'bt%swé%téﬁ%eg Eﬁl)l?gl}]sﬂlca gel

coluam dhirorhatbg@phy (&5~ BB Q.26 \H’dﬂgtbyfiﬁé‘reésiﬁg”mhé @mbdntéfir@ethanol
m xed and the solvent was evaporated on a rotary

in eilagodorat Or 1 Qe ddeOFlda GEKds)p ﬁ@glélf@!émd\m IVd éé%eﬁnd 890 mgy which
alsh Contafis ﬁ'oc&fctsrim ARORA d gloﬁé) {Vlitg soxglG_un}dentl (f material (17 5% yield).
Overall yield is 96%. IIId + IVd (mixture of two compounds) =221 mg II-d (pure
fraction) = 66 mg.

The spectra for ITId are:

"H NMR (500 MHz, CDCl;): 80.81 (t, J = 7.50 Hz, 3H), 1.36 (9, J=17.50 Hz, 2H),
2.32-2.43 (m, 12H), 2.52 - 2.59 (quintet, J = 4.50 Hz, 6H), 3.28 — 3.47 (m, 12 H), 3.52 (s,
3H, OH), 3.64 - 3.71 (m, 12H), 3.87 (quintet, J = 4.50 Hz, 3H); and

CNMR (125 MHz, CDCL): §7.91, 23.39, 43.61, 54.10, 61.54, 66.41, 67.09,
72.22,74.02; and

MALDI-TOF: Calc. for C3;Hs53N30y 563, found 587 (44 Na) amu.

The spectra for IV-d are:
MALDI-TOF: Calc. for C23HyN,Os 476, found 500 (M 'Na) amu (Fraction-IT).
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Evaporation of solvents from 48-58 gave 0.592 g of

TRIS Il as a colorless solid. Spectral analysis (1H &
wa3@poeizemed that there was no contam nation aPdI/UBE05/013864

products are pure isolated conpounds. Their spectral

dat Schege Dillagratesniginteastiédy structure. Sone anount of

the dendrinmer-111 is still with TRIS. Analysis of this

sanpl e showed that the nmjor conmponent is dendrimer-HI

whi ch shows the_foll ow ng spectora 1Ié| NI\/R1 2200

MHz 5 oD 86 (t, J = 7.20 Hz,

6. 90 \ ) 264 (& JMeoﬁSO& BgHz:oS 278"()

de ™ 60&360‘ 3 ‘r ( 3.35 56H)5

3041(d 5\1 H256H) 3.487&" 115 350(s /—\0

oH), 3.53 (d H2512H)53 8(55II—,g N

3.67 (bt, J:SOOl-EcBH 3 x NH)5 3.79 (sext&f,

3.60 Hz, BH)5 4.81 (s 9H, 9 x OH); and 13C NWR ’(75

MHz5CD3OD): d 6.91, 22.72, 43.41 5 44.34, 59:83, OH

61.49, 70.07, 71.57, 74.27; and IR (Neat): SB\A/\N/\

2919, 2873, 1460, 1424, 1408, 1367, 1299/\92 o106, 0

1029, 866, 773 cm 1. MALDI - TOF Ms: CabPc. for

C27H59N30L5; 665 and found 689 (M 4Na) amu. The ud ./

follow ng Schenme 8 illustrates this reaction: ( TMPTGE) \__/

11 (2-66g) (4 .29) Schene 8 Exanple 5: Ring Opendg

Usi ng Morpholine: Alternative Secondary Anine [(C)

=TMPTGE; (IFl) O (EXI) = Morpholine; (TF) Cyclic

ether] To a stirred sol utigpeRf ol. 044 g of norpholine

I'1-d (12 nmol) in 8 nL of dry methanol at RT, 0.604 g

of trinEthonIpropane triglycidyl ether I (2 mmol) in

% El] 60 egrg?éﬂ"@ %rwmﬁﬁf degggglﬁ}@ch%]gcgr Progress
A. Capping a Tetraepoxide with Piperazine, Core

[(C) = PETGE; (IF1) = OH; (EX1) = Piperazine; (TF) = Amine]

To a 500 mL round bottom flask containing a large stir bar was added 26 gof
piperazine (310 mmol, 8 equivalents per epoxide) (Aldrich) and 45 g of methanol. To this
homogeneous mixture was added dropwise over 5 mins. a mixture of 3.5 gof
pentaerythritol tetraglycidy! ether (9.71 mmol, 38.8 mmol epoxide) (made by Example A) in
10 g of methanol. This mixture was stirred for 24 hours at 25°C under Na. The volatiles
were removed with a rotary evaporator to give a white solid residue. This residue was
distilled of piperazine using a bulb to bulb distillation apparatus at high vacuum and 140°C
for 30 — 40 mins. The resulting pot residue contained a small amount of piperazine as
determined by TLC (30% NH4OH in MeOH). This residual piperazine was removed by
three azeotropic distillations using 30 mL of methanol and 90 mL of toluene. This product
was dried with high vacuum overnight at 25°C to give 6.7 g (97% yield) of the desired
product. A TLC of this mixture (30% NH,OH in MeOH) indicated some oligomers. An
aliquot of this mixture (700 mg) was purified by size exclusion chromatography using
Sephadex LH-20 in MeOH. After the void volume was taken, 48 fractions of 8 mL each

were collected. Fractions 1-3 were empty, fractions 4-7 contained oligomers only and
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being stirred for 3 hours, TLC showed the conplete

consunption of TMPTGE. Stirring was continued at RT
wWe@s/6ghé . The sol vent was renoved on a rot arpCT/US2005/013864

evapor at or under reduced pressure and dried under high

w35 Y b Y B SRR SRRk Bk oL Y38 g product nd
wete sbllgcedime sﬁip’pbﬁ bedolatile tt9§1v§ 4bo & cgfeyrocmt umm

h hy (8.5" h 25 dt
e BV ORI 0T Srkvardi bma b PoFor 56, 28252 (i,
4}%94% (@f 3@8 Yi ﬁ)dar{dor l11d + I'vd 25% and 800 nm,

SO cont TS products I11d and 1Vd along with

sone’onMR 1T MEL:, ORIGIE): @ 4934 Yoy2ehelo, 5@@ 8 lszyé@isi 70.49,
is 96% I11d + IVd (nixture of two compounds) =

ffl-@2paik fraction) = 66 ny. The spectra for IIId

are%“%‘ﬂ?gm@)q" %%9“/% %?0‘5@75"5 > o s E]m: Zza)osgl.zgz

- 2.50 (quintet, J = 4.50 Hz, 6H)5 3.28 - 3.47 (m 12
H5 3,52 (s, 3HOH)5364- 3.71 (m 12H), 3.87
B. ( quiAddition of Fetafigotippal Eppixide &m@ma@mo Wetrsfunctional

o7 Caperic Gort g Bicriad pptvpe Hepilapigoaleofifpthen Dendrimer G = 1

|C\2/7 I\Bﬁﬁll\*/%ggfmjrw Ei’m %\gtwh@%ngcg@%lg %@TGE (IF3)
- ar e:

500=(0HL\é5Xfé)rﬁJPl(pEraanle; GFE)HAnﬁceﬂene 9 illustrates this

R o O LA SR e o
peﬁﬁ%ﬁﬁﬁ&%@&gl&%&ﬁy@ﬂﬂﬁ r(@ﬁ'n%ﬁcs, @QMGAe% v%m@ CEP Eﬁ%&m&@ﬁa} Example

= Pi perazine;
A)rin§milL bﬁmet;lnmbll dsidhisanixaireiwag addddar mixtedeiof 20@mgwEpentaerythritol
‘[etra(efl ddr%gyquopyl -3-piperazine) (3.1x10™ mol, 1.25 mmol NH) (made by Example 6A)

in 3 g of methanol dropwise over about 5 mins. This mixture was stirred for 8.5 hours at

25°C under N,. This mixture was added dropwise over about 5 mins. to a 250 mL round
bottom flask containing a stir bar, 35 g of piperazine (406 mmol, 15 equivalents per
epoxide) and 70 g of methanol. This resulting mixture was stirred at 25°C for 18 hours
under N,. The volatiles were removed from this mixture using a rotary evaporator to give a
white solid residue. The excess piperazine was removed from the reaction crude material
using a bulb to bulb distillation apparatus at high vacuum and a pot temperature of 140°C
for about one hour or until the residue in the pot was a clear homogeneous film on the inside
of the flask. This crude residue came to 5.0 g. This material was dissolved in 100 g of
methanol, placed in a 1K regenerated cellulose membrane and dialyzed for 48 hours in a 2L
vessel with four changes of dialyzate. A TLC (30% NH4OH in MeOH) indicated some
lower molecular weight material present in the mixture. The volatiles were removed from
the retentate to give 1.3 g product (theory: 992 mg). A TLC of the dialyzate that had been
completely stripped of volatiles indicated that no desired product had migrated through the
membrane with MeOH. The material was dialyzed another 24 hours. A TLC of this

material showed an almost complete removal of lower molecular weight residue. The
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pi perazine (310 nmol, 8 equivalents per epoxide)

(Aldrich) and 45 g of nethanol. To this honpgeneous
woroobeRemas added dropwi se over 5 mins. a m XPCF/ESWN5/013864

3.5 g of pentaerythritol tetraglycidyl ether (9.71

retemtale, wasGtfppof velades €Lgive 986! ehof grdieR! Fo g%mklgbe?}geg%ove all low

of methanol. This mxture was stirred for 24h
mojesula fpsght ippuritis, (hsimateriad svandwthar divdyzed imiléitniaed wbier for 24

; ; . . e
roBRTEE R s Bob s SR 5 bt S
resitiustaind Ismmg oRB BAGtAITHS vRlgHh bﬂﬁﬁg/ﬁgtéﬁm QR 1 %%Grﬁag‘)@ r@a%(ield). A

- 40 mins. The resulting pot residue contained
TL&rafithe agreops dielvagte seipped dEvaatifies ididated BLSRiRQH M@ of product

L ; .1 Fhi i dual pi i.ne s renoved by . )
toef o bt et P masibrpok Vih ?ﬂewaamglse}ﬂmwwhmﬁﬁnﬁa@shm givea
f.430 €andlhi s product was dried wt ig
We\gggg;)ﬁ%%g?n?%ﬁltyi%?’ %%dc to give 6.7 g (97% yield) of
r

t he &BVIRS00HacED;@DXLE 203-2t7h(ns Wt%?é.%(?@‘é?ﬂ?!ﬂ%ﬁ (s, H),
[ indi rs. aliqu
33%?«?%?504?%‘3%@;%3%2&&222%%% by size exclqusi on

chr ST apBWHE] 00,G0phadeiorl s 39, ARl M LETeLAEGs 19,

voi d vol une was taken, 48 fracfions o _

68.65) G%a%, ddl.27FTak4,i ams 1-3 were enpty, fractions 4;7
cont aj i go only andfraction 8 was a mxture
of %@?8§ngag$$g@wgq"éd PAiA@mbns 9- 48 cont ai ned
product and were collected and stripped of volatiles

to give 400 ng of product. 1H NMR (500 MHz, CDCI3) : d

500 & E3de BRAnGOCEHR Pip8zing)
C. 2. 384dition of Tatrafun@idnal Ppddde aﬁ_d fg%éthNg (f25 MHz

?:Ebc%%ﬁgg%&?éi @@%@oﬁ%@bm@ 61. 52, 66.Oé8,
ol PRI (PO, (56D~ EBbaint ey - R MR (bR prTam; ars)
Cel + ORE4GX1) =tRipeFating {F4S = QMABR) aemlzd}ﬂ,eglf%geo@ﬂ PEX3) =

pi ng; Pol y(am noal cohol et her ndr i mer

gi = ii’gr[zai%’%;; &%ﬁmneﬂl FI) = OH (EXl) = Piperazine;
(I FEd 235Gt rﬁ%&g&ﬁ%@émgﬂqﬁga sgn_'l’bax( v%e)fszgddzd 28 gof

Pi per azi ne;
pentaerythritol tetraglycidyl ether (7.8 mmol, 10 equivalents per NH) (made by Example

6A) and 8 g of methanol. To this stirred mixture was added 200 mg of

poly(aminoalcoholether) dendrimer, pentaerythritol core, G = 1, piperazine surface (6.3x107
mol, 7.6x10™* mol NH) (made by Example 6B) in 3 g of methanol over about 5 mins. This
mixture was stirred for 24 hours at 25°C under N,. This mixture was added dropwise over
about 5 mins. to a stirred mixture of 40 g of piperazine (464 mmol, 15 equivalents per
epoxide) dissolved in 80 mL of methanol at 25°C. This mixture was stirred for 24 hours,
The volatiles of this resulting mixture were removed on a rotary evaporator to give a white
solid residue. Piperazine was removed from the crude residue using a bulb to bulb
distillation apparatus at high vacuum and 140°C for 1 hour until the pot residue was a clear
viscous material. This crude residue weighing 5.65 g was dissolved in 20 g of methanol and
added to a Sephadex LH-20 column in MeOH. Void volume fractions of 500 mL and 3x25

mL were taken. Product was observed in the last two void volume fractions as observed by
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To a 25 nlL round bottom flask containing a stir bar

was added 2.45 g of pentaerythritol tetraglycididyl
we@ewen63266 8 ol , 5.44 equival ents per NH) (naPET/D§2005/013864

Exanple A) in 8 nL of nmethanol. To this m xture was

TIeT (5996 NHYOH lﬂlfMeOH? Q\Qﬂfﬂb \ﬁ&blé%%%&%&ﬁir' ﬂlé’tlarlal present. After the
tetra(2-hydroxypropyl - 3-pi perazi ne) .

voyd Q@umﬁ@notpj-gf epbiopy WE;@tﬁb&neofﬂA)mL naéh gPuné pmdublamsl observed in

PR3 st Phe B e\ gfdpa wotum il gt ozt gtre 390 me
of PG, %V@t%oléﬁ@&twégﬁﬂxﬂﬁenatl N m’%ﬁ%h &;@G ﬁlgg&uons 8-21.
pl per

| ask containing a strr

Theswere pgm@qmdyﬁnpmdsofp@laté@cmdaﬂm)lymddn E(QKgregénerated cellulose
thanol isre Hﬁi'n%gt : s stirred at

mdfEhrRSER i 3 Dot f by AL Sahie Thes!auie Wee sbiroad oF pptatiles to

givd 0D g $F proBustS IFRELdng 93-20 ¥oRYRRE hééfﬁ'dufz‘parﬁ' %V&%@h IoFecular

solid resi due. The excess pi perazi he was renD
weight materili dhesefdtiomsawencistdpped bfigolatilesitoeive4s Lg brhe total weight

of Bl B 207 PSR A Btk g PAGHES B et ¢ I Yihomogencous

98145, 50 0L U SR MR STE R, LT IS v

deﬂ'dmserthWr? h*OQ%éDdldEBmledtebm(ﬂ@@e.g hef) fidhAPYNIAM dendrimer

lc@f: ﬁg (Zl%_ | K reg Eér_aired cel | ul gse nenbrane and i

Aoy 78 apd thedimgh éﬂ?@%@éévas\mbwmb@at wigiaigdin the gel
t.ed

to QEpcﬂ'ﬂﬂtﬁgﬁé on&dﬁb%-{lgbgl%’r Iﬁg% o 3 2ad Inn%? ﬁagdeer This Band is

| ower rmec 'ar wei ght  nat
prQhahlyLarchmeﬂ' OEG w0l aMokematseinewsLomsvedd bf BELdH6 the I&Bfﬂf’d‘t fad not

miggt, énpn%qg"%p%%?%%a%tqggﬁélyet oly Sthipped of
I
¥n°g?'§tl“§fﬁ% R R L W FERT )

68\502,571d323|7§;39g7a3pt her 24 hours. A TLC of this materi al
showed an al nost conpl ete renoval of |ower nol ecul ar
wei ght residue. Theretentate was stri pped of vol atil es

o A P e Kb
f ur Ghep vdihatiyatsink Capsin W%h&ﬁfhe Adeﬂ L, Cfﬁ 3

TLC of the retentate shovved he conpl et e ‘renova

| om[(% FEBUNGE; (el gh®H; g5X uePiprcizikp@F2)g= OBE (BRG) = PBTGE; (IF3)
e B 8 B PR T -
in depafaeﬁlea(IF@gﬂ OH; $BRY) 2 PRYYE; AfF 7P=AMC(EX4) = Piperazine; (TF) =

Amine]

To a 50 mL round bottom flask containing a stir bar was added 5.2 gof
pentaerythritol tetraglycidyl ether (made by Example A) in 15 mL of methanol. To this
stirred mixture was added dropwise over about 5 mins. 200 mg of poly(aminoalcoholether)
dendrimer, G = 2, piperazine surface (1.88x107° mol, 6.7x10™* mol NH) (made by
Example 6C) in 3 g of methanol. This mixture was stirred for 24 hours at 25°C under N,.
This resulting mixture was added dropwise over about 10 mins. to a mixture of 73 gof
piperazine (847 mmol, 15 equivalents per epoxide) in 140 mL of methanol at 25°C. After

24 hours, the methanol was removed using a rotary evaporator to give a white solid residue.
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that had mgrated through the nmenbrane with the | ow

nol ecul ar weight inpurities to give a weight of 520 ny
WQ 200606326€! d) ; and 1HNMR ( SOO MHZ 5 CDSOD) dPQr/Bszzm%lssm

(m 21H), 2.7-2.8 (bt, 43H), 3.34 (s, H, 3.38 (s, ,

Thggg%gz%e wielovel %Q@g%é%@&@haﬁﬁgg%&%%gﬁ%mm and

146%C fi? ,0onb 81051501' Lﬁﬁl 8 po¥fesitlte whb cﬁ:gfjalﬁhdsd\zﬂ&%[)ﬂ"hé' Wkight of this
Cal 3180, found.3143 .anu. C. Addition o
mar@ﬁ? SwOR | oA EsoReRlok et ALBgEmetivool and added o

R —
to (:drEﬂ)l pifodﬂct ur(cBHa)mHatREB'}fﬁweﬁ: folgcutar Hdight &2arial as determined by

|F5) OH (EX3
EI/«ZéiﬂéH &y &H) Aiﬁlil%]co %Tigytmés W@t%ménm p@r«r%latﬂes to give

d
826 5‘%@0@3}?%@ o}?}g%ilgtttfgg c§§$%1q(vﬁg Pﬁg@%fd]p@ﬁﬁﬁéﬁe’lt Was confaminated
by Wr\tﬁd»lemlﬁ weghtiddteridlRdBe Byl dTEABpRtrB Nas FehdS g of

methanol . To this stirred m xture was added 200 ng of

pol y(GNMR 8125MBIzZeCRELY: Se6cR9, 46.89, 460, 447791 517.59,82.67, 63.29,

6833 01,2} SR E a5 e anpl o 68) in 3'g of
nmet hanol over about 5 mns. This mxture was stirred

for 24 hours at 25C under N . This m xture was added
E.dro Md'st'@nd\f dietrafyogtioril Eporside Bmmhﬁeilrkmgentit« Pipeenzirfe Fifdctional

4 I er epCX|de)
i <P B R ém?e“ﬁ&m%iio HambelconsieGon kpanger 6 -2
was [&hio'ir{ilecﬂ"egcé’é'ssg A@Hvith dfz 0| atiles of t h' S

resul ting mxture were reno on a rotary evaporator

to §i0)e RETBEL @F bt OH; (]éxil)fhﬂ @lpe&mﬁﬂ; QFE)'IE OL&S(BR&DT&\P&ETGE (IF3)

from resi.due a bulb to bul

di st |(§1Iqa@lg{%j g%B%FP%IP&s( ‘h Hh(%%uﬁﬁgﬁg @Eélﬁclﬁ (EX3)=

hou P v us -

mat Ie)}ljiéi’zlbtzme Fﬁll g) cr@jque r esi 3) WEi ghl) eaélg @E‘g V\Ilé.lg erazine; (TF)

di séativeld i n 20 g of nethanol and

To a 50 mL round bottom flask containing a stir bar was added 5.7 g of

pentaerythritol tetraglycidyl ether (15.8 mmol, 16 equivalents per NH) (made by Example

A) and 20 g of methanol. To this stirred mixture was added, dropwise over 5 mins., 260 mg

of poly(aminoalcoholether) dendrimer, G = 1, piperazine surface (8.2x10™ mol, 9.8x10™
mmol NH) (made by Example 6B) in 5 g of methanol. This mixture was stirred for 24
hours at 25°C. This mixture was diluted to about 100 mL with methanol to give a 5% solids
solution that was placed in a regenerated cellulose membrane, 1K, and dialyzed for 24 hours
in 2L of methanol with two changes of dialyzate. This retentate mixture was added to 75 g
of piperazine (848 mmol, 341 equivalents per epoxide) in 140 g of methanol. This resulting
mixture was stirred for 18 hours at RT. The volatiles were removed by a rotary evaporator
to give a white solid. Piperazine was removed by a bulb to bulb distillation at high vacuum
at 140°C for one hour to give an opaque viscous material that was not very soluble in
methanol. Stirring this mixture in methanol for 16 hours followed by filtration and

evaporation of volatiles from the filtrate gave 360 mg (theoretical 1.2 g) of desired material.
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ed to a Sephadex LH 20 colum in MeOH Void vol une
?(rjgcti ons of EOO mL and 3x25 nL were taken. Prpduct
wor®enéRes ved in the |ast two void vo! ume fra_cl’ﬂ_mnszoaﬂmssm
observed byTLC (30% NHAOH in MeOH) with no visible |ow
nol ecul ar material present. After the void volune a

total . of 49 fractlons were taken of 15 nlL each. Pure
" pr o?ﬁ@g Tstraimgtienal Eppxide Branvh CellReagemiio PéubrasdineFunctional

' I t
e 29 0 Sk ISR PULL BRSOl B8, St o -
rirthri s 8-21 . These were
I:no)r(rgld?}?a st??ﬁ?ggqg ér\%lﬂzpliulég&s and dialyzed in a IK

r egSeraRREGEL(IF i D O4T; @Kﬂ;}a@@mzxﬂe AFO)aEs(BR) = PETGE; (IF3)

vor at N o (05T OR: Gabe ~ BRn bk (BRE a0 -
conP@emeheg]ng)@d)\Et(Bmsi PHIGE, gpse;lr) d}@;ﬁ gf%&@ol p | %gme (TF) =

mat erial . These fractions were
to éin%léh 5 g. The total weight of product canme to 590

0 f th duct on a 15%
hormger?g)c/)%]gl g‘éd ‘{A}a“teﬁ%sgw%ﬁ%pé%@dmawaaﬁ@ed 4.9 gof
pert@yhERD tdta%%(lck@l @h& ()ﬂ $roaB 16 firal b § of G Xb%gep gad 20 g of

dendri nmer 8000) (Dendriti
ﬁhggol) ITfOrtbm(rapldszuMed ariglturereas 4didd 860 GiPofpodlamiddicoholether)

- — hat
MR T AT L
6B)Clﬁl3t €6 Bethwes dvéz _bélt %'}ﬁimé s%&ﬂ{r@%& ree\;\%ﬁ ungﬁlglg? %S’urred at

robably a di ner of re materi a

25°Gifor fbowsp This mix@lrb amte aﬂdiﬁaltto 1280 grodtpiptraiiad (%Hszh €0 eq ivalents
found: 13C NMR (125 ]5‘
per ERGGY B350 B2 ancthagal exgr abgita migs. Ebls n@gt@@wa@ﬁlrm for 18 hour

AT ﬁzogztﬁésgﬁ%xe.réé TR Iy ——
Pipgupzine wab rmncmd GJSmg ndultGo-bulb wsﬁllatﬁ’in%b&%tda @t @?03’@ »R}%Emgh

d G =
vacxﬁxln._){é glye @e? la? h@g@ﬁﬁg@' geiix;szpatenﬁhdvvas((mmved in 30 g of

metfibiend ( s S@é@ﬁ% 20%%5‘%‘?’591 ‘??8&“ Fgfa"éPPS §*8R‘39fe found
to centm_x‘p@q protEat jand fiGttionsEH4)9 wel’é’ InRiREREIABet dnd w AHIAS ar weight
material as determined by TLC (30% NH,OH in MeOH). The collected fractions 1-9 were
stripped of volatiles with a rotary evaporator and high vacuum to give 950 mg (80% yield)

of a clear viscous material. The collected fractions 10-19 were stripped of volatiles to give

1.6 g. This material was dialyzed in methanol using a 1K regenerated cellulose membrane

until low molecular weight material was removed to give 150 mg of pure product.

G. Addition of Tetrafunctional Epoxide Branch Cell Reagent to Piperazine
Functionalized G = 1 with Piperazine Capping: Poly(aminoalcoholether) dendrimer,
G = 2 [ultrafiltration to remove excess epoxide]
[(C) = PETGE; (IF1) = OH; (EX1) = Piperazine; (IF2) = OH; (BR1) = PETGE; (IF3)
= OH; (EX2) = Piperazine; (IF4) = OH; (BR2) = PETGE; (IF5) = OH; (EX3)=
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To a 50 nL round bottom flask containing a stir bar
was added 5.2 g of pentaerythritol tetraglycidyl ether

W@ pwdmeizge Exanpl e A) in 15 nL of nethanol. To PEN/ES2005/013864
stirred m xture was added dropvvi se over about 5 mns.
200 Piper@fin® JIBG) &ndHO Bl G ine: -
pi peBE%m ne@surface (?Rzgxl O"5 n@g}f’@ﬁg@%&:’(‘% 4) Pﬁpeﬁﬁ)me’ (TF)
(madmmy] Examnpl e 6C) in 3 g of methanol. This mxture

r es a1 ‘?16 S’% {?ﬁ%dr éo e t%ﬁ?lgg\ﬁ%gggﬁw aggﬁfiﬁ‘ Zf(f’f

Pe?ﬁ‘?%%ﬁ?%@éﬁw ot gy (it £ Qs Ao AT G é’g‘?@mle
ded 2OQ@ma

A)Rﬁlﬂéﬁ gof medhanol. Th éhlﬁht)mglgmiou
sol i.d resldue The

poér t At §§1F¥1lgoqﬁé§rt) 381}5 I per t% '@ Foyes g =pls[DEperazine surface
(6.dost0r qrh@lt 73Bx P(pbﬁ‘l'bﬁNPﬁ (ﬂ\tad@b)g )éé&@fﬂg L)) g{]g gof’%g‘langf dropwise

one hour or until the r €si
ovet aboaus mm]Sh eif'lmxr@tmreoﬁast Sitmsd it Ehdvas atPI€. tThisl®ixdure - was diluted

it {OB A o treBispEia LS 0V Soialion b R onsd g feless stee
tarigBatih] MBWATRafiftrdfhod b oﬁat& am n at egéx%ﬁ jt’a\/\gsﬁf drr%ﬁgda Iwéﬁh temperature

contain product unc

stah)énzglgtat AB1@r Perineats thto@ilmtedaﬂ)r DWSMS( BRXINBAEE 2I5 m1., for 1.4
pped of

rece7t8 ions egﬁ’? MR, evg%gg cﬁgt b;{]g%@v%@% rglpmjm% g of piperazine
(871" Ambl)IA §4@g of Bne HeRLR 7§ nﬁtalqt%etls stuhx%%d 1 ? 8 houss at %ﬁg The

contam nat e | ower nol ecu

volatilek merugms)ped: bn a rowasy dvapmetor i&@WRV(hlt%%O%%Slcﬁ@dP@erazme was
0, 54.70, 55.59, 62.67, 63.

renggzegév é’é‘ékﬁtﬁ’%’%é‘éﬁl ation a4 440°iarghigly sacmem fos 06¢2h01E to give a clear
v1s&ﬂi§'r&én9{é i Fg;;r SFRAlMAGE | ,\589 ﬁ%t aEﬁgq} v%%otllgqr %hpw pgyous solid that

eagent to perazi ne 1 Ona
waPhqteohiblenia rithariob gfterRofey i Nerakisaio! ﬁh@ itui%e\%&rgt@ﬂ in 100

G = 2 val of excess epoxide with dialysis]
JIPT%}POhW at 265¢) The pleptdliquirk wag d’@}m’ccd@ﬂf arﬂBthorated of

volzrtﬂ@gs-g %%d:(ék B'Ihg;ya E@as_ 5 ra.Z| 58? i}—l %Q ggyethanol

W1tmﬂ10mtBRBg fractRiGE GES nfll Edch wltHJFLC((@%)Nﬁ};(m iRFAIeRT). FlEdkions 1 -9
contaxércril the desued product as determined by PAGE amounting to 260 mg with

considerable oligomeric material present on the baseline of the PAGE.

H. Addition of Tetrafunctional Epoxide Branch Cell Reagent to Piperazine Functinal G
= 1 with Piperazine Capping [retentate temperature control]
[(C) =PETGE; (IF1) = OH; (EX1) = Piperazine; (IF2) = OH; (BR1) = PETGE; (IF3)
= OH; (EX2) = Piperazine; (IF4) = OH; (BR2) = PETGE; (IF5) = OH; (EX3) =
Piperazine; (IF6) = OH; (BR3) = PETGE; (IF 7) = OH; (EX4) = Piperazine; (TF) =
Amine]
To a 50 mL round bottom flask containing a stir bar was added 3.80 gof
pentaerythritol tetraglycidyl ether (10.5 mmol, 15 equivivalents per NH) (made by Example
A) and 12 g of methanol. To this homogeneous, rapidly stirred mixture was added 180 mg

~75-



10

15

20

25

30

To a 50 nL round bottom flask containing a stir bar

was added 5.7 g of pentaerythritol tetraglycidyl ether
W@ 206/085266 nol , 16 equi val ents per NH) (rmade byPEREAOH013864

A) and 20 g of nethanol. To this stirred m xture was

of@d@eﬂnmdﬂeﬁhulaher@da{drﬁnéﬂ Gs=1, p%ﬁ&e&anﬁ& core &5 66x10 mol, 6.8x10° “

am noal_cohol et her) dendrii mer,

|
m‘gﬁfﬁ)ﬁ@éﬁ dy Bgampls 6B in 32 Sﬁﬂn@hdnGhTﬂﬂuSMhi)xu(rﬂwﬁe s‘m;ted for 4 hours at

E?I rre%l%@eséeﬂ uﬁ%%rl\? ! tha Ol %ra;t%t‘afﬂwwaﬁmaﬁm

apparaimb oolitaihQfp lfﬁrrdgeﬁé?atﬁﬁ Eéli’dl@ie rh&ngﬂa}{@s i n';?e{ﬁﬁ@:l rﬁaﬁntalmng the
ed ce 0

solution that was placed in a regenerat se
voliapigheretantate ant) wilaplont 8% wiw,24d higtempemnie betiveen 25-27°C. A

I Bl 505 e

a8 GtH @(ﬂ efvdatiles toeéi@é(l
v resu qne:g; mal Xture was gg(lsp?%e%é%egy) ur s at aﬁ:};@n%ﬁed and the

ultiadiltsationedevice mas mawadeik 8oymb mﬂntmethmméaghe %Igbllng@ s@uléns were
t ve a u to

adfedWbinfis® Byards iR b Himiifit BE.44 ok progieeive (¥ 0h ol o4O g of

metingl. VEnigFesalpia ﬁﬁxfakéﬁrgy&lﬁ%ta% QE% r18tholiRs 121% volatiids swere

soluble in nmethanol. Stirring this mxture i
renpayied fRnn this mixtede|to g awhite dolida PigpraAdmcdwavanerad fem 8k mixture

A St S Pt i 45
cledieisdlul R&tdu N ThisERRY g%aFH%Q&IOe&l 4 5?31 ala%pglﬂl?@ed ona

Pi perazi ne Functi ona Wt h PIperazi
Sepbatex hmmzmmmmrmtmmdenhm Aftera Zoid(elure ?fc §75 mL was

it h TF h
mk%ﬁ%@ac%?ﬁré %%E)C%I g‘%ira‘g élP‘énfg P%%ig‘éaégb%lﬂv@ilm fractions 1-

R 5 e () R o
produtmapd paRayrythriRft Téda(2 - ddxypro Eﬁlﬁ f)i%éda)zl eﬂiel?ﬁ{ BEL s 13 22

tom fl as containing a

?Je@gar Qq?gﬂa@;lg{a%ég?qem r Ogilriltd @gﬁgq@ra}qdnﬂllufﬂse membrane to give 40
mg%ﬁ%’i?%%““‘% o é"”’f‘%ﬁ"%@?ﬁﬂ HER o Rt RSt eiegin

fractions 23-32 weese aﬂléetédm&eajgﬂ@f pol y(am noal cohol et her)
dendrinmer, G =1 piperazine surface ( 1.DxI1O 4 nol,

1.36 mol NH) (made by Exanpl e
Example 7: Tetrafunctional Core with Trifunctional Branching Using Monoprotected

Amines in Epoxide Ring Opening Reaction
A. Capping the Tetraepoxide with Monoprotected Piperazine, Core: Poly(ether-
hydroxyamines) Dendrimer, G = 0, from Pentaerythritol tetraglycidylether (PETGE)
and Ethyl-N-piperazinecarboxylate
[(C) = PETGE; (IF1) = OH; (EX1) = Ethyl piperazine carboxylate; (TF) =
Carboxylate]
Ethyl-N-piperazinecarboxylate (6.32 g, 40 mmol, 1 equivalent per epoxide) and 40
mL of methanol were taken in a 100 mL, round bottom flask and flask was equipped with
stir bar. Pentanerythritol tetraglycidylether (PETGE) (3.6 g, 10 mmol) was dissolved in 10

mL of methanol and added to the above stirring solution dropwise over a period of 20 min.
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6B) in 3 g of nmethanol over about 5 mins. This mxture
was seal ed under N and stirred at 25C for 6 hours.
W hios/065266 ur e was added to 250 g of pi perazi nePCRUS2005/013864
nol, 50 equival ents per epoxide) in 250 g of nethanol
througi a dlvpyinglfiniel nAfteﬂ_ Bé Qﬂir‘fédeo? 2WdarsS TLUSEQWE(’P Eon?qﬁete
hour at 25C under . atiles were renoved

cogwlyn@ﬁ gggp@, dre @8@ (S,Lé 0 G2 C3BOIHY an@queaszapbﬁs were used to

A A R R
rotﬁﬂy&arapomﬁ)ﬁ QUIﬁclﬁFiv@ﬁ bcﬂbrlesgml'qﬁléinﬁl‘r%és %If eﬁ@FNSﬂ ﬁﬁ%gc%rﬂo@cylate

of net han and purifi'e
WeE"o‘Ihé‘i*ﬂﬁdi qut g Kvgalsohr diytidletipw appatatfs walr89°® (P, which gave an

estgroﬁ%f% (CEU(@q gé\‘,'ﬂﬁ uc}egu‘ﬁg% %%g)?);qg&%a&gﬁl‘g were m xed
det ey N SRR S 1B D I 5o, £55 B8 e,

3.28vaffotrat ) AR89 (qtgittet;MGﬁHzQ4H) vie1 P@OI+mnd BR%41Y); shdl)
of @ clear viscous material. The collected fractions
10- 1§°Wﬁ% (42 MR &P6DN & 180, 43.5004 5 BO,S 3126653116153, 67.55,

70. r[rgtﬂrj()allsg\@§ Eﬁi‘l ljal yzed in nethanol using a IK
regenefat ed cel'l ul ose menbrane until | ow nol ecul ar

wei Bh(Nent)t 81, 2844622075¢ 18655430 1 0
118 OPHE e G L1 g R aeoD e, 1@“&%*@ , 1352, 1244,

4R§Z@»e§§@ ¥ @rperdzi ne Functionalized G=1 with

ng P ol et her) dendri mer,

Iﬂe’j;é{-‘ ﬁ&%ﬂﬂl? ?J]c %’hy g ﬁ@@ﬁ%@%@%pom de] [(©O
PETTs fo{lbfing Schehle mmgtra%snﬁg aBOWSreadiioh?) = OH (BR)
= PETGE; (I1F3) = OH (EX2) =P|pera2|ne (F4) = OH
(BR2) = PETGE; (IF5) = OH, (EX3) =Piperazine; (IF6)
OH (BR3) PETGE (JFT) OH (EX4)E,O-C Piperazine; (TF)
Am ne] To 250 nL round bottomflas{/ ontaining a stir
bar was addeq 4. 1?;\%hoﬁmp e=aeryti hritob _tetraglycidyl
ether ( 11.6 61e§,gy,;o,bégl ents per™N (rrad kj—\Ncoﬂ
Exanpl e B e f—n‘et—hanol. To this nous

m xture was ad ZOOOV 6}5,0 pol y¢ani noabc hoI et her)
dendri ner, spent ae¥yt hri t ol core,c & = X' pi p@agi ne
surface (6 29x105 nol, 7.55X O 4 nol NH), (%d.a
Exanple 6B) in 3 g of met hanol , dropw se’

Scheme 10

(j}ygoﬁﬂ

B. Deprotection of the Capped Tetraepoxide Core from Example 7A, Hydrolysis of the

Ester Surface, G = 0, Dendrimer with KOH
[(C) =PETGE; (IF1) = OH; (EX1) = Piperazine; (TF) = Amine]
Dendrimer (G=0) (9.4 g, 9.46 mmol) (made by Example 7A) was taken in a 250 ml,

round bottom flask and dissolved in 85 mL of methanol. The flask was equipped with a stir
bar. Potassium hydroxide solution, 45% (28.2 g of KOH (90%) was dissolved in 56.4 mL
of water) and added to the above stirring solution at RT. The flask was arranged with a
refluxing condenser and kept in a pre-heated oil bath at 85-90°C. Progress of the reaction
was monitored by TLC. After 2 hours, TLC indicated three spots and heating was continued
over night. The product showed a pink spot upon exposure to ninhydrin solution. (R¢=0.17
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over about 5 mns. This mxture was stirred for 4

hours at 25C. This m xture was diluted with 100 nL of
woredohas2be t 0 gi ve a 5% w w sol ution and ul traf PCT/E88mA5/013864
~in a stainless steel tangential flowultrafiltration
in PHANHLOH in MeOH ) Sullerd bind Vak$ iveteldthokERdn W‘r&stgry evaporator under

%{eﬁn&er ature stabjli zi .ng at 350C. Perneate wa
reqused presame.racpivs apbigk diquid. Ihisoliquic was tra@Ferdd hoya Sepératory

ST AR ST TS RS ko Ehiops onbins
D@Mdayereivbeniled oVBi NafS04taul SRS %&ﬁ%lg @gli{e‘{t'i acgrishe!?&iﬁ #nd Celite

at 25C. The volatiles were renov aro
Wag edstheroughly g7itDEMnDCM sk remavediodwerotaly pesozidtewhich gave
| to.bulb distil]lation at 1400C
S BRERP DR A Ehlods Vishis kg (6! & Phxeln dege a
hygresdopitesolifl upos drytheusRs ¥@isn ROt is YlSC0uS
i qu)?d but l_lgopgiyoﬁ% sol ihgﬂtalﬁat m@zn%%&%g%l%\ﬁ@%‘?%&lwas found to
be iyey tpapofromfitsspectrdsespieilas andfisesltin subsequent ByBhd¥iow it further
p c?ati%%;i rred in 100 nL of nethanol for 20 hours at 25C.
€ Clear liquid was decanted off and evaporated of
vol &yiNMR: t300%1S . i ex Lal s wa i fied
usi ng Sephgdex LH%%QCI)?QWE%? Hgﬁ%l %ha %ﬁ?&gﬁ@ k), 2.84 (1, =
4.80 s € 6N 2. T (bBri6HBaR 41 dL.Uh= TRCHZ3080 NHK, i, NBOH) 37 (5, 41,

i 1_-9 cantained the desired product
OH], 2801t B/ 40Ade: EhoMt i ng 1o 260 mb with
Bj | i el ' t th
basel nari™s RERTEO: Biisite B Bor e H P fesr.oieta, 7441,
andEpoxi de Branch Cel|l Reagent to Piperazine Functinal G

= #Rvmé#h Pi_ per azi ne Cag inﬁ; [retentate tenperature

co f Agyx 385PA36; glm,: 395 1667, 1GEX D112, RIO3BSS,i70L; 697
emlFd) = OH (BR) = PETGE, (IF3) OH (EX2) =

Pi perazine; (1F4) OH (BR2) = PETGE, (IF5) = OH (EX3)

= RVIpamAZI OF; C . i (PR Th r7 O

(EX4) = Piper a%?ﬁ%?s 'ﬁ%—é Z?nﬁr%%n fr%ﬁg(%agﬂ_féo%) anu.

bot thsrfollowing Schamailhiitestrates the aboae rameioradded 3. 80 g of

pentaerythritol tetraglycidyl ether (10.5 nmol, 15

equi vi val ents per NH) (nmade by Exanple A) and 12 g of

2Aafnl . To this honpbgeneous, rapidly stirred mixture
was 180 nygof pol y(am noal cohol et h‘&(); dendri ner,
PeRb

o

G I rythritol core (5.66xI 05 nol, Nnglo4
o) N NCO,Et  KOH(45%),
O/\O/H\ = cron "o N NH
N N0 —_— o/\ocr \___/
Eto CN\) OH 0 oH 85-90°C, 14, (N 0
73 N/\\ > 99% HN\) OoH O oH
\\/NCOZEt N/\\
3 \\/NH
Scheme 11
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nol NH) (nade by Exanple 6B) in 3 g of nmethanol. This

m xture was stirred for 4 hours at 25C in a seal ed
waoemsobszender N . This mi xture was added to a PCT/US2005/013864

tangential flow ultrafiltration apparat us cont ai ni ng

C.| K reaengl @ﬁ"ﬁﬂraﬁﬁﬂcﬁb‘ﬁﬂﬁ%oﬁﬁ@@rmscélm ?m m{azme Functional

mai ntai ni ng the vol unme of the retentate at g
abo ¥ =%énd/Moncgnaiettbd Piperqzarcafappingb Aol ethe2by R @G amine)

t ot f. 28? rlb1 f pernmeate were obtained (4.5 hours)
for g“l”& G& §ti ons. The perneate was stripped of
I I A Th
1Lt} eertanalFn Ao IEkAPAAERNR i) erE BRI 2bE o,

3 x 8 @IEH3) —@Hh(]?ﬁ@) hﬂ?lpérazﬁb eanbomjflmﬁﬁ(d“ﬁ) ebarbo&y&te}le r e
tfo a mxture of 75

o1 pEEIE Y 855 1 mpal) evviss GLGE mesamawpie henda & 100 m,
smgfeﬁigck{:cf‘ﬂ)uﬁa ¥bitdi ﬂﬁ@?%\ﬁ# é(%ﬁiﬁ)%ﬁ %1th2a5 &' rfbgf "il‘l? Hasﬁr ag cooleed to 4°C

ol atiles were renove I'S m Xture

withtenf iee-bathi MenBrimer @0) €1 6ag, 2 saeviael) (tade E}hExdiihpiE UB?was
a bulb to bulb distillation at 140C and hi

dlssﬁygﬂ%m FomL o enatianmel qugl jSd% HItO @ﬂcﬁboﬁe glireing solution gwpwxse over a

pel?r&ghg%{gw Ezﬁ?@lﬁd& éﬁp]ﬁ@ ep ade %—Ibitg “éqsggmé‘f(eéjl qpdithgreaction

mik@bdwas alfowsettbathodt R Pfor 20 hauMO IMAYDITIOF sHowed RidhhlsW8Shis-, ri-
aken, 48 fractions of 8 nmL each were collecte Pur e

an feéfd’oftqdlt%ﬁ@f@@im Vhe ragtion mixtiterwasistined abRd for 2 daysed

13 Al P CBRNY Bl Bl B o o

exde§§ PBTGERidlensxiptaaiig thetapaazs a@_)sech ftek Bix ﬂ:ﬁ;@té’s ?6% 120 mL),
13-22 were coll ected and d|a zed in nethanol

TLﬁéeéWétﬁépély teases of| IEEGFeermainedwith refentate4 Theget¢@8fe was transferred

ine SRR ol BT SEOES S isehS wish sty siesainesestbosate
(1.53uB Al 8 r@p&}h@%o The r@ctibR B Ehufe wh@MBbRrafed to 50 mL on a rotary

Tetraf uncti onal re wth Trifunctional Branching

eVElDQI%ﬁ@f mmdmedw@awmewmmaemx (496CRi Tlap Epaivinngixture was

n:%o noovﬁ r[c N gga %’)ﬁgg&ae%}ixyﬁ%\}r—%t@%?a% n%)él goxﬂate was removed by

ultiBaioHteh K hndtPre/2 f
Pent aer 3t hjr1| tol 't e?? @aglli?c ?g%g%%m?gﬁdéym the Prentate on a rotary

evappror-ude jedveedipressiane biriegl wider high vacuum, which gives a hygroscopic

solid.

D. Deprotection of the Capped Carboethoxy Group: Hydrolysis of the Ester Surface (G
= 1) Dendrimer with KOH

[(C)=PETGE; (IF1) = OH; (EX1) = Piperazine ; (IF2) = OH; (BR1) =PETGE;

(IF3) = OH; (EX2) = Piperazine; (TF) = Amine]

Ester surface dendrimer (5.2 g) (made by Example 7C) was taken in a 250 mL,
single necked round bottom flask and dissolved in 47 mL of methanol. The flask was
equipped with a stir bar. KOH (90%) (15.6 g) was dissolved in 31 mL of water and added
into the above stirring solution at RT over 5 mins. The flask was kept in a pre-heated oil

bath (85-90°C) and heated for 22 hours. TLC indicated no ester surface dendrimer (G=0)
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15

[(CQ = PETGE; (FI) O4 (EXI') = Ethyl piperazine
carboxyl ate; (TF) = Carboxyl at e]
wErdvogloede@i per azi necar boxyl ate (6.32 g, 40 nMmOPCT/LS2005/013864
equi val ent per epoxide) and 40 nL of nethanol were
wasdéteat this tind OBxdeks methianél ValbRBVdd @bK ity eVhitikol @R aqueous

equi pped with stir bar. Pentanerythritol
phg W%%P@é vathdaeM BrTefmL).3 Compineddilirates yemadried over Na,SO,

' ' t.h | d t b
AT LRI 8 b D e
onnrirntarhevipgiater, WhithRivig afhydRtopidSSIfT, tﬂ%ﬁicﬁ‘ﬁ? %%%{F&&l %@{:mm to

.2 hours, TLC showed conplete consunption o

815 mparazing surfaceidendrimerdd @41 dridg (B&)ngeldapor s were used
Stirrin tihued at RT

to yisualize th ts. nt i)
08 eﬁﬁkgﬁwsﬁ)av%@f)@%ﬁtﬁa‘mrﬂg {%Xp@ gy g%gg’ylpg #hg spaction mixture
WithvEND BIGL] followsl be Kiltgitenr KU1A0H SRS Fi- S oqeigﬂggﬁw%ch gave >90%

.ethyl - N- pi perazi necarboxyl ate were disti
vieldigel rohr distillation apparatus at 180C in 20 mn.,

(oopt NERTPBTN T il S Fatmao(iondbha! Coodony 55 (s, 0, 2.4
- 33t U Rl . 338k B et R asfS bl gt 1 = 540 1,
20H);p0d(q, J=7.20 Hz, 8H); and 13CNMR (75 MHz, CD3QD):

d 13 43 50. 45 .80, 53.42, 61.31, 61.53, 67.55,
70. 1@997’21 §7é, MizsCHsODARGOHiRv Meaps):: 5 44.97, 3648, 5390554.29, 58.37,

o poaEle R T ki
CASHB NG 6,385, 993, 28731081 10540 (A4 NM542167 T881 1301, 1111,

ol low ng Scheme 10 illustrates this above’ reaétion

1008, RE38690839, 78R pmot ek i on of the Capped Tetraepoxi de

o | : |y S, Of ter Surface,
& G Aoy Ok IE AR rope bl A Ty £ °
( EXThe follBiney Sctiere: 12(iiiirafesAfE Aglve RoRAGLTET (GO (9.4
g, 9.46 mmol) (made by Exanple 7A) was taken in a 250

rTL1
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round bottom fl ask and dissolved in 85 nL of nethanol.
The flask was equi pped with a stir bar. Potassium
whyasosizee sol ution, 45% (28.2 g of KOH (90% mMEBUS2005/013864

di ssolved in 56.4 nL of water) and added to the above
stirring solutiemat RT. The flask was arranged with a
refi uxi ng condeand kept in a pre- heat ed oil bath
at 85-900C. Progrerss of the reaction wa A oni tored by
TLC. After 2 hours, rqg diedted three s ots _and
heati ng was corﬁT Qver ni ght + The showed a
pi nk spot upon exposurekt@' ni nhydrin <ol Elt on. (Rf =
0.17in 50% NHAOH i-n MeOH) . /§b| vent and £r re
renoved on a rot ar@ememporator under redGead,)pressure,
which give a thick liquid. This{liquid was transferred
into a separatory funnel and ex{rigebeg.w th DCM ( 3x50
m.). The DCM | ayer was found onjtqf\-Gembi ned DCM

| ayers were dried over Na SO4 and Y1 tered through

Celite (1 cmheight) and Celit Suashed oroughl y
with DCM DCM wa bgQermved on a rozgqgﬁ/%gvapor

Or , ~
whi ch gave ® deQ)d |rrer (GO 3, as a col e,gs@
vi scous | i qui g, 90%yield). It gaveoa

hygr oscopi ¢ sokd on dryi ng under high vﬁﬂmfo
hours. Thlﬁs@ ~qat er | was found to be ve e«g/f—d):;y
its spectr och dat hused in b eguent

synthesi s wit hout fur/t@hz{r@M' thon 1H NMR (300
MHz5CD30D): d 3.46 (s, 8H), J 2. 10 Hz5 8I;I)\
2.84 (t, J= 4§ H25 16H)52 élo(bsww 41 (d

3.90 Hz, 8H)52 Hﬁﬂz o 3. 9
(sextet, J=4.80" 05 an@t 713CNVR (75 Ng
45. 06, 45. 80(;'5 62.07, 67. 37 70. 14, 74.241;

IR (Neat): 3% *2’ 46, 2817, 1595% 1457, 1319 Fi111
1005, 859, 732, f cm 1l; and MAL[SI-TCF C33 '8N8CB
Calc. 704, foundv727 (M Na), 743 (I\/[l) amu, The™
follow ng Schenme 11 illustra above reaction:
Schene 11C. Addition of Tetr ‘F Fftet' nal Epoxi de Branch
Cell Reagent to Pi perazine Functional

Example 8: Aminoethyl Piperazine Protection Using Epoxide Ring Opening
A. Protecting Aminoethyl Piperazine Using to Cap the Tetrafunctional Epoxide: One
primary amine

[(C) = PETGE; (IF1) = OH; (EX1) = Ethyl piperazine ; (TF) = Amine]

In a 250 mL round bottom flask equipped with a Dean-Stark trap and condenser, a
mixture of 8.075 g of 1-(2-aminoethyl)piperazine (0.0625mol) (Acros) in 4-methyl-2-
pentanone (Aldrich) was heated to reflux under argon. After the theoretical amount of water
(1.12 mL) water was azeotroped out, the reaction was cooled to RT. The reaction mixture
(4 mL) of was put into a 25 mL round bottom flask and pentaerythritol tetraglycidyl ether
(PETGE) (1.5 equivalents secondary amine per epoxide) from Example B in 4 mL of
methanol was added. The mixture was heated to 60°C overnight. Then the solvent was

removed under vacuum. 2-propanol (20 mL) and water (3 mL) were added to the residue
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G = Cand Monoprotected Pi perazine Cappi ng:

Pol y( et her - hydroxyam ne) Dendrinmer (G= 1.5) [(O =
WEORIDGEG5266 Fl ) O—|; (EXI') = Piperazine ; (EF2) QrCT/(B03/013864

PETCE;, (1F3) OH, (EX2) = Piperazine carboxyl ate;
and T mixare s bt lo 52 (R

nmL of net hanol were t%ﬁélsn a 10'%1 Sl’fvegﬁvr\{ e neg{%ogqléethe
prodyghep dyallovieil.| ask and equipped with a stir bar. The

At aL 5 5 S oD 3 S e g e oty

i >0 Bty B O IELRRD A00 1%9&?09’1 ot (e

above stirri ng sol uti on dropw se over a period of 20
m ns. through a dropping funnel. The ice-bath was
renoved and the reaction mxture was allowed to stir
at RT for 20 hours. MALDI -TC]: showed signals f bi s-,
triand r-additio oduct s{ T e racti on—a xtu was
stirred at IIJ’-Q‘T_)PN/\RI['days bawes reg'&t_i/“bﬁ\ﬁ%( ure
was then subjected to uItrafllteration (1K) to renove

excess PETGE whil e nmint ai |ng the tenperature at 25G
After six recyckgs (6 x 1 TL@0| ndi ca't'oed/onl
traces of PETGE

was tra

guenched th et hy- Nepirer az a"(e (’ | N—""N
1. 5equi val ents per epoxide TheH/eactl on mxt ure was
concentrated to 50 ni on a/rot ary evaporator under

reduced pressure with mniml heat (450C). The reaction

m xture was sti &g overni ght T. Exc N

et hyl - N- pi perazzﬁqggar bo %*—@J;B\e N NHe
ultrafiltrati omcehi) at RT (6% t was
renmoved fromthe retent at’zé\eﬂl aN ry é’\q ye{]of/\””z
under reduced pressure, dried under hi gh vacuum whi ch
gi ves a hygroscopic solid. [3chBeprigtection of the
Capped Car boet hoxy G oup: Hydrolysis of the Ester
Surface (G = 1) Dendrinmer with KOH [(C) = PETGE;, (IFIl)
= OH (EXI) = Piperazine ; (TF2) = OH (BR) = PETGE;

engj, ned
nte—oec——rou bot\t-dmfl as 250 ;d_\) andj
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(IF3) = OH (EX2) = Piperazine; (TF) = Am ne] Ester
surface dendriner (5.2 g) (rmade by Exanple 7C) was

wo amen6i2zee a 250 ni, single necked round bott onP€T/aS4005/013864

and dissolved in 47 nL of nethanol. The fl ask was

B. equirpipetihgrht Pritnasy Aimikey of INEHy (30 ¥ e [?%.neé/‘%gSecondary

di ssoJved in 31nL of water and added 1 nto ove

st ¥ HPIRdo §8p the Hefrafienchonal EpoxklenTwe Prifiteey Ansinks Was

k [ 9 ath. (85-90Q0C d heated f

2o r EETRERORPRT M iR 1 82 lishind aapipenda Hendvmeior
néteibini ' )

( CEbthgtantteihinintl (61563, b3 TBmbH (RS EHMIIML WRT. et 2-

renoved on_a rotary evaporato aqueous p

5 pentagane{Aldrih) iwap P 3250180 roninid. boBonmbilask dqtipptd #i1RS RS tark

- d fi d_through Celite bed.

o B B SR S ity o
- h - H

azeolpel 6] e YeRHoR A kabled WR PN THL YRS gf‘%xlg\%rg&gﬁ?ggﬁgg 74

solid, then dried under high vacuu

contaigineeh3ed werd of T_cpndary @fnh)e. hIl“hZ-, mixR7 mdya'bgj Was %@,;s%d toa
e workup was further jnproved by acidifying
50 “%[hh’lé’%“ﬁaelgg‘i{?%ﬁﬁﬁr‘?x?ﬂ?"é‘%ms FeTBRYadcey, rotasy pyapetitiop to give an oil. To

10 this il Was addedra futitel i i hr | K, _
i o e S o0t e Lo, it By in 5.

mL of dgyymethagol hetipackios Wwashsatedio 72C50r 0D ourk) The sSiferkt twas
ety el dfp gt o) st v tandcotnhr
ey R PR . iRty Gytgy oy
e?fapcp@'_cox.l Exgess @B:thylenetfamind was renan@d (bR KL%%E%BI dlléltglga%&i glgﬂibs()) to
15  give ﬁ%?bdu‘%ggd slégéf}[/ ’yg 64%@@%603;145 ggt% gg‘@; fé?@iwﬁ@cﬁiﬂz: ’

CL49H300M3 3$4F0 8 AZ1Na) anu.
The fol | ow ng Sﬁ%ﬁg' @’ %‘ﬁngg??g?%%é a&%‘bve

r kbt folowipgTSeheiBe Hd itustdieEMaamb & cSeaclighnoet hyl

Pi perazi ne Protection Using Epoxide R ng Opening

NH, o
HN? . ,U\/< el
NH, M

A, AL

OD\—O o-/<\o /_/NJ MN/bN OH HO Nﬁ/\,\VL/L
o oXo/\vo + HNRN“ _— \’K,oXo\)d
(RIS S S e
g <L
HoN NH»
HN-—~N_ OH HQ  Nee~NH,

2-propanol 0 o)

water, 50°C HN ><
2/
\/\N’j/\o Oﬂ/\NNNH‘z
/ OH HO \
HaN NH,

Scheme 14
20
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A. Protecting Am noethyl Piperazine Using to Cap the
Tetrafuncti onal Epoxide: One prinmary amne [(C PETGE;

W@ BEWb)6326€0H;, (EXI ) Ethyl piperazine ; (TF) = APCTIE20051013864
a 250 xalL round bottom fl ask equi pped vvith a

Dean ark dense . m fo:
Exam pzl% %‘ﬁ %&?per Pﬁt&n%g 6"2‘2%?@1‘35‘:‘36 }\Pl ePs Xddition
ReadtiolBif4beds pentanone (Al drich) was heat ed to reflux

under argon. After the theoretical anount of water

A. ( 1 Reezciion) ofiiEetresparade with Blialbyl ddninet Surface Adbylasionon was

5 BB R IRS BT s e O

5 t etTAgLGidHYIf 83bhes oi( &iElTﬁ%}mﬁel(@(ﬁﬁﬁi deﬁﬁ&ﬁ&)%@ﬁ%ﬂgéfﬂmthanol

am ne per epoxide) fromExanp met hanol
was\gddedal sidutiondf3 oRimg of BEWGE (H]é)mm«zl) (mac&(by@wepimBg it 1 mL of

e 5 it Ao 5 5 FO eioe bl T5eR The sPhBRGlaRmoved t
givd tB@ pPAdAELHsS @S cHRAR&Di (?555Qx%]f89“/ ) RLAS thd ﬂfl owmg spectra:

sol vent was renoved to give UCt as a

oi I'H NMRIS00NHz, GDTI:J5D 2(47 (’hrH)SH)8996 ©38)/ 3a) (q, 8H), 3.39 (m,

o o BT AR, o, e o

ho ul’cﬂ@@iﬁ eV DL 5a5 '5&955 8% sBd6T86 5 A, W%{tgfl dL773,

Di et enétri am ne and to Sécondary
135t1Regantet r af unct i onal EpOXI de Two Primary Am nes [(C) =

D STAYPLLT .%%sf:%ug%%sw%ﬂm{ﬂs%sm&a@? 4" 125
- ik (1R knac PENIBRARCUGARIHIG) vas put in a 250

equ| Wi a Dean-Stark trap

15 and heat ed to 140C under argon. After the theoretical
amount of water (2.20 nL) was azeoéﬁgp out Lge —

reach on wasacool ed to RT. The wei Pe\

)~ cont aj ni,pG 63. 6."Am) oofféecond)g anine. 7

The \pd“m @\(\7@2 16 g)-was t rdfisf er @Nm(‘a? O’H/\NL\

Scheme 15

20 B. Reaction of Tetraepoxide with Aziridine: Reaction of Secondary Amine
[(C) = PETGE; (IF1) = OH; (TF) = Aziridine]
To a solution of 913 mg of 2-methylaziridine (16 mmol) (Adrich) in 2 mL of
methanol was added a solution of 360 mg of PETGE (1.0 mmol) (made by Example B) in 1
mL of methanol. The mixture was stirred at RT overnight. Then the solvent was removed
25 to give the product, a clear colorless oil. (550 mg, 93% yield).
MALDI-TOF: Calc. 588, found 589.430(M H), 611.422(M ' Na) amu.

The following Scheme 16 illustrates the above reaction:

0 P \/Ol\H/o oI~ N
OD\’OXO ° + HN<r '_?Ti’ }N /\(\OXO’Y\N
V\O 0’\v0 over.n;ghl EN OH HO f

Scheme 16
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50 nL round bottom fl ask. Solvent was renoved by

rotary evaporation to give an oil. To this oil was
w@daederesol uti on of 360 ng of PETGE ( 1 mmol ) PCTYEEMOHY13864

Exanple B) in 5.5 nL of dry nethanol. The reaction was

heated to 75C for 23 hours. The solvent was renoved

and 25 nL of 2-propanol and 3.0 nL of water was added

Examplé b@ Adsilalion.of Pigines Xt ure was heated to 500C for 2
hours. The solvent was renoved using a rotary

evdffel aPEL CEidas QiER) erfethy] piperagngid BRA p rovied by
Ki C to give the product as a
slulgﬁ Wﬂrﬁt?éﬁgu C (elﬂ% 2hat %as t he fgl | owi ng

5 s pebthgl adibiel(881Ghg, hingholyY (Arod) MR WistSved f41.0 INGkthanol and

amu. The follow ng Schene 14 illustrates this above
cooled e P7nThen @ﬁ(&p%ﬁmf thap@mouslo"m@es@un@nmna_eﬂ@ﬁm|0é@nmol)

(ool BP0 4 R e SRR Rk AP R T icion, e

reaclioh a8 RU¥WEE toMvirh {ol R | The ﬂﬁ?{tﬁ% WMIE@E@&YC% toXoat § T&WS hours.
[(O PETGE, (IFl) = O4 (BRI) =D allyl amne; (TF)
Solyeuyy wps Tesnayed end give theprodud asg pele yellawlojl (820ringe89%. ytlcﬂd) that has
10 thefgﬂl%\x%n Al dr| ch) in 4 nL of nethanol was added a
2360 ng of PETGE (I.Ommol) (rmade by Exanple
B) MALDILCQE mhﬁuﬁalsérdwwmﬁgsw %teﬁﬁhto 60 C
for 64 hours. Then the sol vént was to give the
pr oeheme 43 illustrpiss thizwhciidness o | (657 ng, 89% vyi el d)
that has the foll ow ng spectra: 1HNVR(500MHz, CDC 3)
d 2.47 (m 8H), 3.06 (q 8H), 3.21 (q, 8H), 3.39 (m
20H), 3.83 (4H), 5.15 16H) , 581 (m)y8H); 13C NWMR
(125MHz, We 5+ 4 55635 ”8—6“ 66. 75, 70.54,
74.11, 117.73, 135.12, and MALDI - TOF: Calc. 748, found
749.588(M H), 771. 583( Na) anu.

PETGE *NxN _)\/
7\ MaOH
HN NN s0°C >< Vet

over algit kN\,—N /\(\ 0 OEBAN N—/\Nj

—\
2-propanol . N N—~—
fmpano VSN W N o NN N,

>< —
50°C, 2.5h.
HaNe—N_ ] /\(\ 0 OHO N N—""NH

HO
SHowe othNuN\)\,o LN Y

Q
MeOH 0 >< 0
40°C, 4Bh, Meo/\/\N\/—N/:J\N/\(\O O;g/\NCN‘/\NN{oMe
MeO \ o OMe
15 Scheme 17

Example 11: Ester Derivatives from Primary Amines
[(C) = PETGE,; (IF1) = OH; (BR1) = Diethylenetriamine; (BR2) in situ =
Methylacrylate; (TF) = Methyl ester]
20 A solution of the octa amine (made by Example 8B) in methanol was added to the

solution of methyl acrylate (Acros) in methanol dropwise at 0°C (1.5 equivalent per NH).
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The follow ng Schene 15 illustrates this reaction:
Schene 15 B. Reaction of Tetraepoxide with Aziridine:
W(Retmﬁmbizm of Secondary Amine [(C) = PETGE, (| FPQT/ESI0BE/013864
(TF) = Aziridine] To a solution of 913 ng of
Aft&*tﬁ@&dtﬁﬁ@:?— ithid @adtion(vi4s AMaBled td Adfh (ORT Thé nitkned C yas then heated to

nmet hanol was added a sol ution of 360 ng of PETGE

40°Gripn 34 horasl eTb«;p the selyent VRS remotediio give thre prosinod as a'ﬁlyellow 011,

u red at RT overnight. Then the sol vent
hav{\ﬁéﬁeé% ?pecgl ‘ve the product, a clear colorless

Oi |MA¢5ﬁQ"@EC£§%1M6%dﬂd2M@-@2‘W%%hC 588, found
589. 430(JWH), 611 422(J\NrNa) amu. The follow ng

5 Sc Hwhem¢ @ 8 iillusiretes thisseactien:above reacti on: Schene
16Exanpl e 10 Al kyl ation of Am nes [(Q) PETGE (I F[)Q
OH, (EXI) = Ethyl piperazine;, (BR*F in8itu = DOMe
thylacrylate; (TF) = Methyl est8 thyl acryla (yi
%ﬁ‘l my, 10 (Acros) was d’le%z%o din 1.0 nL /’0““’
wareLilanol angd @ookgd to OC. Thé&? | ki on of the Nﬂwe
previ —tade tetraangne (489 "o Bs-digol )19
S\ \ A4 M ObmerTet hanm/%s adde dr opwi s
Al +eront he di ¥ on, the reacti m
”E”gtJRT The mx\t\kd‘r*ze was t hen heg'tajeﬁwé %for WK}OM"
hours. Sol vent was renoved and gi he product as}a
pale yellow oil (820 ng, 89%yi éFd at has the OMe

foll owi ng spectra: MALDI: Calc. 15 found 1566. 67 opeA
1H), 188.69 (AZ1Na) anu. Schene 17 illustrates this
reaction: PETGE Schene 1%-gxagpke 11: Ester
Derivatives fromPrimry Am nes

10 Example 12: Pyrrolidone Derivative from Primary Amine
[(C) =PETGE; (IF1) = hydroxyl; (BR1) = diethylenetriamine; (EX1) = Pyrrolidone;
(TF) = Pyrrolidone]
Dimethyl itaconate (1.0 g, 6.32 mmol) (Acros) was dissolved in 2.5 mL of methanol
and cooled to 0°C. Then a solution of the octa amine (made by Example 8B) in 7 mL
15 methanol was added to the previous solution. After the addition, the reaction was allowed
to warm to RT and stirred for 24 hours. After removal of solvent, the MALDI-TOF was
determined.
MALDI-TOF: Calc. 1771, found 1804.246 (M Na) amu.

Scheme 19 illustrates this reaction:

20
HoN NH, 'V'eozc 0 °§/D_c02Me
Me0,C N N~
HzN’\/N\"gli HQ N ~NH,
N
o, 0~ COzMe N on HO N
HaN X N, COM o CoMe
NN w2 2lvie
0
HN \le , QN N/\g; O/F;I;\N’\,b\cozm
b N

Scheme 19
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[(©O = PETCGE, (TFl) = OH, (BR) = Diethylenetriam ne;
(BR2) in situ = Methylacrylate; (TF) = Methyl ester] A
wa@eloaeane of the octa am ne (nmade by Exanpl e 8B)T/US2005/013864
nmet hanol was added to the solution of nethyl acrylate
(Acros) in nethanol dropw se at 00C ( 1.5 equival ent
per NH) After the addition, the reaction was all owed

Exain@p 1983 M8 §1hdsTs ofmfby(mh&-uyc&omﬁmhfeseneﬂmh@omﬁ25*96mf19éndnmex
24 hours. Then the solvent was renpoved to give the
pr d&itrdd aePBEGel | ow o0i |, having the foll owi ng

oo g 155 e B iy Ao, v

Exaapie 'ggX;é)EPw Ieglizsmaj (ﬂ%?;d/,greoxH; ﬁﬂmg—m@rmrgom) =

(elgth%ln@t(ﬂ“FhmAd@lnel EXI ) Pyrr oI | done (TF) =

(Aol Ry SRR (413 T ey

meth&lcﬁ) E@ﬂiﬂ ﬁhefﬂﬁbkﬂwlaé? Bodléd 1P CORA i BAE ALY Bhdrimer
Ie 8 nmet hanol was added to the previous

©. Sécg, Qt17(mm0 thOér—(NhB- aduhl} (umade by xamplecTD owas/dissohtdddmatkthanol
o R TR il s e .
1ce-§é7th Gvas Ienidvediaal Mgk ABQdre2diBwell kd Mt RUor §? H@lﬂg %ﬁe reaction

lustrates this reaction: Schene 19Exa
mlxgymhemasle o5 %Perilyticet inanethymil and hubiécte) to Mltmmn (% cut off).

Aﬂeaﬁve%ﬁp%dlﬁoga)aép ﬁ@%ﬂt?t%%%t VSI{C%mn)UTE; ( A
mm(fh%ﬁmﬁ@% »%JéX%ashE’a Rehasdthsol (J W%W%hed @E}T gﬁyl-N-

per azi ne,
plperazmecarboxylate (3.38 g, 21 44 mmol 3.5 equivalents per epoxide) and concentrated

to 15 mL on a rotary evaporator under reduced pressure with minimal heat.

The reaction mixture was allowed to stir at RT for 16 hours. Excess of ethyl-N-
piperazinecarboxylate was separated through ultrafiltration (1K cut off) (2.33 g of ethyl-N-
piperazinecarboxylate was recovered from permeate). The solvent was removed on a rotary
evaporator and dried under high vacuum, which gives 2.3 g of ester surface dendrimer.

Ester surface G = 2 dendrimer (2.3 g) was dissolved in 21 mL of methanol. Aqueous
KOH (6.9 g of 90% was dissolved in 14 mL of water) solution was added to the above
stirring solution dropwise over a period of 5 mins. The flask was arranged with a refluxing
condenser and placed in a pre-heated oil bath (85-90°C) and heated for 20 hours. Methanol
was removed on a rotary evaporator and the resulting aqueous reaction mixture was further
diluted with 20 mL of water, cooled to 10°C with an ice bath and neutralized with 6N HCI1
with constant mixing. The pH was adjusted to 9, concentrated on a rotary evaporator, which
gave a solid. The solid was re-dissolved in 120 mL of methanol with gentle heat (by a heat-
gun) and allowed to stand at RT. The solids were filtered through Biichner funnel, and
washed with methanol. The filtrate was concentrated on a rotary evaporator to give solid
material (3 g). This material was subjected to ultrafiltration (1K cut off) (5 x120 mL) to

remove traces of KCl. Evaporation of the solvent from the retentate gave piperazine
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Pentanerythritol tetraglycidylether (PETGE) (4.40 g,
12. 24 mmol ) was taken in nethanol (20 nL) and the

wo b@skkeizes cooled to 40C in an ice bath. A G =PCT/US2005/013864
dendrinmer (0.54 g, 0.17 mvol, 2.04 -(NH)- mol) (nmade

surfle, Bxanmdead:iRdr (166 o 03 I64o4Aeld) B Apabgaiw i ﬁh@hﬁ@ﬁ’e following

added to the above stirring solution dropw se over
SPeGiigs i od of 15 mins. The ice-bath was renoved and the

r eaWré W @Ebﬁad gtzaﬁa‘rg/b‘@ ?4%% 1[21% 1&%‘1 Héf’tﬂ?a 2.58 (bs,

13655102 SUlsert 90 st safil Lorgitd, 3’4‘%( bgc moﬁ B? ﬁ%ﬁ&h% Hz,

five cycles 5 XI theretentate
136H), &#%Bﬂﬁébs,llﬁéﬁl,ﬁc%) (bSI'iﬁSH)j arrchfl ltration filtrate was

et hiﬁ g’hﬁ#p@ﬁ @’ﬁi@ﬁﬁé&ﬁ ég 89 %gqsé-, 335492&%%1, 22.30,557.35,

575gqgggglmzs7@gg ﬁpm(wq?bf concentrated to 15 niL on

a’rotary evaporat or reduced pressure with
i rierNIeatDI% 33BH£2929029240 08 11, X649 €1 55 S1434] 3820 181, 3867, 1106,

102%1}939; ’3@87 gﬁggﬁﬁ’éiﬁaisfzt gf was separated through
ot MRLRLTR. oMb 8L el 108057 Fattonact 0po gy and

pethgali@):rsnims arhsged ﬂmmAF vadi gy .a rotary
evaporat or and dried under high vacuum which gives
2.3 g of ester surface dendri msr Ester surface G = 2

Exadlendi. i.ssolved in 21 nmL of et
xaffFR4: Fecehpdgo o A6 ter (G5 Pt e Cop) and
vvalPEﬂ‘I}BoI ution was added to the above Stirri ng
sol uti on dropwi se over a period of 5 mns. The flask

wa§QrTRiRHeH; 4FDir Qb éEXb)(T Ripetazinte (0§8) = £itt (BRAY eHETGE; (IF3)
o AR bl e = AR BB PERLEC ok - s B
t heipeesitle; (17G) ) A0IEBR3) EMI'CQE‘ LA %ﬁwﬁ@ﬁ&m (TF) =

dlluted w th m. of water, cooléd to
jaelh and neutral i zed vvlth 6N HCO w th const ant

trated
ro%*a g Bl b e Rack wiy harerien Wopenipendaritol
tetraglgcidyRaRk
g S 45 % S GRS T
COOIWe’ﬁyOel 0P i with ardiicehathu drenBritnes G #m(nels g, Aridmwis 136l (MH}-hmmol)
(ma g%}ag{pa?l ewafj: go@g& ru\év?és m oo met :[u?otl ggd gc?de% tcry ?ﬁeaab%ve stirring

solutlon over a period of 20 min. through a dropping funnel. The ice-bath was removed and

allowed to stir at RT for 42 hours. The reaction mixture was diluted with 320 mL of
methanol to provide a 5% methanolic solution and subjected to ultrafiltration (1K cut off).
After five recycles (5 x 120 mL), TLC indicated only traces of PETGE with retentate (11.78
g of PETGE was recovered from the permeate).

The retentate was drawn from the ultrafiltrate; the ultrafiltrate was washed with
methanol (2 x 20 mL). The total amount of the retentate was 150 mL, which was quenched
with ethyl-N-piperazinecarboxylate (23 g, 145.56 mmol, 13.47equivalents per epoxide) and
stirred for 4 days at RT. The reaction mixture was diluted with methanol to provide a 5%

methanolic solution and excess of ethyl-N-piperazinecarboxylate was separated by
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material (3 g). This material was subjected to
ultrafiltration (1K cut off) (5 xI20 nL) to renove

Wo e@ee65206 KO . Evaporation of the solvent froP€CT/82005/013864
retentate gave piperazinesurface, G = 2 dendriner (

| | ol d
a0 1395, oS o v
rec@c&'d %m the(prerméatéi)Evagorafior bﬁsolxle‘h‘ﬂ Hom the @eﬁt@&,gaﬁé’@ b g of

3.30_(bs, 68H -OH), 3.34 36H,
estefNﬁ?ﬂcg%fs?'%am@%awogﬁsq%m 394112 3.45 §Zs 136H),

45 %5%5& Q@‘g. %8’(,&?4. 4%“1’%5 g%)ﬁ‘%izs%&%%? ag%% C@? rgg‘?élg"’t?"%‘ flask

and @Bs@4ed #HA8LRAL of 2ndifanol 4A Zekoud K.OR (4 B0 16R4(NeFH0Y, KOH was
2929, 924 2817, 1649, 1557, 1454, 1362, 1321,

dlssgéggm 32 mé; 0 1"0@12@) wapaddeddg the abpge sthginggolutionauer 5 mins. The

T IR -

and Akdked)for 86 hbufi TL.C Indivarkdeold=0 ester was left, Wthh Was expected to form
Pol y( et her - hydr oxyl am ne) dendri nmer (G-3) fro

as agilsrodnst. Tasrepctighanptiremap coyled toRT @l cqnqem)rated Ghia rotary

evaﬂ&?&)% EQ?P)P e{q%gé;?sznjggcgfgln%lgﬁg%? }3123 cdoléfﬁl ]%OBQ%%L%%—%E&? 6N HCl

was @l &) with &tas{oﬁéﬁhalﬁh@ eAdet atRfind 40R), %arfg@%@g ‘frﬂ%% to
(JFI) 9& = Pi perazine; (TF) = Am ne] si ng

aCIdWewwsew pa@@h cAndher SrmE lof $1CIwees adtiet @adju&t tolpHs The

soluﬁ@x’ﬂ%@?{ﬁéﬁ) g%e rg{ggtra%f)%%? | et her PETE‘?&‘?Q 5§ E@Eﬂﬂéd

tempeRathfdE7 W(Ia)h Aﬁl’:brleﬁﬁjd%’dﬂ%ha d ﬁﬁtlonefm‘fn%tl&% opﬁ)lﬁs in the flask
0.1 mmpl : made
was gsggvsidy SHaienwas cmplefelmmanbto (h'md Thd (ﬂlesk was mhmvadb from the

Bt RS R EsoBel T b ofa et wi eapiepeiing with
a hezitcglﬁlt IThe Q’IaisiEza@ Qﬂoﬂe?d tB%{%ﬁﬁ on bRcH BPThE AW Minttdd" {0k Suaterial

diluted wth
was filtered though Buchner funnel Washed thoroughly with methanol (100 mL). Solid was

not completely dissolved in methanol and the rate of ultrafiltration was found to be very

—‘

slow. After six recycles through 1K membranes, the retentate was concentrated on a rotary
evaporator, which give piperazine surface 5.36 g of pale yellow color foamy solid
(theoretical yield is 3.206 g).

'HNMR in CD;0D revealed that all the protons from surface piperazine were
moved to down field by =0.55 ppm. The material was not completely dissolved in
methanol. This could be a result of trapping of guest molecules inside the cavities/interior.
This is also evident from final yields >100%.

The above sample was dialyzed through 1K membrane in water and dialyzed f01"~
21 hours with two changes of dialyzate. Water was evaporated from the retentate on a
rotary evaporator and dried under high vacuum, which gave 2.34 g (71% yield) of G = 3
dendrimer as a pale yellow solid. Concentration of first dialyzate gave a solid.

MALDI-TOF analysis on dialyzate showed that guest molecules are G=0 dendrimer

>

traces of G=0 ester and few other unidentified compounds.
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nmet hanol to provide a 5% net hanolic solution and
subjected to ultrafiltration (IK cut off). After five

w0 e@gobese (5 x 120 nlL), TLC indicated only traP€rUSI005/013864
PETGE with retentate (11.78 g of PETGE was recovered
fr oMl NRER pethaeahnpoundiiem retbRticalA ré@tdsd MWt Wwa®Buhl 8hat protons
ultrafiltrate; the ultrafiltrate was washed with

fromysynfaes pipegazine weremmgved toapdisldby Afbapm. of t he

ot ENNRIE AP cBRoTt S s B A S MEGE 1 Sagps. 1D, 3.30 (s,

H), 335 @g%ygb%ggpgm rROMYdgl and stirred for 4 days

e reaction mxture was diluted with nethanol
t o "1 DIMRI(74 Bz EDiaDoB dropsof DI rd 4388, @5ckT550.09, 51.46, 58.47,

59.@%@1'@,%({ ?22%%&?@%&?{)'72%?,)%4?0%43 120 ) (19.35 g
R S b TR A e T T

r etPehtdispersiiavers meagurgd GoneAF®r gisey .ace G = 3 dendri mer
as a foany solid. Ester surface G = 3 dendriner (5.38
g) was taken in a 250 nL, round bottom flask and

0 (36774 g of | doR MR R Yot Yt )

Gumsratioled MolechRrabaielas] | ' MolGub® Ut 8 rortnd’] NS- Core
The flask was arranged wth a refl uxijng con ensgr and

pl aced in a preheated (8b-90@gight| - bgt h and heated for

wnae |l aft which
C vurT

36 hours 56 tngdicated—To—6= ester—was—eH— G
wad expectde*aﬁfsyspérm as B si dzo%r odudt. Thé' react| onPETGE

motture Vas,4paNedof,0 RT| and g@acentrated ga a rofar
evaporatgr. The aqueous feaction n xtjure was cool gd ?%TGE

102 wi t h |&heitbeNaaiOhss 6N HC1 10685 added wi t Bgoccas| onpETGE

Aftor addinag 490.mM._— a change of pH frombasic

shakire- ter—addi ; g |
tooaci di q e lopdoectler by pHIRB¥er . Anot het086 mi pf PETGE
HO ™ was added to adjust to pHS—The sotution—was—then
concentrated on a rotary evaporator under reduced
pressure (bath tenperature is 700C). After evaporating
hal f _of the solution, formation of solids in the flask
Ex 13h Aselydationyat Rentagaghidiohistreehydroand pimeraznedNyethyThe
fl % enoved fromthe rotary evaporator and the
regﬁﬁg(ﬂ F);sol ved in 150 nL of nethanol with gentle
15 heH(C) RBEWGE) (1 heatcegNEXTHE HihASipdasn alrﬁé!sgﬂi'at- F) =
stand on bench top forﬂ(f ewI)m' nu)tq?gl.) Solid ma erié’catIT)
Carboxylate]

To a 10 mL round bottom flask containing a stir bar was added pentaerythritol
tetra(2-hydroxy-3-piperazine-N-ethyl carboxylate) (800 mg, 8.1 x 10”* mole, 3.2 mmol OH)
dimethylaminopyridine (23 mg, 1.9 x 10™* mole, 3 mole% based on anhydride) (Acros) and

20 6 mL of methylene chloride. To this homogeneous mixture, cooled to 4°C, was added

>

dropwise over 2-3 mins. acetic anhydride (550 mg, 5.4 mmol, 1.7 equivalents per OH).

This mixture was stirred for 16 hours at 25°C sealed under N,. This mixture was diluted

with 20 mL methylene chloride and washed with 2 x 3 mL saturated NaHCO;. The organic

layer was washed with Na,SOy, filtered and stripped of volatiles to give 930 mg (940 mg
25  theory: 99% yield) that has the following spectra;

-90~
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was filtered though Buchner funnel, washed thoroughly

wi th nethanol (100 nL). Solid was not conpletely
wale@sobizedl i n net hanol and the rate of ultrafiPCT/aB2005013864

was found to be very slow. After six recycles through

ot AR IR S MEE EOCLE Y P8 (75 TRRTP Ll S 383 43 .

8H),@.5L. 1@k, € 6y8) 3.99.0ceh, BH)f 2205 84! 161, B3eNT ghi |
IS 7.g(06 5 1H NI\/(R [ n)tCDBCD ?gve%llxed that@halgm 4Y12@(qt 7=7

Hz, %Hbt%l?s(?f»%)mﬁéﬂ%fﬂ@ea@ﬁ‘ perazi ne were noved to dovvn

IJI: gso ved %{f CTﬁearﬂzli'g?’?ggi?’d\g@@lnﬁ%ggﬂ%o%?gx 58.52,

61.29,rﬂp@4,wq.4qt1mn7ngb,eﬁud es inside the
cavities/interior. This is also evident from fi nal

yi MALDETOGCalrhbl 6 fmdddaPlamuvas di al yzed t hrough 1K
menbrane in water and dialyzed for 2 1 hours with two
changes of dialyzate. Water was evaporat ed fromthe

alo,
Esa 28 ey T a0 g, G -2

deﬁfdl’hoﬁ’élpxﬂguﬁa%al e yel l ow sol i d Concentrat | on of

o L) 7RET Qb B “AeEnT B8 S pipeaned T & st (oD - peTOR:
d E[THB) FRcetyl: r(EX%; i Cﬁ’p?e?acztu% ca?lgkg(ﬁ/ia?é/” PhfIe bgrt%oxglate]

uni dentifié H NVR rrpoun
r elept2&trel mdrwdomkammngmstlﬁhaun@ls added pr ot ons

sur f ace er.azi ne, wer tqo up-field by 0.55
poly{;étmrnﬂ ii;ﬁw%xm(x Wer 32 (ﬁ%e bo cg;y;sug'gce (500 mg,

1.92 %(bﬁ)“ rhm%z% %@oﬂ égg) dggn ﬁéla%&lné@ﬁmg) (A(cgqasf%?_ép§mﬂ_glet%yl%ne

chlo@izg (IMBmBr lmlnmgaﬁedm Ghlutidn ADoted,at 45C Was aBdbdSD0 rbd adkic anhydride.

This e Wil o ag s peobLondes Neios £ inisa ssomistipecumscliluted
with :irg%%?_AF ég%gg@%ﬂeldag}ﬁ gn\gﬁﬁ%t gbﬁﬁ%fét%]ﬁ‘&? gsr?g%ﬁlirc?ayer was
driedPeith amtyytdusiNap$Oj. eThia hﬂxﬂﬁwﬁWﬁh&e@ hibévazhAted bfﬁﬂﬁmlas to give
260 rgg rc1k')uo e%)loguct This material was chromatographed with silica gel with
CH,Cl:MeOH (3:1 v/v) collecting the first two fractions and evacuating the volatiles to
give 230 mg ( 95% yield) that has the following spectra:

.13C NMR (125 MHz, CDCls): & 7.71, 14.69, 21.25, 22.96, 39.39, 43.46, 43.75,
53.34, 53.66, 58.48, 59.26, 61.29, 69.74, 70.08, 70.24, 71.24, 71.36, 71.64, 155.49, 169.75,

170.41.

Example 17: Pheny! Containing Glycidylether Class of Poly(epoxides) Reacted with
Various Amines

A. Reaction of Triphenylmethane triglycidyl ether (TPMTGE) (I-d) with Trihydroxymethyl
methylamine (II-e)
[(C) =TPMTGE; (IF1) = OH; (BR1) = Tris(hydroxymethylamine); (TF) = OH]
Triphenylmethane triglycidyl ether, I-d (0.46 g, 1 mmol) (Aldrich) and 30 mL of

methanol were placed in a 100 mL single necked round bottom flask. T3 ris(hydroxymethyl)-

-91-



[(C =PETGE; (IFl) = Acetyl; (EXI) = Ethyl piperazine

carboxyl ate; (TF) = Carboxylate] To a 10 niL round
wboitboes266 ask containing a stir bar was added PCT/US2005/013864

pentaerythritol tetra(2-hydroxy-3-piperazi ne-N-ethyl

: I
iR ER0 0998 oy 2 OB £ IBb g
all abaimed heitialdy) iysde ivdle );taftﬂrgrr@aérlrﬂ@dleﬁ: 10t sOTubIERIOMPIRES but will
chloride. ' To thjs honbgeneous m xture, cooled to 4C,

dlSSQfL&% atigrcheating fopapau 18v1érm@- Hasting continmed et ¢iSRyaernight. TLC

a0 o O TP By % s vos

5 remd\@d ofihi rotafy edaApbAtVRD givé &lb(ﬁdﬂwstsbhc? OTHé-eritRE Péé'cﬁ&?nuxmre was
chloride and washed with 2 x mL sat urat ed NaHCO3

ssotyed igragaintere o yelventa (CHgkwad GH@H M9EE03;1 ¥/v) westee Hotwaditions

diss
f 940
Gy abhOREH aleplffl Bnh. B b 35 P Bt B0 GRARAS R recipitate.
The Mt wasODtcRd thrébigh. a2§uc(hher flmneﬁo F¥movedhd m?ce@@l“m Evaporation of
9H) 52.38-2.43 (m 8H), 7 (m 16H)5 3.5-4.0 (m

the fgpgtg gave hyrrexyl mmnmtgd (Gs=15 dsmmmmslﬂm (yield, 1)28715(g;] 99%) thmt has
10 the fudd SI-Q 5.12 (pt, J = 6.5Hz54H); and 13CNMR
© ?’i‘é 3): d 14.67, 21.23, 39. 01 43.74, 45.77,

AR 015 0 6 g i

2. 47,@&@H)J 331#77-6r84din Bbl)y4.22 (e, h§H), S8 @s] 3163)) 502 slrIHYP6.62-6(38 (m,
g 4—% S b = 2, Carboethoxy Surface [(C) =PETCE;
H), (6r ()m H&c%‘% (EXI ) Piperazine; (I F2) = Acetyl;

Bﬁ%iﬁﬁﬁ%ﬂﬁ%@boxy?ﬁ Y b e

15 114.80t128.02f 130648, ¢3NU A 187(8); andt i r bar was added

poI (et herhydrox | am ne) dendrinmer, G=1, Nc = 4, Nob
D MATIN TOE! Feleylos Grithc:Q5083ntpund 892 (M@ atmmol | 2. 3

m*@h Ot\n% n ridine (Acros) and 15 niL
e n%lghﬁg q}fa?%l s honobgeneous sol uti on,
cool ed at 4C was added 500 ng acetic anhydri de.
o™~ HN-€8: O/Y\N{g':l
2 oH I-e OH H OH
O ( 1equiv./epoxide) O
—~ CH30H, 60 °C g ont
H O ° ° osver ;ﬁght ' H O 0/\5\"1_63';
‘ 99%

0O 0. N-€OH
AVAW, OH
I-d
Triphenylolmethane triglycidyl ether lil-e

20 Scheme 20

Example 18: Reaction of TPMTGE with Diethanolamine
[(©) =TPMTGE; (IF1) = OH; (BR1) = DEA; (TF) = OH]
Triphenylmethane triglycidyl ether (TPMTGE) I-d (0.92 g, 2 mmol) and 30 mL of
25 methanol were placed in a 100 mL single necked round bottom flask followed by the
addition of a solution of 0.785 g of diethanolamine (7.5 mmol) in 10 mL of methanol. The

~02~
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This m xture was stirred at 250C seal ed under N for 24
hours. This m xture was diluted with 25 nL CH d and
woRr®eees28x 5 nk with sat. NaHCO3 sol ution. ThePOr/ys2uws 013864
| ayer was dried with anhydrous Na2SO . This m xture
flastVs Eduli H%ﬂ?&‘&ltﬁ&é@ﬁﬂ@}eﬂfg ' o
cru%le(i p%%uct. This materi C\l)ﬂh trS%Ieragﬁ éf}la aie/eg a\?vlg?h(ﬂgme

progeéss iof thegedctinh twas @Hﬁﬂoﬁadl\l‘b;OPL(C 3A1:'te113 ‘hbm@,OT L€ Qﬁdﬂ%ed §fne amount
[ and evacuating the volatiles to

of “'gﬁ%%‘éédzwmyﬁ g@%&r@?@ém&)"%}swgmnﬁ&é af the speeltempeTature overnight. At

i RS BRGSO yyhyBon s o

dendsBoetSIIIG9 . Tie, sobbnPas $h8n fenoved .0d& roéldy EﬁbpoFaloraﬂlder reduced
71.36, 71. 64 155.49, 169.75, 170.41. Exanple
PrespieWhictossHea trAnspATeRh liquid | Bhﬂmm@eae@mmxmre (L. 746 g) was

s, Ol ROt D AR 8 ey RSl
occasfohdl sﬁﬁlnhg dF @mﬁﬁh lof b colokloy 1&8&119&11:6 bas S%S&x(e@dmﬁgl\ﬂc%dﬁmn
= Tm( he/ckox ymet h | am ne)

of etfp}’h &}Sﬁféﬁfy I%tff@élﬁ @ag pllgvgdiogjandat RE rfor 2 hduis0 A4@r @ hotirs, separation

of 015 ! m%:dlzg QoS :fg{pnﬂea?g @v&% %gser%ﬂ({o oﬁf Bﬁ%ﬂ?xé gq\%g EcﬁaénIOslelglfz(t:rg}i%d Ib?’ 2
decantatiby ety Eltwoshpd MithRERE hbkae (xTRD). [8e 32 ?v£ sofidified by

nmmol ) (Al drich) was added to the above reac
dlYHfﬁ ¥ lélgh VRCURM mvellr%zu gofl Splldi Aewsxswﬁﬂm ﬁa¢uamg>y BCNMR

L e CR T TR

with dendrifieied] at GG)C overnl ght TLC i ndi cated conpl ete
consunption of starting glycidyl ether during that
Conqep‘ﬁ@tlongzﬁ the salutierson emjmeratvaporator gavarly5S2vaeld edlotless transparent

oo w68 SR B e uhaop s S for T ar
1 ti

W th a hmhr?ﬁzggy ébt)ﬁe%ajczoﬁ(;?g gﬁt %ﬁ% 'na§ ?‘éxgﬁ@ 5% 3.31

(quirdetgbd 1150 Hz; B3 23.96-8 06 7n(nt, D, 3.5N8. 69<{¥1ﬂ GPE@SGM'UO&’(EI?@OH), 4.84

r funnel to renpve the excess TRI'S

s, 6%{; ég’égg;%? %%e,tﬁ«.%ﬂ—éﬂﬁt(%ﬂg) g7 RY) dmoED; andr ni nat ed
(GENGRTYS MBE, cHIDS § ¥4.81,5s 2%, 8324 %767 %8120 9585 14.12,

130.10, 137.27, 157.52; and
MALDI-TOF: Cale. for C40HeiN3012, 775; found 799 (M'Na) amu.

Scheme 21 illustrates this reaction:

CH>0H
O/\((]) O/\(\N/— 2

O NH i1
N—CH,oH O
H O o /—(é (1.25equ1v.lepox1dez ,—CH,0H
- H O/\/\N

CH30H, 60 °C, N
O overnight OH CHOH
>95% :
o o OH ,—CH,0H
AV oA N
I-d £ CHOH

Triphenylolmethane triglycidyl ether
Scheme 21

—-g3~



the follow ng spectra: 1HNVMR (300 MHz, DMSO- d6):
dl.28-1.171 (t, J= 6.00 Hz, 3H), 1.48 (bs, 9H), 2.47
WO 2006868266 3. 77-3.84 (m 6H), 4.22 (m 18H)5 4.P8I/{s®05/013864
3H), 5.72 (s, IH), 6.62-6.88 (m 8H)5 6.92 (m 4H);
and 1HNMR (75 MHz, DMSO-d6): d 44.72, 55.59, 60.08,
61.64, 69.86, 71.31, 114.74, 114.87, 128.02, 130. 48,
Exarhfé. 197 R ehbForbdf TRV GAWEL DI&hy] Isdhddiackate CA0H61N3OL5,
823; found 847 1Na) amu. Schene 20 illustrates this
r e HE) ! MWEM% Rihe Dwthglm;amOdgapetaﬁeh@?F ) Fthwl ester]

> af P"E%?%E@%%@T?%f%@w@ﬁﬁ%ﬂw OB Tigbiend 3y of

5 meman@‘ﬂverE@&B&ﬁVd LU Oglé héﬂk)é&h&iﬂd b%ﬁbﬁrﬂa(sﬁ ?Mc@@dﬂ tﬂe

(0.92 g, 2 mol) and 30 nL of nethanol were pl aced
addition ofe salutignrf led ez widiethpliminodisceiatn (7| Saminof)(Alldrivh) nbyo mL of

ety Rk opi T LPSanRbbPPed it a i bt el condenser and
heatdd@fdoeg vty h@%ﬁ@ﬂ%@n#‘hia‘ﬁe \%}ﬁl%htme@Ffﬂlé&' frometry

condenser and then heated at 600 The progress of th
shovedgreaksofor desirimm; Xibige Healind w@s covitinmed ﬂ)rliéllmxs ahidGhe solvent was
i cated sone of .unreacted t | yci dyl_ ethe

10 remqydf pf AgSRaBnEIR 1B e‘ade‘%"ﬁ@ bEchg whpR Elfen t Bale yellow colored
liqui@Y Th8 LA reation Mistubd Whs | it Ml g)}gf)h%ﬁ%lhca gel (9’

spectronmetry showed a m)l?ecul ar 1on peak
heightent bi wrdth) [Hitst, 30%hethglalcotatet/ hemanes lvess usehio\chsde die eixcess of

. ratar or, d r reduced pressure, which
diethyf he,Fitlagied Py i CHROLY 6 iCdater o clitodbe peodtet ke (1929
o)ﬂ\l?é [ of met hanol followed by the
& 939de kﬂ %?Qg%&q‘ f&ﬁPtg%Ff acetate with occasi onal
15 ShikNMR (Fo0 Wiz, ODGL): p@ds grjewormqlspﬂ)tﬁwa%?(m 12H), 3.61
observed during the addition of ethyl acetate.

(s, 3H), 306-d® (a4 616»/@038%04,(@;1%1{% 187 22 (m21 3Hue g1 Wﬁt (em, 6H), 6.89-

u paration of oil in the bottomof the flask
6.99 8ﬁ%ﬁ§§§ved The m xture was then separated by

BCNMR (75 MHz, CDCly): & 14.44, 48.91, 50.09, 50.26, 50.36, 51.05, 52.11,
54.38, 56.34, 57.03, 58.28, 58.74, 61.16, 67.44, 69.85, 77.05, 111.45, 114.44, 120.69,
20 127.79,130.21, 130.40, 130.48, 130.55, 157.30, 169.61, 172.18, 172.59; and
MALDI-TOF: Calc. for Cs;H73N30;5, 1027; found 1050 (MNa) amu.
The following Scheme 22 illustrates this reaction:

/—c020H20H3

/~C02C2H5 “—CO,CH,CH;

N\—CO,CH; T
O ( 1.25€8qUiV. /epoxude) /—COZCHZCH;;
z . CH4OH, 60 °C, = . \—0020H2CH3
1d, 94%
/—0020H20H3
o \—0020H20H3
I-d lig

Triphenylolmethane triglycidy! ether
25 Scheme 22
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decantation and the oil washed wth ethyl acetate (2x
1 nm). The oil was solidified by drying under high

wo amenes2ed gave 1.242 g of solid. Anal ysis of P€TUS2005/013864
fraction by 13C NMR indi cated the excess of the

' n ' sepatated and, spect r al ta was in
Bl A AR ol R e A L i hes R effdefinatea,

SOl @1 ofer@finirr ot ary evaporator gave 0.522 g of a

colorl ess transparent |iquid, which was a m xture of

pr ol{{e ETPMFGENAF Bi =P (BRANT Rusthyliminodiacetats; (E3¢1)1H EDA; (TF) =
are; LHNVR (300 MHz, CD30D): d 2.92-2.58 (m 6H),

=
e

2.60°2%47 (m 12H), 3.29-3.31 (quintet, J 1.50 Hz,
3H E i3 AX(H8.32, i %
1 sk EDANSLSE 33000 B a6 8 so0m.

m 10H),
sinélmneqlfql}_il? romdbottong Jagkawhivh) wassaquipp8CwWiibR tiF aMda], cooled to 0°C

il st et e A Pk st
Exdiple P9PHEs BRBOE210 mT, BT mdRiHad ﬂ(?&}d%g}}J@E%i)O@é@fﬂﬂ% NGBRd

21 illustrates this reaction:

solttigmpinen 5 otinethtrugh atprésging eiqualizine fmlanelSdlhe glasléwiEﬂasrmH &vith N,
X ti f MIGE.with Dethyl, Im ' t at
anq cloged B aredp by Teactigh TpeRi a3 i) £l B ismpgiabirafar.1 hour
= = ; p
o S O 20881 oA BT e
Anglgsie opthaceniplerbyaMAMDIAIOE imsd gpeaieaketty stowed ainéleiir ion peak for

| ask. fol |l owe the addjition of a solution of 1.417
the hexgmige spHage; #ﬁie‘?@@@%@’-@v The gxensy EDA was removed on g rotary

. [.Dp .
e e e P e PRE vV E e SR RS R LAY S gptice
rea@idv@ mixturn ivglidisdbived i3 mf. dferattbandl\vad 70 aklt of MAlebk whShdded in
mass spectronetry showed peaks for dendriner, |-g.

ordegforemgvehs rempining A Oy forming an pzeotiene.t Hais ppiopesivasygpeated
thre\r}\eﬁ?ig seaglldsges ﬂlgg‘chtg%%g 2&}’1?%3\,{@% ?%cpkei%g %&ﬁc%englfje(:seetdpa J }%ﬁl%%vr Blor
hygroscopic solid. Analytical data (IR, 'H & ' C) was in agreement with hexamine
terminated (G=1) dendrimer, IV-d, 2.073 g (99% yield). The spectra for IV-d are:

'HNMR (300 MHz, CD;0D): § 2.68-2.84 (m, 12H), 2.84-2.90 (m, 3H), 3.11-3.18
(m, 6H, NH), 3.22-3.30 (m, 18H), 3.31-3.35 (m, 12H), 3.80-4.14 (m, 10H), 4.82 (s, 12H,
NH2), 6.58-6.98 (m, 12H); and

13C NMR (75 MHz, CD;0D): 5 40.74,41.58, 51.99, 59.20, 59.52, 67.69, 70.30,
114.13, 127.57, 130.14, 136.77, 137.35, 157.43, 172.74, 172.89; and

IR (Neat): vmax 3303 (br), 2933, 2863, 1652, 1543, 1508, 1451, 1242, 1176, 1109,
1033, 968, 829, 757 cm’™; and

MALDI-TOF: Calc. for Cs;HssNy5012, 1111; found 1134 (A'Na) amu.

Scheme 23 illustrates this reaction:
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liquid. The entire reaction mxture was purified by
col umm chromat ography on silica gel (9 height x 1.5
wor@bioys2edi rst, 30% ethyl acetate / hexanes WaBCT/ES05/013864
elute the excess of diethylimnodiacetate, followed by
5% CH3OH/ CHCI 3 used to elute the pnpductN.l, l-g (1.929
g, 93.91%vyield). The spectra for gﬁ 1HNMR (300
MHz, CDCI3) : d 1.26 (t, J:6904d2001);0 3.34-3.55
(m 12H), 3.61 (s, 3H) 3.65-3.79 (m[ 6H), 3.88-4.04
(m 9H), 4.13-4.22 (m 13H), 6.71-6. (m 6H), 6.89-
6.99 (m 6H); and 13C NWR (75 Mz, 3) . d 14. 44,
48.91, 50.09,~R0.28*"50.36. 51.05, 53,11, 54.38,
56. 34, 57.Q3¢H 5\8"’?@*2‘:”58 74, 61.16, 6 44 69. 85/%8_/»«2
1

77.05, 11 5, 114.44, 120. 69, hﬂﬁ? 7 130 21

130. 48, /1?«7\8@02”5569 o, 172. ,N ahd
MALDI - TOF; c I -CE2HAP3NICRD, c 1027 oundH 1958

Ha) anu. | Lowing Schemg*22 il | rates thi s“““\_NHz
reaction:

et her Scheme 22Exa’rrﬁ?é 20: Synt hesi so-gf Hexam ne

term nated, G=l 4 dendriner fromester germnated, G,
dendri ner [(C) =TPMIGE; (IFl) = OH, (BR) =

Di et hylim nodi acetate; (EXI) = EDAW ()= Ami nej

Et hyl enedi am ne (EDA) (168.3 g, 2244 nmol) was placed
in an oven dried 500 nL single necked rouliél bott om
flask, which was equi pped w $dhemed3i r bar and cool ed
to OC with an ice bath. Ester term nated (G1)
dendrinmer Il11-g, (1.929 g, 1.87 mmol) (nmade by Exanpl e

%‘V‘é’stﬁlergrl ng,@l}@%@l?%gﬁngéetgﬁ%@%% trg(ljgh

a ptrégydroxgmethyhéthylagiideunnel . The flask was fl ushed
i and closed with a se um The reaction m xture

W t
was F@t) B @EMa{IFL ha OBy 5t 1KS: €80 =10Hbur
Bis(4-glycidyloxyphenyl)methane I-¢ (0.624 g, 2 mmol) and 20 mL of methanol

were placed in a 100mL single necked round bottom flask. TRIS (0.605 g, 5 mmol) was

N1_I -g- 1ri phenyl ol et han%trl gl yci dyl

(o)

Ex

added to the above reaction all at once. After stirring at 50°C for 5-10 min. both the starting
materials were dissolved completely. Heating was continued at 50°C for 42 hours after
which TLC indicated complete consumption of bis-glycidy! ether (I-¢), however stirring was
continued for another 6 hours. Solvent was removed on a rotary evaporator, to give a
colorless solid. The entire crude reaction mixture was dissolved in a mixture of solvents
(CHCI; (60 mL) + CH30H (15 mL) under hot conditions by heating with a heating gun and
was then allowed to cool to RT and 30 mL of hexanes added. Formation of a precipitate
was observed during the addition of hexanes. The flask was kept on a bench top and solid
was filtered off. Concentration of the solution gives a hygroscopic solid, ITI-e (1.044 g,
94% yield) that has the following spectra:

MALDI-TOF: Cy7HyN,0y Calc. 554.63, found 578.608 (M Na) amu.

Scheme 24 illustrates this reaction:

—-06-
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and stored at 00C for 2 days. The reaction m xture was
allowed to stir at RT for 1 hour. Analysis of the

W@ a0ploes2by MALDI - TOF mass spectronetry showed BCT/US2005/013864
nol ecul ar i on peak for the hexam ne surface (G=l)
dendriner, 1V-d. The gxcess EDA was renmpyed on a

rotary evaporator uné@t_ ggf;_ _)eu whi ch gi ves
a pale yellow col or I|qU| he re reaction

m xture was dissolved in 30 nLjgf nethanol and 70 mL
of toluene was added i n sEdgsybGHEGTENG: t he remai ni ng
EDA by form ng an azeotrope. This process was repeated
three times and the m xtureouwriged under high vacuum
whi ch gives a pal e yel Hvkcet or |FisgaBstopi c sol i d.

Anal ytical data (IR L 1H" 13C s In agreenent with
hexani ne term nated (CEM“®&H&{ ner, 1v-d, 2.073 g
(99% vyield). The spectra for I'V-d are: 1HNWR (300 MHz,

CD30D): d 2. 68-id 12 284290H13
3.11-3.18 (m 6id; 8H [&335
(m 12H), 3.80+0—44 (m 10R7 4. 82 12H

6.58-6.98 (m 12H); and 13CNMVR 75 I\/Hz CD30D) : d
40. 74, 41.58, 51.99, 59.20, 59. , 67. 69 70. 30,

114. 13, 127.57, 130. 14, 136.57ch,em1::ﬂ 35, 157. 43,
172.74, 172.89; and IR (Neat): vmax 3303 (br), 2933,
2863, 1652, 1543, 1508, 1451, 1242, 1176, 1109, 1033,

ﬁfg%e 28: Zﬁeac%%? o?%#l g% Xw ﬁg@% thgﬁé @:‘ﬁ@?}é Véﬁt}}SZ H 55N

i || Dettindinsisodibdéegate eact i on: Scheme 23 Exanple 2 1:

D SR B e
w( 4 %PB%’)VJ? 7o %en@%tr?ea?%iu( ?8 & %W%(Aldnﬁl‘)r?ﬁgl?’? ml. of

metbaxﬂolz@emplaoéd imet 1090l si@teendakéttﬂﬂmd Iboﬂon];@@ﬁk- e‘élh E&Wlth a stir
d.round bottom flask, TRI.S (0.605
b R HBAO oSG L OF Bl braYl) (AlTrighios digopbied in 10 L. of

mefhhhdldhA9d@d B Aok retichSh I ilre £L4Bntd et #lk g arranged with
a refluxing condenser and heated at 60°C for 36 hours. After heating overnight MALDI-
TOF mass specrometry indicated peaks for bis- and mono-addition products. TLC also
indicated two new spots. Heating continued at that temperature for 36 hours and TLC
showed only one spot. Solvent was removed on a rotary evaporator, which gives a
transparent liquid. The reaction mixture was subjected to column chromatography on silica
gel (9° height, 1.5’ width). First, 40% ethyl acetate in hexanes was used to elute excess of
diethyliminodiacetate (0.447 g, 98% recovery) followed by 5% methanol in chloroform used
to elute the tetra ester surfaced (G=1) dendrimer III-g (2.57 g, 93% yield) that has the

following spectra:

"HNMR (300 MHz, CD5Cl): § 1.20-1.30 (m, 12H), 2.60-2.74 (m, 2H), 3.13-3.24
(m, 2H), 3.34 (s, 2H), 3.45-3.72 (m, 8H), 3.80-4.00 (m, 6H), 4.07-4.22 (m, 8H), 4.75-4.83
(m, 2H), 6.76-6.84 (m, 4H), 7.01-7.09 (m, 4H); and

—-97=
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materials were di ssol ved conpl etely. Heating was

conti nued at 50C for 42 hours after which TLC
W(i)mi)b/@mze@ conpl ete consunption of t-glycidyl EETYHSZOOS/013864

(1- however stirring was continued for another

3?3‘&1@@% R Ge  ER R R R R 803,

56.86 X3 0% 594, 61 35 cd%md 67.61,269M7% 69100, 91.03,011¢ 85t 51154181358,
+ CH3OH mL) under 'hot conditi ons by

114(=1&t14?~ﬁé’6wl$h4% 12 &5; B 2276, 128993 AR 03 1I3@\A)Qd130357 131.09,

B astal ¥ (g Balt Ve ab P SHE iﬁ%f@r “d°” I"fda
vas MERGTE: G- el S € el o6 i) ves
nas PR SIFRRMESAR s Mtoafeqpliabihel onoroot0

Calc. 554.63, found 578. 608 (Msf a) amu. Schene 24
illustrates this actl

Bi s(4-g| yci dyl oxyp ny@tb@@m OH CH3OH, 50
0C, ,,,.e >H2d"' 94%i*= qui epoxi de) Ill-e Schene

24 Exanpl e 22: Reaction of I¢

| fa(4- gl yci dyl oxyphermsistagvedybgpenfBeM W t h

Di et hyl i m nodi acetate [(C) BGPM (IFl) = OH (BR) =
Di et hyl i m nodi acet at e, (- ;TF% F Ethyl ester]

Bi s(4- gl yci dyl oxyphényl s #et h 8%0k-e8°61. 248 g, 4 mml)
(Al drich) and 30 nlL efcopgthanosshveewe placed in a 100
mL singl e necked rout® bottom fl ask, equipped with a
stir bar. Diethyl [reWidretder fte (1. 965 g, 10. 4 mol )
(Al drich) was di ss%ved in 10 nL of

Ao ooz
HsCH,CO,C \—c020H20H3
li-g

Scheme 25

Example 23: Synthesis of Tetraamine Terminated (G=1) dendrimer from Ester Terminated

(G=1) Dendrimer

[(C) = BGPM; (IF1) = OH; (BR1) = Diethyl iminodiacetate; (EX1) = EDA; (TF) =

Amine]

Ethylenediamine (EDA) (111.6 g, 1488 mmol) was placed in an oven dried single
necked 500 mL round bottom flask and cooled to 0°C. Ester terminated (G=1) dendrimer
(III-g) (2.57 g, 3.72 mmol) (made by Example 22) was dissolved in 10 mL of methanol and
added to the above cold solution dropwise over a period of 20 min. through a dropping
funnel. The flask was flushed with N, and stirred at this temperature for one hour and
stored at 0°C for 2 days. The flask was allowed to warm to RT and stirred for one hour.
Analysis of the sample showed molecular ion peaks for hexamine surface (G=1) dendrimer
IV-g. Excess of EDA was removed on a rotary evaporator under reduced pressure, which
gives a pale yellow color liquid. The entire reaction mixture was dissolved in 30 mL of

methanol and 70 mL of toluene was added in order to remove residual EDA by forming an
_ 9 8 -



nmet hanol and added to the above reaction m xture all

at once. The flask was arranged with a refl uxing
w@eondosees and heated at 600C for 36 hours. AfPEF/US2005/013864

heati ng overni ght MALD TOF nmass specr onet ry i ndi cat ed

.1, B L GO, 3 A o,
whichgiedsal paleydliow @orinigisscapid sdlidC ARyl aath YIRQMH @ B -was in

Sol vent was renoved on a rotary evaporator, Whl ch

agrgempend with hexaswng terminaied (G 1) dundrimsadVi-g £2-68 % 2,867 Mayield) that

ted I utm chr omat ogr aphy on silica gel (9
haiéﬂgjﬁﬁ wniggp ngdt h). First, 40% et hyI acetate in

5 hexmwmgommm)@ t%%&@%@ 4H, NH), 2.67-2,75 -
di et hyl i m nodi acet at3em0 447 é 896 reCO\;’ery [ (II%SHJ 283

2.88 (5 441pe 22aB3 1L (nn SHh| 39333366|6mu8H)j 3t89 () 2ip 3t8894 t)%(m,aSH) 4.80
(s 5T R 7R FE 6h T 7GR 008 B bt ol “1Pne (300 Mz,

CD3CONR %%\QH% eD:m) (Sa%%l 6058 2514;%9} €135, 67.69,70.27,

11889, 534%614140315 ,(180. mgs,tz?}s? 105%9;%9%15(9{6#5 8%9 H)§A 13685?38&@Né7n134 A4,
an
10 15((2%_95 22, % (17%}7§»4172§5 ami 59, 35.72, 40.31, 50. 36,

o7 B0l 3. 328‘? i S oenblasi iy Shg sy, s

11141 968,225, 862 chdladtd, 127.65, 127.84, 129. 76,
129.93, 130.02, 130.09, 130.57, 131.09, 130.57,
131 MALDEEQF] Galc1fe Osdissrﬁ.ﬁ)@szm6 f8B4TT0 (MENaBdmu.

172 for C35H50N2012 , 690;
fouﬁéi%%nfl\ﬁk%s%mea 8 fol I owi ng Scheme 25

15 illustrates this reaction: |-c
Bi s(4-gl yci dyl oxyphenlyl ) methane [11-g Schene 25
Exanpl e 23y,c¢pEhesi traam.ne m tC%%Ha(G—I)
dendri mer {r.0m,Est ® Cr02C L
Iil-g
NH, | CH3OH, o °C
o 2d, 99%
NH, 2 NH,
HN_ O

Scheme 26
20
Example 24: Reaction of 4,4"-methylene bis(N,N'-diglycidyl aniline) (MBDGA) with
diethanolamine
[(C)=MBDGA; (IF1) = OH; (BR1) = DEA; (TF) = OH]
Glycidyl aniline I-b (0.844 g, 2 mmol) and 30 mL of methanol were placed in a

25 100 mL single necked round bottom flask and equipped with a stir bar. Diethanolamine
-9 Q-
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[(CO =B&GPM (IFl) = OH (BR) = Diethyl
i m nodi acetate; (EXlI) = EDA;, (TF) = Am ne]

wkrdvgloenzedli am ne (EDA) (111.6 g, 1488 nmpl ) waBCPUsmes 013864
in an oven dried single necked 500 nL round bottom

(1.68 aste andlceal deolved @xﬁneﬁﬁhﬁf 10%’5]55‘ dﬁ@taﬁﬂlec(t@‘thé above stn'nng
dendrinmer (1l1-g) (2.57 (ma anpl e

solption gidkT. dTb@mSkéwsmamged%mtba rcmm@mndamm ammwdmt 60°C for 2

ve soI on dr over peri qd of 20
Yﬁ]“ﬁlde&qﬁzr @%‘? Hbdl?aﬂi mﬁff*ﬁé%%%?% stertypgagerial I-b
VAT, =

wang g i%%@%g?h%‘eﬁﬂég%ﬁ?ﬁ%%%ﬁwz oSsies o-n
denginyer {H-Fandzesta bydroxdderininatod prodact: .SoPveat was fentifved bf a rotary

d nol ecul ar .i on, peaks for_ hexam ne surface
eva?@g-g?‘)r WBWE\&?WEP qags;%me@@g%ds pS(?FCtEDﬁ?f\lHS E});@rmved gn a

r ot RIAL r r
a pal e %%gw@%gl%rﬁ?mmg&g %g @n (?Eéek{ eacti oa 7 U Na) amu
forMaddmenpmsluch ssolved in 30 nL of methanol and 70 ni
{rg H’i addszg bn order.  to renove residual EDA
F 18&" Berdaustrpfgsshisreaction: was r epeat ed
three times, and the mixture dried under high vacuum
whi ch gives a pale yeI I ow col or hygroscopic solid.

Anal ytical data (IR 13C) was in reement W th
hexani ne term nat gd y*a QY (2.687 g,
96. 77% yi el d) tha f ol | &w ctra: 1H NMR
(300 MHz, CD3CD): d 2 54b2.62 (m 4H , 2.67-2.75
(m 8H), 2.83- 2.88 (m 4H), ;3.22-3.31 (m 8H),
3.33-3.36 (m 8H), 3.80 (s, - 3CH88H4. 02 (m 8H),
4.80 (s, 8H, NH2), 6.79-6.94 &bw 7. 03-7.19 (m

4H); and 13CNMR (75 Mz, CDBED) iHd “40. 76, 41. 66,
59.21, 59.53, 67.55, 67.69, 92 %{g,z 114. 25,
114.36, 120.65, 127.51, 129. f29 61" 129. 92,
130.50, 1%8M&7~ 134 44, 156.64, 157.22, 157 Q66
172. 78, 1#HHRS ang—| R (Neat): vnmax 32 Nbrgy. o071,
2932, 2872, 1653 H015 1178, 1114,

966, 822, ngc—\ﬁd_?}mﬂ @nd T Rm@ﬂzémr

C35H58NLOQR,, 748 Tound 770 (Af Na) am: " crom
li-f

Scheme 27

Example 25: Reaction of 4,4’-methylene bis(N,N'-diglycidyl aniline) (MBDGA) with
tris(hydroxymethyl) methylamine (TRIS)
[(C) = MBDGA; (IF1) = OH; (BR1) = TRIS; (Z1) = OH; (Z2) = Epoxide]
Tetra glycidy! aniline, I-b (0.422 g, 1 mmol) was weighed in a 50 mL single necked
round bottom flask and 15 mL of methanol and 5 mL of dichloromethane were added.
TRIS (0.121 g, 1 mmol) was added to the above reaction mixture. The flask was fitted with
a refluxing condenser and heated at 40°C for 3 days. Solvents were evaporated on a rotary
evaporator, which gives a colorless waxy solid, which was further dried under high vacuum.

The entire reaction mixture was dissolved in a mixture of solvents (CHCl; + CH;50H;

-100~
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Scheme 26 illustrates this reaction: |Ill-g Schene 26
Exanpl e 24: Reaction of 4, 4r-nethyl ene

wWQ@206M63%6 di gl yci dyl ani | i ne) (I\/BDGA) with PCT/US2005/013864
di et hanol amne [(C) = MBDGA; (IFl) OH;, (BRI) = DEA

50 ﬁirLF)3 1:) vrddr ﬁt&éSﬁ(ﬁM&nﬁﬁ E{ d'eal gv?n ( %kﬁ{as%ﬂﬂgleg)to 30 to RT

of net hanol were aced
anmé@kﬂdofrmm:s tadd¢do idrinatidn af wl leqipit@mchswbbé}v@i whilé adding

he bar. a‘% nol am gﬁ&v @g@ 16 mmol ) was dissolved in

HOEH LA ?}“?n_a)so ag dilteredioft ﬂlﬁ@g&kﬁo‘%@hﬁﬁﬁ ﬁunnfrl@nd evaporation of
the3Bleh Aiirobiry Blapoll6r (it A vileHR HRLAEHBR M ADuBiected i elponn
chrhﬁxatogiatlﬁy oRedl@, gel. LEixstntO% atigtlacit® Rk ehed Q\Pb‘ié’ﬁ&%ﬁ't@ Blute traces

of s ngmaerlal I-b and MALDI - TOF MS indicated
of teprp g &}dé( afijpe {%ﬁﬁw@dﬁ)& 5 Yo HaORYdHEyto cluse pompaved- I([D—Pl)re

SR ARR ] e BRSBTS BB Ere or

Angliytie dataj MRISPRTOR] 'H i d NGRS EAe -
MALDI - TOF: Calc. for CALH7ANGOL? 843‘{@‘?%1['5%5&0&15@”“111 This

reaﬁg)n Wrcplsestudied weith 2cqauivalants of TRIS¢ipokive lqnﬂmdnlxxture dhmethanol
andféﬁhﬂl&’(‘fn%ha%% ggnggé %% géxllllgfglg%l[ o t 4le;€1 © i@% %Fgggféqicléclhld_not proceed
dAm! theh
e S s v
night Vg -aad tr(l-BR], tlﬁnmr@iuc([szl Beactm]rlmﬂlmequﬁ{amntsi&] TRiIStat 80°C for
d | hed
5 B S A R T S B e T e

spem:ifwmme@fed 5 nmL of dichl oronethane were added. TRI S
(0.121 g, 1 nmol) was added to the above reaction

mi X EUNSIR 309 MEas€D@AY: 512306, W40 Hz, 2H), 2.70 (q, T = 4.50 Hz, 2H),
2.82 (bs, 1H), 3.07 (s, 4H), 3.24-3.37 (m, 7H), 3.58-3.66 (m, 9H), 3.95 (s, 2H), 4.59 (s, 6H),
6.65 (d, J = 8.40 Hz, 4H), 6.98 (d, J = 8.10 Hz, 4H); and

"C NMR (125 MHz, CDCs): 8 39.98, 45.58, 45.71, 50.92, 51.03, 53.35, 55.08,
57.84, 63.40, 71.03, 112.85, 112.93, 129.84, 131.02, 146.76, 148.08; and
MALDI-TOF: Cale. for CooHsN307, 543; found 567 (M'Na) amu.

Scheme 28 illustrates this reaction:

O /—*<E
e
O
I-b
OH
H2N‘€OH
OH

li-e

(0.25equiv. / epoxide)
CH3OH + CH,Clp, 40 °C, 3d

OH

-Q @ /_<—NH€OH
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25

a refluxing condenser and heated at 400C for 3 days.
Sol vents were evaporated on a rotary evaporator, which
w@raweseR6€0l orl ess waxy solid, which was furtheeT/U82088/013864

under high vacuum The entire reaction m xture was

di ssolved in a mxture of solvents (CHCl 3 + CH3OH; 50

mL, 3:1) under hot conditions using a heat gun. The

flask was all owed to war MchemR28and 30 L of hexanes
added. Formation of a precipitate was observed while

addi ng hexanes. After 3 hours, a solid was filtered

Exafible 147r0sighoR o BGRRATy AWRRE! 1-B Q\Qﬂﬁﬁ@iﬂ?ﬁlﬁlﬂoﬁ&c%tet h ed

solvent on rotaB¥ evaporator gives a vl scous |Iq

whi [€6) wa4BBGH; dBtlg o @H AR YmDisthndimenedjacetity; (GVpr Ethy] ester]

o s oSG pdiaerPle 1 S12%h BimalS 5% Bl it S APRE meted 100 mL,
rouxfd%u%ﬁﬁﬂasméné Y63 %%Qh& e{deec?' & gfélder%&ﬁﬁﬂé‘ﬂb'(b 492 BT ol

fractions (determ ned evapor at ed
wasgisselveBih mgumﬁr%oﬂsyb/ﬁms cﬁb plI_coﬁDCIvﬁandﬁﬁﬂmlD/ctf MeOHylatidhadded to the
MALDI - TOF, . 1H and 13051 heveal t hat, fth@ S )
aboyeRIpRADIBUIC KIS RAEiQff § gostieiingithedeagiipn mixture at RT

for 2?9(%) m'ﬁﬁ oF ug sheeRaHE m&&&é&emﬂie&héi{ %n%gaﬁ%PﬁzB% and

oronet ane and gi ves conpound- |
bis-ydditioh prothects. €Bled flavk veliscirmangedpwitic e eeﬂumng:hdmﬂbﬂmxanﬁl Heated for 3

d, h I f h I
BT TTLIER TR M N N
i T
oS e TERSELD W B SBHIIC S T A Con s

gel (I txH. 5’1)adéﬂt a0% ethybaca’dth/helxaj’i)espﬁﬁd usdd toH’lﬁe &1@&6&6@ of dlethyl
I11-e are: 1H NMR
iminpdpgetpie folicp})/ed ‘Qy % r(lghaly)l/ghlgg)fpgn ugqc]) to egltg @e(qgga estq;:germmated

(G—@ cgeédmﬁrer gl:Igg, 0}’2%(7?0/3%8‘@% gk%%th% q"%ﬁ’ﬁh—g gp &gh He, 4H),

6. 98 NMR @06 Mz, EDCAK) & 20410328 -Mem
d 39. 98, 45 58, 45. 71%)4) 50. 923 5@3@)(%%@35 55@9 AV (i, 450,

6.6057784m, 449, 690-710 08, 4y and5, 112. 93, 129.84, 131.02,

146, : ALD) - TOE: 1
545.C Ry itz Bfonlia T an ol o0 G R gl P4t so.s,
50. 7969(9‘38 % 15cheoe ?ﬁo@%ﬁ@]ﬁ!‘ 83.69'533326% bors O3 Gu¥si b, 55.88,
Anal'ine 1-b w th di éthylimnddracétate
56.07, 56.48, 56.59, 56.92, 58.68, 58.98, 59.28, 59.63, 60.63, 60.99, 61.11, 66.60, 66,92,
67.13, 67.62, 112.33, 112.76, 112.98, 113.12, 113.33, 129.67, 129.79, 129.91, 167.37,
169.66, 171.92, 171.97, 172.02 (The number of carbons found indicated trans esterification
products.); and
MALDI-TOQF: Calc. for Cs;HgoNgOz9, 1178; found 1201 (A" Na) amu.

Scheme 29 illustrates this reaction:
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[(O MBDGA; (IFl) = OH, (BR') Diethylimnodiacetate;
(TF) Et hyl ester] Diethylimnodiacetate (1.512 g, 8

worewb)eszes taken in a single necked 100 ni, r oREMUS2005/013864
bottom flask and 12 nl .of nethanol added. d ycidyl
aniline I-b (0. 422>%\ 1 rmol) was d| sol ed in a

m xture of sol ven® l - of MeOH) and
'Zk/_grkoa peri od of

added to the abov
30 mins. After st the reactlon m Xopure at RT for
2 days, MALDI - TOF mass § crtorretry i ndi cat ed
nmol ecul ar ion peaks for nono- casrangi tion
products. The flask was arrang V\&éggacrefluxmg
condenser and heated for 3 dgys Heol vents were
renmoved on a rotary evaporatqgr, WEBQ Jyes a pal e
yell ow color liquid. The enti quTrfda.g d @Nsdm Xt ure was
subj ected to colum chromato raphyrs%n silica geI (7" X
1.5"). HJE:'HE(&IZC—QO% et hyl acet at e/ hexanes vve/e_

o

elute di et hyl | m nodi acet | ovve by
5% met ﬁ%ﬁ'é@;ghl o@ﬁx 13'1* g]:?t; (()% ?/Ccég't'ﬁ;
term nated (G=l) - gH oYyi e

t hat hHE€EH Cf?o ng spectra: A 4\1 () 2CHepid 3)
:dZHw—rscc&O—(m H5 3.90-4.3 (m 1 COLBH,
6.60-6.76 (m 4H), 6.90-7.10 (mm4H) ; and 13C NI\/R(75
MHz, CDCl 3) : d 14.43, 21.29, 39.90, 45.57, 45.71,
45.91, 50.64, 50.79, 50.88, 51.18, 51.97, 52.06,
53.22, 53.03, 53.54, 53.9%chemk Z8, 54.62, 55.00,
55.88, 56.07, 56.48, 56.59, 56.92, 58.68, 58.98,
59.28, 59.63, 60.63, 60.99, 61.11, 66.60, 66,92,

Exa@fﬂlél 37: @%&k@gg é)% &%%é%@%ﬁ@%@%%% frggx’]]%s%érsl?’érminated

17](C9=71)D1:Mr11ﬁ2r (The nunber of carbons found indicated
fication products.); and MALDI - TOF: Calc.
a[r(] 7 észéfF DTHIL @RI g Diedw! mvmagiacatate; EoHI meERA; (TF) =
|IIA§1§IJ__ ?:t es this reaction: (2equiv. / epoxide) RT, 2d
-> 40

, 3d 78%
Ethylenediamine (66 g, 200 mol. equivalents) was placed in a oven dried 500 mL

single necked round bottom flask, equipped with a stir bar and closed with a rubber septum
and cooled to 0°C with an ice-bath. Ester surface dendrimer II-g (0.65 g, 0.55 mmol)
(from Example 26) was dissolved in 10 mL of methanol and added to the above solution
through a pressure equalizing funnel over a period of 20 mins. The funnel was removed and
the flask flushed with N, and closed with a rubber septum and stored at 0°C in a refrigerator
for 2 days. After 2 days the reaction mixture was allowed to warm to RT. Excess EDA was
removed on a rotary evaporator under reduced pressure, which gives a waxy colorless
compound. The entire reaction mixture was dissolved in 30 mL of methanol and 70 mL of
toluene added and then evaporated on a rotary evaporator. This process was repeated three
times in order to remove residual amount of EDA, which gives a light yellow color solid,

amine surface dendrimer IV (0.825 g, 98% yield) that has the following spectra:

>C NMR (125 MHz, DMSO-d6): § 41.97, 42.53, 49.27, 52.96, 54.09, 56.76, 57.56,
59.90, 60.44, 66.76, 112.57, 112.71, 129.71, 171.16; and
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[11-g Scheme 29 Exanple 27: Synthesis of Cctaam ne

Term nated (G=I) Dendrinmer fromEster Term nated (G=l)
w®eovdiooizes [ (C) = MBDGA, (IFl) = O—|; (BRI') Di ep@myiuS2005/013864

i m nodi acetate; (EXI) = EDA; (TF) = Am ne]

Et h e t

o e 3100 ) 295300l AT % 119, 1000,
962)399 01320 Icask anéqui pped with a stir bar and cl osed vvlth

a rubber septum and cooled to QOC with an i ce-bat h.

Est MAIH-TRERCalenier CrdtodN20g, 12906 6ugd 1613 Jmu.
(frg Sgie%gjq}‘!(l}ﬁ§‘ﬁa@s%ﬁ§e£h§ olved in 10 nL of nethanol

and e above solution through a pressure
equal i zi ng funnel over a period of 20 mins. The funnel
was rermve’%g?ggzgt he flask flushed with N and cl osed

with a rub and stored at QOC in a("COZCHzCHa

refriger at’ﬂ;?”zﬁ@P—é d er 2 ys e Pe@OIQHmﬁis
m xture was al | ovved EDA was
renoved on sﬁﬁcB%Céhy_e’Vépora or under re UGedCHPESur e,

whi ch gi ve@;CazCW col orl ess conpound. The\ecncb?_t:ﬂclzel-|3
reaction m xture was di ssolved inlig0 nL of methanol
and 70 nL of toluene added and  then evaporated on a
rotary evaporator. This proces Was, INap peated three
times in order to remove residydPNamount of EDA, which
gives a light yellow col or solijde°@uaanne surface
dendrimer 1n(0.825 g, 98%yield) that has the NHo

f ol | owi ng spe‘ﬁ\%a:o 13CNMR (125 MHz5DMBO- d6) ;o d 4T. 97,
42.53, 49.27, 5 54.09, 56.76, 57.56, 5979%

60. 44, 66 76, 112 112 71, 129.71, 171. andl R

( Neat) 933, 1653,_154 ‘H‘( ANH,
1358, 1235 11890 10% Ncm and
MVAL DI -TOF 106R2201 §\13\

(At Na) ang! Scherﬁs 0 |IIustrates thls reac[f)\ IHg

HN NH

(o]
v WY
HN
NH,

Scheme 30

Example 28: Ring Opening of a Diepoxide: 4,4’-Methylene-bis(N,N- di-2-hydroxypropyl-

3-piperazinylaniline)

[(C) = Diglycidyl aniline; (IF1) = OH; (EX1) = Piperazine ; (TF) = Amine]

To a250 mL round bottom flask containing a stir bar was added 16 g of piperazine
(189 mmol, 5 equivalents per epoxide) and 4 g of 4,4’-methylene-bis(N,N-diglycidyl
aniline) (9.5 mmol, 37.8 mmol epoxide) (Aldrich) dissolved in 85 g of ethyleneglycol
dimethyl ether. The mixture was made homogeneous by adding 45 g of methanol. This
mixture was heated at 60°C for 65 hours under nitrogen. This mixture was cooled and
evacuated of volatiles on a rotary evaporator. Piperazine was distilled from the mixture
using a bulb to bulb distillation with a high vacuum and a temperature ranging from 140-
180°C. A TLC of this mixture indicated residual piperazine using 5% NH;OH in MeOH.
Residual piperazine was azeotroped with a 70 wt % toluene -30 wt % MeOH mixture by
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Schene 30 Exanple 28: Ring Opening of a D epoxide:
4,4 - Met hyl ene- /5 (N, N di -2-hydroxypropyl -

wa@2@bpenezi nyl aniline) [(C) = Diglycidyl aniliPer/u§iops 13864
OH, (EXI) = Piperazine ; (TF) = Amine] To a 250 niL

asfgPE gROLHER A SeenkBhak PRl e 5 uRe on.»
rotai‘ggvéboﬁat&f Phidy rpmzmlem@ ddicNvak @larGdtey byedlight 425°C at high
% oxi de) (Al drich) dissolved in

vacsamgo givedt. &gl(%‘l%glﬁ}d:)mfpthﬂ dasirhg produgier . The mi xture was

bR B ERae R S8 275 s, Wb AR B335 @0 1-7

Hz nm)r 999rcdd Thi sHE] PHB 858 <99 eld{)ag d9%i«ha9H§ltzﬂ§*4 @, 210), 6.44 (d,
volatil es 'on a rot ary evapor ator. I perazi ne
J =i, i1H)e@74 (b h=t hEzn &), (K2 (6 JigHa, Bd);land o buI b

ansEriR Qs Yoz GRBb 8 I37h R e s RRE N 9Y $7.00, 502,
62.53) @s%t 5170 esi1chgal 1 PRPENdONErIF, NG9 @%*\Hﬂ*r '199 %%9 75,

Resi dual piperazine was azeotropéd with a
130,21% 18082, BI. 18 194.88@xdni xt ure bydi ssol vi ng the reS| due

dl S ﬁgsg é‘gio'r 2%%18 @Wﬁ‘%?%%gv'r ngT}ﬁ?LuSPSefggl ne
fr eendropesle m&nﬁ\@qgagtﬁ%s?mg&g apﬁtat 25 C at high

vacuumto give 6.8 94% vyi e he desired
product. 1HNWMR (500 WMHz, CDCI3) : d 2.3-2.6 (bm 8H),
2.8-2.9 (bs, 8H5 3.35(dd J 7 Hz, 3.15 (dd, J =
7Hz, IH), 3.65 (d, J = 7Hz, 2H), 4.04
(bd, 2H), 6.44 (d, J =7 .74 {d, J = 7 Hz,
IH), 7.02 (t, J = 7 Hzem?
CDCA 3) : d 39.78, 46.08, 4613, . 4.99, 57. 20,
59. 32, 62.52, 65.33, 65.79, 111.98, .34, 129. 29,
129. 34, 129.44, 129.47, 129.69, 129.75, 130. 28,

130. 32, 146.18, 147.22; and MALDI -TOF: Calc. 768. 6,

found 767 amu. The follaw.0g,.S¢heme illustrates
this reaction: Dunethoxyeihane 4 w

cH, N

Scheme 31

Example 29: Reaction of Hetero Glycidy! Ethers with Ethyl-N-piperazinecarboxylate
[(C) = Diglycidyl glycidoxy aniline; (IF1) = OH; (EX1) = Ethyl piperazine
carboxylate; (Z1) = Carboxylate; (Z2) = Epoxy]

Reaction of N, N-diglycidyl-4-glycidyloxyaniline 1 (Aldrich) is studied with 0.33
equivalents of ethyl-N-piperazinecarboxylate (Aldrich) per epoxide at RT. After 1 day,

MALDI-TOF mass spectrometry indicated peaks for mono-addition product 2 as major,

along with some amount of bis-addition product 2a (ratio is 11:1 from "H NMR). Studies
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600C, 3 days 5 NH NH Schene 31 Exanple 29: Reaction of
Hetero A ycidyl Ethers with . .
wErdvogloede@i per azi necar boxyl ate [ (C) = Di gl yci dp€T/US2005/013864
gl ycidoxy aniline; (BF1) = OH (EXl) = Et hyIIi }V
ith ' EROEMLRb & azihddatbox ' é ]
B oy P VOB N BlycSpll e
epokidelrehctedhtd give psoditi 3 dn edeHer.ya3d d@ﬂ%)/h )aﬁk [@nlitfe }gfdro_lgsis ortl
et hyl - N- pi perazi necarboxyl ate (Aldric per epoxi de at
co .‘%‘ﬂﬁtgé?eS%OH@y}mﬁEbgg%@ﬂlﬁs%gwkbe@h@ seetiyity diffgrenae isdn
BERKS whil 2GaLg LOR; . 23S FQhL, .along with .
B Some gﬁ%ﬁ?}yg S g%gl t |§gsrr?g%§gé hoétlaezgg%lrl%{l ey gre%f’rf reactive
thah poitnds) NMR)procSsamiag allow Byrthdsieepdiffedepfidted®fendrimers with various
e hé/eh-l\l-pi erazi necar boxyl ate per epoxide at RT gives
bra%c%h IHP%géngpoxi des reacted to give product 3 in

I ' 0 I - Lysis on conmma

S Rhes o BT s LGNS R SRRRT Y M o 5

mmoba tiethdng] (5 thi prensddeds sofutiag fo?%ﬂi?ﬂN—ﬁib&x‘ﬁzﬁlQ@arEcﬁiﬂté €0.79¢, 5
stated in this specification le., glycidyl ether are

8 methaoo] (Ganbhand sirradifaet djy aRE  Howeessisolatiombf this product

j f differentiated dendriners, w vari Qus .
by bl e flerdit of B g2 S0 DhdTigdc P dhat G B Tnttowing
spedtradi gl yci dyl - 4- gl yci dyl oxyaniline 1 ( 1.38 g, 5 mml)

in _methanol (5 rrL&vaas added a sol ution of _

et AYALRIF Qe rGzt et Kints: M35 cfoaad AS6 ¢ S)amdK38 (i Na) amu.
nmet hanol (5 nmL) and stirred for 1 day at RT. However,

i solation of this product by columm chromat ography on

si IB.ca GiviRg sblufl i 4 iti
ol Low g Saere e e S S a1 277 6,10
mmphindS xdeofmethyna ves 488ed Ksolivin c&’reﬂ:jyl-fBI -piﬁ@ra@fr@barbdixﬂ&e (5.21 g,

[ . di glyei dyl -4-gl yci oxyani |l i ne
33 spolf s S e 21855% fF HE! e i sont “ak domalsily gonsumed.

i A i ' I 21 3
TS0 A8 oS PSSO ERDRLAL Bl i
pipemsriracaboxylate wsmpinetel yy Kogeltohe disgrrmm gﬁhi(ﬁ?av&\@ﬁre compound 3

enpyed a rotar vapor at or under reduced pressure.
(69 2% el et hes e follawiBe spostny | at o
MALDI-TOF: C36HgN7019 Calc. 751, found 774 (M* Na) amu.

C. A round bottom flask (250 mL, single necked) was charged with compound 3
(6.91 g, 9.2 mmol) and dissolved in 42 mL of methanol. Aqueous KOH (45%) (20.73 g of
90% KOH was dissolved in 42 mL of water) was added to the above stirring solution at RT
over 5 mins. The flask was arranged with a refluxing condenser and placed in a pre-heated
oil-bath (85-90°C) and heated for overnight. Progress of the reaction was monitored by
TLC. Methanol was removed on a rotary evaporator and aqueous layer was extracted with
DCM (3 x50 mL). Combined extracts were dried over Na,SO,, filtered through Celite, and
concentrated on rotary evaporator, then dried under high vacuum, which gives pale yellow
color piperazine surface, G=0 dendrimer 4 as a solid (4.86 g, 89% yield) that has the
following spectra:

MALDI-TOF: Cy7HoN704 Calc. 535, found 536 (M* H), 558 (M Na) amu.
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was renoved by Kugel rohr distillation, which gave pure
conpound 3 (6.91 g, 92% yeld) that has the foll ow ng
W@ p@esrs6 MALDI - TOF: C36H6 1N7G 0 Calc. 751, fpCmus20028/013864
(Af1 Na) amu. C. A round bottomflask (250 nL, single
nec onpound 3 (6.91 g, 9.2 nmmol)
andggﬂgége @‘Qégtg§%1#f£c thanol Agqueous KOH (45%
(20.73 g of 90% KOH was dissolved in 42 nL of water)
was added to the above stirring solution at RT over 5
m ns. The-(f?fask was arran(ged with a refl uxi ng
condense@@l}nd pbaatced i n a’pre-heat echtm | - bad ,\g’a—\@g
and heat rrgver ni ght . Progresghof the rehct non
moni t 1%,‘ Met haijol was rengved on & rotary
evapor atjor ((Hﬁdluna(w@e)us yer Watqexhsagt e th DCM (3
x50 m_@ Conmsfmed—extr s wer e—dried™ove 2504,

filte t hico@giRTael i t e and con i 'g,,t ed rotary
evapo or, then dr| ed ! r hi gh vacuum [whj ch gi ves
az

pal e | ow col or e surface, G r| mer 4
as a M/AM 86 g, 9%y| el d) that hag—the f vvlng
specto LDl - TOF: C27H49N7O4 Calc. 5 foun

(Kt H),, 558 (AZ1 Na) anu. Schene 32 igddistrates t ht §
reaction: KOH (45% CH3OH, 85 - 90 0C, overnight, 89%
Schene 32 Exanpl e 30: Capping tetraepisul fide kbraggh
cell with bl ocked piperazine, Core G = O [ (C)cHzOH,85-9°C,
Tetrat hi or ane; (IFI) = SH, (EXI) = Ethyl pipgPa?ih&®
carboxyl ate; (TF) Car boxyl at e]

Et hyl - N- pi per azi necar boxyl ate (0.91 g 5.76 gnol,

| equi val gnt per 8 %thﬂ\fl de) and net hanol (5 N\V\_/e,?“é
taken inja 50 nL nd BTt om 1 ask equi ppeg-wi th a

sti r bar |and coo ed to 4C |Tetraepi sul fide O. 610 g,
1.44 mol}) (nrad y Exanple C) was dissol v

e gogoﬁ

N
gEt()zC

Scheme 32

Example 30: Capping tetraepisulfide branch cell with blocked piperazine, Core G = 0
[(C) = Tetrathiorane; (IF1) = SH; (EX1) = Bthyl piperazine carboxylate; (TF) =
Carboxylate]

Ethyl-N-piperazinecarboxylate (0.91 g, 5.76 mmol, lequivalent per episulfide) and
methanol (5 mL) were taken in a 50 mL round bottom flask equipped with a stir bar and
cooled to 4°C.  Tetraepisulfide (0.610 g, 1.44 mmol) (made by Example C) was dissolved
in 5 mL of chloroform (tetraepisulfide is not soluble in methanol) and added to the above
stirring solution dropwise over a period of 5 min. The reaction mixture was stirred for 36

hours. The solvents were evaporated on a rotary evaporator and the crude reaction mixture
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in5 nm of chloroform (tetraepisulfide is not soluble

in methanol) and added to the above stirring solution
waelc@pmbhes over a period of 5 mm The reacti on PERUSI065/013864

was stirred for 36 hours. The solvents were evaporated

tal
e DAL S ] Sy SR 8885 g oP DM nd
meshdniot; avtgell giwed the &ybm&atblmes&fr Z%Rﬂ}ﬁmﬂlelﬁﬂmm@s edtﬁ* ch
gives the b ure tetraester 2 that hasthefollovmn
s pec FMR; G OAMEZ, 560N 2 §.90 §lzq 128 03445251, .61 (4H,

S**}'Z3 2 threp 177 é“"%‘ AR08 3460 bmoigFEh 4 084a 1y P30 g by ana

15@ﬁ€bﬂ§- 5¥@H§Z CN: v d 7
e o NMRAOS MBS CI.70 W70 S5aslubiou) 5388 B, 54 62.08; 69.39,

74ﬂ557®5@,léﬁ&5md3|-TOF CA5H8401254 Cal c. 1057, found

i SUALDETOR Bt i % Al oSy gl o™ ©°

(2,
5 ORI SO o ARSIt o

Tetra(epoxypropyl)cyanurate; (IFl) O (EX') = Ethyl

pi §ra2|ne car boxyl ate; (TF) = e@acboxylate] To a

stiZi ng sol ution of et hyl - N- pi per aﬁ“éi/necar boxyl at e LCO.Et

(1.422 g5 9 I)Hmn ®cagt: of met han s added tri#,(/Z\N

5 3- efoxy )i soeyanurate (0.594 g, 1) t\/l

once and $hen 4 rieayprlerdticehl or onet hane Rfas added.

yanurate is Ral, {SRf.UDTe in nethanol .)
irri about 3d0amgr$>§d%e I SO ur.

co Ietel\y'—w§he reaction m xturj\f\%‘g

2 d&@%E TLCY( 1:2:2 of hexangg, acet at e:

showed conpl ete consunption of isocyanurate and

MALDI - TOF on the crude product showed peaks for OHF\L/N(:OzEt

the final product. Solvents were renoved uding a

rotary evaporator to giveSgh&nd 831 ess transparent

l'iquid. Renoval of excess
et hyl - N- pi perazi necar boxyl ate by Kugel rohr

Enh | 03 s RS B SNSRI i

100§y Fé]’alix)a(dpbayprbp)ﬂ)dybﬁuﬁt@i dlpw QIS PEX1 yamglmglzperizﬁiéo
): d 1.24 (t, J=7.20 Hz, 9H) 2.4

1 8,_§ar§0)@%%e (TF) ‘Carboxylate]

To a stirring solution of ethyl-N-piperazinecarboxylate (1.422 g, 9 mmol) in 6 mL of

'ssolved
RT for

9?')

methanol was added tris(2, 3-epoxypropyl)isocyanurate (0.594 g, 2 mmol) all at once and
then 4 mL of dichloromethane was added. (Isocyanurate is not soluble in methanol.) After
stirring about 3 hours the isocyanurate was dissolved completely. The reaction mixture was
stirred at RT for 2 days. TLC (1:2:2 of hexanes:ethyl acetate:CHCl3) showed complete
consumption of isocyanurate and MALDI-TOF on the crude product showed peaks for only
the final product. Solvents were removed using a rotary evaporator to give a colorless
transparent liquid. Removal of excess ethyl-N-piperazinecarboxylate by Kugelrohr
distillation at 170°C (for 15 mins.) gives compound 2 as a pale yellow color highly viscous
liquid (1.54 g, 100% yield) that has the following spectra:
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(bs5 12H)5 3.90-4.04 (b 6H)54.07-4.16 (m 3H), 4.11
(g, J=7.20 Hz5 6H); and 13CNMR (75 MHz, CD3QOD): d

wa 200896524@. 52, 46.96, 53.28, 61.54, 62.15, 65. BAT/US2005/013864
150. 11, 155.94; and IR (Neat): 3344, 2986, 2934, 2858,

2801 18517

112%%330&%% C%%%)j)) 881§4g gg,, 706%%29%I n%%f\i/listD‘ﬂéfgglsm 345
(bs, Q23818 50M.(AQm], ZH)H.07- 471'5](m,B®I)ﬂﬁ117&14 1%7 Qmﬂz éHD; and

Sctygne 34 illustrates this reaction:

AR (75 M5 O oo A B SRS, 61,34, C2 15 65,54,

0 rate G=O Dendriner into Urea Derivatives [(C
ISOLISIT%?Q% gxypropyl)lsocyanurate (DFI') = OH (EXI) =

Et hid eé,%; BB, 29§E)2934A9:B5rse180% 1685)d469t14am 13885357, 1383,
was char wi th conmpound 2 (nade Exan'pl e 31) and

124di §K£83, \1113217 i1A96.4 034, 1610458315 84D 7681 'ap,a@@ded aqueous KOH

{nehafateral; gDl bR A hibud T sl o °

f' a§&eﬁ@%4ﬂh§§&@esltms@e&wnheat ed (85-900C) oil bath
and heated overnight. TLCS5 indicated (3 :1 of

DCM CH30H) an absence of starting material with a
Jositive ninhydrin test (Rf O41|n,59\/oNH()d I\
@) . Methanol was-yenoved on &%OMNar ) evapdt Ald N-COE

us<flayer wasnexpraeted with DCM (2HR 3 %) &Hd

G LL;}ﬁd extracts were dried over Na SO, ?;I—% ed

%h ugh a pad of1.seqhvitg@xidednd concentr at ed Q rotary

%%orator, dri edCt®eRT hi gh vacuum which gives a

transparent liquid. It was found from anal ygi's that

conmpound 2 was ring opened by base during t

hydrol ysis step. From MALDI -TOF it was ideofifie@ as a

urea derivative, conmpound 4 is e mai n product that

has the fol | owi ng spect r aSchese - (75 MHz, CD3OD): d

45.13, 45.81, 54.27, 63.02, 68.48, 160.40; andIR

(Neat): x 3272, 2929, 2847, 2811, 1659, 1567, 1454,

Exdmplé 321 2qKkalink BeRe CathBed Degradation of Isocyanurate G=0 Dendrimer into

Urea Derivatives

[(C) = Tetra(epoxypropyl)isocyanurate; (IF1) = OH; (EX1) = Ethyl piperazine; (TF)

= Amine]

A round bottom flask was charged with compound 2 (made by Example 31) and
dissolved in 14 mL of methanol and added aqueous KOH (4.5 g of 90% KOH was dissolved
in 9 mL of water) to the above stirring solution at RT over 5 mins. The flask was placed in
a pre-heated (85-90°C) oil bath and heated overnight. TLC, indicated (3:1 of
DCM:CH;0H) an absence of starting material with a positive ninhydrin test (R=0.41 in
50% NH;OH in MeOH). Methanol was removed on a rotary evaporator and aqueous layer
was extracted with DCM (2 X 30 mL) and combined extracts were dried over NaySOy,
filtered through a pad of Celite, and concentrated on a rotary evaporator, dried under high
vacuum, which gives a transparent liquid. It was found from analysis that compound 2 was
ring opened by base during the hydrolysis step. From MALDI-TOF it was identified as a
urea derivative, compound 4 is the main product that has the following spectra:

BC NMR: (75 MHz, CDsOD): & 45.13, 45.81, 54.27, 63.02, 68.48, 160.40; and
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1065, 1009, 855, 794, 702 1; and MALDI - TOF: CLl5H32N6C3
Calc. 344, found 367 (Af1 Na) amu. Schene 35

WO kdoew63266 es this reaction: 4 Schenme 35 Exanpl BCBBS2005/013864
| socyanurate with Protected D ethylenetriamne [(C) =

T t t :
I RSB P s By 0B P usk o oy 1370, 112
106150160§t855r79mg76mf“0‘gm of
-Z" 1;yl-lsopror | i di ne)di et%g%l enetriam ne
(2 mL I—T@ froitiaNeD316alet 344 fcmih olM \pa) amitied tris

I’ rate (0.594 g 2 nmol) all at
onc 015‘{%“ il ug%%%/gatﬁgsrré%] OPS not soluble initially but
di ssol ved after heat i ng for about 3 hours at 50Q0C.
HeatL{_g\ cont| nued for_2 days. TLC (1:2;2 of

esk

e ol o el y "Gl sy s
I socyariuy, S conpl etely
renoved on oé‘\l\gbary evapor akoH (#i%d t hen d)‘ql Qﬂ"'\% on

hi gh vacuum ich gives a yetH-ow»i quid. WDI - TOF

mass spect ro try indi cated asessScf or corrpoun but

not conpoun and f ew ot herovemigpfounds. B. Th@ bove
reaction m% e was dissolved in 10% wat er ji

| sopropanoe,£ 30 ) and heated at 500C for 3 a{ay

| sopropanol and water was renoved on a rotary
evaporator, and residue distilled by Kugelrohr
distillation gives a yellow color viscousliquiid ( 1.83
g). Theoretical yield is 1.212 g. 1H & 13C NVR i s not
very clean but MALDI TOF showed mass for conpoiyhd 3 of:
MALDI - TOF: C24H54Nl aC6 Cal c. 606, found 607 (JI/ H &

629 (JI/Na) anu. C. To a cold (4C) g@l ugion_if an N W
i ce-bath of dinmethylitaconate (DM) (-8 ” )/
was added a solution of conmpound 3 (0.60 1 fmol

in 4 nL of nethanol dropw se over a peri od of 410 mns.
The ice-bath was renoved and allowed to stir at RT.

Scheme 35

Example 33: Isocyanurate with Protected Diethylenetriamine
[(C) = Tetra(epoxypropyl)cyanurate; (IF1) = OH; (BR1) = Diiminoamine; (EX1) =
Pyrrolidone; (TF) =Pyrrolidone]
A. To a stirring solution of 1,7-bis(methyl-isopropylidine)diethylenetriamine

(2.151 g, 9 mmol) in 15 mL of methanol was added #is(2, 3-epoxypropyl)isocyanurate

(0.594 g, 2 mmol) all at once at RT. Isocyanurate is not soluble initially but dissolved after
heating for about 3 hours at 50°C. Heating continued for 2 days. TLC (1:2:2 of
hexanes:ethyl acetate:chloroform) indicated that isocyanurate was consumed completely.
Solvent was removed on a rotary evaporator and then dried under high vacuum, which gives
a yellow liquid. MALDI-TOF mass spectrometry indicated mass for compound 3 but not
compound 2 and few other compounds.

B. The above reaction mixture was dissolved in 10% water in isopropanol
(30 mL) and heated at 50°C for 1 day. Isopropanol and water was removed on a rotary

evaporator, and residue distilled by Kugelrohr distillation gives a yellow color viscous
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After 1 day MALD - TOF mass spectronetry indicated nass

at 1364 and 1386 amu. Stirring continued for 2 days
war@edeizéent was renoved on a rotary evapor at oOPCEHOS20051@13864

crude reaction mxture was subjected to col um

liqu\%;@oééaé)? ?&%&%ﬁﬁ%éw £ ?1%5 lﬁleég ilﬁﬂy‘[ﬂis no c\:/grsifsclean bE)IM\/IALDI-
Topgﬁvﬁd%ms%péﬂﬁauhgblwd by elution with DCM and
met hanol whi ch gl ves hexa-pyrrolidone surface

derMAiuaé QF HsydoCalepsas, §mmdc60t7t(M* Hak 629 ¢\ Na) amu.

505 5" o FRAGTET) sohhgRin i iog- bbbt offipe hglifagSnaje PMD (1.896 g,

12 tﬂmﬁg%@asglgdec%ﬁ(%uﬁm’ffgf&) uﬁH'B (? 208 %2f’nﬂ12015 fr 4 l%&,:{)f rIlnethanol

dropiwise Gﬁeerpe&Hyl of éﬁ thins @lmce-bé‘tﬁ vbvislzrem@mﬁ{md almaa 1®§kr at RT.
40.58, 47.02, 49,79, 51.79 8.10 .
Aﬂ%é ‘gﬂ Mégéﬁ%&l’ Hiass @fcﬁ%mmgwa% BT m\@?‘)aﬂéﬁ&@ gmu. Stirring

B4 07 BB B850 o Syl B i
mxxﬁlr& was, smb]M@eb.dJoc‘BIﬁnn A60adigiHhY 4n Gilica gell IGiallf caxoebs of DMI

64 1386 ) he 36 i|lustrates
@ﬁftgd %@é&rﬂ ﬁfﬁi étgly s‘fategﬁ’é%aﬁmnrgaowe d by glutiem @ath DCM
and BRI B, PAjoh SR HORE DR Ak e M AR £ Bygrpgeppic
solidDkat hdRhy fcslloﬂwﬁg'%ctré:TF) Epoxi de] To a stirred
solution of %Of”i%%% % et her (6 nm)n%m 12
L BANME: N%beﬂ*/ﬂi'\?a D 5G- &m, L8y Rehoddi hnd.AeHe, 6H), 2.73
f t I p
@ I ‘§. otk A B8 ﬁﬁm%ea%?éﬁaMx 3.64:3.70 (n,
12HYAL0M (qifikietyRSE 3G PRCIMRARY Iy showed
BC NMR: (75 MHz, CD;0D): § 33.90, 35.85, 40.53, 40.58, 47.02, 49.79, 51.79,
58.10, 66.93, 150.20, 173.91, 174.17; and
IR (Neat): Amax 3374, 3052, 2952, 2842, 2822, 1735, 1686, 1495, 1461, 1363, 1271,
1203, 1072, 1024, 937, 847, 766, 732, 700 “*; and
MALDI-TOF: CgoHooN 20,4 Calc. 1363, found 1364 (M'H) & 1386 (M Na) amu.

Scheme 36 illustrates this reaction:
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dendrinmer Ill-a together with trace anounts of

dendrinmer IV-a. After 3 days of stirring at
WORIEMbEDbe TOF mass spectronetry showed a conpl BRT/US2005/013864

m xture of peaks. Sol vent was evaporated on a rotary

evaporat or under reduced pressure to give a colorless

transparent ['iqui whi ch was dried under |gh vacuum

The e e reaetio Y‘Eu\re was d| ssol v
et hyl étqakg and" go nL OQ /ﬁ d dffo@%aer
wi th ogéasion mg/? rﬁ‘-‘n |§”t| i
fornatlgfn was “SHESEHEd. TThe f1 g vvas kep at RT for 2
hours and the sol uti on was separ ted by decantation
and the préci pitate was washed ch Fexanes to give a
light yellow solid (0.716 g). ( h?’ag/o yi el d could not
be cal cul ated due to the unkn tio of m xture of
Il1l-a & 1V-a). The solid produced was dried under high
vacuum and spectralNHZdata was Wt ed. Wth ©

di st H«k ai;cHsF?EFOz cl ean produc Wer e
obt gji/mes. %‘“/E& one*szaQﬂMALDl - GNY—" I~V /JN
spect roms°t §hovved dengr.qld, (:(?I ﬁndt‘ NA@ePi‘dn rﬁ;cfozCHs

I11-a (G as a ngjor prod C L{;traceoanount
of (tr| deg on) dendriner |V-a. Thes tra for Ill-a
are: g5 MHz, CDC 3) : d 7.92, 1 1360 22. 87,

23. 07 31 80, 43.60, 44.32, 51. 22E 71@1

73.87; afd MALDI-TOF: Calc. for k?%l C. 642,
found 666 ( - Na) anmu. The foll ow ng Schene

illustrates this reaction: 2.2equiv.epoxide /NH Schene
37 Exanple 35: Preparation of Ethylenediamne, G = I

dendri {CH2- CH2- Cg 2- CH2(( qC-(O)CHzCHZ)Z}:Z
(hexa-acryl ate adduct) [(C)C@%i@%gm
Tri met hyl ol propane triacrylate; (TF) Acryl ate] To a

100 m . round bottomed flask equi pped vvith a stir bar
Exampde 3didBihgtQpemitgly$iog Bthypenediamine EYifpnetienal PAnArgAnineg G

IEpgoétcﬁlagi ch) in 5m of nmethanol cooled to

[(C) =EDA; (IF1) = OH; (BR1) = TMPTGE; (TF) = Epoxide]

To a stirred solution of 1.81 g of triglycidyl ether (6 mmol) in 12 mL of methanol
was added 0.06 g of ethylenediamine (1 mmol) in 3 mL of methanol dropwise over 15 min.
Stirring was continued at RT for 24 hours and MALDI-TOF mass spectrometry showed
dendrimer II-a together with trace amounts of dendrimer IV-a. After 3 days of stirring at
RT, MALDI-TOF mass spectrometry showed a complex mixture of peaks.

Solvent was evaporated on a rotary evaporator under reduced pressure to give a
colorless transparent liquid, which was dried under high vacuum. The entire reaction
mixture was dissolved in 15 mL of ethyl acetate and 40 mL of hexane was added dropwise
with occasional shaking. During this time, precipitate formation was observed. The flask
was kept at RT for 2 hours and the solution was separated by decantation and the precipitate
was washed with hexanes to give a light yellow solid (0.716 g). (The % yield could not be
calculated due to the unknown ratio of mixture of Ill-a & IV-a). The solid produced was
dried under high vacuum and spectral data was collected. With distillation of TMPTGE at

RT, very clean products were obtained. After one day, MALDI-TOF mass spectrometry
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about 4C, and et hyl enediam ne (EDA) (1.2 g, 0.02 nol)

in 5 mM of nmethanol over about a 5 mn. period. This
woroobeRemas stirred at 300C for 18 hours. Thi BCTUS1005/€13864

was cool ed to 20C and poured into 150 g of stirred

.. Th D f |1 owing the .
shoffeh AgRBoi TRl EhasRPaST A g T 67 miop BYSiP: e with tace
amolih€ oBHRAIcAdLANdendBihi}aIVLa | ayer was decanted and this

process was repeated two nore tines. The resulting
cl eﬂtqswct&:buslgbhasfe was evacuated at hi gh vacuum (2

to, f h wWhj pr ot ect.ing reactian
as<CRR 75 JE DG E1 % AERLIA G S 2 B2 alto a0 432
[ , give 20 g of product. The yield

51'%2@'(186822%%?2' 76%&?ri -adduct and 80%yi el d based on

t et VAL DIITOF:. Caltdfoi SpHaMNAD P rCxle) 642 o urh666:(Id Qs tasnu.

t hat npst of %e ma%eri al was the hexa-acryl ate

( t r Phefallawing Ssheme oY dlbbntss thig regetionir ee

trimethyl ol propane triacrylate added to one EDA. A

MALDI - TOF mass spectrum of this product indicated a

maj or peak atff 950 anu c esponding to a hexa-acryl ate
trig@%‘fgtﬁod@w”ﬁm t hﬁta—r\? oreti cals bl gcular<ei ght
of W49, cg%m BBk atd My s Q@f@
consi stent W°th the octa-acryl ate {tetra-adduety
pr ocfdtetverR NVR (500 MHz5CDCI 3) M4l 7. 45, 23. 00,

23.14, 32.38, 40.77, 40.8p, 49.48, 63. 88, % 05,

i)

128. 04, 131.26, 165.69, ¥re°tQl Exanpl g, 365~
Preparati on of Hexa- mer cps J%mﬂm,g%wﬁﬁﬁb ¢ (0O =
EDA; (BRI) = Trinethylol pro Nacr\ylate;\(“E%d)
Mer capto ethanol; (TF) = o a'250 nL

round- bottonmed flask with _aPfstir bar was added the
et hyl enedi ami ne core pol yesteranmi ne*{19 g, 20 mmol ,
120 mmol acrylate in 50 nml of DVE) (rmade by Exanple
35) and nercapt oet hanol (10.4 g, 132 nmmol, 1.1
equi val ents per acrylate gr Gawm¢ 27 drich) in20 nL
of DME. This m xture was stirred for 2 days at RT. This
m xture was stripped of volatiles on a rotary

a j t ard al irx g wihth 150
ExafE95. S Rboraldif of EbylchtdiiiHy) 0 Flaci( i tor,
barCHINCH;08h ¥CHgO (DX CH+GHYs )  Whex#hdrolarchddactyet t | e
for bgﬁb 1 hour. The clear eth tate | ayer was
ed-

o e b BRY - Thibesivialaropane tacrylate: (%) - Acrylate]
To a 100 ml. round bottomed flask equipped with a stir bar was added
trimethylolpropane triacrylate (29.6 g, 0.10 mol (Aldrich) in 5 ml of methanol cooled to
about 4°C, and ethylenediamine (EDA) (1.2 g, 0.02 mol) in 5 ml of methanol over about a

5 min. period. This mixture was stirred at 30°C for 18 hours. This mixture was cooled to
20°C and poured into 150 g of stirred methanol. The product phased out after allowing the
mixture to stand without stirring for 1 hour at RT. The supernatant methanol layer was
decanted and this process was repeated two more times. The resulting clear, viscous phase
was evacuated at high vacuum (2 to 3 mm) for 3 hours while protecting the reaction mass
from light with aluminum foil wrapped around the reaction vessel, to give 20 g of product.
The yield was 100% based on tri-adduct and 80% yield based on tetra-adduct. The isolated
product weight suggests that most of the material was the hexa-acrylate (tri-adduct) product
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repeated two nore tines. A PAGE of this material on a

15% cr ossl i nked honbgeneous pol yacryl am de gel with
wWEDAcoe2eq PAMAM dendri mer, et hanol am ne surf aR€T/US2005/013864

(Dendritic Nanotechnologies, Inc.) standards G= 2 to

S BB G FRNBATA AP s

spemxﬂ ﬁﬁﬂﬁyﬁﬁdﬁdlmmﬁ a faajorlpeak £l€150 rah{tﬁldgreﬁb‘@rcﬁ@to a hexa-acrylate
C(OOEGD) 212 [( 94
m—adészﬁmﬂw %fé@. ta%ﬁrﬁféeal pfecular el ght oF A% 4 sopmeak at 1245 amu

was bsAGEd L&}s%teng u@h[t% té—t%?t)rSrl%J &et\ll‘\% g&&%&é@uc? d-bot t ored

ask equ

t rithe INMR po Maz;ecmmg,ﬁcs Y483, (6622364232 98,140, 70U 86, 49.48,

2{8(,) ’ag 0 mL of nethanol. To this mxturfe,

63. éﬂé)éa 8%13M§ Kdef¥el L b %@nret hyl enedi ani ne (2. 32 g,
0.02 nol) (Aldrich) in 20 nL of nethanol. This m xture
was heated at 300C for 18 hours under N2. This m xture

Exawitte 360 Peshatiod df Hekb bt R@H#nBOSIrMce 150 nL of
stirred nethanol. The tﬁyl uct phased out by all ow ng

t hiléChr EDAx:4BR4) stTaiverthylelpoepans triacryilatg; (1) Hdercaptbiettenol;
pr Li the flask fromight by wapping the
sse wi th al um num f oi The net hanol | ayer
gg‘f | with alum foil. Th h |1

vvasr &@Eﬁl‘ﬁ&@o&ﬂwbéﬁﬁrﬁe@ﬂ@k %ﬂpe[‘ sthbar Hap ﬁ@&eﬁ%é %yl@%cﬁamme

tines to glve a clear col orl ess, VI Scous
corg pﬁiyesstqra;m@e ;ﬁh%S,eZQ/mmdid\Z@ Inzmol acz;date tiny semmmh(xmae by

o8 T e i 1 el o
(AldTRAY i3 RRAL d@DMEa'Tlﬁ’sCﬁlﬁftﬁ%Wer%ﬁﬁe& Faelof Qﬁgﬁ'ﬁ Thi mixture was

structure. A MALDI - TOF mass spectrumo IS pro uc
strifipad o€ soletiles os Mbﬂarypmkomtor 13?harearr1nmg o] evak mikédhwithed 50 mL
cul ar wei ght peaks,

d se
of %W%ﬁg ﬁ%tﬁﬂg diistiered v atﬁlﬁléwﬂew #@? gﬂemgwogﬁwwwlowed
to séifé 3l ; k e
o slgs TN R The LG L UIARL LGRS ) L
repepiedited snap titriese AdPAGRYof #iis enmpdrial on & &ﬁWc&o@hh&ﬁﬁo@geneous

polyar3lacti el BRCEor, %ﬂ?@\d&%ﬁ@%rse AR eace (Dendriic
NanbREESI S, o OARAREIRY L9 1 (TREEaed A Bhiio N SR B8] P AHINGaing 1o

by allowmng 1t to react Wth storc
a G=1PAMAM dendrimer.

Q

Example 37: Preparation of Hexamethylenediamine, G = 1, dendri{CH,-CH>-CO,-

CH,C(CH3CH,)(CH,0C=(0)CH=CH,),},

[(C) = Hexamethylenediamine; (BR) = Trimethylolpropane triacrylate; (TF) =

Acrylate]

To a 100 mL round-bottomed flask equipped with a stir bar was added
trimethylolpropane triacrylate (29.6 g, 0.10 mol) (Aldrich) and 10 mL of methanol. To this
mixture, cooled at 4°C, was added hexamethylenediamine (2.32 g, 0.02 mol) (Aldrich) in 20
mL of methanol. This mixture was heated at 30°C for 18 hours under N,. This mixture was
cooled to abut 15°C and poured into 150 mL of stirred methanol. The product phased out
by allowing this mixture to stand without stirring for 1 hour while protecting the flask from

-114-



10

15

20

25

30

appropriate amne or thiol reagent as described in
Exanpl e 38 bel ow. Exanple 38: Preparation of
w@edaeeeet hanol am ne Adduct via M chael Addi p¢DOSD5/013864

Am ne to the Product of Exanple 37 [ (O =

hght‘ﬁ( %%Fﬁa@t the ?é!l'cﬁé% O@SE lﬁglﬁ% Allmirh i o%i?.?':'&'l?el ﬁ%ﬁ?ﬁ@?gaygr wag decanted

and this pperaderbwhs mpeaied h&sinotmﬂirhad 0igh@ @cledr EolbAEss\iScous liquid.

h I e 442 mol, 3 eqU|vaIents per
Thi§ g isaiblephase 50t fvelilisRitby vescnios akah ey @ edmo) for 3 to

5 ho‘h?ﬁq ive 2 a%?@"}] 9@%&'@ g‘gdé%r y (gs[ecigcil%tﬁd évelgiyé 1s4coHﬁ1|§§ent with
an &tamﬂhmt(te&apdduaipﬁdxchﬁ‘ef A NARGE-TOF 5488 eBirdh)of s Bdduct

DVE dropwise over about 10 mins. This mxture
mdlwat%c? g ppall %Pl%ﬁt 138 amp gpnsistenfyith the detranaddutiangd severtlipwer

moll ﬁéf@@@%&s rex&na& mg'dsﬁ%eyj&r%%n %ﬁ{‘g}q 3 gggg °£§{ni%,2% g

decc&h}lsqsitﬁmé ofitle. teﬁﬁi—h@ducﬁstﬁﬁitﬁr@ AllbR%n 1g3tfhl§15rb(!h§dt ﬁgstaﬁ&ﬁ solution for
m xture was all owed to stand for hour to al

proleugsdipgripdyofdime Wéaltmstemy@r@mm solventet R kedeto fccformation of a

Whlﬂe%%lg@@%ro%?%ﬁ&h%g?ducg e‘gﬁ%gfey 8&" Sxi%f:lg% vge%:fh ace! % ganverted to

2 ma@s shableViithadBhdduoaby ARRSRE o ReRPRRN dididHiBmbRk ohﬁ{s%'f
of three washes. The cl ear, colorless viscous ol

appraptte amine otthied rragent@s dmcubedmrgmnm 3&Rbelow. gi ve 29 7
g (90%yield) of the desired product. An analysis by
PAGE on a 15% crosslinked honbgeneous pol yacryl am de

Examiple a?ﬁMﬁMfdﬁﬂﬂmdﬁﬁétﬁalﬁﬁarﬁﬁi@@Qﬁw@wé ﬁﬁﬁla%l WQdfibon of

i ndi cate material that was a sharp,
co%ﬁ@%@ﬁﬁ’godmtaf@ainﬂlé’AMM dendri ner. Exanpl e 39:

el Go - aroRRihsaiaring4BR &l i fyalneiige Srnstieies 620 =

BBihanslarbine? ogropane triacrylate; (EXl) =
l(\/brpﬁl*?gllne @yi ILg/cllc ether] To a 250 nL

r ohp@-258 Umbmmildfhcmtsmed dlaslacomitaiging asstii babeds atded agig@slamine (27

& 4] ANt s el P L ooy b s g ciad fo 4°C
was wemheﬁmﬁhﬂ%&ﬁ‘zﬁﬂﬂn)é %Qf'e ﬁéﬂ}%@&%lﬂg t(?ﬂrl ogtg-acglla?cte (24 g, 18.4

m xture, cooled to ab
mmol, 8 acrylates per dendrimer) (made by Example 37) in 50 mL of DME dropwise over

about 10 mins. This mixture was stirred at 25°C for 2 days under N,. This mixture was
stripped of volatiles with a rotary evaporator. This crude material was poured into a rapidly
stirred ethylacetate. After a few minutes of stirring, the mixture was allowed to stand for 1
hour to allow separation of the two layers and the ethylacetate layer was decanted. The
same volume of ethylacetate was added, the mixture rapidly stirred and separated as before.
This was repeated a second time for a total of three washes. The clear, colorless viscous oil
was evacuated at high vacuum overnight at RT to give 29.7 g (90% yield) of the desired
product. An analysis by PAGE on a 15% crosslinked homogeneous polyacrylamide gel
using PAMAM dendrimers as standards (G = 2 to 6) indicated material that was a sharp,
tight band corresponding to a G =1 PAMAM dendrimer.
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4C, was added norpholine (14 g, 160 mmol, 1.1
equi val ents per acrylate) in 50 nL of DME over about 5

W 20060632661s. This m xture was warned to RT andPGI/U$208%1013864
for 24 hours. This m xture was stripped of volatiles

Ex gﬁng;ﬁas I Bk ARG COR A AR R Th e U087 i Bl 36

MAIE(eh) T@Exmlsylsfmaimﬁm@ BR 1Y) ki Fim@EhEolpadpasb @mdylaep(emm =
corresg@l ﬁ?to the theoretical nolecular weight of
19980ra inep GEDREYlictathasbyer al | ower peaks deri ved

spadia o B oind fiafhed B Soau Rl 8P 1 Hege {fR pstramine,

ql BanraegRetiaiicdtre (24 & 1 84 @B 14g ehimoldrdstePfmade by
car bonsﬂ%or t he desi red %)roduct 13CNVR (500 MHz Pt

Exagplg 39) in 5¢ mdpof eplpylgeglypyl dimethyy etsbnr mﬂqﬂmmemoled to about
40. 89

o 8. 97 04, 63

4oCoasztaed FiprghotmgyfF 69 it} 1, GivaRais b P 5 mL of

Dm%%pmﬁ@s kd TKBELhN OTRIRMA RSO SnRE o RITHNIstir¥@ Fot 24 hours.
ht bands that are the nbst nobile entities conpared

Thlstmmtm vesalstrippad pbvolhtdlasien g rotaryeevapmator endhighAmanm at 30°C for

th | 2 to 6 L )
18 QU IP ST (% fn of bl th MATBETOE Gasg spssirugy ofshis
mat& N ShSH&IY pdaRTcofrBipdn Ql’ﬂ&ﬁhe\iﬁé&é@ca{ hRldcalad®eight of 1998 amu
oct a- npnoe ‘rt’hanol am ne adduct. The octa-norp %lne

togetigd withsseweral lownpmakb Herived frobifiagingntation aﬁhe 1998 amu peak. A °C
ct anonoe am ucts. However, the, nmargj nal
NME SpERRI o} gt e RBA RGP BRI BIOCUHEANErY ke Bfor Rl ih the
conéd?%ﬁﬁx%@r&ﬁﬂa&ﬁ%ﬁ&ﬂh@ﬁésu‘eﬁ%?o&u@@ tight bands observed
for_the nercaptoethanol d the ethanol am ne adducts,

t h&IC BNMR n(e0@ Mid, (HD@ls): 7. 4200282, FAIyAI S44T2.1 RACHS, 4089, 48.97,

5340, 51 hokrn S0 Ol AL el 7 PRy S ne [ (O) =

AmAPf@f #8palGe é(vlz: T bt orq'lj%(ckd:sg-)lmk?cg{btgé&lﬁkg?s gels i @hibit very

Epoxi To a solution o
tight ande thay hrelthe mpstnarotile qitivies chyhpaeédierthé czﬂfbramml 1addeps, @e. EDA

thanol S dded. a soI ution .of_ 122 of
coren%ﬁm Wa ag_e,% &fio AIenattic Nanotegl%ologles, Inc.) This

indicates a smaller size, consistent for this adduct versus the large octa-monoethanolamine

adduct. The octa-morpholine adducts are comparable in mobility to the octa-
monoethanolamine adducts. However, the marginal solubility of the morpholine adduct in
water exhibit smeared columns rather than the tight bands observed for the mercaptoethanol

and the ethanolamine adducts, that are more soluble in water.

Example 40: Reactions with Aminoethanol: Primary Amine that Adds 2 Trifunctional
Epoxides per Primary Amine
[(C) = Aminoethanol; (FF1) = OH; (IF1) = OH; (BR1) = TMPTGE; (TF1) =
Epoxide;]
To a solution of 1.81 g of trimethylolpropane triglycidyl ether I (6 mmol) in 8 mL of
methanol was added a solution of 122 mg of ethanolamine I-¢ in 2 mL of methanol.

Stirring continued at RT for 45 hours. Progress of the reaction was monitored by thin layer
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Stirring continued at RT for 45 hours. Progress of the

reaction was nonitored by thin | ayerchromat ography.
w@eloseei2emas evaporated on a rotary evapor at or PONT82005/013864

reduced pressure and the resulting reacti on m'xture

cm%&ogigbﬁ)ﬁmgélg%{t g@ds ?:g o?gtgc'l’ %Wé?é’rﬁ %00 a 8‘?‘%&& §Pessure and

the fesnlth@eeet,mod ltmkﬁlrd Whs dnéihdldbl\hgh vaduusn, vetae §i98s AinisphRnt
was. subjected to purification by precipitation. First,

liquidh xMiaessspretsomefe AL DIFOR) dndicatethmarsdon the, prodictollé¢ apg TV—c.

d t t fl.ask
oif Ko P S bAoA AT T QBB 5l was
addé?ﬂfb tht asstiv@mitei, fellowdd byQthys a&dtath ] mnﬁrkﬁalhhg tHEYbBEd bottom
guor was_ decanted, wherein the pr emﬂgl tate was

ﬂaslﬁafé’ﬁééﬂ% afi epdorlase pregipifadon was osatsied: Hae Blagihweskaptet RT for

b .cal cul .
ol 3L By AR by RS s i
hexdits Sndatied udder 318 high VhRRAMMG bie UV%QS%“ ©4 bf ﬂ@ldtl‘)buld not be

di ssol ving in nethanol. Schene 38 illustrates th
calcplatest basausesf hakeovagratie afplisture QfIIIFh& Dérelr ffhlszmwmm soffidified

Ter m nat.ed. Den [ (O =PETGE;
mﬁﬂmﬁmg&@s? “@H’@Qﬁ yl amine; (BR2) = PAVAM

typ@daéﬁegbln@tﬂates&mﬁéacmﬁlIyl; (TF) = pyrrolidone]
Generation zero (G = 0), cystam ne core PAVAM
dendrinmer wth a pyrrolidone surface (571 ng, 0.5129

nol ) (DendrjQic Nanotechnol ogies, Inc.) vvas dIS 0 @’—Q

1 of nhydr ous net hanol (Acr 0s) .

Pt hreitol (DEPNAML nmgeor0. 462- ﬂmﬂ\N
eqw va t of dIS fide bonmd)™nas added. tIETI’TVO
© reaction ostl rred-tat RTRUfMRfer argon ov n|
anot her flask was added the octa-allyl oduct (Sra\/o
0.0761 nmmol ) (nade by Exanple 9A) and ¢
2,2'-azo-t-isobutyronitrile (17 ng, 0.104 mol)
(AI drich) to 3 nL of anhydrous tetrahydroturtn o
(Acros). To this solution was added t he reduceddendron
sol uti on under argon. Then the reaction m xture /‘Q
heated to 650C overni ght. Then the sol vent! r ved
to give the crude product as a foan®Psetin (63 | ny,
>100% because of the excess of dendron that was used o)
that has the foll owi ng spectra: V-

Scheme 38

Example 41: The Dendronization of an Allyl Terminated Dendrimer

[(C)=PETGE; (IF1)=hydroxyl; (BR1) = diallyl amine; (BR2) = PAMAM type

branch cell; (IF2) = Allyl; (TF) = pyrrolidone]

Generation zero (G = 0), cystamine core PAMAM dendrimer with a pyrrolidone
surface (571 mg, 0.5129 mmol) (Dendritic Nanotechnologies, Inc.) was dissolved in 1.5 mL
of anhydrous methanol (Acros). Then dithiothreitol (DTT, 71 mg, 0.462 mmol, 0.9
equivalent of disulfide bond) was added. The reduction reaction was stirred at RT under
argon overnight. To another flask was added the octa-allyl product (57 mg, 0.0761 mmol)
(made by Example 9A) and 2,2’-azo-bis-isobutyronitrile (17 mg, 0.104 mmol) (Aldrich) to
3 mL of anhydrous tetrahydrofuran (Acros). To this solution was added the reduced
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MALDI - TOF: Calc. 3002.68 (. 1Na), found 3003.43, ( Na)

amu. Schene 39 illustrates this reaction; Schene 39
wez@apbeesl5: Preparati on of PEHAM Dendri ner, PCT/US2005/013864

Di (2-am doet hyl pi rer azi ne)-4',4- dithiobutyram de

cQre, =2, Nb =3 = 0, Pi per azi ne Surface
deﬁg’i?@tsﬁl}‘fﬂap LRSI FERS éﬂ@n theagpgtion apHE SR P@iﬁﬁbtﬁrééz &fmrennght

(IFl) = OH, (BRI) = PETGE, (EXZ) = Ethyl piperazine
Th?artmvm was (qn)ov_ed@a ebiextyd erueg pr'ﬁduta a8 fodm solikh (b3 1mg, >100%

ottom flask c a stir wa
befiish BE s Pttt o e e ot 85, s the 301G spesi:
est eVAL e Qo2 AR AmNg) was
added dimnfart(?ill %?thpogg(wg)utyr a?go%%gg( %@8
nmo|Schémg 89 mhhnskrates this yeactlorlfLC ( 10% NH4(}| in MeOH) of
this mxture after 24 hours at 25C i ndi cat ed

consi der abI e diester r i ni ng and socrre pr oduct
formed. Helt th;\g,vmjaure at {4048, hour s
i ndi cat edffﬁ o te Conversi (ﬂf di ester wew one

spot by T&Gn r\u(e Was co gntrat ted argwor
chr omat ogrﬁ/ph by silhca gel usidég 5 TH i feMeOH.
The collected fractions containing the product were

stri pped of"e%ql[\ail les to give 840 ny (865 cojMe
theory: 97% vyi el'd); jandlH NVR (500 MHz, d 2.04

(t, 3 = Teo 4H)’E§‘@ 32 (t, J 7THz 4H), 2 2. 5204M
16H)5 2. 74 7 Hz5 4H)5 2.89 (t, : 4H) 5

3.34 (dt, J &7 ﬁ’ . and 13CNT/(_ 3)

d 24.79, 34.60, 35. 81 .98, 45397 54. 205 57 22,
172.06; and MALDI - TOFZ Cal 1" found 460 amu. To a
25 nlL round bottomfla%k Qﬁt&% stir bar was

added pent aegyt ito S~1“’trag| yci dyl her 660 ny,
1.83 mol , |v ents per NH) and 2 $To this

hom)geneams yre was added dropw se oyer 5" Wt es
a mxture of dl(—z °ani doet hyl pi per azi ne)< 4.
54' - di t hi outyriam de (140 ng, 3.04xI10 4 rml;\‘)@ | X1 O "4

mol) in 2g Scheme 39

Example 45: Preparation of PEHAM Dendrimer, Di(2-amidoethylpiperazine)-4’,4-
dithiobutyramide core, Nc = 2, Nb = 3, G = 0, Piperazine Surface

[(C) = Dimethyldithiobutyrate; (EX1) = Aminoethylpiperazine; (IF1) = OH; (BR1) =
PETGE; (EX2) = Ethyl piperazine carboxylate; (F) = Carboxylate]

To a 25 mL round bottom flask containing a stir bar was added
aminoethylpiperazine (1.0 g, 7.75 mmol, 2 equiv. per ester) and 5 g MeOH. To this
homogeneous mixture was added dimethyl dithio-4,4’-butyrate (500 mg, 1.88 mmol, 3.76
mmol ester). A TLC ( 10% NH,OH in MeOH) of this mixture after 24 hours at 25°C
indicated considerable diester remaining and some product formed. Heating this mixture at
65°C for 16 hours indicated the complete conversion of diester to one spot by TLC. This
mixture was concentrated and chromatographed by silica gel using 5% NH;OH in MeOH.
The collected fractions containing the product were stripped of volatiles to give 840 mg
(865 mg theory:97% yield); and
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MeOH. This m xture was stirred for 24 hours at 25C
sealed under N . This m xture was added dropwi se to a

worob6R6®f et hyl - 1-pi perazi ne-carboxyl at e ( 1p@OUSID5/d13864
mrol , 1.6 equival ents per epoxide) in a 25 nL round

LSBT OR 1 2 ATl 0250

2.5%%nd, A6HZA. oty o= 7 H, $HNI 289 (teT WL G EN84 dtErf= 9THA 4H); and
rotgy eva?orator togﬁjl ve 3 9 of crude material. An
ali oMM (2 ME DG Sodb g4 6ads.81 SIS 6.9 nSAREGIT 22,
173 86: .Yie a 50% w w sol ution and added to a Sephadex
%EI—’% colum in MeOH with a void volunme of 525 ni.

Af t MALDBTOB: CalecohsmFommis4doadsgn, 37 fractions of 4 nL
each were collected. A TLC (30% NH4OH in MeCOH) of each

fraction indicated the pure product was contained in

' - - | Lected )
st 1 1pgen A SRR TGhattiRe ¢ oot g ey thicol

i 7 08%% Vi ' i .
A eyl TR b el ko

homggeppouszpinyare vz added drap e 56 S, ONjxtEB of &j(2-

. _ .36, 46,4 70, 56, )
sndfelfoiiadiie)- 4 Brdidsonidyanige (4o DA o cpol, a0 mo in 2 g
MeDEBOThik enMRerel REDstlrfdda0} 24 BAUBIELPT s‘lg/%dgﬁ' lug&&%zb ) mixture was

Exanpl e 46: Single focal polint PAMAM dendron ‘cystam ne

added deonyeprios thixture of ethak bipiperaisne carbanyiaté (19)g6qr1 ABRol, 1.6

ca AR o b EHET I A A L Stin o ik cvpiiming stigper. This resulting
i S48 ks s k&hted %pﬁh ly. e A

mn(tﬁrf 8.25 mmfl %ﬁ?? ?iett% %F%ﬁ?ﬁ g&\}vas adde aﬁ?%ﬁhﬁgﬁé glih%% 1?%5%% ©was

confefiteated ot ardaryasamoatbet give HE ofisiudg nwﬁeriat.eAlﬁ@ﬂiguothQlﬁs

. . ). i ¢ anhydrid dde
i g e T et e Heial R had one sial?mramp@des 0
53107 iPHORE ' TLC s t
S b OB i & o R P O0E ol OB i votume

was fekwy 8d fmotorished 4rmb iemmgonwtemmmwﬁwa@m%o}??q%@m of
e cruae .

rude prqduct as a brown solid 3.47g. Th ]
eacg %@P’ﬂ&ﬂﬁﬁh&f’ e BF ‘@UE%WWE?QW@M figstions 2216 oThesatractions -
Welg‘;cogéﬁchc} %g%ﬁb??p%%a%%t&%ﬂ&wvgd g’ygl%gg vachun %dgunget: 172 mg
(98% yield), with the following spectra:
BCNMR (125 MHz, CDCls): 8 14.66, 24.77, 34.57, 36.01, 38.00, 43.63, 45.59,
52.90, 53.18, 56.61, 60.81, 60.81, 61.34, 66.36, 66.46, 70.56, 74.12, 74.26, 155.42, 172.06;

and

MALDI-TOF: Calc. 2130, found 1065 (from cleavage of disulfide bond).

Example 46: Single focal point PAMAM dendron cystamine core generation tetraacetamide
surface [(C) or (BR) = Single site reactive dendron)]

Generation = 0, cystamine core, amine surface dendrimer 2.315 g (3.80mmol) was
dissolved in SmL methanol. Then 1.847g (18.25mmol) triethylamine was added to the
solution. This mixture was cooled to 0°C using an ice-bath. Then 1.725 mL (18.25mmol)

acetic anhydride was added dropwise. The reaction was then allowed to warm to room
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141. 0-142. 00C, and 1HNMR (300MHz, D20 : d 1.82 (s,

12H), 2.25 (m 8H), 2.64 (m 16H), 3.19 (t, 16H), 4.67
W@ 2006868266 and 13CNVR: d 21.92, 32.52, 34.39, 3BCB0S2005/013864

38.66, 48.77, 51.43, 174.14, 175.01. 1. The reducti on

ten&@r%@ésahﬁ @%ﬁ%oge?ﬁr% % I?@?@J%Ytﬁh@'fn éérlﬁﬁé %s consumed.

Thehi sdednv @ds rdin@red and tiadesiue Waé parval hlgﬁ%d%'dfr%%w drﬁde product as
nltro en for 15 mnutes prior to use. Then 28 ng (O

a bypyn gp i The ewde @270 ryms.pugﬁpd by $i0, chromatograph usmg a
|
solfth P10 CHIMARENPEOTEte' et P18 Myl e St ptia, mp

14n01429e0; anfL.C showed that all DTT was consunmed and the
spot was positive to Ell man's reagent on TLC pl ate.

:Eftl er pu §O |cat’|§§§?)|g}1 %ggég?ﬁéi %L@fwsgkﬁj?ﬂ{)’s'wa’

16H)U@7 (581X amdhal i zed PAMAM Dendron with Met hyl
Acrylate: To the reaction solution of step 2 was added
117 gNMR3$210R)] 3. 572 88b, AEL60/ 138168, 49 hersitde 17ﬁi‘2t1!7<3fb1
was heated to 4CG0C for two houdrs. TLC showed
there were starting material left. Then another 117 ny
of methyl acrylate was added. TLC showed that after 4

TRy S B I e B
|
744580 158 Dy T AR g 1 Rt v

purged WHRn{taeenHbr, 150DEIuB)s priod tlue3 Then 28 Hyg (0218220 Qﬁleqﬁlv’élent of

denfiRey T i iicoh B3h aiiose thesonlhing e seseion s

stirg- fatztwog&tyz &t R‘f %nﬁ@p mé& 4TL@?ShQ%ed %lﬁdl%%l? DTT4s dhisumed and the

173. 00. 3. "Reacti on of Focal Pol nt
spoEwas positied foZdtn@Ad Ve od errC plateh melmmhrcowawded in the next

zoJ|n othereactlon solution of step 2 was
rea.%) E“'% I PHOAIO’D1 ) i sopr openyl

2. Reaction of Focal Point, Thiol Functionalized PAMAM Dendron with Methyl Acrylate:

To the reaction solution of step 2 was added 117 mg (1.36 mmol) methyl acrylate.
Then the reaction was heated to 40°C for two hours. TLC showed that there were starting
material left. Then another 117 mg of methyl acrylate was added. TLC showed that after 4
hours the reaction was completed. The solvent was removed by a rotary evaporator. The
residue was purified by silica gel chromatography to give 104 mg of product as a pale white
solid: mp 128.0-129.5 °C.

"H NMR (300MHz, CDCls): 6 1.93 (s, 6H), 2.32 (m, 8H), 2.65 (m, 12H), 3.29 (m,
4H), 3.65 (s, 3H); and

BCNMR (75MHz, CDCls): 8: 23.10, 27.13, 29.80, 33.69, 34.58, 39.22, 39.78,
49.86, 51.84, 53.03, 171.27, 172.33, 173.00.

-120-



oxazoline. Then the reaction was heated to 400C for
2.5 hours. TLC showed that there was starting nateri al

WO edob/0635Bhen anot her 3.0 ng of isopropenyl oxazPCT/HE2005613864
added. TLC showed that after 4 hours the reaction was

5. REGIR) B i Pt Ot Ru IPXEA B Rl 2 goropeny
Oxeafyligsat ogr aphy to g| ve 58 ng of product as a waxy

white sol.id (85%; 92. 0-95.0 0C haV|n the
f ol ngma@w@@p}%wnpﬁm2 vEEeNEE Ehmg(. B36dumol)isqpaepeny]

oxa% ﬁl:}e o %anrea%t}%? wg%hefieﬂzt{) 4% 38 gpréz'% hox%s_‘s] TEQO E%WE(? J&Qa? there was

5 starlmg n@dtral left. SPhelSanodidt 9.0/m Ef ﬁé rogé'ﬁyl oR&b1iAS vabl¥iled. TLC
MHz, CDCl3) : d 17.17, 9.98, 33.70, 34.08,

shog@dﬂlat afier 4 hourg gheprpacting, vk, cog@l@@d Thg sngemeWasaEmoved by a rotary

| |
I e O O D

¥
as %ET (@EélRﬁ(SQ /)%5/92@95/@ tF’JI@ pl&earvlmg t%?fdlﬁfvhﬁ? Epe[c&g)

WEEW{@TGBF@ 6JH; 17 t8X256.6Hpj 314y, 4 A0n,; 6H)TE)27 (t,

10 J—qidi%? EpraL iy tenarohe- 7oyt Gioni 60y 424 oyl 752 s, 20,

7.86%4, water (D). Then DTPA-Gd (275 ng, 0.503
Q?D( drich) was added. The reaction m xture was
st | Oadl\/m (7BMH@rCIZCE)iy& 1711r7azaaonmm 98508 MO 408,136, 14289.12,
re was dial ysis against Dl

39. %t"é’rmu&ﬁa 3. 37 @5@%&?0 %?,f17héﬁb¥7z¥n%9 for 5 hours with
sev er was renoved by a
r ot g@@%@p@r %tfﬂgg]@g%b?v\?eg%%@gpr oducts as a slightly
15 yel l ow solid. (164 ng, weight gain 114 ny,
dendrimer: DTPA-Gd = 1:13.2, nolar patjo). Exanple 45:

. H
HaN o~y {Encapsul at |rcﬁ of NMATPA-Gd with G = Zz;Beadrl,\ )O-NNNWgMQ
H
NS H + AGO MeOH ) oSS~y
H N’\/n\/ W“\/\ Et3N (g\ /\/N w]"n\/\ J(l)\
2 X\ J NHy Mg N 0 0 N
Me, H o

Scheme 40

20
Example 44: Encapsulation of DTPA-Gd with G = 1 Dendrimer
[(C) = PETGE; (IF1) = OH; (EX1) = piperizine; (IF2) = OH; (BR2) = PETGE; (IF3)
= OH; (EX2) = piperazine; (TF) = amine; (M) = DTPA-Gd]
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[(C) PETGE (THFl) OH (EX) = Piperazine; (IF2) OH
(BRI') = PETCE;, (IF3) OH, (EXZ) Piperazine;, (IF4) = OH

W@ BEB/)%szaPETGE (JFS) = OH, (EX3) Piperazine; PAFPS2005/013864
A ne; = DTPA-Gd] A G = 2 dendriner (100 ny,

0. O%lQé 1ter ldhxf%%g% ( 1)#8321%@2 g%alﬁxﬁgq %ﬁ) weitsndizsolved n
7 n{iAieloniedy) wites (II0.d &Hen IDTR A-€d€2750m 0. 30 nenolpGA 18EiEK) v added.
at RT for 2 days. Trace undi ssolved solid was filtered

Thepepctionapxtimavatisiiad at Rlidordt dayys iTsace gailisalved sokidveas filtered off.

284 0 L A RODBH it o o

with Gt aiyl-veMenhastes The vaietGvas hemeved ddgﬁdl%teﬁﬁ-eﬁapﬂrétgf‘ﬂ give the
yeI | ow solid (318 wei ght gain 8 ny, dendri ner
profpstpas ligbly siiow soli (L fheigoSietarpph 4 1 dendrimerDTPA-Gd =

f DIPA- th G =3 Dendrlrrer [(O =
“E%@% Eﬁfﬂ))onoa (EX) =\Igv:pera2|ne (DF2) = OH  (BR)

—PETGE (1 F3) OH; (EKI ) Pi perazi ne; (JFA) = O4
(BR2) = PETGCE; (JFS (EX3) = Piperazine; (IF6) =
M@Ca@smf Wde:W@IGfE)DQndﬁnmer azine; (TF)

0. OBRE PRINE: Aol B Qb ey tED i it 168 Y pEraE: @)

m. B ) =P8 3 =
(Al drbl chE vv?as add?éiolﬁ-fég he r-é(g%tl on rﬁ(ﬁgg (\Zg? S?IHI” (E§3)
at meﬁweﬂméy%mmdﬁ)&m&d]ed solid was filtered

o A i e R A Al ) s s

in ’ﬁl%l@l&kfat&atﬁ{enqj‘m (53 ?n%:\@t% gg‘ﬁélt) gﬁm\éﬁ?wa acﬁitefi The

rotary-evaporator to gl ve t as a s
rea@téllnl rowture wagl stix@@hatRil’ fowei dplys. '@EBICEI ufididsoivd sdtd d\rals Mred off.

Tﬁpﬁlﬁe W%gr(ﬁgéfflg'é!g%{lit ha}t“l@g%fﬂlg rrpar at I i Exanr%lbrane for 5 hours
w1tﬁ)§é\fé[‘dl Wkt chX R ?hé atel Wagrémoﬁe? l%h/la' rgéé?‘-g‘%%kra-[&et{) Igyve the

present dendriners o For ave I can
pro(ham)aﬁt a dippdCyeliove selicb@d 8 tnfis weiitht ghial¥1Binigy) dendrimer:DTPA-Gd =
145 \Jcomm red with PAMAM dendrinmers. This data is shown

ﬁ’n ar 0).

Example 46: Encapsulation of DTPA-Gd with G =3 Dendrimer
[(C) =PETGE; (IF1) = OH; (EX1) = Piperazine; (IF2) = OH; (BR1) =PETGE; (IF3) = OH;
(EX2) = Piperazine; (IF4) = OH; (BR2) = PETGE; (IF5) = OH; (EX3) = Piperazine; (IF6) =
OH; (BR3) = PETGE; (IF7) = OH; (EX4) = Piperazine; (TF) = Amine; (M) = DTPA-Gd].
A G =3 dendrimer (120 mg, 0.00366 mmol) (made by Example 14) was dissolved
in 7 mL DI water. Then DTPA-Gd (313 mg, 0.5703 mmol) (Aldrich) was added. The
reaction mixture was stirred at RT for 2 days. Trace undissolved solid was filtered off,
Then the mixture was dialysis against DI water using a 1,000 cut-off membrane for 5 hours
with several water changes. The water was removed by a rotary-evaporator to give the
products as a slightly yellow solid (294 mg, weight gain 174 mg, dendrimer:DTPA-Gd =

1:86, molar ratio).
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Figure 10. Curve 3 shows the thermal degradation
profile in nitrogen of a typical PAMAM

W@ pwbéaans doani ne), G = 3 dendrimer), di am nobRECEIE2005/013864
core am ne surface polyner (Dendritic

) ' unber
CollBaakioe BRahA, Xendhffers of T RHEL o iR Wik PAMAM pendimers
ai_nm ddptidrmal Peabilitt @GAY products of Exanples 7D an
respectively. As can be seen fromthe data, the

pr o@b‘i‘cP@S e B@éﬁ?bP%EOfm})l%tﬂbh@@ sigrificantlyi(about { 008 Chricreased

th .
thefihdl sl iy NS SN B AR RS " SheaintoR in
Figgeriay, atiroa3 sHdves e lthoimabddpiadaties Er&ﬂ@{mhﬁé%m tyhiehl IBAMAM

much_ hi gher tenperature of onset of th

@Olyé@m@awr@% %cciﬁ@damr)hdlgmohum ¢orel annips surfiva pokymnenn

T T
shosxtab o] deprRvar Gfpoiildd &@Mﬁﬁb@%@&hﬁﬁl& TR é?e Hctlvely As

Cost -benefit argunents The dendriners of Fornu
candesegihapdhe dya,gheprducts fram Exmnpiéd Aadé ha shove sinilar thermal

proffeS A SR i e s by elaired an hePaMAM
polﬁﬁeﬂlﬁ@cﬂﬂﬁﬂﬁ ghaeration " THQp&?l%@fer se @%ﬁlb@%o%ﬁf a %ﬂ@h higher

Lower cost for reagents, and Hig process capacil
temperature of ensgeel th@ragig degradatios vesurs Iintbhifghéﬂ revitlmg mass than known
G ari son of formula weights and number of surface
pre 1?%%%5 for epoxide ring opening, piperazine dendriners
Wt
bt A b e eIy ks bf FGHAL Fh R GFRAS thermal
stabillgy wamiperedivethshabin Mylendréméms) | owi ng t abl e. Tabl e Thi's
Tabl e shows why the invention allows rapid building of
surface functionality, rapid increases in nolecular

Exaiﬁ' it C%@ﬂbe?kﬁ@&&ﬂﬁ@ﬁtso‘c de Gennes surface packing and
The dendrimers of Formula (I) are cheaper to prepare than the PAMAM dendrimers

because there are:
» Fewer processing steps due to higher functionality of intermediates
» Fewer reaction by-products due to ring opening or addition reactions
» Lower cost for reagents, and
¢ Higher process capacity due to lesser reagent excesses.

The following comparison of formula weights and number of surface groups for
epoxide ring opening, piperazine dendrimers with Nc=4 and Ng=3 of Formula )
dendrimers versus typical PAMAM dendrimers with in-sifu branch cell formation is shown
by the following table.
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therefore container properties in fewer generations

than for PAMAM Since each generational addition adds
W@ k@niobizé@nt costs due to increases in unit OpPRCHUSIINSG(13864

the attai nnent of high nol ecul ar weights and surface

functionality in fewer steps indicates significant

cost reduction potential. Exanple H : Polydispersity

Narrower Pol ydi spersity is ohggsved for the dendrinmers
of Formula (1) when conpared to Hyperbhranched Pol yoers
yGensratioSp nt Nesth N3 Ry itesmulR(Ih ¢ A Gire |ABMIMANLEDA
ve very na‘?"n"awagbl ydNumher ef  y—Horma Weighfy | EGoxpYumbenof
nd 14 of |1. 0¥fiehhd 1 s Eques

-e—yef-y—iar +oy-ana—n
g'“é‘;%n’m‘.o_di sﬁmgsed ant—Ho
FygEpPer ST gngOf TyPengranghed ba) e
UTTA_ T LU AVAV/NN M 3 .9 dITyU cryproari TTUCTI | Y
ou }-8 39853 I ¢ 108° - 6909 .
EC, .=5_i gyre %lgl:luyv: thg;,SECof thigspg OdUTtS 1
difipres /U and 1o TT1TIF COnmpartTsaorr 10 t1e ddal 'O TWO

SI m of . » -

dendri tT?‘ﬁ%gi ygi‘?/% g%@?%%‘%@ﬂ%%‘g@ﬁ% egljﬁ%erﬁmcuonahty’
rapid ingin¢asesiinendECilaruweiglst and atteinmeit afihdt QGermovuitdee phekisg and

pol ydi spersity of the unoptim zed products of Exanples
they ?goéﬁw@nign?f&r%ﬁq% ipdewargensrptions than oad ANAYY; Siges achy
eepERPLRNARE N, SRSl PL s dlgo S EML AR opepsious, he
atthiahew dklidpke nobapnir ateights aid stiffdcdfadetiorbitEindeweli stdpeigdicates
.as_Conparative Exanple | for various dendriners of
signifiGent epst rodughien pokepil- Tabl e *nmde by a repeating the

process of Exanples 7 C and 7D with appropriate change

of reagents; **nmade by a repeating the process of
Exkphlle Podydispdasigppr opri at e change of reagents;

Narrower Polydispersity is observed for the dendrimers of Formula (I) when
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compared to Hyperbranched Polymers by Less Controlled Random Ring Opening,

The AFM data give very narrow polydispersity numbers for Example 13 and 14 of
1.091 and 1.117, respectively. These numbers are very narrow and indicate that the particles
are highly monodispersed and not aggregated. Typical polydispersities of hyperbranched

polymers were never found below 1.3-1.5 and are typically much broader about 3-8.

Example IV: Size Exclusion Chromatography (SEC)

Figure 11 shows the SEC of the products of Examples 7D and 13 in comparison to
the data for two similar average molecular weight hyperbranched dendritic polyglycidols of
5000 and 8000 molecular weight. The SEC curves numbers 1 and 2 show the lower
polydispersity of the unoptimized products of Examples 7D and 13 relative to the typical
broad polydispersity of hyperbranched materials. The calculated polydispersity numbers are

indicated in the table below.
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***made by a repeating the process of Exanple 14 with
appropri ate change of reagents. These above reaults

W@ bweo6d266 the dendrinmers of Fornula (T) show PCT/US2005/013864
significant higher termal stability conpared to PAVAM
Al t hough the invention has been described wth
reference to its preferred enbodi nents, those of
ordinary skill in the art magbleupon readi ng and
understandrng this disclosure, appreciate changes and

T o es | PoNporit

o

ha
b dperbznched Rolyglygido] Gy S_CL AL NER20

1S: 1_2A dendriByperbsanchedPolyglyrigph(iiR)- $opp For mul a_$.89

wher ei 8: (C) rnExample Bdre; (FF) means a focal |poi nt1.59

functignal ity |Bxapekel® of the core; (BR) neaps a 299

branch cellT, which if pis greater than 1 (BR) may be
Cogrlﬂﬁga:tgr%?a :O*ci;g%’ lgidz%%ﬁ‘@non?ﬁigﬁg ggmll?érattl g&grhsfe Il}(ljlrn\lloa%ous

dendriragrs of Fommld () an®PAMAlel: i ved by p = Total # of (BR) =
(I'F) neans interior functionality, which if gqis
greater than 1 (IF) may be thel®ere or a different

oI ety; i eenuentr al IIl er—fronr 4o
?OOO y( E>q<) %t‘e‘hﬁ‘g gn ext enée Qﬁ’ E*IE ms(:?g t él:emp..(°C)
ban FRy—bet g rfe Widoss: | -at Residue
igAﬁﬁéeggLaeﬁ@mvm@“@PeﬁﬂfrntegéH5frowr1 t @89000; | ( TF#00
sirfaed ni nal functionaljty, whicH if z is gr eat er
Eammﬂzle(?[):) may be the sane| or B5dif flerent37ovi ety;, 418
Example 13 345 370 418
*(C)=TMPTGE ; (IF1)=OH ; 380 397 450
(EX1) = piperazine ; (IF2) = OH ;
(BR1)=TMPGE ; (IF3)=0H ;
(EX2) = piperazine ; (TF) = amine
**(C)=TMPTGE ; (IF1)=OH ; 380 400 452
(EX1) = piperazine ; (IF2) = OH ;
(BR1) = TMPGE ; (IF3) = OH;
(EX2) = piperazine; (IF4) = OH;
(BR2) = TMPTGE; (IF5) = OH;
(EX3) = piperazine; (TF) = amine
*+%(C) =TMPTGE ; (IF1)=OH ; 385 405 420
(EX1) = piperazine ; (IF2) = OH ;
(BR1) = TMPGE ; (IF3) = OH;
(EX2) = piperazine; (IF4) = OH;
(BR2) = TMPTGE; (IF5) = OH;
(EX3) = piperazine; (IF6) = OH;
(BR3) = TMPTGE; (IF7) = OH;
(EX4) = piperazine; (TF) = amine
Example 33 320 407 500+
*made by a repeating the process of Examples 7 C and 7D with appropriate change of

p—y

reagents;
**made by a repeating the process of Example 13 with appropriate change of reagents;

***made by a repeating the process of Example 14 with appropriate change of reagents.
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z nmeans the nunber of surface groups from1l to the
theoretical nunber possible for the (BR) for a given

w@emene2s®n (G and is derived byz NcNb G G i BCTHURIDE$/013864
of concentric branch cell shells surroundi ng the core;

Nb
mul 1R RS 1A ol P e Hehtiip RS o grinEshoy: sigpifican
dhgﬁentbmmby@mmﬁarswwmml\m : Core Interior

Surface Where: Nb = branch cell nultiplicity Nc = core
multiplicity z = NcNb G- G = Ceneration (i.e., 1,2,3

/ Lit | E
dendhibligh bRl s Beh Rt uliefRytego %gsemeﬁ
emboditends, o oflexdiziry &1 mmmﬁrmgj ubbRditithe \m& Wufidksthfding this
IS a scaffordlng core. 5. The dendritic po yner ?

di Seloamm appRprazie changey andsmedifigpiéms vdrich mBy ba mmde eihitrhi dd 1ot depart
e b A R

polyvalent core bonded to at |east two ordered
dendritic branches; or a core atomor nol ecul e that
may be any nonoval ent or nonofunctional noiety or any
pol yval ent or pol yfunctional noiety, preferably a

pol yfuncti onal noiety having 2-2300 val ence bonds of
functional sites available for bonding with
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dendritic branches.7. The dendritic polynmer of Claimbé6
wherein (C) is triacrylate, tetraacryl ates,

wWa pioepeesede, tetraepoxide, diglycidyl aniline, PCT/US2005/013864

am noet hanol , et hyl enedi am ne, tri phenyl net hane,
triglycidylether, nmethylene t(diglycidylaniline),
tetraepisul fide, and

egC|dIy|soc anurate(epoxypropyl)cyanurate 8. The

WHRehHyY rer of Cla|m6 wherein (C) is cystanine,

ké?ﬁi?\e%@?ﬂﬁﬁpgﬁ%z ¥&inft (fdecane) , phosphi ne. or

| i near, branched or cyclic noieties with single or

mul tiple functional epoxides. 9. The dendritic polyner
of aiml ein (FF) is any noiety that enables a
dendron to sed as a core, enables the joining of

two or nore dendrons together, or e Ie reacti on
Tt Claim?9

with a (BR) [Cld:

wherein (FF) i sS-% l's, s, car boxyl Naci ds,

esters, ethers, (,[ycqc et frerst {e.g., crown ethers,
cryptands), porphyrins, hydroxyl, mal ei ni des,

al dehydes, al kyl halides, arylal kyl halides,

phosphi nes, boranes, al copghfila @) dehydes, acryl ates,

al kenes, cyclic anhydrides, aziridines, pyridines,

ni twhéres; itaconates, cyclic thiolactones, thioranes,

azeti di n(eqs5 cyclic | actones, macrocyclics, chelating

| i gands, Y)SBAPEARLPES, i sot hi ocyanat es, al kynes,

i m dazol g@ ) nitah8l5 foca 1ﬁtaﬂah@cﬁiﬁhﬁ@»%onﬁiohéﬁﬁthe core;

oxazol i nes; oxlI rane, oxet ane, 0xazinés, 1 m nes,

t osyl at e@R)ypnedns (atbrmg:hg:ebuphnph ;ﬁpﬁsgrémahmsl (BR) may be the same
derivatives, subg tut ed.derivatives or conbinations

t hereof, wher®i# > of carbons present in each

of these

5; ' nar of SenEbfiut O?B{;‘?‘Laﬁn%%?ﬁs (BR o BB F dfinteger
means S, N, Cfofdil toB000rdeRvedldy The dendritic pol yner

of Caim10 wherein (FF) is are nercapto, am no,

car boxy, oxazoline, isothiocyanates, isocyanates,

hydr oxyl , epoxy-orthoester, or acrylates = i1
NG" N, N, 63 N, & X= X
p=Total#of BR)=| == + == + T +... == | = > Ny
Nb Nb b b N x=0 N
c c

(IF) means interior functionality, which if q is greater than 1 (IF) may be the
same or a different moiety;

q is independently 0 or an integer from 1 to 2000;

(EX) means an extender, which if m is greater than 1 (EX) may be the same
or a different moiety;

m is independently 0 or an integer from 1 to 1000;

(TF) means a terminal functionality, which if z is greater than 1 (TF) may be
the same or a different moiety;

z means the number of surface groups from 1 to the theoretical number

possible for the (BR) for a given generation (G) and is derived by
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12. The dendritic polynmer of Caiml wherein (BR) is
any nucl eophilic or electrophilic reagent that is

w@apabbee®©f reacting with the (C, an extenderP(EK}2005/013864

oS oW

wi t h anot her branch cell or branch cell reagent (BR)
or a termnal functional grgupggyF) and result in a
multiplicity of reactive groups®fot the next

gener at i dusAber dBcontbetrid ®Raich telt shptls yoroudingihaicore] 2
wher ei n BR{7 is used with a coreactant to forma core

adduct mﬁhﬁﬂlmﬂ&rpwéwéd with a second

cor eact ndr.i.t im12

wher ei nﬁ]éﬁ ofedn %ﬁﬁgg gtlsehr?ﬁ%%gg{ny é)tl(eaga
triepoxide, tet r aepoxi de di allyl am ne, diethanol

am ne, diethylimnodi acetate,r ydroxynethyl am ne),
die%dgﬂdriﬁcm@éﬂmﬁﬁpenlﬂpl(ﬁf)ect ed DETA, or nethyl
acrylate may be used, including in situ. 15. The
dendritic polynmer of;;og ai mhqtgr,(yWeglﬁ-raae( BR) is a cyclic
et hers (epoxi des), OX|ranes sul fi

(epi chl orosul fide), az|rifdi nes, azet| fnes, siloxanes,
oxet anes, oxazol i .z'nes, ar bamjt es,

capr ol act ones, carib6Gmeart ®Fh|act ones, and
beta-lactanms. 16. Yhe déndkitic polynmegq of Caim
Iwherein (I F) is any actijve noiety forfed froma ring
opening reaction resulting in interior-ngactive sites.
17. The dendritic polymer of Claim16 wherein (IF) is
hydroxyl, sulfhydryl, am ne, alkylsilane, silane,
boranes, carboxy, or anmide. 18. The dendritic polymer
of Claim 16 wherWharg:IF) is hydroxyl, thiol, or amne.
19. The dendri ti :p@i-mrcsufm&mmoityl wherein (EX) is a
noi ety capabl e q@ = QBEH RRipneinyt he distance for the
(BR) reagent befp e ,groeth of the next G 20. The
dendritic pon g is lysine,
ot her pol y(am n n](?e\l\lltq e) lycol s,

di et hyl enetetraa éer 'Ha % ne anal ogs, fatty
acids wth di- or greater heterogeneous or honpgenous

funBRt#@BR)ity, uns ed aI phat hic and aro iC =i \
di func&_ %I Oé 530' ny;(%:tl dﬂ mNsﬁ'ei es ant[NbEa X ’;\l X
het &t GeR N . N = Z b
b b
Nc NC
Formula (IIT)

The dendritic polymer of Claim 1 wherein (C) is a simple core.

The dendritic polymer of Claim 1 wherein (C) is a scaffording core.

The dendritic polymer of Claim 1 wherein (C) is a super core.

The dendritic polymer of Claim 1 wherein (C) is at least one nucleophilic or one
electrophilic moiety; or a polyvalent core bonded to at least two ordered dendritic
branches; or a core atom or molecule that may be any monovalent or monofunctional
moiety or any polyvalent or polyfunctional moiety, preferably a polyfunctional
moiety having 2-2300 valence bonds of functional sites available for bonding with

dendritic branches.
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unsaturated alipathic and aromatic difunctional or
pol yfunctional noieties. 2 1. The dendritic pol yner of

w@@isv386 wherei n (EX) is di am noal kanes, di phreDUS2005/013864

7.

10

11.

12.

13.

14.

'Suc

di t hi ophenol s, aronmatic pol y(car bolxillijiic aci ds) ,

mer edFitRoly B FANLBEE WABRE (B 18 Stetraacrylat

pi pgfﬁg?i ne,t am'};m et hyl pi gzlr azi(n 1 eta%y - EI— Blr%ae%ya%fsﬁe
car biésppkislectetraepoxidendiglyaniyh aniliné, entigoetirnoh dilntaicdiamine,

pol §TRHERE55¢ ingelfcr R elybidpmaenegy Ve e, methylene
1V\'h@fs@di@ly(:iﬁ?])mﬂlﬁeﬁ@étrafeﬂﬁﬁﬁi'd@nﬁlldl y active noiety that

can propagate the dendriti c_’branch to the next
genérsglycotyis0yantate(gporypropylcypmirgteer of C ai m 22

wh [ TF) i i perazi ne, acrylate, methacryl ate,
- ner s feEl ot el Comb haein (945 byshmaine dmaianurate,

et Nyibteddd 416 mubli REERAIRE (e gfelﬂg %&g?g?xgg%fﬁéldecanﬁ)p phosphine, or

aziridine, alkyl esters, epoxi de an gro
t hi tineanghramaher botydlie mastiesayiticengie xné h;gil_:t%é fdnctigﬁ(dl epdMbes.

' ter, tect ec ,. car box
g|n E}'ﬁg 8%%#%@% l,of g‘i@ig{e]t wﬁér‘éme@g ) &ﬂnﬁénmgw.thamegbles a dendron
dengypd r | 3 ej RL LS
ol r AR F LI Pl SRl IndrmiobadiBos together, or cnables
t r i shbyelr with a€BRY.| ) am donet hane,

am gdoet hyl et hapol am_ne, car bonmet hoxypyrrol i di none, o
gﬁ?lé?‘ﬁ@“ﬁé’? meg of Q:tl%mhgaWb‘Fmeeﬁﬁgilsdb@,lS, amines agaghoxylic acids,

am tj.oni.c ni oni. c,, heutral.

o oo, AREDAMATSs (P2 LORTmD oBb el R e, hydroxyl,

net mbleirhizles tabdehy dsgaiRichatifes) a@M@ﬂ%ﬁd@QFﬂd@h&@&, boranes,
ched congounds, car bon nanot ubes, full erenes,

att . . e Ty ‘g
nan%&%‘??&%éme gdes qaarylates, silkengsh splictanbydrides aaziridines, pyridines,

i . ] dcl i.t.h all Leties.o
ST Al RORRESHL L G5 ML g SR e
¢ heina¢recyctiog|chelugfg lifdndeiSssaikes BB yESatédBikGhes, imidazoles,

salts, organic conpounds), electrically conductive o
nol se@ercaptoangings, silages) fxazblgsbpxitanepdataneesxazines, imines,

' d nol | es, factants, .
orfPAeS s Bkt Blfeneds Soehafioen b Bediagives o
t xybifdiloa Yher 7] WG LinGRIRAHBEOT RBLUPHRSRRALEAR of these

pol yfl uorinated sul fonates, heteroatons chal
br dBelsties, when present, is from at least 2 to 18; halo means chloro, bromo, fluoro, or

iodo; hetro means S, N, O, Si, B, or P.

The dendritic polymer of Claim 10 wherein (FF) is are mercapto, amino, carboxy,
oxazoline, isothiocyanates, isocyanates, hydroxyl, epoxy orthoester, or acrylates.
The dendritic polymer of Claim 1 wherein (BR) is any nucleophilic or electrophilic
reagent that is capable of reacting with the (C), an extender (EX), with another
branch cell or branch cell reagent (BR) or a terminal functional group (TF) and
result in a multiplicity of reactive groups for the next generation (G).

The dendritic polymer of Claim 12 wherein (BR) is used with a coreactant to form a
core adduct and then further reacted with a second coreactant.

The dendritic polymer of Claim 12 wherein (BR) is triactylate, tetraacrylates,

triepoxide, tetraepoxide, diallyl amine, diethanol amine, diethyliminodiacetate,
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i pids, starches, sinple sugars, conplex sugars,

vitamns (e.g. vitamn. E) cofactors (e.g. NADH), or
wapiosoxizéant s. 25. The dendritic polynmer of C BETUS2005/013864

wherein at at |east one of (EX) or (IF) is present.

2, S ) O s ST ALy, o

cheamtyhzltemaﬁbé: bsetdy inchrlihgainlser pol ydi spersity range.
mer of Claiml or 2 wherein a

|
tar F‘i@g qg:ﬁoiﬁlr n po %ma%?swbﬁratne@mnlfe acydlis ethensitepoxides),

f
enirrined rb“?‘?&eﬁ&épl"‘iﬁf&%%z%fmﬁfélsé.“a%et? e Sfoppet ovctanes
mat exmlmeS ORAESI0ES| edrbAinates, bagrbRcionés bbl‘Bf)xﬁfnhN}f‘de%l ﬂéiio%ﬁctones,

dend ic polymer. 29. The dendritic polymer” of
H‘fg’ p CiaeS-carried material is a phar maceutically

16. act 'I'K@ d@gﬁﬂfc %ﬁ’éx% o glrléig)' 1 \ﬁzgirare@f &%rlguiahf t@(g%%é@qlﬁtg?%ned from a

conpri ses a

| easihg o Racbaeiebil iMn@ﬁ@?fHaé‘tNeemﬂb' uent or
car &hgﬁp‘g}l?s]ent 31. %ﬁée dendritic polynmer of Caim27
¢ de

17-whe af fendsiéic pabimes of féaier §avharsing ) dghydrakylysulfiygryl, amine,
GendfPeBRR o borfes Sl S a0 Mg ot 1 st one
18.agr Thaliérideiaik Ipys}ym @tJt:aemnel 6 he &R s RRTrbkyR thidi St Giine.
19. The dendritic polymer of Claim 1 wherein (EX) is a moiety capable of lengthening
the distance for the (BR) reagent before the groeth of the next G.

20.  The dendritic polymer of Claim 19 wherein (EX) is lysine, other poly(amino acids),
oligoethyleneglycols, diethylenetetraamine and higher amine analogs, fatty acids
with di- or greater heterogeneous or homogenous functionality, unsaturated
aliphathic and aromatic difunctional or polyfunctional moieties, and hetergenous
unsaturated alipathic and aromatic difunctional or polyfunctional moieties.

21.  The dendritic polymer of Claim 19 wherein (EX) is diaminoalkanes, diphenols,
dithiophenols, aromatic poly(carboxylic acids), mercaptoamines, mercaptoethanol,
allylamines, piperazine, amino ethyl piperazine, ethyl-N-piperazine carboxylate,
ethylenediamine, diethylaminodiacetate, and hyperbranched dendritic polymers such
as polylysine.

22.  The dendritic polymer of Claim 1 wherein (TF ) is any functionally active moiety that
can propagate the dendritic branch to the next generation.

23, The dendritic polymer of Claim 22 wherein (TF) is piperazine, acrylate,
methacrylate, acrylamides, hydroxyl, epoxide, oxazoline, amino, ethyl imines,
piperazine, carboxylates, alkyl, aziridine, alkyl esters, epoxide and alcohol groups,
thiorane, morpholine, amine, carboxyl, allyl, hydroxyl and epoxide, methyl ester,
protected DETA, carboxy alkyl, pyrrolidone, and ethyl piperazine.

24.  The dendritic polymer of Claim 22 wherein (TF) is polyethyleneglycol, pyrrolidone,

>

hexylamides, tris(hydroxymethyl)amidomethane, amidoethylethanolamine,
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27.

28.

29.

30.

31.

32.

WO 2006/065266 PCT/US2005/013864

carbomethoxypyrrolidinone, succinamic acid, amidoethanol, epoxides, acrylates,
amines, carboxylates, cationic, anionic, neutral, aromatic, biotin, avidin, strepavidin,
DOTA, DTPA, metal chelates, organic chromophores, polyvalent attached
compounds, carbon nanotubes, fullerenes, nanocomposites, all metal nanoparticles,
all semiconductor nanoparticles with all varieties of cores and shells, radioactive
materials and their chelated analogues, fluorescent molecules (metal salts, organic
compounds), electrically conductive molecules, UV, VIS, and IR absorbing
molecules, quantum dots, polyfluorinated molecules, surfactants, dendrons,
differentiated dendrons, dendrimers, methoxy ethoxy ethoxy, polyazo compounds,
polyphosphazine , polyfluorinated sulfonates, heteroatoms chains and branches,
lipids, starches, simple sugars, complex sugars, vitamins (e.g. vitamin. E), cofactors
(e.g. NADH), or antioxidants.

The dendritic polymer of Claim 1 wherein at at least one of (EX) or (IF) is present.
The dendritic polymer of Claim 1 wherein the polymer has enhanced thermal
stability, improved chemical stability, and a low polydispersity range.

The dendritic polymer of Claim 1 or 2 wherein a carried material (M) is associated
with the dendritic polymer on either its interior or surface.

The dendritic polymer of Claim 27 wherein the carried material is associated with
the interior of the dendritic polymer.

The dendritic polymer of Claim 27 wherein the carried material is a
pharmaceutically active agent or pro-drug.

A formulation which comprises a dendritic polymer of Claim 29 having at least one
pharmaceutically-acceptable diluent or carrier present.

The dendritic polymer of Claim 27 wherein the carried material is an agriculturally
active agent.

A formulation which comprises a dendritic polymer of Claim 31 having at least one

agriculturally-acceptable diluent or carrier present.
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