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WD 2006/ 065266 PCTI US2005/ 013864 DENDRI TI C POLYMERS

W TH ENHANCED AMPLI FI CATI ON AND | NTERI OR FUNCTI ONALI TY
Woctdsbrddsheé SPONSORED RESEARCH STATEMENT 5 Thi SPCT/US2005/013864
i nventi on was made wi th Governnment support under

W@@%@é %Mﬁ é@ﬁ?‘r@i?g@&%ﬁb%mm

Department of DefensepryNterifoNAsLrPgNt has certain
rights in this invention. BACKGROUND OF THE | NVENTI ON

10 Field of the Invention The present invention

Ganar | neFEDERATLE SEONSORED RESERRITSTALIMENT o,

TheTlis pivieytiot wasd aade with Gosdpmest stbvirt widyr DALY -1996-02-044
urface functionalities

and Gl o D301 ameeded 9 v Are Nsaesesh ptoeyory Contac b e

De Bt BABBRAsePAMY FvelRdret KR LBIAE 1

i ng opening reactions to prepare

o bhOUS

ranche po yner

zystenﬁ grg rnomn A few of these processes are _
wel | known, - paPACTREHRETUG T ThE: HVENTION 0 cr her's, -

FichlofdBSInvedtion denes, sul fides, siloxanes and ot hers by

elther anionic, cationic or other

nmechani snms. (Geor ge

Qdi %he Presanh EVERtion C@pcm@ﬁ %ﬁpldpésipmhc mbmemhprwwy:mers are

anoperﬁng pOP!]egEI‘I a i ons m% e syn?léees%z‘?%q% I%%%}J/ayentrap

mdiscales hadithpio lsyrfEe functiohalities wal hndergofurthdibredctibas been
done in the use of ring opening polynerizations in
the synthesis of various hyperbranched polyners. In

Del®@tioR b RBGe@23eS 25 the ring opening polynerlzatlon

AR Polym ENCE
f
Cre b by S et st

'S oT the fradltlonal type resulting in random
ehed pehipeReactinns h br oad polydlsper3|t|es

B e g fnown. A

fevmnsthéqu:rméesefe deskiribied Beldw.Tomal i a [P A. CQunatill ake,

gd P. A.. Tomalia, WNacronol ecules, 21, 1556
( 1988 W%%}O@S HSiB&FBR apratne s el kapwn. narticulssy withgwsing cyehic

etHR¥AFR] deg) %mdeNéQ S8 As 28 8s BTtk B etik] %&p c, @n&ﬁc or other

openi ng has beeh used i n the generation o

mesharisoly:. {cbrgd Quigdny B

I near

atipmy mub,dnhiuwlbysnd Sons

19%% 5’%8%{ ?: ﬁgg/eveé,ﬁsi gf nng5 L Ree efa%eu]s the synttlasm 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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Ri ng- openi ng pol yneri zati on of- 2- hydr oxynet hyl oxet ane
under basic conditions 5 was attenpted to obtain

Wi BeiclEapched pol yethers [Y. Ho Kim J. Poly i
Polym  Chem, 36, 1685 (1998)]. D.A Toral | AT g1s8es

openi, n ri.zati on of azol i ne achleved
y o ot BiR AR iR B froeiiion of basgeonsombdnarmbed polvethers
as 4infRGoPendudtoR X.G Zon, R Keﬁﬂ @7§ I@e%@r G, Y, Han

Hyper br anched endritic macronol ecul €5 havé beer nade

M%ngleadmﬁv(lm MBhOhIP (2064 reri zati on (" MBP") '
1 SO ootk ol B By Gtant SR fesfpaudicions

waBditerpiat w@ﬂmn hygrrpeckied golyelya gy | BaKI: PblymYSdil Polym.

A A
VRCTRRDH Sl workon ol Bofh 38200 8RR o

S. Yoshida; K Shira usa
hyperbragcied PEOXN oxM)p]olynaméSeel USrPan@tsmp@O,m, 5,631,829/ lahd)
57’;\73 type nononer pol ynerization, is initiated by

additifon of a catalytic anbunt of an initiator, such

aS 4 @ErBrdn6lieed defdritR 1Ha @O sl bl LMD béen Iﬂéﬁé?%ingn Juiltibranching

opagati on node distinct from other hype

po eylﬁ@ti nreMBEdkanprrash Withgn inigintgr athe érae énwitiog yingdpening

po@%%ﬂ%@?n&lg%n% :f)(irq}%g Ie, Ecl %té&y]zé:d’ %?Egoep:%:ﬁg %@Wﬁ@m of cyclic

ca@hmatesiuiﬂae pregenpe bf/arinitized ukiag byasidae M auli; A. T, T. Saegusa,
enln

wagRor Bt o8 gt it S canas S Sk st Ko Shiseee T

a%@, UL a R Ml haupt,
Cgon%ﬁrggﬂl}?%géseggﬁf?%lﬁ(ld?sg (1999)]. Cationic

cy c Eppxily ring ppeaingoinvolving) annkB ohype ﬁomm&tl;bn»imdnaaﬁtﬁleﬁ ihiiated

by @H&gU? 8{1a &ﬁ@%ﬂgg{ﬁ%ﬁﬁ@%car bgohy dr at Mﬁ% and goes t{)rough a

notél cpm.pag:ht&m@c&h dls'ﬁﬁct fﬁnﬁﬁ Bthéﬁﬁy%efb?%ﬁéd poTymér’ﬁéthod-E involving

a"‘ﬁh ea°§?ns @ﬁifs Cbm J Mé}@sqhet, Hytre rGhean Sl 21,
23 Dmymi‘a@m eA‘mtn?dnBﬁQrﬁé % 2 bﬁ'apeg%q;l&ﬁ&rzgg i o W&nﬁaed

olynerlza ion and so ures

‘PW&IYPC@‘@I" b)?mntrz&:d aonie ﬁg/éiﬂe)lmgrpoi}gn@ﬂaiumg pglyd1spers1t1es below
Z 0 C |Ve er br anched
11 SRA R i eind, B AR, R, Viorrompliemions 250 210 4p46

1999, Csioiasklogol rizd
o, cao 68%14@( 1}8%69)]mM &fzm%?%%oa%asztggme&wﬁ’%ﬁm

hyperhranghed garbohydgeepolrner] To frosii Ffapah, HinKrgag At Kenelof T. Kakuchi,

i A ST ST B SRS PG RELES 5,

Kalthx,dqucrano@culm BY,8113-3119 (2004)gdr i ck, Macronol ecul es,
E (}’(‘58 g&ffg@){% Cat i n| C rjng opening
poI FPFaecG R ¢ POtALRG B&W@blnl}ag g ©pemag polymerization

 and S6itd feBtdrds 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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5 hyper branched pol yet hers, polydispefsities in the
range of 1.33-1.61 [Y. Mai, Y. Zhou, D. Yan, H Lu,
oA iy oxyiret hyl ?SS& ane. Ting open nf TEHIY
O e L U Bt bS53
hypbrbBihthdd &31%51@%(}]@1 ITrblfsal®. ZQ@QB,H:&E@VV\WV e B A8 D, Miller,

ring op ymeri zation of N carboxyanhydri’
L LTHedmxé:t Modramuleshiess32; Bpet9066\(B99%9¥guences of

DA Polneeat SR 5t Ay B lant smded in

hypéftrdhcBed %&ﬁmﬁ Ipsguisyerﬁhey@rih@éﬁg@&q Thae [V avst ¥, Zﬁ‘du D.

branch, havin reC|se | en and results in

arpéwnteMawomlqcym él%ﬁar%ﬁé% Hm es of 1.2-1, 5 15

o e

polixilers [H.QviskinussonsE. Maliistrem) Am{mlt,omdrbmdkcztlés Bo,rm6-5791
yepi sul fides (See US Patents 4,558,120, and
(205 87,329). These same patents also discuss the
pr ep@f{c@iulce,myséptﬁembaéma% g% éﬁﬁgiﬁéwﬁénﬁabﬁlefﬁ 20
reaction a ‘pol yam no core w Th” an éexcess of
carquyﬂe/vied@u T emtthcxd ifrenlyes aemuhyfs&elqﬁmtes oiﬂﬁﬂcarbmdnmnde ring
reaction.With e ﬁsa ine to .from.furth

o P B REATETN 8Pt Gy i Py Hehq Sions with o

stafilitissltysdr0n @Gergeiin1eng@i £ beandh, Hakink Ablprechie 08 e,ﬂld results in
dendrinmer surface (US Patents 4,361, 33 4,58

a palymenwith WWOI%@eF%ueéPf édded to azetidine
derivatives. 25 Precise Dendriner Ring Opening
Reactions for Attachment of Surface G oups Ring

Preoize DiendrimerRih gmmﬁeﬁnemssed as a vvay to add

o B peuact fefieesGm &R e niolmigueaic conditons

with \¢pichlofosaIFide ie forsl§d k/gﬁﬁdes\?(@eé:’US PaenfS,I58/120) £0145587,329).
Dendri mer Structures ny speC| fic reacti ons have been

Thepssame patents alse discuss the Prepattion pf ppelzaminosididi demdvimer using a

f

rea?ﬁ(@:’ﬁ '“i{) ?)éﬁn&%&étﬁ? &vétﬁ%‘rﬂ‘ 'SJ{ stofteztﬂ)g‘é%)smdg o fogrg\%ﬁoﬁrgulﬁde

fomewmmmbmmm%m fuethei gedkrafionxct i onal ity

("T §¥ ﬁhe3|s of reC|se dendri ner structures
has Agiiinn SENFOR Faadts RARLRE. B 528 rsrone Resapapiected
derdiitier SRALe COS PERAIs 2381 337; £YNVEOIEH 4, 5681IT$ RSis extBitfld to

"di vergent synthesis" ’[Den drimers and ofhef Dendritic
azetigineglegvaiiyss. J. M J. Frechet, D. A Tonmalia, pub. John

Egglg se ﬁén&‘r'ﬁger%né Opgmgg ﬁ)eictlm\l/g ttor A%act:h%?es ?op §m‘ﬁlce &roup ories

ere

ng 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



10

15

20

25

30

5 further variations regardi ng branch cel
construction (i.e., in-situ and preforned) or dendron

\ﬁ@(i@,@,{,ésgg; type construction. One of the earli
I'i'shed uses of branch cell reagents invol \72%%52005’013864

cou[ol ing prefornmed branch cells around a core to form

i (“TED g ke Smihssis of prepise dendimer struciures has been

o o B BB g BVl AU Yl s

andmehwgpn symm’éﬂmmmm_@%ﬂ@mﬂ@ é&samm Frechet,
D. zﬁ oxﬁna]gag g&%{jlﬁfnbﬁgfe c? 50@, &%O ?GV%M ’Ichtege brgf(l)dr ceateglglnesélthere are
furtilel CarRRbEMELRbiA %r%]:ﬁ’ Eélﬁébﬁsmmam% .d. M tsfﬁz %&@%hforﬁed) or dendron

protected brancﬁ cell reagent vva Used I n
aﬂmrmgityngcmsﬁumndendrl mer branch structure, which

regupi res,che ot ectJ on.as.an dded st.e

r aprar T BE ST tp Plﬁllés?’&? 'ésesﬁ{ l?‘ﬁ'b‘ﬂ’gcr‘?utrf?@e Ps yehed ﬁg@mgs
preforBRl Beaneh bélistaydid @lcbRY to kol owaneleUlArvAg St @Fborol sBctures [G. R.

ether ring is _not_strained and does not ring open

Newkpme 11 Xacet: RaBaksn. V. KoGawias J oPrge Shemi, 30,2083 (1986)al

Po?@o%th%@ :dgﬁc%hﬁer%ﬁ sé%tﬁé!s’lz%a?élh th%c?&{, eef o1 cgﬁéannf lf n

reageriss basedors g atmacspthrm] ¢are,éxlc—4 aﬂﬁ#hnetbthidiﬁth;&lﬂﬁ 7-

oA el Poes v, gl e AFSFEIFS BRIl reagent was sed
therbtﬁiﬂﬂg@fﬂﬁmeﬁ&ﬁﬁér@rﬁicHGm&ﬁre Whiflf %ﬁﬁﬂeﬂh@mﬁ&?& rotec on as an

relatronship to each other in critical reactlo

1apidhe heild strmmfm@twgh thetreagent used isel mﬂywehcstypaeether
, bstit
e Ot SIS o3 0 i

formation and at t ai nabl e archl tectures have al ways

St 2B Lnted T sues of ve h iportance both in the
SIE e L 4 Tadl &—%&é&&&é@ﬁgﬁl ms. For 25 exanple

Stdrd B8 Mok aeﬁﬁequﬁgmmmafowéae oA TGl tg}kﬁeyvomﬁn&@é sub-

"steric hinderance" P. r’ul ce,
nag)seal¢ snags) (1.eanS+tdm) (lmgﬂBﬁmdq;n@m smH mﬂmte “Maildihg block

LR N n results fromgrou tting in the
comtplens” e 8 o it inb s, RlePPaftod Erf Bt o) asieromg thci
relammmp 10 gedch ofef BrdriticalvBafieh fnd dierhisly @bdnte Tlﬁ:%%bt\ﬂmét'ﬂ?e?r

of |ncrﬁ%3| ngly hindered al kyl halides to SN2

relpiyg S Ve PR e PR el o Bings: hiralifyoAssuciations,
asgeﬂlﬁhesasﬁegfﬂc%é(du@{ {Blﬁjnaml dnf gﬁ&habl@?rtcﬁ?e%gﬁ& e a]t%%?fsnrgmamed

brom de) is too w to neasure S not
issnesraf wery dfighaimppttanpe dothsin dietapedeadc howtihas cdiﬁﬁ&eﬁl realms For

un hilic attackt t determ nes th
exifSIE IR B o B pasks e i 0 “sforic fipderaes [See P.Y.
Brie€) (B €h i 0

rgml_gus@ﬁ%mos 0138 w%}r P9 Bu g F‘Eﬂ%ﬁ‘%@r §{c ngéﬁgmfm results

0&5915?5@56!118&11 theayay aﬁ@r@etmnesltst é?:‘lasslcdfemoples inklude thedheopentyl

rrc e ester

reacﬁanstareantxya:aﬁglﬁ s@rdﬁﬁdﬁb a paivipthat ﬂh@ﬁdﬂeﬁb@ tyDhalfdk (2. neopentyl
b r.Qduct | Crami s_Rul e staﬁes that a nucl eophi |
f%ﬁ}} )d%&fﬁé “é“’c‘ﬁ?aéB‘i"fy [t 15 s gt thedrabar P%@EY]W pitaghed fo the

carBbr SEHERIYing tidfobRilif Gitdck that determines the reaction rate ; the relative sizes of
the alkyl groups are also very important.
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group aligns itself anti to the carbonyl group to
mnimze the steric effect such that the nucleophile

WO sbes@isi al |y attacks fromthe side of the mh}
substituent. [See D.- J. Cram A.. Elhafez, | S2005/013864
Chem Soc. 74, 5828 (1952).] 10 These above brlef
exanpl es not onIy portend the possibility but also the

CrahﬁPRﬁfeEH‘éiﬁ)th& bratsiday S)fbn%ﬂ@bpagﬁﬂﬁl mdleBilt Gtefié &ﬁ'é"cft SWHiR Yot
fer 1f discovered and defined for critical

WISbJ@gém beroaving F@yélmpb #eﬁbehea@d thatsterignesEeets|contrad s Stelf:o selective
resdi 9 Y F oD ABR RS GRS B Rl 6 B

are-v nown.

nucledpBi appfbabﬁesdaeﬁﬂ:ronja@bngl tne ﬁ:hﬂldaeéuasﬁt&cht ERGGhdnRt TR afest
this speC| ficatjon. 15 Poly gam doam ne) dendri nmer

gropp plignairsslf ay/hiorbecasbogsheronp iq wmﬂhecamq effect Fich Hat the
nucgsgggfwf@e%ra@gmg,gﬁ%m&ﬁ ﬂ?erﬁdf} 51*1@{;&511 ishilEnt gﬁéé@gﬁ% Cram, A.

em For exanpl e e preparati
Elbpfelyf dm. Cdemi Svg) 74, SB28A952).] dendri mers, one of the key
conpositional famlies of these dendritic polyners,
currently 20 focuses on M chael addition chem stry

Wi t IThbde-abbie bridf sxdaipl&siot oﬁl? h@!&e ?Eﬁ;ﬂﬁ'ﬁ ‘Eﬁfﬁs@tﬁg 1mportance

other Dendritic Polymers, Frechet, D.
thatrsieh analogoys, fster: V may Ogntjlfgamsvered(m@l&iﬁned@namtmal
corfithetiolMEmSHAL: B IRIBASHRIENETPe. A0 AH] Hrle B @R rtes for
these WSISasifedis fafecvinmdllyainktbowin. | HUW(N SIS i¢lhted tolthis MREhEAIES described

These [ rcunsta s force the process to require high
in the WS‘%QCW&HW ?ég‘slsﬂeql%%ﬁ%rpam ties and high 25
costs, particularly at higher generations.

Add| t| onal I Y, PAMAM dendrimers, due to their specific
3 : EMAM Bssynthesis ow energy routes to

deg ¥ ever addi .t

rea%?tggégﬁgﬁ} 'ﬁﬁe%o'f‘yy ?’8%%%%%%@“‘“@355? ere’fttm s gpeghods
useldao dake thehl. Fot exdmpleitha pperpams'ﬁ of polfalthddafnie) FPAMAM”)

dendrlrrer?fztilructures wth a faster reaction tine,

ndzigegs, ogg %FW&?WHOFIHOF%WWOW%@éﬂ@hcmbmqsmpmnﬂy

foc%%ltotn ?glr?al ly, | &%@gﬂ %&tg%@@ﬂl‘)};ﬁéﬁi W

othenBemiritic Polymdrs edSH&M JaFtheMiDJ Al. Tranatiaspube fbhn-Wild¥And Sons,

PR ERPEN BT PR BB PR FEaeD fpives sow

chdMiSS; Néngl roACHBA tiftids RRESRSEERYMME] difcAsESI uﬁ&ﬂﬂeeﬁﬁeet $hese
that manifest surprising properties (conpared t

cirgymianCceHivEde thRpraesss torequire i ghydiduions Ssulting it lowi czaeacmes and high
{
colf pRERAPR BEPLORBEAL RET0LED, KO BEERTA Lo e

spdeificramide thuctunesl lawe acctd tb fow Efergy 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.



Ex}m-[TF]Z] [C BRIFN- [~qg [ ]g 15 Fornula (1)
wherein: (C) neans a core; (FF) neans a focal point
woinodeepsl ity conponent of the core; 20 (BR) P@ﬂfs§00§/013864
branch cell, which if pis greater than 1 (BR) may be
the sane or a different noiety; p is the total nunber
of branch cells (BR) in the dendriner and is an
int eger frorerIEEsmminom‘}m/MNMGNN G3 N b x=

= Taotal # of (BR b+ b+ b+ Db =Nox-No Nob No
Nb d@dnnepmnelm 0k dhej pesept laveqhea EPYSEIsAPYarsl unique

oyl IR BB B0 4500 B

and wutidize lintque 2iAY OpenBiE ;(r@épsamfm&emprepm‘a’mrder vvh| chif m

is greater than 1 be.the s r i.fferent
roi i or PteclsbATAb R g i shae oh egers 1 BHP o
1000; (TF) neans a termnal functionality, which if z

is greater [FBh 1 (TF) may be the same or a different
10 moi ety; -6 WD 6/ 065266 PCTI USZOOS/OZj Z nmeans
€

19,

t he nunber e theoretical
nunber possi b the 'tﬁ fora giv neratl on
(G and is deriv ANbG G i s nunber

concentric branch ceII shells surroundi ng the core; 5

15 Nb is branch cell nultiplicity; and N, is core
multiplicity and is an i %ﬁg@fa(f)rom 1 to 1000.
wherein: |
(C) means a core;
(FF) means a focal point functionality component of the core;
20 (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
p = Total # of (BR) = &G1+ N, + N, > +. .. R = X_ZMN X
N, N, N, N, o P
25 Ne N
(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;
30 (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-



More preferably, the present dendriners of this

inven.ti on are represented by the Fornmula 10 Core
Wob@EneeSur face Core R (TF)Z P N, Wiere: phl =)005013864
branch cell multiplicity Ne = core multiplicity z =
NCNbG G = Ceneration (i.e., 1,2,3 .. .1 )  TF =

ter m nalZ PEARE fhegmbet 9/‘(%‘{2‘:—3 graaps feqm 4 to thig theqregigaliquugpeny
G N G x=; - popsitle fRtR BR)F: 4 senBratiofd (3) 48d 1 T
N N N NP REDIR R (B T 4 £ ;ol}gn%ll a ‘(’lfcp) Thse%eége&by
dendritic pol yners of For mﬁtal\KcNaG;are prepared by the

processes.described later in thi pecification and
P P st o PP Phmesriis trepehgel] o35 gouk e dort
‘5 dendri t i, ipetanteedl mhltiphsittibkad (1) nmay be used as
menti oned bel ow and,  described further in this
speci f i d%tiF 6pre multiplicity apd is\aadntegrdropnk 0l 098- know edge
of these -7 WD 2006/ 065266 PCTI US2005/013864
materials and simlar dendritic polyners these
Motkepreferdbiyc theqirgsentr dendrymelis opthayinaértionfard fepresenteden ttheF@hula
aﬂﬁ;es and many others. In the energy and el ectronics
rket, these dendritic polyners can have utility in
fuel cells (e.g., nmenbranes, catalysts), energy

10 storage (hydrogen, solid state |ighting, thernmal
managenent for devices, light emtting diodes, 5
di spl ays, el ectronigorkNKS, mntddiof! kadsde di el ectric,
phot oresi st, nol eculTar el ectronics, tel ecom devices
(wavegui des), phot gni~gs, Fphot ogr aphi cqmat eri al s, and
steal th enhancene of \ peteri als, |nithe
envi ronnent al ar eg, CertefElTadRariTi@Fhgl yners can have
utility as chem cak_apd | bi osen§prs, 4ql ectronic nose
(array-based sensors), |pRb-on-a-chip, |[nanoencodi ng of
material s N,
Where:
N, = branch cell multiplicity
N, = core multiplicity
z =NNS
G = Generation (i.e., 1,2,3 ...7)
TF = terminal functionality
R'=(BR) .
NbG1 NbG2 N, G3 N. G/ x=i1
p=Total#of BR)=| — + —> + & 4+ b | | $Nx
Nb Nb b Nb x=0 b
Nc Nc
15 Formula (IIT)
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
_ -
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10 for environnental tracking and source

identification, anplification technology for

wWbbé/eg3pRNt al sensors, biocidal materials,  porus2008013864
enV|ronnentaI sensi ng, renediation, clean mate
|on exchange), clean air (e, g

ma‘-ﬁﬂé'é ppd piilar d pabypersdhese ﬁemdar@wpp@imﬁﬁ aqamesa% a8 lofi these

mefRfiGiRd ugégeaﬁ& gﬁg @me{s' Gn BRe HeEEY aﬁ,& ABcRAYE oibkel | thebe A8 Endritic
envi ronnent a pgra Ing O coat | ngs an sSur

polymehisfcae have(wilitshindseltcellpiegy mﬁnbﬂnm; @ainlysts), energy stogapee,

CofbaPisc S e e B oreridaon: foledien ight il diods.

displagk, ERE& IS inks,QfteHkeE SieleBlrid BVt cre A dmEs8ar didéironics, telecom
absorbers carriers of nutrltlonals surfactants, an

devigas éwa‘cﬁgmde@dpw@m@ss phytegrenitic matstinlg, andistsalth enbhandement of
cal s and manufacturing market, these dendritic
po yhers can have utility as |nproved bi nder s,
cheln thebnvifonfieyital area, mllmsﬂdaﬂluns POBhRE can hBWlﬂmlt}aésschemlcal and
filtration systens, petrochem cal processing

biogensorgcelpctiopicinose (aanwbtﬂ%?s! F%nsp@b Habseirawhip, namoensoding of materials
P | \
s B e FRR Rkl TR 015
endrpameatal Snears, hilexidal matama}smrgmanmenmbseimmg reanadivtiorf dleadfwater

(o488 58 e B e i eng PR AOFOREFS ke heat ¢+
ar e tht persenatipsehdli are@,qhesmwdrﬁﬁrpomﬂe@s ¢Hnitald M:ht}%

wWith in-vivo dlaI?nost|C|nag|n g (e.g., targeted

envigppmeptal yparading el fagls coatings epd surface mogeﬁmﬁsuqh as $eprovidg stratch
es ??/éﬂr1 3{1 oﬁﬁ%ﬁﬁgnc eé(;m hﬁ#ﬁ&go Vel wous %ﬂﬁé%fms{é&’ water

resg;mt)l c;leaiszrcs )and lhnug:::osnz\te Ip)(gxﬂ@l@ng dyed) IU:N: #Hsbﬁaaisld&ﬂners of
oar.ra in-vitro ex-viy i agnhostics an
nuErap |é§bt %Fgé qddftives ¥ Pﬂﬁé%PBFoh%dlca
devifas clﬁéi‘mgals ahd 'm)iﬁdfﬁbturﬁ%%ﬁl&et,vih‘é@ den@r'i‘ﬁc' po@*tﬁ’ér@bﬂd HAY% utility
coatin and surface fo evi ces, transdermd
as HenTpYedy qvnde% cheneiggtcaalysisi chemicat separatibmupgterialefiltraticarnystems,
har Ilcatlons near
pdhﬁ?%%#@ﬁﬁ%%%%ggg¥§8&¥%ﬁi52@g§9¥%ﬂﬁh§%$ " and sensing,
t ar ddsodhle ddrdritip pelymenseforkirinla ({)&nma%e Oﬁﬁ&ﬁ °#6i6d material
éﬁ/ §%005/013864 bi oreactors ,cell growth and
Preg I ARgsriordoid snaggse ?%%&egér&ﬁgo Yyagrs may bavedarieg of uses as
ag@in teOpHabRhdeBicdl %@??ﬁulﬁﬁal%el&sh erapeuti cs,
nutritionals, etc he food and agrlculture
In thg hrewan ammmabmndjcal tamthqal.th Rreay &e&caiemﬂmm@oﬂmdrs tap hase utility
i.ghl el ecti.ve co trol sor.s nso
wifl Y RnS el e B [ e SOt i e o s
sexBinglit. ., 8ifalfboBtr sithala@B6 1B darg i), g aeﬂ% @gf aﬁiﬁme%

pest|C|des herbi ci des, tine-refeased fertilizers an
veiges: ferab si2sabfedch ruggliseavesy (e sm{I@atgnzatwmbmaayS), ln-vztro and
LAfh n and/ o
o :vg’?rpe sen:gor s, E%ﬁ%i ’3&#@52&?@? 2 %l% és {5 gﬂ ‘{églcgﬁw £ in<vivo
amheni—viad»)s anti-Biofbuling nedtings addrsaﬁececfeﬂdkvudets QrapSdeyriEIdelivary,
at her desirable materials as discussed further
té%’r 1es 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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10 Formul ati ons of these dendritic polynmers of Formula
(1) for these uses are also described herein. BRIEF

wWstebibd32dsON OF THE DRAWNGS Figure 1 illustrg erﬁhs?ifolsmlssm

t hr ee- di mensi onal projection of dendrimer core
15 archltecture for, a denqblner of Formula (1) wth
4

biogegriprsegcsll grovgh Arug releasing: Stanis, urfacs cogfingmand
con’ EX%érek%g)(ng ﬁbéﬁbsfﬂﬁ&&ldngﬁaét& y (IF) and extenders

surface groups (z) that have
t erlmitieafood amrbagrmnlalrc market,Fhese denirtie pﬁlymekmdwat@uh]ith es
. S core co gnent s ma SIS f
nigh) eSSy <Gt ERBR ety D hitn Fertsly s sl AR, oSinc,
s1glﬁtPé.tﬁ‘ltfée1§ Mityeted hoﬁl-tdi@d bib@&gddabR peRticidey, Heﬁ)xcldébf tlﬁle-rgl@ased
onmbi nat'i on of these noieti es. The rrultl ICIt of the

fer@mee and pekticides packacg materialoe ., mrictobe rasis laﬁ*ceb freshness,

o R W 5 O A T B P

de nddmﬁomnyhhésedahdrnm polyrfiets fiay eﬁ@l othet desifableaaterials as
|Il¥%s Figure 3 illustrates the interior
diseyisp "’6 e’ﬁ“’dendrl mer of Formula (l) that has a

br apghntRibhsoftRE: deiMitieholiayess @’I%rﬁﬁla'(ﬂ rf@r tﬁésetuggs are also

follow ng: electrophilic roieties

desarib¢ddepi.l i ¢ noieties (Nu), or ot her reactlve noi eti es
(0), (i. e., free radical) or a conbination of these
noi eties. Additionally, the interior may optionally

have groups BRHEF DESCRIFFION OF THE DRXCWINGS! i ti es

(I'F), usually derived froma ring opening reaction
whi Eigureglyillusizates adhree-dimensiosalgmojestionfod dp coggrphell

arcﬁit@c‘t"&rﬁ @&fydeh&mﬂa'oﬁ:xm&az gga?fg)%lngeems' JfG cBR ,ga#(,igghor that

or other reactive nol et conbl na
hag bresseb calls @R)emterit ﬁmcmmahm(m‘)la;adpxmm@() and rulfréber of surface

i nt ext e s (EX), which have one or
ETOYB? Ezr)gP{}t" %?Wagg\\#nﬁéon ectrophilic noiety (E), a
nUCFngﬂJE Ml rratERithe Yariolik! tore @bmpPdRAls (CPMEL h¥EcBisdf oA or more
a -9 WD 2006/ 065266 PCT/ U 2005/ 013864

of %ﬁwwahhe Aty {Fled euﬂ@ﬂpémcametﬂ@g)e of etherrpastivaploiaty €), ora
'EB% oIy I TRAR 0 f d
I gur e En?tgc}ugges a ﬁrd?é*el $ %V(\llle ﬁge%ta%g\f]( Ef&)mfed
within these, thnehmn(nEl EE)hﬂiu);eanﬂ (@Dl,dn hllitlhtlor( t'BFthe élmtovn\;:l]ary mo;\s!':tles fo; these
tetraglyc et he ranch ce ent; .. e = 3.
maiglish ik PHUr Eh e bendiot gt el FACPOBTED g Aastpied.
Fi g p{%?:és ink:k&h’iésftﬁé Rierfob §oﬁuﬂhﬂ dafdn& bPESEmAl QPG 4 2
that have term nal functionalit ( F). These ('TF) s

bramgly cttlb (BRy vduchehaye ong 61frapreof the,cﬁblémvmgrmu@ﬁlﬁ)ls nmahes (),

Pl R 0Ep sl M REIGH B R g

combmﬁﬁdilﬂif thesaadoieties. Addieibiyallythe imdério n§ l'd% i6kidllly BBvdroups that

e possible noieties. 10 Figure 6 Illustrates the
Prcglrlfg/w aFfonglires (F); D, usuglly) G}m@?d froma ring ppaRiRg FBetion which may

hatd Gld Jr?xﬁ)tré‘{)ﬁhe 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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fromone generation to the next. As the dendritic
pol ynmer grows, it changes nanoscal e nol ecul ar shape

v 2006068888 | fies mathematical ly by defined by =
tris(2,3- epoxypropyl)isocyanurate, quantizedkgﬁﬁ%gPQB&M

co: 0%18%%;1033@ G oS g% Re'l}jﬁs% Pterb%jsmétiéﬁ H% rbﬁ quqgt’ed (qr,gjicl;:gcﬁeraﬁon

ofﬁldeﬁcgmegroups of (TF) = piperazine, 15 and nol ecul ar
ghts as a function of generation. Figure 7
il

iguret iWlystratgs aNmach eplh skoyviag thet(BR3 mefety, itee (EX) moiety and the
1
(IR RR G Yol B TR w3 STy, wen Ny = 2

illusiratbé bn Fipuger. or smal ler than the (C) and the NSI'S

R AT o NGO
(Tlﬁbe nﬁl'ieg@ ?1‘#3@&‘3& Pérﬁx'é%alﬁé of &m}gnﬁ ARQ tHedd {'1232 %%%gnle gr more of the

reactiviti'es of various noietles when

foﬂmfeatumnaﬂ die:trppl)xhs nwiéty EX, b atcledphilichaoiety €M}, iop 8thbyreactive
still. possible. Figure 9

t(é er r ea I S |
maily (QF et E85tifEoR g heTebor il BPEE  vi ¢ o5 of (M),
( 0) Figarwh flitraft@aES groWeh bthe défRkic pbFRer (ieCdendrfiir fﬁsﬂéecture)

(TF) to formthe dendrons/dendrimers for Fornula
from ¢pigrgsneratiope ks nent Anthgderdriticnolymedr gxrvesh 1t|chmgemanosca1e

E ar,

iRk IS 1 R bR ddicad o BRI B9 €4 P23 (e
epmqpt(glybxéo&tylam&ate, qmpﬁﬂmuhbbh;&)ftﬂ»&tnah teIBBRISIAs(2,3-

dendri IS le 7D, 2 is Exanple 13, and 3 is
ePEARRNYY @09/3%“1& & )DRB’efaFF’F) B 2P @ ¢ gryups PE(TF) =rpspezine,
and BRI LELWE; ?mwa fAihcHON Grghaatigphy (SEC) for

represent ati products of Formula (1) [i.e.,

Ex afjeues? mSQM)th&aNSISlﬁha(#&)'ﬂshmﬁﬂw degdtimetsidendrehsadfRdrmula

ener dol th aver

O EO DA RERH RS UE 0 el wBoh YR GG Bl Bl Gpan the
(Cywmidgthé NSIﬂ&fmmems&&&@rcﬁfﬁE bis)5/ 013864  DETAI LED

DESCRI PT] ﬁ{é\‘lgg]a: E | NVENTI ON ossar The follow n

{or RSURS ¢ WIS ehapciasistioson taf dengrons/dendeimerseaf

I t

(D36 S realvits 8P Carioms idherdeb Shn BETER) isiBerthiiEhle 76 ssélgz,vmg that
ﬁlm;esmanmm sabler igacsditsisst posdiblet ril e APS anmmoni um

per

t
D& B Ml B RAR R i vitrb R0 Qe (8 remctions for
(BR;;r(Exmcmmmbmmm@@mme dERAROSs/ dthahARAR $6At3mER(HD

(Fisher Scientific
Figure 10 shows the ¢ ced 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.

-10-
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DAB neans di am nobut ane DCM neans di chl or onet hane DEA
nmeans di et hanol am ne 15 DI neans dei oni zed wat er
W@g@@mgbgget hoxyethane DM neans dinethylita

O nmeans di net hyl sul f oxi de; from Acros org}gﬂﬂgﬁ(gﬁ/&l”‘“
further distilled prior to use DOBA neans 1,4,7,1
O-tetraazacycl ododecane- 1,4, 7-tris(acetic acid) 20

DOTA nean ED DES TIO
1,4,7,10- te ?égfacyc ecanlgof’XH":%et Nchetl c
_M) DTPA neans di et hyI enetri am nepent aacet | c aC| d
s dithiothreit.o

T s B e 1= e TP 0 £ be (BAG a5 stated below and

for@iebyieﬁﬂfqieadﬁgaﬁeﬁdlwsﬁklﬂm@cl d EPl neans
FI chl orohydr| n, from Acros organics and further

arﬁla‘@mlgfcrrmmmoam/ G nmeans dendri ner generation,

i ch | he nunber of concentric branch
AI%@ CeanAs & g%%?r&?ﬁ@ r?g the core (usually counted
APSemnmmdnﬁbémxfcﬁmnfmehe core) g neans gran(s) 30 HC

ns hydrochl orjc acid Hexanes neans m xtures of

disErlysuyloryRisayDmethanet i fic) IR neans infrared
BO@QS%E%‘EPIB&M edrbol¥p 2006/ 065266 PCTI US2005/ 013864 KOH
means pot aSSI um hydr oxi de; used as 85% pellets from
Celitbmemﬂlatpmmuedarﬂe(ﬂ:ﬁha Segemtific) means |iter(s)

LDI - ans rrat ri x-assisted | aser desorption

IHFanf’f nEtT ®of flight mass spectroscopy 5 MBDGA
Domﬁa&mddlmoraﬁfeﬂﬁh@ne bi s(N, N -di glycidyl aniline) NP

means mul ti branching polymerization MeCH nmeans
DE#famepns dicthapplamingns ni | i gran(s) M RK means

DI IRV seRytvtket one 10 M ns. nmeans minutes
DME means dimethoxyethane
DMI means dimethylitaconate

DMSO means dimethylsulfoxide; from Acros organics and further distilled prior to use

DO3A means 1,4,7,10-tetraazacyclododecane-1,4,7-tris(acetic acid)

DOTA means 1,4,7,10-tetraazacyclododecane-1,4,7-tetra(acetic acid)

DTPA means diethylenetriaminepentaacetic acid

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)

HCI means hydrochloric acid

Hexanes means mixtures of isomeric hexane (Fisher Scientific)

IR means infrared spectrometry

-11-
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mL means mlliter(s) NVR neans nucl ear magnetic
resonance NSI'S neans nanoscal e sterically induced

wid Sogéseget ry PACE neans pol y(acryl am de) g
el ectrophoresis 15 PAMAM neans pol y(ani doami EJ F/US2005/013864

R Fefsiir (RGP A 7 S Blepelie B Ek Bah g befre ue

L rie@h$ B@l(yci dyl ether Percent or % nmeans by wei ght
unl e%s st ated otherw se PGA neans pol y(gl yC| dyI )

QE opegnspoatripessigfed aser dgbypiiatyionizatidegime ¢f fligitanass

rel ,.lros e flow in TLC RT means room tenperature, about
20- ERP neans sel f - condensi ng vi nyl

MBDG&L@&M&,W-@B&yﬁBEbﬁB@NSd%WEH@CW sulfate 25 SIS
means sterically induced stoichionetry TBE neans

Wl?méqmmﬂa Mwﬁmm hane, boric acid and EDTA

Me@l—? %fo TGA neans thernmal gravinetric :
ana yS| S means thin |ayer chromatography; toluene

mganchngomdlfigraen(§)7: 3 v/ v) were used and spots visualized
om Kivh in.30 TMPTA neans tri net hyl ol propane
MIIB Oé‘yﬁﬁﬂ%’?@‘ GR%ns tri met hyl ol propane tri gl yci dyl
Mﬁg_%sﬂnq{ésch first distilled and purified by
col um chromat ography (1.75" x 10") over silica gel

ml(mpeams golliteres3h) with 1:2:2 ratio -12 WO 2006/ 065266

Nl\ﬁ%%%ﬁ%n%%?eérox%g’s%ﬁ o{) hexanes, ethyl acetate and
OIS AElE B8°"380¢ i f i cation of 5 g of TMPTGE
NSSutead. nén@hcflé 4i4ivilRliflduced stbichRPn{cn98%) materi al .

Reacti on was kept for 60 hours as precaution of done

PAGFmeang Rely( @Pﬂﬂ%ﬁe}ﬁbﬂéw qphpresify| net hane tri gl yci dyl
PASLAYG m&mﬁq% iligf H% gr oxynet hyl ) am nomet hane
Chemnéeaﬁsggi#’ﬁg ure endritic polymer structures of
PEHAM preassarly (etherbpdrovylaipine §; élesdriveare bBForthiniaDe
onents.th nifest. . surprising properties
PE &Epr%eapseg t%erﬁ?%tgf 6‘3 ld}agﬁ%”.ltl c structures) 10 and
Perdéritlok %embidtis Gy Svelidhd GnlepatitdibotRérdsRsses for their
preparation. A structure for these
PGA means poly(glycidyl) aniline
PGE means poly(glycidyl) ether

Remeans 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 tris(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 KMnQ; 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

-12-
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dendritic polymers is shown by Fornula (1) bel ow
[FF] [C] BR PI~EXF Ne 20 Er ]g [ ]gq Fornmula (I)

whsebddass( C) neans a core; 25 (FF) neans a f?%‘"r‘}usﬂ%lﬁfssm
functionality conponent of the core (BR) neans

o O o L Ay T b e

of pavanchg @ak4 FeldPoY pure (xm%)dm&iau nREacﬁdSldwhéik@ﬁ for 60 hours as
integer from1l to 2000 derlved by 30 Nb Nb Nb Nb

e‘ Reecaytiop ocdopgoyemighlty (BR) = b + b + b + 7 Nox Nb

m’é?ns’?ﬂ terior functionality,
d\% Psng%%%ﬁ%gnan@?%ﬁ IE-) may be the sane or
TRES meﬁﬂsens(ﬂlydmmymﬁtyyl)mniﬁomﬁlm%/ 065266
PCT/ US2005/ 013864 q is independently O or an integer
from1l to 2000; (EX) neans an extender, which if mis

Chahﬁatﬁucﬁlp@n 1 (EX) may be the sane or a different
moi ety, mis independently O or an integer from1l to

1008he dendmiky pelpmerstaictuggsef the presgnth@nan pospesswsbverdl unfque

I e t he
co{é? (#l%]él ﬂ%ﬁ DI e%? %&Slﬁ%@)g%ée ﬁﬂll%rgpt E%%egdﬂp%mnms)
and( utdme].:uniqne rihg opdamylﬁbmais f<6tuﬂtiG§E prepgﬁﬁdnb gestf'@hé'e g&i@hese
or a given generati and is derived by z =
Qﬁﬁﬁgomr% W}%o%’rmé’* (§ itric branch cell shells
surrounding the core; Nb is branch cell multiplicity;
NO is core nultiplicity and is an integer from1l to

1000. [FIF]

€1 —BRE——EXi—1TFL, |
~0Fl,  OF], N,

Formula (I)

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, &1 N, G2 N, G3 N, Gi x=j-1
p=Total#of BR)=| —% + —2 4 > 4 b - N. X
N, N, N, N, . x=zo b N

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

a different moiety;

-13-
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In the above Forrmula (I) the ternms used are further

explained as follows. 15 (C) includes the foll ow ng:

Wb SdkMsshdrc! udes a sinple core, a scaffolding

a super core Si mpl e cores are wel | known |nPt%&|m§2(g)§mj3864

Sorre ex gs of. a si e.core i ude, but are 'not
3‘{3 eﬂ&V)Q(oél & Fﬁ@’F‘h]e'i"?p%’e g., bis-phenol

9' ygﬁ»ﬁneﬁﬁﬁﬁéxteﬁﬂ%?%cﬁrfﬁ eafYkhb&a, (E&%Mybe the same or a

tetra(’epoxypropyl )cyanurat e, rret hyl ene bi s(di gl ycraglyl

dlﬁﬁﬁrqtrrmqty di gI ycidyl 20 aniline, di gI yci dyl

gly ani r-nj t ol " neopentyl,

terﬁo fﬁ% deﬁt!}?? elf%lg{egerffqnglllé? g‘?:. dyl et her),

amni Uﬁahﬁ&aﬁ@k tenﬂiliay Amttiealifyewlich i/ @fdater than 1 (TF) may be the
eth I edi am ne, PAMAM hexanet hyl enedi am ne,

Sarge BYRPISHE ne, et hyl i sopropyl i di ne . .
di e, '?ﬂ@aﬁs”rﬁé AR surtRe %ﬁfn@g fBf 1 8 msﬁ%?réa? hRE6ATolb1e for

hyper branched (e.g. st ne, polyethylenelr mne,

pol ypropW@B}hagvmmm@dm) anrbisldyﬁmﬂb}e))] , linear
pol yet hyl e 3.ne, water, hydrogen 25 sulfide,
al kyl enefa &rte dithiols, cystam ne,

4, 4G if ntb&dflRbhcthirte badicH cell SHRAY ARG the core;
heterocycles mul ti carbon cores (ethylene buf ane,

hex Mnés brarsheel matiplics ygl yci dyl net hacr yl at e,

ol ;m%&a@ﬁhfgm iEhEBeabfudinn « Ybdd el 1Y!

m nodr ac
trr shydroxyrret hyl am nonet hane, phosphi ne, oxiranes,

t hi é a:p xet ar&ﬁ aziridines, azetidines,
si | ove Fozmplai(h) dae terms ysed are Surthes explaipedassfollomess .
(Cﬁ&cﬁa@;iﬁgfcm@m es are cystam ne, isocyanurate,
eterocycles, multicarbon cores (ethylene, butane,

hex dsgore @e@émmﬁplemom péafifo]ding ma rapd bisapet herd. oOr
| le f t |
SN A B L e DI R LI bt
notllimitedstoepbly(glycidyPathas) (8.g-, bk ﬁh&a%wm 5@&6 PETGE TPTGE

TM%%}%&%?{ 013 64 4, 568 77 4,587, 329; 631,
oww@cmgraeszwthahee pis(cbtiyad moiioc)iglycidy!

anHinB Qﬁgl’}ﬁﬁ'ﬁ rgl}c&cﬁ»x?ﬁiﬂﬁge Erﬁbltcﬁ dg"i%cgh%, &oyéﬂylz}gfg?@%kcl&eﬂmr

aﬂﬁlgh’fcfdéﬂ Qﬂm’b amC@thasolop@yadnec@[ergh ansnonid, ethylenadiftate, PAMAM,

hoftpy R Ry b, ety B Gemspog eminen
plﬂmﬂﬂﬁaﬁhbahylpﬁﬁﬁzfnéthy@&braﬁml{k es p@l@lﬁﬁ@fﬂowegiy%elmme

cores include, but are not limted to,

PORREGPYeRgigInes st éﬁgmﬂfrqthmmm»k ha@r yolactbyle@q@:pm whateh hydrogen

T t per azine

sulf SR oy e SIS B, SR Bl RE A
he@rwyclm;mmhd:aﬂioﬁtcbms Qath)dene lapane] bkexafid) rdba@andiEl—W\/B 10 A

?E’E' ﬁ)étr Zﬁ“ﬂ dendri ner serves as the core
PO, t%rrPG gHfonal crlgtes) {625 T MPdiAs diallylaming)e
disthy1 A6 8atat rn%f? b ik th18m e %[h?@

or}tlcol | oi ds, 4 metgl ox?%g%ﬁe %rfhc égx@géﬁt (t:q%rg‘?es’
oxgiiauges) Ws@m;;azebdrmy isidoNasgs, oxazhlines, ariwmakes sor(caprabk@nes.
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
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and double wall), carbon fibers, silica. Sone exanpl es
of super cores are PAMMMWwWi th a PEHAM grown on its

wiolidoaed266PEHAM core wi th PEHAM and PAMAM gr O%Tﬁféz&fs)%lsss 4
15 surface. Cores have at | east one nucl eophilic or

+5Ph T Rt Lt e ab o e AR Y0 S a5 Deadiegand

othad DéRdeific FBlyer, eds! BRS MIR Frdtfet, BOA. THRAANA pEH LJoRY Wiley and Sons,
nmonof uncti1 onal noiety or any polyval ent or

(208b) yf uncti onal noiety, preferably a polyfunctional

noi e j: - < i.oQpal sit.es

%0 oafididlFote 340 Bt L BB AR, Bfs ook Bl AIS or Sk
attddhed whiplhtheh seree asthe phatfpire fori the dendeitio poipmetgrowtt ©fthe first

hydr ogen syl fide, osphi ne, ol y(al ky|].enedi am nes
Eeasf iR At SrPetRHOR Boren EielBe ) P ROL BFRAGLo. amped Tuaterils,
suchQd B5idthyl BB HESappEPIHR k»ir%éifa%ﬂl@ mfaeaﬂr?g& witich as

di ethyl enetriam ne, triethylenetetraam
amingethplpipesazian cPWRT 6&rdappsd withnpiperazinel obaraimoéthylpiperazine, di-

. pol yet hyl enei m n i ma! ,nes such as 25
m’%ﬁoﬁ'we aﬁfés ‘iﬁ’;‘}’&‘?‘%i‘g‘gﬁt"ﬁ?%‘ﬁ% oct adecyl ami ne,
pol Krsapdi¥bRNE thewdiadeBdririBGERSY £ thE cor FhntBBhdW@Pand other
pol yam noal kyl arenes, tris(am noal kyl )am nes,

deryigitis sEuciEes manbg #tashedgrgrovmfrpm itssnifegesor argokipartidtsina colloids,

hd G I | ene, .
e P Bl e S, Eh Mool Hhlbts, RRUE NGRS ripee
and)ﬂxmlb!;ﬂ wall),Eaeﬂmnh | fberspSilied. Svimeoyxainiples of mpeils pdres:dsngQMAM with a
ic ethers 0 , OXir s,.cyclic
PEEAN a8 o iy BEHRM by Wi ERAMES PA M gomesn i
surfdckOXanes, oxetanes, oxazolines, oxazines,

car bamat es, caprol actones, carboxyanhydri des,
t hi 6prge hoigat leagiong nhclenhitic oranp kigctoephilic reoiktyt emd mayvalent core

I C o er,s _such as .nethyl acryl ate,
bl 41k hoi 60 deptf BB S SRS D e ot ey be
anymbydvalent orithenofuretibiydl nididy onddlyeolyialeBt ¢ \Holyfiita6:2H Gfviety,

l.eic algﬁéd“ de,” and am des_ such as acrgl am de.
prof{ahli & g AP oAl ipiFf o EcH 100 YHenpabends b fastiqnabites
avAiRBR It HdhdinD HithdleRd SR MRS capabl e of generating a

pol yval ent core or star/conb-branched pol yam nes. 5

Cor diyclgonhiliororexamplas deoletlei ammonia Iwatery lydasged sulfide, iphosphine,
i ent 7 6: ,.4,..558, 120: nd.4,.631, 7
poly[aibyRrcBbER: ol X erfifiegiattying ReximenBigadaing, snd dodecyl

diaitinesotyalitylene tpolyamazs yhchiae HiethylérRRMiAE triethylenetetraamine,
raepoxi de, diglycidyl anjiline, am noethanol,

g RARORPA L 4 ey ARGV i Fygiany Arsphosuch a

meE: s(di %%%?g)yyl gnl i .I %qua bﬁ%%ﬁ;gé{;%&[&l t?ngtéi’am.gn e macrocyclic
pob'M$, yolyaininogliylaremes, &i s{meipoalicyljampiyits) haterovyclit @mines, and other

Fiqgqure 2 jllustrates. these cores.
variou® amines. Other nucleophilic cores are ethy?ene 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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(FF) nmeans the follow ng: The focal point

functionality (FF) noieties serve to enable a dendron
woobeossmed as a 15 core whereby the core nayclrais@fosses

further reacted, including but not limted to joining
acrylonitrile; metyEitademk, disethl Faia :

r&JBR Preferred (FF) noi etl esieggﬁem%ﬁ?g%}bs&ﬁavrﬁngglsmdes such as
ac ylic acids, esters, ethers, cycl ic ethers

- . d |
Er: gllmme ; és%ﬂ% aﬁ%y?ﬁi goneﬁ'iﬁi%tgf cor?:l% B ;cgm)fxglpt&j %qerch)%ounds
capgbleiof gg;erq;thngsamolyvelsnt does MIcoﬁiqu}E!ﬂJhﬁd pelyAeydes,

acryl ates, al k&n 51(_3)l cyclic anhydri des aziridi nes,
pyr 1 ofieh 8% kngyvp fro ticBojimersss despribechinUS Batens 6,563,466;

455$1um anga 631@3‘ﬁtl di nes cyclic lactones, macrocyclics

DCBA) , chel ating |ligands (e g. DTPA)
oglﬁa rPaftf@'sed 1hejetidsiof theap etres are atidcyylists, teﬁm@ml fRpoxide,

Eggm N nes, oxazolines, oxifrane,
et R xa Piones "“ﬂ%'ian Sijlenediaming, Fiphenylmgthane,

mgbictd}'lﬂhe(rﬁbz&[glycﬁﬁﬁ)phadw) eHhan@ XA
subs & uted derivati ve;n or conbi ?113%%% %l})rﬁ:g{})lay’gfﬂe)l’he
h%'i‘# isglyriflgiecysRattepoxyprep)ey afurithes e

WDIEWQIIIMQSQ{e@é&;}E is fromat least 2 to 18; halo

means chl oro, brono, sfluoro or iodo; hetro neans S,
N, O, Si, B, or P Preferred are nmercapto, amn no,

azolin i sot hi ocyanat es, isocyanates,
@Fﬁ%g&%%?f?fé y orthoester acrylates. Figure 2
| | | Tiset foed] 96int R@sKorlalt Sielus
2006/ 065286 PCT! uszo§ /013864 é?eéﬁ%ge"gb%y%‘f?mm beused as a

corg Whershy thg corsmayratet keofurthérireaated, edchlinpchunhotiEniteda Rthing two
h th C d
or ﬁé}éh?ﬂ(ﬁo,gqggé& ? ﬁpiea%t%%ﬁ‘%’lﬂp % @#t the (C), an extender

W th or branch cell reagent

( BF@rehrred @iffnunadtiel areahioBahined) catbBx{litiakids, HIRAE etg;gl@ cyclic

t be c bl e for such a reaction an

{1
et TP S . RS, Pidhoxvmalgpmidpsalieydedeliy
hahmmyw@e BAlidebhb eIr}%rétﬁB)all&ﬂgﬂsalM E‘eg{{‘gﬂétﬁ%, Alencs,

ext ender (EX) or ower
cyc ]E‘ba[@b’équm m&nes,cmtrﬂes acohateg efticaliiblaBionésSBforkdRs,

B l.ect ed d abl
azelfcﬁﬁe%n& é:fic ga%gm?% ?nmaz:r 1&§ (e\(ﬁ thb;r%.e giﬁ%ée%pepgg ﬂg@gs (eeg "
DTRAMsd)qyanmésl, isbﬂh’ﬁocﬁzﬁﬁ)es,gﬂ@%§ iRidaboies, Rblay \Qﬁéammes silanes,

3%:@3 eratjion dendrinmer which is now being
OXazOMDED QFIrags @’f%%et?i@zﬁﬁléwmmegﬁeaylag@nmommggroirﬁsqsg BOC) and

siloxddRe bl ddm‘fvﬂﬂi‘fets's‘ﬂﬂﬁitutéé:a%r@ @Jb 8?1%13;\/&?1153&{:?9& [i{‘}ne number of

Exanpl es of coreactant
carbepspresespin dack Of:tbcwsnmettdsu\d&n pregeh€ @ ke % 1 € Shalo means

aked a rtiall rot ect ed pol yam nes ‘both
chlo &J%E%rﬁg' &ﬂlgﬁo .or 1059%1%% %P?I‘é I§ Q¥ Beardn d’a«pfyrred are mercapto,
amimb, earbyke Bﬁiﬂoﬁﬁén%oéyﬁhﬁésb YSJO%L@&, rh?&'lj&ﬂ, €poxy orthoester,
acrylates.

Figure 2 illustrates these (FF) moieties.
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t et raet hyl enepent aam ne, pol yet hyl enei m ne, -
nmet hyl am ne, hydroxyet hyl am ne, 15 octadecyl am ne,

wWaLiserBgshsl enedi am nes such as hexamet hyl enedipgFSs0s/013864
poI yam noal kyl arenes, tris(am noal kyl)anlines such as

%&;Eﬂfﬂﬁﬁgﬁ' )amine, heterocyclic amnes such as

1 peri di nes, am noal kyl pi perazi nes, and

var agy ﬁudl& 1c®ﬁbfé6§opt§l&’&£a§b%t that is capable of reactmg w1th the (C), an
hydr@% I am noet hyl am ne; mer captoal kyl am n

ﬁnathf—rrman P eobanch cellugagent (BR ¢r termmal functional
th Or | Igge qe&g%ﬁgﬁel VA gi’or%% s}./rleg l ben§¥esult ma

e an nz C am nes SUC
mlﬂlﬁpl&(tjl oﬁzesctarmgmm fdr\the Mg g@i@mo@(@ﬁ rTiRUBRIBbRs with the (C), the

oxigider SRy en(BR) of (e liq‘?{‘rfgévégt&'n&ge i N ey feaiames g st
&'r'zﬁfbgl s SeelH Fﬁ&lﬂyl BAS50! 25*18%% ygﬁﬁls ?ix%rsgﬁweg 1 S & qJFact and form

rcaptoethane an nerca ans,

bomdslvvﬂhtén odrs ontermiphabfupttionaktiest(EFy gdupxrcef thehpnqm ddnyargemsuon
t er nat i, v.el

cl.eophi | i react ed
deg HICRYY BERE P e fa Sy JueSq Bighigepgagon. Thus, any
mnmﬂdﬂ@ttonw‘(cghmysjsbtg&mea@@(g@d with a sui tabl e second
coreact ant to formthe dendrinmer. Wien the (BR)

gplgs ofporeagipnis for hogdigp @vithithe electrophidic cores mcwa)

' j |.fi
““%‘3‘?% ‘%%“%éé& P"heﬁ%ﬁ%z. i i Moo e it b
fincaxet | fmbma gﬂﬂh hydri d tﬁbﬂ} hi ol t o 30

capr act ones, C r 0 a ri des | Ol act ones,
tetEag gy SacheniAamin ROl RASSHRe, AR ATISE ey eihElamine,

oc&aéc?mﬁ@b&ym%ﬁ&reﬁé’cﬁmn@é §iieh ab ﬁéﬁﬂ@dﬁgﬁedlaﬁg aepoxi de,

am ne, di ethanol am ne I'm no 1 acet at e,

pokypqnsv(onmam xﬁgmmalhel)ammaﬂsumszm@hﬂﬁm@amne heterocyclic
364 limn acetat e
prot ecﬂ%@g&&@new olf efﬁ%nﬁ élaﬂ}m k RVFraé'@Fii Ia’é’t‘?%arfi)é‘? 0%181' amines
sualsasdmydrokmh)ddhihgethﬂaﬁﬂﬁwmeﬁbﬂu&ﬁﬁaﬁuﬁﬁ Gnedcdptd
"&t"gﬁ“ % noi eti es. (1F) meansthefollovvl Thls
MATPRAIEGTOSREY PigRraFine ;ﬁnempsleq@méps&ﬁ pejyeingibe oride and ofher
be £ dinthe® Suchh8 $8s( 818 BB Sthy B A d dWeéts&'?ab?eeﬁb eo&ﬂhc

appropriate branch cell reagents lea

rea(cgp{gs indiude natyols syclood paptderythritglk ptbylabe gilycdl,(pogfuﬂqﬂa:b ipolyols such

o BRI SNBSS Mt to

polyaiebrysiins; @iioptivh6le an@ plenbls! Pedfbrred #OMe pBFamidd Openi ng
10 reactions. This provides an interior coval ent

chenPlemptively, @muclppphilic maigtyran be reanted witheaeiestophilié feactant to
t I
foufP Bixg A POWAIE id ROLLAR whill b SEOR. ARl RGN QRG] b

Sul or enca
depdromérde uni que attachnent sites for adjusting the

hydr i C dro hLllcfeatures of the interior of
" SED e (B s b of o 1o ppeiopisdcton such (B may be cycic

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, #is(lrydroxymethylamine),
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therapeutic entities as pro-drugs. 15 Preferred (IF)
noi eti es are hydroxyl, thiol, and am ne. Figure 3

wd 2ushdsdses these (IF) noieties. (EX) means
foll owi ng: Extenders (EX) may optionally be %?2@8%%05/913864

. the jnterior of the d Lmer.. . Th 20 .provide a neans
aiothffEpiniae-ang piotGrah R TAn bRl TierB] Saammy be tsed,
inclBRE S, fRL Ween generations of the dendrinmer. This
added space interior volune increases the capacity for
t he Tiguelr3 anelrd illugiratethgprs@Rameoictiesr i er materials (M
further described bel ow These (EX) may occur prior to
or after the (BR) npiety or both prior to and after
(IF) theank BR))foXi®Viagy. These (EX) may also have an (IF)
noi ety. present. These (EX) shall have at |east two

r eabtif ipgerior fumetionality(IiSxis p ppigue eptionakieaturerof fhese dendrimers

. _ . . ol ] i s,
creafiEbi e xR oBbpAMe MnnRl belPreagdhls I RAN W ENRO Y o8
growtigfsomgtreration twgengratiah e Théimterion gactiveisites, (i e. hpdrogy? WalBydryl,
funct i onal i{l , }IJnsatur ted aliphathic a %ar matic |
amie AEIsHlaRs, S, BOTARRSy TARARY: < REer{eo TSl from, fhe ring opening
realtRIn6.! VKB PoVided B initdrith Q6valdni: Bifdnibtey li‘alﬁﬁle%ﬁ%gohsgpe further
SO

di functional or polyfunctional roieties.
reagied fdiile apintEiming sheimtiontantiniginabamioe ftichomatit sijtable for chelation

it hi e ' carboxyd i c..aci dg),
or ShesBBRAE 1N 2o Br BB il 300 Fo iy R B
hydpoph@bigthydrephiicifuatures df&hdNixe2id0 6f 86 deflitic polymer or for attached
PCT/ US2005/ 013864 et hyl pi perazi ne,
thegappyfic eiitiss 38 ProsANgs. car boxyl at e, et hyl enedi ani ne,
di epprBIIPPRALREES &b GydroR ity ARG BEARChed dendritic
pol ymers such as polylysine. Figure illustrates
t heldigue BXflustnates thess (IF) Hofeliés) nmeans t he fol | owi ng:
Term nal functional groups (TF) sufficiently reactive
to undergo addition or substitution reactions, or
(EX) mepne fieolivgvingr any functionally active noiety that
canEbe sed to propagate the dendritic branch to the
nex ’“&éﬁ@r@%ﬁ) g1y gt (b€ PFRSent . the intejoripf therdeadrimery They

t ' ' nd th .
e R o Y e Yo
of the dergisimen | Vinfe addedispacetinteriorgiotunpesincrelees (he)capaeitynfor eheedehdrimer
ta th nb f. f th ti I
o i s T B R Rt BB e ocur rior
or {teP tHeYBRY Moiety st Both Hdortts bnd iter keMBRS tholdly. PO BEX) may also
gr O%B:s, | ncl uding_primary and secondary ‘am no gr upg
havg 2g (IF) roiety praseiohoThase K5 kshakh bave dhjadstawy eedativeasiteno,
3ienﬁ%r%‘:%yca%ﬁﬁ%ﬁ@g%ﬁ%%%mﬁg?oly{mé ric}/s),%ri?gge(%hyleerieglybols,
diethyehétytrimminyeernd Higtremhmine ahblags ftigrtacids with@li-\or abeatbr heterogeneous

N-acyl at ed deri vatives;
or homogenous %mcgonality, nsaturated 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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hydr oxy, nercpato, carboxy, al kenyl, allyl, nethalkyl,
vinyl, am do, halo, urea, oxiranyl, aziridinyl,

WO B66bdstkgl . 1 m dazolinyl, sulfonato, phosphog

i socyanato, and isothiocyanato. The nunber o?trcar%w013864
present for these roups is fromz2 to 18. Term nal

%} seegxylate hefbylﬁ’éﬁdl%% ,S‘?th}’éqmgodlacetate

A A T 4

ar eFigade\Batihstates dapisy GD0), mgiptiesol | done, hexyl am des,
tri s(hydroxynet hyl )am donet hane,
am doet hyl et hanol am ne, car bonet hoxypyrroli di none,
(TH Wahd@deliwahg, am doet hanol , epoxi des, acryl ates,
am nes, carboxyl ates, cationic, anionic, neutral,
ar oﬁm@al Pinefignal %prpél ﬂF) ssuf@ganti}d |I¢ﬂ0tlYBOT¢\ undﬁga addition or

Subgﬁl %@kng%u n %r()% bo A an OED @@? agﬁ?ﬁ Iﬁ ecgg be used to

propmma‘m@ﬁdﬂte&)ra@hlto Imt@lxt pereadiah! iSehf but ﬂét'all (TF) mmettes may
sem conduyct or nanopart Ies vvlth aII varieties

reaglolOptorintite 7K} BEnertion, s (B seravns mae |bF= the same oOr
k&5 |
iRl aﬁﬁéigﬂg%_laﬂgy gélymH Hﬂa%{ei I%gq:ulp ric aFW con uc{ £ fhe number of

salts nic c ounds Ive
surfage emupemamwahodﬂsdefumd@ym @bsor bi ng nol ecul es,

qua t um do fluarinated nol ecul e surfact ants
Soarmees f Pk eipal e aamneﬁ@l Pt ifed To, amiino
grdinpt W&d:%}}b‘lﬁﬁéﬂ:y ehdSX¥ndaPOAiag @roups BRQ widfylamino, ethylammo

cgol yphosp azine , polyfluori nat ed suI ‘fonat es
benzylanin, raereApiedibamino, teiayEning 6/206ERetbylamino,

T oy S R E S e
hydrexy) merdgéfotiarbany, alkérdyh aliglaficthallédd, Sonyl, Rl hale Jurtd, okiranyl,

LOups ar i.perazj.ne, acryla net hacryl at e,
S Sralinrh RGP LRg s eiae RiasrbaRas Gcvsin o,
1soﬂiiébybndtcm 'lebSnuIﬂBeE)@f @ABIORS preSétt RPiNdsB bfops ﬁlfkﬁﬂ 2 to 18. Terminal
aziridi ne, alkg esters, epoxide and al cohol

groypymgy, be ﬁuhsawmdém g5 18E0IUDR asing penventienal prosedires ASky IS

y I hyl ester, protected DETA,
Pa%é‘?t‘}g%‘tg )7 ,’ ro? gﬁtn] and et hyI pi per azi ne.

Fi gBreférfed shi'fa&tgrmpe£H)M6@lyéf®le®g@uol$pyrﬂdhdaﬁ&hexylamtdes

i i) «%‘isﬁvaﬁfeﬁ%%f ol RO P Eadinone,

suctidabiid Ati& amldéthaRS1C Yk Rids, ok t&eﬁ}ﬂfdeg%ﬁrbeﬁpo ch g%{lo?uc( haionic,

can be reacted with a Wlde vari éty o
netpxadxdmmat}sobnpﬁmmdlm isatpavidin OIS, DIP A, metalophelates, organic

cnib PRt PyRHER st B SRRy S corhln Bei (erenes, |
nanttempoit, el métilmahdifarticlesydlPdethi Sorid@éty il dt,dreoles%twmt Yarieties

an al pha, beta ethylenically unsaturated am de to form

of gpresyadyshelisseadiogptiyematerialangtheir eheiated anplogresaflunrescent
mdietufek (ﬁtQtaI‘ &t@o%ﬁ%%oﬁﬁsﬂ]eﬁ@{rﬁgﬂ)dg&QLm 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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an oxirane to forma polyol, ethylenically unsaturated
sulfide to forma thiol termnated dendrinmer. A

wie BsbshesEs havi ng term nal hydroxyl noieties rﬁyr/ll?sezoosmmsm
reacted with a 20 carboxylic acid to form an ester

term nated.dendri ner 1th an al.cohol or .al kyl halide
g e B T PP BT SHAPATRGR8 VAR B, cofaciors (e
NADH), 3P aitRxidandsor m a urethane termnated dendrimer,

with thionyl chloride to a chloride termnated _
dendAlseeprelagied (W g10uns e piperaipe, atxylate, methacrylate, acrylamides,

- i N ..de) [ . AS an.exanpl e referred ...

H A, e et u?%fnfé’&ﬁeﬁmeswp%ﬁ? Fibp Z%éf%\nemdme,

1 esBdds, ep@Xide A d2{ého thiRSrdnd Jondipftialiad, 38fide, caboxyTRIIF1,
aFﬁteri orPSur_face O_'Dﬁﬁﬁls‘x}g TF 15 Core NN TF 1=C ’HOS’
hyrdrecsand eppride; methy] estgs. pagtected DN Agsariexy allkyl, pyrralislone, and ethyl
PN = Core Multiplicity; Nb = Branch Multiplicity

re = ~on/ ~o~~ CN-4TF] HO14 35 V0 0 ITF =

- H2 CFignee Dillugiigtesthese(PEHRGMS, H, - Cli 2- CH2- NH2

The dendritic polymers of Formula (I) preferably have at least one of (EX) or (IF)
present in their desired structure.

Thus prepared, the dendrimer of Formula (I) can be reacted with a wide variety of
compounds to produce polyfunctional compounds with unique characteristics. For example

a dendrimer having terminal amine moieties may be reacted with unsaturated nitriles to

>

yield a polynitrile, or with an alpha, beta ethylenically unsaturated amide to form a
polyamide, alpha, beta ethylenically unsaturated ester to form an ester terminated dendrimer,
an oxirane to form a polyol, ethylenically unsaturated sulfide to form a thiol terminated
dendrimer. A dendrimer having terminal hydroxyl moieties may be reacted with 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 chioride 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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0l RF] _-H2c ON-~0 00~ [TF] = HOp~0o 0 -HC
Ov’ O -21 WD 2006/ 065266 PCT/ US2005/ 013864 The met hod

woheiseerseh generation of the dendrinmer is gr ees/us$00s/013864

wel |l known. Figure 6 illustrates such growth and
anplification in the nunber of (Z) groups and the

i ncreased nol ecular weight. 5 Mre preferably, the
present dendrinmers of this invention are represented
by the Fornmula (I111): Core Interior Surface Core R
)__(TF)z] P 10 Ne Wuwere: Nb = branch cell
multiplicity NC = core multiplicity z = NCNbd G =

Generation (i.e., 1,2,3 ...i ) TF = term nal

functionality R=(BR) NGL N& N&G G xi-1 p = Total
# of (BRR = No+ No+ N+ ... Nb=>Nbx bbb No Nc
x=0 NC Formgge(lll) 15 Na e Sterlcal duced
St oi chi orretry_('sNS IS") Brie ﬁ% IS may éMﬁL ntly

defined as a speg¢ifiyc nanoscal e steri ¢ ef ect t hat
changes or effects flhe reactivity

val ency/ st oi chi onret'qy) of a_)rf{rqus-c\% ;

o | —
N\
™| N
NRACLRS
aH 0.

rleagenty or

Where:

N. = Core Multiplicity; N, = Branch Multiplicity

0_<9 0

HQ
0
[TFl= —hy e %oﬁ

<P
[TF] =—CO0,CH,CH3, H, -CHo-CHo-NH,
[a]
[TF] = _Hzc\(\
N

OH g

<1

[e]
N [o]

<
[TFl = —Hzc \k
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reacti ve substrate. These NSI S properties are

virtually unknown and at best ill defined in the
Woeos®atee real m They appear to be manif est e‘f'c’mﬁﬂﬁg/ﬁfssm

certain conbinations or. 20 pernutati ons of nanoscal e

reagents, nanoscal e substrates, sub-nanoscal e reagents

or sub- -22 WD 2006/ 065266 .PCT/ US2005/ 013864

nan&bemethod whstoreaciegenaration pbhg iendrivgst igrowh ds Well Rown. Figure

. ] bonds or for. upt apol ecyl ar_, _associ ati ons or
6 85 R B0V Rl R LSi0R 1 P Pt 7 @B ues e e mereced
molwilar #eight reagents nmay provide simlar effects. A

present prelimnary view of this concept presunes that

as Morreprsfembly. ithsrpregentdendriinersiof this ik tioneactepresented by the

SRHP nt vol unes approach or exceed 5 avail abl e
Fonanogggle space surrounding a reaction site, such NSI S

effects begin to energe. For exanple, when certain

dendri mer surface-group volunmes and i ncom ng reagent
vol unes approach the avail able exterior volune
surroundi ng a collection of reactive dendri ner

surface groups (TF), reaction rates are dramatically

surpressed and react®®iti elnteyior cSufagen groups are

substantially affected. RD. A Tomalig, A M Naylor

W A Goddard II1, jew. Chem I nt]. Ed. Engl., 29,
%bm'w;m(m Sible to use
ence peactign paraneters

138-175 (1990)].
this NSIS effect
i nvol ved for synthest j vari ou® cords, branch cel
reagents, dendrons, dendkiners and otber dendritic
pol ymer structures based on the relati%e sizes,
bul ki ness, el ectroni c/ hydrophilic/hydrophobic
features, etc. of specific nanoscale and

sub- nanoscal e r dMyeret s and substrates used in these
constructions. M =\brahckleelohunipliciys The vast majority
of references diNycuesrednatiisliély are to ring opening
reactions resulgtizwg N pol ynerizations to

hyper branched p@ méﬁemﬁ@ﬂgg(, 1tigr_1__me of a highly

energetic ring qpenid@inaf anafor the control | ed
addi ti on of reagents tbfh?@ @?ﬁﬂ h cell 20

anphi;h@giion. There is no teaching by these
refere of the o@énatﬂao& orytg, produc {;i & i1
of 1eaTbialf of (BR) 2penkng, rebct Wit h hi_glg_y _ X
functional branch ¢elN reapent s d, i s rmow Nepor d?&i‘b

t he present inventidn. None of these referent Nt N

the use of ring opening, or other highly reactive,

preci se chem stry for tq%nﬁyg hse controlled addition

of a branch cell reagent. e traditional process

for PAMAM dendrinmers includes an am dation step which

i nvol ves thernodynam cally driven, |ower reaction

rat e osl.o hem .acconpani ed by |ong reaction
Narjoscal¢ Stetically Tndnced § chiomegy i) &tkd, di functional

| NtRYieTydINGIS [ K ENEas A met hyl

acr yld;?e). Tﬁ’é’gé’ ?%Feg%[gisy;& featu ragg%gﬁ?@ggﬁ nid effect that
changes ok effactshe reagiifant(se.analkgncy/ 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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high dilutions resulting in |ow production capacities
per reactor volune and thus high costs, 30

wodobé/6eddedr | Yy at hi gher generations. The CUT I 8P%/11S2005/013864
i nvention involves building the dendrimer branch

t t Il h
nangistlb SuSteh e O CErtbere forah Ghera BondP ot fot Hasremgloeyler
assdclhBosy & ds@mblie® 3A&@18M§/ ﬁﬁ:ﬁ%ﬁﬁzéﬁ@ﬁbéﬁ%?e@ @54 Q&%%ﬂie reagents

reagents (i._e., ethylene diam ne and nmethyl acryl at
maytprovide biglar effecispi/s present prstigvary piamiithis wmmetsm@mnes that as

erein
the FERERR F orrhlF G eRbind Rofplad PYSAES abBiGadi cleed
availdbderinghidsyalé space smcmhdmg alréaRtion Site, BUChNSIS affects Beapid {oQfserge.
conbi ned Wi t h tg {:-gr? of nmore 5 bul ky,  pol yfunctional
For gxafpple, whep|certain dendramer spifacergroun-vohpes and dncpmjng ragent volumes
appfAlh @e%vﬁﬁ@be%feﬁ'o? Sb1¥mb Shek qf doifB&tio o HaE N Efendrimer
generation by generation. This present process
surfpcwoutss(Tﬁ) egacEen rages tamodrammcaﬂy slrpressed npd reattiviticsstaf gertain

erol R b Fa Ao r Y ol 1L 6 ToMRI DAL N BF o podgeg 1.
Anééwgb'ﬂém JRP &R Engl e, hog- 174k (moy]srmr@shoaﬁ%elpbsﬁaek@&etﬂﬁs
commer ci al di nensi ons, nNew ranges of materi al S, and

NSIScﬁﬁ@Ft tg dufluenqeysaction parametereinvelyed fos synthnsizingrvapiansepres, branch
i L ——

relamVe mmest bMEmes %Gﬂ‘b&ﬂi/@fdf@hﬂidﬂ@ﬂrdpﬁ@lﬂ'ﬁ &ra&ﬂes\[\bﬁ: Fof specific
radi ti onal PAMAM struct res) Furtherrmre t hey reach
ff@ff@gé “PaRosly SAEf SHpsratss pped 1 these gonghrycsions.
nano- cont ai ner propert| es) at | ower generations (and
therefore at |l ess cost) than traditional PAVMAM

Methodsofimaldns  Unexpect edl y, these present reactions of

Do T A AR el MBS o R g bt pspctionsg
resiilting®) ﬂoﬂi}dnenzbﬂimﬂ Q@préfbi&&héd pilgles ) aitheMhafBdediTiadighly

even at | ower stoi OChI onetries/ excesses than nor rml Iy

encrRedin rrg grene reaction derdha rontiafed pddjtioneafacagyria taverdrbraagh cell
amplifidaRGE Bt RS0 (t%aung%f \ﬁ%@e fe?&&;c‘ég of e @oﬁ{ﬁﬁitﬁ)‘i%r o g/rodntlce the

{'I

ways. For exanple an am ne
userrﬁyeabever mmdlnwrwqtlorarwmhisghlu arcticnal btanch eell leagentslasl issnow

t erm nat.ed r: | eni.cal |
repfec s i RSP B, Y o e et o i o B0 ofening, or
othéﬂﬂghly Feattived Predise ElienfétRyfof the GRpIvise léGﬁt?Hlléﬂ ai@HoPSt Lbraddd cell

forman ester-term nated dendri ner; oxirane to
reag@t-m a hydroxyl term nated dendri ner; or an

t h N
S hi %ll:l ermn aqrﬁ%'égléog W &gﬂé@%%séﬁcéﬁeg f“ﬁédat‘on step which
involvesithemmeydyhamicallyadrivgn duwer reatiob Qat@,&ldvﬁ&ibhﬁdry\[\bdcb mpanied by

di functjonal qr. trif tional npunds such as a
long reactionfimes pvoliing ng %mﬁaﬁﬁs%g%h%mtw dates G-e.» 211ylene

diaRleVdnd ey HE‘rSrl)ate‘j’r Thesk sﬂﬁgssquﬁ& e%gesges of Feagents and
t h er t

gElurallty of “dendriners Iinked rough

diirtinns sesylting i looprp dadtion eammtpapgnrwtmamhm anan&ms high costs,
eghg%ndrlner LigqLan al so be formed by reaction of

an el’ectr p’f#‘i Qi face dendri mer

The current invention involves building the dendrimer branch structure using branch
cell reagents, which are typically bulky, multifunctional molecules compared to the smaller

-23-
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~wth a nucleophilic surfaced dendrinmer such as an
am ne-term nated surface with an ester 30 term nat ed

wolsdha6issVen this reaction occurs, a linki nQCQfU%%S/OIMM
may optionally be present to space the dendriner

.. - f de r.s .t,hat are
rea?m ngé "Z{(Eg%'lsl%m atn%ci’g \Erlvl tdﬁsé:F %‘éﬂﬂt VERSRERAMAM
Syntlmls\m@%ﬁ/ 065266 PCTI U82005/ 013864 The M chael

tion ree}@tr on, when used for dendrinmer synthesis,
R Iygaiam herein mé{°‘tvﬁ%‘ihﬁﬂa§/ﬁ%t%terahn7ﬂ%tly rlerrenamptweamg

éiﬁn fHNCANghe
s garr‘em%%‘yéﬁp utr?lslat ur a?@tﬁﬁ%e s ACC eg‘@’“‘fd mﬁ]% “5‘? ¢f more
b‘ﬂkﬁmﬂbeal tbeanel Qﬁlblle%enm/@ik) tin al easnt:miiddéway ® rapidly and precisely

nd do n end interior
buifE Al e dsBeBBop b Eiphionod B g B aheResvRsevides precise
strmtnrru@krﬂh aleaxfe@ BBtV ipicalih @ingie%&ﬁmﬂ' 2] té%%ﬂﬁj excesses of
robuetness and stability as determ ne Rl

reagents, %qr,leV@ls&ii grlmmdfymﬂth@h@ capdeiy ntwﬁmd WIBd‘.'mrls Imore
easﬁ}r m@a{] A po rcteﬂ RN LSRG Iﬁ{?éé% gfﬂrérag e ﬁg?/wer cost. The

unctr onal Tt’eage
deridrimer compositions prepared pesiegsmoeeldaemal Mngi dhﬂklzegrgaé
th r mal.l r‘ﬁ%ﬁ;& ﬁfﬁndrrtr c structures which are lfrsoterbehty’eg’
@S@&Hg RIS P OHRQFNERE Myehaglideaction (pempared with
tradifiasidl @m&memmceﬁre?l M@ Er R ARG ot 3hiBon %ugf Lhese

ki netic controlled ring openind reacti ns I's e
(- e ragguite nyBereemtaingrprenertias) dtlower generhaiidng (édd%hemfdmc&t 169 @6st) than

trargg%%ag ?’Wasﬁlcuntest ge)fpggtgﬂyvéhﬁf ﬂsgsggttrle%?lgw Qﬁpoby {ugp;}onal
branch éedlaaigepsi(BR), pbesedinipQnghly ﬁﬁféﬁ&tﬁf&e&%%?ﬂéégglo‘i{lﬂflegﬁtot é@:ﬂed,

bri el.ative sizes and the di nensi ons concerne
1 @Q?’“?Sé gdestemp(Eateripls eyvey at lowenrstdieshiometifexcenses than

chem cal 15 bondi ng and
§t@@txtsrf& h‘a@t@m%@.%a% .

thereresults e NSIS effect. On the
ot her hand, if the (C) Is substantially |larger than

the a smal | IS effect results and nore
}‘{’g@"i"}‘% ‘ﬁ%cﬁrgémtps ‘tfgm@c)anetr@f Miays. Jigr example,
whtﬁtdEﬁﬂ‘ @CAnEnOfnol¥H iPmal e ré%@ﬁ With hed %?2% -
Such (EX) . al | owmﬁolreasl hysi cal room %&gt%&/ezgénaéiﬁﬁéio aé‘mﬂe

termynated gendrispery ana, @waélwnrsaéurateémw for@0anFeing de-@rMinated
deddnhié?tdh%t Bs %thgn:ﬁww ﬁx%gﬁu{tgf%‘eéﬁgc? Bﬁérﬁgtegt?{-e B oq%étdfo er; an

this invéntl on to "prepare
oxmmg tmﬁrrmu@rydmkym&‘ﬂnﬁnatsd tiendkieder o iah b 1eﬁr&51r>atxegunated sulfide to

N o .
reacted'@itB difuhdtieadl oP ﬁifﬂﬁctfoﬁﬂ%h@ﬂﬁds %E(lég asqlﬁg?&ﬁﬁ%l ann Qaromatic

pol yfunctr onal (C), branch
diisoeyanate fmm@rPObr(d@dnmer)rm rondgadmend:hmgs haviig § Plaality 6

tlve fere jated dendritic
i ALALPRGIRL gk GER S GBSl B o
bndged dt:mﬂmmrst tanalso @omeacta (rE¥lion BRdn ditbphile mec?gn endrimer

21 smI_D% can be further reacted and the
wi aa ?ngJhlllC aced dendrimer such as an amine-terminated surface w1th 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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own surface term nal groups (TF) which also may have
(TF) groups. Divergent dendritic growth can be

WU 2006/663be¢ controlled to formideal dendritic p3Qugr00s013864 -
pol ynmers whi ch obey mat hematical fornulas, at |east

h R ' ' f h.
o 4 i BB R0 A o fen i

a ﬂimmnnéﬁ?_mjdaﬂé dntferrmidrhdfl}iiﬁ gfﬂiul@mﬁ%o:ﬂkﬂiﬁdﬁ@ﬂi&ﬁ freagent (z;. ¢ an amine
eneratio ri.ng ide i vergent growt h, whereas the

to %h‘f‘fsa‘&‘@t‘if‘g}’l@ﬁ%lﬁ%ﬁﬁf)& By ES lg@@@/fgé’szwmble, even under moderate

cottiitlénd 2%/t FR M pendiife théﬁoﬁ cBo érgfo%rtﬁc%r produca’

| aw, 1deal dendritic grow oes not” exten
deqdyigest istricresal connauiiite that lagksdrigh themhal genmsmess aod stabilithisC h

ook b B b A 5 o e . S i i
opemitigweactions sith Yhe @ftidiok SithiePolyftinkonal fhSentsSira @y 'nrba; Jinetically

i deal. dendritic growh is referred to as the deCGe
coqpéﬁ@g PRpseseesio prodiise mare thermally rehustydendtitiestsighirescehich are more

i i | f | ] )
resBRAP IR SEQNBAG M Heddl flBMockit | A iher SOHBE: in using
thesehiupﬁq@pnplh@lﬁh;g cq:eﬁ'mg réactidrs\is 'mhgtlhbﬂg&b&_é pEidaf intheﬁorl

rt,.ci tl urther 1n.l a endaritic row n. n
ity % it e pab o aich Ve s adrian soatens &
r e aNSES apipRard ko SRGL e réa)éﬂ@i@e&"a_sg/ 4@3 Y Rlcad%ul" €€
[ surtace p

vol une available to the réact grou

fungtienalizebd@F) densirpn dus torieaclative sizes landrtherdinensicnd comerried S If the
Lt 0] desi red ti t t.end
(BR] Rt B8 i R 18 S R R ot sprrgre o pegoal
bomdimpadsthere resofts 4 taegectiERIBIEN SIPTER. RO iRt BRRL kfthe (C) is
di vergent synthesis does not -preclude further
S“bffﬂa?l&e‘%e@%mﬂﬁ (BBY thstr a allephpl offect reialts apderore (BR) will be
ablf@ eoTBaAt it @6 (O) ThRfigaR é’f%gfsﬁr?mﬁs,.tg%ﬁ%e%ﬁntv E(I)P uses (EX).

urther increase in the nolecular wei can occC
SugleiFaidllowanate chysicabrogartetvesa dhiee@) ahd the. (BR s¢°the SIS sffect is
1es§egx§&” ting fromcontinuation of dendritic growth beyond
the dense-packed stage are "inperfect" in structure,

becHigar Silinsirands thérearious featfons (ALES al partidFehiPnSEMoAW prepare
d neranhpn ggg sterically precluded from undergoing
e‘%ﬁ‘ﬂ%ﬂr"é‘& |(Bn. The nunber of functional groups on

a_ORREHERG oP RN i forhChifertnGiB] RBREiGL BEnAiRERINCS

dense- packed stage w not correspon fdeal ,
dendsentsaiendrimers). yFop pxaiple, MBIS adnie vsed td tumtroDii edadfiéroiT.a siile,

' | scont.i QUi is_ lL.pterpreted as_a signature for
focp oyt ek RBA ) e vl R Bondt 6. wesedb oe) (Ruoender
EXLCEAERQANEBEAemizhdl bRRBOCED, TP athdgbhiy ikl le
Jollow ng reaction scheme, thé rate of reaction due to
differentiated dendsitic strpquagss Thas 2 dendronbaving a (FF) can BHEadted with a core
and @‘!X)‘Jfﬁ?at% 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

-25.
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V~ol ~ r-C I-b/ o

4,4' -met hyl ene(N, N-dl gl ycidylaniline) 0--A0 ,~CO O la

wdm@)@“ Tri et hyl ol propane trigiycidyl et h%%o&snﬁssm
"/IGIl-c I-d Bia(4 glycidyi oxyphenyfinethene

accr E‘BE ?oné/%gl gur e&? E‘%ﬁ&ﬁ—@l’vl—@ g\‘fe’i’ s ﬂ&ﬁl@éf g‘i’ 2 %é/ fndefinitely.

Ttﬁe i i2rititaNgdrkratioll at thich thereadlig d@ﬁ@iﬁlibr%ﬁcegdei\k& Habe enough
e |

SP%“F?EWE’@*Q“%%@&R@“O@% of the mafhematically fqgmf@dmer%gmnts This
stadb BEASA Ideﬁkglﬂcf}ﬁmb@ﬂ id rdftFE18 'a%g{e%fegef Ended Ic__l{a 16 pabd Sl §.§ﬂn

in these ove Schene ron
Stagﬁ, th swgfaGpbeviomgs Remomded]with eemmmb firption: gﬁﬂpmﬂlat although the

dy I &
terfn & nguéﬁ&)ch%aﬁm% %Ifeﬁlcﬂln gtiea Vﬁparhclpahng
fuﬂlihlr lirt #d6a1 (deRdritidErbwih. 'ﬁ@tﬂei RBrdRf thd Bé(jq’ex{nké dénke-bRked Qta%e is

ycidyl aniline (I'b) was not conplefed even a
re%?a%m veggrat synthesly @hgbéhqaveugp froeluoliime emaikblectd the reactive

b| s- and.t
S AR Blea@T BB A ol ohids P Shirel b s fin g of the
desifed redetion td’lg{temtttbdf gdiwth ﬁeﬁ@h&)@ BetWrttond NSV VRIS M Yppearance
of ihe de@enn%s dense-packed stage in divergent synthesis does not preclude further

dendritic growth beyond this point. It has been demonstrated by mass spectrographic
studies that further increase in the molecular weight can occur beyond the deGennes dense-
packed stage.

Products resulting from continuation of dendritic growth beyond the dense-packed
stage are “imperfect” in structure, because some of the surface groups in the precursor
generation are sterically precluded from undergoing further reaction. The number of
functional groups on a dendrimer which has been grown past the deGennes dense-packed
stage will no} correspond to the ideal, mathematically predicted value for that generation.
This discontinuity is interpreted as a signature for the deGennes dense-packed stage.
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tri-adducts; reaction with Il1-g gave a tetra-adduct,
“bpﬂm@@@h@nged reaction led to deconposition

product. Wile not wishing to be bound by thgg?akﬂﬁy&m&u

Is believed that this reactivity difference in.the

PCGE' s and PGA's can be explained on the basis of the

rel ative el ectronegativities of 5 oxygen and

nltrogen Since oxygen is nore el ectronegative t han

| ectron density on the epoxide r|ng (in

PGA' s h an

Sgh |€°Zloe re %%Htg %us fg‘g te oL fea %]tbo(ntqug tchél't'f’ progters was

5 stuﬂhbdlg openi ng of the PCE's verses the PGA's. Thus the
PGE's have a faster reaction tine. This data shows
that the dendriners of Fornmula .(1) have a faster
reaction tine. 10 2. Effect of pKa on Reactivity of
Anmines . Reactivi t%o anch-cel la reagenis{ He- 11g)
with PGE's and PGA é!*zs%}“w nd to different.

The observed react |ty E 11-f °f| g > . The

di fferenc act N e t hree

reag % be exp i %1%3(9 T a"'""Bas is of t i? pKa

val ue%. Thg pK%O 15 val ue of tris(hydroxy hyI )am no

et haRGmeby bR \10 @ ?_ﬂﬁam ne
8. 88. "PI’F@V'WPp'gher t he p vaﬁ@‘ he stron%\eF’ t',,Ee base
d

Si nce DEA posses a strongerttbasi ¢ chahaglSfan o
TRIS, i. e. reacti onsB'W""t"’FY'°’E'EAV"’8fF“@°fastpg? Thi smihenhr
rati onal e was supported bé( t he o experinmental evidence.
Thus the higher the pREY¥TIHIYHER) the faster the

10 reaction. 20 3. Effects of Protic Solvents and
Tenperature There is a difference in the reactivity of
PGE's and PGA's and with various nugleophiles branch
cell (BR) reageznf\g”“zReactl ons werk sfudied in various
solvents and temperature. Initiallfe reactions with
substrate la tri(glycidyl ether) were studied in

met hanol at rggmke,nmﬂﬂature and fourfd Yo be slow with
reaction times’ regquiring up to 10 25 oeys. These
reactions were reexam ned in various gblvents and

hi gher tenperature. Addition of branch cell reagents
(He-g) (BR) to aldu gl yci dyleughihers was, ied at a
smal | scal ebf 0!*0 3 gblH/%adt 60C. Su ”ogl?f%i‘r all the
reactions go to conpl etion " 12- 24 @*29”51 nmet hanol
at 60C. However uei N contragk reactions wth

pol y(gl ycidyl aniline) H el €] ow even at
60C. Thus the (BR) wa _m%iﬁ?e%e%determ ni ng

15 f ackcthe fdlletwidgiscusdit, HRIMINBEmeral ré¥er ) tIRFRuSHRR i theld W ove

fastest. These reactions were studied in various
Schegiesent s namel y, nethanol, dichloronethane (DCM/

L. mtﬁﬁé@'ofﬁf@%ﬂD%Hﬁﬁngaﬁgen%ﬁt 2gyyet hane (DVE).

Reactions were s
The reaction of amine reagents (Ile-ILg) with poly(glycidyl) ethers (Ia & Ic-d)

(PGE) was faster than with poly(glycidyl) aniline (Ib) (PGA). Addition of TRIS (II-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 (-f) gave
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-28 WD 2006/ 065266 PCTI US2005/ 013864 DCM and DME and
in MeOH at room tenperature. These results show that

WS R06besigsOt i ¢ solvents is preferred to pro
rapi d nucl eophilic addition. Cranmis Rule 5 U@k?g&%@glopsa

W shing . .to be bound by theory, it jis believed that,
tetrE D A oo 8 e g ot PR peed reattion L to
dech@p6ditiot dhéproductar bonyl oxygen resulting in chiral
introduction. Cramis Rule states that a nucl eophile

appWaile hetswishing fookerhpund by thgoryhis isbelilevessthatdhis stactivigndifference

. LARMENL o Ak |.ar ro al i itself anti ta ..

in 4 RERTERA PG R Carl 1 QElne o the Basts P Db Bive g1 Pbionegsfhiges of

oxyighind fitrogenc ISaiep iy gen(is @B&f@é&ioﬁééaﬁv@hbﬂﬁkﬁ)géﬂ, B didtGon
side of the small substituent. [ J. 10 Cram

S D. A
dengsity,on the epoxidewing (ip BRE sgisdess than eave%gle (HGA) (e. thrgughen|

R0 S, S, CMEN O Ry P oo
PGAXi Thus therRGHE's havesa faster re@tion itinge. (fhisndatgshoea thiat ¢ieSlendihigers of

aqjﬂqi | 0N reaction.ex | es include 15 but are not

Forpy .{rtlbast ﬁ%‘fﬁ?@?o @%F“ci on reactions where acryl ates
are reacted with am nes. The ring opening reactions
exanEI es include but are not limted to ring opening

2. 1 eakHech eEPKapre ReacsimityesAmingst wi t h epoxy, thiorane or

azipLdi: L Ups. o L cases
e G S 08 B Pl 3 S 358 o oo
be diffetentli TEesobgérottactivity bas I1fis TigonBle. ThE Hiffeincé BreadtiOftf of
&é:t), i ncluding sinple core, scaffolding core, or
the thise praprhecellagageniy san besyplaingd anhe basis| of Hepin pcayeaties( B pKa

; . % o . )
L e
8.8B.edb¢ higher thepKa valupsdivestiongerrthalodse.ofince DEA pagsed @astondetbasic

. of econdi.bi est abl i.shed..i n.the
chaféeds M 9T henslE P ER 2RSREr S B ey e
exfefia@nfabévidedra nTine thdhigHer PR 4 HOthe (BREfﬁe R Ghe SGRAI C

Chem stry, Chapter 6, pub. Allyn and Bacon, 1Inc, New

York, NY, (1966) or general ring opening reactions

5. al SPiRls GRS Hnts Pl Glersbe angES Of react i on

conditions are further described. Acrylate-Am ne
Re al"ht?rols Slifftrence/in tiexaantivity of PGE® aad PEAAS sndowitlnearious

L R RUTRE IERNNE LTI

e M O o LD
methanelat raom tempeiafuse and fotmst tohsistow with ceayticn temes(rEyQiring up to 10
da)J:s)I ﬁﬁEs%%eﬁﬁbns@Eérl re:exéﬂingg 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

s

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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Anot her exanpl-e of an acryl ate-am ne reaction is the
reacti on of an am ne functi onal 5 extended core

wea@ends2dsC) (EX) (FI) with an acrylate functi % <
branch cell reagent such as (C) (EX) (Fl) +"?§ S2005/013864

LRk C) = Tri hyl ol pr opane
D(%I\?i)dgcryi ate; ggékﬁn\g@%%l&ﬁé?& ('Ef’)ge r:e% 8?%9?3 of protic
solyentJisipraftried to lppomqte te ripid aaclydphile @aiion( F2) = Acryl ate
(Q + () 1 (BEX)(TF) (EX(TF) \ vV (Q (EX)(TF)
(BR(THX (R (TR X + EX) (EX) (O / (BR (EX)
CraBRRuld) X 15 For the addition of a branch cell (BR),
extender (EX), or functional group (F) to a sinple
c ovéhileqnot vishingi to e bowmsl bysheey, itisbelieved thax 5tefié effects control the

' io of th | ecul
stefl A1V ARl B M cortol Bl D sch 4 M i e PRt e Rule
statel éhat b fildl€ophilé Spprosehes d QlrbbnfDal&RY Be sRURGE subSi lalionment.

cgqrrrent gener ation pr oduct Is a criti c_al paraneter:
The lyreesterpunaigns itsslhantie thersrhonyheronp tormimimin therstegic et such

. r.ali EX),/ is defined as
that fhe BuOf file pPerbRt WA S0Mn hE e bt sl Steliisat. fee .1
Cramy s tElvafed, Undm.i Gheal. Sge.4p38281119329.] - 30 WO 2006/ 065266

PCTI US2005/ 013864 sinple core, scaffolding core,
super core, or current generation structure. Simlarly

Typiosl ReaélibntCdiddhs @ branch cell to a sinple core,

scaffol ding core, super core, or current generation
st r fee ipventiopRyglydey bitsis defflimitad taswo hmjorodaetiondystens idluding (1)
o . to the .nol of . reactive :
ad uﬁtjﬁﬂc Eelg%ir?g'? %dre@béggé%entu}gere%qum gﬁi'e&dgl,tmg CSAcHen ekagples include
butcave mot limitedto Mickael siditbuiréRAbnSWILSE 5 Efe? Fre%&a[c’té‘a}vbifheamines.
e level o

ThDg)gggndi n% on the structure desired, tl
S HEE PREGMESFachpas xamples inchuds bubare aptdémited to ringopeming reactions

whereabdifts ¢ 0wARE Sﬂ‘]ﬁﬁﬁ hbiri iSRG [generat bonal
product can beﬁ_% htro egbg @?Q{Uﬁg.&ﬁ% %allgg‘f“ipfﬁ' g’u”&lé’%%%ﬁ“ cases
theiginingseacrdatps, gpoviehthictasts of editidines gryuriseag be fiSHiSNal parts of the
f this re Lon is using a excess of the
corb P Sichlhe fthpik 2o SO inkhgres ot Spereotse prenter (7D, branch cel
reagertt @ikleor termidl dinetiot letoup TEBE Keabifor ddRdidRAC ok BIRE! two classes
flgr ugss@gﬁﬂ .the sinple core, 10 scaffolding core or
° ﬁ%@ - @BqiBoR reaptigns and;ing epeningireactiges, can biedsseritetd 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, N, (1966) or general ring opening reactions also at Chapter 6]. Typical

O

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:



Order of addition of these various groups can be
addition of the sinple core, scaffolding core, super

wWaPF086/652¢6Ur rent generati on product to the br@@?ﬁjsﬁtﬁ%)mssm
or extender, or addition of t he branch cel

extender _to scaf f ol di ng core super
core or Ckt ﬂ%ghf(ggﬁéﬁﬁf bn product. Preferred E&eps
are addition of the sinple core, scaffolding core, 15

super core or current generation product to the
whess (@rtl Erimethylotpaepsine tidctylate(H&) = Piptaaging; Ol )= Améne; ange

dep on th [eag tion.conditiaon
or R e iote QF e SRkl ihic ccion 8 e sSHAF B dfgpmine functional
exténaed 6618 rddignt (@) (ED (BONKitledd Yerpib@Tohdtiofsl besnch ¥éll fedbent such as
reaction conditions known in the art sufficient To
achi eve addition reactions to an unsaturated organic

functio cI range from.\l
m nut e Rg e g?gT+g§§g Rﬁ&?gﬁ %&égo reactionqgﬁnes
needed for reaction of nore sterlcally bul ky groups or
for Gti crowded s aces, suc s addition
whege (Gl &es%afwgeaﬂrw% 'ﬁer(%ééneﬁlar%ﬂe duetdue; (BR) =
TrimeRGlol? gp&lgﬁpﬁg@gtyw(p‘g& &the range typr cal for
car bon- car bon ubl e 'bond additi on reactions. The
tenperature range is limted by the thermal stability
of the reagents in the reactions and the | ength of
time at that tenperature required for the reaction
Typical 25 reactions tenperatures are shown bel ow.
Any organic solvents or water suitable for these
addition reactions can1be used including typica
solvents for addition rleaction ar bo
doubl e(@pnd+ AEX) sol vent—mixt 3(rEex)s(3-f ci e'(EQ?SPP)‘
di ssol ve the reagents to concentratlonchpltable to
allow reaction can be used. Preferred | vents are
pol ar, protic solvents. Al so useful are Im xtures 30 of

sol vents contai ning both polar and nogﬁgbﬁfFfolvents,
and protic and aprotic solvents or ons

t hereof. Saol vent m xtur e predom nantly

nonpr ofBR)EF)yents wit h‘iw.ﬁ:ﬁx ent catal ytic
quantities of "protic sof'vent to catal yzeFthe reaction.
Thi s provi ﬂ§xjor - {EX)D 2006/ 065266 PCT/U82005/013864
condi ti ons whisf _alow the dissolution gg reaction of
| ess polar or n((ﬁ:)pol ar sinple cores, (é ffol di ng
cores, super corgs, extenders or Branch cell reagents,
t he difference | xruareact|V|ty of

pon(egC|dyI)et 9 and poly(glycidyl)aniline with
various nucl eop anch 'cell reagents. Reactions
were studi ed |nQ€gﬁREEQXSoIvents_and t enper at ur es.
In|t|aIIy 5 reactions with substrate | a tri(glycidyl

o1 bt Ficduseteotech el Bt D, pofuaesiona, 0w () o o
sm-frrl';e&ﬁ ISEAFI1diRE SordBhfer cBRA ThAEH ﬁhlgb{ tEo;i (Pngﬂﬁ% gﬁ &8 o of the

and higher tenperature. Additio
motegulgdmbgaddeti ¢o thy modesaif lreacgrq/funclgdna‘egrhwnvrhssismwﬁomj

' | | d t t
seaff i e, ik B 8 ol eHeriom 2T f A b BRRBRRS Foy
exaiipld) i tHe ad8itioR 6F alki@der grohpitoGdkd, &&imole ratio of (EX)/(C) is defined

as the moles of extender molecules (EX) to the moles of reactive functional groups on the

-30-



10

15

20

25

30

10 reactions wth poly(glycidyl aniline) (Ib) were

very slow, even at 60C. Catalysts can be added to
w@ssbhiaake the addition reaction. Suitable cafal

|ﬁcl ude any commonly used for catal ysis of ?ﬁ#@é@s/msm

. reactions_ to a carbon-carbon doubl e hond. Typical
simpler s, seasfolding ¢RI, SHPY £P¥es OF qUrierhaRAiatipm SHISEIE n$lanhlﬂy for

ad&%ﬂﬁﬂrﬁrﬁﬁhtcgudltoﬁ‘%%ﬁyco% Q@a&b@@é glrx SiferSlel &gA tggeneramm

organi c a reaction ese an
struceae (BRWE) isdedinud agthe relesed btanoln celf malecuies (BR) to the moles of

f I nt wth an acrylate functi onal
S R A A AT R . R RS S J——

44BRGT S ke ADOINE duitnd Bfchidbliidae] hiMevel 3 alfBtion of branch
B Doeahs PR USDO0aT 01 aR0 A, Hylevelof adtittion of brane

cellnes cxtendess ) comsqa&o}damgg@r@ fsupgricnre/or cemént ge@ratiobalt product can
be %ﬁ?‘%ﬂ% l])'y th3 nolé 1%{18 a%ed%gwls?enca]gl m(rill?cecli) rs’c%f jor %gik% g.a#\J%IS)

Prdﬂrﬁ forothR4edetivt & usiipaaixcest ofthRuhdedules®f hﬁt)gi@p B%%“éd'd@cﬂ such
nperatures Useful 0 C -180 C Preferred

as %Wey}eé pebrach il ceagentgo thedynetionalerornsrog thessmplerore,
OMBcPL ar sol vents,
Scaigrom}%g d&%ﬂg?ﬁdg&éﬁ%@ tf)ven g gs'r;t%s méth ur :s Most

pr eOBier efiadéliteomiod Iﬂm,se mridua griups edn i eddition pf theaitaple core,

% col s, ures contajnin eﬁ];lzcohol ﬁ
sceffol T e, StF G s R, FSReton ARt £4H o extender, or
addhbd SBhOBRAA GCitd bxShder Us@b Hﬁnﬁ@&ﬁk}’s%&ﬁolﬁﬁﬁ cheéPhipd! core or

organlc
current generation product. Preferred steps are addition of the simple core, scaffolding core,

super core or current generation product to the extender or branch cell reagent.

Reaction times range depending on the reaction conditions, solvent, temperature,
activity of the reagents and other factors but can be generally classified by typical reaction
conditions known in the art sufficient to achieve addition reactions to an unsaturated orgamc
functional group. Reaction times can range from 1 minute to several days with longer
reaction times needed for reaction of more 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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addi tion reactions Preferred Metal salts Mat
preferred Titanium magnesium and lithiumsalts 5

WO 1e/6d3gsi Ng Reaction System An exanpl e of t Berfishbs/o13sed
openlng reaction systemis the reaction of an epoxy

oo 36 M0 B S SHO S e

aﬂ’mﬁhﬁg é(@s supBﬁdStirees eytefiddrd 6 brﬁlﬁ;h el keagerily, |theﬁd1ﬁ8[encc(1h Ferde)
I.ntern yl era2|ne (FI') = Am ne;
reag \gfyﬁgrpogrig gyé)e@er dg:lxgix(@y J¥ith yasiops nlgqi@ph.lles branch

A S Bl PRIl BOS

reabﬁmoiﬂﬂn&ubktrateahgu(glycsdgd ltheg)swers stullied 20B6thaGd 26R T and found to

be Fl‘%:gﬂlflﬁ% 00510?1%%%%4 %&9:2% '&Qtf)]}@ém'@gege Jl(e)ecitlon(s %v@e rzex(aghned in
vaireiRtsaRemts Bid ki ertt&ﬁFﬁéi‘ SHudkC 'Ahﬂﬁuo?xtd? %fancﬁ l:é'_ll llellge(:és]é?feﬁ) PN

hydr oxyl ; erazi ne;

glyowiyl efbery was studied nemaélgqcyls i(ayto eg)ae 60°ahmd ifilefeRdingly all the

BB P pomp R o A mlpofay . epeempotiony

reactions it pdly(EBtidylFanilire) (ﬁ)(ivefe@é}y stow(dveakf §0°c( | F1) (BR)
(! I::IC'Y)axaly'sts can be added to facilitate the addition reaction. Suitable catalysts include

any commonly used for catalysis of addition reactions to a carbon-carbon double bond.
Typical catalysts' are metal salts, titanium, magnesium and lithium salts, and any other
catalysts suitable for an organic addition reaction.

For these and other reactions involving the reaction of an amine functional

component with an acrylate functional component, typical reaction conditions can be

summarized as shown in the table below:
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(EX) (IF2) (BR) (TF)x For the addition of a branch
cell (BR), extender (EX), or functional group (TF) to

w Mde/6dstael € core, scaffolding core, super CORRrRK2005/013864
current generation product, the nole ratio of the

nol ecul e to be added to the noles of reactive

functional groups on the sinple core, scaffolding

core, super core or Aminé-AetylgieReheondN product is a
critical paraneter. For exanple, in the addition of

| acryla¥d Ok forylate/sifilened ds the nole

Mol RaGiS rRREEST daiaed (0 J GRRE, T1e 6.171%53 080/
ext ender

noleculres (EX) to the Ipf'éfgﬁ.g&ﬁ

S
€
groups —on—tthe—i5—simpi S€a

i-ye—funeti-onal
ﬂllléitpu]cm)/xrn1 super

nt _cenen oS preferredc s | M/1t@p [ arly for

LU UJIC -OF—€t St CTTTCH
RegciionTimes o+ o by onch J&I%f o o o ol & mimite— Several days
- scaffolding core  supedrefewed or cuf i entute e Riuron
structure (BR)/(C) is |ddéstpedierredl t hel mih@s to0f hdur@nch

Reartion Tenipecatuees ( BR) t g Usefal nol es of | g P€aqigp e

functional groups on tipeefedré! € COF EgoGCRpbpl dT Ty

O

core, super core, or cM&S@Bf@fCI‘QE%”Er Lbieul3§‘lfcll,lb;;| >

Solv&ii¢ndi ng on the Stru gesrred; TEhe—TEevel —
addi ti on of branch 20 g%%ﬁé or exten‘a‘éi?’imlnﬁx%}reéicﬁ‘ﬁﬁlémg

core,—staf fotdi-ng—eor¢-—super—eore p3oms prpagnd polar solvents,
generational product EEFeRE cont r o P@ac,wlam@lvm and
rato—added—oer by sterdically inducedmextereshi onetry.

Preferred is using a eMaetpregfredne nalcebals,ametidnol, bthanol,
group bei ng added, sugh as the extenplepane3sutdol, glycols,
2006/ 065266 PCT/ US200%/ 013864 or by abglies&intaikif@8I66Hols,

to the functional groups on the sinpmeth§leh€ohloride/methanol
scaffolding core or super core if fahdrof) ’

coverage is desired Ojder of additijoppngag, o@@& 1t’i on

Catalfsts he sinple core, s¢agiig] ding CoreCat&lﬁéiFf O e St
oy PGl Sanic

current generation product to the bfr :
ext ender, or additiomgisthebranch ﬁé’%onx?acé—‘&l-ender__o
eferred Meigl

H—chi I Qre or

nee . 9 P
10 the STnphecore—s¢aiorahrg—core et :
current generation pr § Mipat prefeseds o r BEnjusn, sepgnesiun aod

the—si-npte—core—scafiolding core |dithemsalise or

current generation product to the extender or branch
Ringe_)‘ghniﬁggg@ﬂﬁmsﬁ@tﬁti on tinmes range depend on the
reaction condrtions, solvent, tenperature, activity
of 4 @‘af’@l?qéﬁh@_lmf _ @SOEB eca;ﬁm:tystem iﬁ blh&]tcreﬁ‘oﬁﬁn Bfan epoxy
fun: r ..cl assi fi.ed. the preadth o 10 reaction
‘g%ﬁ ict% %eo%gi: 'J%lb EﬁgﬁPC’%&)e’&eﬁ%&\wc #ng opening

reactions to strained epoxy or other ring functional
group.. Reaction tines can range from1l mnute to
sever&) *dhyfd WOKHIYAFON(FI) eact i on times needed {Hr
reaction of sterically bul ky groups or reactions to
crowded surfaces, such as addition of surface groups

where Q) =dteataerytimiolattrapiyciiyDethie @F1) = 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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Reaction tenperatures can be in the range typical for
strained ring opening addition 15 reactions. The

WERNE@bdsr € range is limted by the thernal ich
of the reagents in the reactions and the ti%g§gkk&%Mxm@4

et o BN ER AR D BT TR R e or v itk
openi ng addition reactions include typical solvents
for strained rin% openinP reacti ons. Any sol vent

Whege (€)7 & entaenytheitel Agtraglycidyf ethes; (B )=rintereal dpdroxylt GX) =
_ o . . |
PipERAGEINFITLIAARE B S P b Gul Wl RAN 8RB, 36 iifeinal

hydrefluF2p+Aminzt ur es of sol vents containing both polar
and nonpol ar solvents, and protic and aprotic solvents

or conbinations thereof. Solvents can be a nonprotic.
solvent with sufficient catalytig?guantities-ﬁ. protic

solvent tg allow reacti®n. The i ntratign t he
reagents i(f)the Efhent—camtange éﬂ;fiég Oy. I n
some cases the excess reagents for §

ion may be

used as the solvent. Solvent 25 nixturé% can be

predom naptly nonprotic s nts with Xi ci ent

catal ytic tities of % ¢ sol ventEX)o cat al yze
the reacti o¥r,"Thi s provi gﬁfor condi t (s which al | ow
the dissol WF®n and r on of less polar or non

pol ar sinple ®Xes, sd&M ol ding cores, *super cores,
ext enders or bl(lfﬂb(E @€1) reagents. For exanpl e,
difference in the éactivity of«—pet y(BRycCi dyl ) et hers
and pol y(glycidyl Xigt)l i ne with vagi ous nucl eophil es

branch cell reage 30 required.investigation of
various solvents gg )tenperatures. For reactions which
requi re higher t ratures, |less volatile solvents
may be required. ; WD 2006/ 065266 PCT/ US2005/ 013864
These reactions xstudied in various solvents

nanmel y, mnethanol, dichl oronethane (DCM 1| net.hanol

m xgur.es d di et hoxye e (DME). Reactions were :

o1 ohtt S BRor i e el (SR ek Kot fognal group (TF) to o
ind ¢, 3t A Sdi § . o] .
sinipPdIER: Ading 06 Esup&Sddhd ¢t calieny éﬂ&&%&iﬂ&g{%& g!%el IH’% ratio of the

sol vents are necessary to _pr onote t
mojgenlertp bp added da theingelessof eeastivefuackitmal groupsami the siaipie dole

i1 | r t i tabl e catalyst.s include an

scafftl (. S8 cb b ot BehfanlR ool S p ffont Premett s
exafyyié, datheadtialoy Sf sn etendetotp toaldoss tit ol @Mo% (C) is defined

alts sych as LiBF4, BE3 or_other catalysts in thrs
as @ﬁ(f@g‘iﬁr# PWB&GIM%@%@XHPH@ mples of teagtiyeifnetibnal grpuphen the
i i ; ' functi nt.wt
Sl SRR o8 e CHAE bt Bk BRGNSty for
addiderivfia yarchesl the sinple myseatfokding eie, ShpettoReEdrtirentRneration

Smﬁv\ggg M@g 5152 ggﬁn@ﬂé tlﬂg %noo(i)e‘rs);/o(il %?a%gécel méylrelglilgi (rfl?%) %)Slg in:?o es 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
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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Mol Ratio range of amne/ ring Useful 0.1/1 to
20,000/1 or rin /amne Preferred 1/1 to 100/1 Mbst

web®shedssl/ 1 to 6/ 1 Reaction Tines Useful 1 @%5065/013864
Several days Preferred 1 mnute to 24 hours St _

] hour s eactj on Te tures

o BB 15ata L B 3 oy B! SREIELS 5o s
coreiLfulllstffikbeQoberagedd désire@l vents Useful Sol vent mixtures
containing sone rotic and polar solvents, Preferred

Pr oQrder of additionsegn be additiemelf thi gimpleenre, spafildipg ebrer super core or
; , r opane t an
cutfef §3fkeiton FSENG the SRRl o BERRARF ao OB e brsgch cel or
exiehdeatto the/simyildeste)l scaﬂ'ollliﬁlng b&felgﬁuﬁff@i'@&mlﬁhe?t @N&hg@ﬁ ﬁ_%ﬂ@ég_
tal, .Useful Catalysts for typical straine rin o

Pféﬁlﬁ% %éé‘iitl%ﬁé‘ﬁe Pgl e catiahiios ERIP PSP FAre| B W T et @enbration
prfRkt 9 thdBddndB o bentR deil fB. BF3 and others in this

cate o 5 Methods of isolation and purification of the

pr oRegactionftiores pepg e derfend lor the reactivn esnditions) sedeht, m‘lﬁperatgre,

incl ude typical t hods of jsolation for carbon-carban
o B P 80 bl 0 el S RS R0 o
resefi6m Colitioasl bufficiont'te acHib g odefling kBRI Yo st poxy or other

. met hods of isolation of typical dendrineric nol'ecul es
ring funciignal erqupe Renqtien times cen rana¢ frpmrlaningte, to dévatal days, with longer

' . US| Sk I Sephadex
redlb P BRAEEHH RARIC iRt oo i rERRRNS Kiovied
suffives,rsathascddition sHiafaie proupy/toagher pérefatibh produés, and

ti of the prqoduct. As the polyner particle »
0 oRGaTon dsmapsratifs Eamhe R diarabes fuRiFe) dor SFinad R pheving addition

rese8BAY. Athe Winperature range is limited by the thermal stability of the reagents in the

reactions and the time of reaction. Typical reactions temperatures are shown below.

Amy 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 réagents 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 éolvent 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(glycidyDethers 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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include ultrafiltration and dialysis. In sonme cases
the differential solubility between the reacted and

W bReedsess speci es can be used to assist in s '
and isolation of the products. For exanple,q?ﬁgﬁ&mg%mau

Do 2 O : m .

ol rEieredbifhd Wi SRARE e IRE Lol Ofts BRASY BSnenl. fehicromethane

(Dm)émetﬂl_amlmﬁx&n@dnd mmm%eoq%%% gléiéﬁﬁbﬁbewere slow in DCM
atlon rocess. -

m@%@%’é‘#ﬁﬁ@@gﬁt TOqPR {FrBRFEatigs. Jhess repulisshewi that useatfipomtes

solVaits bfeGlebdur)iEorbihofEiRe AMMBRARShfeH Or Ul Lrasound

assi sted reactions. Theorv the I'nvention 5 Wiile

not Gafalystsregn be adsted it frailitaty thetadditipn rédctios. Setabl\cadllysRaclude
& ~.advant.ageous results of the, present
o] O O o i omod i ans, il e re Lewis
acids aiiEE.eveif adid s4lBsucesd 1iBPAGERY & -c(ﬂ?e?\)caraﬁé&%‘ﬂﬁ{ &tégﬁﬁ) '
C

or herninal functiopal groups (TF) that may re
wi t Fohthessaad pther mastions ipvelving the menction of mcmiihofinictignaht

¢ ' LR st i.ochi.onet ries of

oiﬁ bé%%t ?(’gg(azltg 1) g&ap pezgl)flg’ltec éﬁ:ggnhﬁa’n Piggl IpacHan Fopditions can be

summarizesi dsebovay belne: 10 rel ative sizes (i.e., S| vs S2)
of the nano substrate (i. e., the cores or the various
dendri nmer/ dendron generation surfaces) and the steric
size of the reacting reagent (i.e., the branch cel
reagents (BR) or focal point (FF) reactive dendron.
NSIS may be relevant to this invention since the
bul ky branch cell reagents (BR) that are used in this
invention and their addition products exhibit
unexpect ed behavi ors. Mdst notably, they do not cause
cross 15 |inking between nei ghboring noieties during
reaction despite the fact that they are highly
reacti ve polyfunctional entites. This is counter
intuitive but may be related to a shift in bal ance
bet ween branch cell reagent reactivity (these are nuch
nore reactive than amne acrylate reactions or
am dation of esters typical of PAMAM reactions) and
mobility (the |larger branch cell reagents nove sl ower
(i.e., slower diffusion constants) than a small am ne
20 reagent, for exanple). Uility Uses for the
dendrinmers of Forrmula (1) are as numerous as for the
PAMAM dendriners and other dendritic polyners. The
followng listing of uses is not all inclusive, 25
but illustrative only. Because these dendriners of
Forrmula (1) are precise for size, they can be used as
a size selective nenbrane, as high efficiency proton
scavengers, and as calibration standards for el ectron
m croscopy. These dendriners of Fornmula (1) may be
used as demulsifiers for oil/water emul sions, as wet
strength agents in the manufacture of
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paper, and as agents for nodifying viscosity in

aqueous fornul ati ons such as paints, and in 30 other

WO Hob/@ds260! uti ons, suspensions and enul sions., The

uni que properties of these dendrinmers of Fornlﬁq a 6(10)5/013864
are: they are nore stable to both thermal degradation

and not subject t oAfmG reactions when
ring open -38 WD 2006/ 065%%%%%%3%/ 013864

or

Mdi i&%'raﬂg g

Frad-eral-s fharan\/ t he

Ilul T

polydispersity ranma dﬂdsttptﬁvrréthve a/ltowwdlr cost of

ResgtionfEimesr e (e. q. beddsebd of fast | nesiGhieSeviifhys

. with | ess reagent needd&efdﬁédfewer $ 4 Rgute t°24 fiby

addition to the uses fqv[ogt@gefg,@ggjrl [ rn?ipﬁh‘é’h&%;“ (i).

Redjitiof Tealjt¥furtNS€  dENGLRIIET S 0| =) TR e
suitaple Tor USe i1 a [RILety u. app :oqm .ng where
SpeCi T —dettveryof —M) ed. _These

1 \ ~4 oS t
drimers—of—Fornit-a MQS?“IF% h0e€ 0 °Coi d_space

So%ﬁ th can be used to 'é};‘!@%sul at e nbelventingix(udds containing
Exanples—of—such carriled naterjal s ( Mmepretipamiolte dolivents,

US 10 Patent 5,338, 532refeimebe mat ef Patts, poiit sBidMfls and
agricultural, pharnacegutical, biol opimgahre®r ot her

activities. After suffliMesepief@riaer al ARSRoR mEhaG], eﬁ:gnol
branch cells, deGenneg dense pacKki ngplg aﬁeh’ﬁutnﬁ)li” §g

groups (Z) occurs and|the surface bg S. CO
and encloses the interior void spa mx“wsgom"g?‘\m cohols,

C
provide a nol ecul ar |evel barrier, %@erg%?‘ﬁ?féde@%%@ml .
to control diffusion of 15 the mat e fHprefqrmethanol, ¢

Catlilsil & UETUTrer—nt-etipr—Fhe—nc+ methanali ona
ag?soup density of thege Safé‘hdrl mers nERRFP W typicst steainnd

quanti-ty—ef—meteri-a—{o-be carried |pAB2 ¢nERE irepstions

Since the nunber of f(ReiFEHal grouplsevamacn&aamdLewxsacld
dendr+-pers-on - the surflace (Z) and wisahtsn the interior

(I1F) may be control | edMdat pmfesedpr oVLiBES, BF; aREHGers M this

controlling, for example, the amundategbrymaterial (M

to be delivered per dendriner. For exanple, TNESE

de Masthmroef isobitioR And BurtREEG] ShE ﬁfoﬁh&E For BbthUr ARG Li¥Ees
able of delijverin bi oactive agen?%a%ss %lf
feacﬁ @H&%&Wﬁh@%ﬁb%% aselagign gwr carboa-cpehonidoublabond addition
h
reacﬂ@ﬁsﬂﬁmﬂ‘sﬁﬁﬂtrm%ropleﬂﬁ%%&&nﬁeic%fogsrhégéﬁglpag@ SUC ci%; an

ani mal huma t or pest )Df
isolatign of ypicat ﬂmldohm'm mdqculemmém@d:d Q&efeﬁ-e@aﬂ@rﬁfﬁﬁﬁ'&, Rysis

. .Ctl a . repeating unit which contain
wlumﬁ%&ﬁs.%#ﬁs X ﬁ? p d5% aPreetpitationpsol vept sepamtiomod v

distitintibnf Vihe gnethdd sMisdat@rhd gzq,agp&q 0
As o eat e new surf a{%e functionali ?1 I'es. (3%3%5 Bi‘ﬂ?f’g@@spmd“"t-
s el Bpqu@rﬂ%gmms dresied movvprefered emitods of ddndfimef sefRdon

by ;particul
inchide uit?a?i oe n X Eakfya Y g’gf(fnée cases the aﬂ'erentlal so?ublhty between the

retlcu
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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In addition, when bridged dendriners are prepared
containing one or nore of the dendriners of Formula

wohoof/b@s& Pol ydendritic noieties are also SU|PHmS§00§]§13864
carriers of 30 materials. The interior of the pre

den S Le.interior. functi |
e abiile BEHICPRE Hehu Labit Bk Busd B S RIBebbYe éss&sé&a
mmmﬁmnmakskua&ﬁuaﬁd serve as a nore strongly -39 WO
2006/ 065266 PCTI US2005/ 013864 bonded system for
carrying material. The material is associated with the

Tﬂeg ({fi mWLJOBace or both the interior and surface of

enar rs and the groups may be the sane or
di f fWhitehot wAshingsdeltennd by theeryoit iscichidvedi that'some @afithet hat

th t h
ey 2Pl O BTN ool YRR SIS epntiobidh
mﬂ@&d bi Bahoh (ilsERERE (BRY Eitbﬁdéré’ﬁéﬂi’%r (}Eﬂtt%h%l gg&fggﬂﬁ g?érggs (TF)

he dendriner, or attached or
thatrmwmt ovithi armcrlﬁﬁ siz¢ pase endendyimsr @bﬁotdmg aany giver penestion

I|n ne val ent hydr.ogen
lepdl gﬁ % 8:'% S oFb %gﬁlega séohroﬁf PR tﬁ\g’lﬂﬁﬁ% E‘e%%??%?ii ﬂ’é‘?‘ﬂ?g fpy the
reliﬁﬁle Watd (5e.f OF v6%5) off the @aMossubstitl (1@, tHelcored By the &akbwzat i on
hereof. The aSSQC|at|on of the carried material (s)

deaétam@f{@enémcam%?%a agsey anshihe sigHS pige ehthe Wﬁ@t&mmb@ g, the
RETAC oL riﬁ%gﬁtg gﬁR)oJr 1608 bgi%ﬂ: Q‘%‘% ?&@mesdeh&o%.aﬁ's&%u' 5 %J‘e&ant to this

10 prep or -use se conj ugat es.
ingentivactrice thedutkydsansgh ecly) raagnpms (BR)dhat latenisediin thisrigeintiogand their

e e el AP ERYIoT VSR otablve ey gp nptfanse cross
hﬂhﬂ@%tﬂéerﬂfméhﬂ@n@ ﬁlﬁﬁﬁésvtﬁﬂﬁg%eﬁﬁo@@ééﬁﬁé 148 Fack fHaf i:h%§j are highly
material (s) (i M present in the conbined
regietivg mohysinctipral mtesf i Eiis ¥’ cemtpmgaute'b)but mb@reéawm’emtshrfgm
bﬂ&&g Bgﬁ“f g@ﬁrsag% &hl‘?@alggm r‘é?c?l';ntg gﬂtas% a.? Zﬁrﬁﬁ% rﬁor% cach Xe th'in% amine
adnydhtweeﬁmubﬂseaﬂaaﬂmbn of esmt tpicahel RAM AL redetiotiey and moblhty (the

e t he connec 0 stab
lapsh b @ae%}m%)enmoagé e o3 Slvr i Soniasts) o eel amine
refs @R VBPd lgpker present (e.g., an acid-cleavable
I Tnker at the cell surface). Since the size, shape and
functional group density of these dendriners can be
ka orously controlled, there are many ways i n which
—¥4éi carried material can be associated with the

dendUsesor thé-endeinrfFortath (T) RS & nadRroie aC Y MK MARD
coul onbi ¢, hydro hobi c, or chel at| on_type association

dendpmesrandiothes dendrifig prkvmers: Jhe folloyviag ligingiof paes is not all inclusive,

BRI 54 085 OBt R T AL AER U, e

beusel ashsies séigative pieoibrane, srhighhefieitaayrprotpp ecaaengafs aid a3n
cA Ao SR e FieBro et HESITe YT RS of fermuts () may be

uded g demBkifiet Tor SHwREE BRHISBN, As %ﬁ’sﬁreﬁ@th'a@érﬁ{ inq;'ﬁe iﬂahlﬁﬂctme of
is predom nantly hollow all ow ng for ph¥5| cal

ST, BB Aeegentsion xn@dlﬁang vlwsmm@qu@qus itions sugh as paints, and in
othB! &I %{so \ﬁ%hg i the release of the

carr erra can op |ona fy ‘be controll ed by
con g”EBd udighet piepestivsiofl desoferidFite by WMot (J) are: they are more stable to

both thermal degradation and not subject to reverse Michaels reactions when ring open
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with diffusion controlling noieties, (d) where the
dendrinmer has internal functionality groups (IF)

W SvERs20hi ch can al so associate with the canfdifiso0s/013864
material, or (e) various conbinations of the

_af.orenent i.one henonena c e enpl oyed., 30 The . .

rea O A pooly i MYE TR PTE e T FetiopF (38 S8 AEeePeping Reactions)
Hidtehsy BefethérTeicted dAM pR&vi i ; :

™ pos s?ybl e m)%3 eties t hzfl,tp&’1 n%e%mﬁir?%ﬁggelgit%@%%@?x% e Ve

Pureewidly 4 lovspalydisngerity rangg: andrtheyrmwe b lower edstiof manufacture (e.g.,
. ' s forin Hda
o0 DR L8 0 i B rabne sl KBt b '

di a@maddifich 101the dses fop et defdrihes b Bainuld ([RFvEPAHOVE) these
S Pr m cr oor gani sps, Vviruses and an}{ l'iving
1

ant |
dendrunespf Kgrmuie (Daresyriaple farnssdn a yaristy off appligations whers epecific
deﬁ@é??ﬁfﬂ%ﬁal\'@vfg)h@agsﬁ preci ably disturbing the
e

physical 1 ntedgrity of the dendriner. In a preferred

enb dbeseaiendrintre of Bormivded(Dnieetve ian ardtarior Iveidespacer velficle cerie@ded to

by "M re phar eutical materials. Such . .
engpbeubte it QR EREmEEF PhBID cHor datstily (Ml pmasidsd in US
Patt@n§iB381532. CrHRbd ialeAsls irag hbekoaoRioyintF Rt ﬁidrﬁhéeuﬁ% BiflogicM®r

or in vitro use for diagnostic or therapeutic
other agfiviisft of nanmml s which can be associated with the

[t e e Rlgs ARRE RALN, af Sl oDl ol b or e

suefgce growpis (Z)pddems andithelsgefadedeeoresoniesitdiae Sncloses the interior void

cardi otonics, and the ]ike, such as acetaninaphen, 10
SPEY &%?Aﬂﬂ%ﬂﬂﬁ%%ﬁ?@ﬁ#ﬂ&é ter, i ehegam e isedhie sprire] diffusion of
thd¥nSRAAIS &6 or Stk SPIHE GeMirirpE ARicH

. Ot hd i i
chl oroanbuci |, chi oranpheni col, cyt arr%?dnfél,muonal group density of

thege demsiripasrsimayialioy & bicatienquantityorf auatexial to, be werivdaey déndrimer.

. M Ci b f. thotre ) -
S Lt BT Bl ST T e it
intp?br}(ml)mmy, beronatiolixd| it also @f(ﬁl_[dbﬁbinidaﬂsi‘féor Edi)ﬁtﬂ){llﬁi:g[‘for example, the

Sstre 0 clLn, spect.l no ciln, symetrel, | oguanl ne, ’
Sy ST OV KR QRO rber Srbinpb o ST example, fipoe dkpdimie® may

be Qﬁ'g&bd{’- Barh&S bbiofetive a%&ﬁ’é &B?ﬁlc o ¥ %h@bio?&[\je% ntsto a
modeccin, ri-cin, or Toxlic fragnents ereor, g
partishlar tacget hrgasismive tad karticulandttennkahi orde@a it & tanget 8lganism, such
ag b 'ﬁ“rgr%lm' des uch as those generated from actinides
or ‘tan ’ha%é%“%f’rg er sinmilar transition elements or
f r omMhesingice gfolips (B canBiethe Eleali ontr8ilddun a?]é_a@terrﬁi%&’fashion
89Sr, 88Y, 90Y, 99mrc, 105PJ |109Pd, "is, 115m" 125L
by peleqtingaropsating uwit which gompins I 3isindabemicabipitionalits or by

: - ' Q prefderably
e g gn ri pece B erb b realedob s
fultﬁlﬁﬁlﬁiti_e§7’i%§e iﬂrfac&éhﬁpy" eitheahdtaig@tdd&bwﬁhgﬁéﬂi%cgﬁiw bﬂ%lﬂde‘-‘to resist

| i ncl.udeg anything that resyjts in a detectable
“p{fyg‘a%?‘rﬁﬂgﬁ‘tﬂ%‘b‘ie 5, € rF‘Eﬁ“g%FPE?}%el@EC&‘Ee_ systemdue to its

Pr e s AddtionS Whbn B3ddel !d@ﬁcﬁﬁﬁér@&e? hfel ©Ontaining one or more of the
phosphorescence entities and-radiation; signal

depdrimere pHF ermula (@} thegs polydenvuigic endieties atel alsoesmitabiloas carriers of
ma?%&?a?sﬁl e, Fe, Gd, or M; chelated netal, such as any
0 e netal s given above, whether or not they are

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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25 radi oactive, when associated with a chel ant; signal
absor bers, such as contrast agents and el ectron beam

W assbsgEs, for exanple, Fe,» Gd or My; antib T02005/013864
i ncl udi ng nonocl onal antlbodles and anti-idiotypé

: hornmones; _bi ol ogi cal

boaggdpbgtgllgefs aBin boq\‘/ fr fws-’ pesgRiated withthe infesion surface or
both the SRSricAdd h’lirfa%E ofﬂém&%eglaﬁ@ #r 'ﬂfle% &hor

and fluorescent noieties. Carried pha ceut|
differerty | A usel hetein Sassecigtedyithiymasabys ihescastihmatarial(s) (M) can be

pHFRCAR s Sons el 8 BipBO iR hiniEiof 1 oS B ispbrmed prtiatly
orzfgl@nmmughdiﬁ tﬁéﬂeﬁ@ﬁbﬁé@ GﬁﬁﬁﬁhdﬁgFﬂlHﬁ@@QﬁﬁQ&éﬁﬁﬂ:er bi'any combination

nt, the carried materials, herein

th?fsﬁb‘fv @E&fﬁ‘? e B‘}a ent oplinkages by meanscof covalentibahding, Bydiogen
boXBing! 4d8b m‘M‘ 'aﬁ{bﬁﬁﬂd%, Sl IR oG Ve ngr Wl%l% ?orceg og jonic bonding, or

conj ugat S I'nc any nmateri Y
anw |combmamceahueoﬁ , Theti a&gnmsms of the cﬁﬁBdl inafiial{s) an@ tHel R Addmer(s)

non- n& ch ud m croor gani sns) whi ch can
) onOB s HRIGY SR o A hpRe<gh o S A PEeptsdp Brcditatey
prébaﬁdtiéh b ﬁﬂe dffies® Botfigeadds. SRt Ednk F&{ng g’?&g)g g{%%&ﬁ% Which link a

For exangB the carried nmmateria
r hft

targglang digec Heite therdgndrimer §id. D) ‘mthtmt slgmﬁcnntl%r m@bintug the
fr a t her.e
oD Be teldiells ofthe LR Senck AR ohet BB e (.. M)
prcsanltl in mecuonﬂbmd denidriméant hamagge@mgae@’) [ TReG e&&ﬂe&in% oups
orbl r@m des r other simlar transition el emen
ma ef %‘Wéh‘?@l g &rpicadly aysin opdectn a\@i?m;-nc hindrance

bR, 109Pd. 1 111n
R 25dj&§t}§§1l 1&%%%%}&&&%@33%?%%@; oupg gte ptable
G q_ﬁmqocleaya@mmleﬁ ﬁﬁ.ﬂltp of 8€liver W&ﬂ&aaﬂéaﬂaemﬂlelﬁﬁ&lbresent (e.g.,an

oL OSHELS S AOGED. SRR D Bt deni

of diesct &mdamfseiﬁh B €igbrously Soffolie€ hde aRYhdhyAsays in whxch the carried
| u reSC| ng entjtjes, dghosphorescence ent | tyl es

?‘ %‘i‘ efyith Beidspdrsng, Feueiample, (q@)ahmug:rtetmalent,
coﬁ!&hib‘id ﬁ?dmﬁﬁ?)‘blce 528 afion fpe ?m@%ﬁl}%w e zéqné%d( mafgrial(s) and

absorbers, such contrast’ agen
eng@gsmygp-a]&r flmgmcgml gronps kamtpdl at, ormear tEdsur&E:e dhthe BEHIBREIb) there

cad) 'b? Eg ﬁoulo é}@g p%glcvqrrcgpla@?rgég% ;qss,gélgttﬁggeggq@g 2]; carried
matﬁtdl(@ﬁaﬂdgncﬁaids %&t&%ﬂhﬁ the 8 Gy AR deﬁflfutrlgre @%ﬁ feﬁthiugcr can

acaricides, Il insecticides, attractants,

be pespared tejhay cap dntgrorrwirieh KSIPE@leIBuﬂ}’I halil)vaaldxpmﬂg ﬁ)r physical

t _
a5 ) L] B0 ISP S B e o
th&:datmdsudtémal o#n eptivnalty chon&&l@ﬁ?%ﬁ%ésﬁng ﬁié@ﬁ{ﬁ@eto? tHe"Yendrimer

henoxyacetlc aci d apon, di canb

4-di.chl
ﬁ‘u %ﬂ%ﬁlﬂ%bmgﬁreﬁw fmoighes, (dhwherg ﬂ@rden@mmm mtemdc&m:aubhahw
grdupk DR re§éntlﬁrﬁcﬁ%9n al% AROGHE Wi J:a%é(rfr(n)&?rbarl, a%( SRR

napt al am_ pendi met hal I n, per net
copbiaptariobthe aﬁqrglpamﬂdn,ed pmmewdmlb,e etzqm;pa os, terbufos,
forlne and the like. Carried

tr
aglr iC u{n?lur o D hetds petpnsnfy %&%Sc’g’@%?\?@\?& these slgndrimers ey be a
verydargé gloap bf postibR bietlesThit Meef HE ALHRH pRipodO ! Scl Baterials include,

but are not limited to, pharmaceutical materials for ir vivo or i vitro or ex vivo use as

-40-



10

15

20

25

30

25 are radioactive) or any noieties capable of
sel ectively scavengi ng therapeutic or diagnostic

WAPRDE/665206n anot her enbodi ment, the carried mpicqfisdboso1sses
herein represented by (M, are "inmuno-potentiating '

dis@BEUHc Br thephpButiPRteafrhabk 5F MaGR oilgﬁmé%mbﬂ Srgff&mysve LD od an
. these conjugates include any antli gen, ﬁa en, ’or’l&é‘?ﬁa@ y
living;systom gwhigh material esn be pssogiated ovittoipseideddrinbrs efithvid dp%)?e@iably
s kA ' nQ- se which can be associated wth
d‘sthﬁié'ﬁggﬁeg’rhb’grrga}ié’gﬁgﬁ e?ﬁ%’&‘&“r‘apl y disturbing the
phy i £pdeferie egbbdishent] tHeldarribaMaktkrAMEs, erefHepR¥AMRAR M Gre
carried materials can be synthetic peptides use or

PhSFRERItcRlaRatefaly, AMch materialsavhich avshitabiletor WS iRdheprbsent

derhied - 6 PCT/ US2005/ 013864 |
elfdﬁc hoEél A rch%(g aécs lég ¢ téc\@nim g%éfggsgéf N TR ﬁzzﬂcs/usF or {flagnostic or
therapeatict treatraertt OSmBavealst which ébh S }ocial Rk Hl dendrimer without

' ol.ysacchar.i des for. produci ng anti bacterial vaccines
ap;%fgﬁﬁigﬁxgﬂ:(abxag %@QL@%? miceIty, pf the depdsimer,for example: dugs, such as

antfstids Cdnafpedi®, hipteptehtives Oarfb i Viibal vvagc for. the
pr e\_/(:nt i on lof_ glf seas_e_g _ suctr?ﬁ%g’ %FB%J %ﬁﬁdgﬁégg%ﬁ%’?ﬂ@m
acyplpyin, alieran, amikasin, ewnjciliatagpiriasbisantiene ibieofrytin, neocardiostatin,

- - i at . ent. i ds the disadvant ages,
chlbiBaBEet oh Bl i), AREbide, HBaomavcin, loxrubio: veramapibh
gentamycdm tibupnafih, \kakoyin, nmpr@mﬁ@meﬁlo&ewa%v&%ﬁhé{ AP eidn,

cronol ecul ar structure to the

ed o give a
OD%%%PgWPg‘I’%’é?‘TP‘a?m%é’fwuwhéwa@eﬁmmmphsmtmﬂm

deBhory [ ._al.lo for control of
P A ROk Al i, teh in T i @lben? tonins, such
as @Bhﬁh@@@p@m’ Q'ﬁimthpmkitmﬁ, ﬂ’ﬁhWOd&Cﬁpﬁit:iEj Fabtie ﬁla hents thereof:

i gen .prese i 0 _an organi sm __thus resulting in
melof R4 RS Sl il eadh Pefs wdigmiivdestmgh s those
gemefdtédnlirony atiifdeslob BmthaRIdeS orCRF Sithil £ R3hsiASH I
AL al so hg gls,esi Lablg tagcogingg;tw%)??%%w%%me%?% other
eeﬁ‘é%tf’i Yeapr Sggr Sps Gro Rbe Hends | Mer "TeuttRgd®pd, iy, 5wy,
12570 B3t a e Moy ofusbat isdl- 1pd Begelibsepiz0 Such 3

Igesf gHSE\;\q)u 28 Igglgbl tS-cgn’i nprove ’vaﬁ’r rze[é;)ﬁls%e’ §e=a1| Iy anh' Au,
prefreahily abl €Y, 5 Farf LddLé*pes 10,085 .uol mo gyt BiTh SR ang M0L 5.

. ble of eljciti,ng an. 15 i nmune response, such as
s1g§32 %g%er%gﬁﬁt \gﬁﬁﬁx ngugag gethat resyltsiima dggctable and measurable

pertiigaion PR S BYAE dus @ HihrdHERt S L,
Anti bodi es produced toﬂrtshe (’JIesﬁhﬁaggﬁ%gg‘%%%e%PhosPhorescence

entifiss prsk mdiation: §ignglaefiastars, isach dnpasimgdeticknfitios & wkasple, Fe, Gd,
NATGR akd o] | e support and be used for

o _sub_selt?lltjégzrﬁg%]é%hgcta ?%dﬁ' ogﬂ‘etlﬁg &_an&%@ée’ 8‘&‘“}5‘6’! 9rohthey prg

radiohetivenwheroassmitedwith £ cltdlan® Gl S8¥orbefs, fuch U boHRfast agents and

ele%{;o di ment, the carried_materials, herein represe Fed

0D opprifies. dproexamples Fe, GehprdMinamtibedies, inclvdegemonocional
i Iy . -or | ther than .. )
mﬁ%@dlb#ﬁﬂtﬁﬁ 1079 H%@%S%ﬁ?é%gﬁ nis :}’uéxin%on% iblﬂllog}% rgsponse

ggri cultural o ar maceu er
modifigts shelt asdnterl evicinshingefortms tviruvey sdwitahBigimendd Bizfdsab! Y
opatiniHL 0l lg)the %\{ﬂcaéi,nerity of the dendrimer,

Parsr eX antg ZeSCEpt fuictes;, AmgR e ¢utisal matenials iaplyde scavenging
agenls kadh A3 @helants, iniifing] ahiib&dia bt anf BIUHHRL Odpable WP bdilhtively

I ncl udes angt hi ng that
scavenging therapeutic or diagnostic agents.
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results in a detectable and neasurabl e perturbatl on of
the systemdue to its presence, such as.

wo YREBekNY entities, phosphorescence enti t| é[?\%g

radi ati1on; signal refl ectors, such as paranmagn 005/013864
entities, for exanple, Fe, Gd, or M, signal

abs & prather embedimest, therrarried materials, élerempraﬁpnéqdém "Mhare
aggng.lﬁf%ﬁ Q]?a%r{a;l £ r§1¢h Bﬁ{en%%@k are = ;t/aéa@n%)}' 9{ lﬁ/%iesg Q 3151?%1 29 $nclude

etl es, ra rance noli |es
any’ ndaterialsdfior fredvormmevmalt&atmnﬂt ui‘@nsﬁe,\oe Bﬂ)lﬂbgtl(&gbl]ﬂ&ts or non-

g8 B EoeLpe BB AL Tk o PO o g it
apEfeei‘asryaﬁ&turbidgah@%{yﬁcﬂ% grdf%édes&ﬁm@:r FoPbRASHIL e carried

agent s used herein ioactive" refers to an
materidly eanchet toxips, §u@1ﬁsa1@béhmlt@gu,l gelondrt, exqtoxio, ahdn,onodeccin,

Ot h(ﬁe oyﬁ;?ﬁ@en%ergof“ S5 n?,gl of dgﬁﬁg%@m earth metals;

raﬂi@ﬂﬁdhﬁbé istich ashdsk gmrated‘lﬁoﬁ‘ﬁc’%ﬁ@@s’ & %ﬂﬁﬁldes or other similar
PCTI US2005/ 013864 enhanci ng or n;od|6f7(£ rgx{} o ar %et %9 %
traggifipp plements on from heselementsgfurbapr Seei G- Gay 6 bt 8tR-Y, Y,

99rh-j oonodRh aos Pamgﬁtled cglsﬂ, PBLAMbRI g@£§d499£1gasw$ a’nt%ﬂF gseﬁgdan

org anlsm or €éxa a fi ¢r dor gani sny

"3 HERe, (FRe Uik aml | ! algendsramﬁs bvgichﬁm:)ﬁde@ anyahifg that results
e | et Al so i oacti ve agents
i g4t e P G0 0 e SHrEm o S sBies FyFhioh

ﬂﬁd@&cﬁg%ﬂﬁesoﬁh&ﬁﬁ&eéeﬁce RhfS and R dh SsigP il AL LA as

activation, anti-sense, silencing, diagnhosis of fraits
pasgrEAZNSqeniities dor examplenke, (G er Mnh sigeal abwjrbpgsatse@l qont:asm dgents

ff S d bi abi | i
o 55 AP S A it o
mﬁdlﬁyl:‘imgnch Iﬁdumlr’?&hhﬁ ulltaﬁérﬁﬁslb AHrues dnc?ﬁkdl ﬁggﬁa:bl_ﬁts pestgd B X
._av a the cells t e .transfect ese
@Hﬁiﬂg ‘ﬂﬁ s plgicidssqathelmetics, ﬁmldsﬁilﬁsw%es afractants,
repélidRtsOherbididél Bﬂ&or%gjélé&ngﬁ'ag hhtB Sl HROHE, Glachior, atrazine,
applications. Some exanples are the treatnent o

@P@é’h‘b@m@@é@ cagbofuran, chieropicrimehlorpjirifess sidprsgdmen cyanazine,
cent { di s f
c’%gs eas é}?m 1l cr: grb’él acﬂ%fgshernégjfag gﬁ"a%“é‘g g{"?snc d’jﬁg@ &Fg‘#gp

mamyr diflubbmmioin dinoyed, erlothall) Rfbam ) N648%6 OflyphoSite HaRxyfop,
ked |nnunoadsorbent assays, nuclear nagnetic

O ARRialazy pendiaebalisy peres] 319 lopamygrepgchlor, propanil,
r N
15 er’;t?%ll@ e éﬁgl%%ﬁ repel f%n?tg%d e?ﬁz}gt ad#l%ﬁa&%mﬂmal

mahtlalﬁmnhuimsaavsnpng agentsrsutipas crhslanﬂkknhely&ﬂeﬁetai (witethex or absthey
i ncl uded, .such e ukins, .interferons
acf lifheRB R e P s RPatt ol SHAEhuslY sraieing hmpevi At fingrostc
adea@! or, and ot her protel n or fragments of any of
these, antiviral agents. These conjugates nay be

f or ninianether mbqsinaeqf,atbvp earriedatgribl; he!elnsemmdm (Mmcasee

ar e d ed
[ n“‘ﬁﬁ’é A g dg h,s,';,] g%ar acey ?&ag%%&%g I*She 3"3eb — con]ugates
intBEE anyparitigedythapte oo anicinoigty G2 GERAE, or Eﬂﬁ%@ib coﬁﬁsounds which will

Suitable tablets _include conpressed tablets,

raif 33 IR0 SFPR MEh CaR OF AHOBIEA Vbt dangimets without appreciably
dishiisihg e pRAGGM ﬂé'ﬁ%}%ﬁhe 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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mul tiple conpressed tablets, controll ed-rel ease
tablets, and the like. Anpoules, ointnents, gels,

WOSBERS@NS, enul sions, injections (intr arrusc_i,%lrﬂ]r 2005013864
I ntravenous, intrapar atoneal) may 25 al so be use

SN Skt (b rmy agaections G5 Bt 4740.565), bacteril
po sé&ﬁm&sﬁﬂ%r&fﬁﬁh@'aﬁﬁﬁéteﬁﬁyvag P ot 1998,624) and viral
ﬁ uses

ornmul ations. For agricultura esé conj‘ugat es
proteips bevifab particlgs &t predubtiorhef antvied] vsmnea ifdrethe pleverition ofidifeases

ri ] acceptable carrier or diluent, such as
Sug n?fl@ﬁst % %@ﬁcentrat es, solutions, and suspensions.
-44 Tﬂ@u@@&ﬁﬁ&@5@ﬁﬁgﬁ@ds@§¥i@g%ﬁ% pdtéitiatih agentﬁ a(\jrmds the

foll ow ng exanpl es the various equi prrent an
digadamtages of ambigiity ip sapasity andesimueturer assatéated Wik doryehGanallpknown

or R RB v o AR B o o B! PP Yt

caﬂ&ndUsemfrthasaslemmms ad @i fbr m&mp&eﬁw@g a\*édtsh allé\@s for
phase used. i n_the SEC experi nment

°°E¥5ﬁa e i pe an@e&‘%!fai:%@%?ﬁ*ﬁlpﬁ 5 the .ceang%a - pptwn allow
op@iRfizakieR of éﬂﬁ%@tg?ﬁﬁéﬂt&loﬁ% ambreanidrf] t@?ﬂg?ﬁgﬁﬁé th affibédies having

anal yzed qualitatively by Size Exc

gr@ﬁnr@ﬁlmtxygwapﬁhylgbmnﬁy 8ECbs yis¢ efimofividutional adljiﬂzEx)ts viamay also be
ocr.atl.c

withr i ye inde
ac QBB S B 55 B e e 5 B
attaeHTIne 6f botl E- AfdAB el Spitkdes. PBch @/deREn FbuldA&M to improved vaccines.
tenperature on two serially aligned TSK gel colums

- ( Supemgxlso bxdasizaive H’r@n&%@wﬂep ar polbitantssiapabld Ofgliciting an

s, SR e A8 Dl B, B Rrehhp e

copstimpanty toodendemef. Mmtd:ﬂlenpfodu&ﬁ 16 imateyiest ﬁe@n&i@e dripolifitant can
n drinmer. Thin

m .. carding to generation of,
beibalifipd Y ety i3ef 40 p 3y ADI SHPBR pospesipng for
subgtGuens BétedtionGp ﬂ:letpéﬁtl&nﬂ’@orﬁfoﬁﬁtbﬁﬁﬁ ffenGREh &R |or 111 aq orgapism.
reactigns. 20 One drop of nmaterial, generall é%aﬁ

to 60a W&m erabesHment, the gamied matsrialspherein semmmad by) "e{", which are
t h
sudtl B o 530 BB B8Ry Wl e e Wl e P o
phafmaeutichbmatetiale Mﬁlldglalﬁn beasocihted eﬁﬂé tlielﬁ@ daﬂdﬁn{&sgidghdu‘é
oy dshnbing de liaicat iy g eidencrtug for cpmpimanetal ions,such
%Wmd'aﬁéﬁn@@érﬁf metdR! E&HAL ge%tei@tdré Wﬂllé]-i\[’ﬁklﬁ #Jgﬂng%?at

the plate. "Rf" value is use dent
resulfs i 4 detedtable 26l measyrableexturbatioflof the system di’hamgs pxgsence such as.

ondi.tigns wll suybse change_t he Rf
B8 bR e benbint, 4HRR 5ot ek e e e chgh
patdneagpétivbatities, for ehfiplef R, GHeoﬂMﬂ'%éhaI adorbeR Mﬁﬂtas contrast agents
traveled Materials: TLC Tates used were eit (1

and-#p p}@ct[cgyl%qam@na {so@; gmqug; @d, or Mn; pheromone mcnc’ues

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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What man(r)" PK6F Silica Gel d ass backed, size 20 x 20
cm |ayer thickness: 1000m 30 Catal ogue No: 4861: 840

WO 200665266N1 N Layer Chromatography Plate Pl as
- EM Science” Aluma backed, Size 20 x 20 C%}b?{[}%%%ﬁg“

et 3o Sl RSB sahes irhich, syt lipprsoten, i o

tavpRted celf :b)taﬂébﬁb Bebiah ¥ tadyefed| odddn@i [f6r é'ﬁglg‘lewh Eﬂcrgy%xg@gsng plant or

ni nhydri n, mL of acetic acid, and

angmal H&ludmamarpmals sughsasdupmes)y etiother tatgeted moknfyir Ao included as
t h h
SAL bifhes it LBk pSR B bV o oy SRR i iy imeiP ot pome
theﬂapy, pnaigss) aeodification, raefivatipa) anhcséhs’t? sﬁﬁaﬁ@ Gtﬁagn@sx's% of @dits'and
co I ac chi ﬁga osed .5 container. The T late 1I's
EP the ﬁaﬁs é?nJ?%ﬂteSBclﬁﬁlqﬂﬁfeégna‘f%i trﬁmfa@tm aggot s
blmu}ahaﬁiﬁty of b %é%’rﬁ%bm}ér@&g@@bgﬁ% (?1* an?a@aﬁ % b grnr?eld genetic

prepared with 1. of
mgferigd andigaking shis CQISDleH’ﬁvaol'ableIZ@the'Heﬂs fBLHG tnsfocted.S

subrer gedyin KN4  saol t|o and prodyct spots turn

yel | ow. ?Zﬁ"sif\?%‘%%%‘ﬁf Y E%Hs AﬂalYP'g‘i’t&9 B1v8%0; EXKiyo erifyitro
diagnostits@dhdr@pdutit wpplicatichsS 86#s eREmpEOs e‘éﬁﬁ

254 nn) aﬁ% Iol;?é]p wave c§365 r?n) fél!lre g%ehtr ko f’@é’e%sessuchas
C"’é ARG dispase genetic mﬁwent@l:nmw S&IGUtdlSardbtss mfectious

t n of LRF
iR RSE 8l aR0H RIS e Pudds HiCH oo Sl e ogReevs, steotron

micrascenyt ewyme Vinked mang&mdﬂmeﬂ»amaszﬂyskﬁhtlewhﬁ]g@sﬁﬁ Wesofghck N
ctor. nude usi nqoa 19 kV sanple voltage

fl
Spﬁ?%s‘é??yk T HAEiBE ’(PHP’P& FéPVe%‘I‘%‘N@MG@@CIMssuchas

hesicided, ﬁfngﬁi’delstl'é Taff3; atith@Rd cqyired
in the |inear rrﬁbélde using a 20 KV san‘p@é%% age QFﬁ%eneuc

m#@% ar e%sﬂql'a’ﬁé éBCh/\?érlatedaﬂmbr Buterfbrovist ﬂunigﬂiki)éd?@1§nfgd§tdm
s A S SRS

anfyvirdd agéntpl. of matri x sol ut| on. Unl ess ot herw se not ed,

-

the trix. solutlgn was [/ mL of
o THRH Artineses oy PE Semisied i e o e
skﬂletl‘illhlﬂfc%rt @%cﬂ—ﬁoéﬁéefoﬂﬁsé@rﬁgéc?{bg@&{ el
spotted, on the target plate and a t

mﬂ%n%ﬂa% pub. MackiFublistsng CSmmemmm Buiityple Edlets

tabo “of rodquct is
% g%é’oﬁé%es?ﬁptgﬁle gar 570 Feggﬁ'ﬁgetﬁ iiiE d fablets, &pteric-coated tablets,
muppbmpmpmmdpmas &bﬂt@olle@-rél@ﬁs%ltiblétﬁl Qn@ HRAKE! A%gc% g,tomtments
he inpurities. D|al{‘ses are done in water for about ’

gelsy SUSBRRSIONG lsions. wiss epsd ingramyiseyilar zimtravenins, Em'abm'atoneal) may
e ro ev a tor
e Rirafch bbbt Bl R e S

adiyyhits) 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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-46 WO 2006/ 065266 PCT/ US2005/ 013864 Sephadex

Separati on About 640 ng of product is dissolved in 2
wo-200é/038d¢hanol and purified through Sephade i

met hanol (v/v 105 nl). After eluting suffici )gﬁif)ﬁsg&m{k&"
solvent to obtain the product bands, fractions are
"collected in about 4 nL aliquots. TLC (50% NHAOH in 5
CH3 Boh thieSolirswidg txanipdsrihe Yariols aqiipmearst and ntethiods aged to run the

sim.,lar product,m.xtures. Simlar fractions are m xed
_Vagﬁlbs%%f%‘grﬁlfscé@'é%g%l%‘?"ed to give solid product. NMVR

Sanpl e preparation: To 50-100 ng of a dry sanple was
add 800-900 pL of a 10 deuterated solvent to dissolve.
E e s are CDC13, CD30OD, DVSO, and acetone-

Si%ﬁ%’gi{lgmgé%él%éﬁ%%g _ was transferred to an NMVR

5 cmhigh in the tube.

Equidpnthianol{clsphifiof) b Eephividx i @irkt 3ab eehpBfited and
300lVHz .2-.ch nneL_ Varian Mercury Plus NVR spectroneter
recopstituter ydiige 9 i RSNSOI thPiS@yCeemé@@ﬂr&r(b agirb senseniation).

Allhe cAhBiks RefRepabd el BR] Gel itnthe %%bfo? Sﬁgo m 15N to

31P). Data acquisition was obtalined on a Sun Bl ade 150
c oniendrimgistveraarBhized ualigtivplyrtgtSizgEahsionTChrdmeatography (SEC).

S R e G S0 i B B ot

(W BRO0)YMRI TGt TDNEEAT® USih8 gnlysiliy
pr obe, %X (X.is tunable erSN tg%ﬂ%lP)é.scﬂl%gP{éﬁedatmom

terppeTafuEs Qn e serEallyoigagdeXK el caluowns (Bipedics), KE3D00BWoandd§2500P W,

s 20 S % | system Th f r
palelchi Milokahind 7ol Bh2kicle B3 B¥hee aiSudB (5] was punmpe
at b fieyarstews  ml/atih dileethtion vblumeRifcashRinbr Wi\bsdbEEGWHear -16 mi,

I i n USA) in ei oni zed water with tappi ng node,
acffgaigrét‘%&etgie‘-‘ ﬁﬁ%d’éfgeffdé‘ln&é scanner and MAC node Ti ps

25 [Type Il MAC evers, thickness: 3 m length: 225 m

wi dth: 28 m resonance frequency: ca 45 KHz and force

Thimkayes hromeagtogramhy(THEY Mol ecul ar | magi ng, USA)] .

Typi ine C speed s used r. .

S oL PP S 0 S b5 o i restions
Ontendrop ofuntiietialy generaig 0105M fo@MMEplutibal dforpahid §0PRenS i94ddsd to a
40 a‘\@;d %rod%lpamc effect of thin air aps, the
sihcagghplritte 2 Blaced mio gy slyeRihamperand allewedigi develpp for generally 10-
15 . di ; O i i

R, o) 800t M SRR gty i ot

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 TLC plate. Changing solvent conditions will subsequently change the R¢
value. This Ry is 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 200pum, Catalogue No: 5547-7.
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The dendriners of Fornula (1) are generally a white or
light yellow color solid, in contrast to PAMAM

Wi DebkoEBEsS that are gel -1 ooking solids. The i_mer
tend to stay dry, and do not absorb water a?‘éﬁ@%%’ﬁm

as dgtajd;,gg ML ri . rnently the dendrj ners )

are stor ed&éi t hera’ig%' s(g%iﬁ%h%'%ﬁ”h'%n%{nﬂ‘iﬁwetﬂgse %Ofr ninhydrin,

5 gl o dcetic adih add FOCMErUTOSYahamBE THI RS is suam%ggea%gﬁle ninhydrin

Sm@oﬂéﬁa been o&sl%{ved. These dendriners dissolve

n- A ,an%fh‘fg%?’“ AL wiika eqlox ¢hangerpqgentd (pink or purple spots

idiivat thereSonc L HMMEE 7Y 1} Lo,

oy e presnct MM OR ] U Chibel! 233 8L Blebin asiosed

comitiasr dibe TLE nlate isgadacedjik the shaher éifr TShiimutes and Poddt spots will be
i al sk ndriners of Fornmula (1) dissolve

SHEREE b oAins (o) RO S ABIRpg i srcrarrd W b 5406 KB0n 10 g of

KeGOn 2.3 mLiné 5%0NabH cand 56 mIVUsbRIO. Oy i .
ichuding bur not 1 ted to Ore ol |%&P‘#g‘¥§ﬁ“é’??¥§%do’f‘,mo4

solption and )2 tpﬁpeﬁéwaw’ellwﬂ@ he¥eserhimation: chh ahteivinlen(UV) lamp is
udBRieh ﬁiuﬁﬁﬁaté:gaﬂr?g (%tqfod t. Siofh &{Uﬁfﬂ%ﬁf : Fand jome wave (365 nm) are both

nmet hoxypr op net hyl 1 sobu
uggid fen thgdustildeatificiion. 15 Thermal Gravinetric Anal ysis
(TG Thermal gravinetric data were obtained on a
Uni versal V3.9A TA Instrunent. Tenperature scan range
MDD TORMESs $iec®20C With a ranp rate of 10 degrees per
mnute. Sanple sizes were typically about 10 ng of
sol i Maprsperiarverpobtaiaed b & Brukep Aotofiek £ RBAVIALIDIETOF fnhat

' Afpy i ed und dth
Aoy P Bk ERfheiPhr Mt Beci el S E0A premAoawred i the
reflbcsort madkOusing a 19 14V sdmpslé vo¥eio8 hnd ifdﬂﬁv\e@ﬂ&{oé%eitégtﬁé @glyeélylm

f. ' .ice and th le d
oGEB 1oE8 i bprbione TBlpe pas rnsoOrCEReqnmdin b thebar mode using

POV Ssmpl . i ' : :
* PSS e, TRl BLECHREY HAGTL, s
alpym. dendrinmer (1-2 ng) is diluted with water to a

i 1 mg/ m. Tracking dye is added t

Rt i B A

soluiivhof de rveithh 1 | '
s s . s e o o s,

sog\%%g was o( %35' Xf;ﬁ@ﬁ’h@#@m gsidue 3df/acefohittifdmvatr. Iidhots
(2QuL} ¥ BLSarhPIE/mARBHL IR onGHIP J on %é%rg%-_;g%;%pé- (%%oéé«p air dry

gradi ent gel's were purchas rom
at ggomptemperagre.100 (W X 80 mm(H) X 1 nm ( Thi ckness)

wWth ten pre-nunbered sanple wells fornmed in the
cassette. The volune of the sanple well is 50 L. Gels
Dinlykis Sbpapativad conmerci al ly -48 WD 2006/ 065266

PCT/ US2005/ 013864 were prepared as 10% honbgeneous

gel 40 abiPicg! Jopsiscrperimin ebqB S8Bmplof protiuxt i¥ BRaly2ed 6uch a
i1vai 4 17. 10% APS, (100 L), TEMED (3.5
méﬁ%‘%@g’gﬂ%\?’gﬁ 5‘% é%pdg%a?% %deqe 5iZé 10 retain ti'xe 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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el ectrophoresis is prepared using
tris(hydroxynet hyl)am nonet hane (43.2 g), boric acid

woboéskss)y, di sodi um EDTA (3.68 g) in 1 L of tRlsad
forma solution of pH 8.3. The buffer 5 is g%l 5{8239/213864

' rigr to use. Electrophoresis is done using a
Sebhgﬁ%iég 165-5050 power supply and BIO RAD M ni

Pr ot At 84(5ng of pmﬁhaﬁs gissol¥eal h 9 miGef el rah@ ﬁﬁ@ﬁéﬁ' thidugh
g@onl zed water fore assenmbly. Buffer is | oaded
Sephadsxilifh2 QWF‘hé‘Hg £HE102 g1l o vidter @ln@nwuf@cm@rsokvnm toobigin the

prEd@TB&las, %ﬂo@sj dre b&mz@teﬁ?%gﬁﬁcﬂﬁ? M?rgl’ a]Fx{ SRATES 0% NH.QH in

dendri mer/dye m xtures eac e [oa
CHsQH) imtusedsa Iidﬂnafy/@idﬁsnﬁwﬂltddnﬁg eind pﬂlldharmtlﬁes Similar fractions

xper ners wi.th amne surfaces are
Fﬁ"é“d‘% ﬂvﬁmé’mﬂo&%ﬁéﬁ’g’%@ b prodst for about one hour
and then stained with Coomassie Blue R-250 for about

one hour. Cels are then destained for about one hour
ng a glacial acetic acid solution. |Inmages are

| i P e R SRR by B ey shdoqp o

dentdrﬁemﬁﬂvdnﬂtoailé\dbbm Fypicalsbivehts -Efea@Et‘Er ODLOD! BV, and acetone-
Spect ronoet er, Model G Series Omic, System 20 DXB, .

deg dibe dissolveyempkrves/irmsizmed topnhiVR Eiboksr sheight ofiedt5 cm high in
{jag salt plates. 20 -49 WD 2006/ 065266
PCTI US2005/ 013864 The invention will be further
cl arEduipenity (13 300MEIzA8VIRt datnwert oblainefl oh la®O0NEIZ 2-channel Varian

xa e ich are intended to pe purel exerrpl ary of
VNSRRI et S P o gon e Rekpnance Broadband
(ASTBY.ph6te, B0 {widrektik Bfhabl iRkl BNo P eDQH@&tﬁ?lﬂox? tﬁﬁed ona

are those exanples of the present “invention;
fle nateT avithr oY alarisdt eperating wmmv&@messed 5vas VNMR

| t.

VeI Q12 BP0NIR SR dailers Bhfel i o BN S GAp RS NERE hnolid
StwmmNmt speytrot:lembsylst ; tem?x&%g_ aesmdlﬁl tBlleiarcﬂ:I&ﬂHD( Oéls tunable from 15N
atl an.. .o e | ers were ased
wof ! TRt sian abRinta 45 b W pa2 68 sompaterwiths Soigns

oRpdtibig lsputethy Uhé Sbfrwaed bRl dvas IBMNARG 1cExampl e A:
Preparation of Pentaerythritol Tetraglycidyl Ether

from Pentaerythritol and Epichlorohydrin (EPI) [(C) =
DR MifiefollC ided 4.1 g of | pentacrythritol -

Sn 3 )c()taurl élmggfes wek@ abfaarmwamldospp}mszhrwmoﬁ&ummfg@ USA) in

deionized water wi pmg mode, using Multi-purpose large scanner and MAC mode Tips
[Type I MAClevers, thickness: 3 pm, length: 225 um, width: 28 pum, resonance frequency:
ca 45 KHz and force cbnstant: 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

=B

-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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(15.85 g) and KOH (13.47 g), (240 mol, 2 equivalents
per OH). To this rapidly stirred mxture in a water

~ wioakbs/@b26RT was added dropwi se (about 1 drop F@’i‘/U%%OS/&ésm

sec) epichlorohydrin (34 g, 367 nmmols, 3 equivalents
o (Aldrich) over 60 to 90 mss. 20 The
So?lgjr]rhptg_bature was nonitored every 10 mns. to nmaintain

t he The @pmdrihéts 6f Raha Bureen eémyearwﬁfecurlhgﬁt ﬁgtm cbfaf solid, in
exot her m had subsi ded and the m xture was

conirast toRANLAM dgpdrimers thakar gelclopling velidsndhe ﬂ@dametwteﬁrcua stay

t isyal iz
ari3n o nl 4RO5 PRESRAY b 46 e A AM Rhfimers i 8 the
depddmers lare staredriittien nesolld foranmvia mdthdnol &l’wsold‘ﬁﬁn eNo&¥ifference

aver, dried wth The TLC of _the reaction
beh?’%%?&‘?eé © BRO fatpes msto ﬁ@e%ﬁ plserver e Thengidendsimeggdissolve in water,
fa@t & Al $hRh chfiGtha BANAM h t-}fl?drm
filtered ethrough a cou?gtg&n}%%tg unne % gﬁ\ggﬁbhm
waton bt ajg gememdly hardent te gt dissetvied into Water idue toetheglel-likie Gtakeoof this

1 di orrbl ned with
selffor MR Tibsc apnet gt L) HndRatir e SipoRmmediatcly
anﬂmmeulsomn l#grindeo beycﬂﬁblwaﬁa ﬂ\@ﬁﬁ&%r%’ﬁnlc"koﬁ@ﬁ?ﬂs hﬁéluélﬁg bifilnot
d| et hyI her. The conbi ned ether Tayers were driéd

PY_‘HPg wgihard; qthansly isoprapang pdimethoxyatiing raiiloroform,
tp rj . Thi rude
m@rﬂflg%' (gﬂ&\jﬂ\%s gﬁsﬂg gtggneoine@i{oﬁg gﬂoi Or#n&b!hfobutyslkgtone and
dlmeihubuléoladeatone and was added to 140 g of silica gel
(60A, 230-400 nesh) in the sane solvent. The first
two fractions were 200 nL each containing a very high

THemal @aViedR0RA AJCT/ US2005/ 013864 materi al

(TLG) . The next 30 fractions were 50 nL each with pure
pr odiermal gravimetric dafg Were obtginediorea Pnbesal VI.0A A MsSument.

I ive 4.0 7% vi el d,
Teffeftal staithiie oY SEUERAC Wi il %ﬁ?l(‘%@sféyerrgm ute,
Saﬁ:ﬁ@ﬁze(sdvb,re typically Sbokdr 10 dhiglof s&xd717r3d1ﬁdt J 6.5 Hz), 5

2.922 (m 4H), 3.10 (m 4H), 3.37 (ddd, J = 7.0, 3.7,
1.5 Hz, 4H), 3.475 (d, J = 12 Hz, 4H), 3.515 (d, J =

GélZSléd&o Kdilsis 3. 70 (dd, J = 12 and 7.0 Hz, 4H); and 13C
195 MMz, CDCL3). S 44.17, 45.75, 50.822. 69.93,
esldnmzrsob@ wererszongé n so?@nom driad undmmuufﬁ@ﬁﬂ ﬂm dissolved or

d"‘%e nt aer y%tﬁr It ‘ﬁ’ s ‘“OI} abé) ﬁfba e (g}/waEereﬂne water solution is

frcaem tmng ;ttyhce ml thammpldzmsﬁhismm ﬁ‘ze(- EibYe &r?&) (1: CONCO

cess was perfornmed accordin t suo
?'hlé fes Zong 4.5 Litgn Freegn Hry Systers 77§10)sttabauted7°C and

60bﬁ/ 16° 3‘}EB§C h88%e ArilPo A imer (1-2 mg) is diluted with water to a concentration of
1 mg/mL. 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

48-



10

15

20

00 HO/~C Il OH (3equiv.10H - O/O0O0O0 HOO0- ~O v O
/OOHDVMSOIl + HOr KOH (2equiv./OH p OO I ~p O

wa d00bMes26¢ © OH OH /~O O p"' p O V So Sche
Pentaerythritol | (13.6 g, 400 nmmol, OH mol ;chﬁé”@%%’““

i : d b
LM A R N DA
@8y A6l @.1766D), (B 429 (106 LR EMED S 5 BRT BB PRI HES for e

was stirred vigorously wth chani‘cal stirrer
cleeiennbaresis isyrepaye weingHisthydronyoethil)arfinombthaeay.drg), kit acid

(YORVI 5aHe, 1. .. -51 WO 2006/ 065266
d%%%%’d@% ﬁ)é[gaﬁgg% e%dﬁl i&lncgtjrwfgerﬁg }om sofyfiog of pH 8.3. The buffer
isplilotedyr iaesptivr tzuseg f unnel was added dropw se over a

per i of . 150 mn. The tenperature was naintai ned at
15- 2%%‘6‘&3@??@15%@1‘5 ysing pdewstPacdfD d h5-60 Hhpaiver supplhend BIO-

RAD . ' ' r urned fromcol orless to
A8 SOt RPN Dol A A o
assemblyr Buffersis dadediinth the inmer chantbeRTo @ver thé Witk fe¥3hSouter chamber

' d_overnight. Progress, of the reaction was
a“%ﬁ’f ot ’?59“?3 Preppred Fﬁﬁ%@? mjxtares (i sashkare dorded into
artatelsahip ek i el ' : |l .
Ség g pent aer e;/l{s%‘li P%fléct&f’?%%%iﬁd% etg %@V@g@g&s Voth amine
8 5 e fingsl Witha ghugpidehydd splytiving for aboutene hdtrand tiexReEHavith

ChinaSic PRS0t o B o e ke 7 s g bour using

a Blacial acetic acid solution. Images are recorded using an Ap Scanjet 5470C scanner.

Infrared Spectra Method
Infrared spectral data were obtained on a Nicolet Fourier Transform Infrared
Spectromoeter, Model G Series Omnic, System 20 DXB, serial number ADU9700220.

Products were run neat using salt plates.
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10 Reaction m xture was filtered through a Buchner
funnel and solids were washed w th dichl oronet hane

W 8d6/0d5266( DCM . Vol atil e fractions of DCM Werg, E&g&g}ggsm

on a rot ary evaporator. The crude reaction mX

\gif r t<'£i:1t e WI' ‘;’{]}l %&t ?aﬁxﬁ?- d %’%Qfé'bg ‘#{%Ogtf?q@e Sﬂ‘?}’f’iﬁéxamples

vdtidheare aiteridag{mrlm meelp eﬂermlﬁd'y @Y tHe pré¥estIVenBibfl The lett red examples
conc tra .on_a rl%tary evaporator to give a ar k
q@F gumberedexpmerlesease thoge @@dlplﬁs pbthe present

v ua&meqz&m&m&a%%&%& i bt Bramples 0 1 e

chr omat ogr aphy over 'l ca Ica ge
| oaded onto col umm (10 hei ght X 2.2" wdth). After

%%ﬁg mL of solvents, fractions were collected
| irst off fractlons wer e eplchlorohydrln
foll 1Bfhéfmel bt bthrtin,
hé G\nggiidi&y and efl nal | ygtgﬁten%sgjlg%yy?et W%ﬁﬁb but they
vqgaslfw H‘%‘@f %ﬁ@gutplﬂ/e Prttesisian Qspweﬁoatldlﬁeiaﬁﬂrﬁ -E/0idel etiers were
t ofaer .si de products
badéR 4l thFVb dcecflﬁe foahh ﬁimsll?ﬁ%gs é\iegén?‘lﬁm enichlorohydria K QH and

Spectral “anal ysis was
DM$OJ || and anal ysis on products IV & V were al so
satisfactory. Exanple C Tetra(episulfide) from PETGE
Maki ng the Episul fide Branched Cell [(O =

Exahplatd d, .1
e orAon oF Pon o] AR ey B Bl bt and
PETCEPICMO{OPYM(EE) mml ) and dry acetonitrile (40 ml)

addeg Eﬁa (3.04 g, 40 mml) was added to the
abov eac m xture all at once foI | oned by Li BF4

(0. BTQag))OmIJ‘tGuﬁdE&i@nv\ﬂﬁskcaﬁ ﬁzg'ﬂv?&"ga‘%d 1 g of

condepser _and heat ed at 60C. After be| ng heate
Pﬂ’giﬁ”ztﬂ“ E‘@@ i mamolsal Ammols Qi) @ldiayerd 30 andcoftannixairhieFDMSO

(13685 Sad KO]{‘(It.'ShQ Iéo @40%&1‘ 2 gqmaegis ﬁ%rﬁo tgﬁé'iipldly stirred

over ni ght under The reactron m x
mqﬁmehéavamrbmhammwmﬂéad drapwdxseéabbkitQt &6p Peri o -5ty (3

é}g%%&go rst%lg s were vashed with brine (2
eotspil Qb hedidnehiover 6o 80 mins.

Th@tempyramtawas ﬁbﬂt 20 ﬁoﬁhﬂ i &

’ﬁ 05/ 405200 PCTI 552055/ i) @ihdnelife G B35 c,

ﬁl Br badsubsidedrandothe apkiprensisiigated kd 3AC for 5-6

. b TSP b el

vw@.hmt M@dmamma@ imfd #Ided tol tHe!etller-brine mixture to remove
ide.i.s. no SOl U e in ne ano ut Is
3@5 a5RL syl fiid | ubl t hanol , but
%‘t i E‘HF’%FF grgd Pt NepSOus Jhe(IL& ofthe resctiapl thituse stowed 5
s tsamﬁhe(aaﬁﬁoﬂvwas &Qﬁé 120 & 5. 40
pb , 2.50 (d. é’)then H?us ‘5%97{5,‘8'6‘@ Eﬁ%f"r‘ﬁt&’te wa filtered
ﬂ‘@“ébal“-ﬂ“rsmﬁed sl ®d5@shad tvdeetyith 60 6, dietyIrtiRk., The fitered

h%@%%%d 3\5&1 lég 9%7&13%Ng§;r a&ﬁ gom E@%Dtg%ﬁ%waslslesz 3'I'hslasoether

layot 2 B@stSA with80omL Safte. T BisheAdylr (A Whhed 3T 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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10 The followng Schene B illustrates this reaction: S
s OO0L-VHN~NHR2 Op V OO0 CH3CN, 60 C gnO

WO/R0/@BREce 29% PETGE Schene B -53 WD 2006/ 0623ff32005/013864
PCT/ US2005/ 013864 Exanple 1: M chael's Addition

[ y azin
e (00 Thr 0O PP ISIORSeld SPAI Yl it b Fisons 7-
' 1@ EXhg prodyit fraetionis iveere ¢ollepted andhévaedatdbtoai @500 gi(s'mtymh 10.85 g
ﬁ%gﬁxflgsk containing a stir bar was added 13 of
5 pi perazine (151 mmol, 5 eqU|vaIents per

acr y|1m((eowmm:m19 450 999(ddﬁ?£'385’19£ 4HHM, r9373{5 ] =6.5 Hz),
2Iré]g%(ure was nmade horrgr:?eneous and’ cool ed to 4C under

moth)n3 4 04m; 4ib B3 (dddr b= Vks3.7ab0 &t @Hg D475 (d, ] = 12 Hz, 4H),

3 gfééﬂz‘%‘h%ﬁa?e"’%%? 4 4070 B8 40 B0t ool over
abouPCIOMRI (125 M, G CLs)d BeRAITNS F5i5na22, 9193 700K U;f2€b36

ed .at 4C for one hour, then for one hour at
7%§%%5‘Phé’§“ﬂ] Xxture was evapor ated of 10 volatiles on a

Ot ARMATEVERGF AL Qkc: 36067; kimtlabbh Agy, " €Si due was dissol ved
i n chl orof orm and extracteévvl “water (4x 20 nmL). A
10 T1LC (5% NHAOH i n net hanol ) indicated the conplete

ERBHRLE, SRR Sl B el Pyl and

vol aEp:bHSrohdeg[@iﬁ)Iﬁ 2 g (60%vyield) of the desired
prod ét as_a VI scous, colorless solid.; and 15 1 H
do PRESElcpC13): 8 0.89 (qt, 3H CHB), 1.49 (t,

EHG 6@(51%}, 6%[ %&Qﬁfox&wééthr%%w xjt(al S%ﬂzeg%l_( 1993) and is

15 illgsizgted bynile SURGNMRCIo$25 Mz , CDCL3)
7.49,22.77,32.16, 40.91, 45. 9-' 1, 54. 03 54.93, 63. 57,
63.57, 172. 04, and 20 MALDI - TOF: Calc. 554.4, found 556

»

amu. The above reacd,i on |s furgher illustratgd by the
fol | owi ng Sehene 1(3equwljb; NH ONH NH O,
OH KOI—? “(nzse?;uiv./OH) \E/\ ko * Ho/q(/
(o]
: m \wo w \—VO
[o]
L\ 0

Scheme A
20
Pentaerythritol I (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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O OMOHON OOH ~N Trinethyl ol propaae
triacylate N NH Schene 1 25 -54 WO 2006/ 065266

WOShh4AR 5/ 013864 B. Addition of Acrylate Br @??@%%5}013864

Reagent to the Trifunctional Piperazine Core

3 %@Eﬁf é@l():ﬁgi:nﬁ(éﬁégs&re% . dﬁggéll ilvg%rg\d’ide?-ﬁgpv&ge%ve? a period of

perazi ne, o
17mizl. dFhe]temPerataredbasrhaitiaingd abP3-bO0 GlrdsthCARlRINYNY @

' i meth | propane
eﬁﬁ“&‘é’?ﬁ‘ﬁ‘c%%%ﬁ% ' #?a%ﬁglg@gﬁt:ﬁg ten;tcé )f/fsglrcgioﬁéss to pale yellow.

i i 160 t ' IL.xt ur ..
oo et e BfacalbusbaodnRGe wal Bblidip Mol 49 B ang stiring
cqntinggdovepighty Fragnsss pf tp reactiowjvas ﬁlfoﬁitdsl‘mtb Ey Tll?, %\ftg}r”@hours, TLC
. l.e 1A in, 0 net hano '
kel SBEAS tob i BB o S Cih Sosr R LG ER T
Eoates (O 30, at) "ang "y pak Sy B 1Y She Pl jo e
coRerterbmio ot HLotoweyra sdrhe dingarizatiorod ATl was e ed, Which gave

odagwation with high vacuumfor 30 mns. gave 4.9 g
po¥ product. (TF) for the product has six acryl ates on

t he BeactiomixtanRovab e l¥ifrbddba Bighne and solids were washed
wﬁt%df}%l 7.47, 23. %&j 23.25,32.27,32.32,40. 92, 50. 59,

orgmethape (500 mk) (QGM).o ¥ olatifsfrartionss FDGN WS reashved on a
71t ' -TOE: Cale.. 1442

rokp etoralch ] THE crulid FealiorBifd® WA WBid S5 9?139 b 100 raL,

found 1443 ami. G Cappi ng o?v_%\gf%e ée_:wi A Fegt éme%zx )
ang) gxfraeted with diethyh pther(2k HOMmIN Phowneihddethereal layers were dried over

Paly (esteranine) Dendrimer, G =1 [(C) = TMPTA; (EX 1)
Nap Wper Soncent at@ Tolany Rysparatqrig give a darkyeflawilight br_pw_ﬁ)hqmd.
Crude Qs Alvided]intd dwé e@tﬁ@g&’ﬁoﬁ%@@ﬁh@@ B otk clﬁ‘glgst%lgrglpﬂyq over

.2 stir _bar was added 3.8 g of piperazine
sxﬁca gel. Silica gel (300g) was loaded onto column (10” height X 2.2” width). After
eluting 500 mL of solvents, fractions were collected in 40 mL. First off fractions were
epichlorohydrin followed by PETGE (IIT) (R¢ = 0.62), then dimer (V) (R¢= 0.44), and
finally triglycidyl ether IV) (Ry= 0.33). Isolated pure PETGE yields were 45-60% (some
amount will be contaminated with other side products). Spectral analysis was in agreement

with reported data for XTI and analysis on products IV & V were 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 acetoﬁitrile (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 mI. water
and extracted with CHCl; (3 x 50 mL). Combined extracts were washed with brine (2 x 30
mL), dried over Na,SOs, and concentrated on a rotary evaporator to give a liquid. The crude
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(102 mml, 5 equivalents per acrylate) (A drich) and
38 g of nethanol. To this mxture, cooled to 40C, was

wisislReloka@ g of pol y(esteram ne) dendrinmer, Ggr
acrylate surface (3.4 mmol, 21 mmol acryl at e)PC mas&gosg;ssm

l. A j ] .
redp O gt Shas e theleh bt romaidptly Hld e LR
heddirs:eblybdcelatschidrofolin {1 :2i2)t wiliieh gaver(es 10en@9%ayidly) 6f pure
rotar vaporal q Thj s esul ting crude n]hxt ur e_was
tetgpiemisutiide) af p colarless fiapidy (Getraspiseins isnot saluble gpmethanglyut is
sofuﬂle% qo%féu&) s sﬁ&%‘arafedas &hd:al . A gramof this
mat erla was dialyzed with a 1K regenerated cel |l ul ose

me D HAR: csooemaa;ﬁmcm t 512118 (dd, JeHaRi&sS 49 Hzli4El)y2 50 @, ] =

o ety > SIarpR S EE0a8E 80 S hie r o P st - s.00 s

4H)n§lmpat ed the product was the desired product. A PAGE
of th| s material indicated a tight band correspondi ng
@GR (T5 MHz, SNElak SR3FHVBRISAAFRY, (267, 7685; alsb WO

SRR P IR, ¢ (o

721 1Dhe f&l(ﬁ;ﬁn% SchetneB fivsate?thidreaciofd (t, J =
2411), 4.04 (s, 2411); and 13C NVR (125 Mz, CDCL3): 5

7.41, 7.42, 22.54, 22.78, 32.25, 32.33, 40.85, 40.091,
45.92, 52.6 52.82, 53.45, 54.09, 54.1 54.19,
63.60, 64.16,1171.99, 172.08,§ 172. 40, 72.50,

172.88. The f Igm'{g reactg@th@chem /LhQO
step of the e reactlon__O_M_,LNHv OO‘O OV

D

ON- 00 %0 NH\N ---~ ~NHcHudiNcp O % H OOV

~ ovemnight, 29%
\ 30+ \N EcT)G O N—%{H \—V

Scheme B
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ONNH 10 Schenme 2 -56 WO 2006/ 065266
PCT/ US2005/ 013864 D. Addition of Trifunctional

WAS 36k /8ds8s6Br anch Cel | to the Piperazine Dendrl
Exanpl e 1C. Pol y(esteram ne) dendri ner, ﬁ“@f&%}am"“

TI\/PTQ Zm&gelgégéferazme ((B?;:g TI\/PTA (EX2) =

Acrylate] 5 To a 50

ATL T eunds Etrﬁaa,{yia%mfpg agﬁé% hﬂ&: W gﬁaﬁﬂ]' WohBional Core

al um num waS added trine propane

tri af(© FaifI\éPIA.MlﬂﬁcBlperdmm lQTE)a=I= Antme] per NH)

i xt 0P8 SRE i P (e AR s e gdded 15 of anhyarous
pifefiine TEI1, mizol SJequivE]eﬁﬁ?Bﬂ/A&}l&Ep@ﬁ&ﬁ‘c}? %@45 I;pﬁ{é%cfie This

surface (5. | xI'O-4 nol Exanpl e
myxtgse wis madgthogpgereonuans| cogled to AN wades Nag a?g thiF$tirged mixture was

o814 B BB e P2 . G0 e
(gmghh)rm 20 lgay mthmsl @l ?ﬁbélo ve fnlJIisOus!iiag’lé ?rogpmg ﬁﬁﬂnéf Ui fifxture
Sl BB G201 B 3500, S oo

vbﬁﬁléb bh QQotEFy’é‘iz&Ho‘?atorV\’aﬁléEéuFﬁl‘ 89!3&1{\&& c{lgsﬁlvéﬁ’ F}mut%hlcgro%)sm

hours. This m Xture was ano
extractsyh withywatol (48 20amid. d\ ALC 6% NHL,OR irasthhnolpindigatad 6 complete

ted.cellul nb 15 36 h th 5
A S ARG AR T PR e Sie Dt Sodpmdatiig, firss and
evaioenBofaolils tOSRe BT g (60% }%l}zl) @ﬂtﬂé dégﬁre Roddask a%féco

praoduct. A TLC of this materi al in net ano)
°9§989\§(§°’64ﬂ"}1 one spot and no | ow MNrraterl al present;

an ED 1@&%@ éé&%‘b &5%36 89 gc!f%ﬁ%i 14452 [quH Gy, 242 (vs,

IZHAQHé)mZ SBELGE, CHH2.66 (1, 6H=CH2)Hz86 &omi, CHH. 05 €, éH =cﬁ’z), and

VR ( ToRME 2 Mt 50 S92 1 3535, 445 Fas4 05 5495,

6357903.5827404; ad@. 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 gf@m 5 5266 PCT/ US2005/ 013864
]31519\% CtaIc Zs%ﬁifééﬁgggm € Ring Opening

Re ac tl’hc) alpve reaction is further illustrated by the following Scheme 1:

) g
"o 7\ \/
) .

2’\ | %o U H-

Trimethylolpropane triacylate

Scheme 1
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A. Capping the Triepoxide with Piperazine to the

Triam ne Functional Core: Trinet hyI ol propane iris(2-
weyfoduesRisopy | - 3- pi perazine) [(C) = TMPTGE (bE%szooQEissm
(EX1) = Piperazine; (TF) Ami ne]j 5 To a 250 nmL round

Bbot tAH&iﬁbﬁ%i‘A&th@Bﬁh&gCéﬂ RE4, %clanllblg rﬁl STl epOX| éer?zme Core from

pi perazine 5 equi

( Al dExanple éAdP@&(egtemEm@tdhmimhcr, Gk s mixture vvas made

Ui mReR R A e PPl SR iy 2 rﬁ@ﬂateho

no| Te pQ8 niiejouhd béttbry fiedk dbBtRAROL sPMRF wabRided 8. 43
This m xture was heated for 20 hours at 50C un

trimethdglerppane triacrylpte @hﬂgmeph. deqnivaicots eex(lsﬂa (dcielth) liﬂd g of

MBSk ted the
abser}cg%g?gg%gﬁl?eggm m x?glfi %\g e %ng’BOPGFC ris(3-
pxpetaamylpammtea (3.6 mmo}, ml&mnm?llNH) (mzheby Bfdthilé m,g? in2 g of

e i, g A . Th

th
oA e e 5 T

p@rqafzfp qsmrnﬁangevapprame Evactation. wilthisigh esiutmefoEBmins. gave

[ gfg! in 20 g 15 of nethanol and m xed with 60 g
4@&5 ne. tl'hi s honbgeneous m xture was distilled on a

r ot aYF)efonthepecdutt iad sazesiAetsh the RaFR&i A8- Thi s
procg repeated three tinmes to give a
pi pergihﬁg (flg%@ﬁgzr 684y HY431TA7. B A, laa%i,lairﬂé\ﬁdcﬁh#@ 9%1, 50.59,
h ) esire
ek 1 TR R M Yy e gt 102 3R
7.5 MALDIH)OF:1Cal® lw,,fodxd:lﬂsamldz 2H), 20 2 3- 2 5

(bm 12H), 2.7-3.0 (bm 12H), 3.3-3.5 (m 5H), 3.88
(m 6H); and 13C NMR (125 MHz, CDC13): 5 7.71, 23.14,

C43. 40 &3he 64 PAcrylule $&fach azifd d
MAL D) ?P%ng Calc. 560°4 560aca§r3§5Exsaégpéene9§3 %:i‘l%e\?v '

il u%qlv(ﬁﬁté?@%%mers Battion: /-ZON NH O 10 NH NH
w Q
1I'r| et %yIT%ropanngl \)i/p %‘“TQ g@%@ MA OQX"B]—I Foerame (TF) =

To a 250 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 grain 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 rﬁg of product. Analysis by
B3C 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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25 NH -58 WO 2006/ 065266 PCTI US2005/ 013864 Schenme 3
B. Addition of Trifunctional Epoxide Branch Cell to

w'BiodeJCB%id60na| Pi perazine Core, G=1 5 [(QO —ﬂfﬁﬁfﬁ%mmsa
(1F1) OH;, (EX1) = Piperazine; (IF2) = OH; R1)

TVPTGENME 1500 MEGHEDER)% 5 W0 k. 17 rudﬁ’@h& 3, fi 25, (b, 725D,

cont ai ning a stir bar Wwas

2#@%&%0&}5&8@(&}?@@2@) 4@nmgrz4m,zhna mol, 3.9

o Sl ) 0T o A
01T ST 18 300G b, O 1 6 120
10, AERs. Y o

This m xture was heated for 3 days at 50C
under N2. The volatiles were renoved by a rotary
evaporator and high vacuumto give 6.3 g of crude

mat eﬁqafollomnga‘eam;nm Schenfe BEHOWG thig Step ©f the laBVet¥action:

Sephadex LH 20 in anol . Fractions 1-14 were
col l ected a d S ﬂpp of volatiles to glve 220 ny
(92% vyi el d) pro . Anal ysi sy 13C and ' H NMR 15

spectrQs di cated t s the desired
produé??%fﬁ e epOX|de ri opgned with nethanol. A
PAGE of & hi$ |nd|c ght band
corresponging to a"G = 1, Bore TRI S PAVAM

dendri mer ndr|t| ot echngl ogies, Inc.); and 1H

eda

NMR (500 {MHz,~CDC13) © 6-8-84—Bs, 1211y, 1.38 (bs,
8H), 2.3- @ 1211), 3.37 (s, 1811), 3.4-3.7 (bm
4811), 3.93 1811): and 20 13C NMVR (125 M-,

CDC13): 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

Trifunctf gnal Epogxrde Branch Cell to T |functzeﬂag
Pi perazj ne\ Coype, N CS”"$};?gb|ng wi\h Ai er azjy
[(O4&= Q;>’“yﬁ— éEXl) = Pi pe a2|ne\ (IV%B

oH ( ) TNPTGE (1 F3) ( EX2) Riperazine,

(TF) =\Am ne] To a 25 niL round otton1f|ask cont ai ni ng
a stir bar was added 873 ng of tmN nethyl ol propane
triglycidyl ether (2.9 mol, 3 egdiv nts per
epoxide) and 5 g of nethanol. This m xture was made
honogeneous and cooled to 40C. To this m xture was 30
added 180 ng-of trinethyl opropane

[ ris(2-hydroxypropyl -3-piperazine) (3.2x10 not,

9. 64x10 mpt NH) (nade by Exanple 2B) in 3 g_of

nmet hanol over A TLC (30% NHACOH |n/K@E}@ of

the reacti mre er e houR at i ndi¥ated a
strea

Scheme 2
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-59 WD 2006/ 065266 PCTI US2005/ 013864 baseline to Rf
about 0.6 along with the excess epoxide at Rf = 0.9. A

wWoé So0Bhshbd S M xture showed no starting amn
remal nf ng (no baseli ne spot) and a coupl e of e%Cpé'IJSsm%{m”“
Af.ter at 25C, the reactjion m xture
addfé fﬁéﬂﬁ*ﬁ ‘&‘Gylftf Bragchdzell tﬁlﬂﬂf‘e}?lanﬁGQ Desdrimer
MOl 200R GihiAE 80 PoRREst of methanol .
Thi's miXxture V\gs 5 sto:grqre oresig%fl urs at 25C. The

vol \fj\\At1 i |[€€) ’V\El\@Tﬁe iB¥ &)~ Bipesazinet @B{l)e’\/mifgt EJEXIB)OT %@u@zme
a |t i pe was removed by bulb'to
bul b d| ﬁ@ﬂl‘]’a@h g#rélﬂ{‘}ium and 160C for 30

nmss TotaOSOQiJL/ @@d%bﬁ@ﬁ,ﬂaﬁpbv&hla%ﬁﬁb%eam ﬁ%}nﬁ& f%ﬂ%,as

This material was dialyzed as w W So

$he af txxmwgépr@pmeéaa@mtqﬂlaé enmelnth equivalesits perINH) (Aldnch)

*'%@3@%2?? BB 16 A GHRAmRAFE 5 s LD sl Grriniie

dendritnert G =Al, RAGEhyiblpkdpate bore SpiperhzitdQitRbe 6. 14100 mbRBd mmol
EDA core, TRI'S PAVAM

WE@? g{‘?ﬁlﬂa EP?F’;G H;I’-Q;'rﬂ;t“?&*ﬁ%l @¥§F akout  mans. - Thighixtire was

s{(il“{&l fo? Q@ hMﬁ'§ at ﬁ{? Qﬁnéc. r%zgxr?n@ai %)%at!teg R@E% 3&%}@&{%@%& Jhe

ohlzygr was addpd(oyer 1Gjns. Bo 8 Afiktre 1LY g (ﬂpﬂﬂr&(zhﬁ (34.8 mmol,

&3151"# A S A S L T

was stlited £8599 for@Bof B, hotrs. Ohis rhBdrd wad 'ElﬁutE&’lwllﬂ‘% ol to about a
5%’0’ me 4 | I ustrates t he above reaction:

BEYg 2 @K(Jegelle@teﬁl\cemﬂb&e@ﬁibr&le for

36 hours v@fh\ Qﬂéﬂé’é@ o%l}/za@. kerr&wal o?vm' M_e's from tge retentate gave 900 mg

(47 % yield) of the desired product. A TLC of this material (10% NH,OH in methanol)
showed only one spot and no low MW material present; and

'H NMR (500 MHz, CDCls): & 0.82-0.94 (m, 30H), 1.34 (g, 2H), 1.38 (q, 6H), 1.49
(bg, 12H), 2.42 (m, 84H), 2.51 (t, J = 7 Hz, 60H), 2.65 (1, ] = 7 Hz, 60H), 2.86 (bs, 84H),
4.05 (bs, 60H); and

BC NMR (125 MHz, CDCls): 67.36,7.44,22.40,22.71, 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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HO 1 Pol yet heram ne dendriner G=1 H OH 0 OH HO ~~
O-N N NH OH 3 Pol yetheram ne dendrlnmer G =1 Schene 4

W 200¢lsisigson of Trifuctional Epoxide to G = 1,
Pi perazine Surface Dendrmmer and 5 Capping it {/S2005/013864

| et h d G=2
ERBS 3¢ ABiiop Uil 5102 Cosains Repr9ef az| et (1 F2) -
A e TR ey i, i i
Pi pe&a@pmlolgmpaneﬂm% h)@}“OXYDm@yBZS-pmsrazms)ld bot t om

L1 nleh BT B e O R ot P el 10

equi Yaheto smlpeundbttoanflaskZofitaifing 4RirANRhs adbe
(@3' rred mxture cooled to 4C wae added 280 dihg%fplperame

ImeghyP sauvalens pgteﬁewﬁeﬂé\.h@-pqhma 5ag ﬂlime'qupnéx ams mExture was

6
o3 by At T DS i
emm;zenmb 49 mgml eploxxdnjmn 20 paf meﬂanzlgﬁgeﬂoouess%is s mixture
(bR B G P b S RS e o
uenaoma D i¢veRPingBREXKNRD, soludtn ﬂldﬂfﬂatcgﬁ%é“ﬁigﬁdce of %ﬂ&#ﬁqee This

m xture was stirred for 18 hours at e Vo
mixtugeryyas expperatedofxolatilesammprotiry emaporataxr The mnﬂtln@te@ﬁué Was

ai; d
afites & ednc it oufl BT URSIAER oSS Poichig poum and
heatiag teunixtue gt MO°@ @ 30fmiss.CAGHIC ofBlsQhkRSS(5% ﬁ?&@ﬁ i MeOmH)
q‘ﬁf@éﬁo‘”cﬁ%ﬁz‘” PCT/ US2005/ 013864 naterial . This
RIPEfAgias Fepaning, inthe mixtare. %’Fh@ﬂdw waa dJssolved in20g
ofin Sth¥#? dnd mhixeed With 60 %Q)ﬁ.ﬁ:ﬁé a’fﬁg h§lﬁblﬁéﬁe 0% Ay r?/glps %ﬁtﬂped ona

4L of methanol W th anges o te
TOiY e¥aPOrRQr 1o azestropelpigerating r Baisi ptocedird ’w@s tepbM£dhied times to give a

r. nol ecul ar wei ght, materi al
pifihe HOC AT 2 i SRR yRbnanioh oSemmight i 25tiogaue 6.8g
(heyiskref the dekided prglubt; gave 360 ng (59% yi el d) of

prod showed t he absence of any | ower nol ecul ar
wei gﬂ—ff\ll\/}]{] gOOMHz, CDCls): 30.84 (t, J=7.5 Hz, 3H), 1.40 (qt, ] = 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, CDCly): § 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:

-
-

O

10 [\

NH NH

/?C M
\G MeOH

/__\
\_/

o TC

50°C,20 b \C:/\O

A

0

Trimethylolpropane glycidyl ether
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inmpurities by TLC. 1H NUR (500 WMHz, CD30D): 8 0.86 (t,
J=7.0H, 12H, 1.41 (q, J = 7.0 Hz, 8H), 2.32-2.45
wWoookhesas 5 (bs, H). 260(bs H, 2.84 (t.

), §.33-3.35 (bs, W), 3.64 (bs. H. 3%‘/”(%529"5’“138“

Hz,
H), .89 (m H); and 10 1%%(125 MHz, CD3OD): 5
8. 04 8.07, 23.91, 44.59 54.61, 55.49, 62.66,

63.28, 68.49, 68.67, 72.68, 75. 43, Exanpl e 3:

Addl t i !Ol.’la 5[ r%ﬁ%ea ré;, Re%ggﬂgg dg%%%{ggp%ggigglgazé\le Core,

Reag;ggtl Hydroxyl Surface 15 Dendriner (G = 1) from
Tri net hyl ol propane Triglycidyl Ether and
DeetlfarmoTATG (1) €OR; (EXPYSRipefdit) (E2)CHOH; BBR)) =TMPTGE;
eV Elhes OHl Diethanolamne |l (7.82 g, 74.47 mmol)
;)I—gnd dry nmethanol (120 nL) (Aldrich), both

Wit l(fﬂkthSﬁndeﬁbﬁd et bOHaini¥RRtPbAGRH alldkdary PYEN
dried 250 nL, single necked round bottom fl ask. The

tnmeﬁgflolmaﬁav@qugww shfer kl4sq nmoab39 equivalents parNED({Aldrich) and 20

A e L SINEE LR "

plp&]'aﬁﬂlt_é ( _B.Bﬁ)ﬁ?mﬂt 3. lﬂf :jum@lM‘I)L(hjadﬂb}t Brahigle Zﬁéﬁ}ﬁfﬁﬁﬂﬂ Qﬁ 10 mL of
egual i zj ng .funnel dro over a periood of one hour

ey’ Thif St Sl dr S T Enioaenie 1hervplgiles were

remBRIEBVSLlotR P Bvapdfadretd &ich 8a&adnPto S0 £9 r0§- gﬁ{até}%.h An aliquot

Sol vent was” renoved on rotary evapor at er re
of H0Bmg (yras puwﬁectby S¢phadex]31-26 iromithanolt thmsr leht wbneapulld:ted and

srjgbea 3P yhed e 220 Bk KA il R prodat. Bgbiis by o and v
@mﬁ&maﬁamw&ﬂé bkdduwﬁsas&@@désﬁ'&&ﬂroﬁﬁct Wﬂﬁbé Qﬁklde ring opened

distillati on a par at us under reduced pressure at

witipmethgnel. A f3his pateriplipdispted a sight bard gorrespendingas a G = 1,
E]m\réo)e Thfs ﬁAMAMl &I(b%m

t he und| stilled natg%[(rﬂlha : éﬁﬁﬁ%ﬁ%@s?@; él'?[gSagg%

y| el al)Nb@ @00 Mz, CDElax: &/Dsécﬁbasm}mmacs (b BHH2a3-219i (ap [12H),
st terial showed
g él;g%%’t‘{?mgf%ﬂbﬁ’eid}b MR of undistilled
mat e‘FCNMRmm €DICYHNG 838 0YE0s 94%295@123 5§ 29, 61.23, 62.28,
xahﬁ{o)lrox%/ surface dendrlmerﬁé3 &25 l no
638 P80 12 94 10 A8s7 1180 A4 68.173688; 406&0
2006/ 065266 PCT/ US2005/ 013864 these fractions.
Conpound-111 is stored in nethanol at OC. Spectra for
C.Conpdsditior( tbﬂ ']'r)fumaroaal Epdxmk/Brat(cB(I&HNHInﬁﬁaB@l Pxﬂéra@.m% Core,
(tcg— CH3), 1.43 (q, CH2, J = 7.2 ,
2H) , *!PZ’mﬁg ‘PE@FPP 3.32 (s, 3H, 3 x OH), 350
S, = TP = ; e?az@dé) o)
(12H)[©@ (sex:tgtlg ?)I%(E&lg'lﬁép 3H), (IF%856F3(§%H(‘DEWTGE
oH) ; (IFciiaff OH (EX2) = Piperazine; (TF) = Amine]

To a 25 mL round bottom flask containing a stir bar was added 873 mg of

e~

trimethylolpropane triglycidyl ether (2.9 mmol, 3 equivalents per epoxide) and 5 gof
methanol. This mixture was made homogeneous and cooled to 4 C. To this mixture was
added 180 mg of trimethylopropane tris(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%
NH4OH in MeOH) of the reaction mixture after one hour at 25°C indicated a streak from the
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13C NV\R (75 Mz, CD3CD): b 6.93, 22.76, 43.43, 57.42,
58.51, 59.47, 68.32, 71.56, 73.72; and I R(Neat):

Vo 2608354, 2939, 2817, 1454, 1408, 1367, 1
1111, 1081, 1070, 871, 778. cm1: and 10 NALW%@BSM

bale 10 P dE AR wE AT B QUURPLD S M VB s mixtre
showehi2 &t afmne@bﬁﬁlﬂmgq 1iy-basé€lind GhbtNand Lbd2pkd ofSpots af RfO 9.

i Sequi v./ epoxi de) ' %
A&'ﬁi@wﬁ' Gicteagion Bt ts AGBIEUS 1D mighp FARE of

Inl!
Pipg RS o, o loquiv Bl erp RS R £ bl P Rifture was
st&pdffam?éf HbBrsi¢ A5G- e, vodtitesiwerk romoved ionetrotpyciveparpant give a

Treic%ll%c%%él . Et her T}%P&(%E b?,n? dHl t%ﬁfb@s’@@hﬁ" no i C \?atc%tm? and
1607C O (AiaRk &b 1ve(a-|6‘féar ~coldrieyd mﬁtéhﬂrv]lm%tﬁlx@i Dyl This material was

i m nodi acet ate Il (14.07_g, 74.47mmo ri ch) and
dighygedastadh sy w (sqlmom@) Mﬁ@Hgn Bl 1&@geqeratealrpeuwepﬁ wembrgng iith 3
cﬂvgvgées?é %6%% é‘a@% cgv%g ?ﬁh&g oog\fé Lrgonl%vaJﬁﬁon 36)8 1@1% ?§d% yield) of
the rdesired Ipyddatip rAOPAGE dfrthig imatéridy bhoedet a|11gh( Mfaiéspbmhﬁg ®wG=1,

o i L i b

sol utgi RV (00 W1, Q:WJ@?)SW@S@%J% v%m ﬁslrm' (V%ég QWIE;%H),

over a period of one hour at hnel
256 fnac@d), Wb fmr BH)UXB A fosc b A€ 1(bsa AH), 1335 (b, &BI, 3.89 (bs, 12H);
&gated at 60C for 60 hours under N2. 25 The sol vent
s renoved on a rotary evaporator under reduced

pr es‘éamwﬁnzxngcmem 68loar 8.93,33 91 a359UED1, 49i82U5461,
entire reaction mxture was transferred i nto 100

55 6% 6&6 200289, 68 92658 BT 168200%1- 013864

The following Scheme 4 illustrates the above reaction:
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m L, single necked round bottom flask. Excess of

di ethyl im nodiacetate (I11) was distilled by
wolgRkbakds di stillation under reduced pressur %C%Fuszoﬂa/mssm
150-160C. (Distillation, process takes about 45 mn
Distilled diethyl im nod| acetate weighed 4.71 g and

undi stilled rmterlal wei 12.59 g (87.55%
yield) as a pale r, vi scous |iquid.
Conpound 111_i o<s,tor ed in gt“@mal cohol at OC. 1H &
13C NWR of “di ed rraterl a s In agreenent with
di et hyl im nodi ac 3C NWR of

undi still edo er'1°al HCDSO) showed sone

characteristic-prioperties. 13C NVR di spl ayed three
ester carbonyl &arbons at 168.67, 170.25 and 172. 31
ppm and 19 signals in the ali phati C region. Spectra

for Corrpoundi(lll) are: 10 1HN (300 MHZ\ CD3OD): 6

4.65 (sext J = 420 Hz, 3H) "2, 3.59
H, 2.81 (dt, J

(s, 12H

3.60 Hz, 3H) 95 d,

= 1.80 HZ & A 90 Hz, 267(dd J—840&810
HZ’ 211)’ 1.37 (q Po-lveﬂ'lerZ'mnaQndrHZ'G 12H) 1 26 (t J =7.20
Hz, 6H, 2 x CH3), 1.25 (J = 7.20 Hz, 12H, 6 x CH3),
0.85 (t, J =7.50 Hz, 3H CH3); and 15 13C NWVR (75

MHz, CDBCD):
80. 81, 13. 36,44, 40, 22, 66, 43. 48 49/8{_53—62 55. 76,
56.21, 58.0 ™ 60. 68, 68. "?1 17, |71.33,
71.50, 73. 40, 7848 70\A5, 172.31;
2980, %93, 2904, 2868, 4741, 1460,

and IR (Neat):
1408, 1378, 1342, 1250, 1198 1111, 106 , 21024, 983,
927, 860, 784 cm 1; Py P11 - TOF MB: Cal c. for
C39H71N3018; 869 and f oundg8Qe(qrNa) and 847, 801,
779, 775 amu. (The. spectrum show typical fragnentation
pattern for elimnation of OC2HS5 group.) The

15.0| | %‘@dﬂﬁn%‘f @'ﬁﬁﬁﬁ%ﬂ} hbgg%ﬁé 1t gllgeréfe%%_‘%%ﬁ@D@dnmej and

kll\ C@mbm Pipersziiist M}i(aﬁxh((alé:ﬁgﬁﬁtggtéls Uaﬁﬂﬁ%ggldg) 2 o
o1 58601 B DRESEE = PHk e Pieepdedi) = OF: (BRI) ~ 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 gof
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
N2 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 evapbrator 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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(59) il 25 (12.59g) Schenme 6 -64 WO 2006/ 065266
PCT/ US2005/ 013864 C. Ami dation of an Ester Surface G

wo 2008lot6R NG Openi ng Branch Cel |l Reactions:
Synthesi s of Hexanine.Surface, G =1, Dendriner [y /013864

_T X o - —_ - . ~r D t h | i . -d .t t ;
PR a3 0y AL e L5035 v
regepergted @cal_ll)losgennﬂEbrg%e %lﬁlme@'hﬁﬂﬁglble \\ﬁiﬁ 2?&&%&5&& %ﬂl%%te over 24

nedi n ui v S v
BPERRE EFaPTebtid e NSy MiOHbovebomadoweetoleula
st eapsRid] : i€ RRALb fd ' it
R e e s e
£y g% 1iglddl of prodiect that stpmed i dbside lof Sy IU%%SIe?IﬁQr weight

BRkES b the sanple by infrared showed absence o
uggter cgr g:ﬁyl (C=O0 and presence of am de (C=0

f unctH dMMRI(560 MM&LCD;16K: 5 0. _S;hp]gg e
of §P0£41 g QOt ed m)I3 e]gﬁlaa? b?(()t%/'.s_lH %&@)Cfl\lfgpqa\gg% Hz, 8H),
A ﬁnj'ér i-gmmva-éwy%atsm Y el nBizsHY, BBGE3.35 (bs, H), 3.64
(skemyira. S,\ﬁ) g-lgbgmpﬁf%&t has a (I F) in the hydroxyl
edi an’ 200

noi et,y. t hyl en ne (180 nmL, 77% i n methanol,
mol  eGUNMER) @A% ¥ CDeODYr § 814s8.01. 23001024 56 Q6 1294961{‘55.49,

' n r.au tom flask. The flask wa
6???{’31132235\%?%%@’ %ﬁfg%ﬁgd Wth a stir bar, pressure
equal i zing funnel and cooled to OC with ice bath.

EHexal- et hyl ester surface dendrinmer 111 (0.869 g, 1
€Ph gOPrRin® Ryactiess amideid @yginga peri od of

And N e ERn R Rlen oy Hench Sl Resernecisbprd Surtace
and Bemsciotx 46 10 flont TAflebAIFopahd TriblyR1 KRS Bl I9YB L clamine

and excess of ethy lam ne a

t
rrgt \ﬁ@{? T%ﬁ%\)?@%@gl} oA @Fap@Htor to give
ObifHa8SI8mirle t4710 L - 3 f
(o el TR BRE AT el Pt By Bl 120 m)
MG W ehaiibowdutten priERdonamre sisescih ad olbh AR50 B Sngle
0 ana, t ol uene,. [C ave .
:%k"(%ﬁé’g&/‘? b Bl TR R v abippoa i lirar and s
fxioeth i . .= .3H) ,
o S0 e e s 2 D T el co
L)an df o the phove stimigg soltiopthfough 3 Prdssurd eQlifiy fidhdk! dropwise
, .6 6.70, 6, 95, 21.42,
Ot SperiollofiEnbud e M7 THEITe! wasrepiabed it o st ondenser and
hegtyd 8660°€ o060 hotds Giler K. 79, 172.86: and IR (Neat): ma.

329 01‘%%€8a 2930,, 2863, 1659, 1542, 1437, 1360, 1292,
1116 Was 1eB9ved 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,
IMI, weighed 9.76 g (95.53% yield) as a transparent viscous liqu.id.

Analytical data ("H & *C) of the distilled material showed signals for
diethanolamine. *C NMR of undistilled material in CD;OD solvent showed 9 signals for
hexahydroxyl surface dendrimer (G=1) Il and no contamination was found in either of
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30 MALDI-TOF M5 Calc. for C39H83N, 5012, 954 found 977
(M Na) anmu. The following Scheme 7 illustrates this

bd3Rée - 65 WO 2006/ 065266 PCTI US2005/ 0138641 /65005/013864
W@ﬁﬁ&/ CH.{’CHS CO2CH2CH3 OH Ni - CO2CH2CH3 OH

%ﬁﬁ%@f’%ﬁp«“@%ﬁ% P B Sy Sk P )

am(N~NH2 HZNN/N) J OHOOHHH ~N1f NH2 OV O
Schene 7 5 le 4. Ring Openi ng Using

Tr i s(HM‘in@HQW &Pzﬁﬁ)}(}m & (tBTragéﬁ Hzem QHa)géﬂB (g, CHy, =

TRI %%@@Dﬁ(}ﬁ;ﬁ ?’?r(s 3843 X]%’g ?%W(%ﬁé%%@@? 123510 Hz,

5 68h3.54-3.67 (m, 12H), 3.93 (sextet, J = 5.10 Hz, 3H), 4.85 (s, 6H, 6 x OH); and_
BCNMR: (75 MHz, CD3OD): & 6.93,22.76, 43.43, 57.42, 58.51, 59.47, 68.32,
71.56, 73.72; and
IR (Neat): Amax 3354, 2939, 2817, 1454, 1408, 1367, 1321, 1280, 1111, 1081, 1070,

871,778 cm; and
10 MALDI-TOF MS: Calc. for C27HsoN3015; 617 and found 641 (M'Na) amu.
The following Scheme 5 illustrates this reaction:
—CHy0H _ OH —CH,OH
o NH_ O~ NMNch,0n
5 CH,OH
0 Il (DEA) NN N~ —CHZOH
W/\O o { 1.sequiv./epoxide) \—CH OH
\_§o CHOH, 80 °C, 60n ENI'd 2
| sOH, 80 °C. \/\/N\/:CHZOH
CH,OH
({TMPTGE)
59) n
(9.76g)
Scheme 5
_ B. Ring Opening Using an Aminodiester Branch Cell Reagent: Ester Surface
15 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
20  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, .
25 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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- 2GEERIE -5 e 0 BN 2Rk T s oz 205, 57 o, -

15

20

25

TMPTCGE (1) (2.66 g, 8.8 mml) and net hanol (50 niL)
were placed in an oven dried 100 nL, single necked

wosesheast om fl ask. The flask was equi pped w
bar and 10 stopper. TRIS (1) (4.79 g, 39.6 PH}([%Z&’EM”M

was_added to the above

mir ?ﬁ %83@%‘%"‘%&%%3% Qﬁg?qss of digfhl dmpodrapetate(H) wag distilled

b €lf
PSR A Sy S, 7 e

aboyhfih i) Pistilled dietipd iminodinaetetd Weighed Gl ahl unilistilléBhBaterial, IIT

f ' ) cooled to RT and transferred into
WERAGHIZR 7300 yietD o 8e Yeliow felof Risepus 3Gt Compound I i
stofed ot ethgk aleohgbat®dded. Hexanes (300 nlL) were added to

the golye mxture slowy with constant mxing with a
sp at 1 WATNR o distilies! maseriplowasiin pgraeent withatiatilyl iminodiacetate

vvagﬁo‘%ggve AR RAAIE S CoRiouT s S e

prageritips. and NMRIdmphxyed thrext astetl carbody] cabGisHt 968, 67, SIQb '2§ aﬂ@ﬁz 31
e walls and bottom of t hé

PR B0 EY centi AR B |Spots fgpLompoud I iDare:
eniT oA (UL LN, B84 LSS BP0,

380 (s, ﬂathtade@i) 530 (2 61,3506 @d LD+ 9)60 EBSIHR A (dd, J 3 90 Hz

t4

7.80 B3] RFR1 D61 d, J &l DROHW 4E 2 ¥ ens), @&?‘dﬁt’% 2Bf}¥zTﬂ1§)6 x CHs), 0.85 (t, J

Evaporation of the sol ution gave

=Hy Qi 3HpClsxsend d and dendrimer-111 as the mgjor

PR CRBR (AMEL VI BRR 6 kD15 4 10, 4B iR o id® dpisB0ss 62,

550656121, T60, 0B K60/68S 6BITRSEE] Wi | |
lﬂﬁjﬁa %?F nt o ’k6the col um. lAftg?%(ellxsl?fzrﬂgog%Oﬁenzpﬁ{q“ 67,
| actlons were collected in 15 nL aliquots.

Den (RRAH VRS f n 85 S
fougndQ i n xrA%'E |zgﬁgdzf§a’;8goa’r%§6% ﬁé%u %Bbg{bgaéﬁgg/l% 1250, 1198,

111de K965 1Q24, BY3, 027,1860078% ewl;iaddon the top of tubes

£ he XeatDustn fs: Cofohar 20 SO 565 mad Joud 885 (e o and 847,
S0y m 795 ain@ edp@&aﬁﬁéab K’mé @Jag&é%o Ifa&&n%m( iS4 of

groscoplc solid, ndri ner -
O PuR) on of sol vents from 48-58 gave 0.592 g of

| RI ﬁ@zia ctral analysis ('H &
1SC)SIﬂselhf8vve Fﬁgﬂtl&ﬁ]i;ﬁgm\%%gs%bs%%ﬁ? m nati on and the
products are pure isolated conpounds. Their spectral
data was in agreenment WIthCO;'ﬁE)EI ﬁture Sonme anount of
the dendrinmer-111 is sfidT i

3|'RI S. Analys ijﬂ/t Di-680,CH,CH,
sanpl e shomed;vlrwl_a%oh 20 thecomjieH, conponent o N
i

N
dendri ner - | sho beisy f ol | ow i ng gpectr g 1H — COLHCH,
NVR: _( , CD30D): o S & ox;:L’ J 7. ; , —CO,CHyCHs
1.429q, J =6 90 Hz, dd 780&8*@COCHCH
Hz, 3H), 2.78 ?‘EFQ‘,O J = fcgiﬁOH&o&:&m Hz, 3 aH (s ZrevTs
GFD , 1 /F-CCECHchB

(TMPTGE) ¥COZCHZCH3
(12.59g)

Scheme 6
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3.35 (s, 6H), 3.41 (d, 5.10 Hz, 6H), 3.48 (s, 1H OH),
3.5053, 1H, OH), 3.53(d J =3.00 Hz, 121-1), 3.58

Womddsa), 367 (bt, J = 300 He3H 3 x Nelpe &5,013864
(sextet, J = 3.60 Hz, 3H), 25 4.81 (s, 9H 9 X

and 13C NI\/R (75 MHz, CD3CD): S 6.91, 22. 72 43. 41
44.34, 59.83, 61.49, 70.07, 71.57, 74.27; and IR

Ne 38 brd EsteO3i@ace 8731 withGling bbeding BEORh cLB Reactions:
Ozctzggmi%lzn 1106, 1029, 866 773 %%. 50 MALDI - %ﬂf ons

VB:  xtaesisief Hexominsdiunigas G 5 4FDendgimiesund 689 (M ' Na)

ene M3 S BB st Vsl o appas ar) =

OH Onind] NH-OH O v H2N- COH ||O ~/~/Q_é)(-|)_|(}|6o(é 50_| o
O ~

eq%Hﬁ /’ceﬁ?f%x %—@&?ﬁ\&j&& Fcsmere by Exarppled8y) yvag treated) with
AT CETERS i SRR O LNk s o1
VQ-The(r@qun wamrﬁlmbd nmler Gﬁﬁ)a.rd: c@dtﬂmnsl e\tﬂeéﬁfldluaﬂﬂzﬂf 2up, analytical

i.n -

dta v a)g gghe%%'d %I gCEu %\?Pﬁgtn tgl?nc%?%een %gfe%en@,mth structure,

Ahb]yﬁe bfn;hb earpple Wﬁlﬂi‘dréd dhoed gﬂéen@et SFtet cdrivor] T@ I)'aﬂd %Befsence of

met hanol was add at once. ess

a'?“f‘f’é’ (peQ(). ﬁ%ﬂowy ALDETEF: [ﬂ;ﬁ MS@hOWéd' eclearumah [pr the expected

f d.the
e L & TR g DI AR e R e e sty
dendeinyer §h tThisTredsa husen(@F)ia the leyaBose i nofk:  rotary

ri

eva under,._reduced. pressure an '
hi g Eg&ﬂ&ﬂiﬂ’ﬁ“{"& e » EXe Bsmethenob?90imel equivelents per ester) was
added to a 500 mL single necked round bottom flask. The flask was flushed with N,

equipped with a stir bar, pressure equalizing funne] and cooled to 0°C with ice bath. Hexa-
ethylester surface dendrimer I (0.869 g, 1 mmol in 10 mL of methanol) was added over a
period of 20 mins. The pressufe equalizing funnel was removed and the round 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, I= Hz, 3H), 1.30-1.42 (g, T = Hz,
2H), 1.94 (s, 3H, 30H), 2.64 ~ 2.80 (m, 24H), 3.26 — 3.40 (m, 30H), 3.82 (m, 3H); and

CNMR (75 MHz, CD;OD): 5 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 cm™,

MAIDI-TOF MS: Calc. for C3¢HgsN15012, 954 found 977 (M Na) amu.

The following Scheme 7 illustrates this reaction:
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colorless, transparent |iquid. The crude reaction

m xture was purified through silica gel colum-
wohnewmsegr aphy (8.5" height x 1.25" width) b¥craus200s013864
i ncreasing the anpbunt of nethanol in chloroform
(5-10% MeOH in CHC13). Yield for Il11d + LVd 25% and
800 ng, which 15 also contains products Illd and IVd
along with sonme unidentifi ecPHmtchaLc;,-{acma% yi el d).
Overall yield is 96% & of tvvo
conpounds) = 221 ng |1f-d (por—le fraf: | = 66 ny.
The spectra for 111 e’ omwmcwa CDC13) 8
0.81 (t, J =7.50 Hz, 3H), 1536 (&colcA,ch, 50 Hz 2H) ,
20 2.32 - 2.43 (m 12H) @ 53 2 S@Oéﬂg%ptet =
4.50 Hz, 6H), 3.28 - 3.47 (m 1N H) 2

OH), 3.64 - 3.71 (m 12H), 3, 87 (CquffQeLlaC H3J = 4 50 Hz,
3H); and 13C NWMR (125 MHz, 13): 8 7.91, 23. 39,
43.61, 54.10, 61.54, 66.41, 67]09A NM2. 22, 74.02; and
MALDI - TOF: Cale. for C27H53N30 HM63, found 587 (M Na)
amu. 25 The spectra for IV-d r g.oc M3LDI - TOF: Cal e.
for C23H44N2C8 476, found 500 (M-Ppg#) anu (Fraction-H).
-68 WD 2006/ 065266 PCT/ US2005/ 013864 Schene §
illustrates this reaction: ~OL OH O v O Me

C ~N~1 O ~HXN RT, 20h ) ~OH O~/ HO I1-
I'11-d OH 0/ ~c %_? Hp\NO eme09
Exanpl e 6: Tetraf Co e unckPonal
Branching A. Cappi ngNa poxi Pi D@FRZINMg,
Core [(C) :HZNE/CE F 19H— OH; E>61) of Pi perla2| ne;
(1T Ami ne]j % N

N/\n/ Ny

O
HN

L

é

0

NH,
Scheme 7

Example 4: Ring Opening Using T risthydroxymethylamine)(TRIS) 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 (IX) (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 Np. 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 chioroform 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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10 To a 500 nmL round bottom flask containing a | arge
stir bar was added 26 g of piperazine (310 nmmol, 8

wSlatoy/adsedst S per epoxide) (Al drich) and 45 g %&T/ S$2005/013864
met hanol To this honbgeneous m xture was a -

Ofg DV a? Ple?‘? Iymwur%fv%?&fgﬁg){o oncg geain and

anmsvea toegmfdla@lgl" ofveraiptht. bS{olB@iHHe@n &Y fldkes orlthe Gvallk and bottom of the
met hanol . This m xture was stirred for 24 hours at 25C

flagla g Ehe sr@mweasvam gopy torzpt thersolid sepataad. illisaing thessolytion
ThI
APy ol Yot B SO ic S, 1765 e o
thelfladkial dohirlesspaaw panamds ewen dfteg bepaeting theaolid. 1 TRiCpadtoweighed
SAREANE 5 NpEb SreaE ne Yo prmarrtl clgge THiB tpSIPRACH TRIS).

Evagoﬂxﬁmf thd RiSidngabE vk f;g;tf L AT o Eﬁd%ﬁ%ﬁm@/ I o the

ree azeotropic distil iohs using 30 nL of nethanol
m%nucmontntof toluene. This product 20 was dried with

of *cTRE SRR TS Pl b3t Sipepel st ek

- SebhHdekl umzwfnﬂhnl mﬂe ﬂmcachs&ﬁm Rith IYIPRHE of MethaAbl #HMaded onto

of this mxture 700 n‘g was purified by size
theclngs; ddte grla ghipethanelgiracienniwers wollgqteriginilg mL aliquots.

D%Aangaher gta%fdim& hzefré’cﬁb{ijs tfsohm'aFm Ms'&ﬁﬁhf xé%raf:ﬁ&fst%o%ks ]S

were col [ected racti ons
coffdaleet dasitysiddntified by farmiegla silidgportee ®pofitubesafter - 26%0&@1 Fractions

ﬁzoggl 965266 PgT é) 2005/ 013864 frac%t)l on 8 was a
o V5 MbteG 3BE (e SALYSRY WS SaRcgatedpm @ 1qtagy £vaporajor under
re§itiel ?&éﬂﬁﬁie REGe @'262 gL .829% Pt og&padjs%'l\l/%t {Gﬁg agﬁ_@é’{m er-1I1.

volatiles to give 400 ng of produ
E\@m@s n ofsobvegB-from48-69 gave (25%2 gof Bas JI 85 asaol(mwsa somH)

?P%%ﬂ e enh, 42 (peihe: fRal Mo hiliindfd SalRC

pr6duc552m'e ﬁ&elﬁ),lat&ﬂcoﬁﬂmun@ Théir aﬁd:trma@ WH'SGE agl@éin@nt w1th structure.
704. 5, fnd 705 amy. B. Addition of Tetrafunctional

S%%%P%‘él e drodeimer-THds gl ith SRSt Asalysit of thisgpmply showed that
m@h&%r%mssn&efs%eﬁdgg%&mﬁ% S v&wfdﬂgimg[sgau e

am noal coho mer G
(|F1 lemq(momﬂa)z,@nmlb)%raaamet,wnm)ﬂz:sﬁw1429@13 =%.90 Hz,

119-55??135 IE PRUR b G017 8 (Ao 000 3 GO XL 370, 004 5 65D,
Esereﬁsigfiu?(d‘lﬁumefa-gpﬁﬂé e Mt BE t30§0 (‘sefg Q%ﬂ%g.es@'b(g}’i 3.00 Hz,

equi val ent'$

IEaaﬁﬁB és 1H50H), 3.67 @t = b@O Hezni,ahoNH)mm Gextetyd xt3U60eHz, 3H),

d ure of 200 ng of pentaerythritol
4&?1@% &gy )g%/dtpropyl 3- pi perazine) (3.1x10-4 nol,

1. 258 OINR NS MERED0D)E83, 22 §8)43.4104834 50fg3081 h@%‘ 07,
dropwi se over about 5 rains. This mxture was Stirred
Thoh 7828, ®¥ur s at
IR (Neat): vmex 3354, 2919, 2873, 1460, 1424, 1408, 1367, 1296, 1234, 1106, 1029,
866, 773 cm™.
MALDI-TOF MS: Calc. for C57HsoN30;5; 665 and found 689 (A "Na) amu.

The following Scheme 8 illustrates this reaction:
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25C under N2. This m xture was added dropw se over

about 5 mres. to a 250 nL round bottom fl ask
Wapbéwadrdeg a stir bar, 35 g of piperazine (4G Bbos

15 equi val ents per 20 epoxide) and 70 g of nmet hano+0.b/013864

This resulting mxture was stirred at 25C for 18 hours OH

under N2. The vol atgles were r ed fromthi Swﬁ' oH
using a rotary ewafprator ﬂ‘bNTﬁ\/Q!"q, whi te soli OH
resi due., D%)Q:ess pi per azi ne Wat$ renoved fyomthe oH
reacti6n Trulegmat eri al _ULP AyivéerBdeh to O/YNH€OH
disti?l ation ap us at hhgR vezaegum and a pot oH OH

residue ip pot was a clear honmpgeneous film e & ©H
inside 25 0 e flask. This crude residue cane to 5.0 OH
g. This rrag%él al was dissolved in 100 g of net hangl,
placed in & R regenerated cell ul ose nenbrane and4.29)

di al yzed for 48 hours in a 2 el wth four
changes of dialyzate. A TLC kS%%;?{ﬁMO—I in McOH)
i ndi cated sone | ower nol ecul ar weight nmateri al

resent Jj.n the.mxtur The vol atiles were renoved
ERRBRED; itk OPerneute Sropipiing Alepis rermdennaaig. 002
) . [(8) FEMPAGH; i 1§=a iy Rke) & begH =&l
corrpF(et)eI.y stri ;tgﬂp:egli of 'vol agi :Rgémﬁﬁg}eb@d t Cgfetr%lgr]
desi e siyrestiodutionad 144 igof exbrplivlioe §ird ( HemnuyinBanke of dry

' . eri.al. was dialyzed. apother 24 hours.
filloM R, 0 B0F e R Iriha yioliibas gl S0 143 ey 82 L of dry
nfetinmolaiasatidéduliedt ofitd. Febgrads ofthedBhctiof Wad WeonithR@ by TE. E?Qwr

2006/ 065266 PCT/ US2005/ 013864 retentate was stfippe

bejpe Giired, for 3 ours, il ghoysd therosipleie eensemptido BMPIT6Ee Sfirring

\ . 1 th
ATk L T T YT N—
raigcedpyensure and Tti widet high vaduant totremeveoseess i@ plsHHb kekive a
cHIRHB HeorSBarerd gl THE s o emisis s aatieckomogh Agea gl
coidfiockitopiathgraphy 78.5% keight X 1155 2GR0 b5 ]&ré!s%l%?ﬁeg?&&lﬁl{ i C%{ha.nol

.of volatiles indicated a significant anp pro

. i ¢hleroform (Fril§Vevie@Ein (BN (Yield foriBidih EVdi 29% tixk800aug, which

oD ofitbn® broti e WiEN Mool @ st fpiRensifcuitensl (7164 icta)

a8 a g b O o 5 e MO-4 fpure
. S, , . , , . ,oan

ffi%t@“knvéﬁe@zs MHz, CD3OD): 8 46. 21, 26 78, 46.92,

54. 6%3@56@5“@(15&: 63.19, 68.55, 68.65, 71.27,
75.54, and MALDI - TOF: Cal c. 3180, found 3143 amu. C.

Addi {H DR {500evHaf @613):?2&2 1 Epmcwd&al 1B, agsg,hl S&ld, 1=17.50 Hz, 2H),
agent, t eraz uncti onal | zed:
2B o 2 Gt 6 A GUREin P et i O, TOPE 6 1M, 352 s
s i . 0@ = PETCE;
3%‘1%3‘@“@: o7 PR BT sk TR 430 B SRR, = G
PETGEC NYRE] 25-MBi, CDEX) 67.91, 23.39, 43.61, 54.10, 61.54, 66.41, 67.09,
72.22, 74.02; and

MALDI-TOF: Cale. for C;7Hs53N300 563, found 587 (M Na) amu.
The spectra for IV-d are:

MALDI-TOF: Cale. for C,3HyN,Og 476, found 500 (M*Na) amu (Fraction-II).

t enperature Ef 14 for aboUtegpne 'hour or unti®™ the u /7 OH
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Pi perazine; (TF) = Amne] To a 25 nL round bottom
flask containing a stir bar was added 2.8 g of 20

wWeERbeesshri tol tetraglycidyl ether (7.8 mo
equi val ents per NH) (made by Exanple 6A) angcgﬁgzoofmm%“

met hg&Rne STiPubthitss thisirbdcgfy:M Xt ure was added 200 ng of

pol y(am noal cohol et her) dendri nmer, pentaerythritol

core, G =1, piperazine surface (6.3x10"5 nol,

7.6x104 mol NH) (made by Exanple 6B) in 3 g of

met hano over out 5 wins. This mxture wa tu&(&
: for 24 s at 25Cdhder oy This mi xH Rided N

kgpWise over 25 db Sm%nzsbrto \/\VI rred oure of ~-0

4(Dg of pip razrne( 4 17" 15 eguiXval ents per

epoxi de) dissot®ed in 80 ni of methanol at 25C. H%i SNCO
m xture was stirred #or 24 hours. The vol atldes of

this resul'ting m xture were renoved on a rotary”
evaporator to give a white solid residue. Piperazige

was renoved fromthe crude residue using a d’o\’/\N/\
bul b distillation apparatus at high vam\rr?an 40C o
for 1 hour until the pot residue was aclear 3

viscous material. This crude residue weighing 5. N b
was di ssolved in 20 g of nmethanol and added to a /
Sephadex LH 20 columm in MeOH Void vol une fractiv-éns

of 500 nmL and 3x25 nlL were taken. Product was

observed in the last two void volune fractions as
observed by -71 WD 2006/ 0%%eme 9PCT/ US2005/ 013864 TLC
(30% NHAOH in McOH) with no visible | ow nol ecul ar
material present. After the void volune a total of 49
Example 6:ofetrafienationali(Gore MthﬂSlfﬂﬂchﬁﬂélfBraﬂ%H{n% product was

obs fract , conbined wwth the two void
AvoI u gg]gr?gr P?Qﬁ‘b%edw’gtf}\i’ﬁﬁagpﬁl%eto give 390 nmy of
pr oc[((&): PEDGGE: €OH; gEX L m xed
gooo dug:[tnpjr n frg%t%gﬁgmg%kq?@héé@ﬁv;er

Bichetigm Hask senthinimgarierge istid bar eds adtied 28 K of

S o R g s

haogrnegrdope mixtare was\add@Ddropwise bverrsadias a miXh@€ bi P $ of2- 49

PR RN ¥t B0l el a8 Srmmolreorade) Grotiabs Emample A) i

10 pofiphetieané]. STigs mi@rd
o o o G e P B L ko

WEE FEYE Bith afgta@éq:vampnator @ give SRBits bmm&ésﬁueb arhek residue was

DA TRI'S PAVAM
ik SeARER 0y Epilisio Bk dintifior sephatiaeheh b and 140°C
foy 3&_ 40 firsnThe RAMAM: ferediimiontalREdQatPar, &t%f?ﬂ%

me ot her_ band was obser ve
defs g 5‘% g‘élfﬁ (B4 é"é’ @10 H {nyMgOEl.o This N@S@dLBbPIPWWMCmVCd by
tmea@zea@ SHishRANRS ag}gn d Thi g
woand, | ?1 prs obabl ym‘?:l&%|3?na]r)nrL %’gﬂ%&aﬂdﬁ?od fgﬂr‘?g{%‘rqna Thig groduct
Wa5|d5ie¢ With ugh viamennn operoight &1@5t@negivday oe,RAld S)Jo?the desired

prdﬁfggwc oé%f Okt OV&@‘? é@%%j—ga'&g\é\a%)@g?edgémgghgomers An

a.h@lmt 66thisGRixfke (’ﬁf@ 152) 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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68.72, 71.32, 75.30, 75.61. D. Addition of
.Tetrafunctional Epoxide Branch Cell Reagent to

“R)mg/@@-,hdge Functional 20 G= 2 with Pi peramP@%,US2 05/013864
Cappi ng: Pol y(am noal cohol et her) dendri ner, ?(58

g § Bapp gt of B3 ﬁs%duﬁé}qhée%ye PPt &’igqnéamz) daguct and
v%ﬁr%lneg@%d st Fgﬁ(?#—vo{ahfé}o Bt Oloo Qgéi_’l),m?lé%% per azi ne;

Pi per HNMR: (SQ CDern)néjfZ 3@214@ (BmSZE)R. SBG-UZJfD {bai, D8I 2.82 (m,
t b dded 5.2
4%%’;? ef:&%]—ﬁ'?k?%?a% alaﬁgc%/c?[jy}NaZt ﬁere(made gyoExarrpI e

A) |ﬁ3c1maasmmﬂcamg) 3145 £3114%.02544. oz 84, 7me<1t5af 86.18570.49,
added dropvvl se over about 5 miss. 200

pol y(%ﬂh? T8 cohol et her) dendri ner, G = 2 pi per azi ne

sur f ag&1 HLTBEX % g}fg fﬁ#ﬁﬁo 4 1ol NH) (made by

Exanple 6C) in ™nis mixture was
stirred for 24 hours at 25C under N2. 30 This

B, e A e et ot Jipogics Brafih e ikmaent o Rerafumstional
15 e@iieyahRore BT Pxﬁﬁﬁﬁnéj@)ipﬁlﬂg s (%ggélgﬁyﬁg&ﬁb En.t%er G=1

25C. After 24 hours, the nethano

r ot al{F) SVRBEGEBF) FOR) @X 1) ~Riptrazisg I(IFa) = €41, {BR1) = PETGE F3)
WO 2Q 6] S2 38 The pi perazi ne was
renovggéh@?%g PDCgrr‘{lzgn gﬁ'@ %‘md\" tillation apparatus at
hi gh Teasunl. esuid bdUSE flask cortni gldrshpﬁar Wk hhdehfzeaspé%f

he wei ght of this

resi due s c] ear. and vi scous,
P ﬁwgﬂfo\ﬁa Jyf”&'di'bﬁber smmgl éeﬂﬁeqquwmentaseﬂﬂﬂkomde@y Example

A a ha
ggng%gg?f;&emo@ e After 3(he vord vo une, Fﬁgfqb ’F’%ngemaerythmc’l
tetragd-hydsoreyprenyt 3 fpipertits) (010 traoln1.ps afiist INH) (made by Example 6A)

i B R O el oD it Mhig BrgHte vvatiged for 83 hours at
2600 bsd &Y. ThidgiikRRs
820 T 6 %0% yi el d wwdrag%ﬂ??m%%gg{ ?%%égwg p & 2564 Sound

botiem DEHRIBE 8 fUn hant gJ-c‘/\glgf piparazint (H06aumolp {5 Equiraients per
P&h@%%lsc S fng ! A5l hrk Wb B2 554098 hours

uBds N9 The veRfilts wers, rEuoved, fikm Bs ﬁﬁxtﬁ:?e @&g&%taryl&aﬁ&aé% to give a
“;g?t [35q 1944, 71 34, 74.06, 75 45, 75 62, E “Addition
© 11 5P ¢ TR P Posk pipcTegcic Yas TemO Ysd omehis grastion erude material

uElhj & bakit0 SulbUiMlia@tAdppalins A o
Cappi ng pPol y(am P pRales of hlh Vil o d ML Efefure of 140°C

for,abawhoRe bawr anustiktbe easidue itethaipotiwal atlymihoinogdnepysGilnron the inside |

5 Eég;sk (gﬁ%@ﬁe %ﬁlﬁig% %Q t&§ (I)D % peLazl ?%abép%‘%% évegglp ﬂ:Qg gof

mett@:bl pBRER)ina 1@?@%&3@?@%&@% hnd-dial )42%948 Rburs in a 2L

F6 | N
?}é%lgkfo%cha(lgqs)of dialyzate. A TI(_C (30% NH40H m 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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Amine] To a 50 nL round bottom flask containing a stir
bar was added 5.7 g of 20 pentaerythritol

v&@w(,@,ggsm dyl ether (15.8 nmol, 16 equi val ent
(made by Exanpl e A and 20 g of nethanol . T Raooidlsse

r&&ﬂtété % gﬁn?% am noa 1(1:% ﬂ(g %%F I?gp )“Pgo‘gﬁ?&‘?‘f o :TOS‘@TH’T%dy rexggve all low
nml@alaa me@t Bnpurities; theBma2idA) VoasTarther Aialsd@in d@iﬂﬂmeﬁ'@ater for 24

nple 6B). in 5 g of nmetharol. This mx
hé%rg gtﬁr@@ aqte%e Wﬁdsth%fmm@e TEFh‘i"@l of lﬂWLmelem welght
hidud taBdl si
rsolul ds 55 SO ﬁ%éltso%pt at é\?\%tg ace elnﬁlcg‘mr e gﬁ%’i“ﬁ?ﬁ% yield). A
T8 afdhesmernsrdialymats, stdpped af doldtlhk itevetet] @rsighd daftinSount OF product

oL o8 ORI ogf bt gt i dner g gnolgmal peahs bprgitis to give

u(eigksomm)lmgmwggm ah@nts per epoxide) in 140 g of
met hanol . Thi s resulting mxture was stirred for 18

hour S XMRE 506 Nz, D:0D)e8 2828 (e RBHEQ. bY.84bi 93HY, 3.34 (s, H),
38%38 ag Qg (b"t%}ﬁb-y@ y 5 1@% id. Piperazine was

renoy illation at high vacuum
30 af’ cmemm@fsmnzeomoo)i ® 45.7E 48178 R84 ¥ %%%862 58, 63.19,

S n t very sol ubl e in methano
ﬁ({d(’%lg iﬁ?sﬁ e in nmethanol for 16 hours
foll Nﬂﬂﬁ)lb'yoﬁctdlé %tlk@rfo@cﬂidnﬁv%?\grati on of volatiles

fromthe filtrate gave 3 ieoretical 1.2 g) of-
desired material. -73 WD 2006/ 065266

PCT/ 4 ddi .ti of Tetrafunctional
CEpox}lﬁig&%ggan C%a%éqcfl ?Bg’ﬂfie 863“9{1 Eell &sageat o fiparazineal G

= 1 Fardchokilized: Poly@niaaflBoHolsthd2Pb oal cohol et her)

dendy i rer (C ent aeryt hr| toeiEJ (TR =
pi pet(&}u ETﬁﬁxélﬁéhrﬁé% (ﬁX[lxﬁrxpm@mfmu)(q GH) (BRIJH; PETGE; (IF3)

(_E)(()l_?: (E%jﬁg)vagpgeram@) (?%@oﬁ'ﬁ?%%ﬁ 15&%' X3) =

S¥iperagise; ((IE)(%)Amme]M per azi ne; (I F6) OH (BR3) =

(!
PETSF%&%P@ Sk oS e dgcrzsgmr”e]

pammﬂxﬁiﬁﬂte&agy@d}ﬂfeth%p(mﬁhﬁﬁ rll()te'a{dv;aﬂhts% é %\j/%atgple

ther (13. 10 equivalents per e

} and §.8 p qhanofoT? #P%chreqdmmsm added Bﬂ)O(ing o€ was

P SN o e
mphacﬁglbynﬁkblﬁb (Badefif) Exampk 6B)dh 3gg&5fh@éﬁsanopw%f Shisk. This

and stirred

m ns Thi éﬂle was. seal ed un
54%“?#3{% FHF & 9 % 10AE Nea S hisquistire wagadiled dmfpw1se over
uP® i, miRbure € 0XJ
athg of ﬂfrae!ft%rggol ove(?fqg?gdlftp I?e S%&PLFEIP lﬁ'np (Fjlg
epé?ﬂdF} dgsoived in B0 mbiof meshanpbat 25 Pﬂeﬂ’th&uxMﬁJ Wisl stifred Y&Qﬂ hours

e TR A
soliil sésidulea Piperaziug wak aériisved FrolfHE ckide ResftiuB i@l 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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vacuumto give 10 g of a clear viscous material. This
materi al was dissolved in 30 g of nethanol and

wWsdob@skeon a Sephadex LH-20 columm in netha
Fractions 1-9 were found 20 to contain pure %r%lgglus%({osmmsm

'3 [ re m. roduct and | ow
T GO ek B o Pl Rl e ot o he
vld@Hirhe1a tdeDdf 49 Fractions Weprhibg JFna el &8, Pu tﬁé@:{da as observed in
%tc.(hppe_g of _voliat,l les with a rotary evapora or_an‘g
BFELah SOmPIRST hehettD Ve pelomsdndisejpped bf wlsilosto give 390 me
¥ S | 1 ed fractigns 10-19 were,
PR LR R N BafbE ) s G M Fhions 521
Thess Were cymbided, strippedafedlatiles ang dilykedin @ﬂ&@@g‘eﬁéﬁﬁg cellulose
g

& ll:- ul os. nbr ane, ,. 25 un%' | | ow nol ecul ar wei
materta l_ﬁb\ﬁhﬁﬂé%‘% Yagted; t@a%o%e@ptq%wes friered of volatiles to
give 200dhid dfPRoduct. TrhétRny PS40 angcf’r?&(%rgﬁléﬁ rﬂl&] %ﬂy ﬁgvlvelr molecular

Reagent to Piperazine Functionallz

TsppiragionPwrsp stippedaf votdtidsed lgbic)t. Sig NWihd BB weight

Wi ghe paerile

oFpiadtotlepihk (@300 bt feLUiel. EBRUE oS Sountt op 2 1oYehomogencous
ghyitk @R%)SDS RIGHEE; bahd Brrespory tb B2 4"EBARGIATRIED
L B 5o L O IR

. : = OH = Pi ine. (TF)
2 ki3 dimr OF s Ot Hond i B ok ar i the el
Q2 sp gi&mgepbndccktoggo f:entqré:afwfe'em Gt=hs hﬁ(ﬂl's_b oh ?{erlg(gjeg CTilY band is

. , o equl Vv ents er nmade
P@Eﬂg Fc(%”m%‘ °£)E%hd e &%Pﬁ%%%@?@d atdhe ﬂ@P@fﬂJ&r}mé:ethmlnad not

migrated EheviaBoviiglg 8pectd Yal%ouafi: POl y(am noal cohol et her)
dendy,i mer entaerythritol core, G = 1, piperazine

surfgé?é“l\@dg%@m; SD1); 5ACEBXA08 6K 6NH5.487806645.28, 68.52, |

6Eramle 68} i g of nethanol, dropwi se over about 5
m ns. Th?‘?’%@tﬁie was stirred for 4 hours at 25C

This m xture was diluted wth 100 nL of nethanol to
ive L% slution_and ultrafiltered in a .

o) o Afden o Herfanstionm, FepxifePranehyGell Reagefif to tPigerazine Functional

appaGat 2ith Py . S a) W th _

t enper at urﬂé P‘%?%Eﬁ%? %g Iza(?y 3 v_o%é&o&é:&% dWé’%’mB” G=3

col | K€} ©EETGE; AF15= 06l (EX1)0~ BiprakinsF(IFY) =238; (BR1) XPEFcE; (F3)

reciLemt. 1S p; Tplse'%%‘blg(i(? _ _tr=1en added dr_o W se

over ?5*?%‘%25 PsrEey P %mn@E%%I H;i (FX3) =

140 Bjperhzing i(Iksh olOH; (1B ' — Byt | L for 18 _
ol AT at T EasEs QPP O (R el ) =

hours at_ 250C. The volatiles wer
evap%ﬁ”ﬁle r to give a white solid residue. Piperazine

was b ta . bulb distillation at 140C

and %(?Eg@@g\c&ggnm %tér%ngﬁ;gpﬁ%“r" §agg?‘{/§a¢é""élaééffdn5-%g§§ous
pentashythreolabtaglypidyT bher @fidel b Exasplo al) halﬂnia(ff nﬁtﬁa‘fﬁy STo this

S IﬁUI.d beut a o 8.1%3 solid that = was not soluble I'n

it RERBTe i adredidsortissiony. abont Sminsy 20{me Dhpely@initaateeholether)

dendtimed, G+ 8.bibdlaAMOsurfite QT8 4 20 fipurs  at
25C. The c%e%r [i qsui d V\gsgsggﬁciz}%?ggj%? g’ﬁ!}lﬁ@b‘/ &‘B?ﬂ%ahtyed
Expmple 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 g of

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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volatiles to give 360 ng. This material was purified

usi ng Sephadex LH 20 in nethanol 20 with nonitoring
wo fthang of 8 mb each with TLC (30% NHACH | l}lﬁgig
Fractions 1 -9 contai ned the desired product C 05/013864
Tgletermned b¥ C% armu n to 260 ng w

B RPFHEIE BY28 FR9Y, H%‘PSE t@ iy mﬁl@&%@mﬂ% high vacuum and
10eetok B 1 Bf‘ﬁmtﬁ"ﬁg-:p t Fbside bl e d vigth

Epoxi de Br;rrwh Igeagstent ta% p%i; zavz%n{ésaljj{r% %g !f&ns
myaderial qangg toH 043 gae?fa&mn@n@ap@ dngso[veéurem g\bfémbthaquénad added to a

' S%%}?H{ d{g( g’iug&l)%ﬂ%g &El%bﬁ:\?}%vol&@‘]t&( 9 zexgtlaogls nweere found

téPeqnedin ptoﬂ&ct uﬁbdﬁﬂérmﬁat@i‘lby (@@hﬁctﬁﬁ? %1 ght maR}aFas @termined by
’I{L%C(&)" er a2| ne OH, = PETGE, (1F7)
A,(Iﬁ%,_g & a ?Fé co)(qutgd ﬁ'ampm;\]velg @tnpgechoﬂi@laﬁles to give

t
kN “%‘*8%‘3“’%”5%#’21@5‘% TRARER! 16122 <Gl Bloo kR el Yo tpraarminated
bnﬂqur nidiecabpn weightinetatisl. aaefmww:ﬁgaﬁheubw&mﬂm e A
d f . this h di
ot 1 Gd MRS MR EnGIgd 455, 59,75 (eSS 00 GROS58B67, 63.29,
6§@§/638%066h91ﬁ%ﬁ47&66 %'%(@ﬂ?@oal cohol et her)

dendri mer, 1, pentaerythritol core (5.66x10-5 nol,
6. 8x10 rml NH) (made by Exanple 6B) in 3 g of

th i Xt. h t. 25C
B aA88ion SR Bedfithing epoRioR g E%#li{ease@t iRkiveraeiae Furstional
a tagge hﬁioﬁiwifﬂipiﬂet&ilé @‘apd;hhgéltd ShGHtHE) Dendrimer, G = 2

cont a| ni na% 1K regenerated cel |l ul ose rrbranes In
rreth grmeval of p¥ress eppkige itk dialysislune of the retentate at

a e
25. 2O S PR ) PosE e e PR s i PR 0B Lh < pirom: e
(:1 5= t(&gr(ﬁfyﬂi ePlpt&rMeeam)@uDH, (BR2) l(aggggr (IES%EBOHV\/@Xj 3) =
strigped o a recover
The PIERRE EREORST S 7R om0 o Qe rkupesseiae; (TF) -
devi genig}s Wwashed 3x80 nL with nethanol. The conbi ned
sol utions were added dropwi se over 15 mn. to a

ni xt 4P @ S8mlymugd pettom ﬁeskamtaem(x@z stintmoips adiled 407 grofof

W our SgI%}H \Q/ﬁ? gitst ur e@%@é’ggmfﬂl‘i‘ﬁt@%‘mp&

Ajiand acta ﬁ of me@tamd Towhis t;tﬁ-rémika)ixlﬂige FJa@ gaclmgl ((lji@pOtOﬁF f){re‘% BOMRE £ 260mg
e u us] ng u 0 u I STI I on a
ia@@ a@’ﬁ‘ﬂ ethep Gmﬁﬂﬁw @ el Ripgrazing surfacs (821 (Gtmel, 9.8x10°
nfh d |
RO UPERARICH) iR ST Bk THA SRS el oras

. heyrs pi25°6n This|naiprturé wamﬁdncattolabomfltoe mmlawith mbthaablumgmfa 5% solids

¢ éﬁ?rg%? nga% p%? Fe ag?%é‘iﬂ? Hj(9§%F\7 rq%ﬁwlifKe ggé: Fl’éh@e‘if(’f 24 bours

il 2L, afvelethiriol pitE @we Ehangbadf dlﬂfzat@ THiyRteate ﬁmu&r%@vé% ddedto 75 g
e groduct M xed fractions of product 8
ﬁ@ﬁfra@fx%% e, 346 qaupvalentsmen syoidsdin 149 g of methanol. This resulting
el t 22 _were
R e —
tonginba white $adidg iPiperatfhe 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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ng (6% . Essentially pure pentaerythritol
tetra(2- hydroxypropyl - 3-pi perazine)ether in 20

WO R6d/deeivs 23-32 were collected for recycle. EE?HIE&&S/KBSM
Tetrafunctional Core with Trifunctional Branching
Usi ng Monoprotected Amines in Epoxide R ng Opening
Reaction A Capping the Tetraepoxide with

Fvbnopddition pETetrfipstioril Bpoxifs BeincR @ell Rebiar to48perazine F Tncuonal

hydr gx from Pentaerythrit
L G O PR Capre ol grahoalcobolethen dendrimer, G 2, (C) =

e ek, T ()

bﬁg = Et?% Qggram ne car
Car B&QYT F{f]G W= |(5§i)i?iPmcazlﬂeD&?2)a=t©H(@3 =PETGE; (IF3)

mol = o} va I d n. o

met h]?nol vver)e t%glteaﬁﬂlgh Q%@ uﬁlgT%}g’tmﬁ@Hs@X”*
and Riberskineyd( 63 e OERIBR3 tHET(ﬂgI Har

Pent aneryt hrit ol tetraglw;m dyl et her OPII':"I(E P glpgrazmelgF)_

mmol di ssolved in 10 nL of nethanol and added to
t he BPOS@mIfolifd Bdto ﬁﬂh%g , over
20 mn. - 76 WO 2006/ 0 %58 38 ey g%ﬁ‘% ough

tag;yggﬂplﬁgtmghymbﬂ ethesf (1316 mmnn a 0%&1&1&7&1@&5 rep&nﬁ%)%& %8 g of

wifopt PO Rls SR B2t Robied 3008 olteminumbntholathe
dendsme, Cr-e1) iperaatd urfasd (11 110 WP, 108WBHGH @?aéﬁ}y Example

\e ht and sol vent was evapor at €
6B§ B ‘%tnb‘iﬁ‘aﬂﬁ}ﬁ‘@h agpuiSomins| Ghisesizture was @aled 0ade@ N, @hd stirred at

. distilled t b
P on Dl CPp g f‘%ﬂ? U351 ¢ bt (46 FoL Ahsaptalens
peqppaxidey in25 Oegof methamiol Gﬂé&hﬁﬁ I&I(l\)/gng% S’glg %ﬁ)&iﬁ% a'é &?&f‘é r 98 hour
c [
at %Wr 2 ggfcér;'zver gqq))vedz YIBropary §vaparata? 4d-fyive a white solid.
PifRer@Ane3wdSr §
- ‘"‘?"E“é‘%ﬁ“?‘“‘% e R et o spapien

vaguuggtoéve h(ég gha clgag vg@ousagamﬁal @his3haterdl was dis€olvéetin 30 %Q)f

7 Am ex_3446, 297
e aPang Fori aba Seitue P L AR E e matorel raeions 1 e found
to gangain P!!@3J¢Qd1$t7ﬁ1d BidflonsTEB] THerk :mﬁMRAMH\LSP sd {7 molecular weight

f ound 1017 Na) anu. e
m#éo] Z’F %ﬁ\ﬁ ‘1%319&2”&9)(9 Sffq N5y@Htie MeQH)s Tab ooléected fotiiqiz: 1-9 were
stﬁb@e&bﬁtcﬂﬁ{fesl%ﬂfh Qmmpmtanmgh 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(ammoalcoholether) 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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lequly./e ppde O O'*l/-N N CREt CHaOH RT. ONO O
overnight, >95% N J OH OH PETCGE E102Cv OH ~ 2

wo 700663ks Schenme 10 B. Deprotection of the moosmm“
TetraepOX| de Core from Exanple 7A, Hydrolysis of t

%ETEEP% {1F1) = %Oﬁ @3%) $€P§§’:@| ne&)ﬂ &‘%j‘) fﬁ@fle; (TF) =

DendAinmee] ( G=0) (9 4 g, 9.46 mol) (rrade by Exanpl e
7A) Sé&?%ﬁn i a 25 round bottom fl ask and
di ssﬁla\f1 $PItRIRIDG FHE qfél‘@ﬁaéd?ﬂ"ehgmbped
thdty#ri
P‘“‘S “"’a%'?.a“%loéa%&iiﬁ Y Y QAR NS tpadehy Example
ga§ g@ﬁaleﬁxaa@d Toghis hemapenoes stiitureiweg addéd 200ang af RT.
d th fl d d
pplEin YRR e ABREE: PhoickrAneiol o PseDs suies
(6.22x 108 amdl bﬁﬁxlﬂ)}ﬁmdm}l)t(ﬁ{aﬂﬁbPExéfﬁﬁe 6ﬁ\ ingy EfBQéglg&%,\/@F&ﬁse

i ndi cat ed three spots and heating vvas con I nue
ORFTARPUL SRS TBig peiktuss worsirsed fonkhospoat 26N This pristurewastlituted
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%ngﬂew @% s§9d prpguq_t@s dqtgrmpged 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 Functmal 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; (IF7) = OH; (EX4) = Piperazine; (TF) =
Amine]

_ To a 50 mL round bottom flask containing a stir bar was added 3.80 g of
pentaerythntol 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
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and 15 IR (Neat): X. 3456, 2936, 2817, 1595, 1457,
1319, 1111, 1005, 859, 732, 697 cm1; and MALDI - TOF:

WORERN8R8 Ca | c. 704, found 727 (M Na), 743 p@{E}ﬁ)aosmm“

amu. The follow ng Schenme 11 illustrates th
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weastipped aftvelatileER) gived (oo aieedveRs. Bhe i‘etén'?at@ ara re%‘\]iec%nd the
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W {
ai‘%dé““é??ﬁ“ Ref i I R bR 5 b B Biperglint i nmaaiaia 169 ¢ of
meihenpl dhisgpsuliing mikitge way eini'red‘at 26°(Brforles’ hoBish TR VoIBMEs were
gfﬂﬂl thea Ve stl n slutlon dropwi se over a
m perio ofmlfB]I ofgve ?W éﬁ’cé%‘ieﬁﬁasff@nﬁ%ﬂld frophthe mixture
“@“F 332"3“? ‘éﬂﬁtd.‘sﬁ“r @“at‘ﬁ%%q??';‘}"%%H*h%ﬁ?%“%&ﬁﬁff%@om@ of a

RIGY3A0us fegidug,; This mixtpre V@sdllaseltvcéuewgl bf mellhamg qgmea ona
SERRAGELR10 e BSOS a1 bnchiEor? ,gjfgg? DN RIS oF 573 mT. was

above reaction ure MBS

talen, d&fliactiensaf 8 mil édbK)werocolRBRE.CPuR eSSt Wiz fBserVil in actlons 1-
erature at 25C. After siXx recyc

%Tg“ S "‘%Y&g&fg,te%@ 1Home £2086vish) ¢f produdss MGikedFEREGns of
prodngt| IaﬁdE Peritdciryihritd! @Eh@LIRdrokpropfil £ BipRlaZindRthet ARG 1%q22
were collected and dialyzed in methanol with a regenerated cellulose membrane to give 40
mg (6%). Essentially pure pentaerythritol teira(2-hydroxypropyl-3-p1perazme)ether in
fractions 23-32 were collected for recycle,

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 ecjuivalent 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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KOH ( GOTYIR] O RaHBoETI) TR B35 s, 4s dasona, éi”‘ém 55,

7@@@4301 M393;lagd above stirring solution at RT over 5
mns, The flask was kept in a pre-heated oil bath
( 85-'Fo&¥eatn dmin 440397 ﬂ8Q3g 2801,r1$95, TISEG, 1466,0a2 80 378, 1352, 1244
189! e034S ¥4 (G=0) -79 WD 2006/ 065266 ’
PCTI US?OOS?%?B%@%HI \7\/ag§c{| eft at this time. Excess

MtdNAFOF: Qs NeOm\Galt. 098, doirt ANY (AVARALAL O and

aqu has tracted wt h DCM (3x150 nlL).
eﬂﬁsz” %&ﬁ@%ﬂ Scthis gheve o4 and

flltered through Celite bed. Celite was thoroughly
washed with DCM and evaporated on a rotary
evapor at or, pwhi ch gives a hydro 'r‘q solid, then

dri ed underAn gh vaguqm‘tNQOEtS give 'b)a\gazi ne surface
dendriner 4 ( —13/1<J 1‘;(3?3 %9 vyield. ®ater, thisabove
wor kup  wag—F | nprevad- by aci di fyi Ry téeyr dact
mxture with ,mlg‘l’j%%yyed by ~fihtr n 8 KcC1
and ul trafi bdeat 7oA t Arou Wi c ¥ gaven >90%
yield. 1H NVR (300 Mz, CDBCD) 8237246 ~H) ,
2.51 (bs, H), 2.59 (bs, H, 2.84 10 (t,?J = 3@009:2
H, 3.30 (m H), 3.35 (bs, ldchede#p (bs, H), 3.83-3. 90
(quintet, J = 5.40 Hz, 20H); and 13C NMR (75 Mz,
CD30D+D20 (two drops) 6 44.97, 45.79, 53.40, 54.29,

B.58. técliod 3f A 69. 20, .7
72. sbs?pmm 16. %%4 g'a?péz’(?é(f e ﬁﬁ?‘i’i‘g"s’?gl 1‘32'8‘3@%7%8 of the
281 Esten Surface) @3+, Drn&ﬂlper]sﬁﬂ?KOL821 1301, 1111, 15

100 ?(’C) Q%Téé Q 1§ 2 OOH 7(%?{1? T PlpCISZTIgC (TF) = Amine]
Dendrimer (G=0) (9.4 g,

9.46 mmol) (made by Example 7A) was taken in a 250 mlL,
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. Re=0.17
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MALDI - TOF: C149H300N32040 Cal e. 3180, found 3202.
(M Na) amu. The followi ng Schene 12 illustrates the

' - USZOOEIJCQJ&%%/OBSM
wabROoedse@RCt | on: 80 WO 2006/ 065266 PCT/
HN~ @N HO bbbb OH~~ NH/~ ~-~ | NO + 0 HNJ

"33%% O AR oot shy i W ol '“zaz'??tawrvapem wnder
trlugedipregsuseopthich Bixe a(thigk qhidl mdﬂm&&@tﬂah&feﬂ‘éd 1ﬂto a sé]&al‘atory

%WF&? wﬁeﬁ&@\%{_}l mi) \ 3’h2 %1\//1@}1%% tgu.nm on tqp O'Jombincd
DeM I}i@ez‘smré\ldned over Na;SO, and filtered through Celite (1 cm height) and Celite

5 was washed thoroughly with DCM. DCM was removed on a rotary evaporator, which gave
the dendrimer (G=0) 3, as a colorless viscous liquid (6.01 g, 90% yield). It gave a
hygroscopic solid upon drying under high vacuum for 2‘hours. This material was found to
be very pure from its spectroscopic data and used in subsequent synthesis without further
purification,

10 'HNMR: (300 MHz, CD;0D): 5 3.46 (s, 8H), 3.39 (d, J=2.10 Hz, 8H), 2.84 (t, J=
4.80 Hz, 16H), 2.51 (bs, 16H), 2.41 (d, T = 3. 90 Hz, 8H) 2.40 (s, 4H, NH), 2.37 (s, 4H,
OH), 3.89 (sextet, J=4.80 Hz, 4H); and

C NMR: (75 MHz, CD;0D): & 45.06, 45.80, 54.33, 62.07, 67.37, 70.14, 74.41;

and
15 - IR (Neat): Ao 3456, 2936, 2817, 1595, 1457, 1319, 1111, 1005, 859, 732, 697
cm'l; and
MALDI-TOF: C33HgsNgOg Calc. 704, found 727 (M'Na), 743 (M'K) amu.

The following Scheme 11 illustrates the above reaction:

Et0,C- N’\
““3\\ "
HO
N NCOLEt KOH (45%), 3\\
o/\/\ 2 CH0H HO™ o /\(~NCNH
(\N/\/\O —_—— I / OH

OH 0 85-80°C, 14, (TN ™o
Et0,d"~ °"'/\\ >99%  HN_J OH O oH

N
2 NCO,EL M
20 \\/ 2 3 NKJNH

Scheme 11
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nt o HTOB 15 05 o D Bt Ll avn ey o 100
sihglern%ﬂte)d%ﬂﬂ boﬁbﬁfﬂask EECEJC@ ?%Vlél agig antla 'H]g ‘Z{asrﬁgolﬁd to 4°C

secondary ami ne per epoxi rom

withtan derobatincRenddisne (G#G»e(l 165 %t 236 nwacsl) (maleds Exﬁmﬁ& 7B) was

renpved ynder
LT A R
pérind ¢fR0mains. dhteugh zBdroie‘&ng B0 612G 6:- B WoSERRED ﬁhﬁtﬁé reaction

re was_heated to 50C for 2.5 hours

“@’gt?#te‘% aﬁﬁ ‘5] oty e R T ori0\hoursh MABPETOF shawedisigmld forbis-, tri-
it detro AR ng_iuc@ %Zé&u@ tu%g\gas s%ngyﬁtﬁ B‘F 2SS g

ég ﬁ e%&t}}w% ;dmllaitx:;ee wg; ?lmg aul eﬁ&ﬁt’é'tdlﬁiﬁlteghﬁgn (1Y tH¥Kove
exce_s_am(?rﬁf g% HN N EI- ﬂg&én}{ergmrr]eogtrﬁ%/ Af|_telor six recycles (6 x 120 mL),
TLC indicated only traces of PETGE remained with retentate. The retentate was transferred
into a round bottom flask (250 mL) and quenched with ethy-N-pierazinecarboxylate
(1.5equivalents per epoxide). The reaction mixture was concentrated to 50 mL on a rotary
evaporator under reduced pressure with minimal heat (45°C). The reaction mixture was
stirred overnight at RT. E);cess ethyl-N-piperazinecarboxylate was removed by
ultrafiltration (1K) at RT (6 x 120 mL). Solvent was removed from the retentate on a rotary

evaporator under reduced pressure, dried under high vacuum, which gives a hygroscopic
solid.

D. Deprotection of the Capped Carboethoxy Group Hydrolys1s of the Ester Surface (G
= 1) Dendrimer with KOH . _ ' :

[(C)= PETGE; (IF1)=OH; (EXI) = 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 mlL 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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The following Scheme 12 illustrates the above reaction:
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The foll ow ng Sc 15 illustrates this r c fon: 15
QQ\\HHON"~“°H Mew + , OV O-O v0 64 M HOEHO
N Schene 18{20-B-~ on of Tetraepexie vv|°t"h(_"v’
Aziri di ne: héac?ﬂ on of Séwl}g% y Ar(ﬁ"he/ (O = PETGE
(IF 1) = 01 (TF) = Azirid

b S
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:g e} HO /—— Nf \\/N—»/\ 0 OHH
0\%\}} . He o\/\/"'ﬁnu
™ -
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G=1)
N N
() o
Scheme 12

Example 8: Aminoethy] Piperazine Protection Using Epoxide Ring Opening
A Protecting Aminoethy] 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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To a solution of 913 ng of 2-nethylaziridine (16 mmol)
(Adrich) in 2 nL of nmethanol was added a sol ution of

nL of met hanol . The m xture was stirred at

_ noved 25 to gi.ve
t e pr og}uecvtvéghggte{l Ee“gsro%?otl\([’?gﬁﬁgmm © s‘(lg@éwﬁﬁm%@@ to give the
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H Orh SO, [..e "cV-N OH HO
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OH;, (EX1) = Ethyl piperazine; (BRl) in situ =
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at
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met hanol and\—<ool ed to OC nsa~sol Utidn o
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After the additi t he reactlo al | owgd, £ war m
to RT. 'I;h)e\nlz% vvaasHt h oA, Efornas N
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pal e yel l ow oi | (820"1Hg: m') brlngt h NOMhe ™

foll owi ng spectra: MNALDI: | e. 1565, found 1566. 67

(M H, 188.69 (M Na) anu. Schene 17 illustrates this
reaction: 0 HV ~~NFLI + 1 h hourgs reamgd , LN , N HO
HO /-"\ PE‘IGE*@WM./;Q,,p/_;ﬁ#_N){;M T
Npht NOO HO \_/

50°C,25h
: N0 So Ny~
HolN—— N N—"""NH.
2 N N OH HO 2

Scheme 13
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o b B PO b A tepecrc a@gﬁq)iﬂ%gé’g“

azeOirBRsd omuefahbuo@a)@)coae&ma%@%e ;@. ?‘B@ﬁ é\ﬁﬁ?
PETGE; . (| F5 ) = ( EX3), Pi per azi = ef
COTYERIRg 0d Qfépcqnéfwa@n}% |"B3¢I1m:hm (I(ZFETg,E\)as (st to a

50 #nd, réfindBdHoin HAR. %@K@ﬁk é@ﬁ rerﬁg\selﬁabn 9% ﬁ\%}ﬁevap\o 181? % gtnt]eean oil. To

fl ask was cooled to I n an

10 mmwps afded a solntion of 360 rﬂg70ﬁPE51rGE 21 Bhol) (Ml by ER %E@ﬁ?s 5

ed in_nmethanol 10 (10

li)%l was. di ssql v
L 9 o AL o, St 1005 G bivmsjr'ﬁlmmoi,\enbwm
&eid2b d
“"?Vit T ona Aol ahl® 0 e ST HAler R Bl AID e S, ThE
ateq,qo)(qoug dongakounn ddhezolbmiswasiremoved ubinFaf fHanP!

. Bx‘lto?uﬁk iltratio ut off). After
vl DeRE Pl il b e el Kooty Sl a0 to
15 give therproduct asfal dlightdyt yediow stiblgy oil, that has the following spectra:
MALDI-TOF: Cald. 773, found 795.784 (M'Na) amu.
The following Scheme 14 illustrates this above reaction:

4, L
ﬁ\.ox%}: W AN BJN(/\NA//\
— —_— o
?7\0 o° Nzﬁ\ /N:;N ODCD s
HoN NHp
HzN’\BN OH HQO N
2propancl o I~ ~NH;
water, 50°C HoN \AN’\(\O><D NHy
O/\/\NN
HzN/ - " \NHz
Scheme 14

20
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ultrafiltration filtrate was washed w th nethanol (2
x20 mL) and quenched with ethyl-N 15 '

WO eE@sbdeecar boxyl ate (3.38 g, 21.44 nmmol, 3.p1/152005/013864
equi val ents per epoxide) and concentrated to 15 on

a rot ar vapoyr.at or_.under reduced pressure wth
Exgmplegh Co ﬁ@atmg }[%Pf@qu%‘%% pPBHD&Rﬁ@QE&OES/Ra%gea‘IS Mathedicharl StAddition
Regénoﬁg' teQ%e a6 hours. Excess of ethyl -
ZI

pi perazi hecar boxyl ate was separ at ed thr ough
A.ul t RehdtionofiTewaeptike with aly)!l A1Rind:Bwgfaoé Aliylation N-

pip i ered fromp ate).

The \}ﬂﬁf@%ﬁ@ﬁﬁ?ﬁ %@e@%ﬁ— \aﬁ 6'9@/ ?ﬁtor and

dri qg aUsBHﬁBn bf 8% Maef Ay MMiAL (@40/15&0’}’} (%1&&? me@ﬁnﬁ of methanol
surface dendriner. Ester surface G =2 dendri ner

wag pddasla selugiop 0§ 360 mg of PEFGEJ{. Qmubia froade b@(@m:mp B)Kﬁ]’:l mL of

el O it WA RAAEG Y el B4 Rl rRtn R e g removed to

gncértb@pmoﬂﬁct@y gclear ere@ﬂoﬂ) (653 nig,189% yibid) fhlafisds thlﬁ’éllovwng spectra:
arrqﬁgﬁ\g{g {\14}% r ef condenser and placed in
pre- 1 .. h8é{eH.¢-2ba. ﬁHLlﬁ§9 (m,
20051 8Q@lk) 201 988, lr(;ﬁqugep(ngrg .rotary evaporator and the

résul ting ‘aquecus reacti on ’xture was further

di | GiGNMR (msmmnﬁla)mmm 65.63,656.86066.05 70iSuh74n1, i1¢R73,
13§%h nd neutralized with 6N HCO w th constant

nmMxing. The pH was adjusted to 9, concentrated on a

r ot MALBLTOPE Ghler 748Muueh 7491388 miﬁdwlcbsa.(ﬁm] & @hdud Was
re-di ssolved in 120 nL of nethanol” with gentle heat

( by The fllowing;Sehemerd lauatr@wé@nﬁ ragtiomd at RT. The
~solids were f| | tered through Buchner funnel, and 30
washed with nmethanol. The filtrate was concentrat ed_on

a rotary -evaporator to give solid Yt effal (3
Thi s r'OE(IZ%Was S 9t ed ko ul tpa¥ 1%’ \SQ%K\t
of f)Q ) to repove & i°°r°aces<ei\ on
of th\’gssol vent fromthe retefitate KG?Jr'per azr"he .

WD 2006/ 065266 PCTI US2005/ 013864 surface

dendrinmer (1.66 g, 91.76% yield) as a pale yeI I ow

solid that has the fol | owb¢hgmesidectra: 1H NVR (300

MHz, CD3QOD): 6 2.37-2.42 (m 144H), 2.51 (bs, 144H),

2.58 (bs, 136H), 2.83 (bs, 128H), 3.30 (bs, 68H,
B.- OHR eaichédbf (Tetracpokide with2A Bridiet, Rehetorbér SdZondaryl Btk

e B et v b
% oo iR Sl ity 1

methBip] wasa,@ided 43@2@0:1@@350 ni@eTPETGR 6].0 A P(msHe B4 Ex&GPle B) in 1

m@a e sfﬂl? an%y%a%@ﬁ%g gm%ﬁh}ﬁ@s%%lg’ég&%f?ﬂmd
to @i ﬂﬁaasauoﬁci dléaeabw&éés@nwgsoh 83y yet@ypl e 14:

Pol y( et her dr ox | ami ne) dendrinmer (G=3) from
denm p@! , found 589.430(M "H), 611.422(M Na) amu.
The following Scheme 16 illustrates the above reaction:

OD\,Q Ay o } \/k,o o\)v ANG
V())(i/\vo " HN<( Tr"ﬂh‘. VN OH XO/;K\NV/

Scheme 16
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PETGE 15 [(C) = PETGE; (IFl) = OH, (EXI) = Piperazine;
(IF2) = OH, (BR1) =PETGE;, (IF3) = OH (EX2) =

wb pek@ssbe; (1F4) = OF, (BR2) = PETGE (IF5) PCl%'szoos/onsm
(EX3) = Piperazine; (IF6) = OH, (BR3) = PETGE, (IF7)

= OH (EX4) = Piperazine;, (TF) _ Am ne] A single

necked, 100 nlL, round bottom flask was charged wth

Myhﬂlﬂdﬁ@hofgﬁmﬁ@t ragl yci dyl et her (PETGE) (15.55
mL_of nethanol. The flask was

cooI [é@) rBEI ﬂﬂ}r QH (¥ 1 )raEthyl PipemdrineeBR1G7si2 < 1. 06
de by Ex le 13
d| sso%mgggﬁlat%éﬁ&%mﬁéﬂol ( gﬁdeadded ?gpt ﬁe ai)oygs
5 sti rvicthgl acsylhﬂ&}(%&i%g;\dermm?)n :{ﬁb@ﬂ) Wis doRtdin Idb ﬁﬂ,uﬂgthﬁnol and
nne e ice-ba was renoved an al
°°P[?%§$ 998 a{l'hj?%ra sobption T the previoushp madeyietraamming {480 me O\ﬁésmmol)
(ofbidb Y Btai fc'BAé%QMHL grggtﬁadt?f ?chde{jtd?olﬂ% If&j{fetr dogpllon the

met hanol i ¢ sol'ution an
regctienvas alipwed toAFararto R eTheem)mire svag then hda2dll 114D, C f&@s hours.

ed onl r.ac th retentate [
S04 e FaSidnd GRE R rlorort 17 ey e RIS mexhe vield) that s
10 the &Slwingd pev@s drawn fromthe uItraflltrate t he
uItrafiItrate was washed with nethanol (2 x 20 nL).

The MALRL GaleuR65.dound S 66 &7 M HD.ol 8808 (MBBaydmu. whi ch
was dpi ggggéusﬁgm%/mﬂg% - N- pi per azi necar boxyl at e

(23 g, equi val ents per epoxide) and
stirred for 4 days at RT. The reaction m xture was

di luted wi th nethanol to provi de a 5% t hanolic

sol ution ang &s LOf y|_"M-_.pI car boxyl at e

was separ ate -88 WO 20 67’1?1‘652 PCT/ US2005/ 013864

ultrafiltrati on (1K cut, of f) (14 X 120 m_) (ig 15 g of

et hyl - N- p| per necar b%%/l at red romthe

per neat e)/— aéér atebion retent at e
esEay s#\m@hogtd@ndﬂﬂmn— s a

gave 5.

foamy solid. Ester surface G—= 3" dendPi net (5;28 Q)
wds taken in a 250 nL, round bottomflask 5 and

di ssolved in 48 nL of net hanq& Aqueo KOH (45%

(16. 14 g of 90TERCH v}éb \ 32>tz of water)
was added to thes.above Stl |,en over 5 m ss.
The flask was arrangéﬁ‘W\Lﬂ & T ef THiIx xi\ng —cOfidenser and

pl aced in a preheated (85-90C) oil-bath and heated
for 36 hours. TLC i méi€ated no G=0 ester was _lejt,
whi ch was expect ed o The

s0a Si produgt
reaction m xtdre wa ol & e@e}‘Fﬂ’ co’ncen\'\/a? ed on

a rotary 10 g:v;ahpor t;‘&ATh ion m ture
was cool ed to OC\?‘\nt ﬁfm At h. &N elded

wi th occasi onal shakefg. After add| ng 40 nmi, cmhange
15 of pH frombasic to acidi c erved by pH paper.
Another 6 nL of HC was add dj ust to pH5. The

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 (madé by Example 8B) in methanol was added to the
solution of methy! acrylate (Acros) in methanol dropwise at 0°C (1.5 equivalent per NH),
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solution was then concentrated on a rotary evaporator
under reduced pressure (bath tenperature is 700).

vﬁtuﬁgm@;&poratl ng half of the solution, for
solids in the flask 15 was observed. Water Ué‘td”[%kz&fsmlssm

conpletely renoved to dry. The flask was renoved from
the rotary evaporator and the residue dissolved in

B S B L B S et 0 4D fn Pspier

for (ﬁalbmdrRETKbE Solid material was filtered though

el PR 5O 2R ol Bl e

antl 4 o8 (XD Ofipbitdind {4 =ORNBRNS HEael] (13) BONIEX3) -

20 slow. After six recycles through 1K ménbranes,
r et dHPEREnsAEF)cofBERlr at ed on a rotary evaporator,

col arnphlFRidEAEARy e BOrGEE 4B o012 PEnSigt yes
mbﬂsﬁxdl (R0GEBCMdrthy fiadkerhstdoeled & 4°C #en REeBal) SA T ©Mdendrimer
nmoved to down field by =0.55

O3 B3 ol £B it oo ot ebiampleciaysuss isgolved z6metbanl
¢! U%LI)%B@ bddedRd the GBIV ChiREnAld t &JMEJ Pk ﬁ%llcg’f clafgl%gﬁltg% The

nol ecul es inside the cavities/interior.
ice-patl avas rémayied fndithie myikeirelallowkd08/stir B R Tabo2Ehasplle ré@sion

w5 Sy AR i ot o

Aﬂmemer@ue@l(sfmmab €he 1eteR ke \Qi%cﬁawﬁ ﬁbﬁmﬂuﬁiﬁ at@é
and dr| ed under aggph vacuum whi ch gave 2

npfilirefe wag waghed juittmietaarol 42 x20 i) enq/@endwdmth adhyl-N-
P‘mﬁ{&%@“&%@ (538 b 21244 SR SR AR P R e concentrated

tort5inelc oh e sotary evdpobatciandet ﬂe&mqed ptersaﬁeﬁutﬁfm&&l B&dter and

f ew .qt her un| d nt [ f| ed coppounds. 89 WO 2006/ 065266
por The3tist S ARSied By RORE B 6 ourer Efees of elbyL-N-

p1pérbﬂﬂéo@ib6xy1@t§ waé QQJaEhQQi @Rfhgh Lid@SratioH f‘ﬁ% E‘??)teq) gﬁ g§ 88? %t]o:yl-N-

from surface piperazi ne were noved to
plggﬁ@nq:prbmmaie WRetechyered Ep@RImeas:)2. B@: s()lysnt Ws, reﬂo&ﬂ on a rotary

3
\%Bgratof%nd %%ﬂﬁ&éﬁ}gﬁ{%&ué% \ghléﬁ givgs g'é 8 o% 52“#5 eMQ?dnm
CD3 At curfgrs Gof 2 Iaﬂﬂdznmgt 6(4:? 6g5&:éa.% éﬁséo]%ggﬁ (%é %ﬁ_v?oﬁﬂeiﬂﬁnol Aqueous
Ké% é@ g Qf%%d@“’asaﬁﬁﬁwgﬁﬂ i l4ek OfG@FAlmmM@dmom above
SRS VAL S 5 B ST S gl v e
copuderiserrand piaceskipl aame-ﬂle«'sytd ok hath (86290°G3 armd tatcdfol\20 s, AViethanol
wés%&‘dbe‘”a o'goa r%\%r;lr gvrap(%léll{gr AT md rrgslljlﬂlsﬁg %‘&ﬁe%us react%oqlt mixture was further

diluted with 20 mL of water, cooled to 10°C with an ice bath and neutralized with 6N HC]

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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0 C33H68N808 704 4 PETGE 1 Cl149H300N32040 3180 12
PETCE 2 C497H996N1040136 10605 36 PETGE 3

wWollndéldd364N3200424 32882 108 PETGE Exanpl e 1pet/us2005/013864
Acetyl ation of Pent aerythritol

smtf@er@ezzmeﬁ%/ @9@&@%&@&%@%‘3& F’ﬁp. o 1:5le fRlowing

[ (O =PETGE; =" Acet
spesprboxyl at e; (TF) _ Carboxylate] To a 10 rrL round

ooniB Bk 360 SRE. BB, 8251448 fn. MR ST e 148, rzyss (bs,
T AL (T O8Il O, B L NED. 248, e
13@5)5éd1203145a@¢hy1é%@)90(0-\&r6(8§1$ add 20 6 mL of nethyl ene

s Sl U Ml GBSORECE 5245, 81661 M S 80 St 6735,

6755560743 70.52,4720850Y4.20,. 74 420adval ents per OH).  This
m xture was stirred for 16 hours at 25C seal ed under

N2. IR Nept)dues 6785, 402D, 293442817, 1649,H 55T 1454, 1861132 W 367, 1106,
10%"1964 %Oaﬁg ?@&hedm With 2 x 3 nL saturated NaHCO3.

Re organi ¢ ayer’ was washed with Na2sO4, filtered
andMAEDIBB@E Gfgvmsubaml@fam 10605¢ f6a8 400D-{ G0H0 affhh; 2
thei; 99% yi el d tg%gl has_the fol | ow ng spectra:

Q%dlﬁ%% BeG O svesdePl. 1H NVR (500 MHz,
CDC13)8125(tJ:7Hz 12H), 2.06 (s, 9H),
2.38-2.43 8H), 2.5-2.7 (m 16H), 3.5-4.0 (m 8H),
__!!.LIHLA._S Po et1m+hydr03y15m31e7 de(rrdnn&HIG-zg filod dérefiimed (G=2j and

%%Eslz(pt J = 6.5Hz, 4H): and 13C NMR
(12‘5’ CDC13): 8 14.67, 21.23, 39.01, 43.74, 45.77,

53. =P 6
and MALDL T Gl o TR b Plheraine g2 OIr By CPEAE: @)
Ac et‘ﬁ}é’tm) o 1R°€ﬂZ§I’(3eﬂﬁ‘8r=hQHB @M)MEEGEMF&)H QHy (BX3)=

—PE'%%E (I F(m)‘ i ty h%sﬁﬁgl perasy %ﬁ%L(PC‘?eﬁa}}m (TF) =

AceAmxne]( BR1) = PETGE ( | F3) Acetyl; (EX2) = Ethyl

R A T4 oS R o i
mzﬁg?% gﬁg@xgﬁﬁ 8 g%s 2?%61)'&{? B nff, cfx&em%k‘bl ”ﬂfe ﬂa%&? yas

FdechbatiynPersisimer.of 7 ((U%rg;g)l ramall, 35-(H)- mmol)

(AR 3551e Ul 35 OFRBT AP Bl e g
solution over a penod 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 retentaté 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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This m xture was stirred at 25C seal ed under N2 for 24
hours. This m xture was diluted with 25 nL CH2d 2 and

w@%%ﬁsggg 5 nm with sat. NaHCO3 sol uti on.
layer was dried with anhydrous Na2SO4. Thi s%ﬁﬂ%qydéﬁms“

1aS fl.|t ed, apnd..ev dof volatiles to give 260
u %&&b (EH R ENNELAT W@ﬁ%ﬁ@?f@%ﬂmﬂm@ylm was

reNUvEﬁ%d ﬂohi ®8 pei@heatt).! RvapBratibl 6f o1V o gﬁxt} re\fén\Qtff- BRYS 5¢ 378 of

collecting the first two fractions and evacua
ES%FIHfapfp@sﬁdendgnmasz@ﬁoanysoh%% yi el d) that has the

Lo ES B RREL S Aendiities (05R £Rs hin S350 AL 500 bottom flask

anﬂﬂls&ﬁ i 485l oPm2handi 1 AZH 6
di%gllgmye?l 36, 71.64, 155%46901%%%14#52)@814%%3%,1(01;%5

R ine32mL obmaley) Wassded tﬁlthfgalf@'y smmpg soluton Grea$sniaf. The

rIOU
ﬂagggvéél on (?l Tri %‘%%ang P&c§ FH%’P reEetaff-ér(SS -90°C) oil-bath
and exvdfoy 3¢ howty. WLClindieatddyy G s@érds lefBiHH W55 dBected to form

o Bl e AT W Phgiod R st vty
evtqfdritbxy CI'Hé)éhu&iuB ?éac’udrrﬂlx@tg %8s Gooldd W %; “'Elr@ ICC'F%“ agﬁ HC1

of methanol were placed In Si'n

was é@‘ﬂ@é‘d"’%@ﬁﬁ?&ﬂm Slsleng Ater adding ¢Oyed; axiyamge by pi fro%ba\-é!@ to

o ARt oy e Aphe ot Tl ot oacio sabenve . e
solutier Waotheticoriosiittatedidr a Rtar B%orétd}' dnbi&d by ce(tl E§§ﬁ6

erials were not sol uble conp

startin
ter%)e]rq,tured? gé%{)v Afigr evapomating M@offtbq: sdman, folﬁaﬁ@ difl solids in the flask
waki@Bicrvid, SPAL: WAL ietég g&n?o R &yt |’1'§18 LFI&% \;v%?rhég\t/egﬂfqual the

conpl ete consunpt |ng o)
rotaryvaparater argche wsiduevdissobved @ thT 06T rdethiioBiith gentle heatmg with

R T3 e AL o ot it
was Giltored ﬂmu@,ﬂﬂﬁl&aﬁﬂﬂm@‘ﬁgﬂcd GRAbuehB; it {nléiha:;m‘éfq]o 0P Solid was

conditi o eatin V\Athaheatlng gun
- notcomnletely gmmlve%w&%%@aﬁ@@ thelthteioft wirafiltratien wasefoumgi tb e @ery

| Buchner funnel to
SR R shirces bt Sl BT % S as ponranirated o  rotary
e ) g o
0 at has e follown
(ol vielPI008 300 o VRO dBy: 1. 28 1 171 (¢, 9=
6. OEHNMRMDséD‘}gveﬁEa tha%ﬁ the oté‘)Z%é[?m sé&’% p( gergz{nfﬂegé _

22°(m. 18H)
moyeds doh @V\glgie@ciﬂ)y 284 ppm6 Tgem@tmaum noa nompleteN\RssoRed M2

me@@%g@s vondd 54 azgsult %? trasp%ing6o g%gét n?ojlec%es u?s?dcstge caantle:;,/}ntenor

This is also evident ﬁ'om final yields >100%.

The above sample was dialyzed through 1K membrane in water and dialyzed fof
21 hours with two changes of dialyzate. Water was evaporated from the retentate on a
Totary 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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15 114.87, 128.02, 130.48, 137.17, 157.51; and
MALDI - TOF: Cal e. for C4A0H61N3015, 823; found 847

W(d\doh@)@ﬁgﬂu Schene 20 illustrates this reactp'tem}sz@sm—jsﬂ
" ~OH 0 HZNNCOH H OH 11-e /~ OH

S]: Sﬁ%%?@e%&hﬁﬁl@ﬁomf/ﬂ%ﬁ%%'&%& %‘gpg_t' wag\f%mdi thatfrotons
from shurface\plpeihﬂnt were@rbvedrto ppdield wl mﬁlgm; tr { gl yci gyl
a e eaction o
ToNFERINIR; (OB, ATH0IRY 4013 G, Shr A e, Fi 323 (5 145,30 (s,
| met h triglycidyl
“D‘e?*‘%?bs IR P O H e and 30 it of 35
5 et M?@N@lzaeadomwopmefmmslmlse 2R.0R 5022051046, 58.47,

SRS B I AL ) O i
o gewb TOfeC: AL Uk 2090/ Q05206 PCTAL BRAOSLAL 3504

flask was equi a stir and refl'uxrng
conBéb(é’éPeI%leW!ShE?ﬂShl@dtf@mAFI\/Bﬁﬁsrmg progress of the
reaction was nonitored by TLC. After 3 hours, TLC

i ndi cated sonme, anmount of unreacted trigl yci dyl

10 ether. Heati ngabAaSPéfI?IQéthé}Lt@d:cﬁkBrlahﬂﬁe &farihRpperature
‘ i analysis MALDI - TOF nmass

sReEationhe | Moleswlarformule| ecM‘d?c“larn 1 Samicfaice gramps Core
dendrimer,) 1l11-f. The sol veng, yas then renoved on a
rotary evaporator under- feduce pregsure, which |gave

a tPanspalf él@jHéklirIimgi d. The enti7é reaqti on @i Xturg PpETGE
issolvedlin-10 nl of inethanol folllo

T WS
by the addﬁf@gﬁ’w{&lo@m mL | of e@’rﬁ?l acetate W th PETGE

occasi onal AKNT,050T Mt T ory acgtorte
precipita gﬁag’ ob%gelryi/ed duri ngb% he additi% of |et MHTCE

aceBat e. 'Fﬁles4ﬂ{3&$stv®§4 al | owssdssd stand atioRkT Torl ZpETGE
d

safaten—10—ef oilin th

L Af
nours—Ar et L Huuno, oppul

bottom of the flask was observed. The m xture was then
separ at ed by

Example 15: Acetylation of Pentaerythritol tetra(2-hydroxy-3-piperazine-N-ethyl
carboxylate)
15 [(C) =PETGE; (IF1) = Acetyl; (EX1) = Ethyl piperazine carboxylate; (TF).=

Carboxylate]

To 2 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 107 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

s

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,SO,, filtered and stripped of volatiles to give 930 mg (940 mg
25  theory: 99% yield) that has the following spectra:
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30

decantation and the oil washed with ethyl acetate (2x
1 nm). The oil was solidified by drying under high

wRgsoesaged gave 1.242 g of solid. Analysis ofpctritisS00s/013864
fraction by 13C NVR indicated the excess of the

aor dNuE CUNHERRERPAE TR 32 BdRt A 0s i Sl Sasiate

BH} 0132 17q, D6FR3 50 A (3, ENRRALAS G, Hﬁ%%.@-ﬁ?@n,%}@{ 4827 (gt 1=17

colorless transparent Tiquid, which was a m
Hz, 3Ky ade (o4 I =6-S5e4Hiéndanol ami ne. The spectra for

: 0 . '8 2 92,
L I sy o S B ke
61.2&,,703]%71.31,465.35,61’”0(251;:1?4:0, 3, 5;-H)3. 6; 821 66;23,(m o
) 4. s, . 6.02-6. ,
g: g&éﬁ]gl%éﬂcai%ﬁ%@ﬁ.fe@#lﬁé am® 2H): and 20 13C NMWR
D) .
égg.g§?58F£§,55.64,67.97,68.13,70.23,114.12, 130. 10,
Example1§; Ateylaion ofltnly(khietbly dib@FtamGad) DendrixherCADHAG 1INS QlNb=2,

775~ found 799.(MNa) anu. Schene 21 illustrates this
B o e ‘oo o gﬁ%m
\-- TEEHRY < AcdtylHEX1 sta¥ind, RIOY Ok = PETGE;
-CESXQ;ECI-BOH 60 Cc t}I]-| 0 ogfﬁgwmqﬁl%em gm@@gg% PB G

o+ {F)adestyl; EX2)r ity piperagine carlgriyiore; (DB = Carboxylate]

Tri I j i et her Sche 21 -93 WO

2002?%2%%%6 @%I ?ﬁ%ﬁ%g%%&é‘%g %ﬁpﬁ \é’aﬁ@ﬁgﬁeact i on of
PolY(eRIEE dwixylamithed tibxydrinter] ?edi,am@td 4 ?lez‘o?ﬂ’{%xflz irfic 5 .Esoo mg,

). F40H: R1) .=.Diethylimnodi acet at e; =) =
1-9&(1&’?]“1“1’14-? B’ﬁ@ ﬁ*ﬁe&%@lmpwwmqsbfnd( @thylend
i ° ace .

S 00 e BRI b ood ot G P Ay S0P R i
Thig gnixiyee was stirred at 25°C sealed under N, for 24 hours. This mixture was diluted
with 25 mL CH,Cl, and washed 2x 5 mL with sat. NaHCO; solution. The organic layer was

dried with anhydrous Nay;SO4. This mixture was filtered and evacuated of volatiles to give

260 mg crude poduct. 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 bas the following spectra:

.13C NMR (125 MHz, CDClL3): & 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.

N\

Example 17: Phenyl Containing Glycidylether Class of Poly(epoxides) Reacted with
Various Amines

A. Reaction of Triphenylmethane triglycidyl ether (TPMTGE) (I-d) with Trilydroxymethyl
methylamine (II-e)
[(C) =TPMTGE; (IF1) = OH; (BR1) =T ris(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. 73 ris(hydroxymethyl)-

-9]~
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addition of a solution of 1.417 g of
di et hyl i m nodi acetate (7.5 mmol) (Aldrich) in 10 nL of

woedobeustssal | at once. The flask was equi pped p¢irid2685/013864
“stir bar and refluxing condenser and heated at 60C

ot T A R -

all iesmité. Mpitiadly, thesettive sRetidpGhiat@dald AfehoR Sslutil dxﬁ@étéﬁrﬁut VAP

di%;? renmoved on a_rotar por at or under re
S

wellF Beating iwbgwsfﬁg IHeating pontinoed agrﬁeac obérnjghtcl TLC
R PR (SRS Bl Bl Bl g 5. YoRene

renw:vdd ) a :]dfanyavapowe% ot giyé a ﬁcﬂleﬂéﬂs %olgc_l. Ebertite fé?cﬁiloF &ﬁﬂgieowas
. elut.e the excess. o yl.I m nodi acet at e, ol | owe
disyRlveddn eps éﬁﬁﬁb 28f (6 Oth 60ml o 3 AV undergot conditions

] . - r | L.
(by(lhéa%%nwt%a 1(1%0%612 %ﬂ.{éj} iﬂecﬁDE%sd t-glgefl,sagg %%i:@e% chge% _109%%&@ ’rp?eclpltate.
The)silifl wag filtgred tiyguging Biichspr fugndg 1o rensovedhd) excass@RIS. Efapomation of

the%:fn&at%és\{%%ga@gél tg. i E?t?%{G%l gﬁ‘ﬂiﬁi@e@%& Qg?ﬁ\;é?"(so)%:?athas

the GiMoldng spidcttt. 44, 48. 91, : 50. 09, 5026, 50.36, 51.05,
52. 11, 54.38, 56.34, 57.03, 58.28, 58.74, 61.16,
67. FuNMB (398 MHz, IMSO1d6): 35281117144 J=620.Hx9 3H),A%8 (bs, 9H),

2 gL Al 480 P R 5276

SHI62R(RN8HY;,and 1027; found 1050 (M Na) amu. The
following Scheme 22 illustrates this reaction: O'~ 0
N - MFEIPIE H4472,- 35IOCHR.0B1H1.04169.86, 71.31, 114.74,

1148075265 l1ko! 2 uiv./epoxide) H- O~
Wi%%-%%’ ﬁéa?g#ﬁ%log’%ﬂ |OH \-CO2CH2CH3 1d, 94%
OH MADQDIAFOF : /CaRORCH2HIN; Oiar823; fouB@ SR AN ahu! | | - 9

vo SH6R SRR R ot 0ndees -

OH
OH
o™ HN—€OH O/Y\ﬁ{?):
. OH {l-e OR
O ( 1equiv./epoxide)
H O o/_<ol CH3OH, 60 °C, - H O o g','_',
over night /Y\ﬁ
‘ 99% O OH OH

OH . ,—OH
O_~0 o\)\/N-GOH
OH
I-d
Triphenylolmethane triglycidyi ether Hi-e

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
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
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Exanpl e 20: Synthesis of Hexam ne term nated, G=1,

dendrinmer fromester termnated, G=1, dendriner [(CO
wobbddliehies (1 F1) = OH, (BR1) = Diethylim nodi apet/asms/o13864

(EX1) = EDA; (TF) _ Am' ne] 5 Et hyl enedi am ne -( EDA)

sk 98 Ay B U EROB A RPN SR 5% T

progugss qffilxcirenstion veas sudnitoted by M. cAftrethdues, FTC mdlt:ahecﬂﬁbmélﬁnount
bat h, .Ester. .term nat d@l) dendrlmsr [1]- (1.929

of yreagted friglygig Ffl gﬁ g o the,peane tSRRBeFRRS QGREht. At

thistmdlBhdlp0by mlﬁdr@ﬁnfags 3\%& § i fc f&hg,@ak for

sol ution over 15 mn. throug ressure equ
denfitimen II-fThEhe sodesint wassthén mxtcazdd i & ltothi%, evBposatolr mid@srbduced

prefie vich SRy b Tt he Sl et B iRl T ) as
dissbined.in Tblﬁ:\Ucﬁ&ﬁéthfﬁlﬁl follsived B}é%%déiubﬁ\ﬁffﬂ() P, o?te{h#l Aletaitwi
for | hour. Analysis of the sanple by MALDI - TOF mass
occayienal shakingr fogh@wewf & cplorless prepipitate waseabiserived durinigethe addition
. Th EDA
of SIAAE. T ARG e BIRTERT 0% ] S0 1555 SBrtin

of qik msthmlncetom/dsﬁ thiflgkwess obsqredde The lnhiRitir€ @hdthert gsgufaggd pyhe
d entire reacti o xetﬂl;,ﬁe was di ssolved in
CCRARIFHOR AR ﬂé‘h veshet v Asitate (gl @&beﬁhwlwaﬁi@édlﬁeé by

drylrR e HiftevdcBidiand BaeBDARYof BT Rial ﬁﬁﬁg 0R&: by BESNMR

. process was repeated three tines an ure
indipaied the pxdess Oﬁﬂrgtdmﬂw@glammwmascﬁe:pgawé amhsg&aﬂrzé dyalwes\kh agreement

h oscopic solid. Analytical data (JR 1H &
mt_ﬁlgéo vvas)tlﬁg agreenent with hexam ne termnated (G=1)

Contentistiof®if thel séhflion n @ #
IV-d are: 20 TH NVR &%W%ﬁb szm%f%%s%h%g’s %&p arent

hqq@, pyhiclowaya mixgare @ﬁprog t IRE q_rggl_ct;eth@ol e. 61, spbittha, for ITI-f are:

28y Rpf 3%6%[%%%0}%2%]2 9?\%35;% 13@65877"7 (%O, 1‘}15&1)% 29-3.31

(qumneg J%%CjNNBSBH)S 3M6356'C(38(?3 3{3 37 3767 6(3:, %1) 30804 .00 Elm 10H) 4.84
(- 4y 6530 06,6 630, §3B557 i 30 3E05 120 (2 wid 74
17213 ;
1652,@%3?5 HL BD%Q%? 55 %‘\ﬁ’, %8%&)16399779 %’6%?%6 §l4.12,

138y 137.87, 16#52; andnd MALDI - TOF: Calc. for C52H85leOEI.2

i AR ol g5 ClTon e s Briomend himsmon seos

NHZS dHetre 2iHius@@teNHi FehctinsC2 CH2 CH3

pmd ¢

o/\(é /" CHioH
CH,OH 0 —
O N oH CHOH
N—cH,on O
/—(1 ( 4-26equiv./epoxide)
H o~ 0 . Q O/YNrCHZOH
CH30H, 80 °C, Sn N—cCH,oH
overnight 2
>95%
o]

NP o)
I-d
Triphenylolmethane triglycidyl ether

OH ,—CH,OH
N

N\—CH,0H
nif 2

Scheme 21
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OH _C02C-hCH3 ONH / NHz / z H O-N~CQOZCH2CH3 Hz_ H
-H(ON OH \-COZCHZCH3 CH30H. 0 C OH\0 2d, 99% i HN
wOH006/066366HZCH3 HZz N ~ O CO2CHZCH3 HO |-d beriddboos/o13s64
"- NHIV-d NH2 N Hz Schene 23 Exanple 21: Reaction of -

Bi s(4-gl yci dyl oxyphenyl ) met hane (BGPM with 5
tri hydroxynet hyl methylamne [(C) = BGPM (IFl) = OH

_ _@L ‘R@h&l of('ﬂi‘ﬁ\)ITGE@ﬁh Diethyl Iminodiacetate

2 mmol

Bi s CId|OX phenyl thanel- (0.624 ¢, )
an c[% gﬂf @Hy (1%%1)9 Bkmmm@emwm)ﬁﬁ kester]
adzi‘%%%ﬁ#ﬁ %ﬁz@d&a@gﬁhﬁ#&ﬁ-dﬁﬁ?ﬁ ARya) ad L of

methénol Merﬁ:;pl&ied mcl 00omLSirple md&ecll ib?h? b@ttt%e ﬂths‘kffbll&gedlﬁ’y the
t (0] ete atin
addfat adetion oot Tont JstHamIedaseiets (7-ppe) 8@@@ in 10 L of
meﬂhE&BIﬁﬂfa%th O £isg vsfaeréaﬁﬁggéd %mbd g&%ﬁm
( contin

e r and
-c), however stirring or an “%e

heated gt §0°C804emg11t Iétsr bmh@&dmemgmtmmﬂmmnaisapecﬁoﬁawy

shoffed Befks fG1ale rER OTE & FIASE s fapimcak o sH hooks $3d (hesebvept vas
renloG€d 63 rdtar@kﬁ@ﬁiaf&%nﬂér)redﬁé@@ prel@ire, GG dit: % Q}a]@erllgw colored

heating wth heati ng gun and 15 was t
liquidoThe @ﬁpmmn DOXGHE Was pmf@d@s Cahtdmd:hrd?mtmgmplqmn@ihca gel (9°

t he addi t
heighh 1.9 BT IR 3090 BRI Bl orRitel i 0 0,010 B opopss of
diethplimfriotiiacutrel fomcfwedczyrﬂse IGII-IgﬁlI-I/QHOP_;fusE:J‘ﬁ) bt diel (ROt M8 (1.929

roscow solid, Ill-e (1.044 g, 94%yield) that
933?2){ Yigld). oTheswe G felbEase: MALDI - TOF: C27HA2N2010

[ I I ust r at gﬁébﬂ&% rea% ® ﬁgé(%%b}ﬁwsmgg4§c?5e&i 1%141), 3.61

(s, 3H), 3.65-3.79 (m, 6H), 3.88-4.04 (m, 9H), 4.13-4.22 (m, 13H), 6.71-6.35 (m, 6H), 6.89-
6.99 (m, 6H); and

BCNMR (75 MHz, CDCl3): 3 14.44, 48.91, 50.09, 5026, 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, ,
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 (M'Na) amu.

The following Scheme 22 illustrates this reaction:

0/\% N/_COZCH2CH3

/—00202H5 OH \—COZCHZCH3
NH
O N\—CO,C,H; O
( 1.258qUIV./epoxide) CO,CH,CH
H O o< )y O oSOt

CH,0OH, 60 °C, OH —CO,CH,CHs
1d, 94% O
OH  —~CO,CH,CHj
OWO (o] N
N—CO,CH,CH;
, b lig
Triphenylolmethane triglycidyi ether

Scheme 22
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WD 2006/ 065266 PCT/ US2005/013864 O\ / CH2 \ / o /v
| -c Bis(49lycidyl oxyphenyl) net hane OH H2ZN CH CH3CH,

woo6e/065246l, 94% tt.e OH (i.25equiv./epoxide) pctigsidolddsbes
OH HOHNO/ \ CH2\ / OKNH-OH HO CH 1Il1l-e Schema_

KA 3P sminptede O bclsRfriges fom geter terminated,

C

Detd}wuéﬁ@%acetate [(C) = BG&M (IFl) = OH (BR) =
Di et hyl'i ni nodi acet at e; = Ethyl ester]

Bi s(l )ngPé\ﬁEQElej%eﬁﬂ }%Emth}dmqulmmg (EX1)ymBD}; (TF) =
(Al d QL and 30 nL of nethanol were placed in a 100
nL sing necked round bottom fl ask, equi pped with a

st i rEthylerediabiing (BDAY(168.8ipp2PMah@ol) W GRced inkd. mm&& 500 mL
Al drk?fgz%mgg di s oI ved.in 10 nL of 10 met hanol and

IBTF a%ke&' ichyypsieawippedwith p stir bap ardecoofiddo 0°C
ik e L g MY B o
ExvirapDi 19) P taiws in dpmdrafmetiapol adiaddeco theabove batinh) doled

ddi duct LC dj cated f
sofign BRB L R,k Rk Ao el el Chpbich g Susigel with N,
and@ldsedivith a@ébt\'ﬁb.CThS basBsh RBlnre QRS BRE at téﬂke\ﬁgd% Yor 1 hour

renmoved on a rot ar}ﬁ]evaporator whi ch gives
andstoxed 086 fon 2 days.d Therysaction anixtuoe wes adicwved tovstir 2 RAj fect hour.

AR Ul PLPITIENAe B slied o b Rlhlpion pee o

the hexdntine wirfate(G4) demirnier, KV-af it bxdesOBDAGRE ¥Boved ofth fotary

vg 98%Flglecover3éz fol | oned by 5% net hanol in chl oroform
Rergior pleg regpesdimessiney Whick gtves @ pele peliesvicqladignid. The entire

LY
B 385 g A gl i s
orderto rem@® thamemaiiifg ENAGY-fomiidg urpzedtdpe. 3I'h1s'3pr3ce%é1wa£ Fepeated

th%:ghfme a.rgcf;th& %%E%ﬁ!neé%ngerin 7 2yai:pgr§?%fch ?élvse(s) a f;alg 9eliow color
hygroscopic solid. Analytical data (IR, 'H & 1 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, CD30D): 6 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

*C'NMR (75 MHz, CD;OD): 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;HssN 15013, 1111; found 1134 (MNa) amu.
Scheme 23 illustrates this reaction:

~95-
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(m 2H), 6.76-6.84 (m 4H), 7.01-7.09 (m 411); and
-97 WD 2006/ 065266 PCTI US2005/ 013864 13C NWR (75 MHz,

wod6eloss266 14. 43, 35.59, 35.72, 40.31, 50. 36, pe2afS%os/013864

54.39, 56.36, 57.03, 58.74, 61.15, 67.45, 67.61,
69. 77, 69.90, 77.07, 111. 35 111. {K, 114 58 114. 70,
120. 96 121. 49, 127.65, 127. 84, 1%% 29. 93,
.130. 02, 130.09, 130.57, 131.09, 0y 57 131.01,
134. 16, 156.50, 157.27, 166.97, 169 , "172. 16; and 5
MALDI - TOF: Calc. for C35Hso|\|2012 69 found 714
(M Na) amu. The follow ng Schene 25 d>HI ustrates this
reaction: QMO a2 1-¢ o

gy oxyBRERY | ) nethane /- - GQRC2H5 NH CH3EM:
C2H5 36h, 93% 11-gM1. 3eguiv. /epox' ie
TR BED CHR O o
CH2 O N CH3 % | [TG*Sc ypre, 05 n
Synt hesi s ol elfcaagune Ter m *hat ed (§21) dendri mer “\-wx,
from Est er “Termoglrd, (G=1) Dendri [ (O = BGPM
(IPF1) = OH (BR1) = Diethyl imnodi tate; (EX1) =
EDA; (TT) _ Amdne] 15 Ethyl enedi am (EDA) (111.6 g,
1488 mol ) was placed in an oven dr] ngl e necked
500 nL round bottom flask and cool d to C. Esf'&
termnated (G=1) dendrinmer (I1Q gy, (2.5Amg, 3.72
nmol ) (nade by Exanple 22) V\%&?di ?gol ved in 10 nL of
met hanol -and added to the a | d solution
dropwi se over a period of 20 m n. through a dropping

Example 21: Reaction of Bis(4-glycidyloxyphenyl)methane (BGPM) with
trihydroxymethylmethylamine
[(C) = BGPM; (IF1) = OH; (BR1) = TRIS; (TF) = OH]

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
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-glycidyl ether (I-c), 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) + CH3OH (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, III-e (1.044 g,

94% yield) that has the following spectra:

MALDI-TOF: C7H4;N,0) Calc. 554.63, found 578.608 (M'Na) amu.

Scheme 24 illustrates this reaction:

—-06-
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funnel. The flask was flushed with N2 and stirred at

~this tenperature for one hour and 20 stored at 0OC for

WO W/Gss266he flask was allowed to warmto RT @g/us2005/013864
stirred for one hour. Analysis of the sanple showed

nol ecul ar ion peaks f@r hexanni ne surface (G=1)
dendrinmer |V-g. Excéfg\s_ of, A remgyed on a rotary
evapor at or under reduced ik Ich gives a pale
yellow color liquid. The entirgcreaction mxture was
dissolved in 30 nL of reRRaEQAbyAR@AnAQeL Of tol uene
was added in order to renove residual EDA by form ng
an -98 WD 2006/ 065266 PCT 005/013864 azeotrope.
This process was repeatt ! tH ee %iﬁ%’g,c' and the m xture
dried under high vacyum = whi chl gi ves a pal e yel |l ow
col or hygr oscogi c soﬁ?'zd.qu“f&?fﬁ’fmet cal data (IR 111 &

13C) was in agreenent wth hexam ne terpinated (G-1)
S}E‘lat

dendriner, |V-gHPR 687)g, 96~77% yiel d) Bas the
fol | owi ng spect & -y z@ )'I@H
2.54-2.62 (m 42T NH), 2.67-2.75 (m 8H), 2.88Y 2.88

(m 411), 3.22-3.31 (m 8H), 3.@2 3.36 (m 8H), 3.80
(s, 21-1), 3.88-4.02 (m 81-4). 4.80 (s, 8H N2),
6.79-6.94 (m 4H), 7.03-7.19 e@&); and 13C NMR (75
MHz, CD3OD): 640.76, 41.66, 59.21, 59.53, 67.55,
67.69, 70.27, 111.32, 114.25, 114.36, 120.65, 127.51,
Examgplg g2: Reactiguof Bis{é-ghyzidyisypbay)uetaay(BGPM) with 10

156. ‘%}f‘bzn 7.366, 172.78, 172.85; and IR -

( Nealtgik?h m %e%%r ), 3071, 2932, 2872, 1653, 1541,

1509[(C14 BGPMAIR) <I0H5(BR 1) H1BiethyBiftincdRieetaté SGTF) EG3h Bbter]

1; d MALDI - TOF; | c. for C3sHs8N1o08, 746; found

7706%5(/4' §idyl pypheny o &-¢i(1 248 £ hmaol)y (Wildrich) ard 3mL of
méthahdl vt plakiiaik CPB6mI sindle nédRFRITRot fhped i i

a2 \ /. 3 N.Ceech g R ST oy Bl Sipoeg it a st
bagg Rjiethplmippdiacgrate (11365@, & -Kighmol) (Aldrich) was dissolved in 10 mL of
methanol and added to the above reaction mixture all at once. The flask was 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 ona 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:

"H NMR (300 MHz, CDsCl: 6 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
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TOHOH O/ \CH O,J,,  IHHNOONH "2 1V -~
H2 Schenme 26 20 Exanpl e 24: Reaction of

wo %oos/08bdey! ene bis(N, N -di glycidyl aniline)
vvith di et hanol anine [(C) = MBDGA; (IFl) = %@1")5/013864

and 56 WRG7S Motk B 83, 3350 15720035 510, 5209, 5439,
S658BRINSE LG8 NIRIRI HPRE 0B PASADREN 15 .5,

stir baf. ‘D’et hahol ani ne
1PET0, W20.06,5120 #8627 .65, 12584, 2976, 1091913) 130502, dB6.99) 1364 7] 181.09,

léﬁf?ﬂﬁﬁhléeﬁ%f ﬁﬁ#?ﬂ?ﬁiﬁé&;ﬁ%@?}iﬁﬁ%r Q'd”g
UM ARt FOR RIS T CuablooGB1 forh onmd 716 b r s,
CONSYRPIIGRIRISohbAE b5 HihstRbClhiGbackioh, and MALDI-TOF VS

i ndi cated nolecul ar i on peaks for octa hydroxyl
termnated (G=1) 5 dendriner IlI-f and hexa hydroxyl

term nat ed produc Sol - t vva emove® on a rotary
evaporat or, which gi '—«
for 111-f are: MALDI-T Calc

@ Q liquid. Spectra
or C41H74N6012 843;
found 866 (MNa) and 761 I\/Na amu for tri addition
product. The fol | owi nTPHSRepwrEMINethanst rates this
reaction: 10 O / / BNCH2N ~O 1-b HN-CH2CH "

--CH2OH  11-f (2eqU|)d—cdzczepo i de)
CH30H, 60 °C,
\"—cozcsz 36h, 93%

( 1-3equiv./epoxide)

OH OH
HaCHaCO,C— NA _@_ I\ /—CO,CH,CH3
HyCH,CO,C—" ° CHZOO N;COZCHZCH;;
Ili-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
(I-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
-08-



RT, 2d -> 40 C, 2d HOH2C-N /-CH2OH HOH2C/
[--~N~-CH2OH H N CH2 HOH2C_\ HO, N OH N N~CHZCOH

wWid8oes266- CH2OH 111 f Scheme 27 15 Exanpl e 2§,CT,U52005,013864
Reaction of 4,4 nethylene bi s(N, N dlegC|dy

3 eSS bt S S B ol

whith gfvé2) Faeliamd@br ;ggfr&@oﬁb ¥ YAnaBichi d&?a(gg %1 d:?

g, was wei ina 50 nL single ne
agmm@ﬁwuth&gmn@ltq@m@ddﬁ—meddndmbr ANVe 3.687 gHp6. 77% yield) that

_ b}gjtﬁ“ga&%s@g{{% were added. 20 TRIS (0.121 g, 1 nmol)
e

was a above reaction mixture. The flask was

5 fi tt’ewNmmtBooatmzfmgom}a FR54IS RS o, NS 2 88 (A, 2.83-

for s. Solvents were evaporated on a rotary

288 3o 522 5.0 o BDubE-26 émo8H)a§§0\&a>aﬁ)s3)88-é 02\ 6K, 4.80
B, %}t@% 6‘34'(&"414@(1;863 1}15% : “The entire

eact 1 oh m xtu 1'SS0O n1xture of

soI v’éﬁﬁWR@ﬂ/ﬁiz'-ODj@ﬁ)k 54@0@ m&@@@ﬂ%@ 55, 67.69, 70.27,
EL S2005/ 013864 ﬁg under hot conditions
1Hs3nd142hdat- 360120 GﬁhéZ? ﬂaékﬁ* 28161012952, 33650, 1138.87,RB4.44,
10 19@@;327g51g93 XEPeR 9ﬂp§gmﬁfornatlon of a precipitate
S

was o erved e adding’ hexanes. After 3 hours, a
sol i IR @&at)f ot Mc(br)f JomhzosagieT, Besshnesi, flstrmhszamﬁhz 1175,

va the solvent on rotary evaporator gives
1 lﬁggégé%Pq‘{ﬂzd’mgmlgh was subjected to columm 5
chr ORI PArERNYCAY $6r éssmgﬁg)cﬂem 770 @9%5%?&&'[
es ‘ol letra

acet at e/ hexanes were used to efute tra
gl ychahgine 2 illustretes ti$ waetidnby 5% CH30H CHC13 to elute

15 conpound-111. Pure fractions (determ ned by TLC) were
evapor at ed, which gives 37 ng of a hygroscopi c solid.
Anal yti cal L DH H and 138 NWR reveal ed
that it V\/as'galé’j}j2 nd5;+ R WasSHEhso
st udi ed mntﬁ'? éqU|vaIe T S/epOX|E€q¥%”the
m xture of nmethanol 10 and dm@hloronethane and gives
conpound-111 in good yield. The reaction did not

proceed in dinethoxyethane (DVE), and, with 2
equi valents of TRIS in neyUﬁn@ﬁs P‘BOC for over night
gives bis- and twi- addi®fon jproducts. Reagf |on with 2
equi val ents of +RIS at 60C for 3 days alr9 ’gi ves bi s-
and tri - additiowT?Woducts W th traces gf Jfetra
h
NH

addi ti on product
e Do O
S

Vg NH,

HN

NH,

N

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 ina

25 100 mL single necked round bottom flask and equipped with a stir bar. Diethanolamine
-99.-
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- spectra for Ill-e are: 15 '"H NWR (500 I\/Hz, CDC13): b

2.50 (g, J = 2.40 Hz, 2H), 2.70 (g, J = 4.50 Hz, 2H),

1H), 3.07 (s, 4H), 3.24-3.37 7
Vo Ridorhites E]D oOH) , 3 55 (?? 211), 459 §2,” 6FB%T/U58006:’§)13864

(e, I%\]N&,?(iq kool in %ef&?an%ij(l 0% & 58acd%o the dbiove Rifring

scﬂ@ﬂn% RIG B, {8k Wis &fhn@ed WithQFeMBcimbed2deddty andi%at%& gt 60°C for 2
63.4 1.03, 12. %E 112.93, 129.84, 131.02, 146
days ander Nag dften d hm C?Eﬂ!catesép@rnplﬁtgrcor@z:gmﬂnmn\@fmmﬁg &;atenal Ib

SO ey SR e 42 855 g o)

d¢ndgpm lHd)ande@@-hydr@Iinﬂ'rﬁ‘ma&ﬁ pfadudd SotvenOwas remblkd ¥4 a rotary
WO 2006/ 065266

Wﬂb‘%lf %ﬁ%&m%ﬁgﬁl@“ﬁ% Bestpfas ek arReact j on of
o ¢ "0

S B (1 B TN SLSB LD SRPIER 10 bR o
fqtpyd&umprydutést er] Diethylim nod| acetate (1.512 g, 8

le cked. 100 nL, round
bottorﬁ@ a&rE'lé Héﬁiezﬁn@un'?a t?‘ffafﬁ?ﬁ 103 ded. d yci dyl
aniline I-b (0.422 g, 1 mmol) was dissolved in a
m xture of solvents (3 nL of DCM and 5 nL of MeOH) and
added to the abogemeagthon ni re,o(%r a period of
30 mins. After sti riH FHe m Xture at RT 10
for 2 days, MNALDI - n’q S specrtometr yoi ndi cat ed
nol ecul ar ion peaks for no- and his-addition
products. The flask was arrarged w_lb a refluxing
condenser and heated for 3 s at- 40C. Sol vents were
renoved on a rotary evaporatqr, ImﬁnE’H gives a pale
yellow color liquid. The ent|igguy Epedskon M Xture was
subj ected to colum chromat ogriipy>49ic.8élica gel (7"
x 1.5"). FalstﬂAO% et hyl acetate/ hexaneS)Aq{Hq),ysed to

elute the gygRss Met hyl
~—CH,OH
HOH,C—, _"B—/ C @ /—CH20H
HOHzc—/ ¥CH20H
i-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 (CHC}; + CH30H;
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15 im nodi acetate fol | owed by 5% net hanol /chl orof orm
used to elute the octa ester termnated (G=1)

“dﬁm;,j,dgEJG I11-g, 0.92 g (78% yield) that has ﬂd‘l%szoos/onsa
foll ow ng spectra: 1H NI\/R (300 MHz, CDC13): S

s¢ufd3d) ﬁgdeif bt czlybﬁh’tl %s?lgsbé‘g;]i%m : 6%& £ nas hadR wapg to RT
arld-30 mClo€baneBadlidd. 4RPormatior 8F 2 %ﬂate Was ggsegéﬁ vgtél &gdm

1, 50. 20 50.79, 50.8
h%‘gn%z gxgurssgs@gj wzg;ﬁltgped (ﬁth@;gh@lBt@ﬁneriﬁnﬁéDand evaporation of

8, 68 8.
ﬂlg gfﬂggﬂt ogg'@ta%?e gcﬁ' gé?’glggsﬁ @ggﬂi(&lf ?xﬂ}lzd, g.wg avak 8@’39&2"& to column
clsomgtegraﬁ]iy 6% §iliza 84, Firdt24(0™% ethil Ece%geg/ h%%ﬁze%ﬁrfeéﬁe@% elute traces

37
it gfiezaies ks HoPHIGHELr inmamionst e o

VAL
S G LSO i/ P i
Anplytigpbdate MALDHTI% abch °€ NeBricveed thdtQQwNéQompmmd-l]I This

reéi%%g C\’gag%é%%pglc” U%OSI %56 é 111&13@2%@; {n the rr};yé;ce)i Qflgiethanol

aﬂﬂ'ﬂxckﬂctométhﬁﬂe 4nd gioks cZ&%lHﬁlqﬁ %&d%l%%%%d not proceed
CORG - - ~N~C02CH2
m@%@e@gm IAE). apdy with 2 m@manmeiﬂmmm at 60°C for over

th
of Oct aam n eh-ir::?%l dnlgﬂlg? ng(%ﬁ-%acﬂ% 3’?‘53&‘1 gg Fﬁs at 60°C for

3 Gaysisogived bis- and tri- addition products with traces of tetra addition product. The
spectra for Il-e are:

"H NMR (500 MHz, CDCls): 62.50 (g, J = 2.40 Hz, 2H), 2.70 (g, T =4.50 Hz, 2H),
282(bs 1H), 3.07 (s, 4H), 3.24-3.37 (m, 7H), 3.58-3.66 (m, SH), 3.95 (s, 2H), 4.59 (s, 6H)
6.65 (d, J = 8.40 Hz, 4H), 6.98 (d, = 8.10 Hz, 4H); and

BeNMR (125 1\41-12, CDCl3): 6 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 CaoH41N307, 543; found 567 (MNa) amu.

Scheme 28 illustrates this reaction:

>

& /—4\0
SO
_ 0
I-b
OH
H2N~€OH
OH

(0. 259qu|v ! epoxide)
CH30H + CH,Cl,, 40 °C, 3d

OH
OH

o
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(G=1) Dendrimer [(C) = MBDGA; (1F1) = OH (BRl) =

Di ethyl imnodiacetate; (EXI) = EDA;, (TF) _ Am ne]
wid fapd/@sedi am ne (66 g, 200 nol . equival ents) peRAs2005/013864
placed in a oven dried 500 nL 10 single necked round
bottom fl ask, equi pped with a stir bar and cl osed with

a rubber septum and cooled to OC with an ice-bath.

Ester surface dendrinmer |Scheme®. 65 g, 0.55 mmol)

(from Exanpl e 26) was di ssolved in 10 nL of nethanol

and added to the above solution through a pressure

Ex@fipia D7 ResttioH 08 €ty 'AndLRer-bh Kath el tl?ﬁinﬁ:ﬁbdlﬁceta'{é‘ e
unnel was renmoved and the flask flushed with N2 and

cl od€a TWBPGAr @bber OHe R aﬂ@@h@n@ﬂl@ﬂtam =cEthyl eSter]

ref Pue‘?@ﬁ?ré@&%%ﬁ%taf‘eo dé;\‘,a (ﬁzw%rmﬁ O s&"é%g{‘lc\%ﬁid

rmme outad flask and 1 ML Yof mbﬂﬁﬁélaidﬂéd UG Eidy)r 26lieach . msgu n %amol)

ves a wa ol or] ess ound. The enti
wop QISR YD AT oL I BISS RO 26 AL oF MsDiH s pdded to the
ab@ReatHofniffire et &'ﬁ 446 Qruﬁsn dAﬁé}esBrrﬁlm? fe%&t?cﬂ:rrg%nﬁe atRT

rotary evaporator. I'S process was repea
fortd days, MALDI-JEF mass rspmtmmetrg #ridibated mactecudir iod pdalé\for wiving-hand

bzsgaaél‘l Vﬁg.\sopa ld ?’(&t a‘éel 3 CO' o SOl ; d? ﬁ‘%ﬁlgl?lrgnﬁgg %H%fagg geated for 3

dajsalt OE. NEbIGRECWER rexﬁ&@dl‘dk{% r6 vibratoDRk ale yell
§41 97. 42,53, 49.27. 52.096, 5§ 09 56.76, 5 esa% © yelow

colgpligiid. Fhe eptire mactign mixtyre Was subjgzterto cqlggmmronlaxqgramy on silica

7723 MR G RSO e 50

lmikﬁﬂﬁcetétﬂ: EQlowkd ®9,5% ﬁﬁﬂmn&l&ﬂ]orﬂﬁ&ué‘dﬂlt& elu&’lﬂﬂe bk Bter ieminated
for (%7H106N22012 1290: found 1313 (M Na) anu.
(G" gr HI-g, Q.97 8895 picld) thag has the follosvingspestop C- 1N

HNCH2N HS?ZHZC@C- @%7/ 82 ‘\10'%804&7 %%g@% A7 (m, 48,

GW@MH)/GWJOMMHBQDM I[1-g HZN NH2 0 C, 48h _

C NMR (75 MHz, CDCly): & 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, 53.97, 54.23, 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,
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 Cs7HgoNgO20, 1178; found 1201 (MNa) amu.

Scheme 29 illustrates this reaction:
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HZN NH2 \,~ 0O p HN ~NH NN\ -NNH H/~HN - - T-111,
NH2 2N HO OH HNY~ HO \ / CH2 \ / NOHO NH 2N O N 'N

wd 200652690 HN p 0) -NH H2Nont |V NH2  Schene p@@us2005/013864
Exanpl e 28: Ring Op_enl ng of a Di epoxi de:

4, 4' - Met hyl ene- bi (N, N- di - 2- hydr oxypr op

3- pi perazi nyl ani | one = D|C|q,y-l-4gnlllne (1Fl)
= OH, (EX1) = Pipera @‘( y.-rnne] To a 250 nL
round bottom fl ask”containing a stir ovvas added 16

g of piperazine (189 mf, 5 5 equival ents per epoxide)
and 4 g of 4,4'-nethyl ene-bi (N}L@bghy:g dyl aniline)
(9.5 mmol, 37.8 mmol epoxi de)} BN ¢ dgdig é di ssol ved in
85 g of ethyl eneglycol 15 di thy at'kels The nixture
was made honbgeneous by=addi I%é;,\g,éggmggpt hanol . This
m xture was heated at 600C fgr dnoAres, sdnder
nitrogen. This m xture was caol ed 784d evacuat ed of
vol at i [le€H8R:Ca~ ot ary evaporator. Piperazi pects,cH
distill QEM 'xture usi ng a bul /r‘%g@?zc;

3
dlstlllatlon Wity E’%J}E@?—ﬁ‘f t@,qrpera‘i?é
rangi ng X
i ndi catggn(rég]‘él_d}ha-i}%loper azi ne using SM&ZCH%

20 Resi %G9 i per azi ne was azeotroped Wi t h>2COBOHafts %
toluene -30 wt % MeOH ni xture bylt@ 104 WO 2006/ 065266
PCT/ US2005/ 013864 di ssol ving the residue in a wei ghed
amount of MOH, adding tog ene d distilling on a
rotary evaporator. This pi glé ne free product was
evacuat ed overnight at 25'C at high vacuumto give

6. 8 é; 94% i_elf% of the desi red product. 1H NWR (500
B f2b i ‘ﬁﬂ%o gmfingsey (G5l @epdeetisom Emfer Terminated

3. 35((3@@51 45 H, 1H) 3.15 (dd, J = 7Hz, 111),
365(% —7Hz 1H), 3.79 (m 211), 4.04 (bd, 2H),
6. 44( b'=MBDGA;7(1Fl7) @H) (BRl) 7Diethyl iminodiaddtate; mm) EDQB (TF) =

ﬁimmg Hz, 2H); and 13C NMR (125 MHz, CDC13)
%6. 08, 46,13, 54.81, 54.99 57.20, 59. 32

?29552?1%&6@??82%%&1&& g véléﬁs%s pleedd #th ovbA dricd 500 mL
single necked round bottom flask, equipped w1th 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 mlL 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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130. 28, 130.32, 146.18, 147.22; and 10 MALDI - TOF:
Calc. 768.6, found 767 anu. The follow ng Schene 31

wo hiéshésadees this reactionn. O CH NO?2
01 et hoxydnene- MeCH 4:1 6000.3 drys 5 Ni{ N R 13864

e Tl v 120 Ph 2955 105301 TS e 1940, ihfss, 15581589, 1000,

9@ I;ygb “eDEREl &g necar boxyl ate [(O = Diglycidyl
gI ycCi "doxy ani | i ne; (IFl') = OH (EX1) = Ethyl

pi peMad; eTOEéﬂaé@ign%vH;osmzzD)z, 1290 fdumal \i B B @/ Na¥ Bnu=
E t.
NPgl g‘]lhﬁgggﬁdl gfég sd&??%’)??anl line 1 (Aldrich) is

studied with 0.33 20 equival ents of

et hyl - N- pi ?_p%pgdz@ecar boxyl ate (Al drich) per epoxide at
RT. After Dl - TOF nmass spect r onptT §2CH:CHs

i ndi cat ed 2361 ged] t i on—Rr oguct " 2—eG&CHROr ,
along with %8—?? m)LHa;t ) @ -Woduct 2a
(ratiois 1 ¥ om NVR). Studies - A5 C2CHzCH,
2006/ 065266:BET:¢152005/ 013864 with 1.1 eq‘mqmm of
et hyl - N- pi per azi necar boxyl at e per“'tSpom de at RT gives
all three epoxides reacted to give product 3 in

excel lent yield (929 . A kaline JhytcoHysis on

compound 3 gives conmpound 4 in 89% i sol at ed yi el d.

(The reactivity difference is ijn?® ‘&g?heerrent W th
results stat“@tul\ his specificdation i. gl yci ﬁl
ether are nore Nea&tive 5 than anilines. ) T S process
may al |l ow synthe®¥s\of differentiated dendrj mers W th

various bragrch gel ents. A To a st H\/\

sol uti on 6"?“@“\/ gil’élm@g Ml NH,

(1.38 g, 5 \n,I/Q add

sol ution &#N et hyI per azi necar boxyl ate%@ g, ) BH,
%

nmol ) in nethanol (|5 nm) and stirred for at RT.
However , |soI;t\|/B'ﬁ 6f this prodyct

NH2
Scheme 30

Example 28: Ring Opening of a Diepoxide: 4,4’-Methylene-bis(N,N- di-2-hydroxypropyl-

3-piperazinylaniline)

[(C) = Diglycidy! aniline; (IF1) = OH; (EX1) = Piperazine ; (TF) = Amine]

To a 250 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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10 by columm chromat ography on silica gel gives ring
open product 2 that has the follow ng spectra:

Wbl /ockids: C22H33N3O6 Cal e. 435, found 436 ( Acrhds2008d13864
458 (111 Na) amu. B. To a stirring solution of N,-

A 51 e SRS s e e

ro%ﬁwa-g&(}ramr.pmgmﬁ&ﬁfekﬁeaﬂr@&ua Wiz dhodited o%r%rdgm; :ak 220 dt high

sthrr for 2 days at RT. The starting mater
vacump tegize §.8@(@4Ymneld) ditthe desiredptodueis r enoved on a

et ny FONFHERAL RIS (ISR, o 754 € b Ped e a0 35 a7 -7

HKUSD) 3.99\(dd(ls st7Hz] B, 065 W < MHEAYD, P EnCHN20A %S 2H), 6.44
(69%1 ,(972%yel Hq)that (has ?Ilrﬁlg’}ngilovmgﬁ spect(rég: Hg 644 @

: d
J m@glﬁm 4d¢d5He 1Mz 1), G2t T3  Hzs Yland 74 (111" Na)
amu. 13 -Iu/erf’iSrlq]}lQO f ( | NG|
was cﬁar ge& Wit bo?p@%z'ngggbs’(%&&l%pé4y mgﬁlap?’w 29.32,
62152 $6139 £65.7% 1 129811 1884 nEXOL24N ©29.34A4 2% 84151 2K@H, 120669, 129.75,
. f 0% s dissolved in 42 nL of water)
1%&3223;_’ gg%g%qﬁslg’ﬂé%%%‘gisti rring solution at RT 25 over
5 mMALDINGOF: IRk Me%, AIuhdneeeywi th a refluxing
condenser and placed in a pre-heated oil-bath

( 85-Dedplieniag Febanes3 ¥ ibiusteaiesrthis gérctio®r ogr ess of t he
reaction was nonitored by TLC Methanol was renoved
on a rotary evaporator and aqueous |ayer was extracted
with DCM (3 x50 niL). Conbyned extrag were dried

over Na2SO4, filtered thrqugh.Celite, d
concentrated on rotary gvay bory, thenjdried under
hi gh vacuum which gives p ow 30/ col or

pi perazi ne surface, G=0 dendriner 4 a solid (4.86
g, 89%yield) that has the' follow nd Sgectra:
MALDI - TOF: C27H49N704 Cal e. 53%, found 536 (111} H),

558 (eNa) amu. -10Q, MO 2006/ 065266 | US2005/ 013864
Schenme 32 illustrates fgH:a:reactio Et CN) CO2Et O
f NO2Et HO N ~N-CO2Et HO JN (NH) O-j H J

(0. 33equi vJepoxide) 1~ (1 equivJepoxide) 0 -0)p
CH3OH, RT, 1d CH3OH, RT, N~ 2days, 92Z%\\

N NH
f<:
N

OH

N NH

_/ /,
Scheme 31

Example 29: Reaction of Hetero Glycidyl 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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NOOHOHUNO 2 NOB®6\N 'CREt 3 KOH (45%
CH3OH, 85 - 90 C, ovem ght, 89% HO HOV H VN CO2Et J

PHO 2a OHOH N N EtO2 HD ~NH 4 5 5@@@@,@@13864
“@&2&%%%“30 Cappi ng tetraepi sulfide branch cell wth

ool 5 RSF B s gk OF) o i e
ep6iHys reactddaio piverpraduet 3 Werkckiak yidtdioDSs) ammﬁéhﬁﬁam@s&
5.76 mol ui val ent_ per "episul fide) "and

coﬁ’é‘f‘ o élV?%cq%pp%ﬂ éa 8%2 asolated yieldo (Fhe IPJ@EWCW ﬂdzdém isin
0
agféetélrélgte pl su P?%gl e (0. G%b 1 sE’igﬁéfm%Hg F) gfg& ?7 %%F%amve

tha) anjléres.)l i Rhésoproeads miay aBoWhymﬁesIstﬂtﬁHrafﬂited dendrimers with various
tgtr epi syl fide is not soluble in nethanol) and added
SR 5117 ne sorut

stirring solution dropw se over a period

of S NTo BRArrRablicdR of AL By URSI AL LS Zé'é?cﬁhn%ﬁl 38,5

hours. The solvents were evap
muggh) ybmaﬂxmol é:’nmlt) iwas addede sphution Dﬁethyﬂ]-N{mpemzmei:ﬂBomte 0.79g,5

ey 4 MERERS (il PRETROC T s R Gt Ssotsioniof Bioprocuct
byWnﬁfUﬂuoxiﬁbétﬁpl@l on silidaGie] giveSeng dien EY odaby ?th%%%aﬁ %ﬁ;ﬁ)ﬁcgwmg

2 that has the follow ng spectra: 1
SPe8C1): 8 1.24 (J = 6.90 Hz, 121), 244(m 26H), 2.61

(fn HI\%%;Q.TO% é%{ia ?&L@@egésﬁg&ogggﬁ%%d A58 7 Xa) Smu.

B. To a stirring solution of N, N-diglycidyl-4-glycidyloxyaniline 1 (2.77g,10
mmol) in 15 mL of methanol was added a solution of ethyl-N-piperazinecarboxylate (5.21 g,

33 mmol) and stirred for 2 days at RT. The starting material was completely consumed.
The solvent was removed on a rotary evaporator under reduced pressure. Excess ethyl-N-
piperazinecarboxylate was removed by Kugelrohr distillation, which gave pure compound 3

(6.91 g, 92% yeld) that has the following spectra:
MALDI-TOF: C3¢HgN;O10 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 NazS0O,, 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: C27HagN70, Calc. 535, found 536 (M' H), 558 (M* Na) amu.

-106-



5 13C NWR (75 M1z, CD3Cl): 8 13.79, 37.53, 43.64,
53.08, 61.54, 62.08, 69.39, 74.42, 76.10, 155.95; and

wdNobdos3feb: CA5HB4012S4 Cal e. 1057, found 1078ctisdadio13s6s
amu. The follwng Schene 33 illustrates this reaction

s Et{RC, t S.HNNCOREt ONf N /--{~ HS J |
equi%‘F@ﬁ%%ﬁgt a0 cH3OH, RT, overni ght, >95%
( N~OPETGE NJ SHOSH 1 EtQ2C ~ 10 2 \, N CO2Et
Schene 33 Exanple 31: Tris

(2, 3- epoxﬁB‘lE'Opyl )i socyanurate with

Et hyl -N-ggger azgogFecar boxypPat e [ ( Qogss HO.

N

/\
Tetra(ep propyl )cyanurgte; (IF1 N OH (E}i)\N\——/EtCﬁﬁ/Ell
pi per a¥Pne 15 dhrboxyl affe; (TF) = %r boxyl te] To a
stirring) soP8ejweodde effhy)l - N- piceerapkaecapbyxyl at e
(1.422 g, 9 in 6 of wa dded

tris( AO: epB&YpFolyl ) i sacyanur atﬁi:yfg%% 2 mol)
all at>nce and then of di chl or onet pane was

added. -Nd socyanurate 1'® not soluble in tdn@n LWZ&
Afterd stirring about 3 hours the isoc{ uratg’ S

di ssol¥ed conpl etely. The reaction m xktf e was ?Qoza
stirred2at RT for 2 days. TLC (1:2:808f hekanes: et hyl
acet at e: CHC13) showed conplete consunption of

i socyanurate and MALDI - TOF on the crude pr Od%ﬁqgﬁg;ﬁ)?g\(,\@cd
peaks for only the final product. Solvents ht, 80%
renmoved using a rotary evaporator to give aXolorless
transparent |iquid. Renoval of excess

et hyl - N- pi i te by Kugel rohrHo~y \w
distillation at 1% (#6pE15 nins.) gives cohpotmt 2
as a pal e|yel |l owecol or highly viscous 25 |ifuid (1.54
g, 100%vyteld) tgat has the foll ow ng spe . -108
WD 2006/ 065266 / US2005/ 013864 1HNMVR: ( VHz

CD3OD): S|1.24 '&(t"', J=7.20 Hz, 9H), 2.41-2.84 (m 18H),
3.45 (bs, | 12H), 3ng0-4.04 ((m 6H), 4.07-4.16{(m 3H),
4.11 (q, 1:7.2NT_3‘)H22, 6H); and OH OH

N
| Et0,C AY _) QH

Scheme 32

Example 30: Capping tetraepisulfide branch cell with blocked piperazine, Core G = 0
[(C) = Tetrathiorane; (IF1) = SH; (EX1) = Ethyl piperazine catboxylate; (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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13C NWR (75 MHz, CD30D): 313.79, 43.52, 46.96, 53.28,
61.54, 62.15, 65.54, 150.11, 155.94; and 5 IR (Neat):

wWoble/063286, 2934, 2858, 2806, 1685, 1465, 143é1ub3iS013864
1357, 1383, 1244, 1173, 1127, 1096, 1034, 1004, 881,

oSBT ] Bloel i o3 G 2 g D and
miethafiél] ®Bich@ives Eie@'@'ll% ttraddteN2 MhAeRRGhe fON Jﬂ‘ect%? COZEt
\--/,HO O NKO ~ O NO (1.5equiv.l epoxide) HO O

cHa O Nmﬂll@m\@@ CP:CBe focivid G4 &0 He! RIBR 440tk A6EHE2.61 (4H,

St B 0 LEDUAOPNEr 0,

Tet s ’asoamstomlz) CBYCy28UB Abe37 43 Bb 1545308, 61, 54062 08, 69.39,
%ymgera2| ne; (TF) Am ne] A round bottom flas

aPﬁ corrpound 2 (made by Exanple 31) and

?LSZW'?‘ B0 e RS S 308, SO RGO R SRR ) o
t he ZThofolwing Schemg 33 dllustrates tias reldtioaver 5 mins. The

flask was placed in 20 a pre-heated (85-90C) oil bath
and heated overnight. TLC, indicated (3:1 of

DCM OH) an absence of startlﬁ*&‘} rial with a
pos e ninhydrin test (R =0.41 i % NI 34CH | n (\N LOEL
MeQH) . gMet hangs wa¥, r BR®fed on a rot evapor

aqueous)| WA FeqfinbioRdGt €d W th DCM.-(-; and

&e}n’eio extracts—we%—e—eLr—l—ed over Na2Ss(4, o '|6 red
through \g, pad of C&lsPH. &T sroand concentrat ed rotary
evaporatm\__v[rl ed™GRE% 7 gh 25 h gives a

tra quid. It was foun \f/rJomSElnaI yS|

conmpound 2 was ring opened 5 2hase duri ng th&%

hydrol ysis step. From MALDI -T(]: it was identifie /S\\ﬁl_co Et
urea derivative, conpound 4 is the main product th 2
has the foll owi ng spectra:gchdfe R (75 MHz, CD3CD): S

4.5.13, 45.81, 54.27, 63.02, 68.48, 160.40; and -109
WD 2006/ 065266 PCT/ US2005/ 013864 IR (Neat): 3272,

Eg%%e 3284 fis (22§ ]efioxyﬁﬁo%?fl)ls%%r%ﬁratrlé 1A.H Et?iglﬁlzl-plp]égazz:xlnec ]%oxy'late

[(C) = Tetra(epoxypropyl)cyanurate; (IF1) = OH; (EX1) = Ethyl piperazine

carboxylate; (TF) = Carboxylate]

To a stirring solution of ethyl-N-piperazinecarboxylate (1.422 g, 9 mmol) in 6 mL of
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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1065, 1009, 855, 794, 702 nf'1l; and MALDI - TOF:
C15H32N603 Cal e. 344, found 367 (At Na) anu. Schene

WwWabh200d/86856sr at es this reaction: 5 0 Et02C- N NfPCT)UsM)Homsm
\-/NCOZEt HN N NH NN ~ HO OH HO OH KOH (45%

SRl P S ot 10
(bd sgﬂy@mMM i 6H), £O0UEI!(RY 3B), 0t 11YlgeRen20 Bagigh; ddd [ ( C)
= Tq;ra(e oxyprop I)c anur at e;

Di i MG ;0] )mr&w&éé 967H3- z&ém 2%&&]54

qq T ring solution of

15@1.},_ %529(4”%?%' -i sopropylidine)di ethyl enetri am ne

(2 IﬁlNEat) QniXTBBHY, 2986,12934] 2858, mhm&sl 14655 1433c €388, 1357, 1383,

& etooxy&‘?’opi/g(g soc anurate, (0.594 g, 2 mol)

12&1"411 8, Rdel 096 ?%t7§8| s ; sol ubl e

i ni tial by about 3

hours at C%e“ﬁff@%g?éﬁ{ 7ok gMdﬁgI?i YLc(1:2:2

of Smhemm%ﬂhsﬂgtesthme'emenchl oroforn) i ndi cat ed t hat

i socyanurate was consuned conpletely. Solvent was
renmoved on a rotary evaporator and then dried under

gh vacuum which gives a yeII A quind LDl -
#@1 p\n%;)rorretrx cco fed mass o#l\—e"g@/\um 3’\0}%—\ i
no W}i und 2 and—£ ew ot her conmpounds. c,Th :
alo6l‘ eact i on m xture vvgs di ssolved in 10% water in
Qggropanol O e oramd eat ed at 50C for ‘ngay.
I r opanol and wat er was renoved on a rot
evaporitor, and residue distilled by Kugel roh
distillation gives .a yellow col or vi SCOUS03 NT10 N0

2006/ 065266 PCTI US2005/ 013864
Scheme 34

Example 32: Alkaline Base Catalyzed 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% NH4OH 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 Na;SOs,
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, CD3OD): 5 45.13, 45.81, 54.27, 63.02, 68.48, 160.40; and
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liquid (1.83 g). Theoretical yieldis 1.212 g. 'H &

13C NMR is not very clean but MALDI - TOF showed nass
whanosmesseeound 3 of : MALDI - TOF: C24H54N1206 Cabet/uSihes/o13864
found 607 (MtH) & 629 (M Na) amu. C. To a cold (40 :

(1. 35uREa) DpgTEd8 el 2l acosd! W PRI B e 1132
10851006 06559794] 700} andh 4 nL of nethanol dropw se over
a period of 10 rains., The ice-bath was renoved and

al | AMAEDIF OFt: CasHgeNeQp. Calpy3ddy foundi 367 (44 Np) aoF nass
speg&ggg%gm,%&g{g%sergacggﬁs at 1364 and 1386 amnu.
I nued for

Stirrirng ~con ‘days and sol vent was renoved
on a rotary evaporator and the crude reaction mxture
was suyhj ectedgto col yap chromat ography-—on sil ioca gel .

| BNl [Ny xm\ess\(O‘fN\BMCw@ was el uteq wi 132: N NH
hexanes: ephy] gcetat e: chl orof orm fol | owedu y//',‘\ebljt i N
with DCM afdNTet hanol (5: 1¥OH{R¥h gives ©7 N0

hexa- pyrr ol kglgne surface deW4 as a hygroscopic
solid that hag the fol | ow ngﬁ’%ﬁtra: 1H NVR ¥ 300

VHz, CDSO)):()Z. 52-2.60 (m , 2.66 (d, F"s8.70Hz,
6H), 2.73 (&~ J=4.80 Hz, 6H), 3.47-3.34 ( H),

3.72 (s, 1BMP, 3.%6-3.90 (m 12H), 3.64-3. g]o Tm™ 15
12H), 4.00 (quintet, J=3.30 Hz, 3H); and 13C NVR (75
MHz, CD30D): 8 33.90, 35.85, 40.53, 40.58, 47|02,

49.79, 51.79, 58.10, 66.93, 150.20,173.91, 1}4.17;

and IR (Neat): A, . 3374, 3052, 2952, 2842, 282, 1735,
1686, 1495, 1461, 1363, 1271, 1203, 1072, 1024, 937,
847, 766, 732, 700 cm1l; and 20 MALDY- : 0 /\
C60HOON12024 Cal e. 1363, found 1364%%@%@/\(‘”\_/“”
(MNa) anmu. Schene 36 illustrates this Pacti&dn: 911
WD 2006/ 065266 PCTI US2005/ 013864 0 HN N _ ~N "~N 0 N~
10%vater- 4A-N k O N ~"NxN OH !sro Propan ro‘banol HO
OHN -~ O ? 0 (1 5equf e) o~N ~0 55 C. 24h
CH3OH, 55 DC HO 1 (N1 2 ﬁ;“'h%?%ﬁg O ~

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 tris(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 contirlmed 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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wi 206lde52%66 O H2N NH2 SN 0 N H3CO2C- Co N CO2CpBT/U82005/013864

Schene 36 5 Exanple 34: R ng Opening Using

o Y B o ES D gy
TOFsE@@é‘dﬁﬁstE@c@n;ﬁhhﬂB%ﬁ sol utl on of 1.81 g of -

triglycid er (6 mol) in 12 nL of methanol A was
(R IGIBEO: e e 606 fosind 607GYI 3 44628 (b Noy acm.

et el TR o Bk BB AASAE OV L.96

12 sipeal) wasmidey ashlummdoﬂmnﬂbumas (0.606 g 1tragehhies il Mtnethanol

trace armunts f dendrj -a. After 3 days of
droppiise,ove, BRTIOF 10 gpgy T avag FraRqvied aad vsqémwaRT
AT eva%‘,‘lé?%?a‘%@z i re‘l?%*‘%%? 1% @1900LA Bk U Stining

comfimuied for 2glays andssolventwasl removet] onvhrotdry eraporhitorand theceunde reaction
i gh vacuu he.entiyre reactjion 1! t
il g b P 1S Pl bR pid P Sl R, Bycess of DMI

wall ebaesd evivis:2 20 e By IR etatth dhlbrofera Fo 1WA by RitioR Svith DCM
During this time, precipitate formation was observed.

andrmetheneldf: 1).vwhichkeiyes hexa-Ryrrelisions swrfase dendriner Has o diygrosaspic
ntation and the precipitate was
Somﬁﬁ%p’w ﬁc{ g‘é’% gg&?o give a |ight ygl I owpsol id
(0 THBDR: (300DEHACHODY: GRBT2. Botm,bEsH)chs(u,aL—%%mze&n 2.73

t he. unknown ratio of mxture of Il & I'V-a). The

@, Q‘ff rXBHpi"f Ol St - e (0 25 2 (50 1D, ﬁ17é’r$ Qpa(@yd%@eﬁ4-3 70 (m,
12%%3@%&;,%%9% .gged. Wth distillation of

, very cl’ean products were obtai ned.
Af t BC WNR: 25 MHAACD; ODEFS BR99, 1085, 40 GRPA0C3R, 47.03,29V10, 51.79,

SRR T, T e
a as a nmj or
pr Om@‘leaii Q{J./gwu 1052,2082, 2@}3@%@2%73&1686%‘9%%&& 1363, 1271,

dendri ne
1203, 1072, 1024 937, 847, 766, 732, 700 °™!: and

MALDI-TOF: CeoHgoN12024 Calc. 1363, found 1364 (M* H) & 1386 W Na) amu.
Scheme 36 illustrates this reaction:

":)_
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The spectra for Ill-a are: 13C NWR (75 MHz, CDC13):
67.92, 14. 36, 22. 87, 23. 07, 31. 80, 43. 60, 44. 32, 5 51.22,

wiol2084/065266 19, 73.87; and MALDI - TOF: Cal e. f orpceaRBs/o13s64
N20O12 Cale. 642, found 666 (A Na) anmu. The follow ng

Schenme 37 illustrates this reaction: 0 O~c0 7 p n
OMW'~N~O O-0 CH3 RT, 3d IOH " 10 23equiv.eporide |
NH plqu OO -1~--0 ppp HOO—| O\-7" 01

IV-a 10 ms 37 anpl e [ o ofjokvater

Et hyl enesﬂ,l,«am ne_,_G_.Fl %?:‘:QA g%g; CC)Zf\ —T—:Th>
CH2C( CH3CH?) ( CHELZERD) CRECHR) 2 oZ%(hexa acryl at &
adduct) 15 [(©O = EDA;, (BR1) ri met hyl ol propane
triacrylate, (TF) = Aclate] To §11100 v . round
bottoned fl ask equi pped with a bar was added
trimethyl ol propane triacryl at ¢ 2.6 g, 0.10 nol
(Aldrich) in 5 mM of nmethanol cooled to about 4C, and

et hyl.enedi ani ne (EDA) (1.2 0 mol) in 5 rft .
met hgr)_gri vﬁr/-qvb@ﬁ}l? *gé NQd. This m@m"%fés

stirwméd '8 A@b % or T‘S .Eféﬁr.s Th| s,ml‘?h,udl@
to 20 20C,3 _@d pour ed i &toox 15Q0,8<0 s't'loméd "r*r'tet\(r;f'3 (F.QZCH“

The product Jphased out after allowng m xtere to
stand mntthl stirring for 1 hour at RT The
super nat aft net hanol | ayer was decant ey this
process was repeated two nore tings,.c ul ting

cl ear, viscous phase was evacuated at hi ghogacuum (2
to 3 M) for 3 hours while protecting4the reaction
mass fromlight with alum numfoil wapped around the
reaction vessel, to give 20 g of product. 25 The yield
was 100% based on tri-adductScheme 80% yi el d based on
tetra-adduct. The isolated product weight suggests
that nost of the material was the hexa-acryl ate

Exdntple 34idRing Openiag Using Ethyiénediamine, Difunctional Primary Amine: 3

Epoxides

[(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 IT-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 IlI-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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WD 2006/ 065266 PCT/ US2005/ 013864 consisting of three
trinmethyl ol propane triacrylate added to one EDA. A

w0654 mass  spectrum of this product indipgghR%hedo13sss
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shegtediipgeiond Blndradess) dendrimarsidioa (=1t oA Skodipt ong with trace
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a”%?g% cﬁﬁ%‘mfzheﬂdg&?agg CDC13) :

67. Ahe 2fectd f@31I1-4 a3&. 38, 40. 77 40. 86, 49. 48, 63 88

64. 128. 65.69, 172.10. Exa
o e MM T Ve R %z\a{zoa a7 ST L8 3 604,32,

515@A71 éﬁ%)w-ﬂﬁ? gﬁ& hyl ol propane triacrylate; (EX1) =
Met capt’o “ef hanol’; 10 (TF)=0H To a 250 nL

. rou MAIJBI-ﬂ" O Galt] fas KsohstQa, talc. 642 fommlsc 66 AMENa) dren.

eth |arn e r. ter mne(19 g, 20 nmol,
120 ? #‘2138“’%% "@bﬁﬁg\égﬁ' % made by Exanple
35) and rrercapt oet hanol (10.4 g, 132 mmol, 1.1

equi val ents per acryl ate gr oup) (A dri ch) in 20 nmL of

DIVE. Thl§ ryr%nure Vgs SPH\[)ed for 2 da s at RT Thi s

m xt slS»sd’Np_ped of | atil es Yol ary
evaper at or A-Jheowonguskt i téf\ﬂé\l"/Was i with 150

mL qgequggpmé;,@cet ate and rapidly stjrred with adtir
bar. Thi s heterogeneous m xture vvas allonwed to settle

for about 1 hour. The cl @(/oet acet at e?@ayeo elg Was
r

decanted. This process was e@,lg ed t e times.
PAGE of this material on ’\f’om'i' geneous
pol yacryl ami de gel with E €0 PAMAM dendrl nmer,

et hanol am ne surface (DeMdri 20 Nanot echnol ogi es,

Inc.) standards G = 2 to &[T ndicateae a sharp, tight
band corresponding to a G =1 PAMAM dendri ner. Exanple
37: Preparation of Hexanethyl enedi am ne, G = 1,

dendri { CH2- CH2- CO2- CH2C( CH3fchlgné §3H20OC=( O) CH=CH2) 2} 2
25 [ (C) = Hexanet hyl enedi am ne; (BR) =

Tri met hyl ol propane triacrylate; (TF) Acryl ate] To a

I tRatdr egul pp S bar
B ARl SR L ARCBIL PORRCRD St
0. 1CCBiiﬂ(¢Plé@1|{Q(€Hi0Cil=g®dCH{€CPﬂlé)éﬁg %ﬁiﬁwﬂﬁwlaa C?h
m xt.ur.e, 0 at added, hexanet enedi am ne
% . E %@)Qﬁgﬁ @?’V\g §Pang, triasTyige; r@Fngﬁﬁllfﬁ%]nol
Th' STd¥ XOOHAE roMAd bhﬁéﬂlé‘djﬂ%k dOWith 8 s wab'
This m xture was cooled to ut 15C and poure | nto

trigsthylalpropang tizordate (296 80610 mash(emm@x) irc§ oy oémethanal tcoolb(j{ to

st £ R Bt BriA) £ PR i .o of ol ver bouta

5 26() peAab 2Kfs Mtchirk/SA0 8frréila3 86C 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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foil. The nethanol |ayer was decanted and this

WPRbabdsegs Was repeated two nore tines to gi V%&nﬁh&@fomsm
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wz%tob}301 ?ogg\éeg{wﬂ?eent E? a ad C{I and

Sever al ¢ Fa mabl y

deri %ce-Nm«gsoamlz Cncgot&mgsg WQQH&OSEBSS?&O 77, 40.86, 49 48,
decgg‘gosmlo of the tetra-adduct structure. | oW ng

63,83, 64.09.d38 04 13126, 46269.47280.ut i on for prol onged

periods of tinme or any attenpt to renove sol vent at
RT, led to the formation of a 10 white, insol uble

Exampiesi6: nResganationlof Hexalthataptautitano! Sirfacpr oduct was
ert.ed a nore stable M chaels
L daatn HEbKs R T Rethglolpgamane fiaen MEAERN) b Marsapts ethanol;

ano g p= of] appropr| ate anine or thiol reagent as
described i'n Exanpl e 38 bel ow. Exanple 38: Preparation
of (G®taa2I0onb seundrhettaried Saskduitica stiritar ‘Mu{:hmbﬂ thdkthiylénediamine

e, B ko o e

E}tamphﬂglmm dafiéthanol EL 015 0133 Hhii6r, 1(1TeF T
( i&i éound botefoﬁtéd ?tlloafk c%nt aining a s%nlv?e%%erv\‘g"ﬁatg%up)

Y04k of %ené& mixtyre wag for 23ia&mt| R/E| Biis fmxtene was

g pigionsopbetly St 1 b I LS b

of sthiylacetate mndrrapidly Girredlwitlog ttix-bac r'ylhghﬁel(ogéhegus thiktite Wa®hllowed
to e ok R MRt T s Pt vy s St TH prses was

repiated $ivd Iir[(ﬁdt:ﬁks 2R P AGE ofZhid F¥-erial gﬁ b 158 cragghfkeﬁ]h&nkié&eous
po\&%f:@lstrl pped of volatiles with a rotary evaporato

agpige;gel Nﬂtheﬁ%lcomgﬁw drime, Gthamﬁandhg/surﬁte: (Dexdritic

{ of . stit
N RRIGHSS ey Slniraf o' 108 Al Dyndy it Pile somggponding to
a @ eplalP AMiAOM defidrinee. t wo | ayers and the et hyl acetate

| ayer was decanted. The sane vol unme of ethyl acetate
was added, the mixture rapidly sti rred and separ at ed

Exafphei T Peparafibi 8f BB ARRALE E&idmfheS8 o ’P‘lerg@%ﬁg%%aﬁ?z

total of three washes ear,

oi | C}M&CHSQHQQEM%(OD@I@*CHﬂ@}uum overnl ght at RT to

Aoty ettt B Fanivofrontie gieuis (10 -

pol ybacylgtb}am de gel 30 usi ng PAMAM dendriners as
= 2.to 6) indicated material that was a

t
2 h ZH‘S 1%?’ "@‘hf"“&éﬂ’&“@%ﬁ‘i BagheAvippey with a siiy bar wapadde/

trighefgiol / 8 388 i
Tl Sone iR O3 0T (SRR IR ot oiReenat, To s
migfure, eolnthate‘l”CaWasf adsied Bevampthyled€diamine (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
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Trimethyl ol propane triacrylate; (EX1) _ Morpholine;

woHode/aesteycl i ¢ ether] To a 250 nL round- bottogxgql,[fsh(ﬁg,bms“
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fQ abpgut 4C, evipgs addedomrpﬁdflgﬁlgtamule}rgbm&%% m&ﬁﬁh{a&d

Thip lTnéiﬂhl?l Hh@ﬁf“@s g@folaé@],zgd bt evacuatiod @t high whcuuR\E t63@tim) for 3 to

5 hg%ﬁl‘é‘,:ﬁ? g% ?@ rg:'( d) &G}@ﬁ gl'd(dtu SS\R% } t?lglé}g%gg)ggpegt with
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mdig" g&&&mﬁ eéﬁi‘ﬁ%ﬁi FEe Cﬁ’g‘é%tefg a@@tﬁlgwgréfaddgﬁt gnd seyerat lover
moid&ﬁlb?@e %&fsﬁﬁ&ﬂg Qe i fHR thﬁﬁl% s{sl Cea}:lgi?grege'r

nmol ecul ar wei 98 anu together w

eqoaweﬁmg@ acpiéh@etrwdduet storehire.aditewingtthio prodizct tb etad® §8scAfién for
of this material shows the

Eut‘g‘?1 | g E;{/téllrﬂll'/lé$r ?@a el odsmeYstalyrat at R . ed toghe formation of a

whu@,nnmlnbl ﬁhﬁhkfﬁlf
et prodich Ulﬂieregfﬁi;ez Zl'ggl%lt @gmﬁgﬂ%bggﬁ&emd to

13C 500 MHz, CDC13)
a ﬁ?g%mchﬁsls ageyiog by allegving it to E@ctagith $8icBiomets: Bfiounts of
app2Sprilfe arfiRe 8Pthi of the PAGEs
pp\?/ere run gn 150(1/013%%&# I'n e%déﬁ%ﬁ‘e’#e@lﬂd%l s and
exhi bi t very tight bands that are the nost nobil e
are tothe alibration | adders, i.
Exffiik 35 Preb R G ObR moharhaolraniaesdess wiach hebaeliAsddbion of
(DeAﬁmettb@hd\iae@&&ehEﬂnqgé?? I'nc.) This 20 indicates a
smal | er size, consistent for this adduct versus the

| ar &) 5élexamethrienadiamine tBRY = Txuktintolpibpene triacrylate; (EX) =
oct BrhaRiRhRL] (®) adtyct s are conparable in nmobility to
the octa- m)noez | am ne adducts. However, the

mar 5o a2§0 m@ruimd-bdtsonmﬁ flablecontdififg b isena %Ay sadeld% bfn
h| bi.t.,sneared col umms rather’ t%an the tight bghr?g@l e (27

& 4 O EEPet S yale %P‘?fé‘\c ? die o Bk otf DMEd Torthis atixarey bentedtie 4°C
wasstiie€ hexandel adiSmifRIe reé%'] &fdlﬂ?l r. .25
g React [ Eg’genvm th Am t}lLﬁégdno \r&?lrrg’roc'aﬂﬁ“irﬁx %E 184
lates pen dendrivees) (madp by iEat;sp]aéﬂ) Efﬂorf?%%?ﬂﬁﬂﬂ? fl?_v% over
a”°t‘qu“"?”§*ﬁ Bt Mo Sisrlse S50 o2 ey e e e was
strippeidrof vblgtileb ]mithra& ¢vaporitet. dVhis 6lupe
. g‘f}{ met hanol av\ggt ad%&)erd a soIs uti o%m%)e%l%égwu}edflﬂtos“apldly
Sm’?@ﬁ besinienadir & f*-’r"hmzl% Ocﬁﬁﬁmglthﬁuhxhneﬁasraﬂowgd to stand for 1
hou® @4l oW 28ard of the reacti on
*as. mon ? ortecg%b-fytfn? %%Hrcpﬂli i%‘?%ﬁ%ﬁ BErowesAlsganted. Th
Sm&vlmmeﬁwas 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 correspondmg to a G=1PAMAM dendrimer.
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chr omat ogr aphy. Sol vent was evaporated on a rotary
evapor at or under reduced pressure and the resulting

WERG/068T56M Xt ure was dried under hi gh vacuumpcihijseddsoisses
gives a transparent |iquid. Mass spectronetry

Exduiple 3 frphralofiP Gortonpeli ARt Beroes) Son EXiple 3

pur j(th cafdxBRethyleRdRmhint BR192 TrizhdiHllo pﬁ@mac%& EX) =

added to the reaction m xture, followed by eth
acemoml(msﬁaRHQﬂhthe round bottom fl ask

0B84, RS SR B 8o 3 BB

G+ Il,(.h.bﬁmmmyleﬁiﬁﬁmnhedore \(veg dignt mhel, 042 mnmlhattyﬁtelﬂﬁlade by

washed with _ hexanes nd dried under_the hi gh vac
Exargpigi3binOgpb o g@%’&g biipeghyl, pthet dio this mat mca@l@am about

4°B8ERA L8 OhotpRERRWI4 Igaie(ﬁm&t)bm V&jxf&qmeﬁ%egtas A’% %m of

This materi solidrt
DME sser aboutch torl 0 meing aFlib miSoteewss vd8meed toRT aad ametdﬁo524 hours.

T S S TR il Sy S5 o

8 g 349% Sl : F @ilis? §ek
18|h‘e{m%tc|>§1|‘v}9_?_er r%gnat ?B%. #er AMJE?'I%E elohin B s

matgrial sherwed a@rgl correspending tgjthg tbwre@ai melecylgrayight qum/amu

to%_éﬁgp% Is%\%?etzi éor%gelr PE?I& dgfllred_ ﬁ'é%l gmer.(xtlt@n ﬁﬁﬁwl . AP

NMRrsgedtner ofithis materiay showtsithopreduc iy fery eledobanll (ﬁ’gslstentﬁ\irﬁﬂ the

nmol ) dritic not echnol ogi es, Inc.) was dissol ved
COFWtP“@gﬁrLor}cﬂr@’Eﬁ fog )P&F‘H’t‘j‘é’r ﬁanol (Acros). Then

di t MoiRfe éﬁov MHQTEDCYQ A 2@ 83677, 271”947 5403091 240 78 00§yt 48.97,

of disulfide bond) was ad The réduction feaction
53vis5394.156 84, T04R03 96 dEL.79, é?l},&ﬁ 13286ni ght . To anot her

HT;S 1 §4Re ?ﬂ&%g wtelheerug Shds %l Xss-lﬁﬁ:oéj Ko neourg%bls ang e)gb]iblt very

tight bands that are the most mobile entities cpmpared to the calibration ladders, i.e. EDA
core. PAMAM, ethanolamine surface, G =2 to 6, (Dendritic Nanotechnologies, 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-
monoefhanolamine adducts. However, the marginal solubility of the morpholine adduct in
water exhibit smeared columns rather than the tight bands observed for the mercaptoefhanol

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 uiglyéidyl ether I (6 mmol) in 8 mL of
methanol was added a solution of 122 mg of ethanolamine I-c 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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whila tdanstyiriag &y disEt)lvmg@@fxbmdlat e] To a 25 nL round
bottgmfl ask containing a stir bar was added 15
ani nSEReRA 35 Hustedgs s repciipry, 7. 75 ol , 2 equiv. per
ester) and 5 g MeCH To this hom)geneous mxture vvas

added di met hyg d|th|o 4,4' -pbutyrate (500 ng, - %

3. 76—fgol ester). A TLC (10% NH4()—I-|®n
W/h\ cbre after 24 Nwpurs. At 25€.
onsi dergbl e di &shi@r rerrm-m-ng.an sorre uct
f or med. Hea{il g thi Sidn Xt URB 45t
| o o /%0%0
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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) fo
3 mL of anhydrous tetrahydrofuran (Acros). To this solution was added the reduced
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16H), 2,74 (1 = 4 89. (t = 7 Hz, 4H)
bl Qe b of episop it wighisedf gt #&p&h‘z *%stmazspecﬁa'
CDCLRIALISI-BEF 7Calc. 300888 M& NS foudd 3663 434 9N a) avdh. 20,
57.22, 172.06; and 5 LDI - TOF: Caic. found 460
5 anu. Sheme I95lingtratas dhis rasstiqnom f | ask cont a| n| ng a stir
bar was added pentaerythritol tetraglycidyl ether:

(660 ngy, 1,83 mml 3 eguival ents L, her H and 2 g
Ms ' e

MeOH. To thh us m Xt ur @ e ed dropw se
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am doet hyl‘p"ﬂ»am n ) '1/4 di t hi oplityrambde (XZ0 ny,
3. 04x10" , 6. 1x104 in2 ¢ I\/Bﬁm‘Thi S mxture

was stirred for 24 hours at 25C seal ed under_ N2. This
ni xture was c‘\/G[Hed dropwi se to a m xture o

et hyl - | - pi perazie,carboxyl ate (1.8g, 1 mol, 1.6
equi val ent*¢® epoxide) in a 25 nlL rou ot et | ask

containing alsti bir. This resul ting _Mixfdrg was
stirred at room fenpe r& seal,gd Ameler for 24
hours. This m xture I&@gggeﬁfr‘m\\ed on a rotary
evaporator to give 3 gnQf—Cro "r;at,eyl al . An aliquot

of this mixtureg 9005_n=§f' Was dl*‘ssol—ued in, MMOH to

give a SO‘VTN\QI/&N(/Q&Ml on and added to a éé‘pt@gex LH 20
eac

col um in,M vvlt_g‘a void vol une of 525y ni r the
voi d vol ume was™ 37 fractions of ¢ wer e
collected. AT (30%NH4()—I in MeOH) of e @Ty fraction
I ndi cat ed thérg%re product was, %9 #Q’@u ned i h fractions
2-10. These fractions 20 weré ected and stripped
by a rotary evaporator foll ovved by hi gh vacuum to give

(98% yij el vvlththefollovvln spectra 13C
10 Bigrolelss Fpparstone! AV Dendimer i G -

4% 59, Nb 5 60 81,
‘%‘%“’%%Y‘%"%d@&:’ a3 N"Gﬂ%‘*‘% plbingyfle 0.5

(55 Egnetb.}ﬁélﬂaﬁbutyrami@ﬂ) D noFibApipCedzine; @EBG; OHo(BRIl) =

e G T G T

generTata M@édﬂ&ﬁﬁbﬁﬂaﬂﬁcoﬂﬁﬁ@ﬁ@n{ bdehweas ad&eBR) =
Single site reactive dendron] Ceneration =

15 amjaqeshyinieereainel Gy 7w mmek 3 uiyepatiestan and5 gMe@H To this
HorroBHEBRY iR was added dimethyl dithio-4,4’-butyrate (500 mg, 1.88 mmol, 3.76

mmol] ester). A TLC ( 10% NH4OH 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

20  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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mad@reopol)mg,rmis @lbsdiﬁedmﬂﬂéom bivk aa80% wak @oluh&ﬂanﬁ'ﬁﬂed &

ST TR AR RS Y PR i Bl volie 67425 o Noid votume

wisliZkerny 3‘Dﬁ'afﬁi‘ﬁa]§1 wi 4 8t reskbRWereRSedstt ed TLEL S0 @RSk OH) of
qﬁé?r 4 . hours the reaction was conpl eted. The sol vent

aptighipdigated ths pprsipseduct Wapenntainnd in fiaetions @<li0d (Bheswfactions -

Wl ot sEirpt By Sfthary SUATRLAANM &y Vebuimdo e 172mg
(zﬁ%mlmmmdmmmﬁa 8 1.93 (s 6H) 2.32 (m

vac MBS e % 44 3736 bl ka6 50

589%),58.183%5.426 362 j
an%l72 33, 173, 0339-6?% \6/\%9%%63/66%65%(370%%3%%}5’0&? 172.06;

EI

MALDI-TOF: Cale. 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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3. Reaction of Focal Point, Thiol Functionalized PAMAM
Dendron with 2-1sopropenyl Oxazoline: To the reaction

wobtideide Of step 2 was added 15.4 ng (0. 136 pODIUB2005/013864
i sopropenyl oxazoline. Then the reaction was heat ed

tofpBeraore anasifted prRiER TLC SR it Al i Hifentdl was Somsumed.

THef @FIVERSMS irerRdAAGhE B raflducWaiafi od highSAoNRStd & cradd Sbduct as

4 hours the reaction was conpleted. The solvent was

2 hrevwBveld heTa T ande (1) siea punifieditycSiOe ghmu@to?h using a
RSO0 LS AENE DL PRl 'S 3 Pl

14‘160A4B;;0°0ﬂencf ol | owi ng spectra: 'H NVR (300I\/Hz CDC13) :
5 1.17 (d, J=6.6Hz, 3H),1.89 (s, 6H), 2.27 (t, 10

J 6. @tmgoomﬁb@ﬂ& éﬂgélﬂﬂ 2.23. (13148H§ ,26h=(%1 %?_13 3.19(t,

I%Bd46?s(§ RNRapd5MHz, CDC13): 8 17. 17 23 07 29 98,
33.7 34.08, 36.11, 39.12, 39.77, 49.91, 52.92,

53.9 CM?,ZI-PZO?:ZZQZ,, 3439, 31&960,3836,9@..77%[1&&:917404, 175.01.
illustrates the above reaction: 15 M HOOH M
HZN./'"HON-"/ NH2 O NNNOO H-N NHS-S~-. N +
A.10 MOHOHO N/ Et No AN H2N~/ 0 ONNHy 9 M
1. 1'I’hd-]Eﬂhc3:ﬂ>ﬂ oD [Cytstaliind]; Gen=€0 DerddAP AMAM; @cktamid¥ly Benkdrimer:

HO MOHO HJ, 1. n—~SH DIT
o ’ 148 8 n?;/?o lévESmmol) Dendnmer was dissolved in 2mL. methanol. Methanol was
purged with nitrogen for 15 minutes prior to use. . Then 28 mg (0.182, 0.95 equivalent of
dendrimer) DTT (dithiolthreitol) was added to the solution. The reaction mixture was
stirred for two days at RT under nitrogen. TL.C showed that all DTT was consumed and the
spot was positive to Ellman’s reagent on TLC plate. The product was used in the next

reaction without further purification.

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

BC NMR (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.
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) -N'~ Me M?r-NH.~, O MM HONONHN O7”S N H

SLN'-~/N-r" 0- Me H O Schene 40 20 Exanpl e 44:
wonReRpsitkat i on of DTPA-Gd with G = 1 Dendri nepCt/($3005/013864

PETGE; (I1Fl) = OH, (EX1) = piperizine; (IF2) = X

O,
5. REGaRGh o Figet 2oy S g A3 B S5l
OR&dildS2005/ 013864 A G =1 dendriner (50 mg, 0.0157

a) (made by Exanple 7D) was dissolved in 7 ni
dei n.thwaméplump pf steme wapaded &g -4 mg €. Wp, mpobdsppropenyl
Il

b, 1 gt P 238500 11l 4 e v

5 stzfrmhg Rhtedal0éft.. ’Ihéﬁl*emntﬁehaaomng@ﬁm@rmmybbmkglmasvaagédadsﬂlc
wat er, usin 1,000 cut-off an or 5 hour
ShWF‘hthéfe%f@Félho reagHon J¥as coma‘&% f\i}&gl WM@@&C(@V grotary
ev'égcfr?tﬁy %@Q&@é@ﬁ 4;&19153&\5? sﬂlt!z?geﬂ% Faﬁh? t&pivk 58 idd of product

w sol i d. gain

as@eithylwmtle sﬂfmeﬁﬂ mp 92 01%. (2°C MME thC‘aﬁOllQ\}'ngRampl e 45:

" ool plytz, R 1 GRS T b Togrtl 2gnd

10 J%@)ﬂz) 6H)BEEJ7£¥78 %ﬁ&)ﬂ) f?ﬂi' J=(9 E)XEJ e 320 6Bz), 713243, 2H),

Plpera2|ne
787r€3)2H)Am1ne (M = DTPA- &d] A G=2 dendrl mer (100

7GR R OB bt TP 29 SR B R S0

34.7,dbio¢ 92 97133 9¢0kez:137 The2d 571 2aCt72@9. mi Xt ure was
stirred at RT for days Trace undi ssol ved solid was
fil tgheme 4P illustratgs theahavefeaatighe was di al ysi s agai nst

15 DI water using a 1,000 cut-off nenbrane for 5 hours
with several water changes. The water was renoved by a

—

H t
HzN\/\N otary-evaporqtoryto give the ' pr o?ﬂ'i:heﬁ\s/\a a slightlyao NNN‘WM
| o gol i §’\8 rrg, wei ghiye&di N 208 nol N o
TPA- = + Ac0 —Et_N> NS~ o
HzN’\/N N\/\NHZ ’ /\\-NN T(’/ WI’HV\NJ\N
o} (o] il (o] H
ME\[["H\/\ 7
o N o]

N\
N
MeOH :?N’\’SH
DTT N Me_ H
o~ o]
W B % e?)rNV\N e
~ H S N
oJ o H N \/t(/
)‘-NNNT/ o=
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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1: 42, nolar ratio). 20 Exanple 46: Encapsul ati on of
DTPA-Gd with G =3 Dendrimer [(C) = PETCE, (IFl) = OH
woRIEo6s26681 perazine; (1F2) = OH; (BRl) =PETGEPCT/UBRPS/H13864

OH, (EX2) = Piperazine; (I1F4) = OH, (BR2) = PETGE

| FR) ~= OH (. = Pinerazine; ' ) R3) .= .
(#8052l ST S snfft TR gotes
7 tiMieioni2ddPhater{DI).2 Bheh IBPA G176 iig)Or50$ HfolipaldAck) B Gdded.

mol ), (made by Exanpl e 14) was dissolved 1n 7 nL DI
Th gFAstion PREHC S AL Ky, days. shmee wadiisglvedsalid; wagfiltered off.
’ : . Ci
RS LSS SEL DI SRS BIAL plll £05 o
witkheemerahwater chianges. Whe wdienvas reanavgd by 8 rotlly-evapeeatori®i gie the

1. 000 cut.-off nbr or 5 hours, w.th several er
rodpdit s Sttty selB o Ras ¢everictgiin 14 seuimmn s a -
1:132, @hol& rhfi®. 30 products as a slightly yellow solid

(294 ng, weight gain 174 ng, dendriner:DIPA-G& =
1:86, nolar ratio). -122 WO 2006/ 065266

4 ' es. Dendriners of
%@#ﬁ@—é%@%&‘ﬁéﬁ%ﬁfm ﬁ]ﬁﬁﬂ/ﬁl\ﬁm rs Exanple I:
lher[(@\)|= Hﬂbﬁi (FY) OB EXI]I)@=t leaam‘bé; (?@r{ggbcmm 19& PETO(liE; (IF3)

ormu ve signifjcantly (abou I ncrease
ther=réﬁ; éfbé?aﬁ IP?F?Z‘%E.&E‘%E ¥ _tPrETms)=OH; (EX3) =
den(i*iﬁé?é?zﬁ&;(ﬁ‘)iéAﬂﬁle§M=m-ddE 5 Figure 10. Curve 3
shows the thermal degradation profile in nitrogen of a

t ypifs 6= PAdiimef HH10yig 6l 4094 3riomeg]) (nihde b3 Exemglei I3 whas dissolved

. Qi obut a ' sur ol r,. .(Dendrit]

in R DRSS TP ARE (i 26T el g wap aced. The

re&UBOR Miktey wasCdiré@ it KT 309 dhys. STRMe hitfissbived 58d was filtered off.
degradation profiles of éﬁroducts of Exanples 7D and

Theg the mixee Way dialysis againgt I watergising af 1@ qubroff deetnabranetfier 5 hours
: a .m.lar thernal
o R d LB TAL 8 Qo B b 0 e
prodietsezla skiphthi yellbw sobdr(Rd B ek, tweight gaiR AVAMg, paidyiffes:DIP ARG =
l%m Ilar nerati on. The polyners of these exanpl es

O EHAL®)a nuch higher tenperature of onset of

t hermal degradation occurs and hi gher residual mass

than known previously. This data shows that the

: Enesnghlation of DTP Ad¥dwyith G =13 Dendrineyr eat ed t her nal
L el ks £ Wpi h PAVAM dendr.i o Dl 220 — ol
(P ERBE. 1o SO IERT b0 AASTOE) BB S BERELE — on
(EXR2) =Pigeradives (184) + OH) (BR2) € PETGE; (17s) POMAEX®EPipeRiLSe; (IF6) =
B_e&%%e_ télreéﬁ are: o . — A _
OH; =P ; (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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20 Fewer processing steps due to higher functionality
of internediates Fewer reaction by-products due to

WO 2066/668861 Ng or addition reactions Lower cestr/ukos/o13864
reagents, and Higher process capacity due to | esser

AR AR e i A SRR 598 5] ihdimer
Exaivipie P Maeini2g Stapilipe(lzAne dendrimers with Nc=4 and NB=3

of Formula (1) . . dendrinmers versus typical PAVAM ‘
dendrtemeessntdendrimers of Fermmladrbavesi thyefabot 108°Gtinweased

tltr) 82105 "B BiaP AL i el R Mg ig shown
Figme rrmr a:g]gqe23 ﬂgymﬂ}em&@dfgr%ﬁvg%ﬁ%o ué Pﬂf)d?dh \6}\2 i‘ %cal PAMAM
@gﬁ&?@é@at@aﬂf §c=e§1é§‘°§ﬁﬁ%ef)9 Utgap 0% BTIResLface palymer

; & 2acl = 4
BRSSO SRBEEN ) SRR 3

showghe theimal Hegrhdatioh prodilesof producisiof Examples 7D landd 3 rregpectively. As

ildi of, surface functionality, r apj i ncr.ease
cafl e ittt e il B ProdiS BoPPrereafes h Al daacimdi Bemal
profiles agdepiuistratg sighificarit REpeio LRl MBI EorRp LA thEPAMAM
fewer generations than for PAMAM Since each
Pobapof eiserilar geRsmtiono d he aekymstspfithese axamniessshowdias atnquch higher

i ' ' 1.0ns ai_ngent _of hi gh
teieBEaRP Sork ot el ML A M cird g PRAG PG éheffhomn
previewdy.i ndi cates significant cost reduction potential.

10 ample 111:. Polydispersity Narrower Polydispersity

s LA dhovts thal fhe RiEs Bt dRERLCHO Farmila ) hYe Epeiad thertnal

stabPep *bAFark® Witk PANMARNGHRANRA! Yyers by Less Control | ed
Random Ri ng Openi ng. The AFM data gi ve very narrow

pol ydi spersity nunbers for Exanple 13 and 14 of 15

E a 1 ctively. These numbers are very
_%?Q?%gv gg’ag?e#%gfc%@qhﬁsat the particles
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

e Fewer reaction by-products due to ring opening or addition reactions
~» Lower cost for reagents, and

e 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 Ng=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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are highly nDnodispersed and not aggregated. Typica
pol ydi spersities of hyperbranched polyners were never

wroghdagkow 1.3-1.5 and are typically nuch bpegf®500s/013864

about 3-8. Exanple IV: Size Exclusion Chromatography
(SEC) 20 Figure 11 shows the SEC of the products of
Exanpl es 7D and 13 in conparison to the data for two
simlar average nol ecul ar wgiy gjgt hyper br anched
dendritic polyglycidols of 5000 and 8000 nol ecul ar

i Geineratiofhe  BE®, Rad v esFamawtn ) § PAMAM EDAdlerny| t PAMAMADA
pal ydi sperisi Fgmyl Bhe Npm P‘i'ri zeHorpuladVeighs o Corexhumpberaf

70 and 13 el AY98PE tq t g% plcal  broad Surface Groups
p yUG%WCIDIlyfmg hy Tt |Chfd‘ﬂat%ﬁéa+5. -EC NV
L,UG.E[[ €U pUI XH bpl:‘l S 1 lyl ITUIrper S aiﬁg 2o prarcat ll,_u LBLIL
th tg € Pel Ofgos 124 WO '3¢0067 665268,55CT/ USP0657 Q63n64
Ta[g‘l_eEQDTV YiTegg PO 0TS Edopi LY |

Hylper&&ancihed ¢dgd1 L C| dokys D000 3. Zflar Hype orang@eo
PoJ yg&35C1 diol (36853 8000 89B0 8 Examges /D 159 43
Exanpl e 13 2.90 Conparative V. TGA under sane

c ondThistFableasho s wha ﬂmtmv&nu&x allgwserapidibailding lof Sutface Runctionality,
dendrimers of _Foynul a_( and P Tabl e Sanpl e
reRid deTepzasin mofse W‘F’@ % e surfpesspacking and
thesfoftURnZHMANM E‘iﬁes @6}% thd¥ for PMS Qiftaq cg
am ne surface le 7D 45 370 418 Exanple 13 i
genQatipps! additop addm@n@@nt cc(ststp)e te-inCr¢ases3B Onid OFerditofs, theEX

shncR] QA 08t 5 Snd Sld Slenad 6 ot ltiplicaes

@nﬁip)mﬁdstra&&uéﬂgo&ﬁeal (EX1) = piperazine ; (IF2) = OH
-~ (BR1) = TMPGE ; (IF3) = OH;

Example ITI: Polydispersity
Narrower Polydispersity is observed for the dendrimers of Formula (I) when
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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(EX2) = piperazine; (IF4) = OH (BR2) = TMPTGE; (1F5)

wo

= OH, piperazine; CU = amne ***(C = TMPTGE ; (IF1)

200910552885 405 420 (EXI) = piperazine ; (1F2QT/6S20p5/013864

(BR1) =TMPGE; (I F3)=0H;, . (EX2) = piperazine; (IF4) =
oH, (BR2) = TMPTCE;, (IF5) = OH (EX3) = piperazine;
(IF6) = OH, (BR3) = TMPTCGE;, (IF7) = OH (EX4) =

pi perazine; (TF) = am ne Ex@sagiee 3.3 320 407 500+
*made by a repeating the process of Exanples 7 C and

/LCNM&W PolymrerC1ANgE Of Teagents; ™~ d%’?y; ersity

crange ot ceq eGSR RS TP Er | 0

bllalluc U T AyY

DL nr-acgJ'\f Ev Hyp

U

GLIIH LAY

gibrariched Poly 8.80

reagent’s - 124 xamplEoBl/ 065266 p(‘T/llqann';/m.sﬁA 1.59

T TOoO—UT 1—au- ] LEE == =y

These dbove reafiamplesBow t hat t he dendriners lof 2.90

Forrmula (1) show significant higher ternmal stability
CompaatiedVt TGN sathe dondigions aeCompaativedixahpie Ifoevarious

ccgrrienoeb 3T BN nar y "oki 11 i1 the art may,

upon readi ng and under st andi ngpdgd S di scl osure,

ppreciate changes and nodificatjons which may be made

i hvention as descri bed aboveTempc{°f) mef0Vewelass €rat Residue

hi ch do notSamplart from the Ousgle arkkngpi(tQ)tatqfTenge (°C)

| PAMANDYE-3\ifaminobaeine béve) 15| defi4si ng [t he pgwentijon -gpe
SarhlkelsMisce 1. A dendritic polyner off Formula (If):

a
W
|
a
[

_Ei{axhﬁgme EX] -1 TFZ] TF 9 39§ FQrmul gzd ) 3 413

'"Example 13 345 370 418
*(C)=TMPTGE ; IF1)=0H ; 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)=0H ;
(BR1) =TMPGE ; (IF3) = OH;
(EX2) = piperazine; (IF4) = OH;
(BR2) = TMPTGE,; (IF5) = OH;
(EX3) = piperazine; (TF) = amine
*¥%(C) =TMPTGE ; IF1)=0OH ; 385 405 420
(EX1) = piperazine ; (IF2) = OH ;
(BR1) =TMPGE ; (IF3) = OH;
(EX2) = piperazine; (IF4) = OH;
(BR2) = TMPTGE; (IF5) = OH,
(EX3) = piperazine; (IF6) =
(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

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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(© mnmeans a core; (FF) neans a focal point

functionality conponent of the core; (BR) neans a
wooraswdssmwel |, which if p is greater than 1 ( BRET/S3000@13864
the same or a different m)iety, 10 p is the total

nunb [ and .i s
't o hes® el S Bl G kch bl %@%&@5 P iggifigaht
= hiighbr tepﬁﬁlcmahht#e&@md:tol\l’w +. . =1b No b Nb
Nc X=0 -,0 Na (IF) nmeans interior functlonallty,
which if qis greater than 1 (IF) nmay be the sane or a
diff I
di f egx(iet?&% ] or{% %wnuoambée? de e %ﬁg&%e@%e@ fitsHeferred
5 embodmeatsghemoé ordiheay skill (riethe anteyay apd;ﬂmacﬁngrmcbtmdarstandmg this

different dependent | n jntege
PTG SPpre s intes Sl S LSRG tich i i Bk 0 not depart
frohi thE sdope &nd §piff TAkeShventidR ad déstﬁbed@abvbsr diliGhed %&%aﬁ&
20 different noiety; 127 LLOYD WSE =z neans the
nunber of surface groups from1l to the theoretical
nunber possible for the (BR) for a given generation
(G and is derived by z = NcNbG G is nunber of
concentric branch cell shells surrounding the core; 5
Nbo is branch cell multiplicity, and N, is core
multiplicity and is an -integer from1 to 1000,
wherein at |east one of (EX) or (IF) is present. 2. A
dendritic polymer of Forrmula (111): Core Interior
Surface Core R_ (TF)z Nr, 10 Were:
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The%x%g‘ahéﬂﬁ% fﬂe%{l}n]ﬁr?ewpﬁg ?& @in(;% IS

cryptands) pprghear i ng.a2hy yl
p <ot Ry ke ) 1 > RS Ly 3 e
s

Nbo = branch cell nmultiplicity N = core nmultiplicity

z = N:NoG 15 G = CGeneration (i.e., 1 ,2,3 ...1) TF

= termnal functionality IT = (BR) NG NG NG Nn

A x =i-1 = Total # of (BR) b + + b , - F Nbx LLOYD WISE
| .

+

3. The dendritic
inple core. 4.
The IC po m | mhereln (O is a
scaffording core. 128 LLOYD WSE 5. The dendritic

Nbo Nb Nb Nb. N C No 20 FormJI a (

- polAydradritytpobyregriof Fommda @):n (C) is a super core. 6. The

dendritic polymer of laiml wherein (C) is at |east
one nuc F?fhilic or one electrophilic noiety; or a
pol yval core bonded to at |east two ordered dendr
itic br Hes; cor om nDljecul e that may be
any- non Ientl 8:8 of u %ﬁﬁ& ty or any

pol yval ent 5 nyﬂ |onaI moi eTyNcpreferably a
polyfunctional nnlety haV|ng 2-2300 val ence bonds of
functional sites available for bonding with dendritic
branches. 7. The dendritiEorplaymer of Caim 6 wherein
(O is triacrylate, tetraacryl ates, triepoxide,

tethae oxi de, diglycidyl aniline, am noethanol,

et hy Sffedi am ne, tri phenyl met hane, triglycidylether,
bi s( gl yci doxyphenyl ) net hane, net hyl ene

bi €Cxinednyeicotg] anil i ne), tetraepisulfide, 10 and
trisglycidIyisocyanurate(epoxypropyl)cyanurate 8. The

de [y . 6._wher S cystam ne,
o )bl PR R R o) SomlidRE oB b e o1 o
(eth | ene, butane, hexane, dodecane), phosphine, or
| i (BRY mebtrsambmmh @pll,cybiCh of prmlgettateeshan 1 (BRi) mydyebo the same or a
mul :tional epoxides. 9. The dendritic polyner
of E&%ﬁnf% erein (FF) is any noiety that enables a
dendron . to 15 be used as a core, enables the joining
of Ptigghegotahpuebetefdranb ctltsg@R)an theodendrimbt @xsl is @adbtegan from 1 to

Wi t2500 &HQBE‘}Y 10. The dendritic polynmer of Cdaim9

wherel n ( is thiols, am nes, carboxylic acids,
esters, ethers, cycllc et hers (e g' crown ethers,

atrjzésbs

phosphi nes, bpripes, NLcoho : a1dehyﬂe
$7®i nesy

20 al kenes, c¥yclic anhydri des, aziridif
nitriles, itaconates, cyclic thiol actones,

(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 dlfferent

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;

127



10

15

20

t hi oranes, azetidines, cyclic |actones, macrocyclics,

chel ating |igands, isocyanates,. i sothiocyanates,

al kynes, imdazol es, azides, nercaptoan nes, silanes,LLOYDWISE
oxazol i nes, oxirane, oxetane, oxazines, imnnes,

tosylates protecting groups, and sil oxanes or

deri vat| uted d % es, or co ation
PRl 6 Flap B8 0% EvrEsth e T L4 56, it B LR eh pgie for the
of (AR)dse2 g’i&ed@hﬁhﬁ@ﬁ(ﬁ)\&hﬁs qresEht, is fromat |east 2

to 18; halo neans chloro, brono, fluoro, or iodo;

hetro neans S, N, 0, Si rc.P. 11. The dendritic

pol ymer of C aim 10 V\heretnl%ﬁ\‘:) is are nercapto,

am no, carboxy, oxazoline, isothiocyanates,

I SGdymnmsiice sf cdnyehtrdaythnchaqeth siielrsiviamdingthe ere;acr yl at es.

12. The dendritic polynmer of Caiml wherein (BR) is

an ' R electrophilic 30 reagent that is
ca?géglltginggg‘?g%lé@ c'tywmtmﬁ the (C), an extender (EX),

wi t h anot her branch cell or 129 LLOYD WSE branch

ceNL iscerggryitiplicBRpndis aa integarifroad 1 foul960.i onal group (TF)

and result in a nultiplici ty of reactive groups for

wheIeﬂFatn%ttong%F )@tdrgﬂ’r}éscarese The dendritic polymer of

2.

4.

Calm 12 whe Used with a coreactant to
forma core adduct and then further reacted with a
seAdlendritisinokmes 9f Formuim(IllYhe dendritic pol yner of
Caim12 wherein (BR) is triacrylate, tetraacryl ates,
tri epOX| de, . tetraepoxide, diallyl am ne, diethanol
am neSoMBi et HMeroy etate,
tris(hydroxymnet hyl am ney, diethylim nodi acetate,

protecte TA, met hyl acrylate may be used,

i ncl u&rgg R IPF),[he dendritic polymer of C aim
12 W BR) a cytlic ethers (epoxides),

oxi ranes, | sulfi d@s (epifchl orosul fide), aziridines,

azeti di nest sil oxanes, oNgtanes, oxazolines, oxazines,
10 carbamates, caprol actones, carboxyanhydri des,
thi ol actones, and beta-lactans. 16. The dendritic
% r of Claim1 wherein (IF) is any active noiety
‘froma rin opening reaction resulting in
|nt‘br‘|b§?n°héﬁ‘éﬂ“li’@1§%t es. 17. The dendritic polymer of
d Mcm@@m‘épleqlw (1F) is hydroxyl, sulfhydryl, ami ne,
al RyANNvane, silane, boranes, car boxy, or ami de. 15
18 G Thenatatrogr(i.¢.i blpibl-s’)ner of Claim 16 wherein (IF) is
hy dFoxtgtminalfimgtionadity anmi ne. 19. The dendritic polyner
of aiml wherein (EX) is a noiety capabl e of
| engt hening the distance for the (BR) reagent before
the growt h of the next G 20. The dendrltlc pol yner of
19 wher eifn E%()e.’él.ﬁ Y Sil n@, other (afrxra4
o ogt ycrpls.,-d.y.et hyI et te
g ﬂﬂ%lghefgba?n n:‘lnogti, fatMy aci'ds My h| di zhﬁk
greater heterogeneous or hompgenous funct ¥dhaM ty, N,
unsaturated aliphathic and aromatic difunctional or
pol yfuncti onal npieties, and hetergenous unsaturated
alipathic and aromatic '

Formula (TII)
The dendritic polymer of Claim 1 wherein (C) is a simple core.

The dendritic polymer of Claim ] wherein (C) is a scaffording core.
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di functional or polyfunctional noieties. 21. The
dendritic polynmer of Caim1l9 wherein (EX) is
di am noal kanes, di phenol s, dithiophenols;'aronaticLLOYDVWSE
pol y(carboxylic acids), nercaptoanines,
mer capt oet hanol, al |l yl am nes, 25 piperazine, am no
5. et e dendsisie palymer ofGlhigd 1 Wheiee(Cl i meipemmoboxy | at e,
et hyl enedi am ne, di et hyl am nodi acetate, and
5. hyps) asihe I S &Yc S | vLYS] s
6. 50k AR PO AR CLmP® VRS, (TR ReRP o llcBphitic or one
eleciraphili¢ meiatn oap polysalent verermmétqmtah kastawn orqzre:dpkagdnmc briasches; or a

t { 0
cor%glgrdr%%offec%gﬂ%%a lee & g ng)gfi%/ar%gn? %gin%&%)i%n%lo \Aﬁlg}:yeqrﬁmy polyvalent
or monmdtian,jirpdctazpm&rab&ca)pbblfmdaum hﬂcﬁetlyllﬁtnﬁg 2-2300 valence bonds of

I d zol i ne, am no
fun il AEL SR B0 HP BEe wBP R R BRERES. e o1

a2|r|d|ne al kyl esters, epoxide and aIcohoI gr oups,
7.t hi'lﬁlcahadrit'rmpq:byméri GfeClaimr'ﬁ rvehereiﬁr(ﬁy)wtnac@laltq;Itetraacrylates triepoxide,

d
iRy SRR oy cttocfiob: heRYEnEHimRs, | dabhenyimetbae,
mg@éldyIEﬂﬁr desiglytitdxypRalyliethasd, métiayléReZHs(WMaBicRiyMnllihe), tétfaepisulfide,

enegl ycol , pyrrolidone, hexylam des,
andfipy Y% %ﬁwyﬁ%ﬁm’aﬁm& Y
am doet hyl et hanol am ne, car bonet hoxypyrrol i di none,
8. SUCKHenifdriticailfner TICIARL ) dRelein €)axX bﬁs@&nm@%dé'yﬂh@ﬁe heterocycles,

car boxyl ates, cationjc, anionic, neutral
mugm Hﬂ%ﬂ fares (gihglenty bukzpe, dexane s dqdseans), arhesphmeos, Linparphranghgd or cyclic
mof¥RéAkitEHRdI@brRultipl Fattiond BpagaRNor es, pol yval ent

attached conpounds car bon nanot ubes, fuIIerenes

Eﬁgggp tes al | netal nanopartlcles
FOLBHOp &aimc] whesgin (FFhs anymxrtétthaé gngltles a dendron to

be ﬁ‘déﬂ @Sa 3416, BhElkd e j j uﬁﬂ% eB&o| df@nél‘@ti@ﬂdr@dsﬁog%ﬂﬂr tdp %hz’ibles reaction with
chel at ed analogues uorescent nol ecules (neta

2 Fts, organi c conpounds), electrically conductlve
nolecules W, VIS, and IR absorbing nol ecul es,

10.qu arﬂetdgh(ﬂ'ﬁfc? r¥f Clagh ioRHe8din (I SIS amBdes fé%o@@ﬁcgamds esters,
dendrons ifferentiated dendrons, dendriners,

ethert 163lip SR (Bt HEOWR qéleqmy as®PEBdRo PATPbyTins, hydroxyl, maleimides,

I
aldﬂgltdgf E&?gﬁ%ﬁgﬂ Zair}gaélfegn%j hh%gﬁﬁgi %U}a&géq QISCtSI’ZIC}IS aldchydes acrylates,
alkgﬂeﬁsp crclisy g@h}@ndm rﬁzim;bmeSu g’anémeau mmim sit{cenajes, vc)tcam thiolactones,

T TS I e —,

lso’éldcamesl, alkgzner!allmslazdiesl, Idz;d,es iBrcappirniney silaﬁcm, Gﬁdazolmes oxirane,

tabilit .and ol ydi spersi t
oxFaReipee 8o Bies Craleio s, Y iFes o8 e Yebiges, substined
derhiﬁtx&rsl al co(lenahSnsaﬁS@@ﬂ, aiheftinHehnunitiee ofl @8BSt presed® iy BRsh of these
her its . interior or surface. 27. The dendritic

mOI?&FFy n gfesqat.df PRt (it dp 81 hrlo msansi chipropdremesdlucra; or iodo; hetro

meAEFON, & SOBWAiH the interior of the dendritic:
polyner.

11.  The dendritic polymer of Claim 10 wherein (FF) is are mercapto, amino, carboxy,

oxazoline, isothiocyanates, isocyanates, hydroxyl, epoxy orthoester, or acrylates.

12. 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
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carried material is a pharmaceutically active agent
or pro-drug. 29. A fornulation which conprises a
dendritic polyner of Caim28 having at | east one LLOYD WISE
pharmaceutical |l y-acceptabl e diluent or carrier
present. 30. The dendritic polyrmer of Claim26 wherein
branch eclt sgaget(BRat g igrmingl Ainctapel erdupyTE) lagd sestiit ve a Boltiplicity of
. A formul ati on which
reacgggn%%?pgéfé&gggée%( ?ll}ét;%%gné%fyrrer of Cl aim 28 having at
| east one pharmaceutical |l y-acceptable diluent or
13. cadhe dendgtiepelpimer flaiphi2 M%ﬁm@ni@ﬁblswpq/wﬁh a gpre@itait o foBm a core
addlf b hlfferCRdda S B Lhaordafiafi a0 cul tural |y |
active agent. 5 31. A orrrufatl on which conprises a
dendritic polyner of Caim30 having at | east one

14. agAhe dendgitia peymstelepleih ]l 2 WHeeindBR) d¥ trigenylates tetigrogylatas, triepoxide,
tetra]eﬁgxide, diallyl amine, diethano! amine, diethyliminodiacetate, tris(hydroxymethylamine),

diethyliminodiacetate, protected DETA, or methy! acrylate may be used, including in situ.

15, The dendritic polymer of Claim 12 wherein (BR) is a cyclic ethers (epoxides), oxiranes,

sulfides (epichlorosulfide),  aziridines, azetidines, siloxanes, oxetanes, oxazolines, oxazines,

carbamates, caprolactones, carboxyanhydrides, thiolactones, and beta-lactams.

16.  The dendritic polymer of Claim 1 wherein (IF) is any active moiety formed from a ring

opening reaction resulting in interior reactive sites.

17.  The dendritic polymer of Claim 16 wherein (IF) is hydroxyl, sulfhydryl, amine,

alkylsilane, silane, boranes, carboxy, or amide.
18.  The dendritic polymer of Claim 16 wherein (IF) is hydroxyl, thiol, or amine.

19.  The dendritic polymer of Claim 1 wherein (EX) is a moiety capable of lengthening the
distance for the (BR) reagent before the growth 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.
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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,
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.

25. The dendritic polymer of Claim 1 wherein the polymer has enhanced thermal stability,

improved chemical stability, and a low polydispersity range.

26.  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.

27.  The dendritic polymer of Claim 26 wherein the carried material is associated with the
interior of the dendritic polymer.

28.  The dendritic polymer of Claim 26 wherein the carried material is a pharmaceutically

active agent or pro-drug.

29. A formulation which comprises a dendritic polymer of Claim 28 having at least one

pharmaceutically-acceptable diluent or carrier present.

30.  The dendritic polymer of Claim 26 wherein the carried material is an agriculturally active

agent.
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29. A formulation which comprises a dendritic polymer of Claim 28 having at least one
pharmaceutically-acceptable diluent or carrier present.

30.  The dendritic polymer of Claim 26 wherein the carried material is an agriculturally active
agent.

31. A formulation which comprises a dendritic polymer of Claim 30 having at least one

agriculturally-acceptable diluent or carrier present.
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