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PCT/ AU97/ 00447 Lo R rANG OGENE C | NHI BI TORY  COMPOUNDS
FI ELD OF THE | NVENTI ON 5 This invention relates to conpounds
which are effective in inhibition of . angi ogeniési s, and accordingly can
be used instead of sul fated pol ysaccharides-$uch as heparin in
preventing restenosis, accelerating wound healing, and in inhibiting tunor
cel'l met ast asi s. 10 BACKGROUND OF THE | NVENTLON The use
of sulfated pol ysaccharides i NANGIOGENIC INHIBITORY COMPOUNDSd i n the
treatment of disorders and conditions associated with angi ogenesis has been
previ ously di.scl osed. Thus, International Patent Application No.

PCT/ GB95/ 00515 5/ 24907) ontents of which are incorporated
herein by ref er&ﬁi@,ﬂé st HE}M of heparin and ot her sulfated

pol ysacchari des such as pentosan polysulfate and dextran sulfate in
treatnent of these disorders and conditions, and discl oses the use of

anot her sulfased  mhis/meesiva relites loastniounts stidhadre effebtivehincinhibltisrsofon| y
about 30% of the anti-coagul ant activity of heparin, in preventing
restenosis by tamgipgenesis; anshacsprdingly naarbegised instaadnf|salfated pelysaccharides such as

proliferation, jn accelerating wound.heal iing.by activat.i k8.

active growth gaa&xgrpgewgdqtﬁnq% agg&l?rg;lgé No&rxﬂ}ﬁe%@ia&??&@lﬁi@g téhor cel
i nhi biting tumpegellisnetastasis by i nhibition of heparanase activity.

I nternational Patent Application No. PCT/ AU95/ 00350 (WD 95/ 34595) di scl oses
25 a class of antiviral conpounds conprising a dendrinmer such as a

pol yam doam ne or ol yl ysi ne dendriner having a plurality of term nal
groups, wher épnBétCKGSEQ‘Y‘B‘ﬁkoé?T?WeW al groups has an anionic- or
cationic- containing noiety bonded or |inked thereto, particularly a

sul foni ¢ aci d-containing, a carboxylic acid-containing, or a trinethyl-

anmoni um cont ai ni Ng TRk kY of Sitifated polysaccharides in the inhibition of angiogenesis and in the

treatment of disorders and conditions associated with angiogenesis has been previously
disclosed. Thus, International Patent Application No. PCT/GB95/00515 (WO 95/24907),
15 the contents of which are incorporated he_rein by reference, discusses the use of heparin
and other sulfated polysaccharides such as pentosan polysulfate and dextran sulfate in
treatment of these disorders and conditions, and discloses the use of another sulfated
polysaccharide, laminarin sulfate, which exhibits only about 30% of t_he anti-coagulant
activity of heparin, in preventing restenosis by the inhibition _of vascular smooth muscle
20 cell proliferation, in accelerating wound healing by activating the release of active growth
factors stored in the extra-cellular matrix, and for inhibiting tumor cell metastasis by

inhibition of heparanase activity.

International Patent Application No. PCT/AU95/00350 (WO 95/34595) discloses
25 a class of antiviral compounds comprising a dendrimer such as a polyamidoamine or
polylysine dendrimer having a plurality of terminal groups, wherein at least one of the
terminal groups has an anionic- or cationic- containing moiety bonded or linked thereto,
particularly a sﬁlfonic acid-containing, a carboxylic acid-containing, or a trimethyl-
ammonium-containing moiety.
30



—= rrT¥ uQéEqpr vi des the use of polyionic materi al
formed by WioYgledshs! © iT64S SHE -60 a near non-car bohydr at g~pah¥9Be44P" 2
dendritic polyner inlthe i angi ogenesi s and in e treatnent
of related disorders condi ti ons. 5 SUMWVARY OF THE | NVENTI ON
According to the present invention, there_is provided a nethod of
prophyl actic or t herapeutic inhibiti on 2of angi ogenesi s in a human or
non- human ani nmal patient, which conprises adm nistration to the patient
of an angi ogenesi s-inhi biting amount of a 10 pharnaceutical conposition :
conpri si ng. a conpdhedresent irivedtién provides the use of polfrignic miaterisds formed by linking
non- car bohydrate pol ymers. having a phurallt of side chain groups

wherein at | dQni¢ SERWPS e adifear meRrgarbohydrats pAlpmer, gt a dendritic, polymes in the ;rmleon
|
ot hnd B EhgioR IR dafin the el O [lae A Biboklirs and contiviphd ) o o

sai d term naI groups has an anionic- or cationic-

cont ai ni ng noi ety bonded or | i nked t hereto, 20 with the
provi so that Sﬂﬁd&@ﬂﬁy THE INVEMGFHON t i on does not conprise a dendri mer

havi ng a plurality of term nal - sulphonlc acid groups together with

hydr ocorti sone; such that angi ogenesis is inhibited in said patient by
said conpound.  According to tHeprecht Wénﬁoﬂrﬁéﬁr{s%ﬁaem%aﬁoa of begﬁxyld&u& og
nmet hod of the present invention are 25 linear pol'ynmers having su

aci d- cont ai nlhagapmwtmhabmmﬂm;dgenemnm bumanion nop-huoiaatanimeal patient, which

phosphoric or phasphoni.c. aci.d-cont ai nj es, boroni¢ acid-co ni ng
oot i oo, © CcoRptist itpibishatin £6 e babient obah Sirentivg monet pEa SompooRd sels
containin on \Tuni c or sialic acid nodi fied in the 4- or other
position thereot, |inked to side chain groups thereof, and dendriners

havi ng sul foni c aci d-contai ning noieties, carboxylic acid-containing

noi eties, 30 phosphorlc or phosphoni c aci d- containing noieties,, boronic
aci d- cont ai ni ng mﬂ et | dipear, non-carbohydrate polymers having a plurality of side chain groups

-2- The

‘wherein at least one of said side cham groups has an anionic- or cationic-

f‘ containing moiety bonded or linked thereto, and

15 _

(ii) dendrimers having a plurality of terminal groups wherein at least one of
said terminal groups has an anionic- or cationic- containing moiety bonded
or linked thereto.

20 Particularly preferred compounds for use in the method of the presént invention

are linear polymers having sulfonic acid-containing moieties, carboxylic acid-containing
moieties, phosphoric or phosphonic acid-containing moieties, boronic acid-containing
moieties, neuraminic or sialic acid-containing moieties or moieﬁes containing neuraminic
or sialic acid modified in the 4- or other position thereof, linked to side chain groups

25 thereof, and dendrimers having sulfonic acid-containing moieties, carboxylic acid-
containing moieties, phosphoric or phosphonic acid-containing moieties, boronic acid-
containing moieties, neuraminic or sialic acid-containing moieties or moieties containing
neuraminic or sialic acid modified in the 4- or other position thereof, linked to terminal
groups thereof. |
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neur am ni ¢ orwo gglg3s7aci d- cont ai ning noi eti es or noieti es cont ap@iyAg97/00447

neuramnic or sialic acid nmodi fied in the 4- or other position thereof,
| i nked to term nal groups thereof. WO 98/ 03573

PCT/ AU97/ 00447 : -3 -

The conpounds used in the nethod of this inv8nrtion are referred to herein
are | i near polyionic polynmers or polyionic dendriners, respectively,
and these terns are used t hroughout this specification and the clainms

whi ch follow to inclydg q?ﬁpoﬁﬂas)’ u%eﬁeinﬁﬁ’é od of th'{sgg}'é}ﬁﬁﬂr%rg?ér?ggﬂrtg%@rei}? dfe

al'so their pharmaceutica or veterinarily accep e sal

exanpl e the al k#hearepolionic polymerdsaripotyionictdendHingts, y8dpestivelg haibthebeterms are used
sodi um pot assi um or cal cium sal ts. DETAI LED DESCRI PTI ON OF THE :

I NVENTI ON 10 throughaut giis spesificatiop and dbe claisus whichcfolpwetadaciude hot omly the polymers
present | Vent! Sk LIS i e, ng BB RS So Aokt bl s, for
unit formng § LinGak tROLIRke HRGKBP Ak irsxe &8&% f}ng?@ 891%‘ éllfséﬁgiﬁ thé 85dil, PotidSium or

on the side chaln groups of nonomer uni
ani.oni c- cont ai ngflgiuiPidisy; and (ii) polyionic dendriners of the general
formula I'l: _ '

DETAILED DESCRIPTION OF THE INVENTION
10 Preferred cdmpounds used in accordance with the present invention include (i)
i

Ly

linear pélyionic polymers of the geheral formula I:
X X X X X
|
15 --g—R i } A 5

wherein:

R is a non-carbohydrate monomer unit forming a linear polymer backbone;

X is an optional linking group on the side chain groups of monomer units R; and
20 A is an anionic-containing moiety; and (ii) polyionic dendrimers of the general

formula II:



WO 98/ 03573

PCT/ AU97/

Qo‘\%/ﬁ%’?sesﬁl: | is an initiator core; 15 PC'A"M?7WT
| nt erior branching unit; : nis an int eger whi ch repr esents
t he nunber of generations of the dendriner; and
A is an anionic-containing noiety which ned-be |inked to i nter| or
branching unit Z through an optional |inking group X. 20 I'n
accordance with the present invention, S

pol ymer s are polyanionic materials
nmoi eties (A) to a linear non- car,
plurality of nmonomer units R),
The resultant pol yanionic |ineap
di stribution of repeating units
wei ght distribution. Desirab
distribution is from 1, 000
600, 000. 5 :

Il

10
wherein: 1is an initiator core;

‘15 } ~ Z is an interior branching unit;

n is an intggér which fepresents the number of generations of the
" dendrimer; and |

A lS an anionic-cohtaining moietyl which may be linked to interior
branching unit Z through an optional linking gréup X.

20

In accordance with the p'res.ent.invention, the preferred linear polyionic polymers
are polyanionic materials formed by the conjugation of anionic moieties (A) to a linear
non-carbohydrate polymer backbone (made up of a plurality of monomer units R),
optionally through linking groups (X). The resultant polyanionic linear polymers have 2

25 weight range distribution of repeating units to give a desired median range of molecular
weight distribution. D.esirably, the median range of molecular weight distribution is from
1,000 to 1,000,000, preferably from 10,000 to 600,000. "

The monomer unit R is preferably an amino or amide moiety, more preferably an

30 amino acid moiety. A particularly preferred monomer unit is a lysine moiety. Poly-L-



The nononer preferably.an am no or am de nviety, nor epRf
an 30 am no ;?)oossﬁ&@t y. A particularly preferred nononer unit |s afdr‘;ym ne

noiety. Poly-L- . WO 98/ 03573

PCT/ AU97/ 00447 - 5-

| ysi nes havi ng various nol ecul ar wei ght rangés are avai l abI e comrercially
from Si gna Chem cal Conpany. The anionic noiety A can be

| i iked to reactive side chain groups on the |inear 5 pol yner backbone

ei ther directly ol i esiaflk iyl aBle QuREnefciall§ o si
but not I|ml Jl]éé@t]ﬁwﬁl s‘fa?a{ros“h&é é‘idél%éé gf%sg aﬁéfoet ﬁers an%‘r:\esg ureasgma
t hi oureas, carbaThn€icalauimpany. car bonat es. The optional |inking
group X may al so act as a spacer between the polyner and the 10 anionic

noi ety A, and may consi st of an al kyl chain (optionally substituted or

el e T Wiyt S S )
2L o e PREORS S el b AR s X4,

-CH2-, -CH=CH-, not hmxteﬂiﬁb,,este&, amidesSethemthioethess,amines, erpas, thioufeas,eatbamatdsand

15 Dendriners are macronol ecul ar hi ghly branched conpounds _

formed by reitercerbopates. reaction sequences starting froman initial, core
nnleculé W th successive |ayers or stages bei ng added in successive
“generations" to build up a three-dinensional, highly ordered pol yneric

conpound. Dendri mer s Peptidaaldfikaig Siotp 0¥ map alsbakl & ffcéreptwedsthe poBfiner and the
initi-ator 220 core(l) which may have one or nore reactive sites and be

poi nt-1i ke orlofaniingninbietypAL and may sonsist ofas aikyl ehdie ¢optianelly sulstituted of brppchid), an
the dendriner; ii-|ayers ed r tiac ed to

the initiator c@koxy; P‘i’ly W’lagﬁ'i&" P@)ﬁajk‘y@ﬂBGE%‘"zMX &l) or an alkenyl,
noi eties A y:

through |inking gr %ﬁ%gbﬂ%n Eg ﬁilgﬁyfwé‘ﬁﬁgﬂé)ﬁlk&%ﬁ cﬂ%ﬂ(t)ja @PH ?E%%tﬁgl%gilgmtable Spacer

present inventi @hains @scheiengtoups of thé formiuld Q@}Qﬁ-ﬁ-(@ﬂpm wieerdh 7 isr-CiHhe -CH=CH-, -
attachnment of ionic noieties; the invention is not limted to the spherical
dendri ners C=C-, -O- or -S-, and n is an integer of from 1 to 15. :

15

Dendrimers are macromolecular highly branched compounds formed by reiterative
Teaction sequences starting from an initial, core molecule with successive layers or stages
being added in successive " generations" to build up a three-dimensional, highly ordered |
polymeric compound. Dendrimers are characterised by the following features: I an initiator
20 core(I) which may have one or more reactive sites and be point-like or of significant size so
as to effect the final topology of the dendrimer; ii layers of branched repeating units (Z)
attached to the initiator core; iii functional terminal groups (such as anionic moieties A)
" attached to the surface of the dendrimer, optionally through linking groups (such as linking
groups X described above). The present invention uses dendritic structures as frameworks
25 for the attachment of ionic moieties; the invention is not limited to the spherical dendrimers
described in detail herein but can be based on any dendritic structure. The variety of

dendrimers in both shape and constitution are well known to pérsons skilled in the art.

The preparation of dendrimers is well known, and is described by way of example in

30 U.S. Patents Nos. 4,289,872 and 4,410,688 (describing dendrimers based on layers of lysine



described in detail herein but can be based on any dendritic structure. The
vari ety of dendriners in both shape and constitution are wel to
per sons sAYPPRBSTS the art. The preparation of ngﬁ@s‘-’ﬁ@?@,{]i S
‘well known, and is described by way of exanple in 30 U S. Patents Nos.
4,289,872 and 4, 410, 688 (describing dendrimers based on | ayers of |ysine
WD 98/ 03573 -6-

PCT/ AU97/ 00447 ' . - 6-

units), as well as U S. Patents Nos. 4,507,466, 4,558,120, 4,568,737 and
4,587,329  unitsylas WelltisI.SCPaeAts RIS 4507 36608,558!120, YI5685737 40 4KITB29

pol yam doanm ne or PANVMAM dendriners). The dendriners disclosed in these
US patents ddesciibing dendimess based gnotheratits includifig polyamidoamite arsP AMAMC e

nodi fyi ng agent.s, a tal chel atj,ng agents, demul sifier r .5 ) .
of |/ vixt of crispanizees- e dendcingre diselostl o0 tese 3 nolats ot detcoibed 2p bpiag suisahle
as agents f L & | SERS ' 0 :
pai e Tt o ujes s Hichide ot ig dpentl, BN Sh B HgRist REISHANERS or
4,410, 688 3 lvil/whterentalsibrisiwetstiengtitagents inthemanufativreof paper, and ds agentsfor
substrates for the preparation of fphar maceut i cal dosages. 10 .

| nt er nat i ondnodifing Viscouty naAdnesys fngpulatienssych ay paintsydf isalsysuggestehinihS.

88/ 01180 di ' ' ' dr | | S.G00]

associ at ed MATIENGETLEETEPE id's 410,588 e Uk deuBRinel el B0 b PARITES s sap b psed
agri cul t ur alas ¥abstfated for the pretiriticiof phr@hosticallddsages. Patent Publication” =~
No. WO 95/ 24221 di scl oses dendritic polynmer conjugates conposed of at

| east one dendrinmer in association with a-carrier materi al which can be a

patent. polfl i cat | JRERGipBRnERc Ry o pRNGY Sokstudb o MATEL ma v~
contain a brggagh 180WcAe cBnfigatés in VRichILAGdrRRE $s QN gatedUrdssocidted {th ahbfher
preparation thereof, and the disclosure of each of these publications iIs

i ncor por at edndterialisuchgs a eéreied pharmacefifical or agriciiitural cmaotleﬂaie Eniaddiﬁ?ﬂ,ofa’&mmiadal :
T s scope. amsteis Pplten e 00 5220 A nsStdeadiins paer soniapdiet gauipRr of
aso el iesti (AR s nAR e o B it

publ i cat i bngesponse meodifier, and optionally a target director. These patent publications together with

the U.S. patents mentioned above contain a broad disclosure of various dendrimers and
processes for the preparation thereof, and the disclosure of each of these publications is

incorporated herein by reference.

20 The term "dendrimer” as used herein is to-be imdersto_od in its broadest sense, and to
include within its scope all forms and compositions of these dendrimers as disclosed in
Patent Publications Nos. WO 88/01178, WO 88/01179 and WO 88/01180. The term also

includes linked or bridged dendrimers as disclosed in these patent publications.

25 The preferred dendrimers of the present invention comprise a polyvalent core
covalently bonded to at least two dendritic branches, and preferably extend through at least
two generations. Particularly preferred dendrimers are polyamidoamine (PAMAM)
dendrimers, PAMAM (EDA) dendrimers and polylysine dendrimers.



25- The Webd®03Iszsl dendriners of the present invention CONPIECIRA®S7/00447

pol yval ent core covalently bonded to at |east two dendritic branches,

and preferably extend through at |east two generations. Particularly
preferred dendriners are pol yam doam ne (PA dendri nmers, PAVAM ( EDA)
dendriners and pol yl ysi ne dendri nmers. WO 98/ 03573

PCT/ AU97/ 00447 -7 -

I n accordance with the present invention, at |east one, and preferably a o
subst anti al nunbeln acgprdanee with ghe-present gaventionoat leastong, and praferablyes substantial

term nal groups on the rface, of t he,dendri ner has an anjonic- or

cat | oni c- cont ai MRRECSHCRING Sids Shio, rpypsial e dempalyger Gy igrminal EX5uRs of e sycface of
of the linear p G _ : Jo N1 : Lerm ' ' :
S groups. or ot hart Perdhe M3 ARARRAR Jr cHUBRE o ARing Ry GPlAIEhty pihqiBetcto. The
whi ch subsequentdide chainscfith®Hinéze polypierdr bariches afhe defdidmhetiRhy Gihinate in amino

nmoi eti es. Where the side chain groups of the | i near pol };me.r or termnal
groups of the ¥Hegraupnenotherdunctionsl rpactivesgroupesuchias 3l SHyor the like, which subscquently

cationi c-contai ni nq noi et be linked t.0o the dendriner var.i ety of

Flnct i onal or ouan e Teseied Wi Yoe” mtonit Crifatibpic noietes | Whetsdbe sige ehtip @itpes o the.
ani oni c- or catiigabes b e REindP b okl He iSi,de
chain groups of the Wgﬁg?bggag%?é%%btgéféngrﬁagﬁgg% %ﬁnpgm%g’eﬁgen ?lfcrsrg?

i ncl ude sul f oni cadonid-contafihg mujetpmaat beckinkedas i ydrideintee ib§-acwariety off fagictional groups
moieties ° (including neuramnic and sialic acid-containing noieties and |
nodi fi ed neur aniin¢lyding@mide arg thiouremlinkrges nPreferresdanioniet ¢rcafioniscgontdining moieties

aci d-‘cont ai ni L.eties, .phgsphoric. and . hosphopi ¢ _aci d- cont ai ni

ol et 5. (1 neltb o ey o ERAGE Buibe SidB Bhein.srabi iahe Bites PEbimé Bfadinineroups of
contai ni ng noi ekh&gendrittd iAdthdEsuMon A AERd St iRig RlofkitiRS, AFddXyli8 Acid-containing moicties
Sui tabl e ani oni c- and cati oni c-contai ning noieties which may be bonded or
linked to t h€inghiding meuraminic arsd siglic#id-contaiting monales gnd opslifievthamiaminiyand
way of exanple, the foll ow.ng groups (i.n which njs zerg or_a positiye
integer, nore pARNICAGIdFINRIRNGMGE V%S?soborawqaﬁtdewmamgzmwww 0*26?1.‘3/

phosphonic acid-containing moieties (including esterified phosphoric and phosphonic acid-

15 containing moieties ) and trimethylammonium-containing moieties.

Suitable anionic- and cationic-containing moieties which may be bonded or linked to
the amino or other side chain or terminal groups include, by way of example, the following
groups (in which n is zero or a positive integer, more particularly n is zero or an integer of

20 from 1 to 20):

———NH(CH,},SOy’ —(CH2}nS05" ~——=Ar(SOy’)p
——CH,CH(SO3)COOH  ———CH(S03)CH,CO0H ~———ArX(CHZsSO; X =O, S, NH
+ + | +

———{CHJ),NMe; —Ar(NMe3)py  ——— Ar{CH,NMej)n

o) y\/ 0 ' o o)

SOyNa SO3Na N Na
/\}‘” )k/ M M Nsopna )kdsqscoorf
: o

S
S 8 s
HNK " A " A " A

Naoas’(j‘som; OO Naosésoa~a

SO;Na
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S ’ O o]

N;035 HNJk : HN)k . HNJK/\ o
Nao,s

Z  S0;Na
' SO,Na SO;Na SO3Na
(9]
OH OAC
SO;Na COOH '
0 (o] .
’ NH
Q
kﬂMea
NH,

B NMe; NMe;. .

——ABP(=0)(OR),  X=0.CHy, CHF. CF5 R = alkyl. aryl, H, Na.

—  ADPEONORNNRZRY  X=0, CHy, CHF, CF R'=alkyl, aryl. H, Na R2, R3 = alkyl. aryl

——AfP(=0)OR)yl, R=alkyl, aryl, H.Na n=13

——AfdB(OH)z), n=13 ——Af{COOH},, n=1-3
[ ) s S
Il 1] ] ]
AN\ : HN/\ PYHAN HN
NN O L
N 7 N 7 \Z">Ppo(oNa),
PO(OEY) _ PO(OE)(ONa) PO(ONa)z PO(ONa),
. ﬁ s |
i S 0
N N 1 ﬁ/
HN .
. ' HN | . HN/\ @
I =

N
NaooC ““COONa : _ i
COONa B(ONa)o B(ONa)z
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HNJ\

HNJk HN’lk
| éPO(ONa)2 EPO(OEt){ONa) ;PO(OEt)z

'S S

- E)k 5\ @J&

"PO(ONa)z *PO(OEt)(ONa) *PO(OEY):,
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In addition to the above, various neuramnic or sialic acid-containing
moieties or . nodified neuramnic or sialic acid-containing noieties may
be bonded or linked to the side -10-

In addition to the above, various neuraminic or sialic acid-containing moieties or
modified neuraminic or sialic acid-containing moieties may bé bonded or linked to the side
chain or terminal groups in accordance with this invention. These moieties include the
various N- and O-substituted derivativés of neuraminic acid, particularly N- and O-acyl

5 derivatives such as N-acetyl, O-acetyl and N-glycoly] derivatives, as well as moieties in
which the neuraminic acid group is modified, particularly by substitution in the 4-position,

with an amino, amido, cyano, 'azido or guanidino group.

The anionic or cationic linear polymers and dendrimers of this invention may be
10 prepared by standard chemical methods which are well known to persons skilled in this
art. Suitable methods are described by way of the example in Examples below.

As previously described, the anionic or cationic linear polymers and dendrimers of

the present invention have been found to inhibit angiogenesis. Accordingly, the method of

15 the present invention includes inhibition of angiogenesis in a patient, treatment of
conditions where growth of new blood vessels is involved such as chronic inflammation,
diabetic retinopathy, psoriasis and rheumatoid arthritis, as well as treatment of related
disorders and conditions including, but not limited to, prevention of restenosis by
inhibition of vascular smooth muscle cell proliferation, acceleration of wound healing by

20 activation of the release of active growth factors stored in the extracellular matrix, and
inhibition of tumor ceil metastasis by inhibition of angiogenesis.

Thus, in another aspect the present invention provides a pharmaceutical or
Veterinary composition for prophylactic or therapeutic inhibition of angiogenesis in a
25 human or non-human animal patient, which comprises an anionic or cation_ic linear
polymer or dendrimer as broadly described above, in association with at least one

pharmaceutically or veterinarily acceptable carrier or diluent.

_ The formulation of such compositions is well known to persons skilled in this
30 field. Suitable pharmaceutically acceptable carriers and/or diluents include any and all



chain or tergdadoadsPups in accordance wth this invention. Thege AtdRb448S
i ncl ude t he various N- and O substituted derivatives of neuramnic acid,

particularly N and O acyl 5 derivatives such as N-acetyl, O acetyl and
N-glycolyl derivatives, as well as noieties in whi ch the neuramnic acid
group is nodified, particularly by substituilen in the 4-position, W th

an, am no, am do, cyano, azido or guanidi no group. The anionic

or cationic |inear polyners and dendriners of this invention my be 10
prepared by st zodeériionaEso1oeits, idpeesdon wedid) fillees, welill clarivn) dquedsy sohitions,
skilled in this art. Suitable nmethods are described by way of the.

exanpl e i n Exarcohidrgsy@ntbacterial and antifungal/ageptse isotonic w@abﬁomti;mdelmag agents, and

anionic or cationj¢c |ipear pql rs.and  dendriners of . the present )
vent on have tiolke1 T06ase BF sieh Br4ia A s25u 40F Rharaeeytighllt abtive, bstapeat g el

of 15 the pres ' Lan L aoel. h DA L ' [ oSyl R
patient, treat qn%hwngﬁ%ﬂé h@bﬁ@ﬁi%ﬁgémg@’e%wg&%ﬁg%?ﬁﬁgwﬂgﬁ%g%ggﬁsge ,gmlzasceutzcal
I nvol ved sucls Sziexbenr1iseh Editioanviick PublishingiGuspang, Peinspbaniah USAs Bxcgsiifisofar -

and rheumatoid arthritis, as well as treatnent of related _ disorders and
condi ti ons i nclas@nygonvantionak mediaior @agentds inrompatibleowitly therastive imgredienty use thereof
i nhi bi'tion of vascul.ar snooth nuscle.cell. proliferatian, .acceleration of
wound heal i ng By SEOPUATTEGSHCALCATRDasTHOTS if S8, Breseat Jayangiah if SOHEFDPEIac: <

stored in the : er L pRi bl L f; s

nmet ast asi s by [gﬁh\[’%f‘ﬁh%x& %?tlang gegéergg% alsd B0 ﬁyoﬁ&&eg‘fﬂ%gﬁp F:%&glr’\éc}?ﬂ%sr'
aspect the present invention provides a pharnmaceutical or veterinary

conpositian for prophylactic_or therapeutic inhibition of angiogenesis in a
25 human or fon- humdhisaspegially advantageousiodhraslats ¢orapositions An gasage yynit form for

aasoct at i on w R iskBRiaon 46 BhirdinE 3t PhaBF, DSECHP Rmr R R tefbin reers
accept abl e car g4 ﬁhYsﬁéalHri diSéBie units suited as unitary [@8sdges for @k h@haAfsubjeeR to be treated;
conpositions is well known to persons skilled inthis 30 field. "Suitable

phar maceut i cal egclaunit portbininga pradetesmined/quandiyl afeactive ingrédient catoplatedi toaproduce

WO 98/ 03573 : o . _ . o
PCT/ AU97/ 00447 the. desired therapeutic effect in association with the required pharmaceuytical carrier

convent i onaly 5° Shd/oP Wtuerdt. SPE sebiticABSHsFor thd héVet doSigk utlitTBihd 6f the iRHIRRNSre

sol uti ons,

dictated by and directly dependent on (a) the unique characteristics of the active ingredient
and the particular therapeutic effect to be achieved, and (b) the limitations inherent in the

art of compounding such an active ingredient for the particular treatment. -

20 In yet another aspect, this invention provides the use of an effective amoﬁnt of an
anionic or cationic linear polymer or dendrimer as broadly described above in the |
prophylactic or therapeutic treatment of, or in the manufacture of a medicament for
prophylactic or therapeutic treatment of é, human or non-human animal patient by
inhibition of angiogeneis.

25 '

A variety of administration routes are available. The particuiar mode selected will
depend, of course, upon the particular condition being treated and the dosage required for
therapeutic efficacy. The methods of this invention, generally speaking, may be practised
using any mode of administration that is medically acceptable, meaning any mode that

30 produces therapeutic levels of the active component of the invention without causing



coatings, antibacterial and antifungal agents, isotonic and absorption

del ayi ng and the like. The use of such nedi a or
phar mceu@?’%?sact i ve substances is well known in th?é@%%l t is
descri bed, by way of exanple, in Rem ngton's Pharmaceutical 5 Sciences,
18t h Edition, Mack Publishing Conmpany, Pennsylvania, USA. Except insofar

as any conventional nedia or agent is istDapatible wth the active

i ngredi ent, use thereof i n the pharnaceutical conpositions of the
present invention is contenplated. Suppl enentary active ingredients
can al so becﬁmemgpaﬁﬁcegmbmtﬁvéﬂe ePfRERO Buch Mddes of Aministration! intfede VR4S rethdly
advant ageous to flornul ate conpositions in dosage unit formfor ease of
adni ni st r at tapicalnoasalyiihbalation; trensdersead or parenteyal (61g8. tsubcutanenys Listramusewamand

refers to physically discrefe units suifed,as . unitar osages .for fhe
harmn subj e FRGVEBORS Tpibs,: Eprilations far orAl ArGiGHRANR s e ASTEamis fugh 2
quantity of cﬁs}i € talbiis EQ{EE . d : E’eg“}q bt 20 :

t her apeutic te‘:\éf In a’?gom a%?gél&v% %é?t %f@éﬁ?gg&% Sarnacen isdgg]&gg?tr]?ner

15 and/ or 5ddireetly intd bpinabfiaid{ diraét infrediictiont sueh A9 By lvaricasgathetst and ballGonof
the invention are dictated by and directly deﬁendent on (a) the unique

char act er i sengioplastytdeyiags wellcknavn tathess of ordinasy skilldinghe artc andy mtraparenshymalc

effect to be. i_eved the limtations inherent in the  art of
conpoundi ng.“ggéﬁnawoa@ffﬂgd ‘edient for the particular treatnent. 20

In yet another aspect, this invention provides the use of an effective
anount of an anionic or cationic linear polynmer or dendriner as broadly
descri bed above iThetdempositions apty\¢omyeniently be prasented in unit desagednrmand may b

ot b O 5 bt e kPR B i SRR e e
avai | abl o, - fezsep,of bringing theaif (ntpdenCia RsBlibfbn AR edrfits Shth consiees
t he parti cubae or mude acaessdryiingretients. ebh gengrdl hthe dompgsitions) arer prépired by '
B
accept abl e, Jpapi g gntéﬁgdiimﬂﬁ sBﬂd"caﬁ%r%Pﬁbﬁeﬁn& Bﬁh?&%&%@g}g@ggﬁé Pfoduct.

active conponent’ o invention W thout causing
PCT/ AU97/180447 ' ' ' -12-

Compositions of the present invention miﬁble for oral administration may be
' presented as discrete units such as capsules, cachets, tablets or lozenges, each containing a
predetermined amount of the active component, in liposomes or as a suspension in an
aqueous liquor or non-aqueous liquid such as a syrup, an elixir, or an emulsion.
20
Compositions suitable for parenteral administration conveniently comprise a sterile
aqueous preparation of the active component which is preferably isotonic with the blood of
the recipient. This aqueoué preparation may be formulated according to known methods
using those suitable dispersing or wetting agents and suspending agents. The sterile
25 injectable preparation may also be a sterile injectable solution or suspension in a non-toxic
parenterally-acceptable diluent or solvent, for example as a solution in polyethylene
glycol. Among the acceptable vehicles and solvents that may be employed are water,
Ringer's solution and isotonic sodium chloride solution. In addition, sterile, fixed oils are

conventionally employed as a solvent or suspending medium. For this purpose, any bland



clinically unggsephsisse adverse effects. Such nodes of - admi ni st petriAuv7/00447

I nclude oral, rectal, topical, nasal, inhalation, transdermal or
parenteral (e.g. subcutaneous, intranuscular and i ntravenous) routes.
Formul ati ons for oral adm nistration include discrete units. such as

capsul es, tablets, lozenges and the like. Oth3r routes include intrathecal
adm nistration 5 directly into spinal fluid, direct introduction such as
by various catheter and ball oon angi opl asty devices well known to those
of ordinary skilfixddioil hfayab'etemT%lBﬁEd icludpiy §mtieridahono-ot di-glgtéridesi Thaddition, fatty
targeted areas. e conpositions may conveniently be presented
in unit dosage famids such aswjeibacidding-uscdndke pseparayionof imjectablesiods wel | known
in the art of pharmacy. Such nethods incl ude the step of bringing the
active conmponent into association with a carrier which constitutes one

or nore accessory ing S [ =y :
uni formy and intimat Zﬁghgtwencgl r¥g) n?ﬁtgkﬁ éf:l% ﬁsgtg@éfgﬁrﬂglgfﬁ%ﬁtﬁf g?zveggg%gisg‘%ﬁ&s&&d o
wWith a |iquid s adiffnistéd'the active@mpoiieit ifdnsally dr dfrifhatdtiorn) fobetdmplaas a finely
then, if necessary, shaping the product. 15 Composi tions of the
present inventi odispersedsdsresdl sprayrcantaining thesactive icompangitbe presented as
discrete units such as capsules, cachets, tablets or | ozenges, each
containing a predet ermi ned anount of the active conponent, in |iposones

or as & suspension | Noger de}i?ﬂ'g%%igx&k'cgif?ﬁclﬁﬁe fRBLRAYBRYSe dd1fverfl sysidtls. 2 Preferred
syrup, an elixir, or an enulsiodn Conposi tions suitable for
parent eral adm ngustaindd releasedeliveie systems arepthoseewhich tcen pravide fargeleassof the active
preparatign of the active conponent which is preferably isotonic with the

bl ood of t he caraponeanef theinventign de sustained ealease BalleH r Gapsiissm Mapy types of

according to known methods i S el e ks .
2gent s and suspelATAEre el Beti realiite * THERERERIABILM arbibl \ihed v (o
al.so be a steril&okidhfiClysish ifi WHIEH Qi@ aefive bEmPOTne s ¢ohtdindtDWwithitka enatrix, and (b)
parenteral | y-acceptabl e dil uent or solvent, for exanple as a solution in

pol yet hyl ene djffiasional sxstemy intwhiele thepactive component psrmagatessas|acantrolied sate terpugh a
be enpl oyed are ter, {.nger's soluti,an and isotonic sodi umchlori
solution. In adc!i’vq\qy@ﬁf- I\ é@m 1, #P‘%&Erbﬁng‘"é&@afe (fegigﬁve%‘{[“lﬂ 519 ?1%!' 36&8 of

as a sol vent 95 @Hﬁﬂ%ghﬁﬂ)ﬁ@fgr%laﬁﬁﬁ&hi S purpose, any bl and WO )

98/ 03573
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oil may be enployed including synthetic npno-or, di-glygerjdes. |n addition,
fatty aci ds such afhepetive comnonent g adauniptaredp %P@é’i@%? °5fh°ra1’°““caﬂ)y

' nj ect abl es. effective amounts. A prophylactically or therapeutically effective amount means that

amount necessary at least partly to attain the desired effect, or to delay the onset of,

20 inhibit the progression of, or halt altogether, the onset or progression of the particular

- condition being treated. Such amounts will depend, of course, on the particular condition

being treated, the severity of the condition and individual patient parameters including
age, physical condition, size, weight and concurrent treatment. These factors are well
known,to those of ordinary skill in the art and can be addressed with no more than routine

25 experhﬁentation. It is preferred generally that a maximum dose be used, that is, the
highest safe dose according to sound medical judgement. It will be understood by those of
ordinary skill in the art, however, that a lower dose or tolerable dose may be administered

for medical reasons, psychological reasons or for virtually any other reasons.



The active conponent may al so be formulated for delivery in a system
designed to 5 adm nister the active conponent intranasally or b

i nhal ati o O MB35 anple as a finely di spersed aer osol sp?&?’&%‘m"ﬁfﬁi ng
the active conponent. O her delivery systens can include
sust ai ned rel ease delivery systens. Preferred sust ai ned rel ease
delivery systens are those which can prov4gde for rel ease of the active 10
conponent of the invention in sustained rel ease pellets or capsul es. Many

types of sust ai ned rel ease delivery systens are avail abl e. These
i ncl ude, but are cferdiiyn orsl dds %wa 58'Frol | the
active conponent 1s contai ngd W t hi@&nogacntg{e” X, g%‘éf‘ﬁ}; Og{]?%giﬁglaﬁ@/kg per

systens in day ¢t 1006 mglkg per dnynpSmalitdosey (0c01-¢ Ing)imay be adminisierkd' initéally,

t hrough a ol (. In,addition, a lg‘g{) based hardware delivery system
can be used,ﬁ’l&}‘ﬁély INCECAFHEFPSES BPéﬂéBg 009/mg/kg psrday.i &n the event that the

The active . kaShi 1 Bl s ' I i Ly, or the eutically
effective aiGRaie ia LbiadT HealRicil ot SucH Gay, ARhinilhier Yiobls GR ERGRNE piEfier

means tha doss3rbyladifferemts afory 16dalisebddlivesy rdute) Baybé dinpidyed t896d EQEnt patient
effect, or to delay the onset of, 20 inhibl.t the progressi‘on of, or ha‘l’t

al t oget her , tolexanes pesmitsy. Mudiiple sloses pesfdaytare pamtemplatesh to achievedpprapriatei ng
treated. Sucgh am;inté vv'kl depend, of course, on the particular condition
Plve©Ees &F FPPPE

bei ng treat Y She condition and individual patient

paraneters including age, physical condition, size, weight and
concurrent treatnent. These factors are well known to those of ordinary
skill in the art Thedctiue compengit acearding tolthe inventien hiagralsoobe preserited for use in
experinentation. lt.is preferred.generally that a maxinum dose be used,
that is, thb‘e f%’ﬁ?i Yl ’P'E’é}' SORBoY 88%0‘%%&‘@3’%%% T eXpmplsy oy rBgthods ¢
W 1 be undgfas bROhHvEént h@gﬁs VoSl | s

a .l ower dose or tg(f erg%@‘g%g% arrrwfiy xg m°ﬁ§%’g&%’gﬂwﬁ°gﬁﬁﬁn"égf@§ﬁ@{é‘éﬁ%§%
psychol ogi cadaptebforns or for virtually any other reasons. =~ =~ WD 98/03573
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General |y, daily®ral o¥dladmigistration, extermalapplication, fpr gxamplg drensbes (©801

e o Stered imyial %ag&'ﬂ%éﬁ“gﬁ‘ﬁg@yy@%gﬁﬁ%@sf ljj%&?%@ébou cef 00
ng/ kg pedSday. In the powdets, ighaiuléser pellets for admixture with feed stuffs; pastes for
application to the tongucﬁ
) parenteral administration for example by subcutaneous, intramuscular or
intravenous injection, e.g. as a sterile solution or suspension; or (when
appropriate) by intramammary injection where a suspension or solution is
20 introduced into the udder via the teat;
© topical gpplicatiqn, €.g. as a cream, ointment or spray applied to the skin;
or

@@ intravaginally, e.g. as a pessary, cream or foam.

25 Throughout this specification and the claims which follow, unless the context
requires otherwise, the word "comprise", or variations such as "comprises” or
"comprising”, will be understood to imply the inclusion of a stated integer or group of

integers but not the exclusion of any other integer or group of integers.



response in &FeRe s insufficient at such doses, even hi ghpeTARmeBods®’
effective higher 5 doses by a different, nore |ocalised delivery route)

may be enployed to the extent patient. tol erance permts. Miltiple doses
per day are contenplated to achi eve appropri ate system c | evel s of
conpounds. The active corrponenl according to the invention may

al so be presented for use in 10 the formof veterinary conpositions, which

may be prepared, for exanple, by nethods that are conventional in the

art. Exanpl es of sucmrmwmmwfdwmsémilmubﬂwmdm Apbm:ﬁt from t@fpliewing
for: (a) oral adm nistration, external i.cation, for

exanpl e dr enchdixamples which are included by way gfilustration, I}% tgtien of therinyentions In the

e O S L AR st v oAl o
appl i cation to jhhgnheRd e as detailed i in US Phtents"R6£ Y, soehsedmsyssumt ho8i7 and

exanple by subcutaneous I ntramuscul ar or i ntravenous

i njection, e.y4,587,32%t MMAMQEDAI) dendrimezssieferso (plblyaﬁﬂdc(mdttﬁe dendrimers based on an
appropriate) by intramampary injection where a suspension or solution is 20
i ntroduced i nt ¢thylene digminecage; jaad BERAlys lys,lys, dendrimers refeg tgpelylysine unsymmetrical

appl i cation, (dg ?das a crg‘gg}_‘ ﬁwl 1@%’%&@@2 }t/,éag chin D‘?mﬁFanescnbEg in

Thr oughout t hi -‘U§P§t€:hfs'N6§ I QPSABTY t:ttﬁmlmaas Vihe mhidemnmeruammtdiepAMAM
cont ext reqw res otherw se, the word ' onprise” or vari ati ons such as

"conprises" or 1.0, PAMAM Zﬂn@AMAM B m@mmaammnm@armmm
other 1 ot egeld SAkIAN 4 1EBR cnd e polyivioes dendsimery BRASlys,. B Aty

PCT/ AUQ7/ 00447
Further featur gg{%}ys{yhgys Ve aod PHASYSlYsyalysise B app lgslgf#ys Iy %k& 1elySser

fol | owi ng B}M‘tys}yszlyé}b&klygglysﬁlm watddgher gbﬂg’raﬁbns i)ﬂepmdakldeﬁcnbmdtm UsS

limtation of the invention. fol |l ow ng
dendri ners ref Hatents Yos yéﬁ?ﬁﬁ?&qﬁﬁ@%néﬁmﬂéﬁs 4552 87373%%7@3%%@&"00%

o et B Wi A0S, Bk, T BO01. W gyt

on an etmtwoe%h@zm%f&?é@m #MBde BHAl ys[err]lys[err]lys, dendriners.
refer to polylysine unsymetri cal _

-
-1

EXAMPLE 1

Reaction of dendritic polymers with 2-acrylamido-2-methyl propane sulfonic acid to

20 give sulfonic acid terminated dendrimers.
A PAMAM 1.0

Solid sodium carbonate (0.13g; 1.0mmol) was added slowly to a stirred solution of
25 2;acrylaxnido-2-methyl propane sulfonic acid (0.41g; 2.0mmol) in water (3ml). After
the evolution of gas had ceased, the pH of the solution was 8.0. A solution of
PAMAM 1.0 (0.12g; 0.33mmol) in water (1ml) was then added to the solution
followed by the addition of four drops of a 40% aq. solution of benzyl
trimethylammonium hydroxide. The solution was then heated under nitrogen at 60°

30 for three days and then concentrated. The residue was purified by gel filtration



dendrinmers based on a benzhydryl am ne core and |ysine branching units as
described_in US Patents Nos. 4,289,872 and 4, 410, 688. The

pol yani do¥ M93§%hdri mers PAMAM 1.0, PAVAM 2.0, PAVAM 3 BETARAA0447 o
PAMAM 5. 0 or higher generation, 10 PAMAM 4.0 (EDA), and the polylysine
dendrinmers BHAl yslys2, BHAl yslys[err]l ys{ﬁerr] ,

"BHAl yslys[err]lys[err]lys[err] and BHAl y8 ys[err]|ys4l ys8lys[err],

BHAl yslys[err]lys4dlys[err]lys[err]lys[err],

BHAl yslys[err]lys[err]lys[err]lys[err]lys[err]lys[err], or higher

generat i ons pr epeSeshadex GROOwaetLbrid thefSireese driedds lghvohs sulfGAET PAMAMDS S,
4507466, 4558120, 4568737 and_ 4578239 and t ggnational Patent

Publications Nosdendzimey smnaif whitesalid (Q.50g). v@a@é 19U Phcia shomedosmixtareiof
referred to abov

React | on of dend Fialidatsd st mencglkotpted EAMAM 1.0 deadrimer( po- J0:3c CCBRF (R0

acid to 20 give gWif®mic 3911d3ve;rmcaasﬁ SEBIS3. 1ES34, 55.6, 56.2161.2, 6?@\/1‘1\%3 0
Sol i d sodi um car bonat’e ((5. 139 rrm)l) was added sl ow y to a stirred

solution 6f 25 179.0, P7%8ryl am do 2-met hyl propane sulfonic acid (0.41g;
2.0mol) in water (3m). After t he evol ution of gas had ceased,
the pH of the s'oI ution vvas 8.0. A solution of _ PAMAM 1.0 (0. 12g;
0. 33mml ) | 1\%1 s then added to the solution fol | oned
by the add| I on o{\ our b rops of a 40% aqg. solution of benzyl

tri met hyl ammoni um hydr oxi de. The sol uti on was- then heated under nitrogen at
60[err] 30 for three days and .then concentrated. The residue was
purified by gel PAMAM 28 was reactegwitly 2racrylamido-2-methyl propane sulfonic acid as
PCT/ AU97/180447

( Sephadex "GL0; wafscﬂb Boxf%eTr}]xe ree éo%'?a(‘a"@ stpgngxedgylgﬁl ﬁmﬁuPﬁggf%haadﬁ’Aﬂ&lgr
1.0 | d vatkir) A8 thef frRzOlfied M give aR biTwKil Slid) 'Hlaaar P! namdspeetia | C

nnr specetra showed a m xture of di al kyl at ed and nonoal kyl at ed

PAMAM. 1. 0 dendr i skowed amixtpege gldialkybeedend mmqalkylated PAMAM 2 Gdendrimer ca.
275 Tt 3T "oty e fgidD,O): 831031, 371 375 3, 8751.853%, 536,362,

. 61.2,61.5,178.4,179.0, 179.1, 179.6.

15 When the above reaction was repeated omitting the benzyltrimethylammonium

hydroxide a similar result was obtained.
C PAMAM 3.0 BRI2783

20 PAMAM 3.0 was reacted with -2-acrylamido-2-meﬂ1yl propane sulfonic acid as
above except that a slight excess of sodium carbonate was used and the
benzyltrimethylammonium hydroxide was omitted. 'H and !3C nmr spectra showed
a mixture of dialkylated and monoalkylated PAMAM 3.0 dendrimer ( ca. 50:50). Bc
nmr (D,0): 8 31.0, 31.1, 36.9, 37.4, 41.1, 48.6, 51.5, 53.4, 55.7, 56.2, 61.1, 61.5,

25 178.2,178.9, 179.0, 179.8.

D PAMAM 4.0 BRI2784

PAMAM 4.0 was reacted with 2-acrylamido-2-methyl propane sulfonic acid as
30 described for PAMAM 3.0. 'H and 1>C nmr spectra showed a mixture of dialkylated



B PAMAM 2w@ 98/03573 PAMAM 2.0 was reacted with PCT/AU97/00447
2-acryl am do- 2- net hyl propane sulfonic acid as 10 descri bed above.
The crude product was purified by gel filtration (Sephadex G10;

water) and then freeze dried to give an off ite solid. [err]H and [err]C
nnr spectra showed a m xture of dial kyl ated and nonoal kyl at ed
PAMAM 2. 0 dendrinmer ( ca. 65: 35) . [err]CnnT (D[err]O) 6310

31.1, 37.1, 37.7,41.3, 48.7, 51.5, 53.4, 55.
178.4, 179.0, 179.1, anggngnoalicylated PAMAYEA0 tdtmdm/fecapéé&ﬂ C\Aml'(ﬂa@aé

ot Lng, e benay! s 'lrfie%%ﬁ?}?"%%% s 35 S8 el 5ol UL VS?JIIZ%O

with 2- acryl am do- 2- ? propane sulfonic acid as above except
that a slight excess of sodium carbonate was used and the _
benzyl tri met hyI ammoni um hydroxi de was omtted. [err]H and 13C nnr spectra

showed a m xture of dialkylated_and nonoal kyl at ed PAMAM 3. 0

dendrimer ( c& 50:50). [err]C . ENAMBIE 2] O): [err] 31.0, 31.1,
36.9,37.4, 41.1, 48.6, 51.5, 53.4, 55.7,56.2, 61.1, 61.5, 25 178. 2,
178. 9, 179. 0, 179. 8. D PAMAM 4.0 BRI 2784 PAMAM 4. 0

was reacted wtipy MgAR/I ii‘éh@ﬂ“sﬂ&iu%i SEiEsucetathidRABAniAtd L Addrnkrs, 25 30

described for [err]H and [err]C nnr spectra showed a m xture of
di al kyl at ed VWO 98/ 03573
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and nonoal kyl at éd PAWAMI&ndri mer ( ca. 35:65). [err]C nnt (Derr]O:
[err}] 31.0, 31.1, 36.9, 37.3, 41.1, 48.5, 51.5, 53.5, 55.7,
56.2, 61.1, 61{) 5, 178.1, 178.9, 179.0, 179.8.

A solution of 4-nitropheny] bromoacetate (0.40g; 1.5mmol) in dry DMF (1ml) was
added to a stirred solution of PAMAM 1.0 (0.18g; 0.5mmol) in DMF (3ml). The
resulting yellow solution was stirred for 20 hours at room temperature, when a
ninhydrin test was negative. The solution was concentrated (30°/ 0.1mmHg) to give a

15 yellow oil. This oil was partitioned between water and chloroform and the aqueous
layer separated and washed with chloroform (2X) and finally with ethyl acetate. The
aqueous solution was concentrated (35°/ 25mmHg) to give the bromoacetylated
PAMAM 1.0 dendrimer as a yellow oil (0.36g;100% ). _‘3C nmr (D,0): 6 32.8, 333,
43.0,43.5, 54.4,174.5, 176 4.

20
A solution of sodium sulfite (0.2g; 1.6mmol) in watér ('lml)'v.va-s added to a solution
of the bromoacetylated PAMAM 1.0 dendrimer described above (0.36g; 0.5mmol) in
water (5ml) and the solution left to stand at room temperature for eleven days. The
Yyellow solution was concentrated to give a yellowish solid (0.60g). B¢ nmr (D,0):

25 34.4,43.1, 43.4,54.0,61.7,171.3, 177.2.

The above reaction sequence could be carried out without isolating the
- bromoacetylated dendrimer by simply adding the sodium sulfite solution to the crude
| aqueous extract obtained from the first reaction.
30 |



EXANPLE 2 Preparati on of sodi um sul foacetam de term nated dendri ners.

PAM%% A sol ution of 4-nitrophenyl brﬂmﬁﬁ@ﬁlﬂkﬁ
(0 409; 1 mlr%'% I'n dry DMF (1 m) was added to a stirre

solution of PAMAM 1.0 (0.18g; O0.5mmol) in DWF (3m ). The

resulting yellow solution was stirred for, 20 hours at roomtenperature,
when a ni nhydrin test was negd& ve. The sol ution was
concentrated (30[err]/ O.lmHg) to give a 15 yellow oil. This oil
was partitioned between water and chl orof orm and the aqueous .

| ayer separdBed aPAMANMIZA with chloroform (2X) and finally with ethyl
acetate. The aqueous solution was concentrated (35[err]/ 25mHg)
to give the bronpacetyl at ed PAVAM 1.0 dendrinmer as a yellow oil
(0. 36g; 100% [erme%rﬁr (Dlerr]O: 632.8, 33. 3, 43.0, 43.5,
54.4, 174.5, 176.4 A solution of sodiumsulfite (0.2g; 1
.6mol) in water (1m) was added to a solution of the

brom)acetyl ated PAMAM 1.0 dendri ner descri bed above & 3613 Q. 5nml
water (5mJ and tésolioniaf drnitrepheny) braragasetate (Oolde: 0 indey PMF r@lmas

ol 14 (TB.esog) 1 045 S5 p ofl Pehog By PRMESES SO, léée@l*inﬁimeaﬁﬂy@r@iv’faﬂs“

61.7, 171.3, 177.gsulting yellow soluuoﬁhﬁs%ﬁﬁ‘é& fézemnw@aﬁeame dwhén a
carried out WlthOUt i solating the br onpacet yl ated dendri ner by

sinply adding t hemsbmrmﬂeswas negative. Fhegsolution: was thenjadded with swirling ta)watstis

g)&-/r Zﬁéﬁggihged J i 58 E ;nsx;[cturrg &xtra ¢ Ic?ed m‘oig chloroform (3()% gtgyll%;etate A sq_})uuo

PAVAM 2. 030 of sodium sulfite (0.1g; 0.8mmol) in water (1ml) was added to the crude -~ - '
bromoacetylated dendnmer solution and the mixture allowed to stand for three days
at room temperature. The yellowish solution was then concentrated to give a yellow
solid residue, which was purified by gel filtration (Sephadex LH20; water) to give
the sodium sulfoacetamide terminated PAMAM 2.0 dendrimer (103mg). 1°C nmr

15 (D,0): 0 33.0, 35.7, 36.0, 37.7, 40.3, 43.0, 43.2, 53.4, 53.7, 56.0, 61.6, 171.2, 174.6,
. 178.5. '
Method 2:
20

Solid succinimidyl acetylthioacetate (67mg; 0.33mmol) was added to a solution of
PAMAM 2.0 (SZxﬂg; 0.05mmol) in dry DMF (2ml) and the resulting solution stirred
at room temperature for two days. The mixture was then concentrated (30°/ 1073
mmHg) to givé an oily residue. The residue was partitioned between water and
25 chloroform, and the water layer separated and concentrated to give a viscous oil
(117mg). Y and '3C nmr showed the oil to be a mixture of the acylated dendrimer
and N-hydroxy succinimide. Gel filtration (Sephadex G10; water) provide a pure
- sample of the acetylthioacetamide terminated PAMAM 2.0 dendrimer (29mg). Be
nmr (D,0): 8 34.0, 34.2, 37.3, 43.0, 43.1, 43.3, 53.5, 54.0, 56.3, 1754, 177.2, 177.5.
30 '



Met hod 1: W 98/03573 A sol ution of 4-nitrophenyl bronpacet at epCo9at8900447

0. 7mmol ) in dry DVF (1nm) was added to a stirred solution of
PAVMAM 2.0 (0.10g; O.lmmol) in DMF (3m ). The ' resul ting yeIIow
solution was stirred for 20 hours at roomv@rrperature when a

ni nhydrin test was negative. The sol ution S then added with swirling to
wat er (150m ) and the mxture extracted with chloroform (3X) and
ethyl acetate. A solution 10 of sodiumsulfite (0.1g; 0.8mmol) in

wat er (Im) was addddsolaticnhef the ableve functionalised dendriowet in W%taqdeaixsrfdmlmcld (7m1)

solution and the m xture al]Jowed to st r thre
tenmperature. The yewaémwdés E&%wewa@%f& %ﬂ@&ﬁf&aﬁ% of Ber&%c 3013&1 {E5moD

fgl IQ?V-reeSI ue, whie femélgp rum ‘ﬁﬁ’r oace?1 JL'&{ erm naé%@iwi&e%ﬁ%ﬁw |

(103ng) . [err] C nnT hdirs at roont Q&Cﬁeratﬁﬁfﬁdsn?ﬁl zﬁn&ﬁt%fa&@va@ad charcoal was then added to
37.7,40.3,43.0,43.2, 53.4, 53.7, 56.0,61.6, 171.2, 174.

Met hod 2: 205 decomp;zsbﬁ-d}’ exgess mldmemtwt smﬂruhfoeﬁatrmn(lmﬂgpn ﬁltered and o
.0.33nmml ) was added to a solutio - PAVMAM 2.0 (52ng; 0.05nmmol)
in dry DVF (2m) an8°‘fq?ﬁtr?"€§6?$ﬁvﬁ§"§5’l°ﬂf?’8n stirred at room

tenperature for two days. The m xture was then concentrated
(30[err]/10[err] nMHg) to give an oily residue. The residue was

partitioned betweenThetridepnstiutbwas dissoled 1 witer, the pmdd}dstedmve!rwithmneous
separated and concentrated to give a_ viscous oil (117mg). [err] H

and [err] C nnt showsetliemdiearbonate il the material desalted by passpze throughoeelumayof

b Y 0 Sl R RS IR i e

dendri mer (29”9) %Seﬁlrgsmplcallg essenuily the Bhide ak Bl mﬁt‘éﬁﬁﬂob%ﬁn&l b)?’fhe&md317 13¢ nmr
43.0, 43.1, 43. 4, 177. 2, WO 98/ 03573

PCT/ AU97/ 00447 (D,0): 6 33.0, 38.7, 42.9, 43.0, 43.1, 53.9, 543 565 61 6 17102, 176.4, 177.0.
A solution of the above functionalised dendriner in 40% aqueous formc acid
(7m) was then added to an ice cold freshly prepared sol ution of

performc acid (1 .6muol) EXAMPLE 3
15

Preparation of sodium sulfosuccinamic acid terminated dendrimers
A PAMAM 1.0

20 Solid maleic anhydride (0.11g; 1.1mmol) was added to a stirred solution of PAMAM
1.0 (0.12g; 0.33mmol) in dry DMF (3ml). The mixture became a little warm and
brownish as the aﬁhydride dissolved and the resulting solution was stirred overnight
at room temperature. The solution was then concentrated (30°/1 0'4mmHg) to givea
viscous oil. 'H and *C nmr (D,0) showed complete conversion of the PAMAM 1.0

25 to the trisamide together with some maleic acid. "*C nmr (D,0): 33.1, 42.8, 43.1,
54.3,135.0, _137.1_, 169.1,171.9, 173.3. -

The crude trisamide was then dissolved in water (4ml) and solid sddium sulfite
(0.20g; 1.6mmol) added. The resulting solution was allowed to stand at room

30 temperature for four days and then concentrated. 'H and 13C nmr (D,0) showed a



in formc acid (2m). The m xture was stirred for one hour at 0 and then
for twent hours at roomtenperature. A snall ,
acti vat eﬁeﬁa@wa was then added to 5 deconpose any@g@s@oﬁg aci d,
the m xture stirred for 30 mnutes then filtered and

concentrated to give a viscous oil. The crude product was

di ssolved in water, the pH adjusted to-206 wi th aqueous sodi um
bi carbonate and the naterial desalted by passage through a colum of 10 -
Sephadex G 0. A white solid (20ng;) was obtained after |yophylisation which
was ' SP4 Ghixfiire 0P tHetebiOhteitisodiuny stlfiRucdi@midaciderminated PAMAM * <
obtained by nmethod 1. [err]C nhr (Dlerr]Q: [err] 33.0, 38.7,
42.9, 43.0, 43.1].05endrimsrs together with ame sulfosucciniciaril. ZThe ppydegproduct was

conirtmers " PRGNt AR S0 e B GRS
| .1 mmol) was adgﬁ%ﬁ?@n ilbra_Erﬁjteﬁﬂidi{ddWA@‘l. drimers (107mgd: gdﬁnﬂ-@DZ'O):' 3

0.33mmol ) in dr m xture becane a little warman _

browni sh &s the 886B3d89.6c4010s409)43]1,:5410,1679, 1685, 173.801 7603, Ui77c6; 1848. stirred
over ni ght at room tenperature. The solution was then
concentrated (300/10[err]mHg) to give a viscous oil. [err]H and
[err] C nnr £ D20 iRﬂQﬁﬂZﬁonpl ete conversion-of the PAMAM 1.0 25 to the
trisamde t gethgr Wi ‘Some maleic acid. [err]Cnnr (Derr]O:
633.1,42.8,43.1, 54.3, 135.0, 137.1, 169.1, 171.9, 173.3.

The crude trisam de was then dissolved in water (4m ) and solid sodi um
sulfite A mixture ©f theregipissmyericcrodinm yelfospeainamicagiderminatad

al | oned stand,at, rqom 30 t eppenat ur e, for f da n .
concentr ;6 ed. [ e?'ﬁ] qqngﬂﬁlefse‘?’ﬁ Efeﬂ?ﬁeggbf’%ﬁﬁp &9 ag%&/\emgf . i‘iﬁ% ‘937‘%}5%
PCT/ AU97/ 00447  a5id derivative (D,0): & 32.8, 33.0, 38.7, 42.9, 53.8, 54.3, 56.5, 135.2, 136.8, 169.2,
171.9, 173.5, 174.6. 1°C nmr PAMAM 2.0 sodium sulfosuccinamic acid derivatives
(D,0):  37.0, 40.1, 41.1, 43.0, 43.2, 43.9, 53.0, 53.3, 55.5, 68.0, 69.4, 173.8,
177.6, 179.1, 179.5, 179.8, 182.3.
15

C PAMAM 4.0 BRI6038

Solid maleic anhydride (60mg; 0.6mmol) was édded to a stirred solution of _
PAMAM 4.0 (51mg; 0.01mmo}) in dry DMF (2m!). The mixture initially became
20 cloudy but soon gave a clear solution which was stirred overnight at room
temperature. The solution was then conéentrated (35°/10* mmHg) to give a
viscous oil. 'H and C nmr (D,0) showed complete conversion of the PAMAM
4.0 to the polyamide together with some maleic acid. The crude polyamide was
then dissolved in water (2ml) and a solution of sodium sulfite (126mg; 1.0mmol) in
25 water (2ml) added. The resulting solution was allowed to stand at room
temperature for two days and then concentrated. 14 and 3C nmr (D,0) showed a
mixture of the regioisomeric sodium sulfosuccinamic acid terminated PAMAM 4.0
dendrimers together ﬁth some sulfosuccinic acid. The crude product was purified by
' gel filtration (Sephadex LH20; water) to afford a sample of PAMAM 4.0 terminated
30 with 24 regioisomeric sulfosuccinamic acid groups (90mg). "H nmr (D,0): 52.4-



- 20- .}3 m xture of the regioisoneric sodi um sul f Oplg tb3/sbds7
amdtermnated AVA| 1.0 dendrinmers together with sone
sul f osucci ni ¢ aci d. The crude. product was purified by gel
filtration (Sephadex Gl0; water) to afford a sanpl e of the sodium

sul fosucci nanic acid terninated PAMAM 1.0 t&hdri ners (107mg). [err]C nnr
(Derr]O: 5 8 33.3, 39.6,40.0,42.9,43.1, 54.0, 67.9, 69.4,173.8,
176.3, 177.6,181. 8. B PAVAM 2. q A m xture of the

regi oi someric sodi u.6;d. 7-0511;(3(2—31.4;113.@-4&0] abhﬁrrr(DQ@DeﬁBG’.m\M&'Lm.S- 43.0; 432253.5;.
dendri mers was prepared as described ab err]C nm PAMAM 2. 0 mal eam ¢
acid derivative (D %8:68:1;685% 1738; 1377‘3817(7 ,§§877 182.39, 53.8, 54.3, 56.5,
135.2, 136.8, 169.2, 171.9, 173.5, 174.6. [err]C nnr PAVAM 2.0
sodi um sul f osucci nami ¢ acid deri vatives (Derr]O: 8 37.0, 40.1,
41.1, 43.0, 43.2, 43.9, 53.0, 53.3, 55.5, 68.0, 69.4, 173.8,

177.6, 179.1, 179.5, 179.8, 182.3. 15 C PAMAM 4. 0 BRI 6038

Sol i d mal ei ¢c sanhydride (60ng; 0.6mbl) WaEXAMPLEG a stirred solution of
PAMAM 4.0 (51ng; 0.01nmmol) in dry DVF (2m). The m xture initially became

20 cl oudy but soon gave a clear solution which was stirred overni ght

sl orr) /104 mRppas O Bbaat NSRRI B e RS AR e |,

(D20) showed conpl ete conversion of the PAVAM 4.0 to the
pol yam de together with sonme naleic acid. The crude pol yam de was
t hen di ssol vedai n wdrepardtiom of tetrabusylamimenion No(2-sulthicthyl)sucdinamic(acibny;

1.0mml) ¥n 25

to stand at om

water (2m ) added. The resulting solution was all owed
tenperature for two days and then concentrated.

ogi i soner ¢ sodi e L POLIC T (38,5 0gmel HeS g g it sluion of

regi oi soneri c sodi um sul
dendri nmers toget her tstrdblatydammoniun 2<amtinosthylsalfordc adii€1.88grf:0mnenl)int dryas

purified by

gel filtration (Sephadex LH20; water) to afford a

sanpl e of PAVAM 4.0 devénlqwmﬂ@ae 19ml). The sugrinfe anbydede gowdydisslved and the resulting
sul fosuccinam ¢ aci &) AiOURRG6R W stirrkd HYdrhight e doBhtehlpRature SThd nifwiire was filkfred

98/ 03573
PCT/ AU97/ 00447
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25
b
30

and the filtrate concentrated to give a viscous oil (2.41g). 13Cdmr showed complete
conversion to the desired monoamide together with a small amount of succinic acid.
Repeated precipitation of the product by dropwise addition of a dichloromethane
solution to a large excess of diethyl ether gave tetrabutylammonium N-(2- | '
sulfoethyl)succinamic acid as a white solid (1.762g; 76% ), mp 125-127°C. ' H nmr
(CDCly): 8 0.86 (t, 12h, 4xCH3), 1.28 (m, 8H, 4xCH)), 1.50 (m, 8H, 4xCH,), 2.33
(m, 2H, CH,COOH), 2.44 (m, 2H, CH,CONH), 2.76 (m, 2H, CH,NHCO), 3.12 (m,
8H, 4xCH,N), 3.50 (m, 2H, CH,S05), 7.53 (br t, 1H, NH). '>C nmr (CDCL,): §
13.5,19.5,23.8, 30.1, 30.9, 35.6, 50.0, 58.5, 172.0, 174.1.

Preparation of tetrabutylammonium '4-nitrophenyl N-(2-sulfoethyl)succinamate

A solution of dicyclohexylcarbodiimide (45mg; 0.22mmol) in dry dichloromethane
(1ml) was added to a stirred solution of tetrabutylammonium N-{2-
sulfoethyl)succinamic acid (94mg; 0.20mmol) in dichloromethane (2ml), and the



2.6; 2.7-3.1; 3.2-3.4; 3.9-4.0.[err]Cnmr (Derr]O: [err] 36.2; 39.8;

40.5; 43.0; 43.2: 53.5; 55.8; 68.1; 69.5; 173.§; < A77.6;
178.7; 19O%NBT 5 Yorhfatods
Preparation of sodium N (2-sul foethyl)succi nam de term nated dendri nmers

a Preparation of tetrabutyl anmoni um N-(2-sul foethyl)succinamc acid 10

Solid succinic anhydride (0.5g; 5.0mo+22was added to a stirred sol ution of
t et rabut yl ammoni um 2- am noet hyl sul fonic acid (1 .83g; 5.0mml) in dry
di chl oronet hane (30m ). The succinic anhydride slowy dissolved and the

resul ting ffd w&nﬁieﬁt&%dma% Qitigtsusperisiivas filtered
t enperat ure. Thglﬁ%géngxg‘é&ﬂ% ere0 and tﬁe flglsturgﬁat e

~concentrat ed to agd\ee filtratsconeentvatbd tngM:ghe ¢rade h@iveresteswhich wasnysed wdthout
conversion to the desired nonoani de together with a small amount of
succinic acid. further purifi 1cali@iheat ed preci pitation of the product by dropw se
addi tion of a dichl oronet hane : solution to a | arge excess of

di et hyl ether gave tetrabutylamoni um N ( 2-

sul f oet hyl )ASUCClméﬁﬁﬂlmﬁkodmmm-kﬂfmﬁyl)ku(;&nﬁﬁﬂiy terffitdated PAMAM dendrimers
125-127[err]C [err]H nmr 20 (CDC[err]): 8 0.86 (t, 12h, 4xCH3), 1.28
(m 8H, 4xCHerr]), 1.50 (m 8H, 4xCHerr]), 2.33 (m 2H, -

CH2COOH), 2.44 Mmﬁz%ﬁ 76 (m 2H, CH2NHCO, 3.12 (m .
8H, 4xCH2N), rj), 7.53 (br t, [err]H NH). 13C nnr
(ChC[err]): [err] 135 ,19.5, 23.8, 301 30.9, 35.6, 50.0,

58.5, 172.0, 174.1. 25 ' Preparatlon of tetrabutyl amoni um
4-ni trophenyl N-A Bolatibh oétheydril@netmhuturmommn 4-nitrophenyl NR2ut i on of

(1) veld Berdon osaimer gty (- 7GmaD oy DNE (150 s R 8 st soluion

sy Ie Foethyl) succigpprMAM 4D (51'HHg; o RRMID disddlved ifi 509 AfROUS DME {5inl) arditbe

resulting yellow solution stirred overnight at room temperature. The mixture was
‘then concentrated (35°/1 03 mmHg) and the yellow residue partitioned between

| water and chloroform. The water léycr was séparated, washed with chloroform (2X)
15 and ethyl acetate, and then concentrated to gii/e‘a yellow oil (134mg). The crude
| product was converted to the sodium salt by passage' through a column of Amberlite
IR 120(Na) to yield 85mg of material. This material was further purified by gel
filtration (Sephédex LH20; water) to give the sodium N-(2-sulfoethy1)succinamide
‘terminated PAMAM 4.0 dehdrimer (45mg). 3¢ nmr (D,0): 8 33.2, 33.6, 35.5, 39.0,
20 39.5,42.8,43.2, 53.8, 54.1, 54.4, 56.6, 176.5, 176.9, 177.2, 178.9, 179.4.

The corresponding PAMAM 1.0 and PAMAM 3.0 (BRI2785) dendrimers terminated

with sodium N-(2-sulfoethyl)succinamide groups were similarly prepared.

25 13 nmr PAMAM 3.0 derivative (D,0): 5 33.4, 35.5, 39.0, 39.5, 42.9, 43.2, 53.8,
54.1,543, 56.5, 176.4, 176.9, 177.4,178.9,1794. |
13C nmr PAMAM 1.0 derivative (D,0): 8 34.9, 35.5, 39.5, 42.9, 43.1, 53.7, 54.1,
179.0, 179.1, 179.3.

30
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m xture stirred overnight at roomtenperature. The resulting suspension was
filtered and the filtrate concentr, q%ted to give the crude active
ester, which was used w t hout furtter purification. 5 A
Preparation of sodium N (2-sul foethyl)succinam de term nated PAVAM

dendri ners PAMAM 4. 0 BRI 2786 . A solution of the
crude t et r abut yBanmoRreparation;of sedinmy+(21qulfoethyPsuccinamidg tevminated)miylysinamat e
(0.30mmol) in dry DM (dn) was added to a stirred solution of
PAVAM 4.0 (51.5ng; OO )s di ssol ved in 50% aqueous DMF (3nml) and the
resulting yellow solution stirred overnight at roomtenperature. The

m xture was ~ then concentrated (35[err]/10[err] mHg) and the
yel l ow resi due parti Bibklgstybdysabsglys;s BRI2789 water and chloroform The
wat er | ayer was separated, washed with chloroform (2X) 15 and et hyl
acetate, and fhen concentrated to give a yellow oil (134ng). The crude

duct t di It b e th
Aper 1 ie s oo et ke i3 s Beel S5 SSpcosionof BHAG Sl duseDBL g
was further purifieddsyshg!s. Oumol) in dry dlt:hlbi'drﬂéth% @ﬁp&g{e@% r%]sgftgxg %ﬁk}&kﬁ%&gd at

gi ve the sodi um N-(2-sul f oet hyl ) Succi"nam d
dendrimer (45ny). [emo}rﬂe:npera(tﬁ*emdi:ﬂ)ltrogmfo}wo RoGi3.afhd thtn condéhntfited? The residue
176.5, 176.9, 177.2, 178.9, 179. 4.

‘?’geSCOfrzegpgﬁdl thI%A%ﬁ?\)‘?lfs‘é ﬁ'&qwﬁﬁg @mdmndthe o adinstnd tedk-S withitriethylamine. A
e vt J%Aﬁéggg@&??éﬁ@%ﬁf%?&w%%% ogRenfiluaPLCP0" 0, o

42.9,43.2, 53.8, sulfoethyl)sictiranbde Gadb0.2mmdly fr BMSO 1) was then added dropwise and
177417891794 [err]C nnt PAMAM 1.0 derivative (Derr]O:

[err] 34.9, 35.5, 39. sthg migturesinred @@nnghm raom temperature. The wellwsamtmpm tBen
concentrated (50%10" mmHg) and the yellow residue partitioned between water and

chloroform. The aqueous layer was separated, washed with chloroform (3X) and

15 ethyl acetate, and then concentrated to give an oil (99mg). The crude product was -
converted to the sodium salt by passage through a column of Amberlite IR 120(Na)
to yield 81mg of material. This material was further purified by gel filtration
(Sephadex LH20; water) to give the sodium N-(2-sulfoethyl)succinamide terminated
BHAlyslys,lysylysglys; ¢ dendrimer (39mg). B¢ nmr (D,0): 627.0, 32.3,35.2, 35.3,

20 35.6, 3'5.7, 39.5,43.5, 54.1, 58.5, 131.5, 132.0, 133.3, 145.1, 177.8, 178.0, 178 4,
178.8,178.9, 179.2, 179.7, 179.8. |

'_I‘he corresponding BHAlyslys,, BHAlyslys,lys, (BRI2787) and BHAlyslys,lys,lysg
25 | (BRI2788) terminated with sodium N-(2:sulfoethyl)succinamide groups were
similarly prepared. i ,
13C nmr BHAlyslys,lys,lysg derivative (D,0): 8 26.9, 32.3, 35.1, 35.3, 35.6, 35.7,
39.5,43.5, 54.1, 58.5, 131.6, 131.9, 132.2, 132.3, 133.2, 133.3, 145.0, 145.2, 177.2,
177.8,177.9, 178.0, 178.2, 178.3, 178.6, 178.7, 178.8, 178.9, 1792, 179.3, 179.7,
30 179.8.
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B Pr eWO9%8{0B3%13 of sodi um N-(2-sul f oet hyl ) succi nani de terwé[‘é%m"
pol yl ysi ne dendri ners

BHAl yslys[err]lys[err]lys[err]lys[err] BRI 2789 5

Trifluoroacetic acid (1m) was added ta @ Ssuspension of

BHAI ysl ys2l ys4l ys[err] DBL[ err] (36.5ny; 5.0[err]nol) in dry
di chl oronet hane (1m ) and the resulting solution stirred at

room t enper at ur et Ofiert %[% '
resi due %%fy@%@?y& fert P’g?‘%&@o rr?’) aﬁggnﬁgggﬂgggdassge to
8.5 with triethykssi g1, $8.5161.8, 13175131210, umzpmznasea;den 145.0, 145.1,177.3,
t et rabut yl anmoni um 47 ni tro hen & oet hyl )suc0| nanat e

(ca. 0.2mol) nlIS\de'(s.Liid1)78vda§78ﬂe 7884 E19-0r 1793 §89f3nél798 t he

m xture stlrred@yrnl [oLht t hen
concentrated (50 %}E@fyﬂys Y%&btgpg @%?gh% ?’g‘*sil %f’gagra t? 08W§§1

bet ween W?t er a“§5 ,35.6 357 39.5 34,041,158, @” fm $9YEIUE3 1.9V mszsemat ed,
washed h chl oro orm (3X) and 15 hyl acetate, and then
concentrated to ¢44.9, h450,|l77('&9ﬂ§)4 1788, t7916.el7ﬁr30d8010 was ‘
converted to the sodiumsalt by passage through a columm of Anberlite IR
120( Na) to yield 81ng of material. This material was further

purified by gel filtration lﬁ)@?ﬂﬁ?}f!@ LH20; water) to give the
sodi um N- (2-sul foet hyl ) succi nam de term nate
BHAIysIys[err]Iys[err]lys[err]lys[err] dendr|mar (39rrg) [err] C nnr (D20):

[err] 27.0, 32.3, 35.2, 35.3, , 35.7, 3 33 5, 54.1, 58.5,.
131.5, 139. Brepayatign of sedium i—wlfsphsrrﬂfm“&wenmmm dendrimery 73 g’ 17g. 9,
179.2, 179.7, 179.8. The correspondi ng BHAl ysl ys2,

BHAI yslys[err]lys[err] (BRI 2787) and BHAl yslys[err]lys[err]lys[err] 25
(BRI 2788) terminated with sodi um N ('2-sul foet hyl)succi nam de groups were
simlarly prepared. err] C nnr BHA ysIys[err]lys[err]lys[err]
derivative AD20) PAMAM 415 BRI 13 35.1, 35.3, 35.6, 35.

15 | Solid sodium 4-sulfophenylisothiocyanate monohydrate (500mg; 1.96mmol) was
' added to a solution of PAMAM 4.0 (300mg; 0.0582mmol) in water (10mi) and the

resulting solution heated under nitrogen at 5 3° for two hours and then cooled. The
solution was concentrated and the yellow solid residue purified by gel filtration
(Sephadex LH20; water). The pure fractions were combined and freeze dried to give

20 the sodium 4-sulfophenyltlﬁourea terminated PAMAM 4.0 dendrimer as a fluffy
white solid (370mg). H nmr D;0):562. 28 2.52;2.69; 3.15; 3.27; 3.60; 7.32 (4,
J=9Hz); 7.72 (4, J-9Hz) C nmr (D,0) : §36.9; 41.1; 43.1; 48.3; 53.6; 55.8;
129.0; 131.1; 144.4; 178.5, 179.1; 184 .4.

25 The corresponding PAMAM 1.0, PAMAM 2.0 (BR12790), PAMAM 3.0, and
PAMAM 5.0 (BRI2991) dendrimers terminated with 3, 6, 12, and 48 sodium 4-

sulfophenylthiourea groups respeqtively were similarly prepared.



39.5, 43.5, Wwékwessbl 5 131.6, 131.9, 132.2, 132.3, 133.2, 133pCrAldiodds7

145.2, 177. 2, 177.8, 177.9, 178.0, 178.2, 178.3, 178.6, 178.7,
178.8, 178.9, 179.2, 179.3, 179.7, 30 179. 8. WD 98/ 03573

PCT/ AU97/ 00447 _ - 24-

[err]C nnmr BHAl yslys[err]lys4 derivative (‘Igé()) 6
26.9,32.3,35.1,35.4,35.7,35.8, 39.5, ~ 43.5, 54.1, 58.5, 61.8,

131.7, 132.0, 132. 2', 132.3, 133.2, 133.3, 145.0, 145.1,177.3,

178.0, 178.3, B78. APAMAM/4.01EPA), BRIG04S 179.3, 179.7, 179. 8.

[ferr] C nnmr BHAl yslys[err] derivative (D20) [err]
26.9,27.1,32.2,32.3,34.7,34.8, 35.1, _ 35.3, 35.6, 35.7, 39.5, 43.4,

L' 5% 51 S i (5005000

EXANP!—E S 10 Pr epﬁd&h't@a s@fuﬁ%ﬁ@f?ﬂMAM'hﬁﬁ(MCGQﬂngou O@ﬁuﬁcﬂ)iﬂ\i}%ﬁ(hml) and the
dendri ners M 4.0 BRI 2791 |id sod

4-sul f opheny5i sot hi mvlangtselunondlhqtdd anéer(rsmm,at 53?93]11’&Wb)llom$and then cooled. The
added to a solution qf ,PAMAM 4.0 0 . 0. 058 1) ic ter oni, d

the resul %q?\afgorswmqrﬁﬁnfﬂ@sc? R R en s pad el ey (Eppadex
hours and t hen cool | Ao gtel] :

yel l ow solid resi due pu’r engB Léreelﬁ-%ﬁwgr g’?{}oérml& E %ggﬁgﬁﬂ%n’gﬁ%” AM
water). The pure erOttemﬁﬁafe&M&tmﬁﬁdhﬁd 4ssulfoph@rtthictikéacgtonpss a3 a/RuffY white solid
t he sodi unr 4-sul f ophenyl t hj ourea term nated PAMAM 4. 0 dendrinmer as a fluffy

white solid (370rrg)(135mgm H pegXD,0x & R.30; 260; 2.7623.18; 362; B33 61, J39Hz7); 792dd;
7.32°(d, =

Jooke) - fertc nm TRy 65 @ohied 36 81 0 Tl 484:40. 5555 19434 00144,

129.0; 131.1; 144. 4178138790,18:51; 184. 4.

C BHAlyslys,lysylysglys;s BRI2792

15 Trifluoroacetic acid (4ml) was added to a suspension of BHAlyslys,lys,lysgDBL;¢
(0.73g; 0.1mmol) in dry dichloromethane (4ml) under nitrogen. A vigorous evolution
- of gas was observed for a short time and the resulting solution was stirred at room
temperature for two hours and then concentrated. The residual syrup was dissolved in
water (5ml), the solution passed through a column of Amberlite IRA-401(OH) and
20 the filtrate concentrated to give BHAlyslys,lys,lysglys; ¢ as a viscous oil (0.49g). The
| oil was redissolved in water (5ml) and N,N-dimethyl-N-allylamine buffer (pH 9.5;
3ml) added. Solid-sodium 4-sulfophenylisothiocyanate monohydrate (1.30g;
5.1mmol) was then added and the resulting solution heated under nitrogen at 53° for
two hours and then cooled. The solution was concentrated and the brownish solid
25 residue purified by gel filtration (Sephadex LH20; water); The pure fractions were |
combined, passed through a column of Amberlite IR 120(Na) and freeze dried to
give the sodium 4—sulfophenylﬂ1i6urea terminated BHAlyslys,lysglysglys¢
dendrimer as a fluffy white solid (374mg). H nme (D,0) : 5 1.40; 1.72; 3.08; 3.42;
4.24; 4.60; 7.30; 7.40 (d, J=0Hz); 7.78 (d, J=9Hz). 13C nmr (D,0) : § 27.3; 32.5;
30 35.9;43.7; 48.9; 58.6; 63.3; 128.8; 131.0; 143.7; 144.7; 145.1; 177.7; 178.1; 183.8;
185.2.



25 The correspondi ng PAMAM 1.0, PAMAM 2.0 (BRI 2790), PAVAM 3.0, and
PAMAM 5. 0 (BR12991) dendriners termnated with 3, 6, 12, and 48 sodi um 4-
sul f ophenyYPABBIN3a groups respectively were sinilarly prepXC@AUI70047,
98/ 03573 _
PCT/ AU97/ 00447 -25 - B
PAVAM 4.0 (EDA) BRI 6045 SeRéd sodi um
4- sul f ophenyl i sot hi ocyanat e nonohydrate (130ng; O0.5mmol) was
added to a solution of PAMAM 4.0 (EDA) (69nmg; 0.0l mmol) in water (4nm) and
the 5 res | ' | - f

UHe Me%ﬂ%d&ﬁﬂﬂ)ﬂ%l?%ﬂ}%ﬁ ,i mmy%g%gqg%&%ﬁsiggk S(BRI2YS),

hours and then cool ed. sol’ullt on as and the
solid residue purandiBidAlyslyselysflysglysaslyenlysge (BRIZ993) dendrimers temiihi@ed with 16,
wat er). The pure fractions re c Lned.and freeze dried to gi ve RAVAM
10 b i et ol i 250 18 Sodiiah - SFRRIBRENGPtmes s imsE el e Py
white solid pdparﬁd' (136ng). [err]H nmr (D20): [err]2.30; 2.50; 2.70,
3.18; 3.62; 7.35 {e’ =9Hz); 7.72 (d, 13 10

J=9Hz). [&r]C nnmr(D20): [err]36.8; 41.0; 43. 1; 48.4; 53.6; 55.7; 128.9;
131.0; 144.3; : : 178.5; 179.0;_184.5.

BHAl yslys[err]lys[err]lys[err]lys[err] IBRAMBREE 6 15 Trifl uoroacetic
acid (4m) was added to a suspensi on of :
BHAl yslys[err]lys[err]lys[err]DBL[err] (0.73g; O.lmmol) in dry

di chl or onet prepardfivn of SetinmB,6/diGilfonadthyliRioaita RvRinttéddendrimers  Of
gas was observed for a short tinme and the resulting solution was stirred at

room tenperature for two hours and then concentrated. The

resi dual rup 1,550] Vel water (5m ), the solution passed
t hr ough aﬁ%/(ﬁ uﬁ&ﬂmgrqi1§$M401(w and 20 the filtrate _

concentrated to give BHAlyslys[err]lys[err]lys[err]lys[err] as a viscous
oil (0.49g). The oil was redissolved in water (5m) and
NN- di net hyl - N- al |Sdlidrsodimni 3j6-disulfgrdpthylisothiocyanate (16081g; 0.4l dunol) waslaidded to a

S0t um 4-sul{ O0heny oLl SRS E o205 300 s o e entd B
v, oyt a0 NGt b Bl 4 PN G BT AL RIZIN RN )

The pure ¥ acti orconventmted and the brown solid residue purified by gel filtration (Sephadex LH20;

water). The pure fractions were combined and concentrated to give the sodium 3,6-

disulfonapthylthiourea terminated PAMAM 4.0 dendrimer as a brownish solid

(73mg). "H nmr (D,0) : & 2.30; 2.60; 2.74; 3.20; 3.57; 7.75; 7.86; 8.28. >

(D20) : 8 35.0;39.9; 43.1; 48.1; 53.8; 56.1; 128.4; 128.6; 129.3; 131.0; 131.3; 136.0;
20 136.8; 138.2; 145.5; 146.0; 177.2; 177.8; 185.5. '

C nmr

The corresponding PAMAM 2.0 dendrimer terminated with sodium 3,6-
disulfonapthylthiourea groups was similarly prepared.

25 B PAMAM 4.0 (EDA) BRI6046

Solid sodium 3,6-disulfonapthylisothiocyanate (220mg; 0.57mmol) was added to a
solution of PAMAM 4.0 (EDA) (74mg; 0.01mmol) in water (4ml) and the resulting
solution heated under nitrogen at 53° for two hours and then cooled. The solution

30 was concentrated and the brownish solid residue purified by gel filtration (Sephadex



conmbi ned, pagsPeRga8fPugh a colum of Anberlite IR 120(Na) and pegazn7dedaed

to gi ve the sodi um 4-sul fophenyl t hi ourea term nated

BHAl yslys[err]lys[err]lys[err]lys[err] dendrinmer as a fluffy

white solid (374nmg). Hnnr (Derr]O: [err] 40 1.72; 3.08; 3.42,

13 4.24; 4.60; 7.30; 7.40 (d, =3 778(d J=9Hz) . [err]C

nn. (Djerr]O: [err] 27.3; 32.5; 30 35. 9 43.7; 48.9; 58.6; 63.3;

128.8; 131.0; 143.7; 144.7; 145.1; 177.7; 178.1; 183.8; 185. 2.

WD 98/ 03573 LH20; water). The pure fractions were combined and concentrated to give PAMAM

PCT/ AU97/ 00447

The correspondi ng Bi:f mgazﬂ/wh?@ssodw &ﬂ‘%@%ﬁ@%@%ﬁéﬂ‘m ?@g@? selid

BRI 2992 .
(BHAI ysl y?s[ err]lys[er r]mg er r%gf%q)rﬁ%/g?e% r8?1 ?e:srﬁ ( o ZQ%)% zc?endrl rrer@zo)'
termnated with 16, §36.0;40.8; 4%%, 4%@3162%559%129@ 24 mgmemla 1360 €36.8; 138.3;

groups respectively were si m | ar y " prepar ed.
EXAMPLE 6 5  Prepdbdt;ild6.00178201856.3, 6- di sul f onapt hyl t'hi ourea term nated
dendri ners 10 A PAVAM 4. 0 BRI 2923 Solid sodium

3, 6-di sul fonapt hyl i sot hi ocyanate (160ng; 0.41 mmol) was added to a
solution of PAMAM 4.0 (51ng; O0.0lmml) in water (3m) and the resulting

sol ution heat ed under nitrogen at 53[err] for two hours and then
cool ed. The solgiti orBNASyshB,lys,lys BRIZIYYt ed and the brown solid residue
ourified by gel filtration fSeph o Lo water). The pure

fractions were conbi ned and concentrated to give the sodium 3, 6-
di sul f onapt hyl t hi ourea term nated PAMAM 4.0 dendrinmer as a browni sh solid

13 73 _
357 7,75 9( 86@23 iggrﬁol[rghrcrefm a&@[(%n]ﬂs added l(id a gus?gns(;(?r} jﬁﬂgtgagig}%s&rysg@s DBL,6

48.1; 53.8; 56.1; 11%3mg; Q,Q&namlmmirg ;iIChka'ometthQ (231,1!) ugdermitrogen. A vigonms. 8
138.2; 145.5; 148.0; 'evo ZIZIOIZI of §Z57wa§ observea for a short time and the resulting solution was stirred
at room temperature for two hours and then concentrated. The residual syrup was
dissolved in water (5ml), the solution passed through a .cohimn of Amberlite IRA-
15 401(OH) and the filtrate concentrated to give BHAlyslys,lys4lysglys, ¢ as a viscous
oil. The oil was redissolved in water (5ml) and N,N-dimethyl-N-allylamine buffer
(pH 9.5; 3ml)-added. Solid sodium 3,6-~disulfonapthylisothiocyanate (234mg;
0.60mmol) was then added and the resulting solution heated under nitrogen at 53°
for two hours and then cooled. The solution was concentrated and the brownish solid
20 residue purified by gel filtration (Sephadex LH20; water). The pure fractions were
combined, pasScd through a column of Amberlite IR 120(Na) and freeze dried to
give BHAlyslys,lys,;lysglys,¢ terminated with 32 sodium 3,6-disulfonapthylthiourea
groups as a fluffy off-white solid (119mg). H nmr (D,0) : 6 1.0-2.0; 3.18; 3.43;
431;7.22; 7.80; 7.89; 8.25. 13Cnmr(DZO) 827.2;32.4;35.3; 43.7; 49.0; 585
25 63.6; 128.4; 129.1; 131 4; 136. 1 136.6; 138.6; 139.0; 145.1; 145.6; 178.4; 184.8;

186.7.



The correspondi ng PAMAM 2.0 dendrimer terninated with sodium 3, 6-
di sul fonapt hyl t hi ourea groups was simlarly prepared. 25 B 5}5
Rt uoss:S Grav

( EDA) BRI 6% Solid sodium 3, 6-di sul fonapt hyl i sof
(220nmg; 0.57mml) was added to a : sol ution of PAVAM 4.0 (EDA)
(74mg; 0.0lmmol) in water (4m) and the resulting . solution heated

under nitrogen at 53[err] for two hours-238d then cool ed. The solution 30
was concentrated and the brownish solid residue purified by gel filtration
( Sephadex WO 98/ 03573 :

PCT/ AU97/ 00447 EXAMPLE 7 -27 -

LH20; water). The pure fractions were conbi ned and concentrated to give o
PAVAM 4. 0 termnated with 32 sodi um 3, 6-di sul fonapt hyl t hi our ea
groups as agan sg 4- i

13 w sofliym A-sulfanapthy ghiggres tegginated dendrimers ; 1. 7. g,
8.25. C nmr (DZO) [err] 36.0; 40.8; 43.1; 48.3; 53.6; 55.9;
128.5; 129.4; 131.0; 131.3; 136.0; 136.8; 138.3; 5 145.5; 146.0;

178.2; 18% PAMAM4.0 BRI2997BHAl ysl ys2| ys4l ys8l ys[err] BRI 2999 10
Trifluoroacetic acid (2m) was added to a suspensi on of
BHAl ysl ys[err]lys[err]lys[err] DBL[err] , (73mg; 0.0l mmol) in dry

di chl or oret @%ﬁg 58&1@1-)4 ﬂﬂ&;a(p[ﬁylfsgﬂﬁg aﬁﬁt\é'(?%rﬁgso Smmol) was ad&‘ﬂqglétsbﬂﬂlo?{?f

gas was observ or a e and esurting lon was stirre
at room t emPAMAM &.0 (31 nig)0. dmuhsnaﬂdvatéﬂ Qﬁéfxﬂtﬁf&h&lﬂﬁ mﬁferﬂstﬁigematgp
was di ssolved I1n water (5m ), the solution passed throu

col urm of Afertwa hours spud theg cooled. Thegwatepmyas distilles anden reduged m@ﬁiﬁé@n? rom g to
The oi | vite "R BpRtavon prsdbe BEC a5 i PeniRBe Prablf BY ReL Moo (SeptBies o
(pH 9.5; 3 ml)qual Qhitkr). 9He! phiré Bdttiths3vére Conibidcamaiftibe dREdiPsva AR diwd 407;
sulfonapthylthiourea terminated PAMAM 4.0 dendrimer as a fluffy white solid (60mg). 1H
nmr (D,0) : & 2.20; 2.60; 3.14; 3.48; 7.23; 7.47; 7.56; 7.77; 7.93 (d, J=6Hz); 8.56 (d,
J=6Hz).>C nmr (D,0) : 5 35.8; 40.5; 43.1; 48.4; 53.6; 55.9; 127.6; 128.6; 130.3; 131.9;
15 132.5; 133.5; 134.7; 140.5; 142.7; 177.8; 178.0; 185.4.

EXAMPLE 8

Preparation of sodium 3,5-disulfophenylthiourea terminated dendrimers
20 _ .
- PAMAM 4.0 BRI6039

Solid sodium 3,5-disulfophenylisothiocyanate (110mg; 0.32mmol) was added to a solution

of PAMAM 4.0 (63mg; 0.012mmol) in water (3ml) and the resulting solution heated under
25 nitrogen at 53° for two hours and then cooled. The solution was concentrated and the

brownish solid residue purified by gel filtration (Sephadex G25; water). The pure fractions

were combined and concentrated to give PAMAM 4.0 terminated with 24 sodium 3,5-

disulfophenylthiourea groups as an off-white solid (110mg). H nmr (D,0) : 6 2.53; 3.08;

3.36; 3.66; 7.90; 7.95. °C nmr (D,0) : & 34.8; 41.0; 43.1; 48.0; 53.7; 56.2; 124.1; 128.6;
30 143.5;148.8; 177.6; 185.0.



0. 60mml ) wasyd bggssdsided and the resulting solution heated undg&raidereean

at 53[err] for two hours and then cool ed. The sol uti on was
concentrated and the brownish solid 20 - residue purified by gel
filtration (Sephadex LH20; water). The pure%gfractlons wer e

conmbi ned, passed through a colum of Anberl4’te IR 120(Nd) and freeze dried
to . give BHAl yslys2lys4dlys[err]lys[err] termnated with 32 sodi um
3, 6-di sul fonapt hyl t hi our ea grougs as a fI uffy off-white solid
(119rmg). Hnm (Derr]O: [err] 1.0-2.0;

13 4.31; 7.22; 7.80; 7.89; 8.25. Cnrrr (D[err]O) [err] 27. 2;
32.4; 35.3; 43.7; 49.0; 58.5; 25 63.6; 128.4; 129.1; 131.4; 136. 1;

33,602 5 7538 -6 pochdlatibfl of $odihfir3, %, sltfiiuffondpHithYithiourea terminatéddendrimers V'O

PCT/ AU97/ 00447 -28 -
EXAVPLE 7 Prepar ati on of sodi um 4- sul fonapt hyl t hi ourea term nated
dendri mers AMKMA@ BRIRPIB 97 Sol i d sodi um

4- sul f onapt hyI i sot hi ocyanate (180ng; O0.5nmmol) was added to a sol ution of
PAMAM 4.0 (5/mg; 0.0l mmmol) in water (5m ) and the m xture heated under
nitrogen at 53gggg lsodmng?% 8 ¥Gsuifonash omﬁé'yaﬁ%l (@S0mgd B Rty wieadded to a
distilled under reduc pressure from he 10 resul t| ng suspensi on and the

of f white sol i sblutien df PAMANM 4.8 (& lpg;dk01hmbl)r aid Nmﬁhﬁhyﬂﬁmnylamﬁzmuffer (pH
wat er). The pure fractions were conbined and freeze dried

h
ot 4 PoBS: rinnnyAen o i b AT ER BRRISHIeT BHRaR ALY T BF rae hiurs and then

5,87 25; 19° e Rtk was offfeplyele uihRrecu Bl phesure o efhedi gripgsqlid. The
nnt (Dlerr]O: re§1d%5} solidA¥asissoPred in Hatet 52159 &d yﬁ?sea thrbdgh @ shdst %oﬁmnlaf)Aﬁnberhte

131.9; 15 132.5; 133.5; 134.7; 140.5; ; 178.0; 185.4
EXAMPLE 8 IR-120(Na). The filtrate was then concentrated and the residue purified by gel ﬁltranon

(Sephadex LH20, water). The pure fractions were combined and freeze dried to give the

sodium 3, 6, 8-trisulfonaphthylthiourea terminated PAMAM 4.0 dendrimer as an off-white
15 solid (102mg). 'H nmr (D,0) : &2.65; 3.02; 3.30; 3.66; 8.05; 8.42; 8.59; 8.67. °C nmr

(D,0) :633.2; 38.7; 43.2; 43.7; 47.8; 54.0; 54.3; 56.7; 131.0; 131.3; 131.9; 135.9; 138.0;

139.6; 143.8; 144.1; 145.6; 176.2; 176.5; 186.0.

EXAMPLE 10
20

Preparation of sodium 4-(sulfomethyl)benzamide terminated dendrimers

PAMAM 4.0 BRI6040

25 Soli.d. 4-1ﬁtrophenyl 4-(chloromethyl)benzoaté (200mg; 0.68mmol) was added to a stirred
solution of PAMAM 4.0 (70mg; 0.014mmol) in dry DMSO (4ml) and the resulting yellow

solution stirred at room temperature for two hours. The solution was then concentrated (1 0'4

mmHg; 400) and the residue extracted with a mixture of water and dichloromethane (1:1).
The remaining solid material was dissolved in DMSO (5ml) and a solution of sodium sulfite

30 (130mg; 1mmol) in water (3ml) added. The slightly cloudy mixture that resulted was left to



Preparation of sodium 3, 5-di sul fophenylthiourea term nated dendriners 20
PAMAM 4. 0 _BRI 6039 Solid sodi um 3, 5-di sul f ophenyl i sot hi ocyanat Oony;
0. 32mmol ) W@g&&ﬂ%d to a solution of PAMAM 4.0 (63ng; O. ot Pf’oﬁ}
water (3m) and the resulting solution heated under 25 nitrogen at 53[err]
for two hours and then cool ed. The sol ution was concentrated and the

browni sh solid residue purified by gel fi30t—+ation (Sephadex &5; water).
The pure fractions wer e conbi ned and concentrated to gi ve PAVMAM 4.0
termnated with 24 sodi um 3, 5- di sul f ophenyl t hi ourea groups as an

of f-white satind fol fdkirdays, [aEef Whichdmé BQAddifie 6 maeredPate5(208) resulted in the

13 3.36; 3.66; 7.90; 7.95.[err]C nnr (%er.r] gl)) . 6 .34.8; 41.0; 43.1,;
48.0; 53.7, fesnatiomofn deartmsageneausyrdlow soluigorg The sglusion ¥85 then concemgted, first

gg{”oig;g | 0044 #5mmHg and 40° then at 10-4mmHg and 50° to give the crude prodyef. The crude

EXAMPLE 9 \ j ' )
S 0y A A by L Mk e B 2 Mgy g

8- tri sul f dhaerinmihgted withh24sodimatde(suMfomethyl)behramide gravpsq24img). t H amr (D,0) : &

| uti f PAMAM 4. 0 (51 no;. Q. I N- di_net hyl - | 1yl am. ff
(ot o 5 20063 0 B §3hadh Ul d 40 BF A Gt 00 b Ba bR
53 f X ) ¥t . - d
onder 1 educ S AHIB A58 5385 BN K135 PPLI L MO R LITEEVITCT e

di ssolved in water (2m) and passed through a short columm of Anberlite
| R-120(Na). The filtrate was then concentrated and the residue purified by

gel filtration . (Sephadex LH20; wat &XAMBEEIre fractions were conbined
and freezg) dried to give the sodium 3, 6, 8-trisulfonaphthylthiourea
term nated PAMAM 4.0 dendrinmer as an off-white 15 solid (102ng).[err]H nnr
(Derr]O: Ziparatididef £silfobehzafiide téimindteiPdeddriflers3. 67. [err] C nnr
(Dlerr]O: [err] 33.2; 38.7; 43:2; 43.7; 47.8; 54.0; 54.3; 56.7; 131.0;
131.3; 131.9; 135.9; 138.0; 139.6; 143.8; 144.1; 145.6; 176.2; 176.5;
186. 0. - :

PAMAM 4.0 (EDA) BRI6116

15 Solid potassium N-hydroxysuccinimidyl 4-sulfobénzoate (100mg; 0.3mmol) was added to a
solution of PAMAM 4.0 (EDA) (35mg; 0.005mmol) in 0. IM pH 8.5 borate buffer (Smi) and
the solution stirred at room temperature for two hours. The resulting milky solution at this
stage had a pH of 4.5. 1M Sodium carbonate solution (1ml) was then added to give a clear
solution which was concentrated to give the crude product as a white solid. The crude

20 product was purified by gel filtration (Sephadex G25; water) to give PAMAM 4.0 (EDA)
terminated with 32 sodium 4-sulfobenzamide groups (47mg). "H nmr (D,0) : 2.25; 2.42;
2.63; 3.05; 3.18; 3.31; 3.38; 7.72 (d, J=8Hz); 7.78 (d, J=8Hz). 13C nmr (D,0) : 6 36.0; 40.4;
43.0; 43.7; 53.7; 55.8;130.2; 132.2; 140.4; 150.1; 173.6; 178.0; 178.5.



EXAMPLE 10 20wo 9sidsepar ati on of sodi um 4-(sul fonet hyl ) benzam decrausroedsed
dendrinmers PAVAM 4.0 BRI 6040 25 Solid 4-nitrophenyl

4- (chl oromet hyl ) benzoate (200ng; 0.68mml) was added to a stirred

solution of PAMAM 4.0 (70ng; 0.014mmol) in V. DMSO (4m ) and the resulting

~yell ow solution stirred at roomtenperature for two hours. The
sol ytion was then concentrated (10[err] mHg; 40[err]) and the residue
extracted with a m xture of water and di chloronethane (1:1). The

remai ning solid material was dissolved i n EXAMPEN 32 and a sol ution of
sodiumsulfite 30 (130ng; 1mmol) in water (3m ) added. The slightly cloudy
m xture that resulted was left to WO 98/ 03573

PCT/ AU97/ 00447  preparation of Sodium N—(4-sulf0|%henyl)propanamlde termima®élt dendrimeésnd
for four days, after which tinme the addition of nore water (2m) resulted

in the formati on of a cl ear honobgeneous-yel |l ow sol uti on. The sol ution
was then concentrated I rst at _25mMHg and 40 then at 10[err] mrHg and
50 to give thé PAM é%f‘@d@?&A) BRI e product was purified by gel
filtration (Sephadex &5; water) to give PAVAM4.0 5 terminated with 24
sodi um 4- (sul forret hyl ) benzam de groups (24ng). H nmr (D20): [err]

13 2.25; 2.6 B
[err]C pm ( DZO)QOII? g?é}unﬁNQ@ suﬁ'oﬁﬁanyga@&lanﬁdg %350gng42n{n|%l) gnd scﬂuﬁ%dﬁhﬂ cEHJonate

135.0; 137.2; 14M6Mmg; ﬂmﬁ) W@adﬂed FUeressively to a stirred solution of PAMAM 4.0 (EDA)
EXAVPLE 11 10 (78mg,%08{ lrrtnlmca)ln in ]:Na#er ?Xmi Ol}ﬁg %easu ti(xjxg sE) rthn rv]%lts%grrgg rﬁgcrlérr{ﬁn'ogen for
' "~ 10 four days and then freeze dried to give a fluffy white solid. The crude product was purified
by gel filtration (Sephadex LH20; water to give PAMAM 4.0 (EDA) terminated with 64
sodium N-(4-sulfophenyl)propanamide groups (206mg). 13C nmr showed a faint trace of
what was taken to be mono alkylated terminal amino groups. l_H nmr (D,0) : 6 2.10; 2.48;
2.58;2.79; 3.20; 7.42 (d, J=7Hz); 7.65 (d, }=7Hz). _13C nmr (D,0) : 836.5;37.9; 41.1; 53.4;

15 55.6; 124.8; 130.9; 143.0; 144.2; 177.4; 178.5.
EXAMPLE 13

Preparation of Sodium 4-sulfophenylurea terminated dendrimers

20
PAMAM 4.0 (EDA) BRI6115

A solution of sodium sulfanilic acid (195mg; 1mmol) in dry DMSO (3ml) was added
dropwise to a solution of N,N'- disuccinimidyl carbonate (530mg; 2mmol) in dry DMSO
25 (4ml) and the résultihg brownish solution stifred at room temperature for 20 hours. A
solution of PAMAM 4.0 (EDA) (75mg; 0.011mmol) in dry DMSO (1ml) added and the
solution stirred for a further 18 hours. The solution was then concentrated under high
vacuum ( lO'SmmHg; 350) to give a yellowish semi-solid. The crude product was dissolved
| in DMSO (4ml) and the solution added to 200ml of well stirred ethyl acetate. The
30 precipitated white solid was collected by filtration and washed with ethyl acetate (2X) and



PAVAM 4.0 (EDA) BRI 6116 15 Solid pot assi um-N— hydr oxysucci ni m dyl

4-sul f obenzoate (100ngy; 0.3mmol) was added to a sol ution_of PW 4.0
(EDA) (33VR98®358)5mmol) in 0.1MpH 8.5 borate buffer (5mi) PGRAUI70p44L
solution stirred at roomtenperature for two hours. The resulting mlKky
solution at this stage had a pH of 4.5. | M Sodi um carbonate sol ution
(1m) was then added to give a clear -3%olution which was concentrated to
give the crude product as a white solid. The crude 20 product was purified .
by gel filtration (Sephadex &5; water) to give PAVAM 4.0 ( EDA) '

E er m] ngt ggemg} 1522)@2 tREHIENER tb givk & SNBRIRAWIRE (ISRUY)STHiS MHorial bk Flnthe? PuriBEBY:
err] 2.25; 2.42;

13 2. 63 gelilfxation (SsphadexyLH2E; W& er) 2o give RAMAMIMZ) (EDAY Eerfninatdd-&ith )32
[err]C nmr (Djerr]Q.: [err] 36.0; 40.4; 1. .43.Q. 43.7; 53.7; .8:.130,2; .
132. 2; 140.seél'%*bsﬁ,%omsyle{eamm(lg%sb. H nonr (a8 §33752.55: 2751 316738 (4,

PCT/ AU97/ 0 X » 13 . . 40 7 43 2- 43 R . . .
EXANPLE. 129 SHe): 763 (4, J=0Ha), G it (D;0) 1 36.3; 40.7,43.3; 43.8: 53.7.35.7. 123.3; 1309;
t er m nat &d 14@9¢146107 £61.4; 178RAVM8l64. O (EDA) BRI 6117 - Sol i d sodi um '

N- (4-sul fophenyl )acryl am de (250ng; 1nmmol) and solid sodi um carbonate
(106ng; 1mmol) were added successively to a stirred solution of PAMAM 4.0

( EDA) (78ng; 0.011nmmol) in water \ resul ting solution was
stirred under nitrogen for 10 four da@%glﬁgﬂfreeze dried to give a
fluffy white solid. The crude product was purified by gel filtration
(Sephadex LH20; water to give PAMMM 4.0 (EDA) term nated with 64 sodi um
N- ( 4- sul f ojfreparationmf MBINdrimgtbylgly ci0bids) chi¢ride {etminateddenduinersai nt

trace of what was taken to be nono al kylated term nal am no groups. H
nm (D230 [err] 2.10; 2.48; 2.58; 2.79; 3.20; 7.42 (d, J=7Hz); 7.65

(d, J=7Hz) Ba.&%sgg%iy%% ﬁmsgﬁ65 37.9; 41.1; 53.4; 15 55.6; 124.8;

130.9; 143. 17/8. 5.
EXAMPLE 13

Trifluoroacetic acid (4ml) was added to a suspension of BHAlyslys,lys,lysgDBL, ¢ (220mg;

30xmol) in dry dichlorbmethane (2ml) and the resulting solution stirred at room temperature

15 under_ nitrogen for two hours and theg concentrated. The residue was dissolved in dry
DMSO (5ml) and the pH adjusted to 8.5 with triethylamine. Solid 4-nitrophenyl N,N,N-
trimethylglycinate chloride (0.50g; 1.8_m_mol)was then added and the mixture stirred
ovemnight at room temperature. The cloudy solution was then concentrated (50°/10™ mmHg)
and the residue partitioned between water and dichloromethane. The aqueous laS'er was

20 separated, washed with dichloromethane (3X) and ethyl acetate, and then concentrated to
give an oil (1.128g). The crude ﬁroduct was purified by gel filtration (Sephadex LH20;
water) to gi\}e the N,N,N-trimethylglycinamide terminated BHAlyslys,lysylysglys;g
dendrimer (116mg). 3¢ nmr (D,0): & 25.5, 30.5, 30.8, 33.4, 42.1, 56.5, 57.1, 67.5, 68.1,
166.7, 167.0, 167.1, 176.0, 176.2. '

25



Preparati on ovo%9s@3smh 4- sul f ophenyl urea term nated dendri ners ZZECT/AUPHO0A
4.0 (EDA) BRI6115 A solution of sodiumsulfanilic acid (195ng; | muol)
in dry DMSO (3m ) was. added dropwi se to a solution of NN -

di succi ni m dyl carbonate (530ng; 2mmmol) in c-j.?y DMSO 25 (4m ) and the
resul ting brownish solution stirred at roomtéenperature for 20 hours. A

sol ution of PAMAM 4.0 (EDA) (75ng; 0.011mmol) in dry DMSO (1m ) added and

t he solution stirred for a further 18 hours. The solution was then
concentrated under high vacuum ( 10[ er r EXAMPLB3Perr]) to give a

yel | owi sh sem -solid. The crude product was dissol ved in DVMSO (4m ) and
the solution added to 200m of well stirred ethyl acetate. The 30
precipitated ' | o8 L ' | et hyl
Acotate (2X) ‘g’ﬁ]?d}e?m?%dmmbggﬁéﬁﬂﬂﬁm%kﬁiﬁﬂm Rerifitha¥étP &striinkls

PCT/ AU97/ 00447 _ . - 32 -

ether (2X), then dried to give a white powder (275ng). This material was
further purif§ RAMAM 4.8eIBRIG043at i on (Sephadex LH20; water) to give PAVAM
4.0 (EDA) termnated with 32 sodi um 4- sul f ophenyl urea groups (106ngy). H
nnt (D20):[err]2.31; 2.55; 2.75; 3.19; 7.32 (d, . J=9Hz); 7.63 (d, J=9Hz).
[err]C nmr (O 1_.Phs a3 i -0 52fmoh ’ Golutidn-oF:4-130. 9;

5 140.9: 146. b4 Phrby Bfimjaastis @5l @5 o wak'adkicd 10 & Goluld of'4

EXAMPLE 14 trittetipdaratmoniuntfenibiby, abid iodidet (1§4miy 0i5manol) én diyt DMB€4ml) and the
term nat ed dendrjners 10 BHAI ysl ys2l ys4l ys8lI ys%err] BRI 2922 | . .
Tri f1 uor oacet i NEKEYTE stimred at FREM serARRTatUSE BNdEr-ATEPm fosfwerhours. During this time a white

BHAl ysl ysZ1 I rr [r (01240 err Le X n A . .

1 ol or oot WSO SFparalel o e AREGH A softfipRiok PANAM. 3. £(58mg; 9.011mmoD in ary

tenmperature DMF (2ml) was then added and the mixture stirred overnight at room temperature. After
. this time most of the precipitate had dissolved and a ninhydrin test of the solution was

negative. The mixture was concentrated (10'4 mmHg; 300) to give a white solid residue.
The crude product was purified by gel filtration (Sephadex LH20; 10% AcOH) to give
15 PAMAM 4.0 terminated with 24 4-trimethylammoniumbenzamide groups as the acetic
acid salt (89mg). 'H mr (D,0) : 8 1.96; 2.65-2.85; 3.25-3.55; 3.64; 7.92. 12C nmr (D,0) :
6 25.8;33.1; 33.5; 38.7; 43.1; 43.5; 53.5; 54.1; 56.4; 61.2; 124.8; 133.6; 139.9; 153.2;

173.2; 176.3; 176.8; 182.6.

20 The corresponding PAMAM 2.0 dendrimer terminated with 6 4-trimethylammonium

benzamide groups was similarly prepared.
'EXAMPLE 16

25 Preparafion of 4-(Trimethylammoniummethyl)benzamide terminated

dendrimers

PAMAM 4.0 BRI6044



15 under nitrogen for two hours and then concentrated. The residue was

di ssolved in dry DVBO (5ml) and the pH adjusted to 8.5 with

triethyl MR350l i d 4-ni trophenyl NNN- trimethylglyci nECIAY 8P4 e
(0.50g; 1.8mmmol)was then added and the m xture stirred overni ght at room
tenperature. The cl oudy solution was then concentrated (50[err]/10[err] o
nrHg) and the residue partitioned hegyaeen water and di chl oronet hane. The
aqueous | ayer was 20 separated, washed wi th dichl oronethane (3X) and et hyl
acetate, and then concentrated to give an oil (1.128Q). The crude

PretNe N, N Soibk ki ifhelt ABndrohef SRR AR 040D rast HS[ T
13 dend rfe‘arso(&ﬂoﬁrwmmmmm(szn@[mmﬂbnthDMSOf@mﬁﬂT’ﬁe 30.8, 33.4,

42. 1, 565 57.1, 67.5, 68.1, 166.7, 167.0, 167.1, 176.0, 176. 2. 25
VO 98/ 0357&sultmg yellow solution was stirred at room temperature for 20 hours, whena -~ -

PCT/ AU97/ 00447

EXAMPLE 15'““115’drm fSF‘eY!&"r ‘é"t&aBXC GH 5235 Theselutionw as thep conperid 007
dendri m?; % %‘?ﬁ&%%ken with almixtofeastioaut did ditklaforhethdrR5NU;
was ded”"to a so

0. 52mol ution of 4- t ri met hyl ammoni unbenzoi ¢ acid
i odi de (15@nt). The nsotuble gelilarmatlifl \&mqlleated liylfduanon,rwashgd withtwatered at

Gl T sopatanemadioorome e (e Ry mdiba i trigh e SripirsPlorpastngy  ©
0. 011nmol )3 "z?%‘é‘iﬁ 'tee rmingbda deflfitn F‘%shﬁ@&v@ﬂﬂ‘?ﬂs%% Hl‘ﬁetﬂ}'?:hﬂﬁ@ (2ol ' ed

over ni ght rrperature I's time nost © he preCipitate
had di ssol ygtithaellowTohitiod e té stahd of/erhtgmsrliewoﬂutmnmas then conxgatrated, The

m xture was concentrated (10[er qg}nmﬂ—g ).to give a |te SO|I resi due.
The crud@ thesesidue dissplyrd infwater (Sml) and they M@Wﬁé&%’a 5 005 AcOH)

to give 15&%@%&1&%—3@{ PRz c\gll%ﬂlegsélﬁﬁr&é WIE LONeATERE 1 EREW&O@@ groups

as the ace

13 ephad % e 2. 85;
3. 25- 3. ggl Qg%gliéh%Qgﬁiﬁ gﬁg‘lm&aﬁm‘? @?gﬂl]rd/z? @3@@&33 5. 38.7;

43.1; 43.5PAMAM 4494¢11mn61@d4mt}624 Q-(trgge: glangggugmnlegyl)jaengggldg .groups’ 173 2:
17637 176 mg)> TraSimr (D,0) : & 1.88; 2.65-2.80; 2.98; 3.10-3.60; 7.52 (br d, J=9Hz); 7.72
15 (brd, J=0Hz). 1>C nmr (D,0) : 8 26.6; 33.4; 38.8; 43.2; 43.5; 53.6; 53.6; 54.1; 56.8;
62.8; 73.0; 132.1; 135.3; 137.5; 140.0; 176.4; 176.9; 183.6. -

EXAMPLE 17

20 Preparation of N-(2-Acetoxyethyl)-N,N—(dxmethylammonmm)methyl—

carboxamide terminated dendrimers

PAMAM 4.0

25 Solid 1,1'-carbonyldiimidazole (85mg; 0.52mmol) was added to a solution of N-(2-
acetoxyethy!)-N-(carboxymethyl)-N,N-dimethylammonium bromide (135mg;
0.5mmo}) in dry DMF (3ml) and the resulting solution stirred under nitrogen for two
hours. A solution of PAMAM 4.0 (60mg; 0.012mmol) in DMF (2ml) was then
added, which caused the immediate formation of a flocculant precipitate which

30 slowly redissolved. The mixture was stirred for two days and then concentrated (1 0



20 The correspW@aa@sMIFTPAMAM 2. 0 dendriner termnated with 6 PCT/AU97/00447
4-tri met hyl ammoni um benzam de groups was simlarly prepared.

EXAMPLE 16 25 Preparation of 4-(Trinmethyl amoni umret hyl ) benzami de
termnated  dendriners PAVAM 4. 0 BR164%t4 WO 98/ 03573

PCT/ AU97/ 00447 -34 - Sol i d
4-ni trophenyl 4-(chl oronet hyl )benzoate (150rrg 0.5mmol ) was added to a

"esul 1 g yel | ownRHEL Fon 0aest iretua ol TREReE argduetves Bt Bode iiaton
Concent rated (10 SR OIDRORINDING R PARLAMAD el R M08 ("

wat er and di chl gicatxystgB-N, N-(cﬂxmkihylﬁi!ﬁohi&%ﬂfmﬂiy@c%xakmﬁe%l Ope(dzlfdxg)

collected by filtration, washed with water 2X) and dic r omet

(2X)., and then amr(Bp034d 119552&%867043(181-3 0; I?v)ﬂ3)(m),4lﬂeﬁ£§rﬂfﬂe Cnmr

the ol | ow sopuam i BRHE 852 1A & S0 Tn QkednbTa: bTackess:

concentrated, 1 ]aeﬁ@gJ?mq g0l ved in water (5m) and the sol ution
passed through g7§:ofurrn 0 anerl ite RA-401 (OH). The col ourless

filtrate was concentrated to give a viscous oil which was purified by
gel filtration (Sephadex G10; 10% AcOH) _to give PAVAM 4.0 term nated
Wi th 24" 4-(trimethyl anmoni um*rethyl)benz%@& s (90ng). [err]H mr
(D20): 6 1.88; 2.65-2.80; 2.98; 3.10-3.60; 752(br d, J=9Hz); 7.72 15 (br
d, J=9Hz). [err]C nnmr (D20): [err] 26.6; 33.4; 38.8; 43.2; 43.5; 53.6;

igBGG 54. 13 5@ Preparafién%f GubridindIerntinatetbdendrimérs>; 140. 07 176.4; 176.9;

PAMAM 4.0 BRIG6042

A solution of PAMAM 4.0 (63mg; 0.012mmol) and methylthiopsetidourea sulfate
15 (170mg; 0.61mmol) in water (Sml) (pH 10.5) was heated under nitrogen at 80° for
two hours. The solution was then cbncentrated and the residue purified by gel -
filtration (Sephadex G10; 10% AcOH) to glve PAMAM 4.0 terminated with 24
guanidino groups as the acetate salt ( 107mg). H nmr (D,0) : 6 2.00; 2.80 (br t); 3.09
- (brt); 3.32; 3.45 (brt); 360(brt) Cnmr(D20) $25.2;33.2;33.4; 38.7; 41.2;
20 42.6; 43.4;44.7; 53.5; 54.0; 56.3; 176.5; 176.7; 176.9; 181.6.

The corresponding PAMAM 2.0 dendrimer terminated with 6 guanidino groups was

similarly prepared.



EXAMPLE 17 20 Preparation of

N- (2- Acet QX h N, N- ( di met hyl ammoni um) net hyI car boxan 1 hat ed
dendri mer ¥ 3% 3/“JW-D%«IVID\M 4.0 25 Solid 1,1 -carbonyldiim dazoInt‘E‘j‘?'égﬁéf&ul‘;l
0.52mmol ) was added to a solution of N-(2-

acet oxyet hyl ) - N- (car boxynet hyl ) - N, N- di net hyl anmoni um brom de (135ny;
0.5mol) in dry DM (3m) and the resul ti36g sol uti on stirred under nitrogen
for two hours. A solution of PAMMM 4.0 (60ng; 0.0 12nmol) in DVF (2m)
was t hen added, which caused the inmmedi ate formati on of a floccul ant
precipitate which 30 slowy redi ssol EXMMPIE ¥ xture was stirred for two

days and then concentrated (10 WO 98/ 03573
PCT/ AU97/ 00447 0 -35 - 4

mrHg; 40 to fied by gel
f1tration Preopeuiha etk QbAB T Befammap lossliiecaBrlptivobebeiiiles: ca ' h-
24 N-(2- teﬁﬁﬁ;aqéwagmlll)m}g N-(d| met hyI ammoni um net hyl car boxam de groups

(64ng).[err]H nnr (D2 1.93; 2.05; 2.70; 3.10-3.60; 3.28; 3.93

(in); 4.148 4.48 (M. [err]C nnT 5 (Derr]O: [err] 24.6; 26.2; 33.2; 38.7;
42.8; 42.9; 53.09; , . 67.3; 67.5; 168.9; 176. 4; 176.8; 177.3;
183. 2. PAMAM 20 ‘BRIG04T EXAMPLE 18 10 Preparati on
of Guani dino term nated dendriners PAMAM 4. 0 BRI 6042 A solution
of PAMAM 4.0 (63ng; 0.012mmol) and net hyl t hi opseudourea sul fate

A solution of 1-(4-carboxyphenyl)methyl-1,4,8,11-tetraazacyclotetradecane tetra

hydrochloride (120mg; 0.25mmol), N-hydroxysuccinimide (60mg; 0.52mmol) and 1-
10 (3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (250mg; l.31hmol) in
pH 7 phosphate buffer (10ml) was allowed to stand a room temperature for one hour
and then a solution of PAMAM 4.0 (32mg; 0.006mmol) in pH 7 phosphate buffer
~ (10ml) added. The mixture was allowed to stand for two days and then concentrated.
. The residue was puriﬁe_d by gel filtration (Sephadex LH20; 10% AcOH) to give
15 PAMAM 4.0 terminated with ca. 12 4-([1,4,8,11-tetraazacyclotetradecane}methyl)-
benzamide groups as determined by 1H and 13C nmr (80mg). The product was then
dissolved in water and passed through a column of Amberlite IRA-401 (Cl) resin and
then concentrated. The residue was dissolved in water (1ml), concentrated HC1 (1ml)
added, and the solution diluted with ethanol (30ml) to precipitate a white solid. The
20 solid was collected by filtration (68mg). Once again lH and 13C nmr showed ca.
50% functionalisation of the terminal amino groups. lH nmr (D,0) : 6 2.17; 2.36;
2.50; 2.78; 2.85; 3.25; 3.40; 3.50; 3.60; 3.62; 4.49; 7.63 (br d); 7.78 (br d). >C nror
(D50) : 6 22.7; 23.1; 33.2; 38.8; 39.9; 40.2; 40.3; 41.0; 41.2; 42.0; 42.9; 43.2; 43.6;
45.5; 46.1; 49.1; 52.2; 53.9; 54.3; 56.6; 62.7; 132.5; 135.7; 137.1; 139.7; 174.3;
25 176.2;176.3; 176.7; 177.0; 178.2; 178.5.



15 (170ng; O.WOARMSST3 n water (5m) (pH 10.5) was heated under PFTAYUPI44T
80[err] for two hours. The solution was then concentrated and the
residue purified by gel filtration (Sephadex G10; 10% AcOH) to give
PAVMAM 4.0 terminated with 24 guani di no gnygups as the acetate salt
(107mg). [err]H nm (Derr]O: [err]2.00; 2.80 (br t); 3.09 (br t);
3:32; 3.45 (br t); 3.60 (br t). [err]C nnmt (Djerr]O: [err] 25.2; 33.2
33.4; 38.7; 41.2; 20 42.6; 43.4; 44. . 56.3; 176.5; 176.7,
+176.9; 181.6. The correspondi ng PA%%PE‘%U%}@H mer termnated with 6
guani di no groups was ~simlarly prepared. WO 98/ 03573
PCT/ AU97/ 00447 -36 -
EXAMPLE 19 = PRparation lof)A-Gxirboxy-3-hydroxybenzylamme terminated dendrimers

4-([1, 4, 8, 11- tet raazacycl ot et radecanel net hyl ) benzam de term nat ed
dendriners PAMAM 4. 0 BR16041 A sol ution of

1-(4-car boxyp W 4% tetraazacycl ot etradecane tetra -
hydr ochl ori de?((agé %bg% }R/droxys-ucci ni m de (60ng; 0.52nmmol) and
1- 10 (3-di net hyl am nopropyl)-3-ethyl carbodiim de hydrochl oride (250ny;

1.3mmol ) in pH 7 phosphate buffer (10nm) was allowed to stand a room
t enper at ur e f or Sadismimyanoborokyditide {32mg; & Smmalpwanaddedis\wmixtiré 8P RAMAM 4.0

ai Lowed b st arbraFCOaE Bidjmmon T fumylaisumileamic aid fmgd Smiih, asd
fied b | ' 0

Por m nat eq” wt reodir fi3tpRen baBRag oy ESmldiinGi (AIATHE ibmdtiibdst ©

benzamni de “gr p0psrange Aditarevarcstinted fhefoul hbwre dt ookt lemperatureSirng whith timoruct

was t hen di ssolved in water and passed t hrough a colum of Anberlite
| RA-401 (d) relmcnmarhemogenm Pherrange solwtipn wescther sonpgatroled and theoesidue i n -

water (Im), concen ate d ed wth
ot hanol  (30m1) RUSH ?fﬁ%‘@%‘?&e’é% v toigife PRIALCA QgH‘) ?3 by
filtration (68niﬁx)mm%ﬁﬁbvxﬁﬂ& B2 [4esak bty ty BRKYb Fﬁmﬁ@ Ss A mg).
functionalisation of the term nal am no groups. err]O) err]
2.17; 2. 36; nmr (D,0) shows mostly mono alkylation but with some signs of dialkylation of the
15 terminal amino groups, both spectra show broad peaks. 13C nmr (D,0) :5 37.0;
41.1;50.9; 53.4; 55.5; 55.8; 61.5; 120.9; 122.2; 122.4; 132.3; 132.7; 135.0; 135.8;
163.5; 163.7; 169.0; 178.6; 179.3. 1H nmr (D,0) : & 2.20; 2.35; 2.60; 3.15; 3.30;

3.55;4.25; 6.68; 7.12; 7.55.
20 " EXAMPLE 21

Preparation of 4~Carbokyphenylamide terminated dendrimers

PAMAM 4.0 (EDA)
25 - |
Solid 4-carboxyphenylisothiocyanate (86mg; 0.48mmol) was addéd to a solution of
PAMAM 4.0 (EDA) (69mg; 0.01mmol) in water (20mI). The pH of the resulting
cloudy solution was adjusted to 9 with saturated NaHCO, solution and left to stir at
- room temperature for 24 hours. The reaction mixture was then filtered and the filtrate

30 concentrated to give a white solid residue, which was purified by gel filtration



13 2.50; 2.78; 2.85; 3.25; 3.40; 3.50; 3.60; 3.62; 4.49; 7.63 (br d);

7.78 (br dz). C nnr (Derr]O: 6 22.7;, 23.1; 33.2; 38.8;_39.9: @9‘12
40.3; 410953 42 0; 42.9; 43.2; 43.6; 45.5; 46.1; AFCUABYMT; o
54.3; 56.6; 62.7; 132.5; 135.7; 137.1; 139.7; 174.3; 25 176.2; 176. 3;
176.7; 177.0; 178.2; 178.5. WO 98/ 03573 '

PCT/ AU97/ 00447 -38- -37 -

EXAMPLE 20 Preparati on of 4-Carboxy-3-hydroxybenzyl am ne term nated
dendriners 5 PAVMAM 4.0 (EDA) BRI 6119 Sodi um cyanobor ohydri de

(32mg; 0.5 adALB66Hatk) dndthéh eBzedridd WM eAhe groduc( &5 Whité 90ey
0.0l mol ), 4-fornyl-2-hydroxybenzoic acid (83ng; 0.5mvol), and sodi um
hydregen casdlidn@8mg)42ny; O0.5mml) in water (4nm). The i nhonpbgeneous 10
orange m xture was stirred for four hours at roomtenperature, during which
time it becanme honbgeneous. The orange solution was then concentrated
and t he residue purified by gel gy ' (Sephadex LH20; water) to
gi ve PAVAM 4.0 ( EDA) EfXAMﬁEEQQ

1 13 5§ termnated with ca. 32 4-carboxy-3-hydroxybenzyl am ne groups
(91ng). [err]H and [err]C nnr (D20) shows yrostla/ mono al kyl ati on but

wi th some sPieparationiof Bi5yDigarboxyphenylamide terminated dendrimers

13 15 term nal am no groups, both spectra show broad peaks. [err]C nnr
(Dlerr]O :[err] 37.0; 41.1; 50.9; 53.4; 55.5; 55.8; 61.5; 120.9; 1222;
122. 4; 132. BAMART 4.0 (EPAY; 135.8; 163.5; 163.7; 169.0; 178.6; 179. 3.
[err]Hnnmr (Derr]O: [err] 2.20; -2.35; 2.60; 3.15; 3.30; 3.55; 4.25;
6.68; 7.12; 7.55. 20 ' EXAMPLE 21

Preparat 8ng ok 4 5 s eadoryphenylisotiocyanate {11 ng: 0 S5MS01) Wat Sdded to a solution
of PAMAM 4.0 (EDA) (70mg; 0.01mmol) in water (5ml). The pH of the resulting
cloudy solution was adjusted to 10 with 1M Na,CO; solution and heated under
nitrogen at 53° for 2 hours. The reaction mixture was then filtered and the filtrate
concentrated to give a Srownish solid residue, which was purified by gel filtration

15 (Sephadex LH20; water) and then freeze dried to give the product as a pale brown
solid (112mg).

EXAMPLE 23
20 Preparation of Sodium 4-Phosphonooxyphenylthiourea terminated dendrimers
PAMAM 4.0 (EDA)

Solid sodium 4-phosphonooxyphenylisothiocyanate (251mg) was added to a solution
25 of PAMAM 4.0 (EDA) (69mg; 0.01mmol) in water (20ml). The resulting solution
(pH 9) was stirted for 24 hours at room temperature under nitrogen. The reaction
mixture was then concentrated to give a white solid residue, which was purified by
gel filtration (Sephadex LH20; water) and then freeze dried to give the product as a
fluffy white solid (86mg).
30



PAVAM 4.0 (EB98H3573 Sol i d 4- car boxyphenyl i sot hi ocyanat e ( 86NMPCIAUBYN0NA7)

was added to a sol ution of PAMAM 4.0 (EDA) (69ng; 0.01nmol) in water
(20m ). The pH of the resulting cl oudy solution was adjusted to 9 with
saturated NaHCO3 sol ution and left to stir qf. roomtenperature for 24

hours. The reaction mxture was then filtered and the filtrate 30
concentrated to give a white solid residue, which was purified by gel
filtration WO 98/ 03573 _ _

PCT/ AU97/ 00447 - - 38 -

(Sephadex LH20; water) and then freeze ' t Ive the product as a white
fluffy solid (68nm). lﬁfAl_@ﬂ’Li@Zg : EXAMPLE 22 5
Preparati on of 3,5-Di carboxyphenyl am de terni nated dendriners . PANVAM '
4.0 (EDA) 10 Solid 3,5-dicarboxyphenyli sot hi ocKanat e (112my; 0.5mmol) was
added to a sol Preparationef Sodimmnd4(Phos ometbyljphenyithiewrep terminated (501 ).

The pH of the resultin cl oudy solution was adjusted to 10 with 1M
Na2CO3 sol ut PodendemeESi ed under nitrogen at 53[err] for 2 hours. The
reaction m xture was then filtered and the filtrate - concentrated to give

a browni sh solid residue, which was purified by gel filtration 15 (Sephadex
LH20; water) apANABN4fO@EXA) dried to give the product as a pale brown

solid (1 12nm). EXAMPLE 23

Solid sodium 4-(phosphonomethyl)phenylisothiocyanate (97mg) was added to a
T 10 solution of PAMAM 4.0 (EDA) (69mg; 0.01mmol) in water (30ml). The resulting
solution was stirred for 3 days at room temperature under nitrogen, maintaining the
pH at 8 with periodic addition of saturated NaHCO; solution. The reaction mixture
was then concentrated to give a white solid residue, which was purified by gel
filtration (Sephadex LH20; Water) and then freeze dried to give the productas a
15 fluffy white solid (102mg). h

EXAMPLE 25

Preparation of Sodium Ethyl 4-(Phosphonomethyl)phenylthioui'ea terminated

20 dendrimers
PAMAM 4.0 (EDA)

Solid sodium ethyl 4-(phosphonomethyl)phenylisothiocyanate (109mg) was added
25 toa soluﬁon of PAMAM 4.0 (EDA) (69mg; 0.01mmol) in DMF (30ml). The

resulting solution was stirred for 17 hours at room temperature under nitrogen,

maintaining the pH at 8 with periodic addition of saturated NaHCOj; solution. The

reaction mixture was then concentrated to give a white solid residue, which was

purified by gel filtration (Sephadex LH20; water) and then freeze dried to give the
30 product as a fluffy white solid (30mg).



20 Preparation of Sgdi 4- Phosphonooxyphenyl t hi ourea term nated dendyier ’

PAVAM 4. 0 ( EDA) W‘gg%sé%odi um 4- phosphonooxyphenyl i sot hi ocyanat e PCT/AUS'”M‘

(251pg) was added to a solution.25 of PAMAM 4.0 (EDA) (69ng; 0.01 mmol) in
2f:2(20m ). The resulting solution (pH 9) vva%qsti rted for 24 hours at

. nperature under nitrogen.- The reaction ~“T™ Xture was then

‘CoriceritTated - to give a white solid residue, which was purified by gel

filtration (Sephadex LH20; water) and then freeze dried to give the. product
as a~ fluffy white solid (86ng). 30 WO 98/ 03573 S
PCT/ AU97/ 00447 : -39 -

EXAMPLE 24 Preparation of Sodium 4-( thtzﬁyl ) phenyl t hi our ea
terminated 5 dendriners PAVAM 4. 0 ( EDA) Solid sodium

4- (phosphononet hyl ) phenyl i sot hi ocyanate (97ng) was added to a 10 sol ution

of PAMAM 4.0 (EDA) ( cSBpardtidtl s¥SYdiviny-Saif6phdn3Whidured iérniinatdd PoWlysines.
solution was stirred for 3 days at roomtenperature under nitrogen,

mai ntaining the - SpH at 8 with periodic addition of saturated NaHCJO err]

ol i d rosi due, i ch S AR fsuifoegulisotbioc mala tapRa s A2, i) Ses added
water) and then fr eezg odoiuiidn'oP paly/E-1}sific H5REH (S ChémichH Ebibpk} ¢ 0291 £
S | mixture of water (20ml) and N,N-dimethyl-N-allylamine buffer (pH 9.5; 15ml). The

resulting mixture was heated under nitrogen at 53° C for 3 hours, when a ninhydrin

10 test was negative. The cooled mixture was filtered and the filtrate concentrated to
give a grey solid residue. The solid residue was redissolved iﬂ water and passed
. through a column of Amberlite IR 120(Na) and then concentrated. The crude product
was purified by gel filtration (Sephadex LH20; water) and freeze dried to give
sodium 4-sulfophenylﬂ1iourea terminated poly-L-lysine BRI299S as a white fluffy
15 solid (1.25g). '

Siniilarly- prepared were sodium 4-sulfophenylthiourea terminated polylysines of
molecular weight fraction 1-4K BRI2994, 4-15K BRI2967, 150-300K BR12996.

20 - | EXAMPLE 27

Preparatioh of Sodium 3,6-Disulfonapthylthiourea terminated Polylysines.

. Solid sodium 3,6-Disulfonapthylisothiocyanate (200mg; 0.51mmol) was added to a
'25 solution of poly-L-lysine (15-30K) (50mg) in a mixture of water {2ml) and N,N-
dimethyl-N-allylamine buffer (pH 9.5; 2ml). The resulting mixture was heated under
nitfogen at 53° C for 3 hours, -whén a ninhydrin test was negative. The cooled mixture
was filtered and the filtrate concentrated to give a brownish solid residue. The solid
residue was redissolved in Water and passed through a column of Amberlite IR

30 120(Na) and then concentrated. The crude product was purified by gel filtration




EXAMPLE 25 wodgieagarati on of Sodi um Et hyl PCT/AU97/00447
4- (Phosphononet hyl ) phenyl t hi ourea term nated 20 dendri ners PAMAM 4. 0

( EDA) Solid sodi um et hyl 4-(phosphononet hyl ) phenyl i sot hi ocyanat e
(109ng) was added 25 to a solution of PAMAM 4.0 (EDA) (69ng; 0.0lmol) in
DVF (30m ). The resulting solution was $ Y#red for 17 hours at room

t enper at ure under nitrogen, mai ntaining the pH at 8 with periodic
addition of saturated NaHC(O er r} solution. The  reaction mxture was then
concentrat ed t ¢Sephadexa LR svatay) and freezeddried torgive sedivm 3,6puri fi ed by gel.

filtration (Sephadex .water) and the reeze ' to give 3Q.
product as a fﬁﬁ’?@%ﬁ’gt@%‘Wﬂ t%‘%ﬂﬁ?‘s poly ’LIY SHS 5@6@%7@ a White f}“rhey Solid
PCT/ AU97/ 00447 (87me) ' . -40-

EXAMPLE 26 rﬁ%épar ation of Sodi um 4-Sul f ophenyl t hi ourea term nat ed
Pol ylysines. 5 Sol i d sodi um 4-sul f ophenyl i sot hi ocyanat e nonohydr at e
(2.55g; | Omol) was added to a solution of poly-L-lysine (15-30K)

(Si gma Cheni dal Conpany) (1.0g) in a EXAMRLE@S8of water (20n) and
NN- di net hyl - N-al | yl am ne buffer (pH 9.5; 15m ). The resulting mxture
was heated under nitrogen at 53[err]- C for 3 hours, when a ninhydrin 10

uas d ] r 3 hou i .
concentrat od 1 teparaSonI ERg] ShRed 2ARRlgloniad REndftel WealhirS s linear

redi ssol ved i npoltmérsand passed through a colum of Anberlite IR
120(Na) and .then concentrated. The crude product . was purified by gel
filtration (Sephadex LH20; water) and freeze dried to give sodi um

4 sl f 0PNy Rt iR bERBbA T N dfokyshtShAaP RS Pactiarkiabl) 5 3 S 1ol 8. 15
acetyl-3,5-dideoxy-2-thio-D-glycero-a-D-galacto-2-nonulopyranosidjonate was

prepared by the following procedure.

~ To a solution of methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-2-S-acetyl-3,5-dideoxy-

15 2-thio-D-glycero-a-D-galacto-2-nonulopyranosonate (Hasegawa et al, 1986)
(100mg.) in dry dimethylformamide (1ml) was added 8-bromooctanoic acid
(41lmg.) and diethylamine (280mg.) and the solution stirred at 20° C for 17 hours.
Solvent was removed under vacuum and the residue partitioned between ethyl
acetate and ice cold 5% hydrochloric acid. The organic layer was washed with

20 water, dried over sodium sulphate, and evaporated to give a residue (130mg.).This
was dissolved in ethyl acetate (Sml.) and N-hydroxysuccinimide (26mg.) and
dicyclohexylcarbodiimide (46mg.) were added. The mixture was stirred at 20°C for
17 hours then the white precipitate was. filtered off. The filtrate was concentrated
and purified by flash chromatography on silica gel eluting with ethyl acetate.

25 Fractions containing produét were combined and evaporated to give a white foam
97mg. 71%.



Simlarly prepared were sodi um 4-sul f ophenyl t hi ourea terninated pol yl ysi nes

of mol ecul ar vvel‘ﬁﬂtﬁ‘sm%{ét i on 14K BRI 2994, 4-15K BRI 2967, 150- 300KPCT/AU97/0044°
BRI 2996. 20 ‘EXAMPLE 27

Pr epar ation of Sodium 3, 6-Di sul fonapt hyl t hi ourea -t erm nat ed Pol yl ysi nes.

=5pdi um 3, 6- Di sul fonapt hyl i sot hi ocyanate (20@py; 0.51mmml) was added

; : _;sol ution of poly-L-lysine (15-30K) (50ng) in a mxture of water

(ZTﬁ- and NN di rethyl -N-al Iyl am ne buffer (pH 9.5; 2m ). The resulting

m xtur.e was heated u t 53[err] C for 3 hours, when a

ni nhydrin test was ne%lﬁl}a\l;lg \Oélr%é’?%%?‘gd m xt ure was filtered and the
filtrate concentrated to give a brownish solid residue. The solid

resi'due was redissolved in water and passed through a colum of Anberlite
R'30 120(Na) and t heMethyh¢@itundeeahoicTanid N-hyidropysigcinimidessea) 5-atasamido-4,7|8,9-
Tplcl-r} Lﬁg;?go 447 Vo gt%érg-?’OS-detyl-B 5-dldeoxy-2-thlo-D—glycero-a-D—galactozgl-nonulopyran051d]onate
(Sephadex LH20; watgr) and freeze dried to give sodium 3,6 -

di sul f onapht hyl t hi olurea term nated pol y-L-1ysine BRI 6047 as a white fluffy

solid (87my) . Methyl [(acetic acid N-hydroxysuccinimide ester) S-aedifhido-£3,8,9-tetra-O-
~Preparation of Cferr]-al kyI I'i nked 2-thi osial oside term nated dendri mers

and |inear pol yneacstyl-318-dideoxy-2-thicsDeglyearoio:Dagalactos2manulopysanosidienstel e
ester) ‘5-acetam do-4,7,8,9-tetra-O
acetyl - 3, 5-di deoxy- 2- th| o-D-gl ycero-[err]-D gal act o- 2- nonul opyran05| d] onat e

was prepared by toRy? [t4Whiebi® 258 MKy Eroxysuccinimide ester) 5-acetamido-4,7,8,9-tetra-O-
' 10 acetyl-3,5-dideoxy-2-thio-D-glycero-c.-D-galacto-2-nonulopyranosid]onate.

Methy! [(4-methylbenzoic acid N-hydroxysuccinimide ester) 5-acetamido-4,7,8,9-
tetra-O-acetyl-3,5-dideoxy-2-thio-D-glycero-a-D-galacto-2-nonulopyranosid]onate.

15 A PAMAM [EDA] 4.0 [(8¥octanalnido)— 5-acetamido-3,5-dideoxy-2-thio-D-
glycero-e-D-galacto-2-nonulopyranosidoic acidl, BRI 6112

To a solution of the PAMAM [EDA] 4.0 (50mg.) in dry dimethyl
sulphoxide(4ml.) under an inert atmosphere was added methyl [(8-octanoic

20 acid N-hydroxysuccinimide ester) S-acetamido-4,7,8,9-tetra-O-acetyl-3,5-

dideoxy-z-thib-D-glycero-u-D-galacto-z-nonulopyranosid]onate(SOOmg.)
and the_ solution stirred for 60 hours at 20°C. The solvent was removed |
under vacuum and the residué was dissolved in methanol (2ml.). This
_ solution was subjected to size exclusion chrométography on Sephadex LH20
25 eluting with methanol. On evaporation of solvent, the product, PAMAM
[EDA] 4.0 [methy! [(8-octanamido) S-acetamido-4,7 ,8,9—tetra-0-acety1—3,5-
| dideoxy-2-thio-D—glycero—a-D_-galacto-2-nonulopyranosid]onatc] 32 Was

obtained as a white powder. 182mg. 93%

e



To a solutio
5-acet am do- yg%&@?et ra- O acetyl - 2-S-acetyl - 3, 5-di deoxy- 15 PCT/AUg‘_”oo“-’

2-t hi o- D- gl ycer 0- a- D-gal act o- 2- nonul opyr anosonat e (Hasegawa et al, 1986)
(100nmg.) in dry dinethylformam de (1m) was added 8-bronpoctanoic acid
(41nmg.) and diethylam ne (280ng.) and the-gBlution stirred at 20[err] C for
17 hours. Sol vent was ‘renoved under vacuum and the residue partitioned
between et hyl acetate and ice cold 5% hydrochl oric acid. The organic

| ayer was washed w %%%#@émdd{otﬁgfﬁ %ﬁaléﬁq WSPE@P@%% devapor at ed

to give a residue ( |sso te(5n1 )
and N-hydroxysuccinim de (26rrg ) and di cycl ohexyl car bod| I mde (46ny.)
were added. The m xture was stirred at 200C for 17 hours then the white

precipitate was filTeasalusion of BAMANI{ERA Ik [mﬂwélﬁ&&mtmmdo)aﬁrd puri fied
by flash chromat ography .qn silica etate.
F?/act i ons cont ai n?n?f%ﬁ'ﬂaﬁ'éﬁvaegr “'géjﬂﬁf’ Ei%;gg‘c!l‘\glé %éa‘ 35‘?'9‘9133846}#9‘

f oam 97 71% o_
PCT/ AU97/ 032547 2 nonulop%%é]gmﬁz (182mg.) in dry methanol (Sngﬁéx_nder argon at

Si-nilarly were prep20°€dwas added aNedshiyl piepdred 0 t9Masohitivbnastisddium methoxide in
N- hydr oxysucci ni m de esteré 5-acet am do4, 7, 8, 9- tetra-O acetyl -3
, 5- di deoxy- 2- t hi o- Dngthgaedr m}éuanqlﬂ&wtatqsslrmdqum5)b9uran3h¢aq)bnmwas 5

I\/Eth I acetic acid N- ro CCl.
5-a c)ét a£n( dod, '7 8, g'qvgp?rg}/%anﬁytﬁg 5@&4}&;‘% lve%i in \k'ater (10ml.) and stirred for 3

5~ di deoxy- 2- t hi o- Chiciry. Oﬂﬁé’s&lﬁﬁéﬂ was Sibj €&E@ sﬁ@@k@l&iﬂ%ﬁ RHRDAAGHABAF on |

Met hyl [ (#-butanoic acid N hydroXxysucci n| m
5- acet am dol04, 7, 8, Sephadex-KH20 eluting with water. On Iyophilisation, the product,

acetyl -3, 5-di deoxy- -1 hi 0- ro- err] D gal act o- 2- nonul opyranosl d] onat e
Met hyl [ (4- I;M}ngﬂﬂy "eS CW@P acriamiderd, ordlidepyrd-th o8-

5acetamdo47 e 9

tetra- O acetyl -3, S%Y%e%%yl)zgaﬁ Iﬂon}lloggxr'aéx oflg?}ﬁacﬁlﬁea"r aasc?btalﬂedng%ﬁlpglﬁyr anos

i d] onate. lemon powder 110mg. 77%

15 ~ By a similar procedure were prepared:

PAMAM [EDA] 4.0 [(1 1-undecanamido)-5-acetamido-3,5-dideoxy-2-thio-
D-glycero-et-D-galacto-2-nonulopyranosidoic acid];, BRI 6147

.20 PAMAM [EDA] 4.0 [ (acetamido)- 5-acetamido-3,5-dideoxy-2-thio-D-
glycero-c-D-galacto-2-nonulopyranosidoic acid};, BRI 6121

PAMAM [EDA} 4.0 [(4-methylbenzamido)- 5-acetamido-3,5-dideoxy-2-
. thio-D-glycero-«-D-galacto-2-nonulopyranosidoic acid];, BRI 6120
25 _ _ _
B BHA lyslys,lys,lysglys,s [(8-octanamido)- 5-acetamido-3,5-dideoxy-2-thio-
D-glycero-a-D-galacto-2-nonulopyrano§idoic acid),, BRI 6169

| A solution of BHA lyslyszlysdy_salysls (t-Boc),; (20.3mg.) in 2 mixture of
30 trifluoroacetic acid (2ml.) and dichloromethane (2ml.) was stirred at 20°C

for 2 hours then solvent was removed under vacuum. The residue was



15 A PAVAM [ EDA] 4.0 [(8-octanamni do)- 5-acetam do-3, 5-di deoxy-2-thio-D
gl ycero [ err] - D gal atM®8038Bnul opyr anosj doic acid][err] BR 6112 PCT/AU97/0044
To-sa sol ution of the PAMAM [EDA] 4.0 (50ng.) in dry dimethyl -
suyl.phioxi:de(4ml.) under an inert at nosphere was added met hyl [(8-octanoic 20

ydr oxysucci ni m de ester) 5-acetam do-4,7, 84 -tetra-O acetyl -3, 5-
¥xV=:2-t hi o- D-gl ycero-[err] - D gal acto- 2- nonul opyranosi d] onat e( 300ng. )
d"t'hé solution stirred for 60 hours at 20[err]C. The sol vent was renoved
under vacuum and the residue was dissolved in nethanol

sol ution was subj ected to sissplved dn gey dﬁn@hymh%F@pﬂivﬁdﬁnQé’pﬂmﬂ_ﬂhﬂamc
eluting with met hanol ggﬁﬁorat 1,0N t@

[ EDA] 4.0 (methyl [(8- octa &8)“’8 T ¥Iaﬁ$8§&2&? %E%NP‘M%?@&%@{'}W §St%0 3

di deoxy- 2- t hi o- D- gl ycer o- [%&é&mamlm%&am&tgwsaﬂab%xs}lzlﬂaéﬂ-ggcmsu-n-galacm-
obtained as a white powder. 182 3% .

PCT/ AU97/ 00447 2-nonulopyranosxd]onate (78mg.) were added. Thé3nixture was stirred

This was converted to the free si al osi.de_ by he fol | owi ng net hod:
To a solution of PAMAM [ EmAd fl' agon Pﬁ@@‘}%for[ Qs Hiearsolisnt was removed under vacuum.

acetamdo4789tetra0 t

5 t 2- nonul opyr gngl d}nﬁ‘e %'fgggigg%gﬁga?w%ﬁg%gﬁﬁgﬁhﬁiﬁf}iﬁgﬁbéﬁdmm
argon a err mhethGrdé tian R thar e el For'3 'helirsQinder
sodi um et hoxide in met hanol n?s) aald the m xture stirred for

2.5 hours. The sol vent was argon at 20°C. Theaplypmwals evaporates anskthd uesidvesdissobead in
|=r1---wat?er___5 (10m .) and stirred fo

: - fo size exclusi orwa('f?\tr@ﬁat)d’d’pmdofﬂr Hglllmurs ﬂ%@ﬁﬁ'&&ék’%@ V\%Secmd to size
eEEEFAGW th water O | yo@'ﬂbl'ukﬁﬁ?hg&ﬁatggﬁgﬂfl %ﬂ‘%ﬁahadﬁx LH20 elutinf WAMvhieP A ster

4.0 [ (8-octanam do)- 5-acetam
gl ycero-[err]-D-gal act o- 2- ﬂmpﬁxmﬁbnnm piodm:t,aBHah] B@lysglwﬁybglys,pt(ﬂ-w&ammnﬁj)es-

| enon powder 110mg. 77% 5 _c)( a simlar_procedure were prepare
acetamido-3,5-dideoxy-2-thio-D-glycero-e-D-galacto-2-nonulopyranosidoic

acid],, was obtained as a white powder 44mg. 86%..

15 C Poly-L-lysyl [(8-octanamido)- 5-acetamido-3,5-dideoxy-2-thio-D-glycero-c.-
D-galacto-2-nonulopyranosidoic acid], BRI 6150

To a solution of poly-L-lysine. HBr MW 150 - 300Kd (22mg.) in dry
dimethy] sulphoxide (1ml.) were added di-isopropylethylamine (15mg.) and
20 methyl [(8-octanoic acid N-hydroxysuccinimide ester) 5-acetamido-4,7,8,9-

tetra-O-acetyl-3,5-dideoxy-2-thio-D-glycero-a-D-galacto-2-
nonulopyranosidjonate (90mg.). The mixture was stirred under argon at
20°C for 60 hours then solvent was removed under vacuum. The residue
was dissolved in a freshly prepared 0.5M solution of sodium methoxide in
25 methanol (4ml.) and the mixture stifred for 48 hours under argon at 20°C.
The solvent was evaporated and the residue dissolved in water (1.5ml.) and
stirred for 24 hours . This solution was subjected to size exclusion
chromatography on Sephadex LH20 eluting with water. After lyophilisation,
the product, polylysy! [(8-octanamido)- 5-acetamido-3,S-dideoxy-z-thio-D-




PAVAM [ EDA] 4, undecanam do) - 5- acet am do- 3, 5- di deoxy- 2-
D-gl ycero- [err‘?%gal act o- 2- nonul opyran05| doi ¢ acid] 32 BRI 614%812987’00447

PAMAM [ EDA] 4.0 [ (acetam do)- 5-acetam do-3, 5-di deoxy-2-thi o-D

gl ycero-[err]-D gal act o- 2- nonul opyranosi doi ¢ acid][err] BRI 6121

PAVAM [ EDA] 4.0 [ (4-met hyl benzam do) - 5- ac4% ani do- 3, 5- di deoxy- 2-

thi o-D-glycero-[err]-D-gal act o- 2- nonul opyr anosi doi ¢ aci d] 32 BRI 6120 25
B BHA lyslys[err]lys[err]lys[err]lys[err] [ (8- oct anami do) -

5-acet am do- 3, 5-di c?ﬂéﬁ:\‘o-@rl) aPacto-2-nonulopyranosidoic acid], was obtained as a white
D-gl ycer o- a- D- gal act 0- 2- nonul opyranosi doi ¢ acid][err] BRI 6169

A sol ution of BHA Ippaddpsflﬂmg]%%[err]Iys[err]lys[err] (t-Boc)32 (20. 3rrg )

in a mxture of 30 trifluoroacetic acid (2m .) and dichl oronet hane
(2m.) was stirred at 20[err]C for 2 hours then sol vent was
renmoved under vacuum The residue was Y AMP VO
98/ 03573 E LE 2

PCT/ AU97/ 00447 di ssolved in dry

di met hyl sul phoxide (Im.) and d| -i sopropyl et hyl am ne
(25ny.) and ni’u'hmrau)ﬁnfcdeuﬂmtm suﬂoddes modifiod iuthei 4rpasition of sialiy agid
acetam do4,7,8,9-tetra- O acetyl - '

, 5- di deoxy- 2- thlo D-gl ycero- [err] D gal act o-

2- I
2 ol oo il St 1S U SRS S Al

under Vacuum glycero-a.-D-galacto-2-nonulopyranosonate was prépgred &yithie! follsasingli ssol ved
in da freshly prepared 0. 1M solution of sodium -
net hoxi de k9 pracegwst ’Etzasﬁiutlpn@ﬁmqthﬁel 4razidenSeacstamided, §,OrtridDaeetyb2under

water (im.) SereRrrsior 2 RGBT s R raaSSl GRbERR: o o 2o
10, excl U3o04) GBI dichiitsmethane RISUIEN) WhERAdRUHineROpswadtedpbaksiudf t er
thiolacetate (5.8g.) and the suspension stirred vigorously at 20°C for 48 hours. The
mixture was filtered and evaporated to give a light brown foam (5.2g.). The
15 required product was isolated by preparative reversed phase HPLC [C,3, 30%

acetonitrile/water] as a white foam 3.9g. 72%.

Methyl [(8-octanoic acid N-hydroxysuccinimide ester) 4-azido-5-acetamido-7,8,9-
tri-O-acetyl-3,4,5-trideoxy-2-thio-D-glycero-a-D-galacto-2-nonulopyranosid]onate
20 was prepared by the following procedure.

To a solution of methyl 4-azido-5-acetamido-7,8',9-&i-0-acetyl—2-S-acetyl-3 4,5~
trideoxy-2-thio-D-glycero-a-D-galacto-2-nonulopyranosonate (300mg.) in dry
dimethylf_ormamide (3.5ml.) was added 8-bromooctanoic acid (155mg.) and

25 diethylamine (1.26ml.) and the solution stirred at 20° C for 17 hours. Solvent was
removed under vacuum and the residue partitioned between ethy] acetate and ice

- cold 10% hydrochloric acid: The organic layer was washed with water, dried over

‘sodium sulphate, and evaporated to give a yellow foam (385mg.).This was
dissolved in ethyl acetate (20ml.) and N-hydroxysuccinimide (95mg.) and

30 dicyclohexylcarbodiimide (175mg.) were added. The mixture was stirred'at 20°C



| yophi li sation, the product, -BHA

lyslys[err]l ys[ err] wopwoasyd ys[err] [ (8-octanam-do)- 5- PCT/AU97/00447
acet am do- 3 .

5hd| deoxy 2-thio-D-glycero-[err]-Dgal act o- 2- nonul opyr anosi doi ¢

iwas obtained as a white powder  44ny. 86/046_

. Pol y-L-1ysyl [(8-octanam do)-

5-acet am do- 3, 5- di deoxy- 2-t hi o-D-gl ycero-[err] -

D-igal act o- 2- nonul opyr anosi doi ¢ aci d] [err] BRI 6150

To a solution of pol ylorldl ursethmmhmmmsprecxmmas(ﬁnmgd)off r?l‘lmﬁltrate was

di-nmet hyl sul phoxide (I mn we | SO | et hyl a

20. met hyl [(8 W&Fﬁ%ﬁi‘{%‘ﬁi Rﬂ%ﬂﬁx 5@8%5‘?‘{%‘%%‘@?? 18 ) 50%
5- acet.am do-4, 7, 8,

tetra- Oacetyl 3 5- dlaggt(c);)r(liltn&e/w%tle{)] 6951' fcaevrv}c}lt gorar 3%9“%] act o- 2-

ngnul opyr anosi d] onate (90ng.). The mi xture was sti rred under argon at
20[err]C for 60 hours then solvent was renoved under vacuum The residue

was di ssol ved in a §r&shl yPANRAM: BDA] 40 [s@reatanamida)- cazidord-seetamidadd, 4 htrideoxy-
25 ' met hanol (4m . e, m xtur rred fqr 48 hour.s er
at 20[err]C. { : fr&mtﬂ]glyce’)'(o'g' -galta to'lﬁ %‘g s%ﬁg éﬁ’ggbr ﬁ{;géﬂs

and the"residue dissolved in water (1.5m.) and
stirred for 24 hours . This solution was subjected to size excl usion
chronat ography on SephadexTa kiz6hutiontaf ke WAW{E)A]N(IGQM@())MMM&QD

t he product, pol ylysyl [(8-octanam do)- 5-acetam do-3 ,5-di deoxy-2-ti
Vi 98} 3573 sulphoxide (5ml.) under an inert atmosphere was added methyl [(8-octan01c

gl S/'é'ér o-[err] - D- gal %ct o- 2-3Fh D AP RyRSriRsnide spr t-azid '5\76‘55'3"@? 0-7,8,8-ti-O-geetyl-

white powder 459Eﬂlﬁ-tr%%:y-Z—ﬂuo-D-glycem-u-D-galacto—Z-nonul gyranosxd]onate (318
EXAMPLE 29 5 Preparation of dendritic sialosides nodif
4-position of sialic acid mg)andithe solition stirred for 60 hours at 20°C. The solvent was removed

4-azi do- 5- acet ami do- 7, 8, 9-trj - O acet S-age I S-1ridegxy-2-t hi.ozD:

gl ycero-[err]-D- gal act o- 2- “mﬁiﬁﬂl 6%%%@?5?% a@ﬁ@ﬁ%{?@ijweﬁﬁ@f@fﬁ ay TRE

1Q procedure. To a sol uti aphiionWadsilb ])ected to size exclusion chromatography on Sephadex LH20

4-i a2| do-5-acetam do-7,8,9-tri-0O acety

15 eluting with methanol. On evaporation of solvent, the product, PAMAM
[EDA]} 4.0 [methyl [(8-octanamido) 4-azido-5-acetamido-7,8,9-tri-O-acetyl-
3,4,5-trideoxy-2-thio-D-glycero-a-D-galacto-2-nonulopyranosid]onate],, was

obtained as a white foam. 225mg. 81%

20 - The free sialoside was obtained by the following method:

To a solution of PAMAM [EDA] 4.0 [methy] [(8-octanamido) 4-azido-5-
acetanﬁdo—7,8,9—tti-0—acetyl-3,4,5-trideoxy-2-thio—D—glycero-a—D-galacto-Z-
nonulopyranosidjonate},, (215mg.) in dry methanol (1ml.) under argon at

25 20°C was added a freshly prepared 1M solution of sodium methoxide in
methanol (Iml.) and the mixture stirred for 3 hours. The solvent was
evaporated and the residue dissolved in water (2ml;) and stirred for 17
hours. This solution was subjected to size exclusion chromatography on
Sephadex LH20 eluting with water. On lyophilisation, the product,

30 PAMAM [EDA] 4.0 [(8-octanamido)- 4-azido-5-acetamido-3,4,5-trideoxy-




chl oro- 3, 4, S‘Nbg?bggargy D-glycero-[err]-Dgal éct 0- 2- nonul opyr anQa®NAU£/00447

( Sabesan, (59.) in dry dichloronethane (150m .) was added finely
powder ed potassi um t hiol acetate (5.8g.) and the suspension stirred
vigorously at 20[err]C for 48 hours. The m xture was filtered and

evaporated to give a light brown foam (5.24.3. The 15 required product was
| sol ated by preparative reversed phase HPLC [(Jerr], 30%
acetonitrile/water] as a white foam 3.9g. 72% Met hyl [ (8-octanoic

aci d N-hydr oxysuccizoimig-fegl§sireta-Digdlittd2-horulepyaanasidoic 8¢id};, was obtained as
tri-Oacetyl -3 '

, 4, 5-tri deoxy- 2- t hiadhi#fyywhite powder 160mg g3 %Act o- 2- nonul opyr anosi d] onate 20
was prepared by the follow ng procedure. To a solution of nethyl

4- azi do-5-acetam do-7,8,9-tri-0O acetyl -2-S-acetyl -3, 4, 5- '

tri deoxy-2-t hip- D- . ] Y ﬁﬁ,c,@ _gﬁ]ﬁw_wﬁﬁ (SREx)- | N
dry di nmet Ifo%lm [F?Agrﬁg;@wgéga egpg? rom)%gt anoimcétg’g?% (_1535(%9.)
and 25 di et yl am n‘2-lfhlo-%Qﬂycéro%—@ﬂﬁct&ﬁﬁ-némﬂdspg&hﬁdsﬁ@k a¢idRp BRF 614917
hours. Sol vent was renmoved under vacuum and the residue partitioned

bet ween et hyl acetate and ice cold 10% hydrochloric acid. The organic
| ayer was washed wth water, drited over, ... sodiumsul.phat apor at ed
to give a yellow foAaﬁ*OC"fS%?fB.og.hfﬁfogeMEIPmde &S B ng%di lﬂ%efﬁ?}mg%gfat e

(20m ) and N hydr QxR IBDNTY 8 (L33 Harhiddy s dfdolscuclastiens 4 siiagtyai de

(175ng.) were added. e s stirred at 20[err]C WD 98/ 03573

PCT/ AU97/ 00447 2-thio-D-glycero-a-D-galacto-2-nonulopyranosidoic acidl;; @Smg.)ina  f or
17 hours then the white precipitate was filtered off. ('i; e fg ratﬁ. was
concentrat éd and punixture @f pyriding(40mi ) aad wafer QEml.) a5 E—@E ‘%‘@Fe b 30%

acetonitrile/water] . qi.ve ' % M [ EDA]
4.0 (8-octanam do) -soh’?'ggi%-@?\g@@bgﬁé Wﬁggg% trb? e?(l&u)}'§ to'réinove xel4Y
2-thio-D-glycero-| Q{yﬁ}oﬁgﬂ%i Q- Theehitiopbyiseapbritdd toaitiyndss and thdRisidie 46
To a solution of thé PAVAM [EDA] 4.0 (72ng.) in dry dinethyl
sul phoxi de (5n.) uakberumin water (5 ahandfillersd theough a4 S pembrancofiiterdg; ¢
remove sulphur. On lyophilisation, the product, PAMAM {EDA] 4.0 [(8-
15 octanamido)- 4-amino-5-acetamido-3,4,5-trideoxy-2-thio-D-glycero-a-D-
galacto-2-nonulopyranosidoic acid];; was obtained as a ﬂuffy white powder

23mg. 96%

EXAMPLE 30
20

Preparation of boronic acid terminated dendrimers.
4-Carboxyphenylboronic acid N-hydroxysuccinimide ester

25 Toa solufion of 4-carboxyphenylboronic acid (500mg.) in dry dimethyl formamide
(5ml) were added N-hydroxysuccinimide (380mg.) and dicyclohexylcarbodiimide
(680mg) The mixture was stirred at 20° C for 64 hours then the white precipitate
was filtered off. The solvent was removed under vacuum and the residue dissolve

in ethyl acetate (100ml.). This solution was washed with water, dried over sodium



10 aci d N-hydroxysuccini m de ester) : :

4--azi-do- 5- acet am dowWoQ88/@573 i - O acet yl - PCT/AU97/0044
3,4,5- trldeoxy 2-thio-D-glycero-[err]- Dgal act o- 2- nonul opyr anosi d] onat e

3: - ng ) and the solution stirred-for 60 hours at 20[err]C. The

was rermved under vacuum and tg resi due was di ssol ved

dranol (2m.). This sol ution was subJ ected to size

exc usi on chromat ography on Sephadex LH20 15 el uti ng W|th met hanol . On
evapor ation of solvent, the product, [h nmet hyl

[ (8- oct anani do) 4- azi $Hphate and aYﬂPG&t?d 8°$21Y3r4 whitg s@kid, which was CYYS llisgd from

,4,5-trideoxy-2-thio-D err] al n I opyran05| dlonate][err
]- was obt af Cﬁgcﬁxﬁge@a\{)ﬁ{ J%ﬁ?laﬁggwég gilw% The free
si al.gsi‘de was obtained by the foll ovm ng met hod: - To a solution
of PAVAM [ EDA] 4.0 [nethyl [(8-octanam do) 4-azido-5-
acet am do- 7, 8, 9-tri - (PAMAM [EDA] Bﬂﬁkbh!mmbbmmml%zym&&r] D- gal act
0- 2- nonul opyr anosi dlonate] 32 (215ng.) in dry nmethanol (lIm.)
under argon at 25 20[err] C was added a freshly prepared 1M sol ution:

of sodi um et hoxi de | VIR ] . M Xt i I .

for 3 hours. The sol VE%P s\%\glon °ftﬂgbm§%§%‘?]é! gdoa @%&{Qﬁg@@s&éﬁ&% @gg\‘)&ﬁ (5ml)
in water (2m.) and sfiider@fl ihétt athfosphere was addb®4icarbokpReryiiorbhie AckEN-

subj ected to size exclusion chromatography on Sephadex LH20

eluting with water. Crydroxysuc¢inignide ester (H@n‘w band-the sgintion stirred FonGS/hp@dAit 20°C.

05 ockanam 9) - 4, ! A0uCues AT daed i Sl Hohace soppiod 1A 5 e cea
280

as it-07D- gl ycer 0 [ ‘? o\‘ll\ﬁl‘(?gétgg ﬁa@adlgigbﬂa@% J@HELS ie! Slv%ﬁt %MBQPH? gfé?mm

[ (8- oct anami do) - 4 ammhﬁfesmll&iwasldrsﬁometﬁni I()%Qmmoma solution (5ml.). This solution was
2-thio-D-glycero-[err]- c&gl: act o- 2- nonul opyran05| doi c aCIb@J 32 BRI 6149
A sl ow st eam of hydr o¥b torsizecexghisionhromatography o8 Sephadax L HR0 ghuting with 10%

PAVAM [ EDA] 4.0 [(8- Oﬁl’u@)@ﬁﬂ‘ s%muonll. éf eggpo%tﬂﬁleé%&%t,?the p%&xf&,@&ﬁﬂm [EDA] 4.0

[4~Benzamidoboronic acid};, was obtained as a white fluffy solid. 110mg. 94%.

15
EXAMPLE 31

Preparation of Sodium 3,6-disulfonaphthylthiourea terminated dendrimers.

20 BHAIlyslys,lys,lysslys;slyss,

Trifluoroacetic acid (2ml) was added to a stirred suspension of
BHALlyslys,lys,lyslys;s{DBL;, (147mg) in dry dichloroniethane (2ml) and the

" resulting solution stirred at room temperature under nitrogen for two hours and

25 then concentrated. The residue was dissolved in N,N-dimethyl-N-allylamine buffer

(pH 9.5; 5ml) and then solid 3,6-disulfonaphthyl isothiocyanate (400mg) added.
The pH. of the mixture was then adjusted to 9.5 by the addition of 1M sodium
carbonate and the solution héated at 53°C for three hours under nitrogen. The
reaction mixture was concentrated and the residue redissolved in water and the

30 solution passed through a column of Amberlite IR 120 (Na). The'filttate was




2-t hi 0- D- gl yeRH9g/@3s?s 9al act o- 2- nonul opyr anosi doi ¢ aci d] 32 ( 25nmpQr/Ate7mods?
m xture of pyridine (40m.) and water (20m .) at 201C for 5 days. The

sol ution was then bubbled with nitrogen for 2 hours to renove excess

hydr ogen sul phi de. The sol uti on was evaporg ed to dryness and the residue
taken up in water (5 m) and filtered thrd éﬁ a 0.45[err]m nenbrane filter
to renmove sul phur. On |yophilisation, the product, PAMAM [ EDA]
4.0 [(8- 15 oct anam do) -

4- am no- 5- acet coricdntrate Ayas-concehtrated ©-gike thelwrydle product, avhi¢h was purified by gel

gg'ﬁSCt 865/0 nonu}iﬁll'oa%ro%n@gﬁg%g L%ICZOd]water tos gglgﬁﬂfyg&d agaﬁ%gs!dg;%sn wx&xe&P owder

Zr écﬁ?ﬁgi;gﬂeﬁgf‘g@‘?‘g? édgsg‘?@n%ﬁd%r ox% @gﬁ% {etégg{fgrsoméysl%gé sol ution

of 4-carboxyphenyl boronic acid (500ng.) in dry di et hyl fornmam de (5m)
wer'e added N-hydroxysuccinimde (380ng.) and di cycl ohexyl carbodiim de
(680ng) The fixture was stirred at 20 EXIAMPRE 3Durs then the white
precipitate was filtered off. The sol vent was renoved under vacuum and

t he residue dissol ve In ethyl acetate (100m.). This solution was washed

\IIDMCEI'? A"‘U’g;% 04 4r7heeq:a9¥§6n 3P Sbiitin 3 ,5-Disulfophenylthiourea terminffted efldrifnbrs.

- 48 - sul phate and evaporated to give a white
solid which was crystallised from

acetonitril e/ V\BHédyaixszfdezsglyeﬁUBﬁs 730my. 92%
PAVAM [EDA] 0 (4 benzam doboronic acid][err] BRI 6160
5 To a solution of the PAMAM [ EDA] 40(69rrg) in

dry di met hyI S'Phﬂﬂé’fﬁagéhc(a%iﬁ {3ml) was added to a stirred suspension of

BHALlyslys,lys,lysslys;sDBL,;, (300mg; 0.02mmol) in dry dichloromethane (3mi)
and the resulting solution stirred at room temperature under nitrogen for two hours
and then concentrated. The residue was dissolved in water and the solution passed

15 through a column of Amberlite IRA 401 (OH) and the filtrate concentrated to give
a viscous oil (187mg). The oil was dissolved in a 1:1 mixture of pyridine/water
(8ml) and solid sodium 3,5-disulfophenyl isothiocyanate (680mg; 2mmol) added.
The resuiting solution was heated at 53°C for three hours under nitrogen. The
solution was then concentrated to give a white solid residue. The crude product

20 was purified by gel filtration (Sephadex LH20; water) to give
BHALlyslys,lys ysslys;¢lyss, with 64 sodium 3,6-disulfophenylurea groups as a
white fluffy solid.



undér an inert atnosphere was added 4-carboxyphenyl boronic acid N

hydr oxysucci ni ni de Y¥Q88P357330ny. ) and the solution stirred for 65 hoBFE/ARO7T/00447
~20[err]C. To the thick slurry was added | M sodi um carbonate solution (1m.)
~and the clear 10 solution stirred an additional 24
poues.: The sol vent was renoved under vacuum -50- and t he
iﬁtﬁe was di ssolved in 10% ammoni a solution (5m ). This solution was
Sabj'eGted to size exclusion chromatography on Sephadex LH20 el uting with

. 10% amoni a sol uti on pxCigp %;at i on of solvent,
“the . product, PAMAM [EDA] 4.0 - - benzam dobor oni c

aci d] 32 was obtained as a white fluffy solid. 110ng. 94%

15 ' EXAMPLE 31
Preparation of Sodi uRrepasation of Sodimamk 85:Dicarboxyphenylithionsgea terminatedrdendrimers.
20 BHAl ysl ys2l ys4l ys[err]lys[err]lys32 '
Trifluoroacetic acid (2m) was added to a stirred suspension of

‘BHAI ysl ys2l ys4l ys| er r (147mg) in dry dichl oronethane (2m)
and t he 5 Bﬁmﬂl%rﬁ“%%ﬁmﬁﬁ solution stirred at room

tenperature under nitrogen for two hours and 25 then
concentrated. The residue was_dissolved in N, N-di nethyl-Nallylam ne buffer
(pH 9.5; 5nl) and t hEriflyerdaeety: aidi(3ml) wasadhed{a a sdged susppasien f (400ny)

added. The pH th | XL ur snthen adjusted.to

by the addition of 1RPSUHTHYS silSiBBL 50%%»*5-52%@?%&?%9 rorfigthane Cantl
solution heated at Sgidelrbsulfitig §dHiféh StRvéd at bRl teftipef 6t undéP Ritrogen for two hours
sAgagtizon-m xture was concentrated and the residue redissolved in water and

30 sol uti ¢f ambsthen cohgentrgteda Thel residue fwadrdissolved én Water 2ad (thia3olutivre passed

Filtrate was 98/ 03573
PCT/ AU97/ 00447 ough a column of Amberlite IRA 401 (OH) and the filtratg goncentrated to give

concentrate was conc e [ xe . : o i+ f
Concentrate, s, ConcE ISRAILS LB TRNEMEBRSOUIN o 1 hutr AL S
BHAI ysl ys[ err] 1 ys[ er {8nily shd sodityd, S4didarhyyphényl iédthiobyanate (4S0sigtiDinmol) added. ' The
3, 6-di sul f onapht hyl urea _grouios. as a white tluffy solid (175nm). .

_ resulting solution was heated at 53°C for 13 hours under nitrogen. The solution

15 was then concentrated to give a white solid residue. The crude product was
purified by gel filtration (Sephadex LH20; water) to give
BHAIlyslys,lys,lysglys,¢lys;, with 64 sodium 3,6-dicarboxyphenylurea groups as a
white fluffy solid.

20 EXAMPLE 34

Preparation of Sodium 4-phosphonooxyphenylthiourea terminated dendrimers.

BHALlyslys,lys lysglys,¢lyss,

25
.Triﬂuoroécetic acid (2ml) was.addcd,to a stirred suspension of
BHAIlyslys,lys,lysslys;sDBL,, (147mg; 0.01 mmol) in dry dichloromethane (2ml)
and the resulting solution stirred at room temperature under nitrogen for two hours
and then concentrated to give a viscous oil. The oil was dissolved in N,N-

30 dimethyl-N-allylamine buffer (pH 9.5; 5ml) and solid 4-phosphonooxypheny!




5 WO 98/03573 EXAMPLE 32 Pr epar at POW/ATI97804T um
3, 5-Di sul fophenylthiourea term nated dendri mers. : '

BHAI ysl ys2l ys4lys[err]lys[err]lys32 10 Trifluoroacetic acid (3m) was-
added to a stirred suspension of

‘BHAl yslys[err}lys[err]lys[err]lys[err] DBL[err] (300mg; 0.02mmol) in dry

di ¢chl or onet hane (3m) and the resulting solution stirred at room

t enperature unde nitrog

f dth t d.
res! due was diSEBOGEANAE (Z30me é&a‘%ﬁ“ﬂﬂég&qﬁtp%‘ﬁe Eoro T W ARSI 2R 0

f- Anberlite |
\C’)' ScougrO: | ° %f&l éphe ol f% %ghsso | n a&ghrlﬁn?gﬁf?g@gﬁms under

pyri di ne/ wat ermtro erl, 8The salitiors Waé d:eacudmwm&t&i b givé b ogtirnolidi residhe o Thenat e
(680ng; 2mmmol ) added. The resulting solution was heated at 53[err]C for

three hours urrdmdumwas oegissolveddn watersamﬂuhcsolquBpaSsednﬂu'ougbatmhnwofo gl ve
B L o0l LD AR TR 155 GGt B0 HiEe B0cdBSedd Hhe Side W& mhh phied O"

BHATyS ys err ﬁ%& eﬂfr;thaﬁgs@gﬁadexmd,lw@% ARy, dyg it

3, 6-di-sul f ophe rea group

98/ 03573 64 sodium 4-phosphonooxyphenylurea groups as a white fluffy solid (150mg)
PCT/ AU97/ 00447 -50

EXAMPLE 33 Preparati on of -Sodi um 3, 5- Di car boxyphenyl t hi ourea

term nat ed "dendri ners. 5 BHAl yslys 4 rrllys[ferr]lys[err]
Trifluoroacetic acid (3n) was added M"@ﬁ?ﬁéd suspensi on of

BHAl ysl ysFeyg ]l ys[err]lys[err]lys[err]DBL[err] (300mg; 0.02mmol) in dry
di chl or onet hane (3m) and the resulting solution stirred at room

t enper at ur e ufreparstioncafeSodivum 4-phosplonephenylthiourea terminated dendrimers.

BHALlyslys,lys,lys;lys;clyss |

15 Trifluoroacetic acid (2ml) was added to a stirred suspension of
BHAlyslys,lys,lysslys,sDBL,;, (147mg; 0.01 mmol) in dry dichloromethane (2ml)
and the resulting solution stirred at room temperature under nitrogen for two hours
and then concentrated to give a viscous oil. The oil was dissolved in N,N-
dimethyl-N-allylamine buffer (pH 9.5; 5ml) and solid 4-phosphonophenyl

20 isothiocyanate (250mg) added. The pH of the resuiting solution was adjusted to 9
with saturated sodium bicarbonate solution and the mixture heafed at 53°C for
three hours under nitrogen. The solution was then concentrated to give a white
solid residue. The residue was redissolved in water and the solution passed
through a column of Amberlite IR 120 (Na) and the filtrate concentrated. The

25 residue was then purified by gel filtration (Sephadex LH20; water) to give
BHAlyslys,lyslysglys;lyss, with 64 sodium 4-phosphonophenylurea groups
BRI 6196 as a white fluffy solid (152mg) after freeze drying.



10 and then concentrated. The residue was dissolved in water and the

sol.ut'i an passed Wn9803¥13a col umm of Anberlite IRA 401 (OH) and t hBCT/AU97/0044
fi It*’r ate concentrated to give a viscous oil (186ng). The oil was

:ed ina 1.1 mxture of pyridine/water (8m ) and sodi um

ar boxyphenyl isothiocyanate (450ng; 2mmol ) spdded. The resul ting
1:gt4-0n was heated at 53[err]C for 13 hours under nitrogen. The sol ution
15.'was then concentrated to give a white solid residue. The crude product
was © purified by gel filtration (Sephadex Mﬁg to give

BHAl ysl'ys[err]lys[err]lys[err]lys[err]lys32 um

3, 6-di‘car boxyphenyl urea groups as a white fluffy solid. 20

EXAMPLE 34 Preparati on of Sodi um 4- phosphonooxyphenyl t hi our ea

term nated dendri mer SPreparatid-6f Sodiun{ 4/6-diphesptionpbhiphthylthiooeés terhlisatedr r |
25 Trifl uoroacetic aC| d (2m) was added to a stirred suspension of

BHAl ysl ys[err]|ys[ er rdengdsimens] | ys[err] DBL[err] (147ng; 0.01 mml) in dry
di-chl oronet hane (2ni) and the resulting solution stirred at room '
tenperature under nitrogen for two hours and then concentrated to give a
vi scous oil. The oil l’%ﬁlﬂd Ived in NN 30 dinethyl-Nallylam ne buffer
(pH 9.5; 5nm) and sol phosphonooxyphenyl WO 98/ 03573

PCT/ AU97/ 00447 ' -51 -

| sot hi ocyanate (250ng) added. The oH of the resultijng sol ution was adj ust ed

tg 10. with 1M scuisaiwtionobsedingm aﬁcﬂlpmphvmw@hmba@@ep%ms%Gﬁrfvmg)tm wager
h_m” S -undec. ni t(?.ﬁg)eQas ddieds! g&h&f&%@i@ﬁmwa 1thE 26 B mbfhr nﬂin;’ﬁaér (2mi).

@l i d residue. residue was redi ssol ve ’\/vater a

settiton passed t hieULie pH P keikire wabadjaited td 95 Wit %&Qra&é\ﬁéodiiﬂﬂ bidagbonate

filtrate concentrat ed. e residue was then purified by gel filtration
(Sephadex LH20; wate rs;alutwngandethemxgm yigbeously stirpest for bpe hour 38ropuy tempefatune]and

Wy, O SO0 UM AR RSRRPRoS R W SRR ucped. Pl Btk 88 il
- ' and the filtrate concentrated to give a brown solid residue. The crude product was
purified by gel filtration (Sephadex G25; water) to give PAMAM 4.0 terminated

15 with 24 sodium 4 6—d:phosphononaphthylthlourea groups as a brown solid (81mg)

after freeze drymg

EXAMPLE 37

20 Preparation of Fluoresceinthiourea terminated dendrimers.

PAMAM 4.0 (EDA)

. Solid ﬂuoreséein isothiocyanate (188mg) was added to a solution of PAMAM 4.0
25 (EDA) (74mg; 0.01mmol) in water (3ml). Saturated sodium bicarbonate solution
was added to adjust the pH to 9 and the resulting homogenous solution stirred
overnight at room tempefature and then concentrated. The orange residue was
purified by gel filtration (Sephadex LH20; water) to give PAMAM 4.0 (EDA)
terminated with 21 fluoresceinthiourea groups as a fluffy orange solid (193mg)
30 after freeze drying. -




EXAMPLE 35 1Gygogmpadtsepar ati on of Sodi um 4- phosphonophenyl t hi oyt ue7/00447
term nat ed dendri ners. BHAl yslys[err]lysdlys[err]lys[err]lys32
Trifluoroacetic acid (2m) was added to a stirred suspension of

BHAl ysl ys[err]lys[err]lys[err]lys[err}DBL[err] (147ng; 0.01 mmol) in dry

di chl or onet hane (2m) and the resultrAd-sol ution stirred at room

t enperature under nitrogen for two hours and then concentrated to give
a viscous oil. The oil was dissolved in N\ di met hyl - N-al | yl am ne
buffer (pH 9.5; 5m) and solid 4-phosBXAMPERBY38 20 i sot hi ocyanate (250nm)
added. The pH of the resulting solution was adjusted to 9 W th

satur ated sodi um bi carbonate solution and the m xture heated at 53[err]C

for thre hour s, und so.l utL n Was t hen co ntrated to
give a white paE%tl"?'U"fég&H &’q‘f’ﬂzl"g thigjired ?W?"r@ewat er and
the sol ution pRsfn t hrough a col um of Anberllte IR 120 (Na) and the

fil'trate concentrateiceirS The 25 residue was then purified by gel filtration .
(Sephadex LHRO; water) to give

BHAIl ysl ys[err]lys|[err 1ysb§r§)r] lys[err]lys[err] with 64 sodium

4- phosphonophe?&?"{ﬁl‘a‘l BRI 6196 as a white fluffy solid (152ng)
after freeze drying. - WD 98/03573

PCT/ AU97/ 00447 - -52 -

EXAVMPLE 36 - golid %)henyl-B-boromc acid) 1?6tﬁﬁéflﬁia'té)(10©ﬁ1g5@d51ﬁﬁbl) was added to a
4, 6- di phosphononap | t hi ourea térm nated

dendri mers. solution of PAMAM 4.0%EDA) (69mg; 0.01lmmol) in watepAfmh. 418 sodm;n
varer o 0 cahanaie,ues asBlo e HOGURTERGE irsORRARN F0 00 16 mOE HAS
in wat er (2m )then heated at 53 °C for two hours under nitrogen, and then filtered and the filtrate
concentrated to give a brownish solid residue. The crude product was purified by
gel filtration (Sephadex LH20; water) to give PAMAM 4.0 (EDA) terminated with
32 (phenyl-3-boronic acid)thiourea groups as a white fluffy solid (87mg) after
15 freeze drying. |

EXAMPLE 39

Preparation of Sodium 3,5-Dicarboxyphenylthiourea terminated Polylysines.
20 | N
A solution of poly-L-lysine.hydrobromide (4-15K) (Sigma Chemical Company)
(50mg) in water (2ml) was added to a solution of sodium 3,5-dicarboxyphenyl
isothiocyanate (305mg) in water (3ml) and the pH of the resulting solution adjusted
to 9 with,aqueous sodium bicarbonate. The solution was thén heated at 53°C under
25 nitrogen f.or 4 hours. The solution was cooled and filtered, and the filtrate
concentrated to give an off-white solid residue. The crude product was purified by
gel filtration (Sephadex LH20; water) and freeze dried to give sodium 3,5- -
dicarboxyphenylthiourea terminated poly-L-lysine as a white fluffy solid (71mg).



10 The pH of the m xture was adjusted to 9.5 with saturated sodi um

bi car bonat e WO 98/03573 sol ut.ion.and the m xture vi gorousl| yPCT/AU97/00447
stlrred for one hour at room tenperature and : t hen
heated at 53[err]C for three hours under nitrogen. The mixture was then

' 3 and the filtrate cgnacentrated to give a brown

esi due. The crude product was : purified by gel
filtration (Sephadex &5; water) to give PAMAM 4.0 term nated

15 mi th 24 sodi um 4, 6- di phosphononapht hyl t hi Qurea groups as a brown solid
(81ng.)’. after freeze .drﬁXﬁ.MPﬂE‘w o o
EXANPLE 37 - 20 Preparation of Fluoresceinthiourea

term nat ed dendri ners. PAVAM 4.0 ( EDA)

Solid fluorescein 'Sﬁe?h SoditRSA PhysphoagaRthylfphensithieur & tepmifAWAM
4.0 (EDA) (74 m‘n’OlrrrmI) m’g)/aﬁery(Srﬂ) Sat ur at ed
sodi um bi car bonat e SPdlylyisines. was added to adjust the pH
to 9 and the resul{ing honogenous sol ution stirred

overni ght at room errper ature and then concentrat ed. The orange residue was

purified by gel fiIt ' Yovhis
termnated with 21 f uore l{é’?ﬁlﬁ%@ourég gr l}\ggétgf;&%&?fegq‘zp?m?ahge g@lv('dé%hedtoa

I(D é_?_ ?Z@Q?/ 0042 (73 af t ersolutit@zef pHly-LAlysine. hydrobyénifs/ B050K) (Slgma Chemlcal Company)
EXAMPLE 38" Pr p8me) ina 1ok migure of mmwwasrb gk oa&xedpmmﬁedﬁaae@wsted to
termnated dendry URISH 1M sodium cathoNate agd the sdlution heated overnight at 53°C under

10 nitrogen. The mixture was cooled and filtered, and the filtrate concentrated to give

a brown solid residue. The crude product was purified by gel filtration (Sephadex
LH20; water) to a give a brown solid (82mg).

EXAMPLE 41
15 .
Preparation of 1-phosphono-oxyphenyl-4-thiourea terminated poly-L-lysine.

To a solution of poly-L-lysine hydrobromide (50mg; Sigma P2636, 30-70
kilodaltons) in water (10ml), heated and stirred at 53°C, was added 4- |

20 phosphonooxyphenylisothiocyanate (153mg) and the pH of the mixture adjusted to
9.5-10 with 1M sodium carbonate solution. The mixture was heated and stirred at

53°C for 5 hours and then filtered. The clear solution was purified by gel filtration
on Sephadex LH20 eluting with water. The eluent was lyophilised to give the
"product as a white foam. 77mg. 94%.

25




Solid (phenyl 83?/8 i c acid) isothiocyanate (100ng;. 0. 5mol ) %’2‘?%?0%4}70

a solutio M4.0 (EDA) (69ng; O0.0lmol) in water (5

sodi um 10 carbonate was added to the isothiocyanate dissolved (pH ca. 10).
The m xture was then heated at 53[err]C for two hours under nitrogen,
and then filtered and the filtrate conceéddt+ated to give a brownish solid
resi due. The crude product was purified by  gel filtration (Sephadex
LH20; water) to give PAMAM 4.0 (EDA) termnated with 32

(phenyl - 3-boroni ¢ aci d)thiourea groupspaamptpige fluffy solid (87ng) after
15.freeze drying. EXAMPLE 39 '
Preparation of Sodi um 3, 5- Di car boxyphenyl t hi ourea term nated Pol yl ysi nes.
20 - A solution of poly-L-1ysine. hydrohronjde (4-15K) (Signma Cheni cal
Conpany) ( -Braparation gf benzamidp-4-heronig agid erminated po SiBBdi um

3, 5-di carboxyphenyl . isothiocyanate (305ng) in water (3m ) and the pH of
the resulting solution adjusted to 9 wth, aqueous sodi um bi car bonat e.
The sol ution t ; Al ves B el r ours. The
sol ution vvass\ggglae%ﬁglr??q?it te?’elg?ﬁg%a%%é fil t(rsglalegr’]s‘iglg%ggﬁes&n?gggmd to give
an of f-white skilodilitons)iid BMSTHhE Oal))dmder enl inert awmosphere f wasladded 4- gel
filtration (Sephadex LH20; water) and freeze dried to give sodj 3, 5-

di car boxypheny$arbexphenylberogic aqid N-Bydrpxysuccummide estey (%P and Lykspdwym; g

I(DZJ%'?%{B? /004 47ca¥por%§é Coltieh (2ml) and the mixture stirred at 20°C for 60_1?}113_. Solvent was

EXAMPLE 40 renfdveR 3% dhéud kil thSeliaus dis{diab W aer Sy lahd fitleydd, "The!clear
term-nat ed” Pol ylysines. 5 Solid 4-(phosphononet i/l ) phenyl
i sot hi ocyan@ esol@ioniwes purifiediby gelfiltratiou e Sephadex LHR0 eluting with water. The

pol y- L-1ysi ne. hydrobrom de..( 30- 7QK H_&Si - Chem cal .Conp é 50ng) in a
1:1 mixture ofeqé ti%@ﬁ@?&%ﬂ‘éﬁ@ to—,g%g ngg‘c?ﬂésrﬁ Yhty 8’%5% usgtog‘é‘ to 9.5
wi th 1M sodi um carbonate and the solution heated overnight at 53 [err]C
under ' '

EXAMPLE 43
15 1.  Chorioallanticic membrane (CAM) assay

The in vivo CAM angiogenesis model, initially described by Folkman (1985) and
modified by Maragoudakis et al (1988) was used. Briefly, fresh fertilized eggs
were incubated for 4 days at 37°C when a window was opened on the egg shell

20 exposing the CAM. The window was covered with cellophane tape and the eggs
were returned to the incubator until day 9 when the test compounds were applied.
The test compounds were placed on sterile plastic disés (10mm) and were allowed
to dry under sterile conditions. Control discs (containing PBS) were placed on the
CAM lcm away from the discs containing the test material. A sterile solution of

25 cortisone acetate (100ug/disc, Sigma) was incorporated in all discs in order to |
prevent an inflammatory response. The loaded and dried discs were inverted and
placed on the CAM, the windows were covered and the eggs incubated until day 11

when angiogenesis was assessed.



10 nitrogen. The m xture cooled and filtered, and the filtrate -
concentrated to gi va¥ g”’%\ggfovm solid residue. The crude product was PCTIAUY7/0044
purified by gel filtration ( Sephadex LH20; water) to 'a give a brown

solid (82ng). EXAMPLE 41

Pr¢ __;;t_tlon of 1-phosphono-oxyphenyl - 4-t hi our ea 45r4m nat ed pol y-L-1ysine.

@ ution of poly-L-1ysine hydrobronide (50ny; Sigma P2636, 30-70
kllodaTtons) in water (10m), heated and stirred at 53[err]C, was added 4-
20 phosphonooxypheny mg cAmt xture
adjusted to 9.5- 16‘4%%?1?10%&% ggafﬁar%(oé‘ar bo eﬂessté ttlag'n Thzg’g?%mxt ure was
heated -and stirred at 53[err]C for 5 hours and then filtered. The clear
solution was purified by gel filtration on Sephadex LH20 eluting with
water. The el uent waFdrymgphologisal cvalugition, eggs weredrestedcas above. WMiday Floharges

0,
;Q?Aug‘? //00042127 \n\r/ge %/o g’ 7?’th 10% buffered formalin (Janssen Chungg Geel, Belguim), the

EXAMPLE 42 P12 RAURE s Her P%}?@&Eqd&ﬂ e egéyneea % ROt CFoBd fifbramure for at least

pol y-L-1ysi ne. a solution obrom de (

Si gma P2636, 30-70 4 hdiirk.odallirgeayed iroﬁ)\dsme(dxﬁmw;ls cutmfénnchplacﬂtonaglass slide, and
atnosphere, was added 4- car boxyphenyl boroni c acid N-hyd cci ni mde
ester (90ny) and 1M dbeivasenlar densitynisdes (€xprassrd asn )Of&alﬂpi ?SFFLXW&% weasured by

stirred at 20[err]C f removed in vacuo and the
resi due di ssolved in %w&%@aﬁﬁ?‘?‘ﬁﬁ%@“”@e cl ear 10 sol ution was
purified by gel filtration on Sephadex LH20 -eluting with water. The

el.uent. yas | yophilised to give the product as a white foam 50mg. 90%
7 10 1L Rat aorta assay

The rat aorta ring model, initially described by Nicosia et al, (1990) was used. .

Briefly, a sterile 1.5% solution of agarose (Pharmacia Biotech AB, Upppsala,

Sweden) was poured into culture dishes and allowed to gel. Agarose rings were
15 obtained by punching two concentric circles, with diameter of 10 and 17 mm,

respectively, in the agarose gel. The excess agarose inside and outside the rings

was removed. The rings were transferred to a 6-well plate (Nuncion, Roskilde,

' Denmark), each well containing three rings. Thoracic aortas were obtained from
3-month-old male Wistar rats. The aortas were immediately transferred to a |

20 .culture disk with serum-free Minimal Essential Medium (MEM). The fibroadipose

tissue around the aorta was carefully removed in order to damage the aortic wall.

Thin slices (0.5 mm thick) of aortic rings were sectioned and extensively rinsed in
12 consecutive washes of serum-free medium. Before transferring the aortic rings
.to the culture rings in the culture plate, the bottom of each agarbse well was coated
25 With 150ul of clotting fibrinogen. After the fibrin gel had formed, the aortic ring
was transferred to the agarose well and positioned in the center of the agarose well.
Then the agarose wells were completely filled with clotting fibrinogen. Partially
purified bovine fibrinogen (Sigma) was dissolved in serum-free medium in order to
obtain a concentration of 3mg/ml. Clotting was obtained by adding 20ul of a
30 50u1/ml bovine thrombin solution (Sigma) to 1 ml of fibrinogen solution. The




EXAMPLE 43  Wo dsn3s7s Chorioal |l antioi c menbrane (CAM assay PCT/A®9Y/60447
vi vo CAM angi ogenesis nodel, initially described by Fol kman (1985) and
nodi fi ed by Maragoudakis et al (1988) was used. Briefly, fresh fertilized
eggs were incubated for 4 days at 37[err]C when a wi.ndow was opened on
the egg shell 20 exposing the CAM The w nd W was covered with cell ophane
tape and the eggs were returned to the incubator until day 9 when the
test compounds were applied. The test conpounds were placed on sterile
pl astic discs (@ib@imgel formed-withil 3Msezdnds att roonr temperktures t &fted fbrin gelationns .
Control discs (containing PBS) were placed onéhe CAM 1cm away fromthe
di'scs. cont ai ni A} EM sqedinm csyppiemented with) 20 % §1G$ (Gihc)s 19mM Slepes (fibco)
acetate (100ug/

orovent an i nf ARy SRpRRG AT, Wi I s it S el € B e

and  pl aced qeye chimpbiid whl BaUd O bR GOMR"HErcbifid BshoBfiGdaCubat ed

until day 11 when angi ogenesi s was assessed. 98/ 03573

PCT/ AU97/ 00447 -56 -

Mor phol ogi cal eval yatj on of ,angi ogenesi s in the CAM assay For

mor phol ogi cal Quantitatiopof apgiggengsisdor thefat doHA rIBEAFEY At day 11 the eggs

were flooded with 10% buffered formalin (Janssen Chimca, Ceel, Belguim,
the 5 plastic discs were renoved and the eggs were kept at room

tenperature foiCudurésoRére examinddQdily. anfiscbfdddder & irbefted thitiscohies CTHES Cut
of f and placed on a glass slide, and t he vascul ar density index _

(expressed as guomstlyofonicoovessels issrepresgntod by mecans of d migrovasquiiar growth quye.

Har ri‘s- Hook eer %Iorx?llexti nlgé3 r%)o're tlxzull%Obltb 250 th?’x&:fo%%_gste s i%scg%on (Nicosia et al 1990)

' due to the three-dimensional complexity of the microvascular network. The margin
of error for.the .observer who is counting the microvessels is high: therefore, the
formed microvessels were scored on a scale from 0 (no vessels) to 10 (maximum
vessel number). | |

15



The rat aorta ring nodel, initially described by Nicosia et al, (1990) was

used. ;. Briefly, 2WO9808§78 1.5 % sol ution of agarose (Pharnaci a Bi oPEITAUS7/00447
AB, . Upppsal a, Sweden) was poured into culture dishes and allowed to gel.
Agar-ese rings were 15 obtained by punching two concentric circles, with

t2r of 10 and 17 mm respectively, in theggagarose gel. The excess

se inside and outside the rings was renoved. The rings were

transferred to a 6-well plate (Nuncion, Roskilde, Denmar k), each well
containing three ri [ﬁﬁﬁ T&gr acic aortas were obtained from 3-nmont h-ol d
mal e Wstar rats. T ULi8s were i medi ately transferred to a 20 culture

disk with serumfree Mnimal Essential Medium (MEM. The fibroadi pose

ti ssue around the aorta was carefully renoved in order to damage the aortic

wal | . Thin slicesl.(0. 5CAM assay k) of aortic rings were sectioned and
extensively rinsed in 12 consecutive washes of serumfree nedium Before
transferring the aortj i ngs st he ¢ Tinggy he cu .4 Pl at '

t he bottom of each agé§ gée wel IB%\I/gglzzzoat egb%%§%th 1?&@%f cl otia{lpr?g4 ‘BRI6039
fibrinogen. After the fibrin gebshdchnf)yor me@sud/Ban)a0r (25.gfday  (2548%am (25ug/ca
transferred to the ags et e ~t-oRet—A—the s S

wel | . Then the agarode wells wit® conpl et-¢3% filled-36% h clottifg +119
fibrinogen. Partially purified_bovine fibrinogen (Signma) was dissolved

in serumfree nediumin drder to -“13%gptain altncentrat®éh of 3y’ . -33%
d otting was obtained by.addi ng 20yt,0f a 30 _ err]l/m vine th in y
sotutjon (Sigm) to 1 ni 3of fibri ng%%n sol utiggn% The - 54%)) 98/ 035?@ 9%
BERLALB7/ 00447 4 +11% -87% 73% 57 - +10% - -349%

b gel formed within 30 seconds at roomtenperature. After fibrin

gelation, 6 m of MEMSmedi um sé®Pl enent ed48®t h 20% 6% (G bco)-40%0nM 26%
Hepes (G bco) and 1nM _L-glutam ne (G bco), .were added _to each wel ] of

the 6-well plate and the® test c‘ﬁ%oundwas‘sgdded to tHé medi um-af®t he -27%
appropriate concentratios. 5 Qpptitationspg angi ogepesis for the rat 129
aorta ring assay Cul'tures were ‘exam ned dally and scored under an

inverted m croscope. Thes§ growt h1®9%- m crovessel s i s rgpgesent ed -pyxwneans  -18%
of a m-crovascular growh curve. 10 Formation of nore than 200 to 250

nmicrovessels is common (Ricosia et &l 1990) ‘due to t1%% hree- di-3&hsi onal -63%
conplexity of the mcrovgscul ar ne rk. The margin rror fo he
observer who is counti ng?fhe m_crd\%\gsel_ s is high: ther’%}%?e, t he '54%formed -53%
m crovessels were scoredyjpn a scale fromO (no vessel s) 44,10 (maxigum -16%
vessel nunber). _ '
' 12 ' -30% -57% +439%
13 - o
X= -22.6+20.9 -42.4:!;26-.2 -34.9429.3  -22.8422.8 -19.8:+2
P<0.01 p<0.05 p<0.01 p<0.05 p<0.0:
. Higher concentrations (50ug/cam) of BR12995 and BRI6112 have been evaluated:

BRI2995 cause 50% embryo death. The surviving eggs showed 73% inhibition of
vascular density. No toxicity was found for BRI6112 at this concentration.
However only a slight inhibition of vascular density (-16%) was observed.

TNP-470 (50u/cam) and Pentosan Polysulphate (PPS) (50ug), two compounds that
are in clinical trial, were included as reference compounds. They reduced vascular
density by respectively 21% +16 and 42% 428. PPS caused however 80% embryo

death at this concentration.




15 Vo 98/}9853/33573 : . PCT/AUITA0447

PCT/ AU97/ 0044 . - 58- RESULTS

I . CAM assay egg no BRI 6112 BRI 2923 ‘BRI 2995

BRI 2784 BRI 6039 (25[ err] g/ cam (25[ err] g/ cam
(25[ err] g/ cam (25[ err] g/ cam (25[erri2f eam: 1 '
-11% -45% -36% 0 - +11% 2
-13% -17% -22% -7% -33% 3
- 26% 135%RAT-aorta assa§4% -36% - 9% 4
+11% : -87% 3% + 10% -34% 5
-42% - 48% -55% -40% - 26% )
-41% 7
-320 B1§2995 BRI12996 and%’&ﬁww (almost) cor@pietely inhibited thé’%mamm of g
T [0) - 0

015 o microvessels at congeﬁé?iéhs of 20ug/y'§g§§ fooug/ml. ] 63&/08 % : 109
-57% 5 . -88% : -54% -53% 11
+23% 0 -16% 12

-30% BRIG¥96 gave ncarly+¢tm{hlete inhibitionas 20.g/ml and 1002mg/mi, and also

0 g -42 426. 2 -34.929. 3 -22.822.8

-19. 82, gave 1nh1bmon at 4pgimly ~ p<0.05 p<0. 01

p<0. 05 ° p<0 05 p<0. 05

BRI2923 and BRI6039 reduced microvessel growth at a concentration of 100ug/ml.
10



H gher concentrations (50[err]g/cam of BRI 2995 and BRI 6112 have been

eval uat ed: WEIS0IST cause 50 % enmbryo death. The surviving edREI/AUI7/00447
showed 73 % i nhibition of vascul ar density. No toxicity was found

for BRI6112 at this concentration. However only a slight

Lohibiti on of vascul ar density (-16% was observegg.- TNP470 (50[err]/cam

1t osan Pol ysul phate (PPS) (50[err]g), two conpounds t hat are in

ical trial, were included as reference conpounds. They reduced vascul ar

Qi i 0 0 . 0
density by respecti vﬁW&@d 42% 28. PPS-caused however 80% enbryo

death at this concen WD 98/ 03573
PCT/ AUQ7/ 00447 ' -59 - .
RAT- aorta assay BRI 2995, BRI 2996 and BRI 2999 (al nost) conpletely

inhibited the formatl.on oFolkmaniJcr(d985xk| Biclt Clent.c@67:40931:40984.20g/ nl  and
100{err]g/mM. 5 Rl 6196 e nearly conplete inhibition at 20[err]g/m
_an'd{ 1.00][ grr] mg/ M, ahd aljgéff?ﬁ'/l@ﬁw S-A%iebpﬂj(éﬂsﬁtjl- 4([:'1’51F|r }’IBYWI.- 114: 033321 923
and. BRI 6039 reduced 41 cr oygedhva X 0% B Absd) FORGAR) st CndhishIO K151 /18! -

PCT/ AU97/ 00447 4. Maragoudakis M.E. ef al (1988) TissueGil - 20:53 REBFRENCES:

g 5. Nicosia R.F. and Ottinetti A. (1990) Cell Dev. Bio. 26:119-128.

6. Sabesan S. (1994) Bio-Organic and Medicinal Chemistry Letters. 4
(20):2457-2460.
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-61 - CLAI Ms: 1. A et hod of prophyl actlc or
i nhi bition of @pgiyymmnesis in a human or non- '
~angi ogenesi s-i nhi biting anount of a phar maceut I cal conposition corrprl sing a
cofrppound sel ected from drate Fol yners
one of said side chain 3 N &5 ad tration to the
contai ning moi ety b 510H8fh1 raﬁ:lhn?dlep%éﬁ Ju&f"édxﬂﬂ‘x s a Qums

Hasegawa A. et al (1986) J. Carbohy ‘ST‘F‘S/’TB—(—l) : 11; 19. 4.

Bi o-Organic and Medicinal Chem stry Letters. 4 ,II
patient, which conprises admnistration to the patient of an

having a plurality 6fm%th€l‘é OSHQWY&CBEI[% therapeunc inhiBition’o %%Qgﬁpﬁs% Nfeast
dendrimers having apgiedt f ar ¥ffedtiveciniound bf grcotpound s¢ledted atoni east ane of

sai d term nal groups has an anionic- or

cationic- contalnlng noi ety bonded or |inked t heret o,

with the proviso that sajd pharnmaceutic osi,tion .does no

dendri ner “havihg a EPW&P?’L’?”@’PW&“ PIYmETS DAYIRg ﬁphﬂ‘f‘@{mg&ﬁ%
together wi th hydrocortisone; pgﬁ@g Shath ¢relibdi t ed
in said patient by said corrpoﬁ%adn ETOups vg?éf&fﬂ akh baccorﬁkng togcl g.l m1,

wherein said conpound is a |ih&aan mbmcmilcaupmlcmrammg moiety bonded or linked

thereto; and
- il dendrimers having a plurality of terminal groups wherein at
least one of said terminal groups has an anionic- or cationic-

containing moiety bonded or linked thereto.

2. A method according to claim 1, wherein said compound is a linear polyionic

ofo¥o
!

polymer of the general formula I:

PPPPY

I S S

3
3

wnerem

R is a non-carbohydrate monomer unit forming a linear polymer backbone;
X is an optical linking group on the side chain groups of monomer units R;
and

A is an anionic-containing moiety.

T« ¢ L M S ¥



Ao B R i
PS TAU97/00447

of the gener al for%%édﬁ’sﬁmt o

non- car bohydrate %A =Te|US BBEN r backbone;
optional |inking group- on t pl_gd)aun gréps of nonomer units R,
+ Ha3 Bekn Re Yaced A is an af_oni-c—eentaTiT 17D ety

-65}’ hod according to claim 2, V\/ne-r@-n said |inear. polyner has
H‘H U nge of nol ecul ar wei ght d| stribution from 1,000 to
1 00 A nmet hod according.to claim3, wherein said |linear

pol yner has a medi an, Améﬂ%@ﬁ:c@fdxﬁ@l&élﬂﬁ@& WhkEH sgaq&earbpmyﬁerhfséﬁﬁmm

10, 000 to 600, 000. 5. A method acctording to claim2, wherein in said

| i near pol ymer said rangeoofoelecuiar weight distnibwtionrfeomrl, 000 el ,600.600. 6.
A nmet hod according to claim5, wherein in said |inear pol ymer sai d '
mononeric unit Ris a lysine or other amno acid noiety. : A met hod..

aroup X, when’presert, 1 & SR [ n§°8’?"§€eén§e#im%i%ﬂﬂﬁxwmdm

range of molecular weight distribution is from 10,000 to 600,000.

5. A method according to claim 2, wherein in said linear polymer said |

monomer unit R is an amine or amide moiety.

6. A method according to claim 5, wherein in said linear polymer said

monomeric unit R is a lysine or other amino acid moiety.

7. A method according to claim 2, wherein in said linear polymer said linking
group X, when present, is a functional linking group selected from the
group consisting of esters, amides, ethers, thioethers, amines, ureas,

thioureas, carbamates and carbonates.

8. A method according to claim 2, wherein in said linear polymer said linking
group X, when present, is a spacer group selected from the group consisting
of alkyl chains which may be optionally substituted or branched; alkoxy,
polyalkoxy, alkylthio or polyalkylthio chains which may be optionally

substituted alkenyl, multiple alkenyl, alkynyl or muitiple alkynyl chains
which may be optionally substituted, and groups of the formula ~(CH,),-2-
(CH,),- wherein C is -CH,-, CH=CH-, -C=C-, -O- or -S-, and n is an

integer of from 1 to 15.

9. A method according to claim 1, wherein said compound is a2 dendrimer
which comprises a polyvalent core covalently bonded to at least two

dendritic branches, and extends through at least two generations.

I



group consi stiweeglzesters, am des, ethers, thioethers, am nes,

. . . 7/00447
t hi oureas, carbamates and carbonates. 8. A met hod according to clarm
2, wherein in said linear polyner said |inking group X, when
present, is a spacer group selected fromthe group consisting of

al kyl chains which may be optionally substitered or branched; al koxy,

pol yal koxy, al kylthio or polyal kylthio chains which nmay be optionally
substituted al kenyl, nultiple al kenyl, alkynyl or multiple al kynyl chains
whi ch may be optoonalp shetivdsdccordimtiio €lain 9rwhisinfaid dénhdrinieris a polyamidoamine
-(CHerr])[err] -2z (CHerr])[err] whereinz is -CHerr]-, CH=CH
-(err]C, -0 or -Sdendrimiembased an an ammoniarqoegier of from 1 to 15. 9.

A nethod according to claim1, wherein said conpound is a dendri ner

whi ch conprises a polyvalent core covalently bonded to at |east two

gg/ng g|5t7|30 branches.  angleflsREsdidY OUERinPd wifisih saiCadhafifie? i 2 Ppdlyamidoafiine

PCT/ AU97/ 00447 dendrimer based on an ethylene diamine core. - 63 - 10.- A
met hod according to claim9 wherein said dendriner is a pol yam doam ne

dendri mer based on an anmoni a core. (11 A met hod according to claim?9
et i ene. di am ni-cor 8 method sBEortie BT 3 thsreip 8 GCTIEF iR RRGTSIAF cai d
dendrinmer is a polyl Héid?fi%er based onq%gﬂg;ﬁglﬁg?ﬁgg{ gmgf%?%@?%/ﬁéyl am ne or

ot her suitable core. A net ho rein said
conmpound is a polyionic dendriner of the general formula I1:

13. A method according to claim 9 wherein said compound is a polyionic

dendrimer of the general formula II:

I

I
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wher ei n: | Is an initiator core;. _ Zis an interior
branching unit; nis an integer which represents the nunber of
generations of the dendri mer; and ~ Ais an

ani oni c-cont ai ni ng noi ety which may be linked®#s interior br anchi ng

unit Z through an optional |inking group X 14. A nmet hod according to
any of claims 1 to 13 wherein in said conpound said ani oni c- or

cationi c-cont ai ni ng nomdieseimr noi eti es are bonded to am ne,
sul f hydryl, hydroxy or_other reactive functional side chain or term nal
groups of the |inear phiSaRIUAOIRIREY i mer by ami de or thiourea |inkages.

15. A et hod accordi gg..to.anv =Y .to 14, wherein in said conpound
sai d anionic-containinggﬁﬁﬁé$$égpgyéyékﬁi%@%d fromthe group consisting of
sul foni ¢ aci d-contai ni R4 gRiftége? WhiSiifépPeaehisthe GfibEOSE RinBiations'Bf fel €S

(i ncluding neuram nic and sialic acid-containing noieties and nodified
neurami ni ¢ and sial i ¢ deadtinemt ai ni ng noi eti es), boronic acid-containing
nmoi eti es, and phosphoric_ and phosphoni ¢ aci d-contai ni ng noieties

(i ncluding esterified sphori c and phosphoni ¢ aci d-contai ning noieties).

16. A et hod accordi ng;.t ‘ ' . el nd Sa s
t he “1oi ety orRﬁ%i%ﬁ?‘%‘%?@%%é’&%@ﬁémgmﬁ%g% @ pierio Shatching
functional _ Si dﬁit@ﬁ;}@fmaﬁ@ﬁ&]ﬂminﬁﬁ@mﬂ. the |inear polyner or
degidrinmer are selected fromthe followi ng groups, in which nis
zer.0 or a positive integer: WD 98/ 03573

PCT/ AU97/ 00447

14." A method according to any of claims 1 to 13 wherein in said compound said
anionic- or cationic-containing moiety or moieties are bonded to amine,
sulfhydryl, hydroxy or other reactive functional side chain or terminal

groups of the linear polymer or dendrimer by amide or thiourea linkages.

15. A method according to any of claims 1 to 14, wherein in said compound
said anionic-containing moieties are selected from the group consisting of
sulfonic acid-containing moieties, carboxylic acid-containing moieties

“'(including neuraminic and sialic acid-containing moieties and modified

neuraminic and sialic acid-containing moieties), boronic acid-containing

moieties, and phosphoric and phosphonic acid-containing moieties

(including esterified phosphoric and phosphonic acid-containing moieties).

16, A method according to any of claims 1 to 15 wherein in said compound the
moiety or moieties which are bonded to amino or other reactive functional
side chain or terminal groups of the linear polymer or dendrimer are

selected from the following groups, in which n is zero or a positive integer:

_—
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——AMP(=0)(OR);  X=0, CHy, CHF. CF> R = alkyl. aryl, H, Na.

——AnPEONORYNRZRY)  X=0, CHp, CHF.CFp R=alkyl, ayl. H, Na R2 R3 = alkyt, ary

——ArPEO)OR)3), R=alkyl atyl, HHNa n=13

——AfB(OH)sl; n=13 _ ~——AfCOOH], n=1-3
S S S S
I 1} i h
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I ; |
_ 1 S o
HNTN N Il
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NaooC COONa ©\ : i
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17. A method according to claim 1 or claim 2 wherein said compound is

selected from the group consisting of:

i.
ii.

iii.

iv.

vi.

and

vii.

4-sulfophenylthiourea terminated poly-L-lysines;
3,6-disulfonaphthylthiourea terminated poly-L-lysines;
(8-octamido)-5-acetamido-3,5-dideoxy-2-thio-D-glycero-a-D-
galacto-2-nonulopyranosidoic acid terminated poly-L-lysines;
3,5-dicarboxyphenylthiourea terminated poly-L-lysines;
4-(phosphonomethyl)phenylthiourea terminated poly-L-
lysines;

1-phosphonooxyphenyl-4-thiourea terminated poly-L-lysines;

benzamido-4-boronic acid terminated poly-L-lysines.

18. A method according to claim 1 or claim 9, wherein said compound is

selected from the group consisting of:

i
ii.
- fid.

iv.

vi.

vii.

viii.

Xii.

xiii.

Xiv.

Xv,

alkylsulfonic acid terminated dendrimers;

sulfoacetamide terminated dendrimers;

- sulfosuccinamic acid terminated dendrimers;

N-(2-sulfoethyl) succinamide terminated dendrimers;
4-snlfophenylthiourea terminated dendrimers;
3,6-di-sulfonaphthylthiourea terminated dendrimers;
4—su1fonaphthylt_hiourea terminated dendrimers; '
3',5-di-smfophenylthiourea terminated dendrimers;
3,6,8-tri-sulfonaphthylthiourea terminated dendrimers;
4-(sulfomethyl) benzamide terminated dendrimers;
4-sulfobenzamide terminated dendrimers; |
N—(4-su1fophenjrl) propanamide terminated dendrimers;
4-sulfophenylurea terminated dendrimers; |
N,N,N-tri-methylglycinamide terminated dendrimers;

4-trimethylammonium benzamide terminated dendrimers;

A



17. A nethod according to claim1 or claim2 wherein said conpound is
selected fro p consisting of: .

4- sul fophenyM| Olﬁér%é%ut erm nat ed pol y-L-1ysi nes; PCT/AUS7/00447
3, 6-di sul fonapht hyl t hi ourea term nated pol y-L-1ysines; b
(8-octam do) - 5-acet am do- 3, 5- di deoxy- 2-t hi o-D-gl ycero-[err]-D

gal act o- 2- nonul opyr anosi doi ¢ acid term nate68 pol y-L-I ysi nes;

i V. 3, 5-di car boxyphenyl t hi ourea term nated pol y-L-1ysines;

V. 4- (phosphonaonet hyl ) phenyl t hi ourea term nated pol y-L-

| ysi d.
pgisly?ﬁ-sl ysi nes; V*v" 4££§mlgmmgﬁkgﬁeﬂh€enzamh§@ Bgf' gni C

acid term nated pol y- L- | ysi nesdendrimle®s; A net hod according to claim1 or

claim9, wherein said conpound is sel ected fromthe group
consi sting of: xvii. N~(2-ace@vcx9thzl)+N,@Hdims&w&ammamummyl-

dendri ners; sul fgéaget amt?fg?l earm nat ed dendri ners;

Pii. -sul fosucm nam c acid te‘f‘ﬁ’ i V.

N-(2-sul foethyl) succi nanjgg t%{ém endﬁ;nn{é?géghéﬁmem _ V.

4- sul f ophenyl t hi ourea term nat Vi .

3, 6-di - sul fonapht hyl t hi ouiea t4([1i4)8}Hdtettammeydleetadecane]methyl)benzamidé i -
4-sul f onapht hyl t hi ourea term nated dendri ners: Vi i |
3, 5-di - sul f ophenyl t hi our ea t ertermmated deagtiriersr s

3,6,8-tri-sul fonapht hylt our e dr i
4- (sul fomethyl ) benzanmid rf'ﬁéf? ggﬁ@?ﬁ”ﬁ%ﬁwi’%ﬁe termmated derggpmers

4- sul f obenzani de terni natyggl. d%@éﬁbﬂﬁiﬁ)enylarmde terminated defidtimers; o
N-(4-sul fophenyl) propanam de terni nated dendrimers; Xiii.

4- sul f ophenyl urea ter ni natxdid dhﬁdhn:arbomhenylamlde termmatedxinendrxmers

N, NN-tri-nethyl gl yci nam de.ter ated dendriners
4-trimet hyl ammoni um benz aile FBEWE&P@H‘YBBWJW@ tﬂmmated@e@émwzs

PCT/ AU97/ 00447 xxiv. - 4-(phosphonomethyl)phenylthiourea term%&ted dendrimers;

xxv. ethyl-4-(phosphonomethyl)phenylthiourea terminated
dendrimers; | _

xxvi. (8-octanamido)-5-acetamido-3,5-dideoxy-2-thio-D-glycero-a-
D-galacto-2-nonulopyranosidoic acid terminated dendrimers;

xxvii. (11-undecanamido)-5-acetamido-3,5-dideoxy-2-thio-D-
glycero-o-D-galacto-2-nonulopyranosidoic acid terminated

dendrimers;

xxviti. (acetamido)-5-acetamido-3,5-dideoxy-2-thio-D-glycero-a-D-
galacto-2-nonulopyranosidoic acid terminated dendriiners;

xxix. (4-butanamido)-5-acetamido-3,5-dideoxy-2-thio-D-glycero-a-
D-galacto-2—nonulopyranosidoic acid terminated dendrimers;

xxx.' (4-methylbenzamido)-5-acetamido-3,5-dideoxy-2-thio-D-
glycero-e-D-galacto-2-nonulopyranosidoic acid terminated
dendrimers;

XXXxi. (8-octanamido)—4—azidq—5-acetamido-3 ,4,5-trideoxy-2-thio-D-
glycero-u-D-galacto—Z—nonixlopyranosidoic acid terminated

dendrimers;

AR



XVi. 4-(tri ni ummet hyl ) benzam de ter m nat ed
dendri nmers; WMW xVii- PCT/AU97/00447

N ( 2- acet oxyet hyl ) - N, N- (di et hyl anmoni um) et hyl - _
car boxam de term nated dendri ners; XVviii. guanidino

term nated dendri ners; Xix=694-([1,4,8,1
1-tetraazacycl ot et radecanel net hyl )benzam' de _

term nated dendri ners;

4- car boxy- 3- hydr oxy- benz W afgmls E@éﬁn - - -2-thio-P¢! -
4- car boxyphenyl am de term nat er*‘g endr 1 ?fée)?g' > do-3,4,5 trldeoxy 2-thio*
3, 5-di car boxyphenyl am de t er m glpéerd-oiPrgitacte2snonulopyranosidoic acnd temmated

4- phosphonooxyphenyl t hi ourea terninated dendriners; XXI V.

4- (phosphononet hyl ) phenyl t hi ouleBATimEFsii nat ed dendri mers:

ouv. et hyl - 4- (phosphonorgl iyl ) Pheny i rb ik Tet¥eBfinated dendimers;

(8- oct anami do) - 5- acet am gy, 5- di deps\ticarbbiyphl @nfhﬁ&&‘é@térﬁhﬁited dendrimers;
D- gal act o- 2- nonul opyr anosi doi ¢ aci d ‘term nated ndri ners
xxvii. (1 1-undecanam dopxXxvacet am4iphdsphbncpheapithiotrea temmifated dendrimers;
gl ycero-[err]-D-gal acto-2-nonul opyr anosi doi ¢ aci d term nated
dendri ners; xxxvieyyij i 4,6~diphosphononaphthylthiourea terminated
(acet ami do) 5-acet am do- 3, 5- di deoxy, e%ﬂhm -D-glycero-[err]-D
gal act o- 2- nonul opyr anosi doi ¢ acid ter mhated dendri nmers;
Xxi x. (4-butanam do) - 5- agkeiil do- 3 fﬁxdiestem:hioamhhtmx&@&ueﬂdm&ﬁf ahd
D- gal'act 0--2- nonul opyr anosi doji ¢ acid term nated dendriners;
xxX. (4-methyl benzami do?ﬂxswélcet ani (pbey1S-bprevisazid)- ~thipueearjerminated
gl ycero-[err]-D-gal act o- 2- nonul opyr §S| doic acid term nated
dendri ners; XXXI . (% ) ﬁsam' do) - 4- azi do- 5- acet am do- 3
, 4, 5- trldeoxy 2-thi o-D
gI ycero-[err]-D-gal act o- 2- nonul opyr anosi doi ¢ aci d term nat ed
dendri ners; 19. WOAORw(idd A8cording to any of claims 1 to 18, wherein sald treatment
PCT/ AU97/ 00447
xxxii. (8-octanam d6ymBrsss ipkibition.ef angiegsnesis insa P?’i‘%oﬁ'?a@e{lh?’f)d@mc
gl ycer o- a- D- gal act oy |
dendri mer s: uﬁlaﬁﬂﬂiﬁ&lggl(ﬁgﬁé r&%&&@%’éﬂséﬁisgoﬁ'ﬁi&gumamld xtrlsm a%dat ed

zam oniCoact 4
dendri mers; other conditions where growth of new blood vessels is involved, prevention

of restenosis by inhibition of vascular smooth muscle cell proliferation,
acceleration of wound healing by activation of the release of active growth
factors stored in the extracellular matrix, and inhibition of tumour cell -

metastasis by inhibition of angiogenesis.

20. A pharmaceutical or veterinary composition for prophylactic or therapeutic
inhibition of angiogenesis in 2 human or non-human animal, which
cemprises an anionic or cationic linear polymer or dendrimer as defined in
any of claims 1 to 18, in association with at least one pharmaceutically or

veterinarily acceptable carrier or diluent.

21.  Use of an anionic or cationic linear polymer or dendrimer as defined in any

of claims 1 to 18, in, or in the manufacture of a medicament for,

Tk ¢ L M O0§ =



XXX V.

3, 5-di car boxyphenyl t hi our WFF%F@:;_ i mers;
XXXV, 4- phwepbsessphenyl| t hi our e tTéH%SHﬁFégg Tt | fer s PCT/AU97/00447
XXXVi . 4, 6- di phosphononapht hyl t dour e &R ibg

dendri ners; XXXVi i . TToor escel nt h| our enlxstsaéefm&iﬂeaoke laced
A i mers;. and XXXViii. (pJ?&nyI 3- boron ll

2 )-thloureatermnated den MH
A met hod accor di ng to any of clainms 1 to 18, wherein said tre
conpri ses inhibition of angl ogene3| s in a patient, treatnent of chronic
i nfl ammati on, di abetic P1@p yiangy, weu%mhﬂmamwmmtanaamanmm
ot her conditions where lﬁ.{OWth new bl ood vessels is involved, prevention
of restenosis by inhibi ﬁscul ar snmooth nuscle cell proI i feration,
“accel eration of wound healing by activation of the release of active growth
factors stored in the extracellular matrix, and inhi bi ti on of tumour cell
met astasi s by inhiZ2.ti oA cofnpaund oogmprising a dendéifther having haplumtiguof eahimi groups,
veterinary conposition for prophylactic or therapeutic i nhibjtion
of angiogenesis in a hmematdeaﬂﬁmﬁsaaﬁtmml\mwhasanamor%ﬁw g an

o claim 1 to 16, i n Aaaieof SoudN'n R A8 Bkl fad bfic BRkeible moler, byt

veterinarily acceptabl ese[b%[d’dlﬁém(megfd upeddinsisting Sf:- Use of an anionic or
cationic Ilnear pol ymer or dendrinmer as defi ned i n any of clains 1
t'0 <18, 'in, or in the manufacture nﬁurammamhmhc a¢idrcontaining moieties, other than a
A0, _ prophyl actic or th g ult c .i.nhi.bi t i on-of angi ogenesis in a
: or mon- human ani rral thiosialic acid moiety

ii. modxfied neuraminic and sialic acxd-contalmng moieties;

iii. boronic acid-containing moieties; and
iv. phosphoric and phosphonic acid-containing moieties,
including esterified phosphoric and phosphonic acid-

<. containing moieties.

-23. A compound according to claim 22 wherein said dendrimer comprises a
polyvalent core covalently bonded to at least two dendritic branches, and

extends through at least two generations.

24. A compound according to claim 22 or claim 23, wherein said dendrimer is a

polyamidoamine dendrimer based on an ammonia core.

25. A compound according to claim 22 or claim 23, wherein said dendrimer is a

polyamidoamine dendrimer based on an ethylene diamine core.

26. A compound according to claim 22 or claim 23, wherein said dendrimer is a

polylysine dendrimer baseﬁ on a benzhydrylamine or other suitable core.

27. A compound according to any of claims 22 to 28, wherein said anionic-

containing moiety is bonded to terminal amine, sulfhydryl, hydroxy or other

L




22. A conpypdspesyeri sing a dendrinmer having a plurality of tReAvdlecss7

gr oups, wnerein at | east one of .said term nal groups has an

ani oni c- cont ai ni ng noi ety bonded or |inked thereto, said

ani oni c- cont ai ni ng noi ety being selﬁcted fromthe group consisting
of : . neuramni c and sia ¥C.acid-containing noi eti es,

ot her than a 2-thiosialic acid noiety;
ii. nodi fied neuram nic and sialic acid-containing noieties;
bii. boroni ¢ aci desaivedunditiomaherminak groupsdf said dendrimer by amide or gliiosrgaor i c

and phosphoni ¢ aci d-contai ni ng noi eti es, “including
esterified phosphordinkagesd phosphonic aci d- ) cont ai ni ng
noieties. 23. A conpound according to claim22 wherein said dendri ner
conprises a pol yval ent core covalently bonded to at |east two
dendritic branghes,a @Bfpound accofdihg #6!elalm 22 ShicH islse&étedtwnmegfo% i ons.
24. A conpound according to claim 22 or-claim23, wherein said dendri ner
is a pol yamconsistimgzofiendr i mer based on an anmoni a core. 25. A

conpound according to claim22 or claim23, wherein said dendriper is a

pol yami doani ne dendr i merl- basetPBosphaneaxyphendthioures traminated dendpimers; A
conpound according to cl.aim 2 L P [ e i 1S A
pol yl ysi ne dendri nmer bastd onﬁﬁ@gﬁ%ﬁ*yﬁ@é}ﬁ“ﬁ@@%ﬁé&@#@gFIE&rg*g%gg

27. A conpound accordiifig t cetRylY4-@ihospRortmettdyljphen@thivdires erinifitedl ani oni c-
containing noiety is bonded to term nal am ne, sul fhydryl, hydroxy or other
WO 98/ 03573 _ dendrimers;

PCT/ AUQ7/ 00447

reactive functional terrfnal @F%%’é“ﬂ?o)é%'ﬁﬁe%qu’dey'é#?{‘tﬂ%'l)dglyfﬁ‘ioé T ea

l'inkages. D-galacto-2-nonulopyranosidoic acid terminated dendrimers;

v.  (1l-undecanamido)-5-acetamido-3,5-dideoxy-2-thio-D-
glycero-a-D-galacto-2-nonulopyranosidoic acid terminated
dendrimers;

vi. (acetamido)-5-acetamido-3,5-dideoxy-2-thio-D-glycero-et-D-

galacto-2-nonulopyranosidoic acid terminated dendrimers;

vii.  (4-butanamido)-5-acetamido-3,5-dideoxy-2-thio-D-glycero-c-
D-galacto-2-nonulopyranosidoic acid. terminated dendrimers;

viii. (4-methylbenzamido)-5-acetamido-3,5-dideoxy-2-thio-D-
glycero-e~-D-galacto-2-nomulopyranosidoic acid terminated
dendrimers; _

ix.  (8-octamido)-4-azido-5-acetamido-3,4,5-trideoxy-2-thio-D-
glycero-a-D-galacto-2-nonulopyranosidoic acid terminatéd
dendrimers; ' |

X. (8-octanamido)-4-amino-5-acetamido-3,4,5-trideoxy-2-thio-D-
glycero-e-D-galacto-2-nonulopyranosidoic acid terminated
dendrimers;

Xi. 4-benzamidoboronic acid terminated dendrimers;

xii.  4-phosphonophenylthiourea terminated dendrimers;

' A W



28. A coppo ccording to claim22, which is selected fromthe roup
consi st ng%wo%% i - 4- phosphonooxyphenyl t hi RFEAVT % hat ed
dendri ners; il 4- (phosphononet hyl ) phenyl t hi our ea

term nated dendri ners; .

et hyl - 4- (phosphononethyl)phenylth|ourea72ern1nated

dendri ners; V.

(8- octananldo) 5- acet am do- 3, 5- di deoxy- 2- t hi o- D-glycero-[err]-

D- gal act o- 2- nonul opyr gRESi Q%&p%{i%&gh%ﬁﬁé&ﬁq gﬂ‘%ﬁh%feﬁ dendrimers; and V-

(1 1-undecanani do)-5-acét ant do

gl ygero [err]-D-gal ackir. 2- wypmma@ia)-mné\ﬁbﬂt&ﬁﬁmﬁmmers
endri ners;

(acetanldo) 5-acet am do- 3, 5 dldeoxy 2-thi o-D-gl ycero- [err] D

gal act o- 2- nonul opyr anosi doi ¢ acid term nated dendri ners;

Vii. (4-butananido)-5-acetanido-3,5-dideoxy-2-thio-D-egcero-[err]-
D- gal act o- 2- nonul opyr anosi doi-c acid term nated dendri ners;
viii. (4-nmethyl benzam do) - 5-acet am do- 3, 5-di deoxy- 2-t hi o- D-

gl ycero-[err]-D-gal act o- 2- nonul opyranosi doi c acid term nated
dendri ners; i X.

(8- octanldo) 4- azi do- 5- acet ani do- 3, 4, 5- tri deoxy-2-thio-D

gl ycero-[err]-D-gal act o- 2- nonul opyr anosi doi ¢ aci d ternlnated
dendri ners; X.

(8- octananldo) 4- am no- 5- acet ami do- 3, 4, 5-tri deoxy- 2-t hi 0- D-
gl ycero-[-err] - D-gal act o- 2- nonul opyr anosi doi ¢ acid term nated

dendri ners; Xi . 4-benzam doboroni ¢ acid terninated
dendri ners; Xii. 4-phosphonophenylthi ourea term nated
dendri ners; - WD 98/ 03573 _

PCT/AU97/00447 - -72 -

Xiii. 4,6-di phosphononaphthylthiourea term nated dendriners; and

Xi V. (phenyl 3-boronic acid)-thiourea termnated dendri mers.

R



