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20 cell proliferation, in accelerating wound healing by activating the

rel ease of active growmh factors stored in the extra-cellular matrix, and
for inhibiting tunor cell metastasis by inhibition of heparanase activity.
I nternational Patent Application No. PCT/ AU95/ 00350 (WO 95/ 34595) di scl oses
25 a class of antiviral compounds conprising a dendriner such as a

pol yam doam ne or polylysine dendrinmer having a plurality of term nal
groups, wherein at |east one of the term nal groups has an anionic- or
cationic- containing noiety bonded or linked thereto, particularly a

sul foni c acid-containing, a carboxylic acid-containing, or a trinethyl-
ammoni um containing noiety. 30 TH S SHEET HAS BEEN REPLACED WD 98/ 03573
PCT/ AUQ7/ 00447 -2- The present invention provides the use of polyionic
materials formed by linking ionic groups to a |linear non-carbohydrate

pol ymer or a dendritic polyner in the inhibition of angiogenesis and in
the treatnment of related disorders and conditions. 5 SUWARY OF THE

| NVENTION . According to the present invention, there is provided a nethod
of prophylactic or therapeutic inhibition of angi ogeoesis in a human or
non human ani mal patient, which conprises admnistration to the patient of
an effective anount of a conpound selected 10 from C) I|inear,

non- car bohydrate polynmers having a plurality of side chain groups wherein
at | east one of said side chain groups has an anionic- or cationic-
cont ai ni ng noi ety bonded or |inked thereto; and 15
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(11) dendriners having a plurality of termnal groups wheréin at I east one
of said term pal aroups has an anionic- or cationic- containing noiety
bonded or Iin¥ gd’ag?ﬁ’eto 20 Parti cukatly.wpref erred conpoundBCHAPITREMT | n
the nethod of the present invention are lin&r polyners havi ng sul fonic
aci d-contai ning noieties, carboxylic acid-contaiiyai ng noiegpes, phosphoric
or phosphoni ¢ aci d-cont ai ni ng noi eti es, bor-gni ¢ aci d- contalntgg? ej[§5f}
neuramnic or sialic acid-containing noieties or noieties co nlnd
neuraminic or sialic acid nodified in the 4- or )t her position thereof,
linked to side chain groups 25ANGIOGENICINEIBITORYCOMRYUNDSSU! f oni ¢

aci d-contai ni ng noi eties, carboxylic acid- containing noieties, phosphoric
or phosphoni ¢ aci-d- contalnlng noi eti es, boronic acid- containing noieties,
neuram ni c or SIﬁ?E gTﬁggﬁ?Eﬂgq N'Di eties or noieties containing
neuram nic or sialic aci led rn the 4- or other position'thereof,
linked to termnal groups thereof. 30 WO 9&103573 PCT/ AU97/00447 -3 The
conpounds used |n theF@pthod of this invention are referred to herein are.

li near polyi onPc pol y s VSRtionrelates to compormds wbich arg effestive mehi}ntwamﬁ these
terms are used a@i@éﬁ&wmm&rﬁﬂgfﬁds@ﬁw%&m&aﬁfﬂd@m adlhidbs A

to include not only the polyners or dendriners

phar maceut i cal | yheparip in EENMIWpQQ&Ub@MWG healing, andammhﬂnuﬂ@mmor cell

al kal i ne net al o&%l ne earth netal salts such as the sodium potassium
or calciumsalts | LED DESCRI PTION OF THE | NVENTI ON 10 Preferred
corrpounds used in accordance with the present invention include (i) Iinear

pol v oni ¢ POl Ygehg ks 85 flas' R

The use of sulfated 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 herem 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 the anti-coagulant
activity of heparin, in_ preventing restenosis by the inhibition of vascqiar smooth muscle

20 cell proliferation, in accelerating wound healing by acﬁvaﬁng 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 d_endrinier 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 sulfonic acid-containing, a carboxylic acid-containing, or a trimethyl-
ammonjum-containing mojety.
30
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AAAAAAAL A XXX XHHH—t5—tEeTer T R 15 a non-carbohydrate

nmonomer unit formng a I|near _pol ynmer backbone; X is an opti I nki

_pol . ; ptional |inkin
group on the side cha=4g S afgengner units R and 20 Ais an °
ani oni c- CORy@bdiass : Di N yi oni '

formula 11: PCr/ AU97 AMo-58T0357/3 -4 AAA AA AAA
. A Anb5n
A AAAIl AA AAKI0OAA AAAA wierein: .1 is aniniti
. . / Do t ;
Zis an interior branching unit; -2- ator corer 15

The present invention provides the use of polyionic materials formed by linking
ionic groups to a linear non-carbohydrate polymer or a dendritic polymer in the inhibition
of angiogenesis and in the treatment of related disorders and conditions. '

5 SUMMARY OF THE INVENTION .

According to the present invention, there is provided a method of prophylactic or
~ therapeutic inhibition of angiogend:is in a human or non-human animal patient, which
comprises administration to the patient of an effective amount of a compound selected
10 from:

G) linear, non-carbohydrate polymers having a plurality of side chain groups
' ‘wherein at least one of said side chain groups has an anionic- or cationic-
' containing moiety bonded or linked thereto; and
15 _
(ii) " déndrimers having a plurality of terminal groups wherein at least one of
said tmmnal groups has an anionic- or cationic- contammg moiety bonded
or linked thereto.

20 Particularly preferred compounds for use in the method of the present 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 moicties or moieties containing
neuraminic or sialic acid modified in the 4- or other position thereof, linked to terminal
groups thereof. | | |
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nis an integer which represents the nunmper of—gemeratt+ons—eft—the—
dendriner; and ig ani oni c-contai ning noi ety which may be linked to
interior branching untt Z through-an optional Iinking group >pcrdiehrBesss
accordance with the present invention, the preferred |inear polyionic
polyners are polyanionic materials forned by the conjugation of anionic

noi eties (A 'to a linear non-carbohydrate_%glyner backbone (nade up of a
plurality of mononmer units R), optionally through |inking groups (X). The
resul tant polyanionic |inear polyners have a 25 wei ght range distribution

of repeating units to i dian rapge of nolecular weight

di stribution. Dezj rabllgq/{e\e?ﬁ@o%@gi“‘gﬁilpgﬁeg@e- Hg&’é%wﬁmw@#gwfermdsmmemm aren
is from 1,000 tdingarayiohio polymetsoragvipionkic a8adin AR, 000 .. The nmononer
unit Ris pref er??tlpﬁ an i no ,%r am deyirmi ety, rfcggge ret?%?ya%f‘@%ﬁ?t%s%'ﬁ%ﬂ
o Ty B o s skl o sty ot
wei ght ranges are avai “abl e com}r%ﬁoy%smﬁ%&“dﬁgmw acenpiabinysalts;Hfer

ani oni ¢ noi et y SAcxample el aliatinel netal besiRilineaafth Gt RAlls ek § e aldear
5 polyner backbopg .either directly or via a variety o%&?uﬁ@?isgﬁg{"’ ?Ptﬁ"ﬁ‘ or
groups X such as, but t limted to, esters, am des, ethers, thioethers,

am nes, ureas, thioureas, carbamates and carbonates: The optional |inking
group X may al so %%t as._a sgacer between the polymer and the' 10 anionic
moi ety A and neaYEJATLED DESCRIPEIQ IOR FHEMNVIENTION! | y substituted or
branched), an al koxy, polyal koxy, alkylthio or polyal kylthio chain
(optionally substituted), or an alkenyl, nmultiple alkenyl, alkynyl or

mul tiple al kyd§l chaiPrefeopd compdunis 646854 bécsrdilde with' e @nt R3S lon inchude ®

linear polyionic polymers of the general formula I:

TEEPPTEe,

15 ___g__

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 Aisan anionic-containing moiety; and (ii) polyionic dendrimers of the general
formula II:



chai ns include groups of thedfetmtea—(CH2) , TZ-(CH2) wherein Z is -CH2-,
-CHFCH, - CGC, -O or -S, and nis an integer of from1l to 15. 15
Dendrimers are nmacronol ecul ar hi ghly branched conpounds fornmed b
reiterativgo ohfddgd | ON sequences starting froman |n|t|aIPC@@F@7 Tcul e
with successive layers or stages being added in successive "generations"
to build up a three-dinensional, highly ordered polyneric conpound.

Dendrinmers are characterised by the fol|lgwing features: | an initiator 20
core(1l) which nay have one or nore reactive S|tes and be point-like or of-
significant size so as to effect the fing of the dendrinmer, ii

| ayers of branched repeating units (Z N e initiator core; iii
functional termnal groups (such ge ' attached to the
surface of the dendrinmer, optional (such as

i nking groups X descri bed ab Jes dendritic
structures as frameworks 25 fo es; the
invention is not limted to t dd in detai
herein but can be based on a Ly of
dendriners isn bot h shape and ons skilled
in the art. The preparation g descri bed
by way of example int 30 U. S 588 I
(describing dendriners based r/ AU97r 00447
-6 units), as well as U S P , 568, 737 and
4,587,329 (descri bing dendr| §
pol yam doam ne or PAVAM dendr
patents are descri bed as being §
agents, as metal -chel ati ng agent™ss
enmul sions, wet strength agents in t
"for nodifying viscosity in aqueous f
al so suggested in U.S. Patents Nos. \®
dendrinmers-based on |lysine units can be used

9
d in these US
rface nodifying
pi | / wat er
, and as agents
WCH as paints. It is
1 4,410,688 that the

wherein: 1 is an initiator core;
‘15 . © Zis an interior branching unit;
nis an integér which }epresents the number of generations of the

' dcndnmer, and
Aisan amomc-contalmng monety whxch may bc linked to interior

branching unit Z through an optional linking group X.

20 o o
In accordance with the present invention, the preferred linear polyionic polymers
are polyanionic matenals 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 a

25 weight range distribution of repeating units to give a desired median range of molecular

weight distribution. Dwrably, 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-



as substrates for the preparation of pharmaceutical dosages. 10

I nternational Patent Publications Nos. WO 88/01178, WO 88/01179 and WD

88/ 01180 di scl 34@%%BFT3ugates in which a dendriner is conjugat ®CT/AUIT00447
associated wth another nmaterial such as a carried pharnaceutical or
agricultural material. In addition, international Patent Publication-No.
WD 95/ 24221 di scl oses dendritic polymer conjgigates conposed of at | east
one dendrinmer in association with a carrier material which can be a

bi ol ogi cal 15 response nodifier, and optionally a target director. These
pat ent publi cati gysindsHaeinh @ariou edull® wei raRgdsGR svallRi I { centain
a broad di scl osurg of var?ouswgtg?]bcllri rrer“}sélgghd p?g%:esseséwgﬁghg\rﬁgbnaﬁﬁn’?on
t hereof, and the Ghexical Compamst. each of these publications is incorporated
herein by reference. 20 The term "dendrinmer” as used herein is to be
understood in its broadest sense, and to include wthin its scope all
forms and conposi ti onghehnibhie svietg Actanibe lisketto apvesi®ihiain griifis@nlthe lin '
Publ i cati ons Nodss. Y\O 88101178, WO 88/ 01179 and WO 88/01180. " The term a?rso

i ncl udes |inked® dOHFReT g&#’ereﬁmmyasmnm%xeﬁﬁmmmlelgdawemsmuchas,bm

publications. 25 ThgmReEhe rrjtﬁ’gg : S @; nt. jhavention copprise
a pol yval ent corél coval ehﬁﬁgbon el to’zl'?e%ﬂééggt V\eg' entl %W’mg?nf

and preferably exaeoatesar ough at | east two generations. Particularly
preferred dendriners are pol yam doam ne (PAMAM dendriners, PAVAM ( EDA)
dendrinmers and pol yl ysi ne dendri ners. WO 98M&M PCT/ AU97/ 00447 -7 In

accordance with the pTheseptionalTikitig @bup Xh\dy%%tac%%’sp&i%gb&%&gtfméﬁgl%mgrr and the’

substantial- nunber, of the side chai n groups on the linear p
terminal groupd @niopicanciety ¥ ard wey consist afancalkylchaith toptionally sitbstitwted arrbranched), an

cationi c- cont ai Nigfy ' | ; dtherejo. T i hai ns of
the |inear pol yrreurigoi’]gﬁanggg’s é? @h%pglg%‘%néF%@p%#iﬁrﬁﬁ?%ﬁﬁﬁa?ﬁ%@]@nﬂ'
groups or other funltiplé alkerylratignyl arenutiple picysyl chaif optiohalffubstituted)e Suithifle spacer
whi ch subsequent Ly ins include groups of the formuls -(CHy),~Z-(CHy) ,-, wherein Z is -CHj-, -CH=CHL -
C=C-, -O- or -S-, and n is an integer of from 1 to 15.
15 -

Dendrimers are macromolecular highly brﬁnched 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(l) 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 repeatmg units (Z)
attached to the initiator core; {ii 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 berein but can be based on any dendritic structure. The variety of
dendrimers in both shape and constitution are well known to persons 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



can be reacted with the anionie~et+—eattonTc TIOTEll €S. VWiere the side chain
groups of the. [Ilinear polyner or-termnal groups of the dendriner are

am ne groups, the anionic- or cationic-containing noiety nay be linked to
t he dendriper’ vari ety of functional groups includi rgTaustesdshd

t hi our ea F&ﬁ?&@é%? Preferred anionic- or cationic-containing noieties 10
whi ch may be bonded to the side chain groups of the |inear polynmer or

term nal groups of the dendriner incluge sulfonic acid-containing

noi eties, carboxylic acid-containing noieties (including neuramnnic and -
sialic acid-containing noi eties and nDdified neuramnic and sialic

aci d- cont ai ni ng_noi e 04,588,737 £0d 4,98733phor i ¢ and
phosphoni c aE‘F‘g)’(?Bﬁ‘fe i n%%%ﬁoceés& r);tﬁlsr]ggt erBﬁc i ed phosgﬁgrl c and

phosphoni c. agdeSeribgy daﬂﬁﬁbﬁlbasdmnlodiaamts)mdnﬂngmlmlﬁmm nt ai ni ng
noi eties. Sultable anionic- ,and ga 1CsCO Bhrd Rk be
bonded or Ildkl'@@ﬂ%@ Thed %Wcﬂg &)sﬁg gj%nn or terﬂn%a%gpahggﬁgg“ _
include, by yaYQf b A RHEce tbAfiny dgeis/ e mal ehelatingiagenth) ias Hemulsibiesero or a

positive |nteger nore particularly n is _zero gr an Jntegqger, of rom .|
to 20): NH(SCbH]}wmmmmns,(\mMagentstg @;m @FR%’%?F@S %Q‘OI

CH( S08) CH20004 ﬁm&ﬁm&he{s  Wisdso AggRRIRUS.
TV Criakba) n Badyin Vbl aqyfons frmya s §es s
S Patents Nos. 4,289,872 and4410 688thatthe dendnmmbasedon lysme 2 iiits Qan

as substrates for the preparation of pharmaceutical dosages.

10 International Patent Publications Nos. WO 88/01 178, WO 88/01179 and WO
88/01180 disclose conjugates in which a dendrimer is conjugated or associated with another
material such as a carried pharmaceutical or agricultural material. In addition, International |
Patent Publication No. WO 95/24221 discloses dendritic polymer conjugates composed of
at least one dendrimer in association with a carrier material which can be a biological

15 response medifier, and opﬁonaily a target director. These pﬁtent publications together with
the U.S. patents mentioned above contain a broad disclosure of various dendrimers and
processes for the preparation thereof, and the dxsclosure of each of these publicationsis

incorporated herein by reference.

20 The term "dendrimer” as used herein is to be understood in its broadest sense, and to
include within its scope all forms and compositions of these dendrimers as disclosed in
Patent Publications Nos. WO 88/01 178, 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.
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In accordance with the present invention, at least one, and preferably a substantial
number, of the side chain groups on the linear polymer or terminaj groups on the surface of
the dendrimer has an anionic- or cationic-containing moiety covalently bonded thereto, The
side chains of the linear polymer or branches of the dendrimer may terminate in amino

3 groups or other functional reactive groups such as OH, SH, or the like, which subscquently
can be reacted with the anionic or cationic moieties. Where the side chain groups of the .
linear polymer or terminal groups of the dendrimer are amine groups, the anionic- or
cationic-containing moiety may be linked to the dendrimer bya variety of funcn'_oﬁal groups
including amide and thiourea linkages. Preferred anionic- or cationic-containing moieties

fO which may be bonded to the side chain groups of the linear polymer or terminal groups of
~ the dendrimer include sulfonic acid-containing moietjes, carboxylic acid-containing moicties
(including neuraminic and sialic acid-containing moieties and modified neuraminic and
sialic acid-containing moijeties), boronic acid-containing moieties, phosphoric and
phosphonic acid-containing moieties (including esterified phosphoric and phosphonic acid-

15 containing moieties )and triniethylammonium—containing moieties.

Suitable anionic- and cationic-containing mojeties which may be bonded or linked to
the amino or _other side chain or termina] groups include, by way of example, the following
groups (in which n is 2ero or a positive integer, more particularly n is zero or an integer of

20 from 1 to 20):
——NH(CH,),SOy" ——(CHJ,S0y" ——-Ar(SOy),

———CH,CH(S05)CO0H ——CH(S0,)CH.CO0H TAX(CH),SO3" X 0,8, NH

+ +
T (CHINMe  ——ANMesl, o ey,

o K, 0 ' o gy 0 N
/\)l” SOyNa )KISO:Na A/\orN\/\SO;Na | )k’ﬁ:COOH
S

HNJ\ l-mJSK HN'ISK

o
Eém NaOss " s0.na @ Nmmm

SO;Na



A PO(O\la)Z PQLOEL )2 RO (ONa)y—PO(ONa) 2 PO(ONa)2 S S O HN HN
HNC 1 NaOOCI ~. I B(O\l8)2 B(ONa) 2 COONa WD 98103573 PCT 7MD447
-9 §j kuog%om PO( ONa) 2 PO( OEt) (ONa) PO(OEt)2 CBERAUEMEMIN )i Nk
HN* U~ HN 0 )2 O PO(OEt) (ONa) O PQ(CEt2 PCT/ AUQ7100447 WO 9&W573
-10- In addition to the above, various neurarninc or sialic acid-containing
noi eties or nodified neuramnic or sialgec aci d-containing noieties maybe
bonded or linked to the side chain or term nal groups in accordance with-
this invention. These nvietges includ®the varioug N and O gubstituted
derivatives of neur am ni c akld part arly N-. & cyl derivatives
such as N-acetyl, O &ate " and N-gl ycbl yl derivatjyes, as as noieties
in which the neuram }d group modi fied, {pgfticular by

substitution in the 4 L
b e SO4Na SO;Na SO;Na
)
O \*
OH OAC
SO;Na COOH
o ° - ° - NH
i S
A ftes "
= ’ NMej ﬂMe;
 ADPONOR);  X=O.CHp CHF.CFy R=alkyl. anl H. Na.

2 g3 = alkyl. ay!
Ar>o=(=6)(oa'1)(NR2R3) X= O, CHy, CHF. CF3 R'= alkyl, aryl. H, Na  RZ, R® = alkyl. ary

——AdP(=O)OR)ln R =alkyl. ayl,l H.Na n=13

——AfqB(OH)ly n=13 —A{COOH}, n=1-3

S. ie.,
i | ]
HN)k HN HN'. HN
O ~ * [T RN
| 7 - Z 7 po(oNay
: PO(OE!)Z PO(OEl)(ONa) PO(ONa)2 | PO(ONa)2 |
’ S s S ° .
] b
. HN HN,\ N A
. | Q
| ' i
7 NaOOC COONa : B(ONa); BONayz



wi th an am no, am do, cyano, azido or guani di.Nn0 group. Theanronet—of
cationic |ineagygsgpssnrs and dendriners of this invention may be 10
prepared by standard chemi cal nethods which are well known toPGHAYUHNG447
skilled in this art. Suitable nmethods are described by way of the exanple
i n Exanpl es below. As previously described, the anionic or cationic |inear
pol ymers and dendriners of the present invehiion have been found to

i nhi bit angi ogenesis. Accordingly, the method of 15 the present invention
i ncludes inhibition of angiogenesis in a patient, treatnent of conditions
where growt h of new bl ood vessels is involved such as chronic inflanmation,
di abetic retinopathy, psoriasis and rheunatoid arthritis, as well as
treatment of related dissrders andsconditions igncluding, but not |imted
to, prevention of restenghkis by . igQibition of \yascul ar snmooth nuscle cell .
proliferation, accelerdtion of wofind“healingH activation of the

rel ease of active gro act or phextracel | ul ar natrix, and
i nhibition of tunor c t ast § )n of angi o
anot her aspect the pre t inven
veterinary conposition Brophy actic or thgrapeutic inhib N
angi ogenesis in a 25 hurféNO8R)z non PPEHRONA) nal PR@ENeNt , whi ch cg
anionic or cationic |ineéar polymer or dendrinmer as broadly desc
in association with at Iﬁﬁzt one har maceuticasly or veterinar
acceptabl e carrier or ornulatlon f such conpositidns i's well
known to persons skllle in th| 30 field.
acceptabl e carriers a r dilu i ncl ude
PCT/ AU97100447 -11 ¢ ntion | vent s,
carriers, aqueous solutfions, co ings ant i cterial and anti fungal
agents, isotonic and aﬁhg ? ,and the like. The use of
such nmedi a and. agents for a?ﬁmce ﬁ% &'V actlp\% B4bst ances i's well ] rmown-
inthe art, and it is described, by way of exanple, in-Remrtgton's
Phar maceut i cal * '

irbé.ﬁ an

¥d above,

8fi t abl e pharnaceutﬁy
and all WD 98/0357
rsion nedia, fillets, solid




5 Sciences, 18th Edition, Mck-Rebtshtng—Company, Pennsyl vania, USA
—ExTept insofar as any conventional nedia or agent is inconpatible with the
active ingredient, use thereof in the pharnaceutical conpositions of the
present inventi is contenplated. Supplenentary active PCAMBAPUAL s can

al so be iﬁ@ﬁ”ﬁ@? ted into the conpositions. .10 It is especially

advant ageous to fornul ate conpositions in dosage unit formfor ease of

adm nistration and uniformty of dosagqg.Dosage unit formas used herein
refers to physically discrete units suited-as unitary dosages for the
human subjects to be treated; each unit containing a predeterm ned

guantity of active ingredien | Lkl %,ﬁ&jﬂegﬂmﬁca&'dﬂ-eomﬁakigrmdeﬁesor

t herapeutic effeé?‘pﬂgﬁgg%‘gf%%‘tﬁﬁ the required __ﬁar ceytic %ﬁé‘ﬁiﬁ' er

15 and/or di HW&IMiWMMWYbQBQE@%HM rme . 0

t he inventiothugye di ctated hy and,di I ASHE MThel® nlofetiet Bludeitipue -

char act er i st¢hain erftermiBal groyRsJn AHOTAR eﬁ?‘i’%ﬁgﬁeﬁe darticul ar _ther euﬁi c

effect 10 hey Al NGl Riibstidited dBhvatives bfucarsinicracish, articularly N and Q-acy

conpoundi ng an active ingredient f t he t] r.d : I n

yet anot hess aerpatives suth as Nragetsil, i(b'ﬂmﬂflﬁ\‘}g &E‘g{;'?ﬂgla%?gg%%éa?\s %@Féﬁ?&g&%u nt

of an anionic¢, or, cationi ' ROhydiEEd, Partitalely byssubstitutiondiadhs 4-§esEen. he d
Bish o pragpink ity e .

above in the%¥ erapeutic treatnent of, or in the

manuf act ur e Qfithanidie; amids, cyano, apideon gRepidipe ZERUP: her apeutic treatment of a
human or non-human ani mal patient by inhibition of angiogeneis. 25 A
variety of admnistration routes are avail able. The paggi cu) ar _node

selected will depgagniofi of cationix lineanpolymersiaad derdritagrs OF b BVERHOR &y pe

treated and the dosage required for he 1] ' ﬁcpersoﬁbadlmﬂmﬁis of
this invent@ m@@rmﬁf%w@ﬁé&&a%ﬂ glf’ecI usi ng any node of
adm ni strati g télﬁébli«:%néﬁrf&‘aﬂ-.' detcriteacyt vy af,thcrmmlmlbym&fé 9%t 30

Fg(peu I'c levels [

produces the of the active conponent of the invention
wi t hout causi ng PCTI AWQ71 00447 WO MOM

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 mﬁﬁs, 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 cell metastasis by inhibition of angiogenesis.

Thus, in another aspect the present invention provides a pharmaceutical or
veterinary composition for prophylactic or therapeutic inhibition of angioggnesis ina
25 human or non-human animal patient, which comprises an anionic or cationic linear
polymer or dendrimer as broadly described above, in association with at ‘east one
pharmaceutically or veterinarily acceptable carrier or diluent. |

-'l‘he 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



-12- clinically unacceptable adverse effects. Such nmodes of adnimistrat+on

I ncl ude oral, @g’f}’?ﬁl topi cal nasal, inhalation, transdernal or parenteral
(e.g. subcutan _,%trarmscul ar and intravenous) routes. FRCTAUMOMGAS -

for oral adm nistration include discrete units such as capsules, tablets,

| ozenges and the Iike. CQther routes include intrathecal adm nistration 5
directly into spinal fluid, direct introductjon such as by various catheter
and bal |l oon angiopl asty devices well known to those of ordinary skill in
the art, and intraparenchymal injection into targeted areas. The

conposi ti ons naycanyentinsakbsulventsh dispersion ficaid, FiledsNidlid RS RAE Il&g?% .my be
10 prepared by any .of the nmethods well known in tk]le art (51Jl phar %%@Such
met hods i ncl ude W&% gl alagents,i isasonjo apbatsatption telaying @gdnts, hRD

with a carrier vwWhaegigeC \ kb e essory. i.ngredients. - In
general , the conpositi g?;gmaé%hg?%par e&ﬂgf}&%ﬁﬁ ‘?ﬁﬁﬁf{?ﬂ%ﬁ@@ﬂcm @ibgtanges isgwelly
the active conpokremm intheoartsamnddi iadeseribed, by way ofestiutlple A Ranfds tOf?’Sf{’Wewz’cal‘
di vi ded sol i d(% &én%%s ﬁé}%ﬁ{.h ﬁ%ﬁéﬁlg . I I necessary, shaping e
product. 15 ﬁ‘%o& v 4 1o, (Gempany, Pennisyludriiz WSA. Exedpt insofar -
adm ni strati on rganbeonrRhesR s aptint 5 fnbdnnial h.as capsul es,
cachets tablets or ?ozenges,. gg’ﬁ%gg%nzﬁn ng éﬁab%ﬁgmfﬁfvﬁéﬂgﬁ%WW%
active conponentid thepharpacentical compoasitions of the presextrinventiomis cofefPlaged| | quor or

non- aqueous | i qugy l?h@ﬁ r n_elixir, or an emlsion. 20

Conposi ti ons’ sui tggﬁéigﬁ 0 ?)cgiﬁéﬁ?@eé& 28 315Ribe dncornazsied i, theicempositionsnpr i se
a sterile aqueous preparation of the active conponent. which is preferably
isotonic wt hl(f he bl ?O.d of .the recipient. This aqueous preparation may be

formul ated accordi ng 10 “HTGRAY AtaRBacous ta forgulaterompositionstindostige meit Sormgfopr
hmy 190 b & sterl o ety AP Ry o S8k, Bodle ik AihCat el hefpReters
par et el ac LRI et o otges B etoni BBk 1 R
| cach unit contagnng a predetermined quantity of active ingredient calculated to produce
the desired therapeutic effect in association with the required pharmaceutical carrier
15 and/or diluent. The specifications for the novel dosage unit forms of the invention are
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 amoﬁm of an
anionic or cationic linear polymer or dendrimer as broadly described above in the
prophylactic or therapeutic treatment of, or in the mamfacture of a medicament for
prophylactic or therapeutic treatment ofé human or non-human ammal 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, meariing any mode that

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



gl ycol. Anong the acceptable-—vehetes—armd—solvents that nay be enpl oyed are
~—watér, R nger's solution and isotonic sodiumchloride solution. In
addition, sterile, fixed oils are conventionally enployed as a sol vent or
suspendingggﬁﬂkggl For this purpose, any bland WD 98/ 035FGI/ARUXTRMI7/ 00447
-13 fixed y be enpl oyed including synthetic nono-or di-glycerides. In
addition, fatty acids such as oleic acid find use in the preparation of .

i nj ectabl es. The active conponent nay_qbgo be fornmul ated for delivery in a
system designed in 5 adm nister the. active conponent intranasally or by-

I nhal ation, for exanple as a finely di spersed aerosol spray containing the
active conponent. Q her Bdds of L&Hﬁ;ﬁﬁ&:ﬁhﬂhﬂebﬂﬂmﬁd
delivery sysql@iﬁélywmqgﬁa‘y %d rel ease delivery systens a th se

whi ch can preyiede nhar memaemmmm@ g HbEIERRUS RS i on
I n sust ai ne ease peI I ets or ca Man wgguéﬂsease

del irvery sysnmnan@ ramam “Pﬂgg%nfﬁ@m&?%ﬁgggoﬁt limted to (a)
erosi onal syste 'tﬁl %F&emaqﬁém coftigproais incindecntrathecaladministrasi

matri x, and diTTusiona

systens in which the gctiv
perrreates at difecti9ihtoapinatiflwid; direch intteduction speh as by r“"P'r‘F?ﬁff?efqg@ 2 punp
based hardwar e d%&%ﬁ@hq&&ﬂ %&WQ‘M%MWW@Md

for inplant afReiep e conponent 1s adm nistered in prophylactically

or therapeut hﬁ@uﬂwm@iﬁgﬁu areasanmounts. A prophylactically or .
therapeutically effective anobunt neans that anount necessary at least
partly to attain the desired effect, or to del ay the onset of 20 m%fglt

the pr olgr essi ondofrhe %%MMo@Ha9@gMeM¥1mpmmw ip junj$ degage S, g{
particular condition being treated. Such .anpu ég Ltha @%Pﬁi eftiod§ fidluae .
on the partd Wed%mﬁudwtb@dwl w’t’ﬁé& verlcg ;:E? Congltél on
and i ndividu at i %Dgﬁsﬁéﬁ infid ass&Gftionwitisa cmhelcw EonsH | ze,
wei ght and c ﬁ?& ﬁfriqg?‘ga rrent These factors are wel | t hose of

ordi nary ski lgne bﬁﬁoPeMOWMMe CW‘P‘PF’QRS’S ﬁfﬁ%%a’ n lEout i ne |
uniformly and mtunately bringing the active component into association with a liquid

carrier, a finely divided solid carrier, or both, and then, if necessary, shaping the product.

15 _ _
Compositions of the present invention suitable 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 acuve component which is preferably jsotonic with the blood of

the recipient. This aqueous 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



—25—expertmentation. 1t is prefrerred generally that a nmaxi num dose be used,
that is, the: tr‘]%ghest saf e dose according to sound nedical jug\g_{e/rrent. | t
wil1 be under sOWMBt hose of ordinary skill in the art, hoheVAPYMMiE: 4
| ower dose or tol erable dose may be adm ni stered for nedical reasons,
psychol ogi cal reasons or for virtually any other reasons. WD 98/ 03573

PCr/ AUO7/ 00447 -14 Cenerally, daily oral dd3es of active conponent will be
from about 0.01 ng/kg per day to 1000 ng/ kg per day. Small doses (0.01-1
ng) may be administered initially, followed by increasing doses up to

about. 1000 no/ kg fixed ofldiay be enipléyed indhiding $inttetic monoop dirgiyceritles. Iniijdnin, Ety
insufficient at such doses, .even _higher doses (or effective higher 5 doses
by a different, ks snhicas aleieacidfind Uiss ip the,preparation of jgieglabledyed t o the
extent patient tolerance pernmits. Miltiple doses per day are contenpl ated
to achi eve appropriate systemc levels of conpounds. The active conponent
according to the i nveTheactiveecpmpboont may jalse be foremldted fon deliveny inl Dsystemn designedfo

veterinary conpositians, which may be prepared, for_exanple, b t hods
that are convem iW%mF-H%t‘VéﬁPm%@Fﬂr&“My %@h@éﬁ%‘?@ﬁ%ﬁr?‘%ﬁﬁg’éﬁ&’%s
i ncl ude those a h&bsol Gprhy eorithinhg The Activé BdhgtheneXt €r nal. appl i cati on,
for exanple drenchés (e.g. aqueous or non-aqueous sol utions or

suspensions); tablets or boluses; 15 powders, granules or pellets for

adm xture with feed s " or. . i 4 : o {
parenteral adm ni st ra% g?@%%e%%c%%@ﬂ%&% g‘[qlra cular l%erfm
i ntravenous i nj equitaifed fel@se deliveryssystemb erethbsetwiich can provdgefosirelease of thevdotive
appropriate) by intramanmary .i njectjon where a suspensi on or | ution is 20
i ntroduced int gotcﬁ@PB?d'éPf'J‘F&'W”c'@eﬂ‘ﬁmﬁ‘;w!%fﬁ 155 [SRPSULES | ﬁaﬂw@“ s a

cream oi ntment QfuSRtRYelRRPadIREryPstbhS atkdvilable. These include, but are not limited to: (a)
erosional systems in which the active component is contained within a matrix, and (b)
diffusional systems in which the active component permeates at a controlled rate through a
polymer. In addition, 2 pump-based hardware delivery system can be used, some of
15 which are adapted for implantation.

. The active component is administered in prophylactically or therapeutically
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 aitogether, the onset of 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 experixﬂentation. 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.



or (d) intravaginally —g-g—as—ea—pessary—creanTor _foam 25 Throughout this
specification and the clains which follow, unless the context requires
ot herwi se, the word "conprise", or variations such as "conprises" or

"conpri si Ngioogiiidyy e understood to inply the inclusion Gicpassabas i nt eger
or group o I ntegers but not the exclusion of any other iInteger or group
of integers. WD 99/03573 PCTI AU97/ 00447 -15 Further features of the
present invention will be apparent fror’ri the follow ng Exanples which are

i ncluded by way of illustration, not I r%tation of the invention. In the .
foll owi ng Exanpl es, PAMAM dendrinmers refer to pol yam doam ne dendri ners

4558, 120, "4, 508, Gerprft, SaihodEdls BFachil pagpacBest il b€ o ahodl 0. g per

B x| yar | ¥ o T T e g POl L e ey T ocal dendr mer s
baseé onya b@?ﬂ?‘gpxl%ﬁ?aﬁié‘g@ﬁ% up g 38%%@'3&&#% 'uiﬂ‘k‘%e‘é%“ gﬁég‘fri bed in
US Patents n%/le g@agaﬁ)l&t %Gﬂsﬁ%ﬁé&a@&fﬁh db88, &Veh hipher@eseh (52 efRE Vel Higte?

PAMAM 1.0, PA . AVAM 3. 0, PAVAM 4.0, PAVAM 5. 0 or hi gher .
gener ati ons dasepmiifferent mpye) localisetl deliveryioyte) may, be eraployeditorthe extentypatient 0

BHAl ysl ys2ly ?@q‘ Wﬁ : é‘ﬁ’"’“

BHAl ysl ys2| y@ﬁrﬁns‘g ysS ?Fg@aﬁbﬁ%ml §€i %& ys %P%ﬁ%%ggl @ , tgr hi gher
gener ati ons systeprc lestelaof compountlsd in US  Patents Nos. 4289872, 4410688,
4507466, 4558120, 4568737 and 4578239 and - I nternational Patent

Publ i cati ons Nos. WD 88/01178, WD 88/01179, WO 88/01180 and 15 WD 95/24221

referred to aboveThem¢éadPtdmponeicattording@b tiskcifivintibn mayp alsy e ipsesedttd for use in
2- acryl aridos 2ot byl propane. sul f oni G a%hd, bopreacred) 58 el by milfuds
that are conventional in the art. Examples of such veterinary compositidns include those
- adapted for: ' o
€)] oral administration, external application, for example drenches (e.g.
aqueous or non-aqueous solutions or suspensions); tablets or boluses;
15 powders, gramules or pellets for'édx'nixmre with feed stuffs; pastes for
application to the tongueﬁ
(b)  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, e.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.



A PAMAM 1.0 Solid sodium carbonate (0.138, 1.0Omol) was added SToWy 10 a
stirred sol utigpg 5 2-acryl am do- 2- net hyl propane sulfonic acid (0.41g;
2.0mol) in vvater% After the evolution of gas had ceas%@"AW@OﬂH of
the solution was 8.0. Asol ution of PAMAM 1.0 (0.12g; 0.33mml) in water
(I'mM) was then added to the solution followed by the addition of four
drops of a 40% aq. solution of benzyl tritHethyl ammoni um hydroxi de. The
sol ut.ion was then heated under nitrogen at 600 30 for three days and then
concentrated. The residue was purlfled by gel filtration WD 98103513

PCT/ AU97/ 00447 - 16 (mef e\pressn} inventidnwiil ﬁdappmnm'éxﬁdbéﬁllew&@ the

sul f'onat ed PAVA n of f ite solid (0 519). 'H and

B bty
nnr-tea showed a m ure 0 W&’t ustEtiga, noy @@Mﬂhﬁ/ﬂ@@m Inthe
dendriner ( ca. MDWE%MPAM(Mden&ﬁex@r@fér&)pﬁyaﬁn%ieymcmbésedm

41348651553153455 61.5, 178.°3

PAMAM 2. 0 PAMVAM 8 @humani F@’&&* Mﬂm@?&pw Neis 16,507, 466, hy,ltssaa,gmgaugslsmvgm c
acid as 10 . rifie y ge
filtration (Seghagg( ‘5 e@gﬁgﬁq}ﬁﬂﬁg ?e?MW@‘@E’S dmsed on an
white solid. 1 Hethyienel anmmmpemﬂwxy dedtirifierd R AnSinAdd
nonoal kyl at ed PAA%%%:O de dr| rr% 5 i, 65 35).13C nﬁf&mﬂb@i%% cal
(120):631.0,31.1 ’ﬁms‘fcsfe%dlxmmhmenmﬁasmﬁbﬁlm

178. 4, 179. 0, 179.US Patéfis Nos15,296187 ey r £d o
t he benzyl trimeth Ianm)nlotjm 5dI‘OXI deamgiam ?ﬁéb&g Waﬁlﬁeﬁse

PAMAM 3.0 BRI 27830 3.0aPAMAM 4.0, PAMAM 50%ordlsigher Feadhition,

propane sul'fopg (PmAﬂ{ 2% (EDA) and the polylysine dendrimers BHAlyslys,, BHAlyslys,lys,,
BHAJyslys;lys.lys, and BHALlyslys,lys,lys;lys,e, BHALlyslys,lys,lysglys, lyss,,
BHALlyslys,lys lysslys;lys;,lyss,, or higher generations prepared as described in US
Patents Nos. 4289872, 4410688, 4507466, 4558120, 4568737 and 4578239 and

International Patent Publications Nos. WO 88/01 178 WO 88/01179, WO 88/01180 and
15 WO 95/24221 referred to above.

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

Sohd sodium carbonate (0.13g; 1.0mmol) was added slowly to a stirred solution of
25 2- acrylanndo—Z-methyl propane sulfonic acid (0.41g; 2.0mmol) in water (Bml). 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 _d;ops 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



above except that a slight execess—et—sodrumcarbonate was used and the
benzyltri met hyl anmoni um hydr oxi de was om tted. 1H and 13C nnr spectra showed
a mxture of dial kylated and nonoal kyl ated PAMAM 3. 0 dendrinmer ( ca.
50:50).13C nnr (D20): 8 31.0, 31.1, 36.9, 37.4, 41:1, AScT/AB0644753. 4,
55.7, 56. WOBYMF™ 61,5, 25 178.2,178.9,179.0, 179.8. D PAVAM 4.0 BRI 2784
PAMAM 4.0 was reacted with 2-acryl am do-2-nethyl propane sulfonic acid as .
30 described for PAMAM 3. 0. 1H and 130_2@_ spectra showed a m xture of

di al kyl ated 1 WD 98/ 03573 PCr- AU97/00447 -17 and nonoal kyl at ed PAMAM 4. 0.
dendrinmer (ca. 35:65). 13C nmr (D20): 6 31.0, 31.1, 36.9, 37.3, 41.1,

48.5, 51.5, 53.5, 55, °%'g§ﬁ=ﬂh’ S th give (e SulfoRatéd PAMAMIA.B. 5
EXAMPLE 2. Prepé?%%&’so 'um su o_aceé:'gm de?;term' ngte qvee%dr.i TBrS ¢ A
PAVAM 1.0 10 A sehidrirfér 20 bn 4ffrwhitesplid (B/318br mc&mmg& %as‘ﬁ‘r’%?)’ in
dry DWW (1 ml) was _ added to a Stilr Ity gA{I\éQ L36). gBOD,0): -
0.5mml) in DVF (W‘J‘mgﬁ’é‘;m%%@fyt‘?‘ﬁgpm&v'so g{“lnon vvzl\azdlzs.?i rred for. %0 _

hours at room t enpgy@i3Nes7. 17,1 3486y51S, 531 £53.4,856, A6.30L2E1-5THES3,

sol uti on was concentrated (30/ 0.1 mHg) to give a 15 yellow oil. This oil
was partitsoned bMREM-Bat er and- chl orof orm and the aqueous | ayer

separated and washed with chloroform (2X) and finally with ethyl acetate.
The aqueous sol ution was concentrated (35/ 25mrHg) to give the

bronpacetyl aged PAMAM 2.0 dendrinmer as a yellow oil (0.36g;100% ). 13C nnr
(D20): 8 32.8, 33.3,

PAMAM 2.0 was reacted with 2-acrylamido-2-methyl propane sulfonic acid as

10 . described above. The crude product was purified by gel filtration (Sephadex G10;
water) and then freeze dried to give an off white solid. 1Y and '3C nmr spectra
showed a mixture of dialkylated and monoalkylated PAMAM 2.0 dendrimer (ca. -
65:35). *C nmr (D;0): & 31.0,31.1,37.1,37.7, 413,48.7,51.5,53.4,55.6,56.2,

. 612, 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—acr§lamido-2-methyl propane sulfonic acid as
above except that a slight excess of sodium carbonate was used and the
benzyltrimethylammonium hydroxide was omitted. 'Y and 13C 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 C nmr spectra showed a mixture of dialkylated



43.0, 43.5, 54.4, 174.5, 176.4. 20 A solution of sodiumsulfite (0.2g;
1.6mml ) in Vaeyogigskys) Was added to a solution of the bronpacetyl ate
PAMAM 1.0 dendrinmer described above (0.36g; 0.5mmol).in wat eF“f’é d
the solution left to stand at roomtenperature for el even days. The vyellow
sol ution was concentrated to give a yellow sh solid (0.60g).13C nnr (1)20):
8 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 bronpacetyl ated

dendriner by sinply adding the sodiumsulfite solution to j;he crude
aqueous extract obt ai ﬁ’é‘ijmgP‘Eﬁ?lﬁlﬁ@‘d?Wﬂ&é?%ﬁ?@W)A{?mo)i\ml-m
98/ 03573 -18- B PAVAM3R;1038i3Had4ly 4847588 44 ] -4 h
brompacetate (0.18g; O.7mmol) in dry D’I(\f\/;?l ﬁ'?’%%’gg&g’dd(}é%%?%’ g‘ikﬁ’ilﬁ'g‘dlw'o'
sol uti on of PAMAM 2.0472.80g; O.Immol) in DMF (3nll). The resulting yellow
solution was stirred for 20 hours at roomtenperature, when a ninhydrin

test -was negative. The solution was then added with swrling to water

(150nml) and. theg mixture extracted with chlm@ﬁ_w{) and ethyl acetate. A
solution 10 of sodiumsulfite (0.1g; 0.8mo In water (Im) was added to
the crude brompacetyl ated dendriner solution and the m xture allowed to

stand for three [ re. .The.vellow.,sh solution was then
concentrated to g?ger%éélne{;f%\g\/luhg%qiﬁa%r%ﬁ%u W\Xﬁ?‘érﬁ‘ﬂ&?"ﬁmi fied by gel
filtration (Sephadex LH2O water) to give. the sodium sul foacetamn de
term nated PANAMAZ. 0 gxmr}eor (103nyg) . 13C nnr

10
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 32.8,33.3,
43.0,43.5,54.4, 174.5, 176.4.

20
A solution of sodium sulfite (0.2g; 1.6mmol) in water ('lnﬂ)'v-va.s added to a soiution
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). 3¢ nmr (D,0):6
2§ 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 |



15 (D20): 6 33.0, 35.7, 36 0 3ZedemdB3—4A3—0—437253. 4, 53. 7, 56.0,
©1.6,171.2,174.6, 178.5. Method 2: 20 Solid succinimdyl
acetylthioacetate (67ng; 0.33mvpl) was added to a solution of PAMAM 2.0
(52ny; 0.0§&F§b§n#n dry 1)MF (2m) and the resulting sol udmAumDOAred - at
room t enpe or two days. The m xture was then concentrated (30/10"'3
mrHg) to give an oily residue. The residue was partitioned between water
and 25 chloroform and the water |ayer_ggparated and concentrated to give a
viscous oil (117ng). iH and 13C nrnr showed the oil to be a mxture of the
acyl ated dendrinmer and N-hydroxy succinimde. Gel filtration (Sephadex
010; water) ovhg sanpl e of the acetylthioacetam de term nated
PAMAM 2. 0 defidr i '3“@98%% . 13C rnm (D20): 6 34.0, 34.2, 37.3, 43.0,

43.1, 43.3, 53.5,..54-0, 56.3,175.4,177.2,177.5. 30 WD 98/ 03573

PGT/ AU97/ 00447 - ol ution of the above functionalised dendriner in 40%
aqueous formc ac ‘) was then added to an ice cold freshly prepared
solution of performc acid (1.6mol) in formc acid (2ml). The m xture was

stirred for one hour at 0 _and then for twenty -hours at. s e. A

smal | amour of aeﬁtm&f&Wle&WWZ%b&ﬂutfg%&b’@m@gﬂMcess

peracid, the m xt 'A&&id%hrsﬁﬁaiioﬁfﬁo%fmmnsz.omogmlmﬁfoednm(hnimdaantrat ed
A

to give a viscous o The crude product was di ssolved in ter, the pH
adj usted to 9.0 mmumwlmmm%%m&smmmm&mE’P‘%sal t ed

by passage tNrolig iy, 3 o) it neddtiveo PRASRNof WAl thén Wlieli igwifling Wy Was
obt ai ned after |yop 3¥ I'sation I'ch was spectroscopically essential l\Yﬁ t he
sane as the mat er i(b$Ontparal the thixtyre ewtransed vith chdpraform X) and ethyl acetate. A sol
10 of sodium sulfite (0.1g; 0.8mmot) in water (1ml) was added to the crude -
bromoacetylated dendrimer 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). B¢ nmr

on

15 (D,0): §33.0, 35.7, 36.0, 37.7, 403, 43.0, 43.2, 53.4, 53.7, 56.0, 61.6, 171 2, 174.6,
. 178.5. '
Method 2:
20

Solid succinimidy! acetylthioacetate (67mg; 0.33mmol) was added to a solution of

PAMAM 2.0 (52mg; 0.05mmol) in dry DMF (2ml) and the resulting solution stirred

at room temperature for two days. The mixture was then concentrated (30%/ 107

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). 'H and '3C nmr showed the ol 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). '°C

nmr (D,0): 8 34.0, 34.2,37.3,43.0,43.1,43.3, 53.5, 54.0, 56.3,175.4, 177.2,177.5.

30



(D20 6 33.0, 38.7, 42.9, 43.0,43.1, 53.9, 54.3, 56.5,

61.6,1712,176. 4 0. EXAMPLE 3 15 Preparation of sodium amc
acid term nat S8 H i ners A PAMAM 1.0 20 Solid nal eic anhﬁ“@k@@‘

1.1 mol) was added to a stirred solution.of PAMVAM 1.0 (0.12g; O. 33mm|) in
dry DMF (3nl). The m xture becane a little warmand brownish as the
anhydri de dissolved and the resulting soFdfPi-on was stirred overni ght at
room tenperature. The solution was then concentrat ed (30/10- 4mHg) to give
a viscous oil. 1H and 13C nnr (D20) showed conpl ete conversion ofthe PAVAM
1.0 25 to the tri samdﬂuumglﬁthaeabow cmabseddbmmmm%mmfon@m;dﬂal)
33.1, 42.8, 43. 1, 543 0,137 91733 The cr

trisam de was t hen mélb ‘ﬂ%‘i‘@?‘d(’iﬁﬁ‘?' c?f’%“&°%8%?"ﬁ§?f‘§l‘j|“f’ dtlti%mmol)
(0.20g; |.6mml) adigtbmidwid @sil). Uhélsmaﬁlews@mmraédwdtw%am%ﬁmﬁ om
' 13 30 terrperature for four days and then concentrated. H and C nnr

showed a WO 98/ 0357@ommmtm Axmall:amoupt ofiagtivatescharceal wagithandsad tpc

sodi um sul f osgcci na &mig &%M“ b th
sonme sul fOSUC%]I ni c angl&’ e’g %e pr oﬂu was — puri P’qegigi tﬁg‘fﬁﬁﬁa d
(Sephadex Gl0; wat ercpndentratéd tr giveca wigoops 6ilof t he sodi um sul fosucm nam c

acid term nated PAMAM 1.0 dendriners (107ng).13C nnr (D20): 5 6 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 PAMMAM 2.0 A

m xture ‘of the regi %éeﬂﬁeb&daawms@mémWérnwmaa idd k69, mﬁtagqedﬁé\'\/m

10 2.0 dendrinmers was prepared as described above. C nnr PAVAM
mal eani ¢ sodium bicarbonate and the material desalted by passage through a column of
' T 10 Sephadex G10. A white solid (20mg; ) was obtained after lyophylisation which was

spectroscopically essentially the same s the material obtained by method 1. '3C nmr
(D20): 5 33.0, 38.7,42.9, 43.0, 43.1, 53.9, 54.3, 56.5, 61.6, 1712, 176.4, 177.0.

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 arihydﬁde dissolved and the resulting solution was stirred overnight
at room temperature. The solution was then concentrated (3010 *mmBHg) to give a
viscous oil. 'H and *C nmr (D20) showed complete conversion of the PAMAM 1.0

25 to.the trisamide together with some maleic acid. 3¢ 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 *C nmr (D,0) showed a



acid derivative (D20}, b 32 -8—33~8—38—7F—42975378, 54.3, 56.5, 135. 2,
136.9, 169.2, 171.9,173.5,174.6. 13C nnr PAVMAM 2. 0 sodi um sul fosucci nam ¢
acid derivatives (D20): b 37.0, 40.1, 41.1, 43.0, 43.2, 43.9, 53.0, 53.3,
55.5, 68. QY 173.8, 177.6, 179.1, 179.5, 179.8, 18gcRauvdfwoes?PAVAM 4.0
BRI 6038 SOIT ei ¢ anhydride (6(kng; O0.6mmol) was added to a stirred
solution of PAVMAM 4.0 (51ng; O0.Qlmmmol) in dry DMF (2nd). The m xture
initially became 20 cloudy but soon ggye a clear solution which was
stirred overnight at roomtenperature.“The solution was then concentrated
(35 /101 nmHg) to gi ve a viscous oil. "Hand "C nrnr (D20) showed conpl ete

ol d. The crude 3O paAuel RREeolier B Ao AAEE kNP AMARL U
of I S??:)ﬁmw;gl 1;: ltgddbﬁﬂgﬁgg-siogamtv)thameﬁlmgxc(md )Ihadmlédpmm“raesult th:azg
igngent rat ed. *1%&@@%&‘ Q{ﬁ’g@%\t@? teﬁﬁ‘?(ﬁﬂ’g S#Wﬁgﬁr gﬁ?‘(‘)}g@omrl C

sodi um sul fOSUCC's{a?Ja;&u?&méaé:ewﬁnm¢MM edaxdrdﬁﬁcl(ﬂomgs mm)w th

sonme sul fosuccinic acid. The crude product was pur filtration
(Sephadex $H2QO W3, B96oAGH, ﬂBﬂd%}%ﬁﬁfﬁ;ﬁ&%@@AﬁﬁM W6€3 tl'éilénlgétsed 30 with

24 regioisoneric sulfosuccinamc acid groups (90ng). 1H nnmr (D20): 8 2.4 WO
98/ 03573 PCT/ AU97/00447 ~-21 2.6; 2.7-3.1; 3.2-3.4; 3.9-4.0.13C nnr (D20):

6 36.2; 39.8 40PAMABD0 43.2; 53.5;. 55.8; 68.1; 69.5;, 173.8; 177.4;
177.6; 178.7; 182.3. 5 EXAMPLE 4 Preparati.on- of SOdI um

N-(2-sul foet hyl ) succi nam de term: nated dendriners a Preparation of

t et rabut yI amoni Mﬁ%&@bmmmmmmndmc acid terminated PAMAM

10 2.0 dendrimers was prepared as described above. 1>C nmr PAMAM 2.0 maleamic
acid 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. 13C 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 BRIG038

Solid maleic anhydride (60mg; 0.6mmol) was added to a stirred solution of .
PAMAM 4.0 (51mg; 0.01mmol) 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 concentrated (35°/10 mmHg) to give a
viscous oil. 'H and ®C nror (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, "H and 1>C nmr (D,0) showed a
mixture of the regioisomeric sodium sulfosuccinamic acid terminated PAMAM 4.0
dendrimers together with 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 amr (D,0): 8 2.4-



10 Solid succinic anhydride (0.5g; 5.Ompl) was added to a stirred solution
of tetrabutyl ammoni um 2-anti noet hyl sulfonic acid (1.83g; 5. 0O0mvol) in dry

di chl or omet haff¥®¥838PB) . The succini c anhydride sl owl y di ssol PEGARAHO4Te
resulting cloudy solution was stirred overnight at roomtenperature. The

m xture was filtered 15 and the filtrate concentrated to give a viscous oil-
(2.41 g). 13C nmr showed conplete conversbna to the desired nonoam de
together with a snmall ampunt of succinic acid. Repeated precipitation of

t he product by dropw se addition of a djchloromethane solution to a |arge
excess of diethyl et B 2§k 3t23.Ash0uy0. BCumer(Dy0):18-1622; 39.8; 40.5; 43.0; 43.2; 53.5;

sul f oet hyl Ysucci nam cj jte_sol] 620;. 76% ), 125-127C. H
nnt 20 (>C/:D)013): 5 o.gég'(‘%g,c-j‘;@r?? 1%2&4%)7;4'1ﬁ"g@g‘#?-z’s@-3-4xCH)2),T.o5o (m 8H,
4xCH2), 2.33 (m 2H, CH2COOH), 2.44 (rn, 2H, CH2CONH), 2.76 (in, 2H,

CH2NHCO), 3.12 (m 8H, 4xCH2N), 3.50 (m 2H, CH2SC8), 7.53 (br t, 1H, NH).
13C nnr (CDC13): 5 13.5,19.5, 23.8, 30.1, 30.9, 35.6,- 50.0, 58.5, 172.0,

174, 1. 25 b Prgparation of tetrabutyla ' -ni,t rophenyl .
N- ( 2- sul f oet hyl) succi namate A sol uti onnmil%hexyl carbodii m de (45ny;
0.22mmol ) in dry dichloronethane (I m) was added to a stirred solution of
tetrabutyl ammoni um N- (2 30 sul foethyl)succinam c acid (94ng; 0.20mol) in
di chl or omet hane Prepargtionpfsodinm Nei2guifoetbyBsaccinamidetetminated dendrimexs ur o
stirred overnight at roomtenperature. The resulting suspensi on was
filtered .and the filtrate concentrated to give the crude active ester,
whi ch was used wi t hoBteparation dfaetrabutyldmmaiiuro N-(ZSsulfoBthpisuceinamic acid sodi um N
(2-sul'f oet hyl ])osucci nam de term nated PAMAM dendrimers PAVAM 4.0 BRI 2786
Solid succinic anhydride (0.5g; 5.0mmol) was added to a stirred solution of
tetrabutylammonium 2-aminoethylsulfonic acid (1.83g; 5.0mmol) in dry
dichloromethane (30mi). The succinic anhydride slowly dissolved and the resulting
cloudy solution was stirred overnight at room temperature. The mixture was filtered
15 and the filtrate concentrated to give a viscous oil (2.41g). 3¢ nmr 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 dicthyl ether gave tetrabutylammonium N-(2- - .
sulfoethyl)succinamic acid as a white solid (1.762g; 76% ), mp 125-127°C. "H nmr
20 (CDCl5): 5 0.86 (t, 12h, 4xCH,), 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). '3C nmr (CDCI,): &
13.5,19.5, 23.8, 30.1, 30.9, 35.6, 50.0, 58.5, 172.0, 174.1.

25
b | 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-
30 sulfoethyl)succinamic acid (94mg; 0.20mmol) in dichloromethane (2ml), and the



A solution of the crude tetrabu-amrert-tmA=Trtropnenyl N-(2 10

sul foet hyl )succi namate (0.30mmol) in dry DM (Iml) was added to a stirred
solution of PAMAM 4.0 (51.5ng; O A nmol) dissolved in 50% aqueous DMV
(3m) and the resulting yellow solution stirred over ni G aie700am

t enper at WORBMIB i xture was then concentrated (35/10'5 mmtHg) and the
yel | ow residue partitioned between water and chloroform The water |ayer
was separated, washed with chloroform(2X) 15 and ethyl acetate, and then
concentrated to give e-a yellow oil (C¥¥4ny). The crude product was
converted to the sodiumsalt by passage through a colum of Anberlite

120(Na) to yield 85ny Qf mat erical . Thi.s nmateri oﬂ%fﬂlﬁﬁdby
gel f||trat|on1{“385ﬁ qVepight atog Wméﬂesoﬁj%

N-(2-sul foet hyl) ERdieWBncenfhtel Rgi0sithe Aabadivé ester) svhichowas(t$edyjth@8 C
nnr. (D20): 8. 33"3‘&{({%é 6. 355, 30, ({)%20 39.5. 42.8, 432, 53.8, 54.1, 54.4,

56.6,176.5, 176. mabmﬁm 9, 179.4. The correspondi ng PAVAM 1.0 and
PAVAM 3.0 (BRI 2785) dendriners termnated wth sodium

N- ( 2- sul f oet hyl ) succi nam de groups were simlarl pr epared. 25 13C pnr
PAMAM 3. 05d&r i v aPrepsratidaaFsodiSm3Ie-(2-sul8Eths))sgoingmidgderminated BAMAM dendrigags
54.1, 543, 56.5, 176.4,176.9,177.4,179.9, 179. 4. 13C nnt  PAVAM 1.0
derivative (D20): 6 34.9, 35.5, 39.5, 42.9, 43.1, 53.7, 54.1,

179. 0, 179. 1, 179. BAMAMMUD 9BIIF868 PCT/ AU97100447 -23 B Preparation of
sodi um N- (2-sul foet hyl ) succi nam de term nated pol yl ysine dendriners
BHAI ysl ys2l ys4l ysgl ysl b BRI 2789 5 Trifluoroacetic acid (I nl). was added to

a suspensi on of BgAbjgby 8fihY Ald¥ tdfabhtifammonium 4-nitrophenyl N-(2-
10 sulfoethyl)succinamate (0.30mmol) in dry DMF (1mI) was added to a stirred solution
of PAMAM 4.0 (51.5mg; 0.01mmol) dissolved in 50% aqueous DMF (3m!) and the
resulting yellow solution stirred overnight at room temperature. The mixture was

'then concentrated (35°/107° mmng and the yellow residue partitioned between

| water and chlorofox;m. The water lﬁycr was séparated. washed with chloroform (2X)
15 ‘and ethyl acetate. and then concentrated to giire'a yellow oil (134mg). The crude
| product was oox'ivaied to the sodium salt by passage' through a column of Amberlite
IR 120(Na) to yxeld 85mg of matenal This material was further purified by gel
filtration (Sephadmc LH20; water) to give the sodium N-(2-sulfoethyl)succmamxde
serminated PAMAM 4.0 dendrimer (45mg). °C nmr.(D,0): 8 33.2, 33.6, 35.5,39.0,
20 .39.5, 428,432, 53.8, 54.1, 54.4, 56.6, 176.5, 176.9, 1772, 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 13C nnr PAMAM 3.0 derivative (D,0): 8 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, 179.4.
13¢ 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.
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—(36.5ng; 5.00snol) 1 n dry dichloronethane (I m) and the resulting solution
stirred at . r ﬁgmrature under nitrogen for two hours an
concentr at ed. 0"?’ e residue was dissolved in dry DVSO (2rnl) gr?h}ltqﬁ%mﬁﬂ
adjusted to 8.5 with triethylamne. A 10 solution of the
crude. tetrabutyl amoni um 4-'ni trophenyl N-(2_sulfoethyl)succi namate (ca.
0.2mmol) in DMSO (I m) was then added droﬁgvi'se and the mxture stirred
overnight at roomtenperature. The yellow solution was then concentrated
(50/10-5 nmtHg) and the yellow residue partitioned between water and
chl orof orm The Bique Strparatign pf spdiumNr(2rsyifecthy isuesinagnidg termioated polylysine ( 3X)
and 15 ethyl acet at e geqdiindryi€n concentrated to give an oil (99ng). The

crude product was converted to the sodiumsalt by passage through a colum
of Anberlite IR 120(Na) to yield 81 ng of material. This material was

further purified by gel . filtratio ( dex LH2O water) to give the
sodi-um N- ( 2- sul f oet h% WWB&M%B’%@M&%d BHAI ysl ys21ys4lysgl ys16
dendriner (39ng).13C nnr (D20): 6 27.0, 32.3, 35.2, 35.3, 20 35.6, 35.7,

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, 17 Frifluarpacesic acih 1 mid wasadsiod ¢ mspsphision of BHAlydBrijlyydysyPBLYS4 -

(BRI 2787) and BHAl ys A . BR1278 ternn d wth sodium,
N- (2-sul f oet hyl ) succ k%%#%ﬁﬁ@p@%@gﬁ%?ﬂﬁﬁ%ﬂ? ﬁ?’q})w@:}g? ?&‘.‘mn%ﬁq?ﬂﬂ" stirred at
BHAl ysl ys2l ys4il ysg desanyirnpemturdiaide: nittogén f8r two hours and then concentrated. The residue

626.9L32.3,35.1,35.3,35.5,25.2, 39.5 43.554.1, 585 131.6, 131.9
1322, 132. 3. 133. 2, 13Wwagdissolveddn dry IZMBO (2mb) and theptadiusierto 8.5 wittptrigthylepgnep A

178.3, 178.6,10l78. 7, schdorBof the/Sudd te ik 179.8. WO
98P03573 PCr/ AU97/ 00447 -24 134 nnr P&"y“&sﬁz@‘s‘%ﬂ{fé%gpd%’r‘ IJ‘g "'ve (D20): 5

26.9, 32.3, 35.1, 35sulfeeiyhsi8sin@nde (¢, 0.2ehinod) in PMIO (1ml) was then added dropwise and
5& S, -61-.9,131. 7, 13&3%&@’:& s%m%g %Ve?i"hx‘%gt?)alt %do%x:l)’?em%’eratllﬁé "l%é y&liloSW gd_l&t?oiiv?és then
concentrated (50°/10°> mmHg) and the yellow residue partitioned between water and
chloroform. The aqueous layer was separated, washed with chloroform (3X) and
15 ethy] 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,lys,lysslys; ¢ dendrimer (39mg). '>C nmr (D,0): 6 27.0, 32.3, 35.2, 353,
20 35.6, 3-5.7, 395,435, 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 ,

3¢ nunr BHAlyslys,lys,lys 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, 1322, 132.3, 133.2, 133.3, 145.0, 145.2, 1772,

| 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.



178.0, 179.3, 178 4 178 71780+~ 0+3+F—317977, I79- 8. 134 nmr BHAl ysl ys2

derivative (D20): 626927 .1, 32.2, 32.3, 34.7, 34.8, 35. 1, 5 35.3,
35.6, 35.7, 39.5, 43.4, 54.1, 58.6, 61.8, 131.7,131.9, 132.2, 132.3, 133.3,

144. 9, 145.&0§§ii 178.4,178.8,179.0,179. 3, 180. 0. EXAMPLE periefiocapar ati on
of sodium henyl t hi onrea term nated dendriners A PAMAM 4.0 BRI 2791

15 Solid sodi um 4-sul fophenyl i sot hi ocyanat e nonohydrate (500ng; 1. 96mmol )
was added to a solution of PAMAM 4.0 00ng; 0.0582nmol) in water (10m) -
and the resulting solution heated undér nitrogen at 53 for two hours and
then cool ed. The solution was concentrated and the yellow solid residue

fied b | filtrat d T

P orbi hed and f 1 3G o BEAlY Y Hoc Aot La0N §AE5 32 PEM S Porir Sbags, ' ©
term nat ed PA'VA'V'4§250 g?%s%?rs @ﬂ'ﬂ 1f3hof mz msassalmzawoyms 1Ry
(D20) : 5 2.28; 5.7 3.°27; =9Hz) ; 7.72 (d,

J=9Hz) 134 nnr (D76, 17853, 3689.11817.1782.317?0 11‘{?%517%« %79335 129.0; 131. 1;

144.4;178. 5; 179. 13 M2l 82 3PAVAMAZ, 95,1

(BRI 2790), PAVAM 3&6“"?%‘?‘?%&%35@%&?3%33? 9Pdendr| Ners ternnat ed' W th

3, 6,12, apd 48 5, A506435.330150pNd5A.L,15B6L6%k8, 131.3U13.9:. 43pec3RBel3B.her &

S|mlarly pr epare / i 5 B PAMAM 4.0 (EDA)

BRI 6045 Solid soc’gﬁr?rvﬁiﬁ lgzghgmj{:lé@ﬁ%gpiﬁ% ennénohydrate (13( hny;

0. Stmol ) was added to a solution of PAMAM 4.0 (EDA) (69ng; 0.01 mmol) in

water (4ml) and the 5 resulting sol UW ted under nitrogen at 53 for
osncentrate

two hours and then cool ed. The sol uti d and the solid
residue purified by gel filtration (Sephadex

10 Preparation of sodium 4-sulfophenylthiourea terminated dendrimers

A PAMAM 4.0 BRI2791

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

resulting solution heated under nitrogen at 53° 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-sulfophenylthiourea terminated PAMAM 4.0 dendrimer as a fluffy
white solid (370mg). lH amr (D;0) : 8 2.23; 2.52; 2.69; 3.15; 3.27; 3.60; 7.32 (4,
J=9Hz); 7.72 (&, }=9Hz). 13C nmr (D,0) : 6 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 (BRI2790), PAMAM 3.0, and
PAMAM 5.0 (BRI2991) dendrimers terminated with 3, 6, 12, and 48 sodium 4-
sulfophenylthiourea groups respectively were similarly prepared.



LH2O water). The pure-fractions were conblned and Treeze dried to give
PAVAM 4. 0 t er gwlgsgrsW th 32 sodi um 4-sul fophenyl t hi ourea groups as a
fluffy white solid (136ng). 1H nnr (D20 : 6 2.30; 2.50; 2. 7PCT/8UIM0443. 62;
7.35 (d, J=9Hz); 7.72 (d, 10 J=91-1z). 13C nnr (D20 : 8 36.8; 41.0; 43.1;
48.4; 53.6; 55.7; 128.9; 131.0; 144.3; 178.5; 179.0; 184.5. C

BHAl ysl ys2l ys4lys8l ys16 BR12792 15 Trifl uor2acetic acid (4ml) was added to
a suspension of BHAl yslys21ys41ys8DBL16 (0:73g; 0.1 mmol) in dry

di chl oronet hane (4ml)_under nitrogen. A vigorous evolution of gas was
observed for a dhort RAMAMAQ (ERA) BRISO4S ng sol ution was stirred at room
tenperature for two hours and then concentrated. The residual syrup was

di ssolved in water (5ml), the solution passed through a colum of

Anberlite | RA-401 olid sodi@m Wrsalfopheny isothiGyandes:
Lyl ys S s 5 0. 4909) Tr@@aiz‘ﬁl%}{@ rﬁmglggﬁed

BHAI ysl ys21ys4l ys8lys s a viscous oil
in water (5nl) and Nﬁé&dﬁﬁﬁﬁ tion off PAVAM aQ@Dﬁf)éﬁ%(gpﬂlmnﬁol)lﬁWa)er dndthe

Sol i d- sodi um 45 sul f opdsalgk| t.e 3

t hen added and the resu&irﬁgﬂggﬁ%ﬁ %%Eéggf |t§v 3’@5‘%“&4‘5‘59‘*‘8? Tb@vo
hours and then cool egolu Wmonccnuated/asdmerwﬁdwsﬂhe By'%% Lid
25 residue purified %ﬁ%t‘ér ’léb&at Ko hadex LH2 ter IH%W@B&Q
fractions were conblinéd, %{Yé W%Pﬂﬁh“ﬁmﬂmtln@w ExvtmmM

and freeze dried to 4gummmdlaiwmd3y ter
BHAl ysl ys2l ys4l ysgl y?]) 6mgdqndr| ner gﬂgﬂnﬁﬂspﬂ(?‘?ﬁﬁ%i\%i({ﬁk& E&%)w?"tﬁﬂ)hd H

gm78( DgO)J__g 1. 40131 1@ 0): 6232442501;251!);3183362 73§Q¢(E9H499Hg§46
63. 3: (128 8 H%l 0; 14 6%9'7@2 hgig&l‘%" ?3118%3 61§3781239£1§5021443

PCT/ AU97, 00447 WD 915’@53 179.6; 184.5.

C BHAlyslys,lys,lysglys;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 (Sml), the solution passed through a column of Amberlite IRA-461(0H) and
20 the filtrate concentrated to give BHAlyslys,lys,lysglys, ¢ as a viscous oil (0.49g). The
oil was redissolved in water (Sml) 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 browmsh solid
25 resxdue 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-sulfophmylt!nourea termmated BHAlyslys,lys,lysglys, ¢
dendrimer as a fluffy white solid (374mg). H nmr (D,0) : & 1.40; 1. 72;3.08; 3.42;
4.24; 4.60; 7.30; 7.40 (d, J=9Hz); 7.78 (d, J=9Hz). l3C nmr (D,0) : 8 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. '



The correspondi ng BHAI Ys| Y92 1ys44¢Ss—BHAyST YS21Ys41ys81YSI 61YS32
(BR12992), and BHAl ysl ys2l ys41lys$1Ys161Ys321Ys64 (BRI 2993) dendri ners
termnated with 16, 64, and 128 sodi um 4-sul f opherrylthi ourea groups
respectively were simlarly proPated 5 EXAMPLE 6 Prepar pCTamszmi0d4dodi um
3, 6-di sul P¥AAKI¥A t hi ourea terminated dendriners 10 A PAMAM 4.0 BRI 2923
Solid sodium 3, 6-di sul fonapt hyl i sot hi ocyanate (160ng; 0.41nmol) was added
to a solution of PAMAM 4.0 (51ny; Clgbggnl) in water (3nl) and the
resulting solution heated under nitrogen at 53 for two hours and then
cool ed. The solution was 15 concentrated and the brown solid residue

ified b I fil
Eg:r{)l Ingd a%dggoncI msgﬁ%s?ﬁéﬁ% Bl-“ﬁfyﬁwz Jipfxflﬁ%lﬁa @R2OM)s wer e

onapt, |t hi,o0.
terninated PAVAMZ @}ggggi Ve flysatysglim Syai @REEW P’[ﬁ%
2.30; 2.60; 2.74 20; 3.

39.9; 43.1: 48. 1645@@12859¢P4I%§2’2“@§g‘°8‘“%&§%}1‘“39131 3: 136 o 20

136.8; 138.2; 145, lga #6 0; 177.2; 177.8; 185.5. The correspondi ng PAVAM -
2.0 dendriner ter $¥ed with sodi um 3, 6- disul fonapt hyl t hi ourea groups was
simlarly grepared. 25 B PAMAM 4.0 (EDA) BR16046 Solid sodi um

3, 6-di sul fonapt hyl i sot hi ocyanate (220gRAMPPR6™©I ) was added to a solution
of PAMMAM 4.0 (EDA) (74ng; Odmvol) in water (4m) and the resulting
sol ution heated under nitrogen at 53 for two hours and then cool ed. The

solution 30 was concentr ated . the ' kinfhat@bddhdeinpersi f i ed by gel
filtration (%pnmnvb@?ﬂég‘g“mm‘gﬁ 4°’§& o
10 A PAMAM 4.0 BRI2923

Solid sodium 3 6-dlsxﬂfonapthyhsotlnocyanate (160mg; 0.41mmol) was addedto a
solution of PAMAM 4.0 (51mg; 0.01mmot) in water (3ml) and the resulting solution
heated under nitrogen at 53° for two hours and then cooled. The solution was

15 concentrated and the brown soiid residue purified by gel filtration (Sephadex LH20;
water) The pure fractions were combined and concentrated to give the sodium 3,6-

mulfonapthylthxomea terminated PAMAM 4.0 dendrimer as a browmshls‘jolid

(73mg). Hnmr(Dz0) 3 2.30; 2.60; 2.74; 3.20; 3.57; 7.75; 7.86; 8.28. "~ C nmr
(D,0) : 335.0;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; 177.3; 185.5.

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 addedtoa

solution of PAMAM 4.0 (EDA) (74mg; 0.01mmof) 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



LH2G water). The pure fractions were conbl ned and concenirated to give
PAMAM 4.0 term nated with 32 sodi um 3, 6-di sul fonapt hyl t hi ourea groups as a
tan solid (1¥MPO5BH nnr (D20) : 6 2.30; 2.80; 3.20; 3.54; PQTIABITP4IS:
8.25. 13C nm (D20) : b 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; 185.6. C

BHAI ysl ys21ys4lyssl ys16 BRI 2999 10 Trifl ue%acet ic acid (2rr)) was added to
a suspension of BHAlyslys2lys4lysgDBL16 (73ng; 0.0lmmmol) in dry :
di chl oronet hane (2m ) under nitrogen. A vigorous evolution of gas was
observed for a short LH20pwater). Thepureefiadtinsigere@bmbined andxonsénitiateddo give FPAMAM

f dual
di 550 ved i n vet é?ﬂ?&éfmw&a“ e vl ol 3\ Bnlommbiiciecirions e Bl 1
| RA 15 401 d t “0) -
BHAI ysl ys2| §/S:I) y§8| y??gn{as Vi S(D(;ZQ))CB'ZIJOaQ‘SdeI{%I? g'%ﬁy‘? e7d!|;55go SvedC gv)a?togr

(5m) and NN\-di net hy53lﬂv0al40 y;@m 48.3b53. 6,375'9 ; 1R8159125;4; 331L; 13dSe 36, Spl3l6c3 138.3;

sodi um 3, 6- di sul f ona AV te (234ny; 0.60mml) was then added
and the resul tssi‘lJng so%{] 3’;2?% lgﬁ nitrogen at 530 for two hours and

t hen cool ed. The sol utlon was concentrat ed and the brownish solid 20
residue purified by gel filtration (Sephadex LH20; water). The pure
fractions were corrbi ned passed through a colum of Anmberlite IR 120(Na)

and freeze driegto l%%igg,g egslG termnated with 32 sodi um
36d|sulfonapthylth|ourea ﬁ ]afsa ffy off-white solid (119nmg). I H

nnr (D20) : 8 1.0-2.0; 3.18; 4-31;7.22;7.80;7.89;825. 13C nnr
(D20) - 8272324353437490585 25 63.6; 128.4; 129.1; 131.4; 136.1,

136. 6; 138. 6;10139. O; Tiftbordacchié Boi6 (2ndly ¥astadded o Ssuspehion f BURIYsOIFS,Iys,DBL
PCT/ AU97/ 00447 -28-. EXAVPLE 7
(73mg; 0.0immol) in dry dichloromethane (2ml) 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 (Sml), the solution passed through a 'colu-mn of Amberlite IRA-
15 401(OH) and the filtrate concentrated to give BHAlyslys,lys,lysglys, ¢ as a viscous
oil. The oil was redissolved in water (Sm!) and N,N-dimethy}-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, passed 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) : 8 1.0-2.0; 3.18; 3.43;
431;7.22; 7.80; 7.89; 825. l3Cnmr(D20) :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.



Preparation of sodiuwmd-sulforapthy-thiroureatermnated dendriners 5 PAVAM
4.0 BR12997 Sol id sodi um 4-sul fonapt hyl i sot hi ocyanate (180ng; -0. 5nmol ) was
added to a solution of PAMAM 4.0 (5 ling; 0.01nmol) in water (5ml) and the

m xt ure heg‘; W nitrogen at 53 for two hours and thparaoshedsr The
water was distilTed under reduced pressure fromthe 10 resulting suspension

and the off white solid residue purified by gel filtration (Sephadex LH20Q
water). The pure fractions were conbi neshk and freeze dried to give the .

sodium 4 sul fonapthylthiourea term nated PAMAM 4.0 dendriner as a fluffy.
white solid (60ng). 1 H nnr (D20) : 6 2.20; 2.60; 3.14; 3.48; 7.23; 7.47;

7.56; 7.77: 7.93 (d, J=6Hz): 8.56 (d, M? 713C nmr (D20) : 6 35.8;
40.5; 43.1; 48.4; 53.6; 55.9:127.6; 1 0.3; 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- d| sul fophenylth| 0 re te ate Rndriners. 0 BRI 6039 Solid
sodi um 3, 5-dF Eﬁﬂ‘mﬁﬂ?e# %?Bﬁmglf’g&f "fﬁé‘rTS‘rmbuég’ wé‘s" added to a
solution of PAMAM 4.0 (63rrg 0.012mmol) in water (3m) and the resulting
solution heated under 25 nitrogen at 530 for two hours and then cool ed.
The sol uti SnPAMAMAR BRIZIZd and the browni sh solid residue purified by
gel filtration (Sephadex 025; water). The pure fractions vvere conbi ned and
concentrated to give PAMMM 4.0 term nated wi th 24 sodi um 3,

di sul f opheny Sblid sndivem4-guifonapthylisairioeyanata i mmgsﬁﬁmaﬂ%)ﬂwgﬁed 'Pm sah-m(l f§20)

282053533708%“’;"%61“291%1 giﬂ@‘%"éﬁ%%h%@“ﬂﬁ%&g%é& 1850, 98103373

PCT/ AU97/ 00446 two Burs Edifek Eodded. The water was distilled under reduced pressure from the
10 resulting suspension and the off white solid residue purified by gel filtration (Sephadex
LH20; water). The pure fractions were combined and freeze dried to give the sodium 4-
sulfonapthylthiourea terminated PAMAM 4.0 dendrimer as a fluffy white solid (60mg) H
nmr (D,0) : 8 2.20; 2.60; 3.14; 3.48; 7.23; 7.47; 7.56; 7.77; 7.93 (4, J=6Hz); 8.56 (d,
=6Hz).l3C nmr (D;0) :  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; 1854.

EXAMPLE 8

Preparation of sodium 3,5-disulfophenylthiourea terminated dendrimers
PAMAM 4.0 BRI6039 ' '

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

of PAMAM 4.0 (63mg; 0.0i2mmol) in water (3mI) 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) : 2.53; 3.08;

3.36; 3.66; 7.90; 7.95. 13C nmr (D,0) : & 34.8; 41.0; 43.1; 48.0l; 53.7; 56.2; 124.1; 128.6;
30 143.5;148.8; 177.6; 185.0.



JPreparation of sodrum 3, b, 8-trisultonaphthylthiourea term nated
dendriners 5 PAMAM 4.0 BRI 2998 Solid sodium 3, 6, .
8-trisul f onapWORMERt hi ocyanate (250ng; 0.5mol) was added FFALY08471t i on
of PAMAM 4.0 (51ng; 0.01 nmmol) and NN-di nethyl N-allylam ne buffer (pH
9.5; 1 M) in water (2nl) and the m xture heated under nitrogen at 53 for
two hours and then 10 cool ed. The ni xture28as concentrated under reduced
pressure to give an orange solid. The residual solid was dissolved in
wat er (2m) and passed through a short columm of Anber]ite |R 120(Na). The
filtrate was then concentrated and the rBXAMBLE®ified by gel filtration
(Sephadex LH2O, water). The pure fractions were conbined and freeze dried
to give the sodium3, 6, 8-trisulfonaphthylthiourea term nated PAMAM 4. 0

dendriner as anpgbhrationtof sddinmd, 608-Gidulioniphthylthioutea té¥dibhated AeRdhimers3. 02;
3.30; 3.66; 8.05; 8.42; 8.59; 8.67. 13 Cnmr (D20) : 6 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, ﬁ@;lﬂt BRI 5; 186.0. EXAMPLE 10 20 Preparation of -
sodi um 4- (sul ?éﬂrre y )bz)gnzam; e term nated dendriners PAVAM 4.0 BR16040 25

Solid 4-nitrophenyl 4-(chloronethyl)benzoate (200ng; 0.68mvl) was added to
a stirred solufion of P 4. 7 . ..014nyn i n, dr 0. and
the resulting yéqq I%H?W W‘&?#ﬁ@hﬁ’%‘?%‘?#? %FQQ'%"’B(I\)@“P%%& s.
The sol ution WagnidagRf PANVEANIY B{se g 6.0t fimolyddd N, Kimeth§l-NhdlyTaafihebidfer (PH

extracted with a m xture of water and dichloronethane (1:1). The renaining

sol i d material it sened@mbrnbiecnixam heatadandergéragen ahd b on e honrat e e
20 (20, | i St Bk 305 ol B3 e
after which ti niesitii selilthis dissolvéd inwater(@tobrand Pads¢d thesigh meblort coltuine of Amberlite
IR—IZbMa). The filtrate was then concentrated and the residue purified by gel filtration
(Sephadex LH?O; 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) : 8 2.65; 3.02; 3.30; 3.66; 8.05; 8.42; 8.59; 8.67. 1°C nmr
(D,0) : 533.2; 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 Solid 4-nitropheny! 4-(chloromethyl)benzoats (200mg; 0.68mmol) was added to a stirred
solution of PAMAM 4.0 (70mg; 0.014mmol) in dry DMSO (4ml) and the resulting yellow

. -4
solution stirred at room temperature for two hours. The solution was then concentrated (10

mmHg; 400) and the residue extracted with a mixture of water and dichloromethane (1:1).
The remaining solid material was dissolved in DMSO (5Sml) and a solution of sodium sulfite
30 (130mg; 1mmol) in water (3ml) added. The slightly cloudy mixture that resulted was left to



f or mat i on--of...a—clear—henpgenreots—yetrtowsotutTorm —The Sotution was t hen
concentrated, first at 25mHg and 400 then at 10-4mmHg and 500 to give the
crude product. The crude product was purified by gel filtration (Sephadex
025; wat er)ﬂh Lye PAVAM 4.0 5 terminated with 24 sodi UMpopyauerooasr

4- (sul f onet yﬁl%enzam de groups (24ng). IH nnmr (1320): 8 2.25; 2.66; 3.08;
3.20; 3.33; 3.38; 4.01; 7.40 (br d); 7.62 (br d). 13C nnr (D20 : 8 36.7;°
40.9; 43.0; 43.6; 53.5; 55.5; 61.0; .131,8, 135.0;137.2;140.4; 174.5; 178.6;
179.2. EXAMPLE 11 10 Preparation of 4-5ulfobenzam de term nated dendriners
PAVAM 4.0 (EDA) BRI 6116 15 Solid potassi um N-hydroxysuccini m dyl '

4-sul f obenzoag 0

(EDA) | (35, oStk A Sy il Phlch MR8 o iAfhoh 8t Borchol ol rbbae it 0

so: ution sti lfc?]rﬁdnai ofmejﬁmmb&wﬁmn Sﬁﬂxgrseluufrmwasmemhtmca@'md,l ﬁ;szl
solution at this a -4 odi caj bonat ol ut,i on

n) was then Gg‘gﬂ aneqp t e\ﬁé‘é‘{m@éﬁ@ Fre o give
t he crude rgmag B hﬁﬂm Wva PMAMI4Of i ed b

gel fil trafl on (I:Ste‘g%adex ggaqd\igi&.grﬂ fbo gi ve %AM%K/IW%% BHDA) term nat gd '

with 32 sodi terminated wighsodinmid-( glt‘smﬁhypwl em'mﬁ O)Hnme @053 2. 42,
2.63; 3.05; 3P 23.7 N nr
(D2O : 6 36§(}%8%8§4§63 2%20&3233%@4%6; ;‘lﬁ : 782#%‘ 132. @%40 4581?)"0 1;
173. 6; 178. 0; 309; 530\%@5360573;ﬂ(ﬁ/lﬂw:?liimélﬂlrlﬁ.)ﬁmﬂ_ﬂsﬁzlﬁ%par ation
of Sodi um N-(4-sul fophenyl ) propanam de term nated dendriners 5 PAVAM 4.0
(EDA) BR16117 Solid sodi um N-(4-sul fopbenyl)acryl am de (250ng; | mmol) and
solid sodium carbonate (106ng; 1 mMmDIEXAMPLEMMded successively to a
stirred SOl'OUt i on of PAMAM 4.0 ( EDA) '

Pi-eparaﬁon of 4-sulfobenzamide terminated dendrimers
PAMAM 4.0 (EDA) BRI6116

15 Solid potassium N-hydroxysuccinimidyl 4-sulfobenzoate (100mg; 0.3mmol) was added to a
solution of PAMAM 4.0 (EDA) (35mg; 0.005mmal) in 0.1IM pH 8.5 borate buffer (Snii) 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 conceritrated 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 (DZO) 82.25;2.42;
2.63; 3.05; 3.18; 3.31; 3.38; 7.72 (d, J=8Hz); 7.78 (d, J= 8Hz). C nmr (D,0) : 5 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.



(78ng; 0.01 Immol) in water (4m ). The resulting solution was St TTred undet
nitrogen for 10 wousesays and then freeze dried to give a fluffy white
solid. The crude product was purified by gel filtration (SephXgEAUsrpas?
water to.give PAMMM 4.0 (EDA) termnated with 64 sodium

N- (4- sul f ophenyl ) propai uarni de groups (206ng m}) 13C nmr showed a faint trace.
of what was taken to be nono al kylated ter hal anino groups. | H nnr :
(1320): 6 2.10; 2.48; 2.58;2.79; 3.20; 7.42 (d, J=7Hz); 7.65 (d, J=7THz).
13C nnr (D20) : S 365; 37.9; 41.1; 53.4; 15 55.6; 124.8; 130.9; 143.0;
144.2; 177.4; 178.5. EXAMPLE 13 Prepar at | BXAMPEBd2um 4- sul f ophenyl ur ea
termnated dendriners 20 PAMAM 4.0 (EDA) BR16115 A solution of sodium
sulfanilic acid (495ng; .Inmmol) in dry DVBO (3nl) was added dropwi se to a-

solution of Nw d §?R9&?ﬂ%f(ﬁ?ﬂlmﬂddfmﬂephﬁ?Qmpﬁmétdﬂmﬁiéﬂm e%?
(4m) and the resulting brownish solution stirred at roomtenperature for
20 hours. A solution of PAMAM 4.0 (EDA) (75ny; 0.01 Immol) in dry DVSO

(I M) added and5tR&aMAM4GEDA)SBRISER for a further 18 hours. The sol ution
was then concentrated under high vacuum (10-5 mHg; 35) to give a

yel | owi sh sem -solid. The crude product was dissolved in DVBO (4nil) and

the sol ution addegblidodidfi (£ H% Z’ ce The 30 .

precipitated white sol 1 d was gulﬁfa ﬁb‘ﬁf"%“i’ @E%‘?&%ﬂbﬂ%ﬁém@mmm

acetate (2X) and (VéSmeiUgmnaly were\anu@m&asaeely %aﬂkh@&ﬁ@&gfp{m,gﬂt%'(ﬁﬂ,ﬁ o

give a white pom@% %207&% ]Thl ) WZ%m{ was further purifie

term nated i-ha wi't 2 ge (f bty iatd )S b@onmsrr)edt\md@nimgkn for

PAWRM 4. 0 Eg)A);:3 ot dags i ekt e RABSHANBID) o e o as ol

llf?liratmn (Sephadex LH20; water to give PAMAM 4 0 (EDA) terminated with 64

sodium N-(4-sulfophenyl)propanamide groups (206mg) 3Comr showed a faint trace of
what was taken to be mono alkylated terminal ammo groups lH nmr (D,0) : 5 2.10; 2.48;

2.58;2.79; 3.20; 7.42 (d, J=7THz); 7.65 (d, J=7Hz) C nmr (D,0) : 5 36.5; 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 a;lded
dropvmse toa solutlon of N,N'- dxsucclmmxdyl carbonate (530mg; 2mmol) in dry DMSO
25 (4ml) and the resultmg brownish solution stirred at room temperature for 20 hours. A
solution of PAMAM 4.0 (EDA) (75mg; 0.01 1mmol) in dry DMSO (1ml) added and the
solution stu-red for a furthier 18 hours. The solution was then concentrated under high
vacuum (10” mmHg, 35 ) 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



9Hz); 7.63 (d, J=9Hz). 13C nm——P2O—6 306. 3, 40.7; 43.3; 43.8; 53.7;
——12373; 130.9; 5 140.9; 146.0; 161.4; 178.2; 178.6. EXAVPLE 14.
Preparation of NNN-trinetbyl glycinanide chloride term nated dendriiners 10
BHAl ys1ys21ys41ys81YS, 6 BRI 2922 Trifl uoroacetic acid (4rtiyAusd®0Mdded to a
suspensi WO WOISIPA| ysi ys21ys41Ys8DBL 16 (220ny; 30.unol) in dry

di chl oronet hane (2nl) and the resulting solution stirred at room :
tenperature 15 under nitrogen for t hours and then concentrated. The
resi due was dissolved in dry DVBO (5t and the pH adjusted to 8.5 wth:
triethylamne. Solid 4-nitrophenyl N,N, N trinethylglycinate chlori dg
(0.50g0; 1. 8mmol )was then added angd. th ' tofhR6kial Wdefuntherpurified bpom

t enper at ur&&d’f?é‘)c%@?%fﬂ%ﬁ%ﬁ%%o e?@%ﬁ%mr%ed (50/ 10'. ) .and
the residue p@é&,{i&{ PPLMW)wgimMM#&MWM T8 4tfueous

|l ayer was £ ¥ep

ar at ed, washed with dichloro a 3 -atigyh.32¢Lt at e,
and then caagiaf4-ailfophenylures groups10§me)( .%@&TQ%I’ %ég?%?sddulgj Wag‘E

purified by gel filttathgn L §26@.3; 40} 43.3; 488; 3. T Hd2A3N I
trimethyl gIVgﬂﬁﬁki%éd’t%%ﬁ%haﬁggg%o\}s?3?33.21ys41Ys81Y316 dendri nmer :
(116nm) . 13G 4019: 1468006149 1262;37880. 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 WD 98/03573 PCT/ AU97/ 00447 -33
EXAMPLE 15 Preparation of 4-Tlinethylrnnoni unbenzandde term nat ed

dendrinmers 5 PAMAM 4.0 BR16043 1, 1'EXAMBEE 14ii i i dazol e (85; ng; 0. S2nmmol )
was added to a solution of 4- .

|l
I

Preparation of N,N,N-trimethylglycinamide chloride terminated dendrimers

10
BHAlyslyszlyulyssl}'Sls BRI2922

' Trifluoroacetic acid (4ml) was add:ed to a suspension of BHAlyslys,lysglysgDBL6 (220mg;

30umol) in dry dichloromethane (2m) and the resulting _solution stirred at room' temperature -
15 under nitrogen for two hours and then concentrated. The residue was dissolved in dry
DMSO (5ml) and the pH adjusted to 8.5 with triethylamine. Solid 4-nitrophcny? N,N,N-
trimeﬁx'ylglycinate chloride (0.50g; l.8;n_mol)was then added and the mixture s‘_t’u'refl5
overnight at room temperature. The cloudy solution was then concentrated (50 l 10 mmHg)
and the residue partitioned between water and dichloromethane. The agueous layer was
20 separated, washed with dichlorol_nethane (3X) and ethyl acetate, and then concentrated to
give an oil (1.128g). The crude product was purified by gel filtration (Sephadex LH29;
water) to giw)e the NN,N-trimethylglycinmnide terminated BHAlyslys,lysalysglysig
dendrimer (116mg). Be nmr (D,0): 825.5,30.5, 30.8, 334, 42.1, 56.5,57.1, 67.5, 68.1,
166.7, 167.0, 167.1, 176.0, 176 2. '
25



tri met hYl anmoni unbenzoi c acid iodide (154ng; O.5rnnoI) Tn dry DvF(#mt)y—and
the mxture st woesb3ssts room t enperature under argon for two hours. During
this time a white 10 solid separated fromthe solution. A sol uPFEAUSFORINVAM
4.0 (58ng; 0.011mmol) in dry DMF (2nl) was then added and the m xture
stirred overnight at roomtenperature. After_ this tinme nost of the

preci pitate had di ssolved and a ni nhydrin te¥k- of the solution was

negatirve. The m xture was concentrated (10-4 mHg; 30) to give a white
solid residue. The crude product. was purified by gel filtration (Sephadex
LH2O. 10% AcOH) to give 15 PAVAM 4.0 ter ni BSAMPLE 15 24

4-trimet hyl ammoni unbenzam de groups as'the acetic acid salt (89ng). 1H nnr
(D20) : 6 1.96; 65- 2. 85; 3.25-3.55; 3.64; 7.92. 13C nmr (D20): b 25.8;
33.1; 33.5; 38.7;F4parptionyf 4-Trigethylatwininiuhbedzanfide &; ﬁ}fl‘%ﬁﬂ 139. 9;
1532; 173.2; 176.3; 176.8; 182.6. 20 The correspondi ng PA . endri nmer
termnated with 6 4-trinethyl amoni um benzam de groups was simlarly .
prepared. EXAVPLIPAMARG4/® BRIGBY3-0n of 4- (Tri met hyf ammoni unmet hy>) benzanmi de .
term nated dendriners PAVAM 4.0 BR16044 YGI/ AD971i "7 WD 98603373 - 34- s
Solid 4-nitrophenyl 4-(chloronethYl)benzoate (150ng; 0.5mol) was added to

a stirred sol utijon-ckbdn M“iMié’az?l X a |) in- dry DMBO (3m ). The
resul ting. yell ow sol uti (?2 was o |§($%%gaqw3@ﬁﬁ@°5t‘%ﬁéomm pD4-hour s,
when a ni nhydri FimetBylammonivepetzoiccacid iddiia 31 $m - DNSnmalh b ¢ t hen
concentrat ed (10“{@%%00 and the residue gshaken é\nﬂﬁﬁggbwsx@ﬁ’ﬂemgf‘he
wat er and di-chi or onethane 1" THFEPFTALEE BBes argon -for tve huatse Dusing WIS time a white
col Tected by IOl sotitscpatatengrointie tbiirion!H SSlution of PAMAM 4.0 (S8mg; 0.011rmmon in dry
DMF (2ml) was then added and the mixture stirred overnight at room temperature. After

. this time most of the precipitate had dissolved and a mnhydnn test of the solution was

. . -4
negative. The mixture was concentrated (10 " mmHg; 300) to give a white solid residue,

The crude product was purified by gel filtration (Sephadex LH20; 10% AcOR) to give
15 P/.&MAM 4.0 tem;mated with 24 4-trimethylammoniumbenzamide groups as the acetic
acid salt (89mg). "H omr (D20) : 8 1.96; 2.65-2.85; 3.25-3.55: 3.64; 7.92. l:,'C omr (D,0) :

825.8;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



(2X) and dichl oronet bane (2X) —adde=ttrerr—ar T dri1 ed. The crude 4

trytTJ- benzam de term nated dendrinler was dissolved in 25% aq.
trimethylam ne (20ml) and the yellow solution left to' stand overnight. The
sol ution was then concentrated and the sol uti on passeaWa¥I®8P43 col um of
10 the rweiands7di ssol ved in water (Stm The colourless filtrate was
concentrated to give a viscous Anberlite |IRA-401(OM oil which was .
purified by gel filtration (Sephadex3 10; 100/ 0 AcOH) to give p AM4.0
terminated with 24 4-(trinmethyl ammOni"Unmet hyl ) beazarrude groups 7.72
(90ng) . 111 nnr (D20) : 5 1.88; 2.65-2.80; 2.98; 3.10-3.60; 7.52 (br d,

J-9Hz), 15 (br d, J=9Hz).13C n D20 DAvas3ddeto43. 2. 43.5: .
53.6; 53. 63@5{44@‘&05&:@}*(@@"8‘“%2‘ "&Bﬁ‘g g Tg'%)?fm 0:176. 4; 176.9;

183. 6. EXAI\/PLE 17 20Rf%§mmt4umzﬁ 001mmol)mdryDMSO( )The

N (2- Aceto 6yl anmoni um net hyl - &,ierm nated
dendr| ners a;&aﬁum|wma@avmm°m¥mﬁ£&g 5 01) was
added to a solulion of sohmonwasthenconcem

acet oxyet hynﬁx)hydnl(@&r% W})xahs@ (}hfret hyI am‘mm u”&&c 35ny;

0. 5mmol ) %rs dry gnarmamaademma frred under nitraogen
for two

8
oS A sol ut i on of ﬁlﬁaﬁﬁewuﬂe)lmlhw (2ml) was
then added: 1)\ The finsoablecasl-likemp! % late fornma

Preci pi t at ﬁ@%&?&@éﬁ?ratgﬁ“ @\aalumenirdr‘l.EIde'I'l;[!ﬁI =4 ‘L(%O%ﬂ}ggtfor t Wo

days and benzamide terminated dendnmerwas sso Odvetin25% ﬁ%&ﬂﬁﬁm e (Ziml) 4

trated,
and the yellow solution left to stand overnight. The solunqn was then concen

10 the residue dissolved in water (5ml) and the solution passed through a column of
Amberlite [IRA-401 (OH). The colourless fltrate was concentrated to give a viscous
oil which was purified by gel filtration (Sephadex G10; 10% AcOH) to give
PAMAM 4.0 ta-mmated with 24 4—(mmethyla:mnomummethyl)benmnn:le ::ou;a:; )
(90mg). Hnmr(Dzo) 3 1.88; 2.65-2.80; 2.98; 3.10-3. 60; 7.52 (br d, J= 954 1), o

15 (brd, J=9Hz2). 3C nmr (D,0) : 8 26. 6; 33.4; 38.8;43.2; 43.5; 53.6; 53.6; 341396
62.8; 73.0; 132.1; 135.3; 137.5; 140.0; 176.4; 176.9; 183.6.

EXAMPLE 17

I3 l- :
20 Preparation of N-(Z‘Acetoxyethyl)-N N—(dimethylammonmm)methy
carboxamide terminated dendrimers

PAMAM 4.0

25 Solid 1, 1'-carbonyldiimidazole (85mg; 0.52mmol) was added to a.solution of:N-(Z-
acetoxyethyl)—N-(wboxymethyl)—NN-dlmethylammonium bromide (135mg;
0.5mmol) in dry DMF (3mi) 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 (10



-mmHg;—40to give a viscous oil. The crude product was purified by gel
filtration (Sqyas¥sCGl0; 10% AcOH) to give PAVMAM 4.0 term ng&pdus 24
N-(2- Acctoxyet hyl)-N, N (di met hyl ammoni um) net hyl car boxam de gr oups ang) .
1H nmr (D20) : 8 1.93; 2.05; 2.70; 3.10-3.60; 3.28; 3.93 (m; 4.14; 4.48
(m. 13C nmr 5 (D20) : 8 24.6; 26.2; 33.2; .7, 42.8; 42.9; 53.9; 57.4;
62.6; 67.3; 67.5; 168.9; 176.4; 176.8; 177°3; 183.2. EXAMPLE 18 10
Preparati on of CGuani dno term' nated dendriners PAVAM 4. 0 BR16042 A sol ution

of PAMAM 4.0 (6 and rreth t hi ourea | fate 15 (170ny;
0.61 mMo]) in S%P’(%S% ‘5!‘&%’ & st filgration,

two hours. The S?L: G&@Qﬂ%‘ﬁ@o@&ﬁ%ﬂ?&iﬁ%@%ﬁﬁlﬁa&&ﬁdﬂ%ﬂ&ﬂ' fied by
gel filtration ephadex Gl10; 10% Ac ive PAVAM 4.0 term nated with

24 guani di no grbmm&ylm&@@qhﬁmpmMmmmqmm gromEH4mgR 'n 00;

2.80 (br t), L 3 i} D20)
e on. a5 b agimr (D)L ok 385, 27613 1% 6 s 2e’s B0 bt .ag i a‘éé‘”ﬁ
176.5; 176.7; 37®,9): 21.6526.1163.2;687c4 08429 63 B4/ 62.6) 6718161, 5;168.9;
termnated with 6 guanidino groups was simlarly prepared WO 98/ 03573
PCT/ AU97100447 1756% EXofirt’ 3.%9 eparation of

4-([ 1,4, 8, 11-tetraazacycl ot etradecanei net hyl ) benzam de term nated
dendriners 5 PAMAM 4.0 BRI 6041 A solution of

1- (4- car boxyphenyl ) met hyl - 1, 4, 8, 11-t et EXAMPLE k& et r adecane tetra

10 Preparation of Guanidino terminated dendrimers
PAMAM 4.0 BRI6042

A solution of PAMAM 4.0 (63mg; 0.012mmol) and meﬁlylthiopse\idomea sulfate
15 (170mg; 0.61mmol) in water (Sml) (pH 10.5) was heated under nitrogen at 80° for
two hours. The solution was then concentrated and the residue purified by gel -
filtration (Sephadex G10; 10% AcOH) to give PAMAM 4.0 terminated with 24
guanidino groups as the acetate salt (107m). 'H nmr (D,0) : & 2.00; 2.80 (br 1); 3.09
- (brt); 3.32;3.45 (brty; 360(brt) Cmnr(D20) 525.2;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.



bydr ochl oride (120/y—0-25rrBH—Nhrydroxysoccrmimide (60ng; 0. 5Znmol ) and
1- 10 (3-dinethyl am nopropyl)-3-ethyl carbodii m de hydrochl oride (250m
1.3mmol) in pH 7 phosphate buffer (I OmnM) was allowed to stand a room

t enper at ur gyd ia®Re hour and then a sol ution of PAVAM 4. Gcradnmwosd?
0.006nmmol ) 1 n pH 7 phosphate buffer (I OM) added. The m xture was all owed
to stand for two days and then concentrated. The residue was purified by
gel filtration (Sephadex LH2O 10% AcOthgto give 15 PAMAM 4.0 term nat ed
with ca. 12 4-([1,4,8,11-tetraazacycl ot etradecane] net hyl )- benzam de groups
as determned by 1H and 13C nnr (80ng). The product was then dissolved in
wat er and passed through a col um oWﬁ;iﬁe | RA-401 (d) resin and then
concentrated. The residue was dissolved in water (Im), concentrated :
HC1(I M) added, and the solution diluted w th~&tThanol (30nl) to

precipitate g white solj SOl | | | | tiration (68ny).
Once again | ﬁ'?ﬁ&‘&%ﬁf%ﬁ&lém%g?gﬁW?’G&??‘%‘ﬁ%‘ﬁ?’%%ﬁ%f the terminal
am no gr oups termihhtéeddetdiprs 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). 13C nnmr (13D0): 6 22.7;
23.1; 33. 2;S 38.8; 39.9; 40.2; 40.3; 41.0; 412; 42.0; 42.9; 43.2; 43.6;

45.5; -46.1; $AMAMMO 2BRIGN4Y; 54.3; 56.6; 62.7; 132.5; 135.7;137.1;139,7;
1743; 25 176.2;176.3;176.7;177.0;178.2;178.5. WD 98103573 PCT/ AU97/ 00447
-37 EXAMPLE 20 Preparation of 4-Carboxy-3-hydroxybenzyl am ne terninated

0.5 not . wad S of s e cirtoby Bk HichhplCLITY WHRSARG Atler sl b 01
4-f or ny| - 2- higidroshlorideA320mg 1. 25 niBORIN-h9drony uctipimide§Omen@ib2mmph @and ren - -
mixture wald ey Bpopgn RS lca S Bibg WA ARRAR MROGR R sthfAT0C
it 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
_ (10m!) added. The mixture was allowed to stand for two days and then concentrated.
. The residue was purified 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 'H and 13C nmr (80mg). The product was then
dissolved in water and passed through a column of Amberlite IRA-401 (CI) 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 agsin 'H and >
50% functionalisation of the terminal amino groups. ]H 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). 13C nmr
(D70) : 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. |

C nmr showed ca.



DEcane honbgeneous. The orange.solution was then concenirated and the
resi due purifywgdsdmsroel filtration (Sephadex LH2O water) t @cgiamMn7aAMAM
4.0 (EDA) termnated with ca. 32 4-carboxy-3-hydroxybenzyl am ne groups
(91ng). 1H.and13C nnr (D20) shows nostly nono alkylation but with some
signs of dialkylation of the 15 term nal agino groups, both spectra show
broad peaks. 13C nnr (D20):8 37.0; 41.1, '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 nm (D20) : S 2.20; Zmlg Eg 3.15; 3.30; 3.55; 4.25;
6.68: 7.12; 7.55. 20 EXAMPLE 21 Prepar YE24. car boxypheny! ani de
termi nated dendriners PAVAM 4.0 (EDA) 25 Solid

4- car boxyphenyl i sot hi ocyanate (86 0.48mmol ) was added to a sol ution of
PAMAM 4. 0 ( EDA) Rrepamgtion om-qmbwsyr-? hydrexphenzglamine temminaed dgndrimers osul { i ng
cl oudy solution was adjusted to 9 with saturated NaHCO3 solution and left -
to stir at roomtenperature for 24 hours. The reaction m xture was then

filtered and tHieAMAM 40¢EDA) CBRI6X19r ated to give a white solid residue,
whi ch was purified by gel filtration WD 98/ 03573 PCr/ AU97/ 00447 ... -38

(Sephadex LH20 water) and t hen reeze dried to give the product as a white.

fluffy solid (GJ dAde (e i Aiodio s amde
t er mi nat ed dendr| ner s %4 0 (( mgm Bedo A vtk SIPANIBRIYD

3, 5-di car boxyphéﬁ?ﬁ)éﬁﬂﬂm @WM)eﬂfWﬂmwyd@xml)’ acid £83reRi @cSmrool), asd| ut'i on
sodium hydrogen carbonate (42mg; 0.5mmol) in water (4ml). The mhomogeneous

- 10 orange mixture was stirred for four hours at room temperature, during which time it
became homogeneous. The orange solution was then concentrated and the residue
purified by gel filtration (Sephadex LH20; water) to give PAMAM 4.0 EDA)
terminated with ca. 32 4-carboxy-3-hydroxybenzylamine groups (91mg). 1H andl3C
nmr (D,0) shows mostly mono alkylation but with some sigas of dialkylation of the

15 terminal amino groups, both spectra show broad peaks. 13C nnr (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. lH nmr (D,0) : 6 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—Carboiyphei1ylamide terminated dendrimers

PAMAM 4.0 (EDA)
25 - o
Solid 4-carboxyphenylisothiocyanate (86mg; 0.48mmol) was added 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 NaHCO5 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



of PAMAM 4 0 (EDA) (/0 —O-G-fretr—tmwater—({5Smt)y—The pH of the resulting
cl oudy solution was adjusted to 10 with 1M Na2CO33 sol uti on and heated under
nitrogen at 53 for 2 hours. The reaction mxture was then filtered and the
filtrate rated to give a brownish solid residue, hEsyo0ee purified
by gel fi I‘f‘?g@lﬁ 15 (Sephadex LH2O, water) and then freggghgﬁ ed to give
the product as a pate browmn solid (1 | 2ng). EXAMPLE 23 20 Preparation of
Sodi um 4- Phosphonooxyphenyl t hi our ea te_r3§1'_nat ed dendrimers PAVMAM 4.0 (EDA)
Sol i d sodi um 4- phosphonooxyphenyl i sot hi"fOcyanate (251ng) was added to a
solution 25 of PAMAM 4.0 (EDA) (69mg; O AQ mmol) in water (20ml). The

resul ting sojutiqgn ) S, Stil ¢ rature
under nitrogéﬁ?haaﬁ%[’lglggmxammLﬁeggv%’?ﬁéﬁp@gh%gﬁ%‘raégg% T;ﬂ gfve a white
sol i d.resi duglid($8nsd). was purified by gel filtration (Sephadex LH2O water)
and then freeze dried to give the product as a fluffy white solid (86ng).
30 WD 98/ 03573 PCT/ AU97/ 00447 -39 EXAMPLE 24 Preparation of Sodium

4- (Phosphononet hyl ) phenyl t hi ourea t@tAMPRESE 5 dendrimers PAVAM 4.0 (EDA)
Sol i d sodi um. 4( phosphononet hyl ) phenyl i sot hi ocyanate (97ng) was added to a’
10 solutiofi of PAMAM 4.0 (EDA) (69mg; O A mmol) in water (30ml). The

resul ting | ution we | ritlin at ure under
ni t rogen, nasﬁﬂ’g °ﬁ??h€bicé{-ﬁg¥{)@&%ﬁ'ﬁnﬂﬁ%§rl od{tgpa Ition of saturated
NaHCO3 sol ution. The reaction m xture

PAMAM 4.0 (EDA)

10 Solid 3,5-dicarboxyphenylisothiocyanate (112mg; 0.5mmol) was added to a solution
of PAMAM 4.0 (EDA) (70mg; 0.01mmol) in water (Sml). The pH of the resulting
cloudy solution was adjusted to 10 with 1M Na,COj solution and heated under
nitrogen at 53° for 2 hours. The reaction mixture was then filtered and the filtrate
concentrated 1o give a brownish solid residite, 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 asa
fluffy white solid (86mg).
30



wWas then concentrated to give a white solid resi due, which was purified by

gel filtrati onwdsgadedex LH2G water) and then freeze dried toQ ?_gl ve the
product as a 15 fluffy white solid (102ng). EXAMPLE 25 Prepar aPFHAUL 00447

Sodi um Et hyl 4- (Phosphononet hyl ) phenyl t hi ourea term nated 20 dendriners

PAMAM 4.0 (EDA) Solid sodium ethyl 4( phosk)/pgnorret hyl ) phenyl i sot hi ocyanat e
(109ny) was added 25 to a sol ution of PAVA "0 (EDA) (69ng;- 0.01mmol) in

DM (30nmt). The resulting solution was stirred for 17 hours at room
tenperature under nitrogen, maintaining the pH at 8 with periodic addition
of saturated NaHCO8 solution. The reaction mxture was then concentr at ed
to give a white solid residue, which wepxaAnpifipgd by gel filtration
(Sephadex LH2O water) and then freeze dried to give the 30 product as a
fluffy white solid (30rrg) PGT/ Al 1 97100447 WD 98! 03573 -40 EXAMPLE 26

Preparation of Segehira mﬁﬁ y@, Pol yl ysines. .
Sol i d sodi um 4-sul fophen ot hi oc QR@?@B %‘P{bgi' Ltﬁ{ozr%%mmm ) was
added to a solijﬂmﬂrimtrspol y-L-1ysine (15-30K) (Sigma Chenical Conpany)

(1.0g) in a mxture of water (20m) and N, 14-di net hyl - N-al | yl am ne buffer
(pH 9.5; 15nl). The Mng mxture was heated under nitrogen at 530 C for 3

hours, when a ni PAMAMR.AEDLSt was negative. The cool ed nixture was
filtered and the filtrate concentrated to give a grey SO|Id resi due. The

solid residue was redissolved in water and passed
Solid sodium 4-(phosphonomethyl)phenyllsothxocyanate (97mg) was added to a

10 solution of PAMAM 4.0 (EDA) (69mg; 0.01mmol) in water (30ml). The resulting
solution was stured for 3 days at room temperature under nitrogen, maintaining the
PH at 8 with periodic addition of saturated NalCOj; solution. The reaction mixture
was then concentrated to glve a white solid residue, which was purified by gel
filtration (Sephadex LH20; water) and then freeze dried to give the product asa

15 fluffy white solid (102mg).

—

EXAMPLE 25

Preparation of Sodium Ethyl 4-(Phosphonomethyl)phenylthiouiea terminated
20 dendrimers

PAMAM 4.0 (EDA)

Solid sodium ethyl 4-(phosphonomethyl)phenylxsotlnocyanate (109mg) was added
25 toa soluuon of PAMAM 4.0 (EDA) (69mg; 0. Olmmol) in DMF (30ml). The

resulting solution was surred for 17 hours 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
30 product as a fluffy white solid (30mg).



through a colum_of Anherlite—R-426{(Na—=amtTthen concentrated. The crude

product was purified by gel filtration (Sephadex LH2O water) and freeze |,

dried to give sodium4-sylfophenylthiourea term nated poly-L-|ySCRAUS700447:

BRI 2995 as a whi t e @ 15 solid (1.25g). Simlarly- prepared were

sodi um 4- sul f ophenyl t hi ourea termi nated pol yl ysines of nolecul ar wei ght

frg_g’_(;f;til-..qn 1- 4K BR12994, 4-15K BR12967, 150- 300K-&RI 2996. 20 EXAMPLE 27
Xgggkat i on of Sodi um 3, 6-Di sul f onapt hyl t hi ourea term nated Pol yl ysi nes.

S‘@ 1d'-:--,s’od| um 3, 6- Di sul fonapt hyl i sot hi ocyanate (200nmg; 0.51nmol) was added

to.a . 25 solution of poly-L-lysine (15-30K) . (50ng) in a mxture of water

(2mi)” and N, N di met hyl - N-al | yl ami ne buffer gg 2ml). The resulting

m xt ure was heated under nitrogen at 530 lalgﬁéurs when a ni nhydrin

test .was negative. The cooled mxture was filtered and the fiItrate

concentrated to give a brownish solid residue. The solid residue

redi ssol ved in waterp Ea%sﬁ@oamhu@myMum tmnieﬂeﬂ?elﬂ'!ﬁ% 120( Na)

and then concentr at ed e crude product was purified by gel filtration WD.

98/ 03573 PCT/ A7/ 30447 -41 (Sephadex LH2O water) -and freeze dried to

gi ve sodium 3,6 - di Ef’llb‘l ?g%mgmwghﬁg&&@wmemm@ﬁgt yernmel) mas adsled

as a white fluffy Y0

MPLE 28 Preparat | '_
| i nked 2-t hi osi al 0si gga $chitivhrof pely-Letyside [%@)&W%P“PB§+§#§ @dJ% I\/E'grgyl ;
[ (8-octanoic acid N-hydr oxysucm LRGR ﬁmm&&(ﬂi%ilémlh e
acetyl - 3, 5- di deoxy- 2 mipups G5 Mﬁn%lﬁgta@&mg 2- ngnul opyranos ean\ﬂ/as :
prepar ed by the foll %g%ﬂﬁm&emedundermtmgenatﬁ C for 3 hours, . ;

*qh.?'? ) 10 test was negative. The cooled mixture was filtered and the ﬁltrate concentrated to

grey solid residue. The solid residue was redissolved in water and passed

givea
through a column of Amberlite TR 120(Na) and then concentrated. The crude product

was purified by gel filtration (Sephadex LH20; water) and freeze dried to give
sodium 4—su1fophcnylt}uourea terminated poly-L-lysine BRI2995 as a white fluffy

15 solid (1.25g).

Snmlarly prepared were sodium 4—sulfophenylthxourea terminated polylysm&s of
molecular weight fraction 1-4K BRI2994, 4-15K BRI2967 150-300K BRI2996.

20 - EXAMPLE 27

Preparatioxi of Sedium 3,6-Disulfonapthylthiourea terminated Polylysines.

. Solid sodium 3,6-Disulfonapthylisothiocyanate (200mg; 0.51mmol) was added toa
25 | solution of poly-L-lysine (15-30K) (50mg) in a mixture of water {(2ml) and N,N-
dimethyl-N-allylamine buffer (pl-l 9.5; 2ml). The resulting mixture was heated under
nitrogen at 53° C for 3 hours,: when 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 Ambetlite IR
30 120(Na) and then concentrated. The crude product was purified by gel ﬁltratiqn




To a solution of nethyl =
5-acet am do- 4, 7%,%@;-75ra- O acetyl -2-S-acetyl - 3, 5-di deoxy- 15

2-thi n-D- gl ycero-a-D-gal act o- 2- nonul opyr anosonat e (Hasegawa et PEI/AUN®BSY
(100ng.) in dry dinethylformam de (I m) was added 8-bronpoctanoic acid
(41ny.) and diethylam ne.(280ny.) and the solution stirred at 200 C for 17
hours. - Sol vent was renoved under vacuum ané!the residue partitioned

bet ween ethyl acetate and ice cold 5% hydrochloric acid. The organic |ayer

was washed with er,..dried over sodi um sul phate, and evaporated to
give a residue (|§°§g§éfx_ )LE *ﬁ%‘iwrm@mdmwgmmmamt ate (5ml.) and

N- hydr oxysucci ni g -oﬂgg ' I | car i ide (46ng.) were
added. The mi xt u?}esq%lg%st lrﬂ%le 4 %&?cﬂ% Wgﬁ“ﬁ'&#@%ﬂg‘ﬁsﬁ solid
precipitate was {§Imgred off. The filtrate was concentrated and purified
by flash chromat.ography on silica gel eluting with ethyl acetate. 25 '
Fracti ons containing product were conbi ned and evaporated to give a wlite
foam 97ny. 715% PCT/ AU97/00447 WO QM imlarly were prepared:.
Met hyl [ (11-undecanoi c acid. N hydroxysuccl nim ester)

5-acetam do-4,7,8,9- tetra-0-acetyl -3, 5-di deoxy

2-thin-D gl ycer opgas, _Ananul anpsi dlonate. 5 Mt hyl [(acet'i C
acid N hydr oxysuggrilnl m 5&%@%@%@%#@@%@% and linear
acetyl - 3, 5- di deopglydetshi o- D- gl ycer o- a- D- gal act o- 2- nonul opyr anosi d] onat e.

Met hyl [ (4-butanoic acid Nhydroxysucci ni m de ester)
5-acetam do=4,7,8,9-tetra-O ~} "- - 10

acetyl - 3, 5-di deoomethyf [13-cBhdit ¥G8 N afl;f%‘,% Jole: | opyr.angsj dl onat g.
Met hyl [ (4- net hyl be%zgi c aci lc:ixgl\‘?r%q; 0XY'SUCCI ﬁl"n%ea@%ggsif%%“g?g?e%ﬁ?%%, 7
8,9- tetra-0-ac eqcyqyl—@@&xdngtyéxu}aiozpfgtjoas@z@-gﬂmt@iaxonulopyranosid]onate was

D' gal act - 2- ON NP3 T AR procedure,

_ To a solution of methyl 5-acetamido-4,7,8.9—tetra-0—acetyl-2-s-acetyl-3,S-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
(4l‘mg.) 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 v-rashed with

20 water, dried over sodium sulphate, and evaporated to give a residue (130mg.).This
was dissolved in ethyl acetate (5ml.) and N-hydroxysuccinimide (26mg.) and
dicyclohexylcarbodiimide (46mg.) were added. The mixture was stirred at 20°C for
17 bours then the white precipitatc was. filtered off. The filtrate was concentrated
and puri_tjed by flash chromatogmphy on silica gel eluting with ethyl acetate.

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



15 A PAVAM [ EDAl 4. Q [ (8- octanas-eer——S—acerarni do- 3, 5 di deoxy- 2-t hi n- D-

gt yCer o- a- D- gal act o- 2 nonul opyranosi doi ¢ acid] 32 BRI 6112 To a sol ution of

t he PAMAM [ EDA] 4.0 S&;Oggz in dry dinethyl sulphoxide(4m .) undecT/an97/o0447
i nert atnosphere wa¥ met hyl [(8-octanoic 20 acid :
N-hydr oxysucci ni m de ester) 5-acetam do-4,7,8,9-tetra-O acetyl-3,5"' yw ry
D-.gal act o- 2- nonul opyr anosi d] onate(300 ng.) andsthe solution stirred for 60
houes:gt 20C. The solvent was renoved under vacuum and the residue was
di#s¥ei®¥8d in nmethanol (2nl.). This solution was subjected to size
exclUsi on chromat ography on Sephag{eé_ LH20O 25 eluting with methanol. On
evaporati on of sol veSimilarlyewese SERATCS: pAMAM [ EDA] 4.0 (et hyl

[ (8-octanam do) 5-acetam do-4,7,8,9-tetra-0O acetyl -3, 5-

di deoxy2-thi o- D- gl ycer o- a- D- gal act o- 2- nonul opyr angsi dl on -
obtained as a white m&rﬂyir[(llmmomawmm&?ﬂ%“@éﬁﬁ%ﬁ‘%%&ﬂﬂf’%hi s
was converted to the freg si i [ L%e 1901 L 1D -daBicfdcTHnonulepyranesidJohaten
of PAVAM [ EDA ] 4.0 %5@&1‘?3*@@?%%&#53‘ ByCerdlaiD-gARCED
acetam.do-4,7,8,9-tetra-O acetyl - 3, 5-di deoxy 2-thi o-D-glycero-a-D-galacto 5

2- nonul opyranosi d] onate] 32 (182ng. ) in dry nethangl I tH3deT s.@RR-oat
20C was added a fresMpmNK@&P%ﬁlﬁk‘WQWQ&%W%ﬁe%Fmé% | u%mrret hoxi de in

met hanol (7ml.) and the, %t bl ol glyeErole-D-gatactes2-ndindopycinpeidlonsias
evapor at ed and the re%géﬁa‘?‘éééft&égfi n \Af/aéfrer (10ntl.) and stirred for 3
hours. This solution was subjected to size exclusion chronatography on 100_
Sephadex LH2O el uting w t ter.. R hseakhimiie ebied Feacetintdo-4,7 3 9ARAra-

[ EDA] 40 L(8-oct ananmwyl(gigﬂ?lg%}ggg%é isgeoxy- 2-t hi 0-D- sid]

ol yelig 4-D gal act q@- mmmwmbfmmp-mw@&namﬂw iopate,

AL

: Methy] [(4-methylbenzoic acid N-hydroxysuccinimide ester) 5-acetamido-4,7,8,9-
a tetra-O—acetyl-3,5-dideoxy-2—tlﬁo—D-glycero—a-D-galacto-z-nonulopyranosxd]onate.

15 A PAMAM [EDA] 4.0 [(8-octanamido)- 5-acetamido-3,5-dideoxy-2-thio-D-
glycero-a-D-ga]acto—2—nonulppyranosidoi'c acidl,, BRI 6112

To a solution of the PAMAM [EDA] 4.0 (50mg.) in dry dimethyl
sulphbxide(4ml.) under an inert atmosphere was added methyl [(8-octanoic
20 acid N-hydroxysuccinimide ester) 5.acetamido-4,7,8,9-tetra-O-acetyl-3,5-
dideoxy-2-thib-D-glycero—a-D-galacto-z-nomﬂopyranosid]onatc(SOOmg.)
and the solution stirred for 60 hours at 20°C. The solvent was removed
under w)acuum and the residué was dissolved m methanol (2ml.). This
. solution was subjected to size exclusion chromatography on Sephadex LH20
25 | eluting with methanol. On evaporation of solvent, the pmduct, PAMAM
[EDA] 4.0 [methyl [(8-octanamido) 5.acetamido-4,7,8,9-tetra-O-acetyl-3,5-
' 'dideoxy-2-thio—D-g1ycero—a-D_-galacto—2-nonulopyranosid]onate],2was
obtained as a white powder. 182mg. 93% '




v

Hetron—powder —110MgT 77 % 15 By a simlar procedure were prepared: PAVAM

[EDA] 4.0 [(Il-undecanam do)-5-acetam do- 3, 5-di deoxy 2-t hi o-

D- gl ycer o0- a- DM§:A888373- 2- nonul opyr anosi doi ¢ aci d] 32 BRI 6147 EU'IMVAWFEDA]
O [ (acetam do)- 5-acetam do- 3, 5-di deoxy-2-thio-D

| ycer 0- a- D- gal act o- 2- nonul opyr anosi doi ¢ aci d] 32 BRI 6121 PAMAM [ EDA] 4.0

(4- met hyl benzami do) - 5-acet ami do- 3, 5- di dgpxy- 2-

hi o- D- gl ycer o- a- D- gal act o- 2- nonul opyr anosi doi ¢ aci d] 32 BRI 6120 25 B BHA
| yslyszlys, | ysslysl16 [(8-octanami do)- 5-acetani do-3, 5-di deoxy-2-thio-

D- gl ycer o- a- D- gal acm%a%mw&@ﬁewmoﬁeu}hﬂe%%wﬁigﬁ.%e:ﬁoaco' ution of
BHA. | ysl yszl ys4l ysal ys16 (t-Boc)u (20.3ng.) m xture of 30

trifluoroacetic acid (2nml.) and dichl or onet hane (2ml ) was stirred at 20C

for 2 hours then solwent,was rn v e.resi was WO
98/ 03573 PCT/ AUQ7/ 03847 0ltipn QEEW @3 46&?’%@“@%‘}@# di met hy|
sul phoxi de (Innl.) aésda:ﬁiaou,sn@ qud-etmtywsaﬁdeo&;@rmm)b«gmem&mgmam

[ (8-octanoic acid N ydroxysucm ni uni de_ester) 5-

acet am do- 4, B, 8, 9- tatnoalﬂepm@qsgﬂ]mw]mdl&i’mymmmealam!g(ﬂy:bénadﬁamwtact o-
2- | d 7 5 und
v on at 20C Tor Golovis il A puRly pReRH o M ellokde Urolfil, SHbbREE D "ot

resi due was di ssol vemtthanola(7int. padd the mixtare stivred. fot 245 hohust Thersalfens aals um

met hoxi de in nethanol (2.5ml.). and . the mxtyre stifre r.3 h urs under.
argon at 20C. The SSYWQMMMP%&W%@MM@%@%@% é}l in

water (Inm:@) and st hammsoléaomrsﬁbm&tés@@éﬂ%ﬁn W&g?ﬁ to size
10 exel usion chromat Oghad Zﬂgn Sephadex LH2O eluting wth water. After
10 0 eluting with water. On lyophlhsanon, the product,
PAMAM [EDA] 4.0 [(8-octanamido)- 5-acetamido-3,5-dideoxy-2-thio-D-
g}yoero—a-D-galacto—'Z-nonulopyranosidoic acid],, was obtained as a pale

lemon powder 110mg. 77%

4.

9
[
t

15 _ By a similar procedure were prepared:

PAMAM [EDA] 4.0 [(11-undecanamido)-5-acetamido-3,5-dideoxy-2-thio-
D-glycero-a-D-galacto-2-nonulopyranosidoic acid],, BRI 6147

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

PAMAM [EDA} 4.0 [(4-methylbenzamido)- 5-acetamido-3,5-dideoxy-2-
: thio-D-glycero-e-D-galacto-2-nomlopyranosidoic 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-nonulopyranosidoic acidl,; BRI 6169

. A solution of BHA lyslys,lys.lysslys;s (t-Boc)s, (20.3mg.) in a 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



acet am do- 3, 5- di deoxy- 2-t hi o- D- gl ycer 0- a=D- gal act o- 2- nonul opyr anosi doi ¢
aci-d] 72 was obtained as a white powder 44ngy. 86% 15 C Poly-L-1ysyl
[ (8~0¢t anami do) - 5- al¥Q¥PM3- 3, 5- di deoxy- 2-t hi o- D- gl ycer o- a- PCT/AUITO0447
D- gat:aet 0- 2- nonul opyr anosi doi ¢ acid]" BRI 6150 To .a sol ution of '

pol Iysine. HBr MW 150 - 300Kd (22ng.) in dry dirnethyl sul phoxide
#E5ner e added di -isopropyl ethyl amine (15ng.j44nd g6i 20 net hyl

[ (8=0£tanoi ¢ aci d N-hydroxysuccini m de ester) 5-acetam do-4,7, 8,9-
tetra-acetyl -3, 5-di deoxy- 2-t hi o- D- gl ycer o- a- D- gal act o- 2-

nonul opyr anosi d] onat e ( 90ngis3olvetiia diy dimetteyl saiphoxider (Imil) amtidirisopropyletiattaminé C

for 60 hours then sol vent was renoved er vacuu he residue . .was

di ssolved in a freshly pr _eﬁ?aﬁ%)@dsm@ﬁl -moefru?oﬂ}uﬁmmmgewﬁr&%

methanol . (4nl.) and the m i&é&ﬁﬁa&hﬁ,s.9%&90&&,;@,9@@@2%@rm??cabgﬁ%mw
the res I .

The sol vent was evaporated an i'due disSolved in water 5nl. ) and
stirred for 24 hours . Thi &-noonlopyrenpsidlenate [@Rme?) avere added. Bbeamixfure mas stirred

chromat ogr aphy on Sephadex LH20 el utj i wat efr . rl i lisation

the product, polylysyl [(8Y8 M&%Z&‘?’%@@P%ﬁlf -sﬁf"é‘f‘:‘i“é”é%%@“ff‘t'ﬂﬁ%ﬁ‘ﬁ“‘f“m-
wci ] s obtained a8 a b te o el on T EXAWBLE. 20 o Py eoar at L on
acl . was obtal ne as a |te,pQ er . g arat | on
of ‘dendritic sialosides m&%@%%#ﬂ’é@ﬂéﬁsi;@%?ﬂ&@@% fireg dog s BoiEs Snde?

argon at 20°C. The solvent was evaporated and the residue dissolved in

: - water (1ml.) and stirred for 17 hours . This solution was subjected to size

10 exclusion chromatography on Sephadex LH20 eluting with water. After
lyophilisation ,the product, BHA'lyslyszlys.lys,lysm [(8-octanamido)- 5-
acetamido-3,5-dideoxy-2-thio-D-glycero-a-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-a-
D-galacto-2-nonulopyranosidoic acid], BRI 6150

To a solution of poly-L-lysine. HBr MW 150 - 300Kd (22mg.) in dry
dimethyl 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 stirred 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, polylysyl [(8-octanamido)- 5-acetamido-3,5-dideoxy-2-thio-D-




NEt hyl ‘4-azi do-5-acetam do-7,8,9tri-0acetyl -2-S-acetyl-
S-trideoxy-2-t hygyhhased YCer o- ac- D- gal act o- 2- nonul opyranosonate was prepar ed
by the followi ng 10 procedure. To a sol utlon of net hyl PCT/AU97/00447

4- azi do-5-acetam do-7,8,9-tri-0O acetyl -
chl oro-3, 4,5-tri deoxy-D-gl ycero-(3- Dgal acto 2- nonul opyr anosonat e (Sabesan

1994.) (5g.) in dry dichl oromethane (150mi- %-ms added finely powdered
potassium t iolacetate (5.8g.) and the suspension stirred vigorously at
20C for 48 hours. The mixture was filtered and evaporated to give a |ight

brown foam (5.2g.). THhensedgalicted-nonnidpyranosidoid &) 2% e otYin m |ve
reversed phase HPLC h,ggvﬁ g%ﬁg tonitrile/water] as a Wmte oam

72% Met hyl [ (8-octanoic acl %droxysucm ni m de ester)

4- azi do- 5- acetam do- 7, 8, 9-

tri-Oacetyl-3,4,5-t ri deoxy- 2-t hi o- D- gl ycer o- a- D- gal act o- 2- nonul opyr anosi d]
onate 20 was prepared by the follow 29e. To a solution of methyl .

4- azi do- 5- acetsam do-7, 8,9-tri - O acetyl - 2- S-acetyl -3, 4, 5-
trideoxy-2-thio- Dglycero a- D- gal act o- 2- nonul opyranosonate (300ng.) in dry

di met hYl f or mani eegazation of) demdsitic didtskides RiGURQTinAth ), and 25
diethylam ne (1.26m .) and the solution stirred a?wgﬁgﬁoﬂgﬁ‘@”ﬁﬂﬁrs
Sol vent was renoved under vacuum and the residue partitioned between et hyl

acetate and i ceMetiyll d-a2id%oshaceianhidy-PRi ic layer was washed
with water, dried over_ sodium sul’gﬁeﬁ%q“' %g‘ﬁ&?&f@ x Gidgexye2-thigBr | ow

f oam (:385my ) . EIHF@%’gaBF@s?on%lbpymnesdnﬂem % @?}%7

N- hydr oxysucqonprabdis 0 cycl.ohexyl car bodi i m 5ny.) were

added. The mixture wg'(s rséhelg&ij?fg Bgyl%ﬂ&ﬁ?mmw 8BGO ARETR- - 46- f or

17 hours then t@éomﬁ.'i.é-tpdmy-m-gma@pap.m %WI rate was :
,5’ ase

concentrated a | fi.ed b reparati ve revers 30%
nﬁgﬂ)ufsg )in %ry chﬁorome Oml.) was added finely powdered potassmm

thiolacetate (5.8g.) and the suspension stirred vigorously at 20°C for 48 hours. The
mixture was filtered and eévaporated to give a light brown foam (5 .2g.). The

15 required product was isolated by preparative reversed phase HPLC [Cis, 30%
acetonitrile/water] as a white foam 3.92. 12%.

Methyl ;(8~ocmmic acid N-hydroxysuccinimide ester) 4-azido-5-acetamido-7,8,9-
tr1-0-acetyl-3 4, 5—tndeoxy-z-thm-D-glyoero—a-D—galacto—Z-nonulopyranosxd]onate
20 was prepared by the following procedure.

To a solution of methyl 4-azido-5-acetamido-7, 8, 9—m—0—acctyl-2-S~acetyl-3 4,5-
tndeoxy-z-tluo-D-glycero-a—D-galacto—2-nonulopyranosonatc (300mg.) in dry
dlmethylformamxde (3.5ml.) was added 8-bromooctan01c 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 ethyl acetate and jce

cold 10% hydrochloric acid: The organic layer was washed with water, dned 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



acetonitrile/Water] to-give—a—watte~foamm320nMg. 83% 5 A PAMAM [EDA] 4.0 [ -
(8-oct.anam do)- 4, azi do-5 acet am do- 3, 4, 54xi deoxy-
2-t hi'n-D-gl ycero- ac- D-gal act 0-2 nonul opyr anosi doi ¢ aci d] 32 BRI 63¢g/a09700447
sol ution of the PAWgMdsoEDIAL4. 0 (72ng.) in dry dinmethyl sul phoxide (5nl.)
under an inert atmosphere was added nmethyl [(8-octanoic = 10 acid
N-hydroxysucm nuni de ester) 4-azido-5-acetamdo-7,8,9-tti-0O acetyl -

g3424 | deoxy- 2-t hi n-D-gl ycer o- a- D- gal act o- 2-%Trdopyran05| d)onate (318 ny
@=8he solution stirred for 60 hours at 20C. The sol vent was renoved
under vacuum and t he resi due was dissolved in rret hanol (iﬂgl . This

sol uti on was subj ectﬁg lg%ﬁsmem@{vhm pneclpimom 208X LH20 15

eluting with nmethano On evaporation of soly <GPt [CHr3d%1 [ EDA)
4.0 [rret hyl [(8-oct aammmyedmnéﬂpaﬁe% DLPEPAATY g%?xéfhgahﬁl -OageJtDY -

3, 4, 5-tri deoxy-2-thi n-ﬁ#@@{t&]a@%ﬁg@dﬁm@fohﬂdmgomanom d] onat e] 72 was

obt ai ned as a white 6 % The free sial oside was obtai ned by

the follow ng nethod: 20 To a solution of PAMMM [EDA) 4.0 [nethyl
[(8 oct anam do) 4-azi do-5-

ijdo-5-acetamido-3,4 S-tndeoxy—
acét ani do-7, 8, 9- trliéace?W@At]r‘tr (e(o -E-thloo %I ycero g@ko
nonul opyr anosi d] onat e] 32 §24i5 &MD&gmab#?anmﬂqpmp"%‘ dai, Rl 32ar@gin

20C was. added a freshly prepare I M sol uti on of sodi um nmet hoxi de in
rrethanol (ImM.) and the mxture stirred for 3 hours. The sol vent was

evaporated and the tesi dug'ad's%ﬁﬂilo %ﬁtﬂerPMﬂAMMQMEmW&WW‘ 17

hours. -This solution was sObjected to size excl usi on, chra hetanoic
Sephagjex_ LEH20 el.uting wit lgulphdxide (SOb.) pdesan AgestATOOTP ?W%ﬁﬁhgé) PAMlg\lx\/l
2550 [ (8- octanami do) - 4 ﬁgy&m&mﬁéer)&&n&ysmq—vwm _acety

3.4 5-tndeoxy-2-thxo-D-glycero—a-D-galacto—2—nom110pyranos1d]onate (318
mg ) and the solution’ stirred for 60 hours at 20°C. The solvent was removed
ander vacuum and the residue was dissolved in methanol (2ml.). This
: * solution was subjected to size exclusion chromatography on Sephadex LH20
15 eluting with methanol. On evaporation of solvent, the product, PAMAM

P [EDA]} 4.0 [methyl [(8-octanamido) 4-azido-5-acetamido-7,8, 9-tri-O-acetyl-
| 3 4,S-mdeoxy-2-thlo-D-gtycero—u-D-—galacto-Z-nonulopyranosxd]onate]n was
g ' ' obtained as a white foam. 225mg. 81%

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

To a sofution of PAMAM (EDA] 4.0 fmethyl {(8-octanamido) 4-azido-5-
acetamido-7,8,9-tri-O-acetyl-3,4 5-ttideoxy-2—thio—D-glycero-¢-D-galacto-2-
| : " nomulopyranosidonate),, (215mg. )in dry methanol (1ml.) under argon at
| 25 20°C was added a freshly prepared 1M solution of sodium methoxide in
methanol (1ml.) and the mixture stirred for 3 hours. The solvent was
evaporated and the residue dissolved in water (2mi. ) 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,§-trideoxy- |




TWO98103573 PO 1 AU9/T 00447 -4/ 2-thin

-D-glycero-a- Dgal act o- 2- nonul opyr anosi doi ¢ aci d] 32 was obtai ned as
fluffy white WOWSISTA60ny. 90% B PAMAM [ EDA] 4.0 [ (8-oct anan?%“”&“&?n no
5-acetam do- 3, 4,5-trideoxy- . 5

2-t hi o- b- gl ycer o- a- D- gal act o- 2- nornul opyr anosi doi ¢ acid], BRI 6149 A sl ow
st eam of hydrogen sul phi de gas was passed47nto a solution of PAVAM [ EDA]
4.0 [(8-octanam do)- 4-azido-5-acetam do- 3, 4,5-tri deoxy-

2-t hi o- D- gl ycer o- a- D- gal act o- 2- nonul opyr anosi doi ¢ acid] 32 (25ng.) in a 10
m xture of pyridi ne2(Higal-glycerack-Dagatictd-2PoHuldppyRinosidbici20id]p wia Wbtaindd &5

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

hydr ogen sul phi de. FHBYYhiteinoWdorL60Me. $8%at ed to dryness and the. residue
taken-up in water (5 m) and filtered through a 0.45Fan. nenbrane filter to
renove sul phur. On |yophilisation, the product, PAMAM [EDA] 4.0 [(8 15

oct anam do) - 4Mnunpmmmemmmmmmgi—ypamﬂ

gal act o- 2- nonul opyr anosi_doi ¢ aci 12 vva obt ained as, a fluff é{n t e powder
23ny.  96% EXAVPLE 38 thisd-gpsperabraa é’“&éﬁﬁ‘ct"&d}m Qendri ners.
4- Car boxyphenyl boroni ¢ aci d N-hydroxysucm n| m de ester 25 To a sol ution of
4- car boxyphenyl boronic acid (500ng.) in dry dinethyl formam de (5nml) were
added N—hydroxysuccMIWGWQWPEWMIWMQMOGMBMW (680nm)

uas 111 tered of . TREVEAE(TALED Biariaih et Afe wifheliach Bl o' ©
di ssol ve 2-thio-D-glycero-a-D-galacto-2-nonulopyranosidoic acid];, (25mg.)in a
' " 10 mixture of pyridine (40ml.) and water (20ml.) at 20°C for 5 days. The
solution was then bubbled with nitrogen for 2 hours to remove excess
hydrogen sulphide. The solution was evaporated to dryness and the residue
taken up in water (5 ml) and filtered through a 0.454m. membrane filter to
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-e-D-

galacto-2-nomulopyranosidoic 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 To a solution of 4-carboxyphenylboronic acid (500meg.) in dry dimethy] 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



. - ; St ' 8 ed over
sodlun1mD 98/03513 PCT/AU97100447 -48 sul phate and evaporated to give a -

white solid which was crystallised from acetonitrile/water as fine
needl.es- 730ng. 92% WO AW ( EDA] 4. 0. [ 4- benzam doboroni ¢ aci d] 32 PERAUSTR47
5 To-a-solution of the PAVAM [EDA] 4.0 (69ng.) in dry dinethyl sul phoxi de
(5m_) -"‘--Under an inert atnosphere was added 4-carboxyphenyl boronic acid N
hys# gucci ni m de ester (130ng.) and the sol ut#®n stirred for 65 hours at
20CE#F6: the thick slurry was added 1M sodi um carbonate solution (Im.) and
the clear 10 solution stirred an additional 24 hours. The sol vent was
removed under vacuum suighdtetdnd evaiaied: to\give divelite solitiwhich wescrystaiseafroml ut i on

(5mL.). This solution was  subj ect ed to exc i on chr omat ogr aphy on
Sephadex LH20 el uti ngaomommlfb%ter di‘ﬁzﬁpﬁnﬁh On evaporation of

sol vent, the product, PAVAM [ EDA] 4. 0 [ 4- benzam doboroni c acid] 32 was

obt ai ned as a white fluffy solid. 110ng. 94% 15 EXAMPLE 31 Prepar ati on of:
Sodi um 3; 6- di sul fonaphAMAMI{EBMéeO MebentamidoboronicanidlaeBRI 6168,

BHAI ysl ys2l ys4l yssl ysJysn ;tom ~~~ Trifluoroacetic acid (2ml) was added to
a stirred suspensionr of BHAI ysl ys2l ys4l ys8l ysL6DBI 2 (147nmg) in dry

di chl or omet hane ( 2L) Taadoluion of the PAMAM (BDAIIA (69mge) in dey: ety seiphoxide (Sml)

oo GLe v S col Ve Ry RETSPERRRS s AR A Aot @ifR: The
: hydroxysuccinimide ester (130mg.) and the solution stirred for 65 hours at 20°C.
- To the thick slurry was added 1M sodium carbonate solution (1ml.) and the clear
10 solution stirred an additional 24 hours. The solvent was removed under vacuum
and the residue was dissolved in 10% ammonia solution (5ml.). This solution was
subjected to size exclusion chromatography on Sephadex LH20 eluting with 10%
ammonia solution . On evaporation of solvent, the product, PAMAM [EDA] 4.0
[4—5enzamidoboronic 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;slys»

Trifluoroacetic acid (2ml) was added to a stirred suspension of
BHAIlyslys,lys,lysglys;eDBLy, (147mg) in dry dichloromethane (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 h&ated 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.ﬁlu'-atc was




(pH9.5; Sml) and then solr1d 3, 6-di sul T onapht hyl 1sot hi ocyanate (400ng)
added. The pH of the m xture was then adjusted to 9.5 by the addition of .
| M sodi um caVR¥B&3and the solution heated at 53 C for thr BeTABI44Tnder
nitrogen. The reaction mxture was concentrated and the residue

redi ssolved in water and the 30 sol ution passed through a col um of
Amberlite IR 120 (Na). The filtrate was W8998/ 03573 PCT/ AU97/ 00447 - 49-
concentrate was concentrated to give the crude product, which was purified
by gel filtration (Sephadex LH2O water) to give

BHAI ysl ys2l ys4lcpasingrateGiaécoacentrated 6ol give dti ammdeprédutt, swiictowap padif§ed byegel gr oups

e ot R GBS BB S
BHAl ysl ys2l ys4l : j ' ' added to a
stirred suspenssiﬁgﬁhyb 'mI‘BHH%Im?/%P;t?EZWS%?%eI %%%@%3%%%”%2m| ) indry

diich] oronethane (3m) and the resulting solution stirred at room
tenperature upder nitrogen for two howk Mgﬂ hen concentrated. The
resi due was di ssolved in water and the“stlut passed 15 through a col um
of Anmberlite IRA 401 (OH) and the filtrate concentrated to give a viscous
oil (187ng). The oil was dissolved in a 1:1 mxture of pyridine/ water
(8nm) and soli cmmaﬂnmfﬁm,ﬁdbmlﬁgnmﬂﬁﬁmm% denrdrimersymp| )
added. ‘The resulting solution was heated at 53 C for three hours under
nitrogen. The solution was then concentrated to give a white solid
resi due. The crBiHAlyplysdiscdysly®@dyssas purified by gel filtration (Sephadex
LH2O, -wat er) io gi ve BHAl ysl ys2i ys4l ys8l ys16l ysn with 64 sodi um
3, 6-di sul foph nyl urea groups as-a white fluffy solid.

Trifluoroacetic acid (3ml) was added to a stirred suspension of

BHALlyslys,lys,lys,lys;sDBL;, (300mg; 0.02mmol) in dry dichloromethane (3ml)
and the resulting solution stirred at room temperature under nitrogen for two hours

and then concentrated. The residue was dissolvcd 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 resulting 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
BHAIlyslys,lys,lysslys,¢lyss; with 64 sodium 3,6-disulfophenylurea groups as a
white fluffy solid.



WD 98/ 03573 PCP/ Al 1.97/00447 50—-PANMPEE—3S—Preparati on of Sodi um
3, 5- Di carboxyphenyl t hi ourea term nated dendriners. 5

BHAI ysl:ys2l ys4l ysal ys16 32 Trifluoroacetic acid (3m) was adde ’.
stirred suspension ‘%‘?’M’éﬁl ysl ys2l ysdl ysel ys, 6DBLu (300ng; O. OZmWM?ﬁMJﬂ/r
di chl oronet hane (3m) and the resulting solution stirred at room '
tenperature under nitrogen for two hours 10 and,then concentrated. The
__@g" was dissolved in water and the sol ution passed through a col um of
REO8EETt e | RA 401 (OH) and the filtrate concentrated to give a viscous oil
(186ng) The oil was dissolved in a 1:1 mm@ yridi ne/water (8nil)
and sodi um 3, 5-di car boxyphenyl i sot hi.ocyan ; -2mmol ) added. The
resul'ting solution was heated at 53C for 13 hours under nitrogen. The .
solution 15 was then concentrated to give a white solid residue. The crude
product was purifi cBrepgragion ofiSodium 3/ 5Dicadhonynhenyithipwyea fermingted dendrimers.
BHAl ysl ys21ys4l yssl yst 61 ys32 with 64 sodi um 3. 6-di car boxyphenyl urea groups
as a white fluffy salid. 20 EXAMPLE 34 Preparation of Sodium

4- phosphonooxyphenylgﬁm%y,g[ 5 d dendr hners.

. BHAl ysl ysxl ys4l ysdl ys yegyg'lZSIy‘?'{ral?]t“:‘lguoroacet ic acid (2m) was added to a
stl rred suspension of BHAI yslys2l ys41lys61lys16DBL, 2 (147ng; 0.01 nmol) in
dry dichl oronet hane {2fihdroa ?ﬁ@a&x@@ﬂ?%ﬁdﬁt&@k&&é@ﬁsﬁﬁh’bﬁ%ﬂ at room

tenperature under nltrogen or two hours and t hen concentrated to give a

viscous oil. The oi | BrAdystiissysalysssDBLY, (R0Gue: §.¢Ammal) imdry dichlosemethangrpeh
(PH 9.5 5nl) and solid, ere%nﬁgggﬁﬂﬁ)&f(mw}oomtempemmmundermtrogmfm'tWOhO“TS

10 and then concentrated. The residue was dissolved in water and the solution passed
through a column of Amberlite IRA 401 (OH) and the filtrate concentrated to give
a viscous oil (186mg). The oil was dissolved in a 1:1 mixture of pyridine/water
(8ml) and sodium 3,5-dicarboxypheny] isothiocyanate (450mg; 2mmol) added. - The
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
BHALlyslys,lys lysslys,yss, with 64 sodium 3,6-di¢arboxyphenylurea groups as a
white fluffy solid.

20 EXAMPLE 34

Preparation of Sodium 4-phosphonooxyphenylthiourea terminated dendrimers.

BHAlyslys,lys.Jys,lysielyss

25 .
Trifluoroacetic acid (2ml) was added to a stirred suspension of
BHAlyslys,lys,lys,lys,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!




1 WD 98J03573 PCT/ A1197/ 00447 -51 1sothi ocyanate (250ng) added. The pH of
the resulti ng,g@cyddégg' n was adjusted to 10 with 1M sodi um ca;cb\c)mogpd t he
m xture heated at C for three hours under nitrogen. The sol ution was
then concentrated to give a white solid residue. The residue was

redi ssolved in water and the solution pasiﬁd t hrough a colum of 5

Anberlite IR 120 (Na) and the filtrate concentrated. The residue was then
purified by gel filtration (Sephadex LH2O, water) to give

BHAl'ysl ys21ys4l ysal ys16l 2 wWith, g4 sodi 4- phosphonooxyphenyl ur
groups as a mf%”@" %@%ﬁ“@ﬁo%ipﬁ%@w? qgr‘@%‘g“}d&#@rf"gﬁ
Sodi-um 4- phos p RGMOIM 864 taAhAS ahd the mifutih«a@:adt 558 for three hours under

BHAI ysl ys2l ys4l ysal ys, Jys32 15 Trifl uoroacetic acid (2ml) was added to a

stirred suspensitogens Thesplution wastheneonpergrajedito pidiegowltitessplid residue1 Fheol ) in
dry dichl oroneth . nd.th 2 g 1.1Q..SOl ut | Stiarr at _.room

t enperat ure un&%siﬁﬁi‘{??%aéﬁﬁ’s?“w@‘{@ﬂ@S‘Qﬁ%‘"{wgﬁﬂ%?@?‘@&% give a-
vi scous oil. sTiAgnbetlite WR 320 (N5t e filtraid, ddncettreiedy Thblraidug lvariois fusirear (pH.

9.5; 5m) and solid_4- _hosgpponophen | 20 .isot hiocyanate (250ng) added. The
pH of the resuby gagfilgation ¢ %Laaffamt@a tg givg Bﬂaﬁllrﬂyssuﬁ Y sdYSoWitm

bi carbonate so b rﬁﬂm' ] ﬁg@%@ wiite’ rs under
nitrogen. The ?g%ut | o?-n%ggﬂ?ﬁgan %%nglent r tg%?z{sg gl vemgmmi?p?gfsdgx%ji d

resi due.” The residue was redissolved in water and the sol ution passed

t hrough a colum of Anberlite IR 120 fhe filtrate concentrated.

The 25 residue was then purified by M I on (Sephadex LH2O, water)
to give BHAlpysl ys2lys4lysalysl 6ys32 with 64 sodi um 4- phosphonophenyl ur ea

roups
J P Preparation of Sodium 4-phosphonophenylthiourea terminated dendrimers,

BHAlyslys,lyslysslys;elyss

15 Trifluoroacetic acid (2mi) was added 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-
dimethyl-N-allylamine buffer (pH 9.5; Sml) and solid 4-phosphonophenyl

20 isothiocyanate (250mg) added. The pH of the resulting solution was adjusted to 9
with saturated sodium bicarbopate solution and the mixture hwted 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
BHAIlyslys,lys,lys;lys,slys;; with 64 sodium 4-phosphonophenylurea groups
BRI 6196 as a white fluffy solid (152mg) after freeze drying.



BRI 6196 as a white ftuffy sorrd-—{ti52ngr—atter—+reeze—dyng—W0 98/ 03573

- b
PCT/ AU97/ 00447 EXAMPLE 36 Preparation of Sodi um
4, 6- di phosphononapht hyl t hi ourea term nated dendriners. 5 PAMAM 4.0
sol yti on of sodi um M8ARPPFHosphononapht hyl i sot hi ocyanate (165ng) ?#%M@?“"
(2mi)'was added to a solution of PAMAM 4.0 (51ng; 0.0lmmml) in water (2ml).
10 ;ﬁgl-l of the m xture was adjusted to.9.5 wth saturated sodi um
bi czd#drat e sol ution and the m xture vigorousl y3%tirred for one hour at
room’t’enperature and then heated at 53C for three hours under nitrogen.
The i xture was then filtered and the filtrate concentrated to give a
brown solid residue. The crude product was EXAMPLE36by gel filtration
(Sephadex &25; water) to give PAMMM 4.0 terminated 15 with 24 sodi um
4, 6-di phosphononapht hyl t hi ourea groups as a brown solid.(81lng) after
freeze dryi ng. EXAVPLPregdration of Spdituni 4,6-liplfosphanonaphthyltiitires terminatedii nat ed
dendriners. PAMAM 4.0 ?EDA) Solid fluorescein isothiocyanate (188ng) was.
added to a sol uti on ciengrimers-4. 0 25 (EDA) (74ny; 0.0lmmol) in wat er
(3nil). Saturated sgdium bi carbonate solution was added to adjust the pH
to 9 and the resulting honogenous. solution stirred overnight at room
tenperature and t hen BAMAMBt ed. The orange residue was purified by gel
filtration (Sephadex LH2O, water) to give PAMMM 4.0 (EDA) termnated with
21 fluorésceinthiourea groups as a fluffy orange solid (193ng) 30 after
freeze drying. A solution of sodium 4,6-diphosphononaphthy! isothiocyanate (165mg) in water

- (2ral) was added to a solution of PAMAM 4.0 (51mg; 0.01mmol) in water (2mi).

10 The pH of the mixture was adjusted to 9.5 with saturated sodium bicarbonate
solution and the mixture vigorously stirred for one hour at room temperature and
then heated at 53°C for three hours under nitrogen. The mixture was then filtered
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-diphosphononaphthylthiourea groups as a brown solid (81mg)
after freeze drying. ' .

EXAMPLE 37

20 Preparation of Fluoresceinthiourea terminated dendrimers.

PAMAM 4.0 (EDA)

. Solid ﬂuoreséem 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
- s overnight at room temperamre and then concentrated. The orange residue was
S purified by gel filtration (Sephadex LH20; water) to give PAMAM 4.0 (EDA)
N terminated with 21 fluoresceinthiourea groups as a fluffy orange solid (193mg)
30 after freeze drying. ' -




WO 98103573 PCITAUQ7/ 00447 -53 EXAMPLE 38 Preparation of Sodi um

(phenyl - 3-borgnic acid)-thiourea term nated dendriners. 5 PAVAM 4.0 (EDA)
Solid (phenyl YRBIBERHi ¢ acid) isothiocyanate (100nmy; 0.5mol PCHAVIYNAE t o
a solution of PAMAM 4.0 (EDA) (69ng; 0.01lmmol) in water (5m ). 1M sodium
10 carbonate was added to the isothiocyanate dissolved (pH ca.10). The

m xture was. then heated at 53 C for two-Hdurs 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 PAVMAM 4.0 (EDA) term nated W th EXAMPDEMB$| - 3- boroni ¢ aci d)t hi ourea
groups as a white fluffy solid (87ng) after 15 freeze drying. EXAMPLE 39
Preparation of Sodi um 3, 5- Di car boxyphenyl t hi ourea term nat ed Pol yl ysi nes.

20 A solution ; F)ﬂreﬁ%ﬂﬁ?aﬁhem cal

Conpany) (50ng9§re*9§a o‘t‘@t%%&%ﬁg@g‘m to a sol ut sodi um

3, 5- di car boxypldengtimerss ot hi ocyanate (305ng) in water (3ml) and the pH of
the resulting_solution adjusted to 9 with. aqueous sodi um bi carbonate. The
sol ution was 1hen heated at 53 C under 25 nitrogen for 4 hours. The

sol ution was ceAmMAMAD EDA)ered, and the filtrate concentrated to give an
off-white solid residue. The crude product was purified by gel filtration
(Sephadex LH2O, water) and freeze dried to give sodium 3, 5-

ol car hoxy pheny . @scit 3 66xbh k' sBilkokyiabs 100 skt s i o SO 1 ¢

solution of PAMAM 4.0 (EDA) (69mg; 0. Olmmol) in water (Sml). IM sodium

10 carbonate was added to the isothiocyanate dissolved (pH ca.10). The mixture was
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
10 9 with,aqueous sodium bicarbonate. The solution was thén heated at 53°C under
25 pitrogen for 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).



4 (Phosphonorret hyI )phenyl t hi ourea ter m nat ed PoI yI yS| nes. 5 SoI I d
4- (phosphononet hyl )phen&l i sot hi ocyanate (231ng;" 1. Omol) was added to a

sol 4ti on of poly-L-W9 ydr obromi de (30-70K) (Signa Chenical ConpAYR/Pe447
(50ng)-4n a 1:1 mxture of pyridine/water. The pH of the m xture was
adiastgd to - 9.5 with 1M sodi um carbonate and_the sol ution heated

sght at 53 C under Mgt 10 nitrogen. The-$# xt ure was cool ed and
fi1¥éred, and the filtrate concentrated to give a brown solid residue. The
crude product was purified by gel filtration (Sephadex LH2O water) to a
give asbrown solid (82ng). EXAWMPLE 41 |S EXAMPEEXBn of = -
1- phosphono oxyphenyl -4-thiourea terminated poly-L-lysine. To a solution
of poly-1 -lysine bydrobronide (50nmy; Sigma P2636, 30-70 kilodaltons) in
wat er (10n ), heat edp@pgratioh 'of S6digin 4 &PHesphvromretiBghenyltiourea terminated
phosphonooxyphenyl i sot hi ocyanate (153np) and the pH of the m xture adjusted
to 9.5-10 with | M sRalylysinesar bonate sol ution. The mi xture was heated and
stirred at 53C fOF 5 hours and then filtered. The clear solution was
purified by gel tration on Sephadex LH20 eluting with water. The el uent
was | yophilised to gSolid 4-{phosphommhetiypbenyl isbthiosysnater(23 g .Ommob) wag agied to a

98/ 03573 PCT/WOTA NG on of poly-L-lysine. hydrobromide (30-70K) (Sigma Chemical Company)

(50mg) in a 1:1 mixture of pyridine/water. The pH of the mixture was adjusted to
- 9.5 with 1M sodium carbonate and the solution 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-oxypheny}-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




-55 EXAMPLE 42 Preparation of benzam do-4-boronic acrd term nmated
pol y-L-1ysine. %Y %ma sol ution of poly-L-Ilysine hydrobrom de (50ny; Signm
P2636, 30-70 Ki % t"'Gns) in DVMBO (10m ), under an 'Wert atnpesphRius;,
added 4- carboxyphenyl boronic acid N hydroxysuccini m de ester (90ng)
sodi um carbonate solution (2m) and the m xture stirred at 20C for 60
hours. Sol vent was renoved in vacuo and thagscesi due dissolved in water
(SmM) and filtered. The clear 10 solution was purified by gel filtration on
Sephadex LH20 eluting with water. The eluent was |yophilised to give the
product as a white foam 50ng. 906 . ExRREPy #3215 |- Chorioallantioic
menbrane (CAN) assay The in vivo CAM angi ogenesis nodel, initially
descri.bed by FoI kman (1985) and m)dified by Maragoudaki s et al (1988) was
used. Briefly, 56 ubat ed. f or days at 37C when
g t of bebfthn ecx?)%‘g? dml"mew ndow was

a w ndow was opene on the egg shel
covered with cell ophane tape and the eggs were returned to the incubator

until day 9 wh Ny, 0 unds re applied. The test conpounds were
pl aced o% ster?l esgﬁgﬁ’ﬁ%oﬁ?@g’g"@ d"&ﬁ@%@%tmmﬁ cBOETﬂpmnder
sterile conditi okifodaltens) HODMYCE Q) BRie a8 iRk BB; %l%v\ereageg&ﬁd on the CAM

lcm away fromthe discs contal ni ¢;:; fhe test ma 1% sol ution of
i {

25 cortisone acetERexyPhesyibgromicac Brhydegxyswsinimide esier @0Rg) il AU sodilmCs i N
order to prevendariihatethi w po.n e The Iogded and dried discs
were inverted and pl aceélﬁ @2%@?’ ZM &or 69 houesg Salvent ves eggs
|?cubat ed unti| rempvedin vatverarmgirthe m;meais%l\i%maﬁﬁés(?ﬁﬂ anﬁ)(ﬁrld:éyg 71‘110%%3 VO
"/ 03573

10 solution was purified by gel filtration on Sephadex LH20 eluting with water. The '

eluent was Iyophilised to give the product as a white foamn. 50mg. 90%.

1IM

EXAMPLE 43
15 1. Chorioallantioic membrane (CAM) assay

The in vivo CAM angiogenesis model, initially described by Folkinan (1985) and
modified by Maragoudakis ez 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 u:st compounds were applied.
The test compounds were placed on sterile plastic dnscs (10mm) and were allowed
to dry under sterile conditions. Control discs (containing PBS) were placed on the
CAM 1cm 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.



-56- Mor phol ogi cal__eyal uat i gpr—ef=—atrgrogenesi s 1N the CAM assay For
—~sotrphotogi cal eval uati on, eggs were treated as above. At day 11 the @
wer e fl.ooded with 10@6Bg£$ered formalin (Janssen Chimica, Ceel, EEP@%?%@?
the 5 plastic disc¥ ‘Tenoved and the eggs were kept at roomtenperature
for at- least 4 hours. At ]arge area around the disc was cut off and pl aced

on a glass slide, and

the vascul ar density ingex (expressed as nunber of
bl.ogd' yessel s) was neasured by the nmethod of Harris Hooker et al' (1983).
57 EFssiRat aorta assay nodel,

W 5 initially described by Nicosia et al, (1990)"
was-'dsed. The rat aorta ring Briefly. a.steridia e OXMadsasion of agarose
(Phar maci a Bi ot ech Mrphd Gﬁgpﬁﬂl“a“gﬁé&é?ﬁ‘gé/\as p‘gured into culture dishes.
and allowed to gel. Agarose rings were

15 obt ai ned by punching two
concentric circles, with dianmter of 10 and 17

r ti 11ithe dgae
agarose gel. The exqgesmopvlesial evaliation, A8 gﬁpﬁ%@%ig&ﬁ- Alday 11it8e ég8

e ri ngsqegﬁlaBsé]_rermved.
The rings were transferred to .a 6 frfalingagdsenChivdesi Belgoim)they ) |
each well containi anmmﬁdqdi“ﬁgkfo%?%%c aortas were obt a}i nﬁeq?ttxfe%}atlcast :
3-nont h-ol d mal e-V\%Stl%ﬁ‘ ﬁ%@weﬁﬁm@mmmsmh%‘éwmt?% sferred to ~
free Mnimal EssenfiB&f  ie I 'um ( : 'glg fla;sgmggtofgg@wm.xmwsmmd
serum careful |y in ofteurst At dpsgefe pp B OE Vel qt_;b;@%r;gﬂesggﬁaﬁégmg
removed ~: ;~-: ~ ~" - - (7 S1éRx Qéxpreastd (ad ndmben ) ring
wer e sectioned and e%é’ﬁ%@%flf/&sﬁnsed@n Thin.s 12 consecutive washes of
serum free medi um Bajeqriethdd of Hdreis-Hopkerieh@ @3 Dic rings

——

10 .II. Rat aorta assay

R
R 323

The rat aorta ring model, initially described by Nicosia et al, (1990) was used. -
Briefly, a sterile 1.5% solution of agarosc (Pharmacia Biotech AB, Upf)psala,
Sweden) was poured into culture dishes and al.lowed to gel. Agarose rings Were
15 obtained by punching two concentric circles, with diameter of 10 anfl 17 @,
respectively, in the agarose gel. The excess agarose inside and ou‘tsuie the fmgs
was removed. The rings were transferred to 2 6-well plate (Nuncion, R.oskﬂde,
- Denmark), each well containing three rings. Thoracic aortas were obtained ﬁ'om
3-month-old male Wistar rats. The aortas were immediately transferred to a |
20 culture disk with serum-free Minimal Essential Medium (MEM). ‘The ﬁbt-'oadlpose
tissue around the aorta was carefully removed in order to damage the aortic wall.

Thin slices (0.5 mm thick) of aortic rings were sqctioned and extensively nnsed in
12 consecutive washes of serum-free medium. Before uansferring the aortic rings
to the cuiture rings in the culture plate, the bottom of each agarose well was c?ated
25 ﬁth 150ul of clotting fibrinogen. After the fibrin gel had formed, t.he_aomc ring
was transferred to the agarose well and positioned in the center of the agarosfe well.
Then the agarose wells were completely filled with clotting fibrinogen. l-’a.rtmlly
purified bovioe 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 5O0u)/ml bovine thrombin solution (Sigma) to 1 ml of fibrinogen solution. The




to the culture rings in the culture plate, the Dbolton of sach—agarose—weH
was coated 25 wyblbggszPyil of clotting fibrinogen. After the fibrin gel had
formed, the aortic ring was transferred to the agarose wel | andecratstneaged
in the center of the agarose well. Then the agarose wells were conpletely
filled wth clotting fibrinogen. PartiallY purified bovine fibrinogen
(Sigma) was dissolved in serumfree nedi um-i57-order to obtain a
concentration of 3ng/m . Cotting was obtained by addi ng 20ul of a 30

501/ mL bovine thrgnmbin solution (Signma) to 1 ml of fibrinogen solution. The

WO 98/i UM PGT/ AUPHIT8s Jormed swithin B0 seconyislat feunieshpeidalte N Aﬂﬁr%ﬁfﬁﬂ%gﬁflé‘% §oom
t enper at ur e. Aft%lgﬂﬁ%mmg&i%@t’%‘%n 6 ngi of I\%M medi um suppl erented W th
20% FCS (G bco), L0 {epes Plemen Wi A0 $GH (Givoed, 10BM Eepes (Gibev)

added to each weland dinM Aeglttamsinel (Gibod), w8 ddded ound was added to
t he medi um at thge? ropri.ate concen?rati on. ?&%ﬁ%ﬁf%ﬁ"fﬁ’yﬁ%iﬁ%&%si S
for the rat aorta %P%Qgéwﬂqddﬁé@mexmﬂapMpmwn@ﬁdamred under |
an inverted m goscope. The growth of mcrovessels is represented by neans
of a mcrovascular growh curve. 10 Formation of nore than 200 to 250

m crovessels is &b‘ﬁmﬁqwfcangiogemkisﬁrm@%!)mﬂﬂﬁné Qsshyre t hree-di mensi onal
conplexity of the mcrovascul ar network. The margin ” of error for :
t he- observer who is counting the mcrovessels is high: therefore, the

T e e L B G AL
. - . epresented by means of a microvascular growth curve.
10 Formation of more than 200 to 250 microvessels is common (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 (maxim
vessel number). | : |
15



_-58- RESULTS
(25)Ag/ cam) (25 g/canm) (7.g/can) (25jg/cam (2g9/ )
2 -13%-17%-22%-7%-33% 3 -26% -35% -54% - 36% - 9% - 73% +10% -EHAU/00447
R. .-40% 5 WAL9BIB3SBZ%0 - 55% - 41% - 8% 43% - 27% -27% 6 7 -32% -57% - 34%

0 -12% -20%-27%-18% 8 -15%-22%-36%-63% 9 0 -88% -54% -53% 10 -57%
+23%.0 . -16% 11 -30% -57% +43% 12 '

g no SRI 6112 BRi 2923
1 -11%-45%-36%0 +11%

Soias _58-
RESULTS
1. CAM assay |
egg no BRI6112 BRI2923. BRI2995 = BRI2784 BRI6039
\)
(25ug/cam) (25ug/cam) ~ (25pg/cam) (25uglcam)  (25ug/cam)
1 -11% 45% -36% 0 | +11%
2 -13% 17% N 1% 33%
3 -2656 -35% . -54% -36% 9%
g 4 +11% 87% 3% +10% 34%
5 2% 48% 55% 40% 26%
6 41% 8% 43% 27% 271%
. | I
7 32% 571% 34% 0 12%
8 -15% 20% 21% -18%
9 0 ' 2% -36% 63%
10 -57%' -88% 54% 53%
11 +23% 0 -16%
12 -30% 57% +43%
. ; 8 -19.842
. ', -, -8122. - . i
= 22.6+209 4244262 -34.9+293 -2
. 22;’5:01 p<0.05 p<0.01 ps0.05 p<0.05

' have been evaluated:

. i trations (50ug/cam) of BRI2995 and BRI6112 n evalu

I;;{'x;;?x; ;0% embryo death. The surviving eggs shf:wcd T3% u}hlbmon.of

vascular density. No toxicity was found for BRI6112 at this comentran;n.

However only a slight inhibition of vascular density (-16%) }V& observed.
TNP-470 (50p/cam) and Pentosan Polysuiphate (PPS) (504g), two compounds that
are in clinical triai, were included as reference compounds. They reduced vascular
density by respectively 21% +16 and 42% +28. PPS caused however 80% embryo

death at this concentration.




I3 0 -22.6120.9 -4274726. 2 -34.4129.3 22.822.8 -19.812: ps0.05 p&O. 05

ps0. 01 PAM X N-0.01 Hi gher concentrations (509g/cam of BRI 2995 and

BRI 6112 have b®&ns&m3smBuat ed:. BRI 2995 cause 50% enbryo deat h. PAHAUSIRMATYi ng
eggs showed 73% i nhi bition of. vaseWar density. No toxicity was found for
BR16112 at this concentration. However only a slight inhibition of vascul ar
density (-169% was observed. TNP-470 (50.sfcam .and Pent osan Pol ysui phate
(PPS) (50tg), two conpounds that are in clinical trial, were included as
ref erence conpounds.’ They reduced vascul ar density by respectively 21%6
and 42928. PPS gpusegaf ;,ssgf)% enbryo death at this concentration. 5 WO
9810. 3573 PCr/AU97N0447 -59 RAT- aorta assay BRI 2995, BRI 2996 and

BRI 2999 (al nost) conpletely i nhl bited the formation of mcrovessels at

i b 4 on at - 28RFseh ERTR998 38 BRipsHP iihony cor Sy JoliBiey PE MR BY, ' °

sg/m . BRI 2923 gafickoRELk&4d W@@smfgopgygﬁml ;%Vﬁd‘l at a concentration of
100g/m . 10 VS\D 98/ 03573 PCT/ AU97/ 00447 Y'yyr -

BRI6196 gave nearly complete inhibition at 20.zg/ml and lOOumglml and also
gave inhibition at 4ug/ml.

BRI2923 and BRI6039 reduced microvessel growth at a concentration of 100xg/ml.
10
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R is a noh-carbohydrate nonomer unit form ng a_linps pol ynmer backbone; X
is an optical Iinking group on the of nmononer units R -
and A is an aM®W®¥5Pont ai ni ng noi ¢ 1/ AU97/ BERAYITOMATS' 1
P HAS BEEN, RE 62- 3. A nethod accd et wherein said linear .
pol ymer has a nedian range of nol eCular wei ght dir stH—buu-gnJ_mmJM to
1, 000, 000. 4. A nethod according to clai m63- wherein saidtimnearpotymer
has a median range of ol ecular weight distribution is from 10,000 td

600, 000. 5. A nethod according to claim2, wherein in said |linear polyner
said nonomer WLAIMB:iS an am ne or am de noiety. ==~ = 6. A nethod
according to claim5, whérein in said |inear polynmer said nononeric unit R
is alysine or other amno acid nmoiety. 7. A nethod according to claim 2,
wherein in saig lin d E mﬁb is a
functional i nckil ng ?@Sg’glé)érg’r? %h%r dr’lh%r?&ugrgggié'tﬂg%%gl st gﬁéé]fsqgtgt ers,

am des, ethers, thi memhmbsnoxahmmanmamupnt Muchmonmasescadmmtbn tothe
carbonates. 8. A net hod a to clai.m sai d |inear

pol ymer said |inki ngatsgt E 949 g"e??“ﬂ‘?%?éﬁtmm?gmg %k&% Foup sel ected
fromthe group consisting _= k:=, of alkyl chains which may be optionally
substituted or branched; al koxy, - pol yal koxy, al kyl thio or polyal kylthio
chai ns which nay be -opti bnal |;measumqarmmmobmrsmmgaph@alay RESIGS |

al kynyl ‘or multiple al kynyl chat ns | t | | ted
and groups of the fornula- O“Qsd!éjri °Q If 8 E%Ifm%&éﬂ-
-CCG, -0 _or -5, and n i S alihs an anionic or catxomc-contammg moxety bonded or linked

thereto; and

- i, dendrimers héving 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

polymer of the general formula I:

R

zR' — 3

wherein: _

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.




conpound is a dendrlner mhlch conprlses a polyvalent core covalently

bonded to at | east ndritic_b ; rEEXf ends t hrough {3 9ho4s
3 @gr

t wo gener ati ol : 73 PG "A met hod accor |}nAg to 7

cl ,9 dendrinmer i pell dendrimer based on an

ammnl a core. 11. A"nethod accor desg wherein said dendriner is
a pol yam doanmi ne dendrimer based on an et hyl erfe” di am ne core. 12. ‘A net hod
according to claim9 wherein said dendri mar is a polylysine dendriner

based on a benzhydryl am e ther swt cqr 13 ..A nethod accordj.n
to claim9 wherein rc}b B‘g ‘%F'Bcﬁ S}nv@erc&m] W‘?&sg‘eﬂ%‘*’ﬂ?

formula I1: AAA A A Am@e/éfﬁaoibc&ar Weigh distibdtion/froin £,006t¢1,000,000.

4, A method according to claim 3, wherein said linear polymer has a median
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 finear 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 optionalfy |
substituted alkenyl, multiple alkenyl, alkynyl or muitiple alkynyl chains
which may be optionally shbstituted and groups of the forroula <(CH,),-2-
(CHy~ wherein C i 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 a dendrimer
which comprises a polyvalent core covalently bonded to at least two'
dendritic branches, and extends through at least two generations.

I



THI' S SHEET HAS BEEN 1 REPLACED WO 98103573 Pcr/ AUQ7/ Q0447 -64- wherein. [
is aninitiator_core: Zis an interior branching unit; n is an integer

whi ch represent?otwsaﬂnber of generations of the dendriner; RITAUYNONET an
ani oni c-contai ning noi ety which may be linked to interior branching wunit Z
t hrough an optional linking group X. 14. A nethod according to any of
clains 1 to 13 wherein in said conpound sat@3-anionic- or
cationic-containing noiety or noieties are bonded to am ne, sulfhydryl,
hydroxy or other reactive functional side chain or term nal groups of the
linear polyner ot0denArméthed itoRligi® ckimt9ivBsremdSald dehaGRer is Aot

according to any of clainms 1 to 14, wherein in said conpound” said

ani onj c- cont ai ni ng mﬂ@ﬂr@@raﬁ%@maamm&mm he group consisting of

sul foni c aci d-containing noieties, carboxylic acid-containing noieties

(i ncluding neuramnic and sialic acid-containing noieties and nodified ti'
neuram ni c and sihl i cAansthbdcawoomling toglaimidewhetein,said defdtimierdis b pofamidvamided
nmoi eti es, and phosphoti ¢ .and phosphoni c aci d-contai ni ng noi eties

(including esterifi eoéeﬂﬁﬁ@ﬁhm*‘éoaﬁeewwbﬁmw @@£¢.d- cont ai ni ng noi eti es).
16, A method according to any of clains 1 to 15 wherein in said conpound
the noiety or noieties which are bonded to amino or other reactive
functional si delZhai methadeacoording tgchim 9 wiiersih saitl idemirimards ¥ polylysine

dendri mer gr ? dendrimer based on a benzhydrylamine or other suitable core.

-

13. A method according to claim 9 wherein said compound is a polyionic

dendrimer of the general formula II:

I




sel ected fromthe follqw ng groups, T whth——+s—2ze~0—0r_a_positive
integer: THI'S SHEET F-1AS BEtN. ~i ' | . ACED WD 98/ 03573 PGI/ AU97/ 00447 - 65
NH( CH2) nS03- (CH, nSO3" Ar(SG3)n CH2CH( SG ) 000H CH( SCG31CH2000H Ai X(CH) $O3
X - O S NH (GCagdahesyzAr (NMe3)n Ar (CH2NWVe3)" O 0 O 0 N-SC3NRCHAUBNER447 ~
"N~%803Na /A QCO00Fi HO ~S( xS HN. * SHN " x x '\ HN  SO3Na NaCG3S
SBNa NaC3S SCB8Na SO03Na s 0. 0 NaGBS HN ° MAO .1 \ NaGaS SO3Na O -

SBNa SBNa SGBNa O O\+ CHOM . -64-

wherein:

I is an initiator core;

Z is an interior branching unit; |

nis an integef which represents the fiumber of generations of the
dendrimer;

and

A is an anionic-containing moiety which may be linked to interior branching
unit Z through an optional linking group X.

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

peuraminic and sialic acid-containing moieties), boronic acid-containing

moieties, and phosphoric and phosphonic acid-containing mojeties
(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: '




SGBNa COOH 0 O NH O AvAME3 NHz NM AMe3 WO 98/ 03573 PCITAU97100447  ~-66
ArW=0) (OR) 2 Xwo ddnash2- - CHF. CF2 R = al kyl, aryl. H Na.

Ar) P(=0) (OR1) (NR2 X= 0O, CH2, CHF, CF2 Rl = alkyl, aryl. H PEEAPgIooRg = -
al kyl, aryl Ar(P(=O(OR)Z)n R = alkyl, aryl, H Na n=1-3 A48(0H)2)n n 1-3
AL(COOH)Nn n =1-3 SSSS HN HNI" HNC HN /\ rrk-ni i PQONa 2
PO(CEQR PQ(CEt) (ONa) PQ(ONa)2 PQO(ONa) 2 11-95%0 H 4/1\ HN\ \ la 000 |
COONa.(LB(ONZ B(ONa)2. COONa S $ S HNHNL p OH PQ ONa PQ(OEt) (ONa)
PO(OEt)2 COON . '

——NH(CH)uSOy  ——(CHDaSOy ——AKSOy],
~——CH,CH(SO;)COOH ——CH(SO.)CH;CO0H  ———ArX(CHZ),SOy” X = O, S, NH
+ + : + '
—(CHaNMe; -~ ——ArNMe;), —= Ar(CH,;NMas},
o) o - o 0
H
s
A som Jsome AAMng KR,
- : o '
s - '
k ) S . S S
HiY HNJk r-m_-)K HNJK
SON. NaQ,S f SO,sNa ©;s>o,m Nao.smsom
S O. ’ o
“NaOyS HN"K HNJk HNJK/\ 0
NaO,$ SONa © ©
SOyNa - SO;Na - SO;Na
o
O
OH
SO3Na COOH ’ o
0 (o)
NH
o
*/ﬂ“ea ’
NH,
WMe, ﬁMe;



S HNK HNk, HN. HN S 0' PO ONa) 2—6——PE-EEH—(ENa)—6—RO(OE02 WD 98/ 03573

PCT/ AU97/ 00447 -67 17. A nmethod according to claim1 or claim2 wherein
sai d conpound is selected fromthe group consisting of. i. '

4-sul f ophenyl oy saigsPs term nated poly-L-lysines; ii. PCT/AU97/00447

3, 6-di sul fonapht hyl t hi ourea terninated poly-L- Iy5| nes; iii.

(8- octam do) - 5-acet am do- 3, 5- di deoxy 2-thi o-D-gl ycero-a-D

gal act o- 2- nonul opyr anosi doi ¢ acid term natgd pol y-L-1ysines; iv.

3, 5-di car boxyphenyl t hi ourea term nated poly-L-lysines; v.

4- (phosphononet hyl ) phenyl t hi ourea term nated pol y-L- I ysines; Vvi.

1- phosphonooxyphenyl - 4efgpigprEga k eontupatkricpol § = bk psi hde. and vii.
benzam do- 4- boroni c acid term nated poly-L-lysines. 18. A nethod accordl ng -
to claim1 or claim4. wherein said conmpound is selected fromthe group
consisting of i. alkylsul fon| c acid termnated dendriners; ii.

sul f oacet ami de t er mingip-ci® fmzmy S X =id, THy, SHF, k:eﬁueblamamv& Hakd cR% BY Tidthyherdd
dendrimers; iv. N-(2-sulfoethyl) succinanmide termninated dendrimers; v.

4- sul fophenyl thiourea term nated dendriners;

——ArfP(=O)(OR);), R=alkyl. aryl H.Na n=13

——AfqB(OH)glp n= 13 , ——AfCOOH}, n=1-3
[ : s : sl» §
l “ ! '
HN o\ AN HN’\
‘ 1]
~ l\/ . Z 2 PO(ONal,
PO(OEN), ' PO(OE!)(ONa)  PO(ONajz ' PO(ONa);
S s .
K ' P
HN HN | AN

mﬁ)

B(ONa); B(ONa)y

w

B R

S

S
N

HN HN
: ;PO(ONa)z PO(OE1)(ONa) EPO(OE!)Z

(S s ]
S S S

I

£} o‘
~ O-poroNa, PO(OEl)(ONa) PO(OEN,




vi. 3,6-di-sulfonaphthylthiourea termnnated dendriners; vil.
4-sul fonapht hyl t hi ourea term nated dendriners; viii.
3,5-di-sul fop ﬂmz'ﬁpourea term nated dendriners; ix. PCT/AUS7/00447
3,6,8-tri-sul fonapht hyl t hi ourea term nated dendriners; x. 4-(sulfonethyl)
benzam de term nated dendriners; xi. 4-sul fobenzam de term nated

dendriners; xii. N-(4-sulfophenyl) propandfi-de termn nated dendri mers;

xiii. 4-sul fophenylurea term nated dendriners; xiv.

N, N, N-tri-methyl glycinam de term nated dendriners; xv. 4-trinmethyl anmoni um
benzam de t er m i¥at edA dmetichdi aceording Iti-Elaint A Sr Blatm 2 Twheteifs skid coRpaidlis '

R WD 9803573 .PCP/ AU97/ 00447, - 68- XVi .

4- (trimet hyl ammoni u OLths SFTURFOPUSMB Rt ed  dendrimers: xvii .
N- ( 2- acet oxyet hyl ) - N, N- (qi met By pepHenylidurel Rihinaad pRXEsitgs: e M nat ed
dendrimers; xviii. guanidino termnated dendriners; xix. 4-([1,4,8,1

1-tef tazacycl ot.et r adecandi. met Byd-Jipufonaphitijdthiquecarterminated golydi-lysimess;  xx. '
4~ car boxyphenyl am de.tor inat SHHERRPT FarasnR - THesy:p b Doy Bt Pan de
term nated dendriners; galacto-2-nonnlopyranosidoic acid terminated poly-L-lysines;

iv. 3,5-dicarboxyphenylthiourea terminated poly-L-lysines;

v. 4-(phosphonomethyl)phenylthiourea terminated poly-L-

lysines;

vi. 1-phosphonooxyphenyl-4-thiourea terminated poly-L-lysines;

and - _

vii.  benzamido-4-boronic acid terminated polyd.—lysin&.

18. A method according to claim 1 or claim 9, wherein said compound is
seléctcd from the group consisting of:
i alkylsulfonic acid terminated depdrimers;
ii. sulfoacetamide terminated dendrimers;
{ii. - sulfosuccinamic acid terminated dendrimers;

iv. N-(2-sulfoethyl) succinamide terminated dendrimers;
v.  4-sulfophenylthiourea terminated dendrimers;
vi.  3,6-di-sulfonaphthylthiourea terminated dendrimers;
vii.  4-sulfonaphthylthiourea terminated dendrimers; '
viii, 3,5-di-sulfophenylthiourea terminated dendrimers;
ix.  3,6,8-tri-sulfonaphthylthiourea terminated dendrimers;
X. ' 4-(sulfomethyl) benzamide terminated dendrimers;
xi.  4-sulfobenzamide terminated dendrimers; |
xii. N-(4-sulfophenyl) propanamide terminated dendrimers;
xiii. 4-sulfophenylurea terminated dendrimers; _
xiv.  N,N,N-tri-methylglycinamide terminated dendrimers;
xv.  4-trimethylammonium benzamide terminated dendrimers;

T _::;'_’/ B[:EN \'.'
| SHEET HAS |
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XXiii. 4-phosphonooxyphenyithi our ea TermITated—gere—-Rers,  XXi V.
4- (phosphononet hyl ) phenyl t hi ourea term nated dendriners; Xxxv.
et hyl - 4- (phosphononet hyl ) phenyl t hi ourea term nated dendriners; Xxxvi.

(8- oct anam do)waeggRbsaM do- 3, 5-di deoxy-2-thi o-D-gl ycero-a- pecrau97oossr
D gal act o- 2- nonul opyranosi doi ¢ acid term nated dendriners; XxXxvii.

(11- undecanam do) - 5- acet am do- 3, 5-di deoxy-2-thio-D

gl ycer o- a- D- gal act o- 2*nonul opyr anosi doi c id termnated ii dendriners;
XXviii. (acetam do)-5-acetam do-3, 5-di dedxy-2-thi o-D-gl ycero-a-D

gal act o- 2- nonul opyr anosi doi ¢ acid term nated dendriners; XxxiX.

(4- but anam do) - 5- acet am do; 3, 5- di de - 2-thi o- cerp-a- . ,

D- gal act o- 2- nonul opyr anosi¥4oi mﬁgﬁéwm%g%‘m%F?mw

(4- nmet hyl benzam do) - 5- acet am @end@inRréti deoxy 2-thio-D

gl ycer o- a- D- gal act o- 2- nonul opyr anosi doi ¢ aci d termnated, dendriners; Xxxi.

(8- oct anami do) - 4- azi do- 5-Rtiiet AfriZiasetpxpetiyl)-N, Nddjmpthylammagium)methyl- .

W0 oM 3573 PCT/ AUB7) 00447 - Gonenppatb temglel deriRC P dendrirerss

(8- oct anam do) - 4- am no- 5-xaiibt FoAnidinG tedmmatediddadrityers- t hi o- D-

glycero-a-D-gal act o-2-nony oy A 0y A efasacyclotciatechst acthy senzamide. °

terminated dendrimers; |
: . - xx.  4-carboxy-3-hydroxy-benzylamine terminated dendrimers;
£ xxi. 4-carboxyphenylamide terminated dendrimers;

xxii. 3,5-dicarboxyphenylamide terminated dendrimers;

xxiii. 4-phosphonooxyphenyithiourea terminated dendrimers;

xxiv. * 4-(phosphonomethyl)phenylthiourea terminated 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-a-D-galacto-2-ponulopyranosidoic acid terminated
dendrimers; |

xxviii. (acetamido)-5-acetamido-3,5-dideoxy-2-thio-D-glycero-a-D-
galacto-2-normlopyranosidoic acid terminated dendrimers;

xxix. (4-butanamido)-5-acetamido-3,5-dideoxy-2-thio-D-glycero-a-~
D-galacto-2-nonulopyranosidoic acid termipated dendrimers;

xxx. (4-methylbenzamido)-5-acetamido-3,5~dideoxy-2-thio-D-
glycero-e-D-galacto-2-nonulopyranosidoic acid terminated
dendrimers;

xxxi. (8-octanamido)-4-azido-5-acetamido-3,4,5-trideoxy-2-thio-D-
glycero-a—D-galacto—2—nonﬁlopyranosidoic acid terminated

)
L

"
N
.

| agh

dendrimers;




XXXii11. 4-benzam doboronic acid term nated dendri nmers; XxXiI V.

3, 5-di carboxyphenyl t hi ourea term nated dendriners; Xxxxv. 4
phosphonopheny | WRS&05& t er mi nat ed dendrimers;  XXxxvi. PCT/AU97/00447
4, 6-di phosphononapht hyl t hi ourea term nat ed dendr i Mers; XXXVii .

f1 uorescei nt hi ourea term nated dendri mers; and “XXxVijd _
acid)-thiourea termnated dendrinmers. 19..g9 et hod cB‘dﬂScBH@ﬂ@A§g¥,:,q _
claims 1 to 18, wherein said treatnent conprises infi bltlﬁﬂpmu_o
angi ogenesis in a patient, treatment of chronic infla
retinopathy, psoriasis andxkiie(@BétRhdmi hrhinoSs-4t8 le_ wher e
growth of new bl ood vesse?%d(l s invol vegé)ugr event i o%ml&%@(raéss 9@ 913‘)?7])'

i nhi bition of vascul ar snooth Mw-&tﬂmmmﬂommxdmmﬁﬂbmm&@n of
wound heal i ng by activation of re} ease of active growh factors stored
in the extracellular matrix, ition of tunour.cell netastasis by

i nhi bition of angi ogeneslmiao A phaesRERIEbofoic 45d i6ehRhled Abid osition -
for prophylactic or therapeutic inhibition of angiogenesis in a dman or

non- human” ani mal , which &¥R¥ri ses 3i-dieaArennyphesyltiiguics rminatedatendrimtryrer  or
dendrimer as defined in vy of claj Fgﬁns} tin{é %5 th at '
| east one pharnmaceuti cal l y or veterfna ?ypa epta Z&W&%maﬁ 5t uent .

21. Use of an anionic or &axvionic I46&hphoppﬂonomphm§'ltﬁeﬂdﬁtdiﬁﬁna&‘d defined in

any of clains 1 to 18, in, or int manufacture of. a nedicament for, WO
98/ 03573 TPAWI7/00447 7 d -70-' prop 9Pt or t herapeutic inhibition of
angi ogenesi s in a human okxx@- . fluoresceinthiourea terminated dendrimers; and

XXXViii. (phenyl-3-boronic acid)-thiourea terminated

dendrimers.

19. A method according to any of claims 1 to 18, wherein said treatment
comprises inhibition of angiogenesis in a patient, treatment of chronic
inflammation, diabetic retinopathy, psoriasis and rheumatoid arthritis and
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 Jeast one pharmaceuucal]y 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,




term nal groups, V\/nerel n at Ieast one of sai d term nal groups has an

ani oni c-containing noiety bonded t eO-T AR aid

ani oni c- cont ai ni WP $8MBEBY bei ng  se em%&,? iﬁe gr - PCTAYIE04?
neuram ni ¢ and sialic acid-contai-ni thanma 7
2+-t:hj-osialic acid noiety; nodified neuram nic and sialic acid-containi ﬁg
m}'; #5es; iii. boronic acid-containing noi€l0es; and iv. phosphoric and
pho§ﬁhon|c aci d-containing noieties, including esterified phosphoric and

phosphoni ¢ aci d- containing noieties.. 23. A conmpound according to claim 22
wherei n said dendri mer pe@mpratﬁ@&mmmhymmMnofanglogmMmthym%ﬁﬁw‘t o at
| east. two dendritic branches, and extends through at |east two ,
generations. "fib= 24. hﬂmé%ﬁﬁb‘m&hd according to claim22 or claim 23,
wherein said dendrimer is a Far,;r.7 polyam doam ne dendri ner based on. an
anmoni a core. 25. A corrpound accordl ng to claim?22 or claim 23 Wwherein

sai d dendrimer is 22, ' A pohponi domprising 2idendrimes haviegs®plushit f tefrwyﬂeaxgups,

di ami-ne core. 26. A conpound accor di I,m ein
said dendrimer is a p%ﬁ’%? 5‘588?1%?%%&’&%5%%%&6%8% am n%

other sui tabl e core. ' Zojedhbondeaa ifksiaherew, s oziegomAinisE adiety PEImE0 28,

wherein said anionic = 2? cont ai n| ng noi ety. i s,bonded to term nal am ne,
sul fhydryl, hydroxy or selesfed from ff97100447 -71
: : ' i neuraminic and sialic acid-containing moieties, other than a

- | 2-thiosialic acid moiety;

ii. modified neuraminic and sialic acid-containing moieties;

jii.  boronic acid-containing moieties; and
iv. phosphoric and phosphonic acid-containing moieties,
including esterified phosphoric and phosphonic acid-

containing moijeties.

-23. A compound according to claim 22 wherein said dendrimer comprisos 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, whefein said dendrimer is a2’

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 based 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




reactive functional term nal groups of said dendriner by am de or thiourea-

| i nkages. 28. A conpound according to claim?22, which is selected fromthe
group consi st i%%”ggs? 4- phosphonooxyphenyl t hi our ea ter m nat e ®CEAVATAE s ;
ii. 44phosphononet hyl ) phenyl thiourea term nated dendriners; iii.

et hyl - 4- (phosphononet hyl ) phenyl t hi ourea term nated dendriners; iv.

(8- oct anam do) - 5- acet am do- 3, 5- di deoxy- 2-t %l ©- D- gl ycer o- a-

D- gal act o- 2- nonul opyranosi doic acid termnated dendriners; N . (11
-undecanam do) - 5- acet am do- 3, 5-di deoxy-2-thio-D

gl ycer o- a- D- gal act o- @active fungtipnal tersainkdigtoups iofl s4i¢ dendituies by agBdslsr thiafsa Vi -
(acet am do) - 5- acet anj.do- 3, 5- di deoxy- 2-t hi o- D- gl ycer o-ct - E} ;

gal act o- 2- nonul opyr altU%ftoi ¢ acid termi nated dendriners; vii.

(4- but anam do) - 5- acet am do- 3, 5- di deoxy 2-thio-D-glycero-a

D- gal act o- 2- nonul opyranosi doic acid term nated dendriners; wviii.

(4- et hyl benzan?®o) - A-campernd ageording-tdiclirn 28, whichiioseldcted from the group

gl ycer o- a- D- gal act 0‘%‘359‘59' yranosi doic acid term nated dendriners; ix.
(8-octam do) - 4- azi do-5- acgt(ggi do- 3, 4, 5-tri deoxy-2-thi o-D

AP IR s vl o i e
gl ycer o- a- D- gal act o- 2- norttl opfriRbasphenomethyl)phenyithioneea terminitedidendsimers;
fii.  ethyl-4-(phosphonomethyl)phenylthicurea terminated
dendrimers; _

iv.  (8-octanamido)-5-acetamido-3,5-dideoxy-2-thio-D-glycero-a-
D-galacto-2-nonulopyranosidoic acid terminated dendrimers;

¥.  (11-undecanamido)-5-acetamido-3,5-dideoxy-2-thio-D-
glycero-e-D-galacto-2-nonulopyranosidoic acid terminated
dendrimers;

vi. (acetamido)-5-acetamido-3,5-dideoxy-2-thio-D-glycero-e-D-

. galacto-2-nonulopyranosidoic acid terminated dendrimers;

vii.  (4-butanamido)-5-acetamido-3,5-dideoxy-2-thio-D-glycero-g-
D-galacto-2-nonulopyranosidoic acid. terminated dendrimers;

viii.  (4-methylbenzamido)-5-acetamido-3,5-dideoxy-2-thio-D-
glycero-a-D-galacto-2-nomlopyranosidoic acid terminated
dendrimers;

ix.  (8-octamido)-4-azido-5-acetamido-3,4,5-trideoxy-2-thio-D-
glycero-a-D-galacto-2-nonulopyranosidoic acid terminated
dendrimers; |

X. (8-0ctanamido)-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;



Xi 4- benzam doboropi-e—aeci-d—termrated—dermdrTmers, X1

4- phosphonophenyl t hi curea term nated dendriners; | WO 98/ 03573
PCT/AU97/0Q§§£§EB%@ Xiii. 4,6-di phosphononaphthyl thi our eapdy@iv9708d8d
dendri ners; Xiv. (phenyl-3-boronic acid)-thiourea term nated
dendriners. f h . TH S SHEET HAS BEEN REPLACED REPLACEMENT SHEET . -61 -
27MAY1999 CLAIMS: 1 A nethod of prophylactic or therapeutic inhibition of
angi ogenesis in a human or non-hunman” @i mal patient, which conprises

adm nistration to the patient of an effective anbunt of a conpound
selected from i. linear, non-carbohydrate polyners, haying .a plurality of
side chain groups whediej rd.fdinhesphonenaphthylty tgmgate%s? “@‘Eﬁaﬂg‘i‘-has an
ani oni ¢ or cat | oni c- copt ai g, ARioRin RADISHweS whnbied dohdthaso, and i1
dendrinmers having a pluralfty“of term nal groups wherein at |east one of
said term nal groups has an anionic- or cationic- containing noiety bonded
or linked thereto. 2. A method according to claim1, wherein said conpound
is a linear poiyionic polyner of the general formula I: - AAAAAAAA
X X X x X : :




wherein: R is a non-carbohydrate nononer unit Torm ng a tinear potymet P
baﬁkbu_s s_an optional |inking group on the side chal n groups of :
nmohoner units R, anddA i s _an anbese=gont ai'ni ng moi ety: “~REPLAC ( RENT
SHEET 2 7 MAY 1999 - bm&Eu ordi ng t o retair2—whereia, said ..
li near pol yner has a medi anggwmajii) of _nil ecul ar V\EREPILA(EEMENTISEEE'@H from
1,000 to 1,000, 000. 4. A ording to claim§ ~wherern sa | i near
pol ymer has a nedi an range of mol ecublar wei ght dif st rlé)yqunm@ r)m 10, 000
to 600,000. 5. A nethod according to claim?2, where I n said nepr
polyner said nononer unit Ris an amne or ani derLELr By, 6. A n=t nod
accordi ng €bAEMS:m 5, wherein in said |linear poly said nmononer|c unit R
is a lysine or other amino acid noiety. 7. A nethod according to claim 2,
wherein in said linear polynmer said linking group X, when present, is a

functional 1.l i nkA metgidoofiproptytactic dr thepdPebfie inhWidiabraapdpaiesiidn @f esters,
an des, et hers t hi oet hers, am nes, ureas, thioureaS, carbonates and

carbonates. 8. BATAB(OSAQNINERR 3N W&l@evwawhmlzcompmmnmmomm ithaear
pol yner sai d | | RGERGDE afl" HQTIE'C a\mﬁxﬂ r group selected from
t he group consi Stl ngf © a|t ﬁggmﬁ%man}l&&@% onal Iy substituted

or branched; al koxy, polyalkoxy alkylthlo or pol yal kyl thi o chai ns whi ch

may be opti onal | y ubst it ut ed al_k ltiple al kenyI al k
mul tiple al kynyl chzr ns RO %8%’ WH\B Fs,haying.a plugal el’dalﬁj gr oups of
the formula -(CH2), -Z- chain groups wherein at l&st one of said side chain groups

has an anionic or cationic-containing moiety bonded or linked
thereto; and |

ii. dendrimers having a plurality of terminal groups wherein at
least one of said termina! 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
polymer of the general formula I:

97777

b

3
S

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

A is an anionic-containing moiety.




(CH2); wherein z is -CH2- CH=EH—€RE——0-0r -S-, and a is an integer

of from1l to 15. 9. A nethod according to claim1, y\/nerein sai d conpound is

a dendrinmer which conprises a polyval ent core ! to at
teast two dendritic branches, and extendsi thrf ’ M@E
generations. THHS S - - HET h -~eptAC .. r REPLAGEMENT SHEET JHIS SHEET HAS

BEEN REPLACED 2 7 MAY 1999 -70 prophylactic or| the@afAY 1999i nhilbi ti on of

angi ogenesi s in a human or non- hums_lga ani mal . 2?. A _conpound dorfprising a
dendrinmer having a ph rality of termr21al groups wherein at | edst one of
sai.d term nal groups has an ani oni c-cont ai ni ng “feiety—berded—+e | i nked

thereto, gaid aniopi¢-cont.aini ng. Mi ety _bejing. qﬁq fdye 9roup
consi st ng- of : ﬁm‘H@ﬁP%EﬁﬁW%“‘aﬂg‘“é 'a\v{%ﬂgé#'g%w&én%i et1es, other
than a 2-thi 0gingh bf mafeciiaPWiegihY distributio® diofn E000®LI,800,00¢ and sialic

acid-containing noieties; iii. boronic acid-containing noieties; and iv.
phosphoric and phosphoni c aci d-containing noieties, i.ncluding esterified

phosphori ¢ and JpRORBYQkdofdiff teelaft? B! #hdtbRGaid0inghd fttymer has a median
range of molecular weight distribution is from 10,000 to 600,000.

5. Amcthodaccordiﬁgtoclaimz.whcreininsaidlineupolymersaid

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, thicethers, 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 polyalkyithio chains which may be optionally
substituted alkeny!, multiple alkenyl, alkynyl or multiple alkynyl chains
which may be optionally substituted, and groups of the formuia -(CH,), -Z-
(CH,),- wherein 2 is -CH,-, CH=CH-, -CaC-, -O- or -S-, and n is an
integer of from 1 to 15.

9. A method according to claim 1, wherein said compound is a dendrimer
which comprises a polyvalent core covalently bonded to at least two
dendritic branches, and extends through at least two generations.




23 A conpounrd—aceordingto clrarm 22 wherefn said dendriner conprises a

pol yval ent core covalently bonded to at |east two dendritic branches, and
ext ends—through—at— | east two generations. 24. ing to claim
22-or—clai-m-23;—wl imer is a. m@@@@m dri mer based
on an ammoni a cor e.HI® SHEET HASBBEM(| accor di ng tjo cI aLm 22 gl i m 23,

wherei n sai d dendri nerREPLAGEDpOI aL‘i doam ne dgnqr MALY o .an et hyl ene
di am n~e core. 26. A conpound accordi-7Q-to cl g 9') or—cl a!,ﬂﬂidz , Wherein
said dendrinmer is a polylysine dendriner basegd on a benzhydryllam ne or

ot her suitable core. 27. A conpound accordi ng—to—any of clai s 22 to 26,
wher ei n. sai d anipesphglactinorthesapentictinkibiion of bugiogenesioin &hwhamobr gon-ne,

sul t hydryl . hydroxy or, gther 1REPLACEMENT SHEET -2- [11J.wW2W9 The present

i nvention provi RRM#se of polyionic oy ionic groups to a linear

non- car bohydrate polymer or a dendritic polymer in the inhibition of |

angi ogenesis and in the treatnent of related disorders and conditions. 5

SUMVARY. anHEAmmmmaﬁgndwmvm@déw Prefdarmiss, grwwf eis

g:lg?llogggegi ;relt 2%‘%&%@%0%'% man am%ﬁgﬁ%l er#m%ﬁtw)l C rrprl ses

adm ni stration ttﬂoi&dyeboﬁﬁdiwﬂmmmmmngﬂcnymusmmhgmmemgemgount of a 10
pharmaceutical co I ti on conpri si compound sel ected from (i) linear,
non- car bohydr at %F‘i ‘ﬁ&l& |ty of side chain groups wherein
at |east one of saldlsldenab&hmxawaﬂxmmmﬂh idietied! othéx thexa C-

.contai ning noi ety bonded _or I|inked thereto, and 5 (ii) dendriners having
a plurality of termnal grdbigsialihegidmeiesy: | east one of said

i. modified neuraminic and sialic acid-containing 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 o 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 deadrimer 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 based on a benzhydrylamine or other suitable core.

27. A compound according to any of claims 22 to 26, wherein said anionic-
containing moiety is bonded to terminal amine, sulfhydryl, hydroxy or gther




t er mi nal _groups has.an-aniori-e—ef—gattom—c—comtar g 1oi ety bonded or
i nked thereto 20 with the provi.so that" sai d pharnaceutlcal ‘Compo® ition
does *not conprise a dendriner having a. pIurallt of phonic
acid groups together with hydrocortlsone such t i's
inhibited in said patient by said conpound. Particplarly prefery}
conpounds for use in the nethod of th? present i hvent] oguNr2800 26 Y i near
pol ymers havi ng sul foni c aci d-contai hfig noi eti eg, Jcarboxylic

aci d-containing noieties, phosphoric or phosphori ¢ acid-containipg

noi eties, boroni¢c acid-gontainin ietie ne .
aci d- cont ai ni ng THePEEqIE ?VBWHBF‘E'?‘}%?” @W%g Al Krmied by Thaking fowic i ¢
modi fied i rhéwbg t6-a Brea hiYEEarBelititate ?ol?xh&rétoi dendiritils @dlyiner $n des inhibitiongifoups

t her eof endrinmers havi ng suI oni ¢, aci d-cont ajining noieties,

car boxyl i ¢ aagiogenesinand ini thetrazsment; of gelatod disprders F‘Pﬁﬁ’r"“‘bhosphom c

aci d-contai ni ng noieties, boronic acid-containing noieties, neuramnic or
sialic acid-containing moi eties or nmieties containi ng neuranminic or sialic
aci d nodsfSEMMARYIQF THEINVENTIONosi ti on thereof, |inked to term nal
groups thereof. RELACDYIEIl SHE 1 -61 1 I JUN 2000 CLAIMS: 1. A nethod
of prophylactic or therapeutic inhibition of angiogenesis in a human or

non- human ani neAccpiliigetotthe phesertt invention, Shege mrpndeﬁiia{eﬂ?@ﬂ OEMWWQfent of

an 5 angiogenesi s j.biti.ng anount of c ti
corrprl si ng dﬂﬁg“%l% ) r”&, A, %;% 2 po ymer s

(')19 a pl ey risEsy adifiste€ion @i Ehegpﬁims of\AhEMprgm:bsﬂ-hﬂﬂﬂhmmMSafd si de
hat"’n groups has an anionic or cationic- 10 contai.ning noiety bonded or
I i nked t HOr phasmacgptiral fompogitign CABPESIPRY f 'ryf‘i?%of term nal groups

wherein at |east one of said

® linear, non-carbohydrate polymers having a plurality of side chain groups
wherein at least one of said side chain groups has an anionic- or cationic-
.containing moiety bonded or linked thereto, and
15 - |
(i)  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 with the proviso that said pharmaceutical composition does not comprise a dendrimer having
a plurality of terminal sulphonic acid groups together with hydrocortisone; such that
angiogenesis is inhibited in said patient by said compound.

Particularly preferred compounds for use in the method of the present invention are

25 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 moieties conta.ining peuraminic or sialic acid

modified in the 4- or other position thereof, linked to side chain groups thereof, and

dendrimers having sulfonic acid-containing moieties, carboxylic acid-containing moieties,

30 phosphoric or phosphonic acid-containing moieties, boronic acid-containing moieties,

peuraminic 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. .



Term nal _groups has an anionic- or cationic-containing noiety bonded or

| i nked thereto, 15 with the proviso that said pharmaceutical conposition

does not conprise a dendrinmer having a plurality of™terinal gul phonic

acid groups together,w th hydrocortisone; such the(--&um 3— S

inhibited in said patlent by said conpound. 20 2. REPA EMLQ to

claim1l, wherein said conmpound is a-élihear polyiorni¢ polyner ofit ne
e

general formula I: PPP?PPPP 25 ; wherein: Ris a|[ngn ¢3rjpmmegs afe| nononer
unit formng a linear polymer backbone; X is an gpfional |i1nking ¢group on
the side ofOBAIMSt oups of nmononer units R, 30 and |ATSan
ani oni c-containing noiety. = TH S SHEET | AS BEEN {R_.S_REPI ACENENT FSHEET
;1.1 JUN 2000 -70 ;fo enesis in a hurran or non- prophylactic or

ther apeutig '”mﬁb&b@gfﬁf)p jAdicor hiBRion offngi \ﬁe 4.Sing a
dendrinmer having a pluralify of ter na groups, ereln at east one of
said term nal duoapsaimal patieahi which - compiriseshiadginistriation/ td othelephtient bf raked

thereto, ssaid %@énggg_%ib?{dy 08000 & % pei Dekeutical composition comprising a

conipound selected from:
i. linear, non-carbohydrate polymers having a piurality of side chain groups
o wherein at least one of said side chain groups has an anionic or cationic-

10 . _ coxﬁaining moiety bonded or linked thereto, and

if. 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,

15

with the proviso that said pharmaceutical composition does not comprise a dendrimer

having a plurality of terminal sulphonic acid groups together with hydrocortisone;

such that angiogenesis is inhibited in said patient by said compound.

~ 20 2. A method according to claim 1, wherein said compound is a linear polyionic polymer

of the general formula I:

@@@???@@

G .

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;
30 and

A is an anionic-containing moiety.

{ THIS SHEET HAS BEEN
F\‘CPLACED




aci d- cont ai ning noi eties, other than a ' 2.t hi osats o man) o) Coii.
mjdl*f’i ed neuram nic and sialic acid-contai.ning @PANQB i$J oronic
aci d-containing noieties; and iv. phosphbrig,anfl Ehosphori ¢ adi d- cont ai ni ng

noi eéties, including est eri fi ed phosphoric and ph s P 26081 d- [cont ai ni ng
noi eties. 23. A conpound according to cl7§i_m 22 wherein said dgndri ner
conprises a polyvalent core covalently 'bonded fo at [east Two dendritic
branches, and . extends through at | east two generations— 24 A gonpound
accordlngto claim?2 claim 23 erein saididendrinmer is a

pol yani doani ne de® P‘@F 6,9 E‘B?Fnﬁvd%}&ﬁwsﬁl g"éﬁ?@"‘%‘“”ﬁ“’é‘m&&ﬂa’ accor di ng
to claim22 or cl §umhal@nimallerein said dendriner is a polyan doani ne

dendri mer based on an ethylene diamne core. 26. A conpound according to
claim?22 or claim23, wherein said dendriner is a polylysine dendriner -

based on a bgpzhy n@&.lﬂ l%-gg il i vih f&tﬁm

accor di ng toagny %éﬂc al n(gc%pto %d erelhﬁ sgﬁ‘?i Ml Ccont npsﬁ'g moi ety
i s bonded to ternmwheteimat least owbﬁh@m@nﬂwdumhﬁsmamDMwonﬁm SHEET HAS
BEEN REPLACED y b i t°

sel ected from qq%gﬁ’“dl‘aﬂoﬁr éé?'fféhylﬁrﬁf%' Bﬂ%ﬁ@?gi é?frth}z“‘ggd?ﬁF g?i}'u

side chain grOUIOSselected from the group consisting of:

i. neuraminic and sialic acid-containing moieties, other than a
% 2-thiosialic acid moiety; '
' ii.  modified neuraminic and sialic acid-containing moieties;

ili.  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 2
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 corﬁpound according to claim 22 or claim 23, wherein said dendrimer is a
polylysine dendrimer based on a benzhydrylamine or other suitable core.

27. A compound according to any of claims 22 to 26, wherein said anionic-
containing moiety is bonded to terminal amine, sulfhydryl, hydroxy or other

T e

THIS SHEET HAS BEEN
REPLACED




wher ei n at | east one of said si de chain groups_h
_ has..an anionic or cationic- - -
containin +-ety=bBonded or. Lunkreet-*tﬂm'fég@';’gngbll idendrimers having a

1

pkur a Tawiokitenm-hal (grouss™ viherei'hy at 1 easfien 01! said termnal
4 N T r
Pﬁs an® fpe—r’nr"c- O?\ , at.Lqu cxcontdifi'ng. 'g'plgt y‘bo q or- /J_Lllkﬂd_i_hﬂl’_gl_guip?l
e manuf acture,o P 9grrraceut1 cal “"Gonposi.ti.opaf.or iprophyl actic or
therapé{}JBIOC i AR bi ¥ i pn} “g:of; .angi ogen s"i':s ;Stlﬁ 2. Agnan !&or go% human ani nal
pat i ent pt oVi 8o..thats sai gpharnaceut i cal

a.,
€ P} o that: sai g phar MecEUt |Hcal fonposi tion does not
COR a dendrines ﬁaw ng a plurality of termnall suhwups
to et her ydrocorit i Sope. R -RisEIPdCar.di r'I.g,I_@-—e-I! aim1l, wherein sad
6"und |s a I|near p _ﬂofWe--pﬁfyﬁEr”’f‘”—the gener al formula I: AAAAA
AAAI XXX RRRRRRRR wherein: Ris a non-carbohydrate

~ nmonomner UI’II'[C§1 1g a |linear polynmer backbone; X is an optional linkin
group on the %‘glé’;hal n groups of nononer units R and Apl S an ’
ani onic-containing noiety. RILAP 0 3 SE P 2J~i1 -62- 1|

1. Use of a compound selected from:

1. linear, non-carbohydrate polymers having a plurality of side chain groups
wherein at least one of said side chain groups has an anionic or cationic-
containing 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

TN

in the manufacture of a pharmaceutical composition for prophylactic or
therapeutic inhibitit')_r}__,of angiogenesis in a human or non-human animal patient,
with the proviso that said pharmaceutical composition does not comprise a '.
dendrimer having a plurality of terminal sulphonic acid groups together with

hydrocortisone.

2. Use according to claim 1, wherein said compound is a linear polyionic polymer of

the general formula I:

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

A is an anionic-containing moiety.



3. Use according to claim2, wherein said |inear polymer has a nmedi an range
of mmoieeul ar weight distribution from1,000 to 1,000,000. 4. Use according
1.0 |Gl My wWhereinm-—sai d |inear polyner has a nedian range of nol ecul ar
wei @qtfﬁt

wheri;n insaidli tegr. pol'ymer said nonomer unit Ris an amine or amde

bytf@n’qs from 10,000 to 600,000. 5. Use according to claim 2,
moijetly. 0@ S&Beggrc rFi‘ng to claim5, wherein in said linear polyner said
nonomeric unit R i_é ia lysine or other amno acid noiety. 7. Use according
tofclarm Z, Wwherein [n said linear polymer said |inking group X, when
present, is a functipnal linking group s@&ected fromthe group consisting
of esters, ami des, ethers, thioethers, am nes, ureas, thioureas,
carbamates and carbonates. 8. Use according to claim?2, wherein in said
linear pol yner saide LidkdiRg t@CRUR 25 wheydie Baiprimssmiolyms tas spmedian pnae Pt

sel ected fromthe group consisting of_ alkyl chajins which nay be optionally
substituted or br amidee rWallghbdéW’lb‘ﬁﬂﬂW“kbéW tog}, o or polyal kylthio
chai ns which may be optionally substituted al kenyl, multiple alkenyl,

al kynyl or multiple al kenyl chains which may be optional |y substituted,

and groups of. t he Usencotding (©QHN'3, Fhereimpspid lingpn pobyaner haya mediangapee ol oy
'-CrzG, -0- or -S; nd n.i s an b 0f: foobni@Boclodoe 15. 9. Use according
to claim1, V\herei“?'Pl%Cé{f%ﬁng {Q‘ﬁ‘g‘guﬂl‘@‘g ginlgfqogéfmmﬁi ch conprises a

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

extends through at |east .tw geneyations. 1Q. PLAE PYndrRerGhAiRMs 9
wherein said enerSﬁgfcof@n%tQp%?ﬁﬁwé‘S%% he géﬁé@?ﬁ@r Based on an amoni a
core. | i 03 SEP ZfG@mine &3mide moiety.

e

6. Use according to claim 5, wherein in said linear polymer said monomeric unit R is

a lysine or other amino acid moiety.

7. Use 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. Use 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 multiple alkynyl chains which may be optionally substituted,
and groups of the formula -(CH)p-Z-(CHa)n- whierein Z is -CH;-, CH=CH-,

".C =C-, -O- or -S-, and n is an integer of from 1 to 15.

9. Use according to claim 1, wherein said compound is a dendrimer which comprises
a polyvalent core covalently bonded to at least two dendritic branches, and

extends through at least two generations.

10. Use according to claim 9 wherein said dendrimer is a polyamidoamine dendrimer

based on an ammonia core.




11. Use according to claim9 wherein said dendriner is a pol yam doam ne
dend#pm-_"based on.an ethylene diam-ne core. 12. Use according to claim?9
g, saide dendrmpr is a polylysine dendrimer based on a

ben hydr'yfam ne-or-other suitable core. 13. Use according to claim?9

wher e ngsgl el CQ ognd i's a polyionic dendriner of the general fornula Il:

A RAATfi 00000 Al 1A A1/ AAA AAAA

wher eln: s _an_initliator core; Zis an interior branching unit; n is an

i nteger WhICh represegnts the nunber of generatlons of the dendriner; and A
1S ot -ai-Ri ng noi ety which may 6he linked to interior. branchl ng
unit Z through an optional |inking group X. 3 SE -64-

11.  Use according to claim 9 wherein said dendrimer is a polyamidoamine dendrimer

based on an ethylene diamine core.

12.  Use according to claim 9 wherein said dendrimer is a polylysine dendrimer based

on a benzhydrylamine or other suitable core.

. 13.  Use according to claim 9 wherein said-compound is a polyionic dendrimer of the
general formula II:

wherein:

1 is an initiator core;

Z is an interior branching umt;

n is an integer which represents the number of generations of the dendrimer;

and
A is an anionic-containing moiety which may be linked to interior branching unit Z

through an optional linking group X.



14. Use-according to any of clains 1 to 13 wherein in said conpound said
ani ogie—ar._cationi c-containing noiety or noieties are bonded to am ne,
sulf%ér‘?yrf‘} ydf~oxy gr7 other reactive functional side chain or terminal
groupsjoft- e-L:[Lnea’F ppl ymer or dendri ner by am de or thiourea |inkages.
15. e according top yny of claims 1 to 14, wherein in said conpound said

ani gnijc ﬁpﬁ’ﬂmng ieties are sel ected fronlthe group consi sting of
SU|fOJFGnaQLQ__EQE%§ ing noieties, carboxylic acid-containing noieties
(i n¢luding neurammicjand sialic aci d- contai ning noieties and nodified
neura alicjacid-containing n®ieties), boronic acid-containing
noi eti es, and phosphoric and phosphoric acid- containing noieties
(including esterified phosphoric and phosphoni c aci d- containing noieties).

16. Use according to any of clains 1 to 15 wherein in said conpound the
moi ety or noieties which are bonded to am no or ofher read:%kdv&gnwg{.l onal

side chain of, tqﬁpae@ﬂrdlggmmocﬁtlamml 1o Héﬁrer%}wgrcoﬁ’rpo% rimer

sel ected from'the fol | ow ng, Bodded B &8RO salfhyaryonidtaxyer

i nteger: -67- 17.catemc-aeuyPde §°EF5¥H1 rgr claim 2 mhereln sald L conpound
is selected from g, reég{lwﬁngmal Sdd dhginafr termingl ggpqscpé ar

term nated poly-L-Tysines; ij 6- di %liI]Lf %Qapht hyl t hi ourea ter m nat ed

pol y- L- | ysi nes: i dendrimer by amide °”h‘°“1'ea a8

(8-octam do) - 5- acet ani do- 3, 5- di deoxy- 2-t hi n- D- gl ycer o- a- D- gal act o- 2-

nonul opyranosidoic acid term nat ed poly Si ne d said anionic-
3, 5-di car boxyphen;ﬂhumcmdmola@y dt?)k? erelmﬁxsald omp'oun

4- ( phosphononet hyI [ﬁheng héugymgelgggdrﬁaﬁttmjgm gonhsﬁlmfﬁglgfemc aqid- 1.

honooxyphenyF ur ea term nated poly-L-|
pk'p e containing moieties, carboxylic acxd-contalmng XIC{ICS (?ml“‘ﬁ{kq‘e“rmlmc and

sialic acid-containing moieties

moxetxes), boronic acid-containing moieties,
ieties (including esterified phosphoric and phosphonic acid-

and modified neuraminic and sialic acid-containing

and phosphoric and phosphonic acid-

conta.mmg mo

containing moieties).

16 Use according to any of claims 1 to 15 wherein in said compound the moiety or

mo1et1es 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 whichn is zero or a positive integer:



;
I
|

Vi i . -benzant d0—4~*b6f‘6ﬂ c acid term nated poly-L-lysines. 18. Use according
to clat wherein saird conpound is selected fromthe group

consi.st 17 alkyl sul fonic acid terminated dendrinmers; ii.

sul f pa et@mdeo tner]ij ted dendriners; iii. sulfosuccinamc acid term nated
dend ﬁe S “N—’(Z 1l f oet hyl ) succi nani de termi nated dendrimers; v.
4-sul f hi-our-ea ferm nated dendriners; vi.

3, 6- di sul fonapht hyl t h| ourea term nated dendr i nmers; Vvii.

4- sulfomaphthylthiourea term nated dendriners; wviii.

3, 5-di -sul fophenyl t hi ourea term nated dené?rrrers ix. 3, 6,

8-tri-sul fonaphthylthiourea termnated dendriners; X 4-(sulfonethyl)
benzam de term nated dendriners; xi. 4-sul f obenzami de ter ni nat e%f?é}
dendrimers; xii7. Nsedewulifpmphdaip ) opmlmmeehdrein saié compeundds sissiedifomy be

Xiii. 4- sul f ophenyl ur ea term ated dendriners; xiv.

N, N, N-tri-methyl gl FHUPFRRT! HEe g‘r m nated dendriners; xv. 4-trinmethyl anmoni um
benzam de term natgd dﬂ%dffbﬁﬂéﬁ?ltm&ﬁréfﬁﬁ&ﬁhthd p@9-L-byxines; .

(8- oct anami do) - 4- am no- 5-acetam do- trideox -ﬁlthl - D-glycero-a-
D- gal act o- 2- nonul opiyr aﬁﬁlﬂéf%aﬁﬁhﬂtm%?%tm%ﬁe% HBPL: xxxiii.

4-benzam dobor oni c;;aci gS b&hmldY %eﬂegﬁﬂﬁ@ SRidBoxy-2X%d-D-glycero-a-D-galacto-2-
5-di car boxyphenylllthl urea te m nated dendri ners; _ Xxxv.

3,
4- phosphonopheny! t hi our @antlepyrinesideit adidremmipgedpoly-kslygipes:
4, 6- di phosphononapft hyl;t ni,0uE 68 54 &V ih{3at e derfiMd J8BY-B-lysines;

. v.  4-(phosphonomethyl)phenylthiourea terminated poly-L-lysines;
!

vi.  l-phosphonooxyphenyl-4-thiourea terminated poly-L-lysines;
and

-

vil. benzamido-4-boronic acid terminated poly-L-lysines.

18.  Use according to claim 1 or claim 9, wherein said compound is selected from the
group consisting of:
i.  alkylsulfonic acid terminated dendrimers;
* 1. sulfoacetamide terminated dendrimers;
iii. sulfosuccinamic acid terminated dendrimers;
iv.  N-(2-sulfoethyl) succinamide terminated dendrimers;
v.  4-sulfophenylthiourea terminated dendrimers;
‘ L. vi.  3,6-di-sulfonaphthylthiourea terminated dendrimers;
- vii. 4-sulfonaphthylthiourea terminated dendrimers;
viii. 3,5-di-sulfophenylthiourea terminated dendrimers;
ix. 3,6,8-tri-sulfonaphthyithiourea terminated dendrimers;
.x.  4-(sulfomethyl) benzamide terminated dendrimers;
xi. 4-sulfobenzamide terminated dendrimers;
xii.  N-(4-sulfophenyl) propanamide terminated dendrimers;
xiii.  4-sulfophenylurea terminated dendrimers;
xiv.  N,N,N-tri-methylglycinamide terminated dendrimers;

XV. 4-trimethylammonium benzamide terminated dendrimers;



..an anionic or ca

xxxvii. fluoresceinthiourea term nated dendriners; and XXXviii.
1=3shoromi-c—aehd) - thiourea term nated dendrinmers. 19. Use according
iriof. 1:q 18, wherein said treatnment conprises inhibition of
-0geneési’s i a“gat{ient, treatnment of chronic inflammation, diabetic
OpRL Y% £pPSE ;,i'gsi s and rheumatoid arthritis and other conditions where
h ~“of new Dl oqd jvessel s is involved, prevention of restenosis by
it wasedl gr snmooth nmuscle cell proliferation, acceleration of
wound heal i ng by actijvation of the release of active growh factors stored
in the extracelturar matrix, and inhibi-tsoen of tunmour cell netastasis by
i.nhi bition of angi ogenesis. 20. Use according to any of clains | to 19,
wherein said treatnment is treatnent of a hunan patient. 21. A
phar maceutical or veterinary conposition for prophylactic or therapeutic
i nhi bition of angi o)gene i oséta}lggnﬁopy_%%ooyamihmrﬁ-aidiemmyl-z-thmpcg-lyféfé?rﬁ'ri ses
¥hi ¢\ near pol ymer or dendri ner, as. def i n8fmep; any of
clains 1 to 18, in associ dd-igalactoiltienulopyranasidoyact tﬁ’é‘?lﬁ%geu{}i 031 ﬁ’/ or
veterinarily acceptable carrie r:.did ; endrirge@pound conprising a
dendri mer havi ng @‘X@P-ur%\‘l FW&@?@P‘%%‘&#%%%%? 2‘?& n at | east one of
sai d termn nal grogp,gv_has,smﬁcamdxwﬁenymwa#%Wﬁa‘ﬁ%ii 0 3 SEP 2D0 - 70-
bonded or linked thereto, said aniopnic- §o i igéry; bei ng sel ected
fromthe group coff&Vst F%°W9nquewgt“%§%gﬁl c alrtlécailgls?iﬂglii cg,ci d- cont ai ni ng

moi eties, other thap.a a:4dipkshi@nonaphtiytthiomss erpinatefl BT ed neur am nic
and stalic acid- C:?Q):vil mﬂrllxgregtglineﬁtxiggrseé terminated dendrimers; and

. XXXViil. (phenyl-3-boronic acid)-thiourea terminated dendrimers.
(o :

19 Use according to any of claims 1 to 18, wherein said treatment comprises inhibition

of angiogenesis in 2 patient, treatment of chronic inflammation, diabetic |
retinopathy, psoriasis and rheumatoid arthritis and 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

trumour cell metastasis by inhibition of angiogenesis.

20 Use according to any of claims 1 to 19, wherein said treatment is treatment of a

' : human patient. _

21-. A pharmaceutical or veterinary composition for prophylactic or therapeutic
ihhibition of angiogenesis in a human or non-human animal, which comprises 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 cammer

or diluent.

22 A compound comprising a dendrimer having a plurality of terminal groups,

. . Lo . oiet
wherein at least one of said terminal groups has an anionic containing motety
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to claim?22 or a|n123 mhere said dendriner is a
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conmpound according to claim22 or claim23, wherein said dendri ger
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24.
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27.
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phosphoric and phosphonic acid-containing moieties.

d- pontaln!ng nnletles and iv. phosphoric and phosphonic
moi-et i gnlégclxgrng estgrlfled phosphori ¢ and phosphonic

- es’ conmpound according to claim 22 wherein
conprlses ap vaalent core covalently bonded to at | east tmzald
Icc Q? ep: mmmﬂ entends through at |east two generations. 24. A

rding to cla 22 or claim23, wherein said dendriner

is a

A
is a

ani oni c- contalnl? ogroiety is bonded to termnal ‘amne, sulfhydryl, hydroxy
1. neuraminic and sialic acid-containing moieties, other than a 2-thi§sia.lic acid
moiety;
ii. modified neuraminic and sialic acid-containing moieties;
iii. boromnic acid-containing moieties; and
iv. phosphoric and phosphonic acid-containing moieties, including esterified

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.

A compound according to claim 22 or claim 23, wherein said dendrimer is a

polyamidoamine dendrimer based on an ammonia core.

A compound according to claim 22 or claim 23, wherein said dendrimer is a
polyamidoamine dendrimer based on an ethylene diamine core. '
A compound according to claim 22 or claim 23, wherein said dendrimer is a

polylysine dendrimer based on a benzhydrylamine or other suitable core.

A compound according to any of claims 22 to 28, wherein said anionic-containing

moiety is bonded to terminal amine, sulfhydryl, hydroxy or other



