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substances, and in particular it relates to the use of dendriners as

bi ndi ng agents for toxic pepti des, proteins, or polyam nes and ot her
toxic materials or substances. BACKGROUND OF THE | NVENTI ON 10

Dendrimers are 3-di mensional polyneric materials of |ow polydispersity
which are char act arinBRONRY Téxit #AHEkiALY BR 8ErsPANEH IS SeNpRIVER§IAI  gr oups.
In addition the manner in whi ch these materials are prepared all ows
tight control over the size, shape, and nunber and type of surface
groups. Dendrit] | everal features that are useful for 15
use as therapg%m%fé#ﬁg&ﬁsyzd shape which presents a | arge and
defined surface with which to interact with biol ogical surfaces and”

receptors; and the_| arge number of term nal &Jroups allow for nultiple
i nteractionsd with This inentichelates tq ihigition of toxins and other toxic maigrialitronal Pat ent

ADpI | Cat | ons Mg BCTLARSLGED, (HRPBARET) aaRsn2d ETHAELLAOR (IO

98/ 03573) dis rs suc ne or yS|ne
dendri mer s haypeptigles ppdatmm,lortpy}yamlrteemmqﬁaért@ﬁ@mpmiambembsmmm Ieast one of

t he term nal groups has an anionic- or cationic-containing noiety
bonded or |inked thereto. The contents of these published International

patent appli CHACKEROUND OF AHIDINYENTION €i N by reference. 25
The present invention provides the use of dendritic polyners in the

i nhi bition B ‘toxic materials or substances, including but not |imted
to toxins or toxi CDQ:?&%HQ?%&:%%&%MI polymeric materials of low polydispersity which are

characterised by a large number of surface terminal groups. In addition the manner in
which these materials are prepared allows tight control over the size, shape, and number
and type of surface groups. Dendritic materials have several features that are useful for
15 use as therapeutic materials: fixed shape which presents a large and defined surface with
which to interact with biological surfaces and receptors; and the large number of terminal

groups allow for multiple interactions with the biological targets.

International Patent Applications Nos. PCT/AU95/00350 (WO 95/34595) and
20 PCT/AU97/00447 (WO 98/03573) disclose dendrimers such as a polyamidoamine or
polylysine dendrimers 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.
The contents of these published International patent applications are incorporated herein
by reference,
25
The present invention provides the use of dendritic polymers in the inhibition of
_ toxic materials or substances, including but not limited to toxins or toxic peptides such as
snake, scorpion, spider and bee venoms, as well as toxic peptides or other toxic materials
or substances released during bacterial or viral infection.
30



snake, scorpion, spider and bee venons, as well as toxic peptides or other

toxic materials or substances rel eased during bacterial or viral
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SUMVARY COF THE | NVENTI ON According to the present invention,
there is provided a nethod of prophyl atttc or t herapeutic inhibition of

a toxic material or substance in a human or non-human animal 5 patient,
whi ch conprises admnistration to the patient of an effective anount of a
dendri mer haSUYMARY QFTHEYNYENTIONi nal groups wherein at |east one of
said term nal groups has an ani onic- or cationic-containing noiety
bonded or |inked thereto. Particularly preferred conpounds for
use in the method Akoddiisg tpltl&s;ﬁdssbntilmeﬁuiﬁﬂ merelﬁ peovddedenmethodeof prophylactie or

sul fonic aC|d cont ai ni_ng .noi eti es, carboxylic acid- conta| ni n noi et i-es,
phosphori ¢ or ﬁq‘%%‘ﬁﬁéfﬁ'i‘@“%‘?f(f ‘B’Sﬁf“éfeﬁf’lnar F‘é’ﬂ‘ieéga g, o ’Pn'@mﬁnéﬁlﬁla i ni ng
moi eti es, gazngﬁ,cﬁ Comprideb GdrfinistatfoR a;eryaaau WPkl feRfvedmdiRi 61td €S

cont ai ni ng m) neuramnic or sialic acid, prinary, secondary,
tertiary or qalmtlnmclahaymm pharality of wmmmlggronpswmemm gsleaspgneuqﬂ iszid tarménght ai ni ng
noi eti es; guan um cant.ai ni n 1 es; tai ni ng

noi eti es; pheﬂBVBSQBﬁP‘éF%P’Hb W@’Hc"cso ’P%lr%qﬂ °6é‘“’gs stﬁ%g%am dic or
basi c hydrogens; zw tterionic-cont a| ni ng noi et | es or m xtures of the
above noieties, linked to term nal groups, there

conpounds used i n RapHeulgy merderad qoprpeunds for s B‘ffh%F'\SmP%P%ﬁhF SEFSE “I'YSPtéth as 20
pol yi oni ¢ qgnge lyoRe ﬁm ,{g%ﬁmﬁ@m Eohtditif um{eaey gmbszyna héigcom&ringi cati on

and the clains | ow t o 1 ncl ude not onyt € dendriners per se,
but al so t hei mojeties; phasghmmmlphgspbmnc acid-containing moieties, boronic acid-containing

moieties, neuraminic or sialic acid-containing moieties or moieties containing modified

neuraminic or sialic acid; primary, secondary, tertiary or quaternary amino-containing

moieties, pyridinium-containing moieties; guanidinium-containing moieties; amidinium—
15 containing moieties; phenol-containing moieties; heterocycles possessing acidic or basic

hydrogens; zwitterionic-containing moieties; or mixtures of the above moieties, linked to

terminal groups thereof.

The compounds used in the method of this invention are referred to herein as
20 polyionic dendrimers, and this term is used throughout this specification and the claims
which follow to include not only the dendrimers per se, but also their pharmaceutically or
veterinarily acceptable salts, for example the alkaline metal or alkaline earth metal salts
such as the sodium, potassium or calcium salts, as well as pharmaceutically acceptable
anions such as fluoride, chloride, bromide, iodide, citrate, acetate, p-toluene sulfonate,
25 and the like.

DETAILED DESCRIPTION OF THE INVENTION

Preferred compounds used ift accordance with the present invention include

30 polyionic dendrimers of the general formula I:



veterinarily acteptable salts, for exanple the alkaline netal or alkaline

earth netal salts such as the sodium potassiumor calciumsalts, as
wel | as pharmaceutically acceptabl e ani ons such as fluoride, chloride,
brom de, iodi deWepwyszd%e, acetate, p-toluene sulfonate, 25 aneCuhwsstonice.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON Preferred conpounds used
I n accordance with the present invention include 30 polyionic dendriners of
the general fornula I: WO 00/ 15239

PCT/ AU99/ 00762

5

5
I
10
wherein: I is an initiator core;
15 Z is an interior branching unit;
n is an integer which represents the number of generations of the
dendrimer; and
A is an anionic- or cationic-containing moiety which may be linked to
interior branching unit Z through an optional linking group X.
20

Dendrimers are macromolecular highly branched compounds formed by reiterative
reaction sequences starting from an inijtial, 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

25 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 repeating units (Z)
attached to the initiator core; iii functional terminal groups (such as moieties A) attached to
the surface of the dendrimer, optionally through linking groups (such as linking groups X).
The present invention uses dendritic structures as frameworks for the attachment of fonic

30 moieties; the invention is not limited to the spherical dendrimers described in detail herein



wher ei n: | is an initiator core; 15 Zis an interior
branchi ng unit; nis an integer which represents t he
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The preparation of dendriners is well known, and is described by vva of

exanpl e in dO0Lpiliwatereralsignsnpet strangiipagents 3n the manufaetere gBRRDET &RA-4Si28¢

dendri ners base trent S
Noo. 4,507, 466, "3 Ba 55 kLEG et LiEh es B h s A2 stheie o

dendri mers baseBatents Boshd28%8T2and Hréd 0,688 that thodspdriincs hased on lysinPanifavian be used

as substrates for the preparation of pharmaceutical dosages.

15 International Patent Publications Nos. WO 88/01178, 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 materfal. 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 biologicat

20 response modifier, and optionally a target director. These patent publications together with
the U.S. patents mentioned above contain a broad disclosure of various dendrimers and
processes for the preparation thereof, and the disclosure of each of these publications is

incorporated herein by reference.

25 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 88/01178, WO 88/01179 and WO 88/01180. The term also

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

30 The preferred dendrimers of the present invention comprise a polyvalent core



dendriners). The dendrimers disclosed in these US patents are described as

bei ng suitable for uses such as surface nodifying agents, as netal
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t hrough at | east
linkages. Preferred anionic- or cationic-containing moieties which may be bonded to the’

terminal groups of the dendrimer include sulfonic acid-containing moieties, carboxylic acid-

15 containing moieties (including neuraminic and sialic acid-containing moieties and modified
neuraminic and sialic acid-containing moieties), boronic acid-containing moieties,
phosphoric and phosphonic acid-containing moieties (including esterified phosphoric and
phosphonic acid-containing moieties) and primary, secondary, tertiary or quaternary
amino-containing moieties, pyridinium-containing moieties; guanidinium-containing

20 moieties; amidinium-containing moieties; phenol-containing moieties; heterocycles
possessing acidic or basic hydrogens; zwitterionic-containing moieties; or mixtures of

the above moieties.

Suitable anionic- and cationic-containing moieties which may be bonded or linked to
25 the amino or other terminal groups include, by way of example, the following groups (in
which n is zero or a positive integer, more particularly n is zero or an integer of from 1 to
20):
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Ri R= alky!l or arylalkyl; Ry, Ry, R, (which may be

—R——T’\Rz same or different) = alkyl or arylalkyl
Ry

In addition to the above, various neuraminic or sialic acid-containing moijeties or

10 modified neuraminic or sialic acid-containing moieties may be bonded or linked to the
dendrimers in accordance with this invention. These moieties include the various N- and O-
substituted derivatives of neuraminic acid, particularly N- and O-acyl derivatives such as N-
acetyl, O-acetyl and N-glycolyl derivatives, as well as moieties in which the neuraminic acid
group is modified. Suitable modified neuraminic groups include groups which are

15 substituted in the 4-position with an amino, amido, cyano, azide or guanidino group, as well
as unsaturated neuramine acid groups. These moieties may be linked to the dendrimers
through the 2-, 7-, 9- or 5-NAc positions.

Preferably, in the polyionic dendrimers of the general formula I, n is an integer of
20 from 1 to 20 or more, more preferably from 1 to 10. Preferably also, the dendrimers include

at least three or more terminal groups.

The optional linking groups which may be present to act as a spacer between the
dendrimer and the moiety A, may consist of an alkyl chain (optionally substituted or
25 branched), an alkoxy, polyalkoxy, alkylthio or polyalkylthioc chain (optionally substituted),
or an alkenyl, multiple alkenyl, alkynyl or multiple alkynyl chain (optionally substituted).
Suitable spacer chains include groups of the formula -(CH,),,-Z-(CH,),,-, wherein Z is -CH,-,
-CH=CH-, -C=C-, -O- or -8-, and m is an integer of from 1 to 15.

30 The anionic or cationic dendrimers of this invention may be prepared by standard
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chemical methods which are well known to persons skilled in this art. Suitable methods are

described by way of the example in Examples below.

As previously described, the anionic or cationic dendrimers of the present invention -
5 have been found to inhibit toxic materials or substances. The term "toxic materials or
substances" as used herein is intended to refer in particular to toxins of biological (animal,
plant, microbial or viral) origin, including but not limited to animal toxins or toxic peptides
such as snake, scorpion, spider and bee venoms, toxic polyamines, and toxic peptides or
other materials or substances released during bacterial infection (such as bacterial

10 endotoxins and exotoxins), or during protozoal, fungal or viral infection.

The term "inhibition" is used herein in its broadest sense to include either full or
partial inhibition or suppression of the toxic effect of the toxic material or substance in a
human or non-human animal patient. The term is also used to encompass both prophylactic

15 and therapeutic treatment.

Thus, in another aspect the present invention provides a pharmaceutical or veterinary
composition for prophylactic or therapeutic inhibition of a toxic material or substance in a
human or non-hurnan animal patient, which comprises a dendrimer as broadly described

20 above, in association with at least one pharmaceutically or veterinarily acceptable carrier or

diluent.

The formulation of such compositions is well known to persons skilled in this field.
Suitable pharmaceutically acceptable carriers and/or diluents include any and all
25 conventional solvents, dispersion media, fillers, solid carriers, aqueous solutions, coatings,
antibacterial and antifungal agents, isotonic and absorption delaying agents, and the like.
The use of such media and agents for pharmaceutically active substances is well known in
the art, and it is described, by way of example, in Remington's Pharmaceutical Sciences,
18th Edition, Mack Publishing Company, Pennsylvania, USA. Except insofar as any

30 conventional media or agent is incompatible with the active ingredient, use thereof in the
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RI : R= al kyl or arylalkyl; R, R2, R3 (which may be
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addition to the above, various neuramnic or sialic acid-containing
moi eties or 10 phaatiaceusigalrempesitiong pithepressnbinyentign isoptemplaies Seppigmeatanes may

be bonded of | | i@lntRaibfcan a1so AL BRI ) REGARAGHIGE W th this

i nvention. Thed& ties 1nc vari ous substituted
derivatives of neuramnic acid, particularly NN and 0-acyl derivatives such
as It is especially advantageous to formulate compositions in dosage unit form for ease
5 of administration and uniformity of dosage. Dosage unit form as used herein refers to
physically discrete units suited as unitary dosages for the human subjects to be treated; each
unit containing a predetermined quantity of active ingredient calculated to produce the
desired therapeutic effect in association with the required pharmaceutical carrier and/or
diluent. The specifications for the novel dosage unit forms of the invention are dictated by
10 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.

In yet another aspect, this invention provides the use of an effective amount of a
15 dendrimer as broadly described above in the prophylactic or therapeutic treatment of, or in
the manufacture of a medicament for prophylactic or therapeutic treatment of a human or

non-human animal patient by inhibition of a toxic material or substance.

A variety of administration routes are available. The particular mode selected will
20 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 thz;t is meaically acceptable, meaning any mode that
produces therapeutic levels of the active component of the invention without causing
clinically unacceptable adverse effects. Such modes of administration include oral, rectal,
25 topic_al, nasal, inhalation, transdermal or parenteral (e.g. subcutaneous, intramuscular and
intravenous) routes. Formulations for oral administration include discrete units such as
capsules, tablets, lozenges and the like. Other routes include intrathecal administration
directly into spinal fluid, direct introduction such as by various catheter and balloon
angioplasty devices well known to those of ordinary skill in the art, and intraparenchymal

30 injection into targeted areas.



acetyl, O-acetyl and N-glycolyl -derivatives, as well as noieties in which
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The optional |inking groups which may be present to act as a spacer between

t he dendr i mererared byisay abthe mpthads well knovmdn the ars pf pharmacyy Suethygethods include
tional | bst : XV« .t hi
Ol o b s S B d ROl ton RO YLk L

nul tipl e al kenyloneak kyreydcesasoryritigtediehs. Bl geyieryl, the hepositiops are pedphned by uniformly”
U0 L), A SRR LI SRR LB

mis an integer gfiafd QMY bari€, dooth, aRPthen, if necdby, AR the Sodsct i oni ¢

dendrimers of this invention may be prepared by 'standard WO
00115239
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chemi cal net hods whi GPmRPEoNsAf e prssent fnyention syitable for pral administpagiod may be

Sui t abl e met hodspradesited as digsét ikiBGuddyas\s@sules, chdhsts axtlePbiclozengésy dth eRaihing aw.
As previously described, the anionic, or cationjc dendrinmers of the present

i nvention 5 A8veredsisamined amernt of tha RGIYF FOMPREERL AIPETOMSS 8F 352 SERTBUGESE. The
term "toxic matgfhahs righor or non-aqueous liquid such as a syrup, an elixir, or an emulsion.

Compositions suitable for parenteral administration conveniently comprise a sterile

aqueous preparati'on of the active component which is preferably isotonic with the blood of

15 the recipient. This agueous preparation may be formulated according to kno% methods
using those suitable dispersing or wetting agents and suspending agents. The sterile
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

20 solution and isotonic sodium chloride solu'ﬁon. In addition, sterile, fixed oils are
conventionally employed as a solvent or suspending medium. For this purpose, any bland
fixed oil may be employed including synthetic mono-or di-glycerides. In addition, fatty

acids such as oleic acid find use in the preparation of injectables.

25 The active component may also be formulated for delivery in a system designed to
administer the active component intranasally or by inhalation, for example as a finely

dispersed aerosol spray containing the active component.

Other delivery systems can include sustained release delivery systems, Preferred

30 sustained release delivery systems are those which can provide for release of the active



substances"” as used herein is intended to refer in particular to toxins of
bi ol ogi cal (ani mal, plant, microbial or viral) origin, including but
not limted towaphBhet OXiNs or toxic peptides such as saak®ss/ear pi on,
spi der and bee venons, toxic polyam nes, and toxic peptides or ot her
material s or substances released during bacterial infection (such as
bacterial 10 endot oxi ns and exotoxins), -&-during protozoal, fungal or
viral infection. The term"inhibition" is used hereininits
br oadest sense to include either full or partial inhibition or

suppr essi on of cédponenodf theghfeation infsustdimedtrelrase peltetsariceisules. Marystypasof sustaingd

human or non-hunan anj nal patient..The fermis. also us t o, en ass both
prophyl actic 1% ?ﬁﬁ&#ﬁ@éﬁ%ﬂ?ﬁ xe ?‘fal:}%‘??‘rethe.se include, Ib“t_ are nﬁﬂﬁ“ﬁﬁ%t,o‘ ﬁjﬁ%g%bqnﬂler
aspect the presaimd il \WhthitR bV OB Ren@isRORAMEE Riflih 8 MatrX] andbpdiffadonal
conposi tion for” prophylactic or therapeutic inhibition of a toxic mater]al
or substance i systems in wWhishdhe astivarompauarhPeraaitpdt a sentiolled ratothongh pAiRers & a

dendriner as ggé}e&x@g@gﬁ;k&ﬁﬂ?@&a,@taayx%gb%ygma%ﬁ&sé Feh Wbt i e G0N

phar maceut i cdl I'y or inari accept carrier or

The fornul ati ofordfmpltatiorconposi tions is well known to persons slklled in
this field. Sui t abl e pharnmaceutically acceptable carriers and/ or

di luents include any and all 25 conventional solvents, dispersion nedia,

fillers, solid carrirgf fiv@stngRHt SRR inGRGHhyRetRally or tﬂé}ﬁﬂeﬁﬁ&llgreff@dtiv@nd
antifungal agents, isotonic and absorption delaying agents, and the |ike.
The use of suclmoents.oA areaphylgeicelly drdherapatioaliy effactivednapntmeany thatamanhinces i s

rell Ko 1 po e A koG5S M P R BT 00
Conpany, Pennsyrogasdbian of or'haltlaktogegtier, itiesomba ior progisyondd thegarienlar amditiondelhg or
SO R LR & Bt o IS gt CMGHST et b, e
WD 00115239 pend, ’ p g ’
PCTI AU99/ 00762 severity of the condition and individual patient parameters including age, phy]sﬂzal condition,
size, weight and concurrent treatment. These factors are well known to those of ordinary
15 skill in the art and can be addressed with no more than routine experimentation. Itis
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.
20
Generally, daily oral doses of active component will be from about 0.01 mg/kg per
day to 1000 mg/kg per day. Small doses (0.01-1 mg) may be administered initially,
followed by increasing doses up to about 1000 mg/kg per day. In the event that the response
in a subject is insufficient at such doses, even higher doses (or effective higher doses by a
25 different, more localised delivery route) may be employed to the extent patient tolerance
permits. Multiple doses per day are contemplated to achieve appropriate systemic levels of

compounds.

The active component according to the invention may also be presented for use in the

30 form of veterinary compositions, which may be prepared, for example, by methods that are



pharmaceutical - conpositions of the present invention is contenplated.
Suppl enent ary active ingredients can also be incorporated into the
conposi tions. It is especially advantageous to formul ate
conpasitions i rwdowgd® unit formfor ease $ of adm nistrati BAT/AH8P/00762
uniformty of dosage. Dosage unit formas used herein refers to

physi cal |y discrete units suited as unita{ dosages for the human subjects
to be treated; each unit containing a %”r edeterm ned quantity of active
i ngredi ent cal cul ated to produce the desired therapeutic effect in
association with the required pharnmaceutical carrier and/or di l.uent.
The specificati B?i’é’effttS’Palt’ﬂgmﬁ‘&vgf?‘%%‘a‘{féu‘a‘ﬁiefmf‘w frrmppsitioppinchide thoseada F‘i}
dictated by 10 ﬁgd directly dependent on (a) the unique characteristics of
the active ingredient and the particul ar therapeutic effect to be

achi eved, and (b) th@)l i roral admipistrationhextenal application, for exagiple drenchen{se. paticpus
such an active ingredient for the palréi cul ar treat)npﬂgt.s boluses: powders I n-yet
anot her aspect, this i nvé’ﬁf‘?’ﬁﬁquﬁ?"g\ff’& ISORBSPLEBY AR CE LT STHIV AR int of a
15 dendrimer as broadly gesales bestiiah fotadiniktir®&ith fp bytfagiastes fof agplicitidads!the
treatnment of, or in the manufacture of a nedi canment for prophylactic or
t herapeutic treatnent of '@@&8&nman or non- human ani mal patient by
inhibition of a toxig,m | (s iR

adm ni stration route )ar é’gge\b%l géﬁ‘lg’g@%’gq%??‘?‘f‘%lﬁf’%?“bﬁ% eeoggllect euga%/r\nar% 20
depend, of course, upon tilteavemous irgection, egoasth steribnsobaiongr suspasiod; arfwherhe
dosage required for thera ic efficacy.. The rr}?thods of. this, . .

i nvention, generally speﬂ?’ﬁﬁ&%l jegtion Where ¥ SHSPSRRion G dpdutipp is
adm ni stratiop that is naghdaatddyintd eeaaiablifhe ANI Ng any node t hat

produces therapeutic |evels of the active conponent of the invention,

wi t hout causing @) i nitenir! gpplisaiionehe ABR EreaEhARIBIIGY Spray applied ttheddwsorof
adm ni stration inclu or; : L Cadam , I nhal ation,
transdermal or par en@Zr allﬁ‘%ag%ﬁﬁlég%%&%gﬁ%sg%g: I nté}éa}ﬁrfﬁé'cul ar and

i ntravenous) routes. Formul ations for oral admnistration include discrete

units such as capsul es, -tablets, .| oz es.and the like. her routes
i ncl ude intrat hecal aﬂ'&‘ﬂ‘i‘ﬁ?&&'ﬁ’ﬁf?"(ﬁﬁﬁm‘m ?ﬂgéﬁfw WWFIE)?‘%]B?”ngﬂlesfl G r ect
i ntroduction SUedhuRés dMer¥RE, tRiAGor8 2daiSe", s ViriRaink Q@A as "confdrigdsO bt ‘Rdiiprising",
devices well known to those of ordinary skill in the art, and

i nt r apar enchynaMibe widewstoof gmimphit e inglusien afp datechinteger or group of iatsgers bytnos the
PCTI AU99/ 00762

exclusion of any other integer or group of integers.

BRIEF DESCRIPTION OF THE DRAWINGS

20
In the accompanying drawings:
Figures 1 to 4 show the effects of various concentrations of BRI 2923 in
inhibition of the HIV toxic Vpr peptide fraction P3.

25 Further features of the present invention will be apparent from the following

Examples which are included by way of illustration, not limitation of the invention. In the
following Examples, PAMAM dendrimers refer to polyamidoamine dendrimers based on an
ammonia core as detailed in US Patents Nos. 4,507,466, 4,558,120, 4,568,737 and
4,587,329, PAMAM (EDA) dendrimers refer to polyamidoamine dendrimers based on an

30 ethylene diamine core; and BHAIlys,lys,lys, dendrimers refer to polylysine unsymmetrical



The conpositions may conveniently be presented in unit dosage form and may

be prepared by any of the nmethods well known in the art of pharnacy.
Such net hods | maaodk@239 the step of bringing the active conparsRnaEn
association with a carrier which constitutes one or nore accessory

ingredients. In general, the conpositions are prepared by uniformy"” 5 and
intimately bringing the active conponent-§¥nto association with a liquid

carrier, a finely divided solid carrier, or both, and then, if
necessary, shaplngnthe pr oduct . Conposi tions of the present
i nventi on sui t adsndtimess based pn a@enzhydsylamine gere and lypiae branchingamishasalescabediinddy et e

units Such as CARRNNS, o SRSHR! B sLABLEL SilbohRRRNGNR. (ERRNLSOMAAD 19 2 10

predet erm ned amoun ve conpone
suspension in aPAMAMaQuEmmM BQ;JMM@\IM #.0/PANARDSLS of hightir dereration, PANAMY4.0D,

an elixir, or apn_enul sion. sit' n

par ent er al adm %04 and W%m%egﬁms @gﬁgp ¥e %ﬁéfyéwziyéb tﬁﬁA‘Xﬁfﬁ%@ﬁ%" S8
preparation o e r e
Dl ood of 15 ¢ Re o B S LA L B Al
accordi ng to knahigheegdnedtions prepatsi agdestried insUS PatbieNal. ﬁ@&?@wl%%\/\et ti ng

250 be a st er TR M SERIR 356 TR and et R PR RERETRR ek WB

par ent er al | y- acggptial| wods/01eTy, WO 88/01 186 ahd Wp9s/2i0a Mpif@red to #bos@! ution in

pol yet hyl ene gl ycol . Anong t he acceptabl e vehicles and sol vents that
may be enployed are water, Ringer's 20 solution and isotonic sodium
chloride sol ypion. In addition, sterilegfinperqi!s are conventional ly

enpl oyed as a solvent or suspending nedium For this purpose, any bl and
fixed oil may be enpl oyed including synthetic nono-or di- glycerides In
addi tion, fattyE ol ei.c,aci ara‘& Lon of

i nj ect abl es %acmm D%QCPHEI 5&P 6'{}1 %Wb%ﬁ‘é ?“W&%Qa{@gy lt%o‘fanf ﬁE{f ot

delivery in a syigé aifodRSicileEminated dendr@ied) St er the active conponent
intranasally or by inhalation, for exanple as a finely di sper sed
aerosol spray containing the active conponent. O her delivery
systens can ijgchude pighRt ngd rel ease delivery systens. Preferred 30
sust ai ned rel ease delivery systens are those which can provide for rel ease
of the active Solid sodium carbonate (0.13g; 1.0mmol) was added slowly to a stirred solution of

2-acrylamido-2-methyl propane sulfonic acid (0.41g; 2.0mmo}) in water (3ml). After
the evolution of gas had ceased, the pH of the solution was 8.0. A solution of
PAMAM 1.0 (0.12g; 0.33mmol) in water (1ml) was then added to the solution

20 followed by the addition of four drops of a 40% aqg. solution of benzyl
trimethylammonium hydroxide. The solution was then heated under nitrogen at 60°
for three days and then concentrated. The residue was purified by gel filtration
(Sephadex G10; water) and then freeze dried to give the sulfonated PAMAM 1.0
dendrimer as an off white solid (0.51g). 'H and *C nmr spectra showed a mixture of

25 dialkylated and monoalkylated PAMAM 1.0 dendrimer ( ca. 70:30). 13¢ nmr (D,0):
831.0,31.1,37.1,37.7,41.3, 48.6, 51.5, 53.1, 53.4, 55.6, 56.2, 61.2, 61.5, 178.3,
179.0,179.8.
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conponent of tHe ?ﬁ weftion in sustained rel ease peI | ets or Gapsussors2VRNY
types of sustal ne rel ease delivery systens are avail able. These

i nclude, but are not limted to: (a) erosional systens in which the
active conponent is contained wthin a rdtrix, and (b) diffusional
systens in which the active conponent perneates at a controlled rate
through a polyner. In 5 addition, a punp-based hardware delivery system

can be used, s@®re oPAMAMI2.(are adapt ed for inpl ant ati on

The active conponent s a ni ster i cti era ut| cal l'y
effective anounF§MW§rQ)‘ﬁ?‘NF%? |"E§‘In4 %’ﬁ?’“ﬁéﬂ ﬁ)’atg?‘f;é‘

amount means that aquﬁntedlago@eﬁéaaaa@raauct aass;tmaea w yen Eﬁraﬁbﬁ QcﬂhédhﬁG@@Sl red
effect, or to delay the onset of, inhibit th prog ressdyn of , or halt
al toget her, the onsettateo)ranfbﬂmgﬁewldmd@fgltmt}ﬁﬁwhﬂe@ghfarH@Gﬁ ernsps@rmg
treated. Such_amounts wil | purse ifion
being treated® the S1W °§€\7‘8ﬁ“€ey°r%g‘faniyﬁuaée ﬁ&m{n I%tﬁcgp‘?%%? |e%1t
paranmeters includi ngsag)eﬁcmhtm)g@gl 3300 1.1,8M.1,37.7, 4$13748.7, wmsgstu aﬁcd; 56.2,
concurrent treatnent, These factors are well known to those of ordi nary 15

skill in the art an(§18a§11 1478 %d788s - Ml TH0-no nore than routine
experinmentation. It I e AR used,
that is, the hi ghest"l’kgt"a1 eeagosegxfcgi:lggr ggég%adﬁnﬁggﬁr}% medi ca judge‘ir?rlgnt It
wi || be understood hydrbxidsasiofilanresliltwasyobiiied! in the art, however, that
a | ower dose 8r tol erabl e dose may be adm ni stered for nedical reasons,
psychologicaﬂ reasons or for virtually any other reasons. 20

General ly, dailg or @aMasEso BRRI83 ve conponent wi Il be from about 0. 01

ng/ kg per day to 1000 /' kg per day. Small| doses (0.01-

nay
admi ni stered initiaPAMAM3.0yay mw@dMByZ-P%%wgr%@e%ﬂ%@%St‘@n%s@tas 1000
my/ kg per day. In thg,Ryent: ﬁxgtaatsh ££§ aﬁmcarbohzﬂe FaStdel 86 th S

insufficient at such doses; even er (or effectlge hi gher doses by
a 25 different, nor éaenhzyttaﬂrmh}eldmwehmvdquxmgtva)s oma;edbé“lmdp © oy spegtra ghowed

extent patie t ol erance n| ts t r 13

cont enpl at edq%o achi é%‘“ffp“&dtfﬂty %?d@ng%@gﬂ*?ga?‘ée‘gﬁéﬁgg 9 deg&}’m? 8%5 g0 C
nmr (D,0): 6 31.0, 31.1, 36.9, 37.4, 41.1, 48.6, 51.5, 53 .4, 55.7, 56.2,61.1,61.5,
178.2,178.9,179.0, 179.8.

D PAMAM 4.0 BRI2784
20 PAMAM 4.0 was reacted with 2-acrylamido-2-methyl propane sulfonic acid as
desctibed for PAMAM 3.0. *H and 3C nmr spectra showed a mixture of dialkylated
and monoalkylated PAMAM 4.0 dendrimer ( ca. 35:65). 1>C nmr (D,0): 5 31.0,
31.1,36.9,37.3,41.1, 48.5, 51.5, 53.5, 55.7, 56.2, 61.1, 61.5, 178.1, 178.9, 179.0,
179.8.
25



The active conponent according to the invention may al so be presented for
use in the 30 formof veterinary conpositions, which may be prepared, for
exanpl e, by nmideds2mhat are WO 00115239 PCT/AU99/00762

PCT/ AU99/ 00762 - 13 -
conventional in the art. Exanples of such veterinary conpositions include

t hose adapt ed for: (a) ot®1 adninistrati on, external
application, for exanple drenches (e.g. aqueous or.
non-aqueous sol utions or suspensions); tablets or boluses; powders, 5
granul es or pellets for adm xture with EXAMPLES £ s; pastes for application
to the t ongue; (b) parenteral adm nistration
for exanpl e by subcutaneous, intranuscul ar or i nt ravenous
i nj ection, e.gPragarstintdsodiemsalfouicemamide tecuimpted diendrimens. (when

appropriate) by intramai nmary injection where a suspension or solution-is
10 I ntroduced into the udder via the teat; (c)
topi cal appligati onpagtAl18s a cream oint rrent or spray appl ied to the

skin; or 2 intravaginally, e.g. as a pessarX %\égz ﬁr f oam
Thr oughout thi's spebuswnm@fdhmaﬂdlem&r%nomﬁ%e(&kﬂ%hi rampR e dry MK Elrplypyas
context 15 requires &Q%a\/\gnggdsgmﬁ]ﬂ\wg 22 ot%&nM I TRUE PRR1) SEHeh as

conprises" or "conprising e un eré? y the |ncIu5|on
of a stated integer mﬂn@y&lﬂpw@ﬁluﬂasﬁw@snsed)&t 20 bdurg d1eoom tegpetatnsd, vhema any

ot her integer or gro I nt egers, Rl EF DESCR P

20 I n t het lar%séw I?.Féatalrea'%eﬁagnon Was CONCenir atec#:&goﬂ: lnn'EEF)qRAV\\!e a

show the effgpts of (MRG QLTS 8N GADbAAldred Setﬁf:cn%tcr%&?aﬂmﬁform and the aqueous

i nhibition of the H?Vtoxm Vpr peptide fraction P3
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% ). >C nmr (D,0): 5 32.8, 33.3,

_ 43.0,43.5,54.4,174.5, 176 4. |

15 .
A solution of sodium sulfite (0.2g; 1.6mmol) in water (1ml) was added to a solution
of the bromoacetylated PAMAM 1.0 dendrimer desctibed above (0.36g; 0.5mmol) in
water (5ml) and the solution left to stand at room temperature for eleven days. The

yellow solution was concentrated to give a yellowish solid (0.60g). B3¢ nmr D;0): 6
20 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.
25

B PAMAM 2.0

Method 1:
A solution of 4-nitrophenyl bromoacetate (0.18g; 0.7mmol) in dry DMF (1ml) was
added to a stirred solution of PAMAM 2.0 (0.10g; 0.1mmol) in DMF (3ml). The

30 resulting yellow solution was stirred for 20 hours at room temperature, when a



25 Furt her features of the present invention will be apparent from

the foll ow ng Exanpl es which are included by way of illustration, not
limtation of javention. In the fol l ow ng Exanpl es, BAMAY, rinmers
refer to pol ya‘&r&g%g%%e dendriners based on an anmoni a cgr eAasﬂﬁZk?ai | ed

in US Patents Nos. 4,507, 466, 4,558,120, 4,568,737 and 4,587, 329; PAVAM
(EDA) dendriners refer to pol yam doam nejgendriners based on an 30 ethyl ene
di arni ne core; and BHAl ysxl ysylys, dendriners refer to polylysine

unsynmmet ri cal WO 00115239

PCT/ AU99100762 ninhydrin test was negative. The solution was then added with swithtlrg to water
dendriners based on a ‘benzhydryl am ne core an sine branching units as

d |
described in US  @a¢mberd the mixtyrezgwacgepwithrilarofamn (330 and athd ageiptyoAselBéas ne
dendrimers PAVAM 1. . P .On o PA , , 5.0 or
hi gher generati on, %&mmnzf%woa@E%ﬁ\w%@nM%%%%(lE@I y fg?e%em g@n rlerrers

BHAl ysl ys2, BHAI ys| porby@dlatddtthirihatsalutiordind 8 mixtaaalowed to stand for three days’
BHAI ysl ysZ1lys41ysSl ys16, BHAI ysl yrSZI ys4lys8l ysl6l ys32, )

BHAI ys| ys2l ys4l ys| Yasteeny tegmpesaiwe; The yellogrishnsalition wae Fen sencenieatedite give ayellow
described in US Pat : L2 ; Br 6 i
Hoa875Y and 4578230 0] desite: wil Rk ier 68400 LV Bluarion (SRpRAAGORHG! \/\%}3ZtQ give

88/ 01178, WD 88/ 011fh® sodi\Gn 88fcRdt8hidateemindedBARKM 2.Ordehdnimerdl BmgdboQamr 10

EXAVPLE 1 Reac} i an riti 0 | - lL.am do-.2- Y,
propane sul fonic ac@?ﬁbglaés&eéé@ﬁ? @n%‘%gg@dm%3%1%@?%5@2@3@.@%??%é= 15
A PAVAM 1. 0 178.5. Solid sodium carbonate (0.1 3g; 1 .0Omvol) was
added sl ow y@zo a stirred solution of 2-acryl am do- 2- et hyl
propane sul fohic acid (0.41 g; 2.0Omol) in water (3m). After

the evolution gf.40as,. had ceased, the pH of the solution was 8.0. A solution

of
Solid succinimidyl 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°/1 03

15 mmHg) to give an oily residue. The residue was partitioned between water and
chloroform, and the water layer separated and concentrated to give a viscous oil
(117mg). 'Y and '*C nmr showed the oil to be a mixture of the acylated dendrimer
and N-hydroxy succinimide. Gel filtration (Sephadex G10; water) provide a pure
sample of the acetylthioacetamide terminated PAMAM 2.0 dendrimer (29mg). B¢

20 nmr (D,0): 5 34.0,34.2, 37.03, 43.0,43.1,43.3, 53.5, 54.0, 56.3, 175.4,177.2, 177.5.

A solution of the above functionalised dendrimer in 40% agueous formic acid (7ml)
was then added to an ice cold freshly prepared solution of performic acid (1.6mmol)
in formic acid (2m1). The mixture was stitred for one hour at 0° and then for twenty
25 hours at room temperature. A small amount of activated charcoal was then added to
decompose any excess peracid, the mixture stirred for 30 minutes then filtered and

concentrated to give a viscous oil.

The crude product was dissolved in water, the pH adjusted to 9.0 with aqueous

30 sodium bicarbonate and the material desalted by passage through a column of



PAMAM 1.0 (0.12g; 0.33mmol) in water (Im) was then added to the solution
20 foll owed by the addition of four drops of a 40% ag. solution of
benzyl WO ovas2aget hyl ammoni um hydr oxi de. The sol uti on RERAYNREIEheat ed
under nitrogen at 600 for three days and then concentrated. The
resi due was purified by gel filtration (Sephadex Gl0O; water) and
then freeze dried to give the sul fonat ed!anvam 1. 0 dendrinmer as
an off white solid (O Slg). 'Hand 13C nnr spectra showed a m xture of 25

di al kyl at ed and nonoal kyl ated PAMAM 1.0 dendriner. (,ca. 70:30), 13C nnr
(D20) eSeppadsx (9. A whiesojid (20me; ) wag objaingd %Eesly?ﬂ}ygsgnf? v%sehzwas

53.6, 56.2, 61.2, 6dregrosdopit tially the samelgs3hmatérfal obkained by method\P 88 har 239
PCT/ AU99100762 spectrosdoffbatly essentially the samels¥hma L Perehoc T g

PAMAM 2. 0 (IR R0,08:742.9, 43,01 43cll , B D154, 86.5y8 16yl d2, 2761 HAALO.
propane sul fonic acid as descri bed above. The crude product was.
purified by gel filtration (Sephadex G10; wat er) and then freeze
dried to give an off white solid. |IH argkAS®PIE3 spectra 5 showed a
m xture of dial kyl ated and nonoal kyl at ed PAMAM 2.0 dendri ner (ca.

65:35). '3C nm (D20): o 31.0, 31.1, 37.1, 37.7, 41.3, 48.7, 51.5, 53.4,

55. 6, 56.2, PreeparatjonGJf's&iuﬁ%uﬁosul%ﬁarﬂic ali?igtegni e@dlﬂdrﬁngﬁsgét hyl amoni um

When the above reaction was repeated omtting the benzylt

hydroxi de a simlar result was obtained. 10 C PAVAM 3. 0 BR12783
PAVAM 3. 0 was reactﬁg ',\hhoz-acr yl am do- 2- net hyl propane sulfonic acid as
above except t#at a M\xg {-0excess of sodium carbonate was used and the

benzyl tri met fiyl ammogélam1ve ashytele: (0a $g;QMinkh&§wasdhdabdho aGiéd sofiiRa bf RAMMMEd
15 a mxture of dial kylated and nonoal kyl ated PAMAM 3. 0 dendri mer (

ca. 50:50). 13C 1.0 (0.12g; f A9 mmph dn dry HMH (3ml). The mixtamg becamg 2 liftle warmmand4 g, 6,
°1.5, 53.4, 55.7, 5@%@% the afhfdride dissolved and thelré8ilting shilflo waslsfire ovehfight-

D PAMAM 4.0 BR .
at room temperature. The solution was then concentrated (30°/10"“mmHg) to give a

viscous oil. *H and '*C nmr (D,0) showed complete conversion of the PAMAM 1.0
15... . tothe trisamide together with some maleic acid. B¢ nmr (D,0): 6 33.1, 42.8, 43.1,
54.3,135.0, 137.1, 169.1, 171.9, 1733.

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

20 temperature for four days and then concentrated. 14 and 1*C nmr (D,0) showed a
1:1 mixture of the regioisomeric sodium sulfosuccinamic acid terminated PAMAM
1.0 dendrimers together with some sulfosuccinic acid. The crude product was
purified by gel filtration (Sephadex G10; water) to afford a sample of the sodium
sulfosuccinamic acid terminated PAMAM 1.0 dendrimers (107mg). B3¢ nmr (D,0):

25 0 33.3, 39.6, 40.0, 42,9, 43.1, 54.0, 67.9, 694, 173.8, 176.3, 177.6, 181.8.

B PAMAM 2.0
A mixture of the regioisomeric sodium suffosuccinamic acid terminated PAMAM
2.0 dendrimers was prepared as described above. 13¢C nmr PAMAM 2.0 maleamic
30 acid derivative (D,0): 6 32.8, 33.0, 38.7, 42.9, 53.8, 54.3, 56.5, 135.2, 136.8, 169.2,



20 PAVAM 4.0 was reacted with 2-acryl am do-2-net hyl propane sulfonic

acid as descri bed for PAMAM 3.0. 1H and 13C nnr spectra showed a
m xture of di abéyl/ghsd and- nonoal kyl at ed PAMAM 4. ecuaneioner (
ca. 35:65). 13C nmr (D20): 8 31.0, 31.1, 36.9, 37.3, 41.1, 48.5,
51.5, 53.5, 55.7, 56.2, 61.1, 61.5, 178.1, 178.9, 179.0, 179. 8.
25 WO 00/ 15239 -19-

PCT/ AU99/ 00762 - 16- ,
EXAMPLE 2 Preparation of sodi um sul foacetanm de term nated dendrinmers.
5 A PAVAM 1.0 1719, 173.5, 144 60" Gmins R AMAM 2 sodinprefpsucpinammis acididstieatives

(0,09, 1,570 )1l FAT T BB 1, g, 530 654 8, 841985, 17,

resulting yel |l ow sojzgi omo.syag98figered for 20 hours at room tenperature,

when a ni nhydrin test was negative. The solution was concentrated
(30/ O0.lmmMHg) to give a 10 yellow oil, This oil was partitioned

bet ween wat er dc romlﬁgg he aqueous | ayer separated and
washed with cshl%'r(;r ofg}}%{%% an ?%snal ly with ethyl acetate. The

agueous sol ution waSoliglonaleintntytindk (EADg; RGumdR)yvas slded toa stifred boldtimnad @AMAMed

PAMAM 1. 0 dendri ner a | L ow qi.l - 1.00% .. 13C. D20):, 6,32.8,
33. 3, 43, 68%%‘3"%8"@&'“&?8 i oty TP Qi e el e 2%‘8\_“1}%3‘?“& of
sodium sul fite (0. 2gonkaHoMat sdlitionBitfich wdsicred Qermadh @Ctobid téingepdtire] The

of the bronpacetyl ated PAMAM 1.0 dendriner descri bed above ( Smol )

i‘ n I | wat er h(@iﬁo}‘l vegs thep ﬁ@lcsléiﬁmdi(éflh"/ 10:mHg) g givea Véﬂ“‘?%%i‘%ﬁé?ﬁgg Fature
. T | : | < i
yel L ow ohsalt d' (0. BauD:ONJevsa XS SRt HEPAGAREED G B PRl 17 &

61.7, 171.3, 177. 2. together with some maleic acid. The crude polyamide was then dissolved in water

(2ml) and a solution of sodium sulfite (126mg; 1.0mmol) in water (2ml) added. The
resulting solution was allowed to stand at room temperature for two days and then
concentrated. 'H and '>C nmr (D,0) showed a mixture of the regioisomeric sodium

15 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 with 24 regioisomeric
sulfosuccinamic acid groups (90mg). 'Y nmr (D,0): 82.4-2.6;2.7-3.1; 3.2-3.4; 3.9-
4.0.%C nmr (D,0): 836.2; 39.8; 40.5; 43.0; 43.2; 53.5; 55.8; 68.1, 69.5; 173.8,

20 177.4,177.6; 178.7;, 182.3.-

EXAMPLE 4

Preparation of sodium N-(2-sulfoethyl)succinamide terminated dendrimers
25
a Preparation of tetrabutylammonium N-(2-sulfoethyl)succinamic acid
Solid succinic anhydride (0.5g; 5.0mmol) was added to a stirred solution of
tetrabutylammonium 2-aminoethylsutfonic acid (1.83g; 5.0mmol) in dry
dichloromethane (30ml). The succinic anhydride slowly dissolved and the resulting

30 cloudy solution was stirred overnight at room temperature. The mixture was filtered



The above reaction sequence could be carried out wthout isolating the
bronbacetyl at ed dendriner by sinply adding the sodiumsulfite solution to

t he crude WO 00/15239aqueous extract obtained fromthe firsECHAMRHOPEHh. 25
B - PAVAM 2.0 Met hod 1; A solution of 4-nitrophenyl
bronoacetate (0. 1 8g; O0.7mmol) in dry (I mM) was added to a

stirred solution of PAMMM 2.0 (0.1Qg; O mol) in DVF (3m ). The 30
resulting yellow solution was stirred for 20 hours at roomtenperature,
‘é‘,hc-er,” A?Jgg / 00762 wo OOA t}lg%?t?atc concentrated to give a viscous oil (2.41g). Be nmrls}nowed complete

ni nhydrin test was c&%?sldn\tememﬁrea%dﬂbix&ﬂe Wasthérth AGGEAmktdf SW¥cinkd 2201, T 0
wat er (1 50m) and the mxture extracted with chl orof orm (3X)

and ethyl acet ate. Bapeattdipr¢cipitation of the produst bysdsapwing aditiopoéa dighlorpmethagemol )
in water (Im) was glﬁggndto ﬁq?rgp&gg{s%gﬁxtethx dct%;er Igaveﬁara% ﬁaﬁx%o\ﬁhﬂ ﬁcbdendrl rer

sol ution and the mixture a ree ays room

tenper at ure. 5The yshifsediybiucsinbiciacid awa svhith s0idqD.A6RNT6%Y,a0b 125-1970€. 16Hmhl-| ow
solid residue, which vvagd{;qurlf i ed by eI filtration SSephadex LH20. wat er)

to give (FREL - Bmitsighs ) ehtdi@n, B8y MGHd P OmvERY X Glddntd i ner

103 13C nnr U
23 2”'9)53 4, 53.7, ém,%H %PZII. Cd&jz.)g%d'%@ni%&%gl‘ Nh)’ §§6&ﬂ 2?7?3:?1 @O§3 fﬁll\'ﬁth d

2: Sol i dEs mmm)m 8 (m, 286 O, 503 h S8 (brttel H, Mag”cmmm3)) aas
added to a sol utlo lnbg s’gﬁﬁt"f }132[9A$§Agléao 58@%9’90 1(}éqarrml) in dry DV

(2m) and the resul roomtenperature for
two days. The m xture was then concentrated (30/10 3 15 rmHg) to
give an oily residue. The residue was partitioned between water

chloroform ~andl t hd'repatetipn phigtebutylamumopivy @H@PB%W&Qﬁgﬁ‘&f%H‘YDW&Pg‘Qa‘a
viscous oil A sohg{oé bf qu}cloheizhéﬁsbd%ﬁ&é{asm%mmgﬁln&m dfY dicHiGroREthane

m xture of the acylate endr1 ner ydroxy “succi ni m de. Cel
filtration (Sephadékmk);m added &r3 stipred volutéonef prmabutylammonium N-(2-

sulfoethyl)succinamic acid (94mg; 0.20mmol) in dichloromethane (2ml), and the
15 mixture stirred overnight at room temperature. The resulting suspension was filtered
and the filtrate concentrated to give the crude active ester, which was used without

further purification.

A Preparation of sodium N-(2-sulfoethyl)succinamide terminated PAMAM dendrimers

20
PAMAM 4.0 BRI2786
A solution of the crude tetrabutylammonium 4-nitrophenyl N-(2-
sulfoethyl)succinamate (0.30mmol) in dry DMF (1ml) was added to a stirred solution
of PAMAM 4.0 (51.5mg; 0.01mmol) dissolved in 50% agqueous DMF (3ml) and the
25 resulting yellow solution stirred overnight at room temperature. The mixture was

then concentrated (35%/1 0° mmHg) and the yellow residue partitioned between

water and chloroform. The water layer was separated, washed with chloroform (2X)

and ethyl acetate, and then concentrated to give a yellow oil (134mg). The crude

product was ‘converted to the sodium salt by passage through a column of Amberlite
30 IR 120(Na) to yield 85mg of material. This material was further purified by gel



sanpl e of the- acetylthioacetam de term nated PAMAM 2.0 dendrinmer (29nm).
13C 20 nnr (D20) 6 34.0, 34.2, 37.3, 43.0, 43.1, 43.3, 53.5, 54.0,
56. 3, 175.4, o/ 7. 5. A solution of the a

functionali seyé Cfl‘l mer in 40% aqueous formc acid (7m) Pe¥Rusanors:
then added to an ice cold freshly prepared solution of performc acid (1
. 6nmmol ) in formc acid (2m )-21Fhe m xture was stirred for one
hour at 0 and then for twenty 25 hours at roomtenperature. A small
anount of activated charcoal was then added to . deconpose any
excess peracid, thenmmms@hsdex rumd war) @0zive tnugoaauﬁ Nep-shifdetigi)eskcimaghide
concentrated to give a viscous The crude 3’oroduct

di ssol'ved in water terfq%ateg AMNY%‘} @ée‘ld()‘mgf@s%g} %&Hé@z@&ﬁ 2,33.6 %@V;%gr%

bi carbonate and th i Al tie a r h of
VO 00GL5239 QRULE 14817, 9883411064 DY5cRAPRPLG74.9/1992M B £ Qhelgm

PCT/ AU99/ 00762 - 18 -

vae e %5 A e setupria bV P i MAREs BLhBlrY st )

obt ai ned by nethod tdnmide®d With sodium N-(2-sulfoeth ¢indinidSgdupsierd siftdlally 43. 0,
43.1, 53.9, 54.3, 56.5, 61.6, 171.2,176.4, 177.0. 5

EXAMPLE 3 Pr epseneeedi on of sodi um sul f osucci nami ¢ aci d term nated
dendriners A PAVAM 1.0 10 Sol i d rral eic anhydri de (0 11 g;
1.1 mol) was addedsto a stirred solution of PAVA 0 (0.12g;
0. 33mol ) In dry DNECPIRPAMAMA 0 doRvaiive CBacaiasd 15 89 0, 305 4RQni 2, 535,

10 54.1,54.3,56.5,176.4,176.9, 177.4, 178.9, 179.4.

13¢C nmr PAMAM 1.0 derivative (D,0): 6 34.9, 35.5, 39.5, 42.9, 43.1, 53.7, 54.1,
179.0, 179.1, 179.3. '

B Preparation of sodium N-(2-sulfoethyl)succinamide terminated polylysine
15 dendrimers
BHAlyslys,lys4lysglys; BRI2789

Trifluoroacetic acid (1ml) was added to a suspension of BHAlyslys,lys,lysgDBL 4
(36.5mg; 5.0umol) in dry dichloromethane (1ml) and the resulting solution stirred at

20 room temperature under nitrogen for two hours and then concentrated. The residue
was dissolved in dry DMSO (2ml) and the pH adjusted to 8.5 with triethylamine. A
solution of the crude tetrabutylammonium 4-nitrophenyl N-(2-
sulfoethyl)succinamate (ca. 0.2mmol) in DMSO (1ml) was then added dropwise and
the mixture stirred overnight at room temperature. The yellow solution was then

25 concentrated (50%1 0 mmHg) and the yellow residue partitioned between water and
chloroform. The aqueous layer was separated, washed with chloroform (3X) and
ethyl acetate, and then concentrated to give an oil (99mg). The crude product was
converted to the sodium salt by passage through a column of Amberlite IR 120(Na)
to yield 81mg of material. This material was further purified by gel filtration

30 (Sephadex LH20; water) to give the sodium N-(2-sulfoethyl)succinamide terminated
BHAlyslys,lys,lysslys, dendrimer (39mg). 3¢ nmr (D,0): 6 27.0, 323, 35.2,



browni sh as the anhydride di ssolved and the resulting solution was stirred

over ni ght at roomtenperature. The solution was then
concentrated VB®OVIB2V4mMmHg) to give a vi scous oiRCT/AY8AF6A 3C nnr
(D20) showed conpl ete conversion of the PAMAM 1.0 15 . to the trisamde

together with sonme maleic acid. 13C nnr §D20) 8 33.1, 42.8, 43.1,
54.3, 135.0, 137.1, 169.1, 171.9, 173. 32 The crude trisam de
was then dissolved in water (4m) and soli d sodiumsulfite

(0200i 1. 6ol adgecks JU L5181 RSLKCHED 13, FLEYRE 3 pER r oo

(1D20) showed a 178.4, 178.8, 1781, 179 uy®e7 afrolghe regi oi soneric sodi um
sul fosucci nam ¢ acid term nated PAVAM 1.0 dendrimers together

wi th sonme sul fosuccinic acid. The crude product was purified by

gel filtration (Se t he sodi um -
sul f osucci nam ¢ ac?ggg‘gir%rﬁéa émm %}8‘&%8?191 ‘h@?isfe% %Irgg 13C nnr
(D20): 25 5 8 miﬁﬁyslﬁglyﬁ‘,lyséfmm‘lm t%xxﬁ&dhthfsddxﬂn No@-9, 69. 4, 173.8,

176.3, 177.6, 181.8. A m xture of the
regi oi someri ¢ sodi ﬁ‘hlf%my*)%ﬁm‘ﬁﬁﬁwepsa‘ﬁ?ﬁl“f“é‘f“r‘ﬂ PrERaERE- PAMVAM 2.0

dengrldmers }[’\ﬁs pE ggg')fﬁxqrﬂm%ﬁ@%}s?lgﬂ &Q%ﬁe&% 8‘%9%@%& l? 3@3”@-5 @ajf'@ 30
acl erivatl ve

136.8, 169.2, 39.5, 4Rc5, 011583 831.6, 131.9, 1322 13"3 1332 1333 1450 1452 177.2,
PCT/ AU99/ 00762 1

171.9 173.5  174. 878 3m T8 OnMD 3783 S8 08 8% 178D, nlg?#t?’” §79-7;
derivativesio 179.8(D20): 8 37. o 40 1.41.1, 43.0 43.2, 43.0, 53 0,

3. 3, 68. 0, 4, 79, 1...17 182. 3.
20 hama o b BoeBAAysls] dcrvaiys @aQu096) i%?r?ér %%E’(:’é 0396%“')

was added to a stiusedssplsplian, @81 7AMM 132.2, 1323, 1332, 133.3, 145.0, 145.1,177.3,
178.0, 178.3, 178.4, 178.7, 178.9, 179.0, 179.3, 179.7, 179.8.
13C nmr BHAlyslys, derivative (D,0): 8 26.9, 27.1, 32.2, 32.3, 34.7, 34.8, 35.1,
15 - 353,35.6,35.7,39.5,43.4,54.1,58.6, 61.8, 131.7, 131.9, 132.2, 132.3, 133.3,
144.9, 145.0, 177.7, 178.4, 178.8, 179.0, 179.3, 180.0.

EXAMPLE 5
20

Preparation of sodium 4-sulfophenylthiourea terminated dendrimers

A PAMAM 4.0 BRI2791

Solid sodium 4-sulfophenylisothiocyanate monohydrate (500mg; 1.96mmol) was

25 added to a solution of PAMAM 4.0 (300mg; 0.0582mmol) in water (10ml) 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
the sodium 4-sulfophenylthiourea terminated PAMAM 4.0 dendrimer as a fluffy

30 white solid (370mg). ]H nmr (D,0) : 8 2.28; 2.52; 2.69; 3.15; 3.27; 3.60; 7.32 (d,



4.0 (51ng; 0.01nmol) in dry DVF (2n]). The m xture initially became cl oudy

but soon gave a clear solution which was stirred overni ght at
room t enper at Ugg golshH sol ution was then concentr atedubadrd2104
nMHg) to give a viscous oil. "Hand "3C 10 nnr (D20) showed conpl ete
conversion of the PAMAM 4.0 to the pol yam de together wth sonme

mal ei ¢ acid. The crude pol yam de was theé3-di ssolved in water

(2m) and a solution of sodiumsulfite (126ng; 1.0muol) in water (2m)

added. The resul ting sol ytion was al lowed to stand at room

tenperature for twi=9Hs7. Zh@, IH98iz). *~C nmr (D,0)c Or36n 1. a143dL; H8I3a78d6; 53E; nnr

acid torm nat od A4S ERETARPIBIEMEL Wi th some T e AT

sul fosuccinic acid. The crude product was purified by gel filtration
(Sephadex LH20; water) to afford a sanple of PAVMAM 4.0 3
term nated with 24 ThegorispandingiPAMAM 1.0, PAMAMZ.0 9N MAAME B 8, apdoups

(90mg). 1H n (D2Q),: 2 oard-al-. Ll 3.2-3 4 ..3 . . 0. 13C
anr (D20 : 8536, 2. (})@34&"254@@?‘9%%66?“%‘?35%“’5‘%‘?%? WK %% k5 23d 4}3pdium 43 8:

20 177. 4; 17 &uifphénthibured §2owps respectively were similatly prepared.

EXAMPLE 4 Preparation of sodi um N-(2-sul foethyl)succi nam de term nated

dendriners 25 a Preparation of tetrabutyl ammoni um

N-(2-sul f oet hyg) SUGGINARIE £0 B A) BRI604S Sol i-d succinic anhydride (0. Sg;
5. 0mol) was added to a stirred solution of t et rabut yl ammoni um
2- ani noet hyl sul f oniSolideddiung 4-s@fpherylisothotyanite menghydrate (130mg; 0.5mmol) was

O en) oromelg6me (20 J SR AMAR Y Ao 08 Y gl R A Y ke

tenperature. The nirghlihg ss¥ason Hehte@ ufddr nitrogen at 53 Vbr G4/ HbRR3Ad then cooled. The
PCT/ AU99/ 00762 _ o ) - 20 -
and the filtrate c&pUER Vaxspceniatgd gnd the solidsgsiduequrifipdbyge] fitratim(Sephgdex

showed conpl ete | poo: water) iR paFettdfors ek onfbiti AR £ BRP 82 iV PINIREL
with a small amount of " suc€ini ¢ acid. :
4.0 terminated with 32 sodium 4-sulfophenylthiourea groups as a fluffy white solid
15 (136mg). 1H nmr (D,0) : § 2.30; 2.50; 2.70; 3.18; 3.62; 7.35 (d, J=9Hz); 7.72 (d,
J=9Hz). 13C nmr (D,0) : 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 BHAlyslys,lys,lysglysi BRI2792

20 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-401(OH) and

25 the filtrate concentrated to give BHAlyslys,lys4lysglys, ¢ 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 brownish solid

30 residue purified by gel filtration (Sephadex LH20; water). The pure fractions were



Repeat ed precipitation of the product by dropw se addition of a

di chl or onet hane solution to a | arge excess of diethyl ether gave
tetrabut yl ammmoiognsb (2- 5 sul foet hyl ) succi nanm ¢ a®CWAYN8%/¢976hi t e
soli-d (1.762g; 76% ), np 125-1270C. | H nnr (CDA3): o 0.86 (t,
12h, 4xCH3), 1.28 (m 8H, 4xCH2), 1.50 (in, 8H, 4xCH2), 2.33 (m
2H, CH2COOH),. 2.44 (m 211, CH2CONH),"2¢76 (m 2H, CH2NHCO, 3.12 (m

8H, 4xCH2N), 3.50 (m 2H, CH2S®3-), 7.53 (br t, 1H NH). "3Cnnr (CDA3): o
13.5 ,19.5, 23.8, 30.1, 30.9, 35.6, 50.0, 58.5, 172.0 74t1.1. b
Preparation of t eteombine passof tironaha cafumngs RabgrtitR 12007 'Fﬁ?FggﬁjctBi namat e
A solution of dicy

di chl or onet hane &L@ﬁ&%&@x&?ﬁWﬂh%gﬂﬁg&égf&nmg&ég manLeS) : lg?%gslh{lgsr%é of

t et rabut yl anmoni undéddéier as a fluffy white scﬁde(BngDLylH)mm(ﬂgﬁhn& t.465cli. TR; B 98 ndyd2;

overnight at room Safictarald n-oBdar 8y BppenCrmh AP Thied

and the filtyate ceng.anty 2 908060508 NS 1%; Wk7,a84.7VRISESUELT; 19811 C183v8S

used wi t hout further purifi cati on. A Preparati on of
sodi um N- (2-sul f oel#$3.) succi nanmi de term nated PAMAM dendriners 20

PAMAM 4. 0 BRI 2786 ' A solution of the crude tetrabutyl anmoni um
4-ni trophenyl N-(2- sul f oet hyl ) succi namate (0.30mol) in dry DVF

(In) was added toThe (Siﬂefxfoﬁ@lngBHlAﬂyslgrﬂziys4lys3, BHAlyslmilyﬁ%Mélyﬁz (BRI2992),

O d mml) dissol ved jn 50%
el | ow S0l ut 1 on ot RKIBIKBYER gD e o BHIER Ardmmmicm g
then concenig at ed 63594 iszoéquoad}ﬂylmr%egﬂogw rE@BitieR Wi dimilngned

bet ween ‘wat er and chl orofom The water |ayer was separated,
washed wi th chl or ofﬂ@pmq 2X) and ethyl acetate, and then
concentrated to give a yellow oil (134ng). The crude product was

converted to the sodiumsalt by passage through a colum of Anberlite 30
IR 120(Na) to yield 85ng of material. BXAMPIE &rial was flirther purified
by gel WD 00/ 15239

PCT/ AU99/ 00762

15 Preparation of sodium 3,6-disulfonapthylthiourea terminated dendrimers

A PAMAM 4.0 BRI2923

Solid sodium 3,6-disulfonapthylisothiocyanate (160mg; 0.41mmol) was added to a
solution of PAMAM 4.0 (51mg; 0.01mmol) in water (3ml) and the resulting solution

20 heated under nitrogen at 53° for two hours and then cooled. The solution was
concentrated and the brown solid residue purified by gel filtration (Sephadex LH20;

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

disulfonapthylthiourea terminated PAMAM 4.0 dendrimer as a brownish solid
(T3mg). “H nmr (D,0) :  2.30; 2.60; 2.74; 3.20; 3.57; 7.75; 7.86; 8.28. 1C nmr

25 (D;0) : 535.0; 39.9; 43.1; 48.1; 53.8; 56.1; 128.4; 128.6; 129.3; 131.0; 131.3; 136.0;

136.8; 138.2; 145.5; 146.0; 177.2; 177.8; 185.5.

The corresponding PAMAM 2.0 dendrimer terminated with sodium 3,6-

disulfonapthylthiourea groups was similarly prepared.
30



-21 - ' filtration (Sephadex LH20; water) to give the sodium

N- (2- sul f oet hyl ) succi nam de term nat ed PAMAM 4. 0 dendri ner
(45nmg) . 13C nmwoObdd)s 8 33.2, 33.6, 35.5, 39.0, P89/ATI99/6D2628,
43.2, 53.8, 54.1, 54.4, 56.6, 176.5, 176.9, 177.2, 178.9, 179.4. 5

The correspondi ng PAVAM 1. 0 and PAMAM 3.0 (BRI 2785) dendriners
terminated with sodi um N (2-sul f oet hyl )sdfcci narmi de groups were simlarly
pr epar ed. 13C nmm PAMAM 3.0 derivative (D20): 8 33.4,
35.5,39.0, 39.5, 42.9, 43.2, 53.8, 10 54.1, 54.3, 56.5, 176.4,
176.9, 177.4, B78. PAMAM 40 (EDA) BRI6046 13C nmr PAVAM 1.0 der | vatlve (D20)

L S5 o ol il e Ty b

pol yl ysi ne 15 solud&ﬂdﬂRmMAM4 0 (EDA) (74mgj3)-ﬂ>llrmﬁbly&:2\hat&44m9&h&ﬂﬁ6es8]ﬂng789
Trifluoroacetic acid dded to a,suspensi on of
BHAI ys| ys2l ys4l ysSBB]l‘g-‘B“ héated under mtm(ggq;at °?rgwq)}§m5q and;thengogledy; The selutiofet hane

(I'm) and the resuldjng3Rkditd a@iﬁ il trbvfith @lid Zidue purifieds? Y AIGHRAT (BL Ha ex

under nitrogen for tvvoGII}]ours and then concentr at egunT he”resi due
was di ssol ved i n driyH20MB@ex)2te)pusmitiactiones vysrk amyhmnedd tancentttedito give PAMAM

ey o (o et 1 B SRR BT
DVSO (| h{ﬂ )twas thsmmﬁjet eaarsd 2.80; 3|20t3 54, ﬁh@?ﬁﬁﬂﬁi G hink (D) :
over ni a roomte er at ur e. e Oow SOl utl on was

concen?r at ed ( 5001 20360; A8 §3- Erdd- 35 %6 Wel% 8383 ég?du@k%llﬂ %,lléﬁ@dnéeﬂt T

wat er and h fe fhe aqueous | ayer was separated, washed
wi th chlor of orm (3)2)45% 4%*(91 8218 S ethyl acetate, and then concentrated to
give an oil (99ng). The crude product was converted to the

sodium salt by_.pas t.hr ough co f Anberlite IR 120( Na)

to yield 81lny Gt nﬁ‘gﬁygf"ﬁ?}fﬂ?’%“?ﬁt& b%ggms further purified by gel
filtration 30 Tr(fﬁ@fbbasﬂiemhlfﬁiﬂm wwidaéa totagugjemoxt mgg%wgglys41ys8DBLl
N- ( 2- sul f oet hyl ) succi nam de term sZI)‘/s4I ys8l ysf6

dendri mer (39ny). 13&ng 01(@2‘6)1‘1 d@’ @?hlﬂ'omstba@ el ) uzldﬁfnltmgen

15 evolution of gas was observed for a short time and the resulting solution was stirred

vigorous

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-
401(OH) and the filtrate concentrated to give BHAlyslys,lys,lysglys;¢ as a viscous
oil. The oil was redissolved in water (Sml) and N,N-dimethyl-N-allylamine buffer

20 (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
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

25 give BHAIlyslys,lysylysglys;¢ terminated with 32 sodium 3,6-disulfonapthylthiourea
groups as a fluffy off-white solid (119mg). 1H nmr (D,0) : & 1.0-2.0; 3.18; 3.43;
4.31; 7.22; 7.80; 7.89; 8.25. 130 nmr (D,0) : 8§ 27.2; 32.4; 35.3; 43.7; 49.0; 58.5;
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.

30



WD 00/ 15239

PCT/ AU99100762 ' - 22 -
35.3, 35.6, 3WOQui3®95, 43.5, 54.1, 58.5, 131.5, 132.0, 13PCI/AUBHBA762
177.8, 178.0, 178.4, 178.8, 178.9, 179.2, 179.7, 179.8.

The correspondi ng BHAl ysl ys2, BHAl yslys21lys4 (BRI 2787) and 5

BHAl ysl ys21ys4l ys& (BRI 2788) term nat ed2@ith sodi um N-(2-

sul f oet hyl ) succi nam de groups were simlarly prepared. 13C nnr
BHAl ysl ys21YS41ys8 derivative (D20): 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, BXAMPLEZ> 3 133.2 133.3, 145.0,
145.2, 177.2, 177.8, 177.9, 178.0, 178.2, 178.3, 178.6, 178.7,
178.8, 178.9, 179.2, 179.3, 179.7, 10 179. 8. 13C

nnt BHAI ys| ys2|Brepardtion vizsbidingm 4-BlfdhaptheBhiouRa (dmiB8sed der@inders 35. 7, 35. 8,

39. 5, 43.5, 54.1, 58.5, 61.8, 131.7, 132.0, 132.2, 132.3, 133.2,
133.3, 145.0, 145.1, 177.3, 178.0, 178.3, 178.4, 178.7, 178.9,

179.0, 179. 35 PAMIANL 4.0 7TBRB2997 Cnnr BHAI ysl ys2 derivative (D20):
8 26.9, 27.1, 32.2, 32.3, 34.7, 34.8, 35.1, 15 35.3, 35.6, 35.7,
39.5, 43.4, 54.1, Selidsodpm gsulipnapthylisathiocyanate §180me; 0. 5mmgl) wagadded to a

144.9, 145.0, A Y , Nl .
EXAVPLE 5 20 U1yl of BAMANL 06 (i 0 ity i fiteebmbidl e mbcose hemed omcer
dendri mers nitrogén at 53° RAN/helrOanBRicd 28dled. The water was Gstilled usdee redneed
4- sul f ophenyl i sot hi qcyanat e nonohydr.at e 00gm; ..1. 96MmD 5
added to a solPfEFBh C%E#“ @m&ﬁflﬁg ﬂmélegﬂﬂﬁﬁ'}d(tg‘? ng‘@ﬁﬁ Fﬂi@lﬁ“‘*‘% p%"@r?by(ﬂebﬂ ) and
t he 10 filteRioH (S dphatick Db Witer) G Pike HABKRIns Wete cOMBMePdndTRezd d@fediyO
hours and then cool ed. The

give the sodium 4-sulfonapthylthiourea terminated PAMAM 4.0 dendrimer as a fluffy white

solid (60mg). 1H 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, J=6Hz).]3C nmr (D,0) : & 35.8; 40.5; 43.1; 48.4; 53.6; 55.9; 127.6; 128.6;

130.3; 131.9; 132.5; 133.5; 134.7; 140.5; 142.7; 177.8; 178.0; 185.4. '

15

EXAMPLE 8
Preparation of sodium 3,5-disulfophenylthiourea terminated dendrimers

20 PAMAM 4.0 BRI6039
Solid sodium 3,5-disulfophenylisothiocyanate (110mg; 0.32mmol) was added to a
solution of PAMAM 4.0 (63mg; 0.012mmol) in water (3ml) and the resulting solution
heated under 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
25 fractions were combined and concentrated to give PAMAM 4.0 terminated with 24 sodium
3,5-disulfophenylthiourea groups as an off-white solid (110mg). 1H nmr (D,0) : § 2.53;
3.08; 3.36; 3.66; 7.90; 7.95. 13C nmr (D,0) : 6 34.8; 41.0; 43.1; 48.0; 53.7; 56.2; 124.1;

128.6; 143.5; 148.8; 177.6; 185.0.



solution was concentrated and the yellow solid residue purified by gel
filtration (Sephadex LH20; water). The pure fractions were

combi ned and {JfRAassdried to give t he sodi um PCT/AU99/00762

4-sul f ophenyl thi ourea term nated PAMAM 4.0 dendriner as a fluffy 30

white solid (370mg). H nnr (D20): 62.28; 2.52; 2.69; 3.15; 3.27; 3.60; 7.32

(d, WD 00/ 15239 -27-

PCT/ AU99/ 00762 : - 23-

13 J-9Hz); 7.72 (d, J=9Hz). C nnr (D20): 8 36.9; 41.1: 43 1;
48.3; 53.6; 55.8; 129.0;  131EXAMPKES; 178.5; 179.1; 184. 4.

The correspondi ng PAVAM 1. O PAMAM 2.0 (BRI 2790), PAMAM 3.0, and 5

PAVAM 5. 0 (BRI 2991) dendriners termnated with 3, 6, 12, and 48 sodi um 4-

sul f ophenyl t hi e HBi mm&wﬂx h aﬁwpcmrwnmmamﬂm B

PAVAM 4. 0 ( EDA) H%a(l?zlé " “Sol’ %‘y}ﬁoﬁl um 4-sul f ophenyl i sot hi ocyanat e

nonohydrate (130ny; 0.5mm|) was 10 added to a solution of PAMAM 4.0

(EDA) (69ny; D) ) ol ter (4m) and the resul ting solution
s AMATERD LpREslE

heat ed under for two hours and then cool ed. The

sol ution was concegblidésathnd®d, Biﬁesumiabmhymih@uga@wdzsmgj Obsynrasl) whs dddeditol on
( Sephadex LH20; wat er pure fractions were. conbi neg a@f-j]

freeze dried tadoblﬂ%oww 4.0 ( Img, 0 OAmmODemhﬁblr%eWW allplamyng; ByH;
4-sul f ophenyl t : 38}:}15)33 g%?e?gh?r;\b; 1@1)&%@ éeam'\ﬁlﬁe ?}ddggn #%3° fo,r two h&tﬂr@@ﬂ@t}len 1H

nnr (D20): 8 7.35 d,
J=9Hz). 13C nrevoledAh mixtuRRGya3 conblznttktcdél&dér redi8edipre&8redo gﬁé ary prange&ogd Tel. O:

BRI 2902 20 10 residualiines AP L Vet G pesipc trenuah A SHopt SRR AR PRRES

BHAI ys| ys2l ys4Ryi28@8b. e filtrate was then doBcehB@ted Bad theTaRidbe puifidd by geidiltratic@net hane

(4m ) under nitrogen. A vigorous evol ution
(Sephadex LH20; water). The pure fractions were combined and freeze dried to give the

—

sodium 3, 6, 8-trisulfonaphthylthiourea terminated PAMAM 4.0 dendrimer as an off-white
solid (102mg). 1H nmr (D,0) : § 2.65; 3.02; 3.30; 3.66; 8.05; 8.42; 8.59; 8.67. 13C nmr
15 (D,0):833.2;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.

The corresponding sodium 3,6,8-trisulfonaphthylthiourea terminated dendrimer
BHAlys.lys,lys,lys;lys;s BRI 7011 was prepared similarly.
20
EXAMPLE 10

Preparation of sodium 4-(sulfomethyl)benzamide terminated dendrimers

25 PAMAM 4.0 BRIG040
Solid 4-nitrophenyl 4-(chloromethyl)benzoate (200mg; 0.68mmol) was added to a
stitred solution of PAMAM 4.0 (70mg; 0.014mmol) in dry DMSO (4ml) and the resulting

yellow solution stirred at room temperature for two hours. The solution was then
concentrated (1 0-4 mmiig; 400) and the residue extracted with a mixture of water and

30 dichloromethane (1:1). The remaining solid material was dissolved in DMSO (5ml) and a



of gas was observed for a short tine and the resulting solution was stirred

at room tenperature for two hours and then concentrated. The
resi dual syrufwomeassdd ssol ved in water (5m ), thecT®uIesHwBer passed
through a colum of Anberlite |IRA-401(CH) and 2S the filtrate
concentrated to give BHAl ysl ys21ys41ys81ysl16 as a viscous oil (0.49q).

The oil was redissolved in water (SM)'&%d NN- di et hyl - N-al | yl am ne buffer
(pH 9.5; 3m) added. SoI i d sodi um 4-sul f ophenyl i sot hi ocyanate
nonohydrate (1 .30g ). was then added and the resulting

sol uti on heat wumﬁﬁodaﬂmﬁ%ié@r(l%ﬁmgémﬂl’o&m water (3ml) added. J(he H@bﬂ&caw%y t hen
cool ed. The sql.y
resi due puri ff[};l\’s % e"’l5 {f{%n ?‘gfogﬁg]dgggl Effgm\%\g?%l? @.e a%lglglg%alirgorc

fractions wer evater (2ml) resulté&rﬂl@& f@3%on of a clear homogeneous yellow solution. The solution

PCT/ AU99/ 00762 0 -4 - 240 . .
conbi ned, pas¥asthencensgmratedclinst adSwmigpd A9 i@@qtﬁ°12WﬁEP‘§% PEYERE dri ed
to ' f ddf lﬁl&ﬁoﬁ SePhR Rk &rbS; water) t

BHAI ysl ys2| ys%ﬁgg{(ﬁ&tsﬂg cmérﬁu&tﬂgg;ﬂ:m/rrerbpagg a 1 uGE é}%\/\hl te s‘g? ler) °
(374nmg) . I H n mgw(e DAY AMSt.A terBipated Wwith 28 sagidim %(smﬁomethyl)benzarmdmgrgws (24ra2): H’ 30;

5.0, 43 7, aBhe sk 875,188 50 3385 BB 8 148 e Gl Gy

178.1; 183. 8; (D,0): 536.7; 40.888.0 43.6; 53.5; 55.5; 61.0; 13N6; 13610r E3AW1d0.AgI74.5; 178.6;

BHAI ysI ys2| ys4' ys8§, BHA| sI ys2| ys4l y58l Ysl61y532 (BRI 2992) , and
BHAl ysl y321y341§/~§8l y3161ys321y564 (BR12993) dendriners termnated with 16,
10 64y and 128 sodi um 4-sul fophenyl t hi ourea groups respectively were
simlarly pr epar ed.

EXAMPLE 6 15 Preparation of sodi um EXAMPLEIMonapt hyl t hi ourea terni nated
dendriners

Preparation of 4-sulfobenzamide terminated dendrimers

15 PAMAM 4.0 (EDA) BRI6116
Solid potassium N-hydroxysuccinimidy! 4-sulfobenzoate (100mg; 0.3mmol) was

added to a solution of PAMAM 4.0 (EDA) (35mg; 0.005mmol) in 0.1M pH 8.5 borate
buffer (5ml) and the solution stirred at room temperature for two hours. The resulting milky
solution at this stage had a pH of 4.5. IM Sodium carbonate solution (1ml) was then added

20 to give a clear solution which was concentrated to give the crude product as a white solid.
The crude product was purified by gel filtration (Sephadex G25; water) to give PAMAM 4.0
(EDA) terminated with 32 sodium 4-sulfobenzamide groups (47mg). lH nmr (D,0) : 6 2.25;
2.42;2.63; 3.05; 3.18; 3.31; 3.38; 7.72 (d, J=8Hz); 7.78 (d, J=8Hz). BC nmr (D,0) : § 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.

25



A PAVAM 4. 0 BRI 2923 Solid sodium

3, 6-di sul fonapt hyl i sot hi ocyanate (160ng; 0.4 Imvol) was added to a

sol ution of PAMNM/fA4 (51mg; 0.0linmol) in water (3m) and pEEaUSSIMEI NG
sol ution 20 ﬁeat ed under nitrogen at 530 for two hours and then
cool ed. The sol ution was concentrated and the brown solid
residue purified by gel filtration (Sepi28dex LH20; water). The
pure fractions were conbi ned and concentrated to give the sodium 3, 6-

di sul fonapt hyl t hi ourea term nated PAMAM 4.0 dendriner as a brownish solid
(73mg). H nnr (D20): 8 2.30; 2.60; 2. TBXAMPXE18.57; 7.75;, 7.86; 8.28. 13C
nnr 25 (D20): 8 35.0; 39.9; 43.1; 48.1; 53.8; 56.1; 128.4; 128.6;
129.3; 131.0; 131.3; 136.0; 136.8; 138.2; 145.5; 146.0; 177.2;
177.8; 185.5. ; 2 déddPherser m nat ed
W th sodi um 3,1633’!'-8‘)““"m OfSOd“Hd??Isglosrugﬁgpt Rﬁ?nﬁrﬁ)%yté?gﬁﬁgmms simlarly_
prepared. 30 WO 00/ 15239

PCT/ AUSS) 0076
PAMAM 4.0 (E E\EMér‘«%ﬁrQéEDA) BRI6N7 o i g sodi um

3, 6-di sul f onapt hyl Im&?dd%yﬂ Ls@1fépheSac Wd’(‘l&hﬂ ‘\Wenoloksa dolidsodium
sol ution of PAVMAM 4.0 (EDA; r(? @1 ry in water (4nl) and. the

1)
resul ting carbonate (K)§magt {romolp @&te@édqﬁlrweqesweﬂw@géﬁrr@é sobign P PAMAMHKr s
and then cool e ﬁﬁ@%% pelelel h
solid residue %UI’I oé?lg;btlglg{aop????%rt(ﬁrgr?\!\?%e% adex fultbff eh%ﬁl%%?%%‘ir).
The pure fractﬁm@rd@send:hhexbfrmddaﬂdogb'naéhffya&xédmlid g‘ha/carummuctwas
sol i 8 puttried g R el 0 R Zn'v%%%ﬂ«@é%%%ﬁé i "
7.85; 8.25.  Gyfie4 dditid N- (4-sulfoghenyl)£mgaﬁi§n &%sfézos{h%) 3 C4inr 3hovaddl aﬁfam55 9;
128.5; 129.4; 131.0; 131. 8; 138 1145. 5; 146 0;

178.2: 185. 6. trace of what wasamwﬁmgyma%mmai sripREmYpy H nmir (D,0) : 6
2.10: 2.48; 2.58; 2.79; 3.20; 7.42 (&, J=THz); 7.65 (d, J=THz). 1>C nmr (D,0) : 8 36.5; 37.9;

41.1; 53.4; 55.6; 124.8; 130.9; 143.0; 144.2; 177.4; 178.5.
15

-25 - B

EXAMPLE 13
Preparation of Sodium 4-sulfophenylurea terminated dendrimers

20 PAMAM 4.0 (EDA) BRI6115
A solution of sodium sulfanilic acid (195mg; Immol) in dry DMSO (3ml) was added

dropwise to a solution of N,N'- disuccinimidyl carbonate (530mg; 2mmol) in dry DMSO
(4ml) and the resulting 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

25 solution stirred for a further 18 hours. The solution was then concentrated under high
vacuum (1 O’SmmHg; 350) to give a yellowish semi-solid. The crude product was dissolved
in DMSO (4m!) and the solution added to 200m! of well stirred ethyl acetate. The
precipitated white solid was collected by filtration and washed with ethyl acetate (2X) and
ether (2X), then dried to give a white powder (275mg). This material was further purified by

30 gel filtration (Sephadex LH20; water) to give PAMAM 4.0 (EDA) terminated with 32



Trifluoroacetic acid (2m) was added to a suspensi on of

BHAl ysl ys21YS4l yssDBLI 6 (73nmg; 0.0 Imml) in dry dichl oronet hane
(2m ) under nitwogensz3fA vi gorous 15 evol ution of gas RES/AYBEeNT&2d
for a-short time and the resulting solution was stirred at room

tenperature for two hours and then concenérat ed. The residual syrup was

di ssolved in water (Sm ), the solution pa Ged t hrough a columm of Anberlite
| RA- 401 (OH) and the filtrate concentrated to give

BHAl ysl ys2l ys41ys8l ysl 6 as a viscous

redi ssol ved in §6¥5’E‘J§P4 saffpphe %)HHBWEHS&HW ﬂlgm(g]zgkn Q%J}J&f#ewgo‘ﬁ 19,732 (py
9.5 3m) addedﬁ , 50 dzgegéﬂcdum $ 1% ik fro) ﬁ@ﬁpb%bim .hb acypnaBe. 623419;3;

0. 60moI ) was t ahd the'resulti sol'ufi on 'heat ed ‘under nltrogen
at 530 130.9,0140O0bAG0 U6 54;a78.21 1816, cool ed. The sol ution was
concentrated and the brownish solid residue purified by gel
filtration (Sephadex LH20; water). The pure fractions were

conbi ned, passed through a colum of AnmpxAvMPeErEh®R 120(Na) and freeze dried
to 25 gi ve BHAl ysl ys21ys41ys81lysl6 term nated with 32 sodi um

3, 6-di sul f onapt hyl t hi our ea groups as a fluffy off-white solid

(119ng). H nnr 7. 80;
7.89: 8. 25, 130(1%%} ?‘%‘2‘%{)@@ g’f“%hﬁgg @"ﬁ% chloride term ’ﬁagté%aénéléz'%gg
63.6. 128.4: 129.1; 131.4. 136.1; 136.6; 138.6: 139.0; 145 1. 145.6: 178.4:

184. 8; 86.7. 30 00/ 15239
PCT/ AU99 / 00762 BHA]lysqyszlysﬁysslysw BRI29 _ 26 _

EXAMPLE 7 10 Pr epaﬁﬁﬁdrwaewacﬁq%g Rad addeh ft&zﬂﬁ@ﬁéi&ibﬁ MBEAB@Iy& sy DB ¢
dendri ners 5 PAMAM 4. 0 BRI 2997 ol1d sodiu #

4- sul f onapt hyl | §20meeduapdtia dryEdieromethaeZmd %@e awl&as ﬁ‘%“‘ém stirred TR o

of PAVAM 4.0 (51hm, ngggép hott d r
nitrogen at 530 tor two hours %&(ﬁﬁh’gr}l‘cc‘gﬁ %@%ﬁg&%ﬁfﬁhmg%iﬁ st ﬁ eé
under reduced indpIBdSQ(Enl) amithe pit adjesed b i8igvitusipthpienome. Soid 4-migopehylnwhi t e
solid residue pll{ilhfl\}-t?gne%lgqgéinate chloride (0.50g; 1.8mmol)was then added and the mixture stirred

15 overnight at room temperature. The cloudy solution was then concentrated (50°%/1 0° mmHg)

and the residue partitioned between water and dichloromethane. The aqueous layer was
separated, washed with dichloromethane (3X) and ethyl acetate, and then concentrated to
give an oil (1.128g). The crude product was purified by gel filtration (Sephadex LH20;
water) to give the N,N,N-trimethylglycinamide terminated BHAlyslys,lys,lysglys; ¢

20 dendrimer (116mg). B¢ pmr (D,0): 8 25.5, 30.5, 30.8, 33.4, 42.1, 56.5, 57.1, 67.5, 68.1,
166.7, 167.0, 167.1, 176.0, 176.2.

EXAMPLE 15

25 Preparation of 4-Trimethylammoniumbenzamide terminated dendrimers

PAMAM 4.0 BRIG6043
1,1'-Carbonyldiimidazole (85mg; 0.52mmol) was added to a solution of 4-
trimethylammoniumbenzoic acid iodide (154mg; 0.5mmol) in dry DMF (4ml) and the
30 mixture stirred at room temperature under argon for two hours. During this time a white



10 filtration (Sephadex LH20; water). The pure fractions were conbi ned and

freeze dried to gi ve the sodi um 4-sul fonapt hylthi ourea term nated PAVAM
4.0 dendri mer uffy white solid (60ng). IH nnv (Dg@}, U@,ﬁ%.,go
2. 60; 3.14; 3.@‘3"‘9’7833; 7.47. 7.56; 7.77. 7.93 (d, I=6Hz) d

J=6Hz). C nnr (D20): 6 35.8; 40.5; 43.1; 48.4; 53.6; 55.9; 127 6 128 6;
130.3; 131.9; 132.5; 133.5; 134.7; 140.-31-142.7; 177.8; 178.0; 185.4. 15
EXAMPLE 8 Preparati on of sodi um 3, 5-di sul fophenyl thiourea term nat ed
dendri ners 20 PAMAM 4.0 BRI 6039 Sol i d sodi um

3, 5-di sul f ephepyd gegﬂhﬁamnﬁnaﬁm(oﬁmmunmﬁoﬁmmm 0S8 nisl 0.0 rhoR) in dry
sol ution of PANVMAM ; 0.012mmol) in water é{oand the resultin

sol ution h&AVIE 2rob H@f- ﬂﬁ!’ fgdeg and the mipuresstigred Q/\‘ﬁ%ﬁ %‘Hd""‘[‘??éﬁﬁ“‘éﬂ%f‘%dh‘s The
sol ution was Ctﬂ%%ﬁé%% '[)gglg grc\n,:\}gltﬁg ad (ﬂ%om&) ;| asllﬂn h%s{ SSthAbRutiod wab hé‘ginbé’ gel

filtration (Sepha ure ractions were conbined and
concentr at ed t'mcgmlmrd:wmmmnﬁatecb(rlm marnHg; 3:0 Dtm give swhiielsalid residue. The crude

LS AR St L, 8 bk 7
41.0; 43.1; A48efhinatedt with 2P4-EimetartmoniumbetBarRide gfbdpis tHdtefi acld/s41t§89ndd>. O.

VO 00115239 ) 13
PCT/ AU99/ 00762 Hnmr(DzO) 5 1.96; 2.65-2.85; 3.25-3.55; 3.64; 7.92. ~C nmr (D59) -6 25.8; 33.1;

EXAMPLE 9 0 u ISyl V; | a
term nated den33|’ ﬁg?’sﬁti QESP%\A?&%Q& gé%ﬁll%é%[é 1334, {ﬁwgﬁﬁld”égd%gn?S 6,
8-trisul f onapht7gst 1838.hi ocyanatc (250ng; O0.5mmol) was added to
10
The corresponding PAMAM 2.0 dendrimer terminated with 6 4-trimethylammonium

benzamide groups was similarly prepared.

EXAMPLE 16
15
Preparation of 4-(Trimethylammoniummethyl)benzamide terminated

dendrimers

PAMAM 4.0 BRI6044

20 Solid 4-nitropheny! 4-(chloromethyl)benzoate (150mg; 0.5Smmol) was added
to a stirred solution of PAMAM 4.0 (52mg; 0.01mmol) in dry DMSO (3ml). The
resulting yellow solution was stirred at room temperature for 20 hours, when a
ninhydrin test was negative (pH ca.8.5). The solution was then concentrated (10

5mmHg; 400) and the residue shaken with a mixture of water and dichloromethane

25 (1:1). The insoluble gel-like material was collected by filtration, washed with water
(2X) and dichloromethane (2X), and then air dried. The crude 4-(chloromethyl)-
benzamide terminated dendrimer was dissolved in 25% aq. trimethylamine (20ml)
and the yellow solution left to stand overnight. The solution was then concentrated,
the residue dissolved in water (Sml) and the solution passed through a column of

30 Amberlite IRA-401 (OH). The colourless filtrate was concentrated to give a viscous



a solution of PAMAM 4.0 (51ng; O A mol) and NN-di net hyl -N-al |yl am ne
buffer (pH 9.5; IIm) in water (2nil) and the m xture heated under
nitrogen at 53 doaszsé wo hours and then cool ed. The m Xt PCE/ANAB00762
concentrated under reduced pressure to give an orange solid. The 10
residual solid was dissolved in water (2m ) and passed through a short
colum of Anberlite | R-120(Na). The ¥i-trate was then concentrated and
the residue purified by gel filtration (Sephadex LH20; water). The pure
fractions were conbined and freeze dried to give th sodium 3, 6,

8-tri sul f onapbil which waspirifigd by getifiization (Sehasex K16 We’hél?@}ﬁ)aff’ g% an of f-white
1 solid
(102mg) . H unPAMAM - Oderminated with 24 45(triethylammoniymmethyJbepzamide émﬁpss 67. C
nnr 15 (D20) : (BmE}. 2 nnd§DF0) 4531.88; 243-2(80; 2.98;8.106316M 7. 5334br3d, JE1Z);, 7.231. 0,

131. 3; 131. 9; 135, 0; 3 . 143, 176. 5;
1860 (0 delnPHel R P20V b AP e B0 8 M rSbRin thicE b
term nated ggﬁlﬁmﬁm132.1,Bls*ébymlsyi;é’olog%ééx,s@&»;sﬂa@@ﬂ 7011 was prepared

simlarly. EXAMPLE 10
Preparation of sodium 4-(sul fonmet hyl)benzam de term nated dendriners 25
PAMAM 4. 0 BRI 6040 Solid %&W@Sfpyl 4- (chl or onet hyl ) benzoat e
(200ng; 0.68mml) was added to a sol uti on of PAVAM 4.0 (70ny;

0.0 14mmol) in dry DVBSO (4m ) and the resulting yel | ow sol ution stirred

at roomterrper ature for_two hours. The solution was then concentrat ed
(1 04 nml - szmratmfNn@-&végqxuﬁéylé%%@wﬁ'y\m'nﬂ%mm)';eft&rb of water and

%(I\)/S(él E:glmo; ogﬁhm;]gan(lﬁe }&m‘%gio%e%%ggggpg solid material was dissolved in
PCT/ AU99/ 00762 -28 -
PAMAM 4.0
Solid 1,1'-carbonyldiimidazole (85mg; 0.52mmol) was added to a solution of
N-(2-acetoxyethyl)-N-(carboxymethyl)-N,N-dimethylammonium bromide (135mg;
15 0.5mmol) in dry DMF (3ml) and the resulting solution stirred under nitrogen for two
hours. A solution of PAMAM 4.0 (60mg; 0.012mmol) in DMF (2ml) was then
added, which caused the immediate formation of a flocculant precipitate which
slowly redissolved. The mixture was stirred for two days and then concentrated (1 0
4mmHg; 400) to give a viscous oil. The crude product was purified by gel filtration
20 (Sephadex G10; 10% AcOH) to give PAMAM 4.0 terminated with 24 N-(2-
Acetoxyethyl)-N,N-(dimethylammonium)methylcarboxamide groups (64mg). 1H
nmr (D,0) : § 1.93; 2.05; 2.70; 3.10-3.60; 3.28; 3.93 (m); 4.14; 4.48 (m). 13¢ e
(D,0) : 824.6;26.2; 33.2; 38.7; 42.8; 42.9; 53.9; 57.4; 62.6; 67.3; 67.5; 168.9;
176.4; 176.8; 177.3; 183.2.
25



solution of sodiumsulfite (130ng; InMml) in water (3m) added. The
slightly cl oudy m xture that resulted was left to stand for four days,
after which tiweot/h23edditi on of nore wat er (2m ) result etTrAUH/INE62
formati on of a cl ear honobgeneous yell ow solution. The solution was t hen
concentrated, first at 25mmHg and 400 then at 10 nmmHg and 50 to give the 5
crude product. The crude product was m§|3i‘fi ed by gel filtration (Sephadex
&5; water) to give PAMAM 4.0 term nated with 24 sodi um

4- (sul f onet hyl ) benzam de groups (24 . IH nnr (D20): 8 2.25; 2.66;

3.08; 3.20; 3.33; 3.38; 4.01; 7.40F¥AMELEIR 62 (br d). 1C nrnr (D20): 8
36.7; 40.9; 43.0; 43.6; 53.5; 55.5; 61.0; 131.6; 135.0; 137.2; 140.4;

174.5; 178.6; 179.2. 10 EXAMPLE
11 Pr e p &traparation6f Guanidino baminatedidendeinmmarnat ed dendri ners 15 PANVAM
4.0 (EDA) BRI 6116 Solid potassi um N-hydroxysucci ni m dyl .

4-sul f obenzoate (1 00ngy; O0.3mmol) was added to a solution of PAMAM 4.

(EDA) (35nm5 paMARID! BRIGN4Y. 1M pH 8.5 borate buffer (5m) and the
solution stirred at roomtegﬁerature for two hours. The resulting mlky

solution at this 4sbéionatPAMAN 40 (G3me; 002800l and owthylhigpssudayraat i on (1)

was then add J i ich s.concentrated to give
t he crude pr%@@%?(lré’g’“g’d&ﬁ“?‘%&igﬁq{’%‘%‘%@@‘c VﬁaeShﬁ?S?jﬁ?: °T jios ified by
gel filtrati @0 (Bewhholex THE Solutiv veds)thén@onienrattPdidivhehefldue puified\by g&r m nat ed
wi th 32 sodi 4- syl f oben ' r S (47 .11 nnmr (D20): 8 2.25;

2.42; 2.63; ”d?é“’ngé“fgade"ﬁ%%?@gs‘gﬁgt v %@%ﬁ?)@ ated With 241=gHz) . C
nnr (D20) : 18 o3snilk Yhe Adtafe; ne P ; - 81360: 3; y:3,00140. 4,
150, 1: 173, 62 158 e s the SgadsaltloTinnl i b,y o2 BsotE: 0ot

PCT/ AU99/ 007dbrx ©); 3.32; 3.45 (brt); 3.60 (brt). ~C nmr (D,0) : 8 25.2; 33.2; 33.4; 38.9; 41.2;

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
15 similarly prepared.

EXAMPLE 19

Preparation of 4-({1,4,8,11-tetraazacyclotetradecane|methyl)benzamide

20 terminated dendrimers

PAMAM 4.0 BRI6041
A solution of 1-(4-carboxyphenyl)methyl-1,4,8,11-tetraazacyclotetradecane
tetra hydrochlotide (120mg; 0.25mmol), N-hydroxysuccinimide (60mg; 0.52mmol)
25 and 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (250mg;
1.3mmol) in pH 7 phosphate buffer (10ml) was allowed to stand a room temperature
for one hour and then a solution of PAMAM 4.0 (32mg; 0.006mmol) in pH 7
 phosphate buffer (10ml) added. The mixture was allowed to stand for two days and
then concentrated. The residue was purified by gel filtration (Sephadex LH20; 10%
30 AcOH) to give PAMAM 4.0 terminated with ca. 12 4-



EXAMPLE 12 Preparation of Sodi um N (4-sul fophenyl) propanam de

term nated dendriners 5 PAMAM 4. 0 (EDA) BR16117 Solid sodi um
N- (4- sul f opheMQ 9048239 ani de (250nmg; | mol) and solid sodi urRCTARRPYShat e
(106nmg; 1 mml) were added successively to a stirred solution of PAMAM 4.0
(EDA) (78ng; 0.01 Inmmol) in water (4n1% The resulting solution was stirred
under nitrogen for four days and th ‘h’freeze dried to give a fluffy
white solid. The crude product was 10 purified by gel filtration (Sephadex

LH20; water ive PAMAM 4 ED erJ4 nat e - With 64. i

N (4. sut 1 ophllbg i remaRae die B SR A g gonthas dr SR B

trace of whapy @Msmn%p%rmww thot] ditsofved BV Witerahd passsich@ughi®s. 1H nnr
(D20): 6 2.10; 2.48; 2.58; 2.79; 3.20; 7.42 (d, J=7Hz). 7.65 (d, J=THz).
C3C nnt  ( D20¥olwgn gfAmberdite IBA-401 (1) resin and then cgncepiratad Thgresidupwas 143, 0
144.2; 177. 4, . L MPLE -13
Prepar ati on glrsgbégegﬁﬁm %5 93}11% 8% c%nr%?feng ecé (P{aﬂr) ﬁ‘? dﬁgtagg mcfesﬁl P?Irlrglrlusted% PAVAM
4.0 (EDA) BRehird(30ml) to precipithte aothitt salid. The stid iwastallebttdby filtwtiorci d (195ny;

| ol ) in dry DVSO (3m), s arided dropwise to.a sol.uti of NN -

di succi ni m diqs%%ﬁégaén ‘(Y\ﬁé C m97°4)$?- 8‘55 fimetey ’san(’ﬁﬁf‘jle and the

resul ting br guRissiasieb Dﬁ’illﬁtxlhﬁmﬂg%ztﬂ@msezm}%a.@hwﬁs;ms;2@0;h0urS- A
sol uti on of PAVMAM 4.0 (EDA) 6&75 ,_0.01 1y o’I) in dry DMSO (Iml) added and
the 25 sol ut B&A; 360;3r6304.#%17.68 (bud)t W (be 8). hokrmr (DD : §3R 0t 2Bk 34&s t hen
concentr at ed, ppf Nh8han 2. A RC 0] @31(?9 SAPS i yed d.owi sh
sem -solid. #g%%gggp?%%ég’? E\/\E@%S"Sé%?’\/d ’43'§’i 4ns)' b%/%bg%%%s?zéﬁjdé’t he

sol uti on amded3is6.660/m 1325;\085.7; 187y 130d; ¢ThY;l 17621 Ht3e 176IHd 77.0; preci pi t at ed
white solid was_caollected by filtration and washed with ethyl acetate (2X)
and et her 128234)1,78t5hen dried to give a white powder (275ng). This
material was firther purified by 30 gel filtration (Sephadex LH20; water)

to give PAVMAM 4.0 (EDA) term nated with 32
EXAMPLE 20

15 Preparation of 4-Carboxy-3-hydroxybenzylamine terminated dendrimers

PAMAM 4.0 (EDA) BRI6119
Sodium cyanoborohydride (32mg; 0.5mmol) was added to a mixture of
PAMAM 4.0 (EDA) (69mg; 0.01mmol), 4-formyl-2-hydroxybenzoic acid (83mg;
20 0.5mmol), and sodium hydrogen carbonate (42mg; 0.5mmol) in water (4ml). The
inhomogeneous 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
25 groups (91mg). 1H ancl1 3C nmr (D,0) shows mostly mono alkylation but with some
signs of dialkylation of the terminal amino groups, both spectra show broad peaks.
13C nmr (D,0) :6 37.0; 41.1; 50.9; 53.4; 55.5; 55.8; 61.5; 120.9; 122.2; 122.4;
132.3; 132.7; 135.0; 135.8; 163.5; 163.7; 169.0; 178.6; 179.3. 1H nmr (D,0) : 6
2.20; 2.35; 2.60; 3.15; 3.30; 3.55; 4.25; 6.68; 7.12; 7.55.
30



WD 00/ 15239

PCTI AU99100762 ' -30 - sodi um
4- sul f ophenyl ugRpeedsRYPS (106nmg). H nnr (D20): 8 2.31; 2.55; p@&A099/087629;
7.32. 13 (d, J=9Hz); 7.63 (d, J=9Hz). C
nnr (D20): 836.3; 40.7; 43.3; 43.8; 53.7; 55.7; 123.3; 130.9; 140.9;
146.0; 161.4; 178.2; 178.6. 5 -35-

EXAMPLE 14 Preparation of NNN-trinethylglycinam de chloride term nated
dendri ners BHAI ysl| ys2l ys4l ys8l ys16 BRI 2922 10 Trifl uoroacetic

acid (4m) was added to a suspensi OBXaMHEEERYs| ys21ys4l ys8DBL 6 (220nm;
30,unol) in dry dichloronethan6 (2m) and the resulting solution stirred at
room tenperature under nitrogen for two hours and then concentrated. The

resi due was di’ﬁ%QHfﬁd of 4-CabeHyphENYPiMidSWrinifdted hRarhhbradj usted to 8.5 with
triethylamne. Solid 4-nitrophenyl N, N, N-trinmethyl glycinate chloride _

(0.50g; 1 .8muol )was then added and the m xture stirred 15 overni ght at

room tenperi%égéwpﬁ)t(lﬁ%%gdy solution was then concentrated (500 10-5 nmmrHg)

and the res d between water and di chl oronet hane. The aqueous
| ayer was separsuliddcartidsshdnylisbthiodyaible 8 6aE VM8 AMn])33gs added teahy| acet at e,

and then concentrated to ive an oil (1. 128g). The crude product was
purified by gelutionof PAMAM %‘%@B@é@?&nﬂéﬁé\g‘fﬂm"% et (20mY)- JhepH ofhe

NNN-t ri nmet hyl j i ; i e
o) 131 SIS aAGA phisgaetS sy tec o

(
68. 1, 16 6toktir 43Ford tenipgTature for 26 hours. ITh6 réxction mixture was then filtered and
EXAVPLE 15 10 82 slgiagb @tk @la ol ot JLLAELIN L AR AP RS AR L g4 nat ed

dendri ners
filtration (Sephadex LH20; water) and then freeze dried to give the product as a

white fluffy solid (68mg).

EXAMPLE 22
15

Preparation of 3,5-Dicarboxyphenylamide terminated dendrimers

PAMAM 4.0 (EDA)
Solid 3,5-dicarboxyphenylisothiocyanate (112mg; 0.5mmol) was added to a

20 solution of PAMAM 4.0 (EDA) (70mg; 0.01mmol) in water (5ml). The pH of the

resulting cloudy solution was adjusted to 10 with 1M Na,CO; solution and heated

under nitrogen at 53° for 2 hours. The reaction mixture was then filtered and the

filtrate concentrated to give a brownish solid residue, which was purified by gel

filtration (Sephadex LLH20; water) and then freeze dried to give the product as a pale
25 brown solid (112mg).



1,1'-Carbonyl diim dazol e (85ng; 052mml) was added to a solution of 4-
tri met hyl ammoni unbenzoic acid iodide (1 54ng; O0.5muvol) in dry DMV (4nm) and
the 30 m xt ur woswitssed at room tenperature under argon for PCRAUIYUTE.

Duricng this time a white WO 00/ 15239

PCT/ AU99/ Q0762 -31 - solid
separated fromthe solution: A sol ut i ol "of PAMAM 4. 0 (58nmg; 0.01 I nnol) in
dry DMF (2m ) was then added and the mixture stirred overnight at. room
tenperature. After this time nmost of the precipitate had dissolved and a
ni nhydrin test of the solution wasERaNHRLE S The m xture was

concentrated (10 mmuHg; 30 ) to give a white solid residue. The crude S
product was purified by gel filtration (Sephadex LH20; 10% AcOH) to give
PAMAM 4.0  Pieparition bfSodinmi4-Bibsghdnopxypthlyyitiowrenteominatedadendemgroups as t he

acetic acid salt (89ng). Hnm (D20): * 1.96; 2.65-2.85; 3.25-3.55; .
3.64; 7.92. 1 Cnm (D20): 8 25.8; 33.1; 33.5; 38.7; 43.1; 43.5; 53.5;
54.1; 56. 45 pAviam §d4eBa)133.6; 139.9; 153.2; 173.2; 176. 3; 176. 8;

182.6. 10 The correspondi ng PAVAM 2.0 dendriner termnated with 6
4-tri et hyl anmoniSelid sodiyerfrehespheneexyphesylisathiosysrated2] ing) mspaddsd to a

EXAMPLE 16 15, .. P [ f [ | ' t-Rwl am de
Corm nated  Ouionst AR 4YIEBiS) fishs 0GR TINRG, (ORE. The A0

4- ni t r ophenysohdtioh (il Oy wasestitted fob2hhmat # r¢cbb@mperareamden Hitroges. Baded to a
stirred solution of. PAMMM 4.0 (52ng; .O A mmol.) ip, dr) 50O, (3m ). The
resul ting ygTePﬁwn_élBF‘Hﬁ"t?ﬁt%&s"é‘f‘?“?’?téﬁt"aﬁ“’er%Mﬁ_s(gﬁ‘b’&?é‘c‘%“fho_ $20 hours,
when a @i it iLp gEl%ﬁ*atiUﬁﬁSé}ﬁﬂﬁk L Y20 Wdkr§ AnBehen freekB BriéPbyivedRe Was t hen
concentrated (10 SnuHg; 40 ) and the residue shaken with a m xture of
wat er and di piofunt anaeflifSinehite solid (86mg). :

EXAMPLE 24

15 Preparation of Sodium 4-(Phosphonomethyl)phenylthiourea terminated

dendrimers

PAMAM 4.0 (EDA)
Solid sodium 4-(phosphonomethyl)phenylisothiocyanate (97mg) was added

20 to a solution of PAMAM 4.0 (EDA) (69mg; 0.01mmol) in water (30ml). The

resulting solution was stirred for 3 days at room temperature under nitrogen,

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

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

purified by gel filtration {(Sephadex LH20; water) and then freeze dried to give the
25 product as a fluffy white solid (102mg).



25 (1:1). The.insoluble gel-like material was collected by filtration,

washed with water (2X) and di chl oronet hane (2X), and then air dried. The
crude 4-(chlo Z{%k benzami de term nated dendrimer wastdisweieged in
25% aqg. trlrrew e (20m) and the yellow solution left to stand

overnight. The solution was then concentrated, the residue dissolved in

water (5m ) and the solution passed thgpugh a colum of 30 Anberlite

| RA-401 (OH). The colourless filtrate was concentrated to give a viscous
WO 001539 :

PCT/ AU99/ 00762 EXAMPLE 25 -32 - oi |
which was purified by gel filtration (Sephadex & 0; 10% AcOH) to give
PAVMAM 4.0 termnated with 24 4-(trinet hyl anmoni unmet hyl ) benzam de groups

(90ng). 1H n q br d,
J=oHz): 7. 72%‘&% d’fgﬂj’Bﬁz%f‘h? ‘gi‘%n&&“'{’ 0y ”"2 "%ﬂhﬁ’;"ﬁg t"'4","5'%‘8"(’8 43.2:
43.5; 53.6; Beéhdrim@d. 1, 56. 5 62.8; 73. 0 132.1; 135.3; 137.5; 140.0;
176.4; 176.9; 183.6. EXAMPLE 17
Preparati of of N—(2 Acet oxyet hyl ) - NN- (di et hyl ammoni um) net hyl - 10

car boxam de i,gﬁgq U;\‘gndri mer s PAVAM 4. 0 Solid 1,1

" -carbonyl di i azol e ng; O0.52mmopl) was added to a sol ution of

N- (2- acet oxyet hyISdN(@mWMWP)OWﬂVMGHWSQMMFﬁ(&QW)G@S(135ng 15

For two’ e soctsiybr BRVGIME DA itk B sy DhE (PRIRBAEE T yoe

was then Adatadg soMtichhwasatised!fdr 1@ hbureidbeth eniperanie mder aftrogerd, | occul ant
precipitate whi ch sl ovvl¥ redi ssgl ved, The m Xtdéﬂm tJ rr d for two
¥

days and t}%mamwﬁcéﬁéﬂ (Wi periodicpddifion of sptugaly WoBLS0i | . The

crude produc t, 10% Ac to
gi ve PRI\/AM 4}661 fof i nat eﬁ%&y c&ﬁlant] a'téd t5 givk @ WhitP sdlraaBdi@dewniel Gas 10% AcOH)

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

15 EXAMPLE 26
Preparation of C,-alkyl linked 2-thiosialoside terminated dendrimers

Methyl [(8-octanoic acid N-hydroxysuccinimide ester) 5-acetamido-4,7,8,9-tetra-O-
20 acetyl-3,5-dideoxy-2-thio-D-glycero-a-D-galacto-2-nonulopyranosidjonate was
prepared by the following procedure.

To a solution of methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-2-S-acetyl-3,5-dideoxy-
2-thio-D-glycero-a-D-galacto-2-nomulopyranosonate (Hasegawa et al, 1986)

25 (100mg.) in dry dimethylformamide (1ml) was added 8-bromooctanoic acid
(41mg.) and diethylamine (280mg.) and the solution stirred at 20° C for 17 hours.
‘Solvent was removed under vacuum and the residue partitioned between ethyl
acetate and ice cold 5% hydrochloric acid. The organic layer was washed with
water, dried over sodium sulphate, and evaporated to give a residue (130mg.).This

30 was dissolved in ethyl acetate (Sml.) and N-hydroxysuccinimide (26mg.) and



Acet oxyet hyl ) - N, N- (di met hyl anmmoni um) net hyl car boxam de groups (64ng). |IH
nnt (D20): 8 1.93; 2.05; 2.70; 3.10-3.60; 3.28; 3.93 (m; 4.14; 4.48 (nm.
13C nnr (DR oonS3gd. 6; 26.2; 33.2; 38.7; 42.8; 42.9; 53.p¢mAusede7652. 6;

67.3; 67.5; 168.9; 176.4; 176.8; 177.3; 183.2. 25 WD 00/ 15239
PCT/ AU99/ 00762 -33 -

EXAMPLE 18 Preparation of Guanidi&o term nated dendriners 5 PAVAM
4.0 BR16042 A sol ution of PAMAM 4.0 (63ng; 0.012mmol) and

met hyl t hi opseudour ea sulfate (170ng; 0.61nmmmol) in water (5m) (pH

10.5) was hegicpgoherglesrbadiinidg@omal) were added) l‘mrmlicm Wautised AA20°Cdout i on was
then concentrated and the residue puri filtrati oa ( Sephadex
0

Gﬁ 0: 10% Ac&Hpoursthgn the WHIMUECIPIGIe: WA rﬁ“ﬁ%?flé’&%/ \'ﬁg? filtesie Was CQUCERTEeho groups as
t t at cagg) 09 b
e acetate i@ é%§$?%%sh6%ﬂ!%}gto%r§ﬁl9)f§ sflicd gg%lutgl%&ﬁth(eh{gl E& tatc3 (br

t); 3.32; 3. nnt (D20 .2, 33.4; .
38.7; 41.2; Fractidiid.contaibthgdprodidt Were 56mbinedandGyam@atst to EinG. ﬂvhllemam 176.9;
181L6. he respondi ng PAMAM 2.0 dendriner termnated with 6
guani di no & 8&[3 - Wds 15 similarly prepared.

EXAMPLE 19

Similarly were prepared:

Methy! [(11-undecanoic acid N-hydroxysuccinimide ester) 5-acetamido-4,7,8,9-
10 tetra-O-acetyl-3,5-dideoxy-2-thio-D-glycero-a-D-galacto-2-nonulopyranosidjonate.

Methyl [(acetic 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.

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

Methyl [(4-methylbenzoic acid N-hydroxysuccinimide ester) 5-acetamido-4,7,8,9-
tetra-O-acetyl-3,5-dideoxy~2—thio—D-glycefo—a—D-galacto-Z-nonulopyranosid]onate.
20
A PAMAM [EDA] 4.0 [(8-octanamido)- 5-acetamido-3,5-dideoxy-2-thio-D-
glycero-a-D-galacto-2-nonuiopyranosidoic acid},, BRI 6112

To a solution of the PAMAM [EDA] 4.0 (50mg.) in dry dimethyl

25 sulphoxide(4ml.) under an inert atmosphere was added methyl [(8-octanoic
acid N-hydroxysuccinimide ester) S-acetamido-4,7,8,9-tetra-O-acetyl-3,5-
dideoxy-2-thio-D-glycero-a-D-galacto-2-nomulopyranosidjonate(300mg.)
and the solution stirred for 60 hours at 20°C. The solvent was removed
under vacuum and the residue was dissolved in methanol (2ml.). This

30 solution was subjected to size exclusion chromatography on Sephadex LH20



Preparation of 4-([1,4,8,11-tetraazacycl otetradecanej net hyl ) benzam de 20
term nated dendriners PAVAM 4.0 BRI 6041 ' A sol ution of
1-(4-car boxyplg%lgdl)sggt hyl -1,4,8,1 1-tetraazacycl ot et r adecangcr/aubsion@
hydrochl ori de (1 6 0.25mml ), N-hydroxysuccini nde (60ng; 0.52mmol) 25
and 1-(3-di net hyl aam nopropyl ) - 3-et hyl carbodi i m de hydrochl ori de (250ny;
1.3nmol) in pH 7 phosphate buffer (I 8%} was allowed to stand a room

t enperature for one hour and then a solution of PAVAM 4.0 (32ny;
0.006rnmol ) in pH 7 phosphate buffer (I Om) -added. The m xture was
allovwed to stand Jl&ingtwmaﬁhams:maron eva oﬁah@:nommammeqiradm mmsu due was
purified by gel filtration hadex LH20; 10% 30 AcOH) i ve PAMAM 4. 0
terminated with cEDAIA.Q[me yl[8 octanamifip) pretagpide-4.7.8, Stbira-G-a etyl-3,5-

PCT/ AU99/ 00762

([1,4,8,1 1- tetraag%oé %%Oelt)gg grga%g]%‘rgch %Slmgﬂor?%’?r%omgméartcc])ﬁgés as det erm_ned
by H and 13C nobainédBBrapyhiteTHosvdpr. d82mg. 989% t hen di ssol ved in water and
passed t hrough a colum of Anberlite I1RA-401 (Cl) resin and then
concentrat€d. The residue was di ssolved in water (Im), concentrated HCO

(im) added, and mev&%éﬁvbﬁéa@ldw&@é%lmﬁ&bySmelfélmmgxﬁaﬂcm) to precipitate
a white SO|Id The solid was collected by filtration (68ng). Once again

-1 and 1 C nnt showed ca. 50% functionalisation of the term nal am no
groups. I Hnnr ( % %5,383 3. 40; 3. 50;
3.60; 3.62; 4. 49%3)“8%1%?‘%’&%’3”‘1%‘?%?? aty 9%112@1@@ F 7' 23.1;
33.2; 38 8; 39acdtamidb-27, %D tefrn-Otdcef]-3SLdideoxs 2-Bio-B2lyRerodB3Dogalad®-6; 45. 5;
46.1; 49. 52.2; 53.9; 10 54, 3; 56 7. 1 7:,137.1; 139.7;
174.5; 1761%; - 1762 30lenyraposidippatgls (1 83ragegimdry egiagol (L) bhder agon a
EXAMPLE 20 20°C was added a freshly prepared 0.19M solution of sodium methoxide in

methanol (7ml.) and the mixture stirred for 2.5 hours. Tt;e solvent was
evaporated and the residue dissolved in water (10ml.) and stirred for 3
hours. This solution was subjected to size exclusion chromatography on
15 Sephadex LH20 eluting with water. On lyophilisation, the product,
PAMAM [EDA] 4.0 {(8-octanamido)- S-acetamido-3,5-dideoxy-2-thio-D-
glyéero—a-D-ga]acto-Z—nonulopyranosidoic acid],, was obtained as a pale

lemon powder 110mg. 77%
20 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

25 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)- S-acetamido-3,5-dideoxy-2-
. thio-D-glycero-a-D-galacto-2-nonulopyranosidoic acid);, BRI 6120
30
B BHA lyslys,lys,lysglys,s [(8-octanamido)- S-acetamido-3,5-dideoxy-2-thio-



15 Preparation of 4-Carboxy-3-hydroxybenzyl am ne term nated dendri ners
PAMAM 4.0 (EDA) BRI 6119 Sodi um cyanobor ohydri de (32ng; 0. 5nmol)
was added to dﬂo)i% ye of PAMAM 4.0 (EDA) (69ng; 0.01 r mair)aues/oo762

4-f ornyl - 2- hy roxybenzoic acid (83ng; 20 0.5mmol), and sodi um hydrogen

carbonate (42ng; O0.5mmol) in water (4m ). The I nhonbgeneous or ange
m xture was stirred for four hours at-4bom tenperature, during which
time it becane honbgeneous. The orange solution was then concentrat ed

and the residue purified by gel filtration (Sephadex LH20; water) to

gi ve PAMAM 4. 0 (EID%) yck@rarDRglaetd-Mhdrlopgrandod- i) HOBRI 816%y dr oxybenzyl ami ne
25 groups (91nm) H and 13C nnmr (D20) shows nostly nono al kyl ati on but
with somne signs of dial kylation of the terninal am no groups, both
spectra show broa . nJamﬁgm%f 53.4; 55.5;
55.8; 61.5; 120. gﬂs%g&g?w%%y};ﬁsﬂﬁd% hBO@)iZ(?Omeg).ll 135.8; 163. 5
163.7; 169.0; 17S8trifluorbd@tid acﬁd—l(Zmﬂr) apﬁ)ﬁﬁ}ﬂor@nethang (ij ) vgasggrreQ atg°C3. 15: 3 30:

E’C?’IS AUg 9/2305722 68; foz 2%1oﬁrs thcn solvent was removed under vac(l)xur/nl‘liﬁg ?esidue ggs

EXAVPLE 21 Pdissefved i &9 dﬂﬁetﬂyl@ﬂlbb@ﬂdéﬁmﬁnﬂlﬂﬂld@pf@mmﬁﬁb dendri ners
5 PAVAM 4.0 (EDA) Sol id 4-carboxyphenylisothi ocyanate (86ny;

0. 48mol ) was add@dmgg aad methybi(§rostanoicorcidiipronyycqirimide s88ny: 0. O ol ) in

water (20m ). The, pH g Was-cadétysted to 9

with saturated NaFO QJO"f E? fgotﬁugn }"124 53 &&é&k@i ﬂﬁglﬂl&l&%o gﬁ‘ﬁ :
2-nonulopyranosidjonate (78mg.) were added. The mixture was stirred

10 under argon at 20°C for 60 hours then solvent was removed under vacuum.
The residue was dissolved in a freshly prepared 0.1M solution of sodium
methoxide in methanol (2.5ml.) and the mixture stirred for 3 hours under
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

15 = exclusion chromatography on Sephadex LH20 eluting with water. After

| Iyophilisation ,the product, BHA lyslys,lys,lys,lys,s [(8-octanamido)- 5-
acetamido-3,5-dideoxy-z-thio-D-glycero-u-D-gal;acto—2-nonulopyranosidoic
acid},, was obtained as a white powder 44mg. 86%.

20
EXAMPLE 27

Preparation of dendritic sialosides modified in the 4-position of sialic acid

25 Methyl 4-azido-5-acetamido-7,8,9-tri-O-acetyl-2-S-acetyl-3,4,5-trideoxy-2-thio-D-
glycero-a-D-galacto-2-nonulopyranosonate was prepared by the following
procedure. To a solution of methy! 4-azido-5-acetamido-7,8,9-tri-O-acetyl-2-

. chloro-3,4,5-trideoxy-D-glycero-f-D-galacto-2-nonulopyranosonate (Sabesan,
1994) (5g.) in dry dichloromethane (150ml.) was added finely powdered potassium
30 thiolacetate (5.8g.) and the suspension stitred vigorously at 20°C for 48 hours. The



to stir.at roomtenperature for 24 hours, The reaction m xture was then
filtered and 10 the filtrate concentrated to give.a white solid residue,

whi ch was purified by gel filtration (Sephadex LH20; wat en
freeze dried W&‘B{I%gt he product as a white fluffy soli aft{gg@%gﬁ{l

EXAMPLE 22 15 Preparation of 3,5-D carboxyphenyl am de term nated
dendrinmers PAMAM 4. 0 ( EDA) .41. Solid

3, 5-di car boxyphenyl i sot hi ocyanate (112ng; O0.5nmol) was added to a 20

sol ution of PAMAM 4.0 (EDA) (70ng; 0.0l mmol) in water (Sm ). The pH of the
resul ting cloudy solu ol ution and
heat ed d&‘?‘&ﬁ‘f P %ﬁe?@d %ﬁ%&{g& @dgnoeuarﬂa‘t otg\;hrfégg(![ [ o%%{ure was t hen
filtered and e red prédubttwatmmu;empmtm réversgil phasa HRLEWT,5130%0! i d r esi due,
whi ch was puri %g f||trat|onzé¢§ephadex LH20; water) and then
freeze dried QCQ‘OQW Wca | asaowhiterfozm 398 25 brown solid (112ng).

WD 00/ 15239
PCT/ AU99/ 00762

EXAVPLE 23 5 Methf¥ [@Moimiw-mmdnmw%wmwmm 6@s%a

term nated dendri ner 5. PA 4. EDA) ]

4- phosphonoox%ééﬁ??’ lﬁs%n‘)ml%e%g{ﬁ%lgl?g@i%)a-I\)Aéalact &ergnﬁ%%gn&%j uti on of
PAVAM 4. 0 ( EDfgs fréfhed byQhé¥onewing préced@eer (20m ). The resul ting sol ution
(pH 9) was stirte for 24 hours at room tenperature under nitrogen. The

h.

To a solution of methyl 4-azido-5-acetamido-7,8,9-tri-O-acetyl-2-S-acetyl-3,4,5-

10 trideoxy-2-thio-D-glycero-a-D-galacto-2-nonulopyranosonate (300mg.) in dry
dimethylformamide (3.5ml.) was added 8-bromooctanoic acid (155mg.) and
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 ice
cold 10% hydrochloric acid. The organic layer was washed with water, dried over

15 sodium sulphate, and evaporated to give a yellow foam (385mg.). This was
dissolved in ethyl acetate (20ml.) and N-hydroxysuccinimide (95mg.) and
dicyclohexylcarbodiimide (175mg.) were added. The mixture was stirred at 20°C
for 17 hours then the white precipitate was filtered off. The filtrate was
concentrated and purified by preparative reversed phase HPLC [C,,, 30%

20 acetonitrile/water} to give a white foam 340mg. 83%.

A PAMAM [EDA] 4.0 [ (8-octanamido)- 4-azido-5-acetamido-3,4,5-trideoxy-
2-thio-D-glycero-a-D-galacto-2-nonulopyranosidoic acid];, BRI 6146

25 To a solution of the PAMAM [EDA] 4.0 (72mg.) in dry dimethyl
sulphoxide (Sml.) under an inert atmosphere was added methyl [(8-octanoic
acid N-hydroxysuccinimide ester) 4-azido-5-acetamido-7,8,9-tri-O-acetyl-
3,4,5-trideoxy-2-thio-D-glycero-a-D-galacto-2-nonulopyranosidjonate (318
mg ) and the solution stirred for 60 hours at 20°C. The solvent was removed

30 under vacuum and the residue was dissolved in methanol (2ml.). This



reaction m xture was then concentrated to give a white solid residue, which
was 10 purified by gel filtration (Sephadex LH20; water) and then freeze
dried to gi vewbheénszze product as a fluffy white solid (86ngPcT/auss/0762
EXAMPLE 24 15 Preparation of Sodi um 4-( Phosphononet hyl ) phenyl t hi our ea
term nated dendriners PAMAM 4. 0 ( EDA) Solid sodium

4- (phosphononet hyl ) phenyl i sot hi ocyanat-¢2(97ng) was added 20 to a sol ution
of PAMAM 4.0 (EDA) (69ng; 0.0 Immol) in water (30m ). The resul ting
solution was stirred for 3 days at roomtenperature under nitrogen,

mai ntai ni ng the pkolaorBvasi subjeped iocilic exaddorn chyomabgrapity omcRepihdhia HE2E

lution. Th t t t hy t te whi t
Sol i resi duc, waFERTEAEA TN PrEhpratgRet RV s bl Yoo, °

wat er) and then f r[EBAﬂ.@f[fr@ﬂkgt @8-B¢tMRmidyy 4%2ide!soRbahidds7, 8 9fthilg-hoetyahi t e sol i d
(102mg) . WD 00115239 . -
PCT/ AU99f O0762 3 4 5-trideoxy-2—thio-D-glycero-oc-D-gala\cto-2-nonulopyranosxg]pnatc]32 was

EXAVPLE 25 di I
4- (Phosphonorret hyl ?B eny ngtﬁogrgl' ?iegrﬂré'ar?g%ed dendrinmers 5 PAVAM 4. 0

( EDA) Solid sodium ethyl 4-(phosphononethyl)phenylisothiocyanate

109 was added to a sol ution _of PAMAM. 4.0 69 0.0 | nmol in
E)I\/F ?g%)m ). The The free sialoside was obtained by the followmg metﬁ%) (69ng; )

To a solution of PAMAM [EDA] 4.0 [methyl [(8-octanamido) 4-azido-5-

10 acetamido-7,8,9-tri-O-acetyl-3,4,5-trideoxy-2-thio-D-glycero-o-D-galacto-2-
nonulopyranosidjonate],, (215mg.) in dry methanol (Iml.) under argon at
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 (2ml.) and stirred for 17

15 ¢ hours. This solution was subjected to size exclusion chromatography on
Sephadex LH20 eluting with water. On lyophilisation, the product,
PAMAM [EDA] 4.0 [(8-octanamido)- 4-azido-5-acetamido-3,4,5-trideoxy-
2-thio-D-glycero-a-D-galacto-2-nonulopyranosidoic acid],, was obtained as
a fluffy white powder 160mg. 90%

20

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

2-thio-D-glycero-a-D-galacto-2-nomlopyranosidoic acid},, BRY 6149

A slow steam of hydrogen sulphide gas was passed into a solution of
25 PAMAM [EDA] 4.0 [(8-octanamido)- 4-azido-5-acetamido-3,4,5-trideoxy-
2-thio-D-glycero-a-D-galacto-2-nonulopyranosidoic acid}y, (25mg.)in a
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
30 taken up in water (5 ml) and filtered through a 0.45.m. membrane filter to



resulting solution was stirred for 17 hours at roomtenperature under
nitrogen, 10 maintaining the pH at 8 with periodic addition of saturated
NaHCOB sol uti @y gokdsss - reaction mixture was then concentrapgfl,tigdghese 2
white solid resi c?ue, whi ch was purified by gel filtration (Sephadex
LH20; water) and then freeze dried to give the product as a fluffy white
solid (30nm). 15 -43 - EXAMPLE 26

Preparation of Ceal kyl |inked 2-thiosial oside term nated dendrimers

Met hyl ((8-octanoic acid N-hydroxysuccinim de ester)

5-acet am do- 4, 7, 8,:8mbw! dufphidr. 28 Iysphillivition, the product, PAMAM {EDA] 4.0 [(8-

, 5- di deoxy- 2-t hi o- D- gl ycer o- ca- D- gal act o- 2- nonul opyr anosi d] onat e was
prepared by the fmammiqlg)—ﬁr@@e@téﬁee.tamldoé,%traiegm-émw-glycw%
5-acet am do-4, 7, 8, 9;.t.et4 a- .+ 2- S aC I ' Ty

2-thi o-D-gl ycero- %gﬁgé%‘g%%%é’ig%%éﬁ%q&o%;ﬁﬁ%%%Sfr)\% e(-i g%—gge a‘\k’a“%{%‘?",‘ 1986) 25
(100ng.) in dry di2mighg6%or manmi de (I m) was added 8-bronmpoctanoic acid
(41ny.) and diethylam ne (280ngy.) and the solution stirred at 200 C for 17

hour s. S3l vent was renoved under vacuum and the residue partitioned
bet ween et hyl acetate and ice coggaRPegyglr ochloric acid. The organic
| ayer was washed with wat er, dried over sodi um sul phate, and evapor at ed

to give a residue (130ng.). This 30 was dissolved in ethyl acetate (Sm.)

g?}?r Rl_ugg?(r)g);)é ue([:}gxl'a foxrln o %on%%?c%& te%x%gnated dendrimers.\/\D 00/ 152?938 )

di cycl ohexyl carbodii m de (46ng.) were added. The m xture was stirred at
200C for 17 hours then the white precipitate was filtered off. The

filtrate wdd 4E&athoxyphgpdporonic acid N-hydroxysuccinimide ester
To a solution of 4-carboxyphenylboronic acid (500mg.) in dry dimethyl

formamide (5ml) were added N-hydroxysuccinimide (380mg.) and
dicyclohexylcarbodiimide (680mg) The mixture was stirred at 20° C for 64 hours
then the white precipitate was filtered off. The solvent was removed under vacuum
15 and the residue dissolve in ethyl acetate (100ml.). This solution was washed with
water, dried over sodium sulphate and evaporated to give a white solid which was

crystallised from acetonitrile/water as fine needles 730mg. 92%

PAMAM [EDA] 4.0 [4-benzamidoboronic acid],, BRI 6160

20 To a solution of the PAMAM [EDA] 4.0 (69mg.) in dry dimethyl
sulphoxide (5tml) under an inert atmosphere was added 4-carboxyphenylboronic
acid N-hydroxysuccinimide ester (130mg.) and the solution stirred for 65 hours at
20°C. To the thick slurry was added 1M sqdium carbonate solution (1ml.) and the
clear solution stirred an additional 24 hours. The solvent was removed under

25 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-benzamidoboronic acid],, was obtained as a white fluffy solid. 110mg. 94%.

30



and purified by flash chromatography on silica gel eluting with ethyl

acet ate. Fracti ons containing product were conbi ned and evaporated to
give a white {v@agns 97ny. 71% Simlarly were prepar @T/AU99/0078kt hyl

[ (11 -undecanoic acid N hydroxysuccinim de ester) 5-acetam do-4,7,8,9- 10
tetra-0-acetyl - 3, 5-di deoxy- 2-t hi o- D- gl ycer o- a- D- gal act o- 2- nonul opyr anosi d] o
nat e. Met hyl [(acetic acid N hydrdfysuccinim de ester)

5-acetam do4, 7, 8,9-tetra-0- .

acetyl - 3, 5- di deoxy- 2-t hi o- D- gl ycer 0- a- D- gal act 0-'2- nonul opyr anosi d] onat e.

15 Met hyl [(4-butanoic acid N hydr BEAMPEERI de ester)

5-acetam do4, 7, 8, 9-tetra-0-

acetyl - 3, 5- di deoxy- 2-t hi o- D- gl ycer o- a- D- gal act o- 2- nonul opyr anosi d3onat e.

Met hyl [ (4- rrepmzsbmaﬁ of Sodifiin(h, SldiMIEsrapltyRthioifeaiteieniasted dendrimers.

5-acet at ni do-4, 7, 8, 9-

tetra- O acetyl -3, 5-di deoxy- 2-t hi o- D- gl ycer o- a- D- gal act o- 2- nonul opyr anosi d] o

nate. 20 4.0 [(8-octanam do) -
5- acet anmi d0_5§113§@.1 is%ezy%%ggggﬁ%s&- D-

gl ycer o- a- D- gal acthiffwroaceticapid(2mb) siasledded aca ejrdl sBRiengdn of To a

sol ution of the PAMAM [ ED 0 L) 4N, di met hyl .25

sul phoxi de( 4nBHAL 3&541%@;1?@%” é?ﬂw"?)plﬁgpéd\%ﬂém g’gae éﬁlﬁﬁﬂd 9 8- oct anoi ¢
aci d N-hydr oxyghfifd snitidh d8rr&b4t@bom Enipehdeuster Aitrbgéh Rr twd heurOamcet yl - 3, 5-
di deoxy- 2-thi o- D- gl ycer o- ax- D- gal act 0- 2- nonul opyr anosi d] onat e( 300ng. )

and the sol ut themcancentrated. fihe resbiup 3as dissplved dn &, Nliaethy)iNraklaming buffsroy ed

ol ut i on weld QB7-Sr i) d BF s5, BATRINAR) BRI (OS Ae iy Lo

The pH of the mixture was then adjusted to 9.5 by the addition of 1M sodium

carbonate and the solution heated at 53°C for three hours under nitrogen. The
. reaction mixture was concentrated and the residue redissolved in water and the
- solution passed through a column of Amberlite IR 120 (Na). The filtrate was
15 concentrate was concentrated to give the crude product, which was purified by gel
filtration (Sephadex LH20; water) to give BHAlyslys,lys,lysglys,¢lyss, with 64
sodium 3,6-disulfonaphthylurea groups as a white fluffy solid (175mg).

EXAMPLE 30
20

Preparation of Sodium 3,5-Disulfophenylthiourea terminated dendrimers.

BHAIlyslys,lys,lysglys,slyss,
Trifluoroacetic acid (3ml) was added to a stirred suspension of
25 BHAlyslys,lys,lysglys,;DBL,, (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 dissolved in water and the solution passed
' 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
30 (8ml) and solid sodium 3,5-disulfophenyl isothiocyanate (680mg; 2mmol) added.



WD 00/ 15239 .
PCT/ AU99/ 00762 -39 -

eluting with neth . On evaporation of solvent, the produ %\/@
[EDA) 4.0 [ net‘mf’ﬁa}{}? -oct anam do) 5-acetami do-4,7,8,9-tetr %E:BAage y 2 3, 5-

di deoxy- 2-t hi o- D- gl ycer o- a- D- gal act o- 2- nonul opyr anosi d] onat ec32 was
obtained as a white powder. 182ng. 93 %55 This was converted to
the free sialoside by the foll ow ng nethod: - To a sol ution of
PAMAM [ EDA 1 4.0 [nmethyl [(8-octanam do) 5- acet am do-4, 7,

8, 9-tetra-0- aggy yﬁmanggﬁigt%w@a@sﬁwg%yme%éf

[h84 frddn. 44
2- nonul opyr anosi dl ona 2 (182nyg. ry net hangl 8 3n )é%ﬂnde? argon at

20C was addedsalutionesds|themeoagmatretdd to §i9é/h wlite soliresifues o'ﬂiaﬁmdvairhdmt de in

met hanol (7ml.) and.the nmxture stirred _2.5 hours. The sol vent was
evapor at ed ana)afH‘é‘%@&%ﬁ%éﬁﬁa’é%ﬁ?wdﬁL&Eg@e‘?a‘?q&T‘F“.’S and stirred for 3
hours. This s@HXWR IS HRIVES Wil 4Qo&LHS, GYBhIESHhEY GEL SidBpOgraaphy on 1 5
Sephadex LH20 el u}tls?yr%f]y\?\n&t%ug\/aytgagr. On | yophili sa??gﬁfy t he product,

PAMAM [ EDA) 54 wiite flBffpselidani do) - 5- acet ani do- 3, 5- di deoxy- 2-t hi o- D-

gl ycer o- a- D- gal act o- 2- nonul opyr anosi doi ¢ aci d] 32 was obtai ned as a pal e

| emon powder 110ngy. 77% 20 By a simlar procedure were prepared:
PAMAM [ EDA] 4.0 f (1l -undecanam do) - EXa0dPBRI3do- 3, 5- di deoxy- 2-t hi o-

D- gl ycer o- oc- D- gal act o- 2- nonul opyr anosi doi ¢ aci d] 32 BRI 6147 25

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

gl ycero-a-D- 0Pk &fat 1ot STEOURP 3 [5AR AR pheR b €a RRnifteéd. dendrimers. PAVAM
[ EDA] 4.0 [(4-nethyl benzam do)- 5-acetam do- 3, 5-di deoxy- 2-
t hi o- D- gl yckd¥ o- a- D- gal act o- 2- nonul opyr anosi doi ¢ aci d] 32 BRI 6120

BHAlyslys,lysysglys;lys;, BRI 6741
Trifluoroacetic acid (3ml) was added to a stirred suspension of
BHAlyslys,lys,lysgys;sDBL,, (300mg; 0.02mmol) in dry dichloromethane (3ml)
and the resulting solution stirred at room temperature under nitrogen for two hours
15 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 o0il (186mg). The oil was dissolved in a 1:1 mixture of pyridine/water
(8ml) and sodium 3,5-dicarboxyphenyl isothiocyanate (450mg; 2mmol) added. The
resulting solution was heated at 53 °C for 13 hours under nitrogen. The solution
20 was then concentrated to give a white solid residue. The crude product was
purified by gel filtration (Sephadex LH20; water) to give
BHAIyslys,lyslysslysslys;, with 64 sodium 3,6-dicarboxyphenylurea groups as a
white fluffy solid.

25 The sodium 3,5-dicarboxyphenylthiourea terminated dendrimer PAMAM 4.0
(EDA) BRI 6195 was similarly prepared.



30 B BHA | ysl ys2l ys4l ys8l ysl 6 [ (8-octanam do) -

5-acet am do- 3, 5- di deoxy- 2-t hi o- WO 00115239
PCTJAU99/ 007623yg g0/15239 - FX/aU99/00762
D gl.ycero- a- D- gal act o- 2- nonul opyr anosi doi ¢ aci d] 32 BRI 6169 A

solution of BHA 1ySl YS21yS4l YsSJYS16 (t-Boc)32 (20.3ng.) in a m xture of
trifluoroacetic acid (2m.) and dichl orérret hane (2m .) was stirred at 200C
5 for 2 hours then solvent was renoved under vacuum The residue was
di ssolved in dry dinethyl sul phoxide (Imm.) and di-isopropylethylam ne
(25ng.) and nethyl [(8-octanoic aci BXAMBIKE 8Xysucci ni m de ester) 5-

acetam do-4,7,8,9-tetra-0-acetyl -3 , 5-di deoxy-2-thi o-D gl ycero-a-D gal act o-
2- nonui opyranosi dl onate (78ngy.) were added. The m xture was stirred 10
under argon a ; 1 i YREN B&HEBimesgCcUUM

The residue \Ngg&’g?@sooq{;‘ggeﬁuﬁpgbfﬁ?sggﬁbyﬁ?rh\gggﬁhéﬁ? ﬁ/l sol ution cl)!fléfgodi um

nmet hoxi de in nmethanol (2.5m .) and the mxture stirred for 3 hours under

argon at 20TC__The.sql ven S e ted and the residue dissolved in
water (1ni.)y §ﬁd\q%¥>i83¥8ela%¥>’8w?ev #gg%ﬁ This solution was subjected to size
15 excl usi ofrifdvreaFedco@iceRhY) Wil adeanaderrbdgiipgisiohiong Wi th water.

Af ter - lyophilisation_,the product, BHA |yslys2lys4lysslysl6
[ (8- oct anami d&HAL ys,lys ysglys,DBL,, (147mg; 0.01 mmol) in dry dichlororhethane (Zml

acet am do- 3, 5. di 25 LGSRty SEo8m B eg&]:l Qs ‘%&%H'f%%@éi doi c
aci d) 37 was oﬁ‘?daﬁﬁgﬁxg’égg&{dﬁ?“f&é‘gjﬁomﬁé’?m44‘%. %g/gn er%%

EXAVPLE 27 and e pancattiaed togivel @rvibcousiodl. SThelodlswagakissotwell MiNN-i n t he
4-position ﬂ)f dlsnlle%'lnyli-?\f-ﬁﬁlﬁa(xjnine buffer (pH 9.5; 5ml) and solid 4-phosphonooxyphenyl

isothiocyanate (250mg) added. The pH of the resulting solution was adjusted to 10

with IM sodium carbonate and the mixture heated 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
15 Amberlite IR 120 (Na) and the filtrate concentrated. The residue was then purified
by gel filtration (Sephadex LH20; water) to give BHAlyslys,lys lysglys,¢lys;, with
- 64 sodium 4-phosphonooxyphenylurea groups as a white fluffy solid (150mg).

EXAMPLE 33
20

Preparation of Sodium 4-phosphonephenylthiourea terminated dendrimers.

BHALlyslys,lys lysglys;¢lyss,
Trifluoroacetic acid (2ml) was added to a stirred suspension of
25 BHAlyslys,lys lys,lys,sDBL,, (147mg; 0.01 mmol) in dry dichloromethane (2ml)
and the resulting solution stirred at room temperawre 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
isothiocyanate (250mg) added. The pH of the resulting solution was adjusted to 9

30 with saturated sodium bicarbonate solution and the mixture heated at 53°C for



25 Met hyl

4-azi do-5-acetam do-7,8,9-tri-0O acetyl -2-S-acetyl -'3,4,5-tri deoxy-2-thio-D
gl ycer o-a- D-gal act 9- 2- nonul opyranosonat e was prepared by th L3O
procedure. To%vao%o%)’gﬁ’?i on of nethyl BetRUbME
4-azi do-5-acetam do-7,8,9-tri-0O acetyl -2-

chloro-3, 4,5-tri deoxy-D- gl ycero-p- D- gal3gt o- 2- nonul opyr anosonat e ( Sabesan,
1994) (5g.) in dry dichloronmethane (150m .) was added finely powdered

pot assi um 30 thi ol acetate (5.8g.) and the suspension stirred vigorously at
200C for 48 h itrogen. Hfe s6fiHldd wasthen concentrated to give a white

ST/ ALY/ 0076§H5e3hou}-§‘@rlderm rogen. e en concentrate ._g41 ]

was filtered solill residweor Eheentsithee waswredissolvied it whtenawd the soiut{ion. passell.  The

requi red produyct s i.sol at ed. by. rativ exersed phas C [Cug, 30%
acetonitrile/ \%HP&%‘ cRlumn aﬁ&ﬂg"%ﬁﬁ%aé@?) af'g‘iée Hlfra PE Lyr?tg‘li'l(_‘gii%ct anoi ¢
tac! dON hy flr ?Xg&mﬁivi&isfﬂﬁdﬁ%uﬁﬁé@w ged fidtEigR (SepBaRRk UH200wted 18 give

ri-O acetvl -

, 4, 5-t r i deoxsy BHAIySIys.IDs.lylsyysed6s Adth 64 srdismdt-phosplingpplis)ylassa SraPPdnat e was
prepared by t f , Q8 at i on of et hyl
4-azi do- 5- ace!tigg‘n%ﬁg(k;{5 3%%“???&%%@3%%11@21 g;gfggetzéé/?}yg{gh 5- 1
Ot ri deoxy- 2-t hi o- D- gl ycer o- a- D- gal act o- 2- nonul opyranosonate (300ng.) in dry
di et hyl formam de (3.5m .) was adde%@;ﬁéﬁ %ct anoic acid (155ng.) and
di ethylam ne (1.26m .) and the sol utt ed at 200 C for 17 hours.
Sol vent was renoved under vacuum and the residue partitioned between
et hyl acetate and ice cold 10% hydrochloric acid. The organic |ayer was
washed wi t h1GvPreparatien ofiSasiwm 4;§5dipb@ﬁphm@apmmktblpumder@vaﬁsg ated to give a
yel | ow f oam (Sa%? rsThi S was di ssolved in ethyl acetate (20nil.) and
N- hydr oxysucci i de "(95ny.) and di cycl ohexyl carbodii mde (175ng.) were
added. The m xture was stirred at 200C for 17 hours then the white
precipitate wg)s fil itgred off. The filtrate was concentrated and purified
by preparativ Ad phase HPLC [ CFg, 30% 20 acetonitrile/waterl to give

a white foam 340MgA $afHon of sodium 4,6-diphosphononaphthyl isothiocyanate (165mg) in
15 water (2ml) was added to a solution of PAMAM 4.0 (51mg; 0.01mmo}) in water
(2ml). The pH of the mixture was adjusted to 9.5 with saturated sodium

m xt ure

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

20 crude product was purified by gel filtration (Sephadex G25; water) to give
PAMAM 4.0 terminated with 24 sodium 4,6-diphosphononaphthylthiourea groups
as a brown solid (81mg) after freeze drying.

EXAMPLE 35
25

Preparation of Fluoresceinthiourea terminated dendrimers.

PAMAM 4.0 (EDA) _
Solid fluorescein isothiocyanate (188mg) was added to a solution of
30 PAMAM 4.0 (EDA) (74mg; 0.01mmol) in water (3ml). Saturated sodium



A PAMAM [ EDA] 4.0 [ (8-octanam do)- 4-azido-5-acetam do-3, 4, 5-tri deoxy-
2-t hi o- D- gl ycero- a- D- gal act o- 2- nonul opyr anosi doi ¢ "'aci d] 32 BRI 6146 25

To a sol uti ony@QfeolibB89 PAVAM [ EDAI 4.0 (72ng.) in dry di met hydcravessers:

sul phoxi de (5m .) under an inert atnosphere was added nethyl [(8-octanoic
acid N-hydroxysuccinim de ester) 4-azido-5-acetam do-7,8,9-tri-0O acetyl -
3,4,5-trideoxy-2-thio-D gl ycero-a-D gatét o- 2- nonul opyr anosi d] onate (318

ng ) and the solution stirred for 60 hours at 200C. The sol vent was renoved

30 under vacuum and the residue was dissolved in nmethanol (2m.).
Thi s bicaf6driate1sbhizidf) was added to adjust the pH to 9 and the resuiting homogenous
PCT1AU99100762

sol ution was sjoBStied PYsraighiat g30m HPeFAtuEh N FEPneEIHatedn TQE Bﬁﬁﬁ‘ex LH20

[e:ElEJ)fAi ng \(I)ere’tcgrsalyf]@??%poct ang%ggﬁl)%d}l&ggi% %%a’wr% o lﬁ%rl - acetyl

3,4,5-tri deox(El}iAlthnmniDech;lhél ﬂumasﬁn@mlmcﬂgroxipsmmﬂuﬁpwmgoswluﬂ] onat e] 32 was
5 ob a'@g %gafwhlt foam 225ngy. 81 % The free

si al osi de f e %0l | owi ng net hod: To a sol ution
of PAMAM [ EDA] 4.0 [methyl [(8-octanam do) 4-azido-5- 10

acetam do-7,8,9-tri-0O acetyl-3,4,5-trideoxy-2-thio-Dglycero-a-D gal act o- 2-
nonul opyranosi d] onate] 32 (215ny.) iRX4MPIdedhanol (Im.) under argon at
200C was added a freshly prepared I M solution of sodi um nethoxide in

Preparation of Sodium (phenyl-3-borenic acid)-thiourea terminated

10 dendrimers.

PAMAM 4.0 (EDA)
Solid (phenyl-3-boronic acid) isothiocyanate (100mg; 0.5mmol) was added
to a solution of PAMAM 4.0 (EDA) (69mg; 0.01mmol) in water (Sml). 1M
15 sodium 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
20 (87mg) after freeze drying.

EXAMPLE 37

Preparation of Pyridinium dodecyl carboxamido-terminated dendrimers.
25
PAMAM 2.0 dendrimer. BRI-6807
PAMAM generation 2.0 core (0.0479mmol; 50mg) was evaporated from a
| 0.5ml solution in MeOH and then re-dissolved in 10 mi of water. 1-N- pyridinium
12-dodecanoic acid bromide (0.14g; 0.384mmol), N-hydroxybenzotriazole hydrate
30 fHOBT] (52mg; 0.384mmol) ; triethylamine (531 0.384mmol) and 1-(3-



met hanol (Iml-.) and the mxture stirred for 3 hours. The solvent was
evaporated and the residue dissolved in water (2m .) and stirred for 17 15
hours. This s i s subjected to size exclusion chronmat N
Sephadex LHZOO%P?J){)/?%%%W water. On |yophilisation, the pro _U(’:'}a@%mg
PAVAM [ EDAI 4.0 [(8-octanani do)- 4-azido-5-acetamn do-3, 4, 5-trideoxy-

2-thi o- D- gl ycero- a- D- gal act o- 2- nonul opyriganosi doi ¢ aci d] 32 was obt ai ned as
a fluffy white powder 160ng. 90% 20 B PAVAM [ EDA] 4.0

[ (8-octanam do)- 4-an no-5-acetam do-3, 4, 5-trideoxy- 49 '

2-t hi 0- D- gl y C QicRinRarkin bV 3%ty \QRIARRIH 2 BR8 TBSCT (7Afrdedd 384:R3b1) S

A sl ow st eam of rgadroggnﬁgul gﬁ’ﬁﬂ% gas vvaCS paéﬁskgdfl( nt(ff7 a"so u.!)on of 25
PAMAM [ EDA] 4 .adddd(te thecsobutiand Thi§ reactionznidow & wac ssireedi aveenizhé atrobmi deoxy -

2-thi o-Dglycero-a-D-galact p- 2- nonul opyrangsi,doic acid] 32 (25nmg.) in a
Txture of by TR aaRE v PR AR SBtcF s5Re5d ipsshié i e The
sol ution was tsbRtodwhdiresmmbgriphet oh QRO @lungn MY WatbiOas tBSTBMEn EXCESS
hydrogen sul phi de. The sol ution was evaporated to_dryness and the residue

30 t ak d15actigng eontaining the grodust were cellercted padipyridinigh a 0. 45zm  menbrane

filter to dodecylcarbék4404c PAMAM 2.0 bromide isolated as a fluffy white sojid by
PCT/ AU99/ 00762 - 2

remove sul phurfreeZandryipgphi | i sation, the product, PAVAM [EDA} 4.0 [(8-D

oct anam do) - 4samnm na-5-ace 1 00-3, 4, 5-1r -2-1hi o- ycero-a-

gal act o- 2- nonuvﬂggh(%s‘ia%oiggaﬂlgﬁlls% 5/&%5 %ﬂf%&élégﬁé’%ﬂf‘f%ﬁnﬁﬂ% e powder
23my. 96% 5 85, 8.8. . EXAMPLE 28

Prepar at i onmof boronic acid term nated dendri nmers.

PAMAM 4.0 dendrimer, BRI-6809.

PAMAM generation 4.0 core (0.05mmol; 69mg) was evaporated from a
1.0ml solution in MeOH and then re-dissolved in 15 mi of water. 1-N- pyridinium
12-dodecanoic acid bromide (0.143g; 0. 4mmol), N-hydroxybenzotriazole hydrate

15 [HOBT] (77mg; 0.4mmol) ; triethylamine (56,1 0. 4mmol) and 1-(3-
diethylaminopropyl-3-ethyl carbodiimide .HCI [EDC] (77mg; 0.4mmol) were

added to the solution.

This reaction mixture was stirred overnight at room temperature. The volume was
20 reduced to a third under reduced pressure and the solution was chromatographed on

a LH20 column using 1% triethylamine in water as the eluent. Fractions containing

the product were collected and the pyridinium dodecylcarboxamide PAMAM 4.0

bromide was isolated as fluffy white solid by freeze drying. A small amount of the

product was reacted with acetic anhydride to confirm the complete capping of the
25 NH, end groups of the dendrimer core.

'H nmr (D,0) : & 1.10, 1.45, 1.9, 2.1, 2.30, 2.5, 2.7, 3.2, 4.5, 8.00, 8.45, 8.80.



10 4- Car boxyphenyl boroni ¢ aci d N-hydroxysucci ni m de ester To a
sol ution of 4-carboxyphenyl boronic acid (500ng.) in dry dinethyl

f or ram de (5nw°b gfsgadded N- hydr oxysucci ni m de (380ng.) angtr/aues/ 00762
di cycl ohexyl carbodi 1 m de (680ng) The m xture was stirred at 200 C for 64

hour s then the white precipitate was filtered off. The sol vent was
renmoved under vacuum 15 and the resi dueS@i ssolve in ethyl acetate (100M.).
This solution was washed with wat er, dried over sodi um sul phate and
evaporated to give a white solid which was crystallised from
acetonitrile/water as fine needl es' EXAMPLID 386 PAVAM [ EDA] 4.0

[ 4- benzam doboronic acid] 32 BRI 6160 20 To.a solution of the PAVMAM
[EDA] 4.0 (69ng.) in dry dinethyl sul phoxi de (5m ) under an inert

at nosphere wa - 1 . acid N-hydroxysuccini m de
ester (130ng.F@%gﬁﬁﬁ:b%gfcg?ﬁ%ﬁ&gﬁ@%g or %% hour s at 20'C. To the

thick slurry was added | M sodi um carbonate solution (1m.) and the

clear solutio [rred _an addiij 24 hours. The sol vent was renoved
under 25 vaéugﬁﬁim %‘ﬁgew&?‘ﬁuék_%gig"di ssol ved in 10% ammoni a sol ution
(5m.). This SOTyIh isOlBLMESE eﬂ'lflﬁn@diﬁrﬁﬂc t6re FAMA RN D deidrimet koxemat ogr aphy on
Sephadex LH20 el utin with 10 % amoni a sol ution. On evaporatjon of

sol vent, the (#§5mgeB9-sed)imdry dimetiyh formagide (25ml) piak 2dded Qoberzemiliimide) 4] 32 was

Iggfl'?ib\rljg g / 88 ~ g i .iéc%r[ateu Eio’émi?i '69mM3 ]agcfrgxe n%ﬁt%?e s%?red at room t?mg\%@% fbp239

EXAMPLE 29 24 hPThedowly solutiofi wandarifiedhytthel adjustmhient apthelpH with sedivm
term nated 1 erggumnalteg solution to pH10-10.5. This solution was stirred for a further 24 h and
volatiles removed on a rotary evaporator. The solution was chromatographed on a
large Sephadex LH20 column and front fraction collected. The remaining fractions
+ were collected and re-chromatographed on a smaller column. The combined front
fractions were evaporated and freeze dried to yield the saccharin-terminated
15 dendrimer product (450mg; 78%) as a fluffy white solid.

'H nmr (D,0) : 6 2.20, 2.50 3.23, 3.46, 3.63, 7.52, 7.87.

The saccharin-terminated BHA.Lys.Lys,Lys,.Lys;.Lys,s.Lyss,... dendrimer
- BRI-6189 was similarly prepared.
20
EXAMPLE 39

Inhibition of Cobra Venom and Bee Venom Toxin.
25 A Materials and Methods
Cyrosensor Microphysiometer Protocol
The Cytosensor Microphysiometer (Molecular Devices Inc., CA) is a light

addressable potentiometric sensor-based device that can be used to indirectly

30 measure the metabolic rate of cells in vitro (Parce er al., 1989; McConnell ef al.,



5 BHAl ysl ys21ys4l ys8l ysl Jys32 Trifluoroacetic acid (2m) was
added to a stirred suspension of BHAI ysl ys2l ys4l yssl ys, 6DBL32 (147ng) in
dry di chl or onet hane (32n1 ) and the resulting solution stirred at room

t enper at ure un¥é&fFBP ogen for two hours and t hen concent PGHAHY0¢TF2

resi due was dissolved in N, N-dinethyl-Nallylamne buffer 10 (pH 9.5; 5m)
and then solid 3, 6-disul fonaphthyl isot b'gppyanate (400ny) added. The pH
of the m xture was then adjusted to 9.5 by the addition of 1M sodi um
carbonate and the solution heated at 53 'C for three hours under nitrogen.

The reactio | X was. concentrated and the residye redi.ssolved in
wat er and t he {bgglo%{asglﬁ%ﬁéfﬁ" "ﬁé gbﬂﬁasém%ﬁ}lfrfﬁ{ed’?a ﬁﬁ’&ﬁ%ﬁ“& IR 120 (Na).
The filtrate Wgsdukbos GOFEEHIE #hRobiBsdGavde inichéviiniON@r Yanibee crude product,
whi ch was purified by gel filtration (Sephadex LH20; water) to give
BHAl ysl yssl ys4l ys*l ys16l ys32 with 64 sodi um 3, 6-di sul f onapht hyl ur ea
groups as a | ' ) : g ~ -
LXaNPLE 3020 Hoiis CBM Y SerEecnifiand resupgendeg i low bufferpd sermne oo
dendrinmers. 35 free/GtikborateySed RRMI y6R) maiifth YSBRcular Devices; héreaftdrueferradet i ¢
acid (3m) was added to a stirred suspension of 25

BHAl y- sl ys2I ys@lﬂ}s&@@%ﬁﬁé&‘?‘ 2-3%@?@5“&%%% at 3jdsnsity of 6000987 902t hane
(3m) and t iy /ogstile lonftOthe 9&1;&&*%&%&&%@@ dh@g&oﬁiﬁ‘y%%@tabﬁwaﬁ@r
nitrogen for two hours  and then concentrated. The residue was dissolved
in water and t(MdolsallartDeyicepadsetls were inmmabilgsad nsing hupgarest epirdpment medimpA 401

(OH) and the fjltrate.concen t Q.. ai\ve I,.SGOUS, Qi 87mg) . The
oi | was dissol %?}e(fu%ara Y m%%lfgcceae%f: ap%l?l\réic b ‘ﬁéﬁ“&r"cfg"cﬁi t?ﬁ%’ﬂ#land solid
sodi um 3, 5- diostHafnbprs eothinirgahdsiliconesensoe whivh @ewcts 2amges ingdti@dd thus VO

00/ 15239
PCT/ AU99/ 007 62¢ellular metabolism). The Cytosensor system used for this set of expegigients

contained eight separate chambers for the measurement of acidification rates.
Modified media was pumped across the cells at a rate of 100-120 gl/min. Each cell
chamber was served by fluid from either of two reservoirs.
15
To measure the acidification rate, flow of the modified media was periodically
interrupted, allowing the accumulation of excreted acid metabolites (lactic acid and
CO,). In this set of experiments, flow was stopped for 30s, during which time, a
least squares fit slope to the change in voltage signal over time, the acidification
20 rate (measured as p V/s), was calculated. This rate data was normalised (using the
4-5 rate points prior to addition of compound) to allow direct comparison of the
signals from the four chambers. Measurements of the acidification rate were made

every 2 min. The chamber was held at 37°C.

25 Basal acidification rates were monitored (in the absence of any treatment) for at
least 30 min. After this time, the venoms/peptides were exposed to the cells at a
. range of concentrations for periods of up to 4hrs. A concentration of toxin
showing a pronounced effect on the cells, but less than maximal, was selected for

testing of inhibition of this toxicity by a range of concentrations of BRI12923. In all



The resulting solution was heated at 530C for three hours under nitrogen.
The solution was then concentrated to give a white solid residue. The

crude prOdUthooo)éi’Fé9 purified by gel filtration (Sephadex Lg#A@iuovmérer) to
gi ve BHAl ysl ys2lys4l ysBlys26l ys32 with 64 sodi um 3, 6-di sul fophenyl urea

groups as a 5 white fluffy solid.

EXAMPLE 31 Preparation of Sodi um-3%5- D car boxyphenyl t hi our ea
term nated dendriners. 1 0 BHAI ysl ys21ys4l ys~l ys16l ys32 BRI 6741 .
Trifluoroacetic acid (3m) was added to a stirred suspension of

BHAI ys| ys2l yséeysiibnts, a6 DBkt Dae CROMED wadndd 2rpastd tol any @ yhedompbwmdsret hane (3ni)
and the resulting solution stirred at roomtenperature under nitrogen for
two hours 15 BreMidingaPegYHESARFAt ed. The resi due-was di ssol ved in water and
t he sol ution passed t hrough a colum of Anberlite IRA 401 (OH) and the
filtrate concentrated to give a viscous oil (186ng). The oil was

di ssol ved i n BRI2%923nwastdissalvef inpwatdr ding the\salution was pi3atijpstedhtd adi um

3, 5-di car boxyphenyl | sot hi ocyan 4450y, , 2nmol dded. Th .. resulting
sol ution wasd 8%%%@“5’93 ?@5@%@?‘8@ ‘ﬂ*ﬁg‘} E‘ﬂ%‘dgﬁ" aﬂ%e[dré}S en".'enq‘ﬁéms%al ution 20
was then concgmidat asll feutdicd Sordpeyibils Rngin fromr Eminkde mifhus insdeatipn oduct  was
purified by gel filtration &\isﬁephadex LH20; water) to give

BHAI ys| ys2l ysnéniod npssitde psinpthig aqpipgwent gy} bl theryniadused iathe fssurdh gr oups
as a white f ' odi um 3, 5-di car boxyphenyl t hi our ea
termnated defs Fﬁ%ﬁ“%&ﬁﬁ%ﬁ?“*&gé“ygﬁﬁ% BRI 6195 was simlarly prepared.
WO 00/ 15239

PCT/ AU99/ 001706% Resuits

BRI2923 Inhibition of Cobra Venom.
e Crude venom from the forest cobra (Naja malenoleuca) was tested. Cobra
venom added to CEM cells caused an initial increase in cellular metabolism
15 followed by cell death (cell lysis). Cobra venom was particularly damaging to the
cells causing an initial increase in metabolism of approx. 80% followed rapidly by
. 100% cell death within the first 10 minutes. The venoms were initially tested at
10, 50 and 100 pg/ml. The submaximal response from 50 ug/ml was selected as
the test dose in most experiments. Two concentrations of BRI2923 (10“M and
20 10°M) were used.

At all incubation periods (6, 30 and 60 mins), 10°M BRI2923 incubated with 50
pg/ml venom, reduced the initial increase in metabolic rate from approx. 80% to
approx. 5% and delayed the onset of cell death by approx. 15-20 minutes.
25

10“M BRI2923, incubated with 50 ug/ml venom, blocked both the initial increase
in metabolic rate as well as the subsequent rapid cell death seen at this

| concentration of venom alone. 10“M BRI2923, incubated with 100 ug/m! venom,
also abolished the initial increase in metabolic rate and the cells proceeded to cell

30 death after the venom/dendrimer solution was washed out. Snake venoms consist of



- 46 - EXAMPLE 32 Preparati on of
Sodi um 4- phosphonooxyphenyl t hi ourea term nated dendri ners. 5

BHAI ysl ys2I yszu,gﬁ H161ys32 BRI 6181 Tri f1 uoroaceidriadgbdted 2 )
was .added to I'rred suspension of BHALl yl sy21ySj Yssl ysl 6DBL32 (147ny;
0.01 mml) in dry dichloronethane (2m) and the resulting solution
stirred at roomtenperature under nitroggn for two hours and t hen
concentrated to give a viscous oil. The oil was dissolved in NN 10

di net hyl -N-al I yl amine buffer (pH 9.5; 5m) and solid 4-phosphonooxyphenyl

i sot hi ocyanat R0 k BftokRitl I08Branas
adjusted to 1§1a(1; onﬁ}l\éﬂgggsdfagﬂgtf:g%%gﬁg‘{i&igﬁgﬁm&em x%ozr etylheat ed at 53 0C
for three houwsmxmd:emamaWtQtpxlgewUWNéH@cﬂameF otll lysis i hway sioHleembest ed to
give a white solid resid T ter and the
sol ution pass %Foéj’gﬁngﬁ@(blfjh%namé?o ﬁ»& %:éﬁ ?f{“g%@&%&b‘g‘?ﬁfﬁ?fﬁgﬁ‘d t he

filtrate concegfd ﬂ&l@ﬁbleu?b@ndi&@dsdh&tmaﬁ)xtnhemgmyrbaﬁmmnomcwg@duld thug r ati on

(Sephadex LH20; water ive BHAl ysl y321ys41y58l m Z[(ZS‘I‘W th 64

sodi um 4- pho%;bnméxwﬁwgq%my@&b@p@awoasow dy et s %2§ S d (150ng) .

EXAMPLE 33 20 ea term nated
. electr%ﬁ %‘ﬁ}gg 3 4[«1?%? ﬁgugi%ﬁ@WR%ﬁw& By Qe

dendri ners. Trifluoroacetic
acid (2m) wasxpuedtat finding that xreuicmaamepm'iodmf 6frmﬁﬁtes gives the same result as

BHAI ysl ys2l ys4| 58 516 L32 147 in dry dichloronet hane
(2m) and 1(’ gﬁosﬁ&"?‘?w t room tenperature under
nitrogen for two hours and then concentrated to give a viscous oil. The
oil was dissolved in N N di met hyl -N-al | yl ai nine buffer (pH 9.5; 5m)
and solid 4%%%9?64@‘;1#1@%prelltrts&prwmfmneb«(%m added. The pH of the

oS 050! mA ke ol b Gk T Donat

to 10°M. The two highest doses (10°M and 5 x 10°M) caused total cell death
within 15 mins with no initial activation of the cells. 10°M caused a transient
increase in cell metabolic rate followed by cell lysis, complete after approx. 1 hr.

15 5 x 10”M caused the lysis curve to shift further to the right and 10”"M was without
effect. This dose response determination was repeated and 10°M melittin was
selected as the submaximal concentration to be used with BRI2923. A range of
concentrations of BRI2923 were incubated with 10°°M melittin for 20 mins. 10“M
and 10°M BRI2923 completely inhibited the toxic effects of the melittin. 10°M

20 BRI2923 completely blocked the melittin toxicity for approx. 30 mins and during
the final 30 mins of exposure the metabolic rate only feil by approx. 10-15% less
than the control cells. 10”M, 5 x 10°M and 10®M concentrations of BRI 2923
reduced, but did not prevent, toxicity. 10°M BRI2923 had no effect on 10°M
melittin.

25



WO 00/ 15239

PCT/ AU99/ 00762 -47 - t hree
hour s under n%&rﬁ}gggg The solution was then concentrated topgi/xessmowhite
soli.d residue. e residue was redissolved in water and the solution passed
through a colum of Anberlite IR 120 (Na) and the filtrate concentrated.
The residue was then purified by gel54+ltration (Sephadex LH20; water)
to give 5 BHAlyslys2lys4lys~lys, 61lys32 with 64 sodi um .

4- phosphonophenyl urea groups BRI 6196 as a white fluffy solid (152ng)

after freeze drying. - EXAMPLE 40 EXAMPLE 34 10
Preparati on of Sodi um 4, 6-di phosphononapht hyl t hi ourea term nated
dendriners. . PAMAM 4. 0 A solution of sodium

4, 6- di phospho ht h ' ' ate (165ng) in 15 water (2m ) was added
to a soluti onqﬁﬁg&,&m}lﬂvw@ﬁ%&aﬂo Olmmol ) in water (2ml). The pH of
the m xture was adjusted to 9.5 with saturated sodi um bi car bonat e

solution and the m xture vigorously stirred for one hour at room

t enper at ur e hABtrodsHOReat ed at 53CC for three hours under nitrogen. The

m xture was then filtered and the filtrate concentrated to give a brown
solid residue. The 20 crude product was purified by gel filtration
(Sephadex G25;Vpras v Hurman IpmpenodeficienspnVims (HEV: acerssary sone oduet. dddi um

1 &1 phosphongRaBRL R W HEER. HhELRE vor is Wl BhoMOe QTG {5 af ter
Preparation ofanikheovigend probicd uptirisésc IVl infiction aleintiscaseeprogression.
10 (reviewed by Cullen, 1998; Emerman & Malim, 1998). Among its actions, Vpr
induces apoptosis and cytopathic effects in both human cells and yeast (Stewart et
al, 1997; Zhao et al, 1996; Macreadie et al, 1996).
- The Vpr protein has been fractionated and the peptide sequence which causes
apoptosis has been isolated and designated Vpr P3. Vpr P3 has been found to
15 permeabilise CD4+ T lymphocytes (such as CEM cells) and causes their death by
apoptosis. The following experiments use this toxic Vpr peptide fraction P3

. (Arunagiri et al, 1997).

Method using the Cytosensor Microphysiometer
20
Human CEM cells were centrifuged at 1400 RPM for 7 minutes and resuspended in
modified RPMI 1640 medium. Cells were then immobilised using an agarose
entrapment medium and spotted onto the centre of the polycarbonate membrane of
the capsule cup (Molecular Devices Ltd., CA.). The cells were seeded at a density of
25 approximately 43,000 - 75,000 cells per capsule cup. The seeded capsule cups were
transferred to sensor chambers containing the silicon sensor and positioned on to the
microphysiometer, Modified media was pumped across the cells at a rate of
120./min. Each cell chamber was served by fluid from either of two reservoirs,
which could be alternated using a software command. Cells were allowed to

30 equilibrate within the chambers for 30-60 minutes or until a stable metabolic rate was



PAVAM 4. 0 ( EDA) Solid fluorescein isothiocyanate (188ng) was
added to a solution of 30 PAMMM 4.0 (EDA) (74ng; O0.Q0mmmol) in water (3m).

Sat ur at ed sodi um WO 00/ 15239

PCT/ AU99/ 0076WO 00/15239 - 4BCTIAUS9/00762
bi carbonate sol ution was added to adj ust the pHto 9 and the resulting
honogenous solution stirred overnighgsat roomtenperature and then
concentrated. The orange residue was purified by gel filtration

(Sephadex LH20; water) to give PAVMAM 4.0 (EDA) termnated with 21-

f | uor escei nt hi gLt ep BIRYES oPSpRrifbil], Bw kAWM EpSlol S0 Jubd B kL er 1 eeze

dryi ng. reparation of

Sodi um ( phenyieast sdiared it slopeiodhe éhhngmﬁ eatatge sighdl abedinid) thdevidificatiorsrate
PAMAM 4. 0 ( EDA) Solid hea\l/ - boroni c aC| d)  isot hlf yanat e
(100ny; O. 5m16119asmasefdwwwas 0%1 ateds Dhig At RRla AT IQURRNSAS gsreche %

0.01mol) in b le 11,% m?@@dyw ARLRAR! Bt dra seful H‘Sm

i sot hi ocyanat m Xt u was then heated at 53C
for two hourSst}ﬂmimchmnbarsa Mﬂasuxmtidf gre acidificatienrate qumadmem Imimt e

concentrat ed a bro olid residue. The crude product was
purified by giﬁe%ﬁga‘f’?sc}ﬁ éﬁgdex LH20; water) to give PAVMAM 4.0 (EDA)
termnated with 32 (phenyl - 3 boronic acid)thiourea groups as a white fluffy

solid 20 (87rTg) after freeze drl){ ng. 5 6 .
or all experiments CEM cells were used at 1.3 x 107 to 1.3 x 10" cells/ml which

cotresponds to early to mid log phase growth of these cells.

10
The cells were set up on the microphysiometer and the Vpr P3 peptide was perfused
through the cell chambers after an equilibration period of at least 30 minutes. The
concentration range used for Vpr P3 was IO-SM -2Xx 10-_5M . Vpr P3 needed to be in
contact with the cells for upwards of 2 hours for the full effect of the toxicity to be

15 apparent.

For experiments testing inhibition of Vpr peptide toxicity by BRI2923, media
solutions of Vpr P3 peptides were made to the appropriate concentration and the
BRI2923 was added, the solution mixed, and left to equilibrate for 20-30 minutes
20 prior to placement on the cytosensor. With each inhibition experiment, a positive
control channel containing the same concentration of the Vpr P3 used to test
BRI2923 inhibition was also run for the same time period as well as a time control
channel. The Vpr P3 peptide solution and the Vpr P3/BR12923 solution were in
contact with the cells for a minimum period of 2hr 30min to a maximum period of
25 4hr. Also, after washout of the compounds, the metabolic rate of the cells was

monitored for a short time period (minimum of 6 min).



EXAMPLE 37 Preparati on of Pyridiniunm dodecyl carboxam do-term nated
dendriners. 25 PAVAM 2.0 dendriner. BRI-6807 PAMAM gener ati on
2.0 core (0.046%®he 50ng) was evaporated from a 0. 5nm soladgsoovéz n MeOH
and-then re-dissolved in 10 mM of water. 1-N pyridinium 12- dodecanoi ¢
acid bromde (0.14g; 0.384nnol), N hydroxybenzotriazole hydrate 30 [ HOBT]
(52ng; 0.384mmol) ; triethylam ne (53ml5€- 384mmol) and 1-(3- WO
00/ 15239 .
PCT1AU99/ 00762 ' -49 -

di et hyl am nopRespits - 3-et hyl ) carbodfimde .HC [EDC] (74ng; 0.384mol), were
added to the solution. This reaction mxture was stirred overni ght at room
tenperature. The vol une was reduced to a third under reduced pressure and

the sol Ut jnQfe WASseRIIr SRRED HeMHTERE Siptide lebteDorCitd dvif) calsésng indtler as t he
eluent. 5 Fractions containi ngi t he product were collected and pyridinium
dodecyl car boxianeats irmEiaheliz rate follaved by p denling anf subseguent eelkdeatydue ¥ sol i d by

freeze dryi g, . . ): 6 1.15, 1.45, 1.9, 2.15, 2.75, 2.8, 3.15,
3.35 3.5, 3.@’8}’“@‘?8&"9%“%@; 8.8. 10 PAMAM 4. 0 dendri mer. BRI - 6809.

PAMAM generation 4.0 core (0.05mmol; 69ng) was evaporated froma 1. Or

solution in M and . then re-dissolved jn 15 f Sef.. 1-N- pyridinium
12- dodecanoi cIndh§ ERPEFBFRLGROYRD Pislg%@tge{’ %31}" P&%ﬁgbmﬁfét ri azol e
hydrate 15 [ HoBfated 4itdthe SriHiRd BRI2923 bt 160 N (BifdI VR IRH 1 a Ptal 4stumk bf ani d

1-(3- di et h?/I am nopropyl - 3-ethyl carbodiimde .HC E EDCJ (77ngy;
0. 4mmol ) wer elml (mogifitd REMI metiia) don Jqtmpipptes. Solutions were then diluted to final

10 volumes (25ml) and perfused through the cells. A large initial drop in metabolic rate
is seen in the BRI2923/Vpr P3 chamber, due to a combination of the pH difference of
the 10" M BRI2923 solution (acidic) and the media (neutral) and an intrinsic
buffering effect of the BRI2923 dendrimer itself. To account for this drop in
metabolic rate, a correction factor has been applied to all results using BR12923. The

15 correction factor used was:

a) the calculated initial drop on the first data point added to all subsequent data points
. and

b) in the same way the calculated washout effect was subtracted from all points after

the wash.

20 The corrected graph is shown in Figure 2. This result shows that BRI12923, at 10'4M,
gives complete protection against the toxic effects (apoptosis) induced by VPR P3 at

10" M. This experiment was repeated in quadruplicate.

. Further concentrations of BRI 2923 were tested against higher concentrations of Vpr
25 P3, and the results are shown in Figures 3 and 4. BRI 2923 at 10"~ M also
demonstrated inhibition of 2x1 O'SM Vpr P3-induced apoptosis (experiment in
triplicate). BR12923 10-6M showed a significant reduction in the effects produced
by 2x1 oM Vpr P3 (triplicate experiment). 10"7M BRI2923 on 2x10 M Vpr P3
toxicity, attenuate to a lesser extent the rate of decline in metabolic rate (duplicate

30 experiment).



This reaction im xture was stirred overni ght at roomtenperature. The vol une
was 20 reduced to a third under reduced pressure and the sol ution was

chr omat ogr aph a LH20 colum using 1 %triethylam ne j s the
el uent. Fract ﬁg?lgd?]cs(z)sr?t ai ni ng t he product were collected eaﬂﬁ%/%é’ﬁ&éﬁ

pyri di ni um dodecyl car boxam de PAVAM 4. 0 brom de was isolated as fluffy
white solid by freeze drying. A snmall amgunt of the product was reacted
with acetic anhydride to confirmthe conplete capping of the 25 NH2 end
groups of the dendriner core. "Hnnmr (D20 : 6 -1.10, 1.45, 1.9, 2.1,

2.30, 2.5, 2. Unliko tBe tithe 2ontfdlBe céllsd®the Infiber containing BRY¥E29 QidlnA bw

PCT/ AUQ9/ 00762 o . ) - 50-

EXAMPLE 38  any fpefeiateddeghineon metabekicatenPrewions eydesensodompdrimams ssing 5 PAVAM

4.0 Dendri mer oJutiaon of ethyl enediamaupe core
PAMAM 4. 0 dengrﬁlﬂr%? *?%raé” suggestod r%‘?‘hgé‘? S ?ﬁyg?‘ifg’aﬁ %é"["ﬁ?j?“‘?’%?ﬁ%fﬁl“de
(25n) was adddditidirtb terigiibitioh ofapdelosis caussdbyVPRPaNat e (400nmy; 1.67nNM and
the m xture stirred at roomtenperature for 24 h. The cl oudy sol ution
was clarified by the adjustnment of the pH with sodium 10 carbonate sol ution
to pH10-10.5. This solution was stigxedvippg 4 further 24 h and vol atiles
renmoved on a rotary evaporator. The solution was chromatographed on a

| ar ge Sephadex LH20 col umm and front fraction collected. The remaining
fractions lecte d re:chr.apat ogr, ed on a smaller colum. The
conbi ned fr on?’gfcgn% ?iﬁéﬁeiatgsnag' t\%@?‘é"%’\‘?ﬁﬁ%’?'g?'é’ﬂq’&?@‘“ﬁ’e‘&’?ﬂ' dried to yield the
saccharin-term nated 15 dendriner product (450ng; 78% as a fluffy white

solid. IIO &r;rtergalil)s?O): 8 2.20, 2.50 3.23, 3.46, 3.63, 7.52, 7.87.
Cell Line
. HPC-8 Human ileocecal carcenoma epithelial cells
Calcein, AM

* Molecular Probes, catalogue # C-1430
15 ¢ CyHyeN,0,3, molecular weighit 994.87
* Resuspend 1 mg vial in 100 ul reagent-grade, anhydrous dimethylsulphoxide
(DMSO) to give a stock concentration of 10 mM.

Toxin

20 - Cholera Toxin (Sigma Cat. No. C8052) - A subunit surrounded by five B

subunits,

Inhibitor Dendrimers
° Test dendrimers - BRI2913 and BR12999.
25
Method
1. HCP-8 (adherent human ileocecal carcinoma epithelial cell line) in log phase

growth were trypsinised (trypsin EDTA) in 2ml/75¢m? flasks after 2 PBS
{phosphate buffered saline) washes.

2. Cells with trypsin solution were incubated for 5 min.



The saccharin-term nated BHA. Lys. Lys2Lys4. Lyss. Lys, 6. Lys32... dendri ner

BRI - 6189 was simlarly prepared. 20 )

EXAMPLE 39  wodonlishi tion of Cobra Venom and Bee Venom TOXpdg/aussddred

Mat eri al s and Met hods Cyt osensor M crophysi onet er Prot ocol

The Cytosensor M crophysi oneter (Ml ecular Devices Inc., CA) is a light
addressabl e potentionetric sensor-based5glevice that can be used to
indirectly 30 nmeasure the netabolic rate of cells in vitro (Parce et aC.,
1989; McConnell et al., WO 00/ 1 5239

PCT/ AU99/ 00763, 20m] culture medium added to flask to inactivate trypsin. -51 - 1992).
Met abol i smi s determ ned. by m%asuri ng the rate of <?ci d T%&m%g
production fr&m cettksoutiontnsiaed to nigfuge &ybs @ad SR at dr.

Human CEM cel | s wegg, ﬁ%{c&gg‘g@,@(@q}r esuspended in | owbuffered serum 5
free/ bi carbonate-free RPM 1640 nedi um (Mol ecul ar Devi ces; hereafter .
referred t 6. as Celisdvashesidn RBSiandépun a0 REM Hr Genin askBded at a density of
60, 000- 75, 000 cal.l s/ capsul .e o _t he pql.,ycarhbhon e.(3 jam

ot s 1y) of el | “EelSemaratistn B Gad RinlR S TR 2200 RO M il

i mobi | i sed usi ng RTaddapesea@discaneent nmedi um (Mol ecul ar Devices). The

seeded capsul e cups were transferred to sensor, .
7. Cells resuspended in 1m! PBS with 5ul calcein added and incubated at 37°C

for 45 min.

8. Cells washed in PBS (approx. 5-20ml) and resuspended in PBS to give final
numbers of 5x10° cells/100pul. |

9. 1004l cell solution (5x10° cells per well) added in each well used of a 96
well plate with 50ul] of cholera toxin (dissolved in H,0) and 50ul of
dendrimer solutions (stock solution made to 10mM in DMSO and diluted in
PBS). Each concentration repeated in triplicate.

'10,_- Plate incubated for 2hr at 37°C in 5% CO, incubator.

11" Supernatant harvested and fluorometric analysis performed.

Results
Preliminary experiment performed. All results presented are the average

fluorescence intensity of three replicates.

Fluoresence % inhibition
Intensity (FI) of cholera toxin,
0.3mg/ml cholera toxin | 72.1 0%
100uM BRI2923 66 8.5%
1060uM BRI2999 59.5 17.5%
0.15mg/ml cholera toxin | 65.8 0%
100uM BRI2923 61 7.3%
100uM BRI2999 59.4 9.7%
Spontaneous calcein 26.8
Release (SR)

% inhibition = 100 - (FI + dendrimer/FI x 100)

toxin toxin



10 chanbers containing the silicon sensor which detects changes in pH (and
t hus cellular netabolism. The Cytosensor systemused for this set of
experiments o £aRkALned eight separate chanbers for the neagy/\@eHithe0f
acidification rates Modi fied nedia was punped across the cells at a
rate of 100-120 pl/mn. Each cell chanmber was served by fluid from
either of two reservoirs. 15 To measi9e the acidification rate, flow of
the nodified nedia was periodically interrupted, allow ng the _
accunul ati on of excreted acid netabolites (lactic acid and C02). In this
set of experi Referénces | ow was stopped for 30s, during which tine, a | east
squares fit slope to the change in voltage signal over tine, the

aci di fi cati on ag@hdpdt € KTOASIE1R, BE., [HRWKhS D.R.WRS Al cAlaategy) Ahi s O-@hfinglat a
was nor mal i Seﬁo&rhra'oﬁawiieaccessoﬂy oreﬁtxeprmhm&edr;ﬁ b&reustenﬁﬂﬁhchbmamysﬁamund)

to all ow di reg_#1 g@gﬁg{”&g lym hs yg&aeﬁ%{im’t g¢f our chanbers.

Measur enent s atl on te ‘wer every 2 mn. The

The absence Qgg ‘%I?Z@%?er{lﬁg% S T

venons/ pept | d& e exposed to the cells at a range of concentrations
for periods of up to 4hrs. A concentration of toxin showi ng a pronounced
ef fect on t he Emerpan, Myand Makim, MHE (1988) HRV! regplatorgaqeessery genegkeys to prrayslipg of

i nhi bition of virAjasdhesticell biplagy. Seienes 380,d88&883ent r at i ons of BRI 2923. In al |
WD 00/ 15239

PCT/ AU99/ 0076 McConnell, H.X., Owicki, J.C., Parce, J.W., Miller, D.L., Baxter; 82T -, Wada, H.G.
experinents, ahd PragérdpSe (L9RNHThe YAGsH ndXPFBLIbnietr difogidal ifpticavmporinds,
providing a nemRbn wehroidy! qgc,e,,ce 257 BRI014928 was di ssolved in water and the
solution was pH adjusted to 7.2. 5 Concentrati ons ranging from 100 AMto 1

nM wer e added Mfrdahie, MGNARIHAB, € K., H&MEM D RN WM F. n&fdb&h@%mngp@rl ods

rangi ng from GemhdihdSidm A o Abmas WP RV ANVpr co Abdel EselitnBImbi S
equi pment ) 1 0 phs/MRRYGubdieln hﬁh%&ﬂyﬁ&%eéﬁhéﬁﬂ eiith. ﬁ}?Mzcrobwl 19(6)m
1185-1192.

Parce, J.W., Owicki, J.C., Kercso, K.M., Sigal, G.B., Wada, H.G., Muir, V.C.,
Bousse, L.J., Ross, K.L., Sikic, B.I. and McConnell, H.M. (1989). Detection of cell-
affecting agents with a silicon biosensor. Science, 246, 243-247.

Stewart, S.A., Poon, B., Jowett, ].B.M. and Chen, LS. (1997) Human immunodeficiency virus
type 1 Vpr induces apoptosis following cell cycle arrest. J. Virol, 71, 5579-5592.

Zhao, Y., Cao, J., O'Gorman, M.-R.G., Yu, M., and Yogev, R. (1996) Effect of human
immunodeficiency virus type 1 protein R (Vpr) gene expression on basic cellular function
of fission yeast Schizoasaccharomyces pombe. J.Virol, 70, 5821-5826.



experinments were repeated in triplicate. 10 BT Results BRI 2923

I nhi bition of Cobra Venom ﬁgu enonrf+romthe forest cobra

(Al aj a mal enokgigakavas tested. Cobria ' %M&%E@Eﬂ o0 CEMcBAU®NOBASEd an
initial increase in cellular netabolf sm 1BEPIAQEBwed by cell death (cell

| ysis). Cobra venomwas particularly danmaging to the cell s causing an
initial increase in netabolismof appro20-80% foll owed rapidly by 100%
cell death within the first 10 mnutes. The venons were initially tested at
10, 50 and 100 pg/m . The submaxi mal response from50 Ag/m was sel ected as
the test doseOLAIMSBt experinents. Two concentrations of BRI 2923 (104M and
20 10-5M were used. At all incubation periods (6, 30 and 60 m ns),
10- 5M BRI 2923 i ncubated with 50 ug/-m venom reduced the initial

i ncrease in gt aboli feth@ 6F prophiyadfP6rQerafidtie iibitior¢iy ©Xic nlleraner del ayed
the onset of cell death by approx. 15-20 minutes. 25 = 104M BR12923, .

i ncubated with 50 gybstanceisadumanPorcInasaRima) Patient.twhith ¢omprisess e in
netabolic rate as l.l. as,. Subs L e hi s
concentration of v\g%&&%sg %ér?g.guf ﬁ%ﬁ%%%&%%ﬁgﬁtgﬁ\%t ﬁ%sgaﬁﬁg%% venom
al so abol i shed t heplunility of teintinal gacups wheneit @ feabi anercfitsaid samobirtahgroups Has an
proceeded to cell 30 death after the venom dendri ner | uti on was washed
out. Snake venons EYPRIFSYr cgfonic-coniaining We%ﬁ%’g?ggrnﬁnkea thereto.

PCTI AU99/ 00762 - 53 - many
t oxi ¢ conponents each of which have different nodes of toxicity. Cobra
venons cont ai 2-a cytmoethed accordingita slaighl cwhereinsaid comippundyis p dendsimer wachs| i | ar

to bee comprises a polyvalent core covalently bonded to at least two dendritic branches,

and extends through at least two generations.

3. A method according to claim 2 wherein said dendrimer is a polyamidoamine

dendrimer based on an ammonia core.

4. A method according to claim 2 wherein said dendrimer is a polyamidoamine

dendrimer based on an ethylene diamine core.

5. A method according to claim 2 wherein said dendrimer is a polylysine dendrimer

based on a benzhydrylamine or other suitable core.

6. A method according to claim 2 wherein said dendrimer is a poly(propyleneimine)
dendrimer.

7. A method according to claim 2 wherein said compound is a polyionic dendrimer
of the general formula I: -—_

Y A
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venom t oxi n,
from Naj a
(cationic) an
conmpounds suc
for reduced t

.melittin. The am no aci d _sequence of the cytotoxin isolated

mal enol euca i ndi cates t qiﬂlstg.q&té‘?g Eﬁé@ thi ghly basic

lLd,t hus 5 be read POky 3BtR0boo762
%OQ@HQ%?ZQZB. Thi s e rfr |nac i vatii on as a basis
oxicity is supported by the experimental finding that an

i ncubation period of 6 mnutes gives thegsane result as ~ the |onger
i ncubati on periods of 30-60 mns used. 10 BR12923 Inhibition of Melittin
(mej or toxin frombee venomn). Melittin-was added to the CEM cells
in half | og doses ranging from 10-5M The two hi ghest doses

(105M and 5 x
initial activ

cell netabolic rate foll owed by
5 x 107M caused the lysis curye
w t hout effect. This dose

nmelittin was
BR12923. Ara
nelittin for
toxic effects

melittin toxicity for appr

exposure the

control cells.
reduced, but did not preven

melittin. 25

10-6M caused t ot al in 15 mns with no
ation of ‘the cells. t i ncrease in
ter approx. 1 hr. 15
ght and 107M was
gpeat ed and 106M

sel ected as be us_ed W th

nge of conce¢

20 mins. 104M . - y#T1ini bited the

of the nelit
9,
netabolic ratg
107M 5 x 1N

30 mi ns of
t han the[
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EXAMPLE 40

| nhi bition of

This Sheet Has Been Repl

_— ARUANTHD

I is an initiator core;

I

Z is an interior branching unit;

n is an integer which represents the number of generations of the dendrimer;
and

A is an anionic- or cationic containing moiety which may be linked to interior

branching unit Z through an optional linking group X.

8. A method according to any of claims 1 to 7 wherein in said compound said
anionic- or cationic-containing moiety or moieties are bonded to amine,
sulfhydryl, hydroxy or other reactive terminal groups of the dendrimer by amide
or thiourea linkages.

9. A method according to any of claims 1 to 8, wherein in said compound said

anionic- or cationic-containing moieties are selected from the group consisting of

sulfonic acid-containing moieties, carboxylic acid-containing moieties (inchading

R Y NP




5 Introduction Vpr is an Human | mmunodeficiency Virus (H V-1)
accessory gene product, 14- kDa, P 'g A Eg@ ein. The gene vpr is
hi ghl'y conser wgfhohspsbll V-1, HI V-2 %)r oducpcpridosaes H V
infection and di sease progression. 1 Il en, 1998; Enmernman &
Malim 1998). Anpbng its actions, Vpr i nduces apoptosis and cytopathic
effects in both human cells and yeast (-$2ewart et al, 1997; Zhao et al,
1996; Macreadie et al, 1996). - The Vpr protein has been fractionated and
t he pepti de sequence which causes apoptosi s has been isol ated and

desi gnat ed Vpr P3.peMpimilid aRdSiahe e6ialontiiding Gndibtics andrabitiet Hieuraitdtc and sialic

| ynphocytes (such as CEM cells) and causes their death by apoptosis. The
fol | owi ng experi meavidsconszining molatisxi borgpic agidronwining meieties, phasphoric and

(Arunagiri et al, 1997).. . t hod i.ng, . - ySi onet er
20 Human CEM ce? °§p%9@*°eacbde'?ﬂl\éﬁl%g’§§e§f: g&ﬁ%‘%’%@@r}a %‘r’n%g{léégﬁand .
resuspended in  pRAbHIRARPMNLAADmOREES) Nprifly] Secomiaey, theiaryi omitetriased
usi ng an agarose entrapnment medi um and spotted onto the centre of the
pol ycar bonat e menbamine-containingirpgieties pRYFIdANIBRCOPRINZPigHespEYANdIRUD: g CA. ) |
The cells were seeded. [ : I I = :

cells per capsul e €U ."%%gn@o%gg%e %ﬁ%gﬁ-%g&%ﬁﬁpé&ke@%s? pﬁer@?—gnsé ertha’g’ 1{2%9,
sensor chanbers carkerbéyicleg pbdsessitiglacidimorstasis dydmgehsparsi 1witterdehioeontaninge

m crophysi oneter. Mdified nedia was punped across the cells at a rate of
120p41/ mi n. Each dBP¥Uehanber was served by fluid fromeither of two
reservoirs, whi ch could be alternated using a software conmand. Cells
were allowed to 30 equilibrate within the chanbers for 30-60 nmi nutes or
until a stabl &0.metAlbethod acerrdingae any of claims 1\WD90hetel® osaid compound the moiety
PCT/ AU99/ 00762

or moieties which are bonded to amino or other reactive termin515g§oﬁps of the

dendrimer are selected from the following groups, in which n is zero or a

positive integer:
——NH(CH;)xS0s" ~——(CH2)sS0y ——ArlSO0z)a
~———CH,CH({SO;)COOH  ——CH(S03)CH;COOH ——AIX(CH) 803 X=0,5,NH
+ + +
———{CHz)nNMey ——Arf{NMeg)y,  —=Ar(CHNMes),

—_——

B
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achieved. In this set of experinents, flow was stopped for 30 s, during

which tinme, a | east squares fit slope to the change in voltage signal
over time, theyapddhfd cation rate (neasured as uV/s), wWaS G bbAkEd:
This rate data was normalised (using theg4-5 rate points prior to

~addition of conmpound) to allow direct conparison of the signals from 5 the
four chanbers. Measurenents of the acidification rate were nade every 2

m n. The chanber was held at. 370C. For all experinments CEM cells
were used at 1.3 x 105 to 1.3 x 10 cells/m which corresponds to early
to md | og phase grew,h of thege cells. 1® HThe cells were set up on the
m crophysi onet er .a %eoMpr I%\)se;mi de GU/usoed i I;;‘ t he cell
chanbers after &n™eqjil’i brati on period of at | €ast™™B0 ni'nut es The
concentration range used for Vpr P3 was 10 5f- 2 x 10 5 M Vpr P3 needed
to be in cont act th the cellgs for upwagds of 2 hourg for the full
ef fect of the toxic] to be 15 par ent . For exper ments testing
inhibition of Vpr pgptide toxidihty by BRI¥MO23, nedia HN solutions of Vpr

P3 peptides were to the a priate sntration he BRI 2923
was added, the sol n m'xeds %#gft ‘ gl | i brat -30 m nutes 20
prior to placenent aanahe W¥osens® wth edgh. i P tTon ext el nent, a
positive control channel containing the Salte concentration of the Vpr
P3 used to test BR129238i nhi biti on®was al so run®for the sane tine

de sol ution
ells for a

period as well as a %,gggg pﬂ{rol Hpﬂannel. TheH,vB{/‘PB pePyf
n

and the Vpr P3/BRI 29

ol ution were contact with the
m ni num peri od of 2hrmgto a m peri od 25 4hr. 5o, after
washout of the comaos ; oot aboNPC rate of t cells wa noni t or ed
for a short tinme period (mninum of 6SNN) . SO,NAAD 00115289
PCT/ AU99/ 00762 o -56 -
SO ON
OH OAC
SO;Na COOH
o) o
NH
(o
)K,ﬂMe, /A
N,
bkt fimes

—ArXP(=O)(OR),  X=0,CH,.CHF,CF,  R=alkyl, aryl, H, Na.
—ArXP(=O){(OR')(NR?R?) X=0, CH,, CHF, CF, R'=alkyl, aryl, H, Na R? R=alkyl, ary!
—AdfP(=O)OR);], R=alkyl, aryl, H, Na n=1-3

—AfB(OH),], n=1-3 ——ArfCOOH], n=1-3

A



Resul ts In the cytosensor system the VPR P3 peptide tested on its
own, causes an initial increase in netabolic rate foll owed by a decline
and subsequeniysglisadeath due to 5 apoptosis of the CEM ceptmaussnorezl n t he
experinment shown in Figure 1, the VPR peptggle P3 (at 10 M was pre-

i ncubated with the conpound BRI 2923 at 104M (Fi nal Volunme) in a total

vol une of imM (nmodified RPM nedia) for 30 mnutes. Solutions were then
diluted to final 10 volumes (25m ) and perfused through the cells. A large
initial drop in netab®lic rate $ is seen ip the BRI 29231 Vp@ P3 chanber,
due to a conbi nation Jof the pH lf f erence the 10 4M Bﬁ%2923 sol ution
(acidic) and the n#&di a (neutra nd an iMtrinsic buf feing effect of

t he BRI 2923 dendri itself. account this drop in t abol i c
rate, a correction tor has n appli ¢ o all resultsg BRI 2923.
The 15 correction or used a) e cal cul ated ¥ PEXaN3)20N

the first data point d to apdo&)dipquUErRORE a poi nts PO@NE; b) in
the sane way the cal cul ated washout effect was subtracted fromall points
after the wash. 20s The correctedsgraph is shown in Figure 2. This result
shows that BRI 2923, a'klo M gl)kes conpl ete prot ecﬁti on agai s¢/t he
toxic effects (apopfosi S) i nducediby “VPR P3 at ,’],,Q’M Thi s expgdri nent

was repeated in quaesplicate. Furt her concentifati ons of 923
were tested agains gher conce tions of Vpr 25@ and the ults are
shown in Figures 3 3ghd 4. BReOQY camaM al so g@ﬁ{) ted ig tion
of 2x10 M Vpr P3-i nd@o¥e apoptosis (experinent in triplrcate). BRI'2923
10 M showed a signifi cant reduction in the effects produced -5
-7 - by 2)510 M Vpr P3g(triplicate experinment). 10 M
BRI 2923 on 2x|1 O M Vpr toxidlity, attenu e to a |lesser extent the rate

of decline in netaboHNT Tate $I cate 30?§per| ment) .

PO(ONa); - PO{OE!)(ONa) PO(OE!),

» it

S

HNJk | i HNJSK

0 @ Q

PO(ONa)g PO(OE!)(ONa) PO(OEt)z

N N
—— CH; / NH j —NR;* /’\\__—2'1 7 |
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Unlike the ti r@o%?pstﬂé)l s the cells i .E}'H\% SHEE A8 ﬂﬁENt i ni ngpml?g%@ﬁgi d
any tl

not .show e rel ated declind_in nBEPUAGEDc ratle. Previous
cytosensor experinments using BR12923 have al'so suggested that the
dendrinmer may confer a cytoprotective e_fgse_ct I n addition to the

i nhibition of apoptosis caused by VPR P3. 5

EXAMPLE 41 Cal cein rel ease assay to determne inhibition of chdlera
t oxi n. 10 Materials Cell Line * HPC-8 Human il eocecal

carcenona epithelial cellsh Cal cei np= A1 or arylatMpll RC W, A, (RhRASSay be
cat al ogue # C 1430 15 * LABHABN2023, sSRL 6CH Frdent —-Qﬁilo 14041 *

Resuspend 1 ng vial™THh k] reagent-grade, anhydrous di'met’hyl sul phoxi de
(DVS0) to give a stock c ncentration of 10 mM Toxin 20 * Cholera
Toxin (Signa Cat. No. C8®%52) - A subunit surrounded by five B '
subunits. I nhi bitor Dendriners e Test dendriners - BRI 2913 and
BRI 2999. 25 Met hod 1. HCP- 8 (adherent human il eocecal carcinona
epithelial cell Iine)/Tnh Nog phase grow h were trypsinised
(trypsin EDTA) in 2nmk/ 75cn@——amsks after 2 PBS

Y /

11. A method according to any one of claims 1 to 10, wherein said compound is
selected from the group consisting of:

1. alkylsulfonic acid terminated dendrimers;
sulfoacetamide terminated dendrimers;
sulfosuccinamic acid terminated dendrimers;
N-(2-suifoethyl) succinamide terminated dendrimers;
4-sulfophenylthiourea terminated dendrimers;
3,6-di-sulfonaphthyithiourea terminated dendrimers;
4-sulfonaphthyithiourea terminated dendrimers;
3,5-di-sulfophenylthiourea terminated dendrimers;
3,6,8-tri-sulfonaphthylthiourea terminated dendrimers;

0 2 N o wm ke

10.  4-(sulfomethyl) benzamide terminated dendrimers;

11.  4-sulfobenzamide terminated dendrimers:

12.  N-(4-sulfophenyl) propanamide terminated dendrimers;

13.  4-sulfophenylurea terminated dendrimers;

14. N,N,N-tri-methylglycinamide terminated dendrimers;

15.  4-trimethylammonium benzamide terminated dendrimers;

16.  4-(trimethylammoniummethyl)benzamide terminated dendrimers;

17.  N-(2-acetoxyethyl)-N,N-(dimethylammonium)methyl-carboxamide
terrninated dendrimers; -

18.

ps s o
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(phosphate buffered saline) washes. 2. Cells with trypsin solution

were incubated for 5 mn. VO 00 %ﬁl%s EET HAS EEN
PCT/ AU99/ 0076 2wo 60/15239 _ r s REPLACED ] 58 - pcrAusesnorOm
cul ture nedi um added to flask to i nackivat : n L. Cell solution

transferred to 50m centrifuge tube and spun at 1200 RPM for 7 mn
at roomtenperature (RT). 5. Cel | s wa®hed in PBS and spun at 1200 RPM
for 7 mn atRT. 6. Cel l's resuspended in PBS and counted then spun at
1200 RPM for 7 mn at RT and supernat ant -di scarded. 7. Cells
resuspended in Im PBS #.t h &{[l 4,8 H-reina@ddetadnandnatiijieagintle @rmivated
for 45 min. 8. Cells washgd,i.n PBS (approx. 5-20nj) and resuspended in
PBS to give final nurfi§BIEmess; 5x] 05 cells/100pl. 9. 100zl cel |

sol ution (5x105 cells pgy, weldarp Q%dfc{iy%gﬁi}la‘f’fuhé m&-&ﬁg@]&g@g@gﬁgﬁ we

plate with 50z1 of cholera toxin {dissolved 'n H2I. ( .
dendrimer sol utions (stdkk Mquwphenﬂd@Ch@emmdm@Mmls;and di | u';)ed hnf
PBS). Each concentrati og, r epeal i ripli.cate.. 10 Pl ate i ncubated for
2hr at 37*C in 5% CQ i%bc'ubg"?%?ﬂfi’:‘m‘“%ﬁ%&en‘&’z‘%‘ﬁgk%S‘F‘\%?{%Sd_ and
fl'uoronmetric anal ysis p23.f ordaptidsphonfagplichglttRsirtd timiaind 8edasikierent

' : | results esented are the average fluorescence intensity of
,P ﬁ; Lgr Fg& i élat es. fz{ 4-{phosphonomethyl)phenyltlgourea terminated dendrimers;

25.  ethyl-4-(phosphonomethyl)phenylthiourea terminated dendrimers:

26.  (8-octanamido)-5-acetamido-3,5-dideoxy-2-thio-D-glycero-a-D-
galacto-2-nonulopyranosidoic acid terminated dendrimers;

27.  (11-undecanamido)-5-acetamido-3,5-dideoxy-2-thio-D-glycero-a-
D-galacto-2-nonulopyranosidoic acid terminated dendrimers;

28.  (acetamido)-5-acetamido-3,5-dideoxy-2-thio-D-glycero-o.-D-
galacto-2-nonulopyranosidoic acid terminated dendrimers;

v 29.  (4-butanamido)-5-acetamido-3,5-dideoxy-2-thio-D-glycero-e-D-
galacto-2-nonulopyranosidoic acid terminated depdrimers;

30.  (4-methylbenzamido)-5-acetamido-3,5-dideoxy-2-thio-D-glycero-a-
D-galacto-2-nonulopyranosidoic acid terminated dendrimers;

31.  (8-octanamido)-4-azido-5-acetamido-3,4,5-trideoxy-2-thio-D-
glycero-a-D-galacto-2-nonulopyranosidoic acid terminated
dendrimers;

32, (8-octanamido)-4-amino-5-acetamido-3 ,4,5-trideoxy-2-thio-D-
glycero-a-D-galacto-2-nonulopyranosidoic acid terminated
dendrimers;

33.  4-benzamidoboronic acid terminated dendrimers;

34.  3,5-dicarboxyphenylthiourea terminated dendrimers:

35.  4-phosphonooxyphenylthiourea terminated dendrimers;

36.  4-phosphonophenylthiourea terminated dendrimers:

xxxvii. 4,6-diphosphononaphthylthiourea terminated dendrimers;

A

xxxviii.fluoresceinthiourea terminated dendrimers
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Fl uor esence
chol era toxin.

% i nhibition
0 3nmg/ M chol era t oxik 721

Intensity (FI) of
0% 100M BRI 2923

66 50 100MM BR12999 | THIS SHEEIQHES BEEN crfatddorez
0. 15mg/ cholM9 BV 6. 5 0% REPOACH) BR 2923 TCUACBY
7.3% 1001 M BRI 2999 59.4 9—+%—Spant aneous cal cein

26.8 Rel ease (SR % inhibition = 100.g7(Fl toxin +
100) WO 00/ 15239

PCT/ AU99/ 0076
Arunagiri, C

C-term nal domain of H

penetration,
| ynphocyt es.

2
K. .

dendrinmer/Fl toxin X

-59- Ref er ences

Macr eag{ﬁx kph@n 130080 aci®- ufya(i'erﬁﬂl?a%d d’énefmnérigw) A

essory protei'n IS 1IN

vol ved

m t ochondnikhl dysidiniat |dodecyhutbampd®t;rmm@tbd Hmdalmecs;md

-4poptosi s, . 2, 69-76 _Cull

1998)

proteins: making connectlonsSaHagp sTEHnR Eﬂl%ndr&‘frg 93,
M, and Malim MH (1998) H V-1 reqgul atory/accessory genes: keys to

unravel ling viral and host cell b|oIo?y Sci ence, 280,

McConnel |, H K2, OA oiethod dcogrdingtgrang o

H V-1 auxiliary
685-692. Enerman,

1880-1883.

glaipys 1 19t 11, yhereiy said reagment COMpsises

Wada, HG and Pi ti:ﬁti}lgx%ox% Bxink %gdgé%(rc da-r% de?Y)% BRFIFRAN origin or toxins and toxic

m cr ophysi onet er:

13.

14.

oglca app
peptides released during bacterial, protozoal, fungal or

viral infection.

A pharmaceutical or veterinary composition for prophylactic or therapeutic

inhibition of a toxic material or substance in a human or non-human animal,

which comprises an anionic or cationic dendrimer as defined in any of claims 1 to

11, in association with at least one pharmaceutically or

carrier or diluent.

veterinarily acceptable

Use of an anionic or cationic dendrimer as defined in any of claims 1 to 11, in,

or in the manufacture of a medicament for, prophylactic or therapeutic inhibition

of a toxic material or substance in a human or non-human animal.

\
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silicon technology Sci ence, 257, 1901-1912. Macreadie, |.G, Arunagiri,

C.K, Hewish, DR, Wite, J.F., and Azad, A A (1996) Extracellular
addi ti on of a of HHV-1 Vpr containing the am noacid WEBreaOt i f
H( S/'F) RI G causes céﬁ? menbr ane perneabilization and death. ﬁgﬂ.

AM crobiol., 19(6), 1185-1192. Parce, J.W, Onmcki, J.C, Kercso, KM,
Sigal, GB., Wada, H G, Mir, V.C Bousse L.J., Ross, K L., Sikic, B.I
and McConnell, H M (1989) Det ect i on1d# cel | - affectlng agents with a

si licon bi osensor . Sci ence, 246, 243-247. Stewart, S.A, Poon, B., Jowett,
J.B.M and Chen, |.S. (1997) Hunan~innunodeficiency virus type 1 Vpr

i nduces apoptosis following cell cycle arrest. J. Virol, 71, 5579-5592.
Zhao, Y., Cao, J., OGorman, MR G, Yu, M, and Yogev, R (1996) Effect of
human i mmunodeficiency virus type | protein R (Vpr) gene expression on
basic cellular function of fission yeast Schizoasaccharonycesponbe. J
Virol, 70, 5821-5826.
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CLAI MS: 1. a dendriner having a plurality of term na
groups wherein at | of said term nal groups has an

ani oni c- or cati oni ijni ng noi ety bonded or linked 5 t her et o,
in the manufacture i canent for prophylactic or therapeutic
inhibition of a tox i al or substance in a hungh or non-human ani mal
patient. 2. ccording to claim1, wherpin said dendriner
conprises a pol yval covalently bpnded to at | east two
dendritic branches d extlends thr 8
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10 two-generati ons. 3 Use according to claim2 wherein

said dendriner is a polyam doam ne dendr| mer . based on an

anmoni a core. 15 4. Use according to claim2 wherein said dendriner

i s a pol yan doweamwpms3tiendri mer based on an et hy| RBFRARIRMICHe
core. 5. Use according to claim2 wherein said dendriner is a

pol ylysi ne dendrimer based on a benzhydryl am ne or other

sui table core. 20 6. Use accordppg to claim2 wherein said
dendrinmer is a pol y(propyl enei m ne) dendri nmer. 7. - Use
according to claim2 wherein said dendriner is a polyionic dendrimer of the
25 general fornula I:

_ 1111tt H 11 fell
[ RPRLACEYMEDNT SI | ET
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Figure 2: 10e-4M BRI2923 Inhibition of 10e-5M Vpr P3
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5 10 15 wher ei n: | is an initiator
core; Zis an interior branching unit; nis an

i nt eger “hiCh~&8ﬁ&?§§Pts t he nunber of generations of the dﬁQﬂ%ﬁﬁ;@-&%ay be

and - 20 STan anionic- or cationic containing noiety

linked to interior branching unit Z through an optiona

| i nki ng group X 8. Use according to any of clains 1 to 7 wherein
in said dendriner said anionic- or 3/ cationi c-containing npiety
or noieties are bonded to am ne, sulfihydryl, hydroxy or 25 " ot her
reactive term nal groups of the dendriner by am de or thiourea |inkages.

9. Use according to any of clains 1 to 8, wherein in said dendriner said
ani oni c- or cationic-containing noieties are selected fromthe
group consisting of sulfonic aci d- cont ai ni ng noi eti es,
carboxylic acid-containing noieties (including 30 neuram ni ¢ and

sialic acid-containing noieties and nodified neuramnic and sialic
aci d- cont ai ni ng noi etp=-esy—B4groni ¢ aci d-cont ai ni ng noi eti es, phosphoric and
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phosphoni ¢ aci d-containing noieties (including esterifi ed pho _lphorl%Fand

phosphoni ¢ aciV¥@8¥k23 ni ng i eties), prinmary, secondary, té&qY

quat er nary am no- cont ai ni ng noi eties, pyridinlun}contalnlng

noi eti es, guanidi ni um cont ai ni ng noi eti es,

am di ni um contai ning noieties, phenol-c aining noieties, 5

het er ocycl es possessi ng acidic or basic drogens, and

zwi tterionic-containing "~ noi eti es. 10. Use according to
any of clains | to 9 wherein in said dendrinmer the noiety or

noi eti es which are bonded to am no or other reactive term nal groups of the

10 dendriner are selected fromthe follow ng groups, in which nis
zero or a positive i nt eger: NH( CH2) , SO3
-(CH2) , s&3 Ar ( SG3K) , - CH2CH( SO3) COOH
CH( SO3) CH2COCH Né ArX(CH2).S@B- X=O, S, N\H 15
(CH2) nN\We3 Ar (Me3). Ar (Cl 2Nwe3) .
£ g

mEms T
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Figure 4: 10e-5M & 10e-7M BRI2923 Inhibition of 2 x 10e-5M
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SO3NA h CLAIMS:

5
2.

10
3.
15 4.
5.

20
6.
7.

25

Use of a dendrimer 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, in the manufacture of a medicament for prophylactic or therapeutic

inhibition of a toxic material or substance in a human or non-human animal patient.

Use according to claim 1, wherein said dendrimer comprises a polyvalent core
covalently bonded to at least two dendritic branches, and extends through at least

two generations.

Use according to claim 2 wherein said dendrimer is a polyamidoamine dendrimer

based on an ammonia core.

Use according to claim 2 wherein said dendrimer is a polyamidoamine dendrimer

based on an ethylene diamine core,

Use according to claim 2 wherein said dendrimer is a polylysine dendrimer based

on a benzhydrylamine or other suitable core.

Use according to claim 2 wherein said dendrimer is a poly(propyleneimine)

dendrimer.

Use according to claim 2 wherein said dendrimer is a polyionic dendrimer of the

general formula I:

-

O

0



-ArXP(=O0 (QR) 2

-ArXP( =0 (OR1) (NR2R3) X=0O, CHi 2, CHF, CF2 Rl=al kyl, a e T
R3=al kyl, aryl N LP(SO (R AN Feal kyl - aryi o RERLACENFNT SHEET
- Ar B(OH) 2L n=1-3 - Ar CCOCHQ, n=1-3 WO
00115239 PCTI AUS9/ 9@78A. 2001
- 64 - HNI | HN/ \ BN HN
PO( ONa) 2- PO CEt) 2 PQ( CEt ) (ONa) PQ( ONa) 2 PO{ O\a) 2
rill:Q  NaoOC — COONa ONf 02 —
5
I
10
15 wherein:
1is an initiator core;
Z is an interior branching unit;
n is an integer which represents the number of generations of the dendrimer;
and .
20 A is an anionic- or cationic containing moiety which may be linked to interior
branching unit Z through an optional linking group X.

8. Use according to any of claims 1 to 7 wherein in said dendrimer said anionic- or

cationic-containing moiety or moieties are bonded to amine, sulfhydryl, hydroxy or
25 other reactive terminal groups of the dendrimer by amide or thiourea linkages.

9. Use according to any of claims 1 to 8, wherein in said dendrimer said anionic- or
cationic-containing moieties are selected from the group consisting of sulfonic
acid-containing moieties, carboxylic acid-containing moieties (including

30 neuraminic and sialic acid-containing moieties and modified neuraminic and sialic

X=0. CF-2. CHF. CF2 R=al kyl, aryl, H Na.

acid-containing moieties), boronic acid-containing moieties, phosphoric and

R
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phosphonic acid-containing moieties (including esterified phosphoric and

phosphonic acid-containing moieties), primary, secondary, tertiary or quaternary
amino-containing moieties, pyridinium-containing moieties, guanidinium-
containing moieties, amidinium-containing moieties, phenol-containing moieties,
heterocycles possessing acidic or basic hydrogens, and zwitterionic-containing

moieties.

Use according to any of claims 1 to 9 wherein in said dendrimer the moiety or
moieties which are bonded to amino or other reactive terminal groups of the
dendrimer are selected from the following groups, in which n is zero or a positive

integer:

~—NH(CH;),SO5 —(CH,),S05" ~—Ar(80s),
—CH,;CH(SO,)COOH —CH(S0;)CH,COCH — ArX(CH,),SOs” X=0, §,NH

+ +
—(CH)NMe;  —Ar(NMey), — Ar(CH:NMey),

-
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%
* c



- N- NR3* i S

OH . . R S11 1 ‘thifx( :I’T |
24JUL 22, F"“‘“-“eb’-‘“ N
zZR, R= alkyl or arylalkyl; R, R2, R3 (whi % ?e[.
--R i same or different) = alkyl or |arylalkyr* |5
11. Use according to any one of clains 1 §0 10, V\/netj-ern—san—d~dend]ri mer is
sel ected 10 fromthe group consisting of:
al kyl sul fonic acid term nated dendri ners; . surTﬁa‘C‘era'm de
term nated dendri ners; Iii. sulfosucci nam c aci d term nat ed
gengri ners; i v (2-sul f oet hRL—)ﬂ]@p @ﬁjm
endrinmers; 15 4-sul f ophenylgth .%-gj r | e s
vi. 3, 6-di-sul fona_h_’ﬁy h1~ggr ea term nat gg&@% rS ﬂhﬂ orary ky vii.
4- sul f onapht hyl t hi ourea teqm nat ed dendri mers; viii.
3, 5-di - sul fophenyl t hi our eaRt er m nat ed dendri nmers; I X.
3,6,8-tri-sul fonapht hylt hi ourea term nated dendriners; 20 X.

Al

4- (sul foreghyl ) benzami de term nated dendri ners;

—

N*~—— Alieyt

'y

11.  Use according to any one of claims 1 to 10, wherein said dendrimer is selected
10 from the group consisting of:
1. alkylsulfonic acid terminated dendrimers;
ii.  sulfoacetamide terminated dendrimers;
ili.  sulfosuccinamic acid terminated dendrimers;
iv.  N-(2-sulfoethyl) succinamide terminated dendrimers;
15 v.  4-sulfophenylthiourea terminated dendrimers;
vi.  3,6-di-sulfonaphthylthiourea terminated dendrimers;
vii.  4-sulfonaphthylthiourea terminated dendrimers;
viit.  3,5-di-sulfophenylthiourea terminated dendrimers;
ix. 3,6,8-tri-sulfonap}_1thy1thiourea terminated dendrimers;
20 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;
25 xv.  4-trimethylammonium benzamide terminated dendrimers;
xvi.  4-(trimethylammoniummethyl)benzamide terminated dendrimers;
xvii.  N-(2-acetoxyethyl)-N,N-(dimethylammonium)methyl-carboxamide terminated
dendrimers;
xviii.  guanidino terminated dendrimers;
30 xix.  4-([1,4,8,11-tetraazacyclotetradecane]methyl)benzamide terminated dendrimers;

xX.  4-carboxy-3-hydroxy-benzylamine terminated dendrimers;

——————————
————

AR S



X1 . 4-sul fobenzarni de term nated dendri nmers; [
N- (4-sul frophenyl ) propanam de term nated dendri rrers;%ﬂ_ﬁ?

o

4-sul f ophenyl urea term nated dendri ners; Xifv ]
N, N, N-tri-methyl gl yci nami de term nated dendrimers; 25 2 J(V 7
4-trimet hyl anmoni um benzam de term nated dendriners 4 JULy

4- (trimet hyl amtmoni unmet hyl ) benzam de termn ggt ed dendr e
N-(2- acet oxyet hyl) - N\- (di met hyl anmoni um) et hyl - car bpxamni de term nate

dendriners; " XViii. guani dino term nated de ool ] X1 X
4-([1,4,8,1 1-tetraazpcygl ot et radegane] ne ylégenza.m' de term nated
dendri ners; xXi. iﬁ%&x@g&‘&&mﬁ&?}‘k{v@& PR3y 1 ami ne terni nat ed

dendri mers; xxii.  3,5-dicarboxyphenylamide terminated dendrimers;
| 11111211110 m 11121111111

241JUL 2MEF | 1 xxiii.  4-phosphonooxyphenyithiourea terminated dendrimers; - 66"

XXi . 4-carboxyphenyl am.de .t er n d ndri ners. . oXXio.

3, 5-di car boxyph’g‘ﬁw;il an4a _@g‘%pehto @%ﬁpglgpﬁﬁaﬁﬁ}‘?%"r ?fmlhated dendr%ﬁr?’i .

4- phosphongoxypgeny| t&hﬂ%@ﬁoépﬂbﬁﬁdﬁﬁﬁ}bh@@lﬂﬁdﬁ?@&&@ﬁnated dendrilétsY -

4- (phosphononet hyl ) phenyl t hi ourea term nated dendrinmers; 5 XXV.

et hyl - 4- ( phos pH&ib et @yiciapamidp)-bacermides3,¢-didepxial deioddalycemee-B; galacto-2-
XXVi . SIS . . .

(8- oct anam do) - 5- acet amn(?m-ﬂg?g?%?m é’écx%/c}%@ftﬁlln%t-eﬁdﬁ?dﬁ?‘eerr%- cr- D gal act o- 2-
nonul opyr anosi gt adil thuhdecanamitie)ds-destanidoB; B dideoxy-2-thicD-glycerg-b-D-galacto-2-
1- undecanam do) - 5- acet am do- 3, 5- di deoxy- 2-t hi 0o- - g] ycer o- a- D- gal act o- 2-
nonul opyr anosi doi ¢ aci d NOBRIRPYFaRQsiod-arid teprinated depdrimers; j |

(acetam d -5-,§gﬁ‘arri Dok 83t iR W& DRs198r R o] 2"
nonul opyrggosi m%: ac(lg T%%lrﬁ%f%g%?ﬁgé;ﬁr]%&ﬁ Mﬁ&i‘ﬁgl?%{%@g@ﬁh‘ai
(4- but anami do) - 5- acet animbouldpranbsitioicxaci®tetrhinate®depdyimeary - a- D- gal act o- 2-
nonul opyranosi doic aciq ter m"ﬁg_%ed den

(4- et hyl benzarfiHo) - 4060 ?th?‘&?‘g’g%g%‘%’pﬁ?@ﬁﬁ%éi}égde‘Q:@”ﬁgﬁ'%‘ct o-
15 2- noxgheBYraRloittictd Rihitae@ BsidRide¢l dendri mers;

xxX.  (4-methylbenzamido)-5-acetamido-3,5-dideoxy-2-thio-D-glycero-o-D-galacto-
15 2-nonulopyranosidoic acid terminated dendrimers;
xxxi.  (8-octanamido)-4-azido-S-acetamido-3,4,5-trideoxy-2-thio-D-glycero-c-D-
galacto-2-nonulopyranosidoic acid terminated dendrimers;
xxxil.  (8-octanamido)-4-amino-5-acetamido-3,4,5-trideoxy-2-thio-D-glycero-o-D-
_ galacto-2-nonulopyranosidoic acid terminated dendrimers;
20 xxxiii.  4-benzamidoboronic acid terminated dendrimers;
XXXxiv. 3,5-dicarboxyphenylthiourea terminated dendrimers;
xxxv.  4-phosphonooxyphenylthiourea terminated dendrimers;
xxxvi.  4-phosphonophenylthiourea terminated dendrimers;
xxxvii.  4,6-diphosphononaphthylthiourea terminated dendrimers;
25 =xxxviii.  fluoresceinthiourea terminated dendrimers; _
xxxix.  (phenyl-3-boronic acid)-thiourea terminated dendrimers;
xl.  pyridinium dodecylcarboxamide terminated dendrimers; and

xli. saccharin terminated dendrimers.

-
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XXXi . '

(8- octanam do) - 4- azi do- 5- acet am do- 3, 4, 5-tri deoxy-BEPLJ\GEMEa‘ITySHEET -D
gal act o- 2- nonul opyr anosi doi ¢ acid term nated dendpi | .
(8- oct anam do) - 4- am no- 5- acet am do- 3, 4, 5-tri deoxy{ 21 t@@d%gwfﬁer -a-D

gal act o- 2- nonul opyr anosi doi c acid ter m nat ed dendfi frers xiifi .
4- benzam doboronic acid term nated dendri ngyys; XXX

3, 5-di car boxyphenyl t hi ourea term nated dendri ners XXXV.

4- phosphonooxyphenyl t hi ourea term nated dendri ners; XXXV

4- phosphonophepny! t hi@yE i gﬁ@lﬂ%&ﬂ??%igemﬁwgmh%@%mm?s

4, 6- di phosphononapht hyl t rea‘térm na

f1 uor escei nt hi our edntikitinn nﬁto&dlsdmd)lxicl”pébﬁdes of blologfé%bﬁgm of RAGIIha F5:or oni ¢
acid)-thiourea term ed dendri pers; pyridi ni um

dodecy! car boxani de P Feleased duingrbasterial; prategoal, fungal or viraliinfectsmcchar i n
term nated dendriners.

* e ,,T sEl HIT 1 111 U
RELCEMENT 3 ET
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Use according to any of clains 1 to |l 1, wherein said inhibition conprises
i nhibition of toxins and toxic peptides of biological origin or toxins and
t oxi c pepti des rel eased during bacterial, protozoal, fingal or
viral infection. 5
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