ANTI VI RAL DENDRI MERS. 5 FIELD OF THE I NVENTION This invention relates to
anti vi rab, g,?& #1 and in particular it relates to dendri Avebdsto have
been founa ave significant Lyiral activity against hunan '
i munodeficiency virus (HV) an TH&SHE@”HR;*S vi ruses. 10 BACKGROUND OF
THE I NVENTI ON It has been estabjf |sheqi;Ep E ifn sul fonat ed ;
pol ysacchari de conpounds have ahmtTvrrat—acila 'rv Ijwhen screened against HV,
however these conpounds are relatively 15 unstable and accordingly |arge
amounts of these conpounds are required to obtain effective antiviral
effects. In addition, many of th mﬁjﬁ%mg' ng heparin and
dextran sulfate for exarrpl e, M and because of this
activity they are not parti cuI arly suited for clinical use as antiviral _
agents. 20 ' The present invention provides a new class of antiviral
agents baSedFlELD QR THEUNVENTEOMNf pol ymer referred to herein as a
"dendriner", which have substantial antiviral activity against H V1 and
H V2, CwW and HSV, and whi ch have substantially no anticoagul ant activity.

Ihese compount, A1igiGaBaked it ei, LSRR s WeamEmIG

t he present whichnthave, beénerfemnd ko ohavee csignifieantt | \antivital c activityn dagainspr human a
dendrinmer haying a urall e I s wWerein at |east one of
said 30 ter niRRpQ X&&m E‘;Het%%gn Red ¥R Nt ai ni-ng i et y,

other thgg a 2-t hi osi aI ic acid noiety, bonded thereto.

BACKGROUND OF THE INVENTION

It has been established that certain sulfonated polysaccharide compounds have
antiviral actmty when screened against HIV, however these compounds are relatively
- 15 unstable and accordingly large amounts of these compounds are required to obtain
effective antiviral effects. In addition, many of these compounds, including heparin and
dextran sulfate for example, are potent anticoagulants and because of this activity they

are not particularly suited for clinical use as antiviral agents.

20 The present invention provides a new class of antiviral agents based on a
particular type of polymer referred to herein as a "dendrimer", which have substantial
antiviral activity against HIV1 and HIV2, CMV and HSV, and which have substantially

“no anticoagulant acnvxty ’l‘hese compounds are therefore well suited for prophylactic and

. therapeutic use as antiviral agents in humans.

25
SUMMARY OF THE INVENTION
According to the present invention, there is provided an antiviral compound

comprising a dendrimer having a plurality of terminal groups wherein at least one of said
- 30 terminal groups has an ai_xionic- or cationic-containing moiety bonded thereto.
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-2- Such a dendrinmer is referred to herein as an "anionic or cationic
dendriner", and this termis used throughout this specification and the
cl ai mVQAS459 ol I'ow to i ncl ude not only the dendri ner spRET/AE95/40880 al so

t heir pharmaceutically or veterinarily acceptable salts, for exanple the
~alkaline netal or alkaline earth netal s&lts such as. the 'sodi um potassi um
5 or calciumsalts. DETAILED .DESCRI PTI ON. OF THE | NVENTI ON Dendrinmers are -
macr onol ecul ar - ughaﬁesmh@de@mm@.hmm @rﬂb’éﬂnwmp et cationic depddither'; andt i on

4

L B b e B i
t hr ee- di rrenﬁlyahatiendﬂrﬂéi'h ﬁeﬁedﬁt@ﬂkoﬂﬁéﬁﬁﬂrhﬁc&ﬂm&dvet&xﬁﬁ g o
y

dendrinermi,tructure is s

own in Figure Dendriners are characterlse
the follo P&@bﬁ

glkaing metal jor e easthapetpl salts sechasthé:sodiurm, wotassiumor

reactive si, p0| nt-1ike or of significant: size so as to effect the
15 final topor' gy of the dendriner; ii |layers of branched repeating units
attached to the initiator core; iii functional termnal groups(Z) attached

-to the surfiace of the dendriner. The present invention uses dendritic
shuct ures REFALEDDESCRIPTIQ EQFtEHEhBWEUﬂIOMi c noieties: the.invention

isnot linmted to the spherical dendriners described in'detail herein but
can be based on any dendritic structure. The variety of dendrimers in both

20 shape and cDeadfineissdmacidomutéculds hiphly brRanERGTBRPo ﬁifds't‘oﬁéeéi@y ﬁmg?

The preparation of dendriners is wel]l Kkhown, and is descri
exanpl dVi nreaction sequenqes stagting fromaa iaitial, gore molecle 56th sudesssive byers cn‘emges mers

4558, ‘iSo' T T i e L R qu?}xgéx o ¢

ot her uni t poliyhtetigdedtgpaaidy 2NA d pérErdlited " denfiihid IRARRIrE s S o@“?? riErS
as '‘being suitab or uses such

di scl osed | nt hese US atents are descri bed
as surf aceDendrim &ﬁ@mtgnsedsbyrﬁbc §¢11QWI98 Seaturgs: agmlmtlatascuteﬂ)mmchlma)s or
25 agonts T rmgd}f w%%@%@“ Rl O e s dnan 1B eRe bR o
It is dbsofinal topology of the dendrimer; ii layers of branched repeating units attached to the
initiator core; iii functional terminal groups(Z) attached to the surface of the dendrimer.
The present invention uses dendritic structures as frameworks for the attachment of ionic
moieties; the invention is not limited to the spherical dendrimers described in detail
herein but can be based on any dendritic structure. The variety of dendrimers in both
20 - shape and constitution are well known to persons skilled in the art.

The preparation of dendrimers is well known, and is described by way of example
in U.S. Patents Nos. 4,289,872 and 4,410,688 (describing dendrimers based on layers of
lysine units), as well as U.S. Patents Nos. 4,507,466, 4,558,120, 4,568,737 and

_25 4,587,329 (describing dendrimers based on other units mcludmg p_olyamidoamihe or .
' PAMAM dendrimers). The dendrimers disclosed in these US patents are described as
being suitable for uses such as surface modifying agents, as metal chelatmg agents, as
-demulsifiers or oil/water emulsions, wet strength agents in the manufacture of paper, and |
as agents for modifying viscosity in ‘aqueous formulations such as paints. It is also
30 suggested in U.S. Patents Nos. 4,289,872 and 4,410,688 that the dendrimers based on
lysine units can be used as substrates for the preparation of pharmaceutical dosages. |



30 suggested in U S. Patents Nos.'rmsmﬁm@@gm, 410, 688 that the

dendri S on lysine units [can bRgp S Subystrate
pr epar gyoayg‘fi’%;har aceuti cal.  dosdges— ?%tcp?mf Lanal Pa?gi{gbr’%fgﬁ?ocat i ons
Nos. WD 88/01178, WO 88/01179 and WO 88/03180 di scl.ose conjugates in which

a dendrimer is conjugated or associated with another material such as a’ _

carried pharmaceytj.cal. or, gari.cylt.ural erial. e lications

5 together wit hq_. Uaa&ogz.ﬂ g_c ."eln?‘éblﬁéﬁ?lfsgﬁtga gﬁéﬁy@saﬁﬁbaﬁ%?% and W

di scl osure @8/01480 QisciskeréhnjuBates iANWhRhOF @ERREméCls Edtfughal of ?Eggeﬁrédhﬁhﬁof :
e

[ ereln by

and the disclosure of each of these gubllcaylons i's i ncorpora
ref erence. TRethermaterigh sinhi ase carried p apeutisahor agrianltural mmederial: dthese paténts

br oad . i ngl i thin i Il for.r d, ..
omaoert i ondBlicdtidls 1kctitr o RS hlells A28 Sy cordiifia Ged disclorwe
WO 88/ 01158, 0f Waridtd a&d&ﬁnadnd\?r&%&% 18P theTprRphRtith dhéreof, ARl Ltﬁeeaisl:!'orﬁgrg%for

bridged dendrinmers as disclosed in these patent publications. The p erred
dendri ners &ach pEthese publicationscistinenrporatedrhesein byxeferendeent core 15
covalently bonded to at |east two dendritic branches, and preferably extend
through at | east two generations. Particularly preferred dendriners are

pol yam doam ne ( PAiétéfm Cesndfitier" & usBd\Wevi i5'86\be 8a¢t5t06 it it Brbalsst ¥énks

i
dendrimers. In accordance with the present invention, at |east one, a’rﬁa
preferably 30 degladeswithis itpsope aliiferms and corapesitionsmfl theseodendrimers ascdisclosedc e

bonded ¢ For db Sateph BEbRANRI RO WP ks GRS R0, sl 7B.amd W BA/B 1800 4 s
or ot her f undo- inclates Rriléedi ot briiged Mendrithbrsas dildlosoltlin Wesk ?ﬁt%? gm&a%@

subsequently can be reacted with the cationic and ani oni tres tormng
- the outer layer of the dendrinmer. Where the term nal groups of the

dendriner are am roups, .the ani opi,c- 25 ~ar cationic-contaiping noiety
may be bonded toﬁe&&%ﬁimﬁogmq B’E"‘Mf“‘?’ | SATERTISS: B BRYVAKREY GRfeng
ami de-and 1t Rovaleftly bbritledt8at 1E4st W6 'deAdritit Biahehes? and Pheferably SHAHPMPOUNR at
15 least two generations. Particularly preferred dendrimers are polyamidoamine (PAMAM)
dendrimers, PAMAM (EDA) dendrimers and polylysine dendrimers.

In accordance with the present invention, at least one, and preferably a substantial
number, of the terminal groups on the surface of the dendrimer has an anionic- or
20 cationic-containing moiety covalently bonded thereto. The branches of the dendrimer
may terminate in amino groups or other functional reactive groups such as OH, SH, or
the like, which subsequently can be reacted with the cationic and anionic moieties
~ forming the outer layer of the dendrimer. Where the terminal groups of the dendrimer
are amine groups, the anionic- or cationic-containing moiety may be bonded to the
25 dendrimer by a variety of functional groups including amide and thiourea linkages.
Preferred anionic- or cationic-containing moieties which may be bonded to the terminal
groups of the dendrimer include sulfonic acid-cdhtéining moiéﬁes, carboxylic acid-
containing moieties, trimethylammonium-containing moieties and polyamino-macrocycle-

containing moieties. '

30 | N

Suitable anionic- and cationic-containing moieties which may be bonded to the
amino or other terminal groups of dendrimers include, by way of example, the following

AR
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nmoi eti es which may be bonded to the ternminal groups of the dendrimer

i nclude sul fonic acid- containing noieties, carboxylic acid-containing

noi et | MO ¥HMES t han 2-thiosialic acid noieties, ~ PCT/AU95/00350

tri met hyl anmoni um cont ai ni ng noi eties and pol yan no- macrocycl e- cont ai ni ng
noi eti es. 30 Suitable anionic- and cati ot t-containing noieties which may
be bonded to the amino or other ternminal groups of dendriners include, by-
way of - exangp@ps ¢imavhich n ésvreng onRENEIRE DeEer, mPr/particularly 1 is Zeroopen fitegeshi ch
nis zero %1 OIS{otﬁ e integer, nore particularly n is zero or an integer
of from1l t?f B‘?’ Articular noieties which nay be bonded to the

term nal groups of the dendrimer in accordance with this invention include
al kyl sul fonic acid groups; sulfoacetan de groups; sulfosuccinamc acid

groups; N sul foal kyl sy am de groups as N (2- e ' -
sul f oet hyl )succiﬁ?ﬁ"ﬂi&g s; aryl or ﬁ%ryl t hi our eag(shg'ét.i tuted

with one or more 5 sulfonic acid groups, such as 4-sul fophenylthiourea

groups, 3, 6-disul fonapt hyl thiourea groups, 4-sulfonapthylthiourea rougs
3, 5- di sul f opheny+=—+GHaCHISD A bS Tt CRItEIsACHACO0H, | rmm&?‘%-ﬁ%l@gao- .NH
.groups; aryl or het eroaryl am des substltut ed with one or nore sulfonic

acid, sulfoal kyl __su ‘r)‘?)z( am no_ofr, éﬂ'eﬁ kyl'thio groups,
such as 4- (sulfoneth am de groups or 4- suﬁ( nzam de groups; aryl
or heteroaryl 10 . al kanam des substituted with- one.or rmore sul fonic acid
groups, such as N-(4 sulfophenyl)

¥



propanam de groups; aryl or heteroaryl ureas substituted with one or nore

sul fon%gs(;j‘,g”groups such as 4-sul fophenyl urea groups; P&dxb%obﬁonm hyl
derl vatives of am no acids, such as NNN-trinethyl glyci nam groups; aryl

or het eroaryl am des substituted with one §r nore trialkylam no,
trial kyl am noal kyl, trial kyl am noal kyl oxy, 15 trial kyl am noal kyl am no or .

i ot am noal il B iRt e Sohdad T BHIRY L PG R el
NN- (di met hyinastariadcd withhitis afvbﬁﬁmmw Slkpis sulfbnic acidngrogpsy U patfoacetamide

4- car boxy-3- hydroxybenzyl am ne_groups,_ or_nmacrocyclic, polyam no_ groups
cont ai ni ng SRS sucoinamisagid Eroupsin dkswifnalierd isuerinamida groups, suck,as Nn(z'aryl

117t ot r nz oty e RS BY ol Wi O Senchih] et ST Sag'ot e 0,

dendri mess sfifonis acid prougs, suchmay 4alfpplensithiduies groapy) B,6-dishifohaptiyltitsurexs

which are well known to persons skilled:in this art. Suitable nethods are
descri bed LgTOMRS: Mm%th;mmpes 35-disulfiopheay lomowmomm

oo found PROLTRIEAYIE et Blobf Sl HepdiBirht Boided SuBRFRER will ) ﬁlﬁfe'n‘ave

H V. Accor dmnﬂimt: adid esutfoalkiyl sulfoslkoys tsulfoalRyldfit ﬂﬂﬂﬁ)aﬂfyﬂhilﬁgfoubs,lsﬁch as
prophylactic and therapeutic treatnment of viral infections, for exanpl e
i nfections fysulfometayly henzamidaigroups or Hi-sulfobearaspidg ZEONDS; e saryh oF

Vs, | BSEW&%@W “ﬂi* bRl ?&?aﬁ?ﬁ?ﬁﬂ%ﬁﬂ‘#@@ﬁ&g@?

Vi rus; Resppfopamdnid® \6r hiterdairiA\ireas\substittitddwilo i€ or Mofe SulfoMic\acid

et el D it o o
Virus, and. g as N,N,N-trimethylglycinamide groups; aryl or heteroarylamides substituted with
6ne or more ftrialkylamino, trialkylaminoalkyl, trialkylaminoalkyloxy,
15 trialkylaminoalkylamino or trialkylaminoalkylthio groups, such as 4-trimethylammonium
benzamide or 4-(trimethylammonium methyl) benzamide groups; N-(2-acetoxyethyl)-
N,N-(dimethylammonium)methylcarboxamide groups; guanidino groups; 4-carboxy-3-
hydroxybenzylamihe groups; or macrocyclic polyamino groups containing one or more
macrocyclic rings connected through an alkyl or aryl spacer moiety to the terminal group
20 of'the dendrimer, such as 4-([1,4,8,11-tetraazacyclotetradecane]methyl)benzamide groups.

m

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

are described by way of example in Examples 1 to 20 below.

- 25 S | |

" As previously described, the anionic or cationic dendrimers of the present
invention have been found to exhibit significant antiviral activity, particularly against
HIV. Accordingly, these anionic or cationic dendrimers are useful in prophylactic and
_ therapeutic treatment of viral infections, for example infections by HIV1 and HIV2 and
30 other enveloped viruses including flaviviruses such as Hepatitis B and Hepatitis C, Bovine
Viral Diarrhoea Virus, Human Influenza Virus A and B, Rhinovirus, Human
 Parainfluenza Virus, Respiratory Syncytial Virus (RSV), Varicella Zoster Virus (VZV),



Vesi cul ar Stomatitis Virus (VSV). 5. Thus, in another aspect the
present invention provides a pharnmaceutical or veterinar i tion for
AR

pr ophyWRI¥35%r t herapeuti.c antiviral treatnent. of a hu

ani mal , whi

- human
ch conprises an anionic or ca%ipniC'dendriner as broadly

descri bed above, .in association with at "I'east one pharmaceutically or

veterinari l
conpositio
phar maceut i

upg (e e ofas e i BN, Pl PRifmf s

conventi onaﬂwﬁﬁﬁy}%?&?ﬁ%ﬁﬁﬁn@agam@m}ﬁwéq AridC2 UNRasIeY Viriis] sk

er solid carriers, aqueous

sol utions, VeslagStomatitis Minus€ViS¥). and anti-f ungal ‘agents, isotonic and

absorption

del ayi ng agents, and the like. 15 The use of such nedia and

agents for -pharnaceutical |y active substances is well known in the art, and

it is degeri bed,r@kr Yaridfthe ¥ aspeétCthel PreSaiti UemibnS prividedns giliai foedl estces,
18t h EdT?iOn, Mack Publ 1 shi ng npany, Pennsylyan[g“ USA. cept insofar as
any convent velerinaryreompositiom foriprophylactic ntherapsugic antiviraltfreatment\of a hygnancerent |

use t her eof

cont enpl at e@ﬁnqﬁgsm%gﬁ fc"%%?’étai%g é?iOf .°té h? S&gg,ﬁs g{l?%%pltdﬁgg!fdﬁgl Ped

into the CogRes

S 1n dosage unit formfor ease of admnistration and uniformty

conposition
of dosage.
di screte_un
'treatedﬁo
i ngredi ent
associ ati on
speci ficati
di ctated by
active 301
and (b) the
i'ngredi ent
1

QBSve, | in assofiati6y | with Yat 2JeHstNbR HhifmiceuficallyLiba tveterinarily

fxveptgble carrierforrdiluent. used herein refers 25 to physically
its suited as unitary dosages for the human subjects to. be

each unit containing a predeternmined in quantity of active

cal CUiT EoirhilathicP B feh! fnRRionS s Wl RIRAH io° patbSrCakilled in this
with the required pharmaceutical carrier and/or diluent. The
field. fSuitablecpharmateuticallyacceptablefaarniers and/on diluents inclusie anycand all

i it i ol S AR i

H&%ﬁ Ww isobhictfid MbsoftitRAintdagent) i thedikey ©
?%5 t eL%art1CU'ar treathent.' o o _ ﬁ%

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, Pennsyivania, USA. Except insofar

asanyconwmnhnuﬂxnﬂﬁadmagmnishummunmﬁﬂevﬁﬂ1ﬁmﬁwﬁweﬁuytdkmmtweﬂumuﬁ'

. in the . pharmaceutical conquhknﬁ of the present invention is contemplated.

.20

25

30

Supplementary active ingredients can also be incorporated into the compositions. '

It is especially advantageous to formulate-compositions in dosage unit form for
case of administration and uniformity of dosage. Dosage unit form as used herein refers
tophwﬁamwwﬁsmmzunhsmﬁkdasmdMuydosqpsﬁuﬁhehmmmnsﬂ@aﬂsﬂ:beﬁmamd;
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 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.



-7 - In another aspect, the present invention provides a nmethod for

prophyl nglggn%ﬁt herapeutic treatnent of an H 'V or other é&@bg%wagct lon in

a; human or "non-human ani mal, which conprises adninisterin uman or -
anlnal a prophyl actic- or therapeutlc- antjviral -effective anount of an.
anionic or cationic dendrinmer as broadly deScribed above. 5 In yet another

RErameut osant o aRotaf Sipects B Aarl Spenfn HeoBAK & St i propmaseti o
as broadly dgesipe J@&%@J@\é&tdﬂgfmﬁvmmm tﬂfnﬁﬁmﬁﬁﬁl&hsnhmmof

or in the manufacture canent prop yI acti.c or therapeutic
treat ment of whichtqomprises adroinistéring to said htunem of @nimal asprophylacticr on therdpeatic-

animal . A variety,o0 dmnlst n.rqoutes arg avail abl The | ar
node sel ect e &'é'iv %’é’@mﬁﬂ’b M%M&Vﬁg
treated agd the dosage reqw red for therapeutic efficacy. The nethods of
this invention, generally speaking, may be practised 15 using any node of

admi ni stration thh Yntaneﬂ\etaspept,athmpl\ahhen prexidesn theanse of die praphylapticedorc es
t herapeutic |evels. of the a |ve conponent of, the inventio t hout . cauy |ng
ol |y ARG Bbtulve, fRORRt-Of ag, Shiothit SHRoRiE Aepdimenas b

i.ncl ude oral desbﬁﬁédiébovECiﬁ'ﬂs‘éiﬁrog Radic orlth ' eatentRE 6‘1“?}1 hmﬁﬁ{aﬂtm
subcut aneous i ntranmuscul-ar an I nt rea‘\,/enou rout es. FOI’ ati1ons or oral
admi ni strati amﬁdlmntafonupmplarqum therapeutic treatmentof arsHIV Or othetViedl infection

| ozenges 6nd | i ke. er routes include intrathecal adm nistration:
directly]] ntB’% PW&P“FI“BP umgn, animal. i oquction such as by various cat heter
and bal | oon angi opl asty devices well known to those of ordinary skill in

the art, and intraparenchymal injection into targeted areas. 25 The
conposi tions may MW&G&M&I&M& The)pageulhnmudasaleam_/wﬂb
Prepared DY §bend) of dbirskT it the phrticulst Sonditioh belng Geated and {he dosags required for
therapeutic efficacy. The methods of this invention, generally speaking, may be practised
15 - using any mode of administration that is medically 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,
topical, nasal, transdermal or parenteral (e. g subcutaneous, intramuscular and intravenous)
routes. Formulations for oral administration include discrete units such as capsules,
20 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 i in the art, and lnu'aparenchymal injection
into targeted areas.

25 The compositions may conveniently be presented in unit dosage form and may be
prepared by any of the methods well known in the art of pharmacy. Such mefhods
include the step of bringing the active component into association with a carrier which
constitutes one or more accessory ingredients. In general, the compositions are prepared
by uniformly and intimately bringing the active component into association with a liquid

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



i nclude-the step of bringing the active conponent into association with a
carrier which constitutes one or nore accessory ingredients. In general,
the coW@PsP#9%8ns are prepared by uniformy and inti mat e PETAUHBASAY t he
active conponent into-association with asllqwd 30 carrier, a finely
divided solid carrier, or both, and then? if necessary, shaplng the product
-8- Conpositi ong: of thee$ fgéant I nvent i on suitable for oral,6 adm nistration
may be present efOHPOsitIoRs gt the presentJnyention sujtable for | oral admipistration, may beor

| ozenges, gasth Qinfts ﬁap&t acHeR:

in |i posorrgs ort&gésg&éiké}hgpensPon I n %lmgsg&eous thbaétg;o?}%r n- aquggﬂ@%ﬁ%qw d
such as a &yresetermined| amount oﬁtheeacﬁo«nbmpouent,ﬁn@i}:mes oroassa Suspérincinf

par ent eral admi n .stration convenjen C rise a st,erl | e aqueous

pr epar at i off45Pu$ S“?fcqr W‘Wﬁ‘b‘?ﬁé‘ﬂé\ﬁ#@# §YTYP AR e, T, anmawlsionyi ¢ h ¢ he
bl ood of the recipient. This aqueous preparation may be formlated
according to known nethods using those suitable dispersing or wetting

agents and susp€oniposjtianssuitable Tor@mammmmﬁm%ﬁeﬂmﬂ{piﬁe BtefiRY

al so be a sterlle i nj ectaple sqQlution or s enS|on in a non-toxic

par ent er al fP<Q en g %ﬁ?"%@@?ﬂ%ﬁ $ pesferablydsqtenig with the blged; n

E?T{ﬂyg;gél :?Eu\i/g\)ati/égah Anger S SO U?%ﬂg li5510:‘?%:“ C g&% um CW tégajtov};ay °e

sol ution. ethadslusingrthosetsaitable dispersing os hmtmgeagemsmdtmﬂing apeRisOVHie as a
sol vem;l #ﬁper\dl medi um Fo hi,s 15 pos ny bl and fixed oil may
be enpl 8ye§f Ynﬁ#ﬁ bsra lecsolution orswspensien ina t v

aci ds such pﬁre?:férﬂ %rgbqgﬁﬁ Hﬂué&ﬂe t J her
delivery s?/‘z%%tedfﬁs& an | ncf uslt%al ne retf)gg@gﬁ ?\r}é‘rgélpgé;gg %Bi'ﬁ?'gf@ ‘
sust ai ned palyethgleneiglycolerAmoyg tienacceptable Ivehlelel/amt Boleérts mma?Q:efdﬁ léﬁdease
of the actlve 20 _Go ’OnSBFt of the inventjon in sustained release pellets
or capsul e&® B@ﬁ ution and isotonic sodium chloride solunon. In addxtzon, sterile,
ﬁxed olls are conventionally employed as a solvent_ or suspendmg.medxum. For this
15 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.

- Other delivery systems can include sustained release delivery systems. Preferred

. susfamed release delivery systems are those which can provide for release of the active
20. component of the invention in sustained release pellets or capsules. Many types of |

- sustained release delivery systems are available. These include, but are not limited to:

(@ ero_sional_ systems in which the active component is contained within a matnx, and (b)

diffusional systems in which the active component permeates at a controlled rate through

a polymer. In addition, a pump-based hardware dehvery system can be used, some of

25 which are adapted for implantation.

The active component is administered in - prophylacﬁoally or therapeutically

_ eﬁ‘ecnve amounts. A prophylactically or therapeutically eﬁ'ectwe amount means that
amountnecessaryatleastpartlytoattamthedwredeﬁ'ect, ortodelaytheonsetof

~ 30 inhibit the progression of, or_halt altogether, the onset or progression of the particular
condition-being treated. Such amounts will depend, of course, on the particular condition

being treated, the severity of the condition and individual patient parameters including



shstalned rel ease delivery systens are available. These include, but are
not |i Myé&ds, (a) erosional systens in which the actlve

cont ai ned V\?'?ﬁlgsn a matrix, and (b) diffusional systems in %@gﬂ@ﬁ@ active
conponent perneates at a control led rate tdw ough a polyner. In addition, a
punp- based hardware delivery systemcan b€ used, some of 25 which are
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i ndi vi dua$ pthbsecoft ondiriazyrskiflrin the @ty hoWever, titht ad8weP Q¥ rtolérabléelidosthay E’deze
wei ght and concurrent treatnent. These factors are well known to those of
ordinary skiadmipistered-fos medicalireasons;psyehnlegicalsersans or foo virwally ampotherveasons.
experimentation. It is preferred generally that a maxi mum dose be used,

that is, the highest safe dose according to sound medical judgenent. It

will be underst ooGeryally, dailpoealcdosey of astive doltiponent will'be fomn abuit WA m
a |l ower dose or_ tolerable dose may be adm ni stered for medical reasons,

psychol ogi caverrdéx%m%mgﬂ@&pmdavuaﬁm}l doses (0.05+1 mglmay be administaredinitially, y-

1000 oy 83, polBEY Y5 SRERARAE Mosck v 1) Soly fBOR K9 et a? o Foei ok e,

10 fo||ome¢e@ommsaﬁbjealdnﬁaﬁimﬂaemwwf1% &%ﬁi%&%ﬁecﬁ%h
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event that the-.response in a subject i i cient at such doses en

hi gher dosesdqss&byd@erwem ealisad dsvebx/rmlte)lmasebmplomwﬁmemnmﬁem

Nl 1 pl & coseiekat® peafhsfEMAKRHe Gk Bef ShF Hew RvlsSaipd o7 hieve Sppropriate

systemic levels of compounds.

15 . .

Throughout this specification and the claims which follow, unless the context
requires otherwise, the word "comprise”, or variations such as "comprises" or
"comprising", will be understood to imply the inclusion of a stated integer or group of
integers but not the exclusion of any other integer or group of integers.

20 .

Further features of the present invention will be apparent from the following
Examples which are included by way of lllustrauon, 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

25 4,587,329; PAMAM (EDA) dendrimers refer to polyamidoamine dendrimers based on
an - ethylene diamine core; and BHAlyslys lys, dendrimers refer to polylysine
unsymmetrical dendrimers based on a benzhydrylamine core and lysine branching units
as' described in US Patents Nos. 4,289,872 and 4,410,688. The polyamidoamine
dendrimers PAMAM 1.0, PAMAM 2.0, PAMAM 3.0, PAMAM 4.0, PAMAM 5.0 or

30 higher generation, PAMAM 4.0 (EDA), and the polylysine dendrimers BHAlyslys,,
'BHAlysly_s,lys., BHAlyslys,lys,lys; and BHAIlyslys,lys,lys,lys,,
BHAlyslys lys,lys,lys,lyss,, BHAlyslys,lys,lysylys;slyss;lyse,, or higher generations are



system c | evel s of conpounds. 15 Throughout this specification and the
clainms_which follow, unless the context requires otherw se, the word
" conp™MQE345%y v ariations such as "conprises” or "conpriGHAESO0I0 | pe
understood to inply the inclusion of a sjated integer or group of integers
but not the exclusion of any other int'eg

features of the present invention wi]Jl b rent from follown '
Exanpl es W%eﬁﬁ%gqsﬁﬂb‘!ﬁ)‘é By Pategts Hos, ‘_'rs&gg%:t‘ﬁﬂiﬂ’ﬁéﬁ;t4’%%16@4’5%4}?04 he

i nvention. _ l<QMi~RE %M ﬁﬂ%

pol yam doa‘%hk'é\‘sé%c}f(;ﬁ%dr)}"r?g?fg Qg'ésagé on g‘r’\ndgmmm g coraggggsﬁgge'fgﬁ 8e§c{6} lr? 803’ o

Pat ent s No88/011 79and4We) 88/055R) feféreditoSdidve37 and 25 - 4, 587, 329; PAVAM ( EDA)

dendrimers refer to pol yam doam ne dendriners based on an ethyl ene di am ne
core; - and [err] dendrinmers refer to-polylysine unsymetrical dendriners

b . _ | ami : . . _ ined i
U5 pat ot CREMPLEEY 76 oReEGidh 3P pAllleld wilt? W StchulBol 2afiiniCpriiR” | ©
PAVMAM 1.0, PAVAM 2.0, PAMiilfoni® acid/tblgive! silforiiédwéid terminuted @endrigivrs.
generatio PANAM 4. 0 (EDA), and the polylysine dendriners [err], [err]

and [err] n{‘er r]Pé-MAMg B generations are- - 10 - prepared as described -
o OB e Rt ST SRR G i R,
88/ 01179 and WbEBseykfideo-2imethybipropanetsnifonicacid{RANE} EOfnmol) in wateRSa).i on
of pol ){813 rs W tRﬁgf &‘é%ﬁ‘ﬂoﬂ%f%as”&{‘m Ct)l?eagﬁ of the solution was 8.0. A solution
of PAMAM 1.0.(0.12g; 0.33mmol) in water (Lml) was then added to the solution ~ {
followed by the addition of four drops of a. 40% aq. solution of benzyl
trimethylammonium hydroxide. The solution was then heated under nitrogen at
60° for three days and then concentrated. The residue was purified by gel
15  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
| showedamixh:reof.dialkylatedandmonoalkylated PAMAM 1.0 dendrimer ( ca.
70:30). *C amr (D,0): §31.0, 31._1, 37.1,37.7,41.3, 48.6, 51.5, 53.1, 53.4, 55.6,
| 562, 612, 615, 178.3, 179.0, 1798.
20
‘B. - PAMAM 2.0 (Compound No. 20) _ _
PAMAM 2.0 was reacted with 2-acrylamido-2-methyl propéne sulfonic acid as
described above. The crude product was purified by gel filtration (Sephadex G10;
- water) and then freeze dried to give an off-white solid. 'H and C nmr spectra
25 showed a mixture of dialkylated and monoalkylated PAMAM 2.0 dendrimer ( ca.
65:35). °C nmr (D,0): § 31.0, 31.1, 37.1, 37.7, 41.3, 48.7, 51.5, 53.4; 55.6, 56.2,
61.2, 61.5, 178.4, 179.0, 179.1, 179.6. When the above reaction was repeated
omitting the benzyltrimethyl-ammonium hydroxide a similar result was obtained.

30 C. PAMAM3.0 S :
PAMAM 3.0 was reacwd with 2-acrylamido-2-methyl propane sulfonic acid as
above except that a slight excess of sodium carbonate was used and the

7 or group of integers. 20 Further -’



sulfaonic acid to give sulfonic acid term nated dendriners. A PAVAM 1. O
Solid sqodi um carbonate (0.13g; 1.0mmol) was added slowy to a stirred '
sol ut i onv8P38453% y| ami do- 2- net hyl propane sul fonic aci.d (BCHAYS3hnpl ) in
water (3m). 10 After -t he evol ution .of gas. had ceased, the pH of the
solution was 8.0. A solution of PAVAM 1. O’nI(IO'. 12g; 0.33mml) in water-(1m) -

was then added to . the solution follo by, the addition of, four drops of a-
5056 a0 sol ut | on_ FEORRRAY ORI AFAFSRI oR psd: 08 A0 'C e spestia g

t hen heated under . t 184 I &d4.66h
R CERE LA A Cop s el )
an en freeze ’ » » ,DBL/, 39, -1
off-white solid (Q %q%z [32@5 m [ﬁ# nnr spectra showed a m xture of

di al kyl ated and mﬂ I §12a PR Y% -dendr i rer ( ca. 70:30). [err] nnr -
[err]: & 3.0, 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. 20 B. PAMAM 2.0 ( Conpound No. 20) PAVAM
2.0 was reacthhd WRAMAM®0/| ani do- 2- net hyl propane sul fonic acid as

deser) bed shove. A3 Wod et S5 S oL b ARRITRR
; water) an [ _ FEN _

Erg:l(r)}al EC/T a’tsggC}D,rA\%A% {bgddtgﬁd% nmer (Q.g; %6?535')3& ﬁg‘r?lrF nnr %F%?ﬂj:a m,"f
31.1, 37.1, 37.7, &dmemmd&}ngmgoegyl?iddﬁAgmM 4.96d&1,§ri&;b32{, cﬁ?tSiSGrIS)ltT’ﬁZeﬂm
179.0, 179.1, 179.46. _
benzyltri ﬁ%t hyl - ar(ﬁomzﬁ&hpdsaai’ &é%@ﬁcn 4%?*4@511%?&\/%%0583? ﬁé@.’%\id’ 6&:5’.
PAVAM 3. 0 PAVAM 3.lqsyygsl7g.gng?_lg,gm§'§[ 2-acryl am do- 2- net hyl propane sul fonic

aci d as above except fthat excess of sodi um carbonate was used and
the . _ . : :

EXAMPLE 2 Preparation of sodihm sulfoacetamide terminated dendrimers.

15 A. PAMAM 10 |

A solution of 4-nitrophenyl bromoacetate (0.40g; 1.5mmol) in dry DMF (1ml)
was added to a stirred solution of PAMAM 1.0 (0.18g; O.5mmol) in DMF (3ml).
The resulting yellow solution was stirred for 20 hours at room temperature, when
a ninhydrin test was negative. The solution was concentrated (30°/ 0.lmmHg) to

20 give a yellow oil. This oil was partitioned between water and chloroform and the

~ aqueous layer separated and washed with chloroform (2X) and finally with ethyl

acetate. The équeous solution was concentrated (35°/ 251_ang) to give the
bromoacetylated PAMAM 1.0 dendrimer as a yellow oil (0.36g;100% ). *C nmr

: (D,0): & 32.8, 33.3, 43.0, 43.5, 54.4, 174.5, 176.4. |

25 . T ' _

" A solution of sodium sulfite (0.2g; 1.6mmol) in water (Iml) was added to a
solution of the bromoacetylated PAMAM 1.0 dendrimer described above (0.36g;
0.5mmol) in water (5ml) and the solution left to stand at room temperature for

‘eleven days. The yellow solution was concentrated to give a yellowish solid

30 (0.60g). *C nmr (D,0): & 34.4, 43.1, 43.4, 54.0, 61.7, 171.3, 177.2.



- 11 - benzyltrimet hyl ammoni um hydroxi de was omtted. [err] and [err] nnr
spectra showed a m xture of dial kyl ated and nonoal kyl at ed PAMAM 3. 0 :
dendr iW@P#S48H. 50:50). [err] nnv [err]: 8 31.0, 31.1, BEI/AUSHNISL 41. 1,
48.6, 51.5, 53.4, 55.7, 56.2, 61.1, 61.5, 178.2, 178.9, 179.0, 179.8. 5 D.
PAVAM 4. 0 PAMAM 4.0 was reacted with 2-ak?yl am do- 2- met hyl propane sul fonic
acid as described for PAMAM 3.0. [err] and [err] nnr spectra showed a '
m xture of di al kiheatabaveraadtiono sequence exduldANgeNcarried d ewtd without (isolating33hé5) .

[err] nnr 10 (L, 8 1.1, 36.9.37.3, 41.1 .48 5 51 .5  53.5,
55.7, 56.2, 61. 1",’°‘8&§‘§,"hi‘7§ d%%d‘%’}‘g‘z by sﬁé.”&,%d‘fﬁg‘.‘% sofin e sotution 13 the
Preparation of spedeaqueshd araet oblaitRd RimyithafiRd rélede. mers. 15 A PAVAM
1.0 A solution of 4-nitrophenyl bronpacetate (0.40g; 1.5mmol) in dry DVF

(1m) was added to a stirred solution of PAMAM 1.0 (0.18g; O0.5mml) in DW

(3m). Tyeﬁesulﬁ' 6ow solution was stirred for 20 hours at room
tenperature, when-a ninNhydrin test was negative. The sol uti on was
concentrat ed [ erMptho®.11nmHg) to 20 give a yellow oil. This oil was

partitioned between water and chl orof ormand the aqueous |ayer separ ated

and washed wi t h A splytion of f-pitvephenyd Mmme@tqﬁ@ammﬁzmm&)emm.n e(lml)eous

370" dendr | mor - acv R s et sohAN S ARARY 45 (O'fog?  DRpEH) i M )y

. 43.0, 43.5, 54. Ahelrésulfing yelfowt soldfor wabtittddOfor 20 hotsliat Fooh témpePatile, dlien

t 6rmp| 20 'novat earnix(lﬁyn&rzn &?tivaidnizgﬁ\te?ﬁe solution was ther added with swirling to water

(150ml) and the mixture extracted with chloroform (3X) and ethyl acetate, A ¢
solution of sodium sulfite (O.1g; 0.8mmol) in water (1ml) was added to the crude
bromoacetylated dendrimer solution and the mixture allowed to stand for three
days at room temperature. The yellowish solution was then concentrated to give

15 a yellow solid residue, which was purified by gel filtration (Sephadex LH20;
water) to give the sodium sulfoacetamide terminated PAMAM 2.0 dendrimer
(103mg). “C nmr (D,0): §33.0, 35.7, 36.0, 37.7, 40.3, 43.0, 43.2, 53.4, 53.7,
56.0, 61.6, 171.2, 174.6, 178.5. |

20 Method 2: - | |

Solid succinimidyl acetylthibacetaté (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°/10°mmHg) to give an oily residue. The residue was partitioned between

25 water and chloroform, and the water layer separated and concentrated to give a
viscous oil (117mg). 'H and "C nmr showed the oil to be a mixture of the
acylated dendrimer and N-hydroxy succinimide. Gel filtration (Sephadex G10;
water) provided a pure sample of the acetylthioacetamide terminated PAMAM 2.0
dendrimer (29mg). °C nmr (D,0): § 34.0, 34.2, 37.3, 43.0, 43.1, 43.3, 53.5, 54.0,

30 563,1754,177.2,1775. DR



sol ution of the brompacetyl ated PAVAM 1.0 dendrimer described above (0. 36g;
05m"m|%vé#]& er (5m) and the solution left to stand at_roomte erature
fior el eV A‘Qggé The yell ow.sol ution was concentrated to RfHAURI0 owi sh

solid 30 (0.609). [err] nnr [err] ,34. 4, 43.71, 43.4, 54.0, 61.7,

171.3, 177.2. - 12 - The above reactid sequence could be carried out
sl Pf?énéif’h?féﬂ %ﬁ%%% Z 4. dgoeter o a‘;‘:' ”;'w;z%nﬁﬁta%? -
reacti .
e o e S D EENS R,
A hyar - Cast vaRS oL SR hOUR ot O IR, AL R gheresal o

\zglgfa'?;t ((a.lggmszjl 3?%Wum SW%& 1&53&:%*‘%&5&{1,? I n wat er%ﬁ?&

added to the c'rudnmhemﬂmncfdteyéchhndicdmeﬂtatudﬂosgﬂwtwmomdltm anudelpmduct

%ISO\tAﬁceint goﬁtcngl for,, tqge% daxs athe p?logaj %erg\k The gﬂ%ow sh oI utlon
Ul foncet oy do. « a4 HHehiterial desiq b baksdg? thrbiich bollibn B Sephatiex oY Ay e*te
33.0, 35.7, 36. 0soll’ (20mg0) vas4sbtsined! after IMhylxsa!ﬁBthﬁB Was Spectioscbpitally
(it 0Bt omsainygbn sk e S B e 4 551855,

38.7, 42.9, 43.0, 43.1, 53.9, 54.3, 56.5, 61.6, 171.2, 176.4, 177.0.

EXAMPLE 3 Preparation of sodium sulfosuccinamic acid terminated

dendrimers
15
A, PAMAM 1.0

Solid maleic anhydride (0.1 1g; 1. Immol) was added to a stirred solution of
PAMAM 1.0 (0.12g; 0.33mmol) in dry DMF (3ml). The mixture became a little
warm and brownish as the anhydride dissolved and the resulting solution was
20 stirred overnight 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 to the trisamide together with some maleic acid. *C nmr
(D,0): & 33.1, 42.8, 43.1, 54.3, 135.0, 137.1, 169.1, 171.9, 173.3.

25  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
temperature for four days and then concentrated. 'H and *C nmr (D,0) showed
a 1:1 mixtre of the regioisomeric sodmm sulfosuccinamic acid terminated

| PAMAM 1.0 dendrimers together with some sulfosuccinic acid. The crude product
30 was purified by gel filtration (Sephadex G10; water) to afford a sample of the
sodium sulfosuccinamic acid terminated PAMAM 1.0 dendrimers (107mg). C



of PAMAM 2.0 (52ng; 0.05mml) in dry DMF (2m) and the resulting solution
sti rreg, e\ %gmterrperature for two days. The m xture was_then concentrated
[err] (o4 3{3 an oily residue. The residue was partiti oR&d/AJ2fABsH o5

wat er and chloroform and the water Iaye{ separ at ed- and concentrated to
give a viscous oil (117ng). [err] and ['e‘}]' nnr showed the oil to be a

m xture of the acyl d dengrei ne d N hydroxy succinimde. Gel filtration
(Sephadex G10: ERR(D:0); 835k dod dile 439mipd. 570 A2.9n80My I ThBokR6E, i o
term nated PAVAMg4.0 dendrinmer. (29ng). [err] nnr [err] 34.0, 34.2, 37.3,
43.0, 43.1, 43.3, 53.5, 54.0, 30 56.3, 1v5.4, 177.2, 177.5. - 13
- A solution of the above functionalised dendriner in 40% aqueous formc

acid (7m) st ed to an ice cold freshly prepared sol ution of
performc a@?d (M&;& nformc acid (2m ). The mi xture was stirred for

one hours at [e”!lnﬁﬁgﬁéaﬁgﬁ'%oﬁ&ﬁ&%’s&@gﬁt esuE CdbE teRthitiafed PAMAR !

anount of activateo n added to deco.rrpose any
excess peraci d, 2Odemdrishers svas prepared s desciibediaboves $Q imanPAMANS 220 nealéhmic

fater Lhe’ pH adbid dervafis SBONA Boandies I Bl B8 SRR,
material desal t q§ohy 192953985t 19889PC Wzﬁﬁlﬁ&ﬁ&uﬁé&mm b&a
yils atl on | C was .

solid (20ng; ) wasS Obtaihed after |yop
spect r oscopi cal Iderivatives (D,0): 837e0;404| 41.1§ 43:0,54812; 439, 580, 53.8253.5, 6800)169i4p ed

by nmethpd 1. [err] n er 8,33,0,.38.7 42.9, 43.0, 43.1, 53.9, 54.3,
56. 5, 6f1)0.dG, 171.131,3-81%7&;311’1%-_% bfg-%ésal C Preparation of sodium
sul fosuccinam c acid term nated dendriners 15 S {

C. PAMAM 4.0 (Compound No. 14)

Solid maleic anhydride (60mg; 0.6mmol) was added to a stirred solution of
PAMAM 4.0 (51mg; 0.01mmol) in dry DMF (2ml). The mixture initially became
15 cloudy but soon gave a clear solution which was stirred overnight at room
| temperature. The solution was then concentrated (35%10“mmHg) to give a viscous
oil. 'H and *C nmr (D,0) showed complete conversion of the PAMAM 4.0 to the
 polyamide together with some maleic acid. The crude polyamide was then
dissolved in water (2ml) and a solution of sodium sulfite (126mg; 1.0mmol) in
20 ~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 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
25 . 4.0 terminated with 24 regioisomeric sulfosuccinamic acid groups (90mg). 'H nmr
(D,0): § 2.4-2.6; 2.7-3.1; 3.2-3.4; 3.9-4.0.C nmr (D,0): 5 36.2; 39.8; 40.5; 43.0;

43.2; 53.5; 55.8; 68.1; 69.5; 173.8; 177.4; 177.6; 178.7; 182.3..

30 EXAMPLE 4 _P_reparhtibn of sodium N-(Z'-'sulfpethyl)succinaﬁlide términated
dendrimers . |



A.- . PAVMM1.0 Solid mal ei ¢ anhydride (0.11g; 1.1mml) was added to a
stirted solution of PAMAM 1.0 (0.12g; 0.33mml) in dry DVF - The

mi xt ur eMOBBABSa 1ittle warm and browni sh as the anhydri &€ ‘§§ P3Rd and
fhe resulting solution was 20 stirred overnight at roomtenperature.
The sol ution was then concentrated [err} PeTr] to give a viscous oil. [err]
and [err] nnr [err] showed conpl ete conversion .of the PAVAM 1.0 to the
trisami de taget hBreparation of tetrabutylammenium N-@-sulfosthylsugcinangg agid 42. 8, 43. 1,
54.3, 135.0, 137.1, 169.1, 171.9, 173.3. 25 The crude trisam de was
then dissolved in water (4n1) and solid sodiumsulfite (0.20g; 1.6mmol)

added. The resul Sbhid sGedinici fiydfide €0.50C50intncl} Wag adtled €9 @ Stizfedesoitioneof OF
four days and then concentrated [err] and [err] nnr [err] showed a 1:1

- m xtgr edof t he r teyabutylammoniumy {2 jonaaeid é‘eﬁg,télfmal)eanANAM
1.0

was pur i P e by SRlopFhpsbe GRRIE TR sIE S efiap fofiy dibiopeasld pil it 00

t he sodi um sul f ogloady rsamuénawasisﬁﬁédn t%MaMnlt&npwmet mnfeSmb&ﬁ%
[err] - 14 - nmr [err] 40. 0, 42.9, 43. 67.9, 69.4

173.8, 176. 3, 17ﬁltsredm§tmﬁmie cmm@@sveawwouwdﬁ% "%fmﬁbowed

re|0|sor’rer|c SO S

(o9 S0t <ot LTRATR, R SRS L el

derivative [err] sgtinic adid. Re pretipitition oftthe poduct B9 cﬁo?\i!ﬁE -additibR%fCa

169.2, 171.9, 173.5, 174.6. [err] nnr PAMAM 2. 0 sodi um sul f osucci am ¢ acid

deri vat iMes [err]dlchior omethans  solution4300, 213 large 43x0ess3.of, sdiethybsether  gave

68.0, 69. 4, tetrabutylammonium N-(2-sulfoethyl)succinamic acid as a white solid (1.762g;
76% ), mp 125-127°C 1 H nmr (CDC13) 5 0.86 (t, 12h, 4xCH3), 1.28 (m, 8H,
4xCH,), 1.50 (m, 8H, 4xCH,), 2.33 (m, 2H, CH,COOH), 2.44 (m, 2H,
CH,CONH), 2.76 (m, 2H, CHZNHCO), 3. 12 (m, 8H, 4xCH,N), 3.50 (m, 2H,

15 'CHzSO;,-), 7.53 (br t, 1H, NH) 13C nmr (CDCL,): 8 13.5, 195 23.8, 30.1, 30.9,

35.6, 50.0, 58.5, 172.0, 1741

b. Preparation of tetrabutylammonium 4-nitrophenyl N-(2-suifoethyl)-succinamate

20 Asolutionofdicyclohexylcarbodiimide (45mg; 0.22mmol) in dry dichloromethane
(lml) was added to a stired solution of tetrabutylammonium N-(2--
sulfoethyl)succinamic acid (94mg; 0.20mmol) and 4-nitrophenol (28mg;
0.20mmol) in dichloromethane (2ml), and the mixture stirred overnight at room
temperature. The resulting suspension was filtered and the filtrate concentrated to

25  give the crude active ester, which was used without further purification.

A -_Preparatioh of sodium 'N-(2-sulfoeth§l)succinamide ‘terminated PAMAM
-dendrimers

30 PAMAM 4.0
| A solution of the crude tetrabutylammomum 4-mtrophenyl N-(2- -
sulfoethyl)succinamate (0.30mmol) in dry DMF (Iml) was ‘added to a stirred



10 : 173.8, 177.6, 179.1, 179.5, 179.8, 182.3. C PAVAM 4. 0 .
(-Corrpg’ggg 11’\% _14) Solid nmal eic anhydride (60ng; O. GMWW d to a ’
stirr ¥ on of PAMAM 4. 0 (51ng; 0.01mmol) in dry

m xture initially becane 15 ~ clougy but soon gave a clear soI utlon
whi ch was stirred overnight at roomtenperature. The solution was then

conpt et o conver Sipeco b HELAADIGY Suits 0 1xhED dAROlyed ih 0% aaudup DIIE ¢
mal ei ¢ acid. Th@ndly meeésmmggeuumomﬁeﬁsﬁns@w&ﬁiéhtﬂmwﬁ&awem a

solution of sodiumsulfit ) water (2nl) added.
The resul ting smmwovasmcammdt@ étlarmrr&lg)mémqmlip&ra&én@momdo

d d then ¢ t f
oy o o o gt WAl Yl SibloriRg 6K Wrdd Toyb? Wk SREIEY, Sy Wi ©
dendri ngrs t ogeghierofor (235ar] ethiyf acetmte, Mid- theai cbneddttated todgiverageliw vils

purified by gel f||trat|on Sephadex LH20; water) to afford a sanpl e of
PAVAM 25 (124mg). dhei dnatiwasconvestedita thassadium salt by passage ngac.d

3.2 36,8 40, %%lﬁﬁhéﬁﬁéﬂaﬁwéggsl%eéﬂgo%%df%ﬂ%ﬁsﬁa%% sk,
I{l-?(827sullf8(2)efhyl3ﬁ;t300| namazj‘gytgeerl rnﬁlu;t'tlgngdendrl n%f?o r’m glve the sodium
Bﬁ“‘?mm

Preparation of fod POMAM f@&?@ﬂﬁm (45&%S)d'3§m1’d

succi nkg anhydrj ( de g9l )

t et rabllljgyl anmony &%)293310%33??1%%3@9 ni ¢ d%(%@s:?* 55‘{)? ng %G’diﬁe’o%
di chl or onet hane]‘(mrmm.z 1m9§ua94n| (o anhydrl de slowy dissol ved and the
resulting -

The correspondmg PAMAM lOandPAMAMSO dendnmerstermmatedwuh
_ ~ sodium N-(z-sulfoethyl)succmamlde groups were sxmxlarly prepared C nmr
15 PAMAMBOdenvatlve(DZO) 8334 35.5, 39.0, 39.5, 42.9, 43.2, 53.8, 54.1,
543 565 176.4, 1769 1774, 1789, 1794. .
3C nmr PAMAM 1. Odenvatlve(Dzo) 5 34.9, 35.5, 395 429, 43 1, 53.7, 54.1,
179.0, 179.1, 1793

20 B.  Preparation of sodium N-(2-sulfoethyl)succinamide terminated polylysine

BHAIYSIYSzlstYsllew o :
_ Tnﬂuoroacetlc acld (lml) was added to a suspensmn of BHAlyslys,lstys.DBL,,
25  (36.5mg; _S,Opmql)_ in dry gnchlommethang (1ml) and the resulting solution stirred
" at room temperature under niuogen for two hours and then concentrated. The
 residue was dissolved in dry DMSO (2ml) and the pH adjusted to 8.5 with
methylamme A solutmn of the crude tetrabutylammonium 4-nitrophenyl
N-(2-sulfoethyl)succinamate (ca. 0.2mmol) in DMSO (1ml) was then added
30 dropwise and the mixture stirred overnight at room. temperature. The yellow
solution was then concentrated (5010 mmHg) and the yellow residue partitioned
between water and chloroform. The aqueous layer was separated, washed with



cl oudy sol utlon was stirred overnight at roomtenperature. The m xture was
'f|Itereq, e filtrate concentrated to give a vi scousl;}hl ‘?I ﬂs’lsg) Jerr]
nnt showe orrpl ete conversion to the desired nonoam de toge‘? er Wwth a
smal | anount of succinic aci‘tt. Repeated -pf.lem pitation of the product by
dropwi se addi.tion of a 10 di chI ororret hane sol ution a large

aci d as a whito SHARmGE ghd SHBT hbetu Rl Ine poneet %egﬁet“%a%%ff??é o
[err] 1.28 (m 8'The[&ﬁdéﬁbd§&%@coﬁ%néd%&ﬁeé’odﬁﬁn@ﬂﬂb %kbsa%ilw
(m 2H, [err] 2.76 err 12 (m 8H, 4xCH2 (m_2H, 15

CH2S™B-), 7.53 (1f Am qxﬂtte 120(Na)rto yied §leng]ofmtma11§’hsmmd wag further

30.9, 35.6, 50.0, 7 :
t et rabutyl ammoni LP"‘E% Pﬂr é ‘gr%ﬂ'zﬁf-"tlz(s?&?‘%dgét sﬁjé%htqkaﬁé“ (5“3 sodxumA
sol ution of di cycN-QM amm&mmemam&nm&sl ljib',gdendnmer(39mg)

di chl or onet hane m) was added to a stirred solution of tetrab gl ammnl um

N-(2- sul f oet hyl )}Qm@@b 8a27.Q 320335:2,350 3, B5Sdnd94, #3.5: &b

Coom temper at ur 6. h 1R 3due by s AN AR TRk 328108 W’ﬁﬁ'@m e

concentrated to 25 gi ve the crude active ester, which was used

wi t hout further purlflcatlon A Pre aratlon of sod|um

N- ( 2- sul f oet hyl ) sthesorsspoading:BHAlyslyss BHAIpslpsivseand BHAlyslysdys,lys, terminaged v
4.0 A sglution nium _4-ni t,raphenyl . N-(2-
sul f oet hyl) succi n@ﬁ%@ﬁwcégﬂﬁﬁfg’&f'ﬁ &'m‘l)? V@? E‘gytpﬁepénéu rred
- 16 - C nmr BHAlyslys,lys,lys, derivative (D,0): § 26.9, 32.3, 35.1, 35.3, 35.6, 35.7,

39.5, 43.5, 54.1, 58.5, 131.6, 131.9, 132.2, 132.3, 133.2, 133.3, 145.0, 145.2,
177.2,177.8,177.9,178.0, 178.2, 178.3, 178.6, 178.7, 178.8, 178.9, 179.2, 179.3,
179.7, 179.8. :

15 1o nmr BHAlyslys,lys, derivative (D,0): & 26.9-,'32.3, 35.1, 35.4, 35.7, 35.8,
39.5, 43.5, 54.1, 58.5, 61.8, 131.7, 132.0, 132.2, 132.3, 133.2, 133.3, 145.0,
145.1,'177.3, 178.0, 178.3, 178.4, 178.7, 178.9, 179.0, 179.3, 179.7, 179.8.

*C nmr BHAlyslys, derivative D,0): § 26.9, 27.1, 32.2, 32.3, 34.7, 34.8, 35.1,
35.3, 35.6, 35.7, 39.5, 43.4, 54.1, 58.6, 61.8, 131.7, 131.9, 132.2, 132.3, 133.3,

20 144.9, 145.0, 177.7, 178.4, 178.8, 179.0, 179.3, 180.0.
EXAMPLE 5 'Preparation of sodium 4-sulfophenylthiourea terminated
‘dendrimers ' '

25 A PAMAM 4.0 (Compound No. 1)
Solid sodium 4-sulfophenylisothiocyanate monohydrate (500mg; i.96ntmol) was
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
30 - filtration (Sephadex LH20; water). The pure fractions were combined and freeze
- dried to give the sodium 4-sulfophenylthiourea terminated PAMAM 4.0 dendrimer
asa ﬂuﬁ'y white solid (370mg). 'H nmr (D,0) : § 2.28; 2.52; 2.69; 3.15; 3.27;



sol utlon of PAMAM 4.0 (51.5ny; O. Olmml) di ssol ved in 50% aqueous DMF (3nl) )
and t gutlng yel l ow sol ution stirred overni ght at grature.

The m'X ure Was then concentrated [err] and the yell ow resu?ue partitioned
between water and chloroform The wateryg ayer was separated, washed with 5
chloroform (2X) and ethyl acetate, and then concentrated to give a yellow

oi | (134nm). TResH" : ér%t’ ?Bas(ggz_g%@t n},ﬂ.@%sg%tgnﬁql 3 tiy4g)_arssage

through a ‘col urm™of" maf eral

material was f§5816765.83U20f0; 4811y 1444; 178.5; ET9. nrn8(48lephadex LH20; water) to
gi ve the sodi um N-(2-sul f oet hyl )succi nanm de term nated PAMAM 4. 0 dendri ner
(45mg). [err] nnmr 10 “[err]: 33.2, 33.6, :35.5, 39.0, 39.5, 42.8,

correspandi ng. AIRATERPERPAMRYL o 8 el 2 Blbiade 30 o paligy,

'N-(2- sl f oet hyl5)6 (Compound! Noyr2)udendrimees serminated wvithr 8p&; da. arjde48 |sodium 15
PAMAM30der|vat|ve[err] 33.4, 35.5, 39.0, 39 43.2, 53.8, 54.1,
54.3, 56.5, 17@-salfophenyithionrea groups/pespectiyely ‘Hmﬁnﬂ%ﬂym&l. 0 derivative
[err]: 34.9, 35.5, 39.5, 42.9, 43.1, 53.7, 54.1, 179.0, 179.1, 179.3. 20
B. Pr epar ation .of sodium N—(2 sul f oet hyI ) succi nam de t erm nat ed '

pol yl ysi n@. dend’rAMAMAQ@IDA) (CompowridoNoe3) ¢ acid (1m) was added to a
suspensi on of [err ] 25 _ éﬂl 5.0[err]). in dr di chl oromet hane .
(1m) and the sodin 4oulfop Y§§9&°€YP“&£¢ moBohydeHp %Q'BS ormmol) was r ogen

(2) "Phd the %dﬁ?’ﬁ*‘ﬁﬁféﬁe&?‘ i h@@%ﬁ(,%’né. @SZM‘%UM%%%%C"

crude tetrabut nmgmmonwm_mmwssmmmmwmmua
0.2mml) in DVBO (1m ) was then add ' dropwi sg. and the_m xture

0
stirred overni &Fhe wlutienowas Eﬂ?fépmgénﬁﬁh%" selid tawdue purified by gel filtration
(Sephadex LH20; water). The pure fractions were combined and freeze dried to

_ give PAMAM 4.0 terminated with 32 sodium 4-stﬂfophenylth10urea groups as a
15 fluffy white solid (136mg). "-H nmr (D,0) : & 2.30; 2.50; 2.70; 3.18; 3.62; 7.35
(d, J=9Hz); 7.72 (d, J=9Hz). °C nmr (D,0) : 5 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,lyslyslys,s (Comp_ound No. 4)

20 Trifluoroacetic acid (4ml) was added to a suspension of BHAlyslys,lys,lys,DBL,
(0.73g; 0.lmmol) in dry dichloromethane (4ml) under nitrogen. A vigorous
evolution of gas was observed.._fbr 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

25 Amberlite IRA-401(OH) and the filtrate concentrated to give
BHAlyslys,lyslys,lys,s as a viscous oil (0.49g). The oil was redissolved in water
(5ml) and N,N-dimethyl-N-allylamine buffer (pH 9.5; 3ml) added. Solid sodium
4-sulfophenylisothiocyanate monohydrate (1.30g; 5.1mmol) was then added and

| . the resulting solution heated under nitrogen at 53° for two hours and then cooled.

30 .~ The solution was concentrated and the brownish solid residue purified by gel

| filtration (Sephadex LH20; water). The pure fractions were combined, pamd
through a column ofAmberhte IR 120(Na) and freeze dried to give the sodium



sol ution was then concentred [err] and the yel |l ow resi due partltloned

bet \A/eenw@gg54595qd chl orof orm The aqueous | ayer was separﬁrf.ﬁ sdped with
-17- chl'oroform (3X) and ethyl acetate, and then concentr ‘g to gl ve an
oil (99ny). The crude product was convert?g to the sodiumsalt by passage
through a colum of Anberlite IR 120(Na) t0 yield 81rrg of materlal Thi s

give the sodi um ot susdbleb eyt sifringted HEMVRD Ay SRRT s gendimies 5 & ey

35.6, 35.7, 395%50143 TAmcB38 H, B) . 5384 33
178.0, 178.4, 178.8 178. SB m% nﬁ!ﬁg(bf )17 B40; llee %ggr%go%%?nwg?Z??

and [err] term naf-48 (do=9 HZ), 7. 7&\(4 H=8Ha). [’ nmy QDiﬁl) F®»373yB3.513%9 J48.9;

3501 a5 5, 356, b PSPAE Y i M S 3 40 Y, By, 13,0
133.2, 138.3, 145.0, 145.2, 1v7.2, 177.8, 177.9, 178.0, 178.2, 178.3,
178.6, 178.7, 178 8, 178.9, 179 2, 179.3, 179.7, 179.8. 15 [err] nnr

[err] derivative [B9 cprresponding MSIMY&IYSBQ?'HA]MYSMIB%JNz Conmpound

1773, 1780, 1788 7o BiAdTRALyRySisalta (Camid émnéé%eé

nnt [err] derivat iermirlatedr witl 1%. 84 %ﬁdllzgzsﬁmﬁzﬁsulﬁ?hinyl
35.3, 35.6, 35.7, 39.5, 43.4, 54. 58.6, 61.8, 131.7 319, 132. 2
133.3, 20 mvelmmimrepmu 178.8, 179.0, 179.3, 180. o
EXAMPLE 3q Preparation of sodium 4-sulfophenylthiourea term nated
dendrinmers ' :
EXAMPLE 6 Preparation of sodium 3,6-disulfonapthylthiourea terminated
dendrimers

A.  PAMAM 4.0 (Compound No. 9)-

Solid sodium 3,6-disulfonapthylisothiocyanate (160mg; 0. 4lmmol) was added to
15 a solution of PAMAM 4.0 (51mg; 0.0lmmol) in water (3ml) and the resulting
solution heated under mtrogen 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
20 brownish solid (73mg). 'H nmr (D,0) : & 2.30; 2.60; 2.74; 3.20; 3.57; 7.75; 7.86;
8.28. *C nmr (D,0) : & 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.

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

‘B.  PAMAM 4.0 (EDA) (Compound No. 11) |
Solid sodium 3,6-disulfonapthylisothiocyanate (220mg; 0.57mmol) was added to
a solution of PAMAM 4.0 (EDA) (74mg; 0.0Iﬁmol) in water (4ml) and the
30 resulting sqlution 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 and concentrated to



25 A PAVAM 4. 0 (Corrpound No. 1) Solid sodi um : : ]
4-sul fo hen | i sot hi ocyanat e nonohydr at e (500ng; 1. 96| S ?ﬁged to a
sol ut I*C BAVAM 4. 0 (300ny; 0.0582mmml ) in water (I oﬁ‘;'“%f?c?"’ resulting’
sol ution heat ed under nitrogen at [err] or two hours and then cool ed. The
~solution was concentrated and the yel "o Solid residue purified by gel 30

[ eova b s it FANADY s ermickicd Nitn B2 ot b Tromr RrfaRsts BRop 4. 0
dendri nmer as afgla%gowgggn@glxggmﬁg@l&)cPi?ggi‘g ngzié ?gn 587@7% 5552
E;’rzg[le?rl];}g%_:@ﬁmt (D40) 15 3640; 30:5333 485 83. 6%5%&1%&8&1?:%43?4521,% 5;
PAVAM 5 B%@C(i ﬁpggﬁgl %? %b&ﬁe’% ermnated with 3, 6an12 and

48 sodigim 4- sul fophenyl t hi ourea groups respectively were simlarly
prepared. B. PAVAM 4.0 (EDA) (Conmpound No. 3) Solid sodium

: 4d3uldf;)phemyl : ﬁiﬁhlysly%siiysalyapANNlmp A Nd.%)g 0. 5mol ) was 10 ) .
added to a so n o an
the resul ting @!que%a@g'&mgd&s@fé rT?FSBF“’f %MYSI%Y%@&&&L .
then cooled. T _ C “?9& d I ed

by gel filtrat iQZnﬁgSeb lgg%x Elﬂ_é‘g'y ﬁ/aaltngrl)i |E dE)ure ractﬂllnrg mé?gggggh%i ned
and freeze dri e&oMogmfeg@AW\bUseﬁvaiefommﬂmadumtdndaheseﬂﬂm solution was :

4-sul fo henylth| ourea groups as a fluffy white solid, (136
[err] [ er r |stifred Gg o @@P@“‘F’B]f"!’,“!%ho R COpcEn ngﬂ(d

i 4?1“3 1[7§r g] %pg%igjs%@véd ift witer (stnl); tlfé%ofuuo%%&ué&&ughlﬁ%oﬁm&%? 0; {
Amberlite IRA-401(OH) and the - filtrate concentrated to give
BHAlyslys,lys,lys,lys,s as a viscous oil. The oil was redissolved in water (5ml)

o - and N,N-dimethy}-N-allylamine buffer (pH 9.5; 3ml) added. Solid sodium 3,6-
15 - 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 give BHAlyslys,lys,lys,lys;
20 terminated with 32 sodium 3,6-disulfonapthyithiourea groups as a fluffy off-white
 solid (119mg). 'H nmr (D,0) : 3 1.0-2.0; 3.18; 3.43; 4.31; 7.22; 7.80; 7.89; 8.25.
C nmr (D,0) : § 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.

25 EXAMPLE 7 Preparation of sodium 4-lnlfona§thy-lthionreh terminated
' dendrimers

PAMAM 4.0 (Compound No. 8)

Solid sodium 4-sulfonapthylisothiocyanate (180mg; O. Smmol) was added to a
_ solution of PAMAM 4.0 (51mg; 0. 01mmiol) in water (5ml) and the mixture heated
30 undermn'ogenat53°fortwohomsandtheneooled.Thewaterwasdtsulled

underreducedpressmefromtheresulnngmpmonandtheoﬁ'whxtesohd

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



C. Jerr] (Conmpound No. 4) 20 Trifluoroacetic acid (4m ) was added
to a suwoerssysys of [err] (0.73g; O0.1mmol) in dry dichlor pgaidinemedsd™ )
under: ni trogen. A vigorous evolution of gas was observed for a short tinme
and the resulting solution was stirred. at2yoom tenperature for two hours
and then concentrated. The residual syrup was dissolved in water (5m), the

sol uti on passed tcorbirgd andcfedededried td give the sod;ﬁﬁ%&xhlfdxﬁpthbﬂﬁoﬂf&(t@rﬁmat@&d '

the filtrate &centrated to give [err] as a viscous oil (0.4 %gThe
¥

oil was redissol dendrimer)as a-fJufk whitgsolid (60ma). | ﬁm@:@hr Z%pH
0.5 3m) added. 50Y:ixth £ acigumads gubl 9BEERYY! £O3 (4 OCKADRICse R ALt 38

(1.30g; 5.1mmol) Was én” adde and res g so
nitrogen at [err](DLO) : 5v35.8;040.5; wlﬁ; 4814053.6p55.9; 12N6; 128.6; 13013 El'.%tlBQrS was

concentrated and the bhrowni residue purified by gel filtration
(Sephade>a<st LH20; vﬁgeﬁs)m“'?héi?rér é43 7abﬂ %nlsnv&gr@se%nbr ned, passed through a
colum of Anberlite IR 120(Na) and freeze dried to give the sodi um -.19

- 4-sul fophenylthiourea termnated [err] dendriner as a fluffy white sol i d

(374ny). [erEXAMPLE® r] 1.Piepaiatioh of s08iuns. 35 -dishlfépherylfioureasRrminsted (d.
J=9Hz); 7.78 (d, J=9Hz). [err] nnr [err] 27.3; 32.5; 35.9; 43.7; 48.9;

58.6; 63.3; 128.8; 131.0; Mdendyimers; 7. 145 1; 177.7; 178.1; 183. 8; 185. 2.
5 The corresponding [err] (Conpound No. 5), and [err] (Conpound No. 6)
dendriners terminated with 16, 64, and 128 sodi um 4-sul fophenylthiourea

groups rEEpecti verAMAM e, G (Cothpound No £epar ed.
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
15  (Sephadex G25; water). The pure fractions were combined and concentrated to
give PAMAM 4.0 terminated wnh 24 sodium 3,5-disulfophenyithiourea groups
as an off-white solid (110mg). H nmr (D,0) : J 2.53; 3.08; 3.36; 3.66; 7.90;
7.95. l?’Cnrm'(DZO) S 34.8; 41.0; 43.1; 48.0; 53.7; 562 124.1; 128.6; 143.5;
148.8; 177.6; 185.0.
20 | . . |
EXAMPLE Y9 Preparation of sodium 3, 6, 8-trisulfonaphthyithiourea

terminated dendrimers

PAMAM 4.0 (Compound No. 10)
25 Solid sodium 3, 6, 8 msﬂfonaphthyhsothlocyanate (250mg; 0.5mmol) was added
~ to a solution of PAMAM 4.0 (51mg; 0.01lmmol) and N,N-dimethyl-N-allylamine
buffer (pH 9.5; 1ml) in water (2ml) and the mixture heated under nitrogen at 53°
for two hours and then cooled. The mixture was concentrated under reduced
| pressure to give an orange solid. The residual solid was dissolved in water (2ml)
.30 ~ and passed through a short column of Amberlite IR-120(Na). The filtrate was then
concentrated and the residue purified by gel filtration (Sephadex LH20; water).
The pure fractions were combined and freeze dried to give the sodium 3, 6, 8-



10 EXAMPLE 6 Preparation of sodi um 3, 6-di sul f onapt hyl t hi our ea

ter endrimers A PAMAM 4. 0 ( Conmpound No. 9) |um
%g%f&%%%apt hyl i sot hi ocyanat e (160ngy; 0. 41mmol) vvagéﬁﬁh%@? : a

soI ution of PAMAM 4.0 (51ng; 0. 0lnmol & in water (3m) and the resul ting

sol ution heated under nltrogen at [er ]’Z for two hours and then cool ed. The

ol Er g on SHMGPAEIDGIcR tpinaied S ANt S S e OBk aiang
concentrat ed hq) mgjg ﬂflﬁnﬁaﬁzc@m 312665‘3“3504 fw%&y g({;% ag 5ger a1t3ed PAVAM

4.0 dendri nmer " as r'owni sh
7'2..30; 2.60; 2nﬂ4(Dg)206332§3877433 437867885&6 54y5q7m1 ({,dBl]S,KBIQ 39 9:

1385, 145, 5 138 DG} 18 Aads 4456 Y62 08 B g pavein 2.0

dendrigmer terminated with sodium 3,6-°25 - . :disul fonapthylthiourea
groups was simlarly prepared. B. . PAMAM 4.0 (EDA) (Conmpound No. 11) Solid
sedi um SEXAMPLE bhapt hPreparation ofesedivm(4{mifpmé@hghbenzamide termiiated 0 a
sol uti on of PAVAM 4.0 (5 A%H 74mg; 0.01mmol) in water (4m) and the 30
resul ting sol ution heat 26 F’nltrogen at [err] for two hours and then
cool ed. The solution was concentrated and the browni sh solid residue
purified by gel filtration (Sephadex LH20; water). The pure fractions were
conbi ned and PAMAM 4.8t(€dmpound No. ZB)- gi ve’ 'PAI\/AM 4.0 terminated with 32

o 8, SR S oS Yt Vsl
a stirred solution of PAMAM 4.0 (70mg; 0. Ol4mmol) in dry DMSO-(4ml) and ‘
the resulting yellow solution stu'red at room temperature for two hours. The .
solutlon was then concentrated (10 mmHg, 40° ) and theé residue extracted with -
" a mixture of water and dichloromethane (1:1): The remaining solid material was
15 dissolved in DMSO (5ml) and a solution of sodium sulfite (l30mg, Immol)in - -
' water (3ml) added. The shghtly cloudy mixture that resulted was left to stand for
four days, after which time the addition of more water (2ml) resulted in the
formation of a ‘clear homo’geneoﬁs yéllow' solution. The solution was then -
concentrated, first at 25mmHg and 40° then at - 10’4mmHg and 50° to give the
20 crude product. The crude product was purified by gel filtration (Sephadex G25;
- water) to give PAMAM 4.0 terminated with 24 sodium 4-(sulfomethyl)benzamide -
groups (24mg). 1I-I nmr (D,0) : & 2. '2"5":32 66; 3.08; 3.20; 3.33; 3.38; 4.01; 7.40
(br d); 7.62 (br d). l3Cnmr(D20) d 36.7; 40.9; 430 43.6; 53.5; 55.5; 61.0;
131.6; 135.0; 1372 140.4; 174.5; 178.6; 179.2.

25
EXAMPLE 11 _P.repa'rht'i'on of 4-snlfbb¢nzamid'e terminated dendrimers
' PAMAM 4.0 (EDA)
Solid potassium N-hydroxysuccmxmldyl 4-sulfobenzoate (100mg; 0. 3mmol}was
30 ' added to a solution of PAMAM 4.0 (EDA) (35mg, 0.005mmol) in 0.1M pH 8.5

borate buffer (5ml) and the soluhonsurredatroomtemperatm'efortwohoms.
The resultmgnulky solution at this stage had a pH of 4.5. 1M Sodium carbonate



[err] nmr [err] 36.0; 40.8; 43.1; 48.3; 53.6; 55.9; 128.5; 129.4; 131.0;
131.3; WofbsB4ses36. 8; 138.3; 145.5; 146.0; 178.2; 185.6. PcF/AU9SHEISO]
(Compound No. 12) Trifluoroacetic acid (2m) was added to a suspension of
[err] (73mg; 0.01lmmol) in dry di chl or onet hane (2n¥Y- under nitrogen. A

vi gorous evol ution of gas ‘was observed for a short tinme and the resulting
solution was 10  sojution- Ghﬂﬂvﬁﬂth’éh addeditd give acidar s6lufion whidh Wa-doncertratdd QN
concentrated. The residual” syrup was dissolved i.n water (5m ), the solution
passed through a gme mmcmﬁemtmdmtasawhlmsod(dl(l‘hel)crudmprodme«vasfpunﬁadtlw gel

et er (5m ) and AR CROARRAEC RS WD S@E’H 40 B3y il Wi
sodi um 3, 6- 15 sodmmdtl-&ufofbeﬁamlhé(' ?:n(rﬂ?@m @26@37@&2 2,685

then. added and the resulting sol ution heat ed unde qgen at Cerr] for’

two hoursSand t heh08obl&B.3 1513385112 (do F=8¥2); 2R LA -8Hzbd Sz A2 0)r:ddh.8h

racti ons wer e colbtrinty AEELEh7: B BLA0S CEREFO Tags 1R mor 3R Re) ©

and freeze dried to give [err] 20 terminated with 32 sodi um
3, 6-di sul fonapt hyl t hi ourea groups as a fluffy off-white solid (119ny).
[err] nnr [eE DEC12); 3. Peeparation 40f1: Sgdinm 7N8@~sﬂfmpnﬁ)mpapm4e

D

nnr [err] 27.2; 32.4; 35.3; td 3l e QidrnSary,. 63 6; 128.4; 129.1;, 131. 4
136.1; 136.6; 138.6; 139, 0; tefminyted dendsimery; , = 15, 5. 186, 7. 25 EXAVPLE
7 10 Preparation of sodium 4-sulfonapt hyI thiourea term nated

dendrinmers PAMAM 4.0 (Conpound No. 8) Solid sodium :
4- sul f onapt hyl i soPAMANVAOI(EDA)BONY; 0. 5mvol) was added to a sol ution of

R 40 (5110 04l N BB A G Lol
distilled carbonate (106mg; 1mmol) were added successively to a stirred solution of
PAMAM 4.0 (EDA) (78mg; 0.011mmol) in water (4ml). The resulting solution
15 ~ was stirred under nitrogen for four days and then freeze dried to give a fluffy
- white solid. The crude product was purified by gel filtration (Sephadex LH20;
water to give PAMAM 4.0 (EDA) terminated with 64 sodium N-(4-
sulfophenyl)propanamide groups (206mg) C nmr showed a faint trace of what
was taken to be mono alkylatedtermmalammo groups. Hnmr(D20) 4 2.10;
20 2.48; 2.58; 2.79; 3.20; 7.42 (d, J=7THz); 7.65 (d, J=THz). 13C nmr (D,0) : § 36.5;

37.9; 41.1; 53.4; 55.6; 124.8; 130.9; 143.0; 144.2; 177.4; 178.5.

EXAMPLE 13 . Preparation 'of Sodium 4-sulfophenylurea terminated
- dendrimers
25

PAMAM 4.0 (EDA) .
A solution of sodium sulfanilic acid (195mg; 1mmol) in dry DMSO (3ml) was
" added dropwise to a solution of N,N’- disuccinimidyl carbonate (530mg; 2mmof)
- in dry DMSO (4ml) and the resulting brownish solution stirred at room
.30 “temperature for 20 hours. A solution of PAMAM 4.0 (EDA) (75mg; 0.01 immol)
in dry DMSO (1ml) added and the solution stirred for a further 18 hours. The
solution was then concentrated under high vacuum (lo-sxman; 350_) to give a



under reduced pressure fromthe resulting suspension and the off white :
solid | urified by gel filtration (Sephadex LH20; he purée
fractigﬁﬁ%s%so - 21 - conmbined and freeze dried to g.’(f}oﬁ‘{‘@é’)"g"s um
4-sul fonapt hyl t hi ourea term nated PAMAM~4. 0 dendriner as a fluffy white
solid (60my). [err] nnr [err] 2.20; 2.60° 3.14; 3.48; 7.23; 7.47; 7.56;

77 L9300 Sl bl 15 b B R B0 i B3
140.5; 142.7; 1%dBon addedGo 200l 6f welAtifte& ethyl acetate. 'I‘lﬁrlstﬁﬁphite@ﬁrhﬁé sélidli um
3, 5-di sul fophenyl thiourea term nated dendriners 10 PAVAM 4.

(Conpound No. 7)Wasciollected gy filtration and; yvaskash mmth)dmp@eg/@é@t@d(thn@m,

0,32l ), v adfieruldd 18 g 4 MhRe pRkaB ANt il lbal whd RN bysfled ) "
hours ammd then pﬁmduoipraﬂaenmmo mngswpwm lDA?tehhmﬁtHd&ﬁtEOHd

residue purifie by gel tration 15 hadex 5;_ wat er The

pure fractions Asedissyd-sulfephenyiures geups (HA6mg K231 238 Ri%4at ed

13
S L DR ] He R 53 k.
[err] 34.8; 41. B3 A35N; 123391369, 74096142501%141, 1782%.198.6143. 5; 148 8;
177.6; 185.0. 20 EXAVPLE Preparation of sodium 3, 6,

8-trisul f onapht hyl t hi our ea term nated dendri rrers PAVMAM 4. 0 ( Conpound No.
10) 10 EXAMPLE 14 Preparatlon of N,N, N-tnmethylglycmamldechlondetermmated

dendrimers. ' : S ‘

BHAlyslys,lys;lys;lys,s (Compound No. 15) - |
Trifluoroacetic acid (4ml) was added to a suspension of BHAlyslys,lyslys;DBLs
15 - (220mg; 30pmol) in-dry dichloromethane (2ml) and the resulting solution stirred
-at room temperature under nitrogen for two hours and then concentrated. The
residue was dissolved in dry DMSO (5ml) and the pH adjusted to 8.5 with-
triethylamine. = Solid 4-nitrophenyl N,N. N—uixhéthylglycinate'chloride (0.50g;
1.8mmol) was then added and the mixture stirred overnight at room temperature.
20 The cloudy solution was then concentrated (50°/10’ 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
25 - BHAlyslys,lys,lyslys,s dendrimer (116mg). "*C nmr (D,0): § 25.5, 30.5, 30.8,
33.4, 42.1, 56.5, 57.1, 67.5, 68.1, 166.7, 167.0, 167.1, 176.0, 176.2.

EXAMPLE 1S = Preparation of 4-Trimethylammoni\imbenzamide terminated
' dendrimers
30 .
~ PAMAM 4.0 (Compound No. 16)



25 . Solid sodium 3, 6, 8-trisulfonaphthylisothiocyanate (250ny;

0. 5mol d\?sgﬂg%ded to a solution of' PAVAM 4.0 (51ng; O. Olp@ghyosiie 0

NN- di ne%% -N-al lylam ne buffer (pH-9.5; 1m) in water (2%; and t

m xture heat ed under nitrogen at [err] fopgtwo hours and then cool ed The
m xture was concentrated under reduced pressure to give an orange solid.

The et 0ual ool el 455 A s aqded 14, B0 of 4

concentrated and mmﬁmﬁmmbmledcmo@xdé (F54nig; atimmob ﬁeqidyM (4niand
~water). The pure fractlons were conbi ned and freeze drie t he
Sodt um 3.6, "5 the ikt SRS At PSR SHEPRTRER BRARE 2CHAH 1oF T P ImATIANE, is
dendrinmer as an e AMAM

3.66; 8.05. 8.42: .g&&iﬁ%i}hse%‘&@g%‘ﬁ@sggﬁﬁhéélﬁ °§1§“2) 43, 73037.%?’
54.0; 54.8; 56. 7;0.0BImfirol)lif dr DME 2&{) mmenadmmdmemamomgm
145.6; 176.2; 176.5; 186.0. Pre aratlo SO

4- (sul f omet-hyl )beﬁfaﬁm@mpeﬁﬂrﬁaeggfgéﬁmerﬁ%qf &IPH*‘F&??HBafﬁg' 0%3)

;Aeslgdded to §O|slt| rr%%ms{e?p I on ﬁ%&%%&@%%m@? I'n %d

(4m) and the resnﬂmﬂg;@wgztd meacwhitesuhd&bsldmed'hﬂtcmdwmdmmm@unﬁedbwgetvvo
P T oLV e o oPEB L b b EA A el s
(e nqgeol | ¢ hguply *@@a@@n&w&?@%&é o0 30 b o
cloudy mixture t h@D,@)esél1(96] 2/6552.85f 3.25:3.58; 306d; 1792. ~ C nmr (D,0) : & 25.8; 331
| 33.5;38.7; 43.1; 43.5; 53.5; 54.1; 56.4; 61.2; 124.8; 133.6; 139.9; 153.2; 173.2;

176.3; 176.8; 182.6. | -

15 The corresponding PAMAM 2.0 ‘dendrimer terminated with 6 4-
~ trimethylammonium benzamide groups was similarly prepared.

EXAMPLE 16 Preparation = of '-4-(Trimethylammoniummethyl)benzamide

- | terminated dendrimers ' '

20 |

| PAMAM 4.0 (Compound No. 17)

Solid 4-nitrophenyl 4-(chloromethyl)benzoate (150mg; 0.5mmol) 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

25 ninhydrin test was negative (pH ca.8.5). The solution was then concentrated (10
SmmHg; 40°) and the residue shaken with a mixture of water and
dichloromethane (1:1). The insoluble gel-like material was collected by filtration,
washed with water (2X) and dichloromethane (2X), andthenairdried.Thecmde
4-(chloromethyl)berizamide terminated dendrimer was dissolved in 25% ag.

30 tnmethylamme (20ml) and the yellow solution left to stand overmght. The
solution was then concentrated, the residue dissolved in water (Sml) and the

solution passed through a column ‘of Amberlite IRA-401 (OH). The colourless



four days, after which time the addition of nore water (2n1) resulted in

the fogepds), of a cl ear honbgeneous yell ow sol uti on. was

t hen---- coﬁ%besntrat ed, first at 25mHg and 40 then at [ iﬂﬁ’%&gﬁgnd [err]
to give the 20 .+ crude product. Thezgtude product was purified by gel
filtration (Sephadex &5; water) to give PAMAM 4.0 term nated with 24 '
sodi um 4- (sul f0fm&h&|&m66ﬂﬁiﬁe&b%a(ﬁé6&) Hhi&HrstwnheT?b %13}&% '
3.08; 3.20; 3.33; 3.38; 01; 40 713 (br d); 7.62 (br "d) f i %rr

36.7; 40.9; 43.dSeptmdex GBO,510%5A50P31tcogm31?AMAm .0 terntifiated with

e s e @:%mam .

N-hydr oxysucci ni2gsiglgo4 298; fNhR302t752( (}gg;-g@;z? W 20K~ n@gded
to a solution of PAVAM 4.0 EDA% g ngé‘:ﬁl Y in d 8)5 borate

buf fer- (5m ) andDpf® : siﬂ@ﬁ_:,_ $H2:43.5:0%%63 3. 6;fisﬂ,t5m8,rﬁﬁs-s73 OgHs2.1;

resulting mlky 1 Ut 1%, 'h J h . pH of 4.5. 1M Sodi um car bonate
- 23 - solution l?%t#)lbagsqmghl@%geﬁ% ‘a clear solution which was
concentrated to give the crude product as a white solid. The crude product
was purified b el filtration (Sephadex &25; ‘water) to give PAMAM 4.0
(EDA) - termmgﬂ;hitlﬂ 32 s?)mellmllaiuloflbberfzamdéZgAmmto@qmyéDeN,]Nnm

5 05 1 3.3 ' J=8
778 (4. cern) . C i [ dmeshyGimmonjummeniiarhoupmie’ s tarminaged
132. 2; 180.4; 150.1; 173. denlfiinés 178. 5. EXAIVPLE 12 .~ Preparation.
of SOdI um N-(4 suI fophenyl )propanam de ' '

PAMAM 4.0
Solid 1 1'-carbonyldmmdazole (85mg, 0. 52mmol) was added to a solunon 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 (2mi) was
thén added, which caused the immediate formation of a flocculant precipitate
which slowly redlssolved The mixture was stirred for -two days and then
concentrated (10'4mmHg, 40 ) to_give a viscous oil. The crude product was
20 purified by gel filtration (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) : 6 1.93;
2.05; 2.70; 3.10-3.60; 3.28; 3.93 (m); 4.14; 4.48 (m). 1:"C nmr (D,0) : § 24.6;
_ 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;
25 177.3; 183.2.

'EXAMPLE 18 - Preparation of Guanidino terminated dendrimers

| PAMAM 40 (Compound No. 18)

30 A solutionof PAMAM 4.0 (63mg; 0012mmol)andmethylthlopseudomeasulfate
(170mg; 0.61mmol) in water (Smi) (pH 10.5) was heated under nitrogen at 80°
for two hours. The solution was then concentrated and the residue purified by gel



terni nated dendrinmers 10 PAMAM 4.0 (EDA) Solid sodium

N-(4- sykb9pspey ! ) acryl am de (250ng; . 1nmmol) and solid sodipga Bt e
(106ng; 1lmmol) were added successively to a stirred solution of PAVAM 4.0
(EDA) (78ng; 0.011mmmol) in water (4m)..%he resulting solution 15

was stirred under nitrogen for four days and then freeze dried to give a

fluffy white sol Had&x d vetBiA DA M ifigidd
(Sephadex LH20; ﬁﬂl{agg;ﬂ'?g%l ve g&ﬁ/hm 0 (HE))%g bt grm nat egi e\nft?t"l 64 dsg’(li}lhuzr?]

N- (4- 1? azl fophgmgﬁdmgmpﬁnﬂmagem}(emlt((kg‘ﬂn% HﬁlnnfﬁzQ}T.cﬁ\é&OaZBm(htt), _
hrr Lerr] 2 10 4038F D 5327 S A B 5 LB B v 6 miar (0D sBEA R A oo

(d, J=7Hz). [err}g. rml bess b 3@45449753’95 §40156§3146 5557@7 il%981813630 9;
143.0; 144.2; 177.4 178.5.° EXAMPLE Pf eparation’ Sodi um

4- sulfopﬁenyl urea term nated dendri rrers 25 PANMAM 4.0 (EDA) A sol uti on of
sodiumsul fanilig acid (19 ; | n_dyy DNVBO (3m,) . added dropw se

to a solution ofi.mm"ﬁq&’%%ggtfw)zcé\aw{é? ?@%@ﬂ%‘d%%‘mﬁ"m &75 |
(4m ) and the regds Sintifhr | solution stirred at room 30

tenperature for 20 hours&rA sol uti on of PAMAM 4.0 (EDA) (75ng; O. 01 | nmol )
in dry DMSO (1m ) added and the solution stirred for a further 18 hours.

The solutio conc ntrated under, hi gh vacuum,[ err o €Sl )to
VRS V1 S TR S L SRS S SU R S SR

10 _ ~ tetraazacyclotetradecane]methyl)benzamide  terminated

. dendrimers

PAMAM 4.0 (Compound No. 19)
A solution of 1-(4-carboxyphenyl)methyl-1,4,8,11-tetraazacyclotetradecane tetra
15 hydrochioride (120mg; 0.25mmol), N-hydroxysuccinimide (60mg; 0.52mmol) 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
20 ‘concentrated. The residue was purified by gel filtration (Sephadex LH20; 10%
AcOH) to give PAMAM 4.0 terminated with ca. 12 4{[14811-
tetraazacycloteu'adecane]methyl)benmde groups as determined by H and l3C
nmr (80mg). The product was then dissolved in water and passed through a
column of Amberlite IRA-401 (CI) resin and then concentrated. The residue was
25 dissolved in water (1ml), concentrated HCl (1ml) added, and the solution diluted
~ with ethanol (30ml) to precipitate a white solid. The solid was collected by
filtration (68mg) Once again lH and 13C nmr showed ca. 50% functionalisation
of the terminal amino groups. Hnmr (D40) : & 2.17; 2.36; 2.50; 2.78; 2.85;
3.25; 3.40; 3.50; 3.60; 3.62; 4.49; 7.63 (br d); 7.78 (br d). 3Cnmr(D20) 1 4
30 22.7; 23.1; 33.2; 38.8; 39.9; 40.2; 40.3; 41.0; 41.2; 42.0; 42.9; 43.2; 43.6; 45.5;
46.1; 49.1; 52.2; 53.9; 54.3; 56.6; 62.7; 132.5; 135.7; 137.1; 139.7; 174.3; 176.2;

- 176.3; 176.7; 177.0; 178.2; 178.5. |



- 34 - yellow sh sem solid. The crude product was di ssol ved in DVBO (4nl)
and t on added.to 200m of well stirred ethyl

pr eci [)]‘lsf@?)g‘gsgéml te solid was collected by filtration angﬁmgbﬁsw wth ethyl -
acetate (2X) .and ether (2X), then driedogQ give a white powder (275ng). -
This material was further purified by 5 gel f||trat|on ( Sephadex

LH20; wat efpy 4t g9 PAVA K - )Wrﬁ
4- sul fophemg‘%roups §£Pﬁ)f& ’{H’Hfﬁ; 3% -55; QZ 7 3.19; ermuégtezid
J=9Hz); 7.63 (d, J=9Hz). {endfimess [err] 36.3; 40 7, 43. 3 43.8; 53.7;

55.7; 123.3; 130.9; 140.9; 146.0; 161.4; 178.2; 178. 6. 10 EXAMPLE 14
. Preparationof N, NN-t ri met hyl gl yci nami dechl ori deterni nated dendriners. [err]

(Conpound No. 1 ' tic acid. (4m) was.added to a suspension of
[err] 15 ?%hga er r.)i) ‘in dry dichloromethane (2m) and the
resul tigg sol ut Sedliuﬁuyranwbrahydmier(Bngp&Smni)awmaﬁedmamgam oHPAMAMhour s

and then concentrated. The resjdue d i,n dr, 5 a th
pH adj usted to éOE(EﬂAK WS&QM);\@% é Dﬁl‘i/&%&w ng ©
NNN- t ri met hyl gl gﬂgol m n e

m xture stirred verm g thg‘?ogoom t%‘eer 3;1(t4 68 l)thﬁ 'I"‘%ggclé%ag

sol uti on was t hgthofidgensvus dirage mixtire weascstirred ot ﬁmrrlmmlatempmtempemm

bet ween wat er and di chI .oromet hane. The aqueous | r was separsated shed
wi th di chl or omeduding whish tme ikt cl?ﬂ‘%?@“"%d%eﬂme%é@ n; Was et e

(20 Wlier) b 5?‘{%@"#%“%&”. o YR SY il Bl Sephdel [ Sk 2

5] g o g T DM e it i O st
Preparation of sronpsr(ﬁlrns GM iﬁt ish TR Og'!yéé'%ng alk%ml‘b%t with |
some signs of dialkylation of the terminal amino groups, both spectra show broad
: _ peaks. BC pmr (D,0):6 37.0; 41.1; 50.9; 5:3.4;' 55.5; 55.8; 61.5; 120.9;
15 122.2; 122.4; 132.3; 132.7; 135.0; 135.8; 163.5; 163.7; 169.0; 178.6; 179.3.

lH nmr (DéO):.J 2.20; 2.35; 2.60; 3.15; 3.30; 3.55; 4.25; 6.68; 7.12; 7.55.

EXAMPLE 21 Test for anticoagulant activity

20 Bovine blood was collegted from the abattoir, where an animal was bled into a
bucket containing sodium citrate at a concentration of 3.5g per litre of fresh blood.
This blood was returned to the laboratory where it was kept in a 37°C water bath.

25 Aliquots of the whole blood were then centrifuged at 3000rpm for 5 minutes to
separate the plasma. This was collected and returned to the water bath. Extra
plasma was also prepared and stored in liquid nitrogen for later testing.

| The procedure actually tests the recalcification time of the citrated blood at 37°C.
30 All glassware was washed, dried and silated with ‘Coatasil’ before re-washing and
drying. Each 12 X 75mm culture tube contained O.1mi of plasma, O.1ml of saline

solution (0.9% NaCl) followed by O.1ml of 0.025M CaCl, at which time the stop -



dendrimers 30 PAMAM 4.0 (Conpound No. 16)

was ad sol ution of 4- trinethylamoni unbenzoic a (154ny;
%89%84 f/ DMF (4m) and the m xture stirred at gb?huﬁ%&go

0. Smol
argon for two hours.
sol uti on.

(2m) was then adgad @

After this tine npst

10

(89ny) .
[err]

4tr|

[err] nnr "13

i,
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25358; 33.1 m&c&ﬂe&&l Tabléd. Hepdﬂn,&ocmﬁl EnraMand teﬂﬁcon;tp(@im(? wet2rhade

crude

Stng
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133.6; 139.9; 153.2; 173.2; .17 176.8., 182.
correspondi ng PERpAR/Wates %loﬂﬁw
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r oduc
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-0011
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[err] (85ny;
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nmol )

0. 52mmol )

enperature under
During this time a.wgite solid separated fromthe:

A solution of PAVAM 4.0 (58ng; 5
Bt S sed Er

reci'pitate

in dry DV
R *h!" €
k&égﬁ gﬁédmge%?arllﬁydrl n@t est
of the solution mssaé.g&[henea ﬁﬁneclot hadurfemmi; the rveatch mmsestbﬁpedrapdrthbig;mso )
to give a white SO|I¥P g
filtration ( SephZeferdedy

frrﬁ"ﬁaieé'd g‘ﬁeﬂsfaﬂ"? 4

dehiPatfir forthe fdstle
Sqnosaitn r hetesty

idunds

26 < Thess golgtions pers dilyted 5 give a range of
hmamnfﬁ%%mg?ﬁiq%s% the Bicf Bl re

benzam de term

R e tblere

20 PAMAM 4.0 ( Cor'ﬁhelﬁgilrenn thé able represent average txmes for, up to ten replicates.

Time for plasma coagulatlon at 37°C
for following concentrations of anticoagulant

0.0003

0.03

>30min

_ 2 29min 2 30m|n
" Sodium citrate 2.29min - - 2.30min | 2.30min >30min
Compound No.1 2.11min - - 2.29min | 4.00min >30min
Compound No.4 | 2.08min - - | 1.72min | 10.00min* | >30min
| compound No.15 | 220min | - | 2.34min | 7min | Brine .

EXAMPLE 23 .
The results of tests of activity against HIV1, HIV2, CMV and various herpes
simplex viruses (HSV) are recorded in Tables 2 to 5, respectively.

2 27min

Test for antiviral activity.

4min

5.40min"*



Solid 4-ni

a stlr@ﬁg9§§¢

resulting ye

when a 25
t hen conce
and di chl o

filtration
dried. The

di ssol ved

. left to stip

di ssol ved
Anmberlite

to give,a
10% Ac@i)
(trimethyl

2. 65-2.80;
nnr 5

62.8; 73. ¢

Prepar at i

(di metdzyl
dendri ners

added to a] 48¢énd grodp

(2- acet oxy

(3)

(4)

(5)

(6)
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t rophenyl

I"ow sol ution

d (10 mrHg;
|
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crude 4-

4- (chloronethyl)benzoate (150nmg;
gstion of PAMAM 4.0 (52ng; 0.01mmmol)

meshed with water (24
(chloronethyl)
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enzan1de

in dry
room t enper at u
ni nhydrin test was-n#pative (pHca.8.5).
[err] and themﬁﬁﬁlaue shaken with a mxture of water

W Eﬂﬂﬁt hn (2X)

ernlnated dendri ner was

The
ours,

RA—40i'(CH)' +He:colbu5feés ,6 Cfiltrf : ncentraa
\; Ch s purified by l.trafl ( Seplh Gl
%RWQMAM4 \Erm nated with ?%@2 S35 %%
é%wﬁ%hyl)DGQE e groups (9Qng). [err} nmr [erd] 1. 88
. ; .10-3.6 (br d, J=9H4); 7.72 (Pr d,_J:QWE) [err
[err] 26.6; B3.4; .8; 43.2; 43.5; 53.6;153.6; 54]}1; 56.8;
132.1; 135. 3;]137. 0.0; 176.4; 176.9; F83.6. EXANPLE 17
of N-(2-Acptoxyethyl)-N, N : '
MAMSEt hyl chr bogam de term ng >11 >1180
PAMAM 4.0 Sol i f 3 ggarbonyl diinijdazol e (8an; 0. 52fmol ) wag
of N-| H ' '
bthyl)-N—(carbqkyneq::m)-NN4dineth-lannoniuﬁ brom de (135ny;
- SOgNa .
PAMAM40EDA)| - s 00142  |>172 >1212
32 end groups - H -
| SOsNa. S 1
"BHAlys 15516 S 00126 [T0091T  |7%T |
- =N TNH -
32 end groups H
"~ SOsNa _
BHAlys31lys32 s 0.0332 >10 >320
-N)kNH '
64 end groups H
. SOgNa :
BHAlys63lys64 )sL 0.0530 >5 >100
128 end groups -u
SOsNa
PAMAM 4.0 JsL - 0.003 >188  |>9091
24 end groups -ﬁ ff' |
NaOsS "~ SO3Na
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0.5mol ) was added to

Feipafs)

The sol uti on was

by

and t hen aifir

e




15 . 0.5mml) in dry DVMF. (3m) andtheresulting solution stirred
under n|W69§y§4g§or two hours. A solution of PAMAM 4.0 (60ng; 0.012nmol) in
OVE (2m) was then added, which caused the inmediate for mBEFANO%M035

fl occul ant precipitate whi ch sl ow y redi ssolved. The mi xture was stirred
for two days and then concentrated ([er3] -nmHg; [err] ) to give a viscous
oil. The crude product was 20 purified by gel filtration (Sephadex

G10; 10¢8)Ac PRAMAM K PA 4. term nated wiplpg93d4 . | >20 >300
N- (2- Acet oxyet hyl ) - N, N- (dijre ﬁlgm)nl um et hycar boxam de groups|(64ny) .
[err] nnr [er2|4]endlg96ups2 05; 2H70 . 10-3.60; 3}28; 3.93[(m; 4.14] 4.48
(m. [err] dnr [err] 24.6; ]26. @@ 38.7; 4%.8; 42.9;]53.9; 57]4; 62.6;
67.3; 67.5; |168.9; 176.4; 176. 8;5% 177)3; 183.2.] EXAMPLE 8
Preparation |of Guani dino tegrm natg&d dendri mers|PAVAM 4. (] (Conpoungl No. 18
30 Alsol uti on of PA M 4.0 (o ng; 0.012 ) - and et hyl t hi Jour ea
sul fate 17( IIn wat (5m) (pH 1 | undg
nitrogeﬁ) Mr t\Wo hours. Thisol ution was t@r‘\; con ﬁlﬁgt ed a%a“n?e
resi due punfzu@;{d%lﬂfs - 2' NH tration ($ephadex {L0; 10% A§OH) to
gi ve PAMAM 4.0 term riat ed I no grups as t acetatelsalt
(107mg). [enqr] nnr [err] ZVI 1313.09 (br t); 3.32;13.45 (by
t); 3.60 (bg t). C nnr [erf Ol?a%éz 3 zé&t?‘j 38.7; 41 2; 42.6;]43. 4;
44, 7, 5; %I\ﬁ'ﬂ 03, 174.5; 1£6. 7; 176 9; 1 5T rrespngi
PAMAM gﬁB d¢ndri rrew?g’tozr m ngt ed yth 6 guani di nIbéﬁé& he>ﬁp 95&9
24 end groups "N~ "NH s03Na |
NaoasmSOaNa
(11) |PAMAM 4.0 (EDA) i 0.0051 >12.9 >2537
32 end groups N N. H
NaOsS SO3Na
(12) | BHAlys1slysi6 i ~ |oooss  |>15 >1700
32 end groups -H :NH :
NaOaS SO3Na
(13) PAMAM 4.0 _n o) ~10.0088 >24 >2737
' 24 end groups o |
SOsNa
(14) |PAMAM40 Q '10.2849 >25 | >88
24 end groups /\\)L /
: a03S
(15) | BHAlys1slys16 + -~ loor2s  |>125 >1720
: _ Me;NCH,CONH —— '
32 end groups
(16) PAMAM 40 CONH- 1.2559 >25 >20
24 end groups |
NMe3

SUBSTITUTE SHEET (RULE 26)



was sinmilarl y preparéd. EXAMPLE 19 -

(L1

Prepar

ati on

of

4

t et ra&ggﬁéﬁ et radecane] met hyl ) benzam de term nated dgﬁgfu?“reoogsoPAl\/AM 4, 0

r

n

(

(Conpound No. 19) A solution of 1-(4-car boxyphenyl ) met hyl -1, 4,8, 1
1-tetraazacycl ot etradecane tetra 15 - hydrochl ori de (120ng,

0. 25mml ), N- hydr oxysucci ni m de (60ng; 380.-52mml ) and

1- (3-di net.hyl am nopropyl ) - 3- et hyl car bodi i m dehydr ochl qri de(250npg; 1.3mpl)
in pH 7 pljosphate buffer (IOrri) was al |l oned {0 stand tenpgratureffo
one Kby JPAMAMAS sol utli oGONH-PAVAM 4. 0 (3pR2973. 00 r?r%ﬁig il
phosphat e |buffer (1QOM) 3 . The mxture s alloweq to standfor twol
days and t|R4rend@roups d J.- The residue s purifiled by gel |filtration
( Sephadex |LH20; 10% AcOH) gi ve PAMAM 4 termngted with} ca. 12
4-([ 1, 4,8,|11- 1 13 tgtrdgazacycl ot et radecqne] net hyl|) benzam d¢ groupsjas
dm ned byjf[err] and [err] %9. The preduct was ft hen diss¢lved in
wat er and fpassed 't hrough Ja coI u of Anberlif{e | RA 40 (Cl) resgn and tl?en
conc si dug was 25 di sst in y. Inm )3
concgﬁi WC‘ adqded, and gy he sol uti pﬁglg?ute w'@?shieth ngl (301)
to precipi tesl . Theffsolid was ¢ol |l ected py 1 3

filtrati ortﬁm ggﬁu . C nnmr showed ca. p0% functijonal i sat|i o
of the terjminal amno grdups.H[err] mhHe [err]] 2.17; 2.B6; 2.50; |2.78; 2.85;
3.25; 3.4(Q; 3.50; 3.60; J62;.,4.49; 7.63 (br ((j)) 7.78 | br ggi [ ¢rr] nnr
[err1®0 |PAMAMZ.(; 23. 2: 38.8: 39.9|041838: 40/ 32183 o: [99. 2. 41.0:
42.9; 43.7;, 43.6; 45.5; 52.2; .5319; 54.3; p6.6; 62. 1, 132.5;
135.7; 137.ch; 12 & groups 4. BENKNJQ SoNH- 179. 7, 177.0f 178.2; 178.5

SUBSTITUTE SHEET (RULE26)



- 28 .- EXAMPLE 20 . Preparation of 4-Carboxy-3-hydroxybenzyl am ne
term ‘nawosddsesc i ners PAVAM 4. 0 (EDA) 5 Sodi um cyamehouskbEsEe! de
(32ngy; 0.5mmml) was added to a nmixture of PAMAM 4.0 (EDA) (69ng; 0.01lmmol),
4-fornyl - 2- hydr oxybenzoi ¢ acid (83ng; =03%mml ), and sodi um hydrogen
carbonate (42ng; 0.5mmol) |n water ME)B The mhormgeneous orange mxture
was stirredg - V= ==REEEEES ikl

honbgeneous The orange soI utron ] concentrat ed and the |
resi due purffied by gel frItrat1 omgmﬁymmv\at er) to gr ve PAI\/AM4 0
(EDA) term § A
[err] and [ ¢
of dial kyl aflig
peaks. [err} nnr [err] 37.(;
122.2; 122. 4, 132.3; 132.7; 135 0 135. 8 163. §: ;
179. 3. dﬁn PMAMQOZO 2.135: ©.60; 3.15; 3.300.223%5;
7.55. EXAMP Tedt-N Nﬁhtrcoagul ant actrvr ty J20
bl ood was c{ §E@8€P‘lpﬁomtre Rb ir, where ai s bled ifito a
bucket cont &i ni ng sodi um ciftrat a concentr @tion of 5g per I{tre of
fresh bl ood] This bl ood wag retu elg to the | aporatory ere it V\HS kept ifn
a[err] wat¢r bath. 25 g%?s of the ol e blodd were theg
centrifuged for |5 m ut es to separ at Thi s
col | ect&g ?ﬁgggﬁ@g]to tthe yater bath. Extr§ srﬁal sop gzéred
and stored ifgld, #H{‘ i trodetToffH ater testing. dcedure acfually |
tests the récal el fication tli me he citrated|bl ood at {[err] 30 AIHI
gl assware was washed, dried and ated vvrth " Coat asi | [pefore rejwashing
~and . SO;Na -
(3) PAMAM 4.0 (EDA) S 0.2368 >17.2 >73
- )LNH
32 end groups H
o SO3Na . .
(4) |BHAlys1slysie i -1 0.1130 108.0417 | 956
' _ - NH
32 end groups H
SOsNa
(5) BHAIlys31lys32 S 0.2063 >10 >52
-N)LNH
64 end groups -
SOsNa
(6) BHAlysg3lyse4 S 0.2227 >5 >4
_H)LNH- _
128 end groups
| - SO3Na | _
(1) [PAMAMAD hi — ' ST88 577
24 end groups -3)5\
NaOgS SO3Na

SUBSTITUTE SHEET (RULE 26)



drying. Each 12 X 75mm cul ture tube contained 0.1nml of plasm, 0.1nl of
sal i newgcysmsggn (0.9% Nadl) followed by 0.1m of 0.025Mplgisesadasythi ch ti'me

the stop

29 - watch was started.. Every 15 sec the tube was til

one side and clotting was assessed. Wien a firmclot had formned,

was stopped and the tine recorded

ted

to

the watch

| 34he case of testing antl-coagul ants

0.1 m of T .
concerf® at | : c‘itmunds 5 - ( afle 1.
Hepari n, s;%ur&citrate apd- N Nl-corrpouond wef e made up in water} as 10ng
sol uti ons. ERREDYPYL i on: V\% st ed to gije a rangg of conceptrationg.
The final foncentrations iin thg tubes arp.given i} the tablfe. The
figures injthe table reprgsent verage times f_or up tq ten replj cates.
TABLE 1 Tifre for plasma cqagul atscgMa at [err] for folloying conceptration
of anti coapul ant Conpound Control 0.p003 = 0.J003 0.p3
0.33 (9) BPAMAM4.0 my/ i S nmo/m g/l OO M | >125ng/ nd in
2.29min  2]30mn >30m n _?QALINH >30m n Sod} um ci'tratle 2.29M n
- 2.30m n 2| 2&andigroups-30mi 1 omrp .1 2. Qimin 2.29m n| 4. 00mi
>30m n Conpound No.4  2.(Q8m n - 1}72m n 10} O0Om n*
>30m n Conmpound No. 15 2. ¢m- SOsNa 2 BArm 7 m }* 8m nf Conpou
No.9 2.2fmin 2.19mn 4nmin 5. 40m n EXAVPLE R3
Test: (a0) ahPAMAM 48ct | vi fly. TiSe results of tp8L029%f adtXldity agh®4d H
H V2, CW qnd vari ous herpes y+ ;
24 end groups F N~ " NH SOsNa
‘NaOsS SO3Na ' , |
(1) |PAMAM 4.0 (EDA) _ JsL 0.0234 .>12.9_ >551
32 end groups N : NH
| Nao,sm ~ SOsNa |
(12) |BHAlysislysi6 | i |oars 515 |>8s
. B -N“ ™ NH ' |
32 end groups H m
NaOsS SO3Na |
(13) [PaMAM40 | H o lo.080  |>24 >222
-1 24 end groups
SO3Na
(14) |PAMAM 4.0 0 6.002 >25 >4
HO 2055 H |
(15) |BHAlys1slysi6 o+ - |>125 >125
' Me;NCH,CONH— '
| 32 end groups . : - .
(16) |PAMAMA40 CONH-' >25 >25
| 24 end groups
‘NMes

SUBSTITUTE SHEET (RULE 26)
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Si npl.-ex viruses (HSV) are recorded in Tables 2 to 5, respectively.

3-_;1 - WO0983450s - 33 - TABLE 3 HV 2 Activity Results PCIIAU@SI&)%SO- _
- 35 - .
(17) |PAMAMA4.0 CONH- >7.175 7.175 <1
| 24 énd groups '
+NMej

(18) |PAMAM4.0 >10817 |10817 |«

| NH
24 end groups AN /L |
| 7 Swe |
(19) |PAMAM4O | o~ o215 |2425  |n1
| ca. 12 end groups E: :?O‘CONH-
(N

 SUBSTITUTE SHEET (RULE 26)




- 36 - TABLE 4 Activity against Human Cytonegal ovirus Cell culture(Davis

strain) Conpound No 15 1.0 _ ] 250
Conpo M8 95@As9Y- 0.2-<0.4 _ [E?F’]‘H%% sts in .
human enbrionic lung cells (HEL). |C50= hibitory concentration to reduce

virus plaque by 50 % CC50=Cyt ot oxi ¢ conc@niration required to reduce HEL
cell growth by 50% TABLE 5 Activity ofF@_E%Frrpounds agai nst m scel | aneous

‘viruses. Mni rmm I nhi bi tory Concentr at err] Corrpound S M ni mum
Her pes Her p es Cytotoxjic n&) C ns)l ex
si npl ex Si nﬁpsmmnst klumap&ygomesalpuyu?_ Celhqu!. wsm
virus-1 [err] (KOS) (O _TK- 82006 TK- VMAL837 Conpound
[err]400 DU 2 pouna |
[er r] 400 _EGe Wwg/m) b0 noOfio (i e (4
cause a m dgf oS - n of - ngr nal rmrg g ogy- er]
Required td ogeni city [py 50% 4
961009, p: -\ E . ' >250 J

Tests in human; embrionic lung cells (HEL). |
IC50= Inhibitory concentration to reduce virus plaque by 50 %
CC50=Cytotoxic concentration required to reduce HEL cell growth by 50%

TABLE §

Actmty of BRI compounds agamst mucellaneous vn'nses.

Minimum
Cytotoxic
Concentration®

(prg/mi)

Compound | =400
No.4

| Compound =400
' NO. |

. Required to cause a microscopically detectable alterauon of normal
morphology.

b Required to reduce virus-induced cytopathogenicity by 50%.



- -37 - 1. (Anmended) An antiviral ng a dendrinmer having a
pl urali ) rm nal groups V\/nerel n a %51 .-&b bf sai groups
has an g)r?%g?ﬁ‘%ﬁ or cationic-containi rm']él e"@? ot her thaﬁi’%ﬁéﬁﬂs@?&ggl alic
acid noiety, bonded thereto. 2. A corr_pg)-;md according to claim1, wherein
sai d dendrimer, conprises a polyval ent core coval entl y\lﬂmﬂmﬂ lmmm"

two dendritig hes, and extends through at | east t mr

A conmpound accor di ng to claim1 or claim 2, wher ei n sai d déndtinkr §s *a

pol yanm doani ne dendrimer based on an anmoni a core. 4. A corrpound

according to claim1 qr, claim?2, wherejn said dgendr| is a poly mdca'ne
dendrimer babed AR At tgirsy $ARROUDM GOMRTISING & hﬂ O e

claim11 or claim, Wac='g Bﬁ’lﬂgé BRL i m@ed
on a benzhydryl ar eﬁ%ﬁhgﬂfﬂleéqgﬁtﬁagﬁg%re g corrpou accor gl ng to
any of clains 1 tconfaimingmoietyshuindedithiepetoc- or cationi c- containing noiety

or noieties are bonded to term nal am ne, sul fhydryl, hydroxy or other
reactive functional term nal groups of said dendriner by am de or thi our ea

| i nkages. 7. BELHRR 01 it 11 Owhéteid aif” déddRiniEr, Lohprite

wher ei n sai 'am on| c- gant ai ni ng | ety or horeties are
aci d- cont ai ni ng npolpvalent core mbnﬂylbnndabﬁocbt&mttavmdenjnmlbﬂnches and extendsan

2-thiosialic acid, noi s. 8. A conpound according to any of clains 1
to 6 wherein sai dtb&ﬁétﬂﬁ B’VR F‘Fﬁ‘ﬁﬁ’nﬁm ety or noieties are

tri met hyl ammoni um cont ai ni ng noi eties or pol yam no- macrocyclic-containing -
noi eti es. -38 - , :
3. A compound according to claim 1 or claim 2, wherein said dendrimer is a

polyamidoamine dendrimer based on an ammonia core.

4. A compound according to claim 1 or claim 2, wherein said dendrimer is a
polyamidoamine dendrimer based on an ethylene diamine core.

5'. A compound according to claim 1 or claim 2, wherein said dendrimer is a
polylysine dendrimer based on a benzhydrylamine or other suitable core.

6. A compound according to any of claims 1 to 5 wherein said anionic- or cationic-
containing moiety or moieties are bonded to terminal amine, sulfhydryl, hydroxy
or other reactive functional terminal groups of said dendrimer by amide or
thiourea linkages. | | -

7. A compound according to any of claims 1 to 6 wherein said anionic-containing
moiety or moieties are sulfonic acid-containing moieties or carboxylic acid-
containing moieties. |

8. A compound according to any of cla:ms 1 to 6 wherein said cationic-containing
moiety or moieties are methylammomum-contammg moieties or polyamino-
macrocyclic-containing moieties. '

_ o

Been Replaced
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9. A compound according.to any of claims 1 to 6, wherein the noi ety or
noi et i are bonded to ami no or other reactive fu erm nal *
groups‘s@P%%gdendri mer are selected fromthe foll ow ngpﬁlﬁﬁ%zdosg[ err]

39 - in which nis zero or a positive jggeger. 10. A compound accor di ng
to any of clalms 1to 6 which is an al ky sul fonic acid term nated

dendri ner r.di 0, I

sul f oacet a?n de fA‘A‘\f @P@%‘E@ﬁ@%ltﬁerg %%IM {?orfpo %%.n%%%%o@e%&%&%t?ﬁ? of
clainms 1 to 6 Wyhith dré bondéd fooamfi' rosther Adctivé fintliond] aemsasldgronpy of the. A
corrpound according to any of clains 1 to 6, which is a N-(2-sulfoethyl)

succi nam de t er dendzimen ameseleqted fromthe followingrgseupséi according to any of
clains 1 to 6 wherein the noi ety bonded to the term nal groups of the
dendriner is an aryl or heteroarylthiourea substituted with one or nore

sul fonic acid groups. 15. A conmpound according-to claim14 which is a
4-sul f ophenyl t hi ourea term nated dendrinmer. 16. A conpound according to
claim14 which is a 3,6-di-sul fonapthylthiourea inated dendriner. 17. A
conpound accor eh-RNHCH 80 M 14 wint-ehCHaSD54- sul fona-p-t-lw(sﬁa’)nour ea term-nated
dendrinmer. 18. A conpound according to claim 14 which is a

3,5-di-sul fophenyl 4 ALOUECAG0H ——CH(SO;)CH,COOH  ———AXICHJ,SOs X =0, S, NH

+ + . + '
e (CHg)yNMej ——Ar(NMeg)y === Ar(CH,;NMey),

ks‘*“‘ 'l)K/so’"‘ M \/\so,Na. )k' SOOH

SoNa SO

NH

/Wn m.,' . 'Hz'
I sussTruresuee ks 2



term nnated dendriner. 19. A conpound according to claim 14 which is a

3,6, 8-t apt hyl t hi ourea term nated dendri ner.
conpoun accor%nng to any of clains 1 to 6 wherein the rrméﬁ‘u’%(%)]ﬁs gd to t he

t‘erm nal groups of the dendrinmer is an aryy . or hekeww——&m—de—substl tuted .
with one or nore sulfonic acid, sulfoal kyI sul f oal kox sul m no or
sul foal kyl t hi 0 gEOURS rdi ng 1 lu s a _
4- (sul f onet hyl ) E[gnzarlﬁlg%s%eé? %ngwg %giﬁoner m ord| ng -

to claim20. -which is a 4-sulfobenzanide term nated dendrl mar _
conmpound according to any of clainms 1 t \/\herel t.he noi et ed to the
t er mi nal gﬁ rélfc?lﬁﬁ‘“ﬁ@n%ﬁcP g "%aﬁY] 86‘1"8‘&1}% a&l“ﬁ%’?ﬂﬂcgﬂ’é acid
substi t ut ed Wi thy Linseg! foni c acid groups 24. A conpound

accordi ng to cl a| m ;g v%ﬂ% I'S a N-(4-sul fophenyl) propananide terninated
dendri mer. A conpound accordi ng to-any of clains 1 to 6 wherein the
noi ety bond to the term nal s of th dengri an ary|. or

het er oar yl S?'ea 4, 5emppyR Gc%? &’e E“’%su ft?nngcwg’@pd‘sg? Qacetamide A
conmpound accor di ?ﬁnﬁ&t&i Whl ch is a 4-sul fophenyl urea term nated
dendrinmer. 27. conmpoun accordlng to any of clainms 1 to 6 wherein the
noi ety bonded to the term nal groups of the dendriner is an NNN-tri nmet hyl

derivative qf an ag]ox?lgound according to any of claims 1 to 6 which is a sulfosuccinamic acid

terminated dendrimer.

3. A compound according to any of clmms 1 to 6 which is a N-(2-sulfoethyl)
succinamide terminated dendrimer.

14. A compound accordmg to any of claims 1 to 6 wherein the moiety bonded to the
* terminal groups of the dendrimer is an aryl or heteroarylthiourea substituted with
one or more sulfonic acid groups.

1s. A compound aocordmg to claim 14 which is a 4-sulfophenylthiourea terminated
dendrimer.

16. A compound according to claxm 14 which is a 3 6-d1-sulfonapthylthlourea
terminated dendrimer.

17. A compound according to claim 14 whichisa 4-sulfonapthylthxourca terminated
~ dendrimer.

18. A compound according to claim 14 which is a 3,5-di-sulfophenylthiourea
terminated dendrimer.

19. A compound according to claim 14 which is a 3,6,8-tri-sulfonapthylthiourea



acid. 28. . A conpound according to claim27 which is a )
NNN-tg‘; 5% I gl yci nam de term nated dendri ner. , conpound
accor 0 any of clainms 1 to 6 wherein the m)lety borﬁg ot e terminal
groups of the dendrinmer is an aryl or .lggteroaryl am de substituted with one
or nore trialkylamno, trialkylam noal kyl, trialkylam noal kyl oxy,

trialkyl aﬁbnoa'rql ad:ﬂgaﬁa aeeoramlg%&ﬁ&mmﬁ& it )b R itkréih WP roiedP bonded 16 BEPOUN

according to 'claim IS a 4-trinmet hyl ammoni um benzam de term nat ed
dendri mer. 31. term&:alcgwqpsmfdheadmmetgsm acyla)rrheteéamhamidelaubmmted with

4(tr|rrethylarrrmn|umrreth enzam et rmnate ndr|
conpound accor 8figt o™y %‘a‘bﬂ Cai % f s(“?ﬁ@@%t?ﬁ/l)

N, N- (di net hyl a gar boxam de term nat ed dendrl mer . '
conpound according to any of clainms-1 to 6 which is a guanidi no term nat ed
dendrinmer. 34. A conpound according to any. of clains 1 to 6 wherein the

dendri nmer .iS a ,macroc a r ont ai ni e or re .,

macr ocycl & ri Ay£o E@Hﬁ%‘%t’ﬁﬁ&&# %ﬁ&éﬂ g&k‘?’ﬁm r18afy ?%‘S{QIE’@& pongm# t he

t erm nal groupﬁ;{mﬁﬁ@d erEer . A corrpound ‘according to claim 34
which is a 4-([1,4,8 11 tet a- azacycl ot et radecane] et hyl ) benzam de

term nat ed dendri ner. A conpound according to any of clains 1 to 6

phar maceuBReal %?%émﬂ%?ﬂéﬁﬁﬁ@#ﬁ ?W PBichfeoh AT aRbREAgH Fmighitd ¢

23. " A compound according to any of claims 1 to 6 wherein the moiety bonded to the
terminal groups of the dendrimer is an aryl or heteroaryl alkanamide substituted
with one or more sulfonic acid groups.

24, A compound accordmg to claxm 23 which is a N-(4-sulfophenyl) propanamide
terminated dendrimer.

25. A compound according to any of claims 1 to 6 wherein the moiety bonded to the
. terminal groups of the dendrimer is an aryl or heteroaryl urea substituted with one
or more sulfonic acid groups.

26. A compound according to claim 25 which is a 4-sulfophenylurea terminated
27. A compound according to any of claims 1 to 6 wherein the moiety bonded to the
terminal groups of the dendrimer is an N,N,N-trimethyl derivative of an amino
acid. '
28. A compound accotdmg to claim 27 which is a N,N,N-tri-methylglycinamide
_

I



éntlvl ral treatnent of a human or non- h.umin ani mal, which conprises a
Conmpoungygds of claims 1 to 36, in association with atpde ﬂﬁs

phar maceuti ca Iy or veterinarily acceptable carrier or di I uen MG’&SM 38.
Use of a conpound of any one of claims L 4jo- 36 for the manufacture of a
medi cament for prophylactic or therapeutic antiviral treatnent of a human
or non- hungg, an'A[@dmp&ﬁdwcﬁdﬁ%&o%?%f@ldﬁﬁquo@ﬁh&bﬁ&heWbﬂ

antiviral treatnment i's treatment of Infection by H V1 or H V2 Hepatltls B
or C, Bovine Vir srminaligroupszof\the dendrizoercis anratylorrheteroanyl smidessubstituted with

Rhi novi rus, Human Par ai an uenza us. Re cytld Vitu
Varicell a Zost er 0¥ r ¥ Ztﬁﬂ*ﬂm M&w&"ﬁi@b‘ %“&W
Virus (EBV), Hu%lfﬁlﬁnﬁﬂdaﬂ@léﬁxhusor(ﬁmmnﬁﬂw &grotpsHer pes Si npl ex
Virus (HSV) type | and 2, Measles Virus, or Vesicular Stomatitis Virus

(VSV). 40.. Use of a corrpound of any one of clainms 1 to 36 for the

manuf act ure,pf a Jredi ca nt fat e hyl act o.r thet a i c antiviral
t reat nent 0138‘a hm A M &"&%ﬁ%@&ﬂ é’&

treat ment of |anaeMeror H V2, Hepatltls B or C, Bovine Viral
Di arrhoea Virus, human Influenza Virus A and B, Rhinovirus, Human

Par ai nf |l uenza virus, Respiratory Syncyt ial Virus (RSV) Varl cella Zoster

115, (V) AT, SR Y B TR o

2. Measl es Vi1 us methyl)iRabtida terRindied bhdrile, U (VSV)

32 " A compound according to any of claims 1 to 6 which is a N-(2-acetoxyethyl)-
N,N-(dimethylammonium)methylcarboxamide terminated dendrimer.

33. A compound according to any of claims 1 to 6 whxch is a guanidino terminated
| dendrimer.

34. A compound according to any of claims 1 to 6 wherein the dendrimer is a
macrocyclic polyamino group containing one or more macrocyclic rings connected
through an alkyl or aryl spacer moiety to the terminal group of the dendrimer.

35. A compound according to claim 34 which is a 4-([1,4,8,11-tetra-
azacyclotetradecane]methyl)benzamide terminated dendrimer. '

36. A compound according to any of claims 1 to 6 which is a 4-carboxy-3-hydroxy-
- benzylamine terminated dendrimer.

37, A pharmaceutical or vetennary composition for prophylactic or therapeutic
antiviral treatment of a human or non-human animal, which comprises a
compound of any of claims 1 to 36, in association with at least one
pharmaceut_ically or veterinarily acceptable carrier or diluent.
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A method for prophylactic or therapeutic antmral treatment of a human or non-
human animal, which comprises administering to said human or animal or
proﬁhylactic- or therapeutic-antiviral-effective amount of a compound of any of
claims 1 to 36.

A method according to claim 38, wherein said antiviral treatment is treatment of
infection by HIV1 or HIV2, Hepatitis B or C, Bovine Viral Diarrhoea Virus,
Human Influenza Virus A and B, Rhinovirus, Human Parainfluenza Virus,
Respiratory 'Sy;nc_ytial Virus (RSV), Varicella Zoster Virus (VSV), Human
Cytomegalovirus (CMV), Epstein Barr Virus (EBV), Human Papilloma Virus
(HPV), Adenovirus-8, Herpes Simplex erus (HSV) type 1 and 2, Measles Virus,
or Vesicular Stomatitis Virus (VSV).

Use of a compound of any of claims 1 to 36 in the prophylactlc or therapeuuc

~ antiviral treatment of, or in the manufacture of a medicament for prophylactxc or

therapeutic antiviral treatment of, a human or non-human animal.
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