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AVPLI FI CATI CM ©-THE [err] UPTAKE SYSTEM USI NG POLYMERS BACKGROUND OF THE

| NVENTI ON 5 The invention relates to the oral delivery of peptide and
protein pharmaceuticals using the vitamn [err] uptake system Mbre

~particularly the invention relates to the.anplification of the uptake

system usi ng. polyners. The oral route of adm nistration of peptides such as

LHRH and its anal ogues, or 10 proteins such as G anul ocyte Col ony

Stimulating Factor (GCSF), Erythropoietin (EPO and insulin, as

pharmaceuticals in the treatnment of system c conditions has in the past net

successiul or al AMRHAICAPEITBF pek uolPtbberty e (SMESPOLEERS © oqui e

_ for parenteral delivery, thus maki ng the adm ni stration of these agents via

this route prohibitivel ensive. 15 There are two fundamental reasons
for the |ack BAC %98955\33 Oﬁ HE INVENTIONnt estinal milieu has a high degree
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while there are wel | ned upt ake nec am no -aci ds
and di - pepti db%,\'llafhl@rﬁaz (¥B,pauptpke sysm.miMddre pagiculady teoinypwioni eises to thze

transported aﬁ[&(ﬁﬁ?&nﬁﬁ%‘n&)%% Lmtfggg cosal epitheliuminto the

circul ation. Py 853|gned as a general barrier
prohibiting the uptake of the numerous foreign proteins encountered in this

envi ronnent . al t hough a t de may be podified to yvlthstandthe '
enzymatic barﬁﬁg‘é’h‘aﬁ%ﬂtjgﬁlﬁﬂmﬂﬂ 19mef peptides sush, ass'u'éﬁgn'ﬁﬂl fs analogyes,i ar of
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and enter the systemc circulation. 25 Recent work the current 1nventor,
which is des&@b@i&hpﬂasn@mm@mlsApﬁrumwmwﬂmmwwh«svmm251)

ke navan: AR ELE0 dn b6 AP (BHERIPhRAE] Shoosl] Gal™t OC
" mechani sm f oradmjpistzation hag been] 100 tb 4080 fiesitheldoge canired Fargparenteral dcllvcry.
thus making the administration of these agents via this route prohibitively expensive.
15 . There are two fundamental reasons for the lack of success. Firstly, the intestinal milieu
has a high degree of proteolytic activity, which rapidly degrades most peptides. _
Secondly, while there are well defined uptake mechanisms for individual amino acids
and di-peptides,.there is no general mechanism for polypeptides to be transported across
the membrane of the mucosal epithelium into the circulation; Rathcr, this membrane
20  is designed as a general barrier prohibiting the uptake of the numerous foreign proteins
encountered in this environment. Thus, ﬁithough a peptide may be modified to
withstand the enzymatic barragé encountered in the intestine, such modification is of

little value if the peptide cannot subsequently cross the mucosal barrier and enter the
systemic circulation.
25

Recent work by the current invcnto_r_. which is described in PCT Patent Application
PCT/AU86/00299 (WO87/02251), has however provided a method to overcome the

mucosal barrier. This method takes advantage of the natural intrinsic factor (IF)

mediated uptake mechanism for. vitamin By, (VBy,). VB, is a ‘natur-ally occurring



- dietary nolecule which is actively taken up fromthe intestine. During this
precess it first binds to intrinsic factor (IF) in the upper snal
intestine. The [err] conpl ex passes down the snmall intestine and binds to
an | F receptor located on the surface of.4he ileal epithelium The whole

- [err]-Receptor] conplex is then internalized by 5 recept or - nedi at ed
endocytosis and sonme tine later the [err] appears in serum PCT Application
PCT/ AUB6/ 00299 (WOB7/02251) describes methods to nmodify chenmically [err] to
provi de suit aBlefacd WitstéduRN@hicld &%ﬁ&n{ Rke Op ildFedthe mesﬁﬁc t WRicin@ thik petedsdit | OUS
drugs and peptide/ protein pharnaceuticals. When t
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to utilise th F- a VB, 2- v t he
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VB[ err] upt akehenitea @pithetiuins Thatvhble e VEBI,SIF-Réceibd icompizntt is tizdn mturmlzaabybe
delivered per feed to the recipient is low The dqQse is 15. directly
propor t i onal f??‘ﬁé%ﬁ‘te“g?w? Qstsrand game Hmedpenibe (Vi tPPeyS S s H®ed. Thus,
in mce and rats it is only possible to deliver around 20-40 pMles of
pharmaceutical per dose, while in humans the quantity of pharnmaceuti cal

whi ch can be ®&T \Appligation BOBANB6100290 y(WOBNOLAS 1) \desdribes (Theshadsy ol m!lfdlfupt ake

cuch as Lrrt ShACEL A, RDURE R HuaploRft ey es 187 EonBlacRF b BB 5"
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Pol ymers have \J?&‘T(Es Q§€wafc9§hetﬂix§n%€&ti%h§tbﬁﬁé sifiiapbnact i ve agents.

Pol ymers with pendant groups |li1nked to .the backbone via spacers

contai ning aromati c di azo bonds are known. I\/any of these pol yners have been
desi gned specific eas OW.n I vage
of the diazo bé)#ledﬂkﬁazl%“% Od'ugot g‘s‘eé’?‘:gqngg y ba e'?ilprgl %néh% ‘Mc S% of
These pol yner phannsceaticah ashichpran \be ileliceréd pettetd foahe eecigientdeliow.e rlrhag:lode mgs

15  directly proportional to the amount of VB,, which can be taken up per feed. Thus, in
mice and rats it is only possible to deliver around 20-40 pMoles of pharmaceutical per

dose, while in humans the quantity of pharmaceutical which can be delivered is
approximately 1 nMole. While this level of uptake is -sufﬁciént to deliver
pharmaceutically active doses of some substances, such as LHRH agonists, calcitonin
20  and EPO, it is not sufficient to deliver proteins such as GCSF and insulin at quantities
large enough to have a pharmacological effect. It would therefore be desirable to

amplify the uptake capacity of the VB,, transport system, by at least 10 fold.

Polymers have been proposed for the administration of active agents. Polymers with
25 pendant groups linked to the backbone via spaccrs containing aromatic diazo bonds are
known. Many of these polymers have been designed specifically to release the pendant
side groups following cleavage of the diazo bond by azo-reductases released by bacteria -
in the colon. These polymers however have érovcn to be unsuitable for delivering drugs

systemically following oral administration, because these polymer-drug complexes are



"systemically followi ng oral administration, because these pol yner-drug
conpl exes are -3- not absorbed intact fromthe intestine, but rather
deliver their drug to the colon, follow ng cleavage of the diazo bond by
colonic enzynes. Small anmounts of the released drug may eventual ly reach
the circul ation, but the ampunt which reaches the circul ati on has been
found to be of little practical value. 53Pol yners to which are conjugated
vari ous cytotoxic drugs have al so been proposed. These pol yners have been
targeted to cancer cells using specific antibodies or sugar noieties. Once
the drug-polyner has reached its target tissue the conplex is endocytosed
by the target "Pefysodrel ifRE (semdbnintestingy bus rptbaredeliver theirtdes s theosplet. 10

| ysosomal enzYdiRwi I ' : | o ke 4

i ntracel lul ar gl utg{)Elicg%ge O?Or%\fflcla gel F?/‘fgr@ g‘%‘&%gﬁyygﬁpl exe{s %‘E‘&n%ft fhc
however, resulFtieged drugirayi dveaually regshdheccicsiilatione but thg amobistrwdrictcsaghiee shef r om
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is the object of this Invention to describe a new set of

dr ug/ phar naceut i cal - pol yner conjugates, to which a [err] nolecule, or

anal ogue or d .Yuﬁﬁ '! e thereof,.has, been conj ugated. These -

[err] - pol yrrer?rg‘ryug cécgonrhlﬁgtafacswﬁu gg‘hi"ifyblf 9‘?481“9%8 ha¥s I"‘G%lbﬁc,“ 2ereshily can
utilize the aflfhesenmibymeashave] e laridtedG Raider SIS using spacifiePintibetiesasidubave t he
added advant age.. of iner east{lfg t he _amount of pharnmaceutj cal agent Lch can
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intrinsic factor (IF) selected from . . .
_ 1 lysosomal " enzymes, or by cleavage of a disulfide linked drug by intracellular
glutathione. Oral delivery of such complexes has not, however, resulted in significant

uptake of the drug—polymé{' complex from the intestinal lumen into the circulation.

SUMMARY OF THE INVENTION |
15 It is the object of this invention to describe a new set of drug/pharmaceutical-polymer
conjugates, to which a VB,, molecule, or analogue or derivative thereof, has been
wnjugated. These VBu-polymei-drug conjugates are suitable for oral delivery, as they
can utilize the aforcmentioned'VBu-transport system for uptake-and have the added

- advantage of increasing the amount of pharmaceutical agent which can be delivered via

20  the VB,, uptake mechanism.

A complex having the general formula

V—Q,—P-@Q — A),

wherein, V is a-carrier which will bind to natural intrinsic factor (IF) selected from

vitamin B,, or an analogue thereof;
25  nis the molar substitution ratio of V in the complex, and is a number from 1.0 to about

10; |

P is a pharmaceutically acceptable polymer;

A s a pharmaceutically active substance;

m is the molar substitution ratio of A in the complex, and is a number greater than 1.0



vitagin [err] or an anal ogue thereof; 25 nis the nolar substitution
ratio of Vin the conplex, and. is a nunber from1l.0 to about 10; Pis a
pharmaceutically acceptable polynmer; A i's a pharmaceutically active
substance; mis the nolar substitution ratio of Ain the conplex, and is a
nunber greater than 1.0 -4 - to about 1000; Q and Q arc independently a
coval ent bond, or a spacer conpound IinKTﬁg V. P and A by coval ent bonds. 5
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The pol ynmer, P. of the present

i nvention can be any pharmaceutically acceptable polyner. The pol yner is
able to attacg,t%u ? cast one carrier nolecule and to at | east one, but
preferably a nJF%|€ crty of active substance nol ecules. 10 The polyner P

may be a bi 00Qomdd@bae indpy iRy s_ugméas bambbf)ﬂe&rcad@&h@ﬁ@r@a}%@t P fnd

pol'ymer, or a, polyner of am no acids. OQherw se, the polyne y be a non-
bi odegr adabl eAp‘B‘I SﬂYél",‘“ bendshi ch case it preferably has attached
bi odegr adabl e side chains allow ng for covalent |inkage to an active
subst ance. 15 Sui tabl e polymers for substitution with [err] and
nodi fi cat Pon RESGRIPHION ©F FHEIRREFERRED EMBODIMENTS

pol y(N- ( 2- hyd& | Yy et hacryl am de]. dextran, chondroitan sulfate,
wat er sol ubl ei‘g%@m%hé)ng’? ‘F%rpﬁé&'%bvv?f%'\‘?ﬁlcéﬁ | 30 KRIgEmEEY RFeeRtEplesi ne,
pol y(gl ut am cpalgingy., ThE pylyeelisblenio ARYd 8 lat feAfT 0 tarABTImBIeANE BRCio G 72

pol ypepti des for r@gpb the dual modification of the a- and [err]-am no

groups of |ysPffe grably @ myftiplicity nfjagéivesybstanee molecalgsh pol yners may have
multiple amno-termni, to which can be '
10 The polymer P may be a biodegradable polymer, such as a biodegradable carbohydrate
polymer, or a polymer of amino acids. Otherwise, the polymer may be a non-
biodegradable polymer, in which case it preferably has attached biodegradable side

chains allowing for covalent linkage to an active substance.

15  Suitable polymers for substitution with VB, and modification acoordiﬁg to the
invention, include poly[N—(Z-hydroxypropyl)—mcthacrylamidé], dextran, chondroitan
sulfate, water‘soluble polyurethanes formed by covalent linkage of PEG with lysine,
poly(glutamic acid), poly(hydroxypropy!-glutamine) and branched chaim polypeptides
formed by the dual modification of the - and e-amino groups of lysine during the

20  peptide synthesis. Such polymers may have multiple amino-termini, to which can be
conjugﬁted a plurality of the phénnaceutical or drug to be delivered. The polymers can
also be formed with multiple cysteines, to provide free thiols, or multiple glutamates
or aspartates, to provide free carboxyls for conjugation using suitable carbodiimides.
Similarly the polymer can contain multiple histidines or tﬁosines for conjugation.

25  When the polymer is a branched chain polypeptide, it may also be further modified to
provide multiple functional groups for coupling to the active substance.

Some examples of suitable polymers are polysaccharides, including dextran, inulin,

cellulose, starch and derivatives thereof; chondroitan sulfate, poly[N-(2-



conjugated a plurality of the pharmaceutical or drug to be delivered. The
pol ymers can also be formed with nultiple cysteines, to provide free
thiols, or multiple glutamates or aspartates, to provide free carboxyls for
conj ugation using suitable carbodiimdes. Simlarly the polyner can contain
mul tiple histidines or tyrosines for conjugation. 25 When the polyner is
a branched chain polypeptide, it may al so be further nodified to provide
mul ti ple functional groups for coupling to the active substance. Sone
exanpl es of suitable polyners are polysaccharides, including dextran,

i nulin, cellul as&roxPdd -' LV&Sivhes . lelc@ ate,
pol y[ N- ( 2- -5- ﬁ%rgﬁgg@%ﬁ??ﬁ{#{gﬁgggrﬁgﬁ%?ﬂéﬁ%{ dg;r'}?{i/kg{higl\?tgs %ﬁ@ﬂg%f ,

styr Ienc- mal ei Ic caplymes. divinydgsbsicymaleic achydr iﬂqt@pmﬂmlﬂyﬁnamhv&lv@?ic acid),
ol y(1 act | ¢ ac PalRtdorBRiel Skl FociilsPie 108, XalrRRA Holitiuate il oo

of PEG with |ydynevaleabtillege aiffi FEG adihdBsine dr utiei Cditiflo @bids And branched chain

pol ypepti de§.- | f tgﬁ.ﬁl yner is a branched chain pol ypeptide, the pol yner
may in one prefPSP'P %Hr m have the general sequence: [err] [err] nis from
| to 17, [err] is any 10 sequence of from1 to 10 amno acids, [err]

and [err] are each independently any sequence of fromO to 6 am no aci ds,
provi di ng t hat e paivmesis a pranghipd ghedn pelypeptide. shespalymeramaycinone prefarieddommi ds,

and where the pgly R celBNI %ﬁﬁé&gate at any position within the brackets.
Some exanpl es of pol frrers ving this general fornula include the

pol ypept i des wiRheLyn-RelyaileLygR}-Lys)dR-€OO0H witre nfierfrdm flow B &Rk any The
termnal aghno iiBSoRfoh o o hatinb Aad F R, T alf ) '8 indlRnacidl sy
sequence of from O to 6 amino acids, providing that not all of R?, R?, R*, and R’ are
a sequence of 0 amino acids, and where the polymer may terminate at any position
within the brackets. Some examples of polymers having this general formula include
the polypeptides with the sequence (Gly,-Lys,-Ser,-Lys);-Ala-COOH and (Gly¢-Lys,-
15 LyspHis.-Glu,—Lys,—Lys)-Gly;-Cys-COOH, for example. The termina! amino groups
on the end amino acids may be further chemically modified to bond with the active
substances, if desired. | |

The carrier, V, is derived from vitamin B,, (VB,;) or an analogue of vitamin B,,, which
20  will bind to natural intrinsic factor (IF). The carrier may also be chemically modified
in order to bond with the polymer.

Suitable analogues of VB,, for derivatization prior to conjugation to the polymer
include any variant or derivative of VB,, (cyanocobalamin) which possesses binding

25  activity to intrinsic factor. Preferred analogues of VB,, also include aquocobalamin,
adqnosylcobalamin, methylcobalamin, hydroxycobalamin, cyanocobalamin, carbanalide,

and S-methoxybenzyicyanocobalamin [(S-McO)CN;Cblj as well as the desdimethyl,

- monoethylamide and the methylamide analogues of all of the above. Other analogues

include all atky! cobalamins in which the alkyl chain is linked to the corrin nucleus by



substeances, if desired. The carrier, [err] is derived.fromvitanin [err]
[err] or an anal ogue of vitamn [err] which 20 wlt bind to natural
intrinsic factor (IF). The carrier nay al so be chemcally nodified in order
to bond with the polyner. Suitable anal ogues of [err] for derivatization
prior to conjugation to the polymer inclugde any variant or derivative of
[err] (cyanocobal am n) which possesses binding 25 activity to intrinsic
factor. Preferred anal ogues. of [err] al so include aguocobal am n,
adenosyl cobal am n, net hyl cobal am n, hydroxycobal am n, cyanocobal am n,

carbanal i de, anddipecielciRXYBsARNI C cqﬂggrang 10[#‘(& Ne&hdd\- ehblocaBalithin

t he desdi met hyl , nonoet hyl am de an he net h de anal ogues of all of the
above. QO her @ﬂtwbésmmnitmaamm ﬁx@hnmbbﬂlm@@lﬂ“mpwaﬂﬁ@bahWh

chain is link e rein nucl \

bond. Ot her aﬁgf ogﬂ;gg fu%cl dhef&n osgﬁﬂaﬁ?‘a‘?ﬁ“ﬁ‘m‘ It%@g ;@ ?n&‘iﬁﬂg,
ni t r ocobal am n;:mﬂuytlm;mm&tawetkal“%mafladcki@?lky:modamhhémL(Aﬂe)@b@blelntobalamin
deri vati ves sy 6- di chl orobenzm&lazol

5- hydr oxybenzi hi q?f&z S?bé%"li? Faﬁ@ﬂﬁ?ﬁ theaailide. g4y mongearpoxylic and dicarboxylic

adenosy| cyanotwldadetivatives ofdm), Q¥ ilsinhioggeebal amin 5 lactone, cobal anin
| actam and the anilide, ethylam de, m)nocar boxylic and di carboxylic acid
derivatives of [err] or its anal ogues. Preferred deri vatlves of [err] also

i ncl ude the mMosEferredi derRRGhel rdf C@F b Oﬁ%a kn%!uag Ik qrﬁfnb vagi v %attb?gyhc acid

propi onam de derivatives of lers may al’'so i ncI u
anal ogues of [derivatives mhthct‘prbplenarmbaldbnvmvesepf aﬁiu:l t@amcncmay aldoc krelude The

corrin ri of s A substlt with.a
subst | tuegg Whl 'scses n%ﬁ' Bf“f ‘ﬁfﬁpfﬁ“{)% FiRC oLy %‘uc ca%’rrf‘eé{“igves
of [err] or itef ¥BglopGanalofRs m&talsafbetdnbﬁxmtwanh lafi sutfstiti@nt Which \daéd u&s of
VB,2 or its anaf gues whi ch _have a functional _group.
ecC its binding to IF, and such derivatives of VB,, or its analogues are part of this
invention. Other derivatives of VB,, or its analogues which have a functional group
which is able to react with the spacer compound are also part of the invention. Other
15  derivatives and analogues of vitamin By, ate discussed in Schneider, Z. and Stroinski,
A.: Comprehensive B,,; (Walter De Gruyter; Berlin, NY; 1987), the disclosure of

which is incorporated herein by reference.

The phamiaccutically active substance, A, is any suitable pharmaceutical substance
20  especially a biologically active polypeptide, or a part of this peptide. For example it
may be a hormone, growth factor, interleukin, cytokines, lymphokines, or similar
subsmnces. Some preferred active substances include GCSF, EPO, LHRH, interferon,
or biologicaliy active analogues, parts or derivatives of these substances, calcitonin,
TRH, vasopressin, oxytocin, insulin, Growth- Hormone, somatostatin, GM-CSF, SCGFE,

25 (stem cell growth factor), CGRP or biologically active analogues, parts of derivatives
of the above.

Examples of typical substances for delivery according to the invention include active

substances such as hormones and bioactive peptides (and analogues and derivatives



‘which:is able to react with the spacer conpound are also part of the
invention. Qther 15 ~derivatives and anal ogues of vitam n Bl2 ate

di scussed in Schneider, Z. and Stroinski, A : Conprehensive [err] (Walter
De Gruyter; Berlin, NY; 1987), the discloéure of which is incorporated
herein by reference. The pharmaceutically active substance, A 1is any

sui tabl e pharnmaceuti cal substance 20 especially a biologically active
pol ypeptide, or a part of this peptide. For exanple it nmay be a hornone,
growt h fact or thereafersuelylas nLHRt Masopesssinl yomplociki dRsylin,o festopipgongr interfeceomnces.
Sore pref er 1 edoflol dfniiuAHbRRGES, dhlditRu X CHlony SoRuiddBlhed I (BEER! O Of
bi ol ogi cal | y active anal ogues, parts or derTvarives of cthese ‘Su st ances,
“cal ci toni n, TMESF,VGSERrRMSGNHCOEX \nlitinn, PARZulthetape@ioagentsHachesn @gomycin,
somat ost ati n, CSF, SCGE,. 25 st cell .growth fagtor).. . P or.

bi ol ogi cal |y as(%t\?g‘o&rpé'lng'ﬁﬂ‘é’gl,mcp célﬁﬁ 8‘8%'5“3‘ kv .:WSﬁﬁ?'k{)&mé‘g%\?éylgEQ%npl es
of typi cal 5sulictaiiae HOIQ megRdnksierYABA CR6rklHéXk@rah Onucleotidenamavigirori rivokyifle
active substances such as hornones and bi oactiye peptides (and anal ogues

and derivatives -7- thereof) such-as LHRH, Vasopressin, oxytocin,
| nsulin, test Oﬁﬁrﬁfcﬁ’n&aardgi&ebf SicAte SBARCA! NifditeN po 89 Lsakh Nas  insulin,
Eryt hropoi etin, Colony Stimulating factors (GCSF, CSF, CSF), PM5G HCG,

| nhi bi'n, PA[ - 2s0omagastatip esomatostatiederiyativgs (1.8 sPaiosy 4.087. 390 4093 078| 4,100,117
pyri met ham ne,, nenbheq han | GLd | a LGled ]l 1. | dicRes

ol aine s e h2ss s et blenks, orblpcyfi MEfcGicibadbic Retung (RETH),
anal ogues 18r rinblargayte. stimulating homnoneMSH).o0thyaeid hermaope psleasingdwrone| (FRED,

Pt "Nos. 4, 0ot B ad allss D05 S LTSGR IR i e
prol actin, adrsimdaidg Berinoad (TSH)P lutgifiging Aodidne (LEY), foliiliasibylhtngSkdrtiohat i ng

hormone (MSH), (lggﬁs[ O\jagopr}gsrsirr{? Q%o%%s?x? Sdicggatir\]/gsr r{c‘l)cgr(raloérlssR{;? [Folia Endocrinologica

Japonica 54, No. 5, p. 676-691 (1978)]], oxytocin, calcitonin, parathyroid hormone,

15 glucagon, gastrin, secretin, pancreozymin, cholecystokinin angiotensin, human placental

lactogen, human chorionic gonadotropin (HCG), enkephalin, enkephalin derivatives

{U.S. Pat. No. 4,277, 394, European patent application Publication No. 315671,

endorphin, kyotorphin, intert_‘erons (o, B, ), intedeukins (I, II, and III), tuftsin,

tfxymopoietin. thymosin, thymostimulin, thymic humoral factor (TFH), serum thymic

20 factor (FTS), and its derivatives (U.S. Pat. No. 4,229,438) and other thymic fa_ctors

" [Medicine in Progress 125, No. 10, p.835-843 (1983)], tumor necrosis factor (TNF),

colony stimulating factor (CSF), motilin, dinorphin, bombesin, neurotensin, cerulein,

bradykinin, urokinase, asparaginase, kallikrein, substance P analogue and antagonist,

nerve growth &cbr, blood coagulation factors VIII and IX, lysozyme chloride,

25  polymixin B, colistin, gramicidin, bacitracin, protein synthesis stimulating peptides

(British patent No. 8232082), gastric inhibitory polypeptide (GIP), vasoactive intestinal

polypeptide (VIP), platelct—c_ierived growth factor (PDGF), growth hormone factor

(GRF, somatocrinin), bone morphogenetic protein (BMP), epidermal growth factor
(EGF), etc.



" 1its salts, and derivatives thereof (U. S. Pat. Nos. 3,957, 247 and

4, 100, 152), thyroid stinulating hornone (TSH), |uteinizing hornmone (LH),
follicle stimulating hornone (FSH), vasopressin, vasopressin derivatives

[ desnopressin [Folia Endocrinol ogi ca Japonica 54, No. 5, p. 676-691
(1978)]], oxytocin, calcitonin, parathyrgpid hornmone, 15 gl ucagon,
gastrin, secretin, pancreozym n, chol ecystoki ni nangi otensin, human

pl acental |actogen, human chorioni c gonadotropin (HCG, enkephalin,
enkephal in derivatives [U S. Pat. No. 4,277, 394, European patent
application Riybpeat bONRaliRmos 1884k, infREOHdnycink HPdBENEYide, mathekd:aleons (a,
[err], [err], interleulins (I, 1l, and [Il), tuftsin, thynopoietin,

t hynosi n, t hyA¥Ramein Dy miomyen Gs prinhlasting sttfatsy vinpriptjne %&Gnﬂ%wmbécirzo
factor (FTS) 4, blide dekiNaSEY € s . A ) her
thym c fact orhga&%télg%[é?'nga{ln c?dég?\g('(scg{z%ggml\lof:ﬁ% e pa%g%oégégm '?d%goé%% t unor

necrosi s f actterahydufiryl-3-8penyracit,i rkodstin.i pipitfaatd: olent{in@sF) levamsold, i bestatimor phi n,

bombesi n, c neyc [ igﬁn ' Br .3 se, asparagi nase,-
kal |'i krei % slit%'gﬁsct(igt?l’c@y a'ﬁ%'%‘?é’@e“ghgggn 'Q&@%Pﬁ’?@&?ve grow h factor, blood
coagul ation factors VIIIl and I X, |ysozyne chloride, 25 pol ym xi n B, :
colistin, gragm.cidin, bacitracip, protein synthesis stinulatin epti des
(B ti sh pat Ememiiss S 2838065 fnchise ety BIOPEASY. SogURBIT R EarBEn.
vasoactive i noainycial pelivRRD! | fRlidnyich), , Modficth ot 1t@efcrind Ghavtilofidct or
(PDGF), growth horgyoéﬂﬁ% act or somat ocrinin

(CRF,. . bone norphogengtic
protein (BVP)OXYEHR : ydgpchlnede s @EEB?CY(;'EBH‘?"YEX ne hYd‘ESJﬂ‘.?f‘fjge@BFm&ht i t umor
agent s i ngl Uciﬁpé&&m&’(}’ﬁéaﬂciﬁmd&ﬁ%tﬁfnl E&?hal&ﬁfi&%éf@tfﬁﬁ,%cfs%&inﬂ&mi&io&hﬁé,

mtonycin C, vinblastine sulfate, vincristiné sulfate, dauhorubicin

hydr ochl or i decefragiazolgpefazolinrefsanioe vofoperadons, ceffizeriing.cmexoldstamo bitagaoxef,
fluorouracil, piegih yl - ogyraci |, krestin, picibanil, lentinan,
| evam sol e, bﬂels.a.ﬁ%(’d{g%%%t %121;(%21, gl'ycyrrhizin, poly I:C, poly A U and
poly I CLC. .

. The aforementioned antipyretic, analgesic and antiinflammatory drugs include, for

15  instance, sodium salicylate, sulpyrine, sodium flufenamate, sodium diclofenac, sodium

indomethacin, morphine hydrochloride, pethidine hydrochloride, levorphanol! tartrate

- and oxymorphone. Examples of the antitussives and expectorants may be mentioned

ephedrine hydrochloride, methylephedrine hydrochloride, noscapin;: hydrochloride,

codeine phosphate, dihydrocodeine, phosphate, ~ alloclamide hydrochloride,

20  chlophedianol hydrochloride, picoperidamine hydrochloride, cloperastine, protokylol

hydrochloride, isoproterenol hydrochloride, safbutamol sulfate and terbutaline sulfate,

Examples of sedatives include chlorpromazine ﬁydcochloridc, prochlorpera_zihc.

tﬁﬂuopetazinc, atropine sulfate and scopolamine methylbromide. The muscle relaxants

include, among others, pridinol methanesulfonate, tubocurarine chloride and

25  pancuronium bromide. The antiepileptics include, for instance, sodium phenytoin,

ethosuximide, sodium aoetazo!amidc and chlordiazepoxide hydrochloride. Examples

of antiulcer drugs include metoclopramide and L-histidine ﬁwnohydrochloridc.
Examples of antidepressants include imipramine, clomipramine, noxiptiline and '

phenelzine sulfate. The antiallergic drugs include, among others, diphenhydramine



Exanpl es of antibiotics, include gentam cin, dibekacin, kanendomycin,

| i vi dbmycin, tobramycin, am kacin, fradionycin, sisomcin, tetracycline
hydrochl ori de, oxytetracycline hydrochloride, rolitetracycline, doxycycline
hydrochl oride, anpicillin, 10 piperacillin, ticarcillin, cephal othin,
cephal ori di ne, cefotiam cefsulodin, cefnenoxinme, cefnetazole, cefazolin,
cef ot axi me, cefoperazone, ceftizoxime, noxoPactam | atanoxef, thienamycin,
sul fazecin, and azthreonam The aforenenti oned antipyretic, anal gesic and
antiinflammtory drugs include, for 15 I nstance, sodium salicyl ate,

sul pyrine, sodi n1f|§%)% nq sqodi um di cl.of enac, sodi um i ndonet haci n,

nor phi ne hydr och ygﬁc "Bt H?‘@f‘%’aﬁvﬁﬁ' Baktier irigelenamige, hydraphiprides methdilazian d

oxynor phone. Exajdechlovide! Nelemitblel Ufiydr¥@focdBd & i S ntioned
ephedrine hydrochl ori de rretﬁ Iephedﬁdl ne ﬁydr oc?ﬁ%ﬁ’l@m& srgﬁ%cg&l&e H“P

hydr ochl ori de, cBEEPH@Eh C‘HHB%Cp -hlorigieh y Bheoeastietonics mcpldesqmvag @lhcrs trans-p-
al | ocl am de hydg@edth de ch y or

pi coperidam ne ﬂ{/drocﬂfd(gr [ lgc&)@lakgbe%%g{awlmpro? ?LQF‘J{H ‘Ji)’g Elmu&l deThc
i sopr ot er enoP hyahtiaohithovié cagents dhdludeantor sutadcat pmmdolbbrttyutoahlbme StlpfenbRl
Exanpl es of sed I e h

pr O(r:rﬁ | or per azi naﬁ}) %l%'i, r@g‘p%?cg lgﬂ@'gt‘%h%g%%ﬂ’a §¥F¥ @E&‘fr&'g%fa’ﬁo'l‘a?ﬁwﬂam

net hyl br oni de. ﬁneludusarﬁmgrat&e@sgaﬂy&dhﬁ@ hytiiechlorae) \@ltREASR ﬂﬁdro@ﬂlbﬂdd"'%lazolme
met hanesul f onat eW go arin chI oride and 25 pancuronji um brom de. The
antiepileptics i 8}“&3‘ ride frex ‘Edé'l‘Fcé“ baethan ﬂH@H‘yt onhs, ansihypestensive d@feﬂcs

sodi um acet azol aiftiige,anchond| QfEAZ HROnhedRnIb ol | ﬁmﬁrﬁp mine
anti ul cer ggs i ncl ude_netocl opram de and L-histidine nono dro or| Tde.

Exanpl es of 8nt i Aispchlarids; WCMWWQMedO@ﬂdemhsde ncBmppiek iofie
d ph |
el e s ot B e 4 D5 O

di phenhydr am ne -9- hydroc m nc
tri pel enanmi ne hykdsedhiasidecknd mretfdrdiin.azThrecanticoagulants include, among others, sodium

heparin and sodium citrate.

15 The haemostatic agents include, among others, thromboplastin, thrombin, m;:nadionc
sodium bisulfite, acetomenaphthone, e-amino-caproic acid, tranexamic acid,
carbazochrome sodium sulfonate and adrenochrome monoaminoguanidine
methanesulfonate. Among anumberculotms are isoniazid, ethambutol and sodium p-
aminosalicylate. The hormone drugs are exemplified by prednisolone succinate,

20  prednisolone sodium phosphate, dcxam;th’asonc sodium sulfate, betamethasone sodium
phosphate, hexestrol phosphate, hexestrol acetate and methimazole. Thc antinarcotic

agents include, among others, levallorphan tartrate, nalorphine hydrochloride and
natoxone hydrochloride. - .

25 If the active substance is GCSF, for example, it can be linked to the polymer with a
spacer compound containing a disulfide bond. In this case, the disulfide bond may be

formed with the buried thiol group of the cysteine at position 17 in the polypeptide
chain of GCSF.



“hydrochl oride, clem zol e hydrochl oride, diphenylpyraline hydrochloride and
nmet hoxyphenam ne hydrochl ori de. The cardi otoni cs include anong ot hers,
trans- p- oxocanphor, theophyllol, am nophylline and etilefrine

hydr ochl ori de. The 5 antiarrythm c agepgs include, for instance

propr anol ol hydrochl oride, al prenol ol hydrochloride, bufetolol
hydr ochl ori de and oxyprenol ol hydrochl oride. The vasodil ators i ncl ude,
anong ot hers, oxyfedrine hydrochloride, diltiazem hydrochl oride, tol'azoline

hydrochl ori de, RKerpREOsHRe s@RBnRATRIUMITH 2dildgaé, Gt mdyBc ANTIDERE ki @RSbYR of
diuretics include, anong others, hexamethonium brom de, pentolinium

mecam am ne 10 AN c ANGADEs a dingar sierapeptids GPYRIRING 3 ayanbst ol wrria];agd/oc
hydrochl ori de. BaiRl.esidef ol ' ' i Pg},g{ YhinGd B Qcetylated

gl ypi zi de, phen?(;r m r?%%ygrl%gﬁ%o?'ilglg,ﬁ&éb%?lgﬁdr%\%ﬂﬁgsﬁ%gh ori c?e land rrget Srem' n.
The anti coagul arnd thenCiterdequsaamidgtedt ANTIDEdasltherfollayiag saquensek sodi um
citrate. 15 The haenostatic agents include, anong others, thronboplastin,
t hrombi n, nehadi one sodium bisulfite, acetonenaphthone,

[ err] - am no- capr¢ide-D-alai(@), D-PRIECIAD-PaikB)] Skr, DBR(Niay, @cbysiNiz) dad| Lys(iPd), Panat e
and adr enochr one_nonqQani noguani di ne net hanesul f onate. Anong
ant it uber cul ot i &&AERNHsoni azi d, ethanmbutol and sodium p- am nosalicyl ate.

The hornone dr ugNaREF G¥eRhis§ | 8q2 pRyIP dNladitleONe SPiRfd-OBL € repdBeats  3-(4-
predni sol one sodi um phosphate, dexanet’hasone sodi um sul fate, betanmethasone
sodi um phosphat echiarephesylalanineh RalA) represenis -63-pysidyRalaning:c Lys(Niteepieseat e

The antinarggtic. tnclyde: t he orphan tartrate,
nal or phi ne ﬁ?drg%l%?@? [ gt%h&ﬂgipéﬁﬁg%%d%%ﬁ?ﬁ@é% If the active
subst ance i s GCYor ANTIREAMh esidid 6 GaD-lys, [nohRddysiNic); hfor PN TIRDE-2 diet desidue
spacer conpound gont ai nin disulfid H%?‘ | n t.his, case, Lsul fide
bond may be for nibfn‘frh fo% ﬂ%‘?[gﬁjr'iagﬁ f?‘rf?‘é!? J rS?'d‘feﬁBelsge g‘t Ié(lgtnq‘glsgiﬁs)'posi tion
17 in the polypeptide chain of GCSF. :

When the active substance is a LHRH analogue, it may also be histrellin, D-Lys,-

1S LHRH, D-Lys,-LHRH-ethylamide, or an analogue of these substances.

The spacer compounds Q and Q’ are optional. When they are absent the carrier V
and/or the active substance A are linked to polymer P by a direct covalent bond. They
are introduced either to improve the intrinsic factor affinity of the VB, complex or to.
20 overcome problems in the coupling of the carrier, V and/or the active substance A
arising from unfavourable steric interactions between the V and/or A'with_the polymer
P or to increase the bioactivity of A in the complex. The spacer compounds may also
act as linking agents, being bi-functional compounds with selected functional groups on
each end to react with suitable functional groups located on the polymer, and also the

25 VB, carrier molecule and/or on the pharmaceutically active substances.

The spacer compound Q andfor Q' preferably comprises optionally substituted
saturated or unsaturated, branched or linear, C, 4, alkylene, cycloalkylene or aromr~'ic

group, optionally with one or more carbons within the chain being replaced with N, €



Z'10 & \Wen the active substance is a LIRH anal ogue, it may be ANTI DE or an
anal ogue of ANTIDE. ANTIDE is a |linear decapeptide containing a nunber of
unnatural and/or D-amino acids in addition to three L-am no acid residues.
Its NNterminus is acetylated and the C-term pus am dated. ANTIDE has the
foll owing sequence: 5 N-Ac-D-Nal (2), D Phe('pUI ), D-Pal(3), Ser. Lys(Nc),
D-Lys(Nic), Leu, Lys(iPr), Pro, DAl a-NH2 [ Nal (2) represents

3-(2-napthyl) alani ne Phe(p Cl) represents 3-(4- chlorophenyl)al ani ne:

Pal (3 t 3 i d
root] noy! 1 ysi ne: % 350 K Sl Rplen SinebEtn s PRELRBY Torieapmaltr i oavh he
residue 6 is DLyearbmqt, higddoy s, (aMiifig andf StherABpPE- 2 the residue 5 is Lys, not

Lys(Nic); and for ANTIDE-3 the residue 8 Is Lys not Lys(iPr). Wen the
active substance is a LHRH anal ogue, it may al so be histrellin, D Lys6- 15

LHRH, D-Lys[ err] - bhigivtecétietdadrigi€ors fr l@cﬁ@hm (R phdtfsGuicdy ?Af‘&cﬁlﬁ cal-'me?

spacer conpounds Qéﬁnd Q are optional en t hey a e absent the carrier
and/ or the actd ve(¥ub¥x athee palysice matried(®o lmwnedxsmmmu. S'dvtat@o@SSz)at

bond. They are in

of the [err] corrplbgggg?ﬁtg%ﬁhg Su%e\?aet% €§§r§2 C&ry o%?%lkég gumg‘g&? “6[% éE(;#%
carrier, V and/or cmnbmagllvcolbs(sumMcahmmdﬁmimwn(Suft‘b{BGS)nﬁ-amﬁmpﬁdhbacéttc%id?
i nteractions bet n the V.an r A wt e _pgl to, i ncrease the
bi oactivity of Amﬁﬁh'f’%é(eﬁ%f%’f‘%&lo b&%@h éﬁvﬁ%tﬁ'r?eé"(ﬂﬁff’s%ﬁcg'bmg& lpropionate)
| i nki ng agents, bemmmt distctidimy B tarG AP MBS diﬁﬁlfd%u&ﬁh@mﬁiy?%rfakﬂ?&@%@bﬂ)h
groups on eac react wth suitable functional rollrjfps | ocated on t

FBrio

pol yner, and gf'ﬂ@ gspccinjipidopxysarbery legydcihyl 868 t KBSOCOES)
phar maceuti cal | y Bt
e S ORI BRSO, g

preferably conprises optionally s
br anched or |i neardipjridate.2HOky | @A), cy dimstiyk y | emelimidate28¥Git | OMP),  dimethyl

suberimidate.2HCI (DMS).

e

15  Suitable cross-linking agént‘s for use in the preparation of thiol-cleavable biodegradable
spacers or linkers include N—succinimidyl 3-(2-pyridyldithio)propionate (SPDP),
_ iminothiolane, sulfosuccinimidyi-6-[3-(2-pyridyldithio)propionamido}-hexanoate(Sulfo-
LC-SPDP), succinimidy!l-6-[3-(2-pyridyldithic)propionamido}-hexanoate (LC-SPDP), -
sulfosuccinimidyl '6—[a-methyl—a—(?.—pyrid'ﬂdit-hio)toluamido]-hexanoate (Sulfo-LC-

20 SMPT), 1,4-di[3’-(2’-pyridyldithio)propionamido]-butane (DPDPB), 4-
succinimidyloxycarbonyl-o--methyl-o-(2-pyridyldithio)-toluene  (SMPT),  dimethyl
3,3’dithiobispropionimidate. 2HC1 (DTBP).

[n the formula, n, the average molar substitution ratio of V in the complex, is a number
25  from 1.0 to about 10. Preferably n is between 1.0 and 1.2. The polymer is ideally
linked to one V carrier moleculc,'but as the polymer is of uncertain size and/or
structure, the number n represents a statistical average. Also, in the formula, m, the
average molar substitution ratio of A in the complex, represents a number from at least

1.0 to about 1000. In order to amplify the uptake of the active ingredient m should be



- gfoup, optionally with one or nore carbons within the chain being replaced
with N ) - - or S. and wherein the optional substituents are

‘sel ected from for.exanple, carbonyl, carboxy, hydroxy, am no and ot her
groups. Suitable extended spacers for the conjugation of the pharnmaceutical
(A) or the carrier 5 (V) to the polynmer matrix (P) include:

di succi ni mdyl suberate (DSS), bis(sul fbéﬁécininidyl) suberate (BSS),

et hyl ene gl ycol bi s(succi ni m dyl succi nate) (EGS), ethylene

gl ycol bi s(sul fosucci ni m dyl succi nate) - (Sul fo- EGS), p-am nophenylacetic

acid, dithiobis(succinimdylpropiqnate DSP),, . ..

, 3" -di thiobis- (aé 3?’£8§&88f i 'dﬁfﬁasg’ﬁm%ﬁaf’%‘ '%’ E?r@a) m igj3lsg 3 HatsticrtAMerage.
tartarate (DST)and @ifferehOsutiticrdblclYe mlofechies ah)owiIBe! toBndBTthe élgmer-, because

bi s(2- (succi ni m dooxycar bonyl oxy) -ethyl ene]sul fone (BSOC&E ),

bi s[ 2- (sul f osu®fithf HTERsIORyR Al iy yuswryofdhel sul f one ( Sul f o- BSOCCES) ,
di met hyl adi pimdate.2HCI (DVA), dinmethyl pinelimdate. 2HCI (DWP),

di met hyl suberim date. 2HQ (DV5). 15 Sui tabl e cross-1inking agents for
use in the prepheainvemions conkéros 2 chapleabiticth conmiscsnnatel dhan pag aqtive substannker s

| i ot hi of ane, SUEPOL AeNFayiisn (4 ki tor a5 s BRI xtbs AckBinoar

(Sul f o- L. C SPD&Ylecule, or analogue thereof, wherein the-ability of the carrier to undergo the binding

succi ni m dyl -6-] 3-(2-pyridyl dithiq)prqpi onani do] - hexanoat e ( LC- SPDP),

sul f osucci ni ni dY C“é’!‘f Récest ?Wa“l’(&eﬁ\}‘ i‘B';?fRf?f‘t‘%i ‘13‘5 E}grzdarﬁ %F&‘F‘gfﬁtéi‘gﬁcﬂ%‘e‘.he

E [S)E IDng) LC 420 actMT bt chelactivélisibdianée?are Ribstabialel thin@inBd CRLIOWIAF colGUgabidh AR e
succi ni m dyf oxyleHewing hiplogical wirasagfi the aetivesupstance froay thaipglymep| TheromplpT) |

di met hyl 3, 3" difRid3ths ReARbORLAGat €. 2HA  (DTBP). In the fornula, n, the
average nol ar substitution ratio of Vin the conplex, is a nunber 25 from
1.0 to about 10V Pr@ker BbtyQn— 4)ouheredhn QL PO QAnd, 1aml m Brrasylofigedpreviiausly,

i deal l'y is prepared by one of the following methods:

A

IS a) reacting A with P to form an intermediate complex, and thereafter r&cting the
intermediate complex with A;
b) reactirig V with P to form an intermediate complex and thereafter reacting the
intermediate complex with A;
c) the process of step a) or b} wherein one or more of V, P or A are modit_‘xed to
20 pr(;v'ide at least one functional group capable of forming a chemical linkage
p‘rior to coupling with the other reactants; or
d) reacting one or two V, P or A with Q and/or Q' prior to coupling with the other

reactants.
25  In general terms, the process may comprise one or more of the following steps:
a) reacting the active substance with the polymer to form said complex;

b) chemically modifying the active substance to provide at least one functional

gi’oup capablc of fofxﬁiné a chemical linkage, and reacting the active substance



‘l'inked to one V carrier nolecule, but as the polymer is of uncertain size
and/ or structure, the nunber n represents a statistical average. Also, in
the formula, m the average nolar substitution ratio of Ain the conplex,
represents a nunber fromat least 1.0-to about 1000. In order to anplify

the uptake of the active ingredient m should-be - 12 - as large as |
possi ble, ideally between about 10 to 100. mis also a statistical average,
and different nunbers of active nolecules (A) will be bound to the polyner,

because of the variation_in the polyneric strucure of P. 5 The invention
concerns a conpl ex \AmchPlkﬁ‘B?fp‘Pif%’&S%F@“ﬂ'%n one active substance linked to

a polyner, whi Ca? IS LhdMi€ly nfbdftyink BRarrR B dra¥ild /ledSTdr EcBondd pfollp %:azpaﬂicVB’ 2

mol ecul e, or anal ogue theréof, Wwherein the ability of the carrrer

under go the bindi ng pefemingnshemisaldinkage and reagfingthe camigr andnelymer (o formishid
[err] in a vertebrat Eorh@ﬁi- and the activity of. the active substance are
substantially mai ntained, follow ng conjugation or 10 fol |l owi ng

bi ol ogi cal r¥l edye othdnricallycnadifgingulestctiviesabstargenadihe polymeeto provide fooctjohalx,

0 T L B B e S 1 e
followi ng nethods: land pélymer torfoas sai@Qoiplékst h P to form an internediate
conpl ex, and thereafter .reacting the intermedi ate conplex with A;,k b) .
reacting V with tofGHAg ¢ aﬁﬁ‘ge?“gm%mééllﬁﬁ'é?céfﬁfs‘ﬂﬂ@%éﬁ"é?“q égéﬁ‘fqgwg_
the internediate conpiesctiVelsiosinct with thé PolyRcP EPfomhidSioRpled) OF b) wherein
one or nore of V, Por Aare nodified to 2 provide at |east one

functional &P ouf) capasacing fther garpieh vith Hhiepst e drpssiinngprgeat and reastipg ithey
with the other react ?)'alyﬁier-gﬁd carrier to fénn said complex;
g) "reacting the active substance and polymer with at least one cross-linking agent
and reacting the active substance and polymer to form said complex;
h) reacting the active substance directly with a polymeric support to form an
15 intermediate containing a plurality of molecul(:s-o‘f the active substance linked
to the polymer, and subsequently coupling to the polymer-active substance
intermediaté one or more carrier molecules;
i) coupliné at least one carrier molecules directly to a polymeric support to form
an intermediate containing at least one molecule of the carrier linked to the
20 polymer, and subsequently reacting the active substance to the polymer-carrier

intermedia to a plurality of active substance molecules.

The invention also provides a method for the modification of a polymeric support to
introduce functional groups capable of reacting either directly with the active substance

25  or with a chemically-modified form of the active substance. The resulting polymer-
active substance imenncdiaié contains one or more molecules of the active substance,

- said intermediate being suitable for coupling to the carrier to give a complex capable

. of amplified delivery of the active substances.



d)’ rfeacting one or two V, Por Awith Qand/or Q prior to coupling with
the other reactants. 25 In general terns, the process nmay conprise one or
nore of the follow ng steps: a) reacting the active substance with the
polymer to form said conpl ex; b) chem cghly nDdlfylng the active
substance to provide at |east one functional group capable of formng a
chem cal |inkage, and reacting the active substance - 13 - and pol yner
to formsaid conplex; c) chemcally nodifying the carrier to provide at

| east one functil@Rat caiboliphcREBA M Sintntib@ (Y n&aee f«hﬁﬁ@ fRl pﬂah%a&?caﬁﬂ& the
reacting the carrier and polyner to formsaid conple d) chemcally

nodi fyi ng t he a@t“i‘\‘/’é“’s‘ﬂ%E?‘&Wﬁ@s adisulfide bpnst- )ln@rﬁﬂl‘h?f pmbwvaerumﬁ@tmmmn theoups
capabl e of formpg I

and polyner to fora sal ﬁﬁ'ﬁf‘“‘{a bl gl?@‘éé?‘?‘%gh{qﬁe @tn[fi‘:\gltég }sﬁg s#gﬁ{é(ggwth
at | east one crdsyef ammcngmhgbmtmalﬁdher meation chet linkagecjpining tha lpbarenacentivaltdr t he

polymer to fgrm cting.th arr w th al | east
one cross- |I§n)kl r%geagagrel%t andpmé ?:‘:tllsr?g%glr'i' g’F’M bgﬂ(g 'éP’?ﬁaé‘P‘hFE)"‘f‘B‘?%“gﬁi d
conpl ex; Q) roéalmt invantibh eheelirikigegjoirpthepeemadeaticaDorythe carviet o thé pdlgmet isone
Cross- i nki ng a eac the actjve substance and mer to form
sai d conpl ex; % ﬁ@?ﬁﬁg ‘%"‘n% rrberres embndlipens of ‘g? ARVERtigR \ﬁl“f 1532 SOMPHET i C
support to for moaﬁn hﬁhgrumﬁblahﬁle@@eg 8f 08P 1kl m&&lghtaydlﬁﬁﬁ&@i;&@tﬂye&a&iont he
active substance Ilnked to_the polyner, and subsequent | g -coup to the

pol yner - acti ve %B&‘SH’&‘BWW&PWE@F@'@OEE@CWmWr‘tﬁf%imcl Tfheﬂﬁllb’@éﬂl gnother

10 preferred embodiment of the invention there is a complex compnsmg multiple
molecules of GCSF linked through a disulfide bond to a (dithiopyridyl-propionamido)-
dodecylsuberylhexyl-derivative of the polymer.

It has been found that it is possible to synthesize thrée analogues of ANTIDE (LHRH
15  antagonist) which are suitable for conjugation to a polymer matrix, namely:
N-Ac-D-Nal(2), D-Phe(pC’l), D-Pal(3), Ser, Lﬁs(Nic), D-Lys, Leu, Lys(iPr), Pro,
D-Ala-NH, (D-Lys;ANTIDE or ANTIDE-1);
N-Ac-D-Nal(2), D-Phe(pCl), D-Pal(3), Ser, Lys, D-Lys(Nic), Leu, Lys(iPr), Pro, D-
Ala-NH, (Lys5-ANTIDE or ANTIDE-2); and
20  N-Ac-D-Nal(2), D-Phe(pCl), D—Pal(3). Ser, Lys(Nic), D-L_ys(Nic), Leu, Lys, Pro, D-
Ala-NH, (Lys;ANTIDE or ANTIDE-3).

The invention also concerns a pharmaceutical composition which comprises a complex
as described previously together with a pharmaceutically acceptable carrier or excipient
25 ' as are well known in the art and described, for example, in Remington’s Pharmaceutical
Sciences (Mack Publishing Company, 10th Edition, which is incorporated herein by
reference). - The composition may be in the form of a capsule, tablet, slow release
dosage form, elixir, gel, paste, or enterically coated dosage form, for example, or any

other suitable dosage form as is well known in the art.



i) .‘coupling at least one carrier nolecules directly to a polyneric
support to forman internediate containing at |east one nol ecule of the
carrier linked to the 20 pol ymer, and subsequently reacting the
active substance to the polynmer-carrier internedia to a plurality of active
subst ance- nol ecul es. The invention al so prOV|des a nmethod for the
modi fi cation of a polyneric support to intlfoduce functional groups capable
of reacting either directly with the active substance 25 or with a

chem cally-nodified formof the active substance. The resulting polyner-
active substance internediate contains one or nore nol ecules of the active
substance, sai dTRIetHEI fomPpUtiony a@i?F‘i'Ble%‘%Fﬂ"%@ﬁl 3Ky be ddmipistersd 9 @ to

gi ve a conpl ex mmtgrea,{mmasqglcétf iéli ﬁg&ta T(Wﬂﬁ &E%Wﬁor@%fe?{'ﬁ{%ﬁor
I n ent| n

14 - I n one enbodi ment of age joining the
phar maceut i cal cxmplqnnie cMmcs ef administratiqroarg st criticad telithig | ifyegtioh @andl .indludeq

el erood "Ml R eGEN inilndfifiad 'q7ARekeR Plcdfh 'Sl BAMERERHS, 2!

or the carrier I's"an es ano‘t
enbodi nent 6f tvagirahvanat, |mmthdtendhmﬂ:kagm fanitesi asgaré h&llphmmmamethe |aual Ioitheb

th ier to th | - e-] bond t th
oo ment of iRk OLHE EEmmEn R isthest, Sermerranit - insele T orfbies O e
carrier to the gqapound amnﬂnghoameﬂmme that Whith Prc¥idE tRenRADOTE patitulad t he

i nvention there is a conplex conprising nultiple nolecules of GCSF |inked
through a di sul $isdee Bafed Wiat censtituiesan g amount will depend upon the nature of the

(di thi opyri dy! - il BRREIERLAREEXATH BrysBhl o Uelctifin fsutddbn RRIBUREN:; abd

anot her * preferred enbodi nent of t%‘]lgﬁl nvention there1s a conple
conpri si ng 9ul t pherefagioresugh s thefagGOBFiglt anitiod SQm‘Pfdbghulum N vaxef mh 0 a.

pol yrer 1t e THEAY PR kpot o kBT cnpBes SE5nkR 016 Rl may

anal ogues of ANddrjrise|frbthl one nanogram to 10 grams of a complex in accordance with the

invention. The present invention is applicable to the treatment of any disease state
which is responsive to the administration of peptide pharmaceuticals.

15
A method for the treatment of disease is also part of the invention, which comprises
administering to a subject a therapeutically effective amount of a complex as described

-above, preferably in form of a pharmaceutical composition.

20  This invention in a further aspect relates to the use of complexes described herein for

the manufacture of medicaments, and for-the administration thereof to humans and

animals.

EXAMPLE 1: Synthesis of Multi-Lysine polymer 1 (MLP1) '

25
A multi-Lysine polymer (MLP1) of the general formula
(Gly4-Lys1-Serz-Lys],-Ala-CO_OH,‘_
was syathesized on an Applied Biosystems pcptide synthesiser. More precisely this can
be rgprcéentcd as (Gly,-Lys,-Ser,-Lys)(Gly-Lys,-Ser,-Lys)-Ala-COOH.



15 .antagonist) which are suitable for conjugation to a polynmer matri X,
nanely: N-Ac-D-Nal (2), D Phe([err]d), D Pal(3), Ser, Lys(Nc), DLys, Leu,
Lys(iPr), Pro, D-Ala-NH2 (D-Lys6ANTIDE or ANTIDE-1); N-Ac-D-Nal(2),

D- Phe(pd ), D-Pal (3), Ser, Lys, D-Lys(Nic), Leu, Lys(iPr), Pro, D Al a-NH2
(Lys5- ANTI DE or ANTIDE-2); and 20 N-Ac-D-Nal (2), D-Phe(pCl), D-Pal(3),
Ser, Lys(Nic), D Lys(Nic), Leu, Lys, Pro, D Ala-NH2 (Lys[err] ANTI DE or
ANTI DE-3). The invention al so concerns a pharnmaceutical conposition which
conprises a conplex as described previousky6together with a
pharmaceutically acceptable carrier or excipient 25 as are well known in
the art and described, for exanple, in Rem ngton's Pharmaceutical Sciences
(Mack Publ i shing,Conmpany, 10th Edition, which is incorporated herein by
reference). - T%‘é‘cc‘gvfpfﬁ‘élé iof (@b« Sor-Liys), 1L CODHCaR be iR G rofiabl et . Sl ow
rel ease dosage form elixir, gel, paste, or enterically coat edodg‘gsa'ge forn,
for exanple, or any other suitable dosage formas is well known in the art.
- 15 - Conpl exes and conposi t i. 0@ rding to this invention nay be '
adm nistereg to a human or animal syhject, optionally in association with
one or nore carriers and/or excipi enfg Mdes of adm nistration are not
critical to this invention a F i ncl arenteral (intraveneous,

i ntranuscul ar, . or intraorgan I’nj Hode—CoNMnsder mal , 5 vagi nal ,
anal, or other administration routes as are well [known in the art. In the
context of ;4he treatnent of di SHaSONH 3 t her ap ically effective anount of
a conpl ex or conpound accordi ng tad,fhis inventio fs that whi-ch provides
treatment of a particul ar_di seas;&t ate. What cofpstitutes an effective
anount wi || depend upon tFHERANHT e GINH-herel e CORINOALLeJogd, the
consul ting physician or veterinary surgeon judgenent, and _

15 | which shows the structure more precisely. If necessary the terminal amino

: -groups on
the glycine can be further chemically modified.

EXAMPLE 2: Synhesis of Multi-Lysine polymer 2 (MLP?2)

" o , . _
A @ultx Lysine polymer (MLP2) of the general formula (Gly,G-Lys,-Lys‘—Hierlu‘-
‘Lys,-Lys)-Gly;

. -Cys-COOH was synthesized on an Applied Biosystems peptide
synthesiser. More precisely the structure can be represented as follows:

Gly—L .
- Gly—
Gly—L

ys—Lys——His—Gl
Gly—L; -
. Gly—~ ' “W
Gly—Lys—1.; :

30 l ys—His—Glr—Ly
Gh ] .
%Y—Ly,.-_[, His—Ghr—Lys——Lys—Gly-Cys—COOH
Gly—Lyj ‘

| Gly—L -Lys—.!ﬁs—Glu)
35 GII R

Gly—L,
Gl




10 - other factors such as the age, weight and/or sex of the subject. By
way of exanple only, an effective amount of a conplex conposition according
to the invention may conprise fromone nanogramto 10 granms of a conplex in
accordance with the invention. The present invention is applicable to the
treatnment of any di sease state which is responsive to the adm nistration of
pepti de pharmaceuticals. 15 A nethod for the treatnment of disease is also
part of the invention, which conprises adp nistering to a subject a

t herapeutical l'y effective amount of a conpl ex as descri bed above,

preferably in formof a pharmaceutical conposition. 20 This invention in
a further aspect relates to the use of conpl exes descri bed herein for the

ranufacture ofgBRipERTIN S ARAGRR of By B R0 bPEVEOLbRy MRS,
25 A mul ti-Lysine polymner (NLPl) of the general forrrul a

hopl 1 od bi ooy e A ERT R SR S SRR e PR B lvagote
represent ed ashd benﬂy&ﬂacﬁgrgrohwa»ﬂuk(ﬁo%etﬁyacﬁabﬁwmsaBﬁCa THHdipyl- - 16
¢ epr esent o8 adIABPRE EAEE Il SR e Tebrbesil By U Folow i ChorEAp el
structure nor eufieaget sely. | f necessary the termnal ani no groups on

adipyl-hydrazido-eVB,, (= ¢VB,-CONHNHCO(CH,),CONHNH,)

This reagent was readily prepared in one step from eVB,, carboxylate by the addition
10 of EDAC to a mixture of the acid and a 20-fold excess of adipylhydrazide; ie:

20eq. adipyl hydrazide

eVB,CO,H - eVB,,CONHNHCO(CH,LCONHNH2 _
_ EDAC
15 :
EXAMPLE 4: Formation of Polymer-ANTIDE conjugates using non-cleavable

homobifunctional cross-linkers.

. Previous experiments have shown that the direct conjugation between ANTIDE-1 and

20 ANTIDE-3 and VB,, produced conjugates with greatly reduced bioactivity when
compared to ANTIDE. The close proximity of the VB,, to AN'I‘IDE using this
conjugation strategy presuxhably sterically interferes with the binding of ANTIDE to the
LHRH receptor. In order. to reduce the steric effect possibly .secn with direct
conjugation, bifunctional, non-biodegradable linkers, must be used to produce covalent

25  complexes between the two polymers and ANTIDE-1 and 3. As an example, ANTIDE-
1 or ANTIDE-3 were reacted with a 1.5 molar cxcess.of Disuccinimidy! suberate (DSS)

for 10 minutes at Room Temperate (RT). MLP1 or MLP2 was then added and the
reaction allowed to proceed overnight. Conjugated- material was purified by
chromatography on Sephadex G-25 in 10% acetic acid, followed by Reversed Phase

30 HPLC (RP-HPLC). The Polymer-Anilido-ANTIDE-1 and ANT[DE—3-conjugatcs were
formed by reaction of MLP 1 or MLP 2 with p-aminophenylacetic acid using



the glycine can be further chenically nodified. EXAVPLE 2: '
Synthesis of Multi-Lysine polynmer 2 (M.P2) 20 A multi-Lysine pol yner
(M.P2) of the general fornula [err] [err] was synthesized on an Applied

Bi osyst ens peptide synthesiser. Mdire precisely the structure can be
represented as follows: 25 30 [err] 35-18:= 17 - EXAMPLE 3:

-Production of adipyl-hydrazide derivative of [err] carboxylate The

adi pyl - hydrazi de derivative of [err] carboxylate was prepared for
conjugation to the term nal carboxyl groups of the polymer by reaction with
EDAC. The adBGRAC/MNHS. Thediolymetantide, wastin weaconiegiiteddn ANTIOS | anbANGEDEy t he

fol | ; X ;A t . . - . . _
eVEL2: OO0, (o bk P B sl oy ofHBY by HES Ehtadtiminton <, o,
from[err] cacdipagidafoolyed bheRHBLCI ON 10 of EDAC to a mi xture of the

acid-and a 20-fol d excess of. adi pyl hydrazi de; ie: 20eq. adipyl hydrazide
[err] [err] EDAC 15 EXAMPLE 4. For mati on of

E(r)loy rrelr - ﬁﬂl:lg Ir R BGORAd Bikke@Sto UR BElyRRP ANTEDERNDINREDY| deatiting | QARA-hydrazidy!-
SS-11 S. .

e"VB,, with the complex using EDAC. The reacted product was purified by RP-
HPLC. ’ '

EXAMPLE 5:  Formation of MLP-ANTIDE conjugates using thiol-cleavable cross-
10 linkers. " '

Conjugates were also prepared in which the covalent linker contained a biodegradable
disulfide bond, which would be reduced in ;'ivo, presumably by glutathione in serum.
Briefly, MLP1 or MLP2 was reacted with N-succinimidyl 3—(2-pyridyldittﬁo)propionate
15  (SPDP). The dithiopyridyl-MLP (DTP-MLP) product was purified by RP-HPLC. A
free thiol was introduced onto ANTIDE-1 by reaction with SPDP. The dithiopyridy!
group was then reduced with mercapto-ethanol and the product purified 'by'RP-HPLC.
Similarly, a free thiol was introduced into ANTIDE-3 by reaction with iminothiolane.
The thiolated product (SH-HN*ANTIDE-3) was purified by RP-HPLC. Formation of
20 the disulfide linked MLP-ANTIDE-1 and MLP-ANTIDE-2 conjugates was achieved by
reaction of the thiolated ANTIDE derivative wlith DTP-MLP in2.5% acetic acid fér 24

hours. The conjugated material was purified by Sephadex G-25 chromatography,
followed by RP-HPLC. |

25 VB,, was linked to the polymer-ANTIDE complexes by reacting adipyl-hydrazidyl-

"e"VB,, with the complex using EDAC. The reacted product was purified. by RP-
HPLC.

EXAMPLE 6: Formation of VB,,-ANTIDE-Lysyl-Polyglutamate conjugates using



Previ ous experinments have shown that the direct conjugation between

ANTI DE-1 and 20 ANTI DE-3 and [err] produced conjugates with greatly
reduced bioactivity when conpared to ANTIDE. The cl ose proximty of the
[err] to ANTIDE using this conjugation strategy presumably sterically
interferes with the binding of ANTIDE to!Phe LHRH receptor. In order to
reduce the steric effect possibly seen with direct conjugation,

bi functi onal, non-bi odegradabl e |inkers, nust be used to produce coval ent
25 conpl exes .hetween the two polyners and ANTIDE-1 and 3. As an exanpl e,
ANTI DE- 1 or Wgfclsgvablggeross-tiskgest ed with a 1.5 nol ar excess of

Di succi ni mi dyl suberate (DSS) for 10 minutes at Room Tenperate (RT). M.PI
or MLP2 was then added and the reaction allowed to proceed overnight.

Conj ugat ed naltds desirablego ncrdabd e ahipuRIVTARRL, QG PRAYIoRIEs SHPRALAK bStAR dp 10%
acetic acid, %gll&ﬁc\)ﬁﬁgé%%versed Phase 30 HPLC ( RP-HPLC). The
Pol yner - Ani | i 96-"XNTIEFNSeeMH syser.Dby dhe finkaggaele multiple copien®f thy dregideizon of

M.P | or P k. ' ' i ' - E S. The -
Pol yrrer - an 11 o mertc BicRBoto R Gt 6 ohiyep 8 ol BEIOFe By mifinlss"BaEplESs 1og
The conj ugat el figscsibedi| fogathep fomnfationl &fy s@:iR5a cVBeuaigpolmey compledo wegt i C
acid foll owed; ¢ err i pke | yrmer. ANTI DE

conpl exes by }'@égﬁﬁﬁ’%g@ét%%@PEﬁgﬂ M?SHIPQ‘FH%%#E%@E@%@I"BS?lai?gi ¥WB.EDAC.
The react ed pdeikatve vnd DTPiLlyspchopiRRnatkPIAC sclob@MploBest: is dERFBEL o (i
M_R- ANTI DE copj ugat es usi‘z!g thiol -cl eavabl e cross- 10 |inkers. Conjugates

were al so pre HoR (Pf i tha-frie-polyvner eopmplexn i rtheee nitepsnby @) bpotetinmdhd| e
di sul T deygbongotyWhettifidd AbkiFaniB a' oA Mohekyl' deRecard G TEATRNg Al Yo eld] Sl2] £7°
small amount of VB,, succinimidyl ester and a large excess of SPDP to form a
[DTP°h°xyl]‘-dCXtran-[hcxyl-VB.,], derivative (whcre X >> y) and (iii) reacting this
material with a thiolated peptide, in these cxarﬁples iminothiolated ANTiDE—I or
DLEA, to form a [Peptide-dithiohexyl],-dextran-{hexyl-VB,,], derivative (where z > ).
15-

a) Formation of DTP-Lysyl-polyglutamate

Poly-glutamate (100 mg) (MW 64,600-70,000; Sigma), was reacted with EDAC (100
mg) and NHS (5_0 mg in acetone) for 10 minutes at RT. Lysine (400 mg in 4 ml 1%
NaHCO,) was added and allowed to react overnight (O/N). The product, Lysyl-

Polyglutamate (LPG), was purified by extensive dialysis against DW, and then
lyophilised.

20

The dithiopyridyl derivative of LPG, was obtained by reacting Dithiopyridyl-propionic
acid (50 mg) with O—(N-_Suocinimidyl)—N,N.N’N'—tetramcthyluronium tetrafluoroborate
(TSTU) (100 mg) and N-Ethyldiisopropy! amine (100 mg; DIEA) in DMF for 1 hour.
The succinimidyl ester so formed was added directly to 100 mg LPG dissolved in 4 ml
2% NaHCO,. The reaction was allowed to proceed O/N after which the product (DTP-
LPG) was purified by exhaustive dialysis against DW, and lﬁcn lyophilised. -

25



Briefly, MLP 1 or MLP2 was reacted with N succini m dyl -
3(2-pyridyldithio)propionate 15 (SPDP). The dithiopyridyl-MP (DTP-M.P)
product was purified by RP-1-HPLC. A free_thiol was introduced onto

ANTI DE-1 by reaction with SPDP. The dithl’&éyri dyl group was then reduced
wi th nercapto-ethanol and the product purified by RP-HPLC. Simlarly, a
free thiol was introduced into ANTDE-3 by reaction with i mnothiolane. The
t hi ol at ed product SH- HN+ANT] DE- ) was purlfled by RP-HPLC. Formation of 20
the disul fide&i nk&deAN SN IminothigleteddAMIRGT DE- 2 conj ugat es was achi eved
by reaction of the thiolated ANTIDE derivative with DITP-NLP in 2.5% acetic
acid for 24 hours. The conjugated material was purified by Sephadex G 25
chr omat ogr ap hy\NTEDIE -6W(2Ql mig) waPdisiiled id300 ul £% DIEA¢ia DMFlcoduiningt Swag EDTA

pol ymer - ANTI DE, ¢ ng, adi dr a2| th the-
conpl ex usi ngP EB%Q) %ﬁfr E’éé’g‘dgb? %%“‘gﬁ?ﬁgf’f‘e ‘B?‘hkﬂ?a“c (#‘\’AE‘G

6. Formation GIEXBDRMPADsE0-diSothe Bateyg'108 mtpﬂ 8.9 w49 28R 4431 rBfYted fo}%o
thiol-cleavablc cross-linkers. It is desirable to i ncrease the anpunt
drug, or its &Havsybelore ppriGestion by RP-HEKEmnd Jydphilisador.er r] - t ransport

system by the linkage of nultiple copies of the drug to a 5 pol ymeric
backbone, to which is conjugated one or nore VB, 2 npol ecules. One process is

described for ¢ he flb‘eﬁm'hll@rﬂopfnuﬁmmed/ﬁnmoﬂl%gf[?m yner conpl ex using
I m not hi ol ated ANTIDE-1 or DLEA (SH HN -* ANTI DLEA) a thiolated VB, 2-

derivative and DTP-Lysyl - pol ygl utamate. A second process is described for

the formajg on QhiRedh§l*etv t t
converting the 1b gol ysg ¢c a?‘fﬁwg ?‘)%Obrh[%oj%?ﬁ%in exyl‘io(néﬁ%lga?n
(ii) reacting nhEDTRplsi AngDTT, ahich had bccn degassed under argon. Iminothiolane (20

mg in 50 ul DIEA/DMF plus SO ul Borate buffer, 100 mM pH 8.2) was added and

reacted for 60 minutes before purification by RP-HPLC and Iyophilisation.

15
d) Preparation of Iminothiolated DLEA

DLEA (10 mg) was dissolved in 300 ul 5% DIEA én DMEF containing 5 mg EDTA plus
5 mg DTT, which had been degassed under argon. Iminoﬁhiolénc (20 mg in 50 ul

20  DIEA/DMF plus 50 ul Borate buffer, 100 mM pH 8.2) was added and reacted for 60
minutes before purification by RP-HPLC and Iyophilisation.

e) Formation of VB,,-ANTIDE-Lysyl-Polyglutamate.

25  DTP-LPG was dissolved at 20 mg/m! in DW. Iminothiolated-aminoethyl-VB,, was
dissolved at 5 mélml in DW and added to the DTP-LPG (1:20 w/w) and allowed to
react for 20 min at RT before the addition of iminothiolated-ANTIDE-1 (50 mg/ml in
DW) dropwise with stirring. The reaction mixture was kept at pH 6.5-7.0 by the
addition of Tris. HCL pH 7.0 and NaAcetate, pH 5.5. The reaction proceeded overnight



smal-l anount of [err] succininidyl ester and a | arge. excess of SPDP to form
a [ DTP- hexyl ], -dextran-[ hexyl-VB,[err]] derivative (where x > > y) and
(iii) reacting this material with a thiolatgd peptide, in these exanples

I m not hi ol ated ANTIDE-1 or DLEA, to forma ) :

[ Pepti de-dithi ohexyl], -dextran-[hexyl-VB, 2] derivative (where z >vy). 15 -
a) Formati on of DTP-Lysyl -pol ygl utdmate Pol y-glutamate ([00 ng) (MW

64, 600- 70, 000; afBprgwigich ¢ o ' , 100 r and _NHS (50 ng in
acetone) for lagglienut Sh\g[i RT. %ﬁg?%%ig@%&i‘ﬁgﬁh lygphylised. The¢ eomposivasn

dded and al | oRedePEOFUCE s determinghby 4iBle)acidT; |- .
added and allo t ngghby 4ln)acid mg&%ig%und-)’oséﬁn{aub\l/v: Sy,

Pol ygl ut amat e ANREDE-Y\& I.fd,ed by extensive I S agal ns
t hen |yophilised. Thell\,gf['tyﬁildépftjﬁ'la?F%dgf roughly 25 & by m@ighva'sNDIIRI ned by

reacting Dithiopyridyl-propionic 25 acid (50 ng) with
O (N-Succi gi m gyl )-J}I NN N -tetramethyluroniumtetrafluoroborate (TSTU) (100
mg) and N-Et hyldii so?ﬂ’lﬁ'ﬁ’ﬂ‘ %h ¥BdLEWLysyt;Polgfufmdte) DMF for | hour. The

succi nim dyl ester so forned was added directly to 100 ng LPG di ssolved in
4 mM 2% |[err] E%)reaction was allowed to proceed ON after which the

Piosc, Lo EB) i amasint oy o Bl

| yophi I i sed. disst - Preparation of lmn

[ (20 my) was (ﬁsglso vaéd"bﬁ)"ﬁ/'@dﬂ% awh Tded\ to itheDDFPEOPG (1 120N9/vD) 4 FHITRq Igus

5 mg DTT, "whi akadidfor RoanindRGes er.arqgon. . l.m not hi ol ane (20 ng 1 n 50

ul 5 O D(l\)gw s 50 ul_ Borgtgg s A ‘0%0‘0‘ ininerhiolated-DIEA-4 (6@ dnglndl in

reacted for 6 BYISBewith etigringi fThe arehdtidonPixRRe #Sckélﬂdat' Rk L sati on.

c) Pr epar atah@ﬁioﬁfo#['ﬁs’}?ébi ﬁl7a6 ed_am noet hyl -[err -2-1.U by the
. PH 7.0 and NaAcetate, pH 5.5. The reaction proceeded overnight

after Whlch the product was purified by dialysis and then lyophilised. The éomposition
of the product was determined by amino acid analysis and found to contain 1:3:16
DLEA-1 : Lysine - Glutamate, or roughly 28 % by weight DLEA.

15 |

8 Formation of poly(aminohexyl)-dextran

A solution of 2 g of dextran (Dextran T70, MW 70,000, Pharmacia) in 20 m] of
distille.d water was stirred at room temperature and a solution of sod |
(2.t.l 8) in water (25 ml) was added. The reaction mixture was stirred for 4 h and excess
pt:_rlodatc was removed by addition of 500 ¢l of glycerol. The reaction mixture was
dialyzed for 24 hat 4° C against 2 x 5 1 of MilliQ-filtered water. The retentate was
lyophilised to give 1.8, g of oxidised dextran as a white powder. A safnple of this

20 ium periodate

material (250 mg) was taken up with gentle heating in 10 ml of acetate buffer (200
mM.. PH 5). 1,6-diaminohexane (5 mli of 100 mg/ml, pH 7 solution) was added and the
* solution was stirred for 3h at room temperature. Sodium cyanoborohydride (2 x 100
mg) was.added the reaction mixture was left for 1 h. Finally sodium borohydride (100
mg) was added. After a total reaction time of 5 h the solution was transferred to

dialysis tubing and dialysed at 4° C against 2 x 2 [ of MilliQ-fi

25

Itered water the retentate



10+ Am noethyl"e"VB[err] (20 ng) was dissolved in 300 ul 5% D EA in DV
containing 5 ng EDTA plus 5 ng DTT, which had been degassed under argon..
| m not hiolane (20 ng in 50 ul DI EAIDMF plus 50 ul Borate buffer, 100 nM pH
8.2) was added and reacted for 60 m nutes,before purification by RP-HPLC
and lyophilisation. 15 d) Preparation of | m nothiolated DLEA DLEA (10
ng) was dissolved in 300 ul 5% DI EA in DMF containing 5 ng EDTA plus 5 ng
'DTT, which had been degassed under argon. Imnothiolane (20 ng in 50 ul 20

DI EA/ DVF pl Usy3Qydtnil . er 0 8.2) was added and reacted for
60 m nutes bef oré$pﬁ%g§?é:giv?gﬁaw ?&%A“E’ NGB sation. e)
Formati on of VB[err]-ANTIDE-Lysyl-Pol ygl utamal e. 25 DTP-LPG was

di ssol ved at /é«? n%ﬁrp in DW | m nothi ol at ed-am noet hyl - VB[ err] was
di ssol ved at "r'ﬁﬁ o sericnt 98 dhe produchby TINBS 12BBy (22 v 14¥h\a)niad Soraddoved

to react for (20 ¢ T - h dditign of iminothiolated- ANTI DE-1
(50 mg/m _in (D\A;%]df?‘gﬁ*v&’ Ehifle b ot 3F Fﬁﬁ?scil'r@"?lb%ocfﬁsﬁ?f‘dﬁil&?W%’“W&E?Ik85‘0’ at
pH 6. 5- 7.9 byfrectasmine graups perofolknérschiial. pH 7.0 and NaAcetate, pH 5.5. The
reacti on proceeded overni ght - 21 - after which the product was purified
by dialysis and then |yophilised. The conposition of the product was

det er mi ned DbYf @& grocedGictdesd ey Si ' - 5:.21, _ANTI DE- 1:
Lysine : dut anatpg, _or roughl ggggve%yé@%?ghl{s&&lc\ﬁgégh%&“a?’?z g of W&t i on

of [err] - DLERCTI)dast it yajtiaktexidation sEF BrelaRGnerecntatit 26 eVl ptodd& Wiy $dopi N DW
| m not hi-ol at ed-am noethyl -[err] was dissolved at 5 ng/m in DWand added to
the DTP-LPG (1:20 ww and allowed to react for 20 mn at RT before the

addi ti onl®f ilfriheoprotetupd @dclilledAbdvd Ras Mpesttd ifing 125 mg of oxidised dextran and

4 ml of 100 mg/ml 1,6-diaminohexane solution in the second step the amine content of
the final product was 24%. |

If the procedure described above was repeated only using sodium borohydride in the
15 second step the amine content of the final product- was 11%.

R)  Formation of [DTP-hexyl);-dextran-[hexyl-NHCO-VB,,],

Prepl: A sample of poly(aminohexyl)-dextran (50 mg, 14% amine content) was
20 taken up in 3 ml of borate buffer (100 mmol, pH 8) and dioxane (1 mi).
The solution was stirred at room temperature and a sample of the N-
hydroxysuccinimidyl ester of éVB,,carboxylate (0.5 mg) in water
(100 pf) was added. After fifteen minutes a solutian of SPDP (9 mg) in
. 100 ul of dioxane was added. The reaction mixture was stirred for 60
25 minutes at room temperaturc and unreacted SPDP was destroyed by the’
addition of 200 ul of IM ethylenediamine solution. The modified
polymer was scparated from other reagents by size-exclusion
chromatography on G-25 Sephadex, cluting with 5% acetic acid. The

product fractions werc combined and lyophilised to give 42 mg of



10 DW dropwise with stirring. The reaction m xture was kept at pH
6.5-7.0 by the addition of Tris.HCL pH 7.0 and NaAcetate, pH 5.5. The -
reaction proceeded .overnight after which the product was purified by

di al ysis and then |yophilised. The conposition of the product was _
determined by amino acid analysis and f-a3nd to contain 1: 3: 16, DLEA-1:
Lysine: G utamate, or roughly 28 % by wei ght DLEA. 15 Q) For mati on of
pol y(am nohexyl )-dextran A solution of 2 g of dextran (Dextran T70, MW
70,000, Pharmacia) in 20 M of distilled water was stirred at room
tenperature and a sol u¥VBIDTH-nBailicd deifhniddglak @itk powderd g) in water (25
m ) was added. The reaction mxture was stirred for 4 h and excess

peri odate was renoved by addition of 500 ul of glycerol. The reaction

m xture was @j zed far 203 of ' iltered
wat er. The rg%‘?n%/'ate wg‘spl&gtcx)‘gkﬁqré% t'g 8‘."3’2&’ T&s&“g ‘}O?"C}‘),(I oér_gd’ea%éﬂ‘}gan as
a white powder. A sanppely@mindhiesyl)ritxtnan (20 @32 Fghingeenterak svhichoway hfergent | e
heating ih 10 mM of acet at uffer (200 H 5) .4 &,.65di am nohexane
(5 m of 100 mg/m pH“B?%gFﬂtqff&#)“"&A&Bﬁﬂélmﬂeg’é&%t% 10¥age {100 o
for 3h at room tenper aui)l The SeldiioHTwey itk ebuth térhierdtdreXand OSPDB)(2Wag_sadded
the reaction mxture was_left for 1 h.:Finally sodi um borohydride (100 np)
was added. After a tot 88)r #ack00om! t ofvelioxanes was 1pddeso| dten H0raminutesngticer r ed

water the retentate " BSRG-Rni fud el ety (G 0 e ¥k o7 <0

pol y(am nohexyl ) - dext r ag) id\matey {160 g} waheddediinewe aliquort Thé r¢abdop tridmed by
TNBS ass gave a 14% amine contepnt .(= % nol es of am ne per | e_of
gl ucose) ﬁywhi ch corr esﬁv(?ﬁa'é"?‘g%égﬁ W’@W@W@Waﬂdf“‘é@c‘g%ﬁsﬁﬁ‘ﬁﬁps

per pol ynmer chain. was destroyed by the addition of a few drops of ethylenediamine

solution. The modified polymer was separated from other reagents by

size-exclusion chromatography on G-25 Sephadex, eluting \;vith 5%

acetic acid. The product fractions were combined and lyophiliéed to give
15 ' 13 mg of VB,/DTP-modified dextran as a dark red powder.

i) Formation of [Antidel-dithiohexyl], dextran-[hexyl-VB,,],

A solution of the [DTP-hexyl],-dextran-{hexyl-NHCO-VB,,], polymer (Prep 1, 15 mg)
was taken up in 200 mM/pH 4 acetate buffer (3 ml). A crystal of Na,EDTA was added
and the solution was deoxygenated with acgon. A solution of 5 mg of iminothiolated
ANTIDE-1 in water (100 gl) was added and the reaction mixture was stirred for
30 minutes. A further 2 x 10 mg of thiolated peptide in water (100 pl) were added and

20

the solution was stirred for 16 h at room temperature. The peptide-conjugated polymer

" was separated from other reagents by size-exclusion chromé_tography on G-25 Sephadex,

25  eluting with 5% acetic acid. The product fractions were combined and lyophilised to
give 19.5 mg of VB, /DTP-modified dextran as a faint pink powder. The peptide - .

content of the polymcr was found by amino acid analysis to be 20% by weight, and

the VB, content was found by U.V. analysis and by intrinsic factor binding assay to be
1% by weight.



If the procedure described above was repeated using | g of dextran and 2 g
of sodiumperiodate'in the initial oxidation step the am ne content of the
final product was 32% 10 I f the procedure described above was repeated
using 125 ng of oxidised dextran and 4 m 034 100 ng/m 1, 6-di am nohexane
solution in the second step the am ne content of the final product was 24%
I f the procedure descri bed above was repeated only using sodi um borohydri de
in the 15 second step the am ne content of the final product was 11% h)
Formation of [ DYfp- he¥ghdariof Zb@éabb%xbym@rbﬁfmdxymf,gp L A sanpl e
of pol y(am nohexyl)-dextran (50 14% am ne conte

ny, nt) was 20
taken up in 3 i sutipgofitee Ti’ehcxllLB@xmm,cxﬂNl'ﬁoé#&tlmmép(cp 1P .mghhe
sol ution was sti t ure_and of
hydr oxysucci ni rri“yci’é Iqﬂ(ecg't ug 9‘8@0{ ﬁ@f’@gﬁ B%%}F aq’t“ggi el 4}@) 2legf S\%gfy PNAERIEA yas
was added. Afterddedf aedrtherisolution wasSdedkypeated! wthDitgoR. WY )solution @8 S| m@fof
di oxane was added. Th jon mxture was stirre or 60 25 .
m nutes at r%om'?‘@ﬁ&é’%g?};ﬂ}uﬂ‘ YfﬁF‘e(éQ& &l V@Bﬂ'd?é’é%dg%fcﬁgy’é‘d“'ﬁ?‘? Was stirred
addi tion of 200 fod 3@iidulds. AtaRh@3GHE am_hﬂﬁa:&i)béﬁiuemwItBﬂlO@Fi)fvlaeddm'aX .
was separated from_other reagents by size-exclusion chromatography on 25

Sephadex, el uti f8lutiPR Wassiceeddor £6 hel omMbmperruc Jhefpeptideiconjvgaed polymabwasd

and | yophilised j . : - .1 ] [ DT P- ified t S a

pal e pink pomders.gﬁgg%?rf:ﬂgom %’E 5%‘1%%%%?%3{@23@ §/n aggg‘gh toﬂt(g'gg\gcgﬂaﬁér r]

was prepar ed usichgingokig{ 5% wetie wyitl) Thieptodadt fratfionswerk2Umbiticd and Oyuphilisdd to

whi ch was taken up Ln | deof icarpbonate buffer (100 mmpl, pH 9.5) and

di oxane ( 10 | give 5 mg of VB,/DTP-modified dcxtr;n as pink powder. The peptide content was
found to be 14% by weight by amino acid analysis, and the VB,, content was found to

be 2% by U.V. analysis and by intrinsic factor binding assay.



ul). The solution was stirred at roomtenperature and SPDP (2 x 3.5 ng) in
100 ul of dioxane was added. After 60 m nutes the N-hydroxysuccini m dyl
ester of [err]carboxylate (1 x 0.8 ng, 1 x 1.6. ng) in water (100 ul) was
added in tw aliquots. The reaction m xture 10 was stirred
for 60 minutes at roomtenperature and uR?eacted NHS-ester was destroyed by
the addition of a few drops of ethyl enedi am ne solution. The nodified
pol ymer was separated from other reagents by size-exclusion chronatography
on G 25 Sephadex, eluting with 5% acetic acid. The product fractions were
conbi ned and TYBEHiARMSEd to give 15 13 ngy of
VB[ err]/ DTP- npdi fi tran as a dark,.red,_powder. i) For mati on of
[ Anti del -dit ﬁohex&;/?‘f’s&)é’é;&‘?%-ﬁﬁ&?w@{(@w I,a A sol ution of the
[ DTP- hexyl ] - dextran- [ hexyl - NHCO- @B en)} P-p@QyreA)(Prep 1, 15 ng) was taken
up in 200 MM pH 4 acetate buffer (3.m ). A crystal  of ,Na*?rr EDTA was added
20 and the sol ut¥ieiaY igasasyige Muduwillpind to pgurl Intreys faclas(IRselecieq of
i m not hi okat ed ANTdE- 00 added and the reaction.
m xture wgs sti rredchIQF(;’?1 30 ﬂ\rﬁ?hﬁé%gﬂﬁ%u%%?ﬁ@f 2 x 10 ng of thiolated
peptide in water (rfiB0hemplansutatiaddedatnaf Y ivethe chmplexnandais agtuimbee frofrot 016 h
at room tenperature.  The peptide-conjugated pol yner was separated from
ot her reagents by Qa0 usi on chr omat ography on G 25 Sephadex, 25
el uting with 5% acply £ pRrindecutibfl moeébm%gdm&&ons were combi ned and
| yophilised to give 19.5 ng of Vé[err]/D -nodi fied dextran as a faint pink
powder. The pepti dé igaphamnacefticalbeagtive guhstanggis f ound by anino acid anal ysis
to be 20%nby wei ght, .. and 2L ] t ent f Hﬂ)‘ﬂexb MY V.S nd
by intri I’@Ib c fact o{n ‘5?’%&&@?5&"?@‘5’1‘?@%@ %’7%\ \é@a‘\feé&g t. ,3511('1’_.5 2’23&}[}@4r ig%ac'a

than 1.0 to about 1000; '

Q and Q’ are independently a covalent bond, or a spacer compound linking V,
P and A by covalent bonds.

15 2. The complex according to claim 1, wherein at least one of Q and Q' is a spacer
compound which contains a biodegradable portion.

3. The complex according to claim 2 wherein said biodegradable portion is selected
from a disulfide bond, ester linkage, y-glutamyl-e-lysine linkage, or a diazo

20 bond. -’
4. The complex according to claim 1, wherein n is from 1.0 to about 1.2 and m

is from 2 to about 200.

25 5. The complex according to claim 1, wherein n is from 1.0 to about 1.2, and m
is from 10 to 100:

6. A complex according to claim l. whcrpin said P is a biodegradable polymer.

mamn



"Formation of [DLEA-diihiohexyl], dextran-[hexyl-VB[err] A solution
of the [ DTP- hexyl | . - dextran- [hexy[NHCOVB[err]], polymer (Prep 2, 10 ng)
was ‘'t aken up in 200 nmM pH 4 acetate buffer (2.5 m), a crystal of

Na[ err] EDTA was added and the sol uti on was deoxygenated with argon. A
solution of 5 ng of 5 I m not hiolated DLEA in water (100 ul) was added and
the reaction mxture was stirred for 30 mnutes. A further 5 ng of .

thi ol ated peptide in water (100 ul) was a#ed and the solution was stirred
for 16 h at roomtenperature. The peptide-conjugated pol ymer was separated
from ot her reagents by size-exclusion chromatography on G 25 Sephadex,
eluting with %ac;\tlc acid. The product fractions were conbi ned and

| yophilised to 10 ** Qmplexsiceqrding (wefaim Gwipa nnmbiquaradeuc pely\maSlsl@bla&cd

powder. The peptid 0 be 14% am no acl
analysis, and the @%ﬁ‘?ﬂc‘%on@%?’%a%#‘?‘gwﬁﬁ‘%QP‘JHB“‘z@ wo gg‘ﬁ!“?s’licmand by
intrinsic factor binding assay. - 25 - THE CLAIMS: |. A conpl ex
having the gegleral formula (v - Qferr]- P- (Q - A. vvhereln Vis a
carrier which® wil | AtfofPlexacaendingato dlaitn 1 whitweicf said poly(ricFjs sa}i-laod@ghdﬁb[c
fromvitasin Blerr] or an anal ogue thereof; n is the nolar substitution
ratio of Vin the conplex, and is a nunber from1l.0 to about 10; Pis a

phar maceuti caldy aédlﬂmmdﬁd ﬁnc@ﬂiuYgTRf élaith BSN@r&ﬁ'Qitﬂﬁf&i-&b&@Hdel@ﬁ;BLyﬁ%c[ has

substance; 10 {Brés the nol ar substitution ratio of
conpl ex, and is a hh 'ﬁi‘%@blqmdml@ foocamsleat [inkapg; (o an active substance.

0. A complex according to claim | wherein said polymer is selected from: the-

10 polysaccharides comptising dcxlmﬁ inulin, cellulose, starch and decivatives
thereof: chondrouan sulfate, poly[N-(Z—hydroxypropyl)-mcthactylanudc] and
decivatives thcrcof styrene-maleic anhydndc copolymer; divinyléther-maleic
anhydcide copolymer; polylysine, poly(glutamic acid), poly(hydroxypropyl
glummmc) poly(lactic acid); - water-soluble polyurethancs formed by covalent
5 lmkagc of PEG with lysine: or other amino acids; and braqched chain -

POIchpudes
Il. A-polymer according to claim 10 wherein said polymer is a branched chain
Polypeptide optionally modified to provide multiple functional groups fot

20 coupling of an active substance.

2. A complex according to claim [1 whérein said polymer has the sequence:

(R 1e-Lys,-R4-Lys R Lys, R%-Lys),-R-COOH

wheee n is from 1 to 17, R! is any sequence of from 1 to [0 amino acids, Rz
25 R}, RS, 'and R’ are cach independently any scqucncc of from 0to 6 amino acids,
Providing that not all of R?, R?, RY, and RS are a sequence of 0 amino acids, and

where the polymer may (crminale at any position within the brackets.

3. A complex according to claim {2 whcrcih said polymer has (he scquence of

iy



"Q and Q are independently a coval ent bond, or a spacer conpound |inking'V,

P and A by coval ent bonds. 15 2. The conpl ex according to claim1,
wherein at | east one of .Qand Q is a spacer conmpound which contains a

bi odegradabl e portion. 3. The conpl ex according to claim2 wherein said
bi odegradabl e portion is selected froma2disul fide bond, ester I|inkage,
-glutanyl -e-1ysine |inkage, or a diazo 20 bond. 4. The conpl ex
according to claiml1l, wherein nis from1.0 to about 1.2 and mis from2 to
about 200. 25 5. The conpl ex according to claim1, wherein n is from
1.0 to about 1.2, 1061 _Sed 1 QN Q. 0; 6. A compl ex according to
claiml wherein szgi@ ‘F?qség%‘f‘é‘?gyai‘g?a ng{lg'e pol yner. 26 - 7. A conpl ex

according to claim6 wherein said biodegradabl e polyner is selected froma
bi odegr adabl e ,car bohydr at e pol yner or .a | ymer. of . am no aci ds, 8. A
conpl ex accoﬁéi ng 4 08“’2‘?’%1“&%%%& &9 Flamy gf d%tfeyrﬂﬂrsafﬁ pﬂ@'m%ﬁggetg?_asﬁ%‘f@c 5.9
A conpl ex accor di neiy,Q LS8, -SisdRLELEs, IF5HPGRQICRIcYew. adabl e Pol yner has

attached bi odegradabl'e Si'de chains tor "coval ent 'l i nkage to an active

subst ances 10. A compl ex according to claim 1 wherein said polyner is
sel ected fI‘OI’EI tle, 10

Q ysaccharigdes, conprj.§i t | | n,
cel | ul ose, stidrch AnPHYFX \ﬂ'ff?'g% ?%é:faélgf ?&cﬁg‘?{a org?lgn&g&ﬂl?gt‘é%ly h@ib'
pol y[ N- (2- hydr.oxy piyaeddypréfshiaehadrpaingte]. and derivatives thereof;
styrene-mal ei ¢ anhydri Je copol yrmer; divinyl ether-mal eic anhydride

copol yner; polylysine, poly(glutamc acid), poly(hydroxypropyl

16. A complex according to claim 1 wherein said spacer compound Q or Q’
- 10 compris;:s optionally substituted saturated or unsaturated, branched or linear, C,.
so alkylene, cycloalkylene or aromatic group, optionally with one or more
carbons - within the chain being 'r,eplac_ed with N, O or S, and wherein the
optional substituents are Isclected from carbonyl, carboxy, hydroxy, amino and
other groups.
15

17. A complex according to claim 16 wherein said spacer compound is derived
from disuccinimidyl suberate (DSS), bis(sulfosuccinimidyl) suberate (BSS),
ethylene glycolbis(succinimidylsuccinate) (EGS), ethylene
glycolbis(sulfosuccinimidylsuccinate) (sulfo-EGS), p-aminophenylacetic acjd,

20 dithiobis(succinimidylpropionate) (DSP), 3,3- diothibis(sulfosuccinimidyl
tartarate (sulfo-DST), bis[(?.—suocini_midooxycarbonyloxy)—ethylcnejsulfone
(BSOCOES), bis[2-(sulfosuccinimidooxycarbonyloxy)-ethylene]sulfone (sulfo-
BSOCOES), bis-(sdlfosuccinimidooxycarbonyloxy)_-ethylcne]sulfone (sulfo-
BSOCOES), dimethyl adipimidate.2HC1 (DMAA), dimethyl

25 pimelimidate. HC1 (DMP and dimethyl suberimidate.2HC1 (DMS).

18. A complex according to claim 16 wherein said spacer compound is thio-

cleavable.

L



~‘glutamine); poly(lactic acid); water-soluble polyurethanes formed by

coval ent 15 |l i nkage of PEGwith |lysine or other anmino acids; and
branched chai n pol ypeptides. '11. A polynmer according to claim 10 wherein
said polyner is a branched chain pol ypeptidg .optionally nodified to provide
mul tiple functional groups for 20 coupling of an active substance.
12 A conpl ex according to claim 11 wherein.said polynmer has the .
sequence: [err] [err] Wheren is froml| to 17, Rt is any sequence of from

| to 10 ami no @ci dsa chelpidx a%?o?driwo clai[negi LvndRh ER4 gllsio ?agslﬁ%r}sg%cctrﬁ% ¢ ot

I ndependent |y any sequence o 0O to 6 amno acl
all of [err] and [ eferivedfrona Asegtinimidyb3-(D-paridytditkio)pdepiomael (SHDP)Y t he
pol ymer may term nate &’hﬁny position within the brackets. 13. _ A conplex
according to clai m'yn atiey, swEgsycqiaimdid16- 32 -pypidyidithi)rprepighamido)- o7 .
[err] 14. A conpl [ X i i Al 2r has the
sequence [err] 5 15&36%%%%%?&6ggcﬁﬁﬁgﬂr%&fwgi[%{i%ﬂeﬁgirﬁl n said
. pol yner i s5 pol y[ N 2¢r@pionyuiido} hexaouic)(LCESPREY, \sutfosutelnimii l-6-[o-fnetioy i€
according to claiml .ei.n said, cer conpoun 0 10, . .
conpri ses optional IBY %&&‘@WE@%&B%?%‘%&“&WS&%M&-ﬁfﬂlgn’(,@e‘d or
linear, [err] [err]paididi ; / | gL Y
wi th one or nore ca?’godr% l\?\?@ gfuﬁﬁi{éh&e}ﬂ@%Fﬁﬁﬁ%ﬁgﬁfgmgﬁgﬂﬁﬁwl-&% or g
and wherein the c-methyl-o-(2-pyridyldithio)toluene (SMPT) and dimethyl-

3,3"dithiobispropionimidate.2HC1 (DTBP).

10
20. A complex according to claim 1 wherein said active substance A.is a
biologically active polypeptide or a part thereof.
21. A complex according to claim 20 wherein said polypeptide is a hormone, growth
15 factor, interleukin.
22. A complex according to claim 20 wherein said polypeptide is selected from
LHRH or interferon or a part thereof or an analogue thereof.
20
23. A complex according to claim 22 wherein said LHRH analogue is histrellin, or
an analogue of histrellin.
24. A complex according to claim 22 wherein said LHRH analogue is D-Lys,-
25 LHRH. - | |

25. A complex according to claim 22 wherein said LHRH analogue is D-Lysg-
LHRH-ethylamide. |

LS



optional substituents are selected from carbonyl, carboxy, hydroxy, am no
and ot her groups. 15 17. A conpl ex according to claim 16 wherein said
spacer conpound is derived from di succinimdyl suberate (DSS),

bi s(sul fosucci ni m dyl) suberate (BSS), ethylene

gl ycol bi s(succi ni m dyl succi nate) (EGS), eth%ﬂ ene

gl ycol bi s(sul fosucci ni m dyl succi nate) (sul fo-EGS), p-am nophenyl acetic
acid, 20 di t hi obi s(succi ni mi dyl propi onate) (DSP),

-3, 3-" di ot hi bi s(ggl foiucco%i gi m dgl .tartarate (sulfo-DST _

bi s[ (2- sucei ni m dooxycar BoryIGRnede iaim 7] vhergip suid( pguc is ANTIDE or
bi s[ 2- (sul f osucci ni madaadyERIFANT®L) - €t hyl enel sul fone (sul fo- BSOCCES),
bi s- (sul f osucci ni m dooxycar.bonyl oxy) - et hyl enel sul fone (sul fo- BSOCOES),
di net hyl adi pi mi date. 2HCI (DVAA), dinethyl 25 pi mel i m dat e. HC1

(DVP and di net hgf suheg i m e. 2HCl (SMS 18. . A._caonpl.ex according to
claim 16 wherein sa?kdédsngg%g%ccg o ‘“f‘%?‘q H‘?’G‘-c“bfaé‘g\% @E fnalogue ‘328-[483;9.
A conpl ex acdcordi ng ANTD&E m 18 wherein said thiol-cleavabl e spacer is

derived from N succini mdyl -3-(2-pyridyl dithio)propi onate (SPDP),
I m not hi ol ane, sul fosucci ni m dyl -6-[3-(2-pyridyl dithio)-propi onam do] -

hexanoat e (sul f 28LC- APE¥pless YEdthdl ~0-J3-(2-pyri.dyl dithio)- 5
propi onami do] hexanoat e g_cc S%%lglhénslgﬁaggu%%rvﬁlgﬁﬂ%fﬁ'gé Jghﬁr%taﬁa)’?g“&-‘éz‘d’sr
pyri dyl di t hio)-tol uafMNdPEnexanoat e (sul fo-LGSMPT), 1,4-di[3 -(2"-

pyridyl di t hi o) pri opi onam do] - but ane (DPDPB), 4-succinim dyl-oxycarbonyl -

10 29. A.comp[cx according to claim I wherein said VB,, carrier is selected from

cyanocobalamin, aquocobalamin, adenosylcobalamin, methylcobalamin,
hydroxycobalamin, cyandcoba‘lamin carbanalide, S—medioxylbenzylcobalamiﬁ,
and the desdimethyl, monoethylamide and methylamide analogues of all of the
preceding analogues, as well as éognzymc B12, 5°-deoxyadenosylcobalamin,
15 chlorocobalamin, sulfitocobalamin, nitrocobalamin, thiocyanatocobalamin, 5,6-
dichlorobenzimadazole, 5-hydroxybenzimidazole, trimethylbenzimidazole,
adenosylcyanocobalamin, cobalau[inlactonc. cobalamin factam and the analide;
ethylamide, propionamide; monocarboxylica and dicarboxylic acid derivatives
of VB, or its analogues; or alkyl cobalamias in which the alkyl chain is linked |

20 -to the carrier nucleus by a direct CoC covalent bond.

30. A complex according to claim 1 wherein the carxier is a vitamin B,;, analogue

in which the Co is replaced by Ni or Zn.
25 31. A complex according to claim 29 whc_rcin the carrier is a vitamin B,, analogue
in which the corrin ring is substituted with a substituent which does not effect
binding to intrinsic factor. .-

32. A process for the production of a whplcx having the general formula

* [+ L L] S *



é-'mgt hyl - a- (2- pyri dyl di t hi 0) t ol uene (SMPT) and di net hyl -
3, 3' di t hi obi spropi oni m date. 2HCI (DTBP). 10 20. A conpl ex according to
claim 1 wherein said active substance A is a biologically active

pol ypeptide or a part thereof. 21. A gr[pl ex according to claim 20
wherein said pol ypeptide is a hornone, é owt h 15 factor,

I nterl eukin. 22. A conpl ex according to claim20 wherein said pol ypeptide
is selected fromLHRH or interferon or a part thereof or an anal ogue

t hereof. 20 23. A co&pl eé ac or?}ang kgf claim 22 wherein said LHRH

anal ogue is histrellin 6’r_bn_ nalregoe” histrellin. 24. A conpl ex
according to clai wheinWekgi P, oai d, laHRd AnalcoguéefiredinlolsiGr 125id process
LHRH. 25. ‘A conpl ex according to-claim22 wherein said LHRH anal ogue is
D-Lys6- LHRH et hy$cieekediefrom: - 29 - 26. A conpl ex -according to claim 22
whercin said LHRH anal Q

ue, i s I or .an :
conpl ex accordi nga)t 0" et g’lgrﬁ‘ ﬁ’élhmr‘ggﬁ aq gﬁgn%%h%%lg%lg{(bﬁgh%ﬂé&ag %9‘?\5
ANTI DE. 28. A carrih@¥medife toihpex Wahcvai m 26 wherei n sai d ANTI DE anal ogue
is [err] ANTIDE. 10 29. A conpl ex accor dwg to cllai md'thWhet{ ein said
VB12 carrier is sB) e&gtng Vowith P to form an intcrmedidte complcex anc thcrealier reacting

the intermediate complex with A;

c) the process of step 'a) or b) wherein one or more of V, P or A are modified

to provide at least one functional group capable of forming a chemical linkage
10 prior to coupling with the other reactants; or

d) reactidg one or two V, P or A with Q andfor Q' prior to coupling with the
other reactants. |

33. A process according fo claim 32 wherein Q and/or Q' comprises an optionally

15 substituted saturated or unsaturated, branched or linear, C_‘__s., zilkylenc,

- cycloalkylene or aromatic group, optionally with one or more catbons within the
chain being replaced with N, O or S, and wherein the optional substituents are
selected from carbonyl, carboxy, hydroxy, amino and other groups.

20 34, A process according to claim 32 wherein Q" is a cleavable cross-linking agent

containing a disuifide bond.

35. A process according to claim 32 wherein the cross-linking agents are selected

from disuccinimidyl suberate (DSS), bis(sulfosuccinimidyl) suberate (BSS),

25 cthylene glycolbis(succinimidylsuccinatc) (EGS), ecthylenc
glycolbis(sulfosuccinimidylsuccinate) (Sulfo-EGS), p-amino-phenylacetic acid,
dithiobis(succinimidylpropionate) (DsP), 3.,3°'-
ﬁithiobis(sulfosuociqimidylpropionaic) (DTSSP), disuccinimidyl tartaratc (DST),

disulfosuccinimidy! tartarate (Sulfo-DST), bis{2-(succinimidyloxycarbonyloxy)-

* [+ L L] S *



cyanocobal am n, aquocobal ani n, adenosyl cobal ani n, net hyl cobal am n,

hydy oxycobal am n, cyanocobal am n car banal i de, 5-net hoxyl benzyl cobal am n,
and t he desdi net hyl, nonoet hyl am de and net hyl am de anal ogues of all of the
precedi ng anal ogues, as well as coenzyne Bl2, S -deoxyadenosyl cobalam n, 15
chl orocobal ami n sul fitocobal am n, nitrocobal am n, thiocyanatocobal am n 5, 6-
di chl or obenzi nadazol e, 5-hydroxybenzi m dazol e, trimnmethyl benzi m dazole.
adenosyl cyanocobal am n, cobal am nl act one, cobalam n | actam and the anali de;
et hyl am de, propi orai&e: C ika an | carboxvyli.c acid, derijvatives
of [err] or its anal ?ﬁg&ﬂ%ﬂ@a?%p@é’ 1a§1’sﬂzs'gs|u?1 A clcé%"}"ﬁ"é’xéfﬂ(yf’“lé'lﬁ’éb’% i s
li nked 20 cdilanclsuionc €3ulfeBSGOOESY dinttitiyeChdipfidnenaliant (pid, 30-
A conpl ex accordi NG:h& cII ai nb.l. erein the carrier is a vitamn B{Z '
anal ogue in which thHecEY puelis a&cégél PME). dimethyl spberimigiate. 2HQ daMS) e x
according to claim?29 wherein the carrier is a vitamn [err] -anal ogue in
whi ch the corrin ring is substituted with a substituent which does not
effect birdind®to inPracessiascardior ¢o clali® 32 whérefir s spackois seleste@fagyCt i on of a

wncrein V- QP oY e S ey hotera BB ocess
sel ected from a) c&atmiergg(célblsi(iuhcilﬁ;ﬂi&&lilﬂiﬁ?st@ﬁ(lidﬁ)%fﬁg@ngye conpl ex, and

thereafter reacti ng 5 . the internediate conpléx with V, b) reacting
Vwith P to form aBUCAbs(safosuscininidyipicsioateh (SuifodE@GSY, tpeamine phenylgcekidcid,

I nter nedi ate conpl ﬁﬁhbes&u&iuimidylpropidnatc) (DSP),
10

3.3'-dithiobis(sulfosuccinimidylpmpionatc) (DTSSP), disuccinimidyl tartarate
(DST), disulfosuccinimidyl-tartarate (Sulfo-DST), bis[2-
(succinimidyloxycarbonyloxy)-chIcnc]suifonc (BSOCOES), bis[2-
(sulfosuccinimidooxycarbonyIOXy)-ethylenc]—sulfonc (Sulfo-BSOCOES),

' dimethyl-adipimidate.ZHCl (DMA), dimethyl pimelimidate.2HCI (DMP),

15 dimethyl suberimidate.2HCI (DMS).

37. A process according to claim 32 wherein said spacer is selected from N-
succinimic_lyl 3-(2-pyridyldithio)propionate (SPDP), iminothiolane,
sulfosuccinimidyl 6-[3-(2-pyridyldithio) propionamido] hcxanoaté (Sulfo-LC-
SPDP), succinimidyl 6-{3-(2-pyridyldithio) propionamido] hexanoate (LC-
SPDP). sulfosuccinimidyl 6-{-methyl—(2-pyridyldithio) toluamido]hexanoate
(Sulfo-LC-SMPT), 1,4-di{3'-(2"-pyridyldithio)propionamido]butane
(DPDPB), 4-succi_nimidyloxycarbonyl-a—mcthyl—a—(z-pyridyldithio)—tolucne
(SMPT), dimethyl 3,3'dithiobispropionimidate.2HCI (DTBP).

20

25

38. A process according to claim 32 wherein the cross-linking ageats are selected

from N-succinimidylG{Z-pyridyldithio)propionatc (SP_DP). iminothiolanc.
sulfosuccinimidyl 6-[3-(2-pyridyldithio) propionamido}-hexanoate (Sulfo-LC-
SPDP), ‘succinimidyl 6-(3-(2-pyridyldithio) propionamido]-hexanoate (LC-

I



c) the process of step a) or b) wherein one or nore of V, P or K are

nodified to provide at |east one functional group capabl e gfis Shest HagRee Replaced
chemi cal |inkage 10 “prior to coupling with the othe l\?‘“\

&) reacting one or two V, Por Awith Qand/or Q prior to

the other reactants. 33. A process accoppdi ng to claim 32 rern Q and/ or
Q conprises an optionally 15 substituted saturated or unsaturated,

branched or linear, [err] al kylene, cycloal kylene or aromatic group,
optionally with one or nore carbons within the chain being replaced with N

0 or S, and wherei e_aptional . {1 {-8-@pyridgldaiaded from carbonyl,
car boxy, hydroxy, %r‘élﬂos@ﬁ?f"%‘i‘ﬁ‘é"rlg%{lr%ztapé\gﬁ‘go ¢ ﬁ_— , ..A process according to
cl ai m 32 wherein Ghluamidd]dxaavab (SulfrSSMETKilrhdd#Yedi- containing a

di sul fide bond. 35. A process accordi ng i m32. I O )
cross- | inking agerpysidykdit l@ﬁp@@i@d“ﬂmﬁ%cébg’éﬁ{ﬁmglcfg'f?u%@gﬁg?cé&%é)“f

bi s(sul fosuccinimd syber al T), dimettiyiyl ene

gl yco[ bi s(succi ni rﬁ“gil/‘}gﬁg%pﬁ@gsd&ﬁ?gg?&é (g.!tﬁﬁl?ene 4

gl ycol bi sgsul f osucyj3riithighidprosiehinaday. 2HSUIDTBRGS) , p- ani no- phenyl acetic
aci d, dithiobis(succinimdylpropionate) (DSP). 3.3 -

di t hi obi s(sul fosucei ni m dyl propi onate) (DTSSP), disuccinimdyl tartarate

(DST), disul fgsuccisniym . . fisod laf @ripfek) according to claim 1 together with :
bi s(2- (succi n??ﬁ dyf‘&%art‘&%@%%‘ﬁglllfﬂl 111111111111111. 11111 * C L

M S * - 31 - atmm&mwm@gtxmmpmblc carrier Of cxcipient.
bi s[ 2- (sul f osucci ni m dooxycar bonyl oxy) - et hyl ene] sul fone (Sul fo- BSOCCES) .
di mret hyl adi pimdatc.2 HCl (DWA), :

10 40. A composition according to claim 39 in the form of a capsule, tablet, slow

release dosage form; elixir, gel, paste, or enterically coated dosage form.

41. A method for the treatment of disease which comprises administering to a
15 subject a therapeutically effective amount of a complex according to clgim 1, or

a pharmaceutical compesition according to claim 39.

42.  Use of a complex as defined in any one of claims 1 to 10 or 12 to 31 for the

manufacture of a medicament.

43,  Use of a complex as defined in-any ;mc,o'_f claims 1 to 10 or 12 to 31 for the

administration to a human or animal subject.

UL



- di rret,hyl pi mel i mdate. 2HCI (DWP), dinethyl suberim date.2HCl (DVMS). 5  36.
A process according to claim32 wherein said spacer is selected from

di succi ni m dyl suberate (DSS) bi s(sul fosucci ni m dyl) suberate (BSS),

etthyl ene gl ycol bi s(succi ni m dyl succi nat3g)- (EGS), ethyl ene

gl ycol bi s(sul fosucci ni m dyl succi nate) (Sul fo-EGS), p-am no-phenyl acetic
“‘aci d, dithiobis(succinimdylpropionate) (DSP), 10

3, 3" -di t hi obi s(sul fosucci ni nm dyl propi onate) (DTSSP), disuccinim dyl
tartarate (DST), disulfosuccinim dyhyg F @ﬁte (Sul fo-DST), bis[2-

(succi ni m dyl oxycar bonyl oxy) - et hyl enel sul' f one (BSOCCES), bi s[ 2-

(sul f osucci niAMBLIRICATIOMN OB THE 3By UeTaAKE SYSTEM (lHJNI(bPBM,

“di net hyl adi pi m date. 2HC[ (DMA), dinethyl pinelimdate.2HCI (DWP), 15

di met hyl suberim date. 2HCI (DVB). 37. A process according to claim 32
wherein s

oS by QU AR AU, B HERIE ol SRR hlin pharmaccuticals usige

6- [ 3- ( 2- pyhe vigdnoint By, OYBp) umabclsyﬁm]w:ﬂeﬁmrdohmaybﬁligfammﬁed D6ing polymers.
SPDP), succinimd idyldithio r opi ona nogte (LC
SPDP), sul ?f§d@ﬁ'%il?ﬁ?3ﬁ>}f g}"‘[‘:ﬁﬁ%‘! """‘(5‘2a if%ﬂ’ﬁﬂ% ﬁY‘f‘ﬁl %’lﬂﬁéﬁﬁ“ﬂﬁfhexanoat e .
(Sul fo- LG SMPT) , Q|_[_3 F giyt hi o) pr opi onam do] but ane ( DPDPB),

4- succi ni m dyl oxycar Bonyl %{' rret hy a{2 3§N| dyl di t hi 0) -t ol uene ( SMPT),

di met hyl 3yligreli Vhisodicagrien pwiich nwnliabmd?tbl(iiat:ﬁrﬁﬂ' Bi)insi2 FaA8r (IF) Acleredeffom

i s B0 Pt SR el 6, s
| f If -LG
ZgDP;)SU(s:EICa@?ﬁ%%y[g"ﬂ%gé?ﬁé%(lgy%rg?dﬁ 19? Fﬁ%g) pr opi onanﬁdaﬁ exag%gte {J C?

is a pharmaceutically active substance, m is the molar substitution ratio of A in the

complex, and is a number greater than 1.0 to about 1000; Q and Q’ are independently

a covalent bond, or a spacer compound linking V, P and A by covalent bonds.



- 32 - SPDP), sul fosuccinimdyl 6-[a-nethyl-a-(2-

pyri dyl di t hi 0) - t ol uani dol hexanoat e( Sul f o- LG SMPT), REPLACEMENT SHEET

1,4-di[3" -(2"-pyridyldithio)propi onam do] but ane ( DPDPB)
4-succi ni m dyl oxycar bonyl -a-net hyl -a- (2- yridyldithio)-tdl den @gﬁﬁg
di met hyl 3, 3" dithi obi spropi oni m date. 2HCI (DTBP). 39. A jcd rrpgsi ti o)rilgg\;\)hi ¢h

conprises a conplex according to claim1l together with a ghad~raecettiecatty
or agriculturally acceptable carrier or excipient. 40. A conposition
according to claim39 in the formo t abl W Terease dosage

form elixir, gel
therapeutically eff

phar maceut i cal

f_a capsule t, sl
$arl, enlEnpireialpiobbaroleaBeShElrBrdf-a1.  Use of a
SFELEF1ATBHS) Of o PuSATRLPHeREABAEE MUl Boclal BMbT)Qr @

conpositi o

n according.to.¢clajm39 for the, facture of a
medi cament for trea}iﬁgdﬁiéééZ%'Tﬂygléﬁb§é€#?°§Pr°Plonamlgngutane

39.

AN
40.
41.

Nt

(DPDPB) , 4-succinimidyloxycarbonyl-o-methyl-o- (2-
pyridyldithio) -toluene (SMPT), dimethyl
3,3'dithiobispropionimidate.2HCI (DTBP).

A composition which comprises a complex according
to claim 1 together with a pharmaceutically or
agriculturally acceptable carrier or excipient.

A composition according to claim 39 in the form of
a capsule, tablet, slow release dosage form,
elixir, gel, paste, or enterically coated dosage
form. '

Use of a therapeutically effective amount of a
complex according to claim 1, or a pharmaceutical
composition according to claim 39 for the
manufacture of a medicament for treating disease in
a subject.
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