MANUFACTURE OF POLYGLUTAMATE- THERAPEUTI C AGENT CONJUGATES 5 Field of the
I nvention This invention relates to a process for scal ed-up manufacture of
pol ygl ut anat e-t her apeuti ¢ agent conjugates for clinical devel opment. 10
BACKGROUND OF THE | NVENTI ON The antitunor agent paclitaxel shows increased
efficacy and decreased toxicity when admnistered to tunor-bearing hosts as
a polyglutam c acid conjugate conpared with the unconjugated form of the
drug (U. S. Patent No. 5,977,163; Li et al., Cancer Res., 58:2404, 1998).
The polyglutam c acid 15 paclitaxel conjugate shows increased water
solubility, a slower clearance fromthe body, and an increased accunul ation
.in the tunor. Conjugates of polyglutamc acid and various other therapeutic
agents are expected to provide clinically useful alternatives to the
presently avail able formul ati ons. For research purposes, the polyglutamc
-aci d- t her ape WMIANEHACGTERE] Offaf @E Y GIOUTAMATESIHERAPE UTICheGEMThod
disclosed in Li et al., ibid. In goyreahes the conjugate is prepared as
a sodiumsalt, dialyzed to renove | ow nol ecul ar wei ght contam nants and
excess salt and then lyophilized. The nethod is not well-suited for
| ar ge- scal erigpnefftheIHventddn quantities of conjugates for clinical devel opnent
and use, however. In particular, the use of dialysis to renove inpurities is
ti me- 25 consuni 'ﬁ@s awsnwv\mlzgesiOrmproswzsecﬂmrcspalydlepmanufacaadpf i on, al though
many phar maceuti c ? Efve nor e vorabledg aﬁﬂ{fles when prepared as salts
(e.qg., |ﬂ1ﬂ‘°§(ﬁi Yfagaiss efaipﬁ}“c%% SHUSATIOH lopmEnt i s not true of the
pol ygl ut amat e- t herapeuti c agent conjugates of the present invention. The
salt forns of the <conjugates are electrostatic solids, not free flow ng
powdegs. They are nore 1Beﬁ(fKiGR10UN]DQfI%1TH&‘gEWENHONJscepti bl e to dust

ﬁtam nation and nore likely t
The antitumor agent pachtaxel shows increased efficacy and decreased
toxicity when administered to tumor-bearing hosts as a polyglutamic acid
conjugate compared with the unconjugated form of the drug (U.S. Patent No.
5;977,163; Li et al., Cancer Res., 58:2404, 1998). The polyglutamic acid-
15 paclitaxel conjugate shows increased water solubility, a slower clearance from the
body, and an increased accumulatien in the tumor. Conjugates of polyglutamic
acid and various other therapeutic agents are expected to provide clinically useful
alternatives to the presently available formulations.
For research purposes, the polyglutamic acid-therapeutic agent conjugates
20 can be produced by the method disclosed in Li et al., ibid. In that method, the
{ conjugate is prepared as a sodium salt, dialyzed to remove low molecular weight
contaminants and excess salt and then lyophilized. The method is not well-suited
for large-scale manufacture of quantities of conjugates for clinical development
and use, however. In particular, the use of dialysis to remove impurities is time-
25 consuming and lowers final product yield. In addition, although many
pharmaceuticals have more favorable properties when prepared as salts (e.g.,
improved solubility, storage, and handling), this is not true of the polyglutamate-

therapeutic agent conjugates of the present invention. The salt forms of the

conjugates are electrostatic solids, not free flowing powders. They are more



contam nate the workplace with cytotoxic agents than are free fl ow ng
powders. Therefore, there is a need for an inproved process of nmanufacture
of polyglutam ¢ acid-therapeutic agent conjugates that can be used to
‘produce gramto hundreds of 5 gramquantities of these conjugates in high
yields and in a manner that provides for inproved nmaterials handling and
packagi ng. SUMMARY OF THE | NVENTI ON The present invention satisfies this
need by providing an i nproved process 10 for preparing a polyglutamc

aci d-t herapeutic agent conjugate that, is capable of providing gramto

kil ogram quantities of pharmaceutical grade conjugate wth_vyields of

bet ween 85%1%1@8%%@856?9\%%‘5%998&3 tB%%ttCSme%BB%ﬁtlo%’“)@ mae dkely éprbodi nent ,

t he process_c ri X r.QV:i.di t he protonated fgrmof a polyglutamc
et " pol y nerona e o R A ohitaeP S VA€ ot PR Rl By
coval ently Thakiong 1k ¢ A8QAof &n FRPrevROr sy bR MafufdCiutt BOIPBEtaldt, an i nert
organic solvent to forma polyglutam c aci d-therapeutic agen conj ugat e;
(c) preci pidcd-thegapeatic agent gghjugatenthat eam - tsheé tapedutegragerot hmdrgdsgait e from
20 solution by addition of an excess volune of aqueous salt solution; and
(d) cdl | ect gTag GunHtiesoH]thepsiconmgatss by gl walds @nd 1 3 manmidhatinsefesferoval  of
resi dual | ow nol cuilﬂar.1 iarg({]I cogta 1 hants can be carried out between step
(c) and st‘e’B‘p(ra ecdraisred léléaf' )p.aC 38" %not her enmbodi nent, which is
presently nost preferred, in situ 25 generation of a protonated pol yglutamc
aci d-therapeutic agent conjugate is carried out by a process conpri sing:
(a) suspending a salt of aSPMYyYARYAOFTHEINVENTI®N in an inert organic
solvent; 2 (b) protonating said polyner by the addition of an anhydrous acid
to, said The present mnvention satisfies this need by providing an improved process
10 for preparing a polyglutamic acid-therapeutic agent conjugate that is capable of
providing gram to kilogram quantities of pharmaceutical grade conjugate with
yields of between 85% and 98% or between about 85% to about 98%.
In one embodiment, the process comprises:
(2) providing the protonated form of a polyglutamic acid polymer and a

15 therapeutic agent for conjugation thereto;

(b) covalently inking said agent to said polyglutamic acid polymer in an
inert organic solvent to form a polyglutamic acid-therapeutic agent

conjugate;

(c) precipitating said polyglutamic acid-therapeutic agent conjugate from

20 solution by addition of an excess volume of aqueous salt solution; and
(d) collecting said conjugate as a protonated solid.

Additional removal of residual low molecular weight contaminants can be carned
out between step (c) and step (d) or after step (d).
In another embodiment, which is presently most preferred, in situ
25 ‘generation of a protonated polyglutamic acid-therapeutic agent conjugate is carried
out by a process comprising:
(a) suspending a salt of a polyglutamic acid polymer in an inert organic

solvent;



suspension to forma soluble salt of the conjugate base; (c) providing a

t herapeutic agent and covalently linking said agent to said 5 polyglutamc
acid polyrner to forma polyglutam c acid-therapeutic agent conjugate; (d)
preci pitating said polyglutamc acid-therapeutic agent conjugate from
solution by the addition of an excess volunme of aqueous salt solution; and
(e) collecting said conjugate as a protonated solid. 10 In another

enbodi ment, the process for the | arge-scal e manufacture of polyglutamc
aci d-2' paclitaxel conjugate conprises: (a) providing an aqueous sol ution of

t he sodi um salt =L gl ) ik ) i.di Lyl ion to a
pH of about 2 toqg), 9@%’}3@8 Sgﬁgﬁj\@eﬁ?%gﬂ%hagg R%%]ad?ggiauﬂds}gﬁ&gq fNald

pol y-L-gl utam c aci suspensidtetopfoah@saiubld shiooMmirndnjugerdapd;t ating it from
solution; (c) collecting the poly-L-glutam c acid precipitate and washi ng
with water; (d) drying the poly-L-glutamc acid to a water content of

bet ween about 2% to abput 7% preferabl bet ?n 7% and .21 % and. nost
preferably 20 bet(feBIPVAERR 7 thesgreytic peRRt and cayalsptiy inkgpg said agent fnsaldt i ng t he

pol y- L- gl utam c aci i dqt : i zonditions for
suffi (L:Si ent tinme to g%l‘g%%ghé]{ﬁg%%g I tf)Ee(Pﬂ)t?@ atségp%g{a%? %?%?rnhéégb%gﬁ(?d pol ymer
via an ester |i nkaggge‘,@wigdghejt ween the 2'-OH group of paclitaxel and a
carboxy group of poly-L-glutamc acid; 25 (f) cooling the reaction m xture
from between OC to 10C or between about 0OC to 10 C while slowy adding

aqueous salt sol (f) eaeaptating spidpolyebnamigiagidetherapeuticagenicomiusgierfrom he

resul ti ng suspensi on. (i col l.ecti the conju e as a protonated solid;
and 9 P soﬁltl’on(by)the adc!mono sh excess V9 ulmegc‘?ft aqueous sa sglutlon; ang '

( (e) collecting said conjugate as a protonated solid.

10 In another embodiment, the process for the large-scale manufacture of
polyglutamic acid-2’paclitaxel conjugate comprises:
(a) providing an aqueous solution of the sodium salt of poly-L-glutamic
acid;
(b) acidifying the solution to a pH of about 2 to 4, thereby converting the
15 sodium salt of poly-L-glutamic acid to the protonated form and
precipitating it from solution;
(c) collecting the poly-L-glutamic acid precipitate and washing with water;
(d) drying the poly-L-glutamic acid to a water content of between about
( 2% to about 7%, preferably between 7% and 21% and most preferably
20 between about 7% to about 21 % by weight;
(e) contacting the poly-L-glutamic acid with paclitaxel under standard
coupling conditions for sufficient time to conjugate paclitaxel to the polyglutamic
acid polymer via an ester linkage formed between the 2°-OH group of paclitaxel

and a carboxy group of poly-L-glutamic acid;

25 (f) cooling the reaction mixture from between 0°C to 10°C or between
about 0°C to 10° C while slowly adding aqueousi salt solution to the reaction

mixture;



(j) extracting inpurities fromthe protonated solid. It is nost preferred
for the | arge-scal e manufacture of polyglutamc acid- 5 2' paclitaxel
conjugate to substitute for steps (a)-(d) above, steps (a') and (b'): (a')
provi di ng a suspension of poly-L-glutainic acid sodiumsalt, or a poly
L-glutamc acid salt of lithium potassium or quatnemary ammonium in an
inert organic solvent; (b') adding about 0.95 equivalent of trifluoroacetic
acid or nethanesulfonic 10 acid thereby formng a solution conprising
sodium lithium potassium or quat ernary ammonium salts of poly-L-glutamc
acid trifluoroa ol mc _acid nethanesul fonate; and carrying
out steps (e)- (J@Sgéﬁéﬁl EheoyeguMBgv‘éSpeli%O%ny pol ygl utam c aci d-t herapeutic
agent conjugate can be prepared by the processes described herein. In one
preferred enmbodi@esplleting thteprapgale aca pipeonated sohid; apdt i t unor agents, e.g.,
pacl i taxel; docetaxel; etoposide; teniposide; epothilones, such as

epot hi l one A, ep@} l&kﬂrmmgl?ompﬁﬁdthfrd)mnbe fiot@peddiolidone, epot hil one F and

12, 13- di soxyepot hil one F; gentitabine; 20(S)(+) canptothecin; 9 20

am nocanpt ot hecifi;is Qo drk pResb . SNy &yﬁ;{; cAMpLpt heci n; 9-
di et hyl am norretlﬁ;llsl - Io(g)]tI %y%?%%a#pt%?ﬁéﬂ% ffmh&' Lkt &

net hy$ enedi Dyydizanel obijegdtato subsatuny fquispeps |(z}(rd§v aBdvey StepHallardt (b}l

enedi oxycanpt ot heci n; fl avopl ridol; geldananycin; 17-(allylam no)-17-

demet hoxygel danakytpieviding &puspsesion WQPMB'L -pntarne 2@ porfivm sait-arz@ply-1- (11 25

(dodeey) am poloA O SIVAIREA btdofl PP BN T TRkt~ (11 (

doxor ubi ci ngrg aﬁg@b@gyp none; nel phal an; fl udarabi ne; daunonycin; verapaml;

5-f/1 uor our aci I 4 floxuridine (FUDR); cycl osporin; retinoic aci ds;
7- dl met hyl -t ert- @) gddng ybm»t;@)%lﬁqunn}ﬂm okyrifinangcetidacd or methan¢shHorsc
10 acid

thereby forming a solution comprising sodium, lithium, potassium or quaternary
ammonium salts of poly-L-glutainic acid trifluoroacetate or polyglutamic acid
methanesulfonate; and -

carrying out steps (€)-(j) as described above.

15 Any polyglutamic acid-therapeutic agent conjugate can be prepared by the
processes described herein. In one preferred embodiment, the therapeutic agents
are antitumor agents, e.g., paclitaxel; docetaxel; etoposide; teniposide; epothilones,
such as epothilone A, epothilone B, epothilone C, epothilone, epothilone F and

; 12,13-disoxyepothilone F; gemcitabine; 20(S)(+) camptothecin; 9-

20 aminocamptothecin, 9-nitrocamptothecin; 7-ethyl-10-hydroxycamptothecin; 9-
dimethylaminomethyl-10-hydroxycamptothecin; 10,11-
methylenedioxycamptothecin; 7-methylpiperizinomethyl-10,11-
ethylenedioxycamptothecin; flavopiridol; geldanamycin; 17-(allylamino)-17-
demethoxygeldanamycin; ecteinascidin 743; phthalascidin; CT-2584 (1-(11-

25 (dodecylamino)-10-hydroxyundecyl)-3,7-dimethylxanthine; CT-4582 (1-(11-(N-
methyl N-dodecyl amino)-10-hydroxyundecyl)-3,7-dimethylxanthine); doxorubicin;

adriamycinone; melphalan; fludarabine; daunomycin; verapamil; 5-fluorouracil;



BRI EF DESCRI PTION OF THE DRAWNGS 5 Fig. 1. Exenplary conjugates Fig. 2.
Manuf acturi ng Schene for poly-L-glutam c acid-paclitaxel conjugate Fig. 3.
Proton NMR scan of poly-L-glutam c acid paclitaxel conjugate Fig. 4.
Preparation of poly-L-glutamc acid-glycyl-20(S)canptothecin 10 Figs. 5-7.
Reaction Schenes |-111. DETAILED DESCRI PTI ON OF THE | NVENTI ON Definitions
15 As used herein, "a polyglutamc acid" or "polyglutam c acid polyner "

i ncludes poly (1-glutamc acid), poly (d-glutamc acid) and poly

(dl -glutamc acid). Preferably the polyglutam c acid polyner conprises at

| east 50% j, & i i j. - as.: gl i i
pr ef er abl y‘%ﬁxﬁ)%@l He ﬁzfd}’g\"li‘?‘gﬂ g&g@}c‘ga%x%J—@%@h}?é?ﬁ%@t}éﬁ@&%&fbd up to
50% by nat tyddolky comptdthidcirgar@rotééiem cal |y 10 nodified am no acids, preferably

hydrophilic am no acids, provided that when conjugated to a therapeutic
-agent, the substituted polyglutam c acid polynmer has inproved aqueous

solubility and/or inproved effi cac%/ relative to the uncglry ugat ed
t herapeutic agent, and is %BE?E RH%RQM%@HE PRAYY ecul ar wei ght of

t he pol ygl ?}gnf c aci ﬁi)%%p‘!’ﬁﬁrcogﬁgzﬂeg n the 25 preparation of the conjugate by
ern’i

t he rfet hod escri be er ypically greater than 5000 daltons,

preferably ghig om 15kd NandBkarind BEIR MR fBf ?61?@-¥lut?agxlﬁ€laéi8-p§91|ﬁﬂxel even nore
preferably from20 kd to 60 kd, and nost preferably from 30 kd to 60kd (as

det er m ned chpugatecosity). At the | ower end of nol ecul ar weight, the 5

pol yglutam_¢ acid polynmers of this _invention have a nol ecul ar wei ght of
about 10, 608 3-about PretqroMRBsrnof pelvrbeglutamen acid pachitare! compigate1 4, 000, about

20,000 abddt 421 oo Bt 95355 -0 HRK I LuBER 2 ARRIb-HREE0 Soour

25,000, abqifs. 267.000, Reaction Schemes I-II1.

DETATLED DESCRIPTION OF THE INVENTION

Definitions
15 As used herein, "a polyglutamic acid" or "polyglutamic acid polymer "

includes poly (I-glutamic acid), poly (d-glutamic acid) and poly (dl-glutamic acid).
Preferably the polyglutamic acid polymer comprises at least 50% of its amino acid
residues as glutamic acid, and more preferably, 100%. The polyglutamic acid
polymer can be substituted up to 50% by naturally occurring or chemically

(o modified amino acids, preferably hydrophilic amino acids, provided that when
conjugated to a therapeutic agent, the substituted polyglutamic acid polymer has
improved aqueous solubility and/or improved efficacy relative to the unconjugated

therapeutic agent, and is preferably nonimmunogenic.

The molecular weight of the polyglutamic acid polymer used in the
S 25 preparation of the conjugate by the methods described herein 1s typically greater
than 5000 daltons, preferably from 15kd to 80kd, more preferably 20kd to 80kd,
even more preferably from 20 kd to 60 kd, and most preferably from 30 kd to

60kd (as determined by viscosity). At the lower end of molecular weight, the



5 about 27,000, about 28,000, about 29,000, to about 30,000 daltons. At the
hi gher end, the polyglutamc acid polyners of this invention have a

nol ecul ar wei ght of about 31,000, about 32,000, about 33,000, about 34, 000,
about 35, 000, about 36,000, about 37,000, about 38, 000, about 39, 000, about
40, 000, about 41,000, about 42,000, about 43,000, about 44,000, about

45, 000, about 46, 000, about 10 47,000, about 48, 000, about 49, 000, about

50, 000, about 51, 000, about 52,000, about 53,000, about 54, 000, about

55, 000, about 56, 000, about 57,000, about 58,000, about 59, 000, about

60, 000, b 000, . 2 : t, 63, 00 about. .6 00 bout
65 000 a it ggéag‘gcow‘?g&g{“ %7‘“38@ ‘“"ae o hayg 2 %Ec‘gﬂoﬁ?%ghtéé' "386" About
70, 000, abO}dodol,aQQ&% 1120004 hbdi# 19000, %‘&Htu ,680,03But 80664, aﬁémopﬁooo15 about
75, 000, about 76, 000, about 77,000, about 78,000, aBout’ 79, 000, to about

80, 000 dal tabosat 18,008,ebski 17,8@D, iabotthk® ,e00, awdtll9mprﬂsbual29 0Dbadbouhe ol ecul ar
wei ght val ues nmay be di fferent when measured other nethods. These ot her

net hods i r%:ll f 20p 8 226800 pbat Z3ed00pabars 2608, auosmﬂ%ﬁ@fp a@bpuig?f,00%at t er i ng,

mul tiple angle ter refra index apd,c i nations

t her edbf 20 h%@aﬁeﬁb ﬁ% 91&5': %Pk}t #SPQ% (it € abpuy ébx’ﬁ‘%#& F i “gﬁgﬁ tonj ugat e"
refers to  gypghy Eblyglﬁfﬂnﬁc §&H$oﬂ%%é{'§r3f this1@¥entiSn VA ﬁxmécﬂlap%%ﬂgof o the

t her apeuti c agent di rect I'i nkage between a carboxylic acid residue of
the pol ygl udbout 81 @OO ohbandBZa,OO@ wbotii 2600, gbau 34¢00f hisouit Bé,roa)pealiduc agent, or
by an indirect |i nkwgz[7 via one or nore bifunctional |inkers. Preferred

| i nkers ar e3G.8@fsbe @06 abeyt 538, Q09, gbeyt 361080+ aborb4%,000,51bpyt 41,000, he

con; ugat e 1500 32008 RRLPAEE0F BB BLG0q AR A5 oty R R R8P kg P ot
i nt erd ere Wi Bod RGoAYs, @wnalso@tfzfg ORC ¥b&ft sbIve0CAHIYIRDOS  abBREFRLEGY |1 nkers

include amino acids (ée.g., glycine, alanine, |eucine, isoleucine),
hydr oxyaci dabofe 58, OOOyabﬁth:lﬁ)@@(,)dbotlyﬁ GOQa,(abd)t 56c108), shora 7 [RO0hatmius

Oyt oL oo 0108 GRSl Aty STRA3Lbo0S, O bR Ak Dggabeut
results in Qoo%%ﬁ,'o‘é)b%}oﬁ%é,bo@,' ﬁ%ﬁ?@é,@o&%gut(duﬁ)o, agmﬂ%@fboo, about
69,000, about 70,000, about 71,000, about 72,000, about 73,000, about 74,000,
15 about 75,000, about 76,000, about 77,000, about 78,000, about 79,000, to about
80,000 daltons. Those skilled in the art will appreciate that the molecular weight
values may be different when measured by other methods. These other methods
include, for example, gel permeation, low angle light scattering, multiple angle

laser light scattering, refractive index and combinations thereof.

(20 As used herein, a “polyglutamic acid-therapeutic agent conjugate” refers to
a polyglutamic acid polymer that is covalently bonded to the therapeutic agent by a
direct linkage between a carboxylic acid residue of the polyglutamic acid and a
functional group of the therapeutic agent, or by an indirect linkage via one or more
bifunctional linkers. Preferred linkers are those that are relatively stable to

25 hydrolysis in the circulation, are biodegradable and are nontoxic when cleaved

from the conjugate. Of course, it is understood that suitable linkers will not
interfere with the antitumor efficacy of the conjugates. Exemplary linkers include

amino acids (e.g., glycine, alanine, leucine, isoleucine), hydroxyacids (e.g., y-



that is cleavable by enzymatic or nonenzymatic nmechanisns that pertain to 5
conditions in a living animal organisn). Exanples of preferred |Iinkages

i nclude ester, am de, carbamate, carbonate, acyl oxyal kyl et her,

acyl oxyal kyl t hi oet her, acyl oxyal kyl ester, acyl oxyal kyl am de,

acyl oxyal koxycar bonyl , acyl oxyal kyl am ne, acyl oxyal kyl am de,

acyl oxyal kyl car bamat e, acyl oxyal kyl sul fonarni de, ketal, acetal, disulfide,
t hi oester, N-acyl am de, al koxycarbonyl oxyal kyl, urea, and N 10

sul fonylimdate. Methods for form ng these |inkages are well known to those

skilled in nt heti.c organic chemstry, .and. can be found, fqr exanple, in
Standard t ELOBEbHE kT o RO B eR atnarceen 5 v oy

I nt er sci enc T e [N o i; ' v rapeutic
or o sonensRmdBeROLtlien, Agedgtesel doscianuol il gasias ke

3t/ i.e., e" | oa ") may be
expressed asy dnyginkinghnéthod thmrelis 85a pigiioReRiany eleinibleionaf(i. a0L Bend es per
pol yglutam ¢ acid polyner chain or preferably as a percent (% of total

wei ght of tthat isclepvaidg by enzgmadadr ngtidnzymatabasechenisiis thap aditnytecan be obt ai ned
by adjusting the ratips. of the therapeutic agent and_  polyner, and

opt | 2 ng %ﬂnﬁéwnﬁ.%ﬁm agﬂ@ﬁﬁ@&%&%ﬁy. X%@%Bﬁrﬁ%ﬂep&a&w@r&mi ty 20 for a
gi ven conju e i S e ] (o on the desired
properties %?etr t %@%gb%rﬁgg?tg’ ’%él?oaq.a?e’td ]éﬂr-yggcglleﬁ}%ﬁalrc#@,ﬂﬂl e]{r%goseg}%tr’i c efficacy,

phar macoki nglyidkyBlkpeaet, iaefoxyaiiilarhidy, RNSxHIEHGEarbesl dc9IRpiIRYlamhee | oadi ng
density ran%gsd;?lr om between 1% to about 60% or from abqﬁ?yl % to about 60%
pref er abl y daybmysliylemidswsdexyatioteadizmate, 5oyl oxyaliybulforssge, kethlrasetel, pr ef er abl y

25 from 10%.t 5%.or fr about, 10% to about 45% for thg conjugates that

are speci f%‘é‘gf‘%t QeXFY E\g]ﬁcyﬁaé?lgfe’na?ke?‘y‘f"rf Oy, 9’@3@3’%6@%*‘?%? cally determ ned
by “f qyr rretﬂ%ﬁ'ﬁn(ﬁqjgtecal culated weight % (2) spectrophotonetry, preferably
UV spectrophotonetry; (3) NVR ratio nethod; and (4) hydrolysis nethod. (1)

The cal cul ated V\ﬁe%]c}ds%oir Sforqgf%gdthgsré fuﬂ(%ggsngrvém w\é\ffiﬂg&notfo Eh%%e skilled in
synthetic organic chemistry, and can be found, for example, in standard texts, such
as J. March, Advanced Organic Chemistry, Wiley Interscience, 4™ Edition.

The degree of loading of bioactive, therapeutic or diagnostic agent on the
15 polymer (i.e., the* loading density”) may be expressed as the number of molecules
or average number of molecules per polyglutamic acid polymer chain or préferably
as a percent (%) of total weight of the conjugate (“% loading”). A desired %
loading can be obtained by adjusting the ratios of the therapeutic agent and
polymer, and optimizing other reagents as necessary. The optimal loading density
[ 20 for a given conjugate and given use is determined empirically based on the desired
properties of the conjugate (e.g., water solubility, therapeutic efficacy,
pharmacokinetic properties, toxicity and dosage requirements). The loading
density ranges from between 1% to about 60% or from about 1% to about 60%,
preferably from 5% to 55% or from about 5% to about 55%, and more preferably
25 from 10% to 45% or from about 10% to about 45% for the conjugates that are

specifically described herein.



5 polyglutamc acid starting material and the weight of the therapeutic
agent. For all conjugates, the conversion to conjugate formis 100%
conplete, as determned by TLC on silica. (2) The spectrophotonetry nethod,
preferably UV spectrophotonetry, is based on the weight % of the

t her apeuti c agent as neasured by absorbance at an _3 appropriate wavel ength
(e.g., UV absorbance), or fluorescence, as exenplified for a

pacl it axel - pol yglutam c acid conjugate. The conjugate is dissolved in

dei oni zed water (2.5 or 5 ng/nL) , centrifuged at 500g for 15 mnutes to

ticul 0 . : 81l Ut | is diluted
100x to 200x wi £ del e Bas VREE PERpin BT By PR il AR D he”

di | uent atweighper(Z)ispectysphiot@nahh preferdbly UMD spiétpRSIoRIe9N(3) NNVRad agai nst
the diluent at 228nm or 260nm ‘—A)hgol uti (b;n ofl%éh‘g)IB sane oi )of pol ygl utam c

aci d used tatiopnetpad;candH(é) bydrplygameethagl. di ssol ved at the sanme nomi nal
concentration as .t conjugat e .and,i.ts absorbance is read. agai nst the
diluent, e.g., z)() Q.ESHHJF@F?E%WEIFC%‘? }i’qﬁ%‘gP“ é}éﬂ%f%”ﬁ’twgﬂhfc‘afrtb% is prepared by
measyring C&art; | utj.o known 10
Concent  at PoReRBRRE ARG Ty Shotorl AP Wit CP e AR O AR, S P he
percent | gaffigdes, tiecaiveRididcRnigaicTeriP Rl MBLA ESRpleteasd dete@hinéd B
(corrected to account for the theoretical |oading of polyglutam™ acid in

t he pol ygl GL&norcsihea. d- pacl it axel solution) is subtracted fromthe

pol ygl utam c aci d- paclitaxel absorbance, This _corrected absorbance is
conpared to the(%a&I%FtSH%TOP P&}%%Wdﬂ@ﬁ?@»@r%flsm@btHi‘/rﬁp@ﬁéopi@t%%}m #Saxel

concent rat Lol k) llih 98 of G HBBbER A A heal 18 RELGEDLDRANO 15 L he

rati o of the pac concentration t hée po am ¢ acl d- paclitaxel
gohj ygat e apsropfiafervadvetsngth (@85, UPbs¢BancEh er MMBrésaérice, axadxbeglifial foased on the

wei ght % of therapeutic agent as measured by the ratio of the peaks in the
spectra reswaclitayel fnodyalutamiqrald perHugate. Bhe eanagasmistdisselied edgk@uzadom t he
Lher apeut | ¢ gqls or i) | LT SSCRE 0% 4 Sbnun BUN G S P e
matter if present, and the clear solution is diluted 100x to 200x with deionized
water. The absorbance is read against the diluent at a specified wavelength, e.g.,
15 UV absorption is read against the diluent at 228nm or 260nm. A solution of the
same lot of polyglutamic acid used to prepare the conjugate is dissolvéd at the
same nominal concentration as the conjugate and its absorbance is read against the
diluent, e.g., at 228nm or 260nm. A linear calibration curve is prepared by
measuring the absorbance, e.g., at 228nm or 260nm, of solutions of known
0 concentrations of the paclitaxel dissolved in methanol. To calculate the percent
loading, the absorbance of the polyglutamic acid solution (corrected to account for
the theoretical loading of polyglutamic acid in the polyglutamic acid-paclitaxel
solution) is subtracted from the polyglutamic acid-paclitaxel absorbance. This
corrected absorbance is compared to the paclitaxel standard curve to obtain the
25 paclitaxei concentration (w/v) in the conjugate solution. The percent loading is the
ratio of the paclitaxel concentration to the polyglutamic acid-paclitaxel conjugate
concentration times 100.

(3) The NMR ratio method is based on the weight % of therapeutic agent

as measured by the ratio of the peaks in the spectra resulting from the polymer in
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The area between about 4.5 ppmto about 6.5 ppm preferably 4.5 ppmand 6.5
ppm is totalled and divided by the nunber of protons (7). This nunber is
then 5 conpared to the area between about 3.8 ppmto about 4.4 ppm
preferably 3.8 ppmto 4.4 ppm for the polynmer backbone and is corrected for
2 protons from paclitaxel that overlap. The two areas per proton are
conpared taking into account the nolecular weights of the paclitaxel and
the pol yner. A= area per proton for polynmer +area per proton for paclitaxel
= 21.36/1.98=10.79. MNpaclitaxel = 837; MNof polyglutarnic acid nononer
is 129. %l oading = (837/(10.79 x 129) + 837) x 100 = 37.6% The processes
descri bed W&%@mﬁogh@p@éﬁéwm the thesapauitic eaent pldysds illvgtrated belowj fagat es of

pol ygl ut am cid.w th any bioactive, therapeutic or diagnostic agent that
is approprP@YéPb”Pﬁﬁ@gﬂ@ﬁ%?f?éﬁnwewe1inking to the polyglutamc acid, as

descr 1 bed her ei e 118 1AM IGR4 543 B1Bof e SHph bRMdBl ol Mo gpd 1 ended to

illustrate the invention, but not Iimt its n-one preferred

enbodi ment 6, Stgpen, ihenaduind divigentysthe aumbersst plotags (1)hathis dimbsr s tBéd ective in
.treating cancerous conditions that are expected to benefit fromthe unique
phar fracoki emnpaeptoperareeletyren swse 3 dopmutpaabout é.4gppm, grtfareblyB.per meabi ity
and retention in tunor.tissue, sustained release of_ active agent, |ong

bi ol ogi cal PRRIP I14! PR @6%‘?@@9&%%@% 2 (TG AT AGERCDS BAM ot her s) .

ot DAGLEET s oPGRR TRl dties; oY oo 8L BHRIRSAiENRECS (20

pacl it axel ocet axe t oposi de; posi de; "epot nes, such as

epot hi | oneadsougpt mdledidarByeigiteohileqaclitixel apPeHeidlyna. D, epot hil one F and
12, 13- di soxyepot hil one F; genctitabine; 20(S)(+) canptothecin;
9- ani nocanpt ot he&T areagpenpratos dennadirherciarga per prdtgh fdrpachipgelexy canpt ot heci n;

9- di net hyl am t hyl - 10- hydr oxycanpt ot heci n; 10, 11-
et h‘)‘}l ened?ghgﬁ%qét ecin; 7-nethyl pi perizinonethyl-10,11 9 ...........

MW paclitaxel = 837; MW of polyglutamic acid monomer is 129.
% loading = (837/(10.79 x 129) + 837) x 100 = 37.6%.

The processes described herein are generally useful for preparing
15 conjugates of polyglutamic acid with any bioactive, therapeutic or diagnostic agent
that is approprately functionalized for linking to the polyglutamic acid, as
described herein. The conjugates that are exemplified herein are intended to
illustrate the invention, but not to limit its scope.
In one preferred embodiment, the therapeutic agents comprise drugs that
[0 are effective in treating cancerous conditions that are expected to benefit from the
| unique pharmacokinetic properties of these conjugate (e.g., enhanced permeability
and retention in tumor tissue, sustained release of active agent, long biological half
life compared with the unconjugated agent, and others). Presently preferred
agents include, by way of example, taxanes (e.g., paclitaxel, docetaxel); etoposide;
25 teniposide; epothilones, such as epothilone A, epothilone B, epothilone C,
epothilone D, epothilone F and 12,13-disoxyepothilone F; gemcitabine; 20(S)(+)
camptothecin; 9-aminocamptothecin; 9-mtrocamptothecin; 7-ethyl-10-
hydroxycamptothecin; 9-dimethylaminomethyl-10-hydroxycamptothecin; 10,11-
methylenedioxycamptothecin; 7-methylpiperizinomethyl-10,11-

9



et hyl enedi oxycanpt ot heci n; flavopiridol; gel dananycin; 17-(allylam no)-17-
denet hoxygel danamyci n; ectei nascidin 743; phthal ascidin; CT-2584 (1-(11-
(dodecyl am no) - 10- hydr oxyundecyl ) - 3, 7- di net hyl xant hi ne; CT-4582 (1-(11-(N
met hyl N-dodecyl am no)- 10-hydroxyundecyl) -3, 7-di met hyl xant hi ne) ;

doxor ubi ci n; 5 adrianycinone; nel phal an; fludarabi ne; daunonycin; verapam|l;
5-fluorouracil; floxuridine (FUDR); cyclosporin; retinoic acids;

7-dimethyl -tert-butylsilyloxy)-10- hydroxy canptothecin and others. The

t her apeuti c agent nust be capable of attachnent to the polyner by neans of
a functional group that is already present in the native nolecule or 10

ot her wi se ethplebedipnicampiothating flavapitidd ngaitenpmyciedlit-&alylamisg)pt et i ¢ or gani ¢
chem stry without altering the. activi of the agent. In the exanples given
herein, ~t@gn @ﬁfgeldgnngy ?ieﬁ@ﬂ?s?/\g‘f‘jﬂgi RaBassidn; (I 2R84 (rebhnj ugat ed form
and shows < i bty g i [ofotel! i.0N. wever,

wat er -.sol u o?%%*l%rbngbg?g%gﬁg)ﬁm ed)‘<ép l%? é%dl%%ltﬂsy%gyvﬂgnaev?r?{'gg%éhf_gllf Wing their

conj ugat i opetiyl PRbYEECHtaMThS)- E-helirdByun@ed)l)-3, 7o BaRiie FRfeR K hubfdd, cS and

retention at the site of action conpared to the unconjugated agent). -
Reacti ons pénidmyarschelmelphalar fladarabide pdawpbinygncemapanil Asfluoaowacirri ed out  in
an inert solvent (e.qg... DME, DMSO, N nethyl pyrrolidone) at. a tenperature
from -20C flexutshee (ﬁlﬁ?%ﬁv%wn; EHEOKGC bﬁﬂ‘ﬂl@b}d‘,wréﬁéﬁé&ﬂdlﬂw)ﬁnm 0Cto O

70C or frOﬁ%@gﬁa’g@éﬁﬁ.‘-ﬁbﬂ?‘ﬁtﬁ%@g’ nore preferably from5C to 30C or from

about 5C t e presence of a coupling reagent and a

catal yst. O coumngehefapenticeifeaf afudf Be UapsbINoF lattd@REME t61hé PolyRdey tyUCh as the
stability of the therapeutic agent and the reactivity of the attaching

group. Sui traahe of gupinchenal egagemthat as ealigedy pkesentnini thesgativieemplecalegemi ¢

chem stry and include, hut 25 are n limted to, carbodjimdes,. alkyl
chl oPof or mRERETHIRE 3% BE Hf}ﬁra‘flﬁcﬁgab W‘%“’?ﬁvt’f?nprg%ﬂdf”é‘?st’rni BYRHIFUCa ATEREC pheny!

0 bl oONeRBlt o SSLETAIR. Rk SO TERE B P il 2 P O
1, 1' - car botiyd bienf - reratibgly iwatetaaslatledd thefur@bgugated form and shows greatly
improved solubility following conjugation. However, water-soluble drugs are also
expected to show advantages following their conjugation to polyglutamic acid
15 (e.g., improved pharmacokinetics and retention at the site of action compared to
the unconjugated agent).

Reactions performed under “standard coupling conditions” are carned out
in an inert solvent (e.g., DMF, DMSO, N-methylpyrrolidone) at a temperature
from -20°C to 150°C or from about -20°C to about 150°C, preferably from 0°C to

(90 70°C or from about 0°C to about 70°C, more preferably from 5°C to 30°C or

| from about 5°C to about 30°C, in the presence of a coupling reagent and a
catalyst. Of course, the temperature used will depend on factors such as the
stability of the therapeutic agent and the reactivity of the attaching group. Suitable
coupling feagents are well-known in synthetic organic chemistry and include, but

25 are not limited to, carbodiimides, alkyl chloroformate and triethylamine, pyndinium
salts-tributyl amine, phenyl dichlorophosphate, 2-choro-1,3,5-trinitrobenzene and
pyridine, di-2-pyridyl carbonate, polystyryl diphenylphosphine,
(trimethylsilyl)ethoxyacetylene, 1,1’-carbonylbis(3-methylimidazolium)triflate,
diethylazodicarboxylate and triphenyl phosphine, N,N’-carbonyldiimidazole,

10



di et hyl azodi car boxyl ate and tri phenyl phosphine, N, N -carbonyl diim dazol e,
10 net hanesul phonyl chloride, pivaloyl chloride,

bi s( 2- oxo- 3- oxazol i di nyl ) phosphinic acid ( BOP-ClI"),

2-chl oronet hyl pyridiniumiodide ("CWP ), and the like. Suitable catalysts
for al cohol coupling include organic bases, e.g., 4-N N

di met hyl am nopyri di ne and 4-pyrollidinopyridine. 5 As used herein, the term
"inert solvent" nmeans a solvent inert under the conditions of the reaction
bei ng described in conjunction therewith [including, for exanple, benzene,

tol uene, a it i : [ r % 5 _di - RH; ("DVF"),
chl or of or mﬁ%ﬁ&%@b*ﬁy}%@ﬁéﬁ%@%ﬁgﬁggee-(Eglfz-))élo 3 h+£(§?énn%{lﬂ%e orrgé‘aCHZCI 2"),
di et hyl et raeird,(“BDﬂvyctl”;;cmuabmmaﬁﬁrmﬁmumab&m& etaNPrY, deRtthdRke di 0xane,
pyridine, di methoxyethane, t-butyl nmethyl ether, and the Iike]. Unless

speci fi ed tSwiteble ce@hsisdpyalcohe wophngindudsenganin bedes, a. gadil¥,dhs of the present

invention are inert solyents. |f l.tiple.functional groups are present on
t he therapgﬁi’F‘@yléﬁ’é‘Fﬂpyrlé‘é‘Fé&ji4v@’rg@fi’tn881‘ﬂ*?éf?& of a particular group of the
agent, to the pol ygl 1.6 i al: wld 15 require the,u of a

sui tabl e prot ect‘?(%‘é&g?j%e%?’a‘%ge ern)r{né}%)orhéetn it agsloglﬁgt.m I&mg‘f%@ii ng group"
refers to aRYd@ibRYSE tNBiredttioh RinRUescbed PO Rfcti AR fHRr Wit BXoihding, trbd ol . ami no
or carboxyl groups of the conpounds preventS reactions from occurring at

t hese groupsamplt, berizehe, polotes; tacetgnignle tetrelaydrdferand YEHMEY), by conventi onal

chem el o SRRV 0 ESh A L8, R e ST, ©
G oups in Qi&ﬁ&'oﬁbe‘ﬁya'ﬂ% %?Sg?iﬁélzgjl; (élie%l egl}%P %tha’g Qg%twgcg%n@qqetﬁﬁgﬁma/l N.Y. The

particul ar tenpvable bloc g ‘gfoup ‘enpl dyed 1s noGt critica preferred

r enoygbl e Me@émMioxbxhs:,)@&ﬁmige,gdiﬁmﬂﬁ)x'yaﬁhne%b@tgnmem I @&t asdhetiktuents, such
as allyl, benzyl, acetyl, chloroacetyl, thiobenzyl, benzylidine, phenacyl, t
25 but yl - diPrlessspseifigd to theisonirad MetseiMesisiuged intthe eaptyonsidfyhe prvkdot

(et hoxyrretipl tl,r?ti’onl\:{lrzel\qngxzt_solvents.
1f multiple functional groups are present on the therapeutic agent, selective
attachment of a particular group of the agent to the polyglutamic acid polymer will
15 require the use of a suitable protecting group. The term "protecting group" or
"blocking group" refers to any group which when bound to one or more hydroxyl,
thiol, amino or carboxyl groups of the compounds prevents reactions from
occurrng at these groups and which protecting group can be removed by
conventional chemical or enzymatic steps to reestablish the hydroxyl, thiol, amino
20 or carboxyl group. See, generally, T.W. Greene & P.G.M. Wuts, “Protective
Groups in Organic Synthesis,” 3rd Ed, 1999 , John Wiley and Sons, N.Y.
The particular removable blocking group employed is not critical and
preferred removable hydroxyl blocking groups include conventional substituents,
such as allyl, benzyl, acetyl, chloroacetyl, thiobenzyl, benzylidine, phenacyl, t-
25 butyl-diphenylsilyl,
t-butyldimethylsilyl, triethylsilyl, MOM (methoxymethyl), MEM (2-
methoxyethoxymethyl), t-BOC (zert-butyloxycarbonyl), CBZ (benzyloxycarbonyl)

and any other group that can be introduced chemically onto a hydroxyl

1]



met hoxyet hoxynet hyl ), t-BOC (tert-butyl oxycarbonyl), CBZ (benzyl oxycarbonyl)
and any other group that can be introduced chemcally onto a hydroxyl 11
functionality and | ater selectively renoved either by chem cal or enzymatic
nmethods in mld conditions conpatible with the nature of the product.
Preferred renovabl e am no bl ocki ng groups include conventi onal

substituents, such as t-butyl oxycarbonyl (t-B0OC), benzyl oxycarbonyl (CBZ), 5
fl uor enyl met hoxycar bonyl (FMOC), allyl oxycarbonyl (ALOC) and the |ike, which
can be renmoved by conventional conditions conpatible with the nature of the

product . 'F‘m%&?otngﬁfy a‘%H"?%QF @&gyelw&ﬁa\ge%ﬂitﬁéh}ég%g% ng%@gﬁ%ﬂ: ng groups, such

pyr ogl ut am'c "aci can be use na particu he pyrogl utam c

acid 10 nMbye@bddMymilPEordidme FeMpatiblERaThahE BauFAs B ¥lodREOT €Ct i Ng groups
i nclude esters, preferably esters containing alkyl groups such as nethyl,

et hyl, propyl, tPizferndd removablevhinoio Wackifegronpnineiede bynventichdhydr ol ysi s
conditions conpatible with the nature of _the product. 15 Nonencl ature

Exenpl ary cohpiiyartesush ephPuyloryeasbemyh §t-BOQ) renavipodriaonyldCHZ) he i nventi on

described hgrein.are sho [ [ ewl, . The conj s_in . the Exanpl es

bel ow are n wﬁnxlweﬁﬁ)éycs?\éw% Y%Mggtﬂlé’loﬁﬁﬂrﬁw? L@g@ﬁﬁ%ﬂ?élk& ‘%E’Gﬁrp

Descri pti on.pfpeReslopéd Bl cEURAGH IR BERitidhsIBRBLADIe With&hO hAGRSSE Bt ,
manuf act uri ng pol ygl ut amat e-t herapeuti c agent conjugates on a scale that is
sui tabl e foprodhtétni cal devel opnent and pharnmaceutical use conprises the
steps of, (a) providing a _protonated formof a polyglutam c acid pol yner and
a 25 therapeut i b angeher embpdisesst. Ryae-idenivatized amiso YlepkingoraRRRHERSH | i nki ng sai d

agent to said lLut.am.c.acid.p ner. in_an, i.nert .organi.c_solvent to form
27 not yoi ut aeBaae AR R:Ee DL KPEAishRr llbodHEh oAbk iaffe d65Y
( 10 may or may not be removed.
Preferred carboxyl protecting groups include esters, preferably esters
containing alkyl groups such as methyl, ethyl, propyl, t-butyl etc., which can be

removed by mild hydrolysis conditions compatible with the nature of the product.

15 Nomenclature
Exemplary conjugates prepared according to the embodiments of the
invention described herein are shown in Figure 1. The conjugates in the Examples

below are named in the same way as the conjugates of Figure 1.

20 Description of Preferred Embodiments
In general, the process of manufacturing polyglutamate-therapeutic agent
conjugates on a scale that is suitable for clinical development and pharmaceutical
use comprises the steps of:
(a) providing a protonated form of a polyglutamic acid polymer and a

25 therapeutic agent for conjugation thereto;

(b) covalenﬂy linking said agent to said polyglutamic acid polymer in an

inert organic solvent to form a polyglutamic acid-therapeutic agent conjugate;

12



12 (c) precipitating said polyglutam c acid-therapeutic agent conjugate from
solution by addition of an excess vol une of aqueous salt solution; and (d)
collecting said conjugate as a protonated solid. The protonated form of the
polyglutam c acid polyner in step (a) is 5 obtained by acidifying a solution
containing the salt of the polyglutamc acid to be wused as a starting
material, and converting the salt to its acid form After separating the
solid by centrifugation, the solid is washed with water. (Wen

di met hyl am nopyridine ("DVAP") is to be used in step (b), it is preferred to

wash the soli d tpHmé}&%nggkﬁgﬁﬁggﬂﬂ Exﬁ-tgyas%ﬂfcl tﬁécﬁ[v)& 80

pol ygl utam c aC| pre fera | on and

preferabl y sbRtidn 69REEEGH ofeh gh&esgome%fmeobﬁgm@puﬁd 2% to about 21%
wat er, preferably between about 7% to about 21%water, nore preferably

betmeen 7% and %&%?ﬁecﬁﬁég&dCB@hg&eE?a§Rﬂ+&Qﬁtﬁggb)tO a de5|red therapeutic

agent (step (b) rapeut’i ¢ agen may require nodification

prior to 15 conjugation, e.g., the introduction of a new functional group,
the nodificationt PrﬁtonﬁFeéégFnggﬁﬂwg@{%ﬁéFldgMﬂﬁefdﬂ steReahist achrrent of a

l e f t
o oups, "whi S YRR SOGRY OB iGN o P SR o 55 e o
et hods th%em@sm@@ thexerihli Brd agwg@lhb%san&@ i1R%ERIbALY Alfagr apeuti c agents

to poly-L-glutamc acid (PG, either directly or through gl yci ne spacer
mol ecul es. sEparatigidietsphd by sbrmﬁiganom heswlid chwas®d awith weheschberd in the

Ex I b d d I ted th killed i

C e St DS S PR A B s o 1 i
t be b d

Con, 02 "3 0 M Aol BF ARSI f 307 Dlek) PRV AR .FBY, 002200

reacid vity ded! preferablylsy DL arfdt freferabBabar Sond@ht welgat coriprishe

manuf acturi ng process (e.g., safety 'and regulatory issues), and the |iKke.
As descri beututamabout a¥d towsbouy pES vedter| prekeagidy between about 7% to about

21% water, more preferably between 7% and 21% of water, prior to conjugation

to a desired therapeutic agent (step (b)).

The therapeutic agent of step (b) may require modification prior to
15 conjugation, e.g., the introduction of a new functional group, the modification of a
preexisting functional group or the attachment of a spacer molecule. Such
modifications may require the use of protecting groups, which are described

above.

( Reaction schemes I-III illustrate methods that were used for linking various

x 20 exemplary therapeutic agents to poly-L-glutamic acid (PG), either directly or
through glycine spacer molecules. The conditions shown in these schemes and
described in the Examples may be varied, as will be readily appreciated by those
skilled in synthetic organic chemistry. The exact conditions that are used for
conjugating a particular therapeutic agent to polyglutamic acid may be based on

25 the stability of the therapeutic agent to the reaction conditions, the reactivity of the

linking groups, other factors pertinent to the manufacturing process {e.g., safety
and regulatory issues), and the like. As described above, various types of linkages
may be used in preparing the conjugates, depending on the available functional

13



may be used in preparing the conjugates, depending on the avail able
functional 13 groups on the therapeutic agent and the linker nolecule, if a
linker is used. Thus, the therapeutic agent may be conjugated to

pol yglutam c acid and/or |inker nolecules by |linkages other than ester and
am de bonds. Linkers other than glycine, and coupling reagents other than

t hose exenplified herein, can also be 5 used. The exact conditions used for
preparing the conjugates that illustrate the practice of enbodi nents of the
present invention are described belowin the Exanples. In step (c), an

aqueous salt solutjion is added to e .reaction m, eto recipitate the
pol ygl ut an¥'¢ Bt PH ﬂﬁ%@%ﬁ?@ﬁ ‘??:ceé?b E’@é‘ﬂ?ﬁfg’ﬁ?lécql?dﬁ?’;’éﬁeﬁﬁ ‘b*ﬁg %E’VE 10 wat er
odi um_pote bt dechila?Se U5led &) d Bl B RERT G R *2a £ e .
10- 15% sa Tober ot F%ﬁ‘@“?%mﬁit&éﬁﬁrﬁﬁs’;@??@ AL, ket o sl ebod! rent
a 2.5x vol gigene,fanﬁ(lﬁkbuphng]'eagsmsuséntr theEneheslekemplifiediherein, canditedes| oW y to the

reaction nlxture which is 15 coo ed during the addition. For optinumyield
of cénj ugared (¥ xarpmditions used ok BfPapBE HscnpBat ﬂ@@“ﬂlétr%fﬁébﬁ 10C,

Bt -t nor apachrLoLgaReas cRAEPRIGR I B AR g SRR e W T ki Fon

bypr oduct sEgmﬁlegre whol |y or partially soluble under the conditions used
for preci pitatlon of the conjugate. In step (d), the conjugate is collected

as the protonat oht.a te . i.s preferably
acidified. Depeﬁ%lls% (oﬂ ap%@&e ugélslP?@ﬁh 1‘5 a?ﬂeéd ttﬁ’etg& ﬁ’l”é %eotoam d

condi ti Onspre'@lp‘i)t"ké thetpd@yghan@r Lfd ﬁﬁ%}!ﬁeuﬁé‘h ehPcSifpBiste fr@:‘ﬂ s@lut%‘hefﬁﬁfyab' y pH
1-4, can be used. For preparation of polyglutanic acid- paclitaxél

conjagat es watnn\selmaﬂq inargadicfsal zan be ubeel ﬁovvtmd-blﬁpom schssisalts dfesogdiim,

deconposition of paclitaxel, and acidifica nis_typicall ried out at
about pH POBSSIPMANG AFENOMIURLAS W asr]éarMGéP af‘h%ﬂtﬁi"s @ih‘g‘g DVAP, and

aci d, SUChI\ﬁ-ﬁCI, sodium sulfate, ammonium sulfate, etc.). Preferably, 10-15% salt solution
is used in 1x-4x volume. In one preferred embodiment, a 2.5x volume of 10%
NaCl is used. The salt solution is added slowly to the reaction mixture, which is
15 cooled during the addition. For optimum yield of conjugate, the temperature is
kept between about 0°C to about 10°C, preferably 0°C and 10°C. The
precipitation step separates the polyglutamic acid-therapeutic agent conjugate from
starting materials and reaction byproducts that are wholly or partially soluble under

the conditions used for precipitation of the conjugate.

4 In step (d), the conjugate is collected as the protonated solid. The
suspension obtained in step (c) is preferably acidified. Depending on the stability
of the drug molecule to acid conditions, a pH in the range of about pH 1 to about
pH 4, preferably pH 1-4, can be used. For preparation of polyglutamic acid-
paclitaxel conjugates, however, acidification below pH 2 results in the

25 decomposition of paclitaxel, and acidification is typically carried out at about pH
2.5. Preferably, for the removal of the base, such as DMAP, and acid, such as
hydrochloric acid (HC1), is used in step (d). The suspension can be filtered or

centrifuged, preferably filtered, to collect the conjugate.
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hydrochloric acid (HCl), is used in step (d). The suspension can be filtered
or centrifuged, preferably filtered, to collect the conjugate. 14 Unreacted
starting materials, byproducts and other inpurities can be renoved prior
to, or after acidification to yield the final protonated conjugate
(illustrated in Exanples 2 and 3 below, and Figs. 2 and 4). For exanple,
after addition of the salt solution, the solid can be collected and
resolubilized, then either 5 filtered or extracted with an appropriate
solvent in which the contam nants are soluble but the conjugate is not

(o9, CLhvT acotpicqoued SRRl b S 810 sl isxangs, hoptane.

di et hyl ether and di oxane e sol'utifon.rs acl and t he

pr ot onat ed rk@bedpridrite, 6oMeigidefidatios & Yidle tiedims prRstdtédesh)ahaay e.
Alternatively, the solid can be |yophilized, then slurried"wth an

appr opr i at dillusiated ivExamples Ziard drbelow, laed Bigh., 2 andy), Farekampleyifiee ( MeCN) ;

~ethers, such as diethyl S&ft her, di gxane, tetrahydrofuran; hal ogenated
sol vents, SdemoaLfthgadk on, thersald exebectpllertediand resplyhbized, sheateither acet one

and net hyl et hyl, ke K) . ._.C10 al cohpl such as tert-butyl

al cohol , i g@ﬁ%/%dp?/rl éxglilgtoe&ol\éﬁ Q aerf %’ﬁ%g‘?a&%ﬁo&enbw Wﬁéﬁ H%?n%qn}a”tugm}t%%ve inpurities
from the figfblPhRtRO8sHERORI NI 8. BOtitetate, hrtiylerREnRI{d8r Nati ve preferred
enmbodi ment, step (c) above is replaced by stép (c'), which conprises: (c')
separ at i ng chidrdfquol, iepantg eptaae i diethyietiepend dioxaggnThe solptigaisehdnr om

unreacted starting materials and byproducts. and ﬁ>r ecipitati n% sai d

pol ygl ut aniasidifaed #ndithe pegiepated f tthe epfpuggta is cpllestsdsen descraedishoveddi ti on of

an organi ¢ sol ve in.2 i ch.,unreact ed..st arti ng _mat erial s _and .byproducts
e o unre: 1 Bl i A BN ERUSEE e TR Shhn SRR RnAiRS ot
ot hery sol vegtent BohixteR8 tiReedfS Y. letBMfrIE w&djﬁ?];c‘e?ﬁurg%&@ag dﬁ@ﬂh?lde chl orof orm

t et rahydrofuran, dioxane, toluéne, 2-butylnethyl ether, and the like. An
al t er nat i veetiwrodiedance tatmhpdredienan; halogesitepsavants, sdgh ashahokiformi,n situ 25

generat i on o Sieht chionae, Kednes Yo b iefond Snd ety Hetone 0K, GO uoate 1s
Co alcohols, such as zerz-butyl alcohol, 1sopropyl alcohol, ethyl alcohol or
methanol; to remove impurities from the final protonated conjugate product.
15 In an alternative preferred embodiment, step (c) above is replaced by step
(c’), which compnses:

(¢’) separating said polyglutamic acid-therapeutic agent conjugate from
unreacted starting matenials and byproducts and precipitating said polyglutamic
acid-therai)eutic agent conjugate from solution by addition of an organic solvent in

20 which unreacted starting materials and byproducts are soluble.

In addition to ethyl acetate and acetonitrile, examples of other solvents that
can be used to purify the conjugate include chloroform, tetrahydrofuran, dioxane,
toluene, 2-butylmethyl ether, and the like.

An alternative procedure is presently most preferred, wherein in situ

25 generation of a protonated polyglutamic acid-therapeutic agent conjugate is carried
out by a process comprising:

(2) suspending a salt of a polyglutamic acid polymer in an inert organic
solvent;

(b) protonating said polymer by the addition of an anhydrous acid to said

15



out by a process conprising: (a) suspending a salt of a polyglutamc acid
polymer in an inert organic solvent; (b) protonating said polyner by the
addi ti on of an anhydrous acid to said 15 suspension to forma soluble salt
of the conjugate base; (c) providing a therapeutic agent and coval ently

|l i nking said agent to said polyglutamc acid polymer to forma pol yglutamc
aci d-therapeutic agent conjugate; 5 (d) precipitating said polyglutamc

aci d-t herapeutic agent conjugate from solution by the addition of an excess
vol une of aqueous salt solution; and (e) collecting said conjugate as a

protonated solid. The in.sit rocedure el jm nates ltiple steps in
preparing the prot oﬂ’ép‘é’&lonltﬁ%ﬁ%l ﬁéPvﬁjﬁrsaléﬂ thre88{?11(‘:18%tr‘;[":é’lz’r%e=overaI | process tine

o oS macek: (Y pfting 8 erdiBric REQSUR! (RRREAY finkife WA Fo Ly 20ueOUS

solutions nore r n produce eln rocedure in conparison

with the other net hpdlyghlitmnit asidpoligtesitd forh dﬁd]%gﬂuﬁh@@@&i&rﬂ@era@ﬂﬁc anhydrous
acid may be used in step (b) above provided that the salt of the conjugate
base is soluble in agentgpyuate, sol vent 15 selected for use in the

procedure. Exanples of. sui.t abl. cids i.ncl.ude trifluoroacetic acid,
chl or dacetic aci ¢ BF?HHBBW%8?§pgwgﬁymBﬁPﬂ$g%%ﬂ¥HPEag@ﬁ&Pmugme om

chi or ophenoxyacet | ¢ 3ith bf HeUAMREYLASELLA ATHE orUARAREAL LRl O

cyanobutyric acid, cyanophenoxyaceti c acl d, pionic ac

di chl oroaceti c aci dgnd acet oacetic acid, fumaric acid, hippuric acid,

i odoacetic acid, lactic acid, malonic 20 acid, nmesaconic acid, naphthoic

aci d, nitrobenzoi(e) acilatiingbtihabinjogate asla proderatetesolidul f oni ¢ aci d, HBr, HO,
and H. Steps (c), (d) and (e) are carried out as described above for the
gener al  procedur®s.in situ procedure eliminates multiple steps in preparing the protonated

( 10 PG polymer and reduces the overall process time by up to a week. In addition, the
product appears to dissolve in aqueous solutions more rapidly when produced by

the in situ procedure in comparison with the other methods disclosed herein.

In this procedure, any anhydrous acid may be used in step (b) above
provided that the salt of the conjugate base is soluble in the organic solvent
15 selected for use in the procedure. Examples of suitable acids include
trifluoroacetic acid, chloroacetic acid, bromobenzoic acid, chlorobenzoic acid,
chlorophenoxyacetic acid, chlorophenylacetic acid, cyanoacetic acid, cyanobutyric
acid, cyanophenoxyacetic acid, cyanopropionic acid, dichloroacetic acid,
acetoacetic acid, fumaric acid, hippuric acid, iodoacetic acid, lactic acid, malonic
20 acid, mesaconic acid, naphthoic acid, nitrobenzoic acid, phthalic acid, methane

sulfonic acid, HBr, HCI, and HI.

Steps (c), (d) and (e) are carried out as described above for the general

procedures.

Table 1 shows a representative analysis for poly L-glutamic acid-paclitaxel
25 conjugate prepared as described in Example 3 below. Table 2 shows a
representative analysis for poly L-glutamic acid-paclitaxel conjugate prepared in

situ as described in Example 7 below.

16



Tabl e |

shows a representative analysis for poly L-glutarnic acid-paclitaxel

25 conjugate prepared as described in Exanple 3 below. Table 2 shows a

representative analysis for poly L-glutam c acid-paclitaxel

prepared i
data mas t
PRO' b

0.15 0.27 0.160 0.87

n
otal % % % % % s % output
(g9) g (NWR)' paclitaxel"

T grams

conj ugate

situ as described in Exanple 7 below. 16 TABLE 1. Analyti cal
| oadi n | oadi ng free residual
McCN DWVFP U 93.6 87.80 42.0 34.0 0.128
% vyield;, b grans of conjugate;
pacl it axeUgrans conjugate determ ned by UV nethod ;'

resi dual |

grans paclitaxeUgrans

conj ugate d ed hod; w. %free paclitaxel relative to
conj ugat e; ?A%Lnt/oqr é%’%&i\l%\ﬁégg%oni trile relati ve to 5 conj ugate; g wm %
resi dual d m:-\atsh o] mamogje reI a%l ve tdogonj ugatfey, m/ ari sop.r/opyl urea
relative to ' gq} Milug 0 Ije|egn| tign %?L “R8f” a
mass t ot al u § % | oadi N ‘Qfﬂ BIL

(NVR) d DVF .0_0- dﬁ:@g%( aglitaxel % Pgéq or s cf

conj ugat e; gQrdns conj ugat e determ ned by NMR 10 nethod; riwt
% r esi dual ' rel atlve to conj ugate g WM % 1esidual

di met hyl f of agtive tg %dIISOpI’O£§| urea llative to
conj ugat e. ‘Pﬁé i n§€ﬁ9| Qn 2sOi 1| u%‘i patj%d 95125he f oP118wi i é |Q;8|7
paoul & O DT RIFEERS of Tojugte; Brams Pachinel grams eahfugafevaaamhza By

UV method; ‘grams paclitaxel/grams conjugate determined by NMR method; © wt.
% free paclitaxel relative to conjugate; "'wt % residual acetonitrile relative to
conjugate; & wt % residual dimethylformamide relative to conjugate; " wt %

( diisopropylurea relative to conjugate; ' wt % residue on ignition.

TABLE 2. Analytical data

mass % total % % residual % %
output® (g) | loading MeCN' residual pIPU*
(NMR)* DMF®
95.1 0.485 36.0 0-0.01 0.01-0.45 0

* % yield; ° grams of conjugate; “grams paclitaxel/grams conjugate determined by NMR
method; “wt % residual acetonitrile relative to conjugate; & wt % residual dimethylformamide
relative to conjugate; * wt % diisopropylurea relative to conjugate.

10

The invention is llustrated by the following examples which should not be
regarded as limuting the scope of the invention in any way.
15
EXAMPLES
In the following examples, the intermediates in the production of the
conjugates were characterized by "HNMR. The molecular weights of the
polyglutamic acid (Na salt) used to prepare the conjugates exemplified below
20 range from 20 kd to 50 kd, as specified by the supplier (Sigma Chemical Co.,

Milwaukee, WI) based on viscosity measurements. The average loading density of

the conjugates was 37%
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EXAMPLES 1In the follow ng exanples, the internediates in the production of
the . conjugates were characterized by 'HNVR The nol ecul ar wei ghts of the
polyglutam c acid (Na salt) used to prepare the conjugates exenplified bel ow
20 range from 20 kd to 50 kd, as specified by the supplier (Sigma Chem cal
Co., Ml waukee, W) based on viscosity nmeasurenments. The average | oading
density of the conjugates was 37% 17 Exanple 1. Preparation of
pon-L-qutanic acid Poly-L-glutamic acid sodiumsalt (85.9 g) (Signa

Chem cal Co., 37kd MW determ ned by viscosity neasurenent) was dissolved in

USP purifie 1(5 t solution was cooled to

bet ween 0C b@@xﬂ%ﬁufﬁr?’ﬂb%ﬁoéﬁ]@?%ggﬁ o?utl on (IM was added dropw se
wi t h vi gorous st |pd1y4ngglu{®ﬁ@|aﬂg sbdﬂamtsgmpgaj gta?:(ggﬁg,@(gemgal Cot hekdrweas
between pH 2 to 2.5. During the addition, e poly-L glutam c acid

separ at ed oetesmined| byt visnesityTmeasugeiednit owasdissotved in WP puaifind svaten (FHom

terrperature tirred f 1 hour. The suspensi on_was centrlfuged at 2700
x g for rﬁ?‘mﬁggi/%émﬁg'}feﬁ”h&l%‘eWOPWéP grreepdnovedt-1D1Eigd t he solid was

esvsnended SR kSR BN REy 001 00 CRLMRERIS, 10 Mt oS

The upper a Heous I ayer Wwas T enp

continued, ikefig hﬁf)era%n%léloﬁéﬁnmﬂco})}lt\bfs HRIWENUH hAY 85 WBSring ﬁh@’ The

wet solid was IFlyophl lized on a freeze dry system unt a

const ant weiagHitionathegiolyal rhatamihaidsepioasaidbut iof olgtion Theabetion Mxturd 000 ppm
as 15 determned by I CP. Exanple 2. Preparation of poly-L-glutamc

aci d- 2' pacIW%Sa&@TneédﬁjTB%tt@npﬂéﬁuyﬁ Eﬂdgﬂtmeérfplbl hewd TegusEngpn Wisepar ed as
d bed d i
oo o3 | EiBL et R RUEPERSR L BB o

N, N- digret hy | agiRoifdl »dhsﬁ%sx.(s%&gdeﬂgm 580 &R, UE”P'p)mﬁJch@zateY SRFfecONriflghl $6re Was
stirred for 30 mnutes. A solution ofN

10 minutes. The upper aqueous layer was removed and the pH was measured.
Washing was continued, if necessary, until the pH of the aqueous layer was > 3.0.
The wet solid was lyophilized on a LABCONCO™ freeze dry system until a
constant weight was obtained. The wt % sodium was no greater than 7000 ppm as

15 determined by ICP.

Example 2. Preparation of poly-L-glutamic acid-2’-paclitaxel conjugate
Pgly-L-glutamic acid (16.82 g), prepared as described in Example 1 above,
was suspended in anhydrous N,N-dimethylformamide (180 mL), paclitaxel (9.923
20 g, 11.6 mmol) and N,N-dimethylaminopyridine (283 mg, 2.32 mmol). The
reaction mixture was stirred for 30 minutes. A solution of N,N-
diisopropylcarbodiimide (1.903 g, 15.08 mmol) in N,N-dimethylformamide (50
mL) was added over a period of 3 hours using a syringe pump. After the addition,
the reaction was stirred until complete (about 4 hours at room temperature). The
25 reaction was cooled to 5°C-10°C and 10% sodium chloride solution (345 mL) was
added slowly to precipitate out the poly-L-glutamic acid-paclitaxel conjugate. The
precipitate was separated by transferring the mixture to a centrifuge flask and
centrifuging it at 1500 g. The wet solid was resuspended in water (150 mL) and 1
M sodium bicarbonate solution (120 mL) was added slowly with vigorous stirring
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di i sopropyl carbodiimde (1.903 g, 15.08 nmml) in N, N-di met hyl f ormam de (50

m.) was added over a period of 3 hours using a syringe punp. After the
addition, the reaction was stirred until conplete (about 4 hours at room
tenperature). The 25 reaction was cooled to 5C 10C and 10% sodi um chl ori de
solution (345 nL) was added slowy to precipitate out the poly-L-glutamc
aci d-paclitaxel conjugate. The precipitate was separated by transferring
the m xture to a centrifuge flask and centrifuging it at 1500 g. The wet
solid was resuspended in water (150 nL) and I M sodi um bi carbonate sol ution

120 ni L) was .added sl ith vi ous stirring 18 tao. bri th H of the
gol ut i Ln) t &° BW%%’W@O?&%PWBH%&?&-i fﬁ%ﬁfaﬂl‘t&;‘&% ot faﬁé‘l‘ E‘P(?:]‘irlat“ rgd t hr ough
0.2 m il [ it : xal t 0C-5C
o B¢ Rl b PR B B N TREN TR AR e O
sol ution o L4 &) : 'gﬂﬁﬁ f ks i s. The 5
pr eg i Ipi ta}f@gci%%ﬁ%@gﬂéggﬁsfaﬁg%cgﬂg?g,lﬁg@gwg?@h t g&v\gx% é%o[ﬁl gfjl\t/}\l/gs washed

twice by suspendiasdroughved g 3( 1Sbring vagaentiesd forf30ohigtesTepr oduct was
l'yophilized to yield 24 g of poly-L-glutam c acid-paclitaxel conjugate (90%
yi el &) . | n prewpitieseoligrosaguiridugadas 1600 gy anditbewst sglidcwias washeditwiced by

washing th sol ution wth acetate_. (250 , 2 to renpye [npurities.
10 gur e $yshorascinbn el (FOH) 855 Foieabien 1R ancddt Y PP e i ¢

aci d-2' - pagly i : ), ﬁ@ﬂﬁ 2 as descri bed above,
but havi nggélta E?éﬁgﬁﬁ%@?g@e%ﬁgéﬁﬂad&% 5 te?%%’ﬁ@@@npl e 3. Preparation
of poly-L- gl ut anincha@abaleroqedotd, tieexitrateomnftegedncbe drbitfedyubahingithéalg process)

Pol y-L-glutam c aci d%g42 g), prepared as described in Exanple | above, was
added to a schitiva-wideey acetated(200 My, 2xp toeemnye iopyritiessk equi pped with a

¢hani cal sti . addi ti f | .and b :
N e MR A% R VR PR R e o,
Pacl i t axel Jc?cﬂz6%aa}tafé?@ox?jhé\!it%?iregig%tByYJaﬂJ@p?Q&Mﬁﬂeddsfh%s&%eZQb&)e,Wats added and

stirred for 10 m nutes. A'sO
having a higher paclitaxel loading (i.e., 55%).

Example 3. Preparation of poly-L-glutamic acid-2’-paclitaxel conjugate
15 (manufact‘uring process)
Poly-L-glutamic acid (42 g), prepared as described in Example 1 above,
was added to a three-necked three liter round bottom flask equipped with a
mechanical stirrer, addition funnel and a thermo probe. N,N-dimethylformamide
(350 mL) was added and stirred for 10 minutes. Paclitaxel (24.66 g) and N,N-
;0 dimethylaminopyndine (0.70 g) was added and stirred for 10 minutes. A solution
of N,N-diisopropylcarbodiimide (4.73 g) in N N-dimethylformamide (143 mL) was
added at room temperature over a period of 1 hr using the addition funnel and was
stirred for four hours. The reaction mixture was cooled to 5°C-10°C and a cooled
solution of 10% sodium chlonde (1.2 L) was added dropwise using an addition
25 funnel and keeping the temperature at 5°C-10°C by cooling the flask in an ice-salt
mixture. After the addition of sodium chloride solution, 1N solution of
hydrochloric acid (35 mL) was added dropwise until the pH of the reaction
reached 2.5. The reaction mixture was stirred for 30 minutes at 5°C-10°C and the
precipitated poly-L-glutamic acid-paclitaxel conjugate was collected by filtration.
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of N, N-diisopropylcarbodiimde (4.73 g) in N, N-dinmethylformam de (143 nil)
was added at roomtenperature over a period of 1 hr using the addition
funnel and was stirred for four hours. The reaction m xture was cooled to
5C-10C and a cooled solution of 10% sodiumchloride (1.2 L) was added
dropwi se using an addition 25 funnel and keeping the tenperature at 5C 10C
by cooling the flask in an ice-salt mxture. After the addition of sodium
chl oride solution, IN solution of hydrochloric acid (35 nL) was added
dropwi se until the pH of the reaction reached 2.5. The reaction m xture was

stirred for_30 r[inutes at, 5C-10C and the precipitated, poly-L-glutamc

ea.p .
aci d- pacl i t &Repoldsysig Hashaibreedimescyigywatgr and frezeidsisd in o lypRkilisefeds wer e
washed thre L mes it h: freeze dried in.a |lyophilizer for 24
hours. The g‘% ?‘é‘g&sgﬂe &gﬁawggﬁ%&vggg%‘ﬁd?fﬁé&‘%aﬁPEB%SS\HéSX“&?%F‘H&%a%rtar and
pestle.. Thgedien eMgRwaRk - glhkadm, o625 i conj ugat e was
suspended | ﬁegggé?gﬁiq&ri I'e (1(r)0 ?{T{J)L %{r]]d st |ér?cg g(?ja'c]ﬁ%afagc%hjrug@t’éﬁ]agn filtered and

the 5 sol i dswspsndedshadetonitriie 2X0@OAL jrinddtireddboD hts; tHea filiEhed andlthe was dri ed

under vacuum for 24 his to_qgi vemgoclé_y- L- gl utam c aci d-paclitaxel conjugate
(60 gf. Yiebelid yapwgshedgifinde200 mpraf saetanitlp. dhe solid/wes driedtunder

aci d-gl yci ne-pacl i t ., 10 ] uga Reaction Schene 11) St .|, and 2
bel ow wer e X%ﬁeﬂ”% r?ﬁl&u 2% lﬁgﬁ%ﬁy'gg’garé‘ggﬁlﬁip%@mﬁ CWﬁ%%(g(?’gfgﬁle t hew,
A E, Mjillapgy MR, Nath, J.P., Hnmes, RH, and Stella, V.J., J. Med.
Chem, 35:145-151; 1992). 15 Step 1. Preparation of

2'-(N-t-BOC-gl ycyl )paclitaxel To a solution of N-t-BOC L-glycine (131 ny,
0.75 mmol ) and paclitaxel (640 , .0.75 mmol ) in dichloronmethane (20 n)
was, added 1Example dopPreparativmefd alyildglutamic apd-glycos-padityxel ol | oned by N, N

di et yl am nopyri di 7 0. mol ). After stirring at roomtenperature
f‘or. 41%hour sfoﬁjﬁ‘gaﬁq Qf‘ﬁ'&éoﬂgghﬁ%ﬁ@nt rated under reduced pressure. The
residue Steps 1 and 2 below were carried out essentially as described in Mathew ef

al. (Mathew, A.E., Mejillano, MR, Nath, J.P., Himes, R.H., and Stella, V.J., J.

Med. Chem., 35:145-151, 1992).

15 Step 1. Preparation of 2’-(N-t-BOC-glycyl)paclitaxel
To a solution of N-t-BOC-L-glycine (131 mg, 0.75 mmol) and paclitaxel

(640 mg, 0.75 mmol) in dichloromethane (20 mL) was added 1,3-
diisopropylcarbodiimide (124 mg, 0.98 mmol) followed by N,N-
dimethylaminopyridine (27 mg, 0.23 mmol). After stirring at room temperéture

(0 for 4 hours, the mixture was concentrated under reduced pressure. The residue
was purified by silica gel flash chromatography eluting with 1:1 (v/v) ethyl
acetate/hexane to yield 2’-(N-t-BOC-glycyl)paclitaxel (720 mg, 95% yield) as a

white powder.

25 Step 2. Preparation of 2’-(glycyl)paclitaxel
A solution of 2’-(N-t-BOC-glycyl)paclitaxel (245 mg, 0.242 mmol) in
formic acid (2 mL) was stirred for 30 minutes. After concentrating under reduced
pressure, the residue was suspended in water (15 mL). Cold 0.05 M sodium

bicarbonate solution (45 mL) was added and the solution (pH 8.0) was extracted
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was purified by silica gel flash chromatography eluting with 1:1 (v/v) ethyl
acetate/ hexane to yield 2'-(N1t-BOC glycyl)paclitaxel (720 ng, 95%yield) as
a white powder. 25 Step 2. Preparation of 2'-(glycyl)paclitaxel A solution
of 2'-(N-t-BOC-glycyl)paclitaxel (245 ng, 0.242 mmol) in formc acid (2 nL)
was stirred for 30 mnutes. After concentrating under reduced pressure, the
resi due was suspended in water (15 nL). Cold 0.05 M sodium bicarbonate
solution (45 nL) was added and the solution (pH 8.0) was extracted 20 with
di chl oronet hane (2x 40 mL). The conbi ned di chl oronmet hane extracts were
dried over anhydrous sodi um sul fate_and concentrated under reduced pressure.
The resi duew‘\?\% lcb&’?‘f‘?tgﬁneb "(slélrf‘;(j:l B@q CqﬂF%é%eﬁ A romETHE SKY2Es WETeng wi th 4%
met hanol / di o} F‘iﬁtﬂﬂ t i - i , 73 %yield)
as a 5 m‘frgdp%v\%uer. %ﬁ’espsgg. hﬁ%@%‘ger%”@fgSﬁ&ﬁ*r%%gﬁJf?E’g’fégF%eﬁ‘ﬁ]pg‘}sas{g%d- 2 - (glycyl)
pacl i taxel Tijesidat as porifiedhy silierpeds AsedhsirmioghpRpEMtihg GhtHi4aM ¢ acid (27
mg, 1.87 mmol) in anhydrous dinethylformam de (8 m.) was added

2' - (gl ycyl )peibknaladichloromgthang to yield -(glyzylipadityxel Al Gloingt 7bPe weld) as a

1, 3-dii sopropyl carbodimde (29 ng, 0.23 nmol) in dinmethylformam de (1.4 nl)
was adlded tYMHBO¥ESrred suspension over a period of 30 minutes. After
stirring at roomtenperature for 3 hours, the mxture was cooled in an ice
bath to bring the bath tenperature to 0OC - 5C and then 10 % aqueous sodi um
chloride S%&Emnwzpﬁhiiow peHdEd:l oneic aciaez’i(?@cw) paelitixelédi§ugddte t O
precipitate the pol y-_L-gI utam c acid-2'-(glycyl)paclitaxel conjugate. The
resul ting white Sosptrsdsusprasion ehpoly{luglothimat acmwsgmg,lmmmmlgm After

filtration, .,the saolid s washed twjce b spension i.n r (10 nL) and
ceEt Fi fugatWQTOWW§P%“BPB€%&mm%’aﬁfﬁjﬁi#d@y?)ﬂ)%lﬁéﬁﬁ?tﬁn@gand al M
aquequs sodj L Gar lyuf_j : d ith stirrin
tg b(rwng th%lfzzrqp}éﬁ?sk%gﬂjyf%n?géE%—ngéﬁéfpgﬁsﬁ&)@gaé@gg’ %t§ 'Jls %%2}% or an °
addi ti onal @nbenyiformihidedu4anlpwhaydded to the stirred suspension over a period of

30 minutes. After sturing at room temperature for 3 hours, the mixture was

cooled in an ice bath to bning the bath temperature to 0°C — 5°C and then 10 %
aqueous sodium chloride solution (7 mL) was added over a period of 30 minutes
15 to precipitate the poly-L-glutamic acid-2’-(glycyl)paclitaxel conjugate. The
resulting white suspension was centrifuged at 1500 g, 15 minutes. After filtration,
the solid was washed twice by suspenéion in water (10 mL) and centrifugation.
The crude product was suspended in water (6 mL) and a 1 M aqueous sodium
bicarbonate solution (2.3 mL) was added slowly with stirring to bring the contents
[ 20 of the flask to pH 7.6. After stimng for an additional 2 hours, the aqueous layer
| was washed with ethyl acetate (3 x 6 mL) and then acidified by addition of 1 N
hydrochloric acid to pH 2.8. The precipitated solid was separated by
centrifugation and washed with water (2 x 6 mL). The wet solid was lyophilized
to give poly-L-glutamic acid-2’-(glycyl)paclitaxel conjugate (315 mg, 72 % yield)
25 as a white powder.
Using a similar procedure, the above conjugate can be substituted by amino

acids other than glycine.
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was washed with ethyl acetate (3 x 6 nL) and then acidified by addition of 1
N hydrochloric acid to pH 2.8. The precipitated solid was separated by
centrifugation and washed with water (2 x 6 nL). The wet solid was

| yophilized to give poly-L-glutam c acid-2'-(glycyl)paclitaxel conjugate
(315 ng, 72 %yield) 25 as a white powder. Using a simlar procedure, the
above conjugate can be substituted by am no acids other than glycine. 21
Exanpl e 5. Preparation of poly-L-glutam c acid-2'-docetaxel conjugate

(Reaction Schenme II11) Step 1. Preparation of 10-deacetyl paclitaxel 5
10- Deacet yl paclitaxel was prepared essentially as described in Zheng, QY.,
Dar bi e, L.GExa@pda3. Rrepaviationpf pelyKl-glitamiahedr2inddcetaxel sanjugse2001- 2004,

1995 and U. S. Pat e(r;é No. 629, 433. To a solution of paclitaxel (1.0g, 1.17
mol ) in tetRearf@noychess ]590 rnL) 10 was added hydrogen peroxide (30% 20

m.) followed by sodi um bi carbonate (1.92g, 22.85 mmol ). After stirring at

roomtenperature for 18 hrs, the mxture was treated with

di chl or onet Begi,ej,vvqt,@pa,(;]ﬁo}, df/0vdeacdBPpdditaxeilhe organi ¢ phase was washed
with water (2x 30 nmL ), dried over anhydrous nmagnesi um sul fate, and

concent r at ed undép-Deecatyipaclitage! rvessipreparadasssqutially kedesbybesli thiZhanggel fl ash 15
chr onmat ogra&h‘% elut] ng w th 3% net hanol / di chl or onet hane (v/ V&,‘Bt 0 Oyi el d 10-
deacet yl pacR Yaxearbiegb@.nighemy 30, Yiugtay) C&s, Teghedrondeaiqes . 30s2@ -2004,

Prepar at i Onl% 2' v 7-bis(triethylsilyl)-10-deacetyl paclitaxel

2", 7-Bis(tri %W%l lyl)- | O-deacetyl paclitaxel was prepared as described in
10 U. S. Pat ¢ng. MentNo.6282%A83% To a solution of 10-deacetyl paclitaxel (850
ng, 1.05 nmmol) in anhydrous pyridine. (20 nL) was added chlorotriethysil ane
( 2.72 m, 20.1 mil 3 sautioofipaclitaxel (1.0g, 1.17 mmol) in tetrahydrofuran (20 mL)

! 10 was added hydrogen peroxide (30%, 20 mL) followed by sodium bicarbonate
(1.92g, 22.85 mmol). After stimng at room temperature for 18 hrs, the mixture
was treated with dichloromethane/water (1:1 (v/v), 100 mL). The organic phase
was washed with water (2x 30 mL), dried over anhydrous magnesium sulfate, and
concentrated under vacuum. The residue was purified by silica gel flash

15 chromatography eluting with 3% methanol/dichloromethane (v/v) to yield 10-
deacetylpaclitaxel (890 mg, 93% yield) as a white powder.

Step 2. Preparation of 2°,7-bis(triethylsilyl)-10-deacetylpaclitaxel
2’,7-Bis(triethylsilyl)- 10-deacetylpaclitaxel was prepared as described in
{20 U.S. Patent No. 5, 629,433.

To a solution of 10-deacetylpaclitaxel (850 mg, 1.05 mmol) in anhydrous
pyridine (20 mL) was added chlorotriethysilane (2.72 mL, 20.1 mmol) at room
temperature over a period of 30 minutes under an argon atmosphere. After
stirnng for 17 hours, the mixture was treated with dichloromethane (75 mL),

25 washed with water (3 x 30 mL), with 10% aqueous éopper sulfate solution (4 x 35
mL), with water (30 mL), and with saturated aqueous sodium chioride solution (30
mL). The organic layer was dried over anhydrous magnesium sulfate and
concentrated under reduced pressure to provide 2’,7-bis(triethylsilyl)-10-

deacetylpaclitaxel (980 mg, 90% yield) as a powder.
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tenperature over a period of 30 m nutes under an argon atnosphere. After
stirring for 17 hours, the mxture was treated with dichloronmethane (75 nli),
25 washed with water (3 x 30 nL), with 10% aqueous copper sulfate solution
(4 x 35 nL), with water (30 nL), and with saturated aqueous sodi um chl ori de
solution (30 nlL). The organic |layer was dried over anhydrous magnesi um

sul fate and concentrated under reduced pressure to provide

2", 7-bis(triethylsilyl)-10- deacetyl paclitaxel (980 ng, 90%yield) as a
powder. 22 Step 3. Preparation of

2", 7-bis(triethylsilyl)-10-deacetyl paclitaxel imne
2',7-Bis(triethylsilyl)-10-deacetyl paclitaxelimne was prepared as descri bed
in U S. Pat8tep NoPrepardi®y d3Z,7-bislimiesthdsilyl)-i 0uieatetylpaclitaxel imine
2',7-bis(triethylsilyl)-10-deacetyl paclitaxel (730 ng, 0.70 nmol) in

t et r ahydr of ur an @77fﬁﬁ’}etbﬂ@@d%é&aﬁ%’%ﬁl&é’éﬂ@“%w& PigRangg @p depsripshia  ny,

2.11 mol) .. Afte ECA t ,£/,:00m t enper at ure under an agron at nosphere
for 15 hourg]ﬁjlghga%f]Lﬁﬁr2’%@543r80ured into cold hexanes (75 nL). The

precipitated zi REONGHRIHAT ,@zqﬁgﬁ@ﬁﬁsirygmv.&éiacp%gfa&ﬁtﬁ@w%gm?of itrate

was concentrated 10 under reduced pressure to gi

2", 7- bi s(trmeidlyinseirytiydrdfiradgdcenl) pas hddedxdricondoete ciodde Inmirid®2343yi el d) as a
white powder. Step 4. Preparation of 10-deacetyl paclitaxel primry am ne

] 0- Deacet y| peRiltanmpl)p BYTTHE 3h EOGRR SeIRfreat Hfeaendgt ebagipn gtmesplers. 15

Pat ent No. 433., A solution of .. ..

o T ot r R I g8 R kSR s dniq Sl BPeapes (18 Wb eTHRPrCBIHA ot ) i 1
1% (W w) co aydr i i i for 15
hour s, treatg1 g%o%r?ﬁeﬁlg%egg %g%o?%ﬁﬁ%gﬁ%dfrﬁ? heeyg%%%&%gt%ggo m.). The
aqueows | ayenderasduediprasbirzed givel2’ 7)bisiyriakidsilyl)oro-ddacegipatiabedimdggieous 20
sodi um bi carbonate sol ution and extracted with dichloronmethane (2 x 40 nli).
The conbi nef¥xmea3% Yigdasd Wite RAvederanhydr ous magnesi um sul fate and
concentrated under reduced pressure to yield the crude prinmary am ne product

Step 4. Preparation of 10-deacetylpaclitaxel primary amine
10-Deacetylpaclitaxel primary amine was prepared according to U.S.
15 Patent No. 5,629,433. .
A solution of 2°,7-bis(triethylsilyl)-10-deacetylpaclitaxel imine (636 mg,
0.621 mmol) in 1% (w/w) conc. hydrochloric acid/95% ethanol (25 mL) was
stirred for 15 hours, treated with water (65 mL), and washed with hexanes (2 x 30
mL). The aqueous layer was neutralized (pH 7) by addition of saturated aqueous
20 sodium bicarbonate solution and extracted with dichloromethane (2 x 40 mL).
The combined extracts were dried over anhydrous magnesium sulfate and
concentrated under reduced pressure to yield the crude primary amine product
(405 mg, 92% yield) as a white powder. This product was used for the next step
without further purification.
25
Step 5. Preparation of docetaxel
Docetaxel was prepared according to U.S. Patent No. 5,629,433.
To a solution of 10-deacetylpaclitaxel primary amine (405 mg, 0.57 mmol)

in ethyl acetate (40 mL) was added saturated aqueous sodium bicarbonate solution
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(405 ngy, 92%yield) as a white powder. This product was used for the next
step wthout further purification. 25 Step 5. Preparation of docet axel
Docet axel was prepared according to U S. Patent No. 5,629,433. To a solution
of 10-deacetyl paclitaxel primary amne (405 ng, 0.57 mmol) in ethyl acetate
(40 nmL) was added saturated aqueous sodi um bi carbonate solution 23 (40 ni).
To this biphasic mxture was added di-tert-butyl di carbonate (225 ng, 1.03
nmol ). After stirring at roomtenperature for 15 hours, ethyl acetate (75
m.) was added. The organi c phase was washed with water (2 x 30 nL), dried
over anhydrous sodium sul fate, and concentrated under vacuum The residue
was 5 puri fl#edlhy i thisdaphpsic rhbiashvmlaraddmitdygcra-ﬂ»hgyltbtaxbmrmge (@25mg %

met hanoUdi chI orom?th e to.provide docetaxel (351 , %yield) as a white
powder. - St@bmE grrSéw%atorpoigbqeylpgta&}rgfcgrﬁ%h%s (91112/1 a‘éfé%fél(’éé( conj ugat e

anhyar ous. dlrerRy O e P M Nk Mot kel 2 POk ' 0. 48 o)

and N, N-di %Pﬁmm%ﬂhﬂi ﬂﬁfa(el%nﬁrgmn&m@ﬁ@d AR haculen. t PhSresidhik rvx%g
suspensi on was added a solution of 1,3-diisopropylcarbodiimde (78.8 ng,

0. 6245 nmol )pun(ﬂiled'é)yhyllcﬁgdrfﬂllshdhroﬁlihtmgr)adeangS.eltlDW%r 20 minutes. After
stirring for 15 hours, 15 the m xture was cooled in an _ice bath and 10%
aqueous sodnetharaidishicremsthrne 1o provideglosetixahédd laaact YudeldBes avhite es. After
stirring for _a addltlonal 1 hour, the solid was filtered and the filtered
cake was Twi th wat er (4 x 50 m.). The solid was |yophilized to
constant weight and then triturated with acetonitrile (4 x 50 nmL). Drying
under hi gh vacuum for 15 hours provi ded poly-L-glutamic acid 0 2'-docet axel
conj ugat e (Siep GryPr&patatioebipolysLplutaniie apidvaiatocetaxeNdRjGgdte Mz, DVBO- d6):

6 121010 (s, - CCDT_% a sZsp%?mgn %(f)pglr}rl]—L—%{uct)g‘;Jtclagxd%g EE g]rglsgl 47 mmgl-) n
anhydrous dimethylformamide (10 mL) was added docetaxel (385 mg, 0.48 mmol)
and N,N-dimethylaminopyridine (12 mg, 0.096 mmol). To this stirred suspension
was added a solution of 1,3-diisopropylcarbodiimide (78.8 mg, 0.624 mmol)
dimethylformamide (3 mL) dropwise over 20 minutes. After stirnng for 15 hours,

15 the mixture was cooled in an ice bath and 10% aqueous sodium chloride solution
(20 mL) was added over 30 minutes. After stimng for an additional 1 hour, the
solid was filtered and the filtered cake was washed with water (4 x 50 rnL)'. The
solid was lyophilized to constant weight and then triturated with acetonitrile (4 x
50 mL). Drying under high vacuum for 15 hours provided poly-L-glutamic acid-

( 0 2'-docetaxel conjugate (890 mg, 87% yield) as a white powder. 'H NMR (300
MHz, DMSO-de): 5 12.10 (s, -COOH), 7.05-8.20 (m, aromatic protons), 4.80-
6.05 (m), 3.80-4.50 (m), 5.0-5.6 (m, 5-H2, 7-H2), 3.70-4.35 (m), 1.20-2.80 (m),
1.00( s).

25 Example 6. Preparation of poly-l-glutamic acid-glycyl-20(S)camptothecin
(Reaction Scheme I)
Steps 1 and 2 below were carried out as described by Greenwald, RB.,
Pendn, A., Conover, C.D., Lee, C., Choe, Y.H,, Gilbert, C., Martinez, A., Xia, J.,
Wu, D., and Hsue, M., Bioorg. & Med. Chem., 6:551-562, 1998.
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6.05 (m, 3.80-4.50 (m, 5.0-5.6 (m 5-H2, 7-H2), 3.70-4.35 (m, 1.20-2.80
(m, 1.00(s). 25 Exanple 6. Preparation of poly-Il-glutamc

aci d-glycyl -20(S) canptot hecin (Reaction Schene |I) Steps 1 and 2 bel ow were
carried out as described by Geenwald, RB., Pendri, A, Conover, C. D.,

Lee, C, Choe, Y.H, Glbert, C, Martinez, A, Xia, J., W, D, and Hsue,
M, Bioorg. & Med. Chem, 6:551-562,1998 . 24 Step 1. Preparation of

20- (N-t-BOC- gl ycyl )-20(S) canpt ot hecin To a sol ution of N-t-BOC-glycine (530
ng, 3.0 mmol ) in anhydrous dichl oronethane (240 nlL) was added

1, 3-dii sopropyl carbodiimde (379 ng, 3.0 5 mmol), N, N-di nethylam nopyridi ne
(244 nmg, 2 mmol), and 20(S)canptothecin (348 ng, 1.0 mmol) at 0C. The

For 18 nourSeb i pafiiled Siad- DRIt BIRR G TR AES. N aqueous

hyd hl ori i i - otk i : , ith 0.1 M
ydrochlori ¢ aci ¢, 3abkitibRBf {2t Bdtﬂcm(ebzne )ngogﬂ%{%a@ﬁgﬁg?% ; Qartly . Wi

aqueous sodi um bi carbonate sol ution water (2 x 10 50
m.). The ordjetibonpizse (24%mir)ived added 1 drtiiyopropycsostiids @ 70ahg 3amd
concentrat ed under. reduced pressure. The residue was crystallized from

net hahol  (mmed) NiN-dypeiiiyigeinapypisine (Bomgl 3 ayno)), 2uf 2)(Sdiampsethesnn (424 ny,
84% yi el d) a | ow,, r.. HNVMR (300 WMHz, CDC13): 5 8.35 (s, 1H),
8.22 (d, J @%g}%éWZ?*V@Egﬂha,re%t@n Igpgre ‘f(ﬁ)a,“o’?’.e%g% y/agg 1p ﬁ?o"il—l) . 7.65
(t, 3 = 7. delporsbih, AW Gidfie(tSr 18 HhursSind B : it 40 (d, 3
= 17. 25 Hz,telfli’i)er,a 505" (s, i Eff " 4598 Cor g’,”&%ﬁ)‘f;as3vf’%sé9%§62‘§%?tﬁfaﬂi it
2.18-2.26 (omNZddheouds. BArdchlortHcid €bi®for((@,x 50 mL), vithiwiier (Bxp0 nt)ep 2.
Preparati on of 20-QG ycyl-20(S)canptothecin trifluoroacetic acid salt '.0 A
sol ution of with O(IM rqesugs gpginy hicarbersye sotpian Rec? mia2ad with wagn(2 xmol ) in a
L1 Gyrv) myxt et odb o QLorshoangs bhd iRt QA% &kt {Ft M) vas

concentrated under reduced pressure. The residue was crystallized from methanol

(7 mL) to provide 20-(N-t-BOC-glycyl)-20(S)camptothecin (424 mg, 84% yield)

as a yellow powder. 'H NMR (300 MHz, CDCL;): 5 8.35 (s, 1H), 8.22(d, J =

8.38 Hz 1H), 7.91(d, J = 8.07, 1H), 7.76-7.85 (m, 1H), 7.65 (t, ] = 7.4 Hz, 1H),

15 7.26 (s, 1H), 5.70 (d, ] = 17.25 Hz, 1H), 5.40 (d, J = 17.25 Hz, 1H), 5.25 (s, 2H),
4.95 (br s, 1H), 3.98-4.25 (m, 2H), 2.18-2.26 (m, 2H), 1.38 (s, 9H), 0.95 (t, J =
7.47 Hz, 3H).

Step 2. Preparation of 20-Glycyl-20(S)camptothecin trifluoroacetic acid salt

"0 A solution of 20-(N-t-BOC-glycyl)-20(S)camptothecin (424 mg, 0.84
mmol) in a 1:1 (v/v) mixture of dichloromethane/trifluoroacetic acid (21 mL) was
stirred at room temperature for 1 hour. The solvents were evaporated under
reduced pressure. The yellow solid was crystallized from dichloromethane/diethyl
ether (3:7 (v/v), 50 mL) to provide 20-glycyl-20(S)camptothecin trifluoroacetic

25 acid salt (361 mg, 83 % yield) as a light yellow powder. 'H NMR (300 MHz,
DMSO-de): 6 8.78 (s, 1H), 8.45 (br s, 2H), 8.20 (d, J = 8.2 Hz 1H), 7.70-7.95 (m,
2H), 7.30 (s, 1H), 5.55 (s, 2H), 5.30 (s, 2H), 4.35(d, ] =17.9 Hz, 1H), 4.15(d, ]
= 17.9 Hz, 1H), 2.10-2.30 (m, 2H), 1.00 (t, J= 7.4 Hz, 3H).
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stirred at roomtenperature for 1 hour. The solvents were evaporated under
reduced pressure. The yellow solid was crystallized from

di chl oronet hane/ diethyl ether (3:7 (v/v), 50 nmL) to provide

20-gl ycyl -20(S)canptothecin trifluoroacetic 25 acid salt (361 ng, 83 %
yield) as a light yell ow powder. '"H NVR (300 MHz, DWSO-d6): 5 8.78 (s, 1H),
8.45 (br s, 2H), 8.20 (d, J = 8.2 Hz 1H), 7.70-7.95 (m 2H), 7.30 (s, 1H),
5.55 (s, 2H), 5.30 (s, 2H), 4.35 (d, J = 17.9 Hz, 1H), 4.15 (d, J = 17.9
Hz, iH, 2.10-2.30 (m 2H), 1.00 (t, J= 7.4 Hz, 3H). 25 Step 3. Preparation

of poly-L- m IrdeioR - ; oL hecin ' Jo a stirred
susBengi ong%‘#b%-gr%}y?f gg(o S&)ﬁ%%gﬁ%ﬁ?%ﬁtﬁrﬂ Qgg*lggégﬁygﬂgﬁ}%cnsal t (|351
mg, 0.68 mM@njugdiel y-L-glutamc acid (465 ng, 3.16 nmmol), and N, N 5

di met hyl am nopyridi ne (249 ng, 2.04 nmol) in anhydrous dinethylformanm de (13
m.) was added a Torstitea sefpensiar df 2&glyed N Sramptiithevigifiudidaceticarid 0. 88

mol in di | fo m de..(2 over. 20 . nmnutes, After_stirci under an
argoal at no%“gﬁté?ﬁ%b "8'5199( Pelke ) HATE ac B8 246 TP, qnéé\g’t}g? h and 10%
aqueo ogli QL : i : . 1: . After .
S Treng 1 oot ER AR RIRNNS b ¥t il B BHASHAURLIGR S, AL 5

by addi ti onmb§ whs bt dedchissdutso oy, Baliibspr oyl Aeh SHiisREd{111016 mghe 83 eirhdly

precipitate was collected by filtration, washed wth water (5 x 25 n),
dri ed underinviwethyfowmamie td mLander 2G ininuteat édtenstitingemtienart argbe (100 ) .

f dryi i gh N 2 hour s, ly-L- '

e o 20,51 St SRR R e o8 W o

bt ai ned : ; 6) A - , -COOH),
705 8. 74 (IS GBHOESURGEn (LSt dRGaVer JeMER i) AnG sifipg iy O

(M -6 y- CHeddit¥malNt Gbh), thelsudBendidhdvd sacidlffedGbidpH PGHyGEditionHEH2N, 0. 90 (br s,

19-CH3). "H NWR indicated a paclitaxel |oading of 34% 7?0 Exanple 7. In Situ

Met hod for @msensbydagchberi/emidiselriion akhalyaiaw nrecipigdte was rotleated by ound bot t orred

flask was c %’raggrclj, v%s&mgd evit%tvl/{tlgﬁ S'x B? ln%f),(cl'ri_ed under vacuum overnight, and

triturated with acetomitrile (100 mL). After drying under high vacuum for 24
hours, poly-L-glutamic acid-20-glycyl-20(S)camptothecin conjugate (703 mg,

15 95% yield) was obtained as a yellow powder. 'H NMR (300 MHz, DMSO-d¢): 8
12.10 (s, -COOH), 7.05-8.74 (m, 7,9,10,11,12, &14 CH), 5.0-5.6 (m, 5-CH2, 7-
CH2), 3.70-4.35 (m, -Gly-CH2, PG-N-CH.), 1.42-2.62 (m, 18-CH2, PG-5CH2,
8CH2), 0.90 (br s, 19-CH3). 'H NMR indicated a paclitaxel loading of 34%.

(0 Example 7. In Si_tu Method for Generating Polyglutamic acid-Paclitaxel
A 100 mL round bottomed flask was charged with a stirbar, poly-(L-
glutamic acid, sodium salt) (340 mg, 2.25 mmol, 11.3 eq), and 7 mL of dry
dimethylformamide. The suspension was stirred and trifluoroacetic acid (156 pL,
2.03 mmol, 10.2 eq) was added neat via syringe. The suspended solid dissolved in
25 ca. 5 minutes. Paclitaxel (170 mg, 0.199 mol, 1.0 eq) was added as a solid,
followed by 4-(N,N-dimethylamino)pyridine (10 mg, 0.082 mmol, 0.4 eq) and
diisopropylcarbodiimide (40 pL, 0.259 mmol, 1.3 eq). The solution was stirred at
room temperature for 18 hours and was then cooled to 0°C with an ice bath. A
solution of 10 wt % aqueous sodium chloride was added slowly with vigorous
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glutamc acid, sodiumsalt) (340 ng, 2.25 mol, 1] .3 eq), and 7 nL of dry
di met hyl f or mam de. The suspension was stirred and trifluoroacetic acid (156
L, 2.03 nmol, 10.2 eq) was added neat via syringe. The suspended solid
dissolved in 25 ca. 5 mnutes. Paclitaxel (170 ng, 0.199 nol, 1.0 eq) was
added as a solid, followed by 4-(N, N-di net hyl am no) pyridine (10 ng, 0.082
nmmol, 0.4 eq) and diisopropyl carbodiimde (40 M., 0.259 nmol, 1.3 eq). The
solution was stirred at roomtenperature for 18 hours and was then cool ed
to OCwith an ice bath. A solution of 10 Wt % aqueous sodi um chl ori de was

i Lo sol i A ABCR tEsidbh bbb SR AR R o NS BT P2 acid and

the suspensj;ndid@h§iRchefic hBidand ShdWuss&Rioh itfaH S red twgsomecél%ﬁge was spun,
t he supernatant was decanted, and the resulting material was suSpended in

35 nL of watibe.. Tt eolsiunsgespanpthe wageragait iwaspidcant el @ad tiethesiAtitk Mmategisluspended
in 35 nL water. After this final rinse, the remaining material was

| yophi | i zedvasosugprrsled i3 ) eloweter . Thenwisprasigs wasagainispem dlegdnted, ank 15 i of
acetopitrile and en,the remining,.,sokvent s renoved under hi gh vacuum
o Forai ng A8uSRendsiS 35, BETE. AR R Ao B esoRey e BRIt n pac | t axel
| oadi ng of S aWB I8N 2 4 Eagglgg?lqhg Bh! N Sxkd it r activity
was assayeﬁ‘?%ﬁl%éce iorrplr}a?lt gld subcut anggugﬁ]y %rt%%lg ﬁ%ﬁxﬁg%%ci nona

cel l's (LL/ Zcetohitrity sndwieretherresiuinig solvehtheasramohed odder Righ vab@lhi, i nt er scapul ar
regi on by subcut aneously in'ecting 2.5 x 105 nurine Lew s Lun? 15 (LL/2)
carci noma céiarding A3Taa 3 wnga ppwier. aHSMRnksls IMBO2 BdigatqdppaclioglFBS.  Test
conmpounds gnd,.vehi¢ cont.rol were injected ip 7 days after tunor cell
inglantatigﬂaﬂﬂ%ﬂ¥f%£1pUﬁ3$@;had grown to 20 20 nmB (average of 230
tunors). A single dose of polyglutam c acid-therapeutic agent conjugate in
0. IN Na7HPO4 was adm nistered at a | x-4x the maxi numtol erated equi val ent
dose of theExample 8. Biological Assay

Antitumor activity was assayed in mice implanted subcutaneously with
Lewis lung carcinoma cells (LL/2). Tumors were produced in the muscle of the
right interscapular region by subcutaneously injecting 2.5 x 10° murine Lewis Lung
15 (LL/2) carcinoma cells (ATTC CRL-1642) in a volume of 0.25 ml PBS + 2% FBS.
Test compounds and vehicle control were injected ip 7 days after tumor cell
implantation when the tumors had grown to 20 + 20 mm’ (average of 230 tumors).
A single dose of polyglutamic acid-therapeutic agent conjugate in 0.1N Na;HPO,
was administered at a 1x-4x the maximum tolerated equivalent dose of the
(0 unconjugated agent, which was typically administered in 8.3% cremophore
| EL/8.3% ethanol in 0.75% saline. Each treatment group consisted of 10 mice
randomly allocated to each group. Initially, tumor growth was monitored every 3
to 4 days. When tumor sizes approached the arbitrarily set upper limit of 2500
mm’, tumor sizes were determined daily. Tumor volume was calculated according
25 to the formula (length x width x height)/2. Mice with tumors equal to or greater
than 2500 mm® were euthanized by cervical dislocation. Efficacy of the various
treatments was expressed-in terms of days for tumor to reach a volume of 2500
mm’ (i.e., TGD, tumor growth delay) compared with maximum tolerated dose of

the unconjugated therapeutic agent.
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0 unconjugated agent, which was typically adm nistered in 8.3% crenophore
EL/ 8. 3% et hanol in 0.75% saline. Each treatnment group consisted of 10 m ce
randomy allocated to each group. Initially, tunmor growh was nonitored
every 3 to 4 days. Wien tunor sizes approached the arbitrarily set upper
limt of 2500 mmB, tunor sizes were determ ned daily. Tunor volunme was
cal cul ated according 25 to the fornmula (length x wwdth x height)/2. Mce
with tunors equal to or greater than 2500 mmB were eut hani zed by cervi cal
di sl ocation. Efficacy of the various treatnents was expressed in terns of

days for tunor tQ reach a volune of 250 (I .e T t r ,growt h

del ay) conpar ed ﬁ]‘? ﬁ%ﬁl&%ﬁ%%‘% %ﬁegfﬁqr%‘bgagﬁ%b%dt‘rhgfiﬂﬂgg%]qigggaé‘ﬂ her apeuti ¢
agent. 27 The PGedd flsaReliffuttete £80¢ ngtﬁfs%sage_sc“ bed in Exanples 2, 3, 5
and 6 above were tested and found to be active in this assay. Exanple 9.
Preparation of poly-L-glutamc acid-CT 2584 5 Poly-L-glutamc acid (4.95 g)

was suspended in anhi;drous.N, N-di nret hyl focmami de (120 nl-) and CT 2584
(0.873g, 1.Ezampied).) Preparaderedf paly amioacidrE k2684 was warmed .with

tirrj to 50C yntil I . SOl 4t i f d. . T [ 1 Xt
o0l efi back to rbukehpErEGiEl R aaremar B anydious MR iy 11 HrE 1aS
dii I il A7 ( lck g ' hyhf 1, d 5 nm
10wt addc Boarel RO R g T gt BT b4 SO e e PR 1”1 e

addi tion, theniRacds wamedsvish stirfieg td 90°Cluil & chlar EGGMdT WAPRITALEN Bhe The
reaction was cooled to 5C 10C and 10% sodi um chl oride solution (200 nlL) was

added sl ow Keactian mixadaiepyvasanoglediack herquah tenperdtuteaamid @ sabitidn©f NeN84 conj ugat e.
The precipitate s col.l ect y centrifugi at. 1500. x g..,Th t solid
was, hhshed SROBERBY AT e rot el e A8y fimpaterelier (3 My ng. The
prodygt was i : by 8, B oB5inP ¥l ic acid CT 2584
conj ggat e. %fdge (gj?eg cg)gl' g%g/lcfl 6)d'(l)' ?édglr“gﬁléjsgsm\ﬁas ((:)ﬁglrn gg%%lrekzgg%@m H NM whi ch
showed a si ngfitidn, ake Rabtigpwaastitred fbr pH SGOORIPMPEHatige t Thehiabydn waoup at N3

and N7 and a broad singl et ]
cooled to 5°C-10°C and 10% sodium chloride solution (200 mL) was added slowly
to precipitate out the poly-L-glutamic acid CT 2584 conjugate. The precipitate
was collected by centrifuging at 1500 x g. The wet solid was washed twice by
15 suspending in water (150 mL) and centrifuging. The product was freeze dried to
give 5.16 grams of poly-L-glutamic acid CT 2584 conjugate. Yield = 88.6 %.

The product was characterized by 'H NMR, which showed a singlet at 3.9
ppm and 3.4 ppm corresponding to methyl group at N3 and N7 and a broad singlet
at 1.24 ppm corresponding to the alkyl protons and a broad peak at 0.85 ppm for

( 0 the terminal methyl group of CT 2584. In addition NMR showed multiplets
between 1.5 ppm — 3.0 ppm and 3.5 ppm - 4.5 ppm corresponding to poly-L-

glutamic acid backbone.

Example 10. Preparation of Poly-L-glutamic acid-camptothecin

25 A mixture of 20(S)-camptothecin (64 mg, 0.184 mmol), poly-(L-glutamic
acid) (256 mg, 49.8 kD) was dried under vacuum for 6 hours, then dissolved in
anhydrous dimethylformamide (15 mL). The solution was cooled to -5°C in an
ice/salt bath. To this was added under argon 2-chloromethylpyridinium iodide (85

mg, 0.33 mmol) and N,N-dimethylaminopyridine (81 mg, 0.66 mmol). The
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at 1.24 ppmcorresponding to the al kyl protons and a broad peak at 0.85 ppm
for. 0O the termnal nethyl group of CT 2584. In addition NMR showed

mul tiplets between 1.5 ppm- 3.0 ppmand 3.5 ppm- 4.5 ppm corresponding to
poly-L- glutam c acid backbone. Exanple 10. Preparation of Poly-L-glutamc
aci d-canptothecin 25 A m xture of 20(S)-canptothecin (64 ng, 0.184 mol),
poly-(L-glutamc acid) (256 ng, 49.8 kD) was dried under vacuum for 6
hours, then dissolved in anhydrous dinethylformam de (15 nL). The sol ution
was cooled to -5Cin an ice/salt bath. To this was added under argon

2- chl or onet i Al ni (5Tl atall :

N, N- di net hy{%%tl?ar%%gern{m :%r?g a?g!;lvg%é é’gmég@ F]%)"(r)gq féﬁlpgﬁu%é)@ rglg"a%htti 66%2[ e{ria'xt ure was
al | oned to ¥&jsMHeQedcBBANEETWES Akl CooleBioNie@hind 1884 &ddidin cHRYEe sélfifod €act i on
flask was again cooled to OC and 10% sodi um chl ori de solution (35 nL) was
sl owl y adde($5dul) wgs 86wiy added dunigl s mimuxtesu rBusasctarei whisfacelifiddaopHl 2. 5 usi ng
0.5N HC (3.5 nlL) and then stirred at roomtenperature for an 5 additi onal
hour. The y2PIusngdt & iHilt(demivhardthen stirsed aideomitpmperatire {gighed with wat er

(4 x 30 ) hen,dried-under vacuum for. hours. The dr | |.ow cake

obt ai hed waéd‘!&ﬁ‘%ﬂ?hgo‘fro élefyieﬁ%w;%%&ﬂ%ﬁte @555‘&1@#@%&% 5l by 5 (10 M)
and stirredybQr (8xROURS), tHeAQIrRAlundeMAS LSRRG P}ﬁﬂ;r?y'rﬁ@ﬁ'@r}leflé‘\g%keﬁn- _This
process was repeated foour tinmes to renbve any unreacted ‘canpt ot hecin. The
resul ting 16btamed dvasgsowhdited finedewdegaesuspdnded i apNdeOHICHIE] (10 mL)

PG 20(S)-canptothecin_ (295 ng, 97%yvyield, determ ned by weight bal ance on
the basis ofnd stsTaddend dpey. Thumplidmiassenargtakbegnirfugaiqiv ISPOCAEs i n

DVSO-de): 5 12.10 " 6. 90-8. 80 , 5. -5.8 .10-4. 35 ,
D422 62 (WS repsd i WELe refeyC BRI A T anedg | SEend B 1696 by
weighg. 15 y&hid'ﬁ%stén?edmnaélemcubmsﬂt!dgy%, %@el}aeFG-ﬁﬁFEirQﬁ@tHé’Eimz@?f erence to

the specific enbodinents thereof, it’s d be understood by those skilled

in the art mighft%waeld,adeseratasdgdesweigy Hatanoede thertthsie @l theadeesesedray be
substituted w thout , ]
camptothecin (13 mg)). "H NMR (300 MHz in DMSO-de): & 12.10 (s, -COOH),

6.90-8.80 (m), 5.15-5.8 (m), 3.10-4.35 (m), 1.42-2.62 (m), 0.90 (br s, 19-CH).

The paclitaxel % loading was 16% by weight.

15 While the present invention has been described with reference to the
specific embodiments thereof, it should be understood by those skilled in the art
that various changes may be made and equivalents may be substituted without
departing from the true spinit and scope of the invention. In addition, many
modiﬁéations may be made to adapt a particular situation, material, composition of

(0 matter, process, process step or steps, to the objective spirt and scope of the
present invention. All such modifications are intended to be within the scope of
the claims appended hereto.

All of the publications, patent applications and patents cited in this
application are herein incorporated by reference in their entirety to the same extent

25 as if each individual publication, patent application or patent was specifically and

individually indicated to be incorporated by reference in its entirety.

29



departing fromthe true spirit and scope of the invention. In addition, many
nodi fi cations may be nade to adapt a particular situation, material,
conposition of 'O matter, process, process step or steps, to the objective
spirit and scope of the present invention. Al such nodifications are
intended to be within the scope of the clains appended hereto. Al of the
publications, patent applications and patents cited in this application are
herein incorporated by reference in their entirety to the same extent 25 as
i f each individual publication, patent application or patent was
specifically and individually indicated to be incorporated by reference in
its entirety. 29 CLAIMS 1. A conjugate conprising a polyglutamc acid

pol ymer coval ently bonded to a canptothecin nolecule selected fromthe group
consi sting of 20(S)(+)-canptothecin, 9- am noeanpt ot heci n,

9-ni trocanpt ot heci n, 7-ethyl-I10-hydroxycanptothecin, 9-

di nmet hyl am nonet hyl - 1. 0- hydr oxycanpt ot heci n and

7- met hyl pi pcri zi nonet hyl -10, 11- et hyl enedi oxy- canpt ot heci n, wherein said

pol ygl u€kilIMSaci d i s bonded to said canptothecin nolecule by an indirect

| i nkage via one or nore glycinc residues. 2. The conjugate according to
claim1, wherein said indirect |inkage is via one glycine residue. 3. The
conj ugat e acbor di AFORYRAGEOBPISIAG amog@éamng: aodpotymenpayatsntly danded to a

canpt ot heci.n.mol ecyl e,is,.2 (gé-cr t hecin The conjugat @ according
o bl o TPty Bl et BRipLRRL Bpades) i amgRldEd o
ycy! - 20{rPnbtammaiHetinl fnRfdcAmplothebh 7CHi DA RAraseampiolkcid 9any of the _
preceding clains, wherein said conjugate conprises 1-60/0 by weight of said
canpt ot diswithylaminemethy!-18-hydroxyeamptothacin and donethylgincozmogicthyd-10,hWher ei n sai d
conj uga‘t:tﬁyl%gém Jiy%ga?npjtgthlelél?\/? by weight of said canptothecin nolecule.

wherein said polyglutamic acid is bonded to said camptothecin molecule by an indirect

linkage via one or more glycine residues.

2. The conjugate according to claim 1, wherein said indirect linkage 15 via onc

glycine residue.

3. The conjugate according to any of the preceding claims, wherein said

camptothecin molecule is 20(S)(+)-camptothecin.

4, The conjugate according to claim 3, wheren said conjugate is poly-1-glutamic

acid-glycyl-20(S)(+)-camptothecin.

5. The conjugate according to any of the preceding claims, wherein said conjugate

compriscs 1-60°/0 by weight of said camptothcein molecule.

6. The conjugate according to claim 5, wherein said conjugate compriscs 10-45% by

weight of said camptothecin molecule.

7. The conjugate according to claim 6, wherein said conjugate is poly-I-glutamic
acid-20-glycyl-20(S)camptothecin and wherein said conjugate compriscs 34% by weight of said

camptothecin moleculc.
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7. The conjugate according to claim6, wherein said conjugate is
poly-l-glutam c acid-20-glycyl-20(S)canptothecin and wherein said conjugate
conprises 34% by wei ght of said canptothecin nolecule. 30 S. The conjugate
according to any of the preceding clains, wherein said polyglutamc acid
pol ymer has a nol ecul ar wei ght from 20kd to 60kd as determ ned by

viscosity. 9. The conjugate according to any of the preceding clains for use
as a nedicanment. 10. Use of a conjugate according to any of claim1l-8 for

t he manufacture of a nedicanent for the treatnent of cancer. 11. A process
for preparing a conjugate according to any of clains 1-10, conprising: (a)
providing the protonatcd formof a polyglutam c acid polyner and a
canptothccin nolecule selected fromthe group consisting of

20(S) (+) - canpt ot heci n, 9-am nocanpt ot hccin, 9- nitrocanptothecin,

7- et hyl -1 0- hydr oxycanpt ot heci n, 9-di net hyl - am nomet hyl - 10

hydr oxycanpt ot heci n and

7- et hyl pi peri zi nonet hyl - 10, 11- ethylenedloxy canptothecin for conjugation

thereto; ( b) Cova#ﬁ@wni‘gakpﬂcml %9% u c pr (Prﬁ n% %E%C\g{,&cﬁm% ﬁfa" d

pol ygl utam c"aci d glyc residues i'n an inert

or gani cpglpglvetic heid fperymem haoh mllatnm Weigmlﬁloﬁh 20l o 60kd esddterttingdigat e; (c)
precipitating said polyglutam c acid-canptothecin conjugate from sol ution by
addi t i ovisessiten excess vol ume of aqueous salt solution; and (d) collecting
said conjugate as a protonated solid. 31

9. The conjugate according to any of the preceding claims for use as a medicament.

10.  Use of a conjugate according to any of claim 1-8 for the manufacture of a

medicament for the treatment of cancer.

11. A process for preparing a conjugate according to any of claims 1-10, comprising:

(a)  providing the protonatcd form of a polyglutamic acid polymer and a camptothecin
molecule selected from the group consisting of 20(S)(+)-camptothecin, 9-aminocamptothccin, 9-
nitrocamptothecin, 7-ethyl-10-hydroxycamptothecin, 9-dimethyl-aminomethyl-10-
hydroxycamptothecin and 7-methylpiperizinomethyl-10,11-ethylenecdioxy-camptothecin for
conjugation thereto;

(b)  covalently linking said camptothccin molecule to said polyglutamic acid polymer
via onc or more glycine residues in an inert organic solvent to form a polyglutamic acid-
camptothecin conjugate;

(¢)  precipitating said polyglutamic acid-camptothecin conjugate from solution by
addition of an excess volume of aqueous salt solution; and

(d)  collecting said conjugate as a protonated solid.
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