MANUFACTURE OF POLYGLUTAMATE- THERAPEUTI C AGENT CONJUGATES 5 Field of the
I nvehntion This invention relates to a process for scal ed-up manufacture of
pol ygl ut amat e-t her apeuti c agent conjugates for clinical devel opment. 'o
BACKGROUND OF THE | NVENTI ON The antitunor agent paclitaxel shows increased
efficacy and decreased toxicity when admnistered to tunor-bearing hosts
as a polyglutamc 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 pol yglutam c acid 15 paclitaxel conjugate shows increased water
solubility, a slower clearance fromthe body, and an increased

“accumul ation in the tunor. Conjugates of polyglutamc acid and vari ous

ot her therapeutic agents are expected to provide clinically useful

alternatives } present Ly availabl e fornul ati.ons. For research

‘pur poses, th&mgﬁéﬁ Q%i@%ﬁ&%@@éMTEMWEUﬁCe%GEM can be
produced by the nmethod di scl osed GONJUGATHS , ibid. In that nethod, the |
conjupate is prepared as a sodiumsalt, dialyzed to renove | ow nol ecul ar

wei ght contani nants and excess salt and then |yophilized. The nethod is
not wel | - sfigldgof thgdnyestipht scal e manufacture of quantities of conjugates

for clinical deVﬁlﬁgm%o %ﬁ]aqes %e%]i:rﬁgé@@ ersg%;%(g_aﬁ?%iu ul %8&:3?2 ]chiSﬁaf)f

dialysis to renpve inpurities 1s

product yi gldlyghitamagidiberapButicdddiO au s oPHRIAPESMIdpaRe have nore
favorabl e properties when prepared as salts (e.g., inproved solubility,

storage, and handling), this is not true of the polyglutamate- therapeutic
coni Uhat o5, are- e ect r oot BRER RS Rst FpradRid ol honder s+ They are
more 1 difficul tTgo aﬁ%h}%geageﬂp@ﬁclﬁhb&?%Hé&?!i&r&a@e@&ﬁcaﬁ?%@é@éésﬁﬁ and
nore likely to contam nate the workplace with cytotoxitT agents than are
free fl ow ngxpgoywdehsn administered to tumor-bearing hosts as a polyghitamic 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 accumulati.on in the tumor. Conjugates of polyglutamic
acid and vanous 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




Therefore, there is a need for an inproved process of manufacture of

pol yglutam c acid-therapeutic agent conjugates that can be used to produce
gramto hundreds of 5 gram quantities of these conjugates in high yields
and in a manner that provides for inproved materials handling and
packagi ng. SUMVARY OF THE | NVENTI ON The present invention satisfies this
need by providing an inproved 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 with vyields of

bet ween 85%dﬂﬂ9ul? %a%_[(abet ween abo%gle tt%S%tO about . 98% ne. enbodi ment,

I
the process CORDri ses & aj oy OVi-dh H S OB BHAERRD ?“Srrﬂ‘?rﬁglkélyﬁﬁl ygl utam c

aci d pol ymeeomaghidre the vdIRpREEH e@g@g@) ?%g{s HANIMGAL gf@%%gigér\gg&g. (b)

covalently linking said agent to s utam c ac i'n an

i nert or ganilheefdrecthtretina heedifor ap onmp@ived pﬂﬁk@ssaﬁ‘inﬁnbﬁef@pgﬂgélggla&gﬁg
conjugate; (c) tgreci pitating said pol yglutam c ‘aci d-therapeutic agent
conj ugat e f AEATIISTBPRIBICREEH FOBIP2ateaithat 67D bf usad te prmluse gramuitrehwidredgwEous sal t

sol uti;on; an ol | ing said, conj.ugate as.a protonated sal,id

Addi t T onal ﬁgar’r’gog%aﬁ“%g‘f” S el ez i gl e %i"bﬁf“a&%‘?{t‘ Himanees ©an be
carried oulm bg@ﬁ,@teﬁtagpla_{,@q)ngaﬁqp% ided) or after step (d). In another
enbodi nment , ich is presently nost preferred, in situ 25 generation of a

prot onat ed pol ygl utam c aci d-therapeutic agent conjugate is carried out by

a process conprising: (a) pending a salt of a polyglutam c acid polyner
In an inert organic sol vegﬁ@%ﬁyg‘%m&ﬁw}: | pol ymer by the

addi tion of an anfy %F&Uﬁt iBGdrtioh Qade i SHeR &Y f)}&g'dxﬁg ah HhpPoded 8110%@56\ salt of

t he conjugate base;
' 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: |

(a) providing the protonated form of a polyglutamic acid polymer and a

15 therapeutic agent for conjugation thereto;

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

conjugate;

{c) precipnating 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 carried
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;




5 (c) providing a therapeutic agent and covalently linking said agent to
sai d* polyglutam c acid polyner to forma pol yglutam c aci d-therapeutic
agent conjugate; (d) precipitating said polyglutam c acid-therapeutic 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. 10
I n anot her enbodi nent, the process for the | arge-scal e manufacture of

pol ygl utam c¢ aci d-2' paclitaxel conjugate conprises: (a) providing an
aqueous solution of the sodiumsalt of poly-L-glutamc acid; (b) acidifying

the sol ution to aupbtdibnahUticddind by theiRitoncikahhidteud 1% ol odi um

salt of poly-L-glutamc acid to t protonated formand precipitating it
fromsolution; (c) scpbetdi rgfothea spblble-shlt gf tHeaminpigatei tdsgr eci pi t at e and
washing with water; (d) drying the poly-L-glutamc acid to a water content
‘of between about 2% to about 7% preferably between 7% and 21 % and nost

referably 20 between about .7%t o .about 21 % ight: .(e ntacting the
ol y- Lol ut ai o 463 Brsne paisr et EReth o eebhad Bosn i s SO oo
for syfficient ti ”e]pblﬁgﬁl%ﬁ!dg@?depo%%ﬁ‘ér'téP&fﬁ'aﬁ&yélbﬁnﬂ@ﬁd@hﬂ&?ﬁﬂxﬁc acid

pol ymer via an este 'nkage fornmed between the 2'-0OH group ‘of paclitaxel

and a carboxy groupagdnt pohygitegl utam ¢ acid; 25 (f) cooling the reaction
m xture frombetween O Cto 10 C or between about 0OCto 10 Cwhile slowy

addi ng aqueous salt solution to the reactign, mxture; 3 (h) acidifying the
resul ting suspengfjbr?_,"ec(l?l}?t’aglsf"é‘dﬂ'wt%‘ﬂ‘é aE‘gﬁPEFQB?‘E'Cﬁe’& ﬁﬂg’ﬁzgé"r?%% sol i d;
and (]) extract 'ngJti'omWrth& LG5S 8 diEeR Q%?r%f%ué&]s' st solution; and

(e) collecting said conjugate as a protonated sohd.

10 - In another embodiment, the procéss for the large-scale manufacture of
polygiutamic acid-2’paclitaxel conjugate comprises:
(2) providing an aqueous solution of the sodium salt of poly-L-glutamic
acid,
(b} acidifying the solution to a pH of about 2 10 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% ta 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 aqueous- salt solution to the reaction

muixture;




It is nost preferred for the |arge-scal e manufacture of polyglutam c acid-
5 2'paclitaxel conjugate to substitute for steps (a)-(d) above, steps (a')
and (b'): (a') providing a suspension of poly-L-glutamc acid sodiumsalt,
or a poly- L-glutamc acid salt of lithium potassium or quatnernary
ammonium in an inert organic solvent; (b') adding about 0.95 equival ent
of trifluoroacetic acid or nethanesulfonic 10 acid thereby formng a

sol ution conprising sodium lithium potassiumor quaternary amoni um
salts of poly-L-glutamc acid trifluoroacetate or polyglulamc acid

met hanesul f onat egyyapd g hiYd RGuIHE s§bheRso €) - (1) as described above. 15 Any
pol ygl utam c ac:a(d)t helrfglp utic age% I?St]onj ugate can be prepar ed by the

processes descri referred e % ge the therapeutic
axel

agents are antr&ﬁﬁﬁpﬂﬁﬁgﬁP%coQF§fe SFRROFqraied sol et oposi de;

t eni posi de; epothilones, such as epothilone A epothllone B, epothilone C
epot hi | one, epot bl [esHactmEAm@uNtics fign ghespreyanstrdtcidne F; genci t abi ne;
20(S)(-+) canptothecin; 9 20 am nocanptot hecin; 9-nitrocanpt ot hecin;

7- et hyl - 10- hydr okt y< mopt ptfeeedfor e large-scale manufacture of polyglutamic acid-
di met hyl am nonet hyl - 1 Q- hydr oxycanpt ot heci n;

met hyd enedl%R%%?ﬁ eemaqtﬁto whﬁﬁwwf%mer (aar(ﬁb%bétvn,yqtepfda )gpd (b’):
t hyi ened el d 17-
Genat hoxygel SanayErevila bBEAR ot Dr SRR et Gk B bR "0 1 105

(dodecyl amnghndfrchuesy sawmﬁﬁﬁml )Jot%ss?urﬂlcrfaﬁawem hhAeninfal imteBideft 1- (11- (N-
met hyl N-dodécyl ami no)-10- hydroxyundecyl) 3, 7- d| nmet hyl xant hi ne) ;

doxor ubi ci mrgamdselagtici none; nel phal an; fl udar abl ne; daunorrym n; verapam|;
5-f! uor our aci | ; J 1 oxuridin Q(SFL;I;] %Jﬂos . i n0| aci c
o uorouract] |l WP MR ST SYehosPantic LENBE RSt o e
DESCRY PTI ONSF THE DRAWNGS 5 Fig. 1. Exerrpl ary conjugates
thereby forming a solution comprising sodium, ithium, potassium or quaternary
ammonium salts of poly-L—glutarrljc acid trifluoroacetate or polyghutamic acid
methanesulfonate; and -
carrying out steps (e)-(3) 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, ¢.g., paclitaxel; docetaxel; etoposide; temposide; 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-hydroxycamptothecm; 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 (dodccylamino)—lO-hydroxyundecyl)-3,7-dimethy1xanthine; CT-4582 (1-(11-(N-
methyl N-dodecyl amino)-10-hydroxyundecyl)-3, 7-dimethylxanthine); doxorubicin,

adriamycinone;, melphalan; fludarabine; daunomycin; verapamil; S-fluorouracil;




Fig. 2. Manufacturing Schenme for poly-L-glutamc acid-paclitaxel conjugate
Fig. - 3. Proton NWR scan of poly-L-glutam c acid paclitaxel conjugate Fig.
4. Preparation of poly-L-glutam c acid-glycyl-20(S)canptothecin 10 Figs.
5-7. Reaction Schemes 1-111. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
Definitions 15 As used herein, "a polyglutam c acid" or "polyglutamc acid
polymer " includes poly (1-glutamc acid), poly (d-glutamc acid) and poly
(dl -glutam c acid). Preferably the polyglutam c acid polyner conprises at
| east 50% of its amno acid residues as glutamc acid, and nore
pr ef er abl y flothdime {HEDRY| oyglospain; cetmoicthciddof-dirkethd agranssilpRidy)-ised up to
50% by naturally occurring or chemcally 10 nodified am no acids,
pr ef er abl y hygrexp parnpiothesi and etberds, provi ded that when conjugated to a
t herapeutic agent, the substituted polyglutam c acid polynmer has inproved
‘aqueous solubility andlor inproved efficacy relative to the unconjugated
t herapeutic agent, and is (Yléfpﬂdw } T ecul ar wei ght
of the polyglutam c acid po yngrliﬁggse inthe Zgﬁ%g%%ﬁ of the
conj ygat e Byg.tihe net o@dmpleseohjogdedrerein is typically greater than 5000
dal tons, pretferably from 15kd to 80kd, -nore preferably 20kd to 80kd, even
nore pref efidbl2y fr omMaenuectumngBehiese fanpolmdsgiupme epdipaghitexedm 30 kd to
60kd (as determ.ned by viscosity). At the | ower end of nol ecul ar weight,
the 5 pol y§PUPEHFc acid pol ymers of this invention have a nol ecul ar wei ght
of about igg.QiQO, abgubtchINOB0scaf B0 Yolyl 2. %@Qﬁ%acﬁ%x@%nj@ﬁwt 14, 000,
about 15,000, about 16,000, about 17,000, about 18, 000, about 19, 000,
about 20, 00Fg. dabout FrépH8on afmily-L2@n@60y; ackbglycyl29(88mpaitbarin 24, 000,
about 25, 000, about 26,0Q0, 5 about_27,000, about 28,000, about 29,000, to
about® 30, 0dBesat t-ons Reactpmachempidilll- end, the pol ygl utanic acid pol yners 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

DETAILED 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 arnino acid
residues as glutamic acid, and more preferably, 100%. The polyglutamic acid
polymer can be substituted up to 50% by naturally occurring or chemically

"0 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
25 preparation of the conjugate by the methods described herein is 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 Jower end of molecular weight, the




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, about
61, 000, about 62, 000, about 63,000, about 64, 000, about 65, 000, about
66, 000, about 67,000, about 68, 000, 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, T\?taﬁﬁoamtﬁ?&%e%%fQQ@ imvAROSH hat® 20 ecit® vedighiitof 8801800 dal t ons.

Those skl I I'ed in the art will appreciate that the nol ecul ar wei ght val ues

may be di f flé;@HY abdnerl 11A98s alveed 1BY0001 tl:emt ﬂﬁ,ﬂchtboutﬂ*ﬂe@ﬁ) ebdwgrl Spfithods

i nclude, for exa ermeation, | ow an ht scatterlng, mul tiple
T2 0ok

angl e | asebopt %HBD%@P‘E%}{)W apgigty 140, abquh OEb%%P%%t“i 8Hs t her eof .
As d h th t f t
o used Nty ROLIGMAT o RSB el SRR 115 1o

agents by a apaiif 2 bod,iBERALS, (N, WBEH B, C6Y, hpa%ht 80,800 dalf @8] diahohighdie
pol ygl utam c acid and a functional group of the t herapeutic agent, or by

an i ndi r ectendj nkag@yglumnemdmhvmws ofihisiimeentiombavelad mileesar weighteofr ed

i nk th le._t 5.h th

ci roul at ?B?fxboa?ile 6b8 FogrrE bt 2 o, S b ol SaiR o] or t he
conj ugate. %(‘}(P%&?t 37 dod §b6iﬂ?l%r(ﬁf0°990u?|3§b0§ WrbaPAS0dd, %&Et&lMdd not

interfere wth the antituhor ficat f’he ’conj ugat es. Exenpl ary |inkers
i ncl ude ardbaat azj0ds, abeuigd3, 0@, wbbtrs4, m(am_sm 45@00] atept #6,00@ubione) |,

hyd ds dr oxyb d). d h
ieitvoaid N T AR KA EY LS W R hpeut i ¢
agent can bz?oouk%‘%ﬂ? a%o&?ﬁ Bed Bl 8 oédb% i G%Oa{%uh”jﬁ' b@%}%ﬁ{ IhOd t hat

results in a physiol’oglrca ¢l eava
cl eavabl e b3g, 60 BBl 3,000, amarezwcmt hiSouT®e jtan, shuat 61800, pbonmaqoma; 5

conditions in a livin ani nal organlsrr%ﬁi Exaqﬁ es of preferr | i nkages
i ncl ude esthont 64,808cabopkeHARK 1A OULES. Befh abeut 64RA0oa8RxE B 4089h§3|°
acyl oxyal ky et her nAC ﬁ“bbd'a%ghfj% 000,
acyl oxyal koé%}?%(?b%ﬁml 70 %@f/l)ﬁé%al R@éagg&% 00d; Al
15 about 75,000, about 76,000, about 77,000, about 78,000, about 79,000, to about
80,000 daltons. Those skilied in the art will appreciate that the molecular weight
values may be different when measured by other methods. These other methods

inclhude, 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, alamine, leucine, isoleucine), hydroxyacids (e.g., y-




acyl oxyal kyl am de, acyl oxyal kyl car bamat e, acyl oxyal kyl sul f onam de, ket al
acetal, disulfide, thioester, N-acylam de, al koxycarbonyl oxyal kyl, urea,
and N 10 sulfonylimdate. Methods for form ng these |inkages are well known
to those skilled in synthetic organic chem stry, and can be found, for
exanple, in standard texts, such as 3. March, Advanced Organic Chem stry,
Wl ey Interscience, 40 Edition. The degree of | oading of bioactive,

t herapeutic or diagnostic agent on the 15 polymer (i.e., the" |oading
density") may be expressed as the nunber of nolecules or average nunber of

mol ecul es Yl L) Cdigki Shiped I IR £ YandadS a percent
(% of tota d\?\@ﬁ)ghtﬂhofa tr)fe ]co’nj ugathg(ﬂ%" %&Pg&%oﬁ%,@?ﬁrﬁ&ﬁggﬁ,ra& % | oading

can be obt agomgindionadf tieké.ng thérapaaitiagent @kn bhEnkedeo apepdlymeragdinkerand

pol yner, and optim zing other reagents as necessary. The optinmal | oading
densi ty , 200 &y lmkepgvesthed thal gesults waphysiplogicay cleavagleandi(neda kel ri cal Iy
based on th% d.esl?reéjJi pro erti.es of the conj u(%at.e gﬁ@? wa%er solubility,
t her apeut i cPBYFCERERPC DA 88?(&8%%?%6@? ARm PERIU%nd dosage
requi seﬁent@pdnm@irl Qﬁ%gqmmefsgfamm apgasnty OMbehe SRkddA tRiakout 60% or
fromabout 1%to about 60% preterably from5%to 55% or” from about 5%to
about 55% el smide, qaredreatabdayb@fate pomoxd/alkylethed tylorydlindtmcehent 10% t o

about 45% for the conjugates that are specifically descri‘_geq herein. 7 The
% | oadi ng i acylgppikaiester, asyleryalindamigs: acyigryakappertsony. ACYOXV R 3BE  wei ght %

(2) spectrophot LV 3 Pr e 959% " ratio

nmet hod; and‘fP C@’%x?gl%lra %?@egfglﬁétaﬁé’%a}%@%ﬁéﬁc [0 {gg?%%gég)ﬁawol\/éﬁtg] "based on
the known wek@hte, ahiokdier, B-pollamgidel Mtdxycarbiiytbxyhikyl urg, smiNsi al and the

wei ght of the therapeutic agent. For all conjugates, the conversion to
conj ufat e folienykmita®o conpl ete, as determined by TLC on silica. (2) The
spectrophotonetry met hod, preferably UV spectrophotonetry, is based on the
wei ght % of t he Muthaisefotr iformige nhesslinkegsuzredwhl kabwor teathoee akillegh m

synthetic organic chemistry, and can be found, for example, in standard texts, such
as J. March, Advanced Organic Chemistry, Wiley Interscience, 4™ Editicn.
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 préferab]y
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.




-0 appropriate wavel ength (e.g., UV absorbance), or fluorescence, as
exenplified for a paclitaxel -polyglutamc acid conjugate. The conjugate is
di ssolved in deionized water (2.5 or 5 rng/nmL) , centrifuged at 500g for
15 minutes to renove particulate nmatter if present, and the clear solution
is diluted | ONto 200x with deionized water. The absorbance is read

agai nst the diluent at a specified wavelength, e.g., 15 UV absorption is
read agai nst the diluent at 228nm or 260nm A solution of the same |ot of
pol yglutam c acid used to prepare the conjugate is dissolved at the sane

nom nal concent r&td Bnloading hetyprajiugateniadiichy fosr aRERLEPANG Eail ad agai nst
t he diluent, .e at 228nm or 260nm A |i r¥earrcal I b?gtl?gﬁ&@ﬁ{ege S

prepared by¥ ei&@g’éif?? FRECHREhRIBE Gy apreferably GV, spetudpibnomery, 26PNMR of

sol utions %fni Hﬁ:‘fﬂid' %ﬁd fﬁ‘}c ntrations of the paclitaxel dissolved in

net hanol . To cal cula | ygéqj%sé%‘?letho%adi ng, the absorbance of the

pol ygl utam ¢ aci) StHeldal @Mt ReloBE /S ccount for .the_theoretical

| oadi ng of pol yg _l)Jt amc acid ?ﬁgﬁﬁé 188%%8%’&@%?80%?”&‘ Lofteaxel  sol uti on)

i s subt r actpelylutemictavid geiinglmdteril and eedvaI AR dftBE BlerARSE! RARE CFo 1IN S
corrected absorbance is conpared to the paclitaxel standard curve to obtain
the 25 pacICPPJ&)%QeS’égﬁE%‘W%@F Bhequga)e formiih E0Q6 mpmplte as dbtetrhined byhe
percent |oafidng,igfhe ratio of the paclitaxel concentration to the

pol ygl utam ¢ aci & pacl i taxel conjugate concentration tines 100. (3) The

NVR rati o met hod2) sTHeapedtr@hotdifetWeingibg % iLc .agent. as neasured
by the ratio of the p?gks tlgﬁr? theE 1;%]ltlalct ra ﬁr@%ﬂ#&?@%&%ﬁ%%&%ﬁ%%r in 8

rel ation t §2seeorpibgreeightdmof He thhmpapieuiks Ageaisured bl Sbidibirck 4shs at ed bel ow

for ,polydl m.c, acid-pacljta onjugate. The area between about 4.5 ppm
fo about 6.3§E";65°B%a‘ep“r’%‘fe $‘§ﬁ1 {f&t ﬁ?rléﬁ%Fe)a@.rél“}S’p?ﬁFeqCQ, asopainpbleddfod di vi ded

by the numaeackbxr 10 acid R wober. 1S .5 conpared to the area
bet ween abog{ac& 8 pﬁsﬁnﬁ]‘%aaboﬁ&l_géﬁu%pm per%%é&rgaqg lﬁd}:.s.s V%&ﬂ%bmﬂz.eg ppm for

the pol ymematridRBoereS mgdnl ), cotnifegedcat S00p f& 15 pimns tbrafbvdaatibiiaxel t hat
overlap. Tpn%ttte}l\% paller:s%g \ ahg the é‘lgatrcz)sglu%rog iscdcilu e%r leOdOXtthgOgg ujitr}]ltdct)aicmized
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 nomunal concentration as the conjugate and its absorbance is read against the
diluent, e.g., at 228nm or 260mn.. A hnear calibration curve is prepared by
measuring the absorbance, e.g., at 228nm or 260nm, of solutions of known
"'(') 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 paclitaxel concentration (w/v) in the conjugate solution. The percent loading 1s the
ratio of the paclitaxel concentration to the polyglutamic acid-paclitaxel conjugate
concentration times 100.

(3) The NMR ratio mefnhod 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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account the nol ecul ar weights of the paclitaxel and the polyner. A= area
per proton for polyner -:area per proton for paclitaxel = . ~i
21.36/1.98=10.79. MW paclitaxel = 837; MWVof polyglutam c acid nononmer is
129. %l oading = (837/(10.79 x 129) + 837) x 100 = 37.6% The processes
descri bed herein are generally useful for preparing 15 conjugates of
polyglutam c acid with any bioactive, therapeutic or diagnostic agent that
is appropriately functionalized for linking to the polyglutarnic acid, as
described herein. The conjugates that are exenplified herein are intended
to illustretod hethepeekd from thdiHernekid Rehd Mikis ist; nrgne preferred
enbodi nent, the thergﬁeuth agents@conﬁ%?é%nyéﬁgémﬁﬁggﬂqgkgvg fective in
treating c@abehsesicasibipaditaxs! cdmitcasr e expected to benefit fromthe unique
pharnacokineticﬁﬂkgﬁgééies of these conjugate (e.g., enhanced perneability
and retention i §tvEER,about 4 5Pl trebouk b Seppan, pirefatablneS agerind | ong

bi ol ogi cal L . .t b the.uncponj ugat ed ent,, and ot hers).
Pr esegt |y Sgygllf)lgerp’r%g&ggée;drz?@aﬂﬁ]ﬁgle%%&equ/ﬁglogﬁﬂoé‘%é@'eflgf BwmhIds theng :

pacl ist axel compartanehe ireebew@sh dBout 32Bpik T PO &) : such as
epot hil one A, epothilone B, epothil ora?%ﬁ C, epotﬁw}%ﬂ’gﬁ%{&%g}g?ﬁi | one F and

12, 13- di soRpEget4t ppmefar;thypolyinenbrickbone2Bf § {oryectaibfopb Prbwas Hom
9- anni nocanpt,ot heci n; 9 ni trocanpt ot hecin; 7-ethyl-10- hydroxycanpt ot heci n;
9- di net hyl ﬁgﬂﬁ%e E}%W‘?’?I’O-W%&ﬁf Dot 1§ companed. takipg o
enedi OXyCam&@%!%legﬂlmaghﬁ'(???{e'pzdh‘gfﬁtaﬁé"tﬁelodll er, 9 ethyl
ol ;" "gel dan

enedi oxycanpt ot heci n; fl avopiri anyci rP “(aliylaznino)-17-

denet hoxygel dana#y arey, pee pratondscpdlyrier 4dsa RRPRRLASE ghchaxGE 2584 (1- (I 1-
(dodecyl aning)- | 0-hydroxyundecyl)-3, 7-di met hyi xant'hi ne; CT-45 82
(1- (‘91 (N- 2hePhy?8NCdbtiecyl

am no) - 10- hydro : 3 diqet hyl xant hi ne): doxor ubi. Ln; 5
adri aaryci no%e; el pha gar%(?el'? F%&MP%‘%‘Y%&ﬁ%ﬁﬁ%‘? HfOHQQFé’ﬁe{%1 :

S-fluorouracil; % laxditg €839/ BIOR) 1295 ¥ @393 RALL R 37.6% Noi ¢ aci ds;
7-dimethyl -tert-butylsilyloxy)-10- hydroxy canptothecin and ot hers.

The processes described herein are generally useful for preparing
15 conjugates of polyglutamic acid with any bioactive, therapeutic or diagnostic agent
that is appropriately 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
] 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 mclude, 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-nitrocamptothecin; 7-ethyl-10-
hydroxycamptothecin; 9-dimethylaminomethyl-10-hydroxycamptothecin; 10,11-

methylenedioxycamptothecin; 7-methylpiperizinomethyl-10,11-

9




The therapeutic agent nust be capable of attachment to the pol yner by
means of a functional group that is already present in the native nolecul e
or otherw se can be introduced by well-known procedures in synthetic
organic chem stry without altering the activity of the agent. In the
exanpl es given herein, the agent is relatively water-insoluble in the
unconj ugated form and shows greatly inproved solubility follow ng

conj ugati on. However, water-soluble drugs are also expected to show
advantages follow ng their conjugation to polyglutamc acid 15 (e.g.,

| nproved ph@kﬁ?@ﬁé@fv& L : ntion the .site of action conpared to

t he unconj ugat ed ag)gﬁt%lﬁ%g%g%t ﬁg\{]og’"%pdé)ﬁ)’f%?‘i‘?@ﬁnﬂﬂﬂe]r?'(‘agi’lé’i’i‘ﬂ%?r)ﬂ7C0upI i ng

condi t i ons"deeheaeeidethndiin; ettdinddtidin @kt - Y& €797 F1 PMBO,

N-net hyl pyrrol i done) at a tenper att]Jrle f’r%@hhz{%glglr{’?]%%%%“#r om about -20C
to about l5dedeqpastizplhbf-yiydronmndey)e3, 7dbmbetyixknthinealTus30¢1 101 20Ut 70C,
nore prefer r fromabout 5C to about 30C, in the

b f
presence oflgghglola‘ q@ﬁgy?rat@grﬁ’iﬁg“@fﬁﬁp’%[“n@%ﬁ/%%@im@ﬂ%@‘@h@@; dexmubiemper at ur e

used i | | dgpRRcRRnd: S : stability of the thergpeutic agent
and the reactthc yagf’%@{azaﬁgg |%gn%?glﬂrqu%ﬂﬂ’t\’ﬁ”&}g%’mlc%ﬂﬁ?rioﬁbacﬁeagents are

wel | - known flaxusigine fEUDR )pexgusperi hetiasd Eid anchimBgh HEes bRUkidRaAN®. Not
i
limted to, carbodiimdes, alkyl chloroformate and triethylam-ne,
pyri di ni umbYSEpyscampteshiegn anchothers. phenyl di chl or ophosphat e;
2-choro-1, 3, 5-trini tyrobhenzene and ridine, di-2-pyridyl carbonate,
EOllySt yr %/I di atp;hilgﬁ %&f:{ﬁj%égr?tt‘f%%gﬁpg F;Hf)f’é'taﬁb%%c‘é’t Shlee?félfmerbby -

, 1' - car bonyédas hilnk@azq : h carboxyl ate
and tri phenyl phos?)hi ne, NTT%I' -gar !ilotgnyl (F:ﬁai #r?%rggzegﬁ g‘} tﬁ%gﬁéﬁ%%éegg[epﬂ{)nyl
chl of% de, [SitheMose cathibsr intlodudsids b2 - wrlbkBewx agrotédiiresy in BROBRNG Rirganiaci d
("BOP-G") " g-ghl Ov[ri?lbmttg.ﬁl rihdi ni. um ‘Ihfogl de ("CwPI"), and the |IKke.
Sui tabl e ¢SPEPIEDPE atetiioe cODI e dgstidn shyeimpisesien haeig, | 4- N, N
dimet fyl amioBye & RfuAeR WarBkRbibbIdin ORYGAhRated 16 HEE IR Slelly, the term

" : Teat )
I nert sol vent means a Solvent inert under (0] I ons O tﬁ:liy reaction

bei ng descrmpeayed sobbilityfadioing ¢anprgatibs.h Howestry thang . sofuble 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 carried out
in an inert solvent (e.g., DMF, DMSO, N-methylpyrrolidone) at 2 temperature
from -20°C to 150°C or from about -20°C to about 150°C, preferably from 0°C to

0 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 étta_ching group. Suitable
coupling rbagents are well-known in synthetic organic chemistry and include, but

25 are not limited to, carbodiimides, alkyl chloroformate and triethylamine, pyridinium
salts-tributyl amine, pheny! 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,
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exanpl e, benzene, toluene, acetonitrile, tetrahydrofuran ("THF ),

di met hyl formam de ("DMF"), chloroform ("CHCL3"), nethylene chloride (or

di chl oronet hane or "CH2Ch"), diethyl ether, ethyl acetate, acetone,

met hyl et hyl to ketone, dioxane, pyridine, dinethoxyethane, t-butyl nethyl
ether, and the like]. Unless specified to the contrary, the solvents used
In the reactions of the present invention are inert solvents. If nultiple
functional groups are present on the therapeutic agent, selective
attachnment of a particular group of the agent to the polyglutamc acid

pol yner Wi Ivhethdifestlphttivi ebibHee, ysieal®fl chlofigd, bhal 8x f1308Q6blidigy I heshinidhe term
“protecting group” or "blocking %roup". refers to any group which when bound
to one or rode“B{dr Ok 2-chlprrretthylpymdwunrnodde G6MPI " yrandpke ie.t he conpounds

prevents reactjons fro ccurring. at. these groups and whi protecting
group can “PQWEL’SH&OOT %SHWWP H@I’“@H‘gﬁﬁrégm Ei‘seérfz&nﬁ‘t}#’g]steps to
reest abl i shy; : hal li: . carboxyl group. See, generally,
T. W Greeng‘@g@?@{ﬁ%!{j??%ﬁEgo‘%yé@p?l\g}gpﬁ-@%ups in Organic Synthesis,"” 3rd
Ed, 1099, John Vi{ ededadrebiSansteri. “Yhert sohniPahédné dlsakverangy ahli& thé ocki ng

group enployed is not critical and preferred renovabl e hydroxyl bl ocking
groups i nclogdéitioonokthe ireastpn baingdesanbad o conpuctoragesawith gnMWIfQT acetyl,

chi oroacetyl, thipbenzyl , . benzylidine, enacyl , .t Lbutyl -di phenyl silyl |
o bat ot Pl PORORY sougt AL el TR ) NEM (2.

met hoxyet hQiyeBtyidamitle BEMEL £ ichrobdbih @01 BORYI ten B loride (or _
(benzyl oxycar bonyl) and any other group that “‘can be introduced chemcally

ont o a hydrdichibrontetifanm ot i‘CHaCl.t )y dafit] kéiee ethebicetate, zottpne enetb@dthgl t her by
chemcal or enzygatic e .hodqsJ n mld conditjon

At Ut of VHETE: BtELe, PP Poa ORI RS G OB ER: #15 HFURES | ncl ude
Conuent 1SR A <R, 98 e e R e P
al | yl oxycaribesmyion ALOE) salventshe | i ke, which can be renoved by conventi onal
conditions Corrpaff itr?l_{lt?pl\émﬁ}nrc]:titoga grr]g&p%ra?e gesénrt]%n 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 hydroxy),

thio], amino or carboxyl groups of the compounds prevents reactions from

occurnng 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 cnitical and

preferred removable hydroxyl blocking groups include conventional substituents,

such as allyl, benzyl, acetyl, chloroacetyl, thiobenzyl, benzylidine, phenacyl, t-
25 butyl-diphenylsilyl,

t-butyldimethylsilyl, trniethyisilyl, MOM (methoxymethyl), MEM (2-

methoxyethoxymethyl), t-BOC (fert-butyloxycarbonyl), CBZ (benzyloxycarbonyl)

and any other group that can be introduced chemically onto a hydroxyl
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pro duct. In another enbodi nent, pyro-derivatized am no bl ocki ng groups,
such. pyroglutamc acid, can be used. In a particul ar enbodi nent, the
pyroglutamc acid 10 may or nay not be renoved. Preferred carboxyl
protecting groups include esters, preferably esters containing alkyl
groups such as nethyl, ethyl, propyl, t-butyl etc., which can be renoved
by mld hydrolysis conditions conpatible with the nature of the product. 15
Nonencl at ure Exenpl ary conjugates prepared according to the enbodi nents of
the invention described herein are shown in Figure 1. The conjugates in

the Exanple 8haw, ak£) ’ : ag_the conjugates of Figure
1. 20 DeSCI’I?LE)T}[i on }g? Pr é@ﬁg‘g%ﬁ‘%ﬁ?@%@?&n’gﬁ&%ﬁyé@%@@ﬁf W%fcocess of
manuf act ur i neipals)ghildasatitiohdesmnaibld Wit gRMature OP{HIGREER1 ON @ scal e that
is suitable for clinical devel opnment and pharnmaceuti cal use conprises the

steps of: (a) prdveigiTagrempmableemine biokkinggofupa idldeglonvamioaalaci d pol yner
and a 25 therapeutic ent fcir cory'u §t'on thereto; (b) covalently |inking
sai d agent %% e&tspﬁ?'{ipgisdtbéfm Tl “gl It‘ml Penzyioxysareenyl eBdhi ¢ sol vent
to fogma p yfg@eq)g Qs I{tﬁ(mu' ' te, 12.(C) ..

pr eci Si tati %M’gg poﬁéﬁt&aﬁm Cc aci d%¥)ﬁ%’§g%§é?ﬁg%ggﬂtmg%ﬁ ]ﬁl{)ﬁag'vglcfhr om

sol ution by calbk tenuved by aonenciens coaditols @mpdYROME SlnhnsObeitheon; and (d)
collecting said conjugate as a protonated solid. The protonated form of the

pol ygl ut ani PEodaEt.d pol yner in step (a) is 5 obtained by acidifying a

sol ution containing_ the salt,.of the pplygiutam.c acid to be used as a
starting materiaf” %&?}gercedﬁ{?éiﬂl?rﬁgp}frﬂ”ed%gggfze% @W%ﬁaﬁl’aﬂ BOMRS: SAFR er
separating Sifthiik oM, eSNbd hdedIah b QRrtichile e20bdithehs t 8% hiDagat er.
(When di rre?ﬁ?lgarri i T e U e u%, s
pref éfred tmmhﬂlaﬂm})smm@e@ntil t he agueous phase is pH 3 or greater).
The pol yglutam c P?gijerq'eé cs:arE)QJ?yrll protecting groups include esters, preferably esters
containing alkyl groups such as methyl, ethy), 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 chnical 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 polyghitamic acid-therapeutic agent conjugate;
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10 dried, preferably by Iyophilization and preferably to a constant weight
conprising between about 2% to about 21 % water, preferably between about
7% to about 21% water, nore 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 nodification prior to is conjugation, e.g.,
the introduction of a new functional group, the nodification of a

preexi sting functional group or the attachnent of a spacer nol ecule. Such
nodi fications may require the use of protecting groups, which are described
above. Reacti on (s} pee@gsitdting.skid pdlygiinirmataeidrittapesictagait svphatisiesinf or

l'i nking various 20 exenplary therapeutic agents to poly-L-glutamc acid
(PG, eitheplutiopdytaddition of Bp sHegss yoiyeie wé agyravesaltmslwwnt eed The conditions
shown in these schenes and described in the Exanples nay be varied, as

wi || be readily (dppsleziiag edd hynjubas as a pkitbdasell dolidsynt heti c organic

chem stry. The exact conditions that are used for conjugating a particular

‘therapeutic agenfhet;s}o&mamlfamwmp%&}g%t ¥ 2R r@%ﬁfﬂ aﬁeregfza}i@_e stability of

the therapeutic agent to the reactiomconditio e reactivity of the

| i nkisng gr ebpsneddynaidifyaeg scuper tontdnhg the sahef thrmpolgditamingnidrodeess (e. g.,
safety and reqgulatory issues), and the |ike. As described above, various
types of | iwskhges stapiig Hategledanq sPyeding therglttads agdjfogat 8&ter dependi ng on

h il ahle fu ' : : . J d the Iink
ot ccu e, P eTEEA0R o dedERRReS i QR RARTNIHBRENRE |00 11 e

conj ugat ed digetA9laphdffyAtine (BOMART @Ibel ds%mrstemP,ac}sI;ﬁsfehyd kd Whgges ot her
than ester and am de bonds. Linkers other than ycine, and coupling
reagent s otthesolidhenil theoanueenseplifise fsindl3 ve gwrier). cHie polyglutsBuGagdsdhenThe exact

icondj tions used for .pr ring. the canjuga that illustrate the practice
of elfbodi méies BEHl BY Sepfher i RshRabE o adBhraua BebCichmrife. ™
Exanpl es. IRnStEPabolit 29400 BBUEDLS veadrl pReratly B&wesn AKIRTA & it r eact i on
mxture to precipitate the polyglutamc acid-therapeutic agent conjugate
f rom sol ut i23ffe wargy, more preferably between 7% and 21% of water, prior to conjugation

1o 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 1-111 illustrate methods that were used for linking various
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 manufactuning process {e.g., safety
and regulatory issues), and the like. As described above, various types of hnkages

may be used in preparing the conjugates, depending on the available functional
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10 water soluble inorganic salt can be used for this purpose, such as salts
of sodium potassiumand ammonium as well as halide and sulfate salts
(e.g., Nad, KC, NH4Cl, sodium sulfate, amoniumsulfate, etc.).
Preferably, 10-15%salt solution is used in |Ix-4x volune. In one preferred
enbodi nent, a 2.5x volunme 0' 110% NaC is used. The salt solution is added
slowy to the reaction m xture, which is 15 cool ed during the addition. For
optimumyield of conjugate, the tenperature is kept between about 0C to
about 10C, preferably O0C and 10C. The precipitation step separates the

pol ygl ut ar greupacindhe hlesrapeticiagegan thekiKer gdledule! ®ANinkéras Lidw TRieri al s and
reaction byproducts that are wholly or partially soluble under the

condi t i ons ths\EETanEHtIp AT Biay diei conjugited he pelyglutagat ecid knd/st Bykerd) , t he

top. (o) i BRI FGaRE ciffs B SRR arr bindone eRRRLL of the drug |
mol ecul e tgl}@ﬁiedaﬂ@@aj%iiggrﬁﬁaégeﬂtsméﬁérq éﬁ%ogeaé}gﬁpﬂﬁeuaﬂpe?a%,ol{%yg#sot196 about  pH

4, preferabl'y pH 1-4, used. For preparation o dtarnic acid-

pacl ist axel usmin] Tyaexast chalibosrused o répaiag Hecdplgaws Bidt Auseatdthe in the 25
deconposi tion of paclitaxel, and acidification is typically carried out at
about pH Prasticppgespatimentsiqlithe presens inyeationodre dhssribed belowin theas DVAP, and
acid, such as peédrochl oric acid (HO, is used in step (d). The suspension
can be fiIFer@B r centrifuged, preferably filtered, to collect the

conjugate. 14 Unreacted starting materials, gci/pr oducts and other inpurities
can be ' renoved?§HPJL).13 2qyoussel solyBpRisradeed icothe rerclipR maxtUFRLOf i nal

pr ot onat ed j: i - ed | 2 and.3 b A d Figs. 2
and 4). FoP‘Céeaxﬁzirrpg‘?{ehf?3 pé}gz’t,éehlftgﬁ%({f%%fﬁlgh%gﬁﬁ?%engg?lﬁu 5 Er?rlnos(re?!uqﬁ?'ea}ggl id can be
col liect ed ancerrsehdileinolganitsalitdae be @sddRF tHis hirpb &, @ebhQls saitd sBidRGnW th an

appropriate solvent in which the.contam nants are sol ubl e but the conjugate
is not (e.gotasgpmandaapanium, apwal pehaide andpilfies salts k-85 d6L.KChexanes,

IR ane, oML, sif buld HaNARlellcess) BBl 1 198 oBSfliEaod 2N

the protonate ormo € conjugate 1s’colle 'S
Al t er nat i valysedtih@xsahidhmanibend prefhiell ieZ@6diniehen 2Sixwdlige opi b an

appropri at ?\]aCl is used. The salt solution is added slowly to the reaction mixture, which is
15 cooled dunng 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.

B 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-
pachtaxel conjugates, however, acidification below pH 2 results in the

25 decomposition of pachtaxel, 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
hydrochlonc acid (HCI), 15 used in step (d). The suspension can be filtered or

centrifuged, preferably filtered, to collect the conjugate.
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solvent or m xtures thereof, e.g., acetonitrile (MeCN); ethers, such as
di ethyl ether, dioxane, tetrahydrofuran; hal ogenated sol vents, such as
chol oform  net hyl ene chl oride; ketones, such as acetone and net hyl et hyl
ketone (MEK); C, to Cl10 al cohols, such as Teri-butyl alcohol, isopropyl
al cohol, ethyl alcohol or nethanol; to renove inpurities fromthe fina
protonated conjugate product. 15 In an alternative preferred enbodi nent,
step (c) above is replaced by step (c'), which conprises: (c') separating
sai d polyglutam c acid-therapeutic agent conjugate from unreacted starting

materi al s and byphoduedstatich preciaR] byatddudissat dtiRe iyghitied Fat be
aci d-t herapeuti c agent co%ugat. e fromsolution by addition of an organic
sol vent i n T2moved RAPTID. @h peercacedificatian t¢ mgldrthe Brdl aratoaatdd bypugatitict s ar e

soluble. In.addition_to efhyl tate and.acetonitrile, ex es of other
sol vent s t HAUstated 1%«?*6@8&&&!*8@&6?%%3%5& itk #‘i’fcqxﬁﬁglaeg%!l[%r of orm

- tetrahydrof iy i : 'ﬁ?e]ns% P . ek ke, An
alternati veﬂgﬁgbcne l}ir?ée(@?{saso&rlﬁe@ént ymrin%ém? H%)%/Aeuggtr%?ééd ?"\I'/\Sﬁglrlbgllzﬁ@ﬂ% Si thl%II 25
generation fifered pr eitniteddetitip ah ¥pprupaat ol th ivhieh Apecdntiniag®Bhreconj ugate is
carried out by a process conprising: (a) suspending a salt of a

pol ygl ut aniseiuds Butget gamBRata 1590t i 8+ ethyt 2rgHites mesiglleneihdor{ds) prot onati ng
sai d polyner,hy.the,additi.qn. of nhydr ous. aci sald 15 suspensi on
to forma s%lﬂclféfoe”%gﬁéng?’_}%eﬁtean%p‘ﬁf Sg]aett erﬁﬁéé’;o_x 63 Lpr?%&?lagﬁrb?séﬁ?rh_er apeutic
agent and cRuff&Nkdd/thkipidtonstes fbreh GOIBA oG S@isdollRRby 8 disailed aB6vdl pol yner
to forma polyglutam c acid-therapeutic "agent conjugate; (d) precipitating

sai d pol ygl ut ani Altermiativeihahepalict dap badwphilicehjtheyesheTied omh asaipptapoateby t he

{addl t(g on Ofso v%nte)ér(': g’:?xstu}/egltilljerrrgof? ]:e. g.a,1 Ciléleetg#l?dlg aldteC'?\T?;l el“tllgér(s),ns;ucﬁgsd diethyl
ether, dioxane, tetrahydrofuran; halogenated solvents, such as choloform,
methylene chloride; ketones, such as acetone and methylethyl ketone (MEK); C, to
C;p alcohols, such as ters-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 comprises:

{c”) separating said polyglutamic acid-therapeutic agent conjugate from
unreacted starting materials 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-butyimethyl 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;

(a) 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




(e) collecting said conjugate as a protonated solid. The in situ procedure
elimnates nultiple steps in preparing the protonated 10 PG pol yner and
reduces the overall process tinme by up to a week. In addition, the product
appears to dissolve in aqueous solutions nore rapidly when produced by the
in situ procedure in conparison with the other nethods disclosed herein. In
this procedure, any anhydrous acid nay 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. Exanples of suitable acids include
trifluoroacetic acid, chloroacetic acid,, bronmobenzoi ¢ acid, chlorobenzoic
aci d, chIorophenox?&BgFW3”§3§H?aéﬂ@ﬁkéb%@% e&@@Pﬁ@eiﬁﬁﬂ, cyanoacetic acid,
cyanobutyric acid, ofHaM i i ODLORI i gl

di chl oroacetic a gd? acg gg%ﬁ%%%ﬁ§%$%? uﬁ%?ﬁ%ﬁggﬁgggﬁ?g%g??gég%?d,

i odoacetic acid, |apblygluzamid acidglobimes t@fbracd ghlygematondid-tieeagbutioapht hoi ¢
acid, nitrobenzoic acid, phthalic acid, nmethane sulfonic acid, HBr, HCl,
and H. Steps (c), R L&ABLEHY. are carried out as described above for the

general proceduregs. Table | sho a. representatiyve analysis far poly

%G i ani 6 act o- (RePieilafng 30 BeRe Db E b E RS B IR BBt Mo Bt € 3
bel ow. Tabl e 2 showgolatib@By Beeabmih b aRBRleYStsiuh® bf Bflebul s 4IATBNC

aci d-paclitaxel conjugate prepared in situ as described in Exanpie 7

bel ow. 16 TABLE 1. Amhl ytical data %yield; b grans of conjugate; "“grans
paclitaxel / grans %onj gate deter.m ned by anEtgﬁﬂ; dgrans paclitaxel/grans
conj ugat e det er mlPeBCURFURR ARG EPHBERte a5 protongied solidnacli t axel rel ative to

conjugate;, f w %residual acetonitnle relative to 5 conjugate; SwW %
resi dual di met hy[Thedimmait geocedyraelimmates nudivgle fapeir proparyg tie PsPIatdy | ur ea

la - o O . . . . -
relatjve topRONLUARLET) oMl S8l HFprBled Aty b 1o TATHR. 30 ALY hEA! data
product appears to dissolve in agueous 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 1n 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, dichlorozcetic 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, HC], 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 descnbed 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.
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TABLE 2. Analytical data

mass %" total % % residual % %
output® (g) loading MeCN' residual DIPy"
(NMR)* DMF®
G851 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 illustrated by the following examples which should not be
; regarded as limiting the scope of the invention in any way.
15
EXAMPLES
In the following examples, the intermediates in the production of the
conjupgates were characterized by 'HNMR. The molecular weights of the
polyglitamic 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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addition, the poly-L-glutam c acid separated out of solution. The reaction
m xture was warnmed to roomtenperature and stirred for | hour. The
suspension was centrifuged at 2700 x g for 10 m nutes. The upper aqueous
| ayer was renoved 10 and the solid was resuspended in 560 mL USP purified
wat er and recentrifuged for 10 m nutes. The upper aqueous |ayer was
renoved and the pH was neasured. Washing was continued, if necessary,
until the pH of the aqueous |layer was > 3.0. The wet solid was

| yophilized on a LABCONCO x' ° freeze dry systemuntil a constant weight

was obt ai nedg, theW Ypsag _[r, r_than 7000 ppmas 15

det er m ned Mﬂam@rg&wggwa%bgﬁgg?c ‘Ip’)%?y- L-glutamc

aci d- 2' - pact i t axePolodnighgaiie acRablinbkr UL (Sighfl CHefid? C9),.37RE @RAT €d as
described in Exanple 1 above, was suspended Tn anhydrous

N, N- di met hy|deserrmead bievigcosty mepsurgaentt) wax dissol\@&dda ISP, R0ifgd waterq Shol ) and
N, N-di met hyl am pop ég,in éZS(ﬁ ng, 2.32 mol). The reaction m xture was
stirred for ’%@ﬁﬁﬁ@ (2N WeFQIELEWaT fpoked tgibetugindhGI-cak bédiuter de (1. 903 g,
15. 08 1) d ' ' -was.. added over. a period of 3
hour s ﬁn;riong Hﬁé%%gé%%ﬁ%@‘?ﬁseéd?g%flﬁ_p)cwﬁe w’ttﬁc‘angpreoéjétllgﬁ"’was stirred

until conpl ﬂ&e@gi(ngtiﬁélie eFidlKeS< 1P C L@ANhk QRPRE A eth/Bdn pH PR0 255 T BARAG B8 Was
cooled to 5C-10C and 10% sodi um chl oride solution (345 nL) was added

slowly to pragditpn dteepady.-glampoioid kepgrantdaoutiof salutide pAbé rdaati@l mdomjeugat e.
The precipitate was segarated bé}étransferri n(I:; the m xture to a centrifuge
flask and C¥% VRFRRGitRJOPT IEPPYBHGE gnd SrEed et T Bers dl ReRspedsion ¥ided i n

wat er (150 I J G n i added
slowmy wt thvl)“grgir} udsatsitvp?rq;gnfgpfgnﬁg& gi ?l‘fég%ﬁ%lv gw%?'sg’%{ép‘é'%ﬂe I oEdt o pH 7.
The react i orandaBe sdlid wadrehspeadedin 860 adUSPiputified drateh badigdterifigéd fbrcr on
filter to renove inpurities. The filtrate was cooled to O0C5C and HCl (IN)
was added sl @@ipuigst lTheiupBeorAvesrs laysrygpsaampyed and 1hepBfwasHeeasslut i on was

brought to c StLrL s.continued.for 30 minutes. The 5 precipitated
sol 14 vas cone iThgeybaltyElRER SRRt ot b Rl WSRO E by
tsuspendl Ng iThenbEdolid 2@ 1ydphilaed o @I ABCOMOW™ 8 RROSe Wil al yophi | i zed
0

constant weight was obtained. The wt % sodium was no greater than 7000 ppm as

15 determined by ICP.

Example 2. Preparation of poly-L-giutamic acid-2’-paclitaxel conjugate
Poly-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-dimethylamnopyridine (283 mg, 2.32 mmol). The
reaction mixture was stirred for 30 minutes. A solution of N N-
ditsopropylcarbodiimide (1.903 g, 15.08 mmol) in N,N-dimethyiformamide (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
centnifuging 1t 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

18



yield 24 g of poly-L-glutam c acid-paclitaxel conjugate (90%yield). In the
above procedure, the filtration step can be omtted by washing the

solution with ethyl acetate (250 nmL, 2x) to renove inpurities. 10 Figure 3
shows a representative proton NVR scan for poly-L-glutamc acid-2'-
pacl i taxel conjugate prepared by same procedure as descri bed above, but
havi ng a higher paclitaxel |oading (i.e., 55% . Exanple 3. Preparation of
poly-L-glutam c acid-2'-paclitaxel conjugate 15 (rmanufacturing process)
Poly-L-glutamc acid (42 g), prepared as described in Exanple 1 above, was

added to a tobrdg-hepkest thos@stidd {esHmOUNG LRLAN.E 'sgzggd RAYLRREA th 2

mechani cal stirrer, addition funnel and a therno pr

N, N- di met hyfiltesedrihregh 2 0 350icror flienas randednpodiat ITHedtriterwatQoBieB s €S .

Pacl it axel 6%3 @6% and N, N- di met hyl am nopyridine (0.70 g) was added and
stirred for%to>r At B&! (AN swrutddsd slcovly itk-viiorsuspstiopsg catilbbelpHrdf de (4. 73 )

in N, Ndi nethylformanm de (14 .was added at, room tenperature over a
period of 1502%1%5‘?’%}&0}'{%%8@?{ %ﬁtﬂr‘fu}gn%és coRHnugddor 3¢ manudes. b four hours.
The reacti hithid SoNP®as C : olution of 10%
sodi um chl gﬁr}ieiszlﬂeJ (1. Z?L. ) a@ﬁ%ﬁ%@agﬁ%%’ S@‘Pﬂ‘s‘??‘ﬁ“%ggﬁ‘?g’ééﬁaf%eﬁ % unnel  and

keepi ng t hebyt ersperdatgmevaier (15Cnl)Gndyeswidldifg T rbiagkvdsysphilizc@sal t
m xture. Af t_eir t he fad ition of sodiumchloride solution, Ilv\l sol uti on of
hydr ochl or i Reld i pipeiylysigaiaapdpaditamhicerugme i(PO%heeldH of the reaction

reached 2.5. The j ] stirred for 30 nut es. at, 5C- 10C and
the precipitat eg{%g%b%% alr%’ gh%\@ﬁr&?lﬁ'ééﬁepf%&lée{ OLBH J’ga‘f’@%{ﬁ&sth%ol | ect ed
by filtratiseiutichOviliethyDidetise (FS50enMES Q6 rdi\@SmbiiBs Wi th water and freeze
dried in a |yophilizer for 24 hours. The dried solid was powdered into a

fi ne*bowder usi nkRErevbshcaNs areprespstiveprotcRNeMR| steh formhgter gotamic
pol y- L-gl ut ag{]_ﬁ, aci lciit -$acl.i t axel con'tljj)?at e was , suspended ,in acetonitrile

(1000 nlL) and stiRAFEE*Y SPU2EHF PTRAR med ecrdurrpsidsecrbed abeve. RS washed

W th 2x 20Ga¥ingdf high&tablithkdi€ading@.eS3lbgl Was dried under vacuumfor 24
hrs to give poly-L-glutam c acid-pacl’itaxel conjugate (60 g). Yield

Example 3. Preparation of poly-L-glutamic acid-2’-paclitaxel conjugate

15 {man ufact‘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 funne! and a thermo probe. N,N-dimethylformamide
(350 mL) was added and stirred for 10 minutes. Paclitaxel (24.66 g) and N,N-

"0 dimethylaminopynidine (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 funne] and was
stirred for four hours. The reaction mixture was cooled to 5°C-10°C and a cooled
solution of 10% sodium chioride (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.

15



(90% . Exanple 4. Preparation of poly-L-glutam c acid-glycine-paclitaxel
10 conjugate (Reaction Schene Il) Steps | and 2 bel ow were carried out
essentially as described in Mathew et al. (Mathew, A E, Mjillano, MR
Nath, J.P., Hnmes, RH, and Stella, V.J., J. Md Chem, 35:145-151,
1992). 15 Step 1. Preparation of 2'-(N1t-BOCglycyl)paclitaxel To a
solution of N-t-BOC-L-glycine (131 ng, 0.75 nmmol) and paclitaxel (640 ny,
0.75 mml) in dichloromethane (20 nL) was added 1, 3-

di i sopropyl carbodiimde (124 ng, 0.98 nmmtl) followed by N, N

di hyl am I, di . | ). Af LI I
tenper at ur o Fokqtsp WeTR sled Wiee Uit oUife e Sinesct st ik UABBHSS dBfuc e
pressure. THeLEgS cm@)dnwe@%lmh; f;&ddé?ﬁﬁaké 5 Bfe gs{;/vpéeél %ﬁ@ FRATRLRAT aphy

eluting with 1:1 (v/v) ethyl acetate/hexane t

2' - (N-t - BOGpeghtly c Tihp ffimelyi poavdeted(pohd Laglutafdacyd ?ad])taﬂél canjuphte spowder . 25
Step 2. Preparation of 2'-(dl %/cylaéfacl i t axel sol ution of :
2' - (N t - BOcugpsrded b aegtpritiie (140948 hapd sorred forrdvbis) then filtersd and theci d (2 i)

was stirred faor. 30 nhnytes. er. cancent.rati under reduce ressure, the
resi dle wassc’%@swp%sn‘ﬁ%%eawtj\]/a xgéo(rf% Oﬁfﬁe.% ?‘H gg?)ﬁ%\%@dﬁ%”“ ficar bonat e

sol ution (4%l 19R94 A0 g1l NS o Rt LQA Pk A i acyeld 20 with
di chl oronet hane (2x 40 m_;:h.l Tﬁoeyco%bi ned di gﬁﬁéﬁg%ﬂgﬁﬁegggégcts wer e
dried over @Wydrous sodi um sul fate and concentrated under reduced

pressure. The residue was purified by silica gel flash chromatography
eluting with 4% nethanol/dichloronethane to yield 2'-(glycyl)paclitaxel

(10219, TSR ), s oo oS SR PR 1, O,
suspensi on @njpghté-(RegttibrdBrkerdelly (275 ng, 1.87 mmol) in [
| Steps 1 and 2 below were carried out essentially as described in Mathew er
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)paclitaxe!
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-
dimethylaminopyndine (27 mg, 0.23 mmol). After stirnng at room temperéture
20 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)pachitaxel (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 mlL). Cold 0.05 M sodium

bicarbonate solution (45 mL) was added and the solution (pH 8.0) was extracted .

20



| 161 f idé6 Lddd"' |I | taxe ( ng,- ) was a )pac ormanl e ( me 2 -(g
ycy anhydrous dinethyl i 10 0.177 nmol). A solution of

1, 3-dii sopropyl carbodi nade (29 ng, 0.23 mml) in dirnethylformamde (1.4
m.) was added to the stirred suspension over a period of 30 mnutes. 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 %

with dichloromethane (2x 40 mL). The combined dichloromethane extracts were
dried over anhydrous sodum sulfate and concentrated under reduced pressure.
The residue was purified by silica gel flash chromatography eluting with 4%

methanol/dichloromethane to yield 2'-(glycyl)paclitaxel (161 mg, 73 % vyield) as 2
5 white powder.

Step 3. Preparation of poly-L-glutamic acid-2’-(glycyl) paclitaxel conjugate |
To a stirred suspension of poly-L-glutamic acid (275 mg, 1.87 mmol) in
anhydrous dimethylformamide (6 mL) was added 2’-(glycyl)paclitaxel (161 mg,.
10 0.177 mmol). A solution of 1,3-diisopropylcarbodimide (29 mg, 0.23 mmol) in
dimethylformamide (1.4 mL) was added to the stirred suspension over a period of
30 minutes. After stirming at room temperature for 3 hours, the mixture was
cooled in an ice bath to bring 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 comugate. 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 bnng the contents
0 of the flask to pH 7.6. After stirring for an additional 2 hours, the aqueous layer
was washed with ethyl acetate (3 x 6 ml) and then acidified by additionof 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.
Uéing a similar procedure, the above conjugate can be substituted by ammno

acids other than glycine.
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aqueous sodi um chloride solution (7 nL) was added over a period of 30
mnutes 15 to precipitate the poly-L-glutamc acid-2'-(glycyl)paclitaxel
conjugate. The resulting white suspension was centrifuged at 1500 g, 15

m nutes. After filtration, the solid was washed tw ce by suspension in
water (10 nmL) and centrifugation. The crude product was suspended in water
(6 mL) and a I M aqueous sodi um bicarbonate solution (2.3 L) was added
slowy with stirring to bring the contents ,20 of the flask to pH 7.6.
After stirring for an additional 2 hours, the aqueous | ayer was washed

with ethyl acetate_ (3 x 6 nL nd, t hen aC|d|f| add tion of I N

hydr ochl or i E—émiﬁw:ﬂ'%‘f)?‘?ﬂ@ob Q@I‘HF%'E agidsh rf%%&g YEHEed by
centrifugatkﬁ B @R% 985 ith water (2 x 6 nL). The wet solid was

| yophilized" to glve poly-L-glutam c acid-2"-(glycyl)paclitaxel conjugate
(315 ng, 72 %yield) 25 as a white powder. Using a simlar procedure, the
above conj u%ate can be substituted by am no acids other than glycine. 21
Exanpl e 5. Btephr éfﬂeanra;fonpmmuleagbmmwaxah d-2' - docet ai el conj ugat e

(Reaction Schene aration of cetyl.paclit axel

0- Dodcetyl paci | g5t Cﬁagt’%ﬁ%}t it oot & SO A e hen,
QY., Darbi L. K. {,

Se. 2001 poo Y FRiesRRE: Chea, %nt N 5Teé;2gg&%g’%%'§rzgﬁaLsgoi(g{lfgoor?‘;of
pacl it axel (199:9@;;@ 1. 17 nTnol) in tetrahydr ofuran (20 nL) 10 was added

hydr ogen peroxide (30%_ 20 niL) foll owed by sodi um bi carbonate (1.92g,
22.85 mmI)Uﬁ(fE’%FméW b 4 Bt roomterrperature for 18 hrs, the nixture

was treated with F g[rglt r }@% rgani c
phaser was washe (#18 er &?E&&%E o f %-'c’ihng \(Q/tgtrr ggg}anéb%lgnesi um
sul f ape, andvas@aa@oermyﬂmtgeldpmdﬁe (ymumnnLTmﬁlcrv&sﬂ Wuedimsbiparbbhdted by silica
gel flash 15 chromatography eluting with 3% net hanol / di chl or onet hane (v/v)
to yield 10{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
Do 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 chlorotnethysilane (2.72 mL, 20.1 mmol) at room
temperature over a period of 30 minutes under an argon atmosphere. Afier
stirring for 17 hours, the mixture was treated with dichloromethane (75 ml),

25 washed with water (3 x 30 mL), with 10% aqueous ﬁopper sulfate solution (4 x 35
mL), with water (30 mL), and with saturated aqueous sodium chlonde solution (30
mL). The orgamc layer was dried over anhydrous magnesum sulfate and
concentrated under reduced pressure to provide 2°,7-bis(triethylsilyl)-10-

deacetylpaciitaxel (980 mg, 90% yield) as a powder.
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deacetyl paclitaxel (890 ng, 93%yield) as a white powder. Step 2.
Preparation of 2',7-bis(triethylsilyl)-10-deacetyl paclitaxel
2',7-Bis(triethylsilyl)-10-deacetyl paclitaxel was prepared as described in
20 U. S. Patent No. 5, 629,433. To a solution of 10-deacetyl paclitaxel (850
ng, 1.05 nmmol) in anhydrous pyridine. (20 nL) was added
chlorotriethysilane (2.72 nL, 20.1 nmol) at room tenperature over a period
of 30 m nutes under an argon atnosphere. After stirring for 17 hours, the
m xture was treated with dichloronethane (75 nL), 25 washed with water (3 X
30 nL), with 10% aqueous copper sulfate solution (4 x 35 nlL), with water

30 nL w th_sat urat ed Qus .sodj chloride solution (30 nlL). The
f)r gani 2: I aySFER/vés PJF?”e'&“SOé’figfgﬁvﬂf’affgyl?ﬁglblé@r%%@lﬁa&llﬁ‘x&h’&m‘éoncent rated
under reduced pr L
deacet yI pacl i tgxgsslt%ggh&h% A?i g.‘%? 5@%@%‘5’% Q¥Ja§ ?Eéﬁé%ed]a(gf esﬁgbg%ar ation
of 2',7-bis¢tyi Sthyérﬁquls) 6d94seacet yl pacl it axel | m ne 2',7-Bis(triethyl

silyl ) 10 deacetyl paclitaxelimne was prepared as descri bed in U S. Patent
No. 55 629,43 3. B q’@plgtl@bpm i bhisGhethylsilyl)-10-deacetylpaclitaxel (730 mg, 0.70

7-b t t hyl i I 730
tetrah;/ZSmE IH%%‘HIBJ Sef?%h;ﬁ Hﬁ')g‘faagééaﬁﬁég‘&‘mﬂﬁfi Bgﬁgmr%gs%%43 ny,
2.11 mmol). m‘gtzen ﬁmdi)rlmerashnﬁ&gognrbsrﬂﬁ%e& e hﬂ@?%nﬁ@rg?x%‘i @Ef&osphere

for 15 hours,”the m xt'ure was poured Into co xanes

preci pitat edor ¥ hown,i thenmexn wxepowed @it emi’tbhe;ehnby(?fﬂ ). aThertrec‘ﬁhStea iltrate
was concentrated under reduced pressure to giv
2' | 7- bi s(t r FEERGHDY OPIPDEXEH MEELTEIGVED B Iﬁltfaé.’?él |T|1?P ﬁéra"e e@scwenw%l yi el d) as

a whi e powdler.. She &ld‘bref &%H%rgg\% ry. 9@@&8&@?3?)9 10 anac% %.i(e]ﬁ{]n sy am ne

10- Deacetyl paclit'ax aECoP

Patent No. %63Rthgd83% yéelapdstﬂ white p(f;wder
2',7-his(triethylsilyl)-10-deacetyl paclitaxel imne (636 ng, 0.621 mol)
in 1% (ww conc. hydrochloric acid/95% ethanol (25 nL) was

Step 4. Preparation of 10-deacetylphclitaxel 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-deacetyipaclitaxel imine (636 mg,
0.621 mmol) in 1% (w/w) conc. hydrochlornc acid/95% ethanol (25 mlL) 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 dned over anhydrous magnesium suifate and
concentrated under reduced pressure to yield the crude pﬁmary amine product
(405 mg, 92% yield) as a white powder. This product was used for the next step
without further punification.
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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stirred for 15 hours, treated with water (65 nlL), and washed w th hexanes
(2 x 30 nL). The aqueous |ayer was neutralized (pH 7) by addition of

sat urat ed aqueous 20 sodi um bi carbonate solution and extracted with

di chi oronmethane (2 x 40 niL). The conbined extracts were dried over
anhydr ous magnesi um sul fate and concentrated under reduced pressure to
yield the crude primary am ne product (405 ng, 92%yield) as a white
powder. This product was used for the next step wthout further
purification. 25 Step 5. Preparation of docetaxel Docetaxel was prepared

according t ol ept. : 29 433 on of

10- deace'? yl(g' 51’]?{ ’E(Z m?)@]?g;s%cy B(Szfggecﬁ‘a%e%%ggytl pynate (228 acet at e
(40 nlL) was) pddggoisa 1S 23 (40
rnL). To thll gﬂbl pHZs%Eﬁtggﬁggywas té@&tﬂ%%ﬁ%{%??ﬁ ggérf%le%e (225 ny,

1. 03 nunol ymLAMaerdédd rflienggatic phaseva wshait witlewaeer (15 30oniL) dried hyl  acetate
(75 nL) was added. The organic phase was washed with water (2 x 30 niL),
dried overo%sh ﬁsﬂabfd@a'ss SOGRT LS. A EONCERTAED Hodsn VAGHE ThRIESIOYAPEEm The

residyue m?c‘%ﬁ% I‘bl frl%g Vt}a%h chlco?nagggraf I a Lt;n ér&l&n%ogr aphy eluting with 4%

met hanol / di'EhI*Gr orfe 0 provi ng, 76 %yield) as a

white pomﬁéthm%mc}@orol?feﬂﬁaé ad Pﬁﬂxd%fdo@@t'aye} k30l Mg a2 % ﬁau)iasZa wirecet axel
conjugate 10 To a suspension of poly-L-glutam c acid ng, 4.47 mmol)

in anhydr opsvahrmet hyl f or mami de (10 nlL) was added docet axel (385 ny, 0.48
mol ) and N, N-di net hyl am nopyridine (12 ng, 0.096 mmol). To this stirred
suspension was added a solution of 1, 3-diisopropylcarbodiinade (78.8 ng,

0. 624 mol ) i Af ter
tirring 1B ErtbdraR B Bl Mol QRMLS Sa U PRBHE D, 20 L0ue
aqueous sodi um c'ﬂibmrsusﬁgnsnoh of boly-L-(gBﬁamit)mMSS&d@géM@\ﬂﬁﬁoBﬁh m nutes. After

stirring for an addition 1 hour, the solid was filtered and the filtered
cake was wRIREEr Wtdﬁﬂ%}(]&ﬂﬂ@@@@@ wa&mlged docetaxc] (385 mg, 0.48 mmol)

and N,N-dimethylaminopyndine (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 stimng for 15 hours,

15 the mixture was cooled in an ice bath and 10% aqueous sodium chlonde solution
{20 mL) was added over 30 minutes. After stirnng for an additional 1 hour, the
solid was filtered and the ﬁh-ered cake was washed with water (4 x50 m]_,) 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-da): $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,; Gi]bert, C., Martinez, A, Xia, ],
Wu, D., and Hsue, M., Biocorg. & Med. Chem., 6:551-562, 1998.
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solid was |yophilized to constant weight and then triturated with
acetonitrile (4 x 50 nL). Drying under high vacuum for 15 hours provided
poly-L-glutam c acid Q 2'-docetaxel conjugate (890 ng, 87%yield) as a
white powder. '"H NVR (300 Mz, DVMsO-d6): S 12.10 (s, -COON), 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 Exanple 6. Preparation of
poly-1-glutam c acid-glycyl-20(S)canptothecin (Reaction Schenme |) Steps |
and 2 bel ow were carried out as described by Geenwald, RB., Pendri, A,
Conover, C.D., Lee, C., Choe, Y.H; Glbert, C, Mirtinez, A, Xa, J.,

Wi, D., and Hsue, M, Bioorg. & Med Chem, 6:551-562, 1998. 24 Step 1.

Pr epar at i onSedp EOP(MaBmogRSMMt)BmZ( gbyeﬁwmﬁ)mﬁpmﬂ&ua sol ution

of N-t - BOC- gl yci nef : ﬁﬂ i,n anhydrous dichl oronet hane (240 ni)
was added 1,3-dii A0 of ﬁ&ﬁ’@wﬁlwe(@?@mw Ognmpol) & anhydious

N, N- di met h ' h 348
10 mol) é%“%@%%%&?ée@%? i o TP AR o S ko ThBobth
t enpesat ur emnffl}, ¥ NsdiiretyRenih Opyrik®he1OUE $hg. b Rendl XhY Q@ﬁﬂﬁ@zﬁnfﬁ% ‘éﬁl

sequentially with 0. IN agueous hydr ochl™ori ¢ acid sol ution x 50 nm),
with water %/ A3xmg,0l. @rﬂ)moi)&n@h? (l'MeMeacjis@ovishsodatiziidwedan bapatte reomut i on (2 X
25 nL), and with wate The .organi ¢ phase was dried over

anhydr ous sEFRFALS) f‘%fff(é SHFE @63%@HP#SaEhéérnmcitrewawéﬁbe@aewé%m‘ﬁﬂh The

resi due wasgp
20- (N-t - BOC- 'SW%U%M ({:}g%qp% ot heci n Qgﬁs@hﬁ),sﬁs}?w gfx 2 mlé? yel | ow

powder. 'H NNRO(BﬂQqM:dMS sﬁEﬁiermarSoﬁat@Eol(JﬁOn 2H) 25 B3, ?an(ldmth]wﬁtc?’?l iz | H)
7.91(d, J =.8.07, 1H 85 (m 1H), 7.65 (t, J = 7.4 Hz,
7.260s, 1H§0 Hé«)?&hwrgaav@lwe M35 fged oygr ansydatwwdwm smlfgwa_xsi Hz, lH) 5 25

(s, 2H), 2 18 m .38 (s,
or) . 0.95 (tt::%ﬁ:jxgt%te uawk&dlﬁga%régﬁg (IWE rfl'g SIS Hgf:d om mlé?hanc::ll
20- d ycyl - 2 rsmamprtootdaemmmm(bd:lgwcggnz@ts)@araﬁbduesﬂl(hzz: mg, 84% yield)

as a yellow powder. 'H NMR (300 MHz, CDCL): & 8.35 (s, 1H), 8.22 (4, } =

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, I = 17.25 Hz, 1H), 5.40 (d, J = 17.25 Hz, 1H), 5.25 (s, 2H),
4.95 (brs, 1H), 3.98-4.25 (m, 2H), 2.18-2.26 (m, 2H), 1.38 (s, 9H), 0.95 (1, I =
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/triflucroacetic 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-dq): & 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).




"o A solution of 20-(N-t-BOC-glycyl)-20(S)canptothecin (424 ng, 0.84 mmol)
inal]:l (v/iv) mxture of dichloronethane/trifluoroacetic acid (21 nL) was
stirred at roomtenperature for ] hour. The solvents were evaporated under
reduced pressure. The yellow solid was crystallized fromdi

chl oronet hane/di ethyl ether (3:7 (v/v), 50 nL) 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, DWMSO- d6): S 8.78 (s,
IH, 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&tep3H)Prépa3atios of phly;L4lBtamidacid-28-gl¥cd-26(5)chhptothed®d (d, J =
17.9 Hz, IH), 2.10-2.30 (m 2H), 1.00 (t, J= 7.4 Hz, 3H). 25 Step 3.

Pr epar at i orfo®#ugHBfy- L- gl ut am ¢ aci d- 20- gl ycyl - 20( S) canpt ot heci n  conj ugat e

sal (351 my, 0. Bo ety Susrh SEH RN 2O SRRR B ARG IR D oY

5. di et hy! aghnapy s, GihameIpeIyL-BuieERk ladsmanhysiens) f

dhawi lyl f or mam d
(13 nmL) was added a solution of" 1, 3-diisopropyl carbodi i m de (111.6 ng, 0.8

mol )5 i n dimettylaydifopyramed@49 Zngy)04aumol) F0anhydusue simeshyléormemider(1dg under
an argon atnosphere for 2 days,_the m xture was.c ed i i ce bath and
10% aqueousmls¥as addecha JipRn é@aﬁ@?‘ﬁﬂ?r?@gamﬁd“%@ éghéd”%’:}%gé"?@‘ nut es.
After stirr. r b4 ] ] t ensi idified to
o 2. 5 by Aacrer SRSy BRFL el sy | MRS UTRRRSHAR HATRGFL Vel ow
preci pi t at exwRSpiest F@ @shhe niiklutd abd @vledinahéck titli indvedgraqpéous 25 i),

dried under vacuum overnight, and triturated with acetonitrile (100 niL).
After dryi mpdumeehlonifgrolvien (3h mb) wasaddsd over, 3hminues. (Migrshmns for an

aci d-:20-gl ycyl. - 20 campt ot heci n _conj 7 L 95%yiel d) wa
'oblt ai‘%edga)s/a ”ipé’laf \}Aj/obg&?fe?‘{smriﬁ’%wé(%%%,p%%?é?':n%g cs)qlg\.?lo)(s, >
- COOH) , 7. OpnBodéhyidibehlods 4dd dduden. ?ﬂéyeﬁbm?réeaﬁtaﬁe Gvab Bblidzted®y2, 7- CH2),
3.70-4.35 (m -dy-CH2, PGNCH), 1.42-2.6 m |8-CH2, PG 8CH2, 5CH2),

0.90 (br s, fily@tiGkByashediwihRvatadiiSoa2eaild dsdlunferedcuimayerightsand4% Exanpl e
7. tn Situ Method LT E0SHAL M BR) YRk AThE wASL i BRH AR 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, DMSO0-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,
8CH?2), 0.90 (br s, 19-CH3). 'H NMR indicated a paclitaxel loading of 34%.

0O Za

20 Example 7. In Situ Method for Generating Polyglutamic acid-Paclitaxel
A 100 mL ro-und 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 triflucroacetic acid (156 pL,
2.03 mmol, 10.2 eq) was added neat via syringe. The suspended solid dissolved in

25 ca. S 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 mmo!, 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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A 100 rnL round bottoned flask was charged with a stirbar, poly-(L glutamc
acid, sodiumsalt) (340 ng, 2.25 mml, 11.3 eq), and 7 nL of dry

di met hyl f or man-ude. The suspensi on was stirred and trifluoroacetic acid
(156 L, 2.03 nmmol, 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 rnethyl am no)pyridine (10
ng, 0.082 mol, 0.4 eq) and diisopropyl carbodiimde (40 L, 0.259 nmol, 1.3
eq). The solution was stirred at roomtenperature for 18 hours and was

then cool edtirfind) Cestiltiny Biprécigitdtioh Bf a Ane SAltAIRN THe O WAL 2dfue8ePYg sodi um
chloride was added slowy with vigorous 26 stirring, resulting in

preci pi t at iwith gflutg hydreshlanictacidsmt itk suFpensioh tasfemed ust 6@ ntlocedirifugen t h
dilute hydroghlgﬁic gfid andmgge suspension transferred to.a 50 nL
centrifuge UPtb&Ne R Way JPYNWELS SupsipAtant s daeranech eatihesanileneomateed, and the
resul ting i p i 35 rnl. of water. The su nsi on was
again spun%ﬁ%ﬁﬁ%@é%ﬁ%“@' ér?fre]‘gﬁgrpeﬂlrll]h ed F R385 Wi a%?é??n’iffa@?gfﬁf' final

Tinses the reqpestieddn BBINGL WaterWagier tOMH Hh;?e,eﬂletrﬁmﬁﬁlr@hrﬂatéﬁﬂﬁ'yaspowe_r . The
powder was rinsed with 3 x 15 nL of acetonitnle and then the renaining

sol vent wadyemwirgddo whtier a BngpowdecuThe powfiérorai noged 84thrigx 0F md. ofhi t e powder .
"H NMR (d6 DVBO) .jndi,cated a paclitaxel |oading, of, 3, 8% by weight. JO
Excanpl e 8. BPOPUHIC LLY TRAE PP O VNS kS e g saio ce

I mpl ant ed siRewhaagous ¥f Mvhile pb&MerS 'HURIRCAL BIMOORinBRald A faedke Tunmors
wer eé produced in"the nuscle of "the right 1 nterscapular redion by

subcut aneousiding nf 88%ibtygvéght. x 105 nmurine Lewis Lung 15 (LL/2) carci noma

cells (ATTC CRL-1642) in a volume of 0.25 m PBS + 2% FBS. Test conpounds
and tehicle control were injected ip 7 days after tunor cell inplantation

ihen L1 g BUCARFR, 20, S (avercge of 290 tumr ) A sl
adm ni stered at AnfituxroddctiViey Whxissayel inmize ahpldneqyidalarbudpsathof the
Lews lung carcinoma cells (L1/2). Tumors were produced in the muscle of the
right interscapular region by subcutanecusly injecting 2.5 x 10° murine Lewis Lung
15 (1.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 uncomjugated 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. Imtially, tumor growth was monitored every 3
to 4 days. When tumor sizes approached the arbitrarily set upper imit 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.




unconj ugat ed 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, tumor growh was nonitored
every 3 to 4 days, Wien tunor sizes approached the arbitrarily set upper
limt of 2500 nB m, tunor sizes were determ ned daily. Tunor volume 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 tonfeacthed ViRt ,ﬁ,ﬁg dgg@ﬁ b (ot rowt h
del ay) conpared with ma;:i ﬁum’t%%gra? & d%sse obghglﬁ%x%ﬂ-con]"ugggég%
t her apeut i catmye mere 2e4tcBhmd Poaiderimpettt m tageaia#.conj ugates described in

Exanples 2, 3, 5 and 6 above were tested and found to be active in this
assay, Exanple 9. Preparation of poly-L-glutadnmc acid-CT 2584 5

Pol y- L-gl utam c jd,(4.95. uspended . ous N, N-di net hyl

f or mani de (@fﬂ“?ﬁ%‘ gﬁed’aa“‘%}sgﬁgf?'éﬁg‘ﬂgﬂ?mﬁ %ng'@ﬂggg‘{ was added. The
reactjon m XxturpoNas ghRiARGcidMidy Stdds sy ' X sol ution
was fornmed. The cr)eactgi on m )%id\tlprﬁle V\‘;’?s éoo?%ghgdaé%%%m?%%}ﬁnﬁgg%ggﬁgture and a
sol uti on offoNnimadei(il 30 prlopyt CAr bifdi (06 7dg, { 6324Md) wis &fidethnTihy rédation

N, N-di net hyl f ormami de (5 nl) 10 was added over a period of 30 ninutes using
a dr oppi ng MERHEIWasAVIrERdvEr stugeg 19 oW C umiba cleacsalgipnes formed-eBhg or 4 hrs

at roomte r [ cpal ed to oC 10C and. Q¥ sodi um
chl ori de sgggitl?otgn ; ﬁ‘ﬂg%)‘%@h&g bggﬁé&grsog o{\%fn “ “Hgﬁ%“_géﬁ%%“%‘g’t‘ gfofjt' t he
pol y-L-gl _Utcﬁﬁbﬁrc?@lcdrﬂa'ﬂiiﬂlmo.@@ﬂ]g?ggﬁ_&nmﬂ)@n MR GiRethAF@manade g%tpct ed by
centrifuging at 1500 x g. The wet solid was washed tw ce by 15 suspendi ng
qin welt er (188 #dedayvar epered il miputeRhisingragdtappingdnntl ebfies the i ed to  give
5.16 grans of..poly-L-gl.utamc_aci 2584 conjugate. Yield =.88.6 % The
pr oduct vvasaé(gﬁgqnaxl_feerrelg%téod’ bl %ﬂ%@?z‘q\‘?ﬁ %ﬁogﬂééﬁ%rﬁtugﬁ‘ n-gl?ee'iea-%ﬂo"é’_f’@ ppm and
3.4 ppm cordgiidend1d°C atingh safiHRhRdbEo1ansn h0and) Radidurd spwigl et
to precipitate out the poly-L-glutamic acid CT 2584 comjugate. The precipitate
was collected by centnfuging 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-ghitamic
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- the termnal nethyl group of CT 2584. In addition NVR showed
multiplets between 1.5 ppm-- 3.0 ppmand 3.5 ppm- 4.5 ppm correspondi ng
to poly-L- glutam c acid backbone. Exanple 10. Preparation of

Pol y-L-gl utam ¢ aci d-canptothecin 25 A m xture of 20(S)-canptothecin (64
ng, 0.184 mmol), 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 solution was cooled to -5Cin an ice/salt bath. To this was added
under ar gonredetedr mboure twaglafgwed tmivam: iodiotetetfBratmg ovemiSi. Aiftet ¥ and

N, N- di net hyl am nopyridine (81 ng, 0.66 nmol). The 28 reaction m xture was
al | oned to drrsnihe geacoonlagnyey agaur eodkdeiorl)” §H@d 1RF4 eadium chlggide salueon eact i on

flask 'was cool.ed, to and 0. sodi .chl ori de sol n 35 nL) was
oy agdeldSdir) fas 98 MIPLCSRe FE mhten M utive s @?@3 > 5 Usi ng
0. 5N HA ( ) an 5 addi ti onal
hour. The yigﬁ%gvl}\/}gpqglgfj{p(?]?g? e %@fﬁ;@%@gﬁ%@&ﬁﬁgﬁg& él?e Pled with water

(4 x 80 nl)addither] Ha&mredlmrydhaasmpammmefwrncﬁ&rhﬁurvsas filfeecdd ipshed Wit cake

obt ai ned was ground to a fine powder, resuspended in 2% MOH CH2Cl 2 (10 M)
and stirredVpiEF (8xR0URl), thFﬁéin%Iuﬂéefmuﬁéﬁﬁrlét}é&“byﬂ&e%ryeﬂ%éiﬂff‘on Thi s

process ate S repove. an t heci n. The
Peoul ¢ ng. 1PE0RF B ol (TR Beb sk SR o B SEOR AT

PG 20( S) - cagpt airh@dbns (392 m,soﬁg%hyhﬂa%tecﬂ%l&rnmfﬂgﬂldw’M@d;ﬂbf:esbm ance on
the basis of the recovered canptothecin (13 ng)). "H NVR (300MHz in

DVBO- d6) :  5wigrepated four GO@S)Y rergog0emg. 1@feaCtel caBplBhaim Thyresdting- 4. 35 (),

&eﬁéh?z ° (%idl%a%‘ﬁ@%dwggeW“V’%BA%p g Eqﬁe%ﬁ%Zé%;gr%‘ggq\ifﬁﬁ%f e?(:a/on?g to
e Speci 11 o eopadani ki foeiih b%ﬁﬂl:'éﬁlnﬁﬁnﬂjﬁg%?ﬁ&%éb\}a)’edt hose skill ed

in the art hat arious chang y be made and equi val ents may be
subst i t ut edcamhitbthstin (d:epgb)tl 'BONMR (3 G0e(Hz in M POFde): Sl 16 peOH)! he
' nvention. tlsgoasdg(') Em) 31558 m), 3.10-435 (m), 1.42-2.62 (m), 0.90 (br s, 19-CH3).

The paclitaxe] % 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 spirit and scope of the invention. In addition, many
modiﬁcﬁtions may be made to adapt a particular situation, material, composition of

0 matter, process, process step or steps, to the objective spirit 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 mcorporated by reference in its entirety.




{

nodi fications may be nmade to adapt a particular situation, material,
conposition of nmatter, 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
publ i cations, patent applications and patents cited in this application
are herein incorporated by reference in their entirety to the sane extent
25 as if each individual publication, patent application or patent was
specifically and individually indicated to be incorporated by reference in
its entirety. 29.1. A.c N i.si:ng .-a - af, 0l -

aci d- canpt ot heé‘l Pre ooﬁfthoéaw gjspﬁlasi}ﬁgg‘g cﬁﬂ@(@g{r@gﬁlgFBxSJch%ﬁ%&ﬁbéHjEgate having

[ PG Nd)fofen@al Canpt ot hecin] H2 wherein: PG is polyglutam c acid pol ymer;
Canmptothecin is 20(S)-can-iptothecin or a biologically active
20(S)-canptothecill analog ,,nked via the oxygen at position 20 of

Canpt ot heci n; wherei ngt he 20(S)-canptothecin analog is of the formula R R
5 wherein one or noraeof R - R5 is other than H [PGNH is attached

t hr ough t fRG-NHIcar®onGr—Hrasoptothecinhononmeric unit of said pol yglutanic
acid polyner. 2. ™ conposition of claim1, wherein the weight %ratio of
said canptothecin to said PGis about | - 60% 3. The conposition of claim
1, wherei ¥°fH& wei ght %ratio of said canptothecin to said PGis 10 - 45%
4. The coppogiphiyMit@hiccdcdi paldmemherein said carriptothecin analog is

sel ected from . ) . . .
Camptothecin is 20(S)-camptothecin or a biologically active 20(S)-camptothecin analog

“nked via the oxygen at position 20 of Camptothecin;

wherein the 20(S)-camptothecin analog is of the formula

wherein one or more of R - Rs 15 other than H;
[PG-NH] is attached through the -carbonyl group of a monomeric unit of satd
polyglutamic acid polymer.

2. The composition of claim 1, wherein the weight % ratio of said camptothecin to

said PG 1s about 1 — 60%.

3. The composition of claim 1, wherein the weight % ratio of said camptothecin to

sald PG1s 10 - 45%.

4. The composition of claim 1, wherein said camptothecin analog is selected from
the group consisting of 20(S)-camptothecin, 20(S)-topotecan, 20(S)-9-aminocamptothecin,
20(S)-9-nitrocamptothecin, and 7-methylpiperizinomethyl-10,11-ethylenedioxycamptothecin.
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the group consisting of 20(S)-can-iptothecin, 20(S)-topotecan,

20(S)-9-am nocanptot hecin, 20(S)-9-nit-rocan-iptothecin, and 7
-met hyl pi peTi zinomethyl- 10, 11 -ethyl enedi oxycanptothecin. 30 5. The
conposition of claim1l, wherein said canptothecin analog is selected from
20( S) - canpt ot heci n, 20(S)-9-am nocanpt ot hecin, 20(S)-9-nitrocanptot hecin,
and 20(S) 57- et Mhke-coiPohiyidn oX ylaanpt ehbeni nid Gmpihteciompalsi s sahectdd fedrai m 5,
wherein said canptothecin analog is ZOSS%- canpt ot hecin, 7. g@% gonﬁysition
of cPE{Shempigtbecan. 20 WeS-Ratpasad) qhgciy 205 sty camptadhasat #hd L3S AP i s
34% .8.. A nmeth f. preparing a conposition conprising a polyglutamc acid-
canpﬂﬁgﬁﬁggﬁm%ﬁﬁfﬁﬁﬁ‘% of claiml wherein said nethod conprises: (a)

provi ding a pol yglutam c acid polyner having a MV of about 25,000 to about
60, 000 da&l t onSTheasnipetiebAionedihy, whaensdaid/canandth2OipSnalognp2@Sheci n f or
conjugation thereto; and (b) covalently linking said 20(S)-canptothecin to
sai degBpipgiagiiar ni ¢ aci d pol ymer under conditions sufficient to attach at

| east 5 nol es of 20(S)-canptothecin per nole of polymer, thereby formng
sai d pol ygl ut argj e H Cj j Bt © : t j m8,
wherel n the wei o PeaLEAE AR BV M It P o D IR AR he A B 1o,
The emdbraslisH4%.] ai m 8, wherein the weight %ratio of said canptothecin to
said PGis 10-45% 11. The nethod of claim8, wherein the weight %ratio of

said canptothecin to sgid PGis 34% 12. A phar.maceutical co sition for
Che troatfent b MeRGd PrensRpBSoRBOSAON SPPBRENE A PAMEIIEGr ST %o

poly 1 C. aGid- ; L [WE f ic-1 or a pharnmaceutically
gmgﬁ;e%ésegffdnﬁiugaw QLREE Whe N iRt Rl cotlRise

accept a Hereof and a pharnmaceutically acceptable carrier and/or
di | uent. 18) prdhidingvapoinglataniic atidpohposihavios adfVé bArbaut 25,00h & ahawt 66,080
Carrptdg][tgnes? Iasn détgnnzlggdsg}_r vxcsgg;?ttyf)ztmhde f’d(gj-camptothecin for conjugation thereto; and
(b) covalently linking said 20(S)-camptothecin to said polyglutamic acid polymer under
conditions sufficient to attach at least 5 moles of 20(S)-camptothecin per mole of polymer,

thereby forming said polyglutamic acid-camptothecin conjugate.

9. The method of claim 8, wherein the weight % ratio of said camptothecin to said

PGis 1 - 60%.

10.  The method of claim 8, wherein the weight % ratio of said camptothecin to said

PGis 10 - 45%.

, 11.  The method of claim 8, wherein the weight % ratio of said camptothecin to said
PG is 34%
12. A pharmaceutical composition for the treatment of cancer, comprising an

effective amount of the polyglutamic acid-camptothecin conjugate of claim 1 or a
pharmaceutically acceptable salt thereof and a pharmaceutically acceptable carrier and/or

diluent.

13.  The pharmaceutical composition of claim 12, wherein said camptothecin 1s 20(S)-

camptothecin.
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31 14. The pharmaceutical conposition of claim 13, wherein the weight %
ratio of said canmptothecin to said PGis | - 60% 15. The phannaceuti cal
conmposition of claim 13, wherein the weight %ratio of said canptothecin
to said PGis 10 - 45% 16. The pharnmaceutical conposition of claim13,
wherein the weight %ratio of said canptothecin to said PGis 34% 17. A

met hod of )} r eaty Ag EANCEEGoF ARG S AL 5\l il aRakirefld of Aireed of
p ding t

such treatnment a‘pharmaceut | cal conposition’accor claim 12, thereby

ef f e%ﬂgthkai@abrgﬁ@tp@fs 1 sedd. cancer. 18. The pharnaceuti cal conposition of
claim17, wherein said canptothecin is 20(S)- canptothecin. 19. The
pharmaceutical conposition of claim18, wherein the weight %rati O(L said
canpt ot hedéfn t Fheaharnpeeptacal compeone. clarpel 3 pdieras dif vaght é’éﬁtﬂ)‘bgfﬁail n of
claim 18, wherein the. wei o, %ratio of said canptothecin to said PGis 10
- 45%mlﬂt.heﬁ'lﬁet°(§%1%pﬂc§fs\tAfdo%E%?' claim 18, wherein the weight %ratio of said
canptothecin to -said PGis 34% 32

16.  The pharmaceutical composition of claim 13, wherein the weight % ratio of said

camptothecin to said PG is 34%.

17. A method of treating cancer, comprising administering to a patient in need of such
treatment a pharmaceutical composition according to claim 12, thereby effecting treatment of

said cancer.

!

18. The pharmaceutical composition of claim 17, wherein said camptothecin 1s 20(S)-
camptothecin.
19. The pharmaceutical composition of claim 18, wherein the weight % ratio of said

camptothecin to said PGis 1 - 60%.

20. The pharmaceutical composition of claim 18, wherein the weight % ratio of said

camptothecin to said PG 1s 10 - 45%.

21. The composition of claim 18, wherein the weight % ratio of said camptothecin to

said PG 1s 34%.
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