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are described wherein A is a folate receptor binding antifolate; L is a monovalent or
25  multivalent linker, comprising at least one releasable linker; each D is a drug; and m is an
integer from 1 to about 3. It is to be understood that when m is greater than 1, each drug D is
independently selected in each instance. In other words, D may be the same drug or be
different drugs in each instance.
In another embodiment, the compositions and methods described herein are
30  useful for treating one or more pathogenic populations of cells in a patient. The compositions
include a therapeutically effective amount of one or more conjugates described herein,
optionally in combination with one or more carriers, excipients, and/or diluents, or any
combinations thereof. The methods include the step of administering an effective amount of

one or more conjugates described herein and/or one or more compositions described herein.
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5 nM Panel B. I1C50 19 nM 5FI GURE 10. Activity of ECO284 against KB cells
(2h treatnment/72h Assay): (a) ECO284 + excess folic acid; (b) ECO284.
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[ 5(N- (3, 4-di hydr o- 2- met hy1- 4- oxoqui nazol'i n-6-yl - met hyl ) am no) 2-t hi eny1)]-L-
gl ut amhavagiadelagvirifinipiece foatereqeptoaz DEEYMpaRM848id3@]d, of at least about

(S 208 1 e s Sl g o St -

N- 06~ ( ZefhBeraftivdiQtedoribed ihBiesh. OmAme¥@Rr &hbodiment, the conjugates described herein have
Spyrrol o[ 2, 3-D] pyri mdin-5-yl)ethyl)benzoyl]-L-glutamc acid; |AHQ
5, 8- di deglasive afftiity dondE dolatereqeprqn, aszopwsnd ta dolicqr). op aidemst @bowyd,05. at

2- desanj. n=2-ethyl - - i 15 D= ' | id;

- o BB el R R B U A Ea o s RIEEER U R R s o e o,
N9- f or niid tebrpdeazias dakabédheareind In Afs3Bet enthodimbiyle Gordp@mde,aobrpositions,

met hl y- 4- oxo- 5- (4- pyr.i dyl t hi o) quanazal i ne;, and AG77, .2, 4-di am no-6-[ N-(4-
10( pheriyd imaterdp|tha ddyde) ‘@Pﬁiﬂageéﬁi)%]laag Ad9lateirpeeptor binding antifolajenatdpst her

e di f ifadin tq I . B ren

e e L e S o B o e LR L T
ZD1694)for the duliaterreceptbr( @ ®@mpaeddgo felic 4c0d,as teBEErB8@84 pbABAIB 1 Juchperet r exed
(also referred to as MIA, LY231514), | onetrexol o

(5, 10- &F@BQZQE%*&?’SH?%&EJT’ B CipSERA S Ra b Py Ies FRies G RIRERS! 1 nes
W th dipepéhiged thaandshystisddaly B3N IdRn GabrRiSI6§8AIEdpéAnaAS iBCC 945) and
st ereoi sonmers thereof such as 8’ R, S- BGC 945, CB300638 (also referred to as
BGC 638hammal. BWBA3UEI%d HRinen preeqoarauindm cofippditienst and invhodnthafiotlates are
desgribed. in Bavetsi.as et al, 000; .. Bavet.si as_et_ al . 002; &.bbs et al .,
2008:  ROAEPSOR BP e o Fafeece R R T Ryt Pone s Rnidts FePand 003
The f orggei AprodRigs Glidro e confida®daha bt rbiaaPahfrAQp bl the adlhteNe@biogthsher ei n
is incorporated herein by reference. In _another enbodinent, the fol ate

r ecept sompiareditadolimcid. ¢t rwerasureephaye ddCr yushaa Al tampeiatures abose BB axat e,

anot hor “BREEBTHERE%e 28 L brBE e o £ 3P AR pERFREIE: Pt (T oxea

raltitrexed" and 5-Me-THF. I n anot her enbodinent, the antifolate is
sel ected from BGC 945, BGC 638, and BGC 9331.
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251 n anot her enbodi ment, the antifolate is a conmpound having a rel ative
affinity for the folate receptor of about 0.1 or greater at a tenperature
of about WOQowvo3great er. | n anot her enbodi ment, the ant PColtst@9ios73sel ect ed
from 2- CH3-dl AHQ 5- dPt eAPBA, 5- dPteOrn N9- CHO- 5-d(i1)Pted u, 2-dl AHQ
7-CH3-1Cl -1 8581?1, g;l u-to-élal -1.C - 3 d u-to- Subl C - 3281583 4-

MeO- | cIPhygglagically eqlevoghaeh assphyjsip gé erjgrerismamyals Haseapl thezo
5-d(i ) %Hfru%gebldes%ﬁ%hé;ﬁﬁaré\@o%t Qo dad3t RG &her 3t Hth ))g)hﬁ@ré’tood tNalhe
LY231514," BW843U89, 2- NH2-ZD1694, ZD1694, CB3717, 5-dH4PteOr

5- dMPt@wgsEArmmg pdPtod HEyeAjugated dB d/ﬁi’ﬁHFherem may include 0th¢r hot fwetms,e mbodi nent,
the ant.ifol.ate js C ound having.a re affl for the folate
recept dP¢ lg‘fhngg’%?mginﬂ% ﬁ?@B{éé?s h-ast eff%l :hgﬁtﬁse néif ﬁ%%t 20C or greater.
In 5WO 2010/ 0337388@/0952@&&68@ﬂﬁﬁﬁle@e&kmﬁfaueﬁrbpﬁ&brﬂaaﬁve fheit@of ihkol ate is

sel ected from N9- CHO-5-d(i)Pte@ u, 2-dl AHQ 7- CH3-1Cl-198583,
d u- t o-agtifelatey andd@m@aiugaes dessribebbgrein mogEgmE foqmed bp anCronvegEgE

|- 1935854 5 %ﬁg@g@g\m SRS d;(u% RN &g@&@g@gﬁa@ﬁmmg

2 NH2- ZIEAG%Aat t&DﬁﬁQﬁres&b@&Bﬂ?ﬂ suéhr £h-4 Ringfaratures a0 BPRAcmperdflir@HCy sA,  and
DDATHF. anot her enbodi nent, the antifolate i.s a conpound

havi ng &°Ye?a G %teamaﬁirﬁs/aﬁoaﬁ 3PHe andlospeterperptiet thatara pBYtologisaldy  gr eat er
at 1 t t anot her enbodi ment, the

ot D; or SRCA MR C b AR e B AT a0 e P Pred o 1 AHG
LY231514, BWL843USQusedhbltddy, 21684 “arfDd a4 geﬁBBHﬂﬁeferS{cdmmoe@qund Bhat 10

dH4Pt e APBA, .. 5- dPt eH nd ot her. .enbodi nment, the
ST ol iahip@ors sy oF PR BBk eRflaie megholiesn e A8 ISR prle |

anot heryy Qfé‘mr@r&ﬁ G\I/dfr&%la@@fekiﬁ&bs%t(@H@)s gllygﬁhﬁﬂiefﬁwﬁhélem@c(é DEn e

N9- CH3-5-d(i ) H4Pt e | Cl - 198583 | Cl -198583, d u-to-Vall I - 198583
A u-t o-(SARTIO f@ﬂaﬁ&slutaina@H&mﬂ@tasmEB@S) an@fd@mdﬂa‘@(sw)lmta@cﬂ@) andolRt:
15| d from

HQ .l n anot her. enbodi ment i.folate. | sle

| srlelr St TR PR s ARLHE) B EalR BB b B sip

2 des MRtk oE the- dWoie, foakd hioti@dite ML EBHERR s biniiKg of ol ebils Lomplbidhgtie APBA,
dH4Pt eO n, and DDATHF. I n anot her enbodi nent, the antifol ate

is a dehebolye bidingasits ohaay eftherbevs abeusefl hereindithrgterm diniae resepiov Anidings
th f th
B R T R L S L R

enbodi ment, the dntahbdthbiedebidimamtthd e vaeptor bﬁﬁtr@raﬁafdla/te ligyseldcredefiah her
enbodi nent, the antifolate is not Ho eroic_acid. Alternatively, in _another
B

enBddi e L-lqugevoshy (e fermylewahysirotglate; 2-SHEY THE) %é@%@tlte&réhxﬂr()foﬁt%rfd% her
enbodi r@}é fma heeant biepd ,%ﬁ%ﬁ“é atg ’ﬁszt Fn]%ﬁl%ﬁ@xatg@ @M@@@tzhfersarﬁfﬁiaqq'rs@nt

the anti ate I's a co n orrm HN).IN 1R, ,,1,-.* FORINN

CO2H 2-CH3-MTX, 2-desamino-2-methyl- MTX AMT, aminopterin; 2- dAMT 2-desamino-AMT;
2-CH3-AMT, 2-desamino-2-methyl-AMT; 10-EdAM, 10-ethyl-10-deazaaminopterin; PT523,
No-(4-amino-4-deoxypteroyl)-No-(hemiphthaloyl)-L-ornithine; DDATHF, 5,10-dideaza-

25  5,6,7,8,-tetrahydrofolic acid; 5-d(i)H4PteGlu, 5-deaza-5,6,7,8-tetrahydroisofolic acid; N9-
CH3-5-d(i)H4PteGlu, N9-methyl-5-deaza-5,6,7,8-tetrahydroisofolic acid; 5S-dPteHCysA, Na-
(5-deazapteroyl)-L-homocysteic acid; 5-dPteAPBA, Na-(5-deazapteroyl)-DL-2-amino-4-
phosphonobutanoic acid; 5-dPteOrn, Na-(5-deazapteroyl)-L-ornithine; 5-dH4PteHCysA, Nao-
(5-deaza-5,6,7,8-tetrahydropteroyl)-L-homocysteic acid; 5-dH4PteAPBA, Na-(5-deaza-

30  5,6,7,8-tetrahydropteroyl)-DL-2-amino-4-phosphobutanoic acid; 5-dH4PteOrn, No-(5-deaza-
5,6,7,8-tetrahydropteroyl)-L-ornithine; CB3717, N10-propargyl-5,8-dideazafolic acid; ICI-
198,583, 2-desamino-2-methyl-N10-propargyl-5,8-dideazafolic acid; 4-H-ICI-198,583, 4-
deoxy-ICI-198,583; 4-OCH3-ICI-198,583, 4-methoxy-ICI-198,583; Glu-to-Val-ICI-198,583;
valine-ICI-198;583; Glu-to-Sub-ICI-198,583, 2-amino-suberate-ICI-198,583; 7-CH3-ICI-




H wherein X = PQ(OH) 2 (5-dPteAPBA), CHNH2 (5-dPteOrn), or SO2CH

(5-dPteHCysA). I n another enbodi nent, the antifolate is a conpound of the

formul a: W@0RABE73633733PCT/ US2009/ 057363 OR NI HN | YNRCTEKSQM9N57363 CO2H H
wherein X = N, Y = NMH2, ReH (5-d(i)PteGu), X =N Y =N R=

(08 st B R R by st . MRy D % SR e &31%239@3) £

CHS R T nibthe ?] o)‘iltﬁlé@ll)] Elgiuta&gclt&nt@d ﬁNHdem 2Ianﬁn@mj1%9h ate is a

corrpound of 1

OCH3,BW184H) 89{(8:) ZESt((((MZ dm&ormmaayxobwm(mmaohnﬂ yl)afneihydaamme)
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acid; 2-dIAHQ, 2-desamino-IAHQ); 2-CH3-dIAHQ, 2-desamino-2-methyl-IAHQ; 5-
d(i)PteGlu, 5-deazaaisofolic acid; N9-CH3-5-d(i)PteGlu, N9-methyl-5-deazaisofolic acid;
N9-CHO-5-d(1)PteGlu, N9-formyl-5-deazaisofolic acid; AG337, 3,4-dihydro-2-amino-6-
methly-4-oxo-5-(4-pyridylthio)quanazoline; and AG377, 2,4-diamino-6-[N-(4-
(phenysulfonyl)benzyl)ethyl)amino]quinazoline.

In another embodiment the folate receptor binding antifolate is selected from
aminopterin, methotrexate, raltitrexed (also referred to as TOMUDEX, ZD1694), plevitrexed
(also referred to as BGC 9331; ZD9331), pemetrexed (also referred to as ALIMTA,
LY231514), lometrexol (5,10-dideazatetrahydrofolic acid) and related
cyclopenta[g]lquinazolines with dipeptide ligands, CB3717, CB300945 (also referred to as
BGC 945) and stereoisomers thereof such as 6-R,S-BGC 945, CB300638 (also referred to as
BGC 638), and BW1843U89. The preparation of illustrative antifolates are described in
Bavetsias et al., 2000; Bavetsias et al., 2002; Gibbs et al., 2005; Henderson et al., 2006;
Jackman et al., 2004; and Theti et al., 2003. The foregoing publications, and each additional
publication cited herein is incorporated herein by reference. In another embodiment, the
folate receptor binding antifolate is selected from aminopterin, methotrexate, CB3717,
plevitrexed, raltitrexed, BGC 945, pemetrexed, and the like. In another embodiment, the
antifolate is selected from CB3717, plevitrexed, raltitrexed, , and 5-Me-THF. In another
embodiment, the antifolate is selected from BGC 945, BGC 638, and BGC 9331.

In another embodiment, the antifolate is a compound having a relative affinity
for the folate receptor of about 0.1 or greater at a temperature of about 20°C or greater. In
another embodiment, the antifolate is selected from 2-CH3-dIAHQ, 5-dPteAPBA, 5-dPteOrn,
NO9-CHO-5-d(i1)PteGlu, 2-dIAHQ, 7-CH3-ICI-198583, Glu-to-Val-ICI-198583, Glu-to-Sub-
ICI-198583, 4- MeO-ICI-198583, ICI-198583, 5-dH4PteHCysA, N9-CH3-5-d(1)H4PteGlu,
5-d(1)H4PteGlu, 5-CH3-THF, N9-CH3-5-d(1)PteGlu, 5-d(i)PteGlu, IAHQ, LY231514,
BW1843U89, 2-NH2-ZD1694, ZD1694, CB3717, 5-dH4PteOrn, 5-dH4PteAPBA, 5-
dPteHCysA, and DDATHF.

In another embodiment, the antifolate is a compound having a relative affinity

for the folate receptor of about 0.2 or greater at a temperature of about 20°C or greater. In

= Gu (ICl-198583),

X



H2ZN N V H wherein X = PQ(OH) 2 (5-dH4Pt eAPBA), CH2NH2 (5-dH4PteOrn), or
SQ2CH (5- dH4Pt eHCysA). I n another enbodi nent, the antifolate is a conpound
of the fowoubw/033B3 0O HN-j . ... "--A H2NNN. -' H CO2CT@Bkhoblosisherein A
= NH (5-d(i)H4Pted u), NCH3 (N9-CH3-5-d(i)H4Pted u), or CH2 (DDATHF). In

For mil 50 B0 7 AP oS DB - O dPre i 2yt e

enbodi f@% JCt- h@sﬁ@t Gilpioam 18- BR8P 470 (R sub FHR PR 580" 451%06}’&& 108583,¢8) of

the followng fornula. HCC HN I n one variation, the absolute
st er eocl¥8MBS tordH B tepste MROH5-dtigd4PteGly, GHd(h B4BYeGlu, 5+ GHAFBH Re¥9-CH3-

embodi el p S, 2AhIASGAL Palid, BySI MDA BYW Nas U, L Vil o1 6687 fol) 1 H2N
5 CB3717, 5-dH4PteOrn, 5-dH4Pte APBA, 5-dPteHCysA, and DDATHF.

In another embodiment, the antifolate is a compound having a relative affinity
for the folate receptor of about 0.5 or greater at a temperature of about 20°C or greater. In
another embodiment, the antifolate is selected from N9-CH3-5-d(i)PteGlu, 5-d(i)PteGlu,
TAHQ, LY231514, BW1843U89, 2-NH2-ZD1694, ZD1694, CB3717, 5-dH4PteOrn, 5-

10  dH4PteAPBA, 5-dPteHCysA, and DDATHF.

In another embodiment, the antifolate is selected from 5-dPteAPBA, 5-
dPteOrn, and 2-CH3-IAHQ. In another embodiment, the antifolate is selected from 5-
d(i)H4PteGlu, N9-CH3-5-d(i)H4PteGlu, ICI-198583, 4-MeO-ICI-198583, Glu-to-Val-
ICI-198583, Glu-to-Sub-ICI-198583, 7-CH3-1CI- 198583, N9-CHO-5-d(i)PteGlu, and 2d-

15 TAHQ. In another embodiment, the antifolate is selected from 5-d(i)PteGlu, N9-CH3-5-
d(i)PteGlu, pemetrexed, CB3717, ralitrexed, 2-desmethyl-2-NH2-ralitrexed, BW 1834U89,
IAHQ, 5-dH4PteHCysA, dH4Pte APBA, dH4PteOrn, and DDATHF.

In another embodiment, the antifolate is a deaza or dideaza analog of folate,
including reduced derivatives thereof. In another embodiment, the antifolate is CB3717. In

20  another embodiment, the antifolate is 5-Me-THF.

Alternatively, in another embodiment, the antifolate is not leucovorin.
Alternatively, in another embodiment, the antifolate is not pteroic acid. Alternatively, in
another embodiment, the antifolate is not pemetrexed. Alternatively, in another embodiment,

the antifolate is not methotrexate.

25 In another embodiment, the antifolate is a compound of the formula:
1% CO,H
H
HN = N
| H
N X

HoN N N
wherein X = PO(OH), (5-dPteAPBA), CH,NH, (5-dPteOrn), or SO,0OH (5-dPteHCysA).

In another embodiment, the antifolate is a compound of the formula:



Addi tional antifolates are described in Gangjee et al., J Med Chem

10. 1021/ nB00244v (2008), the disclosiure of which is incpriprated herein
by ref er enoeniodasz3maot her enbodi nent, in each of the for@egdiusgooonspeunds
that includes a 10glutamate radical, the correspondi ng anal ogs are al so
descri bed herein where one or nore am no acrds as descri bed herein,
replaces the glutamate. It is to be under too&krhat such am no acrds

repl aci ng gl utamate nay be aturalﬂm h as Asp, Cys, Ser, Thr,
Lys, and the like, or may, r.\ ncludrng but not limted to

unnat ural absol ute confrg raﬂron , beta am no acids, unnatural side chains,
and the like. In anotherve nt, 15at | east one of the am no acids

repl aci &1 C d othe nt o repl aced by
tho di pasrihd PTG ﬁeﬁ’@ PPN, STOLIRY e L el ace

ol eculcm)pamadmr X -oN, rmdurm REBQCHO (N9rtaﬁ@rsse(1)mﬂ1ﬁy iXag GelY =fNmSR o]
|ncIudragHEQarnaceutrcally active conpqunds. Suitable nplecules can

i ncl udé! Ard-Hot 3 iR edd (¢4 AHt I des, C%Ichﬁo%ler AES2-G A ARXNer so

ol i gopepti des. priglbe, b kbl ARARAIRAS i dLoifiidia 3F eaBiHhugne

non- pepti de |inkage re ﬁaces a pepti I nkage, apoproteins, glycoproteins,
enzynes, coenzynes, enzyne inhibitors, am no ids and their derivatives,
receptors and ot her nenbrane prokeins; ant vand anti bodi es thereto;
hapt ens and anti bodi es thereto; horrnones, i ds, phospholipids, |iposones;
toxins; antibiotics; analgesrc chdHrIators bet a- bl ockers;
antinicrobial agents; antrhy@ Segéz cardiovascular 25agent s

i ncludi ng anti arrhythm cs, cardlac egcosr anti angi nal s and

bayenornimrae: <Kl o= Ul RUENRRR IR Dl ki haf STH S cr

ant i hi stogsRNER;= ORNREL HINUGYaiiRCICIdiBY Shembdsnane utorl, RESM! S =Suberate
tranquilizers; anti-depressants; H 2 antagonists; anticonvul sants;

ant i nauSéaSu-ICIV@35831.0r 083 PABACT (52009 06 36 B A b4 983p3andi ns and
prqgtagl andin angf qgsg,. Ad‘?meﬁt' % %ﬂﬁ?o’laté sa”}im@&lfid o?ﬁl%‘%n.rgﬁﬁ ants;

antienetics; diuretics; an ashn ast ICS ar ki nson
agents; expectorants; cough suppressants =t olytics. Further, the drug
can be any drug known in the @rt mhrch 0xhG, 5 enhances tunor
perneability, inhibits tunor Horol ratﬁon pronDtes apopt osi s,
decreases anti-apoptotic act vqty |n”rarget ceIIs is used to treat

di seases caused by |nfectq i s useful for treating a disease
state caused by any type of pathbgenrc ceII Drugs suitable for use in
accor dafggeimix b P'dgt)ﬁ)& (BV&Q}Pt@NPlBAWG@z@J@J (IS}’d}ﬁtP't&ﬂn?% BbsoHaBt | andr ogens,

anti estrogens, rogens, aclanmycin and acl anycin derivatives, estrogens,
ant i metdibdlaH@sAduch as cytosine 10arabi nosi de, purine analogs pyrim di ne

anal ogs, busul fanﬁggﬁlel‘[%l(g?tdlmﬁlg hIe%r arrq‘?é{g%sgcﬁolr? o%gﬁt gg}ﬁ 98 her plati num

conpounds, tanox I'ves,
Taxotere(r), cycl ophospham de, daunonycrn 7 rhbzexin, T2 toxin, pIant

al kal oi ds, predni sone, hydroxyurea, t dé\/nltonycrns

di scoder nol i des, i crot ubul €] i nhibjto epot hi T on®e’  t ubul ysi n,

cycl opropyl benz[e]indol on®, ¥ecy-cycl opropyl benz[e]indol one, 0- Ac-seco-

15cycl opropyl benz[e]i ndg| ; eonycin and any other antibiotic, nitrogen
nmudtsar ds, nitrosureas, vincristune, vinblastine, analogs and derivative

2l kal o 8 M PRES LU E RO EAH PR EF D & CHUERITEED, o1 o

WD 2007/ 022493, tlhandihsicdmisadient thehintfoldts is BV 1304 E8 ,cbf higy foilowhie
reference, colchicine, colchicine derivatives, allocolchicine,

t hi ocolfeHMdrne, trityl 20cysteine, Halicondrin B, dolastatins such as
dolastatin 10, amanitins such.gsa@-anmanitin, canptothecin, irinotecan, and
ot her canptothecin derivati er ebf naytansrnes gel danamyci n and

gel danamyci n derivatives festt armusti ng ggé?;e MAP4, col cem d, peptide
and peptidom netic srgnaLitm. Rsductio kbi t and any ot her drug or
toxin. O her drugs that cantbe used in acc:-dance SWi.th the invention

i nclude penicillins, cephal osporins, 25vanconycin, erythronycin,
clindanycin, rifanpin, chloranphenicol, am noglycoside

N



antibiotics, gentam cin, anphotericin B, acyclovir, trifluridine,

ganci cl ovir, zidovudi ne, amantadine, ribavirin, and any other antim crobi al
conpound. WO 2010/033733 I n anot her enbodi nent, the drug i ®Ca/vseeeasmbkal oi d,
including but not limted to vinblastine, vincristine, vindesine, and the

i ke ,and anal ogs and_derivatives thereof. | ot her, enpodi t he
drug is a tubul y?f‘ﬁ?org%‘srﬁ HgY- @ﬁ&nﬂg)ﬁ)*}t%ﬁlggégﬁgﬁ r:eéﬂ?gﬁﬁo%l &3

enbodi RNt cHLNEr HE Hlldwin@f#R@IANI | one, and anal ogs and derivatives thereof.

I n anot her enbodi nent, the drug is a mtonycin, and anal ogs and derivatives

thereof. In one selectionnoEceach of thé_fofdgoi ng enbodi ments, the
antifolate is EC282. © 2010/ 0 @ (/U 9/ 057363 I n
anot her enbodi nent, prg 2 p¥'epavi ng t thevrchunds are descri bed

LS or
herein. I|llustrativel =nr@ s prepared agl foll ows®:3)
N- hydr oxysucci ni m deg Boy, DI PEA; b) DVAP, DMF. 5Although illustrated for
ECO284, it is . to be understood that the foregoing illustrative synthesis

may be [PSOE VaBtipngiaPsodite sisgeoshetptsey of epg %f?lé?%tiweﬁled?aﬁwnds descri bed

hergin by the ap Fﬂl%ﬂ&{h@lt &nl?(lﬁirl] glﬁt', R aRfifotdt fsj[ai [59%&18 ok eSormula: The

nonoval ent or multivalent I's any chain of atons having two or nore
poi nts of attachment for connecting the aptif¥fate that the one or nore
drugs, and which 10may be lingar, bra N-Or-Tyehi c, or alternatively

i ncl ude one or nore cyclick&=qie ~ | stHatively, the linker conprises C,
N, 0, P, S and Si. The nongyvalegt qr nultivalent |inker also includes at

| east one rel easabl e |inkel. MNh& ternggrel easable |linker" as used herein
generally refers to a linker that includes at |east: one bond that can be
broken under physig]; Q& ¢ hti6RRdiatd @RS k&t i GandjdR'er all 31 ¥4PA LRemaci d-1 abi | e,
oxi datively-labile, and/or enzyme-labile bond). It should be appreciated

t hat suldhl 03himi8002vd 2008 othe disclonisra efswlhith mgneprifrand hiremaki wtprénvel ude

standard chem cal, hydrolysis.reactio at. occur, for e . e t

hysi ol ogi cal prMGROBE STHEENR: br3thAp AP ERT AF COBPP B T S BeR ul ar
or ganel di@ambeNadisalaihe @BHOHORBINE AMAIDEs Be hRVWRIEsdTed RaRiCYh&8Bhé 6r Pbke | N ONE
vari ation, the physiological conditions are those found in an endosone.

20The cndagadpife apdpgribed beyaids rapiagepiic ghwamate. s thiee yndesstoasithyfsugh ¢l eavabl e

i nker and) OLia@lepPR:00, BALAL £NAS. Of Anckeavapl & bl Aker, hn Qther, pords,
the rel’@48apt'e’ IPrkéR %"ray Eont R i The ‘s eSS ‘bondor pmay be cofinetted to
anot heranlithkigke, ofthak basnfatsRaeRdludih® kenot iRl te tnditiryedbyolug a drug or the
antifolate via the scissile bond. It is appreciated that the |abili t%/ of
the cl €RVEBYEtIpnBetAaineacidy nataseabyds eharmsaaihthe liket Inoretheg eabpdimspt,
fragme lﬂt%%%o LRyt ' : re
abﬁg tortht Zies'f‘ g@e%@ﬁ%%@?ﬁ%ﬁ?ﬂéps uc %gﬁg%ge?igac a‘ég‘? nléll iﬂgt}{e%a?ﬁ%dlglﬁ%gﬁ%?&l C
assi st angleced by theddipeptidy, (Li-Glu-g-Dagipr)ensdiatyed t hat addi ti onal functi onal

groups or fragnents be included within the | yval ent |inker L that are
able to assi st or ey Fi%?eeana&a?lﬁ?%ﬁaapabﬁaﬁr%ﬁug@ hg or Gihep¥se MOSiSBing:

bi ndi nQ:eh'f&?d?i@n?i.ﬂ,@lﬁlﬁin%%ﬁﬂa%‘éﬁécaﬁ‘}ta@trivebéHb0nhgm%@é%k&ﬁ&bﬁ%ol‘é&ﬁesf &heasahl e

| inker. The lability of the cleavable can be adjusted by, for exanple,
subst i thwt hermakt liohtad ge speptides, ohgepreptithes, sitmavadse obgrpd ptidascprotesns, peitaini ng

R N A s
sili COﬂgi%}SﬁﬁﬂnQQﬂﬁlﬁ/rhé@Eoeﬁﬁ mbBE eRyHhOInYiaftrs, BRI RUALdnagGhat EGx¥tigdsoups t hat
a

formpart of a ket or acetal that may be hydrolyzed, and the like. It is
receptors and other membrane proteins; antigens and antibodies thereto; haptens and

antibodies thereto; hormones, lipids, phospholipids, liposomes; toxins; antibiotics; analgesics;
bronchodilators; beta-blockers; antimicrobial agents; antihypertensive agents; cardiovascular

25  agents including antiarrhythmics, cardiac glycosides, antianginals and vasodilators; central
nervous system agents including stimulants, psychotropics, antimanics, and depressants;
antiviral agents; antihistamines; cancer drugs including chemotherapeutic agents;

tranquilizers; anti-depressants; H-2 antagonists; anticonvulsants; antinauseants;
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10al so to be understood that such linkers contain nore than one rel easabl e
|l i nker. For exanple, self-inmmolative |linkers are described herein that

cont ai n rwopeotsa736ne rel easabl e |inker. Aceordisneos736s is to
be under st ood that a cl eavabl e bond can connect two adj acent atoms within
the rel easggg?@l er and/ or connect other linkers or A and/or D, as

descri H8gt PrayRgludin nalofshmunds TP e SHRYIANS SYRCaNSSSHRET . I n t he
case vwh%@m@u&sl §ﬁYe’%i2E ean%@ﬁ%@ﬁfédf‘c@%ﬁ%tﬁmﬁﬁ& anti @ﬁ&msoﬁfag&ﬁs Wichitdrahde _
rel easabl e nker | owi ng breakage of the bond, the rel’easable Iinker is
br oken qonglosuppmessantmn@nfucal}nemt s Alternatively, in the case where a

cl eavabl e bond i n,the r | eas | i nker and ,anot her nmoiety, such as
an addit i onal - hetPB5E O drlag Fofi dp seavh T e dr AR iaglo it eatant o

l'i nlser ,enhaﬁ;eaﬂﬁthfrqieah@bﬁuy%hm@lEwﬂo&ellfp%lif@ﬁmaﬂ, pR6Rateagpobsis, decroapd, the
rel easabl e linker is separated fromthe other 20noiety. In

anot herangripemiofie aetivityHa tareeficats.lis pisd|to deat disegios grpsed dyrivficed@smieentp.idiker. I n
anot her. t ker
that 1 4 At adobRehnei ol SEE o B AIE Rl pERSsBE el DR SRS L

|'i nker dseiimsdcuaiagcealith s inveidor iatieas alkyRtihg ageaits anfiandespehhantiesidgehsyent

the linker L includes at | east two rel easable |inkers, where at 25| east one

r el easAWHEENTHREAMYEInfe aglapysin deriyatives) esHeamIseantimpiaiolitgsughat qyapsine

e di e ]fl,/kﬁ.‘lr rs, where at
Igggt gﬁﬁimprloesﬁde%agﬁ% e allot%ﬁ’eél&ilnggg%gg?ggigﬁgeua{% d;{ rﬁ(ggﬁ%ﬁ??%%rdt B(;&égntl fol ate.

| n anotdigpiat@rrnd dithee mia,tinuima:onqioaambinmmphd:nsqaaclepadlntmdeb tpacliteyel Derieativasniged i n

such a t hat u uent to the cl e a.bond i bi val ent

i nker  TBIee 641 erBn Rt Lattym e sl BriRedie or

cl eaVaQﬁvdRi‘xyﬁfég' t%hi%@ﬁhe BRIy ciA, SRCORIABHIANGIN BRbLE iRSBiGE eéii)oﬂ”hl%ﬁé'sage or
breakagé. It is to be undersy{ood that such rel easable |inkers contain at

| east ttwenlysh.easkiplapyl bekéslmdolane SlemrSYCﬂa}mOpﬂ bentletndrdome, 6F Asuew a bival ent

er or, port er.e cludes he for ae: where X

S Tn 8t ioPERyb A BHORee MR S R p B Pl g ST o1 oup:
n I S anmifredueGer vibaleiat adntflmﬂiboariamgéandi Héﬁk&hkf@ﬂid&ﬂf&éu& asR i s hydrogen, or a
substi tuent, |nclud|ng a substituent capable of stabilizing a positive

char ge deaeRidyinbEsincomopghydegisicamrcotber YiRka alkalpidsringlyding dadse descaibrdivy and
the |i R

att ach@? i@%b&gdé%p?ﬁltﬁa 8%?f)hz)icer ﬁ(ﬂﬁ{@régg?(%é d%(ﬁlbaﬁi% gggvggfthg{n%lﬁ)g%gedf orm ng
the bi uelemby kifakacs, colchideecsletitivie dyrivaiveatatlachieticihe ahiot biehidinegyitdr anal og
or derivatjve thereaof, or the antjfolate, or analog or derivative thereof.

| n 29ne ¥nisidi Haligondrin By dolagatinssuch apdelagatn 1Q.@magitins suehcasdy- %‘Hart‘lﬁ&t ot her
substit sent t he

10al kandélf?ﬂcl,BE &?y ugl?btt g %e{git?{g?eéﬁﬁl t&ﬁ%hn &érli‘%gvisnﬁﬁlg Zl}%/aly%agl?l n mted to

hydr ox;gelcmhktylqu ah& gxlganaahyicyd didnwanvdrsabm;arramdnet mecddakele, Madi4ds tadersideavage
may inclu mechani . sns i nvol v enz |nt er medi at es, benzyne

Y er PSR ReRDy GBS s LA SRR s s i e S 1GYR Other

bet a- eld-a3nahd @R be 3K hRcdrikiRe With the u{sléhﬁ&?fncﬁﬂ@ F)@ﬁbﬁ‘lti@sdcéﬂhﬁfospdﬂhsadd' tion
to fragmentati on subsequent to cleavage of the releasable ['inker, the

i Ni2i alvaotmgérﬁhrqrmwm,@he@smm rifpmpiey clﬂ@rm;phb@cqﬂa@mmogmceﬁd@y an

anchi rTea.rl’l 1 altll% %Stg.ll’l'l§tll’?dm O 1C11’lslg.l C clowvir, t undme ali’ll%ltCFOati \Z/%ﬁnl?ﬁflltllanl S.ITB for
cl eavag® o the B VAT St i nk &l's P dEd e be gﬂherel IPRET Ude “YREYT'Y owi ng 1, 4

and 1, Earﬁarn@e@iﬁfwnhaawﬁﬂ, d’lﬁﬁ%ﬂ?@ﬂ&[’fﬁntlmfeﬂ_&buﬂ Bmpolf. Z
In another embodiment, the drug is a vinca alkaloid, including but not limited
to vinblastine, vincristine, vindesine, and the like ,and analogs and derivatives thereof. In
30  another embodiment, the drug is a tubulysin, and analogs and derivatives thereof. In another
embodiment, the drug is a epothilone, and analogs and derivatives thereof. In another
embodiment, the drug is a mitomycin, and analogs and derivatives thereof. In one selection

of each of the foregoing embodiments, the antifolate is EC282.
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Zllc Z"X + /+ C2 + H2N-Z where X i s an exogenous or endogenous
nucl eophi | e, gl utathione, or bioreducing agent, and the |like, and either of
Z or Z iworhw/m@s3Bfol ate, or the drug, or am antif ol at @CoUSAeYsT63 ety i n
conjunction with other portions of the polyvalent linker. It is to be

understood that gltho h 5 he above fragnentati mechanj sns _are depi cted
as concerted mech84Af'§ “ﬁE‘HbB‘PCBSISCSdﬁagBWB?%“%?“@&%W#%%F%@

ef fect HeRgn UhfusiRRI mmﬁsaﬂr\sﬁi}e@ﬁsﬁohgw@m yvalent linker to WO
2010/033733PCT/U820 9/ 057363 the final products shown. For exanple, it is

appr eci at t the bond cl eavage -@D- oggur by acid-catalyzed
elimnati s#heg’'car bamat e.noi et y, icly, n&y—he anchinerically assisted
by the stab”&; Al lepprovi-ded by eithem@@“¢ (Y igroup of the beta sul fur
or disulfide |<!§~‘. A 1 those variations of this
enbodi ment, the reteasabl e 5linker,is the car B e-poi-et ternatively,
t he fragnentatldﬁ B éTih”Flénéa by a nucleophilicoattack ®n the

di sul fide group, causing cleavage to forma thiolate. The thiolate may
internol ecul arly displace a carb nbO@aC|d or carbanhc gpb@;gﬁletw and form

t he correspondi ng thiacycl opr op JFJ ij \ai ni ng

pol yval ent |inkers, follow ng an dkfustbati ve b eaklng of L e nfl de

bond, t{i%;igéggkigg phenyl thiolate may 10 further fragnent to rel ease a

car boni C A arbami c acid noiety by form ng a resonance stabilized
N

i nt er medinab.8 afy of these cases, the rel easable nat ur e of the
illustrative a ent Ilnkers g%s%rmbed herei n may be ? ized hy
what ever mechaniigi ! Jﬁﬁﬁnlsai«Nyepa
physi ol ogi cal ;*° or° b|oI glca %ndl%ﬂﬁféﬁ% nt &%@pr

illustrative nechanisns for bond cleayage of the r el easabl €1 i nker
LN e XN U B o ysuceinimide, ByBop  DISEA: b) DMAP, DMEF.

5 Although illustrated for EC0284, it is to be understood that the foregoing illustrative
synthesis may be routinely modified and adapted to prepare other compounds described
herein by the appropriate selection of starting materials.

The monovalent or multivalent linker is any chain of atoms having two or
more points of attachment for connecting the antifolate that the one or more drugs, and which

10 may be linear, branched, or cyclic, or alternatively include one or more cyclic regions.
[lustratively, the linker comprises C, N, O, P, S, and Si. The monovalent or multivalent
linker also includes at least one releasable linker.

The term “releasable linker” as used herein generally refers to a linker that
includes at least one bond that can be broken under physiological conditions (e.g., a pH-

15  labile, acid-labile, oxidatively-labile, and/or enzyme-labile bond). It should be appreciated
that such physiological conditions resulting in bond breaking include standard chemical
hydrolysis reactions that occur, for example, at physiological pH, or as a result of
compartmentalization into a cellular organelle such as an endosome having a lower pH than
cytosolic pH. In one variation, the physiological conditions are those found in an endosome.

20 The cleavable bond or bonds may be present in the interior of a cleavable
linker and/or at one or both ends of a cleavable linker. In other words, the releasable linker
may contain the scissile bond or may be connected to another linker, such as a spacer linker,
or alternatively to a drug or the antifolate via the scissile bond. It is appreciated that the

lability of the cleavable bond may be adjusted by including functional groups or fragments
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f...o L, where Z is the antifolate, or the drug, or each is an
antifolate or drug noiety in conjunction with other portions of the

pol yval erwoOl2orkss733such as a drug or antifol ate noi ety PaEIUSAdIIYSEE OF
nore spacer linkers and/or other releasable |inkers. Wthout being bound by
theory, in this 20enbodi nent, acid catalysis, su S in _an endosonme, may

i ni ti atHRCESY ggat@f%? SR TaRe BRE HEh BPE SRR ST BRI add £ on.
aci d- cafahivzse aSlidiAdRath Qidifbn, iNg apALBaRB R h8&HSnd PuidieniIRrE@R&0f CO2 and
the nitrogen-containing noiety attached to Z, and the fornation of a benzyl
cat i on,fragiments meybdbmcludap pettiinothe walysrlentdimkaniy tht e ablete assibagrdacilater

. ) ; . ) .
SRl R A SRR Rt el O e

hy d50geft théieleds SkbBhkek UERE labilltg biitheREEaRatfe BSHd ¢dheit adfapAye fafexghplel | i zi ng
a positive char(l;e I nductively or by resonance on the aryl rlir:‘gl_, such as

al koxy sahditethenal cheages Hor nenribe eerableybondntich peinsindig alpha brppchigat es poi nt s

of att t f It I G het . | nkers
For m n L hense gafeaRisl bsgRRe -3RRTRheactE] RERPLPhothnt HLERRER o b e’ G ug,
or the silidonfiohaidety hhiiug tarsdicon@xgeahteondsh® rharbech yelamagel, Bdmsloghtidy val ent

| i nkers _described herein include the follow n 1,6 fragnentation

1,4 d ¢ ]
mechani FRXYESPIRSWRR TR BHE A #re il aegfabigas 1@%8@ EY‘E%@Q@% apg thedealtyy at ed Z
V'Sai g&qﬁx&g% A obl ol ¥ HARKIR BhRHPMofTAPod refeasable lifkef) Fbr ex%lmple,

self-immolative linkers are described herein that contain more than one releasable linker.

Accordingly, it is to be understood that a cleavable bond can connect two
adjacent atoms within the releasable linker and/or connect other linkers or A and/or D, as
described herein, at either or both ends of the releasable linker. In the case where a cleavable

15  bond connects two adjacent atoms within the releasable linker, following breakage of the
bond, the releasable linker is broken into two or more fragments. Alternatively, in the case
where a cleavable bond is between the releasable linker and another moiety, such as an
additional heteroatom, additional spacer linker, another releasable linker, the antifolate A, or
a drug D, following breakage of the bond, the releasable linker is separated from the other

20  moiety.

In another embodiment, the linker L includes a disulfide releasable linker. In
another embodiment, the linker L includes at least one releasable linker that is not a disulfide
releasable linker. In another embodiment, the linker L includes at least two releasable
linkers. In another embodiment, the linker L includes at least two releasable linkers, where at

25 least one releasable linker is not a disulfide releasable linker. In another embodiment, the
linker L includes at least two releasable linkers, where at least one releasable linker is
separates each drug D from the antifolate.

In another embodiment, the releasable and spacer linkers may be arranged in
such a way that subsequent to the cleavage of a bond in the bivalent linker, released

30  functional groups chemically assist the breakage or cleavage of additional bonds, also termed
anchimeric assisted cleavage or breakage. It is to be understood that such releasable linkers
contain at least two releasable linkers. An illustrative embodiment of such a bivalent linker

or portion thereof includes compounds having the formulae:
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where X i s an exogenous or endogenous nucl eophile, glutathione, or

bi oreduci ng agent, and the like, and either of Z or Z' is the antifolate,
or the drwQ,20mvo3ars3antifol ate or drug noiety in conjuncPCoSamhsBeher
portions of the polyvalent linker. It is to be understood that although the
above fragnentation nechani sng, are depictgd as concertgd nechani sns, any

nunber of 15di screte steps nmyl take placelto effect thelultilate

fragnent ation meal ént™i flker m\eofi fial Qs Shown. For
exanple, it isxapprecirated that thetsord eavage g at’'so occur by
aci d- cat al L nation of t.he carbanmat iety, [ .be

anchi mareaty R PARh 3P MUBeET PRERR S B aci sl e ar i
group dhtebdrasclreted o 0 s 4 0Mlucti-Bivklyi Q@ ishlygsleatoed substitiat,ahaudingyanpl es. In

t hose variations of this enbodi nent, the releasable 20linker is the
car banmestBstHpsné £3pablg fstabilizingt posit HechpFaedRdtNelY of birdssoandermtthatyd by a

nuclseontid Lenal LAk A 1R Al dendhOUP and AS ABAFSTUAGR. RifiOHM 2

t hi ol ate. e thiolate nmay I nternoltecul arl’y di spFace carboni'c acid or

car bam attagoheht fimi elditicanidsphaar nhetdreatoor, bespardilatinkdns foomidgothe bpareat | n t he
case of . the benzyl -containing polyyalent |inkers, follown n illustrative
br eaki HEF of AT fodatisdhant ol © AEign Pt AP SoMeleiv 24 i 1BFEPle ORHY 25

furt heryptifASEBRHanhR e B HERSRIvA e IOM SndGhbbdRhefh RedThed RGE el HL 1 iDY

form ng a resonance” WO 2010/ 033733PCT/ US2009/ 05?363 stabilized

i nt er negprcated thataerohbgtitessies mays bs presdng on ¢gheeashih g thedtened fbonhthe

wndbov i rE B B ey e e e SRl ot Shox,
physi ol pgjiGad, hall akdi Bk GGt C Alsisiom elieh V2843 i186188¢ meMidnhortinb&iidg bound by

theory, in this enbodinent, acid catalysis, such as in an endosone, may
al so 5ibsnzylampinteraediagesy/kayeynd iatopmediaweatlpgancsyclipatiany exqiane igfewigdiates

addi ti | d- ¢ el g ' - r. te | e . he rel ease
of e et A BTG At bl R AR S S A RN o1 T o
of a benByqueditd oleavasdiof fherraleadadlet lirkpp ek dDytialale@vage @f tlayleaiddey lidkew s base,
as is sinilarIX‘described her ei n. ) ) I n anot her enbodi ment,

t hdpolYRabetaeilitaterkey an arcdipsirady RevEehmashanism conpounds of the fol | owi ng
formul ae Ra RbRa_I st%@é ﬁle%érﬁs 0'r@fe§ e o%?Aee[ﬁtfﬁgntflfn%gﬂsjdegcgibégﬂ&te'n4; Ra
and Rb are each independently selecte romthe group consisting o%

hydr ogencladdthalfédydwing dell andi Ing frhgmenta@dkypbclmusmsas Cl- C4 al kyl 15t hat are
optional ly branched; gr-Ra gnd Rb are taken together with the attached
carbon atomto formza'ga Qﬂ&@%ijLJj.n%SUB_QSZ?H+O@@JQnﬁéky substituted

al kyl group, an optjgha Iqizﬁbstitute acyl group, or a suitably selected
nitrogen protecting groupy~and (*) indicates points of attachnment for the
drug, or antifolate, other %olyval ent éinkers ogF other parts of the
conjugate. In anather rrént, The pol yvalept Fi Akers dederi bed herein
i ncl ude 20 conpoyrsd he/ fol l owi ng formuitae where mis an integer
selected from1l to( about 4; Ris an optionally substituted al kyl group, an
optionally substituted acyl group, or a suitably selected nitrogen

protecting group; anm hndi cates poi ntsgof attachnment for the drug,
antifol ate, other B_Zolsys rd1zi nkers,Z o &t her pafks® M7
20

o
x- @ O)]\N,Z' e —— Z’S\X + /I/fj + CO; + HoN—-Z
P U H s
where X is an exogenous or endogenous nucleophile, glutathione, or bioreducing agent, and
the like, and either of Z or Z' is the antifolate, or the drug, or am antifolate or drug moiety in
conjunction with other portions of the polyvalent linker. It is to be understood that although

25  the above fragmentation mechanisms are depicted as concerted mechanisms, any number of

discrete steps may take place to effect the ultimate fragmentation of the polyvalent linker to
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of the conjugate. I n anot her enbodi nent, the polyval ent |inkers
descri bed herein include conpounds of the follow ng formulae WO

2010/ 033 A8BRCIVI3BBG09/ 057363 where mis an integer sel ecras26081383t 0
about 4; R is an optionally substituted al kyl group, an optionally

substityted ac roup, or a suitably selected nitroge rotecting group;
and (*)% IH%JQPEQ‘J&% Pehh %?X%Hl%ewﬁéﬁlerefla?edt%%w% b poat 80 ot her

pol yval By by RERESaly2Ed Qiiahi RS Be Ofrbiffte GRNEYIRhRN may be anchimericAPt her
illustrative mechanisminvol ves an arrangenent “of the rel easabl e and spacer

| i nker sassisted by itheastabalyzatiha providssidguather the at eraipedvbgectofuluripodduliidet he

bi val ent, i nker,. rel eased functional groups_.chem cal.l si st the breakage
or o eburtlih i e e ' RS e BAC R R S EnBReimte e Rlenth L o e
or Breakigeis th¥lcdrbdnitit hididty e ARBRAHVETRNhe BhoBbRhtich Py B fifiatkd BKEr Or

portion thereof includes conpounds having the formula: where X is an

het er odtusleppkilie attagk o the digelide gxgupe paussie deavags to farm g thiglate i Bigethiodd¢ ect ed
fromO, . - n,. of i 1. e i a

Cubet s Bty HisphiclY T AG5 acho daRiRRE Wil WRERII A 2

r esonanoeregponting thiayycléproghnes Uie theaasead kb Yenzgndodtfi@ingigotyvakndligieiyer of Z
or Z is the antjfolate, or. the drug, or an antifolate or dru% noi ety in

conj undeliewingiantllesipgye pisaking o therdisuiidehapd) Baresuitineggihenykthiolitemay eci at ed
th ot I . . d oS 1 car bon,
t he o ar heritARlent eGP OAG SPLorDinc JEicHhbler My RRARL

i ncl udistapilipaet! imetmddiate.t bdantyefhlyde oxsgs, the kejdasatde kauye, ofahkiflustnatose hal o, and

the 20 like si sted c] eavage may inclu chani s i nvol vi enzylium
|t er et s e P B e R DA BT TR O MOk GRS

i nt er megigR @8 mikeAc@bdIN PRfsidBeicANSt BidIB glchk®nditfont ?refséift.t her appreci at ed
that, in addition to fragenentation subsequent to cleavage of the

rel easabl e | i nkerQthehidluptrdtive atechirdsmafpe bohd tleevage o€ deableasabledivder may be
fa i5| i t.at.e b{ an anch[i rical Ig/ si sted nmechanism 25In this enbodi nent,
t hd hy dPORSsIREr @ T e amRe R TG ¥spcl i ze, faci litates cf eavage of the
met hyl ene bridge, , gy for exanple an oxgniumion, and facilitates bond

cl eavage or subseéiu f(f agrentation ary bond ¢heavage,of the rel easable
li nker. Alternativély 7 \ﬁJQat al yzed oxynmtum i on-assi sted cl eavage of the
met hyl ene bridge may tegi noa cascade of fragnentation of this illustrative
bi val ent |inker, or fragnment thereof. Alternatively, acid-catalyzed

hydrol ysis of the carbamate may facilitate the beta elimnation of the

hydr oxyal kanoi ¢ agP Feh may cyclig d facilitate cl eavage of

net hyl ene bridge, b e an oxo ioh. Pt is dPpfeciated that

ot her chemi cal nechanisns ond breaka or cleavage under the netabolic,
physi ol ogi cal , or cellul ar conditions déscribed 5 herein may initiate such

a cascade of .fra tion. Lt is appreciat. t hat, ot her, chen.cal..
rechant ORS 6 BERRTRIEtcghe dbet A0RER Ml A nE R TN ogi car
or cel IwitiabtheOpuibhsuTIhelpSGd18R dinRE, QUdh ARYrh Nbtt ARl SaeUsble® ifAagiAE @nOf
fragnentation. In another enbodi nent, the rel easabl e and spacer | I nkers nmay

be ar r atigease sprcsulikess apgjortatear relpassbigliakerst dVithnat briagbaed faf thaomyoindthisn t he
pol,gval e%%odiﬂq%,es[cid Ea‘?h?é}%ggg%% it tebgﬁsglgle%l g%ggl%{iﬁéé% GalJa¥e 3a3IrSbonidifh

br éakage or cleavagée o I ona ermed anchi neri1 ¢ assi st ed
cl eavag# tiwy uibthaak agap. Anadditieis hieididaiadyzedehshimeioh o6 thesutanateplehdsvaltient
| i nker or portion thereof includes conpounds having the fornmula: RO

release of CO; and the nitrogen-containing moiety attached to Z, and the formation of a

benzyl cation, which may be trapped by water, or any other Lewis base.

Other illustrative linkers include compounds of the formulae:

25
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00CAN* *XO( -)r, O where X is an heteroatom such as nitrogen, oxygen, or
sulfur, nis an integer selected fromO0, 151, 2, and 3, Ris hydrogen, or a
substit uewD,20im3B13di Ng a substituent capabl e of stabili PCEgISa000081363 ve
charge inductively or by resonance on the aryl ring, such as al koxy, and
the Iike, apd nmbol. (*) indicates poi.nts of attachment for di t.i onal
spacer , V&t %éﬁ£§$¥bPrbé&ég§§ P& Phi & UFGPHWH@“{W%a8@%99§P%%?g?FH er, or
al t er nagdvyieliyo 4 P&i@&é Ay A @velyR bYrti@naRle daRe &R hfq?,' @tk as dlkodySand
appreci at ed t%a ot her substituents fmy be present "on the aryl ri'ng, the
benzyl th@likanhdwding methalxiaamdithe sankbl (drindicetesrpoinis| dngadhmicgéor addiciondi ng but
not limted . to hydrox al kyl .. -al kox kyl thi o. hal 0, . and.the_like.

nosi st e dittofag el mEeniinsaby KooRo B Bel APRAR R S: modi at es,
benzynatl.fiédTod iRid@ss, or a6t Mfigo1eCcl | zat i on, oxoni um i nt er medi at es,

bet a-el i m nati on, andgihe like. It is further appreciated that, in addition
to fragnmentati on IHugssseawchanisney s ¢legeagsof sueh hinplentd e depgibee herele
initial, - re N i ] - an

e P SLPE0L8Y b 15 AL AASADh bl ARSI O 0 ARSI,

enbodi nBfiktedtlehidelof tHeetcslattRISC vidbedliatomi by, the hgdddde pelupasabl e | i nkers t hat
cl eave under the ditjons degcribed herein by a chem cal mechani sm

i nvol ving beta glfigmatlic®fd. | njone_aspect, such rel easable |inkers include
bet a-t hi o, betQhﬁdro<Zg nd bt & am no substit ut ed carboxylic acids and
derivatives thereof, ch & esters, 30anides, carbonates, carbamates, and
ureas. |n another aspect, such releasgble |¢nkers incliude 2- and

4-thioaryl esters, carpbagates) anﬂbaqhbeﬁagg%olme—* W+ Ho-z

2010/ 033733PCT/ US2009/ 057363 o I'n}lanot her f$ﬁﬂstrative

enbodi ment, the |linker includes one ok _nor€ am no acid3. In one variation,
the linker includes a single agino acid. In another variation, the |inker

i ncl udes a peptidehaviimglfrom2 to about 50, 2 to about 30, or 2 to about
20 ami no acixds. %JﬁbfWVEﬁiQtion, the linker includes a peptide having
from about 4zt® u 5afti no acids. Such amino acids are illustratively
sel ected fron‘Lﬁe natural ly occurring am no acids, or stereoisoners
thereof. The amino agid may o be any gther Janino aciyg;~such as any am no
acid having the genéral fao a:t P&{R)m(gﬁfﬁﬂfﬁf = whepre *R"E hydrogen,
al kyl, acyl, or a suitabl& nitrogen prokgﬁiLgé group, R Jand R' are

10HYdr ogen or a substituent, each of whi S I ndependently selected in
each o j ' : : -

T st ralry S in a3 lol b EORATHAN. Yurkiche thpithealinpasens ang,

| i m t edh¢ bke, hyd eoigenf drortAiés the detifohad, 0s therdesg o an Antifatate a dryg awddty in Ng

am no aci ds, .such as methyl, nzy], hydrox t hyl, thionethyl, carboxyl,
car boxyREPRYIN WHl a%eap%la%ﬁfgtﬁ? Pafwaaleﬁﬂlfﬁ@fﬁgﬁ lsatﬁcﬁ’ed’é‘g?rét&?fi%é a%&lmfgg

pr ot eCttﬁgaﬂﬁ/%'f%%Heﬂﬁﬁoﬁ hRERRfismd fle ABOERE RS LOREROH HTBRisniR, afPRRberRf

i ndependently coOrrespond to, but are not limted to, hydrogen or anal ogs of
t hd3si dbscedtabteps prp sdntplan toaffent did yltimecuragnmeg tagion b thegiodisvaletibhkego t he
corresppndi am no.anal ogs of serjne and thr i ne, such as

bt a anh BT Brr R RB B Bt e o BanProplr B gt re P81 somer i ¢
vari at i e byRid-exaANR Eelirhin€ti b MAe 3G banAR Ynd&ySRhRE WS Hel Abhidfpieilagi ne,
aspartic acid, cysteine, glutamc acid, |ysine, glutam ne, 20arginine,

ser i ne,asgistad by e, stathlizagan peovidaddbytdider thearyl igrouprad theabdtasulon or diselfide| easabl e
i .nker il (Erlaye%elﬁ tﬁt a‘t{o%g %;%an% 13N 119, %Iv%ilﬁa& er{seo(t"tthelgi eran)gc'ﬁ]m%%E A ) e tic
aci d, cys%elne, d?u am ¢ I'd, 1ysSine, dfutanlne, arginrne, ‘serine,

or 120t i NivkeAndhd duieondt@eoidti. Aleinagvelyahé abiMentatidremagbeasantedby hnker

i ncl udes between 2 and about 5 am no aci ds sel ect ed frqn1asparagjne,

aspar t irickepllic afjagkeqnile disilitdg sreuraciwing YIVALE togPip atfiAkLe. akhy tioke

e | e AldBfeuBAY (RBLALEMNDR: oL1h ARGRARC XAL bRk Tnd kil ) casabl e

li nker 1mcludes a tr peptide, tetrapeptide, pentapeptide, or hexapeptide
consi stdongsmihdangithiacytopdspael é&cthedafa efithabgenyt-cantaiaing, potywateai hekergl ut am c

acid, lysine, arginine, and ornitine,_ and conbinations thereof.
f%ﬁowmg an 1Hustragve brealgmg of the cﬂsu’lﬁc?enbond, the resuiting pheny t{no?ate may

25  further fragment to release a carbonic acid or carbamic acid moiety by forming a resonance
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The termam no acid as used herein refers generally to

am noal kyl car boxyl ate, where the alkyl radical is optionally substituted,
such as wvohlosldsygi33 hydroxy al kyl, 30sul f hydryl al kyl, arCmaskéoglos7363
carboxyal kyl, and the |ike, including groups corresponding to the naturally
occurring.am no acids, such as serine, cysteine, onl aspartic acid,
gl ut am® %é}&eé intgriaedigie ffi 30y ofthesp gaseyy tB%%/‘fjﬁ?&%tﬂgf‘%}B’Ef it lllglﬁ%ﬁwﬁm no acids
may be fivvaleht NOSs 8seFBQCRSEh $hd: ybe%a@zea%gtw&wvaf m@&ﬁﬁh%‘i@m% be relevant
stereochenlstles i ncludi ng racem c m xtures.
2010/033ﬂb‘ﬂlﬁﬁ@$20@@%ﬂ@7@@8Kéd@cdJ@ﬁndagmmbxmdnwn$eﬁeﬂ3 Matltvet beinguch as
beta al.anin and th a on am no acids, such as am no
nci s drpREs pEPRIm s Ry AR eig BNERORT oS R RO BB ol

acyls, QhitidtexHé RN e Widﬁ@@ﬁﬂtlcﬁf @fttﬁ@hfdﬂmgr ofdtp. TiRadd@n6n, Reidaéalhlvadr ogen or a
substituent, each of which is |ndependentl sel ected in each occurrence,

and q iedingpationted ges cashrapatgleads tothe wleage opEOs ang theu@&rmprqsbétagmn&mosﬂm/ or R
| ndependent |y ‘2051{09&18%'%? Bn o?%eﬂy‘i’c&?on whithrﬁ% B t,'rﬂﬁ%gﬁ)gg&t r ran?ze si de
chai ns resen ﬁ occurri’ng ant no acl et h yl, “benzyl ,
hydroxyﬁﬁﬁhxhqshhbanﬁihnhhﬂga%bﬁﬁwﬂhmeﬁrboxylnethyl guanldlnopropyl and
the like, and derivatives and protected derjvatives thereqof. The above
10descri bed for minanpther qrpladiment. de dobypleahinless desriibadihstdn agor  exanpl e,

thqoankggg??gg(ﬁqmzﬁmoagkgﬁhﬁgmgron1asparaglne aspartic acid, cysteine,

glutam c ysl ne, tam ne arglnlne serine, ornitine, threonine,
and the like. In another il RPatlve et of the vitamn receptor
bi ndi ng drug delivery conjug erﬁé ecri bed herein, the drug, or

an anal og or a derivative thereof,cincludes ar al kyl thi ol nucleophile.
15Addi ti onal exanpl es of Ilngegs such as anLtlonaI mul tival ent |inkers,
hydrophilic |inkers, and th e e %re degppugﬂ% n.U S Patent Application
Publ i cation No. US 2005/000 YIS, Paten ﬁﬁication Publ i cation No. US
2008/ 0248052, U.S. Patent Appllca@lon Publ i cati on Serial No. US

2008/ 056324, @é}fjmfégr éeﬁgc?erd%dlqr@lab&ﬂm Reafhd RN RuBL Gk éﬁ'ﬂe“ﬁr seVted

2009/ 002993, the di'scl osures of are incorporated herein by

20r ef erfemu ¢hei grothednsiséng of bjzcyogen and alkyl includling dovotrhdiryl endioah (e alkgl

rmaceuti cal sition c risin n on 0 ing tar eted
e Py er G cim RS L O Ehe’ B TR ce e s epithdfie REER S b e ng
conbl NabiRAZalbdey@Rfrines RAS &S bpdily lsﬁbsﬁﬂﬁ&hﬁk leg‘TB&}d'aH%;ﬂhonﬁl yebQRGed S
descri bed for treatlnq a pat hogeni ¢ 25popul ation of cells in a patient, the
met hod asphgeigiong st zsféf;pt@f mémmrnprgte@tlngngroap @fdf (B indicateg pointt ofof any one

of the cedi arget ed |ver u n another & odi ne
nlethoda?ta(‘?h rég ﬁh%dg%paﬁyhn awho%% %ﬁﬁEﬁ:mk]ﬂ dpg%%éggeco%e%%?lbed

the method conprisiaRgthth@nisddeRest tha PdiyvarhERhkegs @d@cﬁmr@p@ﬂmc@aiel y
effectlve anount of any one of the preceding targeted delivery conjugates

0 20he geatpoards of|the Bblohdngiopddlagent t he di sease is cancer. The
antlfolate drug delivery conjugates desgtibed herein can be used for both
human cl i ni cal medici ne and erinary -Ilgatéons Thus, the host ani mal
har boring the popul ati on of gﬁnic el 6 3nd treated with the drug
delivery conjugates can be huy o% i.pthe case of veterinary
applications, can be a Iaboratory agrlcultural donestic, or wild

R

[
O N = O S+

D SEEND A
where m is an integer selected from 1 to about 4; R is an optionally substituted alkyl group,
an optionally substituted acyl group, or a suitably selected nitrogen protecting group; and (*)
25  indicates points of attachment for the drug, antifolate, other polyvalent linkers, or other parts
of the conjugate.

In another embodiment, the polyvalent linkers described herein include

compounds of the following formulae
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WO 2010/ 033733PCT/ US2009/ 057363 ani nal . The met hods descri bed herein can be
applied to host animals including, but not limted to, humans, |aboratory
ani mal s swoloroodamss (e.g., mce, rats, hansters, etc.) PCraishiwss73nbnkeys,
chi npanzees, donestic aninmals such as dogs, cats, and rabbits, agricultural
ani mal s such as cows, horgses, pigs, sheep, goats, and wild aninmals in
captivity such as bears, as, 5lionss tl s, leopards, el ephants,
zebras, giraffes, gorill as; j.ns, and whksz e:Qj(O* The net hods
are applicable to popul ati ons of $pathogenic cellsthat cause a variety of

pat hol ogi es in these host anipmals. The tern1Eathogenic cells refers to for

exanpl e cancer cells, infect S ageht sSsu S bacteria and viruses,
bacteria- or virus-infected e :9maWd any HQﬁy%e of pathogenic cells
that uni quely express, preferentialgly express, or cover- 10 express folate
receptors. Pathogenic cells can also include any cells causing a disease
state fORCTOAT AN MBI EIRECMTOR | Ioerbort b snerpdiPny aibsitteyg sk RIRYAL es
descri ' i i . i .
Pt R i e L S LR L
cel 5 papdicats pointsthodpttachntentrior ittediin g, antifid htadothey fodyviatpmt tivkers, or atietr pats gnant
tunors, .or it.can be 15non-tunorigenic. The cancer cell popul ation can

ari se SPIHEEIS y or by such processes as nutations present in the

germ ine of the hosdh@nii®ati®s mSOHdntinVBhat hPRSandRmehi ofGBO M sptIE MRSl | Y-,
virally-, or radiation-induced. The nethods can be utilized to treat such
cancer sspager dakars irosnel a veayr thatrmabsequentio threesdcaviesdefid bong idithedisdentrdmikanonas,

hel itt' h : h I i as,
and. myaF s o rbup RS TR RS AR Fafi et SRS SRR T

t 0,100r a&llso teyddodndhin@MidQAEsibBE cleskigd or BASkideC  AreBlRPRaR @ mboliRiamm@ealch a
pancreatic, colon, bladder, bone, ovarian, cervical, uterine, breast,

t est i cUiiwlent pinkes oypertiqnetpergpt ingluderegpompqupdy havapgithe dergwaincers. In

enbodi ments where the pathogenic cell populat¢éon is a cancer cel

popul ation, the effect of conjugate admini dékkon is a therapeutic
response neasured by 25reductign jor eli ation of tunor mass or of

i nhibition of tumor cell prolffétathon. Tn the case of a tunor, the

el i m nafhePOXCaAn ABte ALY, | STENAS hiBBe @, ok fdenSotfulfune iPhh IREYer k&BREd Bbmaf, cel l's
that have netastasized or are in %he process of dissociating fromthe

pri mar yl, Buanst 3, Raishyydysiggh.ang tai sobstitecnt.reelnding talsubdiiduant azpalilsl afstabilizegng ugat e to
prevent returp of.a tunor after its repoval. by any therapeut.i roach

" na udi B89 SE E B ER TP o FoaanEe AT Y st i6TBl By i s fer apy,
or bi ol @€ Z bNETiape dnSifahts ordBsEiukbethn ahfieolpe @pBlgatbiesy ihlcBRuABMIn can be
an initial treatnment with the drug delivery conjugate, such as treatnent in
a mul t i'piteotdesportans §f thepjivalent linksy/ bis apprecddedhthabethien subsiiients Bay kent or
series . af ' - i he

o 11 s e ALF TR o B S bR LIBE R, o bRl oo Ml O AL E

cel | papethgehomsdder Ratuelthaiait ngt limgedlesoidrdadaligl, hlkdsy,i diley] thile hatoe aiiCtheon i n
WO 2010/ 033733PCT/ US2009/ 057363 t he nunber of pathogenic cells, inhibition
of 2r ollieerBitisEA ctRV st RvGEAIUES srrhyisgs BvBlHA RErY e FEgFEHCs hat

pr eventignt felifi@rflaiRel RRASRI G efAlbE, o@hivh fi&RIRL. Gl BRLIRAERI maGRl | S

that results 1 n reduction of "the synptons of disease. |In cases where cancer
cel | s drke. e migthelr appmatied thathe additibo ds fregamdneativaedbiequétt corblemaize ofithei t h

surgi Carlelegsea evl?r{keg ftheiilngtya[irglrf:évz{g%%if ?I;[ei rgfg:a;[atgﬁ:rl?tﬁééf m%? %g?éc'ﬁ?tﬁt%ﬁ%y an’ bi ol ogi cal
anchimerically assisted mechanism.
25 In this embodiment, the hydroxyalkanoic acid, which may cyclize, facilitates
cleavage of the methylene bridge, by for example an oxonium ion, and facilitates bond
cleavage or subsequent fragmentation after bond cleavage of the releasable linker.
Alternatively, acid catalyzed oxonium ion-assisted cleavage of the methylene bridge may

begin a cascade of fragmentation of this illustrative bivalent linker, or fragment thereof.
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t her api es such as ot her imunotherapies including, but not limted to,
nonocl onal anti body therapy, treatnment with i nmunonodul at ory agents,
adopt i ve woanafms736f i rmune effector cells, treatnent wpPCh/Useonaiosses etic
grow h factors, cytokines and vaccination. In one enbodi nent, the

antifolate dr del i ve a can be inter I.'zedllnt thetargeted
ot hogeatn s S R OBE S R e PRI G B L 1o Pefh b

ltrans PR h cf?éx;%lli’éﬁ&csaufdf %f‘ch%@}s@ﬁh%j aRdl M!natetcmnagmﬁ%ah élllé wncbgends the
i gand and Whl ch is preferentiall'y ‘expressed on the pat hogenl c cells. Such

i nt er ndlyi fpatxamplcamommn iorf. olt lseap@mﬁaéed that chg‘mhﬁm@abtr@chammmfé@nd

endocyt 0S|, S Anti fol ate I ver .ugat es nt ai ni.n ne.,or, nore
ol easdBriies ARbFLRE b S Eholi By TR b S G RRR P R G B

di ssocitrign khlynhitiaeauiih aiskydead}tfratghﬁnehhuﬁ %N a@sitcifBd tHab ofhBf ErRGAtdIUl ar
target. General |y, any manner of form ng a conjugate between
the bi vagcarisms akbend yakage of fleavage updirabemeigholig @hwd@glca}l@ Pf ¢ekilaye

t her eof t. I or anal og or

deri vatdlo\r/lg%g)ﬁ%f%el(%%&d }per%/ﬁéﬁ &m uaﬂ:‘%% élrc %/Secﬁ?enog%égtnger gag 08m can be utilized.
Al so, any art-r 6dﬁgﬁbth61€hn‘ilﬁid’mﬁnt9fhefrdémah@ add cpatictifialteds At beaitaided ispacer

|l i nker, the 20rel easable |inker, and the any additional heteroatons to form
the | i rikeh a way shat sebsgaient taihe &learreess Adong H&%hﬁ pebevalent inker.agleassde, t hr ough
th for

T ey e e S Pl
t he | i rdoehiserid asgsed alnd\/a(ge oabxtealtzrgjeat/ﬁemllui;tmt]aza@hi’medlrmdnlt oStuchtipobyvakpect , any
effectiy re imen for ad isterin e .25antifolate drug delivery
cons ugdis B Woial TebeRsahpaes PRato P B YEe ar ug del 1 very
conj ugates can be adm ni stered as singl & dosgﬁ or can be divided and
adm nistered as a multiple-dose daily r nyJ N other enbodi nents, a
st aggered regi nen, for exanpleo\dqﬁft ree days per week can be used as
an alternative to daily treatfrert, and such internittent or staggered daily
r egi menyvhese X0Rah eeratdnd, sheh mutmgérg Bkyded, @Veilfyir,thay ah irtederBelbctad tord @,hi n
30t he scqpe of the met hods described herein. In one enbodi ment, the host is

t r dat ed- v ¥K R Sihypeo e B asBriguet. inpladigapispbitificat ganaglebistabdizingdnj ugat e
to eli t, the
host | BT shilfe BB AN B ton DO B Ble St ench s R PR TR S

W th thbe egnnbdlcof)ahmcdueugmdelaf\a&aqhnmnfmgddm,onﬁlmpacadermtomt orli2leag@dlehour

interv or. at. 48-72 hour ervals. In other e od| add ti onal

i nj ectﬁ IS gprmijgt %%YW&*?%%%?Q%@WF@Q%%@”FH@CI%R 1”Ff‘o g L"ug delivery
conj ugalgrAAR. Res Qﬂﬁ%&ht%@l &8 JthbPs JthEuPA 'n?a@/tbe%eséﬂt dﬂ%@%ﬁ-ﬁ@hngfthgﬁé’&y@r
nonths after the initial injections(s) the additional” injections

pr @@ﬁntcaﬂ@@uﬂmeﬂ@eomfaﬁtdher tltlﬁsr@a@ée@tmdgecmg@émgwt notdimisgdntodedioxycel | s. f I n
. L ' -
anti £ ol 4ed Grony sy B SR o WS dPTBRR! 8 &R Bk B I B ac i on of

pat hogamdlviag lbkszyliinpink@mbdiaith, BehzyranteAdedife s U &t 61 dybliienObxommime doses
are descri be The antifol ate drug delivery conjugate is preferably

adni ni Spieraeiates. brie-Hisainatian, red thsdikendtds Airfher aleprgmated Hiag. 48 eddHPR {0

subcut r or

Tt at AAER o PRI L BNy of Bk APELLLINGR, e ol LAVRIOUFIE. O o e
adisni artelea@dletlmkbhmai Bh ogdilitated e lan byictoteatalyedkicet Inechsaefm) processes, such

as orally, and any effective dose and suitahle therapeutic dosage form
i ncl udi ng prol ong%@thwléla%réﬂa%@ab%dlm%%f the Hpkespdgredbed herein, include  pyanp) es

able | at'crca t n SC et C C 1 ’
of par 6g{-80,8le QSRR fﬁ’é% G I& ARKGOUS 5B B QIﬂs’o Hﬁ ASldcHghiggent

in an isotonic saline, A)g ucose or other we har maceut | ca y
accept abizcdvﬂngdpﬁtaoblmanzrtloar dn sue spast, kdohub]daabtcdhﬂxhs m@h@mbrlta‘r;hle,sheer s, and

am des., The par nt eral e m can i.n the

e onei Rl b e TeyEpRT SRRE ] e ST i hed ot VGt HET i utchar iy
conjpugainfides BarBBfat@S @a%&m@tfss tahe u&ragsmnoa{mgpeeﬁ RBlioh @ra:xsa%ie BnlRHTREkof
prol onged reél ease dosage fornms known in the art can be adm ni stered such

as, for2-exddphearyldsterpicadbematedadndeatwnpichydr ate matrices described in U. S
Patent Nos. 4,713, 249; 5, 266, 333; and 5,417,982, the disclosures of which
are incorporated herein by reference, or, alternatively, a
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20sl ow punp (e.g., an osnotic punp) can be used. The unitary
dai ly dosage of the antifolate drug delivery conjugate can vary

si gni fi camOl2g10d8pBAadi ng on the host condition, the di seas@/Gst@vmsizes ng
treated, the nol ecul ar weight of the conjugate, its route of adm nistration

and tissue distribution,. and the possibiljty of .co-usage of other
Cher apeuti ¢ tr catHeRYCOLHERTae Fathodiredh o lkes nclies 0Bs PORPTAAM Hfpunt 25

to be adémsn'mg@é%aﬁen,ah@ﬁm&&@ﬁcw&fsfﬁm 2Rink e, IHRhSRE: @arrﬁlﬁon,ﬁﬁéi ent

wei ght, and physician assessnment of patient condition. In illustrative
enbodi nemesinckefléee pépride hosiog fiwan?2 taxpet 5.6r toeeawnpile or 2 toshoabdUaminong/ kg to

about 1 / from about .1 [tqg/kg,t0 about 500. ji.g/k from,about 1
[t o/ ko EORaBb RO AGTFRg kg e fefitie Fdng Rt froldth b Eone

addist i am@ho 6618RO0Suchi D6 AFBE hisiiNGktAti 3y REeap@ Bbintthé At yGRBuBiAg amino

adm nistered to the host in conmbination or as an adjuvant to the

above- d6tdsi Presierpeisoipeis theggel. Toe amimamcdd wae alsp hgiaRy othehamthodicisy sedl dsver y
conj ug - medi at. i m i he popul ati on of pathogenic cells, or
nor e t%%ﬁagﬁ%$%%%ﬂ?ﬁ%%gk%%hégg%%%P%t factor can be adm nistered. The
therapeutic factor can be sel ecNR)-fCRR'R-@lynot her apeutic agent, or

anot her therapeutic factor capable of conplenenting the efficacy of the
adni ni stRsrel ibhrdirag rlikyhraylapidysteplevatoLcadrpigetifiseeroup, R  and R" ate | 1y gne
i liust nat : r 1 j k [

e or o B o e e B S BTy

ef f ect iiven anepentchafs 152he 4 hef.aprutratcvelyadt’ and/of Bf inelepanoket]y carreapenditos
rangin fron1agout 0. BdLMnQ/ ose dgéato about 15 LMnQ/doseLdag.in a
mul ti pl&t g5t fayted t?’i@ TRSAN opihe sisie CAYIRKBIeSCNtioR NAHE KRt CPEHE YP FHf-about
0.1 M WaRhORs@ldBintyd AR, me1 MhidhiERl I QaIHY chiboRyimMdityipl e dose dai Iy
regi men, can be used along with the antifolate drug deliveéry conjugates to
el i mi naguenidinegrape], aod thediker and gerivoavesogd wireteeted erivatives thersot. alii amgther

approxi ece Bk CHPRLS s artsompapyie kihukyorinits R RadB St 07 nc,

enbodi nRBlogs 6NGERIJRRhARS Pdsént 3@ @RtuSall WUCGRinal Bnind 8¢id€XaEMAthe CYt Ot OXi C
t hensel ves or can work to enhance tunor perneability, are also suitable for

use i n WHESRPEdER]AEHO pRalegs spncBihisaningnsugh ahbetpranBaeaaniee. | Theabavelr ug
del i ver I : 1 g I e a i coi ds
and cof%ﬁ%gg?g%%%giFmgﬁﬁgwgggﬁghgﬁgggggé#ﬁgﬁtFQ% P%g%%gg3%ﬁ@?§§@ﬁg ens,
andr ogaieseleaet drwc hdpamatheasdpaniccicil, destéivatdlumedic @&, 1pgenglutanihe,met abol i t es
such as cytosine arapjnoside, purine anal ogs, pyrimdine anal ogs, and
met?Hot rEXBIE; SeHiSLATLRE. BECBES! 2d the likh Brilispatiption. dhedisleasads laﬁ@r ot her

pl atin i 1Lt : cly I j.vatives,
ot o B e B o e s A R

al kal oiadsl, lypmedgliupomnes, a2gihindr exipereaitine.emdplosodes. i dnothec ivaisation, the

di scodernol i des, m crotubul e i nhibitors, epothilones, tubulysin,

Cycl oprbByiebFaRIEETE T Bt EorsDatd Birer SHIOH fo ber R B HRIB AL s

Ac- secogytioREIRPKsteR RN 21uelrhi d8ldONSine YIBAMIS, Ardiide aBNMnQbRAin&RhY bi ot c,

ni trogen nustards, nifrosureas, vincristine, vinblastine, and anal ogs and
derZbv atthigeninhe freafothay yhriatsond dwgelegiabledbikas nclhidesnd higiep ddea 2étaeeptitst chi ci ne,
col chi Gl dardev Al loE ol LORRL ARIFL AR, RRINERERLHLL NG Lid Hhagyst o ne.
Hal i cordr iR B o0 KEFRTRNNE CURANNE T ARt 55 1 R L SR 1o =

a- anani dlitimicCanm i Kl @i dininé,lind @k €644 an@ 08mBInAESnsABEBGO heci n deri vati ves

t her eof geldanaqycin and gel danamyci n derivatives, estranustine,
nocodazol e, MAP4, Thegpigepmino geik asaspdheyeipn tafeas grnerably|ta ariasty ey tate,
peptid i i i C. Si . S t iy by d any ot her
DT e e 4R RL) SRR o PR SA AT A 3ol BN LER AR, B

30péni culthydrglaliodphdhoedodr cansox ydikiyt, amy chenlikee ingtudiengtoups, cotleksprdaimecton,
rifanpin, chl oranpheni col, am nogl ycosi de anti biotjcs, gentam cjin,

anphot €P§ B3tHraBY OSelFENG PN 3Giqss PUFhiag SHENS, RSN Ighipning; BYHARAE;

amant adgéﬁksmia AdR@ind b 1iHE RNS bPGRdARGo Rl QRA 2Rt S8HI MAY by 6Fa LiRgkeof .
gencti t abi ne, and any other art-recogni zed antim crobi al conpound.

The t hetapwmhtingstifyas agartcabr bexadwikdtgterhehittios tihdudiog racamiemlixtpres.ofn t o,
after, or at the sane tinme as the binding |ligand drug delivery conjugates
and the therapeutic factor can be admi nistered as part of the sanme
conposition containing the binding |ligand drug delivery conjugate or as
part of a different conposition than E@e bi ndi ng ligand drug delivery



5conj ugate. Any such therapeutic conposition containing the therapeutic
factor at a therapeutically effective dose can be used. The
ant i f ol atwoconyoigsses descri bed herein can be prepared PgTAISROMASTENI zed
synt heti c nmethods. The synthetic nmethods are chosen dependi ng upon the

selection. of the optiopally addition heteroato r the heteroqatons that

are al raggﬁvnp?%@@ﬁfld&ﬁpef%@ t%e&aé‘éqth afgﬂefarﬁi@}l%ff’ aP@@jgﬁbgaénm?’rﬁPéﬁ%r}gef he drug,

and/ or Bfinb hedarhid & Ahifo atids BLME & muli:ne rel evant bond form ng reactions
[ i chard

are described in Richard C. Larock, "Conprehensive O ganic Transformations,
a guide to functional group prePa&RatGRRE)"C(UCH Publ i shers, Inc. New York
(1989), .and.i.n, Theodor ) eene . eter GM, Wits, "Prgtecti,ve G oups ion
G gan] oV HRIBLTESE o yoe T AT SyfRIo eyt SsHO iR Tl Forke (166%)

t he sdi agidRsdh 88 a Glibswhieat) eddasiavhite RriRGph&shtifeERE@d By edcBfRE@RGRe, and ganot her
aspect, the antifolate is attached to the drug via a |inker. In one

enmbodi rfe At integee sydhriigdr 2 hh adeslhmtragiviedio e prd/aeR” independently corfaspeiisbeher

enbodi t f. oW i rative ifolate-]i i.nter i is
o opar ot b ot @M BRbaly bR kB I R Eop N IROWANE S
i's to bechnsdeesiyhoendyhatydidxgnfetiydghiongtpn ceessyl, saibokyiatetiali ve and may be
adapted and. nodified for_ the preparation of additional internedi ates

descr i BEANREERY> 2010 BEBIIIPETT IS RIYPUST ST EXANPEES" THE $291MF owi ng
1St ratdeqe %ﬁl%l@'égaﬂj?éferoisgﬁgric variafions. Fore ®, HE Aninb9EdGhSy acl d

(Pte) and NI1O-triftluoroacetyl pteroic acid were prepared according t'o Xu et
al ., PQE skktted fai awparagiephdpeaiciaonl, Sest¢iat, ghoamRCGEILSROEE LG9div8, filed 5

March 14, 2006.. Pepti de nt hesi s, reagent s re.purchased fr NovaBi ochem
(ha Jol i mearigh DR e a. tad o BRE iy anoftst URSF G rasid” heat Amerrem )

and PB3eyid taRliRd Med delifdR, GomiaPate Ht@Rtkdla¢ @ndribddher&aVinBanobr € m | k
fol ate B?,é?di ng ggot elgn (I?E%P)ﬁ\/\g%epurchased fr%m Scerri pps ({lfggm #F0524) .

3H- t hy mindioger walsripaiivelibereef. fnctidedvar aliplthipl misheophidal s, Brea, CA. Al |l ot her

co n reagents .purchased from Si St...louis.. .1 . or other major
Colper o298t S EARBUELBTAE o B AT ab St i ke * LT, a0
and ECI4GiropbilR 1aieal medtht 1R ed in INS. Patdie Bpplicdtiav flubBeatioh)No. T 1

synt heses, purifications and anal i’ti cal characterizations have been

descri BARSI0R0Ual}S. Satsannepkcyive Ryblicasion Alo. U BWSHI2480T% Uchdiiest ry 2002:
1200 MMl ST LT O OB Rl o7
Publication No. WO 2009/002993, the disclosures of which are incorporated herein by

20  reference in their entirety.

In another embodiment, a pharmaceutical composition comprising any one of
the preceding targeted delivery conjugates and one or more carriers, excipients, diluents, and
combinations thereof is described.

In another embodiment, a method is described for treating a pathogenic

25  population of cells in a patient, the method comprising the step of administering an effective
amount of any one of the preceding targeted delivery conjugates.

In another embodiment, a method for treating a patient in need of relief of a
disease is described, the method comprising the step of administering an therapeutically
effective amount of any one of the preceding targeted delivery conjugates to the patient. In

30  one embodiment the disease is cancer.

The antifolate drug delivery conjugates described herein can be used for both
human clinical medicine and veterinary applications. Thus, the host animal harboring the
population of pathogenic cells and treated with the drug delivery conjugates can be human or,

in the case of veterinary applications, can be a laboratory, agricultural, domestic, or wild
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Bi oconj ug Chem 2006; 17(5): 1226-32; VI ahov et al. Bioorg Med Chem Lett 2006;
16(19):5093-6). Conparative exanple des-glutanyl CB3717 and antifol ate
CB3717 nawoabvo3bs3pr epar ed according to known procedur @ST(UB00e®3B63 al . Eur
J Cancer 1981;17(1):11-9; Jones et al. J Med Chem 1986; 29(6):1114-8).

f2 ng Ir(rpaqrgfartg %16 @q&ni? s§e%1be€§§r|§15q (?arqm%)%%éﬁgi toqlost an11¥1a1]s'9ncqtd1{1§ %Tlgngtm tom
3-(4- d%ﬁ@é%f%'h‘drﬂiﬂsaﬁ%bﬂawn) Qﬂ(%@szgueﬁg@deﬁw '(fmé‘@'rgts alaamérm&dij tdboaet hyl
ester (15 ny, 15.3 tM were dissolved in 5 DVSO under ar gon

at nosp he®1é<eyDICPma(115¢IBSJ damesfic :ammﬂm SuRD agdogs cits mé radnl@dagmuttlhrel bk
solution,, and the resulti s stirred under ar onfor 3 h.
B ogr eSbeh i Gt Fese Pisy: a5 A8 ot L Ay S et ool 85

amgni LHBn@Q?e?st Sophids elephan@NEbbasesiedifds! sdridas, doMshif€asd WBRlell Xt ure was
filtered and injected on a prep-HPLC col um (V\aters XTerra C18, 7 pm
19x300 mv). El ut i Bw methedsarermprlisablare perydwieas ef buhpganic gells thay cguse A) . and
acet oni | 0% i el ded
pure fr\;é‘ll(%l |yoor€gD§con asﬁﬁﬂies%ﬁgégﬁ}fu EsctT ﬁfr%é%? H%%Téﬁezls\%%fféﬁgg#b&%e le;nd
acet onidan¢dreelg snfeaivny agentnddeh asBadtatiiaridvinrses dudteriftor & ﬁﬁ‘éctéd&dﬁﬂlEr at ure.
The resultl ng EC216 comﬂggate vvas i solated after freeze-drying for 48h (10
ng, 51Apd aﬂwortmym@ép dlErt whiaselyEspress. @reéerep%aﬂymprm/ BOHVEH, J=
(8 710Hz1ex1931®ss foz?tgﬁecgﬂtors] ‘Pa@ho%efﬂ% 1ceﬂ§‘9a’n aYSO%ﬂd(I?-S an]y ce@ls %?ﬂn%%gpseasz sthfe ?n 8%_')
5.56 (cfpr Whmh@reﬁtmdﬁt)wi’tﬁ]tﬁé mﬁﬂmmg Hﬂﬁ&@ﬁé@ﬂﬂ@ﬁéﬁ ddxc;nb]:&l)hﬁrem Kb@ul(Sln 2H) ,

4. 35- 3. &) gli% 69(Sh%s 3.45-2.20 (m 23H), 2.05-1.85 (m 2H),
1.56 (rf %H?n“ éyélpé%m(?ﬁt% °3%. 78 (t, J= 7.5 Hz, 3H), 0.71 (t, J= 7.2
Hz, 3H); LOMB (EShhnothM cmbddimedi288 pd la@@@)m&geﬁfc cells can be a cancer cell
a-t-ButyI y-2-(Pyridyl)disul fide-ethyl-L-glutamc diester 5 EC0614. COOQ - Bu
Froc- NI-POQHBUDH macmzamomwm:mdu@ng bebgn gnyork agd makighiant tiwias,(or iX28de 3

nnn ri.dyl.di han 684 0. .muol e), P.(806 6.6
e B PTG TA o RRlan o ST s e R Thior BRIt o s

sol utl Qﬁufﬂ@&lsafﬂéb%ﬂt ke §EB1INE of theHWDIrGhal driiemaat HutOdNWaS itdahibeed at 10
room t enper at ure under argon overnight. The reaction mxture was filtered

and t heehswicalit vivaky-eonpsdiapeindured.  Bremamhedaerid utihized gsfma@ suchanefss r ed

pr oduct gl—@ o] NaOAc
(0.1M /af%%¢%Q(%0§ ), %ﬁgrﬁsgﬁ?&e&f glvéegls%gégﬁélg&%ér g) evaporated to
gi ve a Burkars Bindphomiaensopiteynyealdssedinovass, nmkemmsaﬂdl mgelemhy) rfThdMahler'i@H’o
Et QAc/ 50%getrol eum et her ~as el uents to ive 1.5 g of product. 1H NWR

15( tigry can inglu ﬁ,]builq_li)ot lignited t(( d)ra gthyropd, @nfiﬁcrmg ﬂﬁm gpstEis. 7 58 (m 4
ZD ’4074?%%17}1( %@al(lggyn%eehbﬁan%re%gc CO% Bﬂhdélr B’Qne éva%n,:s&{wéal ut@nge rl?geastl H) 2 H,

2. 50- 2.t80ic(hy, pZOSI’eat(;:, 12ct2BkRing B l(vm“ adeH)ng cz.n&ZS1 85 (m 1 H) 1 48 (s ‘9 H) .
13C NVR (CDCL3) 172 7, 171 2 .8, 156 é 9., 1441, 143 0, 1415,
137.26, 127.9, 1 *?e§1 ogdignents W %‘L Pai%e%lc cgBgoRulation ig a'cgacescelfs g 53 o

47. 4, thatis). tRe it 8f ¢ t@&@lﬂisﬁﬁﬁbrﬁs%fth&%glc(r%ﬁs'uﬂleasufé@ b
20107 03555 gty phadiun g
25  reduction or elimination of tumor mass or of inhibition of tumor cell proliferation. In the

case of a tumor, the elimination can be an elimination of cells of the primary tumor or of cells
that have metastasized or are in the process of dissociating from the primary tumor. A
prophylactic treatment with the drug delivery conjugate to prevent return of a tumor after its
removal by any therapeutic approach including surgical removal of the tumor, radiation

30  therapy, chemotherapy, or biological therapy is also described. The prophylactic treatment
can be an initial treatment with the drug delivery conjugate, such as treatment in a multiple
dose daily regimen, and/or can be an additional treatment or series of treatments after an
interval of days or months following the initial treatment(s). Accordingly, elimination of any

of the pathogenic cell populations treated using the described methods includes reduction in
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CO2H EC 283 a) Et3N, 1,4-dioxane, reflux; b) NBS, benzoyl peroxide, CCl4,
reflux; c) K2CO3, DWMF, 80 C, d) CaCC3, DvA, 80 C, e) NaOH, H20, >4 hours.
Synt hesi swof20MlB3Bsopar gyl- 5, 8- di deazefolic PCT/US2009/057363
a-t-Butyl-y-2-(pyridyl)disulfidebethyl-diester ECO615. 614ngy of Fnoc

rotected glutam c. acid ECO614 was dissolved in 12.0 ni , 5,8- .
8i deaz éﬁ? B‘?IB}L’]?{ 031@?@0%@3%“3)5; inBifpides ?ﬁeﬁﬁ%yat%e?()ié%ﬁ&? C%&@?rfﬁg}ﬁl@‘jtl‘\/ver e
added tiRaf & 3 BidveRks rili® drgafobafc BRI bF @gr&%eﬁmrbaa{dtg_éﬁi@@eﬁ%aﬁ m ns,

0.3 nL Et3N was added and 10 the reaction m xture was stirred overnight.
The r eaetultonn radwctioneofths syadpteas t6diNedAc (0. 1M/ 10% NaCl (pH = 6),

centrifuged and got the . crude product .601 nm,. th rud roduct S

bari 11 ed by ppLC It EB TR ORES B et bintead ot BB ST song
pr oduc tcomblrh YRR vl fANEY 64 Jrerh Oy 9 3f (1lﬁfmorlrddiatioﬁ&lﬁ@ﬁ@_/ﬂ}'bﬁem&héra 1,4 biologicl- 8,
1.0 Hz, 1 H), 8.23 &1,‘\] =8.7 Hz, 1 H, 7.82-7.70 (m 5 H), 7.47 (dd, J
8.3, 2.therppies quchyas othep gyupunatheqppiey inchidigg, byt not jiggted tppmonocignal gitgedyd, J

S os0) o4adabbueRiofly b duulbmotufithel Sgerfs. Bhoptle Hantyl S fhlfhur fleci? 15 VD
H, 2. 811§, treathnent With Hdmatapokdtic g2owB-fict83, {ywkideddnd vheAdat(®m, 9 H) Synt hesi s

O Desacetyl vi nbl astine drazi de Derivative EC0616. 5 39.5 ng of DAVLBH
pyri dyl disul fi ddn@8f FpRedipenidle yitidelatedee deliverscapiugpigscon Be pterppliveds 2 ng

of |Fer GARLAPLL .téH%aCEh@gt‘éhﬁ WAS uSiSHRUUE B tHR A riRo1 4Tk mB B0 2 {20, the
sol ution was aa% usted to pCH 7u€&1n|8?e 1pgrgelﬁ avmnt h armgcl)ng' (I)veﬁca%t opr opi oni ¢
aci d sdatanspater wastieddedadeepredenteld psdtemahsopedificail yanadsshe tipad dndrwlidéh i1 ns.

The reactjon .nm xture s purified.on HPLC (10 .NH40Ac, pH 5.2). 2 of
o oo BBk A e se S e R SREE Selly oich { R 0y Cabarhr Bt o,
E)P'VBO dRdoudn RRepr-niatct dildocyBod? Aftifolite dihgtdklivéy 28njugatePontdinidl on8- 61 (s,

or more releasable linkers allow the binding ligand moiety and the drug to dissociate

15  intracellularly and the drug can act on its intracellular target.

Generally, any manner of forming a conjugate between the bivalent linker (L)
and the antifolate, or analog or derivative thereof, between the bivalent linker (L) and the
drug, or analog or derivative thereof, including any intervening heteroatom, can be utilized.
Also, any art-recognized method of forming a conjugate between the spacer linker, the

20  releasable linker, and the any additional heteroatoms to form the linker L can be used.
Covalent bonding can occur, for example, through the formation of amide, ester, disulfide, or
imino bonds between acid, aldehyde, hydroxy, amino, sulfhydryl, or hydrazo groups present
on any of the linkers, drugs, and/or antifolates.

In another illustrative aspect, any effective regimen for administering the

25 antifolate drug delivery conjugates can be used. For example, the antifolate drug delivery
conjugates can be administered as single doses, or can be divided and administered as a
multiple-dose daily regimen. In other embodiments, a staggered regimen, for example, one
to three days per week can be used as an alternative to daily treatment, and such intermittent
or staggered daily regimen is considered to be equivalent to every day treatment and within

30  the scope of the methods described herein. In one embodiment, the host is treated with
multiple injections of the antifolate drug delivery conjugate to eliminate the population of
pathogenic cells. In another embodiment, the host is injected multiple times (preferably
about 2 up to about 50 times) with the antifolate drug delivery conjugate, for example, at 12-

72 hour intervals or at 48-72 hour intervals. In other embodiments, additional injections of
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H, 7.35 (d, J =8.0 Hz
1 H, 6.90 (t, J

, J =W0.2610/0837B3Hz, 1 H), 5.56 (d, J = 10.6Hz, 1 H), pa¢TAB240/051363 2H),

4-3.90 (m 3 H, 3.78(s, 1H, 3.70 (s, 3 H, 3.50 (s, 3H), 3.38 (s, 2

4
H)y, 3.26-3.00 6H) . 3.00-2. 87 5H).,. 2. 86 , 1 2.76 (s :

) 71> B itfiplasgrue Selsty Gudnr g besptini et to UepEh! i imshgbohidh m
2H), 1. ofQndetROd th%!'i')litiaﬂ-ilflg&tibnsj(s)%(ﬁd(ﬂﬁ@ adlitkdnal Bj@8onOprebert MeuAbhcedhdiesi s
O ECO285. HO2C H2N 2NH 7 N,e, NN...... - ,,. 0 HCG HN HO HAZ NN
H2 HO2 @Hieasastate pgusedl bEGBoIBhepanic8Zllsry of t hi opeptide in 6.0 nL DVMSO purged
w th argon, addeéj[ 0.2.20 rr%cpl P&A after t.2 1hours ..HPLC purification (10 nmM
NHA0AC, pH 5. 2/ acBEBRTE TTEIIGETPASBAGE IS SPHGHELDS SBRHY I T HROBE oduct
was 5di sgalanablatd dugdeliVEA cbhfiBate @ffedtive t)eligiifhts b ipbpa ki drost f}btﬁ&fgéﬂiic cdinen t he
reaction m xture was added to cold Et20, and stirred for 10 mn. The

pr eci piihathestgaemealerhan adpyeigtesaddn was Reaoyd daserprpdlesdiibed Therprfifolpipedrugact i on

ffordegd;. f_whi ' 73: 30; 1H D20) 7.57 (s, 1
o 07 gy Wyl brerghl Bahist kit 3R g I, G, 17 (S 0T
Hz, 1 Hhtrader@@lly,dubchtaneBudy,iidtrarduddilarl4, ddagerdSnealty, idtriffenodsigtord. 30 (m 2
H, 4.22 (q, 4 =4.5 H, 1 H, 3.98 (s, hr, 2 H, J=4.5Hz, 1 I—? 3. 88-
3. 73 ( riptrathegally 3 Adtgrmagiyely gthe antifolade dpae delipgry canjygate fan bgjadministeped toghey, 1
102. 0= : 5= m 6
1y 105 28 Eotigl G ot AR0H Brhed AU S RAPAR, A0 87 e heche gbseihl M 2
(D20) Iditalfe tHer®ebtic ddRE form7 theQydidg/proBngdd Eldhse ddshg@foridcan, bel68d.9, 154. 1,
150. 2, 141.7, 133E9, p%622.9, 128.9, 124.6, .1%11.2, 118. 7, 115.0‘%, 112.9, 80.1,
73.5, 63.1, 54.9,%ppks ofpagntesal dpsaggforms iggluge agicoys sojgtions of gheqictiyg g
33.2, 3Qef im3fh iBotoRif-sdline2 8%3elucRSBA bS8l Rho PR 8MmacHticdaR Fe¥leptable

liquid carriers such as liquid alcohols, glycols, esters, and amides. The parenteral dosage

H, 7.24 (d, J =8.0 Hz, 1 H), 6.99 (t, J =
0

o1
= 7.0 Hz, 1 H), 6.40 (s, 1H), 6.18 (s, 1H), 5.67

15  form can be in the form of a reconstitutable lyophilizate comprising the dose of the drug
delivery conjugate. In one aspect of the present embodiment, any of a number of prolonged
release dosage forms known in the art can be administered such as, for example, the
biodegradable carbohydrate matrices described in U.S. Patent Nos. 4,713,249; 5,266,333; and
5,417,982, the disclosures of which are incorporated herein by reference, or, alternatively, a

20  slow pump (e.g., an osmotic pump) can be used.

The unitary daily dosage of the antifolate drug delivery conjugate can vary
significantly depending on the host condition, the disease state being treated, the molecular
weight of the conjugate, its route of administration and tissue distribution, and the possibility
of co-usage of other therapeutic treatments such as radiation therapy. The effective amount

25  to be administered to a patient is based on body surface area, patient weight, and physician
assessment of patient condition. In illustrative embodiments, effective doses can range, for
example, from about 1 ng/kg to about 1 mg/kg, from about 1 pg/kg to about 500 ng/kg, and
from about 1 pg/kg to about 100 pg/kg.

In one illustrative aspect, at least one additional composition comprising a

30  therapeutic factor can be administered to the host in combination or as an adjuvant to the
above-detailed methodology, to enhance the binding ligand drug delivery conjugate-mediated
elimination of the population of pathogenic cells, or more than one additional therapeutic

factor can be administered. The therapeutic factor can be selected from a chemotherapeutic
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COON 0 CO2HO HuQ®2C. "' "00 1-1-1dN /NH 'COCNI I NHN 7Hs- H3C ONsVI)" 0" Ho2c

Ho2c 22.0 ng of EC0616 in 0.1 nL THF, was added 2.6 ng NHS in 0.1 nL THF,
2.7 nmg DIwaAoion3s3s nmL THF, 11.7 ng of PyBOP in 0.1 nL PWEF/USING/O0FBaEti on
m xture was stirred at roomterrperature for 40 mns vvith HPLC noni toring

t he reaction r ent 0 DP added to the

reacti cﬁge%tnar%rtoq}qg}?rﬁpé’ “91 %§apa%i€§|$§l ‘E@@g}%" acaf. d8fved in 0.5 nL

H20, t hemhifdieHsitrahih®1iPAhd/drag QMIW Jleous solution, then mxed with
ter h,

t he above reaction sol utions. Af HPLC purification with 1 nmM
phosphat e buffer I(1|@He ?l)usgatw; dpe, tﬂtgrapfﬁutE@rljzaﬁfecaiths epmbingpbrid c'pfzcmsieon LCMVB
(ESI) (M + 033, 4 + D20 (& J =
62 1 tagdpydhn $E g n ohe INGoS G G b hnelappind iy cbebhye fligley 7.7,
(d, 53 Fhd th%rdﬂéutlclfab’()or er éééhn(éﬂe in amoﬁntéreh’%m Afrdih ﬂb@th)Bl MIU/ doséidaylg, 1 H),
6.90 (t, J = 7 82 s 2 H), 6.40 (s, 1H), 6.18
(s, 1H)abowgt 1657M(IHén /QOSF»(}iaysl%m dqseﬁflﬂyneg@zelq 1 fgjrexamplq) ingnamtg ¢ | J =

8.3 Hz’r%%g \F%fro %%ut %%%%@F%e/dzﬁ/ %%38&@27 %ghy/ég&(?se?da?gﬁ% %uiép}?%im - 6I7-|)6 (s,

1 64 1dad§ rédiimeb, ddp be Lis@Palodg Wah (i antiBolkde,dréky Bived: Gmjgates 1d Eimind@Synt hesi s
of a-t-Butyl-y-2-(Pyridyl)disulfide-ethyl Methotrexate EC0619. H2NNf HN1.rN
NH To are%@ﬂ Orsrteiuiérﬁ]é@ regiagenis selby inphastigianet rboring the apthogendg cells ¢MiKi< aci d

E 14 I r

aan( 2 AR B BRI P R s sl BRALTRE M sy,

| eq.). PyBop (48nyg,andth@éegmbqditheinydremoyivemzatic hgomd, evlﬁtharg follextomeplg, and 4-
25(di met hyl am_ no) p r|d|ne 1. 1e we ded. ter ring for 5
o rYBERE HRTRENes 8o W 5E a0 s il ool s Rk ST 4G Uie

A1 1 0Wedind 0 sh s 16 QO TSR HObrA IR0 UUORFTEIRGHIISRO09/ 057363
h (TLC, 20% MeOH in CH2Cl12). The solvent was renoved undér uced

p r essurichThemetheiapeytic-agems QIWIFdechylrf)n@F@UIC@dﬂ encé@qrytosm@udataﬂeﬁl@nr@ (38ng) was

ur,i.fi ed rat e HPLC m.acet at.e H = .7 and

P od oy SRR sy S irSaeh® 2 TGP RAL AT ARR S6muBl =iy . 6 6. 55
(S 1H)estr8eehd, E(Iﬁﬁletal)ﬁhtes 8udhgas(d§tosﬂdé)a,rab1n(7s?de( rideHinaloés, rintldine Ahllogs/- 19 (M
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g t- (Blfilc;?whé&l( %ﬁolfx%%?gt%g%l A@E&&e{ hg%ﬁﬁﬁfel Eg?%xg ér aﬁ%%l%) (20ngy) was
di ssol wgdlopRosphhmide, dz(ﬁnEE]&éfﬁl 137601 l’ItZJtOﬂn( ﬁlﬁnt&&ﬂ'ﬁ&ds &r&ﬂrﬁ'doﬂ&) The reaction

m xture was stirred for 1 (analytlcal HPLC, .10 HA0Ac, pH = 7 and
aceonilbprPeyrea; tﬁ@ﬁoﬂ%é%‘?f{l}éﬁl%% dispodsraphides: @ﬂq{%‘i‘lbu}?ﬂ%hllmé%fﬁ’l etpioﬂvglones

preci P'tﬁﬁﬁl?slﬁ\ecﬁlc\‘%ﬁ%gr | e gbﬁ)rnp,yajecﬁW%prgﬁlﬁegz['eﬁﬁécﬁ&@ dJXC -seco-

centrifugation under vacuu e crude product (18ny) .
Thi s ydytloprqpeivberz] elindaloppyeayydud mslidify @berembiyiotinptitrogeaneradtads,.was used in
the nexntltrosstu? as V\él}lprgsl‘cjitne fvlfrrlblgstlrne and analogs and derivative thereof such as
deacetylvinblastine monohydrazide, colchicine, colchicine derivatives, allocolchicine,
25  thiocolchicine, trityl cysteine, Halicondrin B, dolastatins such as dolastatin 10, amanitins
such as a-amanitin, camptothecin, irinotecan, and other camptothecin derivatives thereof,
geldanamycin and geldanamycin derivatives, estramustine, nocodazole, MAP4, colcemid,
inflammatory and proinflammatory agents, peptide and peptidomimetic signal transduction
inhibitors, and any other art-recognized drug or toxin. Other drugs that can be used include
30  penicillins, cephalosporins, vancomycin, erythromycin, clindamycin, rifampin,
chloramphenicol, aminoglycoside antibiotics, gentamicin, amphotericin B, acyclovir,

trifluridine, ganciclovir, zidovudine, amantadine, ribavirin, maytansines and analogs and

derivatives thereof, gemcitabine, and any other art-recognized antimicrobial compound.
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15 purification. ESI-Ms: (M+ H) = 624.32; 1H NWR (300 MHz, DWVSO-d6): 6
12.58 (br, 1H), 8.69 (s, 1H), 8.41 (m 1H), 8.23 (d, 1H), 7.76 (m 1H),
7.70 (d, WeRp10033B3(m 1H), 6.80 (d, 2H), 4.85 (s, 2H), PeTAB240m05EY , 4. 19
(t, 2H, 3.23 (s, 3H, 3.05 (t, 2H, 2.35 (t, 2H, 2.08 (m 1H, 1.91 (m
1H). Synthesis of_ECD401. Frnoc u-Q Bu Ony, .leq.). s.dissalved in
dry EtOAc. The sol OI[‘)%P% f%%%%?&dml%géeﬁwngﬁ hoyst %rflmﬁ e Gk $on,

N, N-di i3 aRr QR bW BEb RRIHeARhAY dri cﬂeﬁqer)y @A chRORM Wk 1ehh At UG8
(141AL, 1.5eq.) were added to this solution. ,é fter stirring at -15C for 45
mn, hyradriimeceadpoxypyitiof theciatheZompysitidi neiRaipingdhes bindmigylizaed Hig desiveny (24ny,

1.4 )was adde 5T reaction.mxture i,s sti red 5C for 30m n,
e e R R S pr E R A s TR P BB Tyttt BresBodibi el e 1885 o e
sti Bri n@nji@steC Nyl sabie thef Peudcasishisitiodtdhtadfingring tidra dﬁe@ﬁﬁ‘f&d@dﬂh@ﬁat ure (TLC,
5% MeOH in CH2C12). The sol vent was evaporated to dryness. The WO

2010/ 03B73pmavAlbSAGwYr 037863 begsdd i ng pyri dyl dit hi o-derivative of glutamic

ther). £8i-v5:  ChcHTR e Lot Bl uRedhed RS BPuEeaBE gt ofhided, P71
(m 4H)s,ynffleﬁc8m(3d1,od2 Hl“he gyn%tl(: Tmetli’ddb ,are7¢1"2)861( dicpeﬂcﬂ'l)lg uﬁoril.ﬁle(sﬁllectld'rb of the 76 (m

1H), 4.35 (t , 2H), 2.24 (m 4H
1.90 (rAptiepplly ae;iihtkpgl l(egem@ﬂ}ls Os thﬁ@&aéorm th%%lﬁ@lf?@&aaréseei %thwaffw&h de

Py riindyl I T; rred
soIIBti C}%ﬂé %3%?*‘ g@%l 3}%%1? vat ?0\55%%0%‘]t16%1%n (i:% g%ileda IE%C)?%l 41%0:%& |l eq.)

10 in CfD;tnlIDE/EeaNGSHMdddscnbed in Richard C. Larock, “Comprehensive Organic

44N- (2, 4-di.am no- 6-pt eri di_.nyl met.h N- et h oi ¢ _aci SNy,
eq ) HRSHETR ESGHS (SoRGional EfRp NePLiy, o BRI R ot &t SR
1. 1eq. )1989)darfl 1ﬁ¢h€§&d}yha@rééﬁkwpétgﬂ G%(ﬁ"ﬁ% “ProlRflve GréVps§6n Ordinle Of

stirring, triethylam ne (291AL, 3eq.) was added. The reaction mxture was
al | ovxecS}tndleSJtSJ”r2de€tdltrqmmltneWpleY&t&vré, In@rNsm York THY 13.che dineloswaes @fewvﬂmvl@d under

et o B TReSit s etial o B PR B MR T S 1 B b b o,
pH = 7 vandligka! anbhé eﬂl&)dlmEﬁJ tﬁvsmkéMnﬂuki&s ancﬁaé% dpude NVR (DMBO- d6 & D20) 6

8.57 (s, 1H), 8.46 (d, 1H) m 2H), 7.73 H, 7.24 (t, 1H), 6.81
(d 2H) 4.79 (s, Inzpptheme@@od(imfsntl follpwg elﬂustrzwe angifolate(linkesH) . 3. 09 (t,

lﬁéer{qéd%g@%egﬁ% (m 1H), 1.91 (m 1H), 1.39 (s, 9H). 20Synthesis of

I\/bt hot rexa e Pyridyl di sul fi de-ethanol Car bazate EC0403: H2NN1\1
COO-tBu COO tBu
5 0 Joa
Fmoc—N—CH + A~SN —> Fmoc—N CH
(C|)H2)2000H "o CH20H2 O/\/s O Jj©/\

coo tBu o
HO.C © 2

*/CﬁDA e D wg#gw .

HOSC

COO IBu

HOZC o oL HC— NJ\Q\
St it AT Bty
HOLC HOLC l
HOZC o
HOZC o oL HC— NJ\Q\
)Jj/ 71)\ Jj/ \"/\/s—s\/\ok) /\d‘\
HO2C HO2C
20 a) HOBt, DMAP, DCC; b) PyBop, DMAP, HOBt, Et;N; c) TFA

It is to be understood that the foregoing process is illustrative and may be adapted and

modified for the preparation of additional intermediates described herein.
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Il HNI.rI N N NH The t-butyl-protected pyridyldithio-derivative of

nmet hot r exat e EC0402 (25ng) was dissolved in 0.5 nL of TFA/ TIPS sol ution
(97. 5% FAyO208R88BY) . The reaction m xture was stirred PETUSR000/0573k3 t hen
precipitated in diethyl ether (analytical HPLC, 10 nM NH40Ac, pH = 7 and

acetonitrile). The resulting precifi s washed with diethyl ether (3
X), isolated by WD 2010/ 033733PC§%§%§§%€57363 centrifugation, and dried

under vacuum to affeqblod e ikhWdavPELM LS {rd 88R)ibed hi s yel | ow powder,
met hot r exat e hydrazi de pyridyl di sul fi de- et hanol carbazate EC0403, was used

in the next step Mitetdst Pfeeit heid (Bgd afid NatiriduordaSity lpBroi¢ lekid vire prepsed3; 1H

252" (dbcorthyeto ol o Pebpemyfongt Rppiyieh s 5y pe i Bgobgbosigy nkdiog” Y-
2H) 5 7.M4rchti4, 2dds, Pépide {yinthediblreagbn@ velélpurdilsed ZoRPNOVABiddem ¢.a8 6114, 94

Synthesis of a-t-Butyl- y -2- ()pl\éri dyl ) di sul fide-ethyl Am nopterin EC0459.
H2NN1\ 1CA) 3d| BaghgmpnSpp Cadps, CA). Folate-free RPMI media (FFRPMI) and PBS were

obtained from Gibco, Grand Island, NY. Bovine soluble milk folate binding protein (sFBP)
was purchased from Scripps (item #F0524). *H-thymidine was purchased from Moravek
Biochemicals, Brea, CA. All other common reagents were purchased from Sigma (St. Louis.

10 MO) or other major suppliers.

Comparative compounds EC20, EC119, EC17, EC72, EC140 and EC145 were
obtained from Endocyte, Inc. (West Lafayette, IN). Their syntheses, purifications and
analytical characterizations have been described in detail elsewhere (Leamon et al.
Bioconjugate Chemistry 2002;13(6):1200-10; Lu et al. Cancer Immunol Immunother

15 2002;51(3):153-62; Leamon et al. Bioconjug Chem 2005;16(4):803-11; Leamon et al.
Bioconjug Chem 2006;17(5):1226-32; Vlahov et al. Bioorg Med Chem Lett
2006;16(19):5093-6). Comparative example des-glutamyl CB3717 and antifolate CB3717
may also be prepared according to known procedures (Jones et al. Eur J Cancer
1981;17(1):11-9; Jones et al. ] Med Chem 1986;29(6):1114-8).

20 Comparative Example. Synthesis of EC216. In a dry 10 mL round bottom
flask, Pte-Cys-OH (7.6 mg, 18.3 wmol) and 3-(4-desacetylvinblastinyl)hydrazinecarboxylic
acid 2-pyridyldithioethyl ester (15 mg, 15.3 uM) were dissolved in 0.8 mL of DMSO under
argon atmosphere. DIPEA (54 uL, 0.31 mM, 20 equiv.) was added to the above solution, and
the resulting clear solution was stirred under argon for 3 h. Progress of the reaction was

25  monitored by analytical HPLC (10 mM ammonium acetate, pH = 7.0 and acetonitrile). The
reaction mixture was filtered and injected on a prep-HPLC column (Waters XTerra C18, 7
um, 19x300 mm). Elution with 1 mM sodium phosphate buffer, pH = 7.0 (A), and
acetonitrile (B) (method: 1% B to 80% B in 30 minutes at 15 mL/min) yielded pure fractions
containing the product. Pure fractions were combined and acetonitrile was removed under

30 reduced pressure at ambient temperature. The resulting EC216 conjugate was isolated after
freeze-drying for 48h (10 mg, 51%). 'H NMR (300 MHz, DMSO-dg with D,0) ¢ 8.63 (s,
1H), 7.58 (d, J=8.7 Hz, 2H), 7.36 (d, / = 8.4 Hz, 1H), 7.24 (d, J = 8.1 Hz, 1H), 7.10-6.80
(m, 2H), 6.65 (d, J=9.0 Hz, 2H), 6.41 (s, 1H), 6.19 (s, 1H), 5.68 (m, 1H), 5.56 (d, /= 10.2
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OS NO To a well stirred solution of pyridyldithio-derivative of glutamc
acid (95ny, leq.) in 1 nL 10dry DMF was added Des-gl u-am nopterin (50ng,
| eq.). PyweBopo(0ass133 1.1leq.), 1- hydroxybenzotriazol e (220%/US2002867353 and
4- (di met hyl am no)pyridi ne (22nmg, 1.1eq.) were added. After stirring for 5

o owed e g 20 B2 S a iR b el iy A BRI B 1 p 1 2)

The solxeni syas, pATMVAL) YSEEr sHEdURed P eSS 8H) I0e 1 7 Yt Yhz, 3H);
-2-(py 2}9 g?sulf?rge et hyl@?llS fnst hotr exat e (45)rrg \(Nas purlfZ "by

pr epar eltGMé (BPDONIHOHMV: &2ffodt. um acetate, pH = 7 and acetonitrile). ESI-MS:

(M+|—|):6662 H 8.42 (m 1H),
8.19 (d, J = é&‘themo “f%%?%dﬁg? S}%P?edetgﬁl‘ﬁ‘%‘lt%thiﬁzdlesé‘fﬁ) 7.20 (m
1H) 5 6.5@d1d, J 8.8 Hz, 4.49 (s, 2H), 4.28 (m 1H), 4.22 (t, J 6.0
Hz,2H),3.07(t,J 60H22H) 2.38 (t, J =7.7 Hz 2H), 207182(m
2H), 1.37 (s, 9H). 20Synthesis of {§°2*(Pyridyl)disul fide-ethyl Aninopterin
EC0460 a-t-Butyl-y-2-(pyrifdy-)Ndi-stl fi ge- et hyl /a nopteri n EC0459 (36nm)
was dissolved in 0.5 nL TFA/ TI PS ;QICH NA A 2.5%1PS). The
reaction mxture was stirred for T h {anal ytlcal HPLC, 10 nM NH40Ac, pH = 7
and acdimdd d(t-bueyl)-1+fletnfic acidpl 2233 rhimolb), - (ﬁypyraﬁmlhﬁcs)ethlﬁtﬁ (6&E1E,13.000
precipitate was washed with diet hé)léijet her éf isolated b

cent ri fIGAtS-dAMAANGOaME o draele) HaRs it %@Wlft)w:éasmﬁaléf%ﬂrbm@( 30nm) .

Thi s YE&IIIMZ Ocﬂggcglutlyl} %asg H%@ @@Mgf B%rﬁ&lgylth@%@tﬁs s'ﬂrrem used in

the next step wthout furt r purification. ESI- = 610.1; 1H NWR
(300 NMiromDMBRErdise DRIY argdon ®vBhighs, Ththpacti®n 4dix(ung wiilterdd add thensolvkelpt, 7. 72

dd, = , , .20 ., 6. d,. = @ 2H) , 6

El 36 ‘(]dvas\jsvgp@aiﬁd%!fglu%g)wassa%g]%d 'a_glss\??v_ezcge esqu&p ct5 921%17?1{ 1’|1_’|1)01j3 éH?i&G( >

2H) , 52thé-5rg‘a§1c@éluﬁ€h whiDwasifed ﬁa@ﬁcg M:b)'ﬂb% NaCl (pH = 6), theaydHeQesks of

Am nopterin-Ot-butyl-hydrazi Pyri dyl di sul fi de- et hanol Carbazate EC0468.

H2N N NMESOnXiltek¢dngdn eMgdorated to give a clear oil. The crude product was put on silica

column with 50% EtOAc/50% petroleum ether as eluents to give 1.5 g of product. 'H NMR

15 (CDCls) 8.47-8.44 (m, 1 H), 7.46 (d,J =7.4 Hz, 2 H), 7.68-7.58 (m, 4 H), 7.39-7.26 (m, 4 H),
7.10-7.05 (m, 1 H), 5.42 (d,J =8.0 Hz, 1 H), 4.40-4.26 (m, 4H), 422 (t, ] =7.2 Hz, 1 H),
3.03 (s,t,J=6.3 Hz, 2 H), 2.50-2.30 (m, 2 H), 2.28-2.18 (m, 1 H), 2.02-1.85 (m, 1 H), 1.48
(s, 9H). CNMR (CDCl3) 172.7, 171.2, 159.8, 156.2, 149.9, 144.1, 143.9, 141.5, 137.26,
127.9,127.3,125.3, 121.1, 120.2, 120.1, 82.8, 67.3, 62.6, 53.9, 47.4, 37.4, 30.3, 28.2, 28.1

20 Synthesis of EC282 (CB3717).
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To a well stirred solution of pyridyldithio-derivative of glutamc acid
EC0401 (104ng, leg.) 10 in 1 nL dry DVF was added Des-gl u-am nopterin
(50ny, | eyo) ofoaisbmaed by PyBop (94ny, 1.1leq.), 1-hydroxpb@nsetmioaes e
(24mg, 1.1leq.), and 4-(di nethyl am no)pyridine (22ng, 1.1eq.). After 5 mn
of stirringg triethylam ne (671AL, 3eq.) ywas added. The reaction m xture
was all owedl{g.stir at roomterrperature r overni ght. The solfvent was
renoved ufl in?%uceds peessuie. The tor f ot ect.ed o MN Br

pyri dyl diNhivofer i vati ve of st hﬂgcrseecame o” 195%((@55%&5_ N fied by
preparative HPLC (10 mM NH40Ac, pH = 7"and acetonitrile ESIMS: (M+ H =
724.2; 1H NWR (DVBO d6 & D20) 6869(s 1H), 8.45 (d, J 4.5 Hz, 1H),
7.86-7.74 (m 2H), 7.70 (d, J = 8.8 Hz, 2H), 7.24 (t, J = 6.2 Hz, 1H), 6.73
(d, J = 8.8  2H), 4.49 (s, 2H), 4.27-4.18(mp 1H), 3.08 (t, J = 6.2 Hz,
2H), 3.03- ¢wmg 2H), 2.22 (t, J =7.6 Dovel- 08-1.86 (m 4H), 1.39
(s, 9I—|)H N nt hesi s ofo/mopt—eﬁ—ﬁ—Wdraz Pyri dyl di sul fi de- et hanol
Carbazat'e ECD469:  H2MM )\ HNI7¥4 N N'NH The t-butyl-protected
pyridyl dithio-derivative of am nopterin EC8¢68 (33ng) was dissolved in 0.5
mL of TFA/ TIPS solution (97.5%FA, 2.5%1PS). The reaction m xture was

stirred 25 for 0.5 h then precipitated in diethyl ether (analytical HPLC,
10 mM NH40Ac, pH = 7 and acetonifrile). The resulting precipi MRS
washed with dl,.@ 9 ether (3 el aed by WO

2010/ 033733I$CT1J\U /057+3 trifuogation, ando dr)\e defl vacuumto

af f or d &< ¢rivde’ product (3Qmy) . Thi s3] olt-snedi , Niethot resat e hydr azi de
pyri dyl di sul fi de-et hanol car zate ECD465 was used in the next step

wi t hout further purification. ESI-I\/B: (M+ H = 668.2; 1H NV\R (DMSO-d6 &
D20) 6 8.82 (s, 1H), 8.44 (d, J = 4.7 Hz, 1H), 7.80 (m 2H), 7.71 (d, J =

8.8 Hz, 2H), 7.24(t, J 5= 4.6 , 1H), 6.74 (d, J = 8.8 Hz, 2H), 4.60 (s,
2H), 4.32 (dd, J % 0_Hz, CA”?O(t J =6.0 Hz, 2H), 3.07 (t, J = 6.0
Hz, 2H), 2.22 (t, ~2H), 2.15 - 1.94 (m 2H). It is
to be understood t regoi ng processes nmay be adapted with the
appropri ate sel é'@lhﬂl (’)\‘n of st ing materials to prepare additional

conj ugat es descri bed hexessn, such as the followi ng: OH
a) Et3N, 1,4-dioxane, reflux; b) NBS, benzoylperoxide, CCly, reflux; c¢) K»,COs, DMF, 80 °C;
d) CaCOs, DMA, 80 °C; e) NaOH, H,O, >4 hours.
Synthesis of NIO—Propargyl—S,8—dideazefolic a-t-Butyl-y-2-(pyridyl)disulfide-
5 ethyl-diester EC0615.

COO t-Bu

/©)LNH CH |
H N

2

614mg of Fmoc protected glutamic acid EC0614 was dissolved in 12.0 mL. DMF, 5,8-
dideazapteroic acid (350mg), PyBOP (510mg) HOBt(150mg), DMAP(135mg) were added to
the solution. The reaction mixture was then stirred for 5 mins, 0.3 mL Et;N was added and
10 the reaction mixture was stirred overnight. The reaction mixture was added to NaOAc
(0.1M)/10% NaCl (pH = 6), centrifuged and got the crude product 601 mg, the crude product
was purified by HPLC (10 mM NH4OAc, pH = 5.2 and acetonitrile) to give 360mg product.
'H NMR (DMSO-d6) 10.92 (br, 1 H, lactam NH), 8.42 (dd, ] =4.8, 1.0 Hz, 1 H), 8.23 (d, ] =
8.7Hz, 1 H), 7.82-7.70 (m, 5 H), 7.47 (dd, J = 8.3, 2.1 Hz, 1 H), 7.20(m, 1 H), 7.13 (d,J =
15 &8.7Hz,1H),6.83(d,J=28.8Hz 2H), 6.28 (br, 2 H), 4.64 (s, 2 H), 4.32-4.19 (m, 5 H), 3.19
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N\ \ 10CH, wherein Ais N9-CH3-5-d(i)Pted@u, 5-d(i)Ptedu, |AHQ
BWL843UB9, 2- NH2-ZD1694, ZD1694, CB3717, 5-dH4APteAPBA, 5-dPteHCysA, or
DDATHF. woChho/osemssein A is NI-CH3-5-d(i)Pted u, 5-d(i) PCEESaqg09i02HI63
BWL843U89, 2- NH2-ZD1694, ZzZD1694, CB3717, 5-dH4PteAPBA, 5-dPteHCysA, or

DOATHE.  HO PIRHOTR B0 0 BP0, 2 374 b-riiined ) bR 6 280 1 o

OHC]—II—@ (H)-IO,\HC]—IC]—IOSC]—IHC]—IOV\herelnAlsNQCI-ISSd(l)PteGu
5 d(i)Pte AHQ BWL843U89, 2- NH2-ZD1694, ZD1694, CB3717, 5-dHAPt eAPBA,
5- dPt eHQ/sA "or DiyaTHeFs Of\mszmﬂﬁﬂlib&m@dfﬁwwﬂ@@@ﬁ@&?\woﬁl@HHCI)A( 0O H

5 39.5 mg of DAVLBH pyridyl disulfide derivative was dissolved in 0.5 mL THF/0.5 mL HO0,
4.2 mg of mercaptopropionic acid was dissolved in 0.5 mL THF/0.5 mL H,O, the solution
was adjusted to pH 7 while purged with argon. Mercaptopropionic acid solution was added to
vinblastine solution and stirred for 20 mins. The reaction mixture was purified on HPLC (10
mM NH4OAc, pH 5.2). 24 mg of product was obtained after lyophilization. LCMS (ESI)

10 977.38; '"H NMR (DMSO0-d6) 9.39 (s, br, 1 H), 9.29 (s, br, 1 H), 9.12 (s, br, 1 H), 8.61 (s, br,
1H),7.35(,J=8.0Hz, 1 H),7.24 (d,J =8.0Hz, 1 H), 6.99 (t, J=7.0Hz, 1 H), 6.90 (t,J =
7.0 Hz, 1 H), 6.40 (s, 1H), 6.18 (s, 1H), 5.67 (dd, J = 10.6, 4.7 Hz, 1 H), 5.56 (d, J = 10.6Hz,
1 H), 4.21 (t, br, 2H), 4.14-3.90 (m, 3 H), 3.78(s, 1H), 3.70 (s, 3 H), 3.50 (s, 3H), 3.38 (s, 2
H), 3.26-3.00 (m, 6H), 3.00-2.87 (m, 5H), 2.86 (s, 1H), 2.76 (s, 3H), 2.71-2.57 (m, 2H), 2.52-

15 247 (m, 3H), 2.40-2.38 (m, 2H), 2.05-1.88 (m, 2H), 1.70-1.50(m, 2H), 1.38 — 1.20 (m, 5 H),
0.88 -0.56 (m, 7H)

Synthesis Of EC0285.
COOH

HOC.(_
COZHO O HC HN

)Jj/ \n/\ )‘j/ \n/\/S—S\/\O /\d
HO,C HOLC /

117 mg of EC0615 and 87 mg of thiopeptide in 6.0 mL. DMSOQ, purged with argon, added 0.2
20 mL DIPEA, after 2 hours, HPLC purification (10 mM NH4OAc, pH 5.2/acetonitrile) gave
126 mg of product. 90 mg of the product was dissolved in 5 mL TFA/TIPS (97.5:2.5) and
stirred for 1 hour. Then the reaction mixture was added to cold Et,O, and stirred for 10 min.
The precipitate was centrifuged and washed with Et,O three times. The reaction afforded 82
mg of white solid. LCMS (ESI) 1073.30; "H NMR (D,0) 7.57 (s, 1 H), 7.48 (d, ] =9.0 Hz, 2
25 H),7.22(d,J=84Hz,1H),6.88(d,J=87Hz,1H),6.60(d,J=9.0Hz 2H), 4.52-4.43 (m,
3 H),4.36-4.30 (m, 2 H), 422 (q,J =4.5Hz, 1 H),3.98 (s, br, 2 H), ] =4.5 Hz, 1 H), 3.88-
3.73 (m,2 H),3.28 (dd, J = 14,9 Hz, 1 H), 3.11 (t,dd, J = 14, 9 Hz, 1 H), 2.70-2.48 (m, 8 H),
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HNCOR2HN,....(\/? NNO N=H? CQR2H CO2HO HN N =H N O=H ---- NH
re\....... , 0-) o5 wherein Ais N9-CH3-5-d(i)Pte@ u, 5-d(i)Pted u, |AHQ
BWL843UBWO0201HB3BB1694, ZD1694, CB3717, 5-dHAPt eAPBA, PCURISIMQPSTIS3 Or
DDATHF.

2.45-2.31 (m, 6 H), 2.28- 2.20 (m, 2 H), 2.17-2.03 (m, 2 H), 1.96-1.82 (m, 2 H). *C NMR
(D,0O) 181.6, 178.5, 178.2,177.9, 177.8, 175.7, 174.2, 173.5, 168.9, 154.1, 150.2, 141.7,
133.9,122.9,128.9, 124.6, 121.2, 118.7, 115.8, 112.9, 80.1, 73.5, 63.1, 54.9, 54.2, 52.4, 51.7,
41.1, 38.8, 38.7, 38.4, 35.9, 34.8, 33.2, 30.9, 30.8, 27.1, 23.3.

5 Synthesis of EC0284.

COOH o

e
COzHO HozC HCHN
I ncoRiN o S S8~ Jk)
N \/j[ m/\ e
HOC

o

A

HOLC NT “NHo

22.0 mg of EC0616 in 0.1 mL THF, was added 2.6 mg NHS in 0.1 mLL THF, 2.7 mg DIPEA
in 0.1 mL THF, 11.7 mg of PyBOP in 0.1 mL. DMF. The reaction mixture was stirred at room
temperature for 40 mins with HPLC monitoring the reaction. Another equivalent of NHS,

10 DIPEA, PyBOP was added to the reaction and stirred for 40mins. 16.0 mg of EC0285 was
dissolved in 0.5 mL H;O, then adjusted to pH 7.5 by NaHCO; aqueous solution, then mixed
with the above reaction solutions. After %2 h, HPLC purification with 1 mM phosphate buffer
(pH 7) gave 11.2 mg of EC0284 after Lyophilization. LCMS (ESI) (M + H)" 2033 .4; 'H
NMR (DMSO-d6 + D,0O) 7.57 (s, 1 H), 7.62 (d,J=8.4 Hz, 2 H), 7.46 (d, ] = 8.7 Hz, 1 H),

15 7.34(d,J=7.8Hz,1H),7.23(d,J=7.8Hz,1H),7.14(d,J=84Hz,1 H),698 (t,]=7.5
Hz, 1 H), 6.90 (t,J=7.5Hz, 1 H), 6.82 (d, J =8.7 Hz, 2 H), 6.40 (s, 1H), 6.18 (s, 1H), 5.67
(dd, 1 H), 5.56 (dd, 1 H), 4.62 (s, br, 2 H), 4.51 (t, ] =6.3 Hz, 1 H), 4.36-4.26 (m, 4H), 4.18
(m, 2H), 4.14-3.96 (m, 5 H), 3.76 (s, 1H), 3.69 (s, 2 H), 3.26-2.65 (m, 32H), 2.36-1.83 (m,
18H), 1.71(m, 6H), 1.64 — 1.38 (m, 5 H), 1.32- 1.13 (m, 13 H), 0.88 -0.56 (m, 11H).

20 Synthesis of a-t-Butyl-y-2-(Pyridyl)disulfide-ethyl Methotrexate EC0619.

WI LO\W I\)Lows |

To a well stirred solution of pyridyldithio-derivative of glutamic acid EC0614 (50mg, leq.)
in dry DMF was added 4-[N-(2,4-diamino-6-pteridinylmethyl)-N-methylamino]benzoic acid
(30mg, leq.). PyBop (48mg, 1.1eq.), I-hydroxybenzotriazole (12mg, 1.1eq.) and 4-

25  (dimethylamino)pyridine (11mg, 1.1eq.) were added. After stirring for 5 min, triethylamine

(35uL, 3eq.) was added. The reaction mixture was allowed to stir at room temperature for 18
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H No HN-N CO2H\ CH2OCON H2 .

5-d(i)
5-dPt e
NO- CH3-
CB3717,
S JNN

10

15

20

25

butyl-y-2-(pyridyl)disulfide-ethyl methotrexate (38mg) was purified by preparative HPLC
(10 mM ammonium acetate, pH = 7 and acetonitrile). ESI-MS: (M + H)" = 680.31; 'H NMR
(300 MHz, DMSO-dg): 6 8.55 (s, 1H), 8.41 (dd, 1H), 8.19 (d, 1H), 7.77 (m, 1H), 7.70 (d,
2H), 7.19 (m, 1H), 6.80 (d, 2H), 4.76 (s, 2H), 4.28 (m, 1H), 4.20 (t, 2H), 3.19 (s, 3H), 3.06 (t,
2H), 2.36 (t, 2H), 1.97 (m, 2H), 1.37 (s, 9H).

Synthesis of y-2-(Pyridyl)disulfide-ethyl Methotrexate EC0620.

Y\[ L@ﬁ( I\)LO/\/S |

a-t-Butyl-y-2-(pyridyl)disulfide-ethyl methotrexate EC0619 (20mg) was dissolved in 0.5 mL
TFA/TIPS solution (97.5%TFA, 2.5%TIPS). The reaction mixture was stirred for 1 h
(analytical HPLC, 10 mM NH4OAc, pH =7 and acetonitrile), then precipitated in diethyl
ether. The resulting precipitate was washed with diethyl ether (3 x), isolated by
centrifugation, and dried under vacuum to afford the crude product (18mg). This yellow
powder, y-2-(pyridyl)disulfide-ethyl methotrexate, was used in the next step without further
purification. ESI-MS: (M + H)* = 624.32; "H NMR (300 MHz, DMSO-de): & 12.58 (br, 1H),
8.69 (s, 1H), 8.41 (m, 1H), 8.23 (d, 1H), 7.76 (m, 1H), 7.70 (d, 2H), 7.19 (m, 1H), 6.80 (d,
2H), 4.85 (s, 2H), 4.35 (m, 1H), 4.19 (t, 2H), 3.23 (s, 3H), 3.05 (t, 2H), 2.35 (t, 2H), 2.08 (m,
1H), 1.91 (m, 1H).

Synthesis of EC0401.

O

H
. SN
FmocHNI\)J\N N\H/O\/\S N
H |
O =

s
Fmoc-Glu-O'Bu (30mg, leq.) was dissolved in dry EtOAc. The solution was cooled to -
15°C. With stirring under argon, N,N-diisopropylethylamine (26uL, 2.1eq.) and isobutyl
chloroformate (14uL, 1.5eq.) were added to this solution. After stirring at -15°C for 45 min,
hydrazinecarboxylic acid 2-(pyridin-2-yl-dislfanly) ethyl ester (24mg, 1.4eq.) was added.
The reaction mixture is stirred at -15°C for 30min, and then it was allowed to warm to room
temperature within 5 min. The stirring was continued for an additional 30 min at room

temperature (TLC, 5% MeOH in CH,Cl,). The solvent was evaporated to dryness. The
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.SOMe NH 10 wherein Ais N9-CH3-5-d(i)Pted u,

Pted u, | AHQ BW.843U89, 2-NH2-ZD1694, ZD1694, CB3717, 5-dH4Pt eAPBA,

HijazomvosuATHF WD 2010/ 033733PCT/ US2009/ 05736 BCT/USMI9/0&1363 A | S
5-d(i)Ptedu, 5-d(i)Ptedu, |AHQ BW.843U39, 2-NH2-ZD1694, ZD1694,

(@‘ﬁ%%@ﬁgg%?ﬁli@e)g %As\a%,vgé-;l vegpf-fl:-nl_lugved un ep re%ﬁced pressure. The o-t- o2
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11110110Bz OH oG di* , . QCAc ----- 0O 10 wherein Ais N9-CH3-5-d(i)Pted u,

5-d(i)Pted u, | AHQ BW843U89, 2-NH2-zD1694, ZD1694, CB3717, 5-dHAPt eAPBA,
5- dPt eHOMS0,200v03BDBATHF. HO wherein A is N9- CH3- 5- @#CIr)juB2@Qi067363

5-d(i)PteGu, |AHQ BWL843UB9, 2- NH2-ZD1694, 15 ZD1694, CB3717,
5 dHAPLoARBA, o IR GHOISA Jor POATHE. S H 50 HN O H wherein A
i's No- ¢l nt‘iﬁ(ﬁ)"ﬁ‘ﬁ%@ %er5va6‘(“?)) @mjc agig %%04@%1_%@ S Dieg OPBIEEA,

ZD1694,

2010 NéeP&SiZﬁaﬁ é6é%%%%5€t%t(h§r)dﬁﬁb@ %}9{ + A DRI IR RYR ICDYMER wher e

ZD1694

CBS717 R )egég)&t Eﬁéﬁm)ﬁ\” 15 Sl 1Y 2 e R80 m. £0L0°

NO- GH3-
CB3717,

10

15

20

25

i )Pted AHQ BWL843U89, 2- NH2- ZD1694
CICEI717 8.48(dHAPt 2APBA, 48), d’FfESe(IdCXIHA7 B (LOBATHES (t, ’Her it §H,

249Gl 9.ed u, 5-d(i)Pted@u, 1 AHQ BWL843U89, 2-NH2-ZD1694, ZD1694,
5- dHAPt eAPBA, 5-dPt eHCysA, or DDATHF.
Synthes1s of Methotrexate-O'Bu- Hydrazide Pyridyldisulfide-ethanol Carbazate
EC0402:

mﬂ 0

To a well stirred solution of pyridyldithio-derivative of glutamic acid EC0401 (45mg, leq.)
in dry DMF was added 4-[N-(2,4-diamino-6-pteridinylmethyl)-N-methylamino]benzoic acid
(25mg, leq.) followed by PyBop (39mg, 1.1eq.), 1-hydroxybenzotriazole (10mg, 1.1eq.), and
4-(dimethylamino)pyridine (9mg, 1.1eq.). After 5 min of stirring, triethylamine (29uL, 3eq.)
was added. The reaction mixture was allowed to stir at room temperature for 18 h. The
solvent was removed under reduced pressure. The #-butyl-protected pyridyldithio-derivative
of methotrexate EC0402 (25mg) was purified by preparative HPLC (10 mM NH4OAc, pH =
7 and acetonitrile). ESI-MS: (M + H)" =738.1; 'H NMR (DMSO-d6 & D,0) ¢ 8.57 (s, 1H),
8.46 (d, 1H), 7.80 (m, 2H), 7.73 (d, 2H), 7.24 (t, 1H), 6.81 (d, 2H), 4.79 (s, 2H), 4.22 (m,
1H), 4.20 (t, 2H), 3.21 (s, 3H), 3.09 (t, 2H), 2.21 (t, 2H), 2.01 (m, 1H), 1.91 (m, 1H), 1.39 (s,
9H).
Synthesis of Methotrexate Hydrazide Pyridyldisulfide-ethanol Carbazate
EC0403:
HoN
HN

N
J
= N
§ 1R o S _N
N’\n/\/\s/ AN
O H @] l/
0~ "OH

The ¢-butyl-protected pyridyldithio-derivative of methotrexate EC0402 (25mg) was dissolved
in 0.5 mL of TFA/TIPS solution (97.5%TFA, 2.5%TIPS). The reaction mixture was stirred
for 0.5 h then precipitated in diethyl ether (analytical HPLC, 10 mM NH4OAc, pH =7 and
acetonitrile). The resulting precipitate was washed with diethyl ether (3 x), isolated by
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WD 2010/ 033733PCT/ US2009/ 057363 wherein A i's N9- CH3-5-d(i)Pted u,
5-d(i)Ptedu, |AHQ BWL843U89, 2- NH2-ZD1694, ZD1694, CB3717, 5- dHAPt eAPBA,
5- dPt eHOMS,20M03B0ATHE. CH H2N, TN H 1-INL 411i ...", COPETAIS2049k573k5 0- 0
N so CO\IHN HHO2Cr Ny ’>N)C|N)’>NyO S /nHOHHBCHOZC

C o 5 re| Pted u, | AHQ
BWL843 689“1 54 un 1‘@9‘&“@ (1“? th%&aiiﬂp‘fogﬂﬁélkg 18 W, or

DDATHF. howder mém&tfe%ﬂé dfaald@% rautide) &t £ ébrbézafé(mm(g%s udeBifQthe
B\/\2L843l5)8 2-NH2- ZD169 B 4, CB3717, 5-dH4Pt eAPBA 5- dPt eHCysA, or

DDATHF..next w;ewahquuﬁumermgnﬁsm@ RSN e o, HS——C@Z)Pt HAMR (DAMRY-d$&843U89,
a'ONH.Z' &9@%48.75'8??1%8. 37, P A PRAAT AN G S fiPh S Y Sy, (&1 P s; HO
5  (s,2H),4.32 (dd, 1H), 4.20 (t, 2H), 3.24 (s, 3H), 3.08 (t, 2H), 2.21 (t, 2H), 2.05 (m, 1H), 1.94
(m, 1H).
Synthesis of a-7-Butyl- y -2-(pyridyl)disulfide-ethyl Aminopterin EC0459.
HoN

N
1k
O
A

To a well stirred solution of pyridyldithio-derivative of glutamic acid (95mg, leq.) in 1 mL

10 dry DMF was added Des-glu-aminopterin (50mg, leq.). PyBop (94mg, 1.1eq.), 1-
hydroxybenzotriazole (24mg, 1.1eq.) and 4-(dimethylamino)pyridine (22mg, 1.1eq.) were
added. After stirring for 5 min, triethylamine (67uL, 3eq.) was added. The reaction mixture
was allowed to stir at room temperature overnight (TLC, 20% MeOH in CH,Cl,). The
solvent was removed under reduced pressure. The -¢-butyl- -2-(pyridyl)disulfide-ethyl

15  methotrexate (45 mg) was purified by preparative HPLC (10 mM ammonium acetate, pH =7
and acetonitrile). ESI-MS: (M + H)" = 666.2; 'H NMR (300 MHz, DMSO-dg): 0 8.69 (s,
1H), 8.42 (m, 1H), 8.19 (d, J =7.7 Hz, 1H), 7.77 (m, 1H), 7.70 (d, J = 8.8 Hz, 2H), 7.20 (m,
1H), 6.74 (d, J = 8.8 Hz, 2H), 4.49 (s, 2H), 4.28 (m, 1H), 4.22 (t,J = 6.0 Hz, 2H), 3.07 (t,J =
6.0 Hz 2H), 2.38 (t, J = 7.7 Hz 2H), 2.07-1.82 (m, 2H), 1.37 (s, 9H).

20 Synthesis of y-2-(Pyridyl)disulfide-ethyl Aminopterin EC0460

HoN

I
NI\)L oS g Sy
OO OH

a-t-Butyl-y-2-(pyridyl)disulfide-ethyl aminopterin EC0459 (36mg) was dissolved in 0.5 mLL

TFA/TIPS solution (97.5%TFA, 2.5%TIPS). The reaction mixture was stirred for 1 h

(analytical HPLC, 10 mM NH4OAc, pH =7 and acetonitrile), then precipitated in diethyl
25  ether. The resulting precipitate was washed with diethyl ether (3 x), isolated by

centrifugation, and dried under vacuum to afford the crude product (30mg). This yellow
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HO OH O Jk-A NH OHI Ar" CH3HO O wherein A is N9-CH3-5-d(i)Pted u,
5-d(i)Pted u, | AHQ BWL843U89, 2-NH2-zD1694, ZD1694, CB3717, 5-dHAPt eAPBA,
5- dPt eHOMS0,2003BBATHF. WD 2010/ 033733PCT/ US2009/ 057 36 BCTHISRD0/0536OHHH N
meO0 C HZONNN- A " "¢ , AXN N H O—IOIO CH3HO OHO2C wherein Ais

N9C:I-|350(Iié 2&,5%15 u, |A B\/\18 1&%@2 NH22169f4 hZD1694
CB3717,POBIgiA P EABEX]) 1@“ §1Rm°di’Fe DARHEseds ekh PR Pathaut tuither

N9- CH3-Bidichi Bt BSIus: iwm PL%@O% HARGR EVIRABLBMB- ML L6841 (ZDL6%4,
CB3717, 5-dH4Pt eAPBA, 5- dPt eHCy SA, or DDATHF wherein Ais

NO- CHB-181)d8 43 Pne GHi 7. 28 @i.i Dt Y (dd, I AP va@Hmug)g(m AENHPT ¥ DLES48.5 21694,
No- aro ATt Py el 60 B S10 g e e SR DT 214
ZD1§94 2.13B37 i, (nﬁjﬂbj%(p/f\,%@/@n, SHGPt eHCysA, or DDATHF.
Synthesis of Aminopterin-O-t-butyl-hydrazide Pyridyldisulfide-ethanol
Carbazate EC0468.
HoN

N
N
1k
N O s S
o H 5 l/
S

To a well stirred solution of pyridyldithio-derivative of glutamic acid EC0401 (104mg, leq.)
10 in 1 mL dry DMF was added Des-glu-aminopterin (50mg, 1eq.) followed by PyBop (94mg,
1.1eq.), 1-hydroxybenzotriazole (24mg, 1.1eq.), and 4-(dimethylamino)pyridine (22mg,
1.1eq.). After 5 min of stirring, triethylamine (67uL, 3eq.) was added. The reaction mixture
was allowed to stir at room temperature for overnight. The solvent was removed under
reduced pressure. The #-butyl-protected pyridyldithio-derivative of methotrexate EC0468
15  (68mg) was purified by preparative HPLC (10 mM NH4OAc, pH = 7 and acetonitrile). ESI-
MS: (M + H)" = 724.2; "H NMR (DMSO0-d6 & D,0)  8.69 (s, 1H), 8.45 (d, J = 4.5 Hz, 1H),
7.86-7.74 (m, 2H), 7.70 (d, J = 8.8 Hz, 2H), 7.24 (t, ] = 6.2 Hz, 1H), 6.73 (d, J = 8.8 Hz, 2H),
4.49 (s, 2H), 4.27-4.18(m, 1H), 3.08 (t, ] = 6.2 Hz, 2H), 3.03-2.97 (m, 2H), 2.22 (t,J=7.6
Hz, 2H), 2.08-1.86 (m, 4H), 1.39 (s, 9H).
20 Synthesis of Aminopterin Hydrazide Pyridyldisulfide-ethanol Carbazate
EC0469:
HoN
HN

N
ok
s 14 S_ _N
N N,N\H/O\/\S/ N
0 H 0 P
0% “OH

The ¢-butyl-protected pyridyldithio-derivative of aminopterin EC0468 (33mg) was dissolved

in 0.5 mL of TFA/TIPS solution (97.5%TFA, 2.5%TIPS). The reaction mixture was stirred
25  for 0.5 h then precipitated in diethyl ether (analytical HPLC, 10 mM NH4OAc, pH =7 and

acetonitrile). The resulting precipitate was washed with diethyl ether (3 x), isolated by
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WD 2010/ 033733PCT/ US2009/ 057363 OHOH wherein A is N9-CH3-5-d(i)Pted u,
5-d(i)Pte@u, | AHQ BWL843U89, 2-NH2-ZD1694, ZD1694, CB3717, 5-dHAPt eAPBA,
5- dPt eHOW0,2003BDBATHF. HOHOHO 50HHOHO wherein A is N9- EH3AS2a0i03 B2 A U,
5-d(i)Pted u, | AHQ BWL843U89, 2-NH2-ZD1694, ZD1694, CBB717 5- dH4Pt e APBA,

con ugie ke Adaar BY il tndsicvoetyma e e sty HR9E RRRT DB - RpREE T an

aci d f uypGldepMdiRottbxa }H/hmd% yRl 1d%gmdégaﬁﬁl%1 BRYaAR é@@r@p%ﬁdselaxn%dl ng an
intervening |inker group. The m%’ervenl ng |inker gr Qup is selected to

cont ai mekusiep wethaut fgmhﬂxmgrlflhatonarféld\éﬁa@ﬂ & IOf =f @8d: Y NP RIS Obindls to t he

cul  ur S BATERD BTG AL Tor6 Rty Bur kG UL b e P e ke

RPMs medi A4, FERRM) (& 9Bt$8 mznm)la%ofreaaH) n@Qt(ua'qt£§i oftes, aln) cabd (tspeum
(HIFCS) at 37Cin a 5% CO2/95% air-hum dified atrmsphere w th no
ant i bi dt9 He, 2Hhé.W (rds e8MzaiHed 11 §. har dilz.cdhpl éaredt94dm. @Rldogenous

fol ates which en

bhyai of ogi cal 1 y- bl o aea e tdithe STHENAL RS el B holb g PP g,
201991;HBidphidiz-sélectidil bf watihg mapeeialsnd phrepaveeidaitial emieted siengibed Relvin,
containing 10% H FCS (FFRPM /H FCS) as the growth nedi um unl ess ot herw se
speci f i¥ah aphgfellasdagy Rel ative Affinity Assay. One hundred microliters of
a FBP solution (10 i.tg/gn in PBS) were added to each well of a
Reacti-Bind(r) mcro A arex. WD 2010/ 033733PCT/ US2009/ 057363 Pl at es

: ! /then washed 3 t Hies vmthHQde PBS
20 (P M Plates Were eqUHllbra dio

of, ORISR
W NgeDc2% el gt i ,,dothe sheg 3 ad tlffbna tl@T’E$4WIt
PBS-T. PBS sl ut| on @- derl fe| {@\kdbnt inisig 100 nM of GPHEL,E in the

absence and presence(\51 mcr“{aaﬁ%’é“@oncentratl ons of unl abel ed FA or ECl145
werig added to designated wellcg,in triplicate. Plates were incubated at 37C

for 1 hyiréih BNNLEHSRaki)PERNG-4MPRGILNEEIQ! BWaB4SUSED-MHL [ZIPBS4T. Vel | s

were stripped with 100 'I'L of acid-saline solution (20 mM sodi um acet ate,
pH 3. 0)ZP BP94up BBl R G-dhhPigARRS M -HBipévatupeDDAAd K. he aci di ¢ sanpl es were
transferred into individual scintillation vials containing 3 nL of
cocktail. 10 Wells exposed to only the 100 nM 3H FA sol ution (no
conpetitor) were designated as Negative Controls, whereas wells exposed to
100 nM 3H FA plus 1 nM unl abel ed FA served as Positive Controls; DPMs
measured in the latter sanples (representing non-specific binding of |abel)
were subtracted fromthe DPMvalues fromall sanples. Relative affinities
were defined as the inverse nolar ratio of conpound required to displace
50% of 3H FA bound to 15FR on KB cells, and the relative affinity of FA for
the FR was set to 1. Cel | -Based Rel ative Affinity Assay. The
relative affinity of each test article was determ ned based on a nethod
initially described by Westerhoff et al. Ml Pharm 1995;48:459-71) with
nodi fications. Briefly, FR-positive KB cells were seeded in 24-well Fal con
pl ates and allowed to form adherent nonol ayers (>75% confl uent) overni ght
in

36



20 FFRPM / HI FCS. Spent incubation nedia was replaced with FFRPM

suppl enmented with 10% H FCS and contai ning 100 nM of 3HFA in the absence
and presewoeowfo3dTar easi ng concentrati ons of unl abel ed PATArS266@088B63 Cel | s
were incubated for 1 h on ice or in an incubator at 37C (as specified in
the figure I egends) and then rinsed 3 times with OH,5 m. of PBS. Five
hundred mcroliters of 1% sodi um dodecyl sulfate in (BR_Ver e added to each
well; 25after 5 mn, cell Iysates wer e coIIecte,dGotr maf erred to individual
vials containing 5 nL of scintillation cogked |, e#n counted for

radi oactivity. Cells exposed to only the 3H FAW (no conpetitor)
wer e designated as Negative Controls, whereas cel \s ekposed to the 3H FA
plus 1 mMunl abel ed folic acid served as Positive rols; DPMs neasured
in the latter sanples (representing non-speci fos=p Qf |abel) were
subtracted fromthe DPM 30val ues fromall sanples. ative affinities were
defined as described above. Rel ative Affi (13 y Assay Format. The
in vitro RA assay described within neasures a | idﬁgd' s ability to conpete

with FA for binding to FRs. To date, cultured cell$ have nost conmonly been

used as the FR source. However, herein described iS_the W

2010/ 033733PCT/ US2009/ 057363 evaI uati on of the use Bf a cell-free,

i mmobi lized FR plate systemfor this assay. This | &ter nmethod utilized a

mcrotiter plate to which comercially-available bovyine mlk soluble FBP
d_Simlar to the cell-baged, nethod, 3H FA can

i Ng concentrations of tgst artl cI e for bi ndi ng

Stri pped" frquct hé,;*] plate Hr| n5| E&

oroki Cher assa AT N tx )

esP ar cJ/e\/ISg Ad has n ual to
OH gk\ﬂes | ower Tt han unity re]gzbefcﬁ4 Weaker

affinity, and val ue hl gher\than unity reflect stronger affinity. 10The

functionalities of both theCell- and plate-based methods were directly
conpar evhaigin dyisBCIGH;- Sai(f)Bteélle dmPirgdn elAHQt BW 18131 89. ol He-Zdel$04bi | i zi ng

agent, e I n e see Table 1). Wen

eval uatieigls@%'dg ngg %hgg%%gﬁxsghgé%&%'ms experinmental ly
determ ned to have an RA of 0.19 relative to that of FA for human FRs (KB
cells) and an RA of 0.12 for the plate-anchored bovine mlk 15sFBP (see
FIGURE 1). Indee 8 he results between tH& assays ar ©Adzm ar (|

than a factg of 9? " considering tt@{ heN " Bl

i nvol ves Hhé)t stn—ngOvvl i hed mguyHane- ppun ump of the FR (i||)

t he pl a"e‘el\‘bé%ﬂ Nb,dk/Nne/sol ubl é’f\ﬂ" b1 ndi ng pr J; n, (?i i) the
pl ate assay_i B r ez expepsi pt.|o comiudt iv) the sed assay
requires lesls steps fo conpl use of the cel | -based assay was adopt ed

f or subseq@eryH20exXpenHrent 6 NH Tenper at ur e- Dependent Ef fects.
The effect of 'r:@lubati narempekatore on the relative affinities of a few
‘As _shown in FIGURE 2A, pteroic acid (Pte)
was experi mgga of 0.42, or an affinity 2.4-fold
weaker than FA ells that were incubated on ice. This

val ue was sur A si }_%(W(Bl 25Hecaudse ot her published reports had indicated

et P shah Bl Al 2 AL A o8 S S ot o

Chem 19}7@%@2@4&? :
83: 59832[3?695@93?97”59&{4@%@@&r?HPﬂEPDCﬁRt yespatiigse data and the historical
data was investigated.. Interestingly,” upon repeating this assay at 37C,
the RA of Pte decreased dramatically to 0.01, or an affinity 100-fold
weaker than FA. A simlar pattern was al so 30noted for |eucovorin (LV; also
called 5-fornyltetrahydrofolate or folinic acid; see FIGURE 2C and D).

Addi tional tests confirmed these findings (data not shown). Interestingly,
such tenperature-dependent effects were not al ways observed when a nunber
of FA-drug conjugates were tested under simlar conditions. In fact as
shown in FIGURE 3, the RAs of WD 2010/ 033733PCT/ US2009/ 057363
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both EC72 (a mtomycin C conjugate of FA; and ECl7 (a fluorescein conjugate
of FA; increased with tenperature. Subsequent tests were conducted at 37C
Ser um DepEoderwo3gfBects. Al of the aforenentioned studiPes/usesoe/osBnziuct ed
in the absence of serum However, it is routine practice to evaluate the
activity of fol ates FA— 5drug conj u ates, and even antl\fyates with cells

in the H-bsence of HTo assessH act t hat s@Aurh hgé’;m he
as oc[at i ndi ng @ of O 3HNE ure
&P cenggégru in tl nedl -E/ﬁgfigﬁ owhl in

RA assay, the 19

condi ti gAg§

FI GURE 4AH 3k FA<bi hdi ng t@ KB ce Nwas\not Nblund—Bo be f f ooby f et al
bovi ne serum even| when pr es QQO Li kewn se, Lﬂry\g?él ng the percent
sera fromO to 100 donlyal mnor ffect on unfabéled@ FA' s ability to

conpete with 3H FA flor binding to KB cells (see FIGURE 4B), the cal cul ated

RA val ues for FA Nri¥b:b \é only 13% anong all tested conditions.
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desacet yl vi nbl asti ne nonohydrazi de conjugate, EC216 (conpare to EC145 in
Table 2). However, it is appreciated that the spacer is not the only

det er m nawO 20tvA3313an af fect a conjugate's RA, because aPrceaspadpspedduced a
steroid conjugate was found to have a 20-fol d weaker binding affinity
(ECCB84; Table 2). 30Effect On Transplanted KB Turmors. M ce are injected,

subcut aneously wi th human KB tunor cel |l ¥ xenografts. Following a brief
three tines per vveek, O2 schedul e,, MNFNE s appeared tunor-free (Fl GURE
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folate analogs, it was interesting to observe the inpdrtance of having a
charged noiety in close proximty to the Pte group, °S6roexanpl e, the RA
val ue increased 90 to >300-fold when a G u restgjuewes attached to Pte and
20I'N -1 o_ propargyl MH deazapteroic acid, be | vely. Not ably,
al though a G u residue,is nost often atLQ/(Igeq) X 1 hks position, it is known
t hat other am no aci ds c n substityy ## dramatically
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7(3):157-69; n/bAlindé%/ﬁm Mfghe by 1991@30 5674-81; Westerhof et
al . Proccedl ngs of the\@@@rq cataoAs%OM ation for Cancer Research 1991;
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the charged groups in the spacer 3@ £gben nmay conprom se the water

solubility characteristics of the @' btp EC216 was observed to
‘\V

remain in solution (even at 30 it oy u BiBassay peri od.
Therefore, w thout being r Y | ieved that the | ower RA
val ue observed for E0216 010/003§7 C'MeUSZ /057363 may result from
steric int erfere ce caused the closer proximty of (Z[? gDAVLBH) to
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bound by theory, it is believed that this factor may, in part, explain the
| ower observed RA.
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Table 1. Relative Affinity of Ligands at the Fol ate Receptor (cell
Structure Relative Binding Affinity (0C Relative Binding Affinity

assay) .
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HN” “NH,
wherein A is N°-CH;-5-d(i)PteGlu, 5-d(i)PteGlu, IAHQ, BW1843U89, 2-NH,-ZD1694,
7ZD1694, CB3717, 5-dH4Pte APBA, 5-dPteHCysA, or DDATHF.

A }—Ho ,s—< >—/_<Z
s

COZH 3 ‘
g COZH CO.H

wherein A is N°-CH;-5-d(i)PteGlu, 5-d(i)PteGlu, IAHQ, BW1843U89, 2-NH,-ZD1694,
7ZD1694, CB3717, 5-dH4Pte APBA, 5-dPteHCysA, or DDATHF.

AcO

— Cl

o O CoH O
ScoLH CoH 2

10 wherein A is N°-CH;-5-d(i)PteGlu, 5-d(i)PteGlu, IAHQ, BW1843U89, 2-NH,-ZD1694,
7ZD1694, CB3717, 5-dH4Pte APBA, 5-dPteHCysA, or DDATHF.
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wherein A is N°-CH;-5-d(i)PteGlu, 5-d(i)PteGlu, IAHQ, BW1843U89, 2-NH,-ZD1694,
7ZD1694, CB3717, 5-dH4Pte APBA, 5-dPteHCysA, or DDATHF.

(@]

HO, HO,C
5  wherein A is N*-CH3-5-d(i)PteGlu, 5-d(i)PteGlu, IAHQ, BW1843U89, 2-NH,-ZD1694,

7ZD1694, CB3717, 5-dH4Pte APBA, 5-dPteHCysA, or DDATHF.

CO.H
wherein A is N9—CH3—5—d(i)PteGlu, 5-d(i)PteGlu, IAHQ, BW1843U89, 2-NH,-ZD 1694,
10 ZD1694, CB3717, 5-dH4PteAPBA, 5-dPteHCysA, or DDATHF.

HZN\(NH

HN

° »«J@L*LQL/S\

£ Dy

HO,C HO,C
wherein A is N9—CH3—5—d(i)PteGlu, 5-d(i)PteGlu, IAHQ, BW1843U89, 2-NH,-ZD1694,
ZD1694, CB3717, 5-dH4PteAPBA, 5-dPteHCysA, or DDATHF.

15

wherein A is N°-CH;-5-d(i)PteGlu, 5-d(i)PteGlu, IAHQ, BW1843U89, 2-NH,-ZD1694,
7ZD1694, CB3717, 5-dH4Pte APBA, 5-dPteHCysA, or DDATHF.
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wherein A is N°-CH;-5-d(i)PteGlu, 5-d(i)PteGlu, IAHQ, BW1843U89, 2-NH,-ZD1694,
7ZD1694, CB3717, 5-dH4Pte APBA, 5-dPteHCysA, or DDATHF.

wherein A is N°-CH;-5-d(i)PteGlu, 5-d(i)PteGlu, IAHQ, BW1843U89, 2-NH,-ZD1694,
7ZD1694, CB3717, 5-dH4Pte APBA, 5-dPteHCysA, or DDATHF.

HO HO
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HO HO!
/ o/ oH }OH OH
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OH i S\ Mo N N\ﬂ/-\ A
CH, HO" 0 HO,C HO.C

10  wherein A is N9—CH3—5—d(i)PteGlu, 5-d(i)PteGlu, IAHQ, BW1843U89, 2-NH,-ZD 1694,

7ZD1694, CB3717, 5-dH4Pte APBA, 5-dPteHCysA, or DDATHF.

wherein A is N°-CH;-5-d(i)PteGlu, 5-d(i)PteGlu, IAHQ, BW1843U89, 2-NH,-ZD1694,
15  ZD1694, CB3717, 5-dH4PteAPBA, 5-dPteHCysA, or DDATHF.
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wherein A is N°-CH;-5-d(i)PteGlu, 5-d(i)PteGlu, IAHQ, BW1843U89, 2-NH,-ZD1694,
7ZD1694, CB3717, 5-dH4Pte APBA, 5-dPteHCysA, or DDATHF.
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wherein A is N°-CH;-5-d(i)PteGlu, 5-d(i)PteGlu, IAHQ, BW1843U89, 2-NH,-ZD1694,
7ZD1694, CB3717, 5-dH4Pte APBA, 5-dPteHCysA, or DDATHF.
It is understood that in the case of conjugates prepared from antifolate
moieties that do not terminate in an acid function (e.g. 5-dH4PteOrn), conjugates may be
10 prepared by adding an intervening linker group. The intervening linker group is selected to
contain functional groups that are capable of forming covalent bonds to the antifolate moiety

and the bivalent linker moiety.

METHOD EXAMPLES

15 Cell culture. Cells were grown continuously as a monolayer using folate-free
RPMI medium (FFRPMI) containing 10% heat-inactivated fetal calf serum (HIFCS) at 37°C
in a 5% CO2/95% air-humidified atmosphere with no antibiotics. The HIFCS contained its
normal complement of endogenous folates which enabled the cells to sustain growth in this
more physiologically-relevant medium (Leamon et al. Proc Natl Acad Sci, USA

20  1991;88:5572-6). All cell experiments were performed using FFRPMI containing 10%
HIFCS (FFRPMI/HIFCS) as the growth medium unless otherwise specified.

Plate-Based Relative Affinity Assay. One hundred microliters of a FBP

solution (10 ug/mL in PBS) were added to each well of a Reacti-Bind® microtiter plate.
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Plates were incubated at 4°C overnight and then washed 3 times with cold PBS containing
0.05% Tween-20 (PBS-T). Plates were equilibrated to room temperature, blocked for 1 h on
ice with 100 uL/well of freshly-prepared PBS-T containing 0.2% gelatin, and then washed 3
additional times with PBS-T. PBS solutions (100 pL per well) containing 100 nM of *H-FA
5  in the absence and presence of increasing concentrations of unlabeled FA or EC145 were
added to designated wells in triplicate. Plates were incubated at 37°C for 1 h with gentle
shaking and then rinsed three times with PBS-T. Wells were stripped with 100 pL of acid-
saline solution (20 mM sodium acetate, pH 3.0) for up to 20 in at room temperature, and the
acidic samples were transferred into individual scintillation vials containing 3 mL of cocktail.
10 Wells exposed to only the 100 nM “H-FA solution (no competitor) were designated as
Negative Controls, whereas wells exposed to 100 nM *H-FA plus 1 mM unlabeled FA served
as Positive Controls; DPMs measured in the latter samples (representing non-specific binding
of label) were subtracted from the DPM values from all samples. Relative affinities were
defined as the inverse molar ratio of compound required to displace 50% of *H-FA bound to
15  FR on KB cells, and the relative affinity of FA for the FR was set to 1.

Cell-Based Relative Affinity Assay. The relative affinity of each test article
was determined based on a method initially described by Westerhoff et al. Mol Pharm
1995;48:459-71) with modifications. Briefly, FR-positive KB cells were seeded in 24-well
Falcon plates and allowed to form adherent monolayers (> 75% confluent) overnight in

20  FFRPMI/HIFCS. Spent incubation media was replaced with FFRPMI supplemented with
10% HIFCS and containing 100 nM of *H-FA in the absence and presence of increasing
concentrations of unlabeled FA or EC145. Cells were incubated for 1 h on ice or in an
incubator at 37°C (as specified in the figure legends) and then rinsed 3 times with 0.5 mL of
PBS. Five hundred microliters of 1% sodium dodecylsulfate in PBS were added to each well;

25  after S min, cell lysates were collected, transferred to individual vials containing 5 mL of
scintillation cocktail, and then counted for radioactivity. Cells exposed to only the *H-FA in
FFRPMI (no competitor) were designated as Negative Controls, whereas cells exposed to the
H-FA plus 1 mM unlabeled folic acid served as Positive Controls; DPMs measured in the
latter samples (representing non-specific binding of label) were subtracted from the DPM

30  values from all samples. Relative affinities were defined as described above.

Relative Affinity Assay Format. The in vitro RA assay described within
measures a ligand’s ability to compete with FA for binding to FRs. To date, cultured cells

have most commonly been used as the FR source. However, herein described is the
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evaluation of the use of a cell-free, immobilized FR plate system for this assay. This latter
method utilized a microtiter plate to which commercially-available bovine milk soluble FBP
had been chemically anchored. Similar to the cell-based method, *H-FA can compete directly
with increasing concentrations of test article for binding to the attached FRs; however, unlike
the cell-based method, bound radiolabel can be conveniently “stripped” from the plate by
rinsing with a mildly acidic saline solution. For either assay, a relative affinity (RA) value of
1.0 implies that the test article ligand has an affinity equal to that of FA for the FR. Likewise,
values lower than unity reflect weaker affinity, and values higher than unity reflect stronger
affinity.

The functionalities of both the cell- and plate-based methods were directly
compared using EC145, a folate conjugate of the microtubule destabilizing agent,
desacetylvinblastine monohydrazide (DAVLBH; see Table 1). When evaluated under cold
incubation conditions, EC145 was experimentally determined to have an RA of 0.19 relative
to that of FA for human FRs (KB cells) and an RA of 0.12 for the plate-anchored bovine milk
sFBP (see FIGURE 1). Indeed, the results between the two assays are similar (less than a
factor of 2). However, considering that (i) the KB cell assay involves the testing with the
membrane-bound, human form of the FR, (ii) the plate-based assay uses bovine soluble folate
binding protein, (iii) the plate assay is more expensive to conduct, and (iv) the cell-based
assay requires less steps to complete, use of the cell-based assay was adopted for subsequent
experiments.

Temperature-Dependent Effects. The effect of incubation temperature on the
relative affinities of a few related pteroates was measured. As shown in FIGURE 2A, pteroic
acid (Pte) was experimentally found to have an RA of 0.42, or an affinity 2.4-fold weaker
than FA when tested using cells that were incubated on ice. This value was surprisingly high
because other published reports had indicated that Pte displayed extremely low affinity for
the FR (McHugh et al. J Biol Chem 1979;254(22):11312-8; Kamen et al. Proc Natl Acad Sci,
USA 1986;83:5983-7). The source of discrepancy between these data and the historical data
was investigated.. Interestingly, upon repeating this assay at 37°C, the RA of Pte decreased
dramatically to 0.01, or an affinity 100-fold weaker than FA. A similar pattern was also
noted for leucovorin (LV; also called 5-formyltetrahydrofolate or folinic acid; see FIGURE
2C and D). Additional tests confirmed these findings (data not shown). Interestingly, such
temperature-dependent effects were not always observed when a number of FA-drug

conjugates were tested under similar conditions. In fact as shown in FIGURE 3, the RAs of
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increased with temperature. Subsequent tests were conducted at 37°C.
Serum-Dependent Effects. All of the aforementioned studies were conducted
in the absence of serum. However, it is routine practice to evaluate the activity of folates, FA-
5 drug conjugates, and even antifolates with cells in the presence of serum. To assess the
impact that serum may have on the RA assay, the cell-associated binding level of *H-FA was
measured under conditions where the percent serum in the medium was varied. As shown in
FIGURE 4A, *H-FA binding to KB cells was not found to be affected by fetal bovine serum,
even when present at 100%. Likewise, increasing the percent sera from 0 to 100% had only a
10 minor effect on unlabeled FA’s ability to compete with *H-FA for binding to KB cells (see
FIGURE 4B), the calculated RA values for FA varied by only 13% among all tested
conditions. Interestingly, the RA value for the desacetylvinblastine monohydrazide FA
conjugate, EC145, was found to remain nearly constant at 0.48 (£ 0.02) when sera was
present at concentrations = 10%; but, a 2.4-fold decrease in RA was reproducibly observed
15  for EC145 when evaluated in the absence of serum (see FIGURE 4C). To confirm this latter
finding, the RA of a related Vinca alkaloid conjugate, EC140 (see structure in Table 1), was
tested under similar conditions. As shown in FIGURE 4D, the addition of 10% serum
increased the RA of EC140 4-fold, from 0.12 (no serum) to 0.50. Notably, both EC145 and
EC140 remain stable in 95% serum for incubation periods longer than 2 h (via HPLC-UV;
20  data not shown); therefore, degradation and release of free FA from these conjugates is not
responsible for these observations. Although the mechanism by which serum improves a FA-
drug’s RA is currently unknown, without being bound by theory, it is possible that dynamic
interactions of the bulky drugs with serum proteins aids in the presentation of the FA moiety
to the binding pocket of the FR. Test media including 10% fetal bovine serum were used in
25  the standard conditions for all subsequent RA analyses.

Relative Affinity of Folate Analogs. Employing the defined assay conditions,
which included the use of adherent KB cells as the FR source and a 10% serum-
supplemented medium, a series of folate analogs were evaluated for their ability to compete
for binding with H-FA. As shown in Table 1, removal of the Glu residue in FA to produce

30  Pte had caused a 91-fold reduction in RA (refer to FIGURE 2B). Such results are consistent
with other literature reports. Further removal of the p-aminobenzoyl moiety from Pte was
found to completely eliminate competitive binding capability, since pterin-6-carboxyllic acid

failed to block "H-FA’s binding to KB cells at all concentrations evaluated. The most
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prevalent and natural serum-derived folate, 5-methyltetrahydrofolate (Antony et al. JBC
1985;260(28):14911-7), and its 5-formyl counterpart, leucovorin, were found to display 14-
and 125-fold weaker affinities for the FR, respectively; likewise, the popular anti-folate
methotrexate (MTX) showed a 50-fold weaker affinity. CB3717, was found to have an RA
5 value equal to that of FA. In contrast, the des-glutamyl analog had an RA value >300-fold
lower (see Table 1). These data collectively suggest that a glutamyl moiety, or at least a
hydrophilic moiety, positioned in close proximity to the p-aminobenzoyl (or aryl) group of
the pteroate contribute to high binding affinity to the FR. Finally, it has been reported that
that riboflavin binding protein and FR share ~ 27% homology. As measured by the assay

10 described herein, riboflavin’s RA to the KB-derived FR is very low. As shown in Table 1,
even a 300-fold molar excess of this vitamin was not able to compete with the binding of *H-
FA to KB cells.

Influence of Drug on Relative Binding Affinity. The production of FA
conjugates of drugs that are useful for applications in radiodiagnostic imaging,

15  chemotherapy, immunotherapy and inflammation have been previously reported, as have the
RA values for a few of those conjugates, including three clinical candidates. However, the
assay conditions in those reports were not standardized. Described herein, in Table 2, are the
RA values for some previously-reported conjugates as well as for many new ones that were
all tested under standard assay conditions (namely, the use of adherent KB cells as the FR

20  source, and a 10%-serum-supplemented 37°C medium). The drugs in these conjugates widely
varied from a metal-chelating peptide, to potent chemotherapeutics. However, for the most
part the RA values all fell within a factor of ~2. Without being bound by theory, it is
believed that this indicates that a flexible molecular spacer placed in-between the FA and
drug moieties of the conjugates generally allows for efficient binding of the FA moiety to the

25  FR. It has been found that a shorter spacer decreased the RA value for the
desacetylvinblastine monohydrazide conjugate, EC216 (compare to EC145 in Table 2).
However, it is appreciated that the spacer is not the only determinant that can affect a
conjugate’s RA, because a recently produced a steroid conjugate was found to have a 20-fold
weaker binding affinity (EC0384; Table 2).

30 Effect On Transplanted KB Tumors. Mice are injected, subcutaneously with
human KB tumor cells xenografts. Following a brief three times per week, 2-week schedule,

animals appeared tumor-free (FIGURE 5). The tumors did not regrow during the entire 110
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(Pte-Cys-L-DAVLBH) H3c
day study The activity was not accompanied by any weight loss (FIGURE 6), and it was
competable with an excess of co-injected folates (an indicator of FR targeted specificity).

It is appreciated that conducting the binding affinity assays at lower
temperature tends to increase the competitiveness of weaker affinity ligands. Accordingly, it

5 isunderstood that the use of higher temperatures may be better to assess the relative binding
affinity, as the resulting conditions may be more discriminating.

It is appreciated that the presence of serum in the test medium also proved to
be important to the RA of FA-drug conjugates, but not to FA itself. For example, the RA
values for both Vinca conjugates, EC145 and EC140, were shown to dramatically increase in

10 the presence of serum (2.4- and 4.1-fold, respectively). These results could not be explained
by degradation or release of FA from the conjugates because both agents were subsequently
found to remain stable, even in 95% serum, for more than 2 h. Nonetheless, using a
standardized protocol which included the use of adherent FR-positive KB cells exposed to
100 nM “H-FA in the presence of increasing concentrations of competitor in 10% serum-

15  supplemented medium at 37°C, a wide variety of folate analogs and FA-drug conjugates were
screened and their RA values determined for comparison (see Tables 1 and 2).

It is further appreciated that among the folate analogs, it was interesting to
observe the importance of having a charged moiety in close proximity to the Pte group. For
example, the RA value increased 90 to >300-fold when a Glu residue was attached to Pte and

20 Nlo—propargyl 5,8-dideazapteroic acid, respectively. Notably, although a Glu residue is most
often attached at this position, it is known that other amino acids can substitute for Glu
without dramatically compromising binding affinity (Leamon et al. J Drug Targeting
1999;7(3):157-69; McAlinden et al. Biochemistry 1991;30:5674-81; Westerhof et al.
Proccedings of the American Association for Cancer Research 1991;32:328). For the series

25  of FA-drug conjugates examined, it was found that RA values remained within a factor of ~2
despite the wide structural variances present among the different drugs. But, two exceptions
were found. The first showed that shortening the peptide-based spacer of EC145 from YGlu-
Asp-Arg-Asp-Asp-Cys down to only a YGlu-Cys residue (in EC216) caused a 10-fold
decrease in RA. It is appreciated that eliminating many of the charged groups in the spacer

30  region may compromise the water solubility characteristics of the conjugate, but EC216 was
observed to remain in solution (even at 30 uM) throughout the assay period. Therefore,

without being bound by theory, it is believed that the lower RA value observed for EC216
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may result from steric interference caused by the closer proximity of the drug (DAVLBH) to

the Pte unit.

Another exception found was the 20-fold lower RA value which resulted when

a lipophilic steroid had been linked to folate (EC0384; see Table 2). It was found that

EC0384 binds serum protein with a value of > 96%. The majority of folate conjugates bind

serum protein with a value that is less than 80% (unpublished ob9331servations). Without

being bound by theory, it is believed that this factor may, in part, explain the lower observed

OHO

RA.
Table 1. Relative Affinity of Ligands at the Folate Receptor (cell assay).
Relative I];fizllfgil;e Fold Weaker
Structure Binding Affin t}g] Affinity from
Affinity (0°C) (37°C) FA
[ R
Folic Acid 0 /@*N/\/\oow
(Pte-Gil) H)N:j N::'/\H H - 1.000 1.0
HoN7 NN
COH
. . o
Pter?;fe¢°‘d HN)’I“j/\N/Ej 0.42 0.011 91
HZNAN N;
Pterin-6- )iN COH
HN S - 0.000 n/a
I
carboxylate H?NAN NI
5-formyl- o goH
tetrahydrofolate o v QXHMC%H 0.15
(folinic acid, HN\)'INJ/\H 0.H® 0.008 125
Leucovorin) FeN™ N
o O,
5-methyl- o O D)\N/\/\
tetrahydrofolate HN)IILJ/\N H codtt 0.35)@ 0.070 14
(SMTHF) Sy
o CoH
Methotrexate NH /©)\H/-\/\CO N 0.000
2 0.018 50
MTX HN)’I“\ N 0.008)
(MTX) XY (0.008)
o CO.H
D)LN/\/\C%H
CB3717 )k’©ﬁ - 1.000 1.0
H, NJ\N \
COQH
Des-glutamyl
- 0.002 500
CB3717 ﬁ@r\
R¢° goen 0.26
Pemetrexed HzN\<\ ) ﬂ\ ( 1.'5) o 0.002 500
N l

N COH

(a) Westerhoff et al., Mol Pharm48:459-71 (1995).
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HN CO2H N----"

= CH3,

X =

N, Y =

CR2HH YM X wherein X =N, Y =NH2, R=H, X =N Y = NH2, R
NH2, R=CHO X =CH Y=NH2, R=H X=CH Y=H R-=

H, or X =wQHp1003373€H3, R = H. 18. The targeted delivery ®omjusgemwmssts any one

clains 1 to 8 wherein the antifolate is of the formula o A1

CH2.

.---"S, " S ey e -- H 2NNN H wherein A = NH, NCH3,
@@HAqueiﬁmMEDHs 19. The targeted delivery conjugate of any one

claine 1 to 8 wherein the antifolate is of the formula H C

1. A targeted delivery conjugate of the formula ALD,, wherein A is an
antifolate; L is a linker comprising at least one releasable linker; m is 1 to about 3; and each
D is an independently selected drug, where the conjugate has a folate receptor relative
affinity of about 0.05 or greater compared to folic acid at a temperature above about
20C/25C/30C/physiological.

2. The conjugate of claim 1 wherein the conjugate has a folate receptor
relative affinity of about 0.1 or greater compared to folic acid.

3. The conjugate of claim 1 wherein the conjugate has a folate receptor
relative affinity of about 0.2 or greater compared to folic acid.

4. The conjugate of claim 1 wherein the conjugate has a folate receptor
relative affinity of about 0.5 or greater compared to folic acid.

5. A targeted delivery conjugate of the formula ALD,, wherein A is an
antifolate; L is a linker comprising at least one releasable linker; m is 1 to about 3; and each
D is an independently selected drug, where the antifolate has a folate receptor relative affinity
of about 0.1 or greater compared to folic acid at a temperature above about
20C/25C/30C/physiological.

6. The conjugate of claim 5 where the antifolate has a folate receptor
relative affinity of about 0.2 or greater compared to folic acid.

7. The conjugate of claim 5 where the antifolate has a folate receptor
relative affinity of about 0.25 or greater compared to folic acid.

8. The conjugate of claim 5 where the antifolate has a folate receptor

relative affinity of about 0.5 or greater compared to folic acid.

0. The conjugate of any one of claims 1 to 8§ whereinm is 1 or 2.
10. The conjugate of any one of claims 1 to 8§ wherein m is 1.
11. The conjugate of any one of claims 1 to 8§ wherein the linker further

comprises at least one releasable linker that is not a disulfide.

12. The conjugate of any one of claims 1 to 8§ wherein the linker further
comprises at least two releasable linkers.

13. The conjugate of the preceding claim wherein at least one releasable

linker that is not a disulfide.
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H wherein X =04 R=H Y=Gu, X=0CH3, R=H Y Au, X OH R = H,
Y = Valine, X =04 R =H Y =Suberate, or X =04 R=CH3, Y = du.

20. The twiogetoad3wel i very conjugate of any one cl ai ns 1PCO/UB200005B6h at

| east one D is selected formthe group consisting of vinca al kal oi ds,

t ubul ysi ns, nltony0|n and. e i | ones maceut i cal
conposi tion conpri S|n3nFH€nF§ ﬁé?éHYB@TWV%@?“&deﬁﬁ%?@mé?eﬂﬁ&ﬂﬁﬁéSS aims 1

to 8, apdrepgor nore carriers, excipients, diluents, and conbinations

t her eof 22. A nethod for treatlng a pathogenlc popul ati on of
cells in a patient, the nethod conpr|5|ngCthe ep of adm nistering an
effective anount of the tarqgted del i Quiugatg, gr conposi tion ther eof
of any one of clainms 1 to 8, a co tlen t her eof conpri sing one or
nore carriers, eXC|p|entsHNd#1;EI{\ conbi nations thereof, to the
patient. od he precedlng cl ai m wherein the

pat hogeni ¢ popul ati on of ceI sis a

15. The targeted delivery conjugate of any one claims 1 to § wherein the

wherein X = PO(OH)Z, CHZNHZ, or SOZOH.

antifolate is of the formula

16. The targeted delivery conjugate of any one claims 1 to § wherein the

wherein X = PO(OH),, CH,NH;, or SOZOH.

antifolate is of the formula

17. The targeted delivery conjugate of any one claims 1 to § wherein the

antifolate is of the formula

Q@ COH
ILI\/O)‘\H COH
HN | x
)\ P

wherein X =N, Y =NH,, R=H, X =N, Y =NH,, R=CH;3,X=N, Y =NH,, R=CHO, X =
CH,Y=NH,;,R=H,X=CH,Y=H,R=H,or X=CH, Y=CH;3;,R=H.
18. The targeted delivery conjugate of any one claims 1 to § wherein the

antifolate is of the formula
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Q@  CO.H
O HJ\/\COZH
A
HN |
)\
H,oN N N
H

wherein A = NH, NCH;, or CH,.

19. The targeted delivery conjugate of any one claims 1 to § wherein the

X
NZ N
H C)\N R
3 % ]

wherein X =0OH,R=H, Y =Glu, X=0CH;,R=H, Y =Glu, X =0H, R = H, Y = Valine,
X =0H, R =H, Y =Suberate, or X = OH, R = CH;, Y = Glu.

antifolate is of the formula

20. The targeted delivery conjugate of any one claims 1 to 8§ wherein at
least one D is selected form the group consisting of vinca alkaloids, tubulysins, mitomycins,
and epothilones.

21. A pharmaceutical composition comprising the targeted delivery
conjugate of any one claims 1 to §, and one or more carriers, excipients, diluents, and
combinations thereof.

22. A method for treating a pathogenic population of cells in a patient, the
method comprising the step of administering an effective amount of the targeted delivery
conjugate or composition thereof of any one of claims 1 to 8, or a composition thereof
comprising one or more carriers, excipients, diluents, and combinations thereof, to the
patient.

23. The method of the preceding claim wherein the pathogenic population

of cells is a cancer.
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