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The search for more selective cytotoxic agents has been extremely active for
many decades, the dose limiting toxicity (i.e. the undesirable activity of the cytotoxins on
normal tissues) being one of the major causes of failures in cancer therapy. For example,
CC-1065 and the duocarmycins are known to be extremely potent cytotoxins.

CC-1065 was first isolated from Streptomyces zelensis in 1981 by the Upjohn
Company (Hanka et al., J. Antibiot. 31: 1211 (1978); Martin et al., J. Antibiot. 33: 902
(1980); Martin et al., J. Antibiot. 34: 1119 (1981)) and was found to have potent antitumor
and antimicrobial activity both in vitro and in experimental animals (Li et al., Cancer Res.
42: 999 (1982)). CC-1065 binds to double-stranded B-DNA within the minor groove
(Swenson et al., Cancer Res. 42: 2821 (1982)) with the sequence preference of 5'-

d(A/GNTTA)-3' and 5'-d(AAAAA)-3' and alkylates the N3 position of the 3'-adenine by its
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SUMVARY OF THE | iRt hhs I fBE@ee bh thedevBlopaint 6f itwethefaPedid apentsi ns t hat
are anal ogs of CC-1065 and i
which are in the form of prodrugs, compounds that are capable of being converted to drugs

(active therapeutic compounds) in vivo by certain chemical or enzymatic modifications of
their structure. For purposes of reducing toxicity, this conversion is preferably confined to
the site of action or target tissue rather than the circulatory system or non-target tissue.
However, even prodrugs are problematic as many are characterized by a low stability in
blood and serum, due to the presence of enzymes that degrade or activate the prodrugs before
the prodrugs reach the desired sites within the patient’s body.

Therefore, in spite of the advances in the art, there continues to be a need for
the development of improved therapeutic agents for the treatment of mammals and humans in
particular, more specifically cytotoxins that exhibit high specificity of action, reduced
toxicity, and improved stability in blood relative to known compounds of similar structure.

The instant invention addresses those needs.



t he duocarnycins. The present invention also provides linker arns that are
cl eaved, for exanple, enzymatically or reductively in vivo, releasing an
active drwg mopetiy fromthe prodrug derivative that incl edasusober2io nker
arm Furthernore, the invention includes conjugates between the |inker

arnms and the cytotoxins of e iny ] njugates between the
linker arns, the cytotoxi ﬁUkﬂHAA{Y%i%Eﬁgggﬁﬁ,d%uch as an antibody or a
peptide. The i nveﬂ‘hfe'p?&gﬁd iﬁ@ixfti%h%l?_%s IQCBBYRS it sifetunafogé o ERPId65ZhEY

t herapeutic agents "and narkers. The stiabilizing groupS are selected to
limt chedumameyamd Thetpatsehi igvendiontalse providesdlpikgt annsthatrdre oleavedly fozr by

enzynes th may b esent i.n .bl.ood or.nan-target jissue and re further
el vct Sgle, PAmAFANSHr ety R R aeiIeAghE HaPRLYE dhé Broteie LB P8 The

stabi | ipﬂ)d}i}% dEH RIS 158 ineBude® tHe! 1RKKr Stapr BdaichRreOthe ilMRnASE Hclles mar ker and
may al so act in providing other physical characteristics of the agent or

mar ker .comugates besiveen thedinfeoarms ang the ayéotpxips of/he tnventiomand conjugaieker ' s

stabil ity during.,stora in.eit.her mul at ed or nhon-f | ated f.orm In
o T r stBuisab otk 80l Buo iR G A rBEe AR B3MsnBhIM A aiglick
structure accor diThg ihweentioh @1sb gelhtes # grofpsrusBhil forRtdBikkingtherdpeRicsagehds i n
which ring system A is a nenber selected fromsubstituted or unsubstituted

aryl , $08a;akes.ehostailzins grqups ersgselrsted te myl cleasegnce apd mataholismef the
unsubsty et er r H,
aubst: thebrEle BEECP R By Gyl BBy He Ve EROMSodoritth (ardeE iR aRd

het er oalrk furtheasdheteirto dinnimramspod of thegigenttoymehrk dr intodhéxcellse Thpistabilaidgy | oi ned
to forma ring system sel ected from substjtuted or .unsubstituted aryl,
Subst i R SEVE 1¢ AOGESPFALTON I YcARsRT S maKer AGieY H15R e I%Proﬁﬁﬁ%%'gf"%/ ut ed
het er Qcp‘flgéiezﬁlchﬁjacteﬁg‘ti&_rbf ﬁi%ec{ut X ?Eﬁ@érﬁnﬁﬂa‘?ﬁ'%%ﬂizriﬁgqg‘oﬁﬁ ﬁ{aXrle% ipréve the

substitufed or unsubstitute phenyl ring. Ring systemA is preferably
subst i tagemscbrwmarkersstabidrty dorieg stoxage gr eithsr g ddrutulated ot mon-fpsmukstediformh in t he
definitions section herein. Jn.one.preferred odi ment e .phenyl ring is
substituted with 32 trPSP%CMiFe%e "dﬁ%@‘fﬁs%ﬁf’ §62?°E‘P2B83ﬁﬁ“$% curved

li ne Wstiittird 48@oiling taEFORAGRd: ring to which R3 is attached indicates that
the ring system may have one or nore than one degree of unsaturation at any

position within the ring, t may indicate aromaticity. The synbol X
represents a nenber that ig el egg ed fromO, S and NR23. R23 is

R7

R4
N YA
R
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substituted or unsubstituted heteroaryl and substituted or unsubstituted heterocycloalkyl
groups. The symbols E and G represent H, substituted or unsubstituted alkyl, substituted or
unsubstituted heteroalkyl, a heteroatom, or a single bond. E and G are optionally joined to
form a ring system selected from substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl and substituted or unsubstituted heterocycloalkyl.

In an exemplary embodiment, ring system A is a substituted or unsubstituted
phenyl ring. Ring system A is preferably substituted with one or more aryl group substituents
as set forth in the definitions section herein. In one preferred embodiment, the phenyl ring is

substituted with a CN moiety.



a nenber selected fromH, substituted or unsubstituted al kyl, substituted
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or unsubstituted heteroalkyl, substituted or unsubstituted aryl, substituted or unsubstituted

heteroaryl, substituted or unsubstituted heterocycloalkyl, arylalkyl and substituted or
unsubstituted peptidyl, wherein R'® and R'® together with the nitrogen atom to which they are
attached are optionally joined to form a substituted or unsubstituted heterocycloalkyl ring
system having from 4 to 6 members, optionally containing two or more heteroatoms.

R R, R",R"? R!? R!®* and R® optionally contain one or more cleaveable
groups within their structure. Exemplary cleaveable groups include, but are not limited to
peptides, amino acids and disulfides.

R® is a single bond which is either present or absent. When R® is present, R®
and R’ are joined to form a cyclopropyl ring. R’ is CHp-X' or -CH,-. When R is —CH,- it is
a component of the cyclopropane ring. The symbol X' represents a leaving group. Those of
skill will interpret combinations of R® and R in a manner that does not violate the principles

of chemical valence.



constructs which |lack such groups. Al so provided are conjugates of the
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FIG 1 sets forth exenplary cleaveggl e ugdthang |inkers of the invention
conjugated to a cytotoxin. FIG 2 spts fdrth enpl ary cytotoxins of the
invention. FIG 3 sets forth exaptHLy avezk| e  di sul fide |inkers of the
invention conjugated to a cytotoxin. lil

R R a.

In the formula above, the symbol E represents an enzymatically cleaveable
moiety (e.g,. peptide, ester, etc.). The symbols R, R, R"and R" represent members that
include, for example, H, substituted or unsubstituted alkyl, substituted or unsubstituted
heteroalkyl, poly(ethylene glycol), acyl, a targeting agent, a detectable label. In a presently
preferred embodiment, the oxygen of the carboxyl moiety is tethered to a moiety that is a
detectable label, a therapeutic moiety or a solid support.

In yet a further aspect, the invention provides a cleaveable linker arm that is
based upon a disulfide moiety. Thus, there is provided a compound having a structure

according to Formula III:

R! R (I,
The identities of the radicals represented by the symbols R, R', R", R" R" RY
and R" are as described for R, R, R" and R" above.
Other aspects, advantages and objects of the invention will be apparent from

review of the detailed description below.



DETAI LED DESCRI PTI ON OF THE | NVENTI ON AND THE PREFERRED EMBODI MENTS
Abbrevi ations As used herein, "Ala," refers to alanine. "Boc," refers to
t - but yl oxywoanigsyyé . "DDQ " refers to PCT/US02/17210

2, 3-di chl oro-5, 6-di cyano- 1, 4- benzoqui nione. As used herein, the synbol "E, "
represents an enzynat | caIEI\[!y cl eaveabl e group "EDCL" IS

oup.
1- ( 3- di met hyl ani nopr o BRIEF-RESGRIBTIQY; K, IHtE DRAYWMINGSerei n, "FMOC, "
refers to 9-f I uonaey Ik Nk EYGANR M ayeatid Bitinah? 1hEUE bPhe ilAG5Y MDO!
"PMB," refers to para- ne?ﬁoxyb‘gﬁéy . a'YgI'aBAF, " ref elr s&tglgpﬁlgtl;r[a 3§yl anmoni um
f 1 uori denjughted &bbcweioain.on "TBSO, " refers to t-butyldimethylsilyl ether.
"TFA, " refers to trjfluororoacetic acid. .The nmbol "Q" refers to a
t her apeuti c agentF?I('JUiz_afﬁﬁcfglfﬂi‘ Exg@@mc&ot%{%&@%p@eml%m . Definitions
Unl ess defined OtHIel.WiseR foRh bxdrffiRR Gl edld dRGIFRABYInkES of Bl TRvdssigdl herein
general |y have the sanme meani ng as commonly understood by one of ordinary
ski || iconjugetedta acytotoxfri.ch this i nvention bel ongs. Generally, the
nonencl ature used herein and the | aboratory procedures in cell culture,
nol ecul ar genetics, organic chem stry and nucleic acid chemstry and

hybri di zati on despEhed BHBIDRSCREPTIOS OFTHE KNVENTEON aNponl y enpl oyed in
the art. Standard techniques are used for nucleic acid and peptide

synthesis. General ly, enZJHaPREFERBED EMBQBEMENTS i cation steps are

per for rding to the manufacturer's specifications. The techniques
and pr &@b g;ﬁ&mme general ly perfornmed according to conventional nmethods in
the art and vari Qususgé heredtl, “Add, erefers esalfusiae general |y, Sanbrook et al.
MOLECULAR CLONI NG, W) 02/ 096910 PCT/ US02/17210 7 A LABORATORY MANUAL, 2d
ed. (1989) Cold SEOCndeIETBEOUANAI8PY. Press, Cold Spring Harbor, N.Y.,
whi ch s incor porgjieg ~heferd B 20) dichlofd-§ B yandi, £ Beofuitoly! ded throughout
this docunent. The nonencl atlire used hereln and the 1 aboratory procedures
in anal ytical che¥sssedhereamtheonygeol CE.8 yenrbeenisancagymatiaily lobdaveabir goupose

wel | known and cqQmumul, | 0 in the t.. Standard .techni ques, or
modi fi cations thereof, ¥Sa}'g£3§’é Eﬁﬁ?‘@ﬂ&ﬁy@éﬁthyjﬁ?fg’é@geand cheni cal
anal yses. The t erAg (isch QERREUEMORYEHLrs th 5- Atk aTBEh,RXxY8APorRl. Compound

that, when present in a therapeutically effecti've anount, produces a
desired “Leu” is leucine.

The symbol “PMB,” refers to para-methoxybenzyl.

“TBAF,” refers to tetrabutylammonium fluoride.

The abbreviation “TBSO,” refers to z-butyldimethylsilyl ether.

“TFA,” refers to trifluororoacetic acid.

The symbol “Q,” refers to a therapeutic agent, diagnostic agent or detectable
label.

Definitions

Unless defined otherwise, all technical and scientific terms used herein
generally have the same meaning as commonly understood by one of ordinary skill in the art
to which this invention belongs. Generally, the nomenclature used herein and the laboratory
procedures in cell culture, molecular genetics, organic chemistry and nucleic acid chemistry
and hybridization described below are those well known and commonly employed in the art.
Standard techniques are used for nucleic acid and peptide synthesis. Generally, enzymatic
reactions and purification steps are performed according to the manufacturer's specifications.
The techniques and procedures are generally performed according to conventional methods in

the art and various general references (see generally, Sambrook et al. MOLECULAR CLONING:



t herapeutic effect on a manmal. For treating carcinomas, it is desirable
that the therapeutic agent also be capable of entering the target cell.
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example a tumor. The targeting group can be a small molecule, which is intended to include
both non-peptides and peptides. The targeting group can also be a macromolecule, which
includes saccharides, lectins, receptors, ligand for receptors, proteins such as BSA,
antibodies, and so forth.

The term "cleaveable group" is intended to mean a moiety that is unstable in
vivo. Preferably the “cleaveable group” allows for activation of the marker or therapeutic
agent by cleaving the marker or agent from the rest of the conjugate. Operatively defined, the
linker is preferably cleaved in vivo by the biological environment. The cleavage may come
from any process without limitation, e.g., enzymatic, reductive, pH, etc. Preferably, the
cleaveable group 1is selected so that activation occurs at the desired site of action, which can
be a site in or near the target cells (e.g., carcinoma cells) or tissues such as at the site of

therapeutic action or marker activity. Such cleavage is enzymatic and exemplary

enzymatically cleaveable groups include natural amino acids or peptide sequences that end
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amin ac1d nctions in a manner similar to a naturally occurring amino acid. The term
"unnatural amino acid" is intended to represent the "D" stereochemical form of the twenty
naturally occurring amino acids described above. It is further understood that the term
unnatural amino acid includes homologues of the natural amino acids, and synthetically
modified forms of the natural amino acids. The synthetically modified forms include, but
are not limited to, amino acids having alkylene chains shortened or lengthened by up to two
carbon atoms, amino acids comprising optionally substituted aryl groups, and amino acids
comprised halogenated groups, preferably halogenated alkyl and aryl groups. When attached
to a linker or conjugate of the invention, the amino acid is in the form of an "amino acid side

chain", where the carboxylic acid group of the amino acid has been replaced with a keto
(C(0)) group. Thus, for example, an alanine side chain is -C(0)-CH(NH,)-CHj3, and so forth.
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otherwise stated a straight or branched chaln, or cyclic hydrocarbon radical, or combination

thereof, which may be fully saturated, mono- or polyunsaturated and can include di- and
multivalent radicals, having the number of carbon atoms designated (i.e. C;-C,o means one to
ten carbons). Examples of saturated hydrocarbon radicals include, but are not limited to,
groups such as methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl, isobutyl, sec-butyl,
cyclohexyl, (cyclohexyl)methyl, cyclopropylmethyl, homologs and isomers of, for example,
n-pentyl, n-hexyl, n-heptyl, n-octyl, and the like. An unsaturated alkyl group is one having
one or more double bonds or triple bonds. Examples of unsaturated alkyl groups include, but
are not limited to, vinyl, 2-propenyl, crotyl, 2-isopentenyl, 2-(butadienyl), 2,4-pentadienyl, 3-
(1,4-pentadienyl), ethynyl, 1- and 3-propynyl, 3-butynyl, and the higher homologs and
isomers. The term “alkyl,” unlgss otherwise noted, is also meant to include those derivatives
of alkyl defined in more detail below, such as “heteroalkyl.” Alkyl groups, which are limited

to hydrocarbon groups are termed “homoalkyl”.
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alkyleneoxy, alkylenedioxy, alkyleneamino, alkylenediamino, and the like). The terms
“heteroalkyl” and “heteroalkylene” encompass poly(ethylene glycol) and its derivatives (see,
for example, Shearwater Polymers Catalog, 2001). Still further, for alkylene and
heteroalkylene linking groups, no orientation of the linking group is implied by the direction
in which the formula of the linking group is written. For example, the formula -C(O),R’-
represents both —C(O),;R’- and —R’C(O);-.

The term “lower” in combination with the terms “alkyl” or “heteroalkyl”

refers to a moiety having from 1 to 6 carbon atoms.

b4 1Y

The terms “alkoxy,” “alkylamino” and “alkylthio” (or thioalkoxy) are used in
their conventional sense, and refer to those alkyl groups attached to the remainder of the
molecule via an oxygen atom, an amino group, or a sulfur atom, respectively.

In general, an “acyl substituent” is also selected from the group set forth

above. As used herein, the term “acyl substituent” refers to groups attached to, and fulfilling
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heteroar }écteiilt{logrg Na%) gltla(]l‘ ISn\sgergi?lc%ﬁe nitrogen, carbon and sulfur atoms are optionally
oxidized, and the nitrogen atom(s) are optionally quaternized. A heteroaryl group can be
attached to the remainder of the molecule through a heteroatom. Non-limiting examples of
aryl and heteroaryl groups include phenyl, 1-naphthyl, 2-naphthyl, 4-biphenyl, 1-pyrrolyl, 2-
pyrrolyl, 3-pyrrolyl, 3-pyrazolyl, 2-imidazolyl, 4-imidazolyl, pyrazinyl, 2-oxazolyl, 4-
oxazolyl, 2-phenyl-4-oxazolyl, 5-oxazolyl, 3-isoxazolyl, 4-isoxazolyl, 5-isoxazolyl, 2-
thiazolyl, 4-thiazolyl, 5-thiazolyl, 2-furyl, 3-furyl, 2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl,
4-pyridyl, 2-pyrimidyl, 4-pyrimidyl, 5-benzothiazolyl, purinyl, 2-benzimidazolyl, 5-indolyl,
1-isoquinolyl, 5-isoquinolyl, 2-quinoxalinyl, 5-quinoxalinyl, 3-quinolyl, and 6-quinolyl.
Substituents for each of the above noted aryl and heteroaryl ring systems are selected from

the group of acceptable substituents described below. “Aryl” and “heteroaryl” also
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R', R'" and R'" groups when nore one of these groups Is present. V\hen
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with the nitr n, at o for in anpl e,
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4- mor pRgbdtityents”faha ”hét%alkgbmb@tlt‘ﬁbl% uSg&spectively, ahd ey cu BE Sne @ﬂﬁoféfof?akl T in
the art will understand at the term alléﬁlr is meant to include groups
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radical. R’, R”, R”” and R”” each preferably independently refer to hydrogen, substituted or
unsubstituted heteroalkyl, substituted or unsubstituted aryl, e.g., aryl substituted with 1-3
halogens, substituted or unsubstituted alkyl, alkoxy or thioalkoxy groups, or arylalkyl groups.
When a compound of the invention includes more than one R group, for example, each of the
R groups is independently selected as are each R’, R”, R’ and R groups when more than
one of these groups is present. When R’ and R” are attached to the same nitrogen atom, they
can be combined with the nitrogen atom to form a 5-, 6-, or 7-membered ring. For example, -
NR’R” is meant to include, but not be limited to, 1-pyrrolidinyl and 4-morpholinyl. From the
above discussion of substituents, one of skill in the art will understand that the term “alkyl” is
meant to include groups including carbon atoms bound to groups other than hydrogen groups,
such as haloalkyl (e.g., -CF5 and —-CH,CF3) and acyl (e.g., -C(O)CH3, -C(O)CF;3, -
C(O)CH,0CH3, and the like).
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conpounds” of the WO 02/ 096910 PCT/ US02/ 17210 14 present |nventjon contain
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e R e
phar magRalaryEad Heyeraa 9Bt opdifally be replaced with a substituent of the formula
-(CRR’)s-X-(CR”R’”)¢-, where s and d are independently integers of from 0 to 3, and X is
-O-, -NR’-, -S-, -§(0)-, -S(0),-, or —S(0);NR’-. The substituents R, R’, R” and R*” are
preferably independently selected from hydrogen or substituted or unsubstituted (Ci-Ceg)alkyl.

As used herein, the term “heteroatom” includes oxygen (O), nitrogen (N),
sulfur (S) and silicon (Si).

The symbol “R” is a general abbreviation that represents a substituent group
that is selected from substituted or unsubstituted alkyl, substituted or unsubstituted
heteroalkyl, substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl, and
substituted or unsubstituted heterocyclyl groups.

The term “pharmaceutically acceptable salts” includes salts of the active
compounds which are prepared with relatively nontoxic acids or bases, depending on the

particular substituents found on the compounds described herein. When compounds of the



addition salts include sodium potassium calcium ammonium organic am no,
or magnesium salt, or a simlar salt. Wen conpounds of the present
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basi ¢ 4teth imoiganis dClﬁsdtkﬁélUétqcmoéls, hydzebremic wittiipecathomfounds to be converted

h d
B B U R e L L S
| sol at istilgurid) ehopeh@dtb géRilbgi) Hydodid)@r phosphtious Iﬁalﬂs amhihe like, abiveelpasrtheit f or m

of the clésg})ound differs fromthe various salt fornms in certain physical
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described herein are th oun hat . nder o ch changes
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present' EXi‘S crystalline or anorp f or ns.
gener alThedatenp Rt df&he ésmpaundrdeffes| fowathe variby saltHernssiasenainpapgitat ed by

properties, such as solubility in polar solvents, but otherwise the salts are equivalent to the
parent form of the compound for the purposes of the present invention.

In addition to salt forms, the present invention provides compounds, which are
in a prodrug form. Prodrugs of the compounds described herein are those compounds that
readily undergo chemical changes under physiological conditions to provide the compounds
of the present invention. Additionally, prodrugs can be converted to the compounds of the
present invention by chemical or biochemical methods in an ex vivo environment. For
example, prodrugs can be slowly converted to the compounds of the present invention when
placed in a transdermal patch reservoir with a suitable enzyme or chemical reagent.

Certain compounds of the present invention can exist in unsolvated forms as
well as solvated forms, including hydrated forms. In general, the solvated forms are

equivalent to unsolvated forms and are encompassed within the scope of the present



the present invention and are intended to be within the scope of the
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in
chains respectively. WO 02/096910 PCT/ SOZ% 17210 16 Antibodi es exist,
e.g., as intact iAmiusadleisiuthertemyrleasng grawnh sefersito gdprtion of a substrate that

is cleaved from the substrate in a reaction.

“Antibody” generally refers to a polypeptide comprising a framework region
from an immunoglobulin or fragments thereof that specifically binds and recognizes an
antigen. The recognized immunoglobulins include the kappa, lambda, alpha, gamma, delta,
epsilon, and mu constant region genes, as well as the myriad immunoglobulin variable region
genes. Light chains are classified as either kappa or lambda. Heavy chains are classified as
gamma, mu, alpha, delta, or epsilon, which in turn define the immunoglobulin classes, IgG,
IgM, IgA, IgD and IgE, respectively.

An exemplary immunoglobulin (antibody) structural unit comprises a
tetramer. Each tetramer is composed of two identical pairs of polypeptide chains, each pair
having one “light” (about 25 kDa) and one “heavy” chain (about 50-70 kDa). The N-
terminus of each chain defines a variable region of about 100 to 110 or more amino acids
primarily responsible for antigen recognition. The terms variable light chain (VL) and

variable heavy chain (VH) refer to these light and heavy chains respectively.



characterized fragnments produced by digestion with various peptidases.
Thus, for exanple, pepsin digests an antibody bel ow the disulfide |Iinkages
in the hiwgeznegion to produce F(ab)'2, a dinmer of Fab wwcalusor/sehé is a
light chain joined to VHCH by a diswfide bond. The F(ab)'2 may be
reduced under mld conditions to break the disulfide |linkage in the hinge
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cell (see Kohler”& MTstein, ur. J. I'munol. 6: 511-519 (1976)).

Al t er n&EANGERTRERSRNS, Adan Robasst Tabi(@883)dn i ncl ude transformation with Epstein

Barr Virus, onco S.. Of _retr.ovi puse r her net hods | | in the
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protocol. The animal’s immune response to the immunogen preparation is monitored by

taking test bleeds and determining the titer of reactivity to the beta subunits. When
appropriately high titers of antibody to the immunogen are obtained, blood is collected from
the animal and antisera are preparéd. Further fractionation of the antisera to enrich for
antibodies reactive to the protein can be done if desired.

Monoclonal antibodies may be obtained by various techniques familiar to
those skilled in the art. Briefly, spleen cells from an animal immunized with a desired
antigen are immortalized, commonly by fusion with a myeloma cell (see Kohler & Milstein,
Eur. J. Immunol. 6: 511-519 (1976)). Alternative methods of immortalization include
transformation with Epstein Barr Virus, oncogenes, or retroviruses, or other methods well
known in the art.

In a still further preferred embodiment, the antibody is a human or humanized
antibody. “Humanized” refers to a non-human polypeptide sequence that has been modified

to minimize immunoreactivity in humans, typically by altering the amino acid sequence to



m m c existing human sequences, w thout substantially altering the function
of the polypeptide sequence (see, e.g., Jones et al., Nature 321: 522-525
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hydr az erasticingyis presené invediienrenn in¢ladogiouns that are ectiviitad-orjcapablerpf ackiyations

sul fides di sul fides ul f oxi syk.f sul ' i inic

aci ds, ?%élé?‘ﬁrs%?aﬁ%fpaelcge? ?%’%%ﬁ‘&“faﬁé%?e S%g Sl(gpg‘fdéts',&ss%ﬁueu% gﬁé:gt? 8158 #é%ni triles,
am di negbstiaty, stexaimplefatkip, wafet boWweR, oniy dhivhyindndingaal, oombrethan biydr oxami ¢
aci ds thi ohydroxam c acids, allenes, ortho esters, sulfites, enam nes,
ynani néempgih of thedByebign ésloundeni car bazi des, carbodiimi des, carbanat es,

I m nes, azides, ‘gégctﬁgmgﬁglbgrwx %H?%Wﬁe@gp%%hégﬂgﬁdﬁ%m%gs.

Reactive function groups a I'iclu ose use repare

bi oconjlimgieddas, olefinp, acdkylbnedy dxgiwls; phenals, dthees bridss, habdes) alilelydes, katbnedhe | i ke
(see, for exanple, Hermanson, Bl OCONJUGATE TECHNI QUES, adenj c press, San
b ego, CHOEE) I THHSHES, GURFL S Ba RGBSy BCE A C R Bl Ta el |
known iRatDfes Hykira3Bhkst RRirhzidRPhiasaldifBnheh, HitrdDstkilds CRbIc@RtanO sulkdgar ti cul ar
purpose’is wthin the ability of one of skill in the art (sée, for

exanpl alisulfaded) silfozitds,lsalfonesesidfonoRGide wlfiuinETidoNsEtalsRatRs, fRPdERRTI ONS,

Academ c. Press.. San .Di ego., ..1989)... The conpounds of the,invention are

or opar GHIEES S Peich GOnETIEg amjainds FRERTTBHERS, Blrohey by aibegna)

di ast erxafBy, hy@bxafiicthclis ¥hivhRir6anhis QBRE Salleh#s, 8rthé dtesf satfite§ Rhadinegnt , the
conmpounds are prepared as substantially a single isomer. Methods of

pr epar iyngmines.sireas; psgudgureas, sepicapziges, grrbodimisles cabamates inuoes, pfidesne art .

o TR g BB AL SO UG B, DA PRI

conpour%lczls ca using synt 'C 1 ar e

enant i gagndembse/nsed tepiepare didvonpightes evg.f N-hydaxlysemimideasstess, ifadimideave t he
stereochem stry at a chiral center unchanj%ed or. result inits.conplete WO
02/ 0969Mg thedike sees forexample, Hermanson, BIOCONJUGATE TECHNIQUES, Academic press,

San Diego, 1996). Methods to prepare each of these functional groups are well known in the
art and their application to or modification for a particular purpose is within the ability of one
of skill in the art (see, for example, Sandler and Karo, eds. ORGANIC FUNCTIONAL GROUP
PREPARATIONS, Academic Press, San Diego, 1989).

The compounds of the invention are prepared as a single isomer (e.g.,
enantiomer, cis-trans, positional, diastereomer) or as a mixture of isomers. In a preferred
embodiment, the compounds are prepared as substantially a single isomer. Methods of
preparing substantially isomerically pure compounds are known in the art. For example,
enantiomerically enriched mixtures and pure enantiomeric compounds can be prepared by
using synthetic intermediates that are enantiomerically pure in combination with reactions

that either leave the stereochemistry at a chiral center unchanged or result in its complete



18 inversion. Alternatively, the final product or internediates along the
synthetic route can be resolved into a single stereoi soner. Techni ques for
i nverti ngworo2loe@we ng unchanged a particul ar stereocenter pcansor/nmse for
resolving mxtures of stereoisoners are well known in the art and it is

well within the ability of one of skill in the art to choose and
appr oprinverson. pdltersativedy, the final prodycter wiermediptenalong the syatheriarque caplieni ss et

al . (eds. ' I . 5TH ED.,
Congac e eiEm el e e Ao o e o

Hel | er paAialar eswceras an®@Bosel 8 r(sdIaiy) mixtidys of axreoisorvbrsyard Wwell &p@wrt irc
agents, particularly those that e especi.ally effective . in cancer

chenot K& #hynd %f&%ﬂY@%H}nﬁﬁ? atylipn 06189?&1_9 lyn (e a5t PEhoRsEARABRPIPTHEne mar r ow
and _ MueARAY fol Apheiichlhr sitish! Kol geRMIANIFRAA A LAty agire! 00i cal
toxicity. Suc Igh toxicity can- lim't their applications. Devel opnent of
nor e afNcyaf. @REDSHOE PRACTIC Ae®apaNiCi CHEMJETRYSY " Epaliongmhm Btigntafit andunor  agent s,

|t he TREMHEH LB oel o0y 00 RLC o A s e biss B JBALAE (toxt of Ty,
destruction of non-tunor cells, etc.). The search for nore selective

cytotoxic agents has been extrenely active for nany decades, the dose
limtin§gytetexingties (i.e. the undesirable activity of the cytotoxins on

normal tissues) i N ne.of th ' faj eg | neer
t herapy. For exa ?ne}?[hgréﬁe-“%ﬁﬁegﬁmcéﬂ%@ggg%}%ﬁ aﬁ‘g%g %élgﬁ%gf\%%&?gqﬁe
ext r enghiycep oh&ndthenip N iodeh BShiblHdoRE uidcityalhaw esebiallg boeemaradanio eval uat e

anal ogs of these conpounds; however, npst have been, shown to exhibit
undesi madsosalteRicity, ay Wl ag groriseardiec yuneyrologiedd topipigy. puch Righdemiritheal peen

to i L) j - j:éqar '

effec'[r? %@gglgggggg‘%ﬁg?ét%%ego ceﬁrﬁgg%‘fno} I esa%gg e%%%ﬁéragg@gr eﬁfsg’l de effects,
such ayattizxiatiytantioumbriaigentsias tesirabledor gritatapeffectiveness agdinst tiResealcindas
focused on the devel opnment of. new t herapeuti ¢, agents whjch ar in.the form
o pr odetigase 8 GHIARIEL Sbh s SHLOI A 0% ETGH BEAT HoHAEy ¢ SHciBh SEGEoR act | ve
t her apighbR-nxAGRRUSARJ.).I N vivo by certain chemcal or enzymatic

modi fications of their structure. _For purposes of reducing toxicity, this
conversion is pr dhersaitly farandre seldctive aytatoxic agents hasdiegn axtoamel pagiste fof ssue
rat her than, the circul ator. st.em or non-target ti.ssu Howeyver even

br odr ugemriseafes bt Atieumibe G Re G B8 Maa@iAR a6t B S PSRRI ety T

bl 00d 3RENaISREWE) bEHE oh®of the nikj G TaNGS of faiRbEk)iTREndeh terp90rRI@x@hplRCt | vat e
the prodrugs before the prodrugs reach the desired sites within the

pat i entC&-186%9nd the dpegasmycing frekppwa to be exfecraely apteptcytofoxms. Mumerquger e

For 1 nevbpblhts Pedifiac evabalf R ARRERScoBloph Bt B TEHr B EREY) 1900 ©

shown to exhibit undesirable toxicity at therapeutic doses. Accordingly, the goal has been to

improve the specificity of anti-tumor agents for increased effectiveness against tumor cells,
while decreasing adverse side effects, such as toxicity and the destruction of non-tumor cells.

Research has focused on the development of new therapeutic agents which are
in the form of prodrugs, compounds that are capable of being converted to drugs (active
therapeutic compounds) in vivo by certain chemical or enzymatic modifications of their
structure. For purposes of reducing toxicity, this conversion is preferably confined to the site
of action or target tissue rather than the circulatory system or non-target tissue. However,
even prodrugs are problematic as many are characterized by a low stability in blood and
serum, due to the presence of enzymes that degrade or activate the prodrugs before the
prodrugs reach the desired sites within the patient’s body.

Therefore, in spite of the advances in the art, there continues to be a need for

the development of improved therapeutic agents for the treatment of mammals and humans in



19 particular, nore specifically cytotoxins and rel ated prodrugs that

exhi bit high specificity of action, reduced toxicity, and inproved

stabi i t ywom2bobeooad rel ative to known conpounds of sim|arcstusaziizie. In a
first aspect, the invention provides ® cytotoxi ¢ conpound havi ng a
structure according to Formulal: AR ORI RBR4 N--X XEGR5Iin

whi ch raRtufY Shé® sPedificall yBBI6XinS Shde sl fro@mis s biHibit BighGpedificitibstt i t ut ed
aryl substituted or unsubstituted heteroaryl and substituted or
unsubstaction, seflused taxisiiye prchimkypvedgtabily in Boedp¢lative toikngwapempaendspd| ude
phenyl _and pyr e. The synbols E and G represent H, substituted or
unsubstsluflﬁ%rescfuéﬁheyl, substituted or unsubstituted heteroal kyl, a

het eroatom or a Ifiafigbteaspendhe mvantibnGravides ®pytoril doyngoahd davitgaf orm a ring
system sel ected from substjtuted or unsubstituted aryl, substituted or
unsubststrugiuespcRerdiedafiprmulad: substit uted or unsubstituted heterocycl oal kyl .
The synbol X represents a nenber selected fromO0, S and NR23. R23 is a
menber selected fromH, subStinuted or unsubstituted al kyl, substituted or
unsubstituted heteroal kyl \ 4n The synbol R3 represents a nenber
selected from (=0, SR11, i BR', in which R" is H, substituted or
unsubstituted al kyl, su unsubstituted heteroal kyl, acyl,
C(OR12, C(OOR12, C(O NR12RL3; Q) OR12, P(Y(OR12)2, C(O CHR12R13,
C(OOR12, SR2 or SR 2R 3R 4. The sy , R3, and R 4 independently
represent H, substituted or unsubgtiutedijlal kyl, substituted or
unsubstituted heteroal kyl and sti %ub dnsubstituted aryl, wherein
R12 and R13 together with the nitrogen at om® o0 whi ch they are attad®ed are
optionally joined to forma substituted or unsubstituted heterocycl oal kyl
ring systvdnchdng sygteir Aris 4 memiBr seledsed Bomepbstisniad oyunsubstitutediand two or nore

het t ) f R12 3 4 i,ncl bl
o oup. AT PE gk Poterbrry i Ao B A B R bR o e
from H,grgmst]:jx@y,tpwyﬁhg syEHIcludy pRehydbkd byrrdlgbst i t ut ed or unsubsti tut ed

aryl, substituted or unsubstituted heter oar%{l , WD 02/ 096910 PCT/ US02/ 17210
20 The symbols E and G represent H, substituted or unsubstituted alkyl,

@

substituted or unsubstituted heteroalkyl, a heteroatom, or a single bond. E and G are
optionally joined to form a ring system selected from substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl and substituted or unsubstituted heterocycloalkyl.

The symbol X represents a member selected from O, S and NR®. R®isa
member selected from H, substituted or unsubstituted alkyl, substituted or unsubstituted
heteroalkyl, and acyl.

The symbol R? represents a member selected from (=0), SR'', NHR'' and
OR", in which R is H, substituted or unsubstituted alkyl, substituted or unsubstituted
heteroalkyl, acyl, C(O)R'%, C(O)OR'?, C(O)NR'’R"3, C(O)OR'?, P(O)(OR'?),,
C(O)CHR'?R'?, C(O)OR'%, SR"? or SiR'’R"R™. The symbols R'2, R'?, and R"*
independently represent H, substituted or unsubstituted alkyl, substituted or unsubstituted
heteroalkyl and substituted or unsubstituted aryl, wherein R'? and R'? together with the
nitrogen atom to which they are attached are optionally joined to form a substituted or
unsubstituted heterocycloalkyl ring system having from 4 to 6 members, optionally
containing two or more heteroatoms. One or more of R'2, R'?, or R' can include a
cleaveable group within its structure.

R* and R’ are members independently selected from H, substituted or

unsubstituted alkyl, substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl,



substituted or unsubstituted heterocycl oal kyl, hal ogen, NO2, NR SR16 ,
NC(OR S, OC(ONR SR 6, OCC(OOR 5 C(OR 5 SR 5 and OR'. R 5 and
R 6 indeperndemoiy represent H, substituted or unsubstit wcadisab/kipig
substituted or unsubstituted heteroal2yl, substituted or wunsubstituted

aryl, substituted or unsubstituted heteroaryl  substituted or unsubstituted
het er osybstisapd 91 unsbstiiuisd beterecrglodkyl halagen, E‘{stb@ geptNEMR wher ei n R15 and

R16 to Wi 18 b, 15 m bchid 18

opti Ongﬁ@ﬁjﬁ%{l r#ed’ ?g@gﬂm’ﬁg’%s%?uf@gdﬁ ) gns%@é}i Engitegéd}%@?ﬁrgggé;%ﬁoal kyl
ri ng syhtsabstivated oguisubstitdtet alk§l, sebpdntutsd ooisubnalitey heterwatkad, subgititesboor nor e
het er oat ons.. 45" 12&3' 516 R R R. R R Rand R optignal |y contgi n one or

mor e clusaNhsEmted Fyh sibstitited rinsphstifuted heteroaryd substitptst g ynupgtiyiedbl e groups
i ncl ud I i - A i 1gl's 1y i . In
anot he(r?mteeg%l#gﬂ%ggvp gﬁn%godg@nt‘gﬁtq ,0} 19 rﬁselmlg%{eeﬂt%% Btrllé}frﬂ ‘gg?%g{sl@a a@%#p?ﬁ%%{héﬂa‘gﬁr di ng
t o For i mitdogemitematp iwhath thewpstte attachedfarddptidRally Pided t& form REGhstiRitéd end R16

[ o N~N 5 X5 | Y. R32 O O wherein R30 j. nmb
el bot Sy BaepRiIed e vRiFE dreine e fop Rymber oRtisnely ut ed.  or
unsubsteohiatfl WS & BeleMiteroaldifis. symbol s R31 and R32 independently represent

H substituted or, upsubstituted.al k!\/{]J substituted or unsubstituted
het eroal kyl , subR’% RutRd R, RiARDend Rt eptionally tonsain oneipemiragleayeehle

unsubst it ut ed .het.er oaryl R31 and R32.togef her, are; 3 3 and
a1 SRR bRt Bxe bR afee i YD RRRE ot e il ©

subst i tpgpedespiminansideahd HishEidedet er oal kyl , substituted or unsubstituted
aryl or substituted or unsubstituted heteroaryl. The synbol R35 represents

substituted or urB@pethensxeaplagy Ripbodigient the gy eionproyides eamaoypd d

het er ogl.kyl+: ar. | Si b al fnDRIHR IS it I
unsubsﬁcﬁgggtgpgéﬁulgméﬁ gtfﬁ%}ggegr?ﬁuﬁgi st’:kt G{Red%e%g?%alcﬁwgs‘%S is O
or NR37' wherein R37 is a nmenber g@ected fromH, substituted or
unsubstituted al kyl and substituted or wunsubsti&uted heteroal kyl. In yet a
further enbodi nent, at Ieast31one'pN R33 d A—i¢s selected from L5X6,
wherein the identity of "L'RamdN' X' N'§ gengfally’as descri bed herein. WO
02/ 096910 PCT/US02/ 17210 21 In |%Q exgnpl anly enbodi ment, at |east one of
R31, R32, R33 and R34 in the sfructuUPe ab&e, is an aryl or heteroaryl

noi ety that is substituted wwth a noiety that includes

wherein R* is a member selected from H, substituted or unsubstituted alkyl and substituted

or unsubstituted heteroalkyl. The symbols R*! and R* independently represent H, substituted
or unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted
aryl and substituted or unsubstituted heteroaryl, or R3! and R¥ together are:

R* and R* independently represent H, substituted or unsubstituted alkyl, substituted or
unsubstituted heteroalkyl, substituted or unsubstituted aryl or substituted or unsubstituted
heteroaryl. The symbol R* represents substituted or unsubstituted alkyl, substituted or
unsubstituted heteroalkyl or NR*®. R*® is a member selected from H, substituted or
unsubstituted alkyl and substituted or unsubstituted heteroalkyl. X’ is O or NR*” wherein R*’
is a member selected from H, substituted or unsubstituted alkyl and substituted or
unsubstituted heteroalkyl. In yet a further embodiment, at least one of R*? and R* is selected

from L>X®, wherein the identity of “L” and “X” is generally as described herein.



a protected or unprotected reactive functional group, a targeting agent or
a detectable label. In a still further exenplary enbodi nent, at |east one
of R4, RS5wWOR2/09601@2, R13, R15 and R16 bears a reactive greap/Eopumpei at e
for conjugating the conpound accor di ng to Formula Ito another nolecule. In

a further exenplary enbodl ment_, K15 _and R16 are
i ndependent | y sel@éR SR ﬁm%l%h?@im?%{%&eaéi W%d%ut%t PhdRedn 4 er oal ky!

and h [ t kyl or
het ar Ogﬁgz}ﬁre a%ﬁ% 1§/ n &Zp%¢&&8 ggfh?}% ﬁitat fsrgﬁbsftl'hﬁgd WB@ Iﬂbﬁ%g}flat lhau@éfGynaybe
coln j ggatpeoied:ted anmtmeuectsqbecalcese funcgonal gmug;aa iar@tlag @g@nt odetdetct:tablleelabeébel

solid support arent..from.the, disc herei Wnen at
| east one of RlS&%ﬁaé?IQirgleﬁx%{ngl QRPI tefttl%%ﬁ?neg? r}ﬁl i ’rlglli’p can be
a conpqiepiq Rf b%mlaqr}éacbi%\gﬁo% z{pbﬁ)pnﬁfé%f)é&ﬁhg%ﬁﬁg’ﬂw d@&lﬁoqndfaedasmla to and

another nolecule. In an exenplary enmbodinent in which at |east ope of R15
and Rl&oimula |t aathey xmlpmé@nhm@lrthommum@rmmbgdmﬁna BncR HotherR

speci es;, i Iea d Rl t an
onzy o 204 B anf iden@ftenl scffeled BEmbihrliR o Sk dabefor AR LT .
R17 | have a fhctive fhfictidhal uf)@f 1 [fiee adraiifus dfhl@e ﬂkﬁﬂhih&te)%ll&ﬁ%olétyr epkeesent
menber s i ndepen ergtl fronp6 0, S and WB_. The groups R17 and R18

are i n@epwiglehR[.\R B?‘e@t eB f R'Smsybecamugatsd to Medhaspeciss: @8 al kyl

substi bstituted or unsubstituted
aryl, tt&gglﬂﬁz{%w;g%a%ﬂﬁg% Bﬁ&?&ﬁ%hé%(er oztlrjylS Isﬂbstltut gdsgrs e
léc(ns uo?sN tR! é ut gg( rcm);atpsrmml acpplgegt ﬁ%rghgé dngmmofsl@é:e;}ﬂ}lmﬂﬁﬂleasﬂ@(fg))am and

or e s an
|ndeper&ieh°’tq Kpaqly, Or},%%“élﬁcgls%ﬁ‘éli’lﬂﬂqﬁtgé%‘p&an é‘GB’%]PP’E“’(P(tégb %81“?( ?twe%ﬁ?tl tuted or
U ns UbStchngBﬁﬁh %Bﬂi@g@@muﬁ%ﬁ'aﬁ%@ﬂm@fecﬁl@s L bﬁéﬁﬁ;ﬂWoduﬁé@% ituted

unsubstituted roaryl substituted or unsubsti't
het er oovluthoat! 1&ast pncsazfc&t iandiR&%is erlinkageshedwedn the eompeytd afyHormuladrasidn R19 and

R20 toge [ vvlth nltr en .t o0 whic attached are

opt i on%‘?{g‘e’i ?ﬂeﬁlgﬁl af’toan%o %s ?fg{]l?t 08 AFOEY Bﬁ@ﬁﬁi“ﬁvﬁﬁ%a“ K& %cycl oal kyl
ring system havig firftiPedetplaby SEbGEMSHt, HEAs083¢ bHRLAMRI Bi ng two or nore
het eroatons,. with the proviso that when Z' |s NH, both R17 and R18 are
not H, and RL7 is not NH2. Throughoult _t beg p R'¢ent specification, the
synbols R 9 and R20 al so encorrpas th qups set forth for R4 and RS.
Thus, for exanple, it is wthi O /, the present invention to
provi de conmpounds WO 02/ 096910 (;T/ @802 fr210 22

R18

In the formula above, the symbols X* and Z' represent members independently selected from
O, S and NR?. The groups R'” and R'® are independently selected from H, substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, substituted or unsubstituted heterocycloalkyl,
halogen, NO,, NR"’R®, NC(O)R"’, OC(O)NR'®, OC(O)OR"’, C(O)R"?, SR'® or OR"’.

The symbols R' and R? independently represent substituted or unsubstituted
alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted heterocycloalkyl, substituted or
unsubstituted peptidyl, wherein R'® and R® together with the nitrogen atom to which they are
attached are optionally joined to form a substituted or unsubstituted heterocycloalkyl ring
system having from 4 to 6 members, optionally containing two or more heteroatoms, with the
proviso that when Z' is NH, both R'” and R'® are not H, and R"” is not NH,. Throughout the
present specification, the symbols R'® and R also encompass the groups set forth for R* and

R®. Thus, for example, it is within the scope of the present invention to provide compounds



having two or nore of the fused phenyl-heterocyclic ring systens set forth
i medi ately above linked in series, or a fused ring in conbination with a
l'i nker. Myo@owedi0i n those enbodinments in which a |inker PcI/ysoEs2me, the

| i nker may be present as an R4 or RS Rubstituent or as an R 7 or R18
substituent. R6 is a |n | e bond which is either present or absent. \Wen R6

i s pred@iing twg or awae efl phervd-hetsracyehs Hng gstesny whiarthyingaediately; s cH2- X
or Q_l%bové/ﬁ%daz sbrivs; S Pfusdd nﬁ%m Onft Bﬂ%vr]{ n%fml&etl]el\/ﬁ%&l\%p é}%%@@ ring. The

symbol represents a | eavi ng roup I'nations o nd R7 are
i nter preatbcedlmafntsamrmlnmlea linkertis present the lmkalma}ebdﬂnesqnt asnani Rf esRodubstithenti cal
val ence. The_egu d line wwthin the six-nmenbered ring indicates that the
ring m&y 2havd ‘U\r{fg 'lesﬁ‘fﬂegt degree of unsaturation, and it nmay be aronatic.

Thus, r ing str UCtRf’rl@ﬁ sﬁltgféh)oﬁa Wﬂlapé%ltﬁélpré&'hf & ﬂ@érﬁWWﬁ’é?lq{q 8 b?ets@lg R®

structures, are with he scope of orrrua : an I'n’” an

exenpl angd Ré apsojginedrio fOITn ngycopsopyhriagi R’ as EHbSE' |C1ru{3éﬁ owmn&bsf(EHutlem
phenyl n mAls re rab bstituted with o nore aryl
rouy asbftonta e effipand bk “TRE SrYolet TRbEr it edkibp e tben T one
pref er raghbatubiedd HERT andtm7ear9 hfétptetéd NG hEnnes tHAs HbdsHo€ tiotdté ﬂle%nﬁupl@@'o@t y. In
anot her exenpl ary enbodi nent, the invention provides a conpound having a

st ruct whemigabvalencsg to Formula IV: RR RL HNR6 R7 R3RA N/ X Z R5 (1V).

= e e R ST B8 AL o g B onc

i ndepervaiept hors déged: ddnfsﬁtofmlen, fnddtahaiNge 3romaT1be Thysririnlg sBﬁaturee puelisant s a
nmenber selected from H, Lil ituted or unsubstl tute aI k)i substituted or
unsubs tthessselforhbeloga and related, strugtyres, aggwh lﬁdhfhsoxpsﬁ omilaliNR3, each R23

is WD 02/096910 PCT/ US02/ 172&0

In an exemplary embodiment, ring system A is a substituted or unsubstituted
phenyl ring. Ring system A is preferably substituted with one or more aryl group substituents
as set forth in the definitions section herein. In one preferred embodiment, the phenyl ring is
substituted with a CN moiety.

In another exemplary embodiment, the invention provides a compound having
a structure according to Formula IV:

R2

—

HN RS
R7

N A R

1)

X 77N\,
R ).

In this embodiment, the identities of the radicals R3, R4, R’ , R6, R’ and X are substantially as

R3

described above. The symbol Z is a member independently selected from O, S and NR.
The symbol R represents a member selected from H, substituted or unsubstituted alkyl,

substituted or unsubstituted heteroalkyl, and acyl. When both X and Z are NRZ , each R? is



23 independently selected. The synmbol R represents H substituted or
unsubstituted lower alkyl, or CCOR8. R8 is a nenber selected from NRORLO,
NRONHR10 wod20R®10 R9, and R 0 are independently sel ect edpicmarsod17210
substituted or unsubstituted al kyl an$ substituted or unsubstituted
heteroal kyl. The radical R2 is H, or substituted or unsubstltut ed | ower

al kyl . independenijy selpeied., The smbol By remresentith sulsitited grwasupstifuied | (&W{yl | t is
ot her h%i' o?%f(b Or @Rl Kyl omiGer Setectedfrom MRIEP sﬁﬂsﬁﬁﬁ %‘&V&tz fili'q mg?ly %

| eavi ng" droup. eful ['eaving groups I nclude, but are no
hal i deare iadépbadentBudefeoted drons He subs(igutal or wmbihstisuted alkyl and sabstitstad bony| )

oxoniumions, alk perchl or at.e a ni oal kanesul f onat.e esters,
al kyl f |u98+b@§mtqdd}?§qre§k§n3hﬂr%§?5 Rl e&ﬁ@at&ﬁtfé oF engpbstifutgdr lowppalkyl. It

nonaf | af Sserdi g%?é’ileﬁ'&?ﬁ\)at heh RE R&ubdtltted -ﬂk?l GiQloRfer ﬂ"fanyé Giidy108 Ber
| eavi ng Qroups "appropriate tor a particular set of ctl on condl fl ons is
withinGHe abilities of those of Skl|| inthe art (see, for exanple, March

J, ADVANCED ORGAN C..CHEM. STRY di t John I and Sons, 1992;
sandl er Ko AR R O BTG IR B PR e e Bse ¢ | on,
Ac ademl&ll?deeﬁﬁt, aré Hét hm1té'cf;t%?’lalalfl‘fé§i YRS, shifonicOMERNP UM]@fsuﬁBQﬁNl C SYNTHETI C
METHODS, John W ey and Sons, 198 0). In an exenpla enbodi nent R is an

ester nrylsdfonyBuetenim cosciiyl nemhépraﬁegraummmeadbm@lfqna@ms,nent R is a

or ot er ARty L0 e BlBSld et fflaeb AP b Rnad Bl o271 ¥

CC2 CH3 theaiiek. Rehel cﬁhoﬁbl?»ftﬁe@e yal othadedng gpoep@hmfrypmﬁﬂlarmﬁculdﬁé.etaﬁd R5 are
menbers i ndependently  selected fromH, hal o en, NH2, %CHZ)ZN( Ve) 2. and
NO2. RAeaghen ponditiensgs siithiuhe pbuliges of thpse @eké injthe 3t {Segnior REmRISAYIdchr v

R O B, PR, S S0 1
X Z R5 Kevo W, OfGANDC FRPNOR68A0 GROTP BEORARATRMNG, 2nd Edition, Academic Press, Inc.,

1983; and Wade LG, COMPENDIUM OF ORGANIC SYNTHETIC METHODS, John Wiley and Sons,

1980).

In an exemplary embodiment R! is an ester moiety, such as CO,CH;. Ina
further exemplary embodiment, R? is a lower alkyl group, which may be substituted or
unsubstituted. A presently preferred lower alkyl group is CH;. In a still further embodiment,
R' is CO,CHs, and R? is CH;.

In yet another exemplary embodiment, R* and R’ are members independently
selected from H, halogen, NH,, O(CH,),N(Me); and NO,. R* and R’ are preferably not H or
OCHs;.

In yet another exemplary embodiment, the invention provides compounds

having a structure according to Formulae V and VI:

HaC HaC
3
CO,CH3 CO,CH;
\ \
HN o HN
R0\ / o)
N R* and N R®
)_/ \ /
X \Z N
X z
RS RS



24 In the Formul ae above, X is preferably 0; and Z is preferably 0. The
conpounds according to Fornula I, may al so include peptidyl linkers as a
subst i t uewn.02Db@16 i nker may be | ocated at any desired posiPdrarsopm7zibhe
conpound. In an exenplary enbodi nent24 at | east one of R4, R5, R', Rl12,
R13, R15 and R16 has a_structure according to Formula VII1: .M (L1)g AA 1-
- AAb AdD HherFqrmplac gBove, X is preferaply Qyandy §d1§gf§’fﬂghy ‘3hat follows, the |inker

according to For r—r'ﬁk%ohéh@ogsatceaggmgltg :Fgo?gulas rH%» 8o Br]:lujde \Bl-gﬁ?d%ﬂﬁlé&s @fathe

di scussion is in the I onl and e apparent to
t hose ahbsitadnk. T]hfalunkeh enalyibelecateioat lady desimtl pasnylopoa lthel ampund.hb aonpounds  of

the invention. In Formulag VII1, the, gl 3, meprsesent;s, a protected or
unpr ot EXFERIAFESR Q‘i;@entf Eﬂﬁ‘isf 8%%?;% i%gﬁ Rde ecgatﬁ“grﬁa %SIEP%FL‘CE’{“? argeting
agent . Ihsa8 %Qg,lpgmlrulampl L2 are linkers selected fromsubstituted or
unsubstituted al kyl and substituted or unsubstituted heteroal kyl groups.
Exenplary linkers, L' and L2, fconprises a pol1y(et hyl ene gl ycol) npoiety. The

linkers are either prmt(iﬂ) Adds e AIAPhAR" o (E)g-XP are i nteger s
i ndependent |y selected from0 and 1. The syrrbol s AA', AAb and AAKYID.

represent either e%%Jus {;‘r?'th‘épﬁo"l‘{owsaihei’l n%a@?or?ﬁfgmg Fo a@ﬁaﬁf‘ﬁs“d | ine

bet ween AA" and may be

inter nedémpﬁﬁéd)astmmgtmb mTae ifécnd os;teailmssmmlsamtmﬁmrﬁsaog/clmtp@dlymﬂ it the
t ot al nunber of am no acids wthin the renthesis ("b") is fro about 0
to aboutiliZs 2ppHen 1p ghassaf S‘%llé‘??él‘%%‘*“’éﬁ%ﬁ@i’ﬁé?ﬁny posltlor@f afr? OmPeyRts ¢y om
about jpda.ahpst 5. An exenplary |inker according to Formula VII is set
forth in Fornula VIITl: R12 0O yYNNNR2IL RR2 NHRes Os b+1 (VIIIl) in
whi ch, the symbolls FRghulaidl, messhmimtﬂp@rremnsdnss ampteetsdor usmbmcteduea@dvor
unsubst

tigyted bsl iyt ed hgtier 3! bsti t ut ed
unslflgg#ﬁop gaurgiaﬁetecégf? Jab 19?8 (&grrg?t'ijnrgﬁ%gﬁtblﬁqut S??lg)& ﬁrgié Q%/ eyl geubstitute
Subst | tsefeBidd %ronﬂﬁx%ﬁt@tﬁiddtdihﬁﬂxﬂaﬁﬁﬁm dﬂIaaakmlmtéwéﬁﬁkawt@tb@bab@a&w

targeting agents. The g roups R1 R25 are independently selected from
H, subsroupst &xewmplaryhikess (i end 83 qocmse%\a rely(ethatengral yroDeropigtys i e linkessn,

det ect abI gth'e?%?elsgﬁt or Qlc)jsenfa E}glet é] arclld agge 1n§eger\£\@rl(9e%é19d%l618§' (s)elepggé Htcs'x%?d %gndzll0 25

The symbols AA', AA® and AA®"! represent either natural and unnatural a-amino acids. The
dashed line between AA' and AA® indicates that any number of amino acids may be
intermediate to the two recited species. In an exemplary embodiment, the total number of
amino acids within the parenthesis (“b”) is from about 0 to about 20. In a further exemplary
embodiment, “b” is an integer from about 1 to about 5.

An exemplary linker according to Formula VII is set forth in Formula VIII:

R1 2
b+1 (VIID)

in which, the symbols R*' and R?? independently represent substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted heterocycloalkyl, detectable labels and
targeting agents. The groups R'% and R* are independently selected from H, substituted or

unsubstituted lower alkyl, an amino acid side chain, detectable labels, and targeting agents.



The ami no acid portion of the structure, represented by AA', AAb and AAb+'

is substantially simlar to that of Fornula VII. |In another enbodi nent,
t he conpowodg/oaecer ding to Forrmula | include a |inker hawomgsaz/st2nect ure
according to ForrruIaIX X4 (L3)pAAm _AAC ~—-W'-(L 4)t- NR24 O (11X
wherein, the sy X4 repr esents protected or unprot eg+tled reactl ve

functi drgIamyRe AIC ﬁm%‘é’c fdlaq BB éﬁngeBFe yt%?‘geﬁ\nﬁ‘da@éntés ubpantidiinol s L3
and L4 gfe hat are substituted or unsubstituted al kyl or a
substi t&iﬂ%qgﬁ%ﬁghgﬁﬂlﬁ%&ﬁed het er oal kyl group. The am no acid portion of
the linker is suliatacthemdrbodment| e compoimads adegdimighie dofroula Faroindea VI 1. An
exenmpl gry linker includes within_its framework a poly(ethylene glycol)

anal og%m%ﬁrc}PPVH?g?ﬁ@‘cn}rFﬁR@F@ngé‘)%‘?m‘?bgresent or absent, thus, p and t are
i ntegers independently sel ected from 0, and 1 The |inker according to
Formula | X may be subgtit @ }}e NR¥®!l ecul e according to
Formula I. In an exerrplar@l' |rrent thelln acco gto Formula I X
is a menber selected from R4, R5 R', R12, R13, R15 andl R16. Those of skill
will appreciate that the linker may al so be a conponef of one or (Iye of
R17 or R18, or simlar sites in higher honol ogues of the conpounds

accor diviieréif, thesHba X* rlsgx"és@%s? ofdcYed drﬂiﬁﬁfot&@&pﬂe%tm ﬂlﬁbtﬁ%l%bé}) X, 1s set
forth in Fornula X X4-(L3) BN N ¥ NH NN R 24 7 0c+l s M
| n For rgtestakle labet oaﬂdarmgeag@nmﬁbemnbmépmmmpyesg@ts Hokerg that aney H,

et oot AipEEof ERRipR) bEYSIL AN or ARAGHRH f bR B e

i nt egeraniih@kcid portivdh Fehekiledid @bﬂmﬁn/all@'%lrﬁlliﬂ to klen dedcribay foddwimeld VIEnghh.
Presently preferred are linkers in which "s" is an_integer fromO to 6,

mor e preXPEplpy Jnkss ingdedes I‘“Mltﬁﬁamﬁww&a%ﬂ%b@ﬁ@’ﬂe@@?ﬁﬂ)ﬂl%n@éﬁﬁ AERE, the
I nvent '181&&&&981&1%‘?@&&&%9% t, tﬁfscﬁ aga pgretn[(ﬁe egigll gerldgflg}a ?E%leégtre &H%ht ut ed

with one or nore ers t I nc nol ety within
their dsitructure such as that set forth in Fornmula Xl: WO 02/096910

P - - - . .
CT/US02/ 17210 ?'I%e% rrkgnlf' g’c?cords ngSto P(olhfln)u}a I%Flmgy be substituted onto any site of the
molecule according to Formula I. In an exemplary embodiment, the linker according to
Formula IX is a member selected from R*, R>, R'', R'?, R!?, R'> and R'®. Those of skill will

appreciate that the linker may also be a component of one or more of R"7 or R'®, or similar
sites in higher homologues of the compounds according to Formula I.

An exemplary linker according to Formula IX, is set forth in Formula X:

el

In Formula X, R*’ and R?® are members independently selected from H,

X).

substituted or unsubstituted lower alkyl, amino acid side chains, detectable labels and

1‘6 k]

targeting agents. The symbo represents an integer that can be selected to provide a linker
of any desired length. Presently preferred are linkers in which “s” is an integer from O to 6,
more preferably between 1 and 5.

In yet another exemplary embodiment, the invention provides molecules
according to Formula I, that are substituted with one or more linkers that include a cleaveable

disulfide moiety within their structure such as that set forth in Formula XI:



ri 0 (Xl) in which X4 is a nenber selected fromprotected reactive
functional groups, unprotected reactive functional groups, detectable

| abel s am@otoang®te ng agents. L3 is a linker selected frompcaulser/iit2ue ed or
unsubstituted al kyl and substituted o2 unsubstituted heteroal kyl groups,
substituted or unsubstittkjt ed aryl, substituted,or unsubstituted heteroaryl,
substituted or unsubstX -u-t-elas)pyts-o-aﬁ-ky-l(L HANRS a ki nker sel ected from
substituted or unsubstituted al kyl and substi'?m‘re\{jdor unsubsti t ut ed

het er oal kyl groups, substituted or unsubstitut edoaryl, substituted *ﬁ{e
unsubstituted heteroaryl, substituted or unsubstituted cycl oal kyl . (

symbol SnRyigdix! is o ARG ABlected (RALHRIRAGRRINE Bidcrionll E6IRigraREa and 1. In
an exenpl ary enbodi nent according to Fornmula X, the Tinker L4 1s a

subst i tresaive functinsallgseupsydatettatihisbels endrtirgdting agbms.gEdis linkér sedectednfzorher

| ected, f R29, . C(O NR29,. and \ in R29 i nb
S6l oot b B o RavSied oo il npstr s stk e B Ry s, - 2
unsubstdubstit@ed e hahuBattied a?n,dsu%sthxﬁtehwhﬁ&b@ﬁtu&@&i&&&&wwﬁﬁﬂ@é@dpar yl. In

yet another exenplary enbodinent, R29 is a nenber selected fromH OH
NHNH2i uDsubsaituted-giclagliyl- Latsch lankey seleger fromeubstififed ef wnsmbgitpted plkyband

substi t o unsu i kyl term e .t h reagtive ncti.onal
group, Sghfe}gflt%fll?f e ugsﬁtﬂ{r?gégfs%fﬁwgoo "ﬁ%’t%@%&?@f%\% érrlsr%%ﬁtétflgeg a\l/'\)\At Sﬁ’fogm %?r(llcti onal
group asrdinsubstiBtgidifetervdisl, substibacdothsubstitaed cyrledlieyli Mheppmbeinblayidsel ect ed.
Also within the scope of the present invention are conpounds of the

i nvent iTepresent gitegerepindenepdensly selacted-fiom 8anddpeci es, i ncl udi ng, for exanpl e,
speci es such as di.ner .rah'rrg{] . j r %% f the
conmpounds of theqlil%ee%ﬁl‘gln or ?%dérg%ﬁ%egﬁg (}gt?ggmltg%?tel%?{.m he Bgl y- and
mul t i - veabstitted pe onsbstitated ethybkswendiktyd from a singl e species or nore than

one species of t i nventjsan. For, ex I a by .G rugt can be
"horo- di meric" o °'3¥%‘E%>€df Argembes S%&‘Eﬁﬁ@%‘?‘ﬁp’ﬁ@b&;ngﬂ ti ) ent
const r USPHNNR*MIheRiFREQER atenthep Selbdied frbM\apititdRd 8f usubttiel Wkyhinal ogue
thereof, iI's attached to an oligoneric or polyneric franmework e.g.,

pol y| ysiuhstituigd or nagubstityigd dietecaatkyl agd subshtusgdoortumeubstikuigd baterogiiyl.hi n t he scope

of the WD 02/ 0969[%‘1%@? a%éh%?%)z(émlglg}yoembodimem, R? is a member selected from H; OH;

NHNHZ;

o] 0o '
D
Z | ; N \ N . and
\N " alkyl
o) 0 R

wherein R represents substituted or unsubstituted alkyl terminated with a reactive functional
group, substituted or unsubstituted heteroaryl terminated with a functional group and
(L} )pX4, wherein each L?, X* and p are independently selected.

Also within the scope of the present invention are compounds of the invention
that are poly- or multi-valent species, including, for example, species such as dimers, trimers,
tetramers and higher homologs of the compounds of the invention or reactive analogues

‘thereof. The poly- and multi-valent species can be assembled from a single species or more
than one species of the invention. For example, a dimeric construct can be “homo-dimeric”
or “heterodimeric.” Moreover, poly- and multi-valent constructs in which a compound of the
invention or a reactive analogue thereof, is attached to an oligomeric or polymeric framework

(e.g., polylysine, dextran, hydroxyethyl starch and the like) are within the scope of the



27 present invention. The framework is preferably polyfunctional (i.e.
having an array of reactive sites for attaching conpounds of the

i nvent i omyvo odbp@aver, the framework can be derivatized wPOT/&oyiTegh e
species of the invention or nore thamne species of the invention.
Moreover, the present invention includes conmpounds which are functionalized
to af f BFeseRigRBUARS The famgweek s praferablyinalyfynetionel (ie. kavingaeaydfat i ve to
anal og . . | ] ]y, f ' ' ny of
fho saberiye AERauDARh g koA R oMol ol B P ey TR b ol s
t hat haedvairedmndthch siagle spexids wif tHe ihyentiboor mexathah ene species ofittelinventibe. scope

of the invention to, for _ exanple, replace a hydroxyl grqup _wth a diol, or
an anine with a &E%F%Y%amﬁ Péﬁﬁq{é?vmg? B‘&?@“d&ﬁf’?f@p‘b‘?’gdé i"‘%“ﬁ’a‘*rre ﬁﬁweow_ivsﬁli- _
sol ubl g, Hggﬁtcgglggg?fsu%&g%%tads&ﬁmwtﬂﬁné entAHEid JcRBAL 19 Rlafdgope! UDI ity is

I mpart ed at a site'not essential for the activity towards
t he i oonipavmis|thasfard e stoitghyufmdstionsbzed! drhul, dngrofitine smbstituentsredt éorgh t hat
enhances the water. sol ubil i of the rent coppounds hods. of
enhancTRE 1 Beie RSy b Arabgr s e s RGOS “aics sREBURY | EPvt he ar
Such féﬁhrﬁ?lé,sit i\ ithidehe Ridpe Bf e Mdentibrimid, €6t dx@mplell ipldce AdlytirixPDgrdhp Or gani c
nucleus with a permanently charged noiety, e.g., quaternary amonium or a
group t¥itha disl, onan gaineavitiha qpagman agine.diydyoxyamine ax sipilar more watgi-boxyl i ¢

aci d,  ne.  Ct her L0el i t r. | cl eus

ny o P n Tkt LABoAIARey, RRRAGH Wherk81obIIRy BiBBRN B, T8, ¢
and t heubdtikgtionRe arsite act aabdnvial fox sdacesity oo aidiethe boii changel pdthel dofipoands o,

pol yl ysi ne, _pol yet hyl enei mi ne,  pol y(ethyl enegl ycol) and
pol v ( prselporth hswrw&hﬁm%amtwe@hmaﬁél@ Wber spuRility of éﬁé’i‘ﬁ%‘f FOTBROURA S

strategy i t - of X e,
Bunn, - Agiods3fr chin g RERANACOLBNy RN Col By Tiiare i mQERENRRH £
Sy nposimeth@srinadsdeyblit ard 66t lindited fog Amctihratizogl anSogamt yyclakshingt on, D. C.
1991. Exenplary cytofoxins of the invention are set fﬁrt.h Ln F Cé 2.

Pr odr uSTRIITEY SR BILIEIY, il WA G Ao (hRbls Shales e 11 y
exenpl !pfhyﬁgloﬁi&ailiﬂ?el&%ﬁf pRe 2RAMRDXGRC G Mnindt DA &kt SdleO¥ipRAdiaE t he

i nvention, the present 1nvention also provides cleaveable |linker arns that
are apte trdrgarec fenleusthydotxybror aminezeantaining|groupans: g rad¢abolst pelyslpeci es. The

i nker a aspe L the invention is,exe I fi.ed herein reference to
thet r APPEITRARS s ey REPIERRTA e SrPlsk ST bidfe AR, REVSLERT,
appar eryolyeﬁly@léi@ﬁﬁine,fpozﬂuhlyldnegw&ﬂ) &id pdly@kopyidheblyBHyr Suigadle be attached to
di verseé species including, but not limted to, diagnostic agents,

anal yt ifergtiongfégation chasistner and steaiegiesdoy depneprappinds aredapwatinfleart afsel s and
the |ike ﬂ-{pgég?\ﬁflpﬁ(ﬂ ot W CERY 9812\?\{4%&1?%59& Jrittie ﬁﬁlfl'ilgmlf 5{9:51% that are

useful To at argeting group peutic agents and markérs. In
anot herA@S SempositeSerioy ¥ol. 469, Auneni¢ahaSheiiic sl Bodi26E) MWasREbtdiSORC 115210

Exemplary cytotoxins of the invention are set forth in FIG. 2.

Prodrugs and Cleaveable Linkers

In addition to the linkers explicitly exemplified in the section above as being
attached to cytotoxins of the invention, the present invention also provides cleaveable linker
arms that are appropriate for attachment to essentially any molecular species. The linker arm
aspect of the invention is exemplified herein by reference to their attachment to a therapeutic
moiety. It will, however, be readily apparent to those of skill in the art that the linkers can be
attached to diverse species including, but not limited to, diagnostic agents, analytical agents,
biomolecules, targeting agents, detectable labels and the like.

In one aspect, the present invention relates to linkers that are useful to attach

targeting groups to therapeutic agents and markers. In another aspect, the invention provides



28 linkers that inpart stability to conpounds, reduce their in vivo
toxicity, or otherwise favorably affect their pharmacokinetics,

bi oavai | awiolo2toye9amd/ or phar macodynamics. It is generallypomafseenrdot hat in
such enbodi nents, the linker is cleavsd, releasing the active drug, once
the drug is deliverggﬁbo its site of action. Thus, .i.n one enmhodi ment of the

i nvent ligkers thag imparh, tyde componnserrdrestheir & viva loxiciys or dheMitthat once
renove | & : ; ' i vation),
o1 adlGE Uy bt A AREHAd i RIES bl o O Ao e A8 T L e

i nvent igemeraliyhpreferreld éha imswehandhodonents, tedlinker tsrdéaved,abliehding theactvres dugaved at

a sitein or near the target .cell such.as .at the site of_ therapeutic action
or " RBFe e el lodRei 25acte iR p aBp FbRS Rl pLbe AMARETH AR Thi

f eat ur ginREASf R inv@HbE AROr¥REE Bhch Msldnéatdmovedfifrdnl helth@hpi bibentagent or
mar ker, reducing toxici t{v and system c side effects. The linkers al so
serve mmrkerdiichias dutihgactivetiomene fracerfdhe linker'sprasenceagapingt degr adati on
while in circul ation.. Thig f.eatur r.ovi des Lgnificant benefi j nce
sUch® stabi |1 sat iR dibeaftl bERlBY RS Be b s R REPR B ¢BHOF S e
at t achegilRgyBe QéaveBaKLSite in DR Bedri thK RiFged LEIDsIfcIaY @6theGite bt BHpb@id dttioAct i vity
of the attached agent or marker sq that the _conjugate is relatively benign
whi | e ion merles @ptiifyo Sugh gleavagetinprefsably saziangticdp natugs. Bhis fgtuse pigs 19 oxj ¢,
after j vati he.: desd [ 1.6 ' r | £1 agent

conj ugZ%&edsc ?/n Sh’lgtgmﬁ% %ctgtg gtrlcge11 %f;tﬁgﬁigﬁpfeﬁ%gégeggé{/@%kf gg‘%dr?tﬁ{rhg\}gﬂ? ﬁ%hﬂer apeutic

I ndex @ystehir sidpeflectsThe stabilizing groups are preferably selected to limt

cl earance and netaholismof the therapeutjc agent or nmarker by enzymes
that nmay be pr esérrhﬁqﬁ“kelﬁm%éew{a to ﬁtéwil?gﬁ’@é{lerf‘? GESSH QT HRET aB4R%ly sel ect ed

to |1 MdeelabaiRohile iAlcidcRatied S his ?éatﬁf@?ﬁ(ﬁfidés'lts@gﬂiﬁ@dm B&iefie singé"ﬁlcﬁt abi l'i zi ng

groups seérve to block degradation of e agent or marker and nay al so act

i n prowstabilizgtion resultpinyselonging Hercsulatios halfdifodf thh ettanhed agant onmakksr.. The

stabilizi rqu may al so j nprove.the _agent. or rker's stabiljty durin
st or ag éﬁﬁeﬂg‘&grt ?ﬁgfseév efsg‘? Ff'iﬁ‘?“é‘f’% BHFCHYX -O?Pbe?%i?%e;ae ggtoqlrﬂlarﬁﬁfesﬁﬁﬁ‘if the Ke )
stabi | icéhj&gate KOtRtivelybeaignl wiiR ifi lcabilhiidifardl Rl ehcodBittd eff@g ot eximple®y ker i f
it serves to protect 'the agent or marker from degradation_when tested by
st or agdoxif, aftehactivgtion atghe degited site af aiioan For betpanticagent emjysates this and
results.in |less than 20%. .prefer | . o avage of the agent
or mar Eg?tu‘&???lheeh Efﬁ%ess tBrng’glg)r‘{ t]%g&gﬁgaﬁ%dhg%n%fﬁ}o{% eu{raidergt he gi ven gssay
condi tions. The presebilizinygotpoire prferablglsaleezd tolintiylesgaiceandont ai ni ng

these linkers. More particularly, the inventiogn relates to prodrugs that
may be Toejakpliseyofithetherapgutiresagenioyr mykerdusenzywss bat gy e prrsertdmblood or

chenot E]ﬂ%é?/ t%%ﬁéﬁ%ggﬁﬁher VsiEct€d 1ot it ltﬂaﬂéﬁ%ﬁ%f@ﬁé%eh@%&%@ﬁhfb o

02/ 096
cells. The stabilizing groups serve to block degradation of the agent or marker and may also

act in providing other physical characteristics of the agent or marker. The stabilizing group
may also improve the agent or marker's stability during storage in either a formulated or non-
formulated form.

Ideally, the stabilizing group is useful to stabilize a therapeutic agent or
marker if it serves to protect the agent or marker from degradation when tested by storage of
the agent or marker in human blood at 37°C for 2 hours and results in less than 20%,
preferably less than 2%, cleavage of the agent or marker by the enzymes present in the
human blood under the given assay conditions.

The present invention also relates to conjugates containing these linkers.
More particularly, the invention relates to prodrugs that may be used for the treatment of

disease, especially for cancer chemotherapy. Specifically, use of the linkers described herein



29 provide for prodrugs that display a high specificity of action, a

reduced toxicity, and an inproved stability in blood relative to prodrugs
of sim | awoskneeture. Thus, there is provided a |inker maycaoasaimei@any of a
variety of groups as part of its chatn which will cleave in vivo, e.g,. in

the bl ood streamat a rate which is enhanced,. relgiive to .t hat_ of

const r @EAideer predrugsihal dasplayrahigh spestiicaty of d6iche & refused ciyatikatht t he

| i nker ; R I 1. ' A [2T=Te1A The linkers are useful
to for&?B&%ﬁ?ﬁ%&htngﬂgggy%F&?§g$%%eu%|§§%ggﬁ?s an%eto reversibly link a

t herapeuti c or diThgsabdre ¢s prgeided h dinker mayr gpataimgnyagbmvaricty degreupsadsipartl abel |
or a solid support. The linkers may. be jncorporated intp. . conpl exes that

i ncl _udfotﬁ_éhaéglf"’&‘%‘ﬂ‘ﬁs&?ﬁvef’hé“’?’rﬁl%n‘ﬁlitg%{?fgf’g s‘g‘??@ BhbBts Wﬁ‘ﬁp_}s rl‘f‘aﬁventi on
Provi degativd¥6&hat of BéMstilaN SvHiclE1a0€ SRh Frouds OARRY %}ﬁ%d fafHJoEjngteE ermela I1: R
R" O ENN R (Il'). In the fornula above, the synbol represents an
enzy natlinked drps stithatherapdugicrapil diagnosticpgentpebhé tinkers arowiséfulito, foon pegdrugt c. ) .
The synbal s R, R and Rl: represent .mepbers that..include for exanpl e,
' subabtipg ehihiabeic sBStt ot ey K EEERP R ARk et G

het er OQ&Fé’ﬁng agef, ¥ defebiubRNASHE Yo7 @lsblid Seplort. ThedinBersinity RAESrporatedanto
detectabl'e Iabel. In an exenplary enbodinment, the carbonyl noiety is

t et her édmplexes thet iackade Hietcytajoxinglef the inysnon. abel , a therapeutic noiety or a

sol id support. Trfr?oﬁeaélgg&ﬁhle ,klﬁti}{vém% ??oxjic\&,g%tlmlé s%ét?ﬁ—ib@gle Ondly oxygen,
sul fur, nitrogen or carbon a e p05|f1 on efe the ragne I'S truncat ed.
In a ffomidigsetdneinid Forshuedodi nent, the carbonyl noiety is a conponent of a
uret hane. The oxygen tethered to t'r{we canPonyI noiety is attached to a
targeting agent, cytotoxin, solid uppo or Whe like. Peptide-Based

Li nkers In an exenpl ary enbodi nihe enzy
an amno acid or peptide sequence eng} 1 am no acid attached at
its carboxyl termnus to the remaindgr of yhe lifiker. Presently preferred
am no acids or peptides are those thaR'are Runor activated. The (qp.
tunor-activated peptides are enzymatically cl eaveabl e groups that are
speci f ilndhd fprmbleabed, die yntbohBrregedtents aBEaeyrhaticably sidadesbla matety(eeg, act i vat ed

by speci fi]. nz s .associated wth sehected tunor, can, be utilized;

nuner obePili ARAHER: o GFY ShESmbal RiBS R A Rt eariauogs ait e e

linker 5a0R61&H, REBstitfEd6BhnsAbsHARBR AR sutihiled 8Cirdabstitite@heteroalkyl,
poly(ethyleneglycol), acyl, a targeting agent, or a detectable label. In an exemplary

ically cleaveable group is

embodiment, the carbonyl moiety is tethered to a moiety that is a detectable label, a
therapeutic mdiety or a solid support. The carbonyl moiety may be further attached to an
oxygen, sulfur, nitrogen or carbon at the position where the fragment is truncated. Ina
further exemplary embodiment, the carbonyl moiety is a component of a urethane. The
oxygen tethered to the carbonyl moiety is attached to a targeting agent, cytotoxin, solid

support or the like.

Peptide-Based Linkers

In an exemplary embodiment, the enzymatically cleaveable group is an amino
acid or peptide sequence ending with an amino acid attached at its carboxyl terminus to the
remainder of the linker. Presently preferred amino acids or peptides are those that are tumor
activated. The tumor-activated peptides are enzymatically cleaveable groups that are
specifically cleaved at a tumor site. Specific peptides that are activated by specific enzymes
associated with a selected tumor can be utilized; numerous such peptides are known in the

art. Amino acids used in the linker can be either natural or unnatural amino acids. Ina



WO 02/ 096910 PCT/US02/17210 30 preferred enbodi nent, at |east one am no
acid in the sequence is a natural amno acid. An exenplary preparation of
a | i nker wak/opeseor porates an amino acid noiety is set forchuse/18ehene 1,
detailing the conjugation of Conbrestﬁ)ti nto a linker of the invention.
Leu- Boc NHEt HZN’\/ NHEt BocLeuNH~ (1) Et3N g& ). TFA N or, O
ANe OvETedsvEed qralpqdinaent dlgastoraminepg! lﬁé‘mﬁﬂ}‘e‘ﬁ i Raturgl paiRe apid. cherre 1,
the E f t - Boc
pr ot e K D e e B A B el e
conj ug&tkemsé , detrilmgetiie tonjGgativmedtCGombrestatmooghlinkierofthaiinveopbreny | car bonat e
activated Conbrestatin and the product is deprotected by cleavage of the
t-Boc group with trifl uor pagetPeoaci d In ,ang;,hmt exenpl ary enbodi nent, the
linker is a cyclicraffino carbanpge as %8¢ forth in Formula XIl. RR' O E
NO-~- R R" (XIl) The radicals in the f {TJEI@ above are substantially

o]

the sane as those described in oive X t the linear linker. Two of R,
R, R and R'" together with the & 5 to )TA they are attached forma
substituted or uff bt ubbed FRyve spbstituted or unsubsti t ut ed
aryl, substituted o ulllst j ed ohet eroaf yl ,

unsubstit uted heter ocycl®al Xyl L Toi ety.

Scheme 1
In Scheme 1, the EDCI mediated dehydrative coupling of a primary amine
with t-Boc protected leucine provides the protected leucine-amine conjugate. The conjugate
is coupled to Combrestatin through the p-nitrophenylcarbonate activated Combrestatin and
the product is deprotected by cleavage of the t-Boc group with trifluoroacetic acid.

In another exemplary embodiment, the linker is a cyclic amino carbamate as

YLJK

R’ R™ (XID)

set forth in Formula XII.

The radicals in the formula above are substantially the same as those described
in the context of the linear linker. Two of R, R’, R” and R’ together with the atoms to which
they are attached form a substituted or unsubstituted cycloalkyl, substituted or unsubstituted
aryl, substituted or unsubstituted heteroaryl, or substituted or unsubstituted heterocycloalkyl
moiety.

An exemplary synthetic route to a cyclic amino carbamate linker of the

invention is set forth in Scheme 2.



An exenplary synthetic route to a cyclic amno carbamate |inker of the
invention is set forth in Schenme 2. WO 02/ 096910 PCT/US02/17210 31 Et Et
NH Et NAVB iRDogoOXNHLeuBoc NPM B LeuBoc \ | \ ( NEDCI NHpewBmso2/{72)0 Et 3N
Ove (2) TFA. &N; ~\ ~ 0w Ow <3I0-00vw OV NHLeu OI Ow [/ \ N AO
Ove bEt OV Schenme 2 In Schene 2, thg p-nethoxybenzyl prot ect ed phenyl
diam ne is coupled a the unprot ect edlanl | i ne nitrogen wth t - Boc

protected | eucipe ugbpg ERCL,. Th st Gy berrzy | "”i‘s renoved via the

action of DDQ the Ii oupl ed to Cobig tin using p-
ni trophenyl ca af, act i spat ed Co pr etteBph. The t-Boc Mtedpc i s renoved
with TFA, providing t’he Conbrestatin-linker conplex. In yet another

enbodi ment, there is provided an am no car bamate benﬂylﬁ)Eta‘l cohol linker as
set forth in Formula XI I below R R’ . N&Hrda R R (XIIT)
The identity of the radicgls |nthe struyctute i ils substantially
simlar to those set forth ent@V‘eany of the substituents
for an aryl noiety discussed 40 Al\ Mep théMe is ngre than one R'" group,

each of the R'™ groups is |ndependenf)|y \

OMe
NHLeu o O OMe
@ P T
N 0
I OMe
Scheme 2

In Scheme 2, the p-methoxybenzyl protected phenyl diamine is coupled at the

OMe

unprotected aniline nitrogen with t-Boc protected leucine using EDCI. The p-methoxybenzyl
group is removed via the action of DDQ and the linker arm is coupled to Cobrestatin using p-
nitrophenyl carbonate activated Combrestatin. The t-Boc group is removed with TFA,
providing the Combrestatin-linker complex.

In yet another embodiment, there is provided an amino carbamate benzyl

alcohol linker as set forth in Formula XIII below.

E_NYk _@ SR

R'" (XIII)
The identity of the radicals in the structure above is substantially similar to
those set forth above. R’ represents any of the substituents for an aryl moiety discussed
supra. When there is more than one R group, each of the R groups is independently
selected, and z 1s an integer from 0 to 5.
An exemplary synthesis of an amino carbamate benzyl alcohol linker of the

invention is set forth below in Scheme 3.



selected, and z is an integer fromO to 5. An exenplary synthesis of an
am no carbamate benzyl al cohol |inker of the invention is set forth bel ow
i n Schenmew®.0206599@/ 096910 PCT/ US02/ 17210 32 \ ( Br Q OH \PCcO@SOTBRD
TBSO'00j (1) p-nitrophenylchloroform®e (2) TBAF Q = therapeutic or

di agnostic agent (3) Boc-LeuNH(CH2)2NHEt Et3N_ ~ | OQ

BocLeuNH( CH2) 2NEt C( O)@ : heee 3abR Schene 3, < budgy | di et hyl silyl

0- prot ected phenyl al ol wth—am—=atti vat eg zylic position is coupled
to a therapeuti cT™¥0 di agnostic agent. ThessoonjtQate is treated with

t et rabutyl ammoni um fluoride, renoving the t-b tYl)%ﬂ&LJ}%ih%lo#owatepr otecting
group. The free OH group is converted to the gctive carbonate with p-

ni t rophenyl chl orof ormate. The activated carbonfat® Teart ernedi ate is used to
coupl e protected BocLeuNH(CH2)2NHEt to the group, formng the

| i nker - agent conj uga @ thg’g;gl;ubgg,aénbﬂg&gm buocar di”rP°6€PHﬁ“Ei€;féztz'é’§5‘ CC- 1065 and
the duocarnycins arelkrewr—te—be—ext+enel y potjent BNt i t unor cyt ot oxi ns,
whi ch exhi bit undesi rabI e tOXI city at therape iC dosages By attaching a
tunor activated peptide to the cytotoxin, systemc Ly I S reduced and
therapeutic index is increased. Thus, the presentn al so provides
prodrug conjugates of the duocar rrycugl,g,_eum.q@..z)g@té(o)@ X1 ugat es between a
duocarnycin and a targeting or other agent according to Fornula I. An
exenpl ary synhédme¢d3c schenme to a conjugate of the invention is set forth in

nereto. e coove el Copner OB O Bt el AP AR PO N o

N NO2 a6vated®enzylic position is coupled to a therapeutic or diagnostic agent. The conjugate is

treated with tetrabutylammonium fluoride, removing the t-butyldimethylsilyl protecting
group. The free OH group is converted to the active carbonate with p-
nitrophenylchloroformate. The activated carbonate intermediate is used to couple protected

BocLeuNH(CH,),NHEt to the OH group, forming the linker-agent conjugate.

Peptide Linker-Duocarmycin Conjugates

CC-1065 and the duocarmycins are known to be extremely potent antitumor
cytotoxins, which exhibit undesirable toxicity at therapeutic dosages. By attaching a tumor
activated peptide to the cytotoxin, systemic toxicity is reduced and therapeutic index is
increased. Thus, the present invention also provides prodrug conjugates of the duocarmycins,
as well as conjugates between a duocarmycin and a targeting or other agent according to
Formula I.

An exemplary synthetic scheme to a conjugate of the invention is set forth in

Scheme 4. Additional synthetic routes are provided in the examples appended hereto.

Me, COMe Me, CO,Me

Cl cl

—
—

HN ab.c B-Ala-Leu-Ala-Leu—HN

[ ———"

HO N 3 e N\
T >
O
O

a. p-nitrophenylchloroformate; b. p-Ala(FMOC)-Leu-Ala-Leu-NH(CH;),NHEt; c. piperidine

HN



a. p-nitrophenylchloroformate; b. R Al a(FMX)-Leu-Al a-Leu- NH( CH2) 2NHEt ; c.
pi peri di ne WD 02/ 096910 PCT/US02/ 17210 33 Schene 4 In Schene 4, the

cyt ot oxi rwo2oewerted to the active carbonate with p- PCT/US02/17210

ni trophenyl chl orof ormate and the acti3tated derivative is contacted with the
FMOC- pr ot ect ed nor activated peptide, formng a conjugate. The conjugate
is treated \ﬁCP‘ﬂn‘preri dine, renoving the FMOC group and providing the
desired compound. m@@%@@%&ngéﬁﬂﬁge&%n@b%mraeu\cé (ﬁﬂteb%tﬁ zyres in the
serum |liver, gut etc. are known in the art. An exenplary peptid

s equenMr@henﬁehlpmfemat@md the hetdetedadcpiepti vedie costactad mith thMEMO&prdte:a&dad by a
protease. The fo g{? he.di scussi use. of a

pr ot eadWnakLiveie Qe%t § &Cqea g‘? 'l&}?etc‘spngfga* \Aﬁg?tF%\ Er?l%ﬁ’i'&“lfoes not

serve trgnbiifh thd ENIOECHBEp afM Ibb@lﬂmé@eélrddrb\smpbu@@ When the enzyme that
cl eaves the peptide iS a pro?ease the |linker generally includes a peptide

containing a cl eM&Q@W@d@@ﬂﬂutmwﬁt@éqw@med by emmnqsmtl@@@mm,mvst,@tsage

ecounid G SSRGRE: P8 RATERGabl B0 e AR RS SRBEE,

cl eav aQ@qtﬁdnE:@ﬁlaﬁfs%léﬁﬂélY\ﬂy h Brdtd¥e.aThe forlislof tthb asseus'snﬂl thatfellows e@ihrake aft es
can be included in the |inker noiety. See, g., Matayoshi et al. Science

247: 9Bproteasyesensitiviyspquencg|is foystagity Eﬁ&lymtwnm! dogsuot sarye 49 limitdheisaopet al .
Met h. 4 75 (1994) Thornberry, Meth. Enzynol. 244: 615
(199 ST HEoent fficigh Enzynol . 244: 595 (1994); Smith et al. Neth.
Enzynol . 244: 412’Vbéxﬁﬂlé)enz35h&13hh'e¢leze)tes tle. pephiddis aIEuEysm,)the ik 8r: ge&im11§/1995),
Hardy et al., in AWLO.D PROTEI N PRECURSOR | N Gl(B AND
ALZHEI WRsudgs 8 pgpiidg-contajninga Sleavageecognition Seqyejtse 1oy 8t E@’é??fe Prela¥ag%s have

been i mdgﬁﬁfoﬁ@eqﬁene@ﬂﬁ%rpr&%m% Agpezifid ﬁﬁh@%ﬂ%@y&w?&bgmeéd by {he protease
ur oki nase™was correlated wth an increased ability to netastasize in nmany

cancer protehsekduring praiedljticatleavape. alkany pfatease pleavagerstgeare knpwa fin fhe art, and

ubi qui sly,lgcated in the extr .ul.ar ace.and,its ati.on can
cause dhseats pREEHFEReE pevRean BF STeDfdRY i R AP Sep o S 2 e ough
whi ch tagnPEI4E 19331 F990Y, IDETDS: af éeh. ExvymOe 241 mm19949a9elaﬂsa alamkinvat e the
col | agenases thus pronoting the degradation of the col Ia‘gen in the basenent

menbr ad@zynek é%dﬂﬁ@l?%é "Elamlbelﬂé/s - Emaymeingt: Sy 8 (B hW eyt al Msrk-ng
t uror l | 5%9?4195%??59% Rith htealtﬁfegze%{z.%}m?ﬁuf@ g%gﬁﬁ %k/Ier 20 aancer -

Res. he present

i nvent lmﬂyrh@l 248: Iﬂlzﬂ@%)aﬂrwke&l an peptUotPeerEne PRECURSOR N DEVELGPMERT, by
ur oki nase. The invention _al so provides the use of ﬁg@l de sequences that

are sefSPRGyAND ALZUEIMER'S LUSEASE: gdy Magteasser alnpad90rd 2% (K85 express at | east
four distinct tryRLAZES hatlesde ntﬂf)ﬁgat@d in cancer metastasis. Increased synthesis of

the protease urokinase was correlated with an increased ability to metastasize in many
cancers. Urokinase activates plasmin from plasminogen, which is ubiquitously located in the
extracellular space and its activation can cause the degradation of the proteins in the
extracellular matrix through which the metastasizing tumor cells invade. Plasmin can also
activate the collagenases thus promoting the degradation of the collagen in the basement
membrane surrounding the capillaries and lymph system thereby allowing tumor cells to
invade into the target tissues (Dano, et al. Adv. Cancer. Res., 44: 139 (1985)). Thus, itis
within the scope of the present invention to utilize as a linker a peptide sequence that is
cleaved by urokinase.

The invention also provides the use of peptide sequences that are sensitive to

cleavage by tryptases. Human mast cells express at least four distinct tryptases, designated o

BL, BII, and BIII. These enzymes are not controlled by blood plasma proteinase inhibitors and



Ol, DI, and (3111. These enzynes are not controlled by bl ood plasma

protei nase inhibitors and WO 02/ 096910 PCT/US02/ 17210 34 only cleave a few
physi ol ogwoak/sashetrates in vitro. The tryptase fam |y of peariSoimnet eases
has been inplicated in a variety of a¥M ergic and inflamuatory di seases

i nvol vin st cell because of elevated_fr ase.levels found in
bi ol ogioé‘gX ¢ aP’ﬁi"‘cfe Pj’é!ﬁ‘f’lﬁgt‘iaz?ﬂbé THFY ¥ ‘i’tﬁ%sg}‘e éggt?ﬁed%?’ély HfSFRRFATOtERIFE exact
rol e ofh,t pydt ﬁcét@d H@vﬁgelk 9Pahhé§gl@ h@&»ﬁmfnn@dt&%%ageﬁmmﬁngﬁlamb&us

del i neat ed. T scope of i cal functions and correspondi ng
physi olbegausabf elc‘mﬁ@cbtquﬁmdsvedﬁ oung pt biswginakflgidb froampatighisywithetheseed by t heir

substrate ficity ent | v.a r 0- ur gki jase

o1 o AR P the G TOLE B fseg R sy Blo of pisBeg el I e

Wi th t parieliREieds tBR stopt ¢ Hitl¥gishl0inctiik aN@EbrddtpOiding Peysillgsipilnogen cascade,
resulting in the destruction of extracellular matrix for cellular

ext r avasasiquencanefl wynjesstarosubsiantjalbededingd by thasnsubstrate sprcificétyact i vat i on of

pro- ur oki nase o P

Pro- Ar g- Phe- Lys. (STR ot kil oBbroiBidatea e RRMEAREBor PAYy 1)
9416- 9411<9zF(rﬂ(9g,%ﬂ)fbnn Mﬁ@p@@dabé’@ssbﬂhte&t\mﬂﬁhmbemetdéﬁmsand ieudsiopepkiidaiontudt i s
inplicated in the regul ation of vascul ar, perneability, is also cleaved by

t r ypt adke plasminggsn gase&det regultepg 1mathg ﬂE%ULCIAP’g of etaesiiwlar mrafrix fi cellplar Am 3
Respir recept or
PAR- 2 ca@% tl}{%Heave'giggflr? nact%%tggﬁ&%gg ttzgfaecgg%%& %ﬁl?{i&’léa%% y- Ar g
sequengdastrinalfen aetivatdr o ihea4-Pp smuehmdtﬂromrgVMEFI@as(Stahle, etuhr.bmbmai ofctivated
recept AR— s I ha t e Pro-As sequence
(ol | ncbieloBinl Chérysnapd D But-Sal L U Bie Y totefvs bl oo a0 (1067))
Taken eQapk f‘cfe,thzithé fnSidabANA theTePRABESSo By BANAN FAmESYiBtyf RlalsolcYdalvasBy i N

ti ssue renodeling as a consequence of disease. This iS consistent wth the

pr of ourtyptasemyisardy stthe &dtrﬂAngsl@ue‘m sequense (Tamn,|ef pbodmt b Respris dralliatgl. One

1 br ostAobA Pe Lleenlg W PRt f saiied RREPHIEEh 4GRS St s IFRER, 0w

of trymyasptaeit theiSePLyoGlyATe REYRhEd toGirkalfibiell &€ bfolif&afidd, aVtleyeas theser i es  of
reports have shown angi o&)enem s to be associated with mast cell density,

t rypt adhromhin thvweéﬁ geeplss P Afk-d dninastévated by trypiaseat thedirodsicdsrsLysCoussens et

Cancer SBareraS MBRUELEE Tkttt BidlppitaEChlisty 2RY): 404] 2080 By Taken
31(8) : togth&@HMis(ipe sugigbsts b cerittal adle forltryipeasa ai ilssnak'elﬂ@m:lmghs aof Cancer

85(2): 171-5 (2000)). Methods are known in the art for eval pating whether a
parti cmoaﬁeqmﬂe@ésl@ea%ﬂ s cansidend tilthp eprfound dapgrspOEeTVELI SEXEAbI e, the

use of ﬂas@?élpﬁleéla@'iﬂ%déd%guﬁﬁﬁgﬁ‘lgnmw)chlfm agxguﬁa REGUbARRHDSI rates is a

wel | - estab or t term nation pr ot ease speC|f|C|ty
( Zi mrerrespiatdvy disedsesiis. ﬁbr()SiQil?()thi\lkahlylg iof ttie uBidedyiegiissuey tiaBcalild bd Jhe re§yieci fi ¢

;: Fg:,lmag tr%'];)tatseh gctlavra]l{mn OF its Ig)hy%mllolgqgarl ?&rgg'ts t glff‘miar y?r S eers] 0? ré%) S La\%\/slhrc])gmgr oup

angiogenesis to be associated with mast cell density, tryptase activity and poor prognosis in a
variety of cancers (Coussens et al., Genes and Development 13(11): 1382-97 (1999));
Takanami et al., Cancer 88‘(12): 2686-92 (2000); Toth-Jakatics et al., Human Pathology
31(8): 955-960 (2000); Ribatti et al., International Journal of Cancer 85(2): 171-5 (2000)).
Methods are known in the art for evaluating whether a particular protease
cleaves a selected peptide sequence. For example, the use of 7-amino-4-methyl coumarin
(AMC) fluorogenic peptide substrates is a well-established method for the determination of
protease specificity (Zimmerman, M., et al., (1977) Analytical Biochemistry 78:47-51).
Specific cleavage of the anilide bond liberates the fluorogenic AMC leaving group allowing
for the simple determination of cleavage rates for individual substrates. More recently, arrays

(Lee, D., et al., (1999) Bioorganic and Medicinal Chemistry Letters 9:1667-72) and



for the sinple determ nation of cleavage rates for individual substrates.
More recently, arrays (Lee, D., et al., (1999) Bioorganic and Mdi ci nal
Chem st r ywbatoes930 9: 1667-72) and WO 02/ 096910 PCT/ US02/ 17 210/US8%17210
posi tional -scanning libraries (Rano, et al., (1997) Chem stry and

Bi ol 4:149-5 5 f AMC tid st b h b | d
o' apPaPORRSFIEE Hanes @Rnbrbis . & }3&; b s Gl o0

w de r m@ aﬂ%hn ARtk (Plﬁrdri@ Rave H'ég% %m‘fﬁe(ﬁ/@ﬂ S BBIdly P1o¥fife the Niferfnafki | | maY

readily e e an array of pepti de sequences to determne t err utility
in  t hepgificgnif proteases b samplitgaidegsuget oftsobuirathsen expetd expatimeitoThus,

Di sul fide Ifln ers In.yet further 5#7 t he i entron ovr% .a

cl eave&BF 8 sKH Raay rgadilyayatuatean ey o p%ﬁ Sﬁq‘bﬁngfiﬁ dﬂ@"ﬁtﬂe es}ru HI4Y there
i s proyj s&tﬁﬁqﬂwmuwt%n%%hawxgéﬁmeaﬁﬁ&r ding to Fornula Ill: R'" R
0 R-}-S-S R'1 / R R" ). The identities of the radicals

represented by the synbols R R, R RO0l, R11, Rv and RVI are as described
for RO’ above. In anot her enbodi ment, the invention provides a
; ihade Ekee |

di sul f| i nker such as that set fort h in Formula XIV: R',. R.
0 RVSSS RV tnget fﬁhhet(a?ébéet thé'lilﬁfehﬁi&ﬂ ﬂoi/id@§a@fea(réh@lélﬂﬂdeﬁﬂhﬁthﬁﬁiﬁr esent ed
by the synbol s R Rll, R and are as_descri bed above. As

di scus desrdapone disuilde maiesy. SThes, @n@ i mpéfrﬁqd@rpomu%hm%a slEnctye m

conj ug cytotoxin such as a conbretastatin or a duocarnmnycin
as the%ﬁir g%’%;ﬁ%ﬂgé@m The duocarnycins are unstable in plasm. The

linkers of the invention findrparticular utR'ityOin stabilizing the

duocarnycins while in circul %t, @ndé i berjating the agent (activation)
once at the desired site of act| ti order for the
conbretastatin or duocarmyci nFto regar n Xi rrurn act vity after activation,
both the linker and the targetl ng group Bre greferably conpl et el y(IHpnoved.
Therefore, in on 0|rren t he inventjon, the.l 1SyaL @ Lniagel ess
| i nkers. Conj ugat?g?ng £5 8 t,t}@r%h%@?{fﬁ?lﬁ iﬁ%ﬂlea?é’mgdsrﬂ(‘ﬂ%{ RA, RIR

and R are as described for R, R, R" and R" above.

In another embodiment, the invention provides a disulfide carbamate linker

such as that set forth in Formula XIV:

R™ R" O
R"%S—S \ /”\o s
va | <
R R" (XIV)

The identities of the radicals represented by the symbols R, R', R", R"', R"", RY
and R" are as described above.

As discussed above, the linkers of the invention can be used to form
conjugates comprising a cytotoxin such as a combretastatin or a duocarmycin as the
therapeutic agent. The duocarmycins are unstable in plasma. The linkers of the invention
find particular utility in stabilizing the duocarmycins while in circulation, and liberating the
agent (activation) once at the desired site of action. In addition, in order for the
combretastatin or duocarmycin to regain maximum activity after activation, both the linker
and the targeting group are preferably completely removed. Therefore, in one embodiment of
the invention, the linkers are traceless linkers. Conjugates comprising a cytotoxin such as a
duocarmycin as the therapeutic agent are also of particular interest. The linkers of the
invention serve to stabilize duocarmycins in circulation and release an optimally potent

cytotoxin after activation in or near the target cells. Since the cytotoxin is cleaved in or near



duocarnycin as the therapeutic agent are also of particular interest. The
linkers of the invention serve to stabilize duocarnycins in circulation
and rel eawe ;anyopii mal |y potent cytotoxin after activati ecTiusopn72near the
target cells. Since the cytotoxin is 3l eaved in or near WD 02/ 096910

PCT/ US02/ 17210 = 36 the target cells stemc tqQxicit ue to random
act i vathorgescqllse Pysieug toxagel i dnerto r‘i‘ﬂ@“%r‘f&‘?’%t&’é’e‘s ?ﬁe%sﬁéb}g}“iﬂ?? the MEFSasE| at i on

al so prpvi,ggey ﬁ%rcﬁﬂtxbﬂﬁfs@?ﬁﬁlldég & lh@tleilsel ih ik BNEIiR%ERJLrayief f ecti veness
of the cytotoxin. An exenplary route for preparing a disulfide |inker

ar m cytefecienessajthepatetoxinf the I nvention is set forth in Schene 5 N N
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Scheme 5,

In Scheme 5, an amine-protected sulfhydryl a is reacted with 2,2’-dipyridyl
disulfide b to form an amine-protected, activated disulfide ¢. The activated disulfide is
contacted with a carboxylic ester bearing a free sulthydryl d, eliminating pyridyl thiol and
forming an amine-protected carboxylic ester that includes a disulfide moiety e. The methyl
ester is cleaved by the action of LiOH to form the corresponding carboxylic acid f. The

carboxylic acid is coupled to a heterobifunctional PEG molecule that includes a maleimide
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The identity of the radicals is essentially as described above. R"isa
substituent on an aryl group as described in the definitions section. The symbol w represents
an integer from 0 to 4. When more than one R is present, each of the groups is
independently selected.

An exemplary route to compounds according to Formula XV is set forth in

Scheme 6.
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In Scheme 6, the TBS-alcohol protected benzyl bromide derivative a is reacted
with Q-OH under alkylating conditions to form b. Compound b is deprotected by the action
of tetrabutylammonium fluoride, forming ¢, which is acylated with d, forming carbonate e.
Carbonate e is reacted with the heterobifunctional PEG derivative i from Scheme $, supra.
The resulting PEG adduct f can be conjugated to another molecule through the maleimide

moiety.

Disulfide Linker-Duocarmycin Conjugates

As discussed above, the disulfide linkers of the invention are also useful
components for stabilizing therapeutic or diagnostic moieties in vivo, forming prodrugs, and
conjugating agents to species such as targeting agents, and detectable labels. Thus, in yet
another aspect, the invention provides conjugates between a duocarmycin and a disulfide
linker of the invention according to Formula I. Scheme 7 provides a facile route to a

conjugate of the invention.
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In Scheme 7, a duocarmycin cytotoxin of the invention a converted to the
activated carbonate b with p-nitophenylchloroformate. Compound b is coupled to the
heterobifunctional PEG linker from Scheme 5, forming compound d, which may be
subsequently coupled to an antibody through a maleimide-sulfhydryl coupling reaction to
form conjugate e.

As discussed above, the therapeutic efficacy of certain toxic agents is
dramatically improved by strategies that deliver the agent selectively to a desired site and/or
maintain the agent in an essentially inactive form until it is delivered to the desired site of
action. The present invention also provides linker arms that operate according to the
principle of targeting an agent to a selected site and/or inactivating a bioactive agent until it
reaches the desired site.

Thus, in certain embodiments, the invention provides conjugates of the

cytotoxins set forth above, and of other agents as well, with linker arms having efficacious



Antibody's NNPEG Nl v SS~~NJ~OIl / N Hi3 Oe u N0O2 O HN Schenme 7 In
Schene 7, a duocarmycin cytotoxin of the invention a converted to the
activat edwoanhesvate b wi t h p-ni t ophenyl chl or of or mat e. Conpraavicsoby17230 coupl ed
to the heterobifunctional PEG |inker46from Scheme 5, fornmng corrpound d,

mhich MEYoBfcs %}%%%w eaf, P hﬁﬁﬁrfagxﬁ%&g%@%tk?ﬁ’%rﬁ%ﬁ@é’%nﬁgrlo/isic moiety

mal ei cou reac orm conj ugate e scussed
above, ttghsgn dgbsy tagtasletivedy ﬂelm.ythefmcﬁﬁytt@a dediredistte agthntlmdy sThdhnkﬂnt ically
|rrprove y strategies that deliver the t.sel ecti.vel e |red site
and/ or bSHAESR @FWQ‘%& agd é‘?’ﬁtaigt‘f“é&a%'é’é&‘i‘ﬂ‘?“aqq;lﬁe Y0, QFdt ¢35y F‘?

del i Yerggd.»]n R didiGed§Sis ?Eg%é(b) redomifil f%ieavwaﬁane&%eﬁesl {hY 88k en@bfso

provi de | nker arns rate acc Ing to the principle of targeting
an agensction. a sel ected site and/or inactivating a b| oact ive agent until it

reaches the desirgd site. Thuys certain enb e t
provi des conj ugat her f"l’éf"E g‘;’ﬁe&f&% 'gliﬂn W%Yla t’hat (goomg?evt@%ﬁla?nagent s
as wel | dl&?ﬁ&shc ot MHeBIpedtidRmoltay tohotHek hg@ﬁ'&ﬂéssm&@/ 1Q&§ﬁ/l@ tiéholdbPadtil 1210

40 properties. In one enbodi'nent, the | i nker arm conjugates a therapeutic
or di agmshesahmsacqfsnet of astividyenative snecies 8l the desieadysitg of Rotiity clegye thsi ety to a

agent - clnkerepreRefEresite gl o L of BEURE, THE <ERLAY o L BRah 26011 1O

cl eavedmifigatd theRy@EmicAbKivitp bLHRAY Roxid, byt kipkigueefubigents. i t reaches t he
desired site of action. In another enbodinent, the |nvent|,§n provi des
F

linkers that do ndhe ueethege and displiigs diakers OSFhetlﬂ\é?"élﬁBlﬁffi exemplified i ¢pig¥ht her
agent, Quh tﬁé? d%c %:M Wlﬁ%%ﬂggée}%ﬁg{era?ﬂ%gé%ﬁragafogg of fhe ARAGHESSsNFIGEp! T ed

site of act|V| Ive sp |teo activity cleave the
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hi ghly useful agents. The urethane and disulfide linkers of the invention
are exewy %Jtin%dl?% datcontext wth their conjugation with representative
duocar nyci gs of the invention. See, FIG 1 and FIG 3,

respectivel y. Tar gbe¢ linkerAgosard cytotoxins of the invention can be linked to targetmg

agents that selectively deliver a payload to a cell, organ or region of the body. Exemplary
targeting agents such as antibodies (e.g., chimeric, humanized and human), ligands for
receptors, lectins, saccharides, antibodies, and the like are recognized in the art and are useful
without limitation in practicing the present invention. Other targeting agents include a class
of compounds that do not include specific molecular recognition motifs include
macromolecules such as poly(ethylene glycol), polysaccharide, polyamino acids and the like,
which add molecular mass to the cytotoxin. The additional molecular mass affects the
pharmacokinetics of the cytotoxin, e.g., serum half-life.

In an exemplary embodiment, the invention provides a cytotoxin, linker or
cytotoxin-linker conjugate with a targeting agent that is a biomolecule, e.g, an antibody,
receptor, peptide, lectin, saccharide, nucleic acid or a combination thereof. Routes to
exemplary conjugates of the invention are set forth in the Schemes above.

Biomolecules useful in practicing the present invention can be derived from
any source. The biomolecules can be isolated from natural sources or can be produced by
synthetic methods. Proteins can be natural proteins or mutated proteins. Mutations can be
effected by chemical mutagenesis, site-directed mutagenesis or other means of inducing
mutations known to those of skill in the art. Proteins useful in practicing the instant invention

include, for example, enzymes, antigens, antibodies and receptors. Antibodies can be either
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(e.g., gheyy)sorption, physisorption). Recognition noieties which are
anti bodies can be used to recogni ze anal ytes. which are proteins, peptides,
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hydroxyl). The peptide and nucleic acid chains can be further derivatized at one or more sites
' to allow for the attachment of appropriate reactive groups onto the chain. See, Chrisey et al.
Nucleic Acids Res. 24:3031-3039 (1996).

When the peptide or nucleic acid is a fully or partially synthetic molecule, a
reactive group or masked reactive group can be incorporated during the process of the
synthesis. Many derivatized monomers appropriate for reactive group incorporation in both
peptides and nucleic acids are know to those of skill in the art. See, for example, THE
PEPTIDES: ANALYSIS, SYNTHESIS, BIOLOGY, Vol. 2: “Special Methods in Peptide Synthesis,”
Gross, E. and Melenhofer, J., Eds., Academic Press, New York (1980). Many useful

monomers are commercially available (Bachem, Sigma, efc.). This masked group can then
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exemplified by reference to an antisense oligonucleotide-cytotoxin conjugate. The focus on

cytotoxin-oligonucleotide conjugates is for clarity of illustration and is not limiting of the
scope of targeting agents to which the cytotoxins of the invention can be conjugated.

Exemplary nucleic acid targeting agents include aptamers, antisense
compounds, and nucleic acids that form triple helices. Typically, a hydroxyl group of a sugar
residue, an amino group from a base residue, or a phosphate oxygen of the nucleotide is
utilized as the needed chemical functionality to couple the nucleotide-based targeting agent to
the cytotoxin. However, one of skill in the art will readily appreciate that other “non-natural”

' reactive functionalities can be appended to a nucleic acid by conventional techniques. For

example, the hydroxyl group of the sugar residue can be converted to a mercapto or amino
group using techniques well known in the art.

Aptamers (or nucleic acid antibody) are single- or double-stranded DNA or

single-stranded RNA molecules that bind specific molecular targets. Generally, aptamers
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met abol jtes, cqfactor.s. (toxin kele- . i de:hased
i ugs. EGRapP et Solk e mplAGEoFEt A8 mpeahy Sl Bl AIRHREER
conpr i sgf ligohatlesties! TReMithder-moRelhlatlianget coplemipsephmiadson it ns,

ei cosanoi ds, cell surface nolecules, and the |ike. Exanples of lvggd?rrers

i ncl udeungondered oligenuckrolides. nl herfptasnar 3y Tecpyesediramdhe separpted comn G | ead
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and Wangffimity dbr thBimoddealur ta3get1899- 904 (1993). Aptaners specific for a given

bi omol ecul e can bIe<orI cijlgeggésfdlae,}tdresl{l tli?(%n %}eciggﬁpqgggate expression of genes, specific

prevention or reduction of the expression of such genes represents an ideal therapy. In
principle, production of a particular gene product may be inhibited, reduced or shut off by
hybridization of a single-stranded deoxynucleotide or ribodeoxynucleotide complementary to
an accessible sequence in the mRNA, or a sequence within the transcript that is essential for
pre-mRNA processing, or to a sequence within the gene itself. This paradigm for genetic
control is often referred to as antisense or antigene inhibition. Additional efficacy is imparted
by the conjugation to the riucleic acid of an alkylating agent, such as those of the present
invention.

Antisense compounds are nucleic acids designed to bind and disable or
prevent the production of the mRNA responsible for generating a particular protein.
Antisense compounds include antisense RNA or DNA, single or double stranded,

oligonucleotides, or their analogs, which can hybridize specifically to individual mRNA



known in the art. See, e.g., Toole et al. (1992) PCT Publication No. WO

92/ 14843; Tuerk and Gold (1991) PCT Publication No. WO 91/19813; Wi ntraub
and Hut chwaesne¢i®92) PCT Publication No. 92/05285; and BEdnuspremniand
Szostak, Nature 346:818 (1990). Brief4y, these techniques typically
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preventi o reduction e expression of 'such genes represents an ideal
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for pre-nRNA processing, or to a sequence within the gene itself. This

par adi geytbtoringefitheiipvention te adesired onaleqularddrgetr ed t o as anti sense or antigene
i nhibition. Additjgnal, effica 1S | r . | ' . t he
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and/ or ransl ation o encoded. pol ypent.i de. a er effe

r educt i BYPISIA PFOSUCUQRATiRe il RYqeeus. &gﬁﬂ@&‘%‘ﬂ&?@g ‘%gwg’@%ﬁ Sgén&éfﬁ]ﬁe et
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Ann. |n%q’.th|iw/g§jlﬁhs§13: 6(}2-618a%{111§5§§1;1)§%6reau e al. FEBS Lett e??éz /4-53- 56

(1990) ; SédplegeMEEF putdicatdns NGO WQ 9339590390/ 249595, W91/ 15626, 3nd\W)BoPat3641 ;

WO 91/130 91/ 06629 nd EP.386563).. Dug to thei 1S ar get
sensi ti V1 g’qgﬁg%'sﬁ“g‘c & W@?x‘%?ﬁ 835686% I“lwgef}ﬁ% Fréao‘%lilsloacreogj g{édzés}el&&%l@f or
del i ver hgd sthRheReRtifema M Belictsich as the cytotoxins of the invention to
a desired nolecular target. Ohers have reported that nucleic acids ¢an

bi nd to dupl ex DNAhgpie snecificily ofswglsic peidsfa 8- orntiserbecamppiadsiand 4aple hglix on

St rand BResCR Rl Sehifeplly ARSih Ry Hof AR e RARAAIE TREL R D 111 P! €
st r andeghdafalanedifitftionrfeinosltbonocleatideteimined. eCoriseqiently thedermnkeardcpdsi on of

di sease- causi ng . ) . Lo . . .
can be chemically modified; enhancing the overall binding stability, increasing the stability

with respect to chemical degradation, increasing the rate at which the oligonucleotides are
transported into cells, and conferring chemical reactivity to the molecules. The general
approach to constructing various nucleic acids useful in antisense therapy has been reviewed
by van der Krol et al., Biotechniques 6:958-976 (1988) and Stein et al. Cancer Res. 48:2659-
2668 (1988). Therefore, in an exemplary embodiment, the cytotoxins of the invention are
conjugated to a nucleic acid by modification of the phosphodiester linkage.

Moreover, aptamers, antisense compounds and triple helix drugs bearing
cytotoxins of the invention can also can include nucleotide substitutions, additions, deletions,
or transpositions, so long as specific hybridization to or association with the relevant target
sequence is retained as a functional property of the oligonucleotide. For example, some
embodiments will employ phosphorothioate analogs which are more resistant to degradation

by nucleases than their naturally occurring phosphate diester counterparts and are thus



genes, such as viral genes, e.g., HV and herpes sinplex virus, and
oncogenes, i.e., they stop protein production at the cell nucleus. These
drugs bi n@odizroeeiby to the double stranded DNA in the celACTsupenre to
forma triple helix and prevent the cédl frommaking a target protein.

See, e.qg., P ubl icat i ons. : 1 5, 326, and
U S Pa%‘.péct to v i?é’}@?{s&%ﬁ*}g‘,& %n\}@%ﬁdé@' g%g%%%gf&f(ﬁ%g%%ég ea\r?&%%{r%gg‘glt'i on are
al so conjpiskRdBlophyssletidds 2025d-268(1960)) e Phodphvdraimdare derivdtivedef i ces. The
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Krol etdmps wilBcampider-methylsb@meleotides((E FaiplieationNei30649)aChinttitcer Res.

48: 2659-.. 266 1988). Therefo I, N enpl ar. I t ot oxi ns
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hel i x drugs ‘bearing cytotoxins of the inventiqQn can also can_include

nucl eot iepdeis atids (Nighsproeranl., Seignaa 251 1497:(189 1 )md PCTopublicapantyei Whns, so 1 ong
as specifi I eli J ;1 at pt r t I
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Phos phoa ortia¢tel geup (Mattenesi asizl., bHlAngdTherd Soc. 1435774768 (E9UNerantamide nd t o

conpl enent ary.. pol ynugl eoti des, . additional capability of
accomm&%?t“?r‘é‘@%éf@&t ciFnag ?i‘bﬂ3§71q3é‘zﬁf§’|§i}?ecu es and will be amenable to
the nmethods of thg, ﬂfdﬁﬁﬁhuél@&ﬁfétéhﬁlﬂgs,%eexaﬁ@ﬂe whEeR the sigabehbae iet al .,
Nucl eic Acids Res. 16(11):4831 é198 ). In sone enbodi nents the aptaners,

ant i senskemionomndiicd,rmanbeiepipoyied in the pigsgatsinygntione SApalogeus” forms of

O met hyl ri.bonucl eot i des (ER Publ ' 6, Ry

ol i gonuBF%etsiaﬂgg "&ffssage E‘é’%&%@%@ﬁﬁ&%&?%&oﬁ C c%rglslselgeag. 18:
4751 ( 19R&Mdtherkpdutic ages.aphlekeraplaprisut nanéihaadnbe list ingidecd-acdtjldpesiaed-t ri pl e
hel i x may conprise polyam de. nucleic acids (N el s;n et al., Science 254:

1497 ( 1¢@hoxyhydrpotmstiv wagi) Snilugsourggtf, 5-bromouracil,
carboxymethylaminomethyl- 2-thiouracil, 5-carboxymethylaminomethyluracil, dihydrouracil,

inosine, N® -isopentenyladenine, 1-methyladenine, 1-methylpseudouracil, 1-methylguanine,
1-methylinosine, 2,2-dimethylguanine, 2-methyladenine, 2-methylguanine, 3-methylcytosine,
5-methylcytosine, NS-methyladenine, 7-methylguanine, 5-methylaminomethyluracil, 5-
methoxyaminomethyl-2-thiouracil, .beta.-D-mannosylqueosine,
5'methoxycarbonylmethyluracil, 5-methoxyuracil, 2-methy1thio-N.su§.6 -isopentenyladenine,
uracil-5-oxyacetic acid methylester, uracil-5-oxyacetic acid (v), wybutoxosine, pseudouracil,
queosine, 2-thiocytosine, 5-methyl-2-thiouracil, 2-thiouracil, 4-thiouracil, 5-methyluracil, N-
uracil-5-oxyacetic acid methylester, uracil-5-oxyacetic acid (v), pseudouracil, queosine, 2-
thiocytosine, and 2,6-diaminopurine. In addition, the conventional bases by halogenated

bases. Furthermore, the 2'-furanose position on the base can have a non-charged bulky group



90/ 15065) or other cationic derivatives (Letsinger et al., J. Am Chem
Soc. 110: 4470-4471 (1988)). O her applications may utilize

ol i gonucl wotizde®imwher ei n one or nore of the phosphodi est@cTiisokapes has
been substituted with an isosteric gr&up, such as a 2-4 atom | ong
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speci fi i ¥ ?ﬂﬁ?ﬂ%}l‘ﬁﬁokl netics, nuclear per meabi | i ty, and absol ute cell

upt ake rate for oi Qﬁ&%ﬁ%&ﬂlrﬁ&ﬂrtﬁaﬁ&m isGaversigRNE.§., ehily cl@xedyre, an
array of substitutions at the 5 and 3' ends to incl ude reactive groups are

known, pestiadnhreyerstie (e apastiellsen dewlvestnaved). (Gleavage of the baad cagecug "¢
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FOR CAN%IEﬂsAN&f&dl&tedlet&ﬂoh wilia kit donplext.g., reMibvimg-ahiester gﬁEpIEr SIREtLATI ON:
Bl OLOGY OF ANTI'SENSE RNA AND DNA, (1992) ErLCk on c@ﬁgm l.za Raven
Press; BFRIECARE Esmmdbatifounigd 1o/gR otRerys pensifiie; c

after cleaving the bond between the cytotoxin and the linker, resultmg in partially degraded

L) vefise or

complexes. Other cleavages can also occur, for example, between the linker and targeting
agent.

For rapid degradation of the complex after administration, circulating enzymes
in the plasma (e.g., amidases, reductases) are generally relied upon to cleave the dendrimer
from the pharmaceutical agent. These enzymes can include non-specific aminopeptidases
and esterases, dipeptidyl carboxy peptidases, proteases of the blood clotting cascade, and the
like.

Alternatively, cleavage is through a nonenzymatic process. For example,
chemical hydrolysis may be initiated by differences in pH experienced by the complex
following delivery. In such a case, the complex may Be characterized by a high degree of

chemical lability at physiological pH of 7.4, while exhibiting higher stability at an acidic or



Liss. For general nethods relating to anti sense conpounds, see, ANTI SENSE
RNA AND DNA, (1988), D. A Melton, Ed., Cold Spring Harbor Laboratory,
Cold Spriwgddapdvas, N.Y.). The targeting agent is general IPcToophi®dot o t he
cytotoxin via a coval ent bond. The c#val ent bond may be non-reversible,
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bonds at any ected location wt the conmplex (e.g., renoving an ester
group oreactichetie pharmaceatical ggent'ssipe ofiattions coupl ed to an ot herwi se sensitive
chem cal functiong]it bef.ore_.or fter. cleaving the hond, between the
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agent. For rapid degradation of the conplex after adm nistration,
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agent. b € hon-’speti am hopepti dases  an

est er asa9goyli TiRfthies Bt corveRkivtyarp eidilg dsefminpd doeatesplgbytshectivphownmirid t i ng
cascade, and the Ilike. Alternatively, cleavage is through a nonenzynatic
pr oces smetheds exbingasdiquid erdgh aressiye ligid cheomatgergphy. rﬁl't‘lgﬁf’%so"%‘fﬂ&‘?rf ferences
in pHe . | | | C , the
corpl o Agh RATRmE ot BEBEHaABtBlat Vo, 85 e Toinfast.
physi ol MrcsaNispiAND THEGRY WIORGA NG THBMISTRY, 2ridgixe Hatpab&l Raw, Rublishergid¥ew ¢ or
WO 02/ 096910 PCT/ US02/ 17210 47 basic pHin the delivery vehicle. An

exenpl aV?rl"cG Dex, which is cleaved in such a process. is a conplex

i ncorporating a N-Mannich base Iinkage within its framework. In npost cases,
cl eavage of the conmplex will occur during or shortly after adm nistration.
However Spacer@Goaps ¢fl55Yi ments, cl eavage does not occur until the conpl ex

reaches the pharnmaceutical nt's, site of actiaqQn. ti il ity of

the cytotoxin-tar ?‘*éhtbongtﬂéﬁ%glﬁ%vﬁﬁ?%%%upf 8n%%rg?18%alfn}gﬁgr %gésﬁggeobgl)sﬁcdé t ai ned

t hr oughirfitdddiQ@bepledniBe BtefoRinVinidahe tar Sting HREMLC SPAcEY @Ecuipe Borithintad feagtowol €x

to the unbound pharnmaceuti cal agent. Generally %go correl ation _between in
Y

vitro arkctive fupstionahgnonps.t Tyniealyoomarheanen) functionstity pbthe spacer gioug bondsyi pns
e A A
spacer group is used to bond to a chemical functionality of the targeting agent or the
cleaveable linker. Examples of chemical functionalities of spacer groups include hydroxy,
mercapto, carbonyl, carboxy, amino, ketone, and mercapto groups. The spacer may also be a
component of the cleaveable linker, in which case it is generally denoted as L*, where “x” is
an integer.

The linkers, represented by L* are generally substituted or unsubstituted alkyl,
substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl or a substituted or
unsubstituted heteroalkyl group.

Exemplary spacer groups include, for example, 6-aminohexanol, 6-
mercaptohexanol, 10-hydroxydecanoic acid, glycine and other amino acids, 1,6-hexanediol,
B-alanine, 2-aminoethanol, cysteamine (2-aminoethanethiol), 5-aminopentanoic acid, 6-
aminohexanoic acid, 3-maleimidobenzoic acid, phthalide, a-substituted phthalides, the

carbonyl group, aminal esters, nucleic acids, peptides and the like.



met hods or by gas-liquid or high pressure |iquid chromatography. Half-Ilives
and other Kkinetic paraneters may then be cal cul at ed usi ng standard

t echni quewo 0Se291®. g., Lowy et al. MECHANI SM AND THEORY PC/USREAASI(C

CHEM STRY, 2nd Ed., Harper & Row, Pubisi shers, New York (1981). Spacer
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groups are option I ntroduced between the cytotoxin and the targeting
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cheni calivdsgae bt predtad. es of spacer groups include hydroxy, mnercapto,
carbonyl, carboxy, am no, ketone, and nercapto groups. The spacer may al so
be a conponent of the cleaveable linker, in which case it is generally
denot edRregctive Fude€io®al Groups an integer. The linkers, represented by L" are
general ly substituted or unsubstituted al kyl, supstjtuted gor unsubstituted
aryl, substi t ut edFerelary ebylustratienithp sucseeding disgyssiondpgses ‘P’b&‘@&%‘ﬂlgmom

examp e0f TR R AP g TR o O Stame)

exanpl e, am nohex xydecanol ¢ aci d,

gl yci neofithd imehtion fromrwhiels;iotlssrs dreGeddilyanfedied by oné of sdikim the art2 Nori noet hanol
cyst eanj.ne éz-a | noet hanet hi 01.2; 5-am noptﬁnaanoi c acid, gg a.gi(ﬁoheganoi C
aci d, 3UPHAdNLLIEEYSERQN 5 dmplicd; byfagustg the iSSP OB ASPEIR PREPHIEE: ¢ he
carbonyl group, apigab 8364 18E favekticiSbeab 8 Pédcd 06 fimBtoral grdupke. WO
02/ 096910 PCT/ US02/ 1721 48 The spacer can serve to introduce additional

nol ecul whidhes gererallydpent¢dten a suhstitedpramsalstitutedalkyleordgteseaial shaiar get i ng

| ex., Ce I dditi I ' ' AR
e RS Rl bkl s TR 5a R R AR ke
t hr oughgﬁﬁb@gmbﬁé}{qﬁm bsiflo@bf ieak&h. gr oups, cytotoxin conplexes with a
serum ha

range o f- lives can_be produced. Reactive Functional G oups For
clarity of illustReadtiye growps and elassep pfreastions seiyghinepsaciicans tha pregent

conj ugatj.qn. O | [ Y . ' . The
Focus. eltifliorire B Bicngtort DRIARR'H B Ao b Al AR | e
readi | y Cuftbgtly £tofeyl clisses@f redctibhs davailibie wathtreadiwe cltotuximanabogues areltbose

i nvention_ is inplied, by .faqcusing the di cussljygn OB a Si nql e.. enbodi nent .
Exenpl apicharpesss yadgrelafively guld gonditiops o hese include, ut arg petkl g1 oup,

nucleophilic substitutions (e.g., reactions of amines and alcohols with acyl halides, active
esters), electrophilic substitutions (e.g., enamine reactions) and additions to carbon-carbon
and carbon-heteroatom multiple bonds (e.g., Michael reaction, Diels-Alder addition). These
and other useful reactions are discussed in, for example, March, ADVANCED ORGANIC
CHEMISTRY, 3rd Ed., John Wiley & Sons, New York, 1985; Hermanson, BIOCONJUGATE
TECHNIQUES, Academic Press, San Diego, 1996; and Feeney et al., MODIFICATION OF
PROTEINS; Advances in Chemistry Series, Vol. 198, American Chemical Society,
Washington, D.C., 1982.

Exemplary reaction types include the reaction of carboxyl groups and various
derivatives thereof including, but not limited to, N-hydroxysuccinimide esters, N-
hy&oxybemﬁuole esters, acid halides, acyl imidazoles, thioesters, p-nitrophenyl esters,
alkyl, alkenyl, alkynyl and aromatic esters. Hydroxyl groups can be converted to esters,
ethers, aldehydes, etc. Haloalkyl groups are converted to new species by reaction with, for
example, an amine, a carboxylate anion, thiol anion, carbanion, or an alkoxide ion.

Dienophile (e.g., maleimide) groups participate in Diels-Alder. Aldehyde or ketone groups



which is generally | ocated on a substituted or unsubstituted al kyl or

het eroal kyl chain, allowing their facile attachnent to another species. A
conveni enwoloaeaddion for the reactive group is the term n@cToseeaizen of the
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al kyl at €th88y; foxartiydrdes, fdekMaesh supamati3s 556, 636-820%0e9 laandil t 3 fafNnew speci es
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R e S e A
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variety of ways and using a variety of conditions. For the preparation of
esters, (5289); fer djsulfiNes; sée, Maselnsupra an BIH0; fugt for phospherate esters@nd NVar ch, supra
at 362-363, .491,..720- 722, 829, 941, and 1172; for carbonates, see, March,
supr a apggﬁ’g?%,dmf%r carbamates, see, March, supra at 1156-57; for

am des, see, Mar ciThs whiceivefunttidnl gioups cureesctvgeh $uch ahut dleey, doame participate

in, or interfere with, the reactions necessary to assemble the reactive autoinducer analogue.
Alternatively, a reactive functional group can be protected from participating in the reaction
by the presence of a protecting group. Those of skill in the art will understand how to protect
a particular functional group from interfering with a chosen set of reaction conditions. For
examples of useful protecting groups, See Greene et al., PROTECTIVE GROUPS IN ORGANIC
SYNTHESIS, John Wiley & Sons, New York, 1991.

Typically, the targeting agent is linked covalently to a cytotoxin using
standard chemical techniques through their respective chemical functionalities. Optionally,
the dendrimer or agent is coupled to the agent through one or more spacer groups. The
spacer groups can be equivalent or different when used in combination.

Generally, prior to forming the linkage between the cytotoxin and the targeting
(or other) agent, and optionally, the spacer group, at least one of the chemical functionalities

will be activated. One skilled in the art will appreciate that a variety of chemical



March supra at 1174; for acetals and ketals, see, Geene et al. supra
178-210 and March supra at 1146; for acyl oxyal kyl derivatives, see,
PRODRUGS: wo@Rlo@Ato AND OCULAR DRUG DELI VERY, K. B. Sl oan, ped/ysodarael
Dekker, Inc., New York, 1992; for eno$0 esters, see, March supra at 1160;
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Detectable Labels

The particular label or detectable group used in conjunction with the
compounds and methods of the invention is generally not a critical aspect of the invention, as
long as it does not significantly interfere with the activity or utility of the compound of the
invention. The detectable group can be any material having a detectable physical or chemical
property. Such detectable labels have been well developed in the field of immunoassays and,
in general, most any label useful in such methods can be applied to the present invention.
Thus, a label is any composition detectable by spectroscopic, photochemical, biochemical,
immunochemical, electrical, optical or chemical means. Useful labels in the present
invention include magnetic beads (e.g., DYNABEADS™), fluorescent dyes (e.g., fluorescein

isothiocyanate, Texas red, rhodamine, and the like), radiolabels (e.g., 3y, 121, % S, C, or



group with oxalyl chloride. The activated agent is reacted wwth a cytotoxin

or cytotoxin- |linker armconbination to forma conjugate of the invention.
Those of wkid2losémothe art will appreciate that the use ofPCT/US02/17210
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ease of conjugation with the conpound, stability requirenents, available
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attached, Qypi.ndihf e S. Cenerally, a ligand nolecule (e.g., biotin) is
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counter or photographic film as in autoradiography. Where the label is a fluorescent label, it

may be detected by exciting the fluorochrome with the appropriate wavelength of light and
detecting the resulting fluorescence. The fluorescence may be detected visually, by means of
photographic film, by the use of electronic detectors such as charge coupled devices (CCDs)
or photomultipliers and the like. Similarly, enzymatic labels may be detected by providing
the appropriate substrates for the enzyme and detecting the resulting reaction product.
Finally simple colorimetric labels may be detected simply by observing the color associated
with the label. Thus, in various dipstick assays, conjugated gold often appears pink, while
various conjugated beads appear the color of the bead.

Fluorescent labels are presently preferred as they have the advantage of
requiring few precautions in handling, and being amenable to high-throughput visualization

techniques (optical analysis including digitization of the image for analysis in an integrated
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r ecogni PBY¢ebWinreteins from marine cyanobacteria, such as Synechococcus, e.g., phycoe n and

phycocyanin (Wilbanks et al., J. Biol. Chem. 268:1226-35 (1993)), and the like.

Pharmaceutical Formulations

In another preferred embodiment, the present invention provides a
pharmaceutical formulation comprising a compound of the invention and a pharmaceutically
acceptable carrier.

In a still further preferred embodiment, the invention provides a
pharmaceutical formulation including a pharmaceutically acceptable carrier and a conjugate
of a targeting agent with a cytotoxin of the invention.

. The compounds described herein, or pharmaceutically acceptable addition
salts or hydrates thereof, can be delivered to a patient using a wide variety of routes or modes

of administration. Suitable routes of administration include, but are not limited to, inhalation,
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terns " bédica! Sftibics Qre.” admi ni stration" are intended to enconpass all
means for directly and i ndirectly delivering a conpound to its intended
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Supplementary potentiating agents that can be co-administered with the

compounds of the invention include, e.g., tricyclic anti-depressant drugs (e.g., imipramine,
desipramine, amitriptyline, clomipramine, trimipramine, doxepin, nortriptyline, protriptyline,
amoxapine and maprotiline); non-tricyclic and anti-depressant drugs (e.g., sertraline,
trazodone and citalopram); Ca*? antagonists (e.g., verapamil, nifedipine, nitrendipine and
caroverine); amphotericin; triparanol analogues (e.g., tamoxifen); antiarrhythmic drugs (e.g.,
quinidine); antihypertensive drugs (e.g., reserpine); thiol depleters (e.g., buthionine and
sulfoximine); and calcium leucovorin.

The active combound(s) of the invention are administered per se or in the
form of a pharmaceutical composition wherein the active compound(s) is in admixture with
one or more pharmaceutically acceptable carriers, excipients or diluents. Pharmaceutical
compositions for use in accordance with the present invention are typically formulated in a
conventional manner using one or more physiologically acceptable carriers comprising

excipients and auxiliaries, which facilitate processing of the active compounds into
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used pharnaceuti ca roper fornulation is dependent upon the route of
admi ni stsogtifofrcebuloseprepdationsrsicices, for, exampleaairestasth, wheat starethrico stapaly be

formul ated in aquequs solution referably in.physi WGl mpat i bl e
but 1 or o PR aBh SR, SSBgrER iRy Eeliole DR BLRRUAT ST
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phar mace%%'fuc?aalcfdioraacsca}étﬁg%g?tcesggn@rlgrqélog?"s&\%@f‘?a?‘%inom in the art. Such carriers
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concentrated sugar solutions may be used, which may optionally contain gum arabic, talc,

polyvinyl pyrrolidone, carbopol gel, polyethylene glycol, and/or titanium dioxide, lacquer
solutions, and suitable organic solvents or solvent mixtures. Dyestuffs or pigments may be
added to the tablets or dragee coatings for identification or to characterize different
combinations of active compound doses.

Pharmaceutical preparations, which can be used orally, include push-fit
capsules made of gelatin, as well as soft, sealed capsules made of gelatin and a plasticizer,
such as glycerol or sorbitol. The push-fit capsules can contain the active ingredients in
admixture with filler such as lactose, binders such as starches, and/or lubricants such as talc
or magnesium stearate and, optionally, stabilizers. In soft capsules, the active compounds
may be dissolved or suspended in suitable liquids, such as fatty oils, liquid paraffin, or liquid
polyethylene glycols. In addition, stabilizers may be added. All formulations for oral

administration should be in dosages suitable for such administration.
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manner . HEHMC G 2Spl eres tsﬁﬁ}lozfrsrfﬁgwgf%g’rﬂatef he conpounds for use according

to the present i praaRhicenticdl SorRONE &¥parentiedliadaiigistritiontibelud®iqueots an
aerosol spray presentation from pressurized packs or a nebulizer, with the

use of sokitionsef the petbjsarompaindsdn gratergoliblefosni Addiionaly. suspensions of the
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f or mul atesHTS S#ARASITENG OleaS ARSIy FTidet o LIRESAmRfifp QRYgOUS injection suspensions may

contain substances, which increase the viscosity of the suspension, such as sodium
carboxymethyl cellulose, sorbitol, or dextran. Optionally, the suspension may alsb contain
suitable stabilizers or agents, which increase the solubility of the compounds to allow for the
preparation of highly, concentrated solutions.

Alternatively, the active ingredient may be in powder form for constitution
with a suitable vehicle, e.g., sterile pyrogen-free water, before use.

The compounds may also be formulated in rectal compositions such as
suppositories or retention enemas, e.g., containing conventional suppository bases such as
cocoa butter or other glycerides.

In addition to the formulations described previously, the compounds may also
be formulated as a depot preparation. Such long acting formulations may be administered by

implantation or transcutaneous delivery (e.g., subcutaneously or intramuscularly),
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derivati nmers su ene gly
of the scaffold molecule, the amount of space explorable in a library grows. Theones and

modern medicinal chemistry advocate the concept of occupied space as a key factor in
determining the efficacy of a given compound against a given biological target. By creating a
diverse library of molecules, which explores a large percentage of the targeted space, the
odds of developing a highly efficacious lead compound increase dramatically.

Parallel synthesis is generally conducted on a solid phase support, such as a
polymeric resin. The scaffold, or other suitable intermediate is cleavably tethered to the resin
by a chemical linker. Reactions are carried out to modify the scaffold while tethered to the
particle. Variations in reagents and/or reaction conditions produce the structural diversity,
which is the hallmark of each library.

Parallel synthesis of "small" molecules (non-oligomers with a molecular
weight of 200-1000) was rarely attempted prior to 1990. See, for example, Camps. et al.,
Annaks de Quimica, 70: 848 (1990). Recently, Ellmann disclosed the solid phase-supported

parallel (also referred to as "combinatorial") synthesis of eleven benzodiazepine analogs
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40 conpounds in each of sixteen different scaffolds. Chen et al. have al so
applied organic synthetic strategies to devel op non-peptide |ibraries

synt hesi ing multi- step processes on a polymer support. (Chen et al.,
J. Am &%ﬁgﬁioc., 116: 2661-2662 (1994)). Once a library of unique

conpounds i s prepdiedditibhe the epapadiiiars anfl candtiubtsaleycribied above, the present

invention also provides a number of methods that can be practiced utilizing the compounds

and conjugates of the invention.

Purification

In another exemplary embodiment, the present invention provides a method
for isolating a molecular target for a cytotoxin of the invention, which binds to a molecule
having as a portion of its structure the group according to Formula I. The method preferably
comprises, contacting a cellular preparation that includes the target with an immobilized
compound according Formula I, thereby forming a complex between the receptor and the
immobilized compound.

The cytotoxin of the invention can be immobilized on an affinity support by
any art-recognized means. Alternatively, the cytotoxin can be immobilized using one or

more of the linkers of the invention.



| rmunoconj ugat es, or anti bodies can be prepared using the library of

aut oi nducers as a starting point and using the nethods described herein.
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the art have ample guidance in developing particular affinity chromatographic methods

utilizing the materials of the invention.

In the present method, affinity chromatographic media of varying chemical
structures can be used as supports. For example, agarose gels and cross-linked agarose gels
are useful as support materials, because their hydrophilicity makes them relatively free of
nonspecific binding. Other useful supports include, for example, controlled-pore glass (CPG)
beads, cellulose particles, polyacrylamide gel beads and Sephadex™ gel beads made from
dextran and epichlorohydrin.

Treatment of Disease

The cytotoxins of the invention are active, potent duocarmycin derivatives.
The parent agents are exceptionally potent antitumor antibiotics that derive their biological
effects through the reversible, stereoelectronically controlled sequence selective alkylation of
DNA (Boger et al. J. Org. Chem. 55: 4499 (1990); Boger et al. J. Am. Chem. Soc. 112: 8961
(1990); Boger et al., J. Am. Chem. Soc. 113: 6645 (1991); Boger et al. J. Am. Chem. Soc.
115: 9872 (1993); Boger et al., Bioorg. Med. Chem. Lett. 2: 759 (1992)). Subsequent to the
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conposi Tl ons ereln the active 1ngredi ent contained in a

t her apeudnceatrations bf ectiviewempound(s) that are capable of inhibition cell growth or division.
In preferred embodiments, the cellular activity is at least 25% inhibited. Target plasma
concentrations of active compound(s) that are capable of inducing at least about 50%, 75%,
or even 90% or higher inhibition of cellular activity are presently preferred. The percentage
of inhibition of cellular activity in the patient can be monitored to assess the appropriateness
of the plasma drug concentration achieved, and the dosage can be adjusted upwards or
downwards to achieve the desired percentage of inhibition.

As is well known in the art, therapeutically effective amounts for use in
humans can also be determined from animal models. For example, a dose for humans can be
formulated to achieve a circulating concentration that has been found to be effective in
animals. The dosage in humans can be adjusted by monitoring cellular inhibition and
adjusting the dosage upwards or downwards, as described above.

A therapeutically effective dose can also be determined from human data for

compounds which are known to exhibit similar pharmacological activities. The applied dose
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particular clinical indication being treated. For example, in one embodiment, a compound

according to the invention can be administered in relatively high concentrations multiple
times per day. Alternatively, it may be more desirable to administer a compound of the
invention at minimal effective concentrations and to use a less frequent administration
regimen. This will provide a therapeutic regimen that is commensurate with the severity of
the individual’s disease. |

Utilizing the teachings provided herein, an effective therapeutic treatment
regimen can be planned which does not cause substantial toxicity and yet is entirely effective
to treat the clinical symptoms demonstrated by the particular patient. This planning should
involve the careful choice of active compound by considering factors such as compound
potency, relative bioavailability, patient body weight, presence and severity of adverse side

effects, preferred mode of administration and the toxicity profile of the selected agent.
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million (ppm) downfield from tetramethylsilane. Electrospray mass spectra were recorded on
a Perkin Elmer Sciex API 365 mass spectrometer. Elemental analyses were performed by
Robertson Microlit Laboratories, Madison, NJ. Silica gel for flash chromatography was E.
Merck grade (230-400 mesh). Reverse-Phase analytical HPLC was performed on either a HP
1100 or a Varian ProStar 210 instrument with a Phenomenex Luna 5 pm C-18(2) 150 mm x
4.6 mm column or a Varian Microsorb-MV 0.1 pm C-18 150 mm x 4.6 mm column. A flow
rate of 1 mL/min was with either a gradient of 0% to 50% buffer B over 15 minutes or 10%
to 100% buffer B over 10 minutes with detection by UV at 254nm. Buffer A, 20 mM
ammonium formate + 20% acetonitrile or 0.1% trifluoroacetic acid in acetonitrile; buffer B,
20 mM ammonium formate + 80% acetonitrile or 0.1% aqueous trifluoroacetic acid. Reverse
phase preparative HPLC were performed on a Varian ProStar 215 instrument with a Waters

Delta Pak 15 um C-18 300 mm x 7.8 mm column.
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1.2a Synthesis of Compound 134

The compounds of Formula I are readily prepared by reacting the appropriate
spirocyclopropylcyclohexadienly analog (Compounds B) with the activated heterocyclic
compounds A using sodium hydride in N,B-dimethylformamide (DMF) or tetrahydrofuran
(THF). The resulting compound 28 is then converted to compound 29 by treatment with the
appropriate halo-acid, such as hydrochloric acid. Compound 29 is reduced by catalytic
hydrogenation to give compound 65, which is coupled an activated ester to give compound
134, a compound of Formula L.

Other compounds of Formula I are prepared according to published

procedures, which are modified to make additional analogs using procedures well known to
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methylene chloride) afforded 1.02 g (78%) of A as a yellow solid: 'H NMR (CDCl5) & 9.0 (br

s, 1H), 8.2 (d, 2 H), 7.8 (m, 2 H), 7.4 (d, 2 H), 7.3 (s, 1 H), 6.8 (s, 1 H).

1.2¢ Synthesis of Compound 28

To a solution of B (20 mg, 0.08 mmol) in N,N-dimethylformamide (1.0 mL) at
-40 °C was added a suspension of sodium hydride (4.0 mg, 0.1 mmol, 60% in oil) in N, N-
dimethylformamide (1.0 mL). The resulting mixture was allowed to warm to 0 °C slowly
(1.5 h), then cooled back to -40 °C. A (37 mg, 0.1 mmol) was added and the mixture allowed
to warm to 0 °C slowly (1.5 h) where it was kept for 20 min. The mixture was cooled to -30
°C, quenched with acetic acid (10 vL), stirred for 10 min, diluted with ethyl acetate, then
washed with water then brine. The organic layer was separated and dried over MgSQOy,
filtered and concentrated in vacuo. Purification by flash column chromatography on silica
gel (50% to 100% ethyl acetate in methylene chloride) afforded 16.3 mg (43%) of 28 as a
slightly yellow solid: "H NMR (CDCl;) § 11.3 (br s, 1 H), 9.4 (br s, 1 H), 7.4 (m, 2 H), 7.1 (s,
1 H), 6.95 (s, 1 H), 6.8 (s, 1 H), 4.4 (s, 2 H), 3.8 (s, 3 H), 3.8 (m, 1 H), 2.6 (s, 3H), 2.4 (dd, 1
H), 1.4 (m, 1 H). ESMS m/z 490 (M - H)".

1.2d Synthesis of Compound 29
To a solution of 28 (50 mg, 0.103 mmol) in N,N-dimethylformamide (1.0 mL)

was treated with 1 mL of anhydrous hydrochloric acid (1.0 M in dioxane). The resulting
solution was stirred at ambient temperature for 30 min, then concentrated of solvent.

Purification of the resulting residue by flash column chromatography on silica gel (50% to
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Conpou ngo&xﬁljb?cd?yona&; QA4 mlv)acﬁﬂﬁ], thiWadie8 with etﬁ)yl 13&afiMaht cMRle ®roduct
was purified by flash chromatography using silica gel and 5% methanol/methylene chloride
to give 15 mg (39% yield) of 134: '"H NMR (DMSO): 5 11.4 (brs, 1H), 11.0 ( br s, 1H), 10.9
(s, 1H), 8.5 (s, 1H), 8.3 (br s, 2H), 8.0 (m, 2H), 7.9 (s, 1H), 7.7 (m, 3H), 7.5 (d, 1H), 7.3 (¢,
2H), 4.6 (m, 2H), 4.5 (d, 2H), 4.3 (m, 1H), 3.8 (s, 3H), 3.7 (d, 1H), 3.5 (t, 1H), 2.7 (s, 3H),
1.7 (m, 2H), 0.9 (d, 6H).

In a similar manner the following compounds were prepared:

46: "HNMR (CDCL): & 8.9 (s, 1H), 8.7 (s, 1H), 8.4 (dd, 1H), 8.1 (br s, 1H), 7.75 (d, 1H),
7.65 (s, 1H), 4.8 (d, 1H), 4.55 (m, 2H), 3.9 (s, 3H), 3.85 (s, 1H), 3.7 (m, 4H), 3.4 (t, 1H), 2.7
(s, 3H), 2.5 (br s, 4H), 2.4 (s, 3H).

95: 'H NMR (DMSO): § 12 (s, 1H), 10.6 (d, 1H), 8.25 (s, 1H), 8.2 (br s, 1H), 8.1 (s, 1H), 7.7
(m, SH), 7.5 (d, 1H), 4.6 (t, 1H), 4.5 (d, 1H), 4.4 (m, 2H), 4.1 (m, 1H), 3.9 (d, 2H), 3.8 (s,
3H), 3.3 (m, 10H), 2.8 (s, 3H), 2.6 (s, 3H), 1.6 (br s, 3H), 0.9 (s, 6H).

47: 'H NMR (CDCL): § 9.1 (br s, 1H), 8.1 (br s, 1H), 7.4 (t, 2H), 6.9 (s, 1H), 6.8 (dd, 1H),
4.8 (d, 1H), 4.5 (m, 2H), 3.9 (s, 3H), 3.85 (m, 3H), 3.7 (m, 2H), 3.4 (t, 1H), 2.7 (s, 3H), 2.6
(br s, 4H), 2.4 (s, 3H).
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(t, 1H)2HR 4B (os2H3H.1 (t, 2HF, X 9(m2H), 30. @h, G8), BB)m, 6H),2.6 (sy2HR2.3v@nti), the
foll ow pgéggm?oygql@ m;qg)(lﬁpg{)edg(ﬂﬁﬁ}f%H NMR (CDC13): S 8.9 (s, 1H), 8.
(s IH) 75 (d, 1H), 7.65 (s, 1H), 4.8 (d,

7
(
ekl
m
6.

4 (m 2H) 4.1 (m | , 3.9 (d, 2H)

S, : ll:? 1.6 br s, 3H 9 (s,
6H) 47153 HH\NMR@Mﬁ@) 5$2§ (!nr(tl )511719?)1'5 BH)L lplﬁr(bss, IOQ(W%ﬂH),zH),
(s, 1H)8.3Gm32Ed,9 (rh)4H), 2.58s( HH), T4)(d, U)% 7OGm,IH), 4.5 (8., 6H), BHm, B1)88.9 m
3H), 3. (@, AH), 234, 3H),8.4 (m, ), 2.90b7s,(33), ZBiYs, 3H)62.7(H3HD, 1.8 14 2H)21.6 (bss, 3H) .
V\D 02/ 0 ]10143&;‘@/1-1)802/@74211})096(51 8H) H N\R (DMSO): S 12.5 (s, 1H), 11.8 (s,

104(s 4 (s, 7.8 (m 5H) 7.5 (m 2H, 7.3 (t, 1H), 7.1

(t 1H) ! ¥ ﬁk?n%(éﬁ sl?l) ﬁ%s 18)8.3 0% )1£;*0N'VR
5 guz%;%f%ﬁ%% L o

(m2H) 46(m 2H) 43(m2H) 41(t 2H) , 39(m1H)
4

, Tslmn%H @mﬁ% br 5, 150, 3 i) &3&/@@%871@11"5559533%1728
1H) 10(13,3{11{),,6%; 2H3) 37((d 111)4)45(&1(4H()s391s—1§9H),73S(m(MH);Gl)6(s73lé) Gé(tll—l) 7 2
(d, 2H3H%. 7 (m 2H), 4.5 (m 3H), 3.8 (s, 3H, 3.5 (m 2H), 3.2 (m 2H),
2.9 (s, 3H), 2.7 (s, 3H, 2.3 (s, 4H) 153: 'H NVR (DMBO): S 12.3 (br s,
1H), 11169(11{NMR11|)MSG)0851(9R& s, 180014 2(d, I H) 18D (s, 181)37.¢ @in, 8H),. 7. 9
(H)m 4*')727(851}6371'(3*1)1{) 88‘@&)16&% ér) 2(@ 2'}13&3({11 51-[%@7@"'3]%{)‘?@-(5&

27(53131,18(5 2H)1 (br s, H)14(rn2H) 12(d 4H) 0.9

(M 16H) s 1mnvr (DMSO): 6 11.4 (br s, 1H), 11.0 (br s, 1H), 10.9 (s, 1H), 8.5 (s, 1H), 8.3 (brs,
2H), 8.0 (m, 2H), 7.9 (s, 1H), 7.7 (m, 3H), 7.5 (d, 1H), 7.3 (t, 2H), 4.6 (m, 2H), 4.5 (d, 2H),
4.3 (m, 1H), 3.8 (s, 3H), 3.7 (4, 1H), 3.5 (t, 1H), 2.7 (s, 3H), 1.7 (m, 2H), 0.9 (d, 6H).

8
9

24: "H NMR (DMSO): & 10.8 (s, 1H), 8.6 (s, 1H), 8.3 (m, 5H), 7.9 (s, 1H), 7.8 (d, 2H), 7.7
(d, 1H), 7.65 (s, 1H), 7.6 (d, 2H), 7.4 (m, SH), 5.3 (s, 2H), 4.9 (t, 1H), 4.7 (d, 1H), 4.4 (m,
1H), 4.0 (m, 2H).

ESMS m/z 696 (M-H)".

25: 'H NMR (DMSO): 5 8.6 (s, 1H), 8.3 (m, SH), 7.8 (m, 3H), 7.6 (m, 3H), 7.4 (m, 1H), 4.8
(m, 1H). 4.6 (m, 1H), 4.3 (m, 1H), 4.1 (m, 2H).
ESMS m/z 605 (M-H)".

27: 'H NMR (DMSO): § 10.9 (s, 1H), 10.3 (s, 1H), 8.6 (s, 1H), 8.3 (s, 1H), 8.2 (d, 1H), 8.1
(m, 2H), 7.8 (m, 3H), 7.6 (d, 1H), 7.3 (s, 1H), 6.9 (d, 1H), 6.8 (t, 1H), 6.4 (d, 1H), 4.8 (t, 1H),
4.6 (d, 1H), 4.3 (m, 1H), 4.0 (m, 2H).

154: 'H NMR (DMSO): 6 10.7 (s, 1H), 10.0 (s, 1H), 8.6 (s, 1H), 8.4 (s, 1H), 8.2 (s, 1H), 8.1
(m, 3H), 7.9 (m, 5H), 7.7 (m, 1H), 7.6 (m, 3H), 7.3 (m, 5H), 5.0 (s, 2H), 4.8 (t, 1H), 4.6 (d,



45: "H NWR (DMBO): S 12.0 (s, 1H), 11.6 (s, 1H), 10.8 (s, 1H), 8.4 (s, 1H),
8.3 (d, 2H), 8.0 (s, 1H), 7.8 (m 3H), 7.6 (s, 1H, 7.4 (t, 1H 4.6 (m
5H), 3.8 We,0Bbj9103. 4 (m 8H) 2 9 (s, 3H), 2.7 (s, 3H). PCTAUSOY/I2MVR

(CDClB SQl(brs 1(, (s, 1H6 8.3 (s, 1H, 7.7 (d, 1H), 7.5 (m
3.5
18] 51? '?H)ﬁlli(;ijl f'@(m(?g{)ﬁ 31?)';3'(6@1 6%524’{% 11'?11;%1611 ﬁﬁ)iH)
s ’ 6 2 1H), 7.1 (t,
1H), 551%1"%31 33 MWm " 1H), 4.4 (d 2H) 4 g](m 2H) 3( (s H%H) 2 Es

(s . H NVR ( DVSO) 1 ((

1H), 8. 5613HMMR(@M$<§)951§6(82W) 1@9ds lrﬁ) tﬁnf(s 71H) %ﬂ s, 1E) 86@1 8%

7.5 (d, (sLE), 872 61, (1H), &6/m, 51HB7(&r(m24¥B);743(9, (), 7254m 8l ﬁ:an)» §(13. 8 (s,
3H), 3. TH),04.6 (d2H),34.5 (s 3H)L K)1 (R 1H),(39 (BHH), 247(n(,r2H)ZIH¥ (mo3H)1(ii(mfﬂﬁ) 24:
'H NVR (NBOBH).Q0m8128). 1H), 8.6 (s, 1H), 8.3 (m 5H), 7.9 (s, 1H), 7.8
(d, 2H)Esi4s7m/z(pb44J(NIH)7 65 (s, 1H), 7.6 (d, 2H) 7.4 (m 5H), 5.3 (s, 2H),

3.9 L 47)( ). 4.4 (m 1H. 40 m 2H) _ESMB m z 696 (M H)-

' 7

605 Em (s, (C %@%@%é )% %8% 74, 1ﬁw79(72}%§r2§%@”’2
8.3 (s, %{)2 ( , f (ﬁ (lés 9 b (s,
IH) 65 ,IH) 68(t 1H), 6.4 (d. | H), 48(tIH) 46(d 1H)

4.3 (m | ."154° "H NMR (DMBO): S 10.7 (s, 1H),

1H), GO(éHM(wabxé? 3Gy 5, G283, 119)828bxls IH);SQH}I, 3H),§. f(m 4;9)

(m 1H> 7.41(n; 280 7.8Kdn, 4H),31.7 (d, 15)4.6 GnDIH) 4.4, 1H), 42 (m, SHM39 6, GHIdMV\o
02/ 09694, H@S[/ZUS@%HYZJSD(S ﬁa) |23'0m 241)31(1r(s %)) 0.44bls, 68). | H, 3.9 (m | H),
3.1 (s, | , 3.0 (m | H, 2.3 (m 5H), 16(m5H) 1.4

(t, 2H) ( )05 Sio’(sms ﬁzﬂa’ G Wﬂdlﬁqﬁf(d\gfhﬂ) 7%
(DNBO) %1 ( m 14(5 ) 3&
(rn 3H) H?é% %g?g&“é})%gz%ﬁ?%43(m 3(5)1 461 ((g3 7H§3,

|

3.9 |

121 (m g%%w@ lmg 376, 213, A AR HEBAIE) THR 89 G, @4)5?]6%%57? oy
. 8. 1(1D), 2B4(s, 1BD.07.1 ks, 280), 4.7 Kip, 3H), 9. miﬂ)ﬁ#é“(b"l) 3.9 (m, 4H), 3.4 (

1H), 2.7 (s, 3H), 2.5 (s, 3H), 10(s 9H), 0.4 (br s, 6HD.

83: 'H NMR (CDCL): & 9.6 (s, 1H), 8.4 (s, 1H), 8.1 (s, 2H), 8.0 (m, 1H), 7.8 (s, 1H), 7.6 (m,
2H), 7.5 (s, 1H), 7.35 (q, 2H), 7.0 (s, 1H), 4.7 (d, 1H), 4.55 (m, 1H), 4.45 (m, 1H), 3.9 (m,
4H), 3.4 (m, 1H), 2.7 (s, 3H), 1.0 (s, 9H), 0.4 (br s, 6H).

89: 'H NMR (CDCh): 8 9.3 (br s, 1H), 8.4 (br s, 1H), 8.2 (s, 1H), 8.0 (br s, 2H), 7.5 (m, 9H),
7.2 (s, 1H), 7.1 (d, 1H), 6.9 (s, 1H), 5.1 (s, 2H), 4.7 (d, 1H), 4.55 (m, 1H), 4.45 (m, 1H), 3.9
(m, 4H), 3.4 (m, 1H), 2.7 (s, 3H), 1.05 (s, 9H), 0.4 (br s, 6H).

90: 'H NMR (CDCls): & 9.6 (br s, 1H), 8.5 (br s, 1H), 8.2 (s, 1H), 8.0 (m, 2H), 7.5 (m, 8H),
7.3 (m, 2H), 7.1 (d, 1H), 6.6 (d, 1H), 5.2 (s, 2H), 4.7 (d, 1H), 4.55 (m, 1H), 4.45 (m, 1H), 3.9
(m, 4H), 3.4 (m, 1H), 2.7 (s, 3H), 1.05 (s, 9H), 0.3 (br s, 6H).

163: 'H NMR (DMSO): & 12.0 (s, 1H), 11.6 (s, 1H), 10.4 (s, 1H), 10.2 (s, 1H), 8.4 (s, 1H),
8.1 (m, 4H), 7.9 (m, 3H), 7.5 (m, 3H), 7.2 (d, 2H), 4.9 (s, 2H), 4.7 (m, 1H), 4.6 (m, 1H), 4.5
(m, 1H), 3.9 (m, 4H), 3.6 (m, 1H), 2.7 (s, 3H), 2.5 (s, 3H), 1.1 (s, 9H), 0.7 (s, 6H).

92: 'H NMR (DMSO): & 12.0 (s, 1H), 10.4 (s, 1H), 10.2 (s, 1H), 8.3 (s, 1H), 7.9 (s, 1H), 7.8
(m, 4H), 7.5 (d, 2H), 7.25 (s, 1H), 7.15 (s, 1H), 6.9 (m, 3H), 4.7 (m, 3H), 4.6 (m, 1H), 4.5 (m,
1H), 3.9 (m, 2H), 3.8 (m, 4H), 3.5 (m, 1H), 3.2 (m, 2H), 2.9 (s, 3H), 2.7 (s, 3H), 2.6 (s, 3H).

98: 'H NMR (CDCly): 8.3 (br s, 1H), 8.1 (d, 1H), 8.0 (br s, 1H), 7.95 (s, 1H), 7.85 (d, 2H),
7.65 (s, 1H), 7.6 (d, 2H), 7.5 (s, 1H), 7.4 (m, 2H), 7.0 (s, 1H), 6.85 (d, 2H), 4.8 (m, 3H), 4.55



2H), 7.5 (s, 1H), 7.0 (d, 2H), 6.9 (d, 3H, 4.7 (d, 1H), 4.5 (m 2H), 4.2
(m 1H), 3.95 (s, 3H), 3.85 (s, 3H), 3.7 (m 4H), 3.4 (m 1H), 2.7 (s,
3H), 2.5 ¥9,028b9102.4 (t, 2H), 1.1 (s, 9H), 0.4 (br s, 6If|X:T/[&D2/172Iﬂ) NVR

(00013) S9.3 (brs, 1H), 8.3 (s, 1H7 8.2(br s, 1H), 8.0 (m 3H), 7.5 (m

. fg@ 2 Hpgmmﬂdﬂ) #(zlgmlem 25632 4 i 0B, 4 2

s 1: HNI\/R(CDC13) S 10.5 (s, 1H) 88(s

1H)’ 11(5 60 %l 3,@1%)5974@( |g}?{) ffd éi-g]% |_2 373 Eﬁj
(s 7314, 2 36(§13 75 dd H)s 3Hb639( H3,6.8 (32 13)
(s, MHH), 664m(,éH)1445 (msllﬂ) B8 (nLHﬁH)B? @(mniH)tu%ﬂ (1., %H)(Zrﬂ (SL »%.35 (s
. 7.Gn(4H), 206)(s, )L (s, 2H), 4.7 (m 3H), 4.55 (m 1H), 4.45 (m 1H), 3.
4H), 3.4 (m 1H), 27(s 3H), 2.5 (s, 3H), 1.0 (s, 9H) 0.4 (br s,
. 83i13; H}M&Rﬂ( 8519{&4&1%%)1 (s81H)(9S9 sL k), 884 2 2@9;%1154&)0 (m

’ 7 ?7 7.4 @78 ¢ 3m i 56€>t1 , 4
, %‘ ;Qmo‘f%(wﬁi .k f?@cﬁ? o E%%s% 8
it <fz%a5wm Y-PAE
H) , 3 H}rﬁ%ﬁH}H):? H)1ﬁ§$(ﬂ122 (730 qg %)4 léi) m%ﬁ)G(H)
90: HNI’G’FQH(@H@l:B?(dS 338@36}3 316, Is)gé(m 2§H)1¢+§><s9 s, 3F),2.8.0 (m .
2H), 7.6m(2H).8H), 7.3 (m 2H), 7.1 (d, 1H), 6.6 (d, 1H), 52(s 2H), 4.7
(d, 1H), 4.55 (m 1H), 4.45 (m 1H), 3.9 (m 4H), 3.4 (m 1H), 2.7 (s,
3H), 1. 950:('H NMR (DMSO) B12®, (nf i), 16B(br'sHIFYR. 3 @hBDY), 8.6 (A 4H),(%6 (hH) , 11.
(s, 1H 2H?07§1 %H)bl-l)(d 1.%.9 &, lﬂ{g)45§n4?a}§ﬁ43](§ﬁ ,2H)83.9 (4, MH)A318 (s, 61D (m

2

3;}0, 5.5, 3% 4 27241231{ (%?41{?%4141 r‘i‘l?xﬁ?SI—%)‘lO@(ﬁleﬂIb'ﬁ

92;9;;3;mﬂs

9

7
4

6

(
%&7” & éi(ﬁw nﬁ% Eﬁ%ﬁ‘?@% iy Eﬁw %ﬁ%%ﬁ? b 153031

(m 35(m1, (m ,

98: H KRR trmmxmvs@) 31(1t9r(ssl,H)lﬂ-92(8 1H)<a8 (imﬂH)a 5)(I(lb2 k4. 31@9 lﬂz 9?) (s,

1H), 7. 8% (63H)R B, (d, THH3.1(6, 3H)B,4 (. 161)( 25 (83H). 7.5 (s, 1H), 7.4 (m 2H),
7.0 (s, 1H) 6 85 (d, 2H), 4. 8 (m 3H), 4.55 WD 02/096910 PCT/US02/ 17210

67 (m ((ﬂMskwal?z Qbih(s&}fb ¢85 (dH1H) 253(£5{H37'B d, (s
3H), 2 S
1;')3 (b‘h((ﬁh 461%51;5345(@0 Qa“% '1{1?538§|(% 1111% 8? R:1!'%'5( (s 2H)
7.7 (d. 62? (d, 1H), 72(m3H) 69(m3H) 6.8 (s,

1. 4 9 mH%\II_I{)/IR(DMSO) 811.9 (s, 1H), 10.2 (s, 1H), 8.0 (m, 1H), 7.5 (m, 3H), 7.2 (s, 1H),
70(m 1H), 4.6 (m, 1H), 4.5 (m, 1H), 4.4 (m, 1H), 3.9 (m, 2H), 3.8 (d, 1H), 3.7 (s, 3H), 3.4
(m, 1H), 2.6 (s, 3H), 2.4 (m, 2H), 1.3 (s, 9H).

143: '"H NMR (DMSO): 5 11.9 (s, 1H), 10.2 (s, 1H), 8.0 (m, 2H), 7.7 (m, 3H), 7.3 (s, 1H),
7.1 (d, 1H), 4.6 (m, 1H), 4.5 (m, 1H), 4.3 (m, 1H), 4.2 (m, 2H), 3.9 (d, 1H), 3.8 (s, 3H), 3.4
(m, 1H), 3.3 (m, 2H), 2.6 (s, 3H).

148: 'H NMR (DMSO): 5 11.9 (s, 1H), 10.1 (s, 1H), 7.7 (d, 2H), 7.5 (s, 1H), 7.3 (s, 1H), 7.1
(d, 1H), 4.5 (m, 1H), 4.4 (d, 1H), 4.3 (m, 3H), 3.8 (m, 1H), 3.7 (s, 3H), 3.5 (m, 3H), 2.8 (s,
6H), 2.5 (s, 3H).

150: 'H NMR (DMSO): & 10.3 (s, 1H), 9.4 (s, 1H), 7.8 (m, 1H), 7.5 (m, 2H), 7.1 (s, 1H), 6.9
(dd, 1H), 4.5 (m, 4H), 4.3 (m, 1H), 3.8 (s, 3H), 3.75 (d, 1H), 3.5 (m, 1H), 3.1 (m, 2H), 2.75
(s, 6H), 2.65 (s, 3H), 2.1 (m, 2H).



H, 46 (m I H, 45 (m |
, 2.7 (s, 3H, 2.3 (m 4H, 2.0 (s, 3H). 113: "H NWR (C3D60): S 11.3

,  1HVO @@®9do1( s, 1H) 9 9 (s, 1H), 8.4 (s, 1H), 7.9 (mcTaF2/172407 (m
,75(m3H) 7.4 H, 7.2 (6 | ,71d2H),6.9(t,1H),50

| 11% ;;)é[ﬁg% %g‘g X}#ﬁ %(841 U @%@75‘&% @“ )

(m6H) 49(s 2H) 46(m1H) 45(m|
1,39d1, s, 3H), 3.7 H, 3.5 (m 25H), 2.9
3H)2512 ‘HWR&EDClsx 12.0 (s, IHBi)79111591H) A TNURL D:vm)s 1), 724 6, (1), 72H) ,
. 9 (bgads1H}, )6 (8, 3H) a4 (2K2H)3B.9 a1 HY B)8 (s7318), 31 (m,AH), 3.8 (B, 2H), 34Hm, 7. 1
d, 1H)4H 392 2}ﬂ)H30(fh 5H()m9 H)42‘3(Iﬁﬁ4H2I21)6,(s32H) (&, (mil, BH), B3 ém( 8H),6H) ,
- S mo§ 2 (m 4H), s, : 4H, 1.4 (m 9H), 1.1 (m
12H) 131: HNI\/R(DIVISO) 8119(s 1H) 10.2 (s, 1H), 7.7

H)
m ? ”3H)'“#)
Cls

- il DR
1.9 s ) )’53 Fﬁ %9 S,
H) | ( laZI(Ih 71(6+)3 f‘ésgg;aﬁﬁ '33{ 2, 5 (s 3H) 1§6 HNI\/R (
DVMSO: 8 11.9 (s, 1H), 10.2 (s, ,765d2 7.55 (s, 1H), 7.3 (d,
H, 7230 uﬂNmacha:m E(hqsmlH)As S(s( AH).IHY (d, 47-H§ zﬁ](m;n_n)l) 73 @52(%6%)
.8 (s, (dSlﬂH) &7 (S5 218, 4. B, 4HB 49 (m4H)ES.9 (€.361)( 35 (BEPH), B3 ¢m; DMK (OVEO) : 8
1.9 (s4Hj,I3)1 (s;L@H)zzcas(mlsﬂ),za(m 10H),28 (m77H).(m 3H), 7.2 (s, 1H), 7.0 (m
H, 4.6 (m ,45(m1H) 4.4 (m | H, 3.9 (m 2H, 3.8 (d, | ' H),
7 (s, 188) ESR (M:i‘H) 6 (s, 3H, 2.4 (m 2H), 1.3 (s, 9H). 143: "H

H) , H, 7.7 (m 3H), 7.3 (s,
m m 1H), 4.2 (m 2H), 3.9
s, 3H). 148: 'H NWR

H, 3.8 (m 25H), 3.5 (m | H, 3.2 (m

(7))

RO m;bwsgss

@—prﬁwphﬁwwﬁpﬁ

NNR (DVBO) 811 9 (s 10 2 (s,
(d 1%01&5‘;(@512"%@"515%0?5"?) ﬁl)
(Vs 8@@@5@1@ Il JOR

3 7 S, , m 2.8 (s
10. 3((517I SMSm/m75(3s(M1H)H) 7(8( H?
(dd, | H), 4.5 (m 4H), 4.3 (m | H), 3. 3
H) , 3.119nﬁSM$m/226%(M(H;);. 6H), 2.65 (s, 3H). (m
PCT/ US02/ 17210 68 151: 'H NMR (DMBO): 8 11.9 (s, 1H), 10.2 (s, 1H), 7.7
(d, 2"')507E§’M§Iﬁ1/z80®(M-H)55 (s, 1H), 7.25 (d, 1H), 4.6 ( | H, 45 (m |
H. 4.4 (m | H, 3.9 (d, 1H, 3.8 (s, 3H, 3.5(m | H, 3.3

174: ‘HNMR(CDC13) 5 8.4 (s, 1H), 7.9 (m, 1H), 7.5 (m, 2H), 7.2 (m, 2H), 4.75 (m, 3H),

4.6 (m, 1H), 4.45 (m, 1H), 3.9 (m, 4H), 3.4 (m, 1H), 2.7 (s, 3H), 1.05 (s, 9H), 0.4 (br s, 6H);

ESMS m/z 627 (M-HY.

O

(m
4.
2H),
(d,
| H),
.5 (s,
A
S,

1
(
3.3
7.
(d,

8.

1H),
(m
7

samb; o
oo$N

176: "H NMR (CDCls): & 8.4 (s, 1H), 7.9 (m, 1H), 7.5 (m, 2H), 7.1 (m, 2H), 4.7 (m, 3H), 4.6
(m, 1H), 4.45 (m, 1H), 3.9 (m, 4H), 3.4 (m, 1H), 2.7 (s, 3H), 1.05 (s, 9H), 0.4 (br s, 6H).

94: 'H NMR (CDCly): & 8.5 (d, 2H), 8.2 (d, 2H), 7.9 (s, 2H), 7.8 (d, 2H), 7.5(m, 2H), 7.4 (m,
4H), 6.8 (d, 2H), 4.7 (d, 1H), 4.5 (m, 1H), 4.4 (m, 1H), 3.9 (m, 6H), 3.3 (m, 1H), 2.9 (t, 2H),
2.7 (s, 3H), 2.5 (s, 3H), 2.1 (m, 2H), 1.6 (s, 6H), 1.0 (s, 9H), 0.3 (br s, 6H).

ESMS m/z 1038 (M-H)".



(br m 8H), 2.9 (s, 3H), 2.6 (s, 3H). 251: ' H NMR (CDC13): 8 12.0 (s, 1
H, 7279 (m 1 H, 7.7 (d, 1 H, 7.6 (s, 1 H, 7.4 (s, 1 H, 7.2 (dd, 1H)),
4.6 (m 3wp0249b1¢m 2H), 3.9 (m 1H), 3.8 (s, 3H), 3.7 (mCTP2/1R16 (m
2H), 3.4 (m 4H), 3.2 (m 2H), 3.0 (é8 4H, 2. 9(s, 6H), 2.7 (m 4H), 2.6
(18,32(H), 1.6 (r8n72H), 1.3 (r7n7 (d1E)§$6VﬂJ]S}9%( 227: 'H NMR (CDC13): 6

S m 3H), 7.1 (m 2H), 6.9 d,
oH) | 4%1?5(3‘”‘%%,1”‘%{.2%‘( 2 . 3H),( 3.4H%m 1H),(3.1
(s, 2H, 2.9 (m 12H), 2.7R£s . .3 (s, 3H). 230: "H NWR
(CbC13): 8 10.3 (s, 1H), 8. 3 (m 3H), 7.1 (m
2H), 6.9 (d, 2H), 6.7 (s, H H, 3.9 (s, 3H), 3.5
(m 2H), 3.4 (m 1H), 3.2 (m m SH), 2.4 (m 104,
2.2 (m 7H). 166: ESMB m &, 235¢M mz 920 (MH)-. 9: ESMV5
mz 966 (MH) 17: ESMS miz 753 /i ESMS nmiz 696 (MH)-. 50: ESMS
mz 800 (MH)-. 174: 'H NMWR (CDC1’5>,) z (s, 1H, 7.9 (m 1H), 7.5 (m
2H), 7.2 (m 2H), 4.75 (m 3H) |46(m CRH), 4.45 (m 1H), 3.9 (m 4H),
3.4 (m 1H, 2.7 (s, 3H, 1.05 (s, 9H), 0.4 (br s, 6H); ESM5 mz 627
(MH-. 176: 'H NR(CDC13) 8 8.4 (s, 1H, 7.9 (m 1H, 7.5 (m 2H), 7.1
(m 2H), 4.7 %m 3H), (m 1H), 4.45 (m , 3.9 (m 41, 3.4 (m 1H),
2.7 (s, 3H), IQ 2 (. JEQIDME,  6H)ON N S3: 8 8.5 (d,
2H), 8.2 (d, 2H, & 2H),O,{8(d 2H), 7.5( Il Z4 (m 4H), 6.8
(d,2H),4.7(d,1H),45( 4.4 (m 1H, 39 (m 6H, 3.3 (m 1
H, 2.9 (t, 2H), 2.7 (s, 3H), 2. h3H), ZZIA(m 2H), 1.6 (s, 6H), 1.0

(s, 9H), 0.3 (br s, 6H). ESM5 nm z 1038 (MH'. W 02/096910 PCT/ US02/17210
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2.1a Synthesis of Compound 1

The compounds of Formula I are readily prepared by reacﬁng the appropriate
spirocyclopropylcyclohexadienly analog (Compounds B) with the activated heterocyclic
compounds A using sodium hydride in N,B-dimethylformamide (DMF) or tetrahydrofuran
(THF). The resulting compound 28 is then converted to compound 29 by treatment with the
appropriate halo-acid, such as hydrochloric acid. Coupling with compound 29 by in situ

activation is used to produce compound 1, a compound of Formula I.



Ra X Z1 R5 HOB\ NO2 EDC DVMF 02N & / I \ N0O2 0 0 02N OO 1)10H A M

co2mve M CO2Me M CO2Me - -C1 HN NaH, DMF HNHCI HNONA ONHON HBO
/" \ NO2wO d9@3691€8 O i 29 0 02N\ H Cl BOCLeu' N '-""'N EtprCTHISOD1R10 M2
C02Me -CI HN O BOCLeu'N -"--"NON®B O1 N2 O 1 2.1 a Synthesis of

Compound 1 The CO&H&PB&%P&in U lLIQfe?réﬁﬁ‘éH ic\ﬁof?fix?@r lihedr €acting the

appropriate

spi rocycl opropyl cycl ohexadi enl'y anal og ounds B) with the

acti \éat pribcéires; oot dre modifigddo ndke Addisipna) apaldguwsing phocethiréswell known to
N, B- di net hyl f or manj de (DNMF) or, tetrahydrofurgn... (THF). The resultin
ConpountiossiledRahe Sorveh et S obs Aabnu EX TR e
app.roprwatpgrah%%gugi,ﬁcm as hydrochloric acid. Coupling with conpound 29

by in situ

activation is used to produce conpound 1, a conpound of Formula

. WO 02/096910 PCT/US02/17210 70 Qther conpounds of Fornula | are
prepar ed acc2dti Synthesispfl{ldnprud A

To a solution of 5-nitro-2-carboxylic acid (0.83g, 4.0 mmol) in N,N-

dimethylformamide (60 mL) at 0 °C was added EDC (1.15 g, 6.0 mmol). The resulting

suspension was stirred at 0 °C for 45 min, by which time the EDC had completely dissolved.
4-Nitrophenol (0.83 g, 6.0 mmol) and DMAP (0.73 g, 6.0 mmol) were added and the

resulting mixture stirred at ambient temperature. After 13 hours, the mixture was diluted

with ethyl acetate and washed with a 10% aqueous citric acid solution twice, followed by

water, and brine, then dried over Na,SQy, filtered and concentrated in vacuo. Purification of

the resultant residue by flash column chromatography on silica gel (7% ethyl acetate in
methylene chloride) afforded 1.02 g (78%) of A as a yellow solid: "H NMR (CDCls) & 9.0 (br
s, 1 H), 8.2(d,2H), 7.8 (m, 2 H), 7.4 (d, 2 H), 7.3 (s, 1 H), 6.8 (s, 1 H).

2.1c Synthesis of Compound 28
To a solution of B (20 mg, 0.08 mmol) in N, N-dimethylformamide (1.0 mL) at

-40 °C was added a suspension of sodium hydride (4.0 mg, 0.1 mmol, 60% in oil) in N,N-

dimethylformamide (1.0 mL). The resulting mixture was allowed to warm to 0 °C slowly
(1.5 h), then cooled back to -40 °C. A (37 mg, 0.1 mmol) was added and the mixture allowed

to warm to 0 °C slowly (1.5 h) where it was kept for 20 min. The mixture was cooled to -30

°C, quenched with acetic acid (10 vL), stirred for 10 min, diluted with ethyl acetate, then

washed with water then brine. The organic layer was separated and dried over MgSOs,,

filtered and concentrated in vacuo. Purification by flash column chromatography on silica
gel (50% to 100% ethyl acetate in methylene chloride) afforded 16.3 mg (43%) of 28 as a
slightly yellow solid: "H NMR (CDCl3) § 11.3 (br s, 1 H), 9.4 (br s, 1 H), 7.4 (m, 2 H), 7.1 (s,
1 H), 6.95 (s, 1 H), 6.8 (s, 1 H), 4.4 (s, 2 H), 3.8 (s, 3 H), 3.8 (m, 1 H), 2.6 (5,3 H), 2.4 (dd, 1
H), 1.4 (m, 1 H). ESMS m/z 490 (M - H).

2.1d Synthesis of Compound 29
To a solution of 28 (50 mg, 0.103 mmol) in N,N-dimethylformamide (1.0 mL)

was treated with 1 mL of anhydrous hydrochloric acid (1.0 M in dioxane). The resulting



procedures, which are nodified to make additional anal ogs using procedures

well known to those skilled in the art, such as reductions, oxidations,

addi t i onswoaguweeae extractions, evaporation, and purifi c@dros02/27210

Synt hesi s of Conpound A To a sol ution7iof 5-nitro-2-carboxylic acid (0.83g
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col um chromat ography on silica gel (7% ethyl acetate in nethylene

chlori déi))- afforded 1.02 g (78% of A as a yellowsolid: "H NWR (CDC13) 8
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9.0 (br s, 8.2 (d, 2 H ,78(m2H),74(d 2 H, 7.3 (s, 1 H),
6.8 (s, 1 H S¥ 1 i 1 Conpound 28 To a solution of B (20 ny,
0.08 mmol) .%1%-3%-&@%@?;— rmamde (1.0 nL) at -40 C was added a

suspensi on of sodﬂbmdmydmndaéwmmgg() 186 mmtpin anbgdionsmethylene ghigride (10
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ret et LHRB A e, S5ARPAS Y Srk S ROREE RSO A B
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chlorlde) af f orded 16. 3 (43 8 as ellow solid: '"H NWR
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flash cahy2H)cB.OEsyE HYBapimy, S3H), 2i7 (deca Hel .6(§EH), 4.4 0D k. 21th 4t%%e in
met hyl erzrel SrI\{I)ori de) afforded 50 ng (100% of 29 as a slightly yell ow

In a similar manner the following compounds were prepared:

220: '"HNMR (CDCL): 8 11.4 (d, 1H), 8.7 (s, 1H), 8.4 (, dd, 1H), 8.1 (br s, 1H), 7.75 (d, 1H), 7.65 (s,
1H), 5.8 (br s, 2H), 4.7 (m, 1H), 4.5 (m, 2H), 4.2 (m, 1H), 3.9 (s, 3H), 3.4 (m, 1H), 3.0 (s, 2H), 2.75
(s, 3H), 2.65 (s, 3H).

ESMS m/z 613 (M-H)".

222: 'H NMR (CDCl,): 5 10.3 (s, 1H), 8.7 (d, 2H), 8.4 (d, 1H), 8.1 (m, 1H), 7.7 (d, 2H), 7.6 (m, 1H),
6.9 (d, 2H), 4.9 (d, 1H), 4.7 (m, 1H), 4.5 (m, 3H), 3.95 (s, 3H), 3.85 (s, 3H), 3.6 (m, 1H), 3.4 (m, 1H),
3.1 (s, 3H), 2.7 (s, 3H), 2.3 (s, 3H).

ESMS m/z 745 (M-H)'.

224: ESMS mv/z 899 (M-H)".

229: ESMS m/z 598 (M-H).

233: ESMS m/z 816 (M-H)".

235: ESMS m/z 913 (M-H)".

8: ESMS m/z 856 (M-H)".



solid: "HNWR (CDC13) S 11.3 (br s, 1 H, 9.4 (br s, 1 H, 7.4 (m 2 H),
7.1 (s, 1 H, 6.95 (s, 1 H, 6.8(s, 1 H, 4.4 (s, 2 H, 3.8(s, 3 H, 3.8
(m 1 H,wp@do®103 H, 2.4 (dd, 1 H, 1.4 (m 1 H. 2.1praTRR0r/E3I0S oOf
Conpound 1 To a solution of 29 (66 ng72 0.136 Mol ) in anhydrous nethyl ene
chloride (10 nL) at -70 C was added 4-nitro-phenyl chl oroformate (55 nyg,
0.273 mmol ), followed by triethylamne (27 ng, 0.273 mml). The resulting
m Xt ure was aIIovved to warmslowy. After 2 hours, the m xture was placed
in ard% MRS Hhi ne C (82 ngy, 0.273 nmmol) was added in one porti on.
The res was stirred at anbient tenperature overnight. After
22 h&gfgsMﬁt}@zg}éth was poured into saturated aqueous NaHCO3 (aq). The
aqueous | ayer- was separated and extracted with nmethyl ene chloride. The
conbi ned organic extracts werEXAMPLE dver MgSO4, filtered and concentrated

in vacuo. Purification by flash colum chromatography on silica gel (1%to
2% mét] h%l’ﬁ&es’Fﬁleffé’ldHMne chloride) afforded 42 ngy (38% of 1 as a slightly

b

yel | ow soli d: 1HN(CDCS)N§110(S 1H)o Ei@asoll-l) 4(d 1 H,
8.2 (br d, 1 H), 7 68%@255),22{. %@ (m 1 H),
4.5 (m 1 H, 4.1 ¢m oz 3995«, H, 3.4 (m 'Hbo (d, 3 H), 1‘6
(s, 6 H, 1.4 (s, 9 H, 1.2(m 4 H) .9 (m 9 . In a simlar manner |
the follow ng conpounds were prepared>” 299: 'H NVR (CDC13): S 11.4 (d, 1H),
8.7 (s, 1H), 8.4 (, dd, 1H), 8.1 (br s, 1H, 7.75 (d, 1H), 7.65 (s, 1H),
5.8 (br s, 2H),.4.7 (m 1H), ( 2H) , 4 2 (m 1 3.9 (s, 3H), 3.4 (m
1H), 3.0 (s, ZIMB . (s, 3|—|)M§ n‘lt% : ESI\/Bl-p” ?’Z’H‘e_ﬁﬁl\/tl—b 222: 'H
NMR (CDC13): SH . NbH)omF8. HR LA H) 8 4@, 1 Hp 1.{ ' 1H), 7.7 (d,
2H), 7.6 (m 1H) , : , 1H), 4.7 (m 1 5 (m 3.95
(s, 3H, 3.85 N 3.8 (m © '5‘4 m_1H), 3.do 2 7 (s 3H)
2.3 (s, 3H). ESI\/%niz 745 (MH)' 2 o,3899(|\/H—|)

598 (MH 233: ESM5S m z 816(MHP 235° m z 91329(M l\/Brﬂz
856 (M H WD 02/096910 PCT/ US02/ 17210 72 232: ESM5S mlz 612 (MH) 234:
ESMS mz 952 (M H) '
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3.1a Synthesis of Compound 239

The compounds of Formula I are readily prepared by reacting the appropriate

spirocyclopropylcyclohexadienly analog (Compounds B) with the activated heterocyclic
compounds A using sodium hydride in N,B-dimethylformamide (DMF) or tetrahydrofuran
(THF). The resulting compound 28 is then converted to compound 29 by treatment with the

appropriate halo-acid, such as hydrochloric acid. Compound 29 activated as the 4-

72



EXAMPLE 3 3.1 Synthesis Methodology HOr--~ NO2 EDC DMV 02N p NO2 ---a O
pr\% 02N OO OH A M CO2Me Me CO2Me Me CO2Me HN NaH, DMF IN HCI HN -C1 H
O N A N H®0l02M991B8 O ~V\' NO2 O / | NO2 28 29 O 02N CH2@ta/e902/1200CI O O
O NN~i O~~p~i O~~N" v " S~S~~NFi Et3N 173H H Bu CH2Cl2 ~~ 0 C M CO2Me -C1

HN O O Q S~ = e gis of
Conpouﬁﬂﬁ%?n%ée{:%nﬁ%pcguélggwl} oty %Q{m%“éé\kfoeﬁ §1/ 2§?éap§orn§¥dﬁ By reacting
Eﬂe ap?&ﬂ?lﬁﬁﬁ spi roclycl opropyl cycl ohexadi enl y anal og (Conpounds B) with
e activated heterocyclic ounds_ A usi ng ,sodi d
N, B- di met hy| f or methgecqrprgund %P @T"r“g%WFBFetB acgof H’Iﬂ)gtx @ﬁ?‘@éul ting
conpou |
r}q <{2e% h% %’ngg Iagﬁorﬂxﬁlf'eﬁ@o fn%l; Al flarao dustn; g?&%ﬁ?es‘%éllhqfo% to

appropri a such as oric acid. ound 29 activated as
t he 4 7RosARKURAGR GR1M0t, BEEH d956AuctidAs] Oxidations, additions, aqueous extractions,

evaporation, and purification.

3.1b Synthesis of Compound A

To a solution of 5-nitro-2-carboxylic acid (0.83g, 4.0 mmol) in N,N-
dimethylformamide (60 mL) at 0 °C was added EDC (1.15 g, 6.0 mmol). The resulting
suspension was stirred at 0 °C for 45 min, by which time the EDC had completely dissolved.
4-Nitrophenol (0.83 g, 6.0 mmol) and DMAP (0.73 g, 6.0 mmol) were added and the
resulting mixture stirred at ambient temperature. After 13 hours, the mixture was diluted
with ethyl acetate and washed with a 10% aqueous citric acid solution twice, followed by
water, and brine, then dried over Na,SO,, filtered and concentrated in vacuo. Purification of
the resultant residue by flash column chromatography on silica gel (7% ethyl acetate in
methylene chloride) afforded 1.02 g (78%) of A as a yellow solid: "H NMR (CDCls) 6 9.0 (br
s, 1 H),8.2(d,2H),7.8(m,2H),7.4(d,2H),7.3(s, 1 H),6.8(s, 1 H).

3.1c Synthesis of Compound 28
To a solution of B (20 mg, 0.08 mmol) in N,N-dimethylformamide (1.0 mL) at

-40 °C was added a suspension of sodium hydride (4.0 mg, 0.1 mmol, 60% in oil) in N,N-
dimethylformamide (1.0 mL). The resulting mixture was allowed to warm to 0 °C slowly
(1.5 h), then cooled back to -40 °C. A (37 mg, 0.1 mmol) was added and the mixture allowed
to warm to 0 °C slowly (1.5 h) where it was kept for 20 min. The mixture was cooled to -30
°C, quenched with acetic acid (10 vL), stirred for 10 min, diluted with ethyl acetate, then
washed with water then brine. The organic layer was separated and dried over MgSQy,
filtered and concentrated in vacuo. Purification by flash column chromatography on silica
gel (50% to 100% ethyl acetate in methylene chloride) afforded 16.3 mg (43%) of 28 as a
slightly yellow solid: 'H NMR (CDCl3) 8 11.3 (br s, 1 H), 9.4 (br s, 1 H), 7.4 (m, 2 H), 7.1 (s,
1 H), 6.95 (s, 1 H), 6.8 (s, 1 H), 4.4 (s, 2 H), 3.8 (s, 3 H), 3.8 (m, 1 H), 2.6 (s, 3 H), 2.4 (dd, 1
H), 1.4 (m, 1 H). ESMS m/z 490 (M - H)".



73 nitrophenyl ester and coupled with conmpound C to give conpound 239, a
conpound of Formula |I. O her conpounds of Formula | are prepared according
to publ i swedz2/opssaecedur es, which are nodified to nake addi ticaresoz/atad ogs

usi ng procedures well known to those7sskilled in the art, such as

reducti ons, X hons 68',96 aqueous extractions, evaporation, and
purification %M ound A To a solution of

5-ni tro- 2- car boxyté & sélatién ()928(£g)mg (DlOﬁmhu)ol)imI\!\NPdimdthryﬁbhydxﬁide(mﬁirde) (60
m.) at 0 C was added EDC (1. 15 [(1) %} ég% asultl n susPension was
sti rredvag trgpted wahlmLﬁfaphySwﬂﬁwewc forig acidd1 254 p dtp &P tHEssol ved.
4-Nitrop thtP)?ll wisktiBed 9t aﬁb@n{%@!&raﬂﬁ%w i) théd cgnceﬁtrgtemkalv&ﬁr e added and

the resu M xture Stir at anbient ténperature. After 13 hours, the
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msthylene ch of 'Aas a yellow sol1d: 1
(CDC13)H)3698(% QM),M,(S,JZ H), 3.85(s23 £, 3.2 (i) | HJ, B6 (33 1D), B4 (dd, UH).d 4 onH), 7.3
(s, I—QI 8 (s, 1 H. 3.1c Synthesis of Conpound 28 To a solution of B
(20 nmg, d. 08 mmol) in N,Ndinethylformamde (1.0 nL) at -40 C was added a
suspensi on of sodiumhydride (4.0 ng, 0.1 mol, 60%in oil) in N, N

di met hyl f or dmpdif gpsul ting mxture was allowed to warmto O
Cslowy nggg thésid oftdm ck to -40 C. A (37 ng, 0.1 mml) was added

and the m xt ure aTbawesbenslonuﬁzﬁ(Zhni, Ql()%hmvdl)/llxrmﬂbylh)le oleride (tmbas- kept
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filtered oncentrated In vacuo. Purification by flash colum
chr omat cgicapthatedin sicko.cBhe gasultl(lg petidue viz(BO%Sbemyith dmh)dteélqr,rth‘:reqlmgﬂl @ige

hlorid fforded 16.3 L] | ' H NVR
?CDCC)r1I3) eguigx tgrge‘feﬁ9 sa Xel[j%%" &é Yegiow sol@i‘_gb Z)QP%r%ﬁ%ﬁ)m %V%Is 1OsE$slved i H .
6 95 ( e&lzylréne cBlgBide %3 ni]l) h‘)d thé ?ﬂm(esc 2 HESREZ?H ngﬁoi)g g'a%'%;llc{eal_l)ﬁ_llf)%v% u»)é ;9 0929?0

F’CT / USOﬂieﬂYsﬂélﬁme 1& 3 !»3 (1061 n@yﬂ) hElsd ma@iormmumd forol 6Tiouas then gencsatryed #8 (50
. 0. 19c§cumr%1he resulti}llgl\rl_eglldlrxree : h.é,/ o Oﬁer(riabm ﬁlashgiromaqtgraphy using silica gel and 40:1
methylene chloride:methanol to give 12 mg (45% yield) of 239 as a yellow solid: 'HNMR
(CDCl5): 6 9.9 (s, 1H), 9.7 (s, 1H), 8.7 (s, II:I), 8.4 (dd, 1H), 8.3 (d, 1H), 8.1 (br s, 1H),
7.75(d, 1H), 7.65 (s, 1H), 6.7(m, 2H), 4.75 (m, 1H), 4.55 (m, 2H), 3.9 (m, 4H), 3.8 (m, 4H),
3.5 (m, 18H), 3.0 (m, 2H), 2.7 (s, 3H), 2.5 (m, 4H), 1.7 (m, 2H), 1.4 (m, 10H), 1.0 (m, 2H).

ESMS m/z 1100 (M-H)".
In a sirilar manner the following compounds were made:

238: 'H NMR (CDCL): 5 10.3 (s, 1H), 8.7 (s, 1H), 8.5 (m, 1H), 8.4 (d, 1H),
8.2 (brs, 1H), 7.7 (m, 4H), 7.2 (m, 1H), 4.8 (m, 1H), 4.6 (m, 2H), 3.9 (m, 4H), 3.7 (m, 2H),
3.4 (m, 1H), 3.2 (m, 2H), 2.9 (s, 3H), 2.5 (s, 3H).

ESMS m/z 710 (M-H)".

242: "H NMR (CDCl): 5 9.7 (br s, 1H), 9.0 (br s, 1H), 8.6 (s, 1H), 8.4 (d,
1H), 8.1 (br s, 1H), 7.7 (m, 1H), 7.5 (m, 1H), 7.4 (m, 1H), 4.7 (d, 1H), 4.5 (m, 2H), 3.9 (s,
4H), 3.8 (m, 1H), 3.6 (m, 1H), 3.4 (m, 1H), 3.0 (m, 5H), 2.6 (s, 3H), 2.5 (m, 2H), 1.5 (m, 9H),
1.4 (m, 6H).



was treated with 1 nL of anhydrous hydrochloric acid (1.0 Min dioxane).
The resulting solution was stirred at anbient tenperature for 30 mn, then
concent r awed20be3@l vent. Purification of the resulting resirdss2ioriél ash
col utm chromat ogr aphy on silica gel (EO%to 100% et hyI acet ate in

met hyl ene chl ori d f{ i da§H§‘8S 737%11 )
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war m t Qi ey 3. er(rmgsﬁj @m0 1.5qda6H) t t(ePH)n vacuo. The resulting

resi due was washed W|th di ethyl ether, then dried over vacuumto give 9 as

a yeIIowsolld Y-
T et ﬁ? G (Ecg‘? ; 3%4%” Wﬁ%umm S kog (ppdacd.
a d f

12 hourkse AL L 03 okl o A T S e o

ash c rona ogra Si e 40: h
to give 12 ny 455'625 H fDM§@)a 120 a’glls ﬂH\)v/%%ﬁr&’ %ﬁ%ﬁﬁb ?ng Sngl
(s, 1H)3H)9777(Q1$3HI)H)9(18,2HQS4351@1HB4 @ d H)144p (mg 3H),3:8 (m44H), 8.6(nppr s,
1H),  74HpEd (nd,19H), 7168, 6H), 21Hs, 38), 2 2(m.2¥), 14.35Hm 1H), 4.55 (m 2H),
3.9(m 4H), 3.8 (m 4H), 3.5 (m 18H), 3.0 (m 2H), 2.7 (s, 3H), 2.5 (
4H, 1.7 (m 2H, 1.4 (m 10H), M}:ﬁ) ESMS nmfz 1100 (MH)-. In a
simlar manner the follow ng conp d made: 238: 1H NMVR (CbC13): S
10. 3 (sPrdlfprat@n?&segys 1H), 8.5 (m 1H), 8.4 (d, 1H), 8.2 (br s, 1H), 7.7
(m 4H), 7.2 (M Aptea chWas! seféltedfoﬁnéﬁhn@é‘ﬁlw biol§giciachitity ofthéd (m 2H),

3.4 (m 1H), 3.2 mzﬁgﬁl 9 (s, 3H), . ESVB mz 710 (M H)-
242 1I—b3l>tlhﬁx(c(db@£b’6)mds§is ﬁleﬁvﬂbcst@hsllﬂ H-Qlyml llm? PSOllfQWOD gssay.(Ehisisy , 8. 4 (d,

| ,

, 5cc(1}y]&:mfpbmet§ S}C{réluant&;blnﬁg %ell,'gﬁae- molfferl(gg}m as @Y%uatfs WA slgnlﬁefls%y7 (d, |
3 0 (m mehduring ke inSorpatdtion 8f &x o&"ﬂhdlolhbéleﬂm tByhidinel THis(a83ayGshighlWO
02/ 096910 PCI/TUS02/17210 75 244: 'H NWR (CDC13): 8 8.6 (br s IH) 8.4 (d,

I'H), 8. tepforuciblg andrcan ageqmuppfate lggonymyersef conpopmdg. m 1 H), (m 2H) ,

g.H)1’( m i H% ; 353) (g&,n?yig}dcyﬁgzﬁu&@, 1&?%7,!}1%%% &g? g%,ﬂuedéﬁﬁﬁ-’l\ﬁlrﬂleﬁkb 3.2 (m

containing 10 % heat inactivated fetal calf serum (FCS). On the day of the study, the cells

m

were collected, washed and resuspended at a concentration of 0.5 x 10° cells/ml in RPMI
containing 10% FCS. 100 ?1 of cell suspension was added to 96 well plates. Serial dilutions
(3-fold increments) of doxorubicin or test compounds were made and 100 pl of compounds
were added per well. Finally 10 pl of a 100 pCi/ml H-thymidine was added per well and the
plates were incubated for 24 hours. The plates were harvested using a 96 well Harvester
(Packard Instruments) and counted on a Packard Top Count counter. Four parameter logistic
curves were fitted to the *H-thymidine incorporation as a function of drug molarity using
Prism software to determine ICso values.

, The compounds of the invention generally have an ICs value in the above
assay of from about 1 pM to about 100 nM, preferably from about 10 pM to about 10 nM.

Each of the patent applications, patents, publications, and other published

documents mentioned or referred to in this specification is herein incorporated by reference

in its entirety, to the same extent as if each individual patent application, patent, publication,



MR (CDC13): 6 9.9 (s, 1H), 9.3 (br s, 1H, 8.1 (m 1H, 7.5 (m

(m 2H), 4.8 (d, 111), 4.5 (m 2H), 3.95 (s, 3H), 3.85 (s, 3H),
1WI})02@9@)1Qm 2H), 3.4 (m 1H), 3.0 (m 8H), 2.5 (POT/N/172105 (dd,
(s, 9H). 250: "H NMR (CDC13)76 S 9.4 (s, 1H), 8.6 (s, 1H, 8.3 (m

d ?ﬂjer %ﬁ%hﬁheé‘)dgc%% ’sp%:ll_{?caﬁlmana li'ﬂdlvﬁuzgll)(ﬂhlcﬂt'éﬁ to e ﬁc&t‘ﬁbra%é’dl) 4.5
lﬂyr(efarerfﬂel) 2.7 (s, 3H), 2.2 (s, 3H, 15(s 6H) 272 HNI\/R

) : ) b , . i ol
, 06 9 ( r1n2 (2)H) %118gme(gre?ep&_ﬁnrverilofl]]t%be%_é%es&i%qgl\%% re%ﬁ%née?oéh% %eélglf?_:') [ m
(m ?nabo%nﬂex?t hepdd; it Shohld B2 uftidkstocd by these skifled i tie 4rfthafthrioud cHargés © |'|)

EXAMPL eration Assays: The assay which was selected for neasuring
t he bi ahagberiadastd equivalerts may be syhstituied withentdeparting from the te pirieandabl i shed
BHthymdine.proliferati ass Thi s conveni en thod far
quant i tS&PPW@f@E MEYen fﬂcgtlrﬁf eé%’i%ﬁlaggs |¢1 gg‘é’lo H,alpggy Bﬂé\tﬁg esallyoo
neasur i igqd edhpepRedddr stlatidn, 4EFRNQYMpbSiLbR bﬁﬂ@h&ﬂpl%bbsfspr%rﬂt&b 8ep oirhi S
assay is highly reproducible and can accommodat e | ar ge. nunbers of
conpourseps, tbrtbn?blle%% pRirit andssapaoCibe peesepiingmtione Al sugh meddicationsaes1  nedi a
cont ai ni h m (FCS). On the day of the
st udy, Wﬂegdgcg e‘s(?v:l/télpeﬂlpcOCHJ f&g a%%h%p%ﬁg%ddﬁeﬁétguspended at a concentration
of 0.5 x 106 cells/m in RPM containing 10% FCS. 100 ?1 of cell
suspensi on was added to 96 well plates. Serial dilutions (3-fold
i ncrements) of doxorubicin or test conpounds were made and 100 | of
conmpounds were added per well. Finally 10 |1 of a 100 p.CG/m 3H-thym dine
was added per well and the plates were incubated for 24 hours. The plates
were harvested using a 96 well Harvester (Packard Instrunents) and counted
on a Packard Top Count counter. Four paraneter |ogistic curves were fitted
to the 3Hthym dine incorporation as a function of drug nolarity using
Prismsoftware to determ ne 1C50 val ues. The conpounds of the invention
generally have an 1 C50 value in the above assay of fromabout 1 pMto
about 100 nM preferably fromabout 10 pMto about 10 nM Each of the
pat ent applications, patents, publications, and other published docunents
mentioned or referred to in this specification is herein incorporated by
reference inits entirety, to the sane extent as if each individual patent
application, patent, publication, WO 02/096910 PCT/ US02/ 17210 76 and ot her
publ i shed docunent was specifically and individually indicated to be
i ncorporated by reference.
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Whil e the present invention has been described with reference to the
specific enbodinents thereof, it should be understood by those skilled in
the art twato2wassous changes nmay be nmade and equi val ent s PeayUS0217210
substituted without departing fromth®& true spirit and scope of the
inventgg§&§g§§gﬁgéﬁﬂ£@gﬂgd clainms. In addition, many nodifications may be
made t Ir situation, material, conposition of matter,
process, process step or steps, to the objective, spirit and scope of the
predent inventionl. Al | Asompowsbhdvingathe stngcteree i nt ended to be within the
scope of the clainms appended hergto. WO 02/096910 PCT/US02/ 17210 77 WHAT
IS CLAAMED IS: 1 1. A conpound %aving,the structure: R R  HN6 R~ R3
are menbers independently selected from
4 menber selected fromH, substituted or
ed gf ungubstltuted het er oal kyl , and acyl ;
ed ARower al kyl, or C(O) RS, wherein R8
is a 9 nenber selected fr OR9, 10 in whi ch 11 R9, and R10 are
menbers i ndependently sel ected \ ubstltutRﬂ or 12 unsubstituted
al kyl and substituted or unsubstitut &yl he S |; 13 R2is H or

0, S and NR23 5 wherein 6 R2
unsubstituted al kyl, 7 SUbStIP
8 R is H substituted or unsub

substituted or unsubstituted | ower i a menber selected from
(=0, and OR', 15 wherein 16 R 1 i 8 g2l ected fromH, substituted
substituted al kyl, 17 substit unsubgsi t ut ed het er oal kyl, acyl,
C(OR12R13, B(XQOMZ (O NR12R13, (O CR12, P(O) (OR12)2,
wherein
4 X and Z are members independently selected from O, S and NR?
5 wherein
6 R? is a member selected from H, substituted or ul}substituted alkyl,
7 substituted or unsubstituted heteroalkyl, and acyl;
8 R! is H, substituted or unsubstituted lower alkyl, or C(O)R?, wherein Rlisa
9 member selected from NR°R'? and OR’,
10 in which
11 R’, and R'® are members independently selected from H, substituted or
12 unsubstituted alkyl and substituted or unsubstituted heteroalkyl;
13 R? is H, or substituted or unsubstituted lower alkyl;
14 R? is a member selected from (=0), and OR“,
15 wherein
16 R is a member selected from H, substituted or unsubstituted alkyl,
17 substituted or unsubstituted heteroalkyl, acyl, C(O)R‘ R,
18 C(O)OR'%, C(O)NR'?R'3, C(O)OR'?, P(O)(OR'?),,
19 C(O)CHR'R"?, C(0)OR" and SiR"?R"’R",
20 in which |
21 R'2, R"3, and R are members independently selected from H,
22 substituted or unsubstituted alkyl, substituted or
23 unsubstituted heteroalkyl and substituted or
24 unsubstituted aryl, wherein R'? and R"? together with

25 the nitrogen atom to which they are attached are



19 C(O CHR12R13, C(OOR12 and SiR12R 3R 4, 20 in which 21 R12, R13, and
R14 are nenbers independently selected fromH, 22 substituted or

unsubst i twDed/oadoky| , substituted or 23 unsubstituted heteroaltsyt/1ana
substituted or 24 unsubstituted aryl,7’8wherein R12 and R13 together with 25
t he,.ni trogen atomto which they A6H itut
PCTPUS02/ 17210 78 26 optional | y@‘ft’?f‘?}a%‘%?%a o 86 YAt HA e Wsubstituted
unfbstituted 27 heterocycl oal khdterocyeipadisyd riomsistenigving drond4 tab 6 28
menbers, optionally containing two gr roatons, and one or nore

nor e het e
of #R12, R13, and R 4 30 opti onaPf{ gwﬂogégy%%ttaéﬂ%%?%mow cl eaveabl e
31 gyoup; 32 R4 and RS are menbghgohBaePaAdmMR0r morebeRER ™ iR ¥,
substituted or 33 unsubstituted al kyl, substituted or unsubstituted aryl,
sul¥Xituted or 34 unsubstituted ¢pionalhaeomprises Be enzymasigaldy cleaveallst i t ut ed
heterocycl oal kyl , 35 hal ogen, NO2. NR 5R16, NC(O R15, OC(O) NR15R16,
OCCOOR 5, 36 C(ORL5 OR15 37 %mg?’ei n 38 R15 and R16 are independently

selgcted from H gUhstRY 4t etbniersiRdeprnadily selécrd fdnk W, sutstifiéd drut ed or
unsubstituted heteroal kyl, 40 substituted or unsubpstituted ary

ryl
subtituted or unsubstinsubsituted alkybsabstfted or unspbgtityted aylsubsiaedet i t ut ed

hetgr ocycl oal kyl and j r i . ty in R15
anoﬁR16 43 t oget her vvilﬁﬁuﬁﬁg&tﬁyPg%%gﬁﬁhiug%ﬁpga%%%&g%gﬁge?% '? acﬁ(gg are
44 gptional |y joi ned tmléganmmzsmgm‘imcmm}ﬁ, OG%O)NR I°RI ©C(QIOR ",

het erocycl oal kyl ring system having from4 to 6 nmenbers, 46 optionally
conttai ni ng two or mor eC r ons; 47 R6 is a single bond which is either
preﬁent or absentggadiwhen present R6 and 48 R7 are joined to forma
cyclopropyl ring; and 49 R7 is CH2-X or -CH2- joined in said cycl opropyl
ridg with R7, wherein REGnA'R'f aredndepandent]y gelectpd fronpH, sphetitutsdwound

ac C2?9r ding to claiml, wher ellurllsuﬁsztitht%dgfkgﬁ rsu%srt]f%uqeggls unsubstituted heteroalkyl,

40 substituted or unsubstituted aryl, substituted or unsubstituted
41 heteroaryl, substituted or unsubstituted heterocycloalkyl and
42 substituted or unsubstituted peptidyl, wherein RY and R'®
43 together with the nitrogen atom to which they are attached are
44 optionally joined to form a substituted or unsubstituted
45 heterocycloalkyl ring system having from 4 to 6 members,
46 optionally containing two or more heteroatoms;
47 RS is a single bond which is either present or absent and when present R® and
48 R’ are joined to form a cyclopropyl ring; and
49 R’ is CH;-X' or —CH,- joined in said cyclopropyl ring with R’, wherein
50 X! is a leaving group.

1 2. The compound according to claim 1, wherein R? is other than CF;.

1 - 3. The compound according to claim 1, wherein said leaving group is a

2 member selected from azide, halogen, alkylsulfonyl and arylsulfonyl.

1 4. The compound according to claim 3, wherein said leaving group is Cl

2 orBr.

1 5. The compound according to claim 1, wherein R! is CO,CH;.



1 3. The conpound according to claim1l, wherein said |leaving group is a 2
menber sel ected from azi de, hal ogen, al kyl sulfonyl and arylsul fonyl. 1 4.
The conpowod2aeeae di ng to claim 3, wherein said | eavi ng groapsos1io 2 or
Br. 1 5. The conmpound according to cl#@ m1, wherein R is CORCH3. WO
02/ 096910 PCT/US02/17210 79 1 6. The conmpound according to claim1,

enein R2 is 1 7l 2 V\herelans
COZ and RZC:{;ﬁ J&%p%ﬂﬁ@{ﬁ%&%ﬁdéﬁ%go%%h{;gc\%%éﬁhgi {R oéclsal m 7, wherein
R4 and R5 are rrenbers 2 independently selected from H, hal ogen, NHZ,
O( CH2) 2N( M) 2 and7.NO2. THe ®@mpbuad ecoptingith daioot.dvirgein® ' d$ GOaCHS:, aM & ds n at
| east o of R4 and R5 2 is other than a nenber selected fromH and OCH3.
1 16. 3:conmpound according to claim1, wherein at |east one of R4, R5,
R15 2 and R16 conprises a cleaveable disulfide group. 1 11. The conpound
accqgrding to claign1, ’F}fé&fmd%uﬂ&aéo%?cﬁh e\daigf 7,Rdheréln R‘Rh8 R° 2renemBas
conprises: R30 31 5x51YYg R32 0 0 4 wherein 5 R30 is a
nenider 19é¢md@‘dl)’fsﬁ5ﬁieﬂ1ﬁo@uﬁsbﬁlﬂgﬁ%ﬁ}br 0(@@1)%@\11?)&% Neekyl and 6
substituted or unsubstituted heteroal kyl; 7 R31 and R32 are nenbers
i ndependently selgcte |an13 t a 5
subgltl tuted or un%ubsﬁlier‘%gﬁ h ?g%?))gll ngda&gl sub‘g%#ggtég%étdﬁﬁﬁgll}bg{iﬁ{ut ed
ar yl2 anid othieb tHantauha@dbarrselected fiom Hand @CH) heteroaryl, or R31 and R32
together are: R33 11 R34 12 wherein 13 R33 and R34 are nenbers

i ndependent|y selgected from H, ubst unsubst.i t ut 1
substituted or unthbst FRqfOLPIE 8?995‘?1%%0 8& %U‘B@e{r geSSt e ﬁgu gut ed
aryly angqlebinpHsR% Paveable disulfide group.

1 11.  The compound according to claim 1, wherein at least one of R* R’ RV

2 and R'® comprises:

3 R¥2 O o)

4 wherein

5 R*® is a member selected from H, substituted or unsubstituted alkyl and

6 substituted or unsubstituted heteroalkyl;

7 R3! and R* are members independently selected from H, substituted or

8 unsubstituted alkyl, substituted or unsubstituted heteroalkyl,

9 substituted or unsubstituted aryl and substituted or unsubstituted
10 heteroaryl, or R and R* together are:

R33

) ~
12 wherein
13 R} and R are members independently selected from H, substituted or
14 unsubstituted alkyl, substituted or unsubstituted heteroalkyl,
15 substituted or unsubstituted aryl and substituted or

16 unsubstituted heteroaryl;



16 unsubstituted heteroaryl; W 02/096910 PCT/US02/17210 80 17 R35is a
menber sel ected from substituted or unsubstituted al kyl, substituted or 18
unsubst i twoad/ob@ter oal kyl and NR 36 19 wherein 20 R36 i s @ararsoen72sel ect ed
from H, substituted or unsubstituted &l kyl and 21 substituted or

monor Sel ect ed 1 o HIoEirRCHse A stk DA eidBamy D e &

sulgtituted or unsubstidsubstitutbeheeoalkyyand NR¥2. . The corrpound according to
claim11l, wherein at |east one of R31, R32, 2 R33 and R34 is substituted
wi tl® a nenmber selWk&&8 fromtar geting agents and detectable labels. 1 13.

Thgacompound accor di n%“?sghﬁwe}%éecm&hg sabirhed BPﬁﬁsﬁgstﬁ%@Elk'yﬁandz an

antibody. 1 14. The conpound accor aim1, wherein at |eaSt one

merler 2 selected fromR4 suBSt;tuRﬁl@ranmbRitﬁteddwmrodbrl and ar geting agent or
a detectable Iabeﬁ§ 15 '{,he conpound according to claim 14, wherein said
tarZ&eti ng agent is NRnt | body. 1 16. The conpound accordl ng to claim7,

hawisng the structyh&ein R{BQ LR fE3r deRletddQRSAB, stbdtibited SildddubstibhtERaipd R4 X Zz

X z 5 2 1 17. The conpound according to claim7, wherein Xis 0; and Z is
O 28 18. The conpound adcsubstitatgd oouesubstitmted heteeoadkyl. a nenber sel ected from
2 R4 and R5 is: WD 02/096910 PCT/US02/17210 81 R17 [/ | \ Zl

1 12. . The compound according to claim 11, wherein at least one of R R%,

2 R* and R* is substituted with a member selected from targeting agents and detectable labels.

1 13.  The compound according to claim 12, wherein said targeting agent is

2  an antibody.

1 14.  The compound according to claim 1, wherein at least one member

2 selected from R*, R®, R"® and R'® comprises a targeting agent or a detectable label.

1 15.  The compound according to claim 14, wherein said targeting agent is

2  an antibody.

1 16.  The compound according to claim 7, having the structure:
HaC H3C
CO,CHs 8 CO,CH,
= ~
HN HN
— X1 )
R0\ / o)
N R* and N R*
)~ -
X Y4 X \Z
2 R® R®
1 17.  The compound according to claim 7, wherein X is O; and Z is O.
1 18. The compound according to claim 1, wherein a member selected from

2 R*andR’is:



X2 3 Res 4 wherein 5 X2 and Z' are nenbers independently selected fromO,
S and NR23. 6 R' and R18 are nenbers independently selected fromH,

subst i t utwd @m9e97o unsubsti tuted al kyl, substituted or unswoIrisoe/irdo

het er oal kyl , 8 substituted or unsubst8$ituted aryl, substituted or
unsubstituted 9 heteroaryl, substituted gr unguwbstituted heterocycloal kyl,
hal ogen, 10 NO2, NR19R20, NC(O) R19 ‘ NRT9, OC(O OR19, C(OR 9, OR19
11 wherein 12 R19 and R20 are hndep selected from substituted or 13
unsubstituted al kyl, substituted][or Ituted heteroal kyl, 14
substituted or unsubstituted ary{3 substiftuted or unsubstituted 15
het & oaryl, substituted or unsubstituted Fﬁ%terocycl oal kyl, 16 substituted
or Lhnsubsti tuted peptidyl, wherein R19 and R20 17 together with the
nitrogen at oM Yo which they are attached are 18 optionally joined to form
a supstituted or Xhenbr! irt wiepsthelinbeicadatiycderatedyiont ONg and NRFN havi ng from
4 to 6 nenbers, 20 optipnally containing two or nore heteroatons, and one

;
or #1 nore menberR saf Bt ag memharRindepgadenthosclestad frars Hy sebstiijedon e 22

gro 1 19. The conpo el | aj ! 1 is NH both
2 Rug and R18 are not Uﬁﬂu@%ﬁﬁﬁ&@%&?g%ﬁtgphﬁﬂb@sgﬁﬁ@ﬁgﬂgggg@cﬁd accordi ng
to @ aim18, wherein Xbsttuftd camdsubktitutedaaryl? substituesd areinedisathitéd om 0 and
NR23. 1 21. The conpound according to claim]l, erein RI1 is a peptidyl

moi &ty 2 having the sl?ert‘EFQWi)’éP{’S‘%‘Etig yﬁmﬁ}e\ﬁ%n@t&gﬂstewﬁpé%ﬂz?e‘gﬁ%» 4

whey@i n WO 02/ 096910 PG, URRERIT RAQ0)R2, HCYG)NR' 200R0ITH ° SEIBRIT ORI om

protected or unprotected reactive functional™ 6 groups, det eét abl e | abel s
andlk argeting agewhegein7 L' is a |inker selected fromsubstituted or

UHSHDSt | tuted alkyl anﬂwsalrjlgﬁzb gr%tirel epegde%{ly%&%&gé %ﬂognugu%gtitnt%%eorroal kyl groups;

A
-

13 unsubstituted alkyl, substituted or unsubstituted heteroalkyl,
14 substituted or unsubstituted aryl, substituted or unsubstituted
15 heteroaryl, substituted or unsubstituted heterocycloalkyl,
16 substituted or unsubstituted peptidyl, wherein R and R
17 together with the nitrogen atom to which they are attached are
18 optionally joined to form a substituted or unsubstituted
19 heterocycloalkyl ring system having from 4 to 6 members,
20 optionally containing two or more heteroatoms, and one or
21 more members selected from R'® and R?’ comprise a cleaveable
22 group.

1 19.  The compound according to claim 18, wherein when Z' is NH, both

2 R and R are not H; and R is not NH,.

1 20.  The compound according to claim 18, wherein X? is O; and Z'isa

2 member selected from O and NR?.

1 21.  The compound according to claim 1, wherein R'! is a peptidyl moiety
2 having the structure:

3

4 wherein



9 AA', AAb and AAb+' are nenbers independently selected fromnatural and
10 unnatural a-amno acids; 11 L2 is a linker selected from substituted or
unsubst i twoad/oadkyl and substituted 12 or unsubstituted petrarsoatieyd
groups; 13 g and v are integers independently selected fromO and 1; and
14 B is an integegs fsr.0MHodrQetelred Frofif profdifed R HRBHINEL I RCRA¢ e Tondiidnal 2l m 21,
whefein at |east oné menber 2 selected from L3 and L4 conprises a

pol ¥( et hyl ene gl ycol ) groups, detedtaldld labEtssand dangetumgiageotsor di ng to cl ai m 21,

wherein said pept,dyl i et as th tructure.. Rl . OH
R5T0 5 N rw 5 Tl o RGlestdd Esiosnitd it Gilid vl b et

sel gcted fromH, substituss@sbitited Rorrdatybiiolpd;ed al kyl, substituted or
unsubsti tuted heterpal kyl, 7 sybstituted or unsubstituted aryl, substituted

or ®nsubstituted BAhe‘Lé%/m . spwembers dedependandiselested frem natural and

het er ocycl oal kyl , detect apl 9 Labels and targeting agents; 10 R25 is a
nenters sel ected from ™ s%??‘m"e”cfl%r unsubstituted ower alkyl, an 11
anio acid side cffaisn lintef REdcadd fforh 3RRifute@HOudsabdRited GlkyDRMsubstRA@d 12 S 'S
an integer fromO to 20. 1 24. The conpound according to claim?21, wherein
c il2 an integer bet meewru@uhstmttqdbe.temgﬁtm grolps;conpound according to claim

21,. wherein at |east,one .nenber_,2 se| 6 has the
structure: WO 02/%%&geﬁgﬁﬁ§ﬁ?%ﬁ§%§g§% W%ﬂ%ﬁim AA+' - (L4)t
NRZ2rg 3 O 4 wher eb 3 dn iXtegérSiroraaae0sel ect ed from protected or unprotected
reactive functional 6 groups, detectable |abels and targeting agents;

1 22.  The compound according to claim 21, wherein at least one member

2 selected from L* and L* comprises a poly(ethylene glycol) moiety.

1 23.  The compound according to claim 21, wherein said peptidyl moiety

2 has the structure:

R'2 0
|
N
0]

3

4 wherein

5 R and R? are members independently selected from H, substituted or

6 unsubstituted alkyl, substituted or unsubstituted heteroalkyl,

7 substituted or unsubstituted aryl, substituted or unsubstituted

8 heteroaryl, substituted or unsubstituted heterocycloalkyl, detectable

9 labels and targeting agents;
10 R? is a members selected from H, substituted or unsubstituted lower alkyl, an
11 amino acid side chain, detectable labels, and targeting agents; and
12 s is an integer from 0 to 20.

24.  The compound according to claim 21, wherein c is an integer between
2 1landSs.
1 25.  The compound according to claim 21, wherein at least one member

2 selected from R!® and R'® has the structure:



7 L3 is a linker selected fromsubstituted or unsubstituted al kyl and
substituted 8 or unsubstituted heteroal kyl groups; 9 AA, AAA and AAc+l
are nenbews wnd@pendent |y sel ected fromnatural and 10 umearusoaii72ae am no
acids; 11 La is a linker selected fro$d substituted or unsubstituted al kyl
and substituted 12 or unsubgtituted \heteroal kxl groups; 13 R 24 is a
menber sel ected frod*H—(k Mht—@d-\ci—Mﬁbs(Ll);tNB al kyl .and 14
substituted or unsubstituted\heteroalkyl groups; 15 pffand t are integers

i ndependently selected fromO and 1; and 16 c is an Ht eger fromO to 20.
1 28. The conpound according to claim25, wherein at [feast one nmenber 2
sel gcted frogndekinan L2 conprises a pol y(ethylene glycol) noiety. 1 27. The
conmpound according,to claim?25, wherein said nenber has the 2 structure: O
R2850 O H )e- (O XNsmnembarsalectgd fromppretested of upprotestad rsadtys funstiongls ar e

me rs independently selec H L { 6 unsubstituted | ower
al kyl, am no acid si degr§H§S|’§§tfgCt élgg%:bte}a %gqﬁgéﬁggﬁg’ 7 targeting agents. 1
28. jThe conpound Btiganitksoseleeted fedmsatistitubdominsubstinsedalkyhindgabstitated 1 to

2 5. WD 02/096910 PCT/US02/17210 84 1 29. The conpound according to claim
1 o8 25, wherein R ' hersmsplstituted heteroalkyberowdss (| 3)p S S-(L4)t-NR12 3 O 4
whergein 5 X4 is a ¢ el : i ! I

O otps. 6 unpr ot cAed ReAR S AL npRuRRlepelRny SAEULY RpndBRbaR?
targeting 7 agents; unnatural c-amino acids;

11 L* is a linker selected from substituted or unsubstituted alkyl and substituted
12 or unsubstituted heteroalkyl groups;

13 R is a member selected from H, substituted or unsubstituted alkyl and

14 substituted or unsubstituted heteroalkyl groups;

15 p and t are integers independently selected from 0 and 1; and

16 ¢ is an integer from 0 to 20.

26.  The compound according to claim 25, wherein at least one member

2 selected from L' an 1.2 comprises a poly(ethylene glycol) moiety.

27. The compound according to claim 25, wherein said member has the

2 structure:
0 R® o 0
§ A
N
X— (L) N/u\r NH/u\ﬁ/\N
s R

3 R27 (0] ct+l
4 wherein
5 R* and R?® are members independently selected from H, substituted or
6 unsubstituted lower alkyl, amino acid side chains, detectable labels and
7 targeting agents.
1 28.  The compound according to claim 25, wherein ¢ is an integer from 1 to



8 L3 is a linker selected fromsubstituted or unsubstituted al kyl and
substituted 9 or unsubstituted heteroal kyl groups; 10 L4 is a |linker

sel ect ed woarmoseshet i t ut ed or unsubstituted al kyl and substrictviseel172id or
unsubstituted heteroal kyl groups; ands4l2 p and t are integers independently
selected fromO and 1. 1 30. The compound according to claim?29, wherein L4
is g substituted gy, 2THOSGHJuhl dE&AdAE iy LRAR 1169281 Wherdin3L'! hdd@e Conmpound
according to claim?29, wherein X4 is a nenber selected 2 from R29, COOR29,
C{ ONR2gructmet C(O) NNR29 3 wherein 4 R29 is a nenber selected from
substituted or unsubstitufed kyl, 5's ti d or unsubstituted
het er oal kyl and subst i t%%‘d—&aé)m%ﬁgd'%be yl. 1 32. The conpound
according to claim 31, wherein R29 is a nenber 2jlselected from H, OCH
NHEJBZiOOL [JJ NNvv and Qalkyl R30 3 OO 5 wherein 6 R30 is a
menber selected fromsubstituted or unsubstituted alkyl termnated 7 with
a refctive fwheakinonal group, substituted or unsubstituted heteroaryl

terngnated with 48 functional K group and.-{L3)pX4, wherein each L3, X4 and
p age i ndependent Ty 5&M Eros.eﬁf\?\ﬁg(f%"g%)éicé (f:’@#t&§§qﬂ?°f‘?§il§w§?§’ 1 33. The
conmgpund according to Ghbdttdd readfive Rincléhal YRAHSE deteetiblt labeldl@idnigatihg | abel
is a fluorophore. 1 34. The conmpound according to claim 21, 25, or 29,
wherki n sai d targetingagetsagent is a bionolecule. 1 35. The conpound
accqyding to claim34,,. I I i LS: ted

fr o% anti bodi es, f;)elééﬁ}fﬁgrggge%ﬁgeﬁlts?@gs?&ﬁ%@% (l?ﬁgh&gg%g g(ri %@ggﬁﬁ%ﬁg}@ﬁaei ds
and 9 3 conbi nati ons t herashbstitutébhet¢tvalksdproapsnd according to claim1l,

Pt SR R R RO
11 or unsubstituted heteroalkyl groups; and ‘
12 p and t are integers independently selected from 0 and 1.
1 30. The compound according to claim 29, wherein L* is a substituted or

2  unsubstituted ethylene moiety.

31.  The compound according to claim 29, wherein X* is a member selected
from R?, COOR?, C(O)NR?, and C(O)NNR%
wherein

R? is a member selected from substituted or unsubstituted alkyl,

(V. T S VS I

substituted or unsubstituted heteroalkyl and substituted or unsubstituted heteroaryl.

32. The compound according to claim 31, wherein R* is a member
2  selected from: H; OH; NHNH;;

o) O v,
7 | . N NvW and
\N ’ ’ \ ’ - alkyl
0 o R |

wherein

p—

R* is a member selected from substituted or unsubstituted alkyl terminated

with a reactive functional group, substituted or unsubstituted heteroaryl terminated with a

00 1 O W»n AW

functional group and —(L )pX4, wherein each L?, X* and p are independently selected.



1 37. The conpound according to claim 36 wherein at | east one of R15 and 2
R16 is a nenber selected fromsubstituted al kyl and substituted

het er oal kwb,0209d49d0 menber 3 having said reactive functionalPCgrsop1210its
free terminus. 1 38. The conpound acc8rding to claim 36, wherein said
conpound is 2 conjugated to said another nolecule via said reactive
functional. group. 39: i t ¢ ei n one of
R15 gnd R16 2 co?r%'ri sgggg&gﬁg{ﬁégdggﬂg%%%@%’ %df&%%’rem%%ﬁ%%gﬁd accordi ng
t 0 c2 ai detéctablefabiebisra fhiordmsd. one of R21 and 2 R22 bears a reactive
functional group appropriate for conjugating said conpound to another 3

r1 2 Ro2 i o9k monBoREpGE A e it el Vol s GRRRE D, oo

het ey oahfath is SHbfhot®iRer 3 having said reactive functional group at its
free termnus. 1 42. The conpound according to claim 36, wherein said
conpound is 2 conjugated to said another nolecule via said reactive
functional group. 3J-i- 43 Thacompeynscasaending to ciimh MaWhergincsibiraokguls 88 npound

021 0doo TSl ol patBge RARPIR: B8 o RR AL nb A aElds gnd 11
conpyi sicombhadtivnsithéresf. ng to 2 said cell an amount of a conpound according
to claim1 sufficient to kill said cell. 1 45. A nmethod of killing a

i L1 ject b j id L1, id. 2 hod I, Si
i bl ster i ng o 381 d- SHBF@BPORH SHRRHE B M WSRO PL 74l ai m
1, syif figdt gt § Rakiive grod ﬂ)p‘i’@;%r:iate ?or%@njug?t[@tsﬁﬁﬂ:oﬂ{ ofid &5 &Hofeer pol&u®Pi N

the gromh a tunor in a mammalian 2 subject, said nmethod conprising
adm ni stering to said subject an amount of a conpound 3 according.to claim

1, slfficient to B& ar Thecompewndsascardinedncipim 36 wierein a¢ leagong@f Ravady t he
t t AR [ 3 I gy e A
2 ofber sist B BttsPlseted B Mostuel olfab purirdhptbaRyr siih taibep om A 1S

3 having said reactive functional group at its free terminus.

1 38. The compound according to claim 36, wherein said compound is

conjugated to said another molecule via said reactive functional group.

39. The compound according to claim 1, wherein one of R" and R!®
comprises a cleaveable moiety.
40. The compound according to claim 27, wherein at least one of R*! and

R? bears a reactive functional group appropriate for conjugating said compound to another

W N = N =

molecule.

41.  The compound according to claim 36 wherein at least one of R* and
2 R*is a member selected from substituted alkyl and substituted heteroalkyl, said member

3  having said reactive functional group at its free terminus.
1 42.  The compound according to claim 36, wherein said compound is
2 conjugated to said another molecule via said reactive functional group.

1 43. A pharmaceutical formulation comprising a compound according to

2 claim 1 and a pharmaceutically acceptable carrier.



5 substituted or unsubstituted heteroaryl and substituted or unsubstituted
6 heterocycl oal kyl groups; 7 E and G are nenbers i ndependently sel ected
fromH, swoskiobesued or 8 unsubstituted al kyl, substitutedcarvsonszhet it uted
het eroal kyl, a 9 heteroatom or a singl e bond, and E and G are optionally
joined to 10 forma ring systemselected from substituted or unsubstituted
aryly 11 substitujed op HaRePsE killgaredlctfd arREbod caffprisibgstininibetngto
unsubstituted 12 heterocycloal kyl; 13 X is a nenber selected fromO, S and
NR22 Reedd ¢ell an arsonns of g ebmpownd docondingite claimsl geficientite dilbsaidiedlibst i t ut ed

al kyl, substituted or unsubstituted 15 heteroal kyl, and acyl; 1 16 R3 is a

e r selected fgrom (3 ' o J i : .

baT/ U500, 17910 S AmethoLof Alfhe Farciddmt el £ : t Berg e said
unsubst iethod @omipkiying adhistelisg id saideshibiect amnambwitiof aicentpbeideacoatding to acyl ,
C(ORL2 20 (O OR12, C(O) NR12R13, C(O OR12, P(O (OR12)2, 21 C(O CHRL2R13,
c( O or19laim 1 suficientiekul saideelk 1 optionally 22 conprises an enzymatically
cl eaveabl e group 23 wherein 24 R12, R13, and R14 are nenbers independently
sel 51? ed fromH 45 Sk&;lfx&mbalt)?fhae&ing%%%ﬁﬁihglﬂ&eego@hkytumgrq@mwnﬁ%or 26

unsubsti tuted heteroal k ITuted or 27 unsubstituted aryl, wherein

and substi
R12 Zindsudj&t.tsoiglanethod eomprisig@adimistéringdgsaidsubjectian aprdushof hegmpoundat t ached
are 29 optipnally jojned.to forma substituted.or unsubstituted 30

het ocﬁPHﬁ?&kﬂé{#’hb S%‘g@‘i‘%%’é%ﬁ&ﬁ”Bﬁ?‘ﬂ HOVE- 31 members, optionally
contpi ni ng two or 4Mor e A3RnkiRiufd a¥iAgthe stdugie or nore of R12, R13, or Rl4
33 optionally conprises an enzynmatically cleaveable 34 group; and 35 R4

and R5 are nenbers independentl | ected fromH, substituted or 36
unsubstituted al kyl, substitut¢dao lg'é“SUbSti tuted aryl, substituted or

R7

R4
N A EN
R

2
3 in which
4 ring system A is a member selected from substituted or unsubstituted aryl
5 substituted or unsubstituted heteroaryl and substituted or unsubstituted
6 heterocycloalkyl groups;
7 E and G are members independently selected from H, substituted or
8 unsubstituted alkyl, substituted or unsubstituted heteroalkyl, a
9 heteroatom, or a single bond, and E and G are optionally joined to
10 form a ring system selected from substituted or unsubstituted aryl,
11 substituted or unsubstituted heteroaryl and substituted or unsubstituted
12 heterocycloalkyl;
13 X is a member selected from O, S and NR®. R? is a member selected from
14 H, substituted or unsubstituted alkyl, substituted or unsubstituted
15 heteroalkyl, and acyl;
16 R3 is a member selected from (=0), SR!! and OR"
17 in which



37 unsubstituted heteroaryl, substituted or unsubstituted heterocycl oal kyl,
, 38 hal ogen, NO2, NR 5R16, NC(O R15, OC(O) NR 5R16, OC(O) OR15 39 C(OR s,
SR s and wBIg/08b% and R16 i ndependently represent H, 40 gabatsor/uted or
unsubstituted al kyl, substituted or Wfsubstituted 41 heteroal kyl,
subgdituted or unsubstptiyt geh Mgl selsitbibmUi tb&ituttd o RRtBStithicd RS,
heteroaryl, substituted or unsubstituted heterocycl oal kyl 43 and
subKtituted or unsubsti t ut eshbsptedcy upsubisttueddrherrsalkylda¢yl,aC(MHBeL her 44

{0 Borm a ‘subst {uted or  unGUBEE iR tbr Gl B e BN sy St em A
havying from4 to 6 rrenbers,c(m}(jm@aklzc ¥ 8} BIR TRBRYT aktPRE opfidnally
, R1

het er oat oms, and one or nore of R4, R 5 and R16 optionally 48 conprise
an Zhzymatical |y cl eaveabl ecqrprisgs amenzymatically cleaveable group

23 wherein

24 ' R'%, R", and R' are members independently selected from H,
25 substituted or unsubstituted alkyl, substituted or

26 unsubstituted heteroalkyl and substituted or

27 unsubstituted aryl, wherein R'? and R'? together with
28 the nitrogen atom to which they are attached are

29 optionally joined to form a substituted or unsubstituted
30 heterocycloalkyl ring system having from 4 to 6

.31 members, optionally containing two or more

32 heteroatoms, and one or more of Rlz, R”, orR"

33 optionally comprises an enzymatically cleaveable

34 group; and

35 R* and R’ are members independently selected from H, substituted or

36 unsubstituted alkyl, substituted or unsubstituted aryl, substituted or

37 unsubstituted heteroaryl, substituted or unsubstituted heterocycloalkyl,
38 halogen, NO,, NR"R'S, NC(O)R"?, OC(O)NR'*R'¢, OC(O)OR",

39 C(O)R", SR'® and OR". R' and R'® independently represent H,

40 substituted or unsubstituted alkyl, substituted or unsubstituted

41 heteroalkyl, substituted or unsubstituted aryl, substituted or

42 unsubstituted heteroaryl, substituted or unsubstituted heterocycloalkyl
43 and substituted or unsubstituted peptidyl, wherein R'* and R'® together
44 with the nitrogen atom to which they are attached are optionally joined
45 to form a substituted or unsubstituted heterocycloalkyl ring system

46 having from 4 to 6 members, optionally containing two or more

47 heteroatoms, and one or more of R* R’ R" and R'® optionally

48 comprise an enzymatically cleaveable group.

49



