WO 2012/ 166559PCT/ US2012/ 039468 COVPCOSI TI ONS CONTAI NI NG METHODS

| N\VOLVI NG, AND USES OF NON- NATURAL AM NO ACI D LI NKED DOLASTATI N DERI VATI VES
CROSS REREBBMCOA6H3901] This application clains priorityPCo/uS282/0B946%1 si onal
Application No. 61/491,076, entitled, "Conpositions Containing, Mthods

I nvol ving, and Uses of Non-Natural Am no Acid Linked Dol astatin
Derivatives," filed May 27, 2011, the contents of which are incorporated by
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to incorporate non-genetically’ encoded am no aci non- natu
am no acids") into p%@ﬂ@ﬁhéfﬁbﬂdNﬁgllH@Lﬁﬁﬁﬁddﬂdﬂﬂﬂh%dﬂVEﬁenlcal functiona
groups that could provide valuable alternatives to the naturally-occurring

functional groups, such as the Qﬁﬁbb QREFNEENYE | ysine, the sul fhydryl -SH
of cysteine, the imno group of stidine, etc. Certain chem cal functional
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to formstable linkages with functional groups that can be incorporated
onto nd?FIW@H‘i%aﬁleéMaﬁ@7a7c9il &ghe qopGos pf Which erd éncaiperaied Ry asfercncal & qngrety.
sel ectively introduce chem cal functional groups that are not found in

proteins, that are chem caghykidiehNDORIHEANVENTOACt | onal groups found
in the 20 common, genetically-encoded am no acids and that nay be used to

react &P402LiTdREpYitaidneosIonss espetieinencadedertiao st e-sag nelary ainio acids”)
functi qpgl pdfeANPARrh® RN MrSiRALE of AhahRA filnbieRO 8RupSHMMARYId Frovi Hg Valuable

| NVENTI ON [ 0004] Disclosed herein are toxic noieties with one or
| i nker (aétymatw@sute b sepElly-ormEdnst Brosfieingoupsal sidinthéhcagnsden —HRd Qfe{ywa@sthf: or

maki Ng (Sieary1 QRHNG Mk Rine, Ak MRind Crél ﬁﬂgstﬂﬁle% BEPEEHES ehehAP RncRIAB groups are

enbodi nent’'s of the present invention describe a conpound, or salt thereof,
conpr i SAYN Ftbl?erm%tocht) functigphegerpy fouped ingthe20 gqmmop, senetfcallmnméd Pnigp agigs but
wher ei NeacdclBay §HACHRiEMG taHem Qfablc ROKESS WAk fRBHERAI brSugshthdPORSbe itorSBabkdo OF

t hi azol e;
non—natural ammo ac1ds

[0003] Methods are now available to selectively introduce chemical functional groups that are not found
in proteins, that are chemically inert to all of the functional groups found in the 20 common, genetically-
encoded amino acids and that may be used to react efficiently and selectively with reagents comprising

certain functional groups to form stable covalent linkages.

SUMMARY OF THE INVENTION
[0004] Disclosed herein are toxic moieties with one or more linker(s), toxic groups linked to non-natural
amino acids, and methods for making such non-natural amino acids and polypeptides.

[0005] Some embodiments of the present invention describe a compound, or salt thereof, comprising

Iw@%?%

Formula (I):

~ Me Me OMe O
wherein:
Z has the structure of:
Re
‘fé\(KAr
Rs :
Rsis H, CORg, Ci-Cgalkyl, or thiazole;



WO 2012/ 166559PCT/ US2012/ 039468 R8 is OH R6 is OHor H, Ar is phenyl or
pyridine; R7 is C -C6al kyl or hydrogen; Y is selected fromthe group

consi st i myoabh12amwessydr oxyl am ne, net hyl, al dehyde, proteecedsaéidebyide,

ket one, protected ketone, thioester, ester, dicarbonyl, hydrazine, am dine,
i mne, diamne, azide, keto-am ne, keto-al kyne, al kyne, cycl oal kyne, and
ene-dione; L is-glkyhgne- or -(alkylene-Qii-alkylene-; and n is an integer
greater than or edgual to one. [0006] In sone enmbodi ments, R5 is thiazole.

I n other enbodRewitsoriR6 is H I n certain enbodinents, Ar is phenyl. In
further or addi ments, R7 is nethyl. In sone enbodi nents, nis
an integer fro%}%%pglyiwgg 0’ 10 or 0 to 5. [0007] In sonme enbodi nents, a
conpound is Rbes@r@&a&@lmdmhlogm ng Formula (11): OMe4'1/4Me .0OH H2N , o, L
N(ITT) -NN i i S

- (al kyl ene- v gleﬁqaébﬁr%e%ﬂl}{ﬁ Cé{%gﬁu %ne%%m)gﬁﬁm%% n@thgmﬁjgfgfﬁg%&ect&il
CH2CH2-, n i s elqdaflde tketoBs, patrdtcRRetbge, thixtektyl, estdrndicirvey], byvbadicremtisg, nlnme,s

-al kyl ene-. i | and R7 is

met hyl or hydr ogglﬁl% E{Z!)C%O%F)%ghm%%l r‘{gé‘%ﬁﬁeh?}yl&%&%ﬁdm %%}l]%n ot her

embodi ment s, L ¥-dllylayeboddiylae-Olrlispaci:finé enbodi ments, the cycl ooctyne has

a structure o i ndependently sel ected fromthe group

consi sting of gam%ggg%%wfrth%%?@g? ony, ester, ether, thioether,

am noal [R§06) Ihacbrmg@nbodalhdnys} Reis thiazpleafnydtha stbodiments, &e js Far Wicetain debodahdagsl Ar

hal i de,. I f i kyl st er. I yl
1%@#5%1“' ony% or géic{ft elﬂlb ? E‘l ﬁts% 1§jfnf>t?f£rl %e eqn%bdlwhtg% 15 glg fn&:?tyr ﬁo(ﬁg,

ester, mtrin tri & nitro:
3, 4, B tog), 0o 180r @10 510 or 11 [0009] Certain errbodl rrents of the present

L nvent i 5gh716% S PanRaf RIROL QS OARE bREAEaCORMMiR FoMhdih ).
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Me Me MeO NH
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S

In certain embodiments, L is —(alkylene—O),—alkylene—. In specific embodiments, each alkylene is —
CH,CH,—, n is equal to 3, and R, is methyl. In other embodiments, L is —alkylene—. In specific
embodiments, each alkylene is -CH,CH,— and R is methyl or hydrogen.
[0008] In some embodiments, Y is azide. In other embodiments, Y is cyclooctyne. In specific
embodiments, the cyclooctyne has a structure of:

(>

(Rig)g

cach Ry is independently selected from the group consisting of C,-Cs alkyl, C,-Cg alkoxy, ester,
cther, thioether, aminoalkyl, halogen, alkyl ester, aryl ester, amide, aryl amide, alkyl halide,
alkyl amine, alkyl sulfonic acid, alkyl nitro, thioester, sulfonyl ester, halosulfonyl, nitrile,
alkyl nitrile, and nitro; and

qis0,1,2,3,4,5,6,7,8,9,10 or 11.

[0009] Certain embodiments of the present invention describe a compound comprising Formula (VIII):



MeMe.,1/4/Me O ,s'H NYIrNO - M OV O Me MeMeO A0 RSBRZ HN, R1
wherein: Ais optional, and when present is |ower alkylene, substituted

| ower al kwbeney/isbzs9er cycl oal kyl ene, substituted | ower egrlusadiRpbense, | ower
al kenyl ene, substituted | ower al kenyl ene, al kynyl ene, | ower heteroal kyl ene,
substituted heteroal kyl ene, | ower heterocycl oal kyl ene, substituted | ower
het erocycl oal kyl ene, aryl ene, subsfituted arylene, heteroarylene,
substituted heteroaryl elde~aMRar ylenéy” sulest j+yt ed al karyl ene, aral kyl ene,
or substituted aral kyl epe; IB iﬁ\fo{p&i ohdl en present is a linker

sel ected fromthe grogp cwnsjsting § , Substituted | ower

al kyl ene, |ower alkepw erne, subsiitutedmMover nyl ene, OLIH}AEI’

het er oal kyl ene, substituted | oerMpet er oal kyMashe, 1 -0-(al kyl ene or
substituted al kyl end~, -5S-, -S-(al kylene or subsstitdut ed al kyl ene) -,
-S(0) k- where k is g, J2RJor 3, -S(0)k(al kylene or substituted al kyl ene)-,
-C(0)-, -C(0)-(al kykgneyor rubstituted al kylene)-, -C(S)-, -C(S)- (al kyl ene
or substituted al kyl engy-, -N(R )-, -NR -(al kyl ene or substituted

al kylene)-, C(O)N(R)-, RICON(R )-(al kyl ene or substituted al:kyl ene)-,
-CSN(R )-, . -CSN(R )-(al kyl ene or substituted al kylene)-, -N(R ) C0-(al kyl ene
or substi t'0F&Y al kyl ene)-, -N(R)C(0)0-, S(O)kN(R)-, -N(R)C(O)N(R)-,
-N(R ) C(S) N(&Ris)optionalNam Winh@ydsdi(t R [hwer alkiM{ele, )sutdtuted 1@¢drRa)kyNre, lower

-C(R)=NNR)-, - =N- N=, - C(R)2- and -C(R)2-N(R)-N(R )-, where
cach & ot nisiiRet S gt sl bt 1 0 sl heb SRR B
substituted al kiitényleny clkyaylknel lower hesuidaditylcneltselshtiayecl hortdélklylendRlowes H, an am no
protecting gro r esi at |l east one am no Aci ol ypept.i de, .or

ol ynuct aot - de st byle, e e Rk e Bl o MBS Pt o Pk one
am no aci d, pohgtgepticte substituped hstervaliend, niiteryleR3 sandiufdd akneloagabulkylene, or

i ndependently H tt'{atl Egreﬁ : | ower al kyl, or substituted |lower alkyl, or R3
and R4 or two SéPS pg gﬁﬁ’onal ly forma cycl oal kyl or a heterocycl oal kyl ;
Z has the stBisoptuml, ofd wikG pesait Ara IRkerRblectsd frlhm G Hup ConsGhiag kfyibweratkylene,

t hi azol e;

substituted lower alkylene, lower alkenylene, substituted lower alkenylene, lower
heteroalkylene, substituted lower heteroalkylene, -O-, -O-(alkylene or substituted alkylene)-, -
S-, -S-(alkylene or substituted alkylene)-, -S(O)x- where kis 1, 2, or 3, -S(O)(alkylene or
substituted alkylene)-, -C(O)-, -C(O)-(alkylene or substituted alkylene)-, -C(S)-, -C(S)-
(alkylene or substituted alkylene)-, -N(R’)-, -NR’-(alkylene or substituted alkylene)-,
-C(O)N(R’)-, -CON(R’)-(alkylene or substituted alkylene)-, -CSN(R’)-, -CSN(R’)-(alkylene
or substituted alkylene)-, -N(R’)CO-(alkylene or substituted alkylene)-, -N(R*)C(O)O-,
-S(O)N(R?)-, -NR)C(OIN(R’)-, -N(R*)C(S)N(R")-, -N(R*)S(O)N(R’)-, -N(R*)-N=, -
C(R*)=N-, -C(R’)=N-N(R’)-, -C(R*)=N-N=, -C(R’),-N=N-, and -C(R’),-N(R’)-N(R")-, where
each R’ is independently H, alkyl, or substituted alkyl;

R is H, alkyl, substituted alkyl, cycloalkyl, or substituted cycloalkyl;

R, is H, an amino protecting group, resin, at least one amino acid, polypeptide, or polynucleotide;

R, is OH, an ester protecting group, resin, at least one amino acid, polypeptide, or polynucleotide;

R; and R, are each independently H, halogen, lower alkyl, or substituted lower alkyl, or R; and R4
or two Rj3 groups optionally form a cycloalkyl or a heterocycloalkyl;

Z has the structure of:

Re
‘fé\(KAr
Rs :
Rsis H, CO,H, C;-Cealkyl, or thiazole;
Rg is OH or H;



R6 is OHor H W 2012/ 166559PCT/ US2012/ 039468 Ar is phenyl or pyridine;
R7 is G -C6al kyl or hydrogen; and L is-al kylene- or

- (al kyl emoQpiziteedskyl ene-; and n is an integer greater wPoaUSer12062488 to
one; or an active netabolite, or a pharmaceutically acceptable prodrug or
solvate thereof [0010] In some enbodiments, Rl is a polypeptide. In

specific enbodl ypeptide is an antibody. In certain specific
enbodi nment s, gkéb%&ﬂsmﬁgkherceptln I n ot her enbodinents, R2 is a

pol ypepti de. Rﬂmﬂs@@dﬂyf@rdlyétnb@dambnt s, the polypeptide is an anti body. In
certain spe [ is herceptin. [0011] In sone
Gl fi ﬁ“g‘gd he rel@ne éf‘a e{ %ﬂ?o reeptil (

enbodi nent s, pro Inis r derivatizing a dolastatin
anal og conprnlsamglte@cfrgnweaﬂ(ah)or, cquigo met hod conpri si ng contacting the

corr espond Tatt i orRagREe b ATk Be bR Al OBE B o ol e 2 e
t he st rl0€0lrle sghc cnR®dps8s AR IRB pABpdptdd, In QERMIC c@beddBaritk ylie,pobypeiitide &z0l e; Rg

is OH | {/
Ih)S/ dr ogen (@?I g_%\lﬂél g{aeci%irc eln%gcﬁaﬁlﬂy the%'htﬂ?&fi& |1scﬂeﬂz%ptnﬁ In oﬁderc‘éjmbggm%ll% yﬁz i9h

polypeptide. In specific embodlments the polypeptide is an antibody. In certain specific embodiments,
the antibody is herceptin.

[0011] In some embodiments, provided herein is a method for derivatizing a dolastatin analog
comprising Formula (I), the method comprising contacting the dolastatin analog with a reagent of

Formula (XXXVII), wherein Formula (I) correspond to:

RS, -

R7 O .~ Me OMeO

wherein:
Z has the structure of:
Re

cVé\(KAr

Rs ;
Rsis H, CORg, Ci-Cgalkyl, or thiazole;
Rgis OH;
Rg is OH or H;
Ar is phenyl or pyridine;
R is Ci-Cg alkyl or hydrogen;
Y is NH,—O- or methyl;
L is—alkylene— or —(alkylene—O),—alkylene—; and
n is an integer greater than or equal to one;

wherein Formula (XXXVII) corresponds to:
Ra

A._ K-«
R, B 'R
(XXXVII)
R4~ R2
N R
40

wherein:



L is-al kylene- or -(alkylene-Oii-alkylene-; and n is an integer greater
than or equal to one; wherein Formula (XXXVII) corresponds to: R3 AK 'B" R3
R, N ". KRvo2ot/leéBowher ei n: (XXXVI1) WD 2012/ 166559PCTPUSAB2PL030468 A i s
optional, and when present is |lower alkylene, substituted | ower alkyl ene,

| ower al kenyl ene, substituted | ower al kenyl ene, aryl ene, substituted

aryl ene, hetgf ?{((Yr{a? gl wt?e'ﬂ%?és lﬁxg%rh@@y? he %Eﬁls:tlﬁlpe% lov% ‘éﬁz&%k Mover ?lﬂprgriegg ut ed

alkarylene ara or “su stl ene; is op |ona
present is a | Bubktgnteé @Imcalb@yfen@m}’ﬂdne, sgbsaumdca@yisiesmqtqn@ryiénel gheituted Ky | ene

substituted | O%&oﬁ&l‘él}s@u%ﬂ% ltel&%)\é\@)rs LE? 1Jé/ Hg’ara e%g é)& %ﬁb@% eﬁ’X‘f%h%Ir%LéEe”y' ene,

-0-, -0-(alkylene o ene
subst it ut ed Bis lopli@nk prd wheg(podsént 1st@tkef skle¢ted fr.om 2he gorup3onsis§Pyidpatrieilybne or

St e, Gl Sl LB AL 4
g Ir ks i.l 2?1 te |) tuted omukg;dﬂeﬂba)lkylenet(ﬂ) N§- lFaﬂBylene oCORgtRItd (I 1kng)-ev€O0 ot Wisubls isilt Utoed
“NCR ) 00 (al ky i ONNT SR e Weﬁﬁne‘?(b) l%?é?@@%?(?? Mtgﬁ%ﬂlﬁ’lﬁ’e}
-N(R ) C( 0) N( R‘ )C(S) -[Q(ER‘ (y@]@)d\@(r@l)sututed N(kﬁde)l@( o (]R\[( R‘N)K (alky\llérﬁ' oy sulistituted

C(C(R' ) 2- N( R)- N%ill-‘&l)l% NmN(R %BQ(KJ}ZM%?epen&)S F‘{\Emﬁ’le@k yToNEY-

sub;st } tuted al KSAN(REdelhylRe drsulistitiesd elkallend)t, yN(B)CA)- (@Kylengpr @bsbﬁutcd alhé@eh,l kyl ;
-0 R +N 1

substituted cyL|o£FE§F§ E%O?Nﬁ¥ Rg%h%%H%ﬁdfﬁi égﬂgﬂguq@ﬁ{%ﬁ®h a% | east
one,am n¢ .a;;st“gf?;eﬁg;g%f;zg@3??;;?;;&? ;%fﬂ?;?%‘* A B S

. ' ( ere (ﬁl 91 (]j I‘r S F ?71

mdependently I"dwer "a or "subst’ tut ower a
and R4 or two R3 eg¢b1&ps111dmendﬁn€1yHyalkx:lmnsabsaylmd@&b’kyl or a heterocycl oaI kyI.

. : R
iggf 12%( K %/OCJ:”{SCS“,%/'L\O}L’M

\/
+N

|
a&a

R is H, alkyl, substituted alkyl, cycloalkyl, or substituted cycloalkyl;
R, is H, an amino protecting group, resin, at least one amino acid, or polynucleotide;
R, is OH, an ester protecting group, resin, at least one amino acid, or polynucleotide; and
R; and R, are each independently H, halogen, lower alkyl, or substituted lower alkyl, or R; and R4
or two Rj3 groups optionally form a cycloalkyl or a heterocycloalkyl.
[0012] In some embodiments, the derivatized dolastatin analog comprises at least one oxime containing

amino acid having the structure of Formula (VIII):

Hﬂ%

O
I

B\
A_ O

Ryl R4
Rs3 Ro

HN.
R4



[0012] In sone enbodi ments, the derivatized dol astatin anal og conpri ses at
| east one oxinme containing amno acid having the structure of Formula
(M11): wokor665339N 11 RIN R7 13A 0 RBR4 R3R2 HN, Ri Metrambben2/oba6® H. OH N

_NOM OV O M M NsH z (M11) WD 2012/ 166559PCT/ US2012/ 039468 In
speci fic enbodi rrents the dol astatin analog is contacted with the reagent
of Formul a ( i S Ldi tions
[0013) Certd RS R LA Wb b R B R i

conpri S(KE@(\HB rlmrluaoqs Xo{qu uvider vizi iy adidmecdﬂﬂmms.

[0013] Certain embodiments of the present invention describe a compound comprising Formula (XXV):

N\/L\ LT %
(R16)n |
H (XXV)

R~ O/\ Me OMeO

4
07 "Ry

wherein:
Z has the structure of:
Re

cVé\/KAr

Rs ;
Rsis H, CO,H, C;-Cealkyl, or thiazole;
Rg is OH or H;
Ar is phenyl or pyridine;
R, is H, an amino protecting group, resin, at least one amino acid, polypeptide, or polynucleotide;
R, is OH, an ester protecting group, resin, at least one amino acid, polypeptide, or polynucleotide;
R4 is H, halogen, lower alkyl, or substituted lower alkyl;
R is Ci-Cgalkyl or hydrogen;
L is—alkylene— or —(alkylene—O)n—alkylene—; and
n is an integer greater than or equal to one;
each R4 is independently selected from the group consisting of hydrogen, halogen, alkyl, NO2,
CN, and substituted alkyl.
[0014] In some embodiments, R; is a polypeptide. In specific embodiments, the polypeptide is an
antibody. In certain specific embodiments, the antibody is herceptin. In other embodiments, R; is a
polypeptide. In specific embodiments, the polypeptide is an antibody. In certain specific embodiments,
the antibody is herceptin.

[0015] Some embodiments of the present invention describe a compound comprising Formula (XXXI):
Rs; R
H R3Rs
Rs R, O /\ Me OMe O (XXXI)
Z

wherein:

Z has the structure of:



NfN (R16L 11 ,R7 OMe OVe 0 11 RiMe MeMeNHR4 O R2Z ...:5--... wherein: Z
has the structure of: R6 FYAr RS R5 is H CO2H, C -C6al kyl, or thiazole; R6
is OH or WD 28r2/16655phenyl or pyridine; RlL is H an an noPpratSect2iopgesr oup,
resin, at |east one am no acid, polypeptide, or polynucleotide; R2 is COH,
an ester protecting group, resin, at |east one am no acid, polypeptide, or
pol ynucl eot i de; R4 is H halogen, |ower alkyl, or substituted | ower alkyl;
R7 is C -C6al kyI or hydrogen; L is-alkylene- or -(alkylene-0)n-alkyl ene-;
and n is an @r greater than or equal to one; each R16 is independently
selected from he group consi sting of hydrogen, hal ogen, alkyl, NO2, CN,
and substituted alkyl. [0014] In sone enbodinents, Rl is a polypeptide. In
speci fic endbdi Hed04], GRealipdloypegeriede i s an antibody. In certain specific
enbodi nent s, pé ap h!body is herceptin. In other enbodinents, R2 is a

pol ypepti de. In speC|f|c enbodi ments, the polypeptide is an antlbody In
certai n spechifis pheaylvodimdmet s, t he antlbody is herceptin. [0015] Sone
enbodlnents C mul a
OO0 ) - N?eﬁl \n %&ﬁﬁg&@%ﬁ% l_r|9{i|n dPREE LRSS RTP BURSLL BB JoR e fRE;

RZ is OH, an ester protecting group, resin, at least one amino acid, polypeptide, or polynucleotide;
R4 is H, halogen, lower alkyl, or substituted lower alkyl;

R is Ci-Cgalkyl or hydrogen;

L is—alkylene— or —(alkylene—O)n—alkylene—; and

n is an integer greater than or equal to one;

D has the structure of:

R O TR, N?N@_g.

H ’ H ’ H ’ (R19)q

each R, is independently selected from the group consisting of H, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, alkoxy, substituted alkoxy, alkylalkoxy,
substituted alkylalkoxy, polyalkylene oxide, substituted polyalkylene oxide, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, alkaryl, substituted alkaryl, aralkyl, substituted aralkyl, -
(alkylene or substituted alkylene)-ON(R”)2, -(alkylene or substituted alkylene)-C(O)SR”, -
(alkylene or substituted alkylene)-S-S-(aryl or substituted aryl), -C(O)R”, -C(O).R”, or
-C(O)N(R”),, wherein each R” is independently hydrogen, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkoxy, substituted alkoxy, aryl, substituted aryl, heteroaryl, alkaryl,
substituted alkaryl, aralkyl, or substituted aralkyl;

each Z, is a bond, CR7R 7, O, S, NR’, CR;-R;7-CR 7R 7, CR7R17-O, O-CR-R;7, CR7R+-S, S-
CR7R}7, CR7R17-NR’, or NR’-CR7R7;



.L.NNN RADNI1Yrr 4 R7 OMe Ove 0 Me MeMeO wherein: Z has the structure
of : WD 2012/ 166559PCT/ US2012/ 039468 R5 is H, CX2H, G -C6al kyl, or

t hi azol e;wB@o0is16€390or H;, Ar is phenyl or pyridine; Rl i ®CHUSa02a89469
protecting group, resin, at |east one am no acid, polypeptide, or

pol ynucl eotide; R2 is OH, an ester protecting group, resin, at |east one

am no aci ol ucI eotide; R4 is H, hal ogen, |ower alkyl,
or substi%la X S%P%H{yi gfﬁlb%{{mt%gil I's” Ci - Céal kyl or hydrogen; L is-alkylene- or

- (al kyl eneacb)lmlsablkqdzdeﬁrwn thegrmilp ronsstisgofiarioad e€(Qr, e@fSet ofitleadllyopbstitptal Cit@ one;
D has the Staﬁl&?etng,rogti(%aily gﬂbstli%ul%d 6}-@%11?&'&%3, aﬁi op%ionally substituted heteroalkyl;
cach Z3 are independently selected from the group consisting of a bond, optionally substituted C,-C,4
alkylene, optionally substituted C,-C, alkenylene, optionally substituted heteroalkyl, -O-, -S-,
-C(O)-, -C(S)-, and -N(R’)-;
each T3 is a bond, C(R**)(R*”), O, or S; with the proviso that when T3 is O or S, R’’ cannot be
halogen;
each R’ is H, halogen, alkyl, substituted alkyl, cycloalkyl, or substituted cycloalkyl;
mand p are 0, 1, 2, or 3, provided that at least one of m or p is not 0;
(®)

o " ® ® o

nnn R; Ann

— |/ | | |
C b S g
P g( ) C C E(b) c=C—=S (b c—0—1% (b) /C S é (b)
(®) ?7/ \R4 \R4 (2) 5/ \R4é 7 E (a)'??? )

M,is @2 R , , ,@% R ’ R, ’
®) o ) N ®) .
e g, | [ NP
|/ c_c—é o) O—C—E (b) s—c—é ()
o w LA | |
Ry e U s
@ @ , @ , Or @) , where (a) indicates bonding

to the B group and (b) indicates bonding to respective positions within the heterocycle group;

(b)
() o (b) © R
J IS SA S o #_C/\_E "
P10 (b) e ® (®) R
M; is (a?z) (a)z?/ \4 (a)‘% (a)L’??/ ‘ JJ\(ra) , Where

(a) indicates bonding to the B group and (b) indicates bonding to respective positions within the

heterocycle group;

(b) (b) o (®) (®)
‘ | Rs—C—C—é (b) o—c=§ (b) s—c=§ (b)
AR AR \ \
M, is (a)‘% (a;% B B , 4 JJ\(;) , ;r(z) , or @ where

(a) indicates bondlng to the B group and (b) indicates bonding to respective positions within the
heterocycle group;

cach Ry is independently selected from the group consisting of C,-Cs alkyl, C,-Cg alkoxy, ester,
cther, thioether, aminoalkyl, halogen, alkyl ester, aryl ester, amide, aryl amide, alkyl halide, alkyl
amine, alkyl sulfonic acid, alkyl nitro, thioester, sulfonyl ester, halosulfonyl, nitrile, alkyl nitrile,
and nitro;

qis0,1,2,3,4,5,6,7,8,9,10 or 11; and
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al kyl
Me
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R3 A =N R7 O /\ Me OMe O

Ry Rp
[0018] In certain embodiments, a pharmaceutical composition is provided comprising any of the
compounds described and a pharmaceutically acceptable carrier, excipient, or binder.
[0019] In further or alternative embodiments are methods for detecting the presence of a polypeptide in a
patient, the method comprising administering a polypeptide comprising at least one heterocycle-
containing non-natural amino acid and the resulting heterocycle-containing non-natural amino acid
polypeptide modulates the immunogenicity of the polypeptide relative to the homologous naturally-
occurring amino acid polypeptide.
[0020] It is to be understood that the methods and compositions described herein are not limited to the
particular methodology, protocols, cell lines, constructs, and reagents described herein and as such may
vary. It is also to be understood that the terminology used herein is for the purpose of describing particular
embodiments only, and is not intended to limit the scope of the methods and compositions described
herein, which will be limited only by the appended claims.

cc 2% ¢

[0021] As used herein and in the appended claims, the singular forms an,” and “the” include plural
reference unless the context clearly indicates otherwise.

[0022] Unless defined otherwise, all technical and scientific terms used herein have the same meaning as
commonly understood to one of ordinary skill in the art to which the inventions described herein belong.
Although any methods, devices, and materials similar or equivalent to those described herein can be used
in the practice or testing of the inventions described herein, the preferred methods, devices and materials
are now described.

[0023] All publications and patents mentioned herein are incorporated herein by reference in their
entirety for the purpose of describing and disclosing, for example, the constructs and methodologies that

are described in the publications, which might be used in connection with the presently described

inventions. The publications discussed herein are provided solely for their disclosure prior to the filing
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al kenyl erw0 2aredieaspi onal | y substituted heteroal kyl ; eaclrCTAISar1e/039468
i ndependently selected fromthe group consisting of a bond, optionally
substi tut ed C1-C4 al kyl ene, optionally substituted Cl1-C4 al kenyl ene,

optiong, y 0 , -
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1P

prowde lat at |least one of mor pis not 0; (b) (b)(b) Il (b) I 17
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[0025] The term “affinity label,” as used herein, refers to a label which reversibly or irreversibly binds
another molecule, either to modify it, destroy it, or form a compound with it. By way of example, affinity
labels include enzymes and their substrates, or antibodies and their antigens.
[0026] The terms “alkoxy,” “alkylamino” and ““alkylthio” (or thioalkoxy) are used in their conventional
sense, and refer to those alkyl groups linked to molecules via an oxygen atom, an amino group, or a sulfur
atom, respectively.
[0027] The term “alkyl,” by itself or as part of another molecule means, unless otherwise stated, a
straight or branched chain, 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;-Cyp 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,” unless otherwise
noted, is also meant to include those derivatives of alkyl defined in more detail herein, such as
“heteroalkyl”, “haloalkyl” and “homoalkyl”.
[0028] The term “alkylene” by itself or as part of another molecule means a divalent radical derived from
an alkane, as exemplified, by (-CH,—),, wherein n may be 1 to about 24. By way of example only, such
groups include, but are not limited to, groups having 10 or fewer carbon atoms such as the structures —
CH,CH,- and —-CH,CH,CH,CH,—. A “lower alkyl” or “lower alkylene” is a shorter chain alkyl or
alkylene group, generally having eight or fewer carbon atoms. The term “alkylene,” unless otherwise
noted, is also meant to include those groups described herein as “heteroalkylene.”
[0029] The term “amino acid” refers to naturally occurring and non-natural amino acids, as well as amino
acid analogs and amino acid mimetics that function in a manner similar to the naturally occurring amino
acids. Naturally encoded amino acids are the 20 common amino acids (alanine, arginine, asparagine,
aspartic acid, cysteine, glutamine, glutamic acid, glycine, histidine, isoleucine, leucine, lysine,
methionine, phenylalanine, proline, serine, threonine, tryptophan, tyrosine, and valine) and pyrolysine and

selenocysteine. Amino acid analogs refers to compounds that have the same basic chemical structure as a
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r (b) "APR3 iir R4 (a) , where (a) indicates bonding to the B group and
I ndi cates bonding to respective positions within the heterocycle group;
(b) (b)wWb)20t2y16855b iR3 - C- C= (b) | 0-c--= (b)l S-C PET(USPO1CH3(4BY ,,C-C=
I\ r .5 3-\SSS\ ¢.,SSS '\R4 M4 s (0? ,,,,, R3IR3(a)(a), or(a) , where
,, 1 (a) ?? (a) indicates bonding to the B group and (b) indicates bonding

t t : '
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include homoserine, norleucine, methionine sulfoxide, methionine methyl sulfonium.

(0]
b)
b)
b)

NN

[0030] Amino acids may be referred to herein by either their name, their commonly known three letter
symbols or by the one-letter symbols recommended by the IUPAC-IUB Biochemical Nomenclature
Commission. Additionally, nucleotides, may be referred to by their commonly accepted single-letter
codes.

[0031] An “amino terminus modification group” refers to any molecule that can be attached to a terminal
amine group. By way of example, such terminal amine groups may be at the end of polymeric molecules,
wherein such polymeric molecules include, but are not limited to, polypeptides, polynucleotides, and
polysaccharides. Terminus modification groups include but are not limited to, various water soluble
polymers, peptides or proteins. By way of example only, terminus modification groups include
polyethylene glycol or serum albumin. Terminus modification groups may be used to modify therapeutic
characteristics of the polymeric molecule, including but not limited to increasing the serum half-life of
peptides.

[0032] By “antibody fragment” is meant any form of an antibody other than the full-length form.
Antibody fragments herein include antibodies that are smaller components that exist within full-length
antibodies, and antibodies that have been engineered. Antibody fragments include but are not limited to
Fv, Fc, Fab, and (Fab")2, single chain Fv (scFv), diabodies, triabodies, tetrabodies, bifunctional hybrid
antibodies, CDR1, CDR2, CDR3, combinations of CDR’s, variable regions, framework regions, constant
regions, heavy chains, light chains, and variable regions, and alternative scaffold non-antibody molecules,
bispecific antibodies, and the like (Maynard & Georgiou, 2000, Annu. Rev. Biomed. Eng. 2:339-76;
Hudson, 1998, Curr. Opin. Biotechnol. 9:395-402). Another functional substructure is a single chain Fv
(scFv), comprised of the variable regions of the immunoglobulin heavy and light chain, covalently
connected by a peptide linker (S-z Hu et al., 1996, Cancer Research, 56, 3055-3061). These small (Mr
25,000) proteins generally retain specificity and affinity for antigen in a single polypeptide and can
provide a convenient building block for larger, antigen-specific molecules. Unless specifically noted
otherwise, statements and claims that use the term “antibody” or “antibodies” specifically includes
“antibody fragment” and “antibody fragments.”

[0033] By “antibody-drug conjugate, or “ADC”, as used herein, refers to an antibody molecule, or
fragment thereof, that is covalently bonded to one or more biologically active molecule(s). The
biologically active molecule may be conjugated to the antibody through a linker, polymer, or other

covalent bond.
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dodecyl sulfate, or polyoxyethylene ethers (e.g. Tween or Triton
detergents), Sarkosyl, mld non-ionic detergents (e.g., digitonin), mld
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[0094] The term "metal chelator,” as used herein, refers to a nolecule
which forns a netal conplex with netal ions. By way of exanple, such
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and may formring structures. [0095] The term "netal -containing noiety," as
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[00174] Figure 16 presents graphical illustrations of anti-tunor efficacy

of trastuzumab, Her2-HS122- NCD1L and Her 2- H5122/ LK145- HCD1 agai nst
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and at least 85% pure, at least 90% pure, at least 95% pure, at least 99% or greater pure. By way of example

only, nucleic acids or proteins are “isolated” when such nucleic acids or proteins are free of at least some
of the cellular components with which it is associated in the natural state, or that the nucleic acid or
protein has been concentrated to a level greater than the concentration of its in vivo or in vitro production.
Also, by way of example, a gene is isolated when separated from open reading frames which flank the
gene and encode a protein other than the gene of interest.

[0089] The term “label,” as used herein, refers to a substance which is incorporated into a compound and
is readily detected, whereby its physical distribution may be detected and/or monitored.

[0090] The term “linkage,” as used herein to refer to bonds or chemical moiety formed from a chemical
reaction between the functional group of a linker and another molecule. Such bonds may include, but are
not limited to, covalent linkages and non-covalent bonds, while such chemical moicties may include, but
are not limited to, esters, carbonates, imines phosphate esters, hydrazones, acetals, orthoesters, peptide
linkages, and oligonucleotide linkages. Hydrolytically stable linkages means that the linkages are
substantially stable in water and do not react with water at useful pH values, including but not limited to,
under physiological conditions for an extended period of time, perhaps even indefinitely. Hydrolytically
unstable or degradable linkages mean that the linkages are degradable in water or in aqueous solutions,
including for example, blood. Enzymatically unstable or degradable linkages mean that the linkage can be
degraded by one or more enzymes. By way of example only, PEG and related polymers may include
degradable linkages in the polymer backbone or in the linker group between the polymer backbone and
one or more of the terminal functional groups of the polymer molecule. Such degradable linkages include,
but are not limited to ester linkages formed by the reaction of PEG carboxylic acids or activated PEG
carboxylic acids with alcohol groups on a biologically active agent, wherein such ester groups generally
hydrolyze under physiological conditions to release the biologically active agent. Other hydrolytically
degradable linkages include but are not limited to carbonate linkages; imine linkages resulted from

reaction of an amine and an aldehyde; phosphate ester linkages formed by reacting an alcohol with a
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cell, including, by way of example bacterial host cells, yeast host cells, insect host cells, plant host cells,
cukaryotic host cells, mammalian host cells, CHO cells, prokaryotic host cells, E. coli, or Pseudomonas
host cells, and cell contents. Such “medium” or “media” includes, but is not limited to, medium or media
in which the host cell has been grown into which a polypeptide has been secreted, including medium
either before or after a proliferation step. Such “medium” or “media” also includes, but is not limited to,
buffers or reagents that contain host cell lysates, by way of example a polypeptide produced intracellularly
and the host cells are lysed or disrupted to release the polypeptide.

[0092] The term “metabolite,” as used herein, refers to a derivative of a compound, by way of example
natural amino acid polypeptide, a non-natural amino acid polypeptide, a modified natural amino acid
polypeptide, or a modified non-natural amino acid polypeptide, that is formed when the compound, by
way of example natural amino acid polypeptide, non-natural amino acid polypeptide, modified natural
amino acid polypeptide, or modified non-natural amino acid polypeptide, is metabolized. The term
“pharmaceutically active metabolite” or “active metabolite” refers to a biologically active derivative of a
compound, by way of example natural amino acid polypeptide, a non-natural amino acid polypeptide, a
modified natural amino acid polypeptide, or a modified non-natural amino acid polypeptide, that is
formed when such a compound, by way of example a natural amino acid polypeptide, non-natural amino
acid polypeptide, modified natural amino acid polypeptide, or modified non-natural amino acid
polypeptide, is metabolized.

[0093] The term “metabolized,” as used herein, refers to the sum of the processes by which a particular
substance is changed by an organism. Such processes include, but are not limited to, hydrolysis reactions
and reactions catalyzed by enzymes. Further information on metabolism may be obtained from The
Pharmacological Basis of Therapeutics, 9th Edition, McGraw-Hill (1996). By way of example only,
metabolites of natural amino acid polypeptides, non-natural amino acid polypeptides, modified natural
amino acid polypeptides, or modified non-natural amino acid polypeptides may be identified either by
administration of the natural amino acid polypeptides, non-natural amino acid polypeptides, modified
natural amino acid polypeptides, or modified non-natural amino acid polypeptides to a host and analysis

of tissue samples from the host, or by incubation of natural amino acid polypeptides, non-natural amino
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acid polypeptides, modified natural amino acid polypeptides, or modified non-natural amino acid
polypeptides with hepatic cells in vitro and analysis of the resulting compounds.

[0094] The term “metal chelator,” as used herein, refers to a molecule which forms a metal complex with
metal ions. By way of example, such molecules may form two or more coordination bonds with a central
metal ion and may form ring structures.

[0095] The term “metal-containing moiety,” as used herein, refers to a group which contains a metal ion,
atom or particle. Such moieties include, but are not limited to, cisplatin, chelated metals ions (such as
nickel, iron, and platinum), and metal nanoparticles (such as nickel, iron, and platinum).

[0096] The term “moiety incorporating a heavy atom,” as used herein, refers to a group which
incorporates an ion of atom which is usually heavier than carbon. Such ions or atoms include, but are not
limited to, silicon, tungsten, gold, lead, and uranium.

[0097] The term “modified,” as used herein refers to the presence of a change to a natural amino acid, a
non-natural amino acid, a natural amino acid polypeptide or a non-natural amino acid polypeptide. Such
changes, or modifications, may be obtained by post synthesis modifications of natural amino acids, non-
natural amino acids, natural amino acid polypeptides or non-natural amino acid polypeptides, or by co-
translational, or by post-translational modification of natural amino acids, non-natural amino acids,
natural amino acid polypeptides or non-natural amino acid polypeptides. The form “modified or
unmodified” means that the natural amino acid, non-natural amino acid, natural amino acid polypeptide or
non-natural amino acid polypeptide being discussed are optionally modified, that is, he natural amino
acid, non-natural amino acid, natural amino acid polypeptide or non-natural amino acid polypeptide under
discussion can be modified or unmodified.

[0098] As used herein, the term “modulated serum half-life” refers to positive or negative changes in the
circulating half-life of a modified biologically active molecule relative to its non-modified form. By way
of example, the modified biologically active molecules include, but are not limited to, natural amino acid,
non-natural amino acid, natural amino acid polypeptide or non-natural amino acid polypeptide. By way of
example, serum half-life is measured by taking blood samples at various time points after administration
of the biologically active molecule or modified biologically active molecule, and determining the
concentration of that molecule in each sample. Correlation of the serum concentration with time allows
calculation of the serum half-life. By way of example, modulated serum half-life may be an increased in
serum half-life, which may enable an improved dosing regimens or avoid toxic effects. Such increases in
serum may be at least about two fold, at least about three-fold, at least about five-fold, or at least about
ten-fold. A non-limiting example of a method to evaluate increases in serum half-life is given in example
33. This method may be used for evaluating the serum half-life of any polypeptide.

[0099] The term “modulated therapeutic half-life,” as used herein, refers to positive or negative change in
the half-life of the therapeutically effective amount of a modified biologically active molecule, relative to

its non-modified form. By way of example, the modified biologically active molecules include, but are not
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limited to, natural amino acid, non-natural amino acid, natural amino acid polypeptide or non-natural
amino acid polypeptide. By way of example, therapeutic half-life is measured by measuring
pharmacokinetic and/or pharmacodynamic properties of the molecule at various time points after
administration. Increased therapeutic half-life may enable a particular beneficial dosing regimen, a
particular beneficial total dose, or avoids an undesired effect. By way of example, the increased
therapeutic half-life may result from increased potency, increased or decreased binding of the modified
molecule to its target, an increase or decrease in another parameter or mechanism of action of the non-
modified molecule, or an increased or decreased breakdown of the molecules by enzymes such as, by way
of example only, proteases. A non-limiting example of a method to evaluate increases in therapeutic half-
life is given in example 33. This method may be used for evaluating the therapeutic half-life of any
polypeptide.

[00100] The term ““nanoparticle,” as used herein, refers to a particle which has a particle size between
about 500 nm to about 1 nm.

[00101] The term “near-stoichiometric,” as used herein, refers to the ratio of the moles of compounds
participating in a chemical reaction being about 0.75 to about 1.5.

[00102] As used herein, the term “non-eukaryote” refers to mnon-eukaryotic organisms. By way of
example, a non-eukaryotic organism may belong to the Eubacteria, (which includes but is not limited to,
Escherichia coli, Thermus thermophilus, or Bacillus stearothermophilus, Pseudomonas fluorescens,
Pseudomonas acruginosa, Pseudomonas putida), phylogenetic domain, or the Archaea, which includes,
but is not limited to, Methanococcus jannaschii, Methanobacterium thermoautotrophicum, Archacoglobus
fulgidus, Pyrococcus furiosus, Pyrococcus horikoshii, Aeuropyrum pernix, or Halobacterium such as
Haloferax volcanii and Halobacterium species NRC-1, or phylogenetic domain.

[00103] A “non-natural amino acid” refers to an amino acid that is not one of the 20 common amino acids
or pyrolysine or selenocysteine. Other terms that may be used synonymously with the term “non-natural
amino acid” is “non-naturally encoded amino acid,” “unnatural amino acid,” “non-naturally-occurring
amino acid,” and variously hyphenated and non-hyphenated versions thereof. The term “non-natural
amino acid” includes, but is not limited to, amino acids which occur naturally by modification of a
naturally encoded amino acid (including but not limited to, the 20 common amino acids or pyrrolysine
and selenocysteine) but are not themselves incorporated into a growing polypeptide chain by the
translation complex. Examples of naturally-occurring amino acids that are not naturally-encoded include,
but are not limited to, N-acetylglucosaminyl-L-serine, N-acetylglucosaminyl-L-threonine, and O-
phosphotyrosine. Additionally, the term “non-natural amino acid” includes, but is not limited to, amino
acids which do not occur naturally and may be obtained synthetically or may be obtained by modification
of non-natural amino acids.

[00104] The term “nucleic acid,” as used herein, refers to deoxyribonucleotides, deoxyribonucleosides,

ribonucleosides or ribonucleotides and polymers thereof in either single- or double-stranded form. By way
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of example only, such nucleic acids and nucleic acid polymers include, but are not limited to, (i)
analogues of natural nucleotides which have similar binding properties as a reference nucleic acid and are
metabolized in a manner similar to naturally occurring nucleotides; (ii) oligonucleotide analogs including,
but are not limited to, PNA (peptidonucleic acid), analogs of DNA used in antisense technology
(phosphorothioates, phosphoroamidates, and the like); (iii) conservatively modified variants thercof
(including but not limited to, degenerate codon substitutions) and complementary sequences and sequence
explicitly indicated. By way of example, degenerate codon substitutions may be achieved by generating
sequences in which the third position of one or more selected (or all) codons is substituted with mixed-
base and/or deoxyinosine residues (Batzer et al., Nucleic Acid Res. 19:5081 (1991); Ohtsuka et al., J.
Biol. Chem. 260:2605-2608 (1985); and Rossolini et al., Mol. Cell. Probes 8:91-98 (1994)).

[00105] The term “oxidizing agent,” as used herein, refers to a compound or material which is capable of
removing an electron from a compound being oxidized. By way of example oxidizing agents include, but
are not limited to, oxidized glutathione, cystine, cystamine, oxidized dithiothreitol, oxidized erythreitol,
and oxygen. A wide variety of oxidizing agents are suitable for use in the methods and compositions
described herein.

[00106] The term “pharmaceutically acceptable”, as used herein, refers to a material, including but not
limited, to a salt, carrier or diluent, which does not abrogate the biological activity or properties of the
compound, and is relatively nontoxic, i.e., the material may be administered to an individual without
causing undesirable biological effects or interacting in a deleterious manner with any of the components
of the composition in which it is contained.

[00107] The term “photoaffinity label,” as used herein, refers to a label with a group, which, upon
exposure to light, forms a linkage with a molecule for which the label has an affinity. By way of example
only, such a linkage may be covalent or non-covalent.

[00108] The term “photocaged moiety,” as used herein, refers to a group which, upon illumination at
certain wavelengths, covalently or non-covalently binds other ions or molecules.

[00109] The term “photocleavable group,” as used herein, refers to a group which breaks upon exposure to
light.

[00110] The term “photocrosslinker,” as used herein, refers to a compound comprising two or more
functional groups which, upon exposure to light, are reactive and form a covalent or non-covalent linkage
with two or more monomeric or polymeric molecules.

[00111] The term “photoisomerizable moiety,” as used herein, refers to a group wherein upon illumination
with light changes from one isomeric form to another.

[00112] The term “polyalkylene glycol,” as used herein, refers to linear or branched polymeric polyether
polyols. Such polyalkylene glycols, including, but are not limited to, polyethylene glycol, polypropylene
glycol, polybutylene glycol, and derivatives thercof. Other exemplary embodiments are listed, for

example, in commercial supplier catalogs, such as Shearwater Corporation’s catalog “Polyethylene Glycol
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Da or more. The molecular weight of the polymer may be between about 100 Da and about 100,000 Da,

including but not limited to, about 100,000 Da, about 95,000 Da, about 90,000 Da, about 85,000 Da,
about 80,000 Da, about 75,000 Da, about 70,000 Da, about 65,000 Da, about 60,000 Da, about 55,000 Da,
about 50,000 Da, about 45,000 Da, about 40,000 Da, about 35,000 Da, about 30,000 Da, about 25,000 Da,
about 20,000 Da, about 15,000 Da, about 10,000 Da, about 9,000 Da, about 8,000 Da, about 7,000 Da,
about 6,000 Da, about 5,000 Da, about 4,000 Da, about 3,000 Da, about 2,000 Da, about 1,000 Da, about
900 Da, about 800 Da, about 700 Da, about 600 Da, about 500 Da, 400 Da, about 300 Da, about 200 Da,
and about 100 Da. In some embodiments molecular weight of the polymer is between about 100 Da and
about 50,000 Da. In some embodiments, the molecular weight of the polymer is between about 100 Da
and about 40,000 Da. In some embodiments, the molecular weight of the polymer is between about 1,000
Da and about 40,000 Da. In some embodiments, the molecular weight of the polymer is between about
2,000 to about 50,000 Da. In some embodiments, the molecular weight of the polymer is between about
5,000 Da and about 40,000 Da. In some embodiments, the molecular weight of the polymer is between
about 10,000 Da and about 40,000 Da. In some embodiments, the poly(ethylene glycol) molecule is a
branched polymer. The molecular weight of the branched chain PEG may be between about 1,000 Da and
about 100,000 Da, including but not limited to, about 100,000 Da, about 95,000 Da, about 90,000 Da,
about 85,000 Da, about 80,000 Da, about 75,000 Da, about 70,000 Da, about 65,000 Da, about 60,000 Da,
about 55,000 Da, about 50,000 Da, about 45,000 Da, about 40,000 Da, about 35,000 Da, about 30,000 Da,
about 25,000 Da, about 20,000 Da, about 15,000 Da, about 10,000 Da, about 9,000 Da, about 8,000 Da,
about 7,000 Da, about 6,000 Da, about 5,000 Da, about 4,000 Da, about 3,000 Da, about 2,000 Da, and
about 1,000 Da. In some embodiments, the molecular weight of the branched chain PEG is between about
1,000 Da and about 50,000 Da. In some embodiments, the molecular weight of the branched chain PEG is
between about 1,000 Da and about 40,000 Da. In some embodiments, the molecular weight of the
branched chain PEG is between about 5,000 Da and about 40,000 Da. In some embodiments, the
molecular weight of the branched chain PEG is between about 5,000 Da and about 20,000 Da. In other
embodiments, the molecular weight of the branched chain PEG is between about 2,000 to about 50,000
Da.

[00113] The term “polymer,” as used herein, refers to a molecule composed of repeated subunits. Such
molecules include, but are not limited to, polypeptides, polynucleotides, or polysaccharides or
polyalkylene glycols.

[00114] The terms “polypeptide,” “peptide” and “protein” are used interchangeably herein to refer to a
polymer of amino acid residues. That is, a description directed to a polypeptide applies equally to a

description of a peptide and a description of a protein, and vice versa. The terms apply to naturally
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of the components of the composition in which it is contained. Prodrugs are generally drug precursors
that, following administration to a subject and subsequent absorption, are converted to an active, or a
more active species via some process, such as conversion by a metabolic pathway. Some prodrugs have a
chemical group present on the prodrug that renders it less active and/or confers solubility or some other
property to the drug. Once the chemical group has been cleaved and/or modified from the prodrug the
active drug is generated. Prodrugs are converted into active drug within the body through enzymatic or
non-enzymatic reactions. Prodrugs may provide improved physiochemical properties such as better
solubility, enhanced delivery characteristics, such as specifically targeting a particular cell, tissue, organ
or ligand, and improved therapeutic value of the drug. The benefits of such prodrugs include, but are not
limited to, (i) ease of administration compared with the parent drug; (ii) the prodrug may be bioavailable
by oral administration whereas the parent is not; and (iii) the prodrug may also have improved solubility
in pharmaceutical compositions compared with the parent drug. A pro-drug includes a pharmacologically
inactive, or reduced-activity, derivative of an active drug. Prodrugs may be designed to modulate the
amount of a drug or biologically active molecule that reaches a desired site of action through the
manipulation of the properties of a drug, such as physiochemical, biopharmaceutical, or pharmacokinetic
properties. An example, without limitation, of a prodrug would be a non-natural amino acid polypeptide
which is administered as an ester (the “prodrug”) to facilitate transmittal across a cell membrane where
water solubility is detrimental to mobility but which then is metabolically hydrolyzed to the carboxylic
acid, the active entity, once inside the cell where water solubility is beneficial. Prodrugs may be designed
as reversible drug derivatives, for use as modifiers to enhance drug transport to site-specific tissues.
[00117] The term “prophylactically effective amount,” as used herein, refers that amount of a composition
containing at least one non-natural amino acid polypeptide or at least one modified non-natural amino

acid polypeptide prophylactically applied to a patient which will relieve to some extent one or more of the
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symptoms of a disease, condition or disorder being treated. In such prophylactic applications, such
amounts may depend on the patient's state of health, weight, and the like. It is considered well within the
skill of the art for one to determine such prophylactically effective amounts by routine experimentation,
including, but not limited to, a dose escalation clinical trial.

[00118] The term “protected,” as used herein, refers to the presence of a “protecting group” or moiety that
prevents reaction of the chemically reactive functional group under certain reaction conditions. The
protecting group will vary depending on the type of chemically reactive group being protected. By way of
example only, (i) if the chemically reactive group is an amine or a hydrazide, the protecting group may be
selected from tert-butyloxycarbonyl (t-Boc) and 9-fluorenylmethoxycarbonyl (Fmoc); (ii) if the
chemically reactive group is a thiol, the protecting group may be orthopyridyldisulfide; and (iii) if the
chemically reactive group is a carboxylic acid, such as butanoic or propionic acid, or a hydroxyl group,
the protecting group may be benzyl or an alkyl group such as methyl, ethyl, or tert-butyl.

[00119] By way of example only, blocking/protecting groups may be selected from:
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[00120] Additionally, protecting groups include, but are not limited to, including photolabile groups such
as Nvoc and MeNvoc and other protecting groups known in the art. Other protecting groups are described
in Greene and Wuts, Protective Groups in Organic Synthesis, 3rd Ed., John Wiley & Sons, New York,
NY, 1999, which is incorporated herein by reference in its entirety.

[00121] The term “radioactive moiety,” as used herein, refers to a group whose nuclei spontaneously give
off nuclear radiation, such as alpha, beta, or gamma particles; wherein, alpha particles are helium nuclei,
beta particles are electrons, and gamma particles are high energy photons.

[00122] The term “reactive compound,” as used herein, refers to a compound which under appropriate
conditions is reactive toward another atom, molecule or compound.

[00123] The term “recombinant host cell,” also referred to as “host cell,” refers to a cell which includes an

exogenous polynucleotide, wherein the methods used to insert the exogenous polynucleotide into a cell
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include, but are not limited to, direct uptake, transduction, f-mating, or other methods known in the art to
create recombinant host cells. By way of example only, such exogenous polynucleotide may be a
nonintegrated vector, including but not limited to a plasmid, or may be integrated into the host genome.

[00124] The term “redox-active agent,” as used herein, refers to a molecule which oxidizes or reduces
another molecule, whereby the redox active agent becomes reduced or oxidized. Examples of redox active

2+/3
T complexes, and

agent include, but are not limited to, ferrocene, quinones, Ru*”*" complexes, Co
0s”"*" complexes.

[00125] The term “reducing agent,” as used herein, refers to a compound or material which is capable of
adding an electron to a compound being reduced. By way of example reducing agents include, but are not
limited to, dithiothreitol (DTT), 2-mercaptocthanol, dithioerythritol, cysteine, cysteamine (2-
aminoethanethiol), and reduced glutathione. Such reducing agents may be used, by way of example only,
to maintain sulfthydryl groups in the reduced state and to reduce intra- or intermolecular disulfide bonds.
[00126] “Refolding,” as used herein describes any process, reaction or method which transforms an
improperly folded or unfolded state to a native or properly folded conformation. By way of example only,
refolding transforms disulfide bond containing polypeptides from an improperly folded or unfolded state
to a native or properly folded conformation with respect to disulfide bonds. Such disulfide bond
containing polypeptides may be natural amino acid polypeptides or non-natural amino acid polypeptides.
[00127] The term “resin,” as used herein, refers to high molecular weight, insoluble polymer beads. By
way of example only, such beads may be used as supports for solid phase peptide synthesis, or sites for
attachment of molecules prior to purification.

[00128] The term “saccharide,” as used herein, refers to a series of carbohydrates including but not limited
to sugars, monosaccharides, oligosaccharides, and polysaccharides.

[00129] The term “safety” or “safety profile,” as used herein, refers to side effects that might be related to
administration of a drug relative to the number of times the drug has been administered. By way of
example, a drug which has been administered many times and produced only mild or no side effects is
said to have an excellent safety profile. A non-limiting example of a method to evaluate the safety profile
is given in example 26. This method may be used for evaluating the safety profile of any polypeptide.
[00130] The phrase “selectively hybridizes to” or “specifically hybridizes to,” as used herein, refers to the
binding, duplexing, or hybridizing of a molecule to a particular nucleotide sequence under stringent
hybridization conditions when that sequence is present in a complex mixture including but not limited to,
total cellular or library DNA or RNA.

[00131] The term “spin label,” as used herein, refers to molecules which contain an atom or a group of
atoms exhibiting an unpaired electron spin (i.e. a stable paramagnetic group) that can be detected by
electron spin resonance spectroscopy and can be attached to another molecule. Such spin-label molecules
include, but are not limited to, nitryl radicals and nitroxides, and may be single spin-labels or double spin-

labels.
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[00132] The term “‘stoichiometric,” as used herein, refers to the ratio of the moles of compounds
participating in a chemical reaction being about 0.9 to about 1.1.

[00133] The term “stoichiometric-like,” as used herein, refers to a chemical reaction which becomes
stoichiometric or near-stoichiometric upon changes in reaction conditions or in the presence of additives.
Such changes in reaction conditions include, but are not limited to, an increase in temperature or change
in pH. Such additives include, but are not limited to, accelerants.

[00134] The phrase “stringent hybridization conditions™ refers to hybridization of sequences of DNA,
RNA, PNA or other nucleic acid mimics, or combinations thereof, under conditions of low ionic strength
and high temperature. By way of example, under stringent conditions a probe will hybridize to its target
subsequence in a complex mixture of nucleic acid (including but not limited to, total cellular or library
DNA or RNA) but does not hybridize to other sequences in the complex mixture. Stringent conditions are
sequence-dependent and will be different in different circumstances. By way of example, longer
sequences hybridize specifically at higher temperatures. Stringent hybridization conditions include, but
are not limited to, (i) about 5-10 °C lower than the thermal melting point (Tm) for the specific sequence at
a defined ionic strength and pH; (ii) the salt concentration is about 0.01 M to about 1.0 M at about pH 7.0
to about pH 8.3 and the temperature is at least about 30 °C for short probes (including but not limited to,
about 10 to about 50 nucleotides) and at least about 60 °C for long probes (including but not limited to,
greater than 50 nucleotides); (iii) the addition of destabilizing agents including, but not limited to,
formamide, (iv) 50% formamide, 5X SSC, and 1% SDS, incubating at 42 °C, or 5X SSC, about 1% SDS,
incubating at 65 °C, with wash in 0.2X SSC, and about 0.1% SDS at 65 °C for between about 5 minutes to
about 120 minutes. By way of example only, detection of selective or specific hybridization, includes, but
is not limited to, a positive signal at least two times background. An extensive guide to the hybridization
of nucleic acids is found in Tijssen, Laboratory Techniques in Biochemistry and Molecular Biology--
Hybridization with Nucleic Probes, “Overview of principles of hybridization and the strategy of nucleic
acid assays” (1993).

[00135] The term “subject” as used herein, refers to an animal which is the object of treatment,
observation or experiment. By way of example only, a subject may be, but is not limited to, a mammal
including, but not limited to, a human.

[00136] The term “‘substantially purified,” as used herein, refers to a component of interest that may be
substantially or essentially free of other components which normally accompany or interact with the
component of interest prior to purification. By way of example only, a component of interest may be
“substantially purified” when the preparation of the component of interest contains less than about 30%,
less than about 25%, less than about 20%, less than about 15%, less than about 10%, less than about 5%,
less than about 4%, less than about 3%, less than about 2%, or less than about 1% (by dry weight) of
contaminating components. Thus, a “substantially purified” component of interest may have a purity level

of about 70%, about 75%, about 80%, about 85%, about 90%, about 95%, about 96%, about 97%, about
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about 3%, less than about 2%, or less than about 1% (by dry weight) of contaminating material. By way of
example when a natural amino acid polypeptide or a non-natural amino acid polypeptide is recombinantly
produced by host cells, the natural amino acid polypeptide or non-natural amino acid polypeptide may be
present at about 30%, about 25%, about 20%, about 15%, about 10%, about 5%, about 4%, about 3%,
about 2%, or about 1% or less of the dry weight of the cells. By way of example when a natural amino
acid polypeptide or a non-natural amino acid polypeptide is recombinantly produced by host cells, the
natural amino acid polypeptide or non-natural amino acid polypeptide may be present in the culture
medium at about 5g/L, about 4g/L, about 3g/L, about 2g/L, about 1g/L, about 750mg/L, about 500mg/L,
about 250mg/L, about 100mg/L, about 50mg/L, about 10mg/L, or about 1mg/L or less of the dry weight
of the cells. By way of example, “substantially purified” natural amino acid polypeptides or non-natural
amino acid polypeptides may have a purity level of about 30%, about 35%, about 40%, about 45%, about
50%, about 55%, about 60%, about 65%, about 70%, about 75%, about 80%, about 85%, about 90%,
about 95%, about 99% or greater as determined by appropriate methods, including, but not limited to,
SDS/PAGE analysis, RP-HPLC, SEC, and capillary electrophoresis.

9 ¢

[00137] The term “substituents™ also referred to as “non-interfering substituents” “refers to groups which
may be used to replace another group on a molecule. Such groups include, but are not limited to, halo, C;-
Cyo alkyl, C,-Cyp alkenyl, C,-Cyo alkynyl, C;-Cy alkoxy, Cs-C, aralkyl, C;-C;, cycloalkyl, C4-C,
cycloalkenyl, phenyl, substituted phenyl, toluolyl, xylenyl, biphenyl, C,-C,, alkoxyalkyl, Cs-Ci,
alkoxyaryl, Cs-C, aryloxyalkyl, C;-Cy; oxyaryl, C;-C¢ alkylsulfinyl, C,-Cg alkylsulfonyl, -(CHj),-O-(C;-
Cyo alkyl) wherein m is from 1 to 8, aryl, substituted aryl, substituted alkoxy, fluoroalkyl, heterocyclic
radical, substituted heterocyclic radical, nitroalkyl, -NO,, -CN, -NRC(0)-(C;-Cy alkyl), -C(O)-(C;-Cyo
alkyl), C,-Cy alkthioalkyl, -C(O)O-(C;-C; alkyl), -OH, -SO,, =S, -COOH, -NR,, carbonyl, -C(O)-(C;-
Cyo alkyl)-CF;, -C(0)-CF;, -C(O)NR,, -(Ci-Cyg aryl)-S8-(Cs-Cyp aryl), -C(0)-(Cs-Cjp aryl), -(CHy),-O-
(CH3)-0-(C-Cyp alkyl) wherein each m is from 1 to 8, -C(O)NR,, -C(S)NR,, -SO;NR,, -NRC(O)NR,, -
NRC(S)NR,, salts thereof, and the like. Each R group in the preceding list includes, but is not limited to,
H, alkyl or substituted alkyl, aryl or substituted aryl, or alkaryl. Where substituent groups are specified by
their conventional chemical formulas, written from left to right, they equally encompass the chemically
identical substituents that would result from writing the structure from right to left; for example, -CH,0O-

is equivalent to —OCHj,-.

33



1002061 I n certain enbodi nents of conmpounds of Formula (I11), alkylene is
-CH2-, --CH2CH2-, -- CH2CH2CH2-, -CH2CH2CH2CH2-, - CH2CH2CH2CH2CH2-,

- CH2CH2CHRQHBOHBEHE2- , CH2CH2 CH2CH2CH2 CH2CH2- , - CH2 CH2 CH2 EER W2@RIDSHBECH? - |
CH2 CH2 CH2 CH2 CH2 CH2 CH2 CH2 CH2- , - CH2 CH2 CH2 CH2 CH2 CH2 CH2 CH2 CH2 CH2 -

CH2CH2 CH2 CH2 CH2 CH2 CH2 CH2 CH2CH2CH2- ,  or

compourIe BT RS & LYy s or g Gt Gty SUBOAy TR By groupy

13, 14 refeed 16as alKyled®, alkefyl, A@gro@kyleik? het@®@alkgny], AkynyR Gyclaalkyl28eterd@yclodlhyl, 31,

32, 33’cy§1€’alke§1§l, al”lscphete?’(?cyclgﬁkenyl) includes, but is not limited to: -OR, =0, =NR, =N-OR, -NR,, -SR, -
halogen, -SiR3, -OC(O)R, -C(O)R, -CO;R, -CONR;, -OC(O)NR,, -NRC(O)R, -NRC(O)NR;, -NR(O):R, -
NR-C(NR;)=NR, -S(O)R, -S(O),R, -S(O),NR,, -NRSO;R, -CN and —-NO,. Each R group in the preceding
list includes, but is not limited to, hydrogen, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted aryl, including but not limited to, aryl substituted with 1-3 halogens, substituted or
unsubstituted alkyl, alkoxy or thioalkoxy groups, or aralkyl groups. When two R groups 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; is meant to include, but not be limited to, 1-pyrrolidinyl and 4-morpholinyl.
[00139] By way of example, substituents for aryl and heteroaryl groups include, but are not limited to, -
OR, =0, =NR, =N-OR, -NR,, -SR, -halogen, -SiR;, -OC(O)R, -C(O)R, -CO;R, -CONR,, -OC(O)NR,, -
NRC(O)R, -NRC(O)NR;, -NR(O);R, -NR-C(NR,)=NR, -S(O)R, -S(O).R, -S(O),NR,, -NRSO,R, -CN, —
NO,, -R, -N3, -CH(Ph),, fluoro(C,-C,)alkoxy, and fluoro(C;-Cs)alkyl, in a number ranging from zero to
the total number of open valences on the aromatic ring system; and where each R group in the preceding
list includes, but is not limited to, hydrogen, alkyl, heteroalkyl, aryl and heteroaryl.
[00140] The term “therapeutically effective amount,” as used herein, refers to the amount of a composition
containing at least one non-natural amino acid polypeptide and/or at least one modified non-natural amino
acid polypeptide administered to a patient already suffering from a disease, condition or disorder,
sufficient to cure or at least partially arrest, or relieve to some extent one or more of the symptoms of the
disease, disorder or condition being treated. The effectiveness of such compositions depend conditions
including, but not limited to, the severity and course of the disease, disorder or condition, previous
therapy, the patient’s health status and response to the drugs, and the judgment of the treating physician.
By way of example only, therapeutically effective amounts may be determined by routine
experimentation, including but not limited to a dose escalation clinical trial.
[00141] The term “thioalkoxy,” as used herein, refers to sulfur containing alkyl groups linked to molecules
via an oxygen atom.
[00142] The term “thermal melting point” or Tm is the temperature (under defined ionic strength, pH, and
nucleic concentration) at which 50% of probes complementary to a target hybridize to the target sequence
at equilibrium.
[00143] The term “toxic moiety” or “toxic group” as used herein, refers to a compound which can cause
harm, disturbances, or death. Toxic moieties include, but are not limited to, auristatin, DNA minor groove
binding agent, DNA minor groove alkylating agent, enediyne, lexitropsin, duocarmycin, taxane,
puromycin, dolastatin, maytansinoid, vinca alkaloid, AFP, MMAF, MMAE, AEB, AEVB, auristatin E,
paclitaxel, docetaxel, CC-1065, SN-38, topotecan, morpholino-doxorubicin, rhizoxin, cyanomorpholino-

doxorubicin, dolastatin-10, echinomycin, combretatstatin, chalicheamicin, maytansine, DM-1, netropsin,
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podophyllotoxin (e.g. ectoposide, teniposide, etc.), baccatin and its derivatives, anti-tubulin agents,
cryptophysin, combretastatin, auristatin E, vincristine, vinblastine, vindesine, vinorelbine, VP-16,
camptothecin, epothilone A, epothilone B, nocodazole, colchicines, colcimid, estramustine, cemadotin,
discodermolide, maytansine, eleutherobin, mechlorethamine, cyclophosphamide, melphalan, carmustine,
lomustine, semustine, streptozocin, chlorozotocin, uracil mustard, chlormethine, ifosfamide, chlorambucil,
pipobroman, triethylenemelamine, triethylenethiophosphoramine, busulfan, dacarbazine, and
temozolomide, ytarabine, cytosine arabinoside, fluorouracil, floxuridine, 6-thioguanine, 6-
mercaptopurine, pentostatin, 5-fluorouracil, methotrexate, 10-propargyl-5,8-dideazafolate, 5,8-
dideazatetrahydrofolic acid, leucovorin, fludarabine phosphate, pentostatine, gemcitabine, Ara-C,
paclitaxel, docetaxel, deoxycoformycin, mitomycin-C, L-asparaginase, azathioprine, brequinar, antibiotics
(e.g., anthracycline, gentamicin, cefalotin, vancomycin, telavancin, daptomycin, azithromycin,
erythromycin, rocithromycin, furazolidone, amoxicillin, ampicillin, carbenicillin, flucloxacillin,
methicillin, penicillin, ciprofloxacin, moxifloxacin, ofloxacin, doxycycline, minocycline, oxytetracycline,
tetracycline, streptomycin, rifabutin, ethambutol, rifaximin, etc.), antiviral drugs (e.g., abacavir, acyclovir,
ampligen, cidofovir, delavirdine, didanosine, efavirenz, entecavir, fosfonet, ganciclovir, ibacitabine,
imunovir, idoxuridine, inosine, lopinavir, methisazone, nexavir, nevirapine, oseltamivir, penciclovir,
stavudine, trifluridine, truvada, valaciclovir, zanamivir, etc.), daunorubicin hydrochloride, daunomycin,
rubidomycin, cerubidine, idarubicin, doxorubicin, epirubicin and morpholino derivatives, phenoxizone
biscyclopeptides (e.g., dactinomycin), basic glycopeptides (¢.g., bleomycin), anthraquinone glycosides
(e.g., plicamycin, mithramycin), anthracenediones (e.g., mitoxantrone), azirinopyrrolo indolediones (e.g.,
mitomycin), macrocyclic immunosuppressants (e.g., cyclosporine, FK-506, tacrolimus, prograf,
rapamycin etc.), navelbene, CPT-11, anastrazole, letrazole, capecitabine, reloxafine, cyclophosphamide,
ifosamide, droloxafine, allocolchicine, Halichondrin B, colchicine, colchicine derivatives , maytansine,
rhizoxin, paclitaxel, paclitaxel derivatives, docetaxel, thiocolchicine, trityl cysterin, vinblastine sulfate,
vincristine sulfate, cisplatin, carboplatin, hydroxyurea, N-methylhydrazine, epidophyllotoxin,
procarbazine, mitoxantrone, leucovorin, and tegafur. “Taxanes” include paclitaxel, as well as any active
taxane derivative or pro-drug.

[00144] The terms “treat,” “treating” or “treatment”, as used herein, include alleviating, abating or
ameliorating a disease or condition symptoms, preventing additional symptoms, ameliorating or
preventing the underlying metabolic causes of symptoms, inhibiting the disease or condition, e.g.,
arresting the development of the disease or condition, relieving the disease or condition, causing
regression of the disease or condition, relieving a condition caused by the disease or condition, or stopping
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the symptoms of the disease or condition. The terms “treat,” “treating” or “treatment”, include, but are not
limited to, prophylactic and/or therapeutic treatments.
[00145] As used herein, the term “water soluble polymer” refers to any polymer that is soluble in aqueous

solvents. Such water soluble polymers include, but are not limited to, polyethylene glycol, polyethylene
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glycol propionaldehyde, mono C;-Cyo alkoxy or aryloxy derivatives thereof (described in U.S. Patent No.
5,252,714 which is incorporated by reference herein), monomethoxy-polyethylene glycol, polyvinyl
pyrrolidone, polyvinyl alcohol, polyamino acids, divinylether maleic anhydride, N-(2-Hydroxypropyl)-
methacrylamide, dextran, dextran derivatives including dextran sulfate, polypropylene glycol,
polypropylene oxide/ethylene oxide copolymer, polyoxyethylated polyol, heparin, heparin fragments,
polysaccharides, oligosaccharides, glycans, cellulose and cellulose derivatives, including but not limited
to methylcellulose and carboxymethyl cellulose, serum albumin, starch and starch derivatives,
polypeptides, polyalkylene glycol and derivatives thereof, copolymers of polyalkylene glycols and
derivatives thereof, polyvinyl ethyl ethers, and alpha-beta-poly[(2-hydroxyethyl)-DL-aspartamide, and the
like, or mixtures thereof. By way of example only, coupling of such water soluble polymers to natural
amino acid polypeptides or non-natural polypeptides may result in changes including, but not limited to,
increased water solubility, increased or modulated serum half-life, increased or modulated therapeutic
half-life relative to the unmodified form, increased bioavailability, modulated biological activity, extended
circulation time, modulated immunogenicity, modulated physical association characteristics including, but
not limited to, aggregation and multimer formation, altered receptor binding, altered binding to one or
more binding partners, and altered receptor dimerization or multimerization. In addition, such water
soluble polymers may or may not have their own biological activity.

[00146] Unless otherwise indicated, conventional methods of mass spectroscopy, NMR, HPLC, protein
chemistry, biochemistry, recombinant DNA techniques and pharmacology, within the skill of the art are
employed.

[00147] Compounds, (including, but not limited to non-natural amino acids, non-natural amino acid
polypeptides, modified non-natural amino acid polypeptides, and reagents for producing the
aforementioned compounds) presented herein include isotopically-labeled compounds, which are identical
to those recited in the various formulas and structures presented herein, but for the fact that one or more
atoms are replaced by an atom having an atomic mass or mass number different from the atomic mass or
mass number usually found in nature. Examples of isotopes that can be incorporated into the present
compounds include isotopes of hydrogen, carbon, nitrogen, oxygen, fluorine and chlorine, such as “H, *H,
Bc, Mc, PN, o, 0, *¥s, F, *cl, respectively. Certain isotopically-labeled compounds described
herein, for example those into which radioactive isotopes such as *H and "“C are incorporated, are useful
in drug and/or substrate tissue distribution assays. Further, substitution with isotopes such as deuterium,
i.c., “H, can afford certain therapeutic advantages resulting from greater metabolic stability, for example
increased in vivo half-life or reduced dosage requirements.

[00148] Some of the compounds herein (including, but not limited to non-natural amino acids, non-natural
amino acid polypeptides and modified non-natural amino acid polypeptides, and reagents for producing
the aforementioned compounds) have asymmetric carbon atoms and can therefore exist as enantiomers or

diastereomers. Diasteromeric mixtures can be separated into their individual diastercomers on the basis of
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For mul amGl)QWI) R2 is ribonucleic acid (RNA). WO

2012/ 166559PCT/ US2012/ 039468 [00220] I n certai n enbodi ments of conpounds of

Formula (XXXVI1),\ BA i SBﬁﬂiﬁﬁE@éRh‘ﬁ@l\FbFﬂh@BRAWﬁ' ng of: (i)Ais

substituted | ower al kyl ene, C4-arylene, substituted aréqene het er oaryl ene,
subst i t[&‘!léalﬂ@meveééﬂas}areéﬁéthemvmwla@rﬁét, fohypyish partiewdatitaing ppersied claims] Ryl ene,

or su bsl)teitér'"ﬂﬁl@éilstﬁ{dﬁlgw{@ R&tures and advantages of the present invention will be obtained by reference
to the following detailed description that sets forth illustrative embodiments, in which the principles of the

invention are utilized, and the accompanying drawings of which:
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B is optional, and when present is a divalent |inker selected fromthe
group consisting of |ower al kylene, substituted |ower alkylene, |ower
al kenyl e 201286350 ut ed | ower al kenyl ene, -0-, -0-(al kylpemasSeo129843s8 i t ut ed
al kylene)-, -S-, -S(0)-, -S(0)2-, -NS(0)2-, - 0O5(0)2-, -C(0)-,

-C(0)-(al kyl ene or substituted al kylene)-, -C(S)-, -N(R)-, -C(O)N(R) -

SN SR YL S0P p Aer R ki %@%{0@@9% W@@QH%(%@) Co- (al kyl ene

-S(0) 2N|Q‘R'6])],F1gLN( Rpl)e@@tﬁ)al‘gr@h)cal 111usN@1R5n)@@S)eNQr%s)on of AN@-HeyZS(a@)IN( &Et@rmlned by
-N(R )%q%éw -N(R)- N5, -C(R)=NNR)-, -C(R)=N-N=, -C(R)2-N=N,
and - - (1 S)-N(F\’)-; (ii) Ais optional, and when present is

substi t[QQlédl] Higmed pabdatslaegmaphic@4estrytiend thesyirstsionof dti-dkey enents detdrmmedby| ene,
substit t g);%r oaryl ene, al karyl ene, substituted al karyl ene, aral kyl ene,
or substl ute aral kylene; Bis a divalent linker selected fromthe group
consi st[DMZHﬁgdr@MIreseatsla)gr@h@al iHusbstiantafthedell prbferatibk ydseneith HoWd PSebrkeshy| ene,

substi t?%%%éllq“é?%j @Aoﬁ%&{éﬁ@ﬁ%de&a& 0- (al kyl ene or substituted al kyl ene) -

-S-, 0 2-, -C(0)-, -C(0)-(al kyl ene or
subst i t00%ksal Faguky § ereecnts a graphiglillustrhfidR O)flhe an@{/f@S) cNi(th oell proli@EMeRaysay altkC€ne or
bstit I - - - - (al kyl bstituted
o et o g AR (L) 1 R
- NE g g QOONGRLFrREUYe § prepdniR 2) gB(pBle(iFusjration-oXifHR apgy0y Nglﬁ I\T):ellikpmliﬁ(”;ﬂ‘))l 8(:ay M R ) -
- - ") = .- = an
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-C(R) 2- il ower al kylene; B is optional, and when
pr esentl0016SH iglirey 2 brssents| 2 gidphicalg Bysgratianchf theamlydieofdghangp podifisitoniassgy with | ower

al kyl er*ﬁ(o@gp)g&ﬁagl %&% E\ﬁﬁg arfl ki, b-tL:L08 fug@t&re”y' ene, substituted | ower

al kenyl ene ene or substitute kyl ene)-, -S-, -5(0)-,
-S(0) 2 [00 LRI D)8 presenm(@@)pzwal illggration, of 1he@0ylyyisadkld asH eradiferafigh stsey witk NDA-

al kyl engy-y 88 B%és‘?’%:an’cercl\{(l Rlﬁ)\?(n& %%%ng(nger ¢ 1&‘[@%’2‘( R)-, -CON(R)-(al kyl ene or

substltute S) -, SO)N(R') -S(0)2N(R ),
-N(R') @WWWQ ? PRN(HW 8)AB(pS)cN(iRsjration-dRHR apgy<0 ‘l’*ﬂ(ﬂR Gpll prolifiRitin pSEOVRNVRA--
-N(R) l%?lé6 %&L?ﬁnl\lér%gga({tras %Iﬁb)-toﬁl' gateg R )2-N=N-, and

C(R)2- ene Blsadlvalent | i nker
sel ect d@0¥6BBhngurh &) gressutp acgmmblp@nliluatyatmh of wwver V@iumcyhﬂeweremsmdsﬁm 1 afteed sihgokr

o Vo 381 TaRLB OSSRy S B RAER L RUF G RIS, 00 - 05 ene
~5(0) 2- [oommm,y@n PreGEs @52y formad O fo m@@m trésaikylefisked dobsiit detivittings

al kyl e -C(O)N(R )-, -CON(R )-(al kylene or substituted
al kyl e%glcematl%%%%b atls\grgﬁ( R ) CO- (al kyl ene or substituted al kyl ene) -

N( R ) C(100109] Figuxg R prexesy graphig(l dljuniiaRlops of-sg@)c2heRrjtions (W&RIL) Of GysNZzRnYb-1 hnked
N(R N(R )S(0) 2N( R -N(R ) - N=,

MR ) SRR e i SEARN Ridgiy S A Ol TR ) 2 MR ) N(R ) -
eac h R [09151] glap Ehpteyents ¢ grdphigd] klwstratwn 0§ seygn Fangeredtiers Kyd/mLRAf trastugypiab ik
and whep,| g&%?&é?&aude%ﬂér flﬂ%t ?\glﬁé%n I %ﬁ%bs@?d&éc?s% 1de§% dﬂ \}Jﬁ%qhg%rb‘#%' d,

pol ypepti or polynuc i's optlona en present, is
OH, anre®per. protecting group, resin, amno acid, polypeptide, or

poly nuc[h@ﬁ&] ﬂﬁire ngjresents a graphical illustration of of serum concentrations (ng/mL) of trastuzumab-
linked dolastatin derivatives after [V injection. The in vivo stability measurements detect at least two
dolastatin derivatives linked to rastuzumab.
[00173] Figure 15 presents graphical illustrations of the change in rat body weight and tumor volume after
treatment with trastuzumab-linked dolastatin derivatives.
[00174] Figure 16 presents graphical illustrations of anti-tumor efficacy of trastuzumab, Her2-HS122-
NCD1 and Her2-HS122/L.K145-HCD1 against established tumors of HCC1954 in SCID-bg mice. Mice
were administered a single IV injection on day 1 (arrow). Data points represent group average tumor

volume and error bars represent standard error of the mean (SEM).
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each R3 and R4 is independently H, hal ogen, |ower alkyl, or substituted

|l ower alkyl; Ris H alkyl, substituted al kyl, cycloal kyl, or substituted
cycl oal kywQ 2p0@255pl n addi ti on, am no aci ds havi ng t he fCToStuza3whs For nul a
(XXXVI11) are included: (XXXVI1I1), wherein: Ais optional, and when
present is |ower alkylene, substituted | ower al kyl ene, | ower cycl oal kyl ene,
substi t I

a1 enyl e TARAPELT LR MM A ACTE B R Ry TR RS i
| ower h@t@@ﬁ@?ﬁmﬁalByﬁ@ﬁkﬂﬁ@m®§ﬂimukéd Iomer het er ocycl oal kyl ene, aryl ene,
substit r karyl.ene,
subst i tPe] R e LD RIS BronS ARl BFHcE) ORI ENEer N
opt i onahg MRAG6 WMER2 Breas €htt) Xesogaafl inpdebr sel ected from the group consisting
of | ower al kylene, substituted | ower alkylene, |ower alkenyl ene,
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C(R )2 aN@Fhe)mm(lFalf)mS bogherred thegety. R i s i ndependently H, al kyl, or’
substituted pl. lkn,E is H alkyl, substituted al kyl, cycloalkyl, or
substituted cyc f yl; RLis H an amno protecting group, resin, at |east
one anilfdl 7&kﬂed¢ntlpodn>ﬁpemy ), teainolpgl iy heqirefoinisdencealmd bedRZeposteQhyhicdipresib@rto
protectj,

pol ynuc %gﬂgmof ﬁ% lﬂml‘gagétllss%%t% atA"Gi t}g‘glegs%e&ﬁé ﬂ'l 1%%%)@? ngg?e’ms E%ecﬁicallya d
t hat vx/rrew wnmsnen(scljlalzg heen agdqdsto rilag proteM—l@()@)l@@W@@)nery eindie pt@mryvv}n éhchiriand B
are abs t R /S, .not I u | be |

Form ot Eaf 1 SR iy P 1h by 00 SRk 52 o8I B he BullRbec S b
oIypepknﬁameddlyﬂewﬁmpdkgsabdﬁwlwd@ pﬁﬂyﬁﬁdl@@@DHGWMddhaptmmhalﬂw

sost TS ST oACRRR LD O il T S TR

chemical, physical or biological properties, including photoaffinity labels and photoisomerizable amino

acids, keto amino acids, and glycosylated amino acids have been incorporated efficiently and with high
fidelity into proteins in E. coli and in yeast in response to the amber codon, TAG, using this methodology.
Studies have demonstrated that it is possible to selectively and routinely introduce chemical functional
groups that are not found in proteins, that are chemically inert to all of the functional groups found in the
20 common, genetically-encoded amino acids and that may be used to react efficiently and selectively to
form stable covalent linkages.
1I. Overview

[00179] At one level, described herein are the tools (methods, compositions, techniques) for creating and
using dolastatin linker derivatives or analogs comprising at least one carbonyl, dicarbonyl, oxime,
hydroxylamine, aldehyde, protected aldehyde, ketone, protected ketone, thioester, ester, dicarbonyl,
hydrazine, azide, amidine, imine, diamine, keto-amine, keto-alkyne, alkyne, cycloalkyne, or ene-dione.
At another level, described herein are the tools (methods, compositions, techniques) for creating and using
dolastatin linker derivatives or analogs comprising at least one non-natural amino acid or modified non-
natural amino acid with an oxime, aromatic amine, heterocycle (e.g., indole, quinoxaline, phenazine,

pyrazole, triazole, etc.).
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Bis alinker selected fromthe group consisting of |ower alkylene,
substituted | ower al kyl ene, |ower al kenyl ene, substituted | ower al kenyl ene,
| ower hetwocalXgbssne, substituted | ower heteroal kyl ene, PCOAIS201008%bK Y| ene
or substituted al kylene)-, -S-, -S-(alkylene or substituted al kyl ene) -,
-S(0) k- where k is 1, 2, or 3, -S(0)k(al kyl ene or substituted al kyl ene) -
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R e T e
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-S(0 . Stqint
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group, resin, amno acl pol ypeptide, or polynucleoti
est er preotieetlh pgnagndedimentssthatoxgy nbthadnked texad grperp trihdeadnanistorst ymmelnemhode

human, is reduced or eliminated compared to the free toxic group or toxic group derivatives comprising
labile linkages, while retaining pharmacological activity. In some embodiments, increased doses of the
linked toxic group (e.g., dolastatin linker derivatives, non-natural amino acid linked dolastatin derivatives)
may be administered to animals or humans with greater safety. In certain embodiments, the non-natural
amino acid polypeptides linked to a toxic moiety (e.g., dolastatin derivative) provides in vitro and in vivo
stability. In some embodiments, the non-natural amino acid polypeptides linked to a toxic moiety (e.g.,
dolastatin-10 derivative) are efficacious and less toxic compared to the free toxic moiety (e.g., dolastatin-
10).
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WO 2012/ 166559PCT/ US2012/ 039468 each Ra is independently selected fromthe
group consisting of H, hal ogen, alkyl, substituted alkyl, - N(R)2,

-C(0) kR wbene/i66358 1, 2, or 3, -C(O)N(R )2, -OR, and PErQ)SER2/03Mber e each
R is independently H alkyl, or substituted alkyl; and nis O to 8 wth a
proviso that when Ais -(CH2)4-, B is not -NHC(0)(CH2CH2)-. Such
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- C(9) -, (in-vB(iS) cafarhutayek @in @olgpeps dds Sttaly ter tlesiknad, syhtizased, charddtdrizyd a,ndﬁoNR'stedg)aJlr bglsleéne
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- N(R ) Gougtardeloy h &nevroor mithly chawtcedzal [k)WpepTei)z- By why({ & x&ple Oaly, d(ﬁ(sﬁl)lk NesFOeen ,
-N(R 0 - -N(R NCR.).- N S(OKNR ). -NR)-
] CE R g Sﬁi %ull}ljgeg(%lr)\tezlﬁf &Rlﬁ) ?C)gt, % _sc((ﬂjnﬂ}'lj: L rﬁy% &akr f%‘gq&lﬁ Tnaéfiﬁé des}gnel\!d: based on the
C(R ) 2-sM(&Rurp-oRidRagtatin. Whe pencgdefoRseldcngd Wtiieh)emdmmbid&s) H; sublstﬁttytb an@pr modify are
substi t it egeda slelﬁé/rat’e %%I‘C{ > chg{c]:e% glg‘hgl &1 %9%411 Q(gengp %3% also r1 e grle{r]loan Cclarcli

pol ypept e ynuc eo% an e
resin, temsaico aremdhe mﬂyopélptexmmemar @Eahy niec | Seol habds maﬁmchd@bnt-ananm rha;htedim, no
aci ds nay. a.salt neor por ate

non- nat s 6ﬁu?a‘u tfleh?hera eurpc effectn{e.nass ' of© {hF )P msylpep%cfe Tm aggﬂ%r o éafg]% pr(?ﬁle of the

pol ynuglogptptde, atdmsmgt |t®naalhinynapcdsrtetltsn apislhaacpbgad; I gndhmdplﬁarm@hodfr@ﬁm 7Pf nthe

?S(S(IXE(II ?p)r(])lygepqedle nscuf:u it é(]by way otn exampie onlyrf]ai\r{(lzrg 1nEg h\gatesrt srohllg}hl’flylf’, %i(%]:laiﬁgﬁigfl,] lir‘?éreasing
serum half-life, increasing therapeutic half-life, modulating immunogenicity, modulating biological
activity, or extending the circulation time. In addition, such modifications include, by way of example
only, providing additional functionality to the polypeptide, incorporating an antibody, and any
combination of the aforementioned modifications.
[00186] Also described herein are dolastatin linker derivatives that have or can be modified to contain an
oxime, carbonyl, dicarbonyl, or hydroxylamine group. Included with this aspect are methods for
producing, purifying, characterizing and using such dolastatin linker derivatives
[00187] The dolastatin linker derivative may contain at least one, at least two, at least three, at least four,
at least five, at least six, at least seven, at least cight, at least nine, or ten or more of a carbonyl or
dicarbonyl group, oxime group, hydroxylamine group, or protected forms thereof. The dolastatin linker
derivative can be the same or different, for example, therecanbe 1,2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14,
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wherein, B is optional, and when present is a |linker selected fromthe

group consisting of |ower al kylene, substituted |ower alkylene, |ower
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-S-(al kyl ene or substituted al kyl ene)-, -S(0)k- where k is 1, 2, or 3,

SO . TS S s S oS0 2B 1

substlﬂatéﬁlaﬂﬁykeméﬂS 19; N[, Bt tpere diffgRént (cadtivy benps. or substltuted al kyl ene) -,
-C(O)N(R )-, -CON(R )-(al kylene or substituted al kylene)-, -CSN(R ) -,

- CSN(R) - (al kyHen@rugture uprst i Syutheds adfk Rodayeiyin, LitkeR P@@wctadskyEleﬂer)pbrhc and
substituted al kyl ene) -, MRPI@cD@ups - S(O)KN(R )-, -N(R )C(0)N(R)

gg g g %NOQ‘I)&E*[%_IQ atin dy(ngtﬂre?(\gl }}(lhlﬁ(gs )co%?mm%lg %E]M: 3/1amlé;(% B%IQO % ?rgglgg)é(ﬁ&}h%ﬁg) d

i ndepe r?éleWtfmyrethlmaWb b vaidaty stiddeatriophitiegroaitskty fermRroniy s (@rickyting bytumyd dimited td
o orp, AP BrbecO LA L (oL08 il ool R T Ry EREERL 0
ester mnmne@t ysdpoplribicity, Ofrté@ APINOGXH AOURA OFIENIts pbtwmqitqffél@enﬂmranéétlyﬁwellyeﬁtﬁ de;
59 WO 6 I
el et &4 T S P Rae b RESAeC A, WO D £RBET 1Ry)3 P HERERASTS onpyy
-N(R) zaldehﬂe@plkcﬂher\mf@ﬁ@naﬂ( gliogpsIwitlpsimiar cBemical GFny(iR. )/\Qlereame resglhef reagfion) WRh
o et Al b KFOSALGOH: B by o SHERELLRCL SN o i
i nlcor poxf gtl @ehinogx o g@zum@frlfhmaaathgaﬂt a;ldln@*b%nyi @lormltlygaflmm dech asobyyway of exampie a
pol ysa ¢
ot 11 6510 Poa g, &, AT R Lk e AR AR SR BT 1T O
wher ei rdogsietin d@m@md\gltlaﬂlek%pwmmwﬂgyaranmm atiyot et tcedoallope iadpwl foy linkind oKy |
prot eCtIﬁ(Qecu%Qt kfﬁn%grcl;lgad@rmoﬂore%tg)trl§c¥eeéj a1n§jd 86"15113 Q X oa(ﬂﬁtﬁ)tng Cta@iﬁe al‘lszlrea Irﬁﬁég%lé
t hereof, or may be’incorporate 0’a non-natu am no aci d pol ypepti de,
polyneﬂwdgﬁmy@aﬁéhhrlde or a pol ynucl eotide and optlona!ly post _
ey g PRARHLY 7oL b0 LA o Lo L ALY D RSO BGR s
B--- RE hyrqalamis( xiddsdv) prowattet eldehyds lictongppiiotseiad kelaned thibesterprsesedicarbasyia
| over 4D By ariam e T (D KEBATR, KA’ P on @ RO o ARG kb 8
het er odiyRipkdpmine-dikip grqup dWé@X | hasegactinaty evimbr Kty | aghpesiroxy@mine. o Md/ Isestrarctorally
G L iy e Ly YT
- C( 0) - ,hydigsylemme | gmms( @} 2 prot@(ff@) wp%%mm@ 9ups (et thas erdaca}flréylsmm@} to a’
oL kbt ey B ot SHNLERE . L) 1O, i en
a|’\|k>F/\y| )e ggynprlsegfgﬁﬂ R}/ nes or?{{lqﬂty{lesg aﬂqlgk|d|@lﬁséat§§1rhtggtN)@gWth(fp%?lggﬁq(g,qg?)g??(dil(h;w;lg
I’ stituted al Kyl ene -,
N R ) SR e"%gmgﬂﬁqso N ) N(R)S(0) kN(R ) -, -N(R)-
-C(R)=N-, -C(R) N—N(R'Npe sms C(RY 2- NEN- . and

R7 O /\ Me OMeO%

Z has the structure of:

Re

cVé\(KAr

Rs

wherein:

Rsis H, CORg, Ci-Cgalkyl, or thiazole;
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CR)2-N(R )-N(R )-, where each R is independently H, alkyl, or
substituted alkyl; Ris H alkyl, substituted al kyl, cycl oal kyl, or

subst i t utwo 201xieammb kyl ; WO 2012/ 166559PCT/ US2012/ 039468 PRI/US301R(03%68 am no
protecting group, resin, amno acid, polypeptide, or polynucleotide; and R2
is OH an ester protecting group, resin, amno acid, polypeptide, or

pol ynucl eot i de; off2 i's independently selected fromthe group consisting
of H, hal ogen, alKyl, &substituted alkyl, - N(R )2, -C(0)kR where k is 1,
2, or 3, -C(O)R¢RORr H;OR , and -S(0)kR , where each R is independently H,
al kyl, or substi J. and nis O to 8. Such non-natural am no acids
may be in the %*HS#\%%&I%]@%F??’ or may be incorporated into a non-natural

am no aci d pbliypepsikgbgr hydiogemer , pol ysacchari de, or a pol ynucl eoti de and
optional ly t i I i fi 0 | owi ng
am no acids Ingrﬁe yﬁlfog;fl%%%%:&&%Jl,ng\%ﬁgdg@;{r%t%ég%dC%Qe%%bLédfr;]h Z&g{reéte(gp??nggtg F}S%r m no
prot ect ed, opt rtamadi¢agbongl hokazineprzolecatidids, iopie daaihé, ketarmimie, bﬂt@alémeedkmd
car boxyl prot e&;c?o%k U oSkt hereof, or may be incorporated into a
non-natural amno acld nI eptl de, poI ymer, polysaccharide, or a

pol ynucl eot M&@hﬁbﬂ@pbﬂﬁﬂbﬁt@ @hsatlkythn&ﬂghétl onally nodified. [00231]In
addition to ”DF%C%HQ %reét&rtﬂ idie non-natural am no acids described
herein may inc e gr S suc |car onyl , dicarbonyl |ike, nmasked

di car bciwgh ddmtprlmk@deewumsomydwriy thegfpiu pfsa safiopr regyrepharpordtal iftolal rowninaigral
am no (o] re. ; - :
..... . RPN BT Sl b BB R SRty
pr esentmédifiddower al kyl ene, substituted | over aI kyl ene, | ower cycl oal kyl ene,
substi t I y. e .

a1 Kony 1 3 B B B0k Y b R Sl B o Bl

| ower rﬁatbedlmﬁyts IOijad)Img/duedﬁeof Foabgle i().uR ed hl\/@\ﬂefm hlatcertoe yobeshinkngd eﬁn@mpamyls efie,

ubst ity o B el AR IR Bagror3h B3| WA AR LENE pe BT

opt | ona{0019éHd mknemnpwéis@nts, iYsisaadidenk &r othel embetiméntpny tlh@y@oaik»plecolmswsclﬁng
'inb%%xl%\éﬂt?r{ﬁec %/1} it JcRM@Jf al kyl ene, | ower al kenyl ene,

subst itute

ower ene, ower het er oal kyl ene, WO
2012/ 166559P 2012/ 039468 substituted | ower heteroal kyl ene, -0-,
-0- (al kyl ene| or substl tuted al kylene)-, -S-, -S-(al kylene or substituted

al kyl ene) - \S(| k- where k is 1, 2, or 3, -S(0)k(al kyl ene or substituted
al kyl ene) -, - QRQ)s , NS(0) 2-, -O8( 0) 2-, -C(0)-(al kyl ene or substituted

al kylene)-, -C(S)-, -C(9S -(aI kyl ene or substituted al kylene)-, -N(R)-
-NR - (al kyl eoneh Rp lssm@smd@mt‘@dlem@mﬁ@)grouch)(S@)lw & §1=Cs allwq@sy&()m R5}¢rene

ot SR oy By R A Py e
-S(0)kN(R ) - alk[(lR'n’n@( @)(N(spé'f()mc acld\EIRy ndtfogbagieten), sul onyl ester, halosulfonyl, mtrlle
alkyl nitrile, and nitro; and
qis0,1,2,3,4,5,6,7,8,9,10 or 11.
[00192]In certain embodiments of compounds of Formula (I), R¢ is H. In some embodiments of
compounds of Formula (I), Re is hydroxy.
[00193] In certain embodiments of compounds of Formula (I), Ar is phenyl.
[00194] In certain embodiments of compounds of Formula (I), R; is methyl, ethyl, propyl, iso-propyl,
butyl, sec-butyl iso-butyl, tert-butyl, pentyl, or hexyl. In certain embodiments of compounds of Formula
(D), R7 is hydrogen.
[00195] In certain embodiments of compounds of Formula (I), Y is hydroxylamine, aldehyde, protected
aldehyde, ketone, protected ketone, thioester, ester, dicarbonyl, hydrazine, amidine, imine, diamine, keto-
amine, keto-alkyne, or ene-dione.
[00196] In certain embodiments of compounds of Formula (I), each alkylene independently is —CHo—, —

CH,CH,—, -CH,CH,CH,—, ~CH,CH,CH,CH,—, ~CH,CH,CH,CH,CH,—, ~CH,CH,CH,CH,CH,CH,—, —
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NR)S(OOKN(R )-, -N(R)-N=, -C(R)=N, -C(R)=NNR)-, -C(R)=NN=,
-C(R)2-N=N-, and C(R)2-N(R)-N(R)-, where each R is independently H,

al kyl, orweubsticsisved al kyl; R is H, alkyl, substitutedrariyskor2oyaboal kyl ,
or substituted cycloalkyl; RL is H, an am no protecting group, resin, an no
acid, polypeptide, or polynucleotide; and R2 is OH an ester protecting
group, pol ypepti de, ~gr, i Such non- nat ur al
ani no aéc}?g %i%@ﬁé’ﬁ &’formof a sa?ﬁfc%reh%%ﬁf@b}ge%lﬁ Hf)r’at ed into a
non- natGCH-H.@HiGHaCHeG b ChloC s dht.i de, paCﬁf@izCHpﬁﬂlzﬁéhGHtfdizCHeCHz@Hza -

pol ynu [ I ciRq| B
addi ti génﬁgwéﬁ%é?ﬁl{%%%gﬁhh EPIS& 5 hav:an &it{fc?(}?sbth guc% ur &H?{E 81_21%%1 S

( XXXXVIIp carragn ¢tk ngtet: OfCQmOQXWIO)fFornMve(ﬂ)enrrs 0,8 2.9, bp?t p.ohé&l 9, 18nd, Wnéh 1gr Bsent
is a lipk e e r C i f l,gn
Subot i 1ot o Fowess ‘%ijizr %r?éh%o%%pﬁgkg% DRERIEL i (R NI iyl ene,
| ower Het &f, ééJ 4€y483|4@ 50561b§2,| Bubedsi vowet., 5&3&%6@)@14(@2! ehed, 65066, 67068 a9.KY! Ene

b :
oL SubshL LR oM oSk, so- . w2 55 b e s@ro SRS bl e 3k 0k 4o,
-C(0)-,or1M5(0)2-, -0S(0)2-, -C(0)-(al kyI ene or substl tuted al kyl ene)
S I R Kyl
o9 L RO UGS kS KU BN s ME ALY, e
al kyl erl@197] Th@sNg Rerdain, emb@8iN{eRts Jdegcalb édyhoetie arg rdoRsthigt detrlu@tyds with yihlegrredomprising

N O R R PR 7 SRR P e
C(R'R’) )Z:gkau,p anCiRtiueiNealy mél)llar to- ngr@t@() R szkbd:deroxa(hmme group (Wthh can
) N e MU e PR AR g
subst i treacteitycywilayad kilydromamnse &Oumupoaldvm@tecpmm émh dv@sgtlm hpker d@symves avludo
aci d, pc(algé&%g lé%n% tf?anQl%}’eWFLr% Jge; and R2 is OH, an ester protecting

group fo aci d pepti‘de, or polynucl eotide; WO

2012/ 166559PCT/ us2012/ 0@]%46 é/\,heréil h is independently selected from

the group consisting of H, hal|_pg , al , gubstituted al kyl, -N(R )2,

-C(0)kR where k is /LZ ' meand -8(0)kR , where each
Such non-natural am no

R is independently WFkyI
aci ds may be in the for Rarated into a
non-natural am no acid pol ypepti de pol yner, poI ysacgharide, or a

pol ynucl eotide and optionally post translationally nodifi ed. [00233]1In

addi t i orheraiie fol | owm ng ami no acids are included: wher ei n such conpounds
are optiopah! ¥. aiche. @Y ot ected and carboxyl protected, or a salt thereof
Such non-natural amno acids may be in the formof a salt or may be

i ncorporated inRe a non-natural ami no acid pol ypepti de, poI yner,

pol ysacchariﬁeT/L&r a polynucl eotide and optionally post translationally

nodi fi ed. Ar
5

Rsis H, CORg, Ci-Cgalkyl, or thiazole;
Rgis OH;
Rg is OH or H;
Ar is phenyl or pyridine;
R is Ci-Cgalkyl or hydrogen;
Y is NH,—O—- or methyl;
L is—alkylene— or —(alkylene—O),—alkylene—; and
n is an integer greater than or equal to one.
Such dolastatin linker derivatives may be in the form of a salt, or may be incorporated into a non-natural
amino acid polypeptide, polymer, polysaccharide, or a polynucleotide and optionally post translationally

modified.
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[00234]In addition, the follow ng am no acids having the structure of
Formula (XXXXVII) are included: 0 (CRa)nBR RL NR20 H (XXXXVI1), wherein, B
is optiomaiD20mx@63sMen present is a |inker sel ected frompPChaISgriQOp468

consi sting of |ower alkylene, substituted | ower alkylene, |ower alkenyl ene,
substituted | ower al kenyl ene, | ower heteroal kyl ene, substituted | ower

het i t
'S (ol 00N ER e R AR o Ry %, Bl L Gibogimoys of
- S( 0) k (cainkyungnef bormglalidt R iwthgdrogdnk yih eergn gmbodin@nts, of cNSQ(@l)le of EoDBIaYR2-Rs is
0 I kyl

suC(bszl trﬁ%lﬁ, %{}E)ﬁ({é’ﬁ;&g%%pwwl A %Wg%)quky)}’lt%\@t pen 63% t'eé :Inﬁylotrane) -

- C(0) N(IPo1P9]In - Rn)bO(haiektyl(érvenmourslthEOtmmledl)aleyst éhe)n ,somesm@sdi)mpts of
- CSN(R d al kyl -, -N(R ) CO- (al kyl
ccbot | TEPAENEEE RSG5 e} N R Y
- [C\|:E S g @Q@){)ﬂ(lﬂ'c@rtam emtt(omn)eg(s(())‘ k(NQng)ds of FN(IR'la)(l)Né:g isa@(rﬁl )=N-, -C(R)=N N |:\>' ) -
- = - - . c
- CUR ) Ay 0% N oy I o2 )N, WA fRC gl
al kyl , togptlseabityl iso-itylsutsduivt, pewsl, oylsixplallk gértairRimboginkntsard cmmdwfd*toeuulil ng
group, (E)eﬁlllél }(nggego acid, polypeptide, or polynucleotide; and R2 is OH an

ester protect group, resin, amno acid, polypeptide, or polynucleotide;
VO 2012002098569RGTH LsreinioagAespeanh oRBors i (ﬂl)défperhdémwlaymigelaé@hw protsated he

Kk R - kR
R e T L et
i ndepervdeny kgto-plkysg, fydne-deme.substituted alkyl; and nis 0 to 8. Such
‘ . Ly b
hon-na [Hﬁﬁkgﬁ%eﬂéﬁna&ﬁb‘%ﬁln{éﬁ% &e o'n{i)r% i afgrf%}nﬁfa e ptl%leog pg]‘ﬁé— € CH,CH,-, —

i ncorporated into a non-natura
pol ysac@h@ﬂz@ég— or —~aHpdil¢hlceot i d@HmCﬁp@HM@r,l y ﬁéﬁ%@%z@ﬁt@h&l | y—

nodi f| Ep% bﬁz(ﬁg@#' on, the fol '814‘6}92@1'@]{?2%}?@1{2 e i ncl uded:

H2NCH a ern’suc c’orrpounds are optiona am no r6t ected and
car bOXﬂHzﬁﬁﬁﬁﬁfbﬂHzQﬂzcﬁzgﬁquzther eof ; CHICHv@ﬁz(EiézGPh@HMihEHb@dePhto a -

ol ynudl ot GRARCAT A ROLURIRE LR P Pyl e piag e a o e e e
additidn certaheenﬁlwkiin@msw@cmonmisaxffdlmﬂea(\l') ngs @ he2, St #.Udct.ut 8 Bfl0.Adr HllZ 14, 15,
(XXXXVI gl 17 38 €1 BELYAB3 24 25 26,27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43,
44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71,
72,73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99,

or 100.
[00204] In certain embodiments, dolastatin linker derivatives include compounds having the structure of
Formula (II):

H2N\ /L\ N\)J\ ]:/W

R7 o .~ Me OMe O
Me Me
K/S

In some embodiments of compounds of Formula (II), L is —(alkylene-O),—alkylene—. In some

embodiments, each alkylene is -CH,CH,—, n is equal to 3, and R; is methyl. In some embodiments, L is —
alkylene—. In some embodiments of compounds of Formula (II), each alkylene is -CH,CH,— and R; is
methyl or hydrogen. Such dolastatin linker derivatives may be in the form of a salt, or may be
incorporated into a non-natural amino acid polypeptide, polymer, polysaccharide, or a polynucleotide and

optionally post translationally modified.
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Ri HNC(0) R2( XXXXVI'1'1); wherein: Ais optional, and when present is |ower

al kyl ene, substituted | ower al kyl ene, | ower cycl oal kyl ene, substituted

| ower cycwoabieyleesse, | ower al kenyl ene, substituted | owePCalusenyiozaes

al kynyl ene, | ower heteroal kyl ene, substituted heteroal kyl ene, | ower
heterocycloalkylene substituted | ower heterocycloalkylene, aryl ene,
substlt I het r n | kar e,
subst | 1181 B el bR EROR S0 S ehbb B REG SEA D Bron i BHhST
2012/ 1@@559@@#@329&@10@94:6% Reitgl, bf, heallk yih pergmb@nbwumeed cdilcbaypoundsyaf| Foarhy |
or sub%g %y%ggdﬁégloalkyl Rl is H an amno protecting group, resin, amno
aci d, or polynucleotide; and R2 is OH, an ester protecting
group, [ﬂ@s%}in rfiin endoilighenty alf yqueptirdge , of drorpah Rl célisdenedie ; —Ckb—i s-CH.CI;—, or

EE%))( stl uztgljkg{:gqﬁ%ne \tAllhtelrJte %z %ﬁﬁ}&b‘(R)é stl(lfuzted ?CI<H2_

cycl oaI(I@zICHzQHng{JGEEGHz@IHed cycl oal kyl - C&fdhCHﬁHMbGHfﬂHz@Himo aci ds may-be
in the (EIQSIPQ (Iq\iéﬁ éHCQIIr be i ncor parat e éI[f éH Cf—‘laé r@} am no acid
pol ypepti po Pol'ysaccharide, or a polynuc opt’i onal |y
post tﬂ&hﬁ%ﬁ@HﬁHhCHyﬂkﬁEh€HéﬁbCFﬂﬂﬂe7@%&*&6Hﬂﬂb@ﬁbCﬂﬁﬁbﬁﬂﬂﬂbﬂﬁﬁgHéﬂbﬁHr—

aci ds i $ d

RG] 0) FET ISR EE Moo SPE TR, APRAh D PR, S RELURID 1y 1131015

al kyl enlé, 1'5UBstoi 2ued2 dwet, 8l Ry l2éns, 29, S0et, 83 SP o, B@Bénﬁ 3g st tutde i3,

| ower c¢ycC I OVET. Kk b e r Y, ,

R R ey e e R A B N A A A L

het er ocA2cToakkipl eéné7, Bub%ﬁp,tﬁlt 8 8B.oeBS, k61 &k 8% el WaP kyLetie )4.85y16A8,98, 99,
substitutygs arylene, heteroarylene, substituted heteroarylene, alkarylene,
substltuted al karyl ene, aral kyl ene, or substituted aral kylene; R is H,

al kyl , [8€R9311n ccertadn cabddythentse gehaihdsydf, Foonuls (b otd ttableid agyeiue adtitydn; foRdt lpast H,

an am 8%61%1% ga%i%&dgq% 'hII'Cerf’&II' | A8 ofifetls, CB%BIIRBPBI ﬁ%?mulgfl% are stable for at
pol ynuc ot | 'S an ester protectin roup, Cld
pol ypegtdsdeyeds updst ypildiylagidicicdeditidns.ilg caialnyetnelwélmewb@imppundecd Fatnlnya @h@e stable
N(R ) ( I

substi ?fh%a}e{ : %S[I%%(d? Ju&{éﬁrﬁ(ﬁf E@(ﬁ& &&nldh%g Zdtél%%t%gg%gdlw ﬁﬁéﬁ o d%uﬁﬁdlﬁ%ﬁ%le At ur al
am no deBds may be in the forn10f a salt or may be |ncorporated into a

non- nat 0 >char i r .
pol ynudl 2b| A AR AC S Bk PEBL oL BP Y SRSARE rBaios
addi t i alelastatie linkér] dwvngveamrm@mamad§e¢$awnngcatﬂmylspr wlecatborylogro®or ering agreup,

hydroxylamine group, or protected or masked forms thereof. Introduction of at least one reactive group

into a dolastatin linker derivative can allow for the application of conjugation chemistries that involve
specific chemical reactions, including, but not limited to, with one or more dolastatin linker derivative(s)
while not reacting with the commonly occurring amino acids. Once incorporated, the dolastatin linker
derivative side chains can also be modified by utilizing chemistry methodologies described herein or
suitable for the particular functional groups or substituents present in the dolastatin linker derivative.
[00209] The dolastatin linker derivative methods and compositions described herein provide conjugates of
substances having a wide variety of functional groups, substituents or moieties, with other substances
including but not limited to a polymer; a water-soluble polymer; a derivative of polyethylene glycol; a
second protein or polypeptide or polypeptide analog; an antibody or antibody fragment; and any
combination thereof.

[00210] In certain embodiments, the dolastatin linker derivatives, linkers and reagents described herein,
including compounds of Formulas (I) are stable in aqueous solution under mildly acidic conditions
(including but not limited to pH 2 to 8). In other embodiments, such compounds are stable for at least one

month under mildly acidic conditions. In other embodiments, such compounds are stable for at least 2
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i ncl uded: WD 2012/ 166559PCT/ US2012/ 039468 wherein: A is optional, and when
present is |ower alkylene, substituted | ower al kylene, |ower cycloal kyl ene,
substi t utwo 20veesssgycl oal kyl ene, | ower al kenyl ene, subsPrraiSed 2/0aoes

al kenyl ene, al kynyl ene, | ower heteroal kyl ene, substituted heteroal kyl ene,

| ower heterocycloalkylene substituted | ower heterocycloalkylene, aryl ene,
substi t t S ryl.ene,
ubst |t a e scdf EhaRb B Bner iRl PN T AR HE Mo .S

al kyl, @w&nmhnmd@ﬂaquyhﬂnmytloalkyI or substltuted cycloalkyl RLis H,
an am i y

pol ynugﬁﬂezg}[iﬁ[ag%t ga %{) Hlpth&_ﬁrﬁg&itloﬁ{]nl?é?ho'%% tgchnf?lﬁl:s Qlﬁ%}rlatggles ge,rscr,lbeda r1]11eregl ag(e: i d
poIypephﬁﬁd@ﬂamumamgmmahe@amddﬂhtamgmamkmméhewmﬁabsmwumﬁé&démmyh@melmmno

N( R I t I
subst 1 T ey ArEyEb R R SRR L PRE) w WNEP ol Zalt R ey
anm no abagdsstln;aa}sabé)amd mﬂl@trfabrcmn@tlc,wlaslablplognrenvmymbetal n@gmp@mew, cortsemer-

t t i ..
non-na Cq 5d%ll:ts a{lﬂd/rbg d‘glgl a%( H&L X’P@& {Vglﬁd b@&!ﬁY Tm a :k%t%ﬁﬁ; (l:lgﬁf-}?: c%ﬁ(_latl{[a% 6%5ﬁlslmr$ a

pol ynucl eotide an pti onal 0st translatlona
add|t|omxﬂﬁhéof@mmﬁﬁkdgmmﬂmmmﬂamuwgmH@angm@hemsmmmcture of Fornul aare

el udfya aERER; oAb, SPILR ImaPG I, RLRRENt 1 s | over al kylene,

substitu lower  af ower cyc erne Substituted | ower
cycl oal kyl ene, | ower alkenylene substituted | ower al kenyl ene, al | ene,
| ower het eroal kyl ene, substituted h te oal kyl | ower

het erocycl oal kyl ene, substituted |o hﬁteﬁbcy\ , jaryjen

subst i t ut edeMNar yhen®, Yl ene, @[L

substituted apkarylene aralkylene| or llsubst i a
al kyl, substituted al kyl, cycioal kyl, 8r/§hbst|tlﬂ'%°cyc|&mek9|
an am no protecting group, resin, amno acid, polypeptide, or
pol ynucl eotide; and R2 is OH, an ester protecting group, resin, amno acid,
pol ypeptide, or polynucleotide; X1 is C, S, or 5(0); and n is
4, or 5; and each R8 and R9 on each CR8R9 i s iadependent
fromthe group consisting of H al koxw 1 ne, ogkn, wHal kyl, aryl,
or any R8 anqlﬁgox//bgﬂ“taﬁebh“r N
adj acent R8 groups can toget her ﬂor a éyclloal Mo Such poRy na ural am no
acids may be in the formof a salt, or/ﬁﬁy be |ncorpora?ea | NFO |1
non-natural am no acid polypeptide, pol yner, pol ysaccharide, ‘oe/a ,

pol ynucl eoti de and optionally post translationally nodified. WO

2012/ 166559PCT/ US2012/ 039468 [ 00240] I n addi tion, the fol | ow
having the structure of Fornmul re i ge

| o) /\ | OMe O OMe O

RURER YTy

OMe O OMe O/

o AT AL

OMe O OMe O/

ZI
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li iTHN [I1) wherein: Ais optional, and when present is |ower alkylene,
substituted | ower al kylene, |ower cycl oal kyl ene, substituted | ower

cycl oal kywerne12/166888r al kenyl ene, substituted | ower al kemgirarse)12abdynyl ene,
| ower het eroal kyl ene, substituted heteroal kyl ene, | ower

het er ocycl oal kyl ene, substituted | ower heterocycl oal kyl ene, aryl ene,
substituted aryl ene, heteroaryl ene, substituted heteroaryl ene,
substituted al karyl ene, aral kylene, or substituted aral kyl ene;
al kyl , substituted aIkyI cycloalk or syb ed | oal kyl ;

an am no otectip resi aci|d, | ypepii de, Jor H
polynuclelP |d/\\én /p\fﬁf an te prot exti oup,fe <0
pol ypeptide, or polynucleotide; n'is

. £ 2l 3omboOr S5onmenel ech R8 and
R9 on each CR8R9 group is independently selected fromthe gro cdnsi sting
of H, al koxy, alkylam ne, hal ogen, alkyl, aryl, or any R8 and canand
together form=0 or a cycl oal kyl, any j groups can together
forma cycloalkyl Such non-nat ural} aniino aci_&lnay bef/i njthed form of a
salt, or Hlygbe~irAoefpgrare®~rtya a i
polyner, polysaccharlde or a poINnu | eg dé arifre Moo P
translationally nodified. [00241]In ad |t|on, the toll ow ng anFﬁ%HaC|ds
having theystr [11) are included: wherein: Ais
optional , gﬁd &ﬁﬁ%&%”gégg ggd?g&éﬁ%gﬁkylene, substituted | ower al kyl ene,
| ower dyﬂléhl k'}Fh@nml -nagud) minouceld ubovie theoyahalalehd temesitibowescrigbdklemgih bme, at
substi t Y. . I . S I tuted
net or oo T s T ELERRALEPlipcBbl (TN Rk ont AEHHPLB0ES) B Pl T ddn
heterooy@ﬁ@amkyi@n@thMykﬁnenesU@aﬁm@@@emdbryﬂémE@nWEIemd&ﬁykemawnﬂtoﬂw
substit h r e; | ene,.: o] t I yk en r.al .ene,
or subscftf1 %Ifgg%legﬁtdgi@ kytj g{r%ezo %IOF%{ A %grfeﬁlffﬁg eﬁg@%{j‘laﬁlﬂ?(&? l&;ﬁ% k(xl/'?'j edtl:a)l}c ’ogﬁﬁ%ﬁ or
subst i taspeedicysbott kcydl, cysta®, 2006 8B BIRCGEIAISR 0N /h3BIihe 8soRlicing 1¢dcinglysamd. no
protect o] d p I i de; R2
s o4 ﬁé%ﬁglg{léé%’enﬁﬁgﬂllﬂi[, r??mng se@fﬁ% ; tem%?)g X ﬁ?ﬂt!&&gn ,Osglg’l %%&ég%l?%}é, (go%t %&q

poI y nuciriboganale tl‘n chgniggl @ctl@t,y o8 the41atu01ﬂ1y Bocugmg 2eancids pasat Iﬁghmlmmiﬂe@ﬁBRg
group i e c [ i St

oyl arfsiERRPAGERkdY BRECARE, & A0 HNGafs® n SRR SRS Gl Be Haiityy |
a cycl chiugtlly ioert mmyrdithe %ﬂjqoau@mt sRetigHpapwdaminogedshey tlfemuonmau@yuhloahcwl :

can be stably incorporated into a polypeptide, preferably with the stability commensurate with the

naturally-occurring amino acids or under typical physiological conditions, and further preferably such
incorporation can occur via an in vivo system; and (4) the non-natural amino acid includes an oxime
functional group or a functional group that can be transformed into an oxime group by reacting with a
reagent, preferably under conditions that do not destroy the biological properties of the polypeptide that
includes the non-natural amino acid (unless of course such a destruction of biological properties is the
purpose of the modification/transformation), or where the transformation can occur under aqueous
conditions at a pH between about 4 and about 8, or where the reactive site on the non-natural amino acid
is an electrophilic site. Any number of non-natural amino acids can be introduced into the polypeptide.
Non-natural amino acids may also include protected or masked oximes or protected or masked groups that
can be transformed into an oxime group after deprotection of the protected group or unmasking of the
masked group. Non-natural amino acids may also include protected or masked carbonyl or dicarbonyl
groups, which can be transformed into a carbonyl or dicarbonyl group after deprotection of the protected
group or unmasking of the masked group and thereby are available to react with hydroxylamines or
oximes to form oxime groups.

[00214] Non-natural amino acids that may be used in the methods and compositions described herein

include, but are not limited to, amino acids comprising a amino acids with novel functional groups, amino
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Such non-natural amno acids nmay be in the formof a salt, or may be

i ncorporated into a non-natural am no acid pol ypeptide, polyner,

pol ysacchaioi2de/166859a pol ynucl eotide and optional |y post pCrarsséiawsasal | y
nodi fied. [00242]1n addition, the follow ng am no acids having the
structure of Fornul aV) are included: RiHN 1[1V); wherein: Ais optional,

d whep, t ne. .
eyl oal T SRS SR, oy B At P B i, o e ARG OB s o
subst tugredutstiei salrkenl emeshydtaleymylifsdamicosiss, it onbalionscibubshy dut ed
het | . it
h:t 2:: g%ylé'%ﬁo 2 %(g\é\ﬁasalgg‘lﬁng);a%@é Cclo g%%ﬁ%(%?@get?ﬁ%g%ﬁéﬁophg tgtg%rggﬁ%ﬁthers heavy atom
subst i tsubmtmn@a@W eheanicaly k:lﬂaydbém@d/ & phetbéleavtlgd amiroaacids.cmeino asidd Kith eme,

or sub S %}E(ngiagh%{ E % ceo'ﬂ%%reﬁztd %tlhlal a%lnl@/ Acids 1&19?&111% Hh%gt lﬁlnit(e\(ilto rpggrgt!hgrg‘lok%h% or

substi tut an am no
aci d, pbhiy @lefhmadl@ns,onclmg/bunmbebmﬁetp amﬂermanl @01@4 Omieae@tth;an abp@tléceibag,

grou p cralg)%t 'ﬂnkeﬁg}l%q cglﬁhlgm Bg‘l r%pa%le% dé(l—al%{weoﬁ!nxg' qu{!@ ?\?1 nlgthr)ggld o%taé%mgsam%

5(0); I"ene, titu yl ene, ene
N(R )(saaidstand arhiad aaﬂd@)mns)lg ongtre merdRoxic snokty. al kyI SUbStI tuted al kyl,

cycl oal P(Yils O 1 S%%téﬁb‘dh%%n&y&%% ol amingU2 s EQQ%%tausraé‘JhaﬁdP Iﬁ&etg ﬁ%p%@%f

in the I'ncor por at e a non- nat ur amno acid
pol ypeptéhd @mlq@o hardtee ltnclupglIvs@@dﬁaglucuteqmioyl-lasepm yNucitddi-cdetandinpbl-saimal Wy

tt I d 3 i .ok 1 o I:
post UL SUak L0 RS WLOEALL A Sl L, PR
2012/ 166589 PSTIS200 2D 3guB8aderisi include pxampiss ivdwel the andralirescupirgs®ntr Ds
|

ower g nk g{i%@&%e&ﬁl@ 3 ;ﬁ%@qinii ﬁl\é@gﬁcﬂrﬁxll gjlg[aacehg CO\%Ye Lf?rﬁéa%% ! eg(ﬁ?monl¥ found

substi t ut I"ower cy yl ene ower enyI st

al kenyliengureal ikghinhgebye notllovisd thet ekowl kydxene a tlgmbqr; anpradk dnd therlal Rypinplee,
| ower I e,
subat | (L5 S SRk KK ERBue SRR R PR B B B0 B B0
subst i tsu¢ched Zalekargflh@an @omgklwtem@nddﬁphkmbstl tuted aral kylene; Ris H,

al kyl , ﬁbﬂ%}g' t lﬁleegleﬂl Jéyﬁlmeﬁééqﬁc%ﬁ%i@(é(t 1nt(3 @P%‘?ﬁl&i&t\%ﬁ ﬁlgorﬁé{rg 10(?1a(1f i&ﬁl natBJal éﬁ?m!)_'

an am no protecting group, resin,
pol ynucab@@tmtdesuclamdlymtld@ aifr anargsyt ef ap‘r@tagcst nrmigmgmgluvlons @§ mlypamdpﬁo Faci d,

L R
subst i talrteérﬂeaﬁm;?tﬁqnakg@lp@ alldws| seleesive snadgichtiant a graggied wigl 4oyl of a number of hydrazine-
or hydroxylamine-containing reagents in vivo and in vitro. A heavy atom non-natural amino acid, for
example, can be useful for phasing x-ray structure data. The site-specific introduction of heavy atoms
using non-natural amino acids also provides selectivity and flexibility in choosing positions for heavy
atoms. Photoreactive non-natural amino acids (including but not limited to, amino acids with
benzophenone and arylazides (including but not limited to, phenylazide) side chains), for example, allow
for efficient in vivo and in vitro photocrosslinking of polypeptides. Examples of photoreactive non-natural
amino acids include, but are not limited to, p-azido-phenylalanine and p-benzoyl-phenylalanine. The
polypeptide with the photoreactive non-natural amino acids may then be crosslinked at will by excitation
of the photoreactive group-providing temporal control. In a non-limiting example, the methyl group of a
non-natural amino can be substituted with an isotopically labeled, including but not limited to, with a
methyl group, as a probe of local structure and dynamics, including but not limited to, with the use of
nuclear magnetic resonance and vibrational spectroscopy.
A. Structure and Synthesis of Non-Natural Amino Acid Derivatives: Carbonyl, Carbonyl
like, Masked Carbonyl, and Protected Carbonyl Groups
[00217] Amino acids with an electrophilic reactive group allow for a variety of reactions to link molecules

via various chemical reactions, including, but not limited to, nucleophilic addition reactions. Such
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Such non-natural amno acids nmay be in the formof a salt, or may be

i ncorporated into a non-natural am no acid pol ypeptide, polyner,

pol ysacchaioi2de/166859a pol ynucl eotide and optional |y post pCrarsséiawsasal | y
nodi fied. [00244]1n addition, the follow ng am no acids having the

structure of FornulaVl) are included: mherein A is optional, and when
t t ,
st e B PGk AP RSl LHAbEE o B U A Y AW SEasuEne

al kenylgzaw), ahkymyﬁéme-otGMBﬁmhﬂﬂﬁp@amkMNéné msuba@n@utmdmhemeaoaﬂmyﬁeme
I I Kk
over hcﬁéagorgﬂglif%@aénfaﬂnﬁﬁ&uraﬁ y%ﬁaﬁﬂa& o 5@%110& Flg 212(,13 %{ﬁ%’gg%%‘ ﬁéés%‘cﬁ é &ne,

substi tut et eroa ene, e | ene, ene,
subst i troaska ditdkbanyl-gne) (varich %yll tereadilyreogyrnsd jitteiaadrbanyd klyﬂlearbonngnosp)Hpr a

al kyl, 3&9&&& Eé‘f{)&lﬁl—aj)rkgllotect%xCcll(%?lloﬁil rﬁrmg)r g%‘i%sth etagtgfl ?yééﬁnﬁgrl %y Ll cal%:l)ngfls olﬂ

an am rotecting group, resin y epti
pol ynudl@diomd%ml@nwomdeb@t@wn) abuchsdngno peidg emtumgmgroowmds reemigrthe amiatoe a€i d,

pol ype ynucleotlde L is al kyl ene, substituted al kyl ene,
N(R')(E%bgﬁ ﬁ E ﬁ ‘N(R ) (substituted al kyl ene), where R is H alkyl,

substituted aIkyI cycl oal kyl, oﬁ%sqpstktuted cycl oal kyl . Such non-nat ur al
am no aci ds nay be in the fornlBi sBlt R ()ggxnbe i ncorporated into a
non-natural am no acid polypephkg Bbyner pol'ysacchari de, or a

pol ynucl eotide and optionally po uhtranslatlonally nodi fied. [00245]1n

addi tion, amino acids having the sticture of FornulaVil) are included: WO
2012/ 168R6CT/ US2012/ 039468 mhereln Ais optional and when present
is |owe ubstltuted I r cl oa

subst Chat TR wRREsrI Ehe P Ehe A B A eub i BEdT B

al kenyl en mbstahﬂey hmdeemloalkgm ldwet elk@alekgl Isdn;etutcﬂmda&tr Ialkelﬁyﬂiﬁlle hﬁtyayleml, lopleene,

| oner het Ioa ﬁﬁ tuted Focy | ene, aryl ene,

owe
Sobet i tot By R S R n R e B SR PSS ™S, ar vl e
subst i t ut Bderadykbaikyleme ary&halskt;shmnﬂ ar}dn‘ne,slmbsdar}ﬂ@b,eaﬂbﬂ]ltlﬂd:d(l}eteeo’aﬂflet(ekh)ﬂ(a@lene,

(b) (b) VV\éub's%%Mlkarylene, aralkylene, or substituted aralkylene;

B is optional, and when present is a linker selected from the group consisting of lower alkylene,
substituted lower alkylene, lower alkenylene, substituted lower alkenylene, lower heteroalkylene,
substituted lower heteroalkylene, -O-, -O-(alkylene or substituted alkylene)-, -S-, -S-(alkylene or
substituted alkylene)-, -S(O),- where kis 1, 2, or 3, -S(O)i(alkylene or substituted alkylene)-, -C(O)-,
-NS(O),-, -OS(0),-, -C(0)-(alkylene or substituted alkylene)-, -C(S)-, -C(S)-(alkylene or substituted
alkylene)-, -N(R’)-, -NR’-(alkylene or substituted alkylene)-, -C(O)N(R’)-, -CON(R”)-(alkylene or
substituted alkylene)-, -CSN(R’)-, -CSN(R”)-(alkylene or substituted alkylene)-, -N(R’)CO-(alkylene
or substituted alkylene)-, -N(R*)C(O)O-, -S(OXN(R’)-, -N(R”)C(O)N(R’)-, -N(R")C(S)N(R’)-,
-N(R")S(O)N(R’)-, -N(R’)-N=, -C(R’)=N-, -C(R*)=N-N(R")-, -C(R*)=N-N=, -C(R’),-N=N-, and
-C(R”),-N(R’)-N(R’)-, where each R’ is independently H, alkyl, or substituted alkyl;

Klsiggfl"')g( )g,:ﬂgé H{Kf y%/\/

R is H, alkyl, substituted alkyl, cycloalkyl, or substituted cycloalkyl;

O\ /R
+N

O

each R” is independently H, alkyl, substituted alkyl, or a protecting group, or when more than one R”

, Or

b

group is present, two R” optionally form a heterocycloalkyl;
R, is H, an amino protecting group, resin, amino acid, polypeptide, or polynucleotide; and

R, is OH, an ester protecting group, resin, amino acid, polypeptide, or polynucleotide;
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(b) 5...."CCH (b) 52zC0-i (b)CGS- (b) A\ \V\ Mis -C(R3)-, (a) 2rR4
R4(a) L-e?R4(a) 3R4(a)R4 bonding to the A group and (b) indicates

bondi ng twonesmeeisPve car bonyl groups, R3 and R4 are i nteparsdentobsseghosen
fromH, hal ogen, alkyl, substituted al kyl, cycloal kyl, or substituted

cycl oal kyI or R3 and R4 or two R3 groups or two R4 groups optionally form

oo, BBy R VENELRRNEy Ao, sl o SLGRRR B, FREIAS B
S, band R ngﬂel,lpShJatl@gémformlakwls)almllbsa hataroaydloalkkly| , cycl oaI kyI or

S0t AAEO NS RN el 5 LU NG QLS 09U oL
group, rebasw onsmrbmylamlm, mplodhyg@pmrtl@yl goup pkopeeted lceboiydl grovSuetpdmgrs- nat ur al

am no _ac gnl% tediy dﬂ!&rb!n{}l o%g%k% ca@bo%g{ % {ncm?fl§9%lalsl%ﬁ%{<:§l%%@1§%u{)'nt 0 a

non- nat ur am no acl sacchari
pol ynucir dot-Kde gamp tagpiﬂlcrcfmmslayncpmsstcht plaln@cm ¢ysvalklyhor dretgiof yodw lky| mm@}lg At

a1 o g A5, DR DS A0 S SO Ll 408 Ut

- C(R3) -, p@)esmd Riirbgra) eSma or (naghidlareny Reourojnc oifing bymagkedt dic@rboy1 Arog)

\ G TL- R%th%%;rg‘)iso%aq-v&llen g\qg pl{enylene and each R; is H, B is present; and that when A is -(CHz)4- and
cach R; is H, B is not -NHC(O)(CH,CH,)-; and that when A and B are absent and each R; is H, R is not
methyl. Such non-natural amino acids may be in the form of a salt, or may be incorporated into a non-
natural amino acid polypeptide, polymer, polysaccharide, or a polynucleotide and optionally post
translationally modified.

[00218] In certain embodiments, compounds of Formula (XXXVII) are stable in aqueous solution for
at least 1 month under mildly acidic conditions. In certain embodiments, compounds of Formula
(XXXVII) are stable for at least 2 weeks under mildly acidic conditions. In certain embodiments,
compound of Formula (XXXVII) are stable for at least 5 days under mildly acidic conditions. In certain
embodiments, such acidic conditions are pH 2 to 8.

[00219]  In certain embodiments of compounds of Formula (XXXVII), B is lower alkylene, substituted
lower alkylene, -O-(alkylene or substituted alkylene)-, -C(R’)=N-N(R’)-, -N(R*)CO-, -C(O)-, -C(R’)=N-,
-C(O)-(alkylene or substituted alkylene)-, -CON(R’)-(alkylene or substituted alkylene)-, -S(alkylene or
substituted alkylene)-, -S(O)(alkylene or substituted alkylene)-, or -S(O)(alkylene or substituted
alkylene)-. In certain embodiments of compounds of Formula (XXXVII), B is “O(CHy)-, -CH=N-,
-CH=N-NH-, -NHCH,-, -NHCO-, -C(0)-, -C(0)-(CH)-, -CONH-(CH,)-, -SCH,-, -S(=0O)CH,-, or -
S(0),CH,-. In certain embodiments of compounds of Formula (XXXVII), R is C;¢alkyl or cycloalkyl. In
certain embodiments of compounds of Formula (XXXVII) R is —CHj, -CH(CH3),, or cyclopropyl. In
certain embodiments of compounds of Formula (XXXVII), R, is H, tert-butyloxycarbonyl (Boc), 9-
Fluorenylmethoxycarbonyl (Fmoc), N-acetyl, tetrafluoroacetyl (TFA), or benzyloxycarbonyl (Cbz). In
certain embodiments of compounds of Formula (XXXVII), R, is a resin, amino acid, polypeptide,
antibody, or polynucleotide. In certain embodiments of compounds of Formula (XXXVII), R, is OH, O-
methyl, O-ethyl, or O-z-butyl. In certain embodiments of compounds of Formula (XXXVII), R, is a resin,
amino acid, polypeptide, antibody, or polynucleotide. In certain embodiments of compounds of Formula
(XXXVII), R, is a polynucleotide. In certain embodiments of compounds of Formula (XXXVII), R, is
ribonucleic acid (RNA).
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R37 \ \R4A R4 /VWV, (a),(a),(a) , or (b) j ss.J\'/R3 S-CA (b) I (a) , where
(a) indicates bonding to the A group and (b) indicates bonding to
respect i weocarhendsh groups, R3 and R4 are independent| yPchamsen2/08ma6s H,

hal ogen, al kyl, substituted al kyl, cycloal kyl, or substituted cycl oal kyl,
or R3 and R4 or two R3 groups or two R4 groups optionally forma cycl oal kyl
or a heterocycloal kyl; Ris H halogen, alkyl, substituted al kyd,

| oal bstituted cycloal kyl: T3 i , o0, ..and
CY e oo sy G b i g ey B T D Bt

cycl oalflonh the Bbup Sorkistigofan no protecting group, resin, amno acid,
pol ypepti de ol ynucl e

pol ypent | de or polynicleotl e, 8pd 12, L5 n LT ISLSChLR0 Braue,
sel ected fromt h&e@fdatgperﬁ,(ﬂ_ll&'kﬁéﬂef@lbﬂﬁutédt allaylag@estalk@bicy br, subdtingdd dralky@chepnl Kyl ,
where each R i B RAgpGRbet Y arat iyl it BBLEb gamaighop cgpanine o
non-nat ural am ndow@iatkylen®yutdetutad 1dvie alkQleid, afwetalk@lylene, QuibstRiyedd@ver
ol ysaochari de,  GRe g Shudl Ghe Fao R b PR Boct Chr aran Yk -y
nodi fi ed. [00247]05102ddCt0)QRC(BAAIRGcRGI Ssbstiarel Bgyleg-, StEUCMNIRY-, 6E(O)N(R")-,
Formul al ) are i ngluded: N H. X1, 00,2912 166303RCT(SR002/ 039468

substituted alkylene)-, -N(R*)C(O)O-, -N(R*)C(S)-, -S(O)N(R’), -S(0).N(R’),

NR)C(OIN(R?)-, -NR)C(S)N(R)-, -N(R")S(O)N(R)-, -NR")S(0)N(R")-, -N(R”)-

N=, -C(R*)=N-N(R’)-, -C(R’)=N-N=, -C(R’),-N=N-, and -C(R*),-N(R")-N(R’)-;

(i) A is optional, and when present is substituted lower alkylene, C4-arylene, substituted
arylene, heteroarylene, substituted heteroarylene, alkarylene, substituted alkarylene,
aralkylene, or substituted aralkylene;

B is a divalent linker selected from the group consisting of lower alkylene, substituted
lower alkylene, lower alkenylene, substituted lower alkenylene, -O-, -O-(alkylene or
substituted alkylene)-, -S-, -S(O)-, -S(O),-, -NS(O),-, -OS(0),-, -C(0)-, -C(0)-(alkylene
or substituted alkylene)-, -C(S)-, -N(R’)-, -C(O)N(R’)-, -CON(R’)-(alkylene or
substituted alkylene)-, -CSN(R’)-, -N(R”)CO-(alkylene or substituted alkylene)-,
-NR)C(0)O-, -NR)C(S)-, -S(OIN(R?), -S(0)N(R”), -N(R")C(O)N(R’)-,
-N(R")C(S)N(R’)-, -N(R”)S(O)N(R’)-, -N(R”)S(0).N(R’)-, -N(R’)-N=, -C(R’)=N-N(R’)-,
-C(R’)=N-N=, -C(R”),-N=N-, and -C(R"),-N(R*)-N(R’)-;

(i) A s lower alkylene;

B is optional, and when present is a divalent linker selected from the group consisting of
lower alkylene, substituted lower alkylene, lower alkenylene, substituted lower
alkenylene, -O-, -O-(alkylene or substituted alkylene)-, -S-, -S(O)-, -S(O),-, -NS(O),-, -
0S8(0),-, -C(0)-, -C(0)-(alkylene or substituted alkylene)-, -C(S)-, -N(R’)-, -C(O)N(R’)-,
-CSN(R’)-, -CON(R’)-(alkylene or substituted alkylene)-, -N(R*)C(O)O-, -N(R")C(S)-,
-S(O)N(R?), -S(0)N(R?), -NR)C(OIN(R?)-, -NR")C(S)N(R”)-, -NR")S(O)N(R")-, -
N(R’*)S(0),N(R’)-, -N(R”)-N=, -C(R’)=N-N(R’)-, -C(R’)=N-N=, -C(R”),-N=N-, and
-C(R*)2-N(R’)-N(R’)-; and

@iv) A is phenylene;

B is a divalent linker selected from the group consisting of lower alkylene, substituted

lower alkylene, lower alkenylene, substituted lower alkenylene, -O-, -O-(alkylene or
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R is H, halogen, alkyl, substituted al kyl, cycloal kyl, or substituted
cycloalkyl; and T3 is O or S. Such non-natural amno acids may be in the
form of aweabt2/166359nay be i ncorporated i nto a non-nat ur 2CTAIS2610/03%6¢1

pol ypepti de, polyner, polysaccharide, or a polynucleotide and optionally
post translationally nodified. [00248]In addition, am no acids having the

Substi tuted al kyl ERFAREEACS: SHBCFO: a T 08B LB ag otene
addi tion, the foldreuvtisnigtedrikplonacd§)-halRhg -CHNR ur €ONR’)Relkphaheaar e

i ncluded: R sNR2R .. do nQr ] I be in the
formof a salt,Rgﬁ%%%y zngﬁnggggg?gdgg%pgbggnlﬁ%ﬂggﬁﬁgﬁkgﬁ%ggxgéid

pol ypepti de, pol yhER)CEIDy SAECKHASI-.d8(OVIR’A -PEDNIRO! SdRDAEO)ANMRI)-opt i onal | y

Funct i onal 1 1y can be TRa oG N B e 3 R e S A g

reagent under mi [-G@RoAENE ¢itR)i-N=HgaebERIoN® )-DMRD0 form t he correspondi ng

oxi me |inkage that is sgable under p { ol ogi cal conditions. See, e.g.,
Jencks, W P., J.0OAm em._ SocS 81,/ 47%- 48K 1959 R ShaoR J. and Tam J.
P., J. Am Chem OC-%§#3F11)13 93- (1995) . eover,ltheaynique
reactivity of t rbonyl or=gdi gér bghys giOUs a4 o Eg( sgtfective

[

nodi ficatiorf#n the preséhce of the otter amimno acid side chaind See,
e.g., Cornish, V.-W, et al., J. Am Chem Soc. 118:8150-8151 (1996);
Geoghegan, K F. &gyfoh, J. G, Bioconjug. Chem 3:138-146 (1992); Mahal,
L. K, et al., Sciente 276:1125-1128 (1997). [00251] The synt hesis of
p-acetyl-(+/-)-ph§EyE%%§nine and macetyl -(+/-)-phenyl al anine is descri bed
in Zhang, Z., et ., sBlochem stry 42: 6735-6746 (2003), incorporated by
reference. Qther carbonyl - or dicarbonyl-containing amno acids can be
simlarly preagelfdgindepamlepty b albdssopstiugdatkyh/ 039468 [ 00252] I n some

enbodi nent s, as RALYASRE Wit GOIRY st RE aRind QR Bk EBhp, ATNANAE bdd ipBlypeptide,
chemically nodified to generate a reactive carbonyl or dicarbonyl

functi onal groupf“F@WmP%§Fﬁhé@l an al dehyde functionality useful for

conj ugat i on ,8agdioRNSind MePF-GENRIGH & _egtér%@etiil%' BGhp, A8, hinho REMI fpgpadidacent
am no and hy&roxyl groups.. ere the biologicallTy active nolecule’is a

pol ypepti de, for a@gabickotigmand t ermi nal serine or threonine (which may be
normal |y presank, mnEYndeﬁenﬁmif@aM%&, RREMIGA or Uibs Y TR Gkl gestion) can
be used to generate an al dehydé functionality under mld oxidative cleavage
condi ti ons USisAg a5k pubstipied alsdecycloalkyl, orggbstiptiesreyclatlkyla| | Bi oconj ug. Chem
3. 262-3631{ 1992d4itie QahRORMs hiinghStiRtire of -Forn%llepg@m{‘uﬁlz al iR ded: 138- 146
(1992); CGaertner et al., J. Biol.” Chem 269:7224-7230 (1994). However,

met hods known in the art are restrictedfto the anmino acid at the N-terninus
of the peptide or protein. [00253]Addjbﬂ&ﬂally, by way of exanple a
non-natural am no acid bearing ad acemt hydr oxyl and am no groups can be
incorporated into a pol ypeptirje a_r,masked" al dehyde functionality. For
exanpl e, 5-hydroxyl ysi ne bears a hyflr oxyl group adjacent to the epsilon

am ne Reaction conditions for generating theoatwdahyde typically involve
addi ti on of nolar excess of sodium netaperiodate under mld conditions to
avoi d OXIttion at other sites within the polypeptide. The pH of the

oxi dat i QR op@&Hal, aRIwheh Bt GAbWY 2ABQME, sdbsbiutel 16Wdalkglend, @Ak bRIvalkyieat,ves the
addition of about 1.5 nolar excess of sodiumneta periodate to a buffered
sol uti on SHOSHHE psiey preforikeiene. fasier el lens spistivradle v 2ikery sy nylencvionst es i n
the dark. h&@6alk@erd; substiute PRERAMKyNde, 16w 2dteRBRoloallyBink, Uabsuifu@damskr Synt hesi s of
Non- Nat ural Am no_Aci ds: Di carhonyl, Di carbon¥l-liked Masked Di carbonyl,

and Pr ot eBSEaOBIRLY ISy Ices Sthstud oRAAT: baler welene; yestiitehhetgroanylaes alspnens ¢
reactive geftbte@hk@Vich®brafkyMad, bLiupstdhted BakYeNS to | ink nol ecul es via
nucl eophili ¢ addition reaction annng%gthers. Such el ectrophilic reactive

gr oups 1 Repigel andiveamaseiy is agpserpclestrtiremiliigrar grsstin el gy gahylese.

tet OtaLdeh.\ﬁ%b@titgtre@uﬁéeg ak%@tgpﬁ%lcbhu%?l% i@sﬂﬁ%@ﬁﬁ%ﬁﬁl}(@lﬁﬁﬁ@ Jov@dﬂﬁet@r_oalky{lene, -

et ot hi oester group a di carbonyl-11ke group . i as reactivity simlar
to a di catybsifyrd ﬁw&a‘aﬁt%{??d@ﬁ s Prulr@ikuersor spififuigd aﬁ%lea@ar ar -éllwlen@?foup), a
mas ke;i di %Etﬂ@ﬂé&%ﬂ(ﬁ?ﬁb%l-p{((mi ﬁfibr@lﬁﬂ be, d’r@,(a@i((_b))(%& laﬂeecsrtsalebtﬁ@umd?ll@leg&)gfic@my|
group), or rotre e | car ny gr oup | C a reactivity similar 0O a
o oo bono NGB 0§ Ehn S LOr BBy o by Loy Hee Shialige Btk aed o

R3

having the structure of Formula (XXXVIP?:



R3iklK_ BRRL,..R2 NHR4 O(XXXVIl), wherein: Ais optional, and when
present is Iomer al kyl ene, substituted | ower al kyl ene, | ower cycl oal kyl ene,
substi t utwo 20veesssgycl oal kyl ene, | ower al kenyl ene, subsPrraiSed 2/0aoes

al kenyl ene, al kynyl ene, | ower heteroal kyl ene, substituted heteroal kyl ene,

| ower heterocycloalkylene substituted | ower heterocycl oal kyl ene, aryl ene,

substi t ut het.e d ar ene,
subst i 1 ut 28 B Rar e e RIg B G BHBHIAL Py IERER AT D ST gt ¥
opti onal , subsidutath elhylpmeés e@&N(Ré) aC$N(rRkbﬁaH<lylen¢<@fc$umtiumdeﬂleﬂlmie)t ONER’ &ﬁ@d(ﬂlkbéene
cont ai ni n »CO | ower
al kyl ene, g? ﬁh%ﬁ?%ggf @ﬁﬁg?iﬁ#én%%&fg§g %%9ﬁ§%8 ﬁ%zﬁsﬂﬁt d | over
al kenyl eneN(RI S WRN [REX & NORD-RYA E@@ )=NubSHR’ FNMR J-oWeR” ) HefNer dARKyNeNe and
ol kyl oney PR By RO Bl by B Rependm B TSR RIRE ) " e e
is 1, ZiwdiaBylaﬁﬁmywddkﬂyh@w@kw:msmbsmn@hmgbﬂbﬁkylene) -C(S)-(al kyl ene
o PR L o G A g
substi tRjtle@Hazm@,ﬂeepreyectmgMP, IRK LR "2y t@@st Oed mh@md orlysapbde, ot prlpuicladtidgl ene) -,
sher e Sep ol Ay GRSyl oy b O L -4 T
wher e, NHC(O)(-C-I-iZ’CHz)- ‘and that when A and B are absent, R is not methyl. Such non-natural amino acids
may be in the form of a salt, or may be incorporated into a non-natural amino acid polypeptide, polymer,
polysaccharide, or a polynucleotide and optionally post translationally modified.

[00222] In addition, amino acids having the structure of Formula (XXXIX) are included:

Ra
R, B\W/R
O
Ra

Ra

Ris R2
N
H

o (XXXIX),

wherein:

B is a linker selected from the group consisting of lower alkylene, substituted lower alkylene, lower
alkenylene, substituted lower alkenylene, lower heteroalkylene, substituted lower heteroalkylene, -O-,
-O-(alkylene or substituted alkylene)-, -S-, -S-(alkylene or substituted alkylene)-, -S(O),- where k is 1,
2, or 3, -S(O)(alkylene or substituted alkylene)-, -C(O)-, -NS(O),-, -OS(0),-, -C(O)-(alkylene or
substituted alkylene)-, -C(S)-, -C(S)-(alkylene or substituted alkylene)-, -N(R’)-, -NR’-(alkylene or
substituted alkylene)-, -C(O)N(R’)-, -CON(R’)-(alkylene or substituted alkylene)-, -CSN(R’)-,
-CSN(R’)-(alkylene or substituted alkylene)-, -N(R*)CO-(alkylene or substituted alkylene)-,
-NR)C(0)O-, -S(ORN(R’)-, -NR*)C(O)N(R’)-, -NRIC(S)NR?)-, -NR")S(O)N(R’)-, -N(R")-N=,
-C(R”)=N-, -C(R”)=N-N(R’)-, -C(R’)=N-N=, -C(R’),-N=N-, and -C(R”)>-N(R’)-N(R’)-, where each
R’ is independently H, alkyl, or substituted alkyl;

R is H, alkyl, substituted alkyl, cycloalkyl, or substituted cycloalkyl;

R, is H, an amino protecting group, resin, amino acid, polypeptide, or polynucleotide; and

R, is OH, an ester protecting group, resin, amino acid, polypeptide, or polynucleotide;

each R, is independently selected from the group consisting of H, halogen, alkyl, substituted alkyl, -
N(R’),, -C(O)R’* where kis 1, 2, or 3, -C(O)N(R’),, -OR’, and -S(O)R’, where each R’ is

independently H, alkyl, or substituted alkyl. Such non-natural amino acids may be in the form of a
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Tl is a bond, optionally substituted Cl-C4 al kyl ene, optionally substituted
Cl- 4 al kenyl ene, or optionally substituted heteroal kyl; wherein each

opti onal wohstyteasat s i s i ndependently sel ected from | orer/tskégploanses
substituted | ower al kyl ene, |ower cycloal kyl ene, substituted | ower
cycl oal kyl ene, | ower al kenyl ene, substituted | ower al kenyl ene, al kynyl ene,

| ower het gf0 .

heterpcyc aﬁj %g%gﬁm E%Q%'#uteggP%%%g&ﬁ%%ero§§§1 ‘%mglﬁﬁ% m) ﬁdmndeora
substltutedwamyb@memdhmugﬂbHWWHendemdbgnmh@Mbd heteroarylene al karyl ene,
substit tuted aral kyl ene; T2, is

sel ect e[g‘s?g]o a%ﬁ&?{cl}ﬁrﬁ)e %g%&%mfﬁsam?gaﬁg%@hé kyI ene, substitut e% I ovver

al kyl ene, Iomer al kenyl,ene, substltuted | ower al kenyl gne, | ower
het er oal kyl ene, o ituted |o het gf oal kyl enge ~0 -0-(a

substituted al k e)-, -S-, al kyl ene or S|tuted al e)-,

-S(0) kwhere k s ™1, 2, or 3, )k(al kyl ene ¢r ~Substituted al kyl ene) -
-C(0)-, -C(0)x(alkylene or substituted al kylyene)ld, - C(S)mn %) - (al kylene
or substituted al kyl ene) - pn- , -NR -galkybene or substiduted

al kylene)-, -C(O)N(R )-, -CON(R)-(alkylene or substit ut ed al kyl ene) -,

-CSN(R ) -, CSN(R'ya(aIkerne r ssulpst it ut dﬁgﬁkylene) - N(RI) CO- (alkylene
or substituted @ﬂ%}-, ) C(0)0-, O)kN(R ) - JC(O)N(R ) -
-N(R)C(S)NR NCR'o)S(O) R)-, -N N=, -C(R'

-Q(R)=N-N(R -Q(R )= TR ) 2+ and - O(RY2YU'R )-N(R )-, where

each R is i'fi eﬁ%ﬁdently H & kyl, or subdtitutedasd kyl © S5S 555 Xi Xi T3
is Ri 0@ch n(ﬁﬁ%‘aﬁ(ﬁl a?ﬂn?&zamds ma? be £:re optmglﬁﬁan%ﬁ@ o?ééte%[?rouﬁ Q%W&%&E‘Jebf aﬁdr%t ed

fromthe group consisting
N( O\ve) -the 1% a safthpor mayAke 1nc01$p@ated N(tR? zon—nqqy o) ac1d_gqé)|1§:1(t@lmg)o YIRSE, N3 and
wher e %E}an&aﬂd@ o APeRRASAI K tii)mﬁahllgyﬁost Phsistishy hudigd @l kyl; Ris H,

hal ogen, kyl, substituted | oal kyl, or” substituted cycIoaIkyI
RLis m002éﬂl aniwdwp@tt@:@ll%@n@amp amﬁ%@wmg thgreirpesurs of Bormp gl (FFEpY ietgenclugle

pol ynucl eotide; and R2 is OH, an ester proteeting group, resin, amno aC|d,
pol ypeptide, or polynucleotide; or thecrhB- K- R groups together forma
bicyclic or tricyclic cycloal kyl or Heterodyci®al kyl conprising at |east
one carbonyl group, including a dica bogyl group, protected carbonyl group,
including a protected dlcarbonyl1gmou 7 or masked carbonyl group, including
a masked di carbonyl group; or the YK-R group together forns a nonocyclic or
bi cyclic cycl oal kyl or heterocycloal Kyl conprising at | east one carbonyl
group, including a dicarbonyl group, %559@cted carbonyl group, including a
protectﬁmh&ﬂcarbonyl group, or masked carbonyl group, including a nasked

dlcarboné 2&2 [00252L Non-limting exanpl e of dicarbonyl am ng acids
havi ng é%t Ptip PPPIEGRIT PSR RrsERiig ¢ hnkiepefegige from the group consisting of lower

alkylene, substituted lower alkylene, lower alkenylene, substituted lower alkenylene, lower
heteroalkylene, substituted lower heteroalkylene, -O-, -O-(alkylene or substituted alkylene)-, -S-, -S-
(alkylene or substituted alkylene)-, -S(O),- where k is 1, 2, or 3, -S(O)(alkylene or substituted
alkylene)-, -C(O)-, -C(O)-(alkylene or substituted alkylene)-, -C(S)-, -C(S)-(alkylene or substituted
alkylene)-, -N(R’)-, -NR’-(alkylene or substituted alkylene)-, -C(O)N(R’)-, -CON(R”)-(alkylene or
substituted alkylene)-, -CSN(R’)-, -CSN(R”)-(alkylene or substituted alkylene)-, -N(R’)CO-(alkylene
or substituted alkylene)-, -N(R*)C(O)O-, -S(OXN(R’)-, -N(R”)C(O)N(R’)-, -N(R")C(S)N(R’)-,
-N(R")S(O)N(R’)-, -N(R’)-N=, -C(R’)=N-, -C(R*)=N-N(R")-, -C(R*)=N-N=, -C(R’),-N=N-, and
-C(R”),-N(R’)-N(R’)-, where each R’ is independently H, alkyl, or substituted alkyl;

R is H, alkyl, substituted alkyl, cycloalkyl, or substituted cycloalkyl;

R, is H, an amino protecting group, resin, amino acid, polypeptide, or polynucleotide; and

R, is OH, an ester protecting group, resin, amino acid, polypeptide, or polynucleotide;
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0 H2N 00 00 000001,0 SNH H2N OH H2N cOH H2N fir OH H2N 0,0, WO
2012/ 166559PCT/ US2012/ 039468 01)) O H2Ncr CH O, H2NOHHZ2NOHH2NCH 0, O,

andO

WO 2012/166559 PCT/US2012/039468

each R, is independently selected from the group consisting of H, halogen, alkyl, substituted alkyl, -
N(R’),, -C(O)R’* where kis 1, 2, or 3, -C(O)N(R’),, -OR’, and -S(O)R’, where each R’ is
independently H, alkyl, or substituted alkyl; and n is 0 to §;

with a proviso that when A is —(CH,)s-, B is not -NHC(O)(CH,CHa)-. Such non-natural amino acids may

be in the form of a salt, or may be incorporated into a non-natural amino acid polypeptide, polymer,

polysaccharide, or a polynucleotide and optionally post translationally modified.

[00225] In addition, the following amino acids are included:

ww$$¢éé
N f >

protected, optionally carboxyl protected, optionally amino protected and carboxyl protected, or a

, wherein such compounds are optionally amino

salt thereof, or may be incorporated into a non-natural amino acid polypeptide, polymer,
polysaccharide, or a polynucleotide and optionally post translationally modified.

[00226] In addition, the following amino acids having the structure of Formula (XXXXI) are

included:

o (XXXXI),

wherein,

A is optional, and when present is lower alkylene, substituted lower alkylene, lower cycloalkylene,
substituted lower cycloalkylene, lower alkenylene, substituted lower alkenylene, alkynylene, lower
heteroalkylene, substituted heteroalkylene, lower heterocycloalkylene, substituted lower
heterocycloalkylene, arylene, substituted arylene, heteroarylene, substituted heteroarylene, alkarylene,

substituted alkarylene, aralkylene, or substituted aralkylene;
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Such non-natural amno acids nmay be in the formof a salt, or may be

I ncorporated into a non-natural am no acid pol ypepti de, polyner,

pol ysacchaioi2de/166859a pol ynucl eotide and optional |y post pCrarsséiawsasal | y
nodi fied. C. Structure and Synthesis of Non-Natural Am no Acids: Ketoal kyne,
Ket oal kyne - |ike, Masked Ketoal kyne, Protected Ketoal kyne G oupk, Alkyne,

d 257 i ik th
R e T R e T e
nucl eophi Bubstitmddilmeoﬂkyleacbwmkensmmé)lst@med bk ﬁm@yheaéqwevbetgpdlﬂxislet ncl ude

a ket oal k LFBE titfied Hver ﬁ’etég nléy Be- _(léﬁglg]lg O&Bul‘sw{ﬁ'te(ag{l%}%ﬁe)— - —C—%—g‘éikk%né&m lar

to a ketoal kyne group and i s structur o) € group), a
masked ke&ubatlltkbyqihelkgimm)xp S((th cherehis e, qréa@(q));(akkmhmecvrtsebjstltumd@lkaleh@t o€140<)yne

group), oy r Obgg%z—, - lée%{ggr s)gf;s(?lllt{{?ed( \Mr%e%% n,g%@) é(?g a\fléﬁéﬁe %f* %Hg%t%gte(} 0 a

ketoalkyne Up u I on
cont ai ni nglky le@at N gy - Hﬂb@ﬂwﬂetnh OlasubﬁnmdrrdkylmekyﬂéO)N(Rt)e FEAN(R)- -lajlryéeng pr

(g™ 1 A M By LR cn VO £y R AR, AR B e
et c. ) Suchr salhstmoe@aikﬂ@e) NRIS( RO, S OadN(RS-, hhi@ﬁ WQOW(B )st- N(R:i!@lﬁﬁ\f(af) ,Formul a
Og T RROsIRRE Rty A, CrhFe CRNRR -, cr TR AR )
-C(R”),-N(R’)-N(R’)-, where each R’ is independently H, alkyl, or substituted alkyl;
R, is H, an amino protecting group, resin, amino acid, polypeptide, or polynucleotide; and
R, is OH, an ester protecting group, resin, amino acid, polypeptide, or polynucleotide.
Such non-natural amino acids may be in the form of a salt, or may be incorporated into a non-natural
amino acid polypeptide, polymer, polysaccharide, or a polynucleotide and optionally post translationally
modified.
[00227] In addition, the following amino acids having the structure of Formula (XXXXII) are

included:

Rq

R. B\rO
L
Ra
Ra
Ri~ H R
e (XXXXII),

wherein,

B is optional, and when present is a linker selected from the group consisting of lower alkylene,
substituted lower alkylene, lower alkenylene, substituted lower alkenylene, lower heteroalkylene,
substituted lower heteroalkylene, -O-, -O-(alkylene or substituted alkylene)-, -S-, -S-(alkylene or
substituted alkylene)-, -S(O),- where kis 1, 2, or 3, -S(O)i(alkylene or substituted alkylene)-, -C(O)-,
-NS(O),-, -OS(0),-, -C(0)-(alkylene or substituted alkylene)-, -C(S)-, -C(S)-(alkylene or substituted
alkylene)-, -N(R’)-, -NR’-(alkylene or substituted alkylene)-, -C(O)N(R’)-, -CON(R”)-(alkylene or
substituted alkylene)-, -CSN(R’)-, -CSN(R”)-(alkylene or substituted alkylene)-, -N(R’)CO-(alkylene
or substituted alkylene)-, -N(R*)C(O)O-, -S(OXN(R’)-, -N(R”)C(O)N(R’)-, -N(R")C(S)N(R’)-,
-N(R")S(O)N(R’)-, -N(R’)-N=, -C(R’)=N-, -C(R*)=N-N(R")-, -C(R*)=N-N=, -C(R’),-N=N-, and
-C(R”),-N(R’)-N(R’)-, where each R’ is independently H, alkyl, or substituted alkyl;

R is H, alkyl, substituted alkyl, cycloalkyl, or substituted cycloalkyl;

R, is H, an amino protecting group, resin, amino acid, polypeptide, or polynucleotide; and

R, is OH, an ester protecting group, resin, amino acid, polypeptide, or polynucleotide;
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RB\A.>\ 1/ /\ LI B (R19)q R2 wherein: Ais optional, and when present is
| oner al kyl ene, substituted |ower alkylene, |ower cycl oal kyl ene,

substi t utwo 20veesssgycl oal kyl ene, | ower al kenyl ene, subsPrraiSed 2/0aoes

al kenyl ene, al kynyl ene, | ower heteroal kyl ene, substituted heteroal kyl ene,

| ower heterocycl oal kyl ene, substituted | ower heterocycl oal kyl ene, arylene

bstituted I
Subet 1 ¢ ut ed ‘AITFOfL RISHELRRINERGec AURF it AL AEMELATEY LG, AR V! ene
2012/166559@@H¢M&QﬂmﬁdGEQﬂEBCBOkE wbttbmdl (mﬂd(WﬂEﬁRbne@&hamr§«®ﬂRLnker
i nked at OQ%wﬁﬂQd}R gP%lﬂghgﬁgfﬁg%ﬁh %m&u gﬁg the linker selected from

e,

the group consistling ted | ower al kyl ene, | ower
al keny| Sk porsuigii Ztmme dciflomey bfaink‘én )fcbrené a $ahwe1r mhjebe ur@eﬂpklylteé ngo asiebsipiutalit ed

LA 00542 BRSSP ef e

al kyl emegdifiedwher e . 2, 3, -C(0)-(al kylene or substituted

al kyl eng kyl ene)-, -NR'-(al kyl ene or
substi [[UQ22§] Cﬁs‘% eng%‘w'J S@%ﬂ%ﬁ‘?}d? Est#geﬁlglugtlfd substi tut ed al kyl ene) -

-CSN(R') - (alkylene or substitutedj kylene) and N(R' )CO (al“?jene or
substituted al k 3
substituted al
protecting
X1CnXC. -, ;
fronlthe group

Rl

wherein such compounds are optionally amino protected, optionally carboxyl protected, optlonally amino

4 is a carbonyl
oH 3-ss-'1- X1
endently sel ected

[

protected and carboxyl protected, or a salt thereof, or may be incorporated into a non-natural amino acid
polypeptide, polymer, polysaccharide, or a polynucleotide and optionally post translationally modified.
[00229] In addition, the following amino acids having the structure of Formula (XXXXIV) are

included:

0O
(CRa /k/o>

Ri< Ry

o (XXXX1V),

wherein,

B is optional, and when present is a linker selected from the group consisting of lower alkylene,
substituted lower alkylene, lower alkenylene, substituted lower alkenylene, lower heteroalkylene,
substituted lower heteroalkylene, -O-, -O-(alkylene or substituted alkylene)-, -S-, -S-(alkylene or
substituted alkylene)-, -S(O),- where kis 1, 2, or 3, -S(O)i(alkylene or substituted alkylene)-, -C(O)-,
-NS(O),-, -OS(0),-, -C(0)-(alkylene or substituted alkylene)-, -C(S)-, -C(S)-(alkylene or substituted
alkylene)-, -N(R’)-, -NR’-(alkylene or substituted alkylene)-, -C(O)N(R’)-, -CON(R”)-(alkylene or
substituted alkylene)-, -CSN(R’)-, -CSN(R”)-(alkylene or substituted alkylene)-, -N(R’)CO-(alkylene
or substituted alkylene)-, -N(R*)C(O)O-, -S(OXN(R’)-, -N(R”)C(O)N(R’)-, -N(R")C(S)N(R’)-,
-N(R")S(O)N(R’)-, -N(R’)-N=, -C(R’)=N-, -C(R*)=N-N(R")-, -C(R*)=N-N=, -C(R’),-N=N-, and
-C(R”),-N(R’)-N(R’)-, where each R’ is independently H, alkyl, or substituted alkyl;

R is H, alkyl, substituted alkyl, cycloalkyl, or substituted cycloalkyl;
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consisting of -0-, -S-, -N(H)-, -N(R-, -N(Ac)-, and -N(Ow)-; X2 is -OR
-0Ac, -SR, -N(R 2, - N(R (Ac), -N(R(OMe), or N3, and where each R is

i ndependewOl2g12H663bkyl , or substituted al kyl; R is H haCogsaoi2ablgs
substituted al kyl, cycloal kyl, or substituted cycloalkyl; RL is H an am no
protecting group, resin, amno acid, polypeptide, or polynucleotide; R2 is

OH, an a Pesi , " or

pol ynuc eo i élgdngﬁoapq{zlgea?lg O%E Ss‘féﬁ’f@ %Cng%&%n@t?det?f%&kxﬁe%?g%gﬁd | ower al kyl,
or subsdtiiit QHewh dsonppteetingydrquporesiR3namckelRY pdypepime, RPpofymocdpgidept i onal |y form a
cycl oal ; C I Syl d from
the or ot Baninferl R ARIEL0 B o R e b Py AERE ST bR R SR L Per
anlnoalkyNﬁihaKﬁ@ﬁﬁ»Whﬁkyﬁ5b§1@ﬁ (KOYWR@st@RvaaMﬁﬁ@hRaMyheaﬂmdégsaIkyI

hal i de, kyl | nitro, thioester, sulfon
ester, ha} ékP@%}€EIE$t%FP%H @h&l@ﬁ%?ﬁﬁ@&§gnd nitro; and q is 0, 1, 2¥
3, 4, 5ucksporypat@al 9nind Bcidy maJZLbe [D @t: ferot ofr sadindr Bynbh gsbpomfed Nop aNehuwntafal

Ami
A0 ISR SFLORTIEL AN ee: NSRRI B O BTy
di car bomydifiddi ke reactivity allow for the |inking of nDIecuIes vi a

n“C|e°Hﬁ&%bfoaﬂQMhn§ tﬁ§@ﬁ3*8£§ﬂﬁ?§ﬁ@hfgﬂ@ﬁh&ﬁ groups include a ket oam ne

group, am ne- rou as reactivity simlar to a ketoam ne
ked ket oam ne

group and is. structurally si ar to

group ( mhlc n be d|Iy opverted i oa group), or WO
2012/ 16655 1 US2Q112/ 03946 prot gcted ketjoam ne group (which has
reactivit |n1Iar to a ke oanlne roup upgn Weprotfection)(. Such am no

aci ds |m Aei as gV ngan g 5t rwetyr® ofunFor uks (Y : R3 A-T1,
NR R2R @II) mheﬁéln, A i3 optionél, and when .present. is9ower al kylade,
substituted | r al kyl ene, | ower cycl oal kyl ene, substituted | ower
cycl oal kyl ene ower al kenyl ene, substituted | ower al kenyl ene, al kynyl ene,
| ower het eroal kyl ene, substituted heteroal kyl ene, | ower

het er ocycloal kyl ene, substituted | ower heterocycl oal kyl ene, aryl ene,
substit oaryl ene, heteroaryl ene, substituted heteroaryl ene, al karyl ene,
substitite alkarylene, aral kyl ene, or substituted aralkylene; Bis
optional , and when present is a linker linked at one end to a dianine

cont ai nvhvgelrnwbﬁcgmpwh@s q4r¢ pikienallyaindec prate¢ted wptidrellyeanks yompiséted: opigpnally dnamer
al kyl e%te&éabﬁlh'cmgg@ phARURAL (?aks\éit Aot loPYE béue&lawa%a%o%pﬁhatfmﬁ Siknb QUET
al kenyl'ene, | ower het eroal Kyl ene, substituted | ower heteroal ene,

0- (al kwomiept@p, polyyet, |pply@9@dla§ﬂwr @n@ynucleotsle(aad Riytloa#lly nopt t%ﬁ@tm%lm@@ﬂlﬁed

al kyl 65[902'3’1] - CﬁPQdimon to n%ngéalfl(d%flks\ﬁlu@tﬂ%s Offhe %Hlpﬁét{lltapalﬁl{HO akiy h&@ﬁ)ed he}@ﬂieﬁl k

ene or substituted al kylene)-, - -(al kylene

or S ubs}thlwdﬁtgé@paﬁsq@ P%ﬁﬁieeyrbonyL Nirerbgnyl ik, aagked rhcgrbwﬂ ndypretertes) dtgﬂrl@ﬁél)groups

CON R ok B4 0S4 It B e or MR OG0
substituted aIRy ene) and a kyl ene or substituted al kyl ene) -
where each R' is |ndependently H, aIkyI or substituted al kyl; 0 Caer T4 Ny
S.), or'5 Tl is an optionally substit 81-C4 al kyl ene, an optionally
substituted Cl1-C4 al kenyl ene, or [an optia@nally substituted heteroal kyl ;
Ri< H Ro ©
o (XXXXV),

wherein,

A is optional, and when present is lower alkylene, substituted lower alkylene, lower cycloalkylene,
substituted lower cycloalkylene, lower alkenylene, substituted lower alkenylene, alkynylene, lower
heteroalkylene, substituted heteroalkylene, lower heterocycloalkylene, substituted lower
heterocycloalkylene, arylene, substituted arylene, heteroarylene, substituted heteroarylene, alkarylene,
substituted alkarylene, aralkylene, or substituted aralkylene;

B is optional, and when present is a linker selected from the group consisting of lower alkylene,

substituted lower alkylene, lower alkenylene, substituted lower alkenylene, lower heteroalkylene,
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X, X, " )1, ; \ x2(2_ x2 ; or, where each Xi is independently selected from
the group consisting of-O, -S-, -N(H-, -N(R)-, -N(Ac)-, and -N(Owe)-; X2
is -OR -WONYISR59 - N(R )2 WO 2012/ 166559PCT/ US2012/ ®83ASB012/M846§ ( AcC) ,
-N(R )(OMe), or N3, and where each R is independently H, alkyl, or
substituted alkyl; Ris H halogen, alkyl, substituted alkyl, cycloalkyl,

or substi g§ o am no
aci d, poI%%@%ﬁtgx&kpﬁgé&hiﬁﬁéleot| aﬁ?k&%S%@mH&ﬂ%ﬁ@&kﬂ% Lé)O%H{(%Fec i ng
group, resmmnwaﬁMhﬁma&tdXOhowypebwﬂdémﬂdrSﬁﬁmyhmbh@mwuwmumﬂa@hkoﬂ R3(QGnd R4

s indepe Iy haI . Hﬁmgr R3
and R4 or tvvg RSO%O(; Ups 0)9@11%/168%1‘? su?%%dg 1 tg) @99 &r Igéllg%:/tlugg kyl .
[ 00259] Anficnloncarc rbﬂg )haNRhQaﬂwﬂﬁ@e st wbsittluc@albﬂerﬁbr WEJ(BXXW(R )-(allyyddne de

ami no aci gﬁ)ﬁﬂ%ah Q]gylé& pgﬁt @sﬁ@ X @%kefﬁ‘m Shtsklﬁut%%%gﬁgg)% N I’g%%k%?ne H

wher ei n eac s’ 1n
hal ogen, aﬂk@ﬂﬁm@hbbﬂmthlémRa¢MDD -SIR(R 25, NGIEXQFWFMheNéiKXSB«K) .2, or 3,

O Mot PR K e repsni) Le g eRendant ) g o

Aci ds: Di &iRieN()-aiR he whetkeschVi skiedepBidentlynid, alIBi.or egreédteAnikpes and Azi des

[ 00260] L AS,: W p gy197 oup allow for a variety
of reaéfggﬂgm?ghﬁ?wﬁkﬁgkgtﬁﬁghﬁ &k; ﬁn §ﬁ9¥ é addition reactions anong
ot her s.Ri$uld henrugheempthéting graup aetii, \amlrg)ramsipwlympﬂldsfd@ palyducdevitides ag¢ oup

(inclu r oup, a
T L L

1, 4- di dwicheognaserp) amigo déidsninmebé lrk@e @crroupf 4 weffi ohmhabe meaptiatei tigto 9i nvninatural 0 a
di amn o 1,345 u I

R L R T S L S T S L
pr ot ectredliftidami ne group (which has reactivity sinmilar to a di amne group

upon d ctio 0 Q ] i C i ni.n i

oF oups 1 BRF o Rkl (RO PR RIABRT LG W20 ER I AR BoERGH! 1E
reacti onduded. g., 1, 3- dlpolar cycloaddltlons, azi de- al kyne Hui sgen

cycl oaddi ti on, etc.). [ 00261] I n anot her agpect are nethods for the chem cal

synt hesi s of hydrazine-substitu&edF%Dlgcules for the derivatization of
yat ryesr I n one enbodi nent, the

carbonyl -substituted dolastatin © ]

hydr azi ne- substituted nol ecul e cag _dal asoatin |inked derivatives. In one
embodi nent are nmethods for the prepar8tion of hydrazine-substituted

nol ecul es suitable for the deri atk;atlon of carbonyl - cont ai ni ng
non-natural amino acid pol ypepfides? including by way of exanple only,

ket one-, or al dehyde-contai ni hg ron-natur al z]d pol ypeptides. In a
further or additional enbodi nment, the non- natural no acids are

i ncor porhgtad sit e- specifically during the in vivo translation of proteins.

Ina fuy fsr&gﬁongf a A t‘{%éﬂt lsedmgj SQE& d fr&tﬁ%e@’%%&ﬁsﬁyﬁng Uﬂﬁ\tvér aﬂ&%Qe dol astatin

derivative e site- speC| Ic derivatization o
2012/ 16655@&@%@2@1@#}0@%@8{%@&%@@% subsiiftiigil ovispalkensilenadaye heteraplidengei ds

via nucle Qﬁt{de& 10¥ef ﬁ&&oe@lﬁyle%@ctb Cg 91)5}16 & é%gtu'{e(aa )@ s, —S—(talk ylene or

het er ocycl e-derivati zed ypept’i inclu a nitrogen-containin
het er ocycbubstgibted glylencgd- %@)kywb@@ kit 2eora. *§K@)@(31§Iﬁ]é@‘1 grisgbstitpdddiabigylen¢)n g(O)
further orygddl tb@@d W?é&k@%ﬁé or sub&inIRLNQnELr cksge -BlIse RAEALE %u@@tnuted

hydra2| ne- SUbStI tu astatin derivatives provi des access to a

variety oflkglene SYRONf-NBafalgylaeps wh%tlﬂzt@blalbdfmybeﬁ(@)ﬂﬁg )= FROM (W Maﬂlm;qne elr
addi ti onaleihrglh lﬁﬁ%')i L%I\F’(Rt)h°@§N(Iﬁ@)' &a&?ﬁh@&%hﬂs‘hﬂﬂed@’l@ﬁeﬂé)‘ NR{NES (ARald.zed
pol yet hyl enegl ycol | i nked do In derivativ
or substituted alkylene) -N(R”)C(0)O-, -S(O)N(R”)-, -N(R”*)C(O)N(R’)-, -N(R")C(S)N(R")-,
-N(R")S(O)N(R’)-, -N(R’)-N=, -C(R’)=N-, -C(R*)=N-N(R")-, -C(R*)=N-N=, -C(R’),-N=N-, and
-C(R”),-N(R’)-N(R’)-, where each R’ is independently H, alkyl, or substituted alkyl;
R is H, alkyl, substituted alkyl, cycloalkyl, or substituted cycloalkyl;
R, is H, an amino protecting group, resin, amino acid, polypeptide, or polynucleotide; and

R, is OH, an ester protecting group, resin, amino acid, polypeptide, or polynucleotide;
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[ 00262] Such ami no acids include am no acids having the structure of Formula
(XXXMIT-A) or (XXXVI1-B): R, A. K.R3,A R3- B- RR3- B- -2R...NR2
RAOH R4 (WBXVH)16635XXXVI |1 -B), wherein: A is optional, amrdTAsen2psssent is
| ower al kyl ene, substituted | ower al kyl ene, |ower cycl oal kyl ene,
substituted | ower cycloalkylene | ower al kenyl ene, substituted | ower

al kenyl ene, e rqal kyl ene,
| ower heter o\gﬂyc oa Eﬁ lghdggﬁlg%&%ﬂ?gc?%?% t%@?r H@?@?@g@ﬁ%oéﬁﬁéng@ ‘aryl ene,
substituted sabsyltveerlﬂetlkyheNGR patGyOrRevhaabstl, 2.utréddieMNROar§Rene] -SED KT yI ene,
substituted n o] I d aral kylene; B is
optional, @l \E@?}Jagﬂﬁrlgéne eﬁhéﬁg%{]g&% &S nlalg%i ag{y?one end to a diam ne

cont ai rijualy nmaneémyl antnhe atiflnkey bs el de tf@fdl cbfreomltt biemgy beipicoppicd tinting h-nhovedr

o ! s PIBLLMRSE DAUE AR08 Lol AR R s he L el

0- (al kyhahigedor substituted al kyl ene)-, -S-(al kyl ene or substituted

al k Ie 0 ne or substituted al kyl ene) -
whe?/e ()233]1 ng)dam% tﬁqu%@% Woﬁelggeﬁéﬁl su{)dgtl tuted al kyl ene) - y )

-C(S)-(al kyl ene or substituted al kyl ene)-, -NR'-§al kyl ene orgs bstituted

al kyl ene) -, R' | kyl en stitutedral kyl ene) -
-CSN(R") - (al kyl e Jsubstit kyl ene d NRY alkyl ene or
substituted al k wherfe each R' isfindependently H, al kyI or

substitut ed -akKyéco R8 H RN cbbH R8 Nen: dobH , <T2, 8% 64lZ/ , 2 \,or RS8R
9 "s? /T1'3- 1122 H- N’ ’ ’

wherein such compounds are optionally amino protected and carboxyl protected, or a salt thereof. Such
non-natural amino acids may be in the form of a salt, or may be incorporated into a non-natural amino
acid polypeptide, polymer, polysaccharide, or a polynucleotide and optionally post translationally
modified.

[00234] In addition, the following amino acids having the structure of Formula (XXXXVII) are

(0]
(ORI~ )‘\rR
B
1\N/[’(R2 o)
H
(@]

B is optional, and when present is a linker selected from the group consisting of lower alkylene,

included:

(XXXXVID),

wherein,

substituted lower alkylene, lower alkenylene, substituted lower alkenylene, lower heteroalkylene,
substituted lower heteroalkylene, -O-, -O-(alkylene or substituted alkylene)-, -S-, -S-(alkylene or
substituted alkylene)-, -S(O),- where kis 1, 2, or 3, -S(O)i(alkylene or substituted alkylene)-, -C(O)-,
-NS(O),-, -OS(0),-, -C(0)-(alkylene or substituted alkylene)-, -C(S)-, -C(S)-(alkylene or substituted
alkylene)-, -N(R’)-, -NR’-(alkylene or substituted alkylene)-, -C(O)N(R’)-, -CON(R”)-(alkylene or
substituted alkylene)-, -CSN(R’)-, -CSN(R”)-(alkylene or substituted alkylene)-, -N(R’)CO-(alkylene
or substituted alkylene)-, -N(R*)C(O)O-, -S(OXN(R’)-, -N(R”)C(O)N(R’)-, -N(R")C(S)N(R’)-,
-N(R")S(O)N(R’)-, -N(R’)-N=, -C(R’)=N-, -C(R*)=N-N(R")-, -C(R*)=N-N=, -C(R’),-N=N-, and
-C(R”),-N(R’)-N(R’)-, where each R’ is independently H, alkyl, or substituted alkyl;

R is H, alkyl, substituted alkyl, cycloalkyl, or substituted cycloalkyl;

R, is H, an amino protecting group, resin, amino acid, polypeptide, or polynucleotide; and

R, is OH, an ester protecting group, resin, amino acid, polypeptide, or polynucleotide;
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T2 'N,/ ;where: Rg and RO are independently selected fromH, alkyl,
substituted al kyl, cycloal kyl, substituted cycl oal kyl, or am ne protecting
group; WWOQL2/1666559PCT/ US2012/ 039468 T1 is a bond, optrconskeng/osubstitut ed
Cl-C4 al kyl ene, optionally substituted Cl-C4 al kenyl ene, or optionally
substituted heteroal kyl; T2 is optionally substituted C -C4 al kyl ene,

optionally 3 &Sﬁllg fﬂh‘ﬁ)gnc%]ﬁ Jg% e%{eb?x@%lltﬁyé?upoc%hélﬁﬁ 0% M %ﬁ I E{SE glﬁ)s?tu‘gd alkyl,

het er oal kyl ,” optiona or op |ona
het er oaryl ; Nﬁé&eﬂﬁoﬁaéwh@pkmbhéhﬂ§uﬂ§@ﬁﬂ8®mt@RfgndﬁMQp%ndénbbymééhQCted

from | ower k cycl oal kyl, substituted

| ower cycloa#%%lkbﬁﬁagrhgrkgﬁ$kg&§&]E$i%ﬂggd@ﬁﬁaeryalkenyr, aIEyny:,qumer
heterodhk@hwryuwskmmuweddmemﬁb@ajﬂwﬂmni@Mewmhemembby@koammwﬂhﬂs@bmnmmmnéd

| ower u t 1

et or oario SaY FUARMAE poidh; pg RRTde bEF b Bl otR LSl O JUPEULLULRR

R |sl4m@mmyl substltuted aIkyI cycloal kyl, or substituted cycloal kyl; Rl
S T PAs| OLPLAL BRI B Brink B8 BELAG, AC1 0, POl ypeptide, or

pol ynu an es er protecting group, resin, amno acid,
polypeptlde or pol ynucl eoti de; each of a d R4 ndep ntIy H.

hal ogen, hover al&¥u§ or tltut omer Iﬁyl ﬁS and 4 or R3
groups optbonally for%1a cx&l%alkyl he erocycl kyI the - oK- R
groups toget her f n1a bi ycllc or trlcycl o cyclo or teroc cl oal kyl
conprishmgﬁ/ | eaSty Bnerai arit he Hgr opp! edt | nem f orNfRsKed

di am ne gr 8up;. or the -B-K-R group§3togethe? forn1a0b|0ycI|@ or. tri &cli.c
cycl oal kyl or cycloaryl or heterocycl oal kyl conpricsi hg at ast one m ne
group, protecied diag e grou&*gg maskgd di am ne gyoup; or t -K-R %E/

t oget her forlns®a nonofy®l ic or [breyclic Jeyel oal k

conpri sing at | east Jone di am e group, [protecte

or heterodycl oal
di am ne group or

o

sked

di am ne grou wherfei n at |east one afine groug on -A-B-R-Ris op |onaIIy a
prot ectg ne | mnOnE as peet co s co ing #
structures®l or,2: ©9NH2, R R3 A ,°N' NH2 T© , 0 , 0 ,

and O , wherein such compounds are optionally amino protected and carboxyl protected, or a
salt thereof, or may be incorporated into a non-natural amino acid polypeptide, polymer, polysaccharide,
or a polynucleotide and optionally post translationally modified.

[00236] In addition, the following amino acids having the structure of Formula (XXXXVIII) are

included:

(XXXXVIII);

wherein:

A is optional, and when present is lower alkylene, substituted lower alkylene, lower cycloalkylene,
substituted lower cycloalkylene, lower alkenylene, substituted lower alkenylene, alkynylene, lower
heteroalkylene, substituted heteroalkylene, lower heterocycloalkylene, substituted lower
heterocycloalkylene, arylene, substituted arylene, heteroarylene, substituted heteroarylene, alkarylene,

substituted alkarylene, aralkylene, or substituted aralkylene;
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R3 RBALB, T2, N2 R. NRR RRL.NRR HRA OHR4 O 1 2 wherein: Ais
optional, and when present is |ower alkylene, substituted | ower alkyl ene,

| ower cycwoabieyleesse, substituted | ower cycl oal kyl ene, | eagrusadizesssbene,
substituted | ower al kenyl ene, al kynyl ene, | ower heteroal kyl ene, substituted
heteroalkylene | ower heterocycl oal kyl ene, substituted | ower

het o1 oGy Rl Pah Y LB0GuFLILIDR . RIS LD GG Briligne, et eroaryl ene.

substltu eroaryl ene ene ed al karyl ene, aral kyl ene,
or subsRulst Ht @chrram@rktwtmggmuv@e@@ B@@%@Mb@@@bﬂb@@@@@@e Bnd s optional,
and wh g [.am cont ai ni ng
nnletyqﬁ ﬁ ISﬂ}w{&D%FJ%% ﬁmf%%ﬂ1%ﬁ“ﬂwupﬁﬁﬂ%@ ﬁ%ﬁghgglﬁgmer al kyl ene,
subst i tXitied, $.en8¢0)adnkdy lemléyleﬂeomwnatbck@lhylb@nmli K@ﬂbsltslilet) ot ¥R J(obesituted kenyl ene,

| ower het bsi.qt |kl - - kyl ene or
subst i tut S B By FHR Sl IE), OTRER R IRy crdalist
- C( 0) R'Such SQIGMIQral zt@ﬂh@ pgdoma bltb’st ihe dieredofad kajtl eneyy be wisenperated iigo B, no@;natwral 3,

0) - | | Kyl
R 3 e T G s R L S
subst i tredéfeedal kyl ene) - CSN(R )-(al kyl ene or substituted aIkerne) and
-N(R" Kk bstii A : =
M) k) v POgar, SRS SRl SALETR: G EnREh Bl gy g
is CH,lmﬂakéln each optional substituents is independently sel ected from
| ower al kyl, substituted |ower alkyl, lowgr cycloal kyl, substituted |ower

cycl oal kyl, | ower al kenyl, substitut%d | ofyer al kenyl, al kynyl, | ower
het er oal kyl , substituted heteroalkylQ\Lgyﬁﬁ\heterocycloalkyl, substituted

| ower heterocycloal kyl, aryl, subsfitutéd arfyl, heteroaryl, substituted
heteroaryl, alkaryl, substituted alkaryl, aralkyl, or substituted aralkyl;
Rl is H an amno protecting group, resin, am no aC|d pol ypepti de, or

pol ynucl eotide; and R2 is N ‘an bgr protectin roup, resin, amno acid,
pol ypepti de, or polynucleog?%e; PR, XX%D&

wherein:

A is optional, and when present is lower alkylene, substituted lower alkylene, lower cycloalkylene,
substituted lower cycloalkylene, lower alkenylene, substituted lower alkenylene, alkynylene, lower
heteroalkylene, substituted heteroalkylene, lower heterocycloalkylene, substituted lower
heterocycloalkylene, arylene, substituted arylene, heteroarylene, substituted heteroarylene, alkarylene,
substituted alkarylene, aralkylene, or substituted aralkylene;

R is H, alkyl, substituted alkyl, cycloalkyl, or substituted cycloalkyl;

R, is H, an amino protecting group, resin, amino acid, polypeptide, or polynucleotide; and

R, is OH, an ester protecting group, resin, amino acid, polypeptide, or polynucleotide;

L is alkylene, substituted alkylene, N(R’)(alkylene) or N(R’)(substituted alkylene), where R’ is H, alkyl,
substituted alkyl, cycloalkyl, or substituted cycloalkyl.

Such non-natural amino acids may be in the form of a salt, or may be incorporated into a non-natural

amino acid polypeptide, polymer, polysaccharide, or a polynucleotide and optionally post translationally

modified.

[00238] In addition, the following amino acids having the structure of Formula (XXXXX) are

included:

\//
/\ A

(XXXXX)



each of R3 and R4 is independently H, hal ogen, |ower alkyl, or substituted
| ower alkyl, or R3 and R4 or two R3 groups optionally forma cycl oal kyl or
a het er ocwol2oeli6y3iso or the - A-B-di am ne contai ni ng noi ePETIUSQERI089468 or m a
bi cyclic cycl oal kyl or heterocycloal kyl conprising at |east one di am ne
group, protected diam ne group or masked di am ne group; or the -B-diamne
cont ai nj;ng..noi ety groups together forma bicyclic or tricyclic cycloalkyl

or cycloaryl or heterocycl oal kyl conprising at | east one diam ne group,

pr ot ect4ed odiiaml, aed ghauwppesont intaskradkyting sirsétugpdderpsr alkb!bn@ilcrweatydl@a@ten@ne am ne
group on e, or
an_aot | ve Ll ARG RhEING: MR Slok TRl Rl Wk A BEERL£, BRET

sol vat e t haeredkylfro0R6sjutdhietd ailliybane.igvaditetocydl¢ailkytene xabspives! loferam no aci ds
having th L) I I
am no-aci T EogatEa gl /et B ldt ol B il IUERMAR LR §
non- nat uralbsfameda@lka&ienb p@lkybeqator shbstitytod ymkkylengpol ysaccharide, or a

pol ynu i i 0 nally nodified. [00265] In
certai ﬁﬂg%g)‘%ﬁl gk ét?{edgl I %@ghﬁ%l i glfgsr?&l{t&lr&?WI ) are stable in aqueous
sol uti dh if Hranaﬁumﬂlcaagttectmgrgmup resin denorciddbolyreptidti @ pobmdiltdtidnand | n certai n

erbod! Tt oy, OMROHIAR Blu Rt TUh Anka090 b ARRuch ARGl RL | east 2 vecks

under acl condi I'n certa ound of Formul a
( XXXVI 1) is alkglent, alfisetufed plkalend, 2aRD(abkydag) or NRfsubsiithel glkzlenali mhemih’d'ﬁ Hidkd. In
certain e s are pH about 2 to about 8.
1002661 | %ﬁ%g%y%g%@er%g%gﬁlﬁg&l qusq?lﬁégf;c%p%ﬂ%ys of Fornmula (XXXVII), Bis |ower
al kyl erfaich sobsatirelaneido kodemanbk yl ta éornﬁof(aaI;aIkty bemey b irsoipstafetl unted non-natural

Suste o] R o g, P i R G gl

- S( al kyhahfeedor substituted al kyl ene)-, -S(0)(al kyl ene or substituted

| kyl Kk | kyl
pa B o v, SRR SRt Dl SR LR b BERR)
CH=NNH-ipcludiCH2- , - NHCO-, C(0)-, C(0) (CH2) - CO\IH( CH2) -, -SCH2-,
-S(=0) CH2-, or -S(O)ZCHZ- I n certaion enbgdl ment s of corrpounds of For mul a

(XXXVI'1), Ris Cl-6 al kyl or cycloal|kyl [N certain enbodi nents of
conpounds of Formula (XXXVI1) R is ~%GH3, (CH3) 2, or cyclopropyl. In

certain enbodi nents of conpound Aof 2@ RXXXVI1), RLis H,
tert-butyl oxycarbonyl (Boc), 9- | Fl uor I

t hoxycar bonyl (Fnoc), N-acetyl,
tetrafl uoroacetyl (TFA), or b | oxycar bonyl (Cbz). In WO

2012/ 166559PCT/ US2012/ 039468\ cer t@jonr gnbodi rrenmszorrpounds of Formul a
(XXXVI'1), RL is a resin, amno acid, polypepti ‘pol ynucl eotide. In
cert ai nwlerdodi nent s of corrpounds of Formula (XXXVI1), Rl | S an antl body,

anti body.fra nt, of nonoc .. In cert
corpourts BRHRE AL eyt eere ol Qe R B T B UGIEE buc 1
I n cert ai substirbed lonmmmo@mylemmuﬂdse@fenF@ﬁmiuaedG&@@(Vlkbl)y,len%lkyaylaneg BSien, at
| east one, am aci d nucl e rtain
enbodi monP R Sro Bl R R T s e S i IERHeES " ant i boay
f ragnment Be‘termatamkgblﬁﬁd aigtthe, bﬁiﬂﬁtutekl@@%ﬂheﬂéhﬁrﬁl@h sodtingedi@rerdaryidric) alighrylene,
exanpl es am no, ac ds hav str of Formula (XXXVI1) are also
i ncl uded: b Fﬁ@)%%]’feﬂfoﬁraﬂ?'ﬁ?loﬁﬁl g%'éfﬁ%’l‘%]gylgi’ ‘protected am no acids having
t he st rRthmIkyDﬁubEtﬁmuamhlayl(ayXMMI(yl) ori snbdtittde! cycloflkylSt ruct ure and Synt hesi s of
Non- Nat a% Am no ACtI Aromatic Am nﬁs J g{ Z r.al c:flm no acids
wi th nderepiie FRsAPE FEugr s dming i éypeB\PngH>P° PRSI onl y, an
aromat iR mm{nzﬁl @reopptettingQirang] rRgn, &ﬁﬁmmtal; yolﬂmﬁudeebﬁpo@rnyclamme groups), a
masked p Whl C b i. nt matic
o e gndnby o obo U st a0 Sk et Eonite e T bSeEr Gy
simlar tel@reddioants gr@ulﬁdfﬁnﬁlﬁmgrotﬁﬂpalld@qnalﬂﬂﬂﬁmé éalbogan)ikal ;Irgalwoﬁany RA anBR et y
of reactions t ecul es via vari actio
i ted + S st RS Ca RyrleTh F abia pORS LR Ao Bahyade B e
dol ast auch nbi-nke@nl deino Welld mepbe SLibh famoofbd salt, aninde be aebipbiatet gntd @monahtural
(aga;] (r:]) / %%_ir_?o_sacl\lcp golylfjp%gtlc?er\i)_?q%geaf%o S c%\éy] '_PrtF?QS(ﬂ?&urﬁfégttlc{é”a%d (?)E)‘[1on(agl)lliyrr[l)'l(ls’fle trén\sll)a’;ion-glly

modified.
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wher ei n: is selected fromthe group consisting of a nonocyclic aryl ring,
a bicyclic aryl ring, a multicyclic aryl ring, a nonocyclic heteroaryl
ring, a bwoyeolzweiset eroaryl ring, and a multicyclic het @ecoarsgd12/089g8 A i s

i ndependently CRa, or N, Bis independently CRa, N, O, or S; each Ra is
independently selected fromthe group consisting of H, halogen, alkyl,

- S( 0) k&%\ﬁv\ﬁUb fif E(E(Htgo%d I%l K)M!)Wm Ha:}}]&dgcﬁd& %V g e sgu(%rg)ozl(ﬁé&gla (X?)i)&ﬂnge

an am nuoclyledt ect i ng group, reS|n at |east one anino acid, polypeptide, or
pol ynucl eotide; and R2 is OH an ester prgtecting group, resin, at |east
one am no acid, polypeptide, or poI?nucl ide; WO

2012/ 166559PCT/ US2012/ 039468 each R4 is independently H, hal ogen,
| ower al kyl, or substituted |o aIkch iR3 and R4 or two R3 groups
optionally forma cycl oal kyl or| a het ef d%3 Poalkyl; Mis Hor -CH2R5; or
the MN-C(R5) noiety may forma\4 to 7 nenbered ring structure; R5 is

al kyl, substituted al kyl, rakkenylg osupstituted ggﬁééaé al kynyl ,
substituted al kynyl, al koxy, substituted al kox | al koxy, substituted
al kyl alwkexgn: pol yal kyl ene oxi de, substituted polyalkylene oxi de,

cycl oal | , .subs ted cycl.oal k stit oar

o bes T b fBb B ap s P Sitivien® st R s Bovft pst oS leRey 1

subst i t ut aghsthisatopler cyatoalkigighe, ld:‘vxtd:bimd:ﬂylthedulﬁﬁﬁlkddy&wer aﬂZéIQf)dﬁ'e,, alky@(zl)@ﬁelﬂill(ﬁge; )
-C(O)N(R') 2, -C(O)NHCH(R')2. -(a ene .or subs ene

o ko Bon el L I RS Ry B RO BT TE Y bt 1 ut e

a: tyl elne) h{t&b(}ﬁlelo@lkylsntbSl%fiehutsﬂ?tiglfeyﬂa)y,lene (k&iekﬁfﬂetrﬁmb@ﬂtutﬁilﬁ&frb t(_ba%‘ﬂf}i{rﬁ,((ljhlkarylene,

al kenyl ene or. su ute ene or substitute

al kyl Z:ne) Jbéﬁi‘lt“ﬁ){?lﬁafyle?ear‘ﬁ?yﬁygﬂ% %?“%%B%(E 'i“f“ﬁj?l&&yal kyl ene) - C(0) SR', -(al kyl ene
or subsRmHuhmglab&mhe@e&ﬂﬁaﬁmﬁmyybrﬂmMﬁM&ﬁﬁtmukﬁﬂ aryl), wherein each R' is

i ndepengden dro .Ssubsti t substituted

ol Koy 1 PTG e Lokt B g S0 PG QO et er oar I
S“ESt i tmhe(dehTai@feﬂ@wbunglrgﬁd@m@y,calneno e&ubgdlyliepﬁfd?ﬂ@l@naeqﬂbe al karyl,
substituted a ute , .0r - . or .two RS
gr oups optldﬁﬁﬁa§¥for 3 @%%?ﬁé#ﬁ?bkoPnSwhg%géd%?@ﬂ%gﬁﬂéﬁg%é§g*%wgﬁﬂ“ﬁﬁ? Ra
optionally fgacm’mcans@syiﬁlgOﬂﬂlk@lﬁoxpraﬂﬁzlalﬂﬁﬁdahﬂ@geﬁlaﬂlaﬂ layitl,; or ai0R e IR Ban together

i ndependently H, al kyl r substlt ted a uch.non- nat u m no aci ds
T e e f Bt B, 3R AP B s e R ARl

non- naﬁhﬁﬁhmaﬂhmﬁlﬁﬁhdaﬁ@iﬂ@ﬁb&hﬂ@eﬂﬁﬁiMﬁemh pohys B¢ aldampbEed iftb asmon-natural

pol ynucalmelr(l)(;[ a!lcq p(ﬁ?p%pt? e po {f]n%érl golyrfs%gc arl eygrl é}/ p(ﬁynu fe(a)![tdee and optlonalll\ly post translationally

modified.
[00241] In addition, the following amino acids having the structure of Formula (XXXXXIII) are
included:

o P 0

‘§%/ //ﬂ\\
SN R
X (CRPR®),
RiHN CIOR, (XXXXXIII)

wherein:

A is optional, and when present is lower alkylene, substituted lower alkylene, lower cycloalkylene,
substituted lower cycloalkylene, lower alkenylene, substituted lower alkenylene, alkynylene, lower
heteroalkylene, substituted heteroalkylene, lower heterocycloalkylene, substituted lower
heterocycloalkylene, arylene, substituted arylene, heteroarylene, substituted heteroarylene, alkarylene,
substituted alkarylene, aralkylene, or substituted aralkylene;

R is H, alkyl, substituted alkyl, cycloalkyl, or substituted cycloalkyl;
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The structure N(as presented in all exanples herein) does not present the

relative orientations of "A/" "B," "NHM and "Ra"; rather these four
f eat ures WO 20IW63HPruct ure may be oriented in any chem eealrlus2aio0sdesranner
(along with other features of this structure), as illustrated by exanple

herein. [00270] Non-natural am no acids containing an aromatic am ne noi ety

he. ottt eibBlhs BudeBod il BTHBR I MR 0 38 T “an’R R

H R4 | IR:03 Ofhareicnprotetoly gidupi lssm,radmmdiemlmﬁrm@l, eqgtobduéleatide;:CRa, N, or G- NH,
and up to two 4 gBy 4bg G ‘gl'éa&{ ﬁ%fj Qa!éﬁ'cﬁ'ﬁg%@g 1?1%'(1%9%5(?69 ¥{e?@e%%mt9{je

Such non-natural am’no ac¢ids nay a

i ncor por at e(tmuptconwtln@nﬁhiaﬂwalaﬂafiaumm badogin ity peyt dr dey R pakd\RTesn together

pol ysaccharigde, _@gr 8 I LY | kyl at ed.
[00271] Non- f? .°%§C>§%§%Fes&8?d n aﬁ%ﬁ%t g%tut)so %tr%thgr??ﬂigscondtag( ﬁl ng an
ar omat iSclclanDrneatmi aigo heitd mgy bher tht Moot ereesatbtf oFwayTh¢ aw()mwm ai meoinatiel

non- natalflf{n?d a (ﬁ% Et(f\({ e@({li}ﬂ&' g ysta&%aﬁ(}e Fgl%uglgotﬁf%r lzléle%pst @'ﬁglaﬁ%gg:]a

( vi), roup, |nc
non- natmn@ﬂiedam no acids may be in the formof a salt, or may be

AR L S S R R R SR

[00272]1n¢ll¢mdnatur aI am no acids cont al ning an aromati c ani ne noiety have

the follow ng structures: whereig each Ra,is independently selected from

the group consisting of H, hal ogenl, alkyl,|[-NO, -CN, substituted al kyl,

-N(R)2, -C(O kR, -C(O)N(R )2, /QHK and ~ (O)kR' where k is 1, 2, or 3;
N —l

RN TR, (XXXXXIV);

wherein:

A is optional, and when present is lower alkylene, substituted lower alkylene, lower cycloalkylene,
substituted lower cycloalkylene, lower alkenylene, substituted lower alkenylene, alkynylene, lower
heteroalkylene, substituted heteroalkylene, lower heterocycloalkylene, substituted lower
heterocycloalkylene, arylene, substituted arylene, heteroarylene, substituted heteroarylene, alkarylene,
substituted alkarylene, aralkylene, or substituted aralkylene;

R is H, alkyl, substituted alkyl, cycloalkyl, or substituted cycloalkyl;

R, is H, an amino protecting group, resin, amino acid, polypeptide, or polynucleotide; and

R, is OH, an ester protecting group, resin, amino acid, polypeptide, or polynucleotide;

X;1is C, S, or S(0); and L is alkylene, substituted alkylene, N(R’)(alkylene) or N(R”)(substituted
alkylene), where R’ is H, alkyl, substituted alkyl, cycloalkyl, or substituted cycloalkyl.

Such non-natural amino acids may be in the form of a salt, or may be incorporated into a non-natural

amino acid polypeptide, polymer, polysaccharide, or a polynucleotide and optionally post translationally

modified.

[00243] In addition, the following amino acids having the structure of Formula (XXXXXV) are

included:

REN COIR, (XXXXXV)
68



Mis Hor -CH2R5; or the MN-C(R5) noiety may forma 4 to 7 nenbered ring

structure; RL is H an am no protecting group, resin, am no acid,

pol ypept iwo,20wi6ptshynucl eotide; R2 is OH, an ester prot ®CTiUusgoIgnadps resin,
am no acid, polypeptide, or polynucleotide; R5 is alkyl, substituted al kyl,
al kenyl, substituted al kenyl, al kynyl, substituted al kynyl, al koxy,

substi t&ﬁeﬁeqlr{al koxy, al kyl al koxy, substituted al kyl al koxy, polyal kyl ene

oxi de, substituted pol yal kyl ene oxi de, cycl oal kyl, substituted cycl oal kyl,
aryl, subopii¢nat, ed! whoplpreshrgtisdpwearalifylens whistijutadtleger hkyleno &wd cydhetkgleocycl e,

b SRS iy B TSR My R R

subst i t ut bderadlkylérenaipstiifted heRoroalfyadnk.d ydr diterooycleallybn, tsulpseithted lower
al kenyl eng).- ' - ) it | ' .
ubst ]t ut Sty Ryiend Rl SR uRlca SRR otk Bl e Wb A A Kb B, atfaryton

subst i t ut edbstantgil jlkarylend, knplkglvec, or substiysted eralkgldnaal kyl ene) - ON(R') 2, - (al kyl ene

or subsjij.t - R ] substituted

al kyl ef#e&s-%}d%gl( g‘%‘f{t L%Jrilgﬂsf{}bqg? ?Ofﬁ u lé(c)llr Sgl?gﬁlﬁ%{%deé\%ﬁggfglh each R' is independently
hydr ogéh,is Bl daydmincsprbtseting igtaag, radik pininogicidepnlypepadgbgrtpotynedebtidé; kady| ,  al koxy,
substi tyt. , bst.j. t ut. e stituted

het er oa%&f,gHﬁieI{%g%%%?%Ftﬁg gécalg’slt%%dtl’ua%ﬁe% ng'g é(%l%p(? gg(?eé{;rop%%g?lgﬁ%dgsubst ituted

al kar ylL s akglehy bybstituted aikylance H(RRp@lkidghe) coN(R' Tsubp@Red alsyleiRg, valre: Ry HRalkyl,
optional | y r cloal kyl; and each R is

i ndepende%l%bF@{lﬁj %gflkf}{cg)g%ylyérusgéstﬁ?qttél}fcggogal{%%'yI . Such non-natural am no acids
may al swcheon-paturhlearhioe avids may baln the dermefya fpdf, pnway pommbwdraied tiggo @ non-natural

non- natral » ARG ded o A PERLdadRariROLY Bl ynuBRLYRAGE BREIAR) pQRF trhlat
pol ynuc éc_)t ?‘%g}.’“fp(‘}@‘g"fsﬁ’_ %Jﬁchgn%sﬁ- nat uiarleng o atcdl%%s_ o?t d&o?yn%jgatrm%
may be thelifirdd by reduction of protected or masked anine noieties on the
ot ot 1 002"t R B2 MR P 0 36 B i SRR PEL IO ARRLSS) 07 e
azi de Sudsteilt uents. The reduci ng agents used to reduce such br otected or
masked am ne noieties include, hut are notylimted to, TCEP, Na25, Na25204
) O ) ) ) )
Li ALH4, NaBH4 or NaBCNH3. WO 209&(\ 6559PCJ[/ US2012/ 039468 V. Non- Nat ur al
Am no Acid Linked Dol astatin Derj/cﬁaki ves 74] 1 n anot her aspect
described herein are methods, strat egi,-esL and ft echni ques for incorporating
at | east one such dolastatin lli nker derivatives into a non-natural am no
acid. Also included wth thi spect are nethods for producing, purifying,
f:har ?ct erizi n% and u3|t ngRls-Ubh_ d@l(asa_tzgtl RI i nkeré)i&gsbdxmj% |t\r/]e;sh_cont ai ni tng at
east one such non-natural am no acid. so include is aspect are
conposivleams of and net hods for producing, purifying, characterizing and
usi ng o] i gonucl eotides (includin n t hat. can be use 0 _produce,
ot | Sadh SARMIEL FRLLAGE SRR R R BT a6 TE e e
nog- nat Er aibst?nﬁeahbw&gé;d_loalk&&m, iqm]set glkleﬁlewx%tshbstitmied_l@@qn_ elktnydme, atigmpl eme:,ltomnrs] of
and net ho roduci uri.fyin charact eri.zin n iong cells that
can expr egﬁzerg%ﬂ@ﬁgn& %“E%ﬁ‘ﬁg‘? %eg%r?a(g(é’zen ’ﬂ%\%’eré%ﬁmﬁ%&@lkggf ng’g%%%lyz%%‘%rat | east in
part, a dbdtastyatioaliylendkgiendenlistiatddveylamoritearqaryigeaubltivast hoon@ryion; datrylesl
one. non- nabut AR ARlnER S S Ra B Bttt BSRUICEE L A anino actd i th & o
car bony is Hiialkak hostthted alkKycyeloalsylc broabkiyinel, cyelpalehg; oxi me or hydroxyl am ne
group g{ & ﬁrapvallrgr?od réatgq'ncgieso%r ,I rQstO,' agl‘ler{o%lm : olln e et & gly%&q%%hg%lgé S d.0| ?‘St atin
i nker “derivatives W hegt  Peast ‘one non2matural o amno acid or nodified
non;jnathﬁqa@Ham aEr profecting grduparesinrapomyz cidl, ;icblmpbdrlnyd pohabdyude; cycl oal Ikynga, I
azi de, 0xi or r m n e[ t_Jleast. one.past-f.r.apsl.ationa
moct 11 dab PBuelt SEEALRARO RO AR S MHS Mloat BT SRR RER EERE e
co- t r ans| atbstini@adl albyl, pobblkyl ansbaitutaiatloatbdi fi cati on occurs via the cellular
pai i ¢ oyt syt THAPLLED: 1 ORE B sEln PO PR bl dr Rl o™
nodi f i catinosrid p’miybepﬂité, polkedr, p(ilysam;nj@ei orsd m‘]ws],eotidgcal,nd optionally post translationally
cel lul ar - pachi nery-based co-translational or post-translational
modi fi cati ons occur at the naturall y occurring amno acid sites on the
pol yped0dd8] howeddeion, aminocerds davingthbgdictmenif $ormulle COSXXXVEH) armachidekr y- based
co-transl ati onal or post-translational nodifications occur on the
nﬁg-gaturﬁtl a[n'hno ac![ dtSi tel(s%_ on Ithe ga:c_ypel[o_ti ded [0027:5] L_nl ot he:h
enbodi nent s, e post-translational nodification does not utilize the
cellul ar machinery, but the functionality is instead provided by attachnent
of a nolecule (a polyner; a water-soluble polyner; a derivative of
pol yet hyl ene glycol; a second protein or polypeptide or polypeptide anal og;



[ 00282] Such non-natural am no acid dolastatin |inked derivatives include
dol astatin |inked derivatives having the structure of Forrmula (VII1l):

R3R2 HN, WO 20mes3on: A is optional, and when present i ®Crasesi2ablgs ene,
substituted | ower al kyl ene, |ower cycloal kyl ene, substituted | ower
cycl oal kyl ene, | ower al kenyl ene, substituted | ower al kenyl ene, al kynyl ene,
| ower heteroal kyl ene, substituted hetegoal kyl ene, | ower

het erocycl oal kyl ene, substituted |o het er ocycl oal kyl ene, aryl ene,
substituted aryl ene, heteroaryl ghe, bsbi tuted heteroaryl ene, al karyl ene,
substituted al karyl ene, aral A or Tsubstituted aral kylene; Bis
optional, and when present is a | inker Tgel ected fromthe group consisting
of | ower al kylene, substituted Ijower aIK?Rene, | ower al kenyl ene,
substituted | ower al kenyl eng;| . Rhet er oal kyl ene, substituted | ower

het er oal kyl ene, -0-, -0-(a|ky@§ne or substituted al kyl ene)-, - S,
-S-(al kyl ene or substituted al kyl ghe)-, -S(RXkKXxXMibre k is 1, 2, or 3,
-S(0)k(al kyl ene or substituted al kylene)-, -C(0)-, -C(0)-(al kyl ene or
substit e&%‘lal kyl ene)-, -C(S)-, -C(S)- (alkylene or substituted al kyl ene) -,
- N(R ) -A is-opiona(, ahdcyharpecsordt isslow&tailltylehe dutsskitoyddasvedr alkylef, 0wNg Rc)oalkylene,
-CON(R ) -(al kyl ene or supstituted al kyl ene)-., - CSN - . - CSN - (al kyl ene
or subst ] {PUieR T eisBRRY b e eifend g g o o RIOBT YA s

- N(R ) C( Oh8erpalkydéiid) dobktiRitgd heterdd{ K 1en€(10y M(hRedocycloayRng, S(is)itfdd 19wer
-N(R)S(O)KN(R)-2 -N(R)-N=,. - R)=N-, -C(R)=NNR)-., -C(R)=N
-C(R) 2- r\é‘fliﬁr,g’cyéi?ﬁmlf‘&%a‘)‘/%??ﬂﬂ?SB“-“%’ﬁ“&e-“?’ I(R}?é‘?%é‘/l"é)ﬁtﬁl‘\%l‘_’ﬁﬂ(‘“t?%hefeﬁ%i‘géeé*ﬁo*’élﬁ?{%*eH,

al kyl, or substirsted bikirgldng hielkdylenfR ot subfitutad &ylkylesibsti t ut ed al kyl, cycl oal kyl ,

or substituted cyclgalkyl; RlL is H, an aninobfrotecting group, resin, at
| east one am no aci g@lypeptiggq or polynqkmeotide; R2 s OH, an ester

protecting group, resin,’.at |east one_am no acid, ol ypepiil de, or

pol ynucl eot i de; @gggndgﬁéﬂare gaghﬂtﬁaepen pgyfy—éﬁmhal ;E;T&+§wmr al kyl ,

or sub iiﬁt—\‘%ﬁﬁi— lpwer ralkyl , car‘%RB arg R4 @5 twp R3 gr o eptionally forma
cycl oal kyl or”a heterocycloal kyl; Z has the structuré of: R6 csssAr R5 R5
is H CORs, .Ci-Coéalkyl® or thiagole; Rg is O& WO
2012/16655&@&T/p820127639468 R6;ﬁ§ OHfor H, AN{js phenyl or pyridine; R7 is

Gi - Ceal kyl dr_hydr ogem—c—$ @) o—c— (v) s—C—=8 (b)
o O MVAR |
R \R4 \ o wan
@ (@ , @ , Or @) , where (a) indicates

bonding to the A group and (b) indicates bonding to respective carbonyl groups, R; and R, are
independently chosen from H, halogen, alkyl, substituted alkyl, cycloalkyl, or substituted cycloalkyl,
or R; and R4 or two R; groups or two R, groups optionally form a cycloalkyl or a heterocycloalkyl;

R is H, halogen, alkyl, substituted alkyl, cycloalkyl, or substituted cycloalkyl;

T; is a bond, C(R)(R), O, or S, and R is H, halogen, alkyl, substituted alkyl, cycloalkyl, or substituted
cycloalkyl;

R, is H, an amino protecting group, resin, amino acid, polypeptide, or polynucleotide; and

R, is OH, an ester protecting group, resin, amino acid, polypeptide, or polynucleotide.

Such non-natural amino acids may be in the form of a salt, or may be incorporated into a non-natural

amino acid polypeptide, polymer, polysaccharide, or a polynucleotide and optionally post translationally

modified.

[00246] In addition, amino acids having the structure of Formula (XXXXXVIII) are included:
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Lis alinker selected fromthe group consisting of -alkylene-,

-(al kylene-OQii-alkylene-; and n is an integer greater than or equal to
one; or amoaeotzmesspet abolite, or a pharmaceutical |y accepraisb@2psads ug or
sol vate thereof [00283] In certain enbodi nents of conpounds of Formul a
(M11), RS is thiazole. In certain enbodi nents of conpounds of Fornul a
(MI11), REis H In certain enbodi mnegtsof conpounds of Forrmula (VIIl), Ar
is phenyl. In certain enbodi nment s rof Eﬁhpounds of Formula (MI1), R7 is
methyl. In certain enbodi nments, of pds of Formula (VII1), nis an
integer fromO to 20. In certai'n ents of conmpounds of Fornul a
(M11), nis an integer fromO <-Ralﬁ%certa|n enbodi nents of conpounds
of Formula (MI1), nis an int gem,fron10}io 5. [00284] In certain

enbodi ments of conpounds of Fofmula (VII1), R5 is thiazole. In certain
enbodi nents of conpounds of “RT IR (VIT1), R5 is hydrogen. In certain
enmbodi nents of conpounds of Bormula (VII1), { t hyl, ethyl, propyl,

i so-propyl, butyl, iso-butyl, sec-butyl, tert-butyl,” pentyl, or hexyl.

[ 00285]whereimer t ai n enmbodi nents of conpounds of Formula (M), R6 is H
[00286] In certain gpbodi ments of conmpounds of, Fornula (VII1), Ar is
phenyl . [00287] In_gert i n enboqﬁhents of conpeunds of Fog@yla (VM11), R7

is nethyl, ethyl, plopyl. iso- peryI butyl, $ec b%(xl i so-|butyl,,
Jof

tert-butyl, pent /'@rcﬁ‘ Yl . p£€§ﬁ R e stlof
Fornulawﬁy%km% (RX) R R7 it ydrogen [® 288] I n cer®a nRenbodi ments of
conpounds of ornul a (VIII) each alkylene |ndependently is -CH2-,
-CH2Cl42-, + 2CHZCHZ- CHZCHZ@HZCHZ- - CH2CHR CH2 CHR CHR2 -
-CH2CH2CHZGHQCH2CH2 CH2 2CH2 \CH2¢H CH2CHZCHZCH2CH2CH2-,
CHZCHZCHZCH CH%EE%%EZZE%gE2-(®CH2 CH2 CH2EF2 CM2CH2- ,

CH2CH2 CH2 GH2 CH. 2CH2CH2CH2- , ol

-Gﬂ&ﬂ&ﬂ&ﬁbﬁJZGﬂai 2&&&&&@&Intmﬂan1gﬂmd onpounds

i
of Formul a (VIII) al kyl ene i s’ net hyl ene, ethyl ene, propyggﬁga)HmFa enes,
pent yl enepordégyd thae, group dmé 0f) yrhcidaees bbﬂﬂ%&@}espemvxeafaﬂﬁmﬂ geipa di; aediR sarof

compours ol SLIALYA A b e JRRGRISAL b oysngy eyl
or R; and R4 or two Rj groups or two R4 groups optionally form a cycloalkyl or a heterocycloalkyl;
R is H, halogen, alkyl, substituted alkyl, cycloalkyl, or substituted cycloalkyl;
T; is a bond, C(R)(R), O, or S, and R is H, halogen, alkyl, substituted alkyl, cycloalkyl, or substituted
cycloalkyl;
R, is H, an amino protecting group, resin, amino acid, polypeptide, or polynucleotide; and
R, is OH, an ester protecting group, resin, amino acid, polypeptide, or polynucleotide;
each R, is independently selected from the group consisting of H, halogen, alkyl, substituted alkyl,
-N(R’),, -C(O)R” where kis 1, 2, or 3, -C(O)N(R’),, -OR’, and -S(O)R’, where each R’ is
independently H, alkyl, or substituted alkyl.
Such non-natural amino acids may be in the form of a salt, or may be incorporated into a non-natural

amino acid polypeptide, polymer, polysaccharide, or a polynucleotide and optionally post translationally

modified.
[00247] In addition, amino acids having the structure of Formula (XXXXXIX) are included:
R 0)
0)
T3\
R
RI\N R,
H
O (XXXXXIX)
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25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43,
44, 45, 46, 47, 48, 49, 50, 51, 52, 583,
WO 2012/166559 PCT/US2012/039468

wherein:

R is H, halogen, alkyl, substituted alkyl, cycloalkyl, or substituted cycloalkyl; and

Tsis O, or S.

Such non-natural amino acids may be in the form of a salt, or may be incorporated into a non-natural

amino acid polypeptide, polymer, polysaccharide, or a polynucleotide and optionally post translationally

modified.
[00248] In addition, amino acids having the structure of Formula (XXXXXX) are included:

R 0)

0)
R
RI\N R,
H
O (XXXXXX),

wherein:

R is H, halogen, alkyl, substituted alkyl, cycloalkyl, or substituted cycloalkyl.
[00249] In addition, the following amino acids having structures of Formula (XXXXXX) are

O O
O O
RI\E R, RPg R,
0 , and 0 .

Such non-natural amino acids may be in the form of a salt, or may be incorporated into a non-natural

included:

amino acid polypeptide, polymer, polysaccharide, or a polynucleotide and optionally post translationally
modified.

[00250] The carbonyl or dicarbonyl functionality can be reacted selectively with a hydroxylamine-
containing reagent under mild conditions in aqueous solution to form the corresponding oxime linkage
that is stable under physiological conditions. See, ¢.g., Jencks, W. P., J. Am. Chem. Soc. 81, 475-481
(1959); Shao, J. and Tam, J. P., J. Am. Chem. Soc. 117(14):3893-3899 (1995). Moreover, the unique
reactivity of the carbonyl or dicarbonyl group allows for selective modification in the presence of the
other amino acid side chains. See, ¢.g., Cornish, V. W., et al., J. Am. Chem. Soc. 118:8150-8151 (1996);
Geoghegan, K. F. & Stroh, J. G., Bioconjug. Chem. 3:138-146 (1992); Mahal, L. K., et al., Science
276:1125-1128 (1997).

[00251] The synthesis of p-acetyl-(+/-)-phenylalanine and m-acetyl-(+/-)-phenylalanine is described in
Zhang, Z., et al., Biochemistry 42: 6735-6746 (2003), incorporated by reference. Other carbonyl- or

dicarbonyl-containing amino acids can be similarly prepared.
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[00252] In some embodiments, a polypeptide comprising a non-natural amino acid is chemically
modified to generate a reactive carbonyl or dicarbonyl functional group. For instance, an aldehyde
functionality useful for conjugation reactions can be generated from a functionality having adjacent amino
and hydroxyl groups. Where the biologically active molecule is a polypeptide, for example, an N-terminal
serine or threonine (which may be normally present or may be exposed via chemical or enzymatic
digestion) can be used to genecrate an aldehyde functionality under mild oxidative cleavage conditions
using periodate. See, ¢.g., Gaertner, et. al., Bioconjug. Chem. 3: 262-268 (1992); Geoghegan, K. & Stroh,
J., Bioconjug. Chem. 3:138-146 (1992); Gaertner et al., J. Biol. Chem. 269:7224-7230 (1994). However,
methods known in the art are restricted to the amino acid at the N-terminus of the peptide or protein.
[00253]  Additionally, by way of example a non-natural amino acid bearing adjacent hydroxyl and
amino groups can be incorporated into a polypeptide as a “masked” aldehyde functionality. For example,
5-hydroxylysine bears a hydroxyl group adjacent to the epsilon amine. Reaction conditions for generating
the aldehyde typically involve addition of molar excess of sodium metaperiodate under mild conditions to
avoid oxidation at other sites within the polypeptide. The pH of the oxidation reaction is typically about
7.0. A typical reaction involves the addition of about 1.5 molar excess of sodium meta periodate to a
buffered solution of the polypeptide, followed by incubation for about 10 minutes in the dark. See, e.g.
U.S. Patent No. 6,423,685.

B. Structure and Synthesis of Non-Natural Amino Acids: Dicarbonyl, Dicarbonyl-like,
Masked Dicarbonyl, and Protected Dicarbonyl Groups

[00254] Amino acids with an electrophilic reactive group allow for a variety of reactions to link molecules
via nucleophilic addition reactions among others. Such electrophilic reactive groups include a dicarbonyl
group (including a diketone group, a ketoaldehyde group, a ketoacid group, a ketoester group, and a
ketothioester group), a dicarbonyl-like group (which has reactivity similar to a dicarbonyl group and is
structurally similar to a dicarbonyl group), a masked dicarbonyl group (which can be readily converted
into a dicarbonyl group), or a protected dicarbonyl group (which has reactivity similar to a dicarbonyl
group upon deprotection). Such amino acids include amino acids having the structure of Formula

(XXXVII):

O (XXXVII),
wherein:
A is optional, and when present is lower alkylene, substituted lower alkylene, lower

cycloalkylene, substituted lower cycloalkylene, lower alkenylene, substituted lower
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alkenylene, alkynylene, lower heteroalkylene, substituted heteroalkylene, lower
heterocycloalkylene, substituted lower heterocycloalkylene, arylene, substituted arylene,
heteroarylene, substituted heteroarylene, alkarylene, substituted alkarylene, aralkylene, or
substituted aralkylene;

B is optional, and when present is a linker linked at one end to a diamine containing moiety, the linker
selected from the group consisting of lower alkylene, substituted lower alkylene, lower
alkenylene, substituted lower alkenylene, lower heteroalkylene, substituted lower heteroalkylene,
-O-(alkylene or substituted alkylene)-, -S-(alkylene or substituted alkylene)-, -C(O)R™-, -
S(O)(alkylene or substituted alkylene)-, where k is 1, 2, or 3, -C(O)-(alkylene or substituted
alkylene)-, -C(S)-(alkylene or substituted alkylene)-, -NR”-(alkylene or substituted alkylene)-,
-CON(R”)-(alkylene or substituted alkylene)-, -CSN(R”)-(alkylene or substituted alkylene)-, and
-N(R”)CO-(alkylene or substituted alkylene)-, where each R” is independently H, alkyl, or
substituted alkyl;

. ‘%)HO( Y g)\iﬁ R)kw} o Y A

T3 T,
5?;7—'1‘3_'1‘2—21) 5‘?{ /T1\ ,Tz\sss‘ \TI/ \Tz/gLLg
O

W , Where,

T —T3—T

T, is a bond, optionally substituted C,-C, alkylene, optionally substituted C,-C, alkenylene, or
optionally substituted heteroalkyl;

wherein each optional substituents is independently selected from lower alkylene, substituted lower
alkylene, lower cycloalkylene, substituted lower cycloalkylene, lower alkenylene, substituted
lower alkenylene, alkynylene, lower heteroalkylene, substituted heteroalkylene, lower
heterocycloalkylene, substituted lower heterocycloalkylene, arylene, substituted arylene,
heteroarylene, substituted heteroarylene, alkarylene, substituted alkarylene, aralkylene, or
substituted aralkylene;

T», is selected from the group consisting of lower alkylene, substituted lower alkylene, lower
alkenylene, substituted lower alkenylene, lower heteroalkylene, substituted lower heteroalkylene,
-O-, -O-(alkylene or substituted alkylene)-, -S-, -S-(alkylene or substituted alkylene)-, -S(O)y-
where k is 1, 2, or 3, -S(O)i(alkylene or substituted alkylene)-, -C(O)-, -C(O)-(alkylene or
substituted alkylene)-, -C(S)-, -C(S)-(alkylene or substituted alkylene)-, -N(R’)-, -NR’-(alkylene
or substituted alkylene)-, -C(O)N(R’)-, -CON(R”)-(alkylene or substituted alkylene)-, -CSN(R’)-,
-CSN(R’)-(alkylene or substituted alkylene)-, -N(R*)CO-(alkylene or substituted alkylene)-,
-NR")C(0)O-, -S(ORN(R’)-, -NR*)C(O)N(R?)-, -NRIC(S)NR?)-, -NR")S(O)N(R")-, -N(R)-
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1002901 In certain enbodi nents of conpounds of Formula (VII1), RLis a

pol ypeptide. In certain enbodi nents of conpounds of Fornmula (VIIl), R2 is a
pol ypept iwe.201me66#pt ai n enbodi nents of conpounds of For mairaISedRiod468 t he

pol ypeptide is an antibody. In certain enbodi nents of conpounds of Formula
(M11), the antibody is herceptin. WD 2012/ 166559PCT/ US2012/ 039468
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aqueous solﬁglggﬁﬁfap %h?z ?H%S qﬂ?ﬁ ﬁﬁééﬁjﬁq' §%¥a¢@9%o(§9?§g S
certain enbodierentisR’ is ontpoudady 6 alkplr ensbbstiddialiylar e stabl e for at Ieast 2
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wherein: Z has the structure of: R6 ¢css'"Ar RS R5 is H CO2H, C -C6al kyl, or

thiazole; R6 is OCHor H Ar is phenyl or pyridine; RL is H an am no

prot ecti ‘yogousesspesi n, at | east one am no acid, polypepTiu$e)12089468

pol ynucl eotide; R2 is OH, an ester protecting group, resin, at |east one

am no aci d, polypeptide, or polynucleotide; R4 is H, hal ogen, |ower alkyl,

or substituted lower alkyl; R7 is C -C6al kyl or hydrogen; Lyig-al kylene- or
i ; nis «n0|nteger atjer than | to one;
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Such non-natural amino acids may be in the form of a salt, or may be incorporated into a non-natural
amino acid polypeptide, polymer, polysaccharide, or a polynucleotide and optionally post translationally
modified.

C. Structure and Synthesis of Non-Natural Amino Acids: Ketoalkyne, Ketoalkyne -

like, Masked Ketoalkyne, Protected Ketoalkyne Groupk, Alkyne, and
Cycloalkyne Groups

[00257] Amino acids containing reactive groups with dicarbonyl-like reactivity allow for the linking of
molecules via nucleophilic addition reactions. Such electrophilic reactive groups include a ketoalkyne
group, a ketoalkyne-like group (which has reactivity similar to a ketoalkyne group and is structurally
similar to a ketoalkyne group), a masked ketoalkyne group (which can be readily converted into a
ketoalkyne group), or a protected ketoalkyne group (which has reactivity similar to a ketoalkyne group
upon deprotection). In some embodiments, amino acids containing reactive groups with a terminal alkyne,
internal alkyne or cycloalkyne allow for linking of molecules via cycloaddition reactions (e.g., 1,3-dipolar
cycloadditions, azide-alkyne Huisgen cycloaddition, etc.) Such amino acids include amino acids having

the structure of Formula (XXXXXXI-A) or (XXXXXXI-B):

I C=c- I
R; A\ AGTC=CR Rs ABE:;)

R (R19)
Risy 2 Ri~ R, g

(XXXXXXI-A), o) (XXXXXXI-B),
wherein:

A is optional, and when present is lower alkylene, substituted lower alkylene, lower
cycloalkylene, substituted lower cycloalkylene, lower alkenylene, substituted lower
alkenylene, alkynylene, lower heteroalkylene, substituted heteroalkylene, lower
heterocycloalkylene, substituted lower heterocycloalkylene, arylene, substituted arylene,
heteroarylene, substituted heteroarylene, alkarylene, substituted alkarylene, aralkylene, or

substituted aralkylene;
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B is optional, and when present is a linker linked at one end to a diamine containing moiety, the linker
selected from the group consisting of lower alkylene, substituted lower alkylene, lower
alkenylene, substituted lower alkenylene, lower heteroalkylene, substituted lower heteroalkylene,
-O-(alkylene or substituted alkylene)-, -S-(alkylene or substituted alkylene)-, -C(O)R™-, -
S(O)(alkylene or substituted alkylene)-, where k is 1, 2, or 3, -C(O)-(alkylene or substituted
alkylene)-, -C(S)-(alkylene or substituted alkylene)-, -NR”-(alkylene or substituted alkylene)-,
-CON(R”)-(alkylene or substituted alkylene)-, -CSN(R”)-(alkylene or substituted alkylene)-, and
-N(R”)CO-(alkylene or substituted alkylene)-, where each R” is independently H, alkyl, or
substituted alkyl;

0]
“57)]\ 5 “%/ s
G is optional, and when present is s , or § ;
ALt
S TS
T, is a carbonyl protecting group including, but not limited to, RO OR’, / ,
2 v Nnn
o5 A
; ;or , where each X is independently selected from the group
consisting of -O-, -S-, -N(H)-, -N(R)-, -N(Ac)-, and -N(OMe)-; X, is —OR, -OAc, -SR, -N(R),, -
N(R)(Ac), -N(R)(OMe), or N3, and where each R’ is independently H, alkyl, or substituted alkyl;
R is H, halogen, alkyl, substituted alkyl, cycloalkyl, or substituted cycloalkyl;
R, is H, an amino protecting group, resin, amino acid, polypeptide, or polynucleotide;
R, is OH, an ester protecting group, resin, amino acid, polypeptide, or polynucleotide;
each of R; and R4 is independently H, halogen, lower alkyl, or substituted lower alkyl, or R; and R4 or
two Rj; groups optionally form a cycloalkyl or a heterocycloalkyl;
cach Ry is independently selected from the group consisting of C,-Cs alkyl, C,-Cg alkoxy, ester,
cther, thioether, aminoalkyl, halogen, alkyl ester, aryl ester, amide, aryl amide, alkyl halide, alkyl
amine, alkyl sulfonic acid, alkyl nitro, thioester, sulfonyl ester, halosulfonyl, nitrile, alkyl nitrile,
and nitro; and
qis0,1,2,3,4,5,6,7,8,9,10 or 11.
D. Structure and Synthesis of Non-Natural Amino Acids: Ketoamine, Ketoamine-like,
Masked Ketoamine, and Protected Ketoamine Groups
[00258] Amino acids containing reactive groups with dicarbonyl-like reactivity allow for the linking of
molecules via nucleophilic addition reactions. Such reactive groups include a ketoamine group, a
ketoamine-like group (which has reactivity similar to a ketoamine group and is structurally similar to a

ketoamine group), a masked ketoamine group (which can be readily converted into a ketoamine group), or
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a protected ketoamine group (which has reactivity similar to a ketoamine group upon deprotection). Such
amino acids include amino acids having the structure of Formula (XXXXXXII):

R,
R3 A\B/G—Tl\
N—R'
J
Ri Ry R

H R,
O (XXXXXXII)

wherein:

A is optional, and when present is lower alkylene, substituted lower alkylene, lower
cycloalkylene, substituted lower cycloalkylene, lower alkenylene, substituted lower
alkenylene, alkynylene, lower heteroalkylene, substituted heteroalkylene, lower
heterocycloalkylene, substituted lower heterocycloalkylene, arylene, substituted arylene,
heteroarylene, substituted heteroarylene, alkarylene, substituted alkarylene, aralkylene, or
substituted aralkylene;

B is optional, and when present is a linker linked at one end to a diamine containing moiety, the linker
selected from the group consisting of lower alkylene, substituted lower alkylene, lower
alkenylene, substituted lower alkenylene, lower heteroalkylene, substituted lower heteroalkylene,
-O-(alkylene or substituted alkylene)-, -S-(alkylene or substituted alkylene)-, -C(O)R”-, -
S(O)(alkylene or substituted alkylene)-, where k is 1, 2, or 3, -C(O)-(alkylene or substituted
alkylene)-, -C(S)-(alkylene or substituted alkylene)-, -NR”-(alkylene or substituted alkylene)-,
-CON(R”)-(alkylene or substituted alkylene)-, -CSN(R”)-(alkylene or substituted alkylene)-, and
-N(R”)CO-(alkylene or substituted alkylene)-, where each R” is independently H, alkyl, or
substituted alkyl;

0]
T
“57)]\ 5 “%/ N

Gis s , OT § ;
T, is an optionally substituted C,-C, alkylene, an optionally substituted C,-C, alkenylene, or an

optionally substituted heteroalkyl;

555 ><"LL )?()(1

T, is a carbonyl protecting group including, but not limited to, RO OR’, / ,

Sfy"% s s
oo "?7—)\ X5 "Z,L/lL Xy

; ;or , where each X is independently selected from the group

consisting of -O-, -S-, -N(H)-, -N(R’)-, -N(Ac)-, and -N(OMe)-; X, is —OR, -OAc, -SR’, -N(R’),,
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-N(R’)(Ac), -N(R*)(OMe), or N3, and where each R’ is independently H, alkyl, or substituted
alkyl;
R is H, halogen, alkyl, substituted alkyl, cycloalkyl, or substituted cycloalkyl;
R, is H, an amino protecting group, resin, amino acid, polypeptide, or polynucleotide; and
R, is OH, an ester protecting group, resin, amino acid, polypeptide, or polynucleotide;
each of R; and R4 is independently H, halogen, lower alkyl, or substituted lower alkyl, or R; and R4 or
two Rj groups optionally form a cycloalkyl or a heterocycloalkyl.
[00259] Amino acids having the structure of Formula (XXXXXXII) include amino acids having the
structure of Formula (XXXXXXIII) and Formula (XXXXXXIV):

G—
B~ N—R

R R,
I\N

(XXXXXXIID), ! 0 (XXXXXXIV)
wherein each R, is independently selected from the group consisting of H, halogen, alkyl, substituted
alkyl, -N(R’),, -C(O)R’ where k is 1, 2, or 3, -C(O)N(R’),, -OR’, and -S(O)R’, where each R’ is
independently H, alkyl, or substituted alkyl.
E. Structure and Synthesis of Non-Natural Amino Acids: Diamine, Diamine-like, Masked
Diamine, Protected Amines and Azides
[00260] Amino acids with a nucleophilic reactive group allow for a variety of reactions to link
molecules via electrophilic addition reactions among others. Such nucleophilic reactive groups include a
diamine group (including a hydrazine group, an amidine group, an imine group, a 1,1-diamine group, a
1,2-diamine group, a 1,3-diamine group, and a 1,4-diamine group), a diamine-like group (which has
reactivity similar to a diamine group and is structurally similar to a diamine group), a masked diamine
group (which can be readily converted into a diamine group), or a protected diamine group (which has
reactivity similar to a diamine group upon deprotection). In some embodiments, amino acids containing
reactive groups with azides allow for linking of molecules via cycloaddition reactions (e.g., 1,3-dipolar
cycloadditions, azide-alkyne Huisgen cycloaddition, etc.).
[00261]  In another aspect are methods for the chemical synthesis of hydrazine-substituted molecules
for the derivatization of carbonyl-substituted dolastatin derivatives. In one embodiment, the hydrazine-
substituted molecule can dolastatin linked derivatives. In one embodiment are methods for the preparation
of hydrazine-substituted molecules suitable for the derivatization of carbonyl-containing non-natural
amino acid polypeptides, including by way of example only, ketone-, or aldehyde-containing non-natural
amino acid polypeptides. In a further or additional embodiment, the non-natural amino acids are
incorporated site-specifically during the in vivo translation of proteins. In a further or additional

embodiment, the hydrazine-substituted dolastatin derivatives allow for the site-specific derivatization of
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1003051 In certain enbodi nents of conpounds of Formula (XXV), Rl is a

pol ypeptide. In certain enbodi ments of conpounds of Fornmula (XXV), R2 is a
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pol ypeptide is an antibody. In certain enbodi nents of conpounds of Formula
(XXV), the antibody is herceptin. WD 2012/166559PCT/ US2012/ 039468 [ 00306]
Conpourlgﬁ)o 1- 0519[51 n%%oﬁ—xg%al %ﬁlo ag{()img Mle%ﬁhcr Sgllélg%f ¥a%h%%1%¥1lgﬁ gl(ﬁ’lg gff%rm a
aromatic ne conpounds W car al ni ng reagen

of ex artptee)cyctieti@rveezed eslypenside, tibdlglet zenmogfanrmntaindgﬁywesycl{: 0080 cd Ipnlysqmde
embodi ngnt fnze- é&%c”ﬁit‘ﬁ&? Iﬁr% Fh?thgt% e&d(@?on&tf R Y& AT 10, AGT S a?aglt}ﬁ dpned
i n pol ypepti dédare initia y reduced to give non- natural am nd acl ds

cont ai riydgziac-ervatitiicd advlavetimolesvitess ipnoaieporcatsedo i ntvadnonreat ofr sle-saeifellaci d
pol ypep i t )
D cariEerd AP TR AP ARRE G ERgRER SERREE LR A At
conta|dmmyom@MﬁhﬂmmﬂabnammnUPE@@H@wdﬂdﬁﬂnnukavﬁv®$0 Such reactions may
also b ie 0,1 1:No e Xﬂ%ﬁﬁi
polyneﬁs&%EL ygg%c arlégﬂg%%ﬁhﬁo Qﬁhc eotaﬁloilé;n&19 gﬁ& 6%5? y@aZUC rgégffons
may be (XgVleB):t o non-i ncorporated non-natural am no acids. By way of
exanpl e the reducing age used to reduce masked am ne noieties includes,
but Is not limted to, RCERANaB5; Na25204, fli 4*%/NI2H6 and NaBH4. By way
of exanpl e only, reducﬁlve alkylatlon may gccu Qaaqueous buffers with a
pH of about 4 to about uging a mld réa g agent such as, by way
of exanpl e only, sodlunt h@borohﬁgygﬂel(hb ). nggﬂqupn other
reduci ng agents may be used for uctive al kyl ation including, but not

i mted" 6™ TCEP, Na25, Na25204, Li AlH4, B2H6, and NaBH4. [00308] A
non-1im tings RxgAtHafkNd @Néﬂ}gt@ae% 1@tverraweaetsuwsa{ute@%m aﬁgleﬂe ReYeypept i des
contai ni ng am no aci ds of mul a (XXV) by reductive al ylatlon of
secondary ar onat iclaHkrecnupgitntetlovegytlardens WWagHksrglens sHosiicAPYeEi ds,

wi th carbonyl - confi@hlbRYalk@FERA SV & B&ElohRAE QDY Rutc SHERodIBAMR] oW
al kyl ations give polypeptides containing non-natural amno acids with

tertiary aromati deicHdoapil@e; seastitegddpwerdgeroeriie e ardercprabdisge] ayeico

non-nat ural am NaeREdafSenkbNEBIRAEBHRELatyMNQ, SMIBRL JubstR@bY AR Plenc, aralkylene, or
pol ysacchari des, or pol nucl eot i des. Addi tionally, such reactions nmay be
applied to non- |ﬁ%€¥ﬁﬂ?§¥%ﬁyﬂﬁﬂ natural anino acids. By way of exanple

only, reduGy dptiendl ey hakd HBscHBY a ARIEH linlkcd aPCHIRAYR o nhiRE &n‘e%iﬂnlig Iﬁmalyl 10§ P ut
4 to about 7 and using a mld reducing agent, such as, ﬁek exanpl e
0§

only, sodi uﬁﬁleva%%%tlew.caew(m&ﬁéwe)amyteﬁe auksfipicdiove e é%‘&. ng agents

may be used HfiRhylERIUdLed BlkydiRdh Eﬁls 0¥t Haéregkylatétsuagﬁuttd mtﬁ%tdmky%gﬂ
Na25, Na25204, L|A1H4 B2H6, and Chem cal lﬁnthe5|s of

Non- Nat ur al Rr&?%&le%qrdu@flwwéa%rl@sr%ﬁﬂfvlqaePf rattitedalkylgicsy SRR - CBIRBIMi ng

Li nked DO'aStQ&D&mﬁﬁ&k%ﬁ&bﬁﬂﬁw&Qﬁﬁ&&} %&n@ﬂ%]ﬁ@ﬂ@@tC%D?@ﬂ@ﬂm@&hﬂb@hn&ﬂlno
acids for the chenlcal derivatization of dolastatin |Iinked derivatives

based upon 1 FEactNiElyiee cgsdsedictslyrrgr oip (aflpteraeh e gradusne-
cont ai ni ng at:ot\@e%t(alﬁﬁene@tswaemea Qmplen@noesztazat(alk%ﬁ@ o@uesuahéttehtwqte %raa@l ps,

and/ or at | east_ one est /or at |east _qne carboxylic ac

and/or at | eN&}F )gﬁéalt‘ﬂFlt?é%F@%Stlfﬁteéﬁlﬂiyle%%dW\Rﬁéﬁ@ihﬁ‘ ih@depepdertibHyHkgrBup can
be a 1, 2- digatieamikygr oup, a 1, 3-dicarbonyl group, or a 1, 4-dicarbonyl
group. In further or additional aspects are non-natural am no acids for the
chemi cal derivatiza%fonIpf dolaeﬁatl Ilqkedeetlvathvegxbdéed upon the
reactivity of a diantne roup, nmgty a ¥/5@2|ne gﬁomeNﬁylantdlne
group, an imne grodpr; ég a 1gsdi group, a

1, 3- dianiﬁesgrougg1and a 1 4- dlanlnewbroup In f the 5§.dlkh0na|

enmbodi ment's, at |east one of the aforenmentioned non- natural amno acids is
|ncorporatedH+ntolh WO 2012/ 166559PCT/ US2012/ 039468 dol astatin |inked
derivati ve, thdf/ﬂs\\such enbodi nents are non-natural am no acid |inked
dolastatin d 4(vatlve§. In further or additional enbodinents, the
non-natural am no aci d&vhstee functionalized on their sidechains such that
their reacti t C L Ll udi ng
a heterocycH?gmﬁksggﬁmgﬁégégyk%%ﬂgggﬂﬁg g&ﬁﬁ?&%ﬁ%ﬂ’c h?g?&nﬁﬁgﬁg?%ggcycle
and/ or an al dofychabel of émikepfetecting Fewt her or addi ti onal enbodi ments are
non-natural am no acid pol ypeptides that can react with a derivatizing
dolastatin linker to generate a non- nattiral am no acid |inked dol astatin
derivatives containing a |inkage, including a heterocyclic-based |inkage,

i ncl udi ng a nitrogen-contai ning heterocycle, and/or an al dol -based |i nkage.
In further or additional enbodinents, the non-natural am no acids are
selected frontantno aC|ds havi ng dlcarbonyl and/ or di am ne sidechains. In
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am no aci d pol ypepti des based upon qui noxaline or phenazine |inkages. In
one enbodi nent are 1,2- WD 2012/ 166559PCT/ US2012/ 039468 di car bonyl

subst it utwo 2do¥msisati n | i nker derivatives used to deri va&Ciras2012/039468

1, 2-aryl di am ne contai ning non-natural am no acid pol ypeptides to form

qui noxal i ne or phenazi ne |inkages. |In another enbodi nent are

1,2-aryl diamg st i | i.nker.. j j L

derivati ze ?135%?0% g’r 3%’1"{15{”9%8’2&5@?29 Hl(l)(kl_e %a? é}lroaﬁwas\r(ﬁg}r%l%u\{%?l? 4%%1%%?& V'des to
f or m qui noxal i n@iooallyphbstiaédietekdatklyhges. In a further aspect related to the
above enbodi . alh i fA - ' i | i t hat
esul t 1 om P Re T gan sa TR, B B D X AR B AR B
non- nat ur al ansubstitaied betgotlingdeptipads subisntutsd eryé wb oiond htsubstigitdd IRtearaysil,di am ne
cont ai ni ng - F . am .aci.d. i i i it h.

25 di car borg At ath Birs R RN LAY RRBM B AL AU R bt tower | e
or phenazi ne | ilkklages: cyclalhylotuhgitutedlowdi ayeletlkdr lowér, fkedyicsublowyd lowerdlisinml ng
non- nat ural am ' t] I vat i - |.di.am

subst 1t ut od_dof aap g e RALERER LSRRI B IR bt by b sl s,

| i nkages. [ 003hqroPchuikdiearyhewbeiitntedl aryt detempnyl, evtsatdicdbertoargl, elkelel, subatitivtedl ng
nol ecul es for ' .§. conpounds conpri sing non-natural

am no acid poI%%%B?%gggfgggg%ﬁﬁg%ﬁﬁ%ﬁiazole | i nkages. I n sonme enbodi nents,

t he react RonHbakyweebstitutal afliyt, sycleatid ], oe sdnidutcd aptidalkel; gr oups can proceed via a
di pol ar ophi I ' - tai hodi. - ' ctive group
can be anﬁégﬁ%gggﬁﬁb?ﬂgxg %ﬁ%x?%%t%ﬁgggggggﬁﬁegﬁgggﬁgﬁﬁgebﬁﬁé%ﬂln further
or alt er nBt is\aH, enbsbedipnaestisg giobye résing sihinp ecidtriolpecyidowp paamiclsetiden al kyne and

t he secon t r. i . i uj. sgen
cyel oaddi e K etk SRHBLERRIE B0GRE S ikl & AR R Sl b
CHEM STRY, (ted R; Padpseoptigpally f@8v)cyclpalkyl-ol 7 Byterpeyolorldiels f or t he i ncorporation
of non-nat ur Y AERGO ] ids gy .az\ - { ni ng

oi do_cnai ns B PRRRE LA TLAR HERK, AO-BRICRCAR, A KIS KRNI
extrenely high sebmptijing atyeastione diemingigroupisoiditerehiaisine pothort ivskalzdideinand t he
al kyne functional, groups are inert toward the twenty common am no acids
found in naturalﬁ%-gécurring pol ypepti des. When brought into cl ose

proxi mty, howsv&K-R dreups sqpeihagfoinoabiertlic patrigydic gfclediey] aziydiearxhet al kyne
groups is reveal i vel y L Cl Vj i sgen
13720 " cyel oada t1 5 LA bEX oOBARIn: BEIRE bl ok BT Sk S Dhimbacth B! 20
e.g., Chin et al .masBgidangec 830dp;964-7 (2003); Wang et al., J. Am Chem

Soc., 125, -31 ; ' - - 19026- 9027
(2002) . ojﬁéﬁﬁd%%\°ﬁ?3°%§%ﬂﬁo@#%v% \‘/’?BL%C Sl’zjl?lc gL aﬁﬁ‘kln"??’l%%l’r?f%?%“‘?{g

pol ypept i des can dompusrg dtddstont diaminegowpi Eatpdeddiamisc grodeer magkelodianine
condi ti ons by th§¥&gdition of Cu(ll) (e.g., inthe formof a catalytic
amount of Cu504) Tn the presence of a reducing agent for reducing Cu(ll) to
Cu(l), wheradi atucastone eminalgioup on afyrdilitR is Spéonally gproteytgdgmest. al ., J. Am Chem

Soc. 1 92,3 : . 3l 67: 3057- 3064
(3802)ﬁ&E§§fov??%%?“&ﬁ%%%%“@%%@?8%%?&“%&%“%%9?%%2?% QSH}ZOOZ). Preferred

reduci ng agents include ascorhatg, netallic c%ppeNquuinine, hydr oqui none,
vitam n K, glutathione, cydbterhgN-Eedh Co2, ra \§m%$@glied electric
potential. [00318] Such npn- W, a 1arrino]@lci het e ryl-1inked dol astatin
derivatives include am no gﬁﬂﬁ havi ng t he §§mg ture of Forrmula (XXXI): Me
0 Me.,,M HR3 R3H, ohl IRIN A B.D.L. NN N r Nve MeMeONH 1i 40Me OWe 0 O Z
wherein: Z has the structure of: R6 ¢css'"Ar RS RS is H CO2H, G -C6al kyl, or
thi azolvgierd?® i1s OH or H Ar is phenyl or pyridine;

A is optional, and when present is lower alkylene, substituted lower alkylene, lower
cycloalkylene, substituted lower cycloalkylene, lower alkenylene, substituted lower
alkenylene, alkynylene, lower heteroalkylene, substituted heteroalkylene, lower
heterocycloalkylene, substituted lower heterocycloalkylene, arylene, substituted arylene,
heteroarylene, substituted heteroarylene, alkarylene, substituted alkarylene, aralkylene, or
substituted aralkylene;
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Rl is H an amno protecting group, resin, at |east one am no acid,

pol ypeptide, or polynucleotide; R2 is OH an ester protecting group, resin,
at | east woeomnenis9aci d, pol ypeptide, or pol ynucl eoti depPCRAS2&I2183946%] ogen,

| ower al kyl, or substituted |ower alkyl; R7 is G -C6al kyl or hydrogen; L

I s-al kyl ene- or -(al kylene-Oyii-alkylene-; nis an integer greater than or

NN, 1z L bR SH SR hr ikl fphtengdd .00 Rning pflen Moy 7
R17,..-T3 R17 R18nkerReigctddiiNiriRLB)epoublcdbsistingefdewer alkyloh sibituied lowrd elbgladent | y
sel ected fromt h%ox%r%ﬁ(%nﬁ%,sguﬁgtiuﬂgd lgévelli'lkeﬁ;rllé el, low%ytpe%rj)atlwe%g, sﬁi)éfiydted lower
heteroalkylene, -O-(alkylene or substituted alkylene)-, -S-(alkylene or substituted
alkylene)-, -C(O)R™-,-S(O)x(alkylene or substituted alkylene)-, where k is 1, 2, or 3,
-C(O)-(alkylene or substituted alkylene)-, -C(S)-(alkylene or substituted alkylene)-,
-NR”-(alkylene or substituted alkylene)-, -CON(R”’)-(alkylene or substituted alkylene)-,
-CSN(R”)-(alkylene or substituted alkylene)-, and -N(R”)CO-(alkylene or substituted
alkylene)-, where each R” is independently H, alkyl, or substituted alkyl;
T, is a bond or CH»; and T, is CH;
wherein each optional substituents is independently selected from lower alkyl, substituted lower
alkyl, lower cycloalkyl, substituted lower cycloalkyl, lower alkenyl, substituted lower
alkenyl, alkynyl, lower heteroalkyl, substituted heteroalkyl, lower heterocycloalkyl,
substituted lower heterocycloalkyl, aryl, substituted aryl, heteroaryl, substituted
heteroaryl, alkaryl, substituted alkaryl, aralkyl, or substituted aralkyl;
R, is H, an amino protecting group, resin, amino acid, polypeptide, or polynucleotide; and
R, is OH, an ester protecting group, resin, amino acid, polypeptide, or polynucleotide;
cach of R; and Ry is independently H, halogen, lower alkyl, or substituted lower alkyl, or R; and
R4 or two R; groups optionally form a cycloalkyl or a heterocycloalkyl;
or the —A-B-diamine containing moiety together form a bicyclic cycloalkyl or heterocycloalkyl
comprising at least one diamine group, protected diamine group or masked diamine
group;
or the —B-diamine containing moiety groups together form a bicyclic or tricyclic cycloalkyl or
cycloaryl or heterocycloalkyl comprising at least one diamine group, protected diamine
group or masked diamine group;
wherein at least one amine group on —A-B-diamine containing moiety is optionally a protected
amine;
or an active metabolite, salt, or a pharmaceutically acceptable prodrug or solvate thereof.
[00264] The following non-limiting examples of amino acids having the structure of Formula (XXXVII)

are included:
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al kenyl, substituted al kenyl, al kynyl, substituted al kynyl, al koxy,
substituted al koxy, al kyl al koxy, substituted al kyl al koxy, pol yal kyl ene

oxi de, suwwebtumeesFIpol yal kyl ene oxi de, aryl, substit ut e@Canskoi2iosd4es oaryl ,
substituted heteroaryl, alkaryl, substituted al karyl, aral kyl, substituted
aral kyl, -(al kylene or substituted al kyl ene)-0ON(R")2, -(al kylene or 104
substituted al kyl QQI@)-C(O SR', -(al k¥1l ene or substitute

al kyl ene) - S-S (aryl ‘or suB2tytuted afyY 0) BN ggR', or NH,
-C(0)N(R") 2, whersinM8ach RY i s\H,ndepepdentiby hydregeh, al kyl, sSubsgfjtuted
al kyl , al kenyl , isu titutedlal kgnyl, ¥Yp substituyfed al koxy, aci'}yl,
substi tut ed BNyl het er daNyl M al kafgN, slibst i ttuiNed aryl ,naval¥yl, or
substituted aral k§l; each Z1 ?s a,bond, €RI 7R17, 0,9S, NR, O ,
CR17R17-CR17R17, CRI7R17-0, 0-CRI7R17, CRL/R17-S, S-CR17R17, CR17R17-NR,
or NR -CR17R17; ed8h R is: al kyl, substituted al kylyy,each Z2 is

sel ected fr omlN r oupie i sting of bond, S)-, optionally
substituted Cil- al kyl eng, optionally substitut al kenyl ene, and
optional Iy substityped hgtergal kylf each™z3 are indgpendently sel ected from
the group comsistirng &fN7a Iond,mwptlidhal |y sHSti tlited al kyl ene, optionally
substituted Cl-C&L al kenyl eRe, .opti dhal |y substitut®d heteroal kyl, -0-, -S-,
-C(0)-, -C(S)-, and -N(R )-; each T3 is,g bond, C(R')(R"), 0, or S; with

t he proviso that when isOor S R nnot be hal ogei\p’% each R" is H,

hal ogen, al kyl, i INF%” , Itute choal kyl; m
and p are 0, 1, or 3, t hat at ast o f mor p ks hNot O; (b)
(b)(b) 17 r , (b)Y . ,oc-c- (b) (a Réy\ RAV\ M2 15 K a. oa? Kk, (a) B4 opbondi ng
to the B groi an (lﬁ) i ndi cHids nding to réspectiive posHiN ong within the
het erocycle group? (b)(b)(b) Jwf II/R3II ¢\A (b)?..)."C OA(b{b) .

(a)' ??R4(0?(a) % NH

N /\)I\/\
NH, 0 NH,
NH NH
OH H H
HzN H2N © HZN ©
O , O , and 0 .

Such non-natural amino acids may also be in the form of a salt or may be incorporated into a non-natural

o

an

amino acid polypeptide, polymer, polysaccharide, or a polynucleotide and/or optionally post
translationally modified.

[00265] In certain embodiments, compounds of Formula (XXXVII) are stable in aqueous solution for at
least 1 month under mildly acidic conditions. In certain embodiments, compounds of Formula (XXXVII)
are stable for at least 2 weeks under mildly acidic conditions. In certain embodiments, compound of
Formula (XXXVII) are stable for at least 5 days under mildly acidic conditions. In certain embodiments,
such acidic conditions are pH about 2 to about §.

[00266] In certain embodiments of compounds of Formula (XXXVII), B is lower alkylene, substituted
lower alkylene, O-(alkylene or substituted alkylene)-, C(R”)=NN(R’)-, -N(R")CO-, C(O)-, -C(R*)=N-,
C(O)-(alkylene or substituted alkylene)-, CON(R’)(alkylene or substituted alkylene)-, -S(alkylene or
substituted alkylene)-, -S(O)(alkylene or substituted alkylene)-, or -S(O)(alkylene or substituted
alkylene)-. In certain embodiments of compounds of Formula (XXXVII), B is “O(CHy)-, -CH=N-,
CH=NNH-, -NHCH,-, -NHCO-, C(0)-, C(O)(CH,)-, CONH(CH,)-, -SCH»-, -S(=0)CH;-, or -S(0),CHo-.
In certain embodiments of compounds of Formula (XXXVII), R is C-¢ alkyl or cycloalkyl. In certain
embodiments of compounds of Formula (XXXVII) R is -CHj;, -CH(CH3),, or cyclopropyl. In certain
embodiments of compounds of Formula (XXXVII), R; is H, tert-butyloxycarbonyl (Boc), 9-
Fluorenylmethoxycarbonyl (Fmoc), N-acetyl, tetrafluoroacetyl (TFA), or benzyloxycarbonyl (Cbz). In
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, , or where (a) indicates bonding to the B group and (b) indicates
bondi ng to respective positions within the heterocycle group; WO

2012/ 1665850RCID/ 16685912/ 039468 where (a) indicates bon#cCmgSt@2obae group
and (b) indicates bonding to respective positions within the heterocycle
group; each R19 is independently selected fromthe group consisting of
C1-C6 4| St t he I e

al kyl & 1%%/ L emg&dlﬁgnetég og%%poug S For PIQ%%X(%\HD ﬁ ré 2[|1;| ﬁmafﬁﬂl% a]%ﬁ Polgﬁgllpﬁge:, Dy
al kyl smlyfnmmcmdadn dertag ekl}blodlnnetms (of cmlhpooe@tOé F prm.udﬂ (ﬁ@ﬁWH)eRt Brap ahtanloc}$ whtitedy | |
nitril | ky tr or
11; " and e B bt gu @, A i S e of oot ol CocBnf g
hydr oge®¥], Oralethyk ©)-cthylkar| O-t-NEP, InQigtain moibsdibsits oﬁnoemomdkyf For{notﬂm\’llh &ﬂma

O T b T A S R VA

MeO R2 Hopo@2 OYXXWIIE & tlsaannm‘ebddmdmhmdv $ragihent onpongaldsalehtitedy.nul a (XXXI), R5 is

t hi azol t | a
o B BRI oo LR L A TROCITIL G, S RATNpAS PXE1T)
is phemyetalsmncl@@rit ai n enbodi ments of conpounds of Formula (XXXI), R7 is
methyl. In certain enbodi nents of conmpounds of Formgla (XXXI), nis an

integer fromO to 20, Ipnngertain enbodiunents of cgQ flouhds of Fornul a
(XXXI'), nis an fnyegek fromO t O1 nNgert ai @ hodi MBht s of conpounds

of Formula (XXXf)¥ ' n is an int fromO to 5. [00321] In certain
enbodi nent s Ig)f\] unds of }F o8 ( XXXI') , @thi azol e or carboxylic
acid. In certain cenbodi ment s “of Gompounds of For mul a ( XXXI R5 is
hydrogen. In certain enbodi'ments of corrpounds of Formula ( ), R5is

met hyl, ethyl, propyl, jiswe-propyl, butj¥, I so- butyI -butyl, tertbutyl,

pentyl, or hexyl .0 2] I n cer @] hadi ment s 0 nds of Formul a
(XXXI'), R6 is H SO enbodi peats of conpou ds0f Formul a (XXXI'), R6 is
i bedioent s of cho peyps of Formula (XXXI), Ar

hydr oxy. [00 Pitert ai néeF
i's phenyl. WO 20d2/166559PCF UsdD12/ 039468
NH NH, NH,
NH, NH,
NH;
H,N OH H,N OH H,N OH
O 2 O 2 O 2
H,N NH,
NH, NH,
> NH, NH,
OH
H,N Ot H,N H,N of
0 , 0 , 0 ,
NH,
NH, H2N
NH,
=
H,N on H,N o
Y ,and O

[00268] Non-limiting examples of protected amino acids having the structure of Formula (XXXVII)

include:
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[ 00324]
nmet hyl ,
pentyl,

In certain enbodi nents of conpounds of Fornmula (XXXI), R7 is

ethyl, propyl, isopropyl, butyl, sec-butyl iso-butyl, tert-butyl,

owohewrylesssbn certai n enbodi nents of conpounds ofPCEarsaul2as(4BKXI ),

R7

I s hydrogen. [00325] In certain enbodi ments of conpounds of Formula (XXXI),

each al

kyl ene i ndependently is -CH2- , --CH2CH2-, --CH2CH2CHZ2-,

- CH2CH2CH2CH2-, - CH2CH2CH2 GR2CH2-, - CH2CH2CH2 CH2CH2 CH2 -,

- CH2CH2CH2CH2CH2 N=6242c142c142c142c142£142g3ﬂ2c142-, H -
CH2 CH2 CH2 CH2 CH2 2 OH2 CHILS, - CH2 K2 CH2 CH Erothize]
CH2CH2CH2CH2CHR D CH2 CH2 CH2 CH2= s c
- CH2CH2CH2 2 CH2 CH2 CH2 -. In certainegmbodi nents of conpounds
of Fornmula (XXXI) ! al kylene i & nethyl ene, ethyl&ne, Ipropyl ene, butyl enes,
pentyl ene, hexylene or heptyl ene. 10032611n " certai n enbddfinents  of
conpounds of For nul (KXXI)(IH nis O, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12,
13, 14, 15, 16, R

CH3

OH
H,N
O

F. Structure and Synthesis of Non-Natural Amino Acids: Aromatic Amines
[00269] Non-natural amino acids with nucleophilic reactive groups, such as, by way of example only,
an aromatic amine group (including secondary and tertiary amine groups), a masked aromatic amine
group (which can be readily converted into a aromatic amine group), or a protected aromatic amine group
(which has reactivity similar to an aromatic amine group upon deprotection) allow for a variety of
reactions to link molecules via various reactions, including but not limited to, reductive alkylation
reactions with aldehyde containing dolastatin linker derivatives. Such aromatic amine containing non-

natural amino acids include amino acids having the structure of Formula (XXXXXXV):

R~ ‘ijNH

Rl\N R4 2
H ™0 (XXXXXXV)

wherein:

1
R NH
X

multicyclic aryl ring, a monocyclic heteroaryl ring, a bicyclic heteroaryl ring, and a multicyclic

is selected from the group consisting of a monocyclic aryl ring, a bicyclic aryl ring, a

heteroaryl ring;

A is independently CR,, or N;

B is independently CR,, N, O, or S;

cach R, is independently selected from the group consisting of H, halogen, alkyl, -NO,, -CN, substituted
alkyl, -N(R’),, -C(O)XR’, -C(O)N(R’),, -OR’, and -S(O)R’, where kis 1, 2, or 3; andnis 0, 1, 2, 3, 4,
5, or 6;

R, is H, an amino protecting group, resin, at least one amino acid, polypeptide, or polynucleotide; and

R, is OH, an ester protecting group, resin, at least one amino acid, polypeptide, or polynucleotide;
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20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38,
39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57,
58, 59, O8O 2012/166559 PCT/US2012/039468

each of R; and R4 is independently H, halogen, lower alkyl, or substituted lower alkyl, or R; and R4 or two
R; groups optionally form a cycloalkyl or a heterocycloalkyl;

M is H or —CH;Rs; or the M-N-C(R5) moiety may form a 4 to 7 membered ring structure;

Rs is alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, alkoxy, substituted
alkoxy, alkylalkoxy, substituted alkylalkoxy, polyalkylene oxide, substituted polyalkylene oxide,
cycloalkyl, substituted cycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,
heterocycle, substituted heterocycle, alkaryl, substituted alkaryl, aralkyl, substituted aralkyl, -C(O)R”,
-C(O)OR”, -C(O)N(R™),, -C(O)NHCH(R™),, -(alkylene or substituted alkylene)-N(R”),, -(alkenylene
or substituted alkenylene)-N(R”),, -(alkylene or substituted alkylene)-(aryl or substituted aryl),
-(alkenylene or substituted alkenylene)-(aryl or substituted aryl), -(alkylene or substituted alkylene)-
ON(R”),, -(alkylene or substituted alkylene)-C(O)SR”, -(alkylene or substituted alkylene)-S-S-(aryl
or substituted aryl), wherein each R” is independently hydrogen, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkoxy, substituted alkoxy, aryl, substituted aryl, heteroaryl, substituted
heteroaryl, heterocycle, substituted heterocycle, alkaryl, substituted alkaryl, aralkyl, substituted
aralkyl, or -C(O)OR’;

or two Rs groups optionally form a cycloalkyl or a heterocycloalkyl;

or Rs and any R, optionally form a cycloalkyl or a heterocycloalkyl; and

each R’ is independently H, alkyl, or substituted alkyl.

Such non-natural amino acids may also be in the form of a salt, or may be incorporated into a non-natural

amino acid polypeptide, polymer, polysaccharide, or a polynucleotide and optionally reductively

alkylated.

1
RN N
5

orientations of “A,” “B,” “NH-M" and “R,”; rather these four features of this structure may be oriented in

The structure (as presented in all examples herein) does not present the relative

any chemically-sound manner (along with other features of this structure), as illustrated by example
herein.

[00270] Non-natural amino acids containing an aromatic amine moiety having the structure of Formula

(A) include non-natural amino acids having the structures:

Yt O L o
}533 \A A R; \A A Iig \A A Ii{; \AJ:A,:A
Ring 1 R, RI\N 1 R, Risg Ry Risy R,
R
H 4 ’ H 4 o ’ H 4 o H Ry

0 Y ,and

&7



61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79,
80, 81, 82, 83, 84, 85, 86, 87, 88, 89,

WO 2012/166539 PCT/US2012/039468
A=A
WX

B .

R, v\

Ris ) R, IYI

H

0 ; wherein, each A’ is independently selected from CR,, N, or C—NH  and

M
up to two A’ may be C_Il\IH with the remaining A’ selected from CR,, or N.
Such non-natural amino acids may also be in the form of a salt, or may be incorporated into a non-natural
amino acid polypeptide, polymer, polysaccharide, or a polynucleotide and optionally reductively
alkylated.
[00271] Non-limiting examples of non-natural amino acids containing an aromatic amine moiety
having the structure of Formula (XXXXXXYV) include non-natural amino acids having the structure of

Formula (XXXXXXVI), and Formula (XXXXXXVII),

(XXXXXXVD, (XXXXXXVID), wherein; G is an
amine protecting group, including, but not limited to,

e 40 PN

NO, ’

cr’. CH3 §=C or jYO\/\I SiM63
\n’ CH3 5 O

Such non-natural amino acids may be in the form of a salt, or may be incorporated into a non-natural
amino acid polypeptide, polymer, polysaccharide, or a polynucleotide and optionally reductively
alkylated.

[00272] Non-natural amino acids containing an aromatic amine moiety have the following structures:

88



90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100.

WO 2012/166559 PCT/US2012/039468

R R,

wherein each R, is independently selected from the group consisting of H, halogen, alkyl, -NO,, -CN,
substituted alkyl, -N(R’),, -C(O)R’, -C(O)N(R’),, -OR’, and -S(O)R’, where kis 1, 2, or 3;

M is H or -CH;Rs; or the M-N-C(R5) moiety may form a 4 to 7 membered ring structure;

R, is H, an amino protecting group, resin, amino acid, polypeptide, or polynucleotide;

R, is OH, an ester protecting group, resin, amino acid, polypeptide, or polynucleotide;

Rs is alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, alkoxy, substituted
alkoxy, alkylalkoxy, substituted alkylalkoxy, polyalkylene oxide, substituted polyalkylene oxide,
cycloalkyl, substituted cycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,
heterocycle, substituted heterocycle, alkaryl, substituted alkaryl, aralkyl, substituted aralkyl, -C(O)R”,
-C(O)OR”, -C(O)N(R™),, -C(O)NHCH(R™),, -(alkylene or substituted alkylene)-N(R”),, -(alkenylene
or substituted alkenylene)-N(R”),, -(alkylene or substituted alkylene)-(aryl or substituted aryl),
-(alkenylene or substituted alkenylene)-(aryl or substituted aryl), -(alkylene or substituted alkylene)-
ON(R”),, -(alkylene or substituted alkylene)-C(O)SR”, -(alkylene or substituted alkylene)-S-S-(aryl
or substituted aryl), wherein each R” is independently hydrogen, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkoxy, substituted alkoxy, aryl, substituted aryl, heteroaryl, substituted
heteroaryl, heterocycle, substituted heterocycle, alkaryl, substituted alkaryl, aralkyl, substituted
aralkyl, or -C(O)OR’;

or Rs and any R, optionally form a cycloalkyl or a heterocycloalkyl; and

cach R’ is independently H, alkyl, or substituted alkyl. Such non-natural amino acids may also be in the

form of a salt, or may be incorporated into a non-natural amino acid polypeptide, polymer,

polysaccharide, or a polynucleotide.

[00273] Such non-natural amino acids of Formula (XXXXXXV) may be formed by reduction of

protected or masked amine moieties on the aromatic moiety of a non-natural amino acid. Such protected

or masked amine moieties include, but are not limited to, imines, hydrazines, nitro, or azide substituents.

The reducing agents used to reduce such protected or masked amine moicties include, but are not limited

to, TCEP, Na,S, Na,S,0,, LiAlH,, NaBH, or NaBCNHj.
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1003271 I n certain enbodi nents of conmpounds of Formula (XXXI), RlL is a

pol ypeptide. In certain enbodi ments of conpounds of Fornmula (XXXI), R2 is a
pol ypept iwe.201me66#pt ai n enbodi nents of conpounds of For ROTAISEOCXMBYES t he

pol ypeptide is an antibody. In certain enbodi nents of conpounds of Formula
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Coval ent Li nkage Product Meet pe Nucl coPe Carboxam des Activated esters

am nes/ ani | i nes Carboxam des acyl azi des am nes/anilines Carboxam des acyl
hal i des awDnes/mmisPi nes Esters acyl halides al cohol s/ pheaolus2@E21089488 acyl
nitriles al cohol s/ phenol s Carboxam des acyl nitriles am nes/anilines |Imnes
Al dehydes am nes/anilines Hydrazones al dehydes or ketones Hydrazi nes

glycosylated is meant a polypeptide that would be glycosylated when produced under conditions in which
naturally-occurring polypeptides are glycosylated). Of course, such non-glycosylated forms of normally-
glycosylated non-natural amino acid polypeptides (or indeed any polypeptide described herein) may be in
an unpurified form, a substantially purified form, or in an isolated form.

[00279]In certain embodiments, the non-natural amino acid polypeptide includes at least one post-
translational modification that is made in the presence of an accelerant, wherein the post-translational
modification is stoichiometric, stoichiometric-like, or near-stoichiometric. In other embodiments the
polypeptide is contacted with a reagent of Formula (XIX) in the presence of an accelerant. In other

embodiments the accelerant is selected from the group consisting of:

CC., CL, €, CC, G 0
NH, NH2 NH, NN SO
OH
H |
{“ » Ly
H,N |
SH ™ OH [/ [/
HZN/\/ , HO , N ’and N .

A. Chemical Synthesis of Non-Natural Amino Acid Linked Dolastatin Derivatives: Oxime-
Containing Linked Dolastatin Derivatives

[00280] Non-natural amino acid dolastatin linked derivatives containing an oxime group allow for reaction
with a variety of reagents that contain certain reactive carbonyl- or dicarbonyl- groups (including but not
limited to, ketones, aldehydes, or other groups with similar reactivity) to form new non-natural amino
acids comprising a new oxime group. Such an oxime exchange reaction allows for the further
functionalization of dolastatin linked derivatives. Further, the original dolastatin linked derivative
containing an oxime group may be useful in their own right as long as the oxime linkage is stable under
conditions necessary to incorporate the amino acid into a polypeptide (e.g., the in vivo, in vitro and
chemical synthetic methods described herein).

[00281] Thus, in certain embodiments described herein are non-natural amino acid dolastatin linked
derivatives with sidechains comprising an oxime group, an oxime-like group (which has reactivity similar
to an oxime group and is structurally similar to an oxime group), a masked oxime group (which can be
readily converted into an oxime group), or a protected oxime group (which has reactivity similar to an
oxime group upon deprotection).

[00282] Such non-natural amino acid dolastatin linked derivatives include dolastatin linked derivatives

having the structure of Formula (VIII):
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Oxi mes al dehydes or ketones Hydroxyl am nes Al kyl am nes al kyl halides
am nes/anilines Esters al kyl halides carboxylic acids Thioethers al kyl
hal i des TWoabhe/ta63ser s al kyl hal i des al cohol s/ phenol s Thipo@ttuser12/0ad4k |
sul fonates Thiols Esters al kyl sulfonates carboxylic acids Ethers alkyl
sul f onat es al cohol s/ phenol s Esters Anhydri des al cohol s/ phenol s

RSy,

N R7 O M/\M Me OMe O
e

B\A

Ro w(i
Rs Rz

HN. R,
wherein:

A is optional, and when present is lower alkylene, substituted lower alkylene, lower
cycloalkylene, substituted lower cycloalkylene, lower alkenylene, substituted lower
alkenylene, alkynylene, lower heteroalkylene, substituted heteroalkylene, lower
heterocycloalkylene, substituted lower heterocycloalkylene, arylene, substituted arylene,
heteroarylene, substituted heteroarylene, alkarylene, substituted alkarylene, aralkylene, or
substituted aralkylene;

B is optional, and when present is a linker selected from the group consisting of lower alkylene,
substituted lower alkylene, lower alkenylene, substituted lower alkenylene, lower
heteroalkylene, substituted lower heteroalkylene, -O-, -O-(alkylene or substituted alkylene)-, -
S-, -S-(alkylene or substituted alkylene)-, -S(O)x- where kis 1, 2, or 3, -S(O)(alkylene or
substituted alkylene)-, -C(O)-, -C(O)-(alkylene or substituted alkylene)-, -C(S)-, -C(S)-
(alkylene or substituted alkylene)-, -N(R’)-, -NR’-(alkylene or substituted alkylene)-,
-C(O)N(R’)-, -CON(R’)-(alkylene or substituted alkylene)-, -CSN(R’)-, -CSN(R’)-(alkylene
or substituted alkylene)-, -N(R’)CO-(alkylene or substituted alkylene)-, -N(R*)C(O)O-,
-S(O)N(R?)-, -NR)C(OIN(R’)-, -N(R*)C(S)N(R")-, -N(R*)S(O)N(R’)-, -N(R*)-N=, -
C(R*)=N-, -C(R’)=N-N(R’)-, -C(R*)=N-N=, -C(R’),-N=N-, and -C(R’),-N(R’)-N(R")-, where
each R’ is independently H, alkyl, or substituted alkyl;

R is H, alkyl, substituted alkyl, cycloalkyl, or substituted cycloalkyl;

R, is H, an amino protecting group, resin, at least one amino acid, polypeptide, or polynucleotide;

R, is OH, an ester protecting group, resin, at least one amino acid, polypeptide, or polynucleotide;

R; and R, are each independently H, halogen, lower alkyl, or substituted lower alkyl, or R; and R4
or two Rj3 groups optionally form a cycloalkyl or a heterocycloalkyl;

Z has the structure of:

Re

‘fé\(KAr

Rs

Rsis H, CORg, Ci-Cgalkyl, or thiazole;

Rg is OH
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Car boxam des Anhydri des am nes/anilines Thiophenols aryl halides Thiols
Aryl am nes aryl halides Am nes Thi oethers Azindines Thiols Boronate esters
Bor onat eswQ@i2g90ies55Car boxam des car boxylic aci ds am nes/ aTIUSa&2/0EBbRr S
carboxylic acids Al cohol s hydrazi nes Hydrazi des carboxylic acids

N-acyl ureas or Anhydri des carbodiim des carboxylic acids

Rg is OH or H;
Ar is phenyl or pyridine;
R is Ci-Cgalkyl or hydrogen;
L is a linker selected from the group consisting of —alkylene—, —(alkylene—O),—alkylene—; and
n is an integer greater than or equal to one;
or an active metabolite, or a pharmaceutically acceptable prodrug or solvate thereof.

[00283] In certain embodiments of compounds of Formula (VIII), Rs is thiazole. In certain embodiments
of compounds of Formula (VIII), R¢ is H. In certain embodiments of compounds of Formula (VIII), Ar is
phenyl. In certain embodiments of compounds of Formula (VIII), R, is methyl. In certain embodiments
of compounds of Formula (VIII), n is an integer from 0 to 20. In certain embodiments of compounds of
Formula (VIII), n is an integer from 0 to 10. In certain embodiments of compounds of Formula (VIII), n
is an integer from 0 to 5.
[00284] In certain embodiments of compounds of Formula (VIII), Rs is thiazole. In certain embodiments
of compounds of Formula (VIII), Rs is hydrogen. In certain embodiments of compounds of Formula
(VIID), Rs is methyl, ethyl, propyl, iso-propyl, butyl, iso-butyl, sec-butyl, tert-butyl, pentyl, or hexyl.
[00285] In certain embodiments of compounds of Formula (VIII), Re is H.
[00286] In certain embodiments of compounds of Formula (VIII), Ar is phenyl.
[00287] In certain embodiments of compounds of Formula (VIII), R, is methyl, ethyl, propyl, iso-propyl,
butyl, sec-butyl iso-butyl, tert-butyl, pentyl, or hexyl. In certain embodiments of compounds of Formula
(VII) and (IX), R; is hydrogen.
[00288] In certain embodiments of compounds of Formula (VIII), each alkylene independently is —CH,—,
—CH,CH,-, -CH,CH,CH,»-, -CH,CH,CH,CH,-, -CH,CH,CH,CH,CH,-, -CH,CH,CH,CH,CH,CH>—, —
CH,CH,CH,CH,CH,CH,CH,-, —CH,CH,CH,CH,CH,CH,CH,CH,—, -
CH,CH,CH,CH,CH,CH,CH,CH,CH,-, —CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,-, -
CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH;,-, or -CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,—.
In certain embodiments of compounds of Formula (VIII), alkylene is methylene, ethylene, propylene,
butylenes, pentylene, hexylene, or heptylene.
[00289] In certain embodiments of compounds of Formula (VIII), each n independently is 0, 1, 2, 3, 4, 5,
6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34,
35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62,
63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90,
91, 92, 93, 94, 95, 96, 97, 98, 99, or 100.
[00290] In certain embodiments of compounds of Formula (VIII), R; is a polypeptide. In certain
embodiments of compounds of Formula (VII), R, is a polypeptide. In certain embodiments of
compounds of Formula (VIII), the polypeptide is an antibody. In certain embodiments of compounds of

Formula (VIII), the antibody is herceptin.
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[00291] In certain embodiments, compounds of Formula (VIII) are stable in aqueous solution for at
least 1 month under mildly acidic conditions. In certain embodiments, compounds of Formula (VIII) are
stable for at least 2 weeks under mildly acidic conditions. In certain embodiments, compound of Formula
(VII) are stable for at least 5 days under mildly acidic conditions. In certain embodiments, such acidic
conditions are pH 2 to 8. Such non-natural amino acids may be in the form of a salt, or may be
incorporated into a non-natural amino acid polypeptide, polymer, polysaccharide, or a polynucleotide and
optionally post translationally modified.
[00292] Oxime-based non-natural amino acids may be synthesized by methods already described in
the art, or by methods described herein, including: (a) reaction of a hydroxylamine-containing non-natural
amino acid with a carbonyl- or dicarbonyl-containing reagent; (b) reaction of a carbonyl- or dicarbonyl-
containing non-natural amino acid with a hydroxylamine-containing reagent; or (c) reaction of an oxime-
containing non-natural amino acid with certain carbonyl- or dicarbonyl-containing reagents.

B. Chemical Structure and Synthesis of Non-Natural Amino Acid Linked Dolastatin

Derivatives: Alkylated Aromatic Amine Linked Dolastatin Derivatives

[00293] In one aspect are dolastatin linker derivatives for the chemical derivatization of non-natural
amino acids based upon the reactivity of an aromatic amine group. In further or additional embodiments,
at least one of the aforementioned non-natural amino acids is incorporated into a dolastatin linker
derivative, that is, such embodiments are non-natural amino acid linked dolastatin derivatives. In further
or additional embodiments, the dolastatin linker derivatives are functionalized on their sidechains such
that their reaction with a derivatizing non-natural amino acid generates an amine linkage. In further or
additional embodiments, the dolastatin linker derivatives are selected from dolastatin linker derivatives
having aromatic amine sidechains. In further or additional embodiments, the dolastatin linker derivatives
comprise a masked sidechain, including a masked aromatic amine group. In further or additional
embodiments, the non-natural amino acids are selected from amino acids having aromatic amine
sidechains. In further or additional embodiments, the non-natural amino acids comprise a masked
sidechain, including a masked aromatic amine group.
[00294] In another aspect are carbonyl-substituted dolastatin linker derivatives such as, by way of
example, aldehydes, and ketones, for the production of derivatized non-natural amino acid polypeptides
based upon an amine linkage. In a further embodiment are aldehyde-substituted dolastatin linker
derivatives used to derivatize aromatic amine-containing non-natural amino acid polypeptides via the
formation of an amine linkage between the derivatizing dolastatin linker and the aromatic amine-
containing non-natural amino acid polypeptide.
[00295] In further or additional embodiments, the non-natural amino acids comprise aromatic amine
sidechains where the aromatic amine is selected from an aryl amine or a heteroaryl amine. In a further or
additional embodiment, the non-natural amino acids resemble a natural amino acid in structure but contain

aromatic amine groups. In another or further embodiment the non-natural amino acids resemble
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phenylalanine or tyrosine (aromatic amino acids). In one embodiment, the non-natural amino acids have
properties that are distinct from those of the natural amino acids. In one embodiment, such distinct
properties are the chemical reactivity of the sidechain; in a further embodiment this distinct chemical
reactivity permits the sidechain of the non-natural amino acid to undergo a reaction while being a unit of a
polypeptide even though the sidechains of the naturally-occurring amino acid units in the same
polypeptide do not undergo the aforementioned reaction. In a further embodiment, the sidechain of the
non-natural amino acid has a chemistry orthogonal to those of the naturally-occurring amino acids. In a
further embodiment, the sidechain of the non-natural amino acid comprises a nucleophile-containing
moiety; in a further embodiment, the nucleophile-containing moiety on the sidechain of the non-natural
amino acid can undergo a reaction to generate an amine-linked derivatized dolastatin. In a further
embodiment, the sidechain of the non-natural amino acid comprises an electrophile-containing moiety; in
a further embodiment, the electrophile-containing moiety on the sidechain of the non-natural amino acid
can undergo nucleophilic attack to generate an amine-linked derivatized dolastatin. In any of the
aforementioned embodiments in this paragraph, the non-natural amino acid may exist as a separate
molecule or may be incorporated into a polypeptide of any length; if the latter, then the polypeptide may
further incorporate naturally-occurring or non-natural amino acids.

[00296] Modification of non-natural amino acids described herein using reductive alkylation or
reductive amination reactions have any or all of the following advantages. First, aromatic amines can be
reductively alkylated with carbonyl-containing compounds, including aldehydes, and ketones, in a pH
range of about 4 to about 10 (and in certain embodiments in a pH range of about 4 to about 7) to generate
substituted amine, including secondary and tertiary amine, linkages. Second, under these reaction
conditions the chemistry is selective for non-natural amino acids as the sidechains of naturally occurring
amino acids are unreactive. This allows for site-specific derivatization of polypeptides which have
incorporated non-natural amino acids containing aromatic amine moieties or protected aldehyde moieties,
including, by way of example, recombinant proteins. Such derivatized polypeptides and proteins can
thereby be prepared as defined homogencous products. Third, the mild conditions needed to effect the
reaction of an aromatic amine moiety on an amino acid, which has been incorporated into a polypeptide,
with an aldehyde-containing reagent generally do not irreversibly destroy the tertiary structure of the
polypeptide (excepting, of course, where the purpose of the reaction is to destroy such tertiary structure).
Similarly, the mild conditions needed to effect the reaction of an aldehyde moiety on an amino acid,
which has been incorporated into a polypeptide and deprotected, with an aromatic amine-containing
reagent generally do not irreversibly destroy the tertiary structure of the polypeptide (excepting, of course,
where the purpose of the reaction is to destroy such tertiary structure). Fourth, the reaction occurs rapidly
at room temperature, which allows the use of many types of polypeptides or reagents that would otherwise
be unstable at higher temperatures. Fifth, the reaction occurs readily is aqueous conditions, again allowing

use of polypeptides and reagents incompatible (to any extent) with non-aqueous solutions. Six, the
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ExapL EL i e e ARORREE Lo S S e o pipgas Gakeddoggn 5.
Tetra (d@tlmlvesneclgdewmm dcidg havigbgstrustirGefiroimula (AY)dr oxypht hal i mi de 1-2 (
8.4g, 51.15muol) and tri ph Iq\hlé)sphlmge (. 17.6g, 67mmvl) were dissolved in

300 niL of tetrahydr ofu an dth@n DIAD (12.8 nL, 61.78
mmol ) at 0C. The r l\gg\s
overni ght, angn onlqent |Nate to dr'\d/ne he

rgom tenperature
ue was purified by

flash col um chro yRro Qe ,ge'\ﬂﬁgob"sﬁ gund le&v)
[ 00353] Conpound 1- 4R, soI ution of conpound 19. 3 , 0.59mmmol) in
15nL di chl or onet hang, , added Dess-Martin Periodinane " 300ng, 0.71 mmol).

The reaction mxture was stirred at anbi ent t enperature overnight. The
reacti on wageiguenched with the solution of sodiumbisulfite in 15 nlL of
sat urated sogj ate. The m xture was separated. The organic |ayer
was washed %ff%r%easkrﬁ(?g?gg sodi um bi carbonate, brine, dried over sodium
sul fate, fil tered Rynd concentrated in vacuo. The residue was purified by
flash colum c ography to give 150ng(75% of conpound 1-4. WO

2012/ 166559PCT/ U 201A2"/ 039468 [ 00354] Conpound 1-6: To a sol ution of

nmononet hyl dol ast Bsin hydrochl oride salt 1-5 (50ng, 0.062 nmol) in |InL of
DVF was added goO %1 4 6nmmol ) and 701AL of acetic acid,

fol |l oned by adg {m%n ]% Cg@g]fwgrstglgiz%% cyanobor ohydri de. The resulting

m xture was stRstsélﬂatH,arrbl ent tenperature for 2 hours. The reaction

m xture was dil ! r and purified by HPLC to give 60ng (80% of
conpound 1- 6. @E%ﬂﬁ%@l&{h@ﬁ@% [ MF2H], 1092 [MrH. 1 d. [00355] Conpound 1:
Conpound 1- ERI(ifﬁHnagl anfind)Foteing gvmp, rdiis 3bleast dnd amido avid, pflymlide, 82polynucledtide;

hydr azi |t |
tompor bt ur e TPt 08 s Pple SRl BrheaR kb @ iinSicid b6 Rl TP bBhcleonde
sol ution. THQIS(I@HMO@@T\lqwexallgyleonmlgsupmdnw@du@y HPLC to give 33 ng (55% of

conmpound 1. Ms&Eéla}kyMr%yét%gen[ M-2H], 962 [ MtH]. Exanpl e 2: Synt hesis of
Compound 2 ¢ ’
L is—alkylene— or —(alkylene—O),—alkylene—;

n is an integer greater than or equal to one; and
cach Rys is independently selected from the group consisting of hydrogen, halogen, alkyl, NO,,
CN, and substituted alkyl.
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[ 00356] Conpound 2 was synthesized via a simlar synthetic route as
described in Exanple 1. Ms (ESI) mz 460 [ Mt2H], 918 [MtH. WO

2012/ 166550RQR/ 16685912/ 039468 [ 00357] Conpound 3 was sPoThisg012080468 a
simlar synthetic route to Exanple 1. MS (ESI) mz 438 [ Mr2H], 974 [ MtH| .
Exanpl e 4: Synthesis of Conpound 4 [00358] Conpound 4-2: To a solution of
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concentra I n vacuo. was purified by flash col um
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t enper avmpeunlp pf Pordwias(Xaind, Borscwethylattbyl, prepxlasernropThbutyle sodutylwasbulyls ot ved
in DMF ith Boc20 (230 pL, 1 mml) and DI EA (352 pL, 2 nmmol).
The rea@%ﬁ%ﬁﬁ?é@%ﬁéﬂ was stirred at roomtenperature for 2 days. The

react i dA039DKh wrtaimambeslinérts efdcdny obRls Of thormgily €&XXUD Rygs of ovwpwumbodingnts of

[ 00361] - b ol Ut i of conpound Boc-Val -Di | -met hyl Dap-OH i n
DVF is Cgﬁggﬁﬂgﬁfe%&ggﬁ;ﬁéﬁﬁé%%ﬁﬁgﬁ and N-net hyl nor phol i ne. The reaction

m xt ur d09391Eh certagrkenaftodinmomof emprepads wf Eorfrote (XXNoukssis piidngl r eaction ni xture is
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[00303] In certain embodiments of compounds of Formula (XXV), each alkylene independently is -CH,—,

-—CH,CH,-, --CH,CH,CH,-, —CH,CH,CH,CH,-, -CH,CH,CH,CH,CH,-, -CH,CH,CH,CH,CH,CH,—,
—CH,CH,CH,CH,CH,CH,CH,-, —CH,CH,CH,CH,CH,CH,CH,CH,-, -
CH,CH,CH,CH,CH,CH,CH,CH,CH,—, —CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,—, -
CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,-, or -CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,—.
In certain embodiments of compounds of Formula (XXV), alkylene is methylene, ethylene, propylene,
butylenes, pentylene, hexylene, or heptylene.

[00304] In certain embodiments of compounds of Formula (XXV), nis 0, 1,2, 3,4, 5,6,7, 8,9, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39,
40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67,
68, 69, 70, 71, 72,73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95,
96, 97, 98, 99, or 100.

[00305]In certain embodiments of compounds of Formula (XXV), R; is a polypeptide. In certain
embodiments of compounds of Formula (XXV), R, is a polypeptide. In certain embodiments of
compounds of Formula (XXV), the polypeptide is an antibody. In certain embodiments of compounds of

Formula (XXV), the antibody is herceptin.

98



[ 00362] Conpound 4-6: To a solution of conpound 4-5 in DVF is added conpound
4-4, HATU and DI EA. The reaction mxture is stirred at roomtenperature for
4 hours. Wbeorx¥meisPon m xture i s concentrated in vacuo ana/Uszeizasd4esl Wit h
ethyl acetate (100 niLX1l, 50 nmL X2). The organic layer is conbined and
washed with brine, dried over sodi um sul fate and concentrated in vacuo. The

resi du ur Ve C and 4- . .
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vacuo to give 150 tef arﬁ Emﬁed Dolastatin Derivatives

[00309] In one aspect are non-natural amino acids for the chemical derivatization of dolastatin linked

derivatives based upon the reactivity of a dicarbonyl group, including a group containing at least one
ketone group, and/or at least one aldehyde groups, and/or at least one ester group, and/or at least one
carboxylic acid, and/or at least one thioester group, and wherein the dicarbonyl group can be a 1,2-
dicarbonyl group, a 1,3-dicarbonyl group, or a 1,4-dicarbonyl group. In further or additional aspects are
non-natural amino acids for the chemical derivatization of dolastatin linked derivatives based upon the
reactivity of a diamine group, including a hydrazine group, an amidine group, an imine group, a 1,1-
diamine group, a 1,2-diamine group, a 1,3-diamine group, and a 1,4-diamine group. In further or

additional embodiments, at least one of the aforementioned non-natural amino acids is incorporated into a
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[ 00371] Conpound 6-6: Conpound 6-5 was dissolved in 4N HQO D oxane. The
reaction mxture was stirred at roomtenperature for 2 hours and
concent r aveadoizmeymeuo and purified by HPLC to give 150nBCofUScanpsasngl 6- 6.
[ 00372] Conpound 6-7: To a solution of conpound 6-6 (50ng, 0.062 mmol) in
| L of DMF was added conpound 1-4 (63ng, O0.186nmmol) and 701AL of acetic
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NH2NH2 alddl-basedNlioi@ge 10 @vtherQor additional embodiments, the non-natural amino acids are selected from
amino acids having dicarbonyl and/or diamine sidechains. In further or additional embodiments, the non-
natural amino acids comprise a masked sidechain, including a masked diamine group and/or a masked
dicarbonyl group. In further or additional embodiments, the non-natural amino acids comprise a group
selected from: keto-amine (i.¢., a group containing both a ketone and an amine); keto-alkyne (i.e., a group
containing both a ketone and an alkyne); and an ene-dione (i.¢., a group containing a dicarbonyl group and
an alkene).
[00310] In further or additional embodiments, the non-natural amino acids comprise dicarbonyl
sidechains where the carbonyl is selected from a ketone, an aldehyde, a carboxylic acid, or an ester,
including a thioester. In another embodiment are non-natural amino acids containing a functional group
that is capable of forming a heterocycle, including a nitrogen-containing heterocycle, upon treatment with
an appropriately functionalized reagent. In a further or additional embodiment, the non-natural amino
acids resemble a natural amino acid in structure but contain one of the aforementioned functional groups.
In another or further embodiment the non-natural amino acids resemble phenylalanine or tyrosine
(aromatic amino acids); while in a separate embodiment, the non-natural amino acids resemble alanine
and leucine (hydrophobic amino acids). In one embodiment, the non-natural amino acids have properties
that are distinct from those of the natural amino acids. In one embodiment, such distinct properties are the
chemical reactivity of the sidechain, in a further embodiment this distinct chemical reactivity permits the
sidechain of the non-natural amino acid to undergo a reaction while being a unit of a polypeptide even
though the sidechains of the naturally-occurring amino acid units in the same polypeptide do not undergo
the aforementioned reaction. In a further embodiment, the sidechain of the non-natural amino acid has a
chemistry orthogonal to those of the naturally-occurring amino acids. In a further embodiment, the
sidechain of the non-natural amino acid comprises an electrophile-containing moiety; in a further
embodiment, the electrophile-containing moiety on the sidechain of the non-natural amino acid can
undergo nucleophilic attack to generate a heterocycle-derivatized protein, including a nitrogen-containing
heterocycle-derivatized protein. In any of the aforementioned embodiments in this paragraph, the non-
natural amino acid may exist as a separate molecule or may be incorporated into a polypeptide of any
length; if the latter, then the polypeptide may further incorporate naturally-occurring or non-natural amino

acids.
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8 [00375] Compound 8 was synthesized via simlar synthetic route to Conpound
1. M5 (ESI) mz 418 [M+2H, 835 [M:H . WD 2012/ 166559PCT/ US2012/ 039468
Exanpl e woQymieessvs of Conpound 9 Schene 9 Boc O | RC®/US2012/039468 . , N
JLOH | 4-4 HATU O 72 NH2NIL I O ..,..---.,0v 0OV ON 9

[00311] In another aspect are diamine-substituted molecules, wherein the diamine group is selected
from a hydrazine, an amidine, an imine, a 1,1-diamine, a 1,2-diamine, a 1,3-diamine and a 1,4-diamine
group, for the production of derivatized non-natural amino acid linked dolastatin derivatives based upon a
heterocycle, including a nitrogen-containing heterocycle, linkage. In a further embodiment are diamine-
substituted dolastatin derivatives used to derivatize dicarbonyl-containing non-natural amino acid
polypeptides via the formation of a heterocycle, including a nitrogen-containing heterocycle, linkage
between the derivatizing molecule and the dicarbonyl-containing non-natural amino acid polypeptide. In
further embodiments the aforementioned dicarbonyl-containing non-natural amino acid polypeptides are
diketone-containing non-natural amino acid polypeptides. In further or additional embodiments, the
dicarbonyl-containing non-natural amino acids comprise sidechains where the carbonyl is selected from a
ketone, an aldehyde, a carboxylic acid, or an ester, including a thioester. In further or additional
embodiments, the diamine-substituted molecules comprise a group selected from a desired functionality.
In a further embodiment, the sidechain of the non-natural amino acid has a chemistry orthogonal to those
of the naturally-occurring amino acids that allows the non-natural amino acid to react selectively with the
diamine-substituted molecules. In a further embodiment, the sidechain of the non-natural amino acid
comprises an electrophile-containing moiety that reacts selectively with the diamine-containing molecule;
in a further embodiment, the electrophile-containing moiety on the sidechain of the non-natural amino
acid can undergo nucleophilic attack to generate a heterocycle-derivatized protein, including a nitrogen-
containing heterocycle-derivatized protein. In a further aspect related to the embodiments described in this
paragraph are the modified non-natural amino acid polypeptides that result from the reaction of the
derivatizing molecule with the non-natural amino acid polypeptides. Further embodiments include any
further modifications of the already modified non-natural amino acid polypeptides.

[00312] In another aspect are dicarbonyl-substituted molecules for the production of derivatized non-
natural amino acid polypeptides based upon a heterocycle, including a nitrogen-containing heterocycle,
linkage. In a further embodiment are dicarbonyl-substituted molecules used to derivatize diamine-
containing non-natural amino acid polypeptides via the formation of a heterocycle, including a nitrogen-
containing heterocycle group. In a further embodiment are dicarbonyl-substituted molecules that can form
such heterocycle, including a nitrogen-containing heterocycle groups with a diamine-containing non-
natural amino acid polypeptide in a pH range between about 4 and about &. In a further embodiment are
dicarbonyl-substituted molecules used to derivatize diamine-containing non-natural amino acid
polypeptides via the formation of a heterocycle, including a nitrogen-containing heterocycle, linkage
between the derivatizing molecule and the diamine-containing non-natural amino acid polypeptides. In a
further embodiment the dicarbonyl-substituted molecules are diketone-substitued molecules, in other
aspects ketoaldehyde-substituted molecules, in other aspects ketoacid-substituted molecules, in other
aspects ketoester-substituted molecules, including ketothioester-substituted molecules. In further

embodiments, the dicarbonyl-substituted molecules comprise a group sclected from a desired
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[ 00376] Conpound 9-1: To a solution of conpound Boc-Val -Di | -net hyl Dap-CH in
DVF i s added 4- (2-Am noethyl) pyridine, HATU and N-net hyl nor phol i ne. The
reacti on woxp1w®63s8 stirred at roomtenperature for 4 heoraiS20ike3wesact i on
m xture is concentrated in vacuo and extracted with ethyl acetate (100
mLX1, 50 m. X2). The organic |ayer is conbined and washed with brine,
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dolastatin. In additional or further embodiments are methods to derivatize ketone-containing dolastatin
derivatives or aldehyde-containing dolastatin derivatives with hydrazine-functionalized non-natural amino
acids. In yet additional or further aspects, the hydrazine-substituted molecule can include proteins, other
polymers, and small molecules.

[00314] In another aspect are methods for the chemical synthesis of hydrazine-substituted
molecules for the derivatization of carbonyl-substituted dolastatin derivatives. In one embodiment, the
hydrazine-substituted molecule is a dolastatin linked derivative suitable for the derivatization of carbonyl-
containing non-natural amino acid polypeptides, including by way of example only, ketone-, or aldehyde-
containing non-natural amino acid polypeptides.

[00315] In one aspect are non-natural amino acids for the chemical derivatization of dolastatin analogs
based upon a quinoxaline or phenazine linkage. In further or additional embodiments, the non-natural
amino acids are functionalized on their sidechains such that their reaction with a derivatizing dolastatin
linker generates a quinoxaline or phenazine linkage. In further or additional embodiments, the non-natural
amino acids are selected from amino acids having 1,2-dicarbonyl or 1,2-aryldiamine sidechains. In further
or additional embodiments, the non-natural amino acids are selected from amino acids having protected or
masked 1,2-dicarbonyl or 1,2-aryldiamine sidechains. Further included are equivalents to 1,2-dicarbonyl
sidechains, or protected or masked equivalents to 1,2-dicarbonyl sidechains.

[00316] In another aspect are derivatizing molecules for the production of derivatized non-natural

amino acid polypeptides based upon quinoxaline or phenazine linkages. In one embodiment are 1,2-
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dicarbonyl substituted dolastatin linker derivatives used to derivatize 1,2-aryldiamine containing non-
natural amino acid polypeptides to form quinoxaline or phenazine linkages. In another embodiment are
1,2-aryldiamine substituted dolastatin linker derivatives used to derivatize 1,2-dicarbonyl containing non-
natural amino acid polypeptides to form quinoxaline or phenazine linkages. In a further aspect related to
the above embodiments are the modified non-natural amino acid polypeptides that result from the reaction
of the derivatizing dolastatin linker with the non-natural amino acid polypeptides. In one embodiment are
1,2-aryldiamine containing non-natural amino acid polypeptides derivatized with 1,2-dicarbonyl
substituted dolastatin linker derivative to form quinoxaline or phenazine linkages. In another embodiment
are 1,2-dicarbonyl containing non-natural amino acid polypeptides derivatized with 1,2-aryldiamine
substituted dolastatin linker derivatives to form quinoxaline or phenazine linkages.

[00317] Provided herein in certain embodiments are derivatizing molecules for the production of toxic
compounds comprising non-natural amino acid polypeptides based upon triazole linkages. In some
embodiments, the reaction between the first and second reactive groups can proceed via a dipolarophile
reaction. In certain embodiments, the first reactive group can be an azide and the second reactive group
can be an alkyne. In further or alternative embodiments, the first reactive group can be an alkyne and the
second reactive group can be an azide. In some embodiments, the Huisgen cycloaddition reaction (see,
e.g., Huisgen, in 1,3-DIPOLAR CYCLOADDITION CHEMISTRY, (ed. Padwa, A., 1984), p. 1-176)
provides for the incorporation of non-naturally encoded amino acids bearing azide and alkyne-containing
side chains permits the resultant polypeptides to be modified with extremely high selectivity. In certain
embodiments, both the azide and the alkyne functional groups are inert toward the twenty common amino
acids found in naturally-occurring polypeptides. When brought into close proximity, however, the
"spring-loaded" nature of the azide and alkyne groups is revealed and they react selectively and efficiently
via Huisgen [3 2] cycloaddition reaction to generate the corresponding triazole. See, e.g., Chin et al.,
Science 301:964-7 (2003); Wang et al., J. Am. Chem. Soc., 125, 3192-3193 (2003); Chin ¢t al., J. Am,
Chem. Soc., 124:9026-9027 (2002). Cycloaddition reaction involving azide or alkyne-containing
polypeptides can be carried out at room temperature under aqueous conditions by the addition of Cu(Il)
(e.g., in the form of a catalytic amount of CuSQy) in the presence of a reducing agent for reducing Cu(Il)
to Cu(l), in situ, in catalytic amount. See, e.g., Wang et al., J. Am. Chem. Soc. 125, 3192-3193 (2003);
Tornoe et al., J. Org. Chem. 67:3057-3064 (2002); Rostovtsev, Angew. Chem. Int. Ed. 41:2596-2599
(2002). Preferred reducing agents include ascorbate, metallic copper, quinine, hydroquinone, vitamin K,
glutathione, cysteine, Fe?, Co’, and an applied electric potential.

[00318] Such non-natural amino acid heteroaryl-linked dolastatin derivatives include amino acids

having the structure of Formula (XXXI):
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wherein:
Z has the structure of:
Re

‘fé\(KAr

Rs ;
Rsis H, CO,H, C;-Cealkyl, or thiazole;
Rg is OH or H;
Ar is phenyl or pyridine;
R, is H, an amino protecting group, resin, at least one amino acid, polypeptide, or polynucleotide;
R, is OH, an ester protecting group, resin, at least one amino acid, polypeptide, or polynucleotide;
R4is H, halogen, lower alkyl, or substituted lower alkyl;
R is Ci-Cgalkyl or hydrogen;
L is—alkylene— or —(alkylene—O),—alkylene—;
n is an integer greater than or equal to one;

D has the structure of:

s !
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’ ’ Rq72 | éw II?17
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N
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each Ry, is independently selected from the group consisting of H, alkyl, substituted alkyl,
alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, alkoxy, substituted alkoxy,
alkylalkoxy, substituted alkylalkoxy, polyalkylene oxide, substituted polyalkylene oxide,
aryl, substituted aryl, heteroaryl, substituted heteroaryl, alkaryl, substituted alkaryl,

aralkyl, substituted aralkyl, -(alkylene or substituted alkylene)-ON(R”),, -(alkylene or
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substituted alkylene)-C(O)SR”, -(alkylene or substituted alkylene)-S-S-(aryl or
substituted aryl), -C(O)R”, -C(O),R”, or -C(O)N(R”),, wherein each R” is independently
hydrogen, alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkoxy, substituted alkoxy,
aryl, substituted aryl, heteroaryl, alkaryl, substituted alkaryl, aralkyl, or substituted
aralkyl;

each Z; is a bond, CR7R 7, O, S, NR’, CR|-R7-CR 7R 7, CR7R7-O, O-CR-R7, CR{7R7-S,
S-CR;7R17, CR17R17-NR”, or NR’-CR7R7;
each R’ is H, alkyl, or substituted alkyl;

cach Z, is selected from the group consisting of a bond, -C(O)-, -C(S)-, optionally substituted
C;-C; alkylene, optionally substituted C;-C; alkenylene, and optionally substituted
heteroalkyl;

cach Z; are independently selected from the group consisting of a bond, optionally substituted
C;-C4 alkylene, optionally substituted C,-C,4 alkenylene, optionally substituted
heteroalkyl, -O-, -S-, -C(O)-, -C(S)-, and -N(R")-;

cach Tsis a bond, C(R*’)(R’*), O, or S; with the proviso that when T3 is O or S, R’ cannot be
halogen;

each R’ is H, halogen, alkyl, substituted alkyl, cycloalkyl, or substituted cycloalkyl;

mand p are 0, 1, 2, or 3, provided that at least one of m or p is not 0;

(®)

o " ® ® o

nnn R; Ann

— |/ | | |
C b S g
P g( ) C C E(b) c=C—=S (b c—0—1% (b) /C S é (b)
(®) ?7/ \R4 \R4 (2) 5/ \R4é 7 E (a)'??? )

M,is @2 5 , , @5 ’ R, ’
© ®) (®)
(b) [aVa Vol Ry JJJ‘ Ry
SR | / N/
c_c—é ) O—C—E (®) S—C—é (®)
o w LA | |
Ry }J‘r Ry e Y,V 9,7, V)
@ @ , @ , Or @ , where (a) indicates

bonding to the B group and (b) indicates bonding to respective positions within the

heterocycle group;

)
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where (a) indicates bonding to the B group and (b) indicates bonding to respective

positions within the heterocycle group;
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where (a) indicates bonding to the B group and (b) indicates bonding to respective
positions within the heterocycle group;

cach Ry is independently selected from the group consisting of C,-Cs alkyl, C,-Cs alkoxy,
ester, ether, thioether, aminoalkyl, halogen, alkyl ester, aryl ester, amide, aryl amide,
alkyl halide, alkyl amine, alkyl sulfonic acid, alkyl nitro, thioester, sulfonyl ester,
halosulfonyl, nitrile, alkyl nitrile, and nitro;

qis0,1,2,3,4,5,6,7,8,9,10 or 11; and

cach Ry¢ is independently selected from the group consisting of hydrogen, halogen, alkyl, NO,,
CN, and substituted alkyl.
[00319] In some embodiments, the compound of Formula (XXXI) include compounds having the

structure of Formula (XXXI—A):

Me
/ N Me
N R O Me OMe O
< " Qe u MeO NH (XXXLA)
3 R
40 O 4
HN

Ry Rp
[00320] In certain embodiments of compounds of Formula (XXXI), R; is thiazole or carboxylic acid. In
certain embodiments of compounds of Formula (XXXI), Re¢ is H. In certain embodiments of compounds
of Formula (XXXI), Ar is phenyl. In certain embodiments of compounds of Formula (XXXI), R is
methyl. In certain embodiments of compounds of Formula (XXXI), n is an integer from 0 to 20. In
certain embodiments of compounds of Formula (XXXI), n is an integer from 0 to 10. In certain
embodiments of compounds of Formula (XXXI), n is an integer from 0 to 5.
[00321] In certain embodiments of compounds of Formula (XXXI), R; is thiazole or carboxylic acid. In
certain embodiments of compounds of Formula (XXXI), R is hydrogen. In certain embodiments of
compounds of Formula (XXXI), Rs is methyl, ethyl, propyl, iso-propyl, butyl, iso-butyl, sec-butyl, tert-
butyl, pentyl, or hexyl.
[00322] In certain embodiments of compounds of Formula (XXXI), R¢ is H. In some embodiments of
compounds of Formula (XXXI), Re is hydroxy.
[00323] In certain embodiments of compounds of Formula (XXXI), Ar is phenyl.
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—CH,CH,CH,CH,CH,CH,CH,-, —CH,CH,CH,CH,CH,CH,CH,CH,—,
CH,CH,CH,CH,CH,CH,CH,CH,CH,-, —CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,-, -
CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH;,-, or -CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CH,—.
In certain embodiments of compounds of Formula (XXXI), alkylene is methylene, ethylene, propylene,
butylenes, pentylene, hexylene, or heptylene.

[00326] In certain embodiments of compounds of Formula (XXXI),nis 0, 1,2, 3,4, 5,6,7,8,9, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39,
40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67,
68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95,
96, 97, 98, 99, or 100.

[00327]In certain embodiments of compounds of Formula (XXXI), R; is a polypeptide. In certain
embodiments of compounds of Formula (XXXI), R, is a polypeptide. In certain embodiments of
compounds of Formula (XXXI), the polypeptide is an antibody. In certain embodiments of compounds of
Formula (XXXI), the antibody is herceptin.

[00328] The formation of such non-natural amino acid heterocycle-linked dolastatin derivatives having the
structure of Formula (XXXI) includes, but is not limited to, (i) reactions of diamine-containing non-
natural amino acids with dicarbonyl-containing dolastatin linked derivatives or reactions of diamine-
containing non-natural amino acids with ketoalkyne-containing dolastatin linked derivatives, (ii) reactions
of dicarbonyl-containing non-natural amino acids with either diamine-containing dolastatin linked
derivatives or reactions of dicarbonyl-containing non-natural amino acids with ketoamine-containing
dolastatin linked derivatives, (iii) reactions of ketoalkyne-containing non-natural amino acids with
diamine-containing dolastatin linked derivatives, or (iv) reactions of ketoamine-containing non-natural
amino acids with dicarbonyl-containing v.

[00329] Modification of dolastatin linked derivatives described herein with such reactions have any or all
of the following advantages. First, diamines undergo condensation with dicarbonyl-containing compounds
in a pH range of about 5 to about 8 (and in further embodiments in a pH range of about 4 to about 10, in
other embodiments in a pH range of about 3 to about &, in other embodiments in a pH range of about 4 to
about 9, and in further embodiments a pH range of about 4 to about 9, in other embodiments a pH of
about 4, and in yet another embodiment a pH of about &) to generate heterocycle, including a nitrogen-
containing heterocycle, linkages. Under these conditions, the sidechains of the naturally occurring amino

acids are unreactive. Second, such selective chemistry makes possible the site-specific derivatization of
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polypeptide. Another alternative would be to simply make serial substitutions in each position on the
polypeptide chain with a non-natural amino acid and observe the effect on the activities of the
polypeptide. Any means, technique, or method for selecting a position for substitution with a non-natural
amino acid into any polypeptide is suitable for use in the methods, techniques and compositions described
herein.

[00332] The structure and activity of naturally-occurring mutants of a polypeptide that contain deletions
can also be examined to determine regions of the protein that are likely to be tolerant of substitution with
a non-natural amino acid. Once residues that are likely to be intolerant to substitution with non-natural
amino acids have been eliminated, the impact of proposed substitutions at each of the remaining positions
can be examined using methods including, but not limited to, the three-dimensional structure of the
relevant polypeptide, and any associated ligands or binding proteins. X-ray crystallographic and NMR
structures of many polypeptides are available in the Protein Data Bank (PDB, www.resh.ovg

centralized database containing three-dimensional structural data of large molecules of proteins and
nucleic acids, one can be used to identify amino acid positions that can be substituted with non-natural
amino acids. . In addition, models may be made investigating the secondary and tertiary structure of
polypeptides, if three-dimensional structural data is not available. Thus, the identity of amino acid
positions that can be substituted with non-natural amino acids can be readily obtained.

[00333] Exemplary sites of incorporation of a non-natural amino acid include, but are not limited to, those
that are excluded from potential receptor binding regions, or regions for binding to binding proteins or
ligands may be fully or partially solvent exposed, have minimal or no hydrogen-bonding interactions with
nearby residues, may be minimally exposed to nearby reactive residues, and/or may be in regions that are
highly flexible as predicted by the three-dimensional crystal structure of a particular polypeptide with its
associated receptor, ligand or binding proteins.

[00334] A wide variety of non-natural amino acids can be substituted for, or incorporated into, a given
position in a polypeptide. By way of example, a particular non-natural amino acid may be selected for
incorporation based on an examination of the three dimensional crystal structure of a polypeptide with its
associated ligand, receptor and/or binding proteins, a preference for conservative substitutions

[00335] In one embodiment, the methods described herein include incorporating into the dolastatin linker
derivative, where the dolastatin linker derivative comprises a first reactive group; and contacting the
dolastatin linker derivative with a molecule (including but not limited to a second protein or polypeptide
or polypeptide analog; an antibody or antibody fragment; and any combination thereof) that comprises a
second reactive group. In certain embodiments, the first reactive group is a hydroxylamine moiety and the
second reactive group is a carbonyl or dicarbonyl moiety, whereby an oxime linkage is formed. In certain
embodiments, the first reactive group is a carbonyl or dicarbonyl moiety and the second reactive group is
a hydroxylamine moiety, whereby an oxime linkage is formed. In certain embodiments, the first reactive

group is a carbonyl or dicarbonyl moiety and the second reactive group is an oxime moiety, whereby an

109



G

In vivo sensitivity to WD 2012/ 166559PCT/ US2012/ 039468

Her ceptin Sanpl e BT474 HCC195 4 LS513

WO 2012/166559 PCT/US2012/039468

oxime exchange reaction occurs. In certain embodiments, the first reactive group is an oxime moiety and
the second reactive group is carbonyl or dicarbonyl moiety, whereby an oxime exchange reaction occurs.
[00336] In some cases, the dolastatin linker derivative incorporation(s) will be combined with other
additions, substitutions, or deletions within the polypeptide to affect other chemical, physical,
pharmacologic and/or biological traits. In some cases, the other additions, substitutions or deletions may
increase the stability (including but not limited to, resistance to proteolytic degradation) of the polypeptide
or increase affinity of the polypeptide for its appropriate receptor, ligand and/or binding proteins. In some
cases, the other additions, substitutions or deletions may increase the solubility (including but not limited
to, when expressed in E. coli or other host cells) of the polypeptide. In some embodiments sites are
selected for substitution with a naturally encoded or non-natural amino acid in addition to another site for
incorporation of a non-natural amino acid for the purpose of increasing the polypeptide solubility
following expression in E. coli, or other recombinant host cells. In some embodiments, the polypeptides
comprise another addition, substitution, or deletion that modulates affinity for the associated ligand,
binding proteins, and/or receptor, modulates (including but not limited to, increases or decreases) receptor
dimerization, stabilizes receptor dimers, modulates circulating half-life, modulates release or bio-
availability, facilitates purification, or improves or alters a particular route of administration. Similarly,
the non-natural amino acid polypeptide can comprise chemical or enzyme cleavage sequences, protease
cleavage sequences, reactive groups, antibody-binding domains (including but not limited to, FLAG or
poly-His) or other affinity based sequences (including but not limited to, FLAG, poly-His, GST, etc.) or
linked molecules (including but not limited to, biotin) that improve detection (including but not limited to,
GFP), purification, transport thru tissues or cell membranes, prodrug release or activation, size reduction,
or other traits of the polypeptide.
VII. HER?2 Gene as Exemplar

[00337] The methods, compositions, strategies and techniques described herein are not limited to a
particular type, class or family of polypeptides or proteins. Indeed, virtually any polypeptides may be
designed or modified to include at least one “modified or unmodified” non-natural amino acids containing
dolastatin linker derivative described herein. By way of example only, the polypeptide can be homologous
to a therapeutic protein selected from the group consisting of: alpha-1 antitrypsin, angiostatin,
antihemolytic factor, antibody, antibody fragment, monoclonal antibody (e.g., bevacizumab, cetuximab,
panitumumab, infliximab, adalimumab, basiliximab, daclizumab, omalizumab, ustekinumab, etanercept,
gemtuzumab, alemtuzumab, rituximab, trastuzumab, nimotuzumab, palivizumab, and abciximab),
apolipoprotein, apoprotein, atrial natriuretic factor, atrial natriuretic polypeptide, atrial peptide, C-X-C
chemokine, T39765, NAP-2, ENA-78, gro-a, gro-b, gro-c, IP-10, GCP-2, NAP-4, SDF-1, PF4, MIG,
calcitonin, c-kit ligand, cytokine, CC chemokine, monocyte chemoattractant protein-1, monocyte
chemoattractant protein-2, monocyte chemoattractant protein-3, monocyte inflammatory protein-1 alpha,

monocyte inflammatory protein-i beta, RANTES, 1309, R83915, R91733, HCC1, T58847, D31065,
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T64262, CD40, CD40 ligand, c-kit ligand, collagen, colony stimulating factor (CSF), complement factor
Sa, complement inhibitor, complement receptor 1, cytokine, epithelial neutrophil activating peptide-78,
MIP-16, MCP-1, epidermal growth factor (EGF), epithelial neutrophil activating peptide, erythropoietin
(EPO), exfoliating toxin, Factor IX, Factor VII, Factor VIII, Factor X, fibroblast growth factor (FGF),
fibrinogen, fibronectin, four-helical bundle protein, G-CSF, glp-1, GM-CSF, glucocerebrosidase,
gonadotropin, growth factor, growth factor receptor, grf, hedgehog protein, hemoglobin, hepatocyte
growth factor (hGF), hirudin, human growth hormone (hGH), human serum albumin, ICAM-1, ICAM-1
receptor, LFA-1, LFA-1 receptor, insulin, insulin-like growth factor (IGF), 1GF-1, IGF-II, interferon
(IFN), IFN-alpha, IFN-beta, IFN-gamma, interleukin (IL), IL-1, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, 1L-8,
1L-9, IL-10, IL-11, IL-12, keratinocyte growth factor (KGF), lactoferrin, leukemia inhibitory factor,
luciferase, neurturin, neutrophil inhibitory factor (NIF), oncostatin M, osteogenic protein, oncogene
product, paracitonin, parathyroid hormone, PD-ECSF, PDGF, peptide hormone, pleiotropin, protein A,
protein G, pth, pyrogenic exotoxin A, pyrogenic exotoxin B, pyrogenic exotoxin C, pyy, relaxin, renin,
SCF, small biosynthetic protein, soluble complement receptor I, soluble I-CAM 1, soluble interleukin
receptor, soluble TNF receptor, somatomedin, somatostatin, somatotropin, streptokinase, superantigens,
staphylococcal enterotoxin, SEA, SEB, SEC1, SEC2, SEC3, SED, SEE, steroid hormone receptor,
superoxide dismutase, toxic shock syndrome toxin, thymosin alpha 1, tissue plasminogen activator, tumor
growth factor (TGF), tumor necrosis factor, tumor necrosis factor alpha, tumor necrosis factor beta, tumor
necrosis factor receptor (TNFR), VLA-4 protein, VCAM-1 protein, vascular endothelial growth factor
(VEGF), urokinase, mos, ras, raf, met, pS3, tat, fos, myc, jun, myb, rel, estrogen receptor, progesterone
receptor, testosterone receptor, aldosterone receptor, LDL receptor, and corticosterone.

[00338] In one embodiment is a method for treating solid tumor which overexpresses HER-2 selected
from the group consisting of breast cancer, small cell lung carcinoma, ovarian cancer, prostate cancer,
gastric carcinoma, cervical cancer, esophageal carcinoma, and colon cancer. In another embodiment, the
solid tumor is breast cancer. In a further embodiment the solid tumor is ovarian cancer.

[00339] Thus, the following description of trastuzumab is provided for illustrative purposes and by way of
example only, and not as a limit on the scope of the methods, compositions, strategies and techniques
described herein. Further, reference to trastuzumab in this application is intended to use the generic term
as an example of any antibody. Thus, it is understood that the modifications and chemistries described
herein with reference to trastuzumab can be equally applied to any antibody or monoclonal antibody,
including those specifically listed herein.

[00340] Trastuzumab is a humanized monoclonal antibody that binds to the domain IV of the extracellular
segment of the HER2/neu receptor. The HER2 gene (also known as HER2/neu and ErbB2 gene) is
amplified in 20-30% of early-stage breast cancers, which makes it overexpressed. Also, in cancer, HER2

may send signals without mitogens arriving and binding to any receptor, making it overactive.
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[00341]HER?2 extends through the cell membrane, and carries signals from outside the cell to the inside.
In healthy people, signaling compounds called mitogens arrive at the cell membrane, and bind to the
outside part of other members of the HER family of receptors. Those bound receptors then link (dimerize)
with HER2, activating it. HER2 then sends a signal to the inside of the cell. The signal passes through
different biochemical pathways. This includes the PI3K/Akt pathway and the MAPK pathway. These

signals promote invasion, survival and growth of blood vessels (angiogenesis) of cells.

[00342] Cells treated with trastuzumab undergo arrest during the G1 phase of the cell cycle so there is
reduced proliferation. It has been suggested that trastuzumab induces some of its effect by downregulation
of HER2/neu leading to disruption of receptor dimerization and signaling through the downstream PI3K
cascade. P27Kip1 is then not phosphorylated and is able to enter the nucleus and inhibit cdk? activity,
causing cell cycle arrest. Also, trastuzumab suppresses angiogenesis by both induction of antiangiogenic
factors and repression of proangiogenic factors. It is thought that a contribution to the unregulated growth
observed in cancer could be due to proteolytic cleavage of HER2/neu that results in the release of the
extracellular domain. Trastuzumab has been shown to inhibit HER2/neu ectodomain cleavage in breast

cancer cells.

VIII. Cellular uptake of non-natural amino acids
[00343] Non-natural amino acid uptake by a eukaryotic cell is one issue that is typically considered
when designing and selecting non-natural amino acids, including but not limited to, for incorporation into
a protein. For example, the high charge density of a-amino acids suggests that these compounds are
unlikely to be cell permeable. Natural amino acids are taken up into the eukaryotic cell via a collection of
protein-based transport systems. A rapid screen can be done which assesses which non-natural amino
acids, if any, are taken up by cells (examples 15 & 16 herein illustrate non-limiting examples of tests
which can be done on non-natural amino acids). See, e.g., the toxicity assays in, e.g., the U.S. Patent
Publication No. 2004/198637 entitled “Protein Arrays,” which is herein incorporated by reference in its
entirety, and Liu, D.R. & Schultz, P.G. (1999) Progress toward the evolution of an organism with an
expanded genetic code. PNAS United States 96:4780-4785. Although uptake is easily analyzed with

various assays, an alternative to designing non-natural amino acids that are amenable to cellular uptake
pathways is to provide biosynthetic pathways to create amino acids in vivo.

[00344] Typically, the non-natural amino acid produced via cellular uptake as described herein is
produced in a concentration sufficient for efficient protein biosynthesis, including but not limited to, a
natural cellular amount, but not to such a degree as to affect the concentration of the other amino acids or
exhaust cellular resources. Typical concentrations produced in this manner are about 10 mM to about 0.05

mM.

IX.  Biosynthesis of Non-Natural Amino Acids
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[00345] Many biosynthetic pathways already exist in cells for the production of amino acids and other
compounds. While a biosynthetic method for a particular non-natural amino acid may not exist in nature,
including but not limited to, in a cell, the methods and compositions described herein provide such
methods. For example, biosynthetic pathways for non-natural amino acids can be generated in host cell by
adding new enzymes or modifying existing host cell pathways. Additional new enzymes include naturally
occurring enzymes or artificially evolved enzymes. For example, the biosynthesis of p-
aminophenylalanine (as presented in an example in WO 2002/085923 entitled “In vivo incorporation of
unnatural amino acids™) relies on the addition of a combination of known enzymes from other organisms.
The genes for these enzymes can be introduced into a eukaryotic cell by transforming the cell with a
plasmid comprising the genes. The genes, when expressed in the cell, provide an enzymatic pathway to
synthesize the desired compound. Examples of the types of enzymes that are optionally added are
provided herein. Additional enzymes sequences are found, for example, in Genbank. Artificially evolved
enzymes can be added into a cell in the same manner. In this manner, the cellular machinery and resources
of a cell are manipulated to produce non-natural amino acids.

[00346] A variety of methods are available for producing novel enzymes for use in biosynthetic
pathways or for evolution of existing pathways. For example, recursive recombination, including but not
limited to, as developed by Maxygen, Inc. (available on the world wide web at www.maxygen.com), can
be used to develop novel enzymes and pathways. See, e.g., Stemmer (1994), Rapid evolution of a protein
in vitro by DNA shuffling, Nature 370(4):389-391; and, Stemmer, (1994), DNA shuffling by random
fragmentation and reassembly: In vitro recombination for molecular evolution, Proc. Natl. Acad. Sci.

USA., 91:10747-10751. Similarly DesignPath™, developed by Genencor (available on the world wide

web at genencor.com) is optionally used for metabolic pathway engineering, including but not limited to,
to engineer a pathway to create a non-natural amino acid in a cell. This technology reconstructs existing
pathways in host organisms using a combination of new genes, including but not limited to those
identified through functional genomics, molecular evolution and design. Diversa Corporation (available
on the world wide web at diversa.com) also provides technology for rapidly screening libraries of genes
and gene pathways, including but not limited to, to create new pathways for biosynthetically producing
non-natural amino acids.

[00347] Typically, the non-natural amino acid produced with an engineered biosynthetic pathway as
described herein is produced in a concentration sufficient for efficient protein biosynthesis, including but
not limited to, a natural cellular amount, but not to such a degree as to affect the concentration of the other
amino acids or exhaust cellular resources. Typical concentrations produced in vivo in this manner are
about 10 mM to about 0.05 mM. Once a cell is transformed with a plasmid comprising the genes used to
produce enzymes desired for a specific pathway and a non-natural amino acid is generated, in vivo
selections are optionally used to further optimize the production of the non-natural amino acid for both

ribosomal protein synthesis and cell growth.
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X Additional Synthetic Methodology

[00348] The non-natural amino acids described herein may be synthesized using methodologies
described in the art or using the techniques described herein or by a combination thereof. As an aid, the
following table provides various starting electrophiles and nucleophiles which may be combined to create

a desired functional group. The information provided is meant to be illustrative and not limiting to the

synthetic techniques described herein.

Table 1: Examples of Covalent Linkages and Precursors Thereof

Carboxamides Activated esters amines/anilines
Carboxamides acyl azides amines/anilines
Carboxamides acyl halides amines/anilines
Esters acyl halides alcohols/phenols
Esters acyl nitriles alcohols/phenols
Carboxamides acyl nitriles amines/anilines
Imines Aldehydes amines/anilines
Hydrazones aldehydes or ketones Hydrazines
Oximes aldehydes or ketones Hydroxylamines
Alkyl amines alkyl halides amines/anilines
Estets alkyl halides carboxylic acids
Thioethers alkyl halides Thiols
Ethers alkyl halides alcohols/phenols
Thioethers alkyl sulfonates Thiols
Estets alkyl sulfonates carboxylic acids
Ethers alkyl sulfonates alcohols/phenols
Esters Anhydrides alcohols/phenols
Carboxamides Anhydrides amines/anilines
Thiophenols aryl halides Thiols
Aryl amines aryl halides Amines
Thioethers Azindines Thiols
Boronate esters Boronates Glycols
Carboxamides carboxylic acids amines/anilines
Esters carboxylic acids Alcohols
hydrazines Hydrazides carboxylic acids
N-acylureas or Anhydrides carbodiimides carboxylic acids
Esters diazoalkanes carboxylic acids
Thioethers Epoxides Thiols
Thioethers haloacetamides Thiols
Ammotriazines halotriazines amines/anilines
Triazinyl ethers halotriazines alcohols/phenols
Amidines imido esters amines/anilines
Urcas Isocyanates aminges/anilines
Urethanes Isocyanates alcohols/phenols
Thioureas isothiocyanates amines/anilines
Thioethers Maleimides Thiols
Phosphite esters phosphoramidites Alcohols
Silyl ethers silyl halides Alcohols
Alkyl amines sulfonate esters amines/anilines
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Thioethers sulfonate esters Thiols
Esters sulfonate esters carboxylic acids
Ethers sulfonate esters Alcohols
Sulfonamides sulfonyl halides amines/anilines
Sulfonate esters sulfonyl halides phenols/alcohols

[00349] In general, carbon electrophiles are susceptible to attack by complementary nucleophiles,
including carbon nucleophiles, wherein an attacking nucleophile brings an electron pair to the carbon
electrophile in order to form a new bond between the nucleophile and the carbon electrophile.

[00350] Non-limiting examples of carbon nucleophiles include, but are not limited to alkyl, alkenyl,
aryl and alkynyl Grignard, organolithium, organozinc, alkyl-, alkenyl , aryl- and alkynyl-tin reagents
(organostannanes), alkyl-, alkenyl-, aryl- and alkynyl-borane reagents (organoboranes and
organoboronates); these carbon nucleophiles have the advantage of being kinetically stable in water or
polar organic solvents. Other non-limiting examples of carbon nucleophiles include phosphorus ylids,
enol and enolate reagents; these carbon nucleophiles have the advantage of being relatively easy to
generate from precursors well known to those skilled in the art of synthetic organic chemistry. Carbon
nucleophiles, when used in conjunction with carbon electrophiles, engender new carbon-carbon bonds
between the carbon nucleophile and carbon electrophile.

[00351] Non-limiting examples of non-carbon nucleophiles suitable for coupling to carbon
electrophiles include but are not limited to primary and secondary amines, thiols, thiolates, and thioethers,
alcohols, alkoxides, azides, semicarbazides, and the like. These non-carbon nucleophiles, when used in
conjunction with carbon electrophiles, typically generate heteroatom linkages (C-X-C), wherein X is a

hetereoatom, including, but not limited to, oxygen, sulfur, or nitrogen.
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EXAMPLES
Example 1: Synthesis of Compound 1
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[00352] Compound 1-3: Tetra (ethylene glycol ) 1-1 (10g, 51.5mmol), N-hydroxyphthalimide 1-2 (
8.4g, 51.15mmol) and triphenylphosphine ( 17.6g, 67mmol) were dissolved in 300 mL of tetrahydrofuran
followed by addition of DIAD (12.8 mL, 61.78 mmol) at 0°C. The resulting solution was stirred at room
temperature overnight, and then concentrated to dryness. The residue was purified by flash column
chromatography to give 5.47g (31%) of compound 1-3.

[00353] Compound 1-4: To a solution of compound 1-3 (200mg, 0.59mmol) in 15mL
dichloromethane was added Dess-Martin Periodinane ( 300mg, 0.71 mmol). The reaction mixture was
stirred at ambient temperature overnight. The reaction was quenched with the solution of sodium bisulfite
in 15 mL of saturated sodium bicarbonate. The mixture was separated. The organic layer was washed with
saturated sodium bicarbonate, brine, dried over sodium sulfate, filtered and concentrated in vacuo. The

residue was purified by flash column chromatography to give 150mg(75%) of compound 1-4.
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[00354] Compound 1-6: To a solution of monomethyldolastatin hydrochloride salt 1-5 (50mg, 0.062
mmol) in ImL of DMF was added compound 1-4 (63mg, 0.186mmol) and 70puL of acetic acid, followed
by addition of 8§ mg of sodium cyanoborohydride. The resulting mixture was stirred at ambient
temperature for 2 hours. The reaction mixture was diluted with water and purified by HPLC to give 60mg
(80%) of compound 1-6. MS (ESI) m/z 547 [M+2H], 1092 [M+H].

1d.

[00355] Compound 1: Compound 1-6 (60mg, 0.05mmol) was dissolved in 1 mL of DMF. 32 uL of
hydrazine was added. The resulting solution was stirred at ambient temperature for 1 hour. The reaction
was quenched with 1N hydrochloride solution. The reaction mixture was purified by HPLC to give 33 mg
(55%) of compound 1. MS (ESI) m/z 482 [M+2H], 962 [M+H].

Example 2: Synthesis of Compound 2

Scheme 2
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[00356] Compound 2 was synthesized via a similar synthetic route as described in Example 1. MS

(EST) m/z 460 [M+2H], 918 [M+H].
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Example 3: Synthesis of Compound 3

Scheme 3
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[00357] Compound 3 was synthesized via similar synthetic route to Example 1. MS (ESI) m/z 438

[M+2H], 974 [M+H].
Example 4: Synthesis of Compound 4

[00358] Compound 4-2: To a solution of Val (OtBu)-OH.HCI 4-1 (1 g, 4.77 mmol) and
bromoethanol (304.7 uL, 4.3 mmol) in 10 mL of DMF was added 1.68 ml of DIEA. The reaction mixture
was stirred at room temperature for 2 days. 4.8 mmol of Boc,O was added to the reaction mixture,
followed by 0.84 mL of DIEA. The reaction mixture was stirred at room temperature for 2 days. The

reaction mixture was concentrated in vacuo and extracted with ethyl acetate, and washed with water,
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(5.8)* WO 2012/166559 PCT/US2012/039468

brine, dried over sodium sulfate and concentrated in vacuo. The residue was purified by flash column

chromatography to give 0.66 g of compound 4-2.

Scheme 4
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[00359] Compound 4-3: To a solution of compound 4-2 (500 mg, 1.58 mmol), N-hydroxyphthalimide
(261 mg, 1.6 mmol) and triphenylphosphine (538 mg, 2.05 mmol) in 15 mL THF was added DIAD (394
ul, 1.9 mmol) at at 0°C. The resulting solution was stirred at room temperature overnight, and then
concentrated in vacuo. The residue was purified by flash column chromatography to give 0.68 g of

compound 4-3.
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[00360] Compound 4-4: Compound 4-3 was dissolved in 15 mL 4N HCl/Dioxane. The reaction
mixture was stirred at room temperature for 2 days and concentrated in vacuo. The residue was dissolved
in DMF and treated with Boc,O (230 pL, 1 mmol) and DIEA (352 pL, 2 mmol). The reaction mixture
was stirred at room temperature for 2 days. The reaction mixture was purified by HPLC to give 100 mg of
compound 4-4.
[00361] Compound 4-5: To a solution of compound Boc-Val-Dil-methylDap-OH in DMF is added
phe(OtBu)-OH.HCI, HATU and N-methylmorpholine. The reaction mixture is stirred at room
temperature for 4 hours. The reaction mixture is concentrated in vacuo and extracted with ethyl acetate
(100 mLX1, 50 mL X2). The organic layer is combined and washed with brine, dried over sodium sulfate
and concentrated in vacuo. The residue is purified by flash chromatography. The resulting compound is
treated with HCI/EtOAC to give compound 4-5.
[00362] Compound 4-6: To a solution of compound 4-5 in DMF is added compound 4-4, HATU and
DIEA. The reaction mixture is stirred at room temperature for 4 hours. The reaction mixture is
concentrated in vacuo and extracted with ethyl acetate (100 mLX1, 50 mL X2). The organic layer is
combined and washed with brine, dried over sodium sulfate and concentrated in vacuo. The residue is
purified by flash chromatography to give compound 4-6.
[00363] Compound 4-7: Compound 4-6 is dissolved in 15 mL 4N HCl/Dioxane. The reaction mixture
is stirred at room temperature for 2 hours and concentrated in vacuo to give compound 4-7.
[00364] Compound 4-8: To a solution of compound 4-7 in 1 mL of DMF is added formylaldehyde
and acetic acid, followed by addition of sodium cyanoborohydride. The resulting mixture is stirred at
ambient temperature for 2 hours. The reaction mixture is diluted with water and purified by HPLC to give
compound 4-8.
[00365] Compound 4: Compound 4-8 is dissolved in 1 mL of DMF. Hydrazine is added. The
resulting solution is stirred at ambient temperature for 1 hour. The reaction is quenched with 1IN
hydrochloride solution. The reaction mixture is purified by HPLC to give Compound 4.

Example 5: Synthesis of Compound 5
[00366] Compound 4-7 is dissolved in 1 mL of DMF. Hydrazine is added. The resulting solution is
stirred at ambient temperature for 1 hour. The reaction is quenched with 1N hydrochloride solution. The

reaction mixture is purified by HPLC to give Compound 5.
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Example 6: Synthesis of Compound 6

Scheme 6
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[00367] Compound 6-2: To a solution of compound 6-1 (500 mg, 0.875 mmol) in 3 mL of DMF was
added 283 mg of phenylalanine hydrochloride, 433mg of HATU and 581puL of N-methylmorpholine. The
reaction mixture was stirred at room temperature for 4 hours. The reaction mixture was concentrated in
vacuo and extracted with ethyl acetate (100 mLX1, 50 mL X2). The organic layer was combined and
washed with brine, dried over sodium sulfate and concentrated in vacuo. The residue was purified by flash
chromatography to give 560 mg (76%) of compound 6-2.

[00368] Compound 6-3: Compound 6-2 was dissolved in 15 mL 4N HCl/Dioxane. The reaction
mixture was stirred at room temperature for 2 hours and concentrated in vacuo to give 511 mg of
compound 6-3.

[00369] Compound 6-4: To a solution of compound 6-3 (368 mg, 0.55 mmol) in 3 mL of DMF was
added 255 mg of Boc-N-methyl valine, 314mg of HATU and 303 pL of N-methylmorpholine. The
reaction mixture was stirred at room temperature for 4 hours. The reaction mixture was concentrated in
vacuo and extracted with ethyl acetate (100 mLX1, 50 mL X2). The organic layer was combined and
washed with brine, dried over sodium sulfate and concentrated in vacuo. The residue was purified by flash
chromatography to give 370 mg (79%) of compound 6-4.

[00370] Compound 6-5: To a solution of compound 6-4 (170mg) in 10 mL Me¢OH was added 5eq of

IN LiOH. The reaction mixture was stirred at room temperature for 2 hours. The reaction mixture was
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>100 >100 HCT-116 nmut wt ++ 0.13 2.14 24.86 5.7 51.73 >100 62.8 HTI-29 wt
mut ++ 0.1 4.3 1.7 36.9 16.7
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acidified by 1NHCI and extracted with ethyl acetate washed with brine, dried over sodium sulfate and
concentrated in vacuo to give 150 mg (90%) of compound 6-5.
[00371] Compound 6-6: Compound 6-5 was dissolved in 4N HCl/Dioxane. The reaction mixture was
stirred at room temperature for 2 hours and concentrated in vacuo and purified by HPLC to give 150mg of
compound 6-6.
[00372] Compound 6-7: To a solution of compound 6-6 (50mg, 0.062 mmol) in ImL of DMF was
added compound 1-4 (63mg, 0.186mmol) and 70ul of acetic acid, followed by addition of 8 mg of
sodium cyanoborohydride. The resulting mixture was stirred at ambient temperature for 2 hours. The
reaction mixture was diluted with water and purified by HPLC to give 60mg (80%) of compound 6-7.
[00373] Compound 6: Compound 6-7 (60mg, 0.05mmol) was dissolved in 1 mL of DMF. 32 uL of
hydrazine was added. The resulting solution was stirred at ambient temperature for 1 hour. The reaction
was quenched with 1N hydrochloride solution. The reaction mixture was purified by HPLC to give 33 mg
(55%) of Compound 6.

Example 7: Synthesis of Compound 7

Scheme 7
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[00374] Compound 7 was synthesized via similar synthetic route to Compound 1. MS (ESI) m/z 440
[M+2H], 879 [M+H].
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Example 8: Synthesis of Compound 8
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[00375] Compound 8 was synthesized via similar synthetic route to Compound 1. MS (ESI) m/z 418

[M+2H], 835 [M+H].
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Example 9: Synthesis of Compound 9
Scheme 9
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[00376] Compound 9-1: To a solution of compound Boc-Val-Dil-methylDap-OH in DMF is added 4-
(2-Aminoethyl) pyridine, HATU and N-methylmorpholine. The reaction mixture is stirred at room
temperature for 4 hours. The reaction mixture is concentrated in vacuo and extracted with ethyl acetate
(100 mLX1, 50 mL X2). The organic layer is combined and washed with brine, dried over sodium sulfate
and concentrated in vacuo. The residue is purified by flash chromatography. The resulting compound is
treated with HCI/EtOAC to give compound 9-1.

[00377] Compound 9-2:To a solution of compound 9-1 in DMF is added compound 4-4, HATU and
DIEA. The reaction mixture is stirred at room temperature for 4 hours. The reaction mixture is
concentrated in vacuo and extracted with ethyl acetate (100 mLX1, 50 mL X2). The organic layer is

combined and washed with brine, dried over sodium sulfate and concentrated in vacuo. The residue is

purified by flash chromatography to give compound 9-2.
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[00381] Compound 10: Compound 9-3 is dissolved in 1 mL of DMF. Hydrazine is added. The

resulting solution is stirred at ambient temperature for 1 hour. The reaction is quenched with 1IN

hydrochloride solution. The reaction mixture is purified by HPLC to give Example 10.
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Table 1. Structures of Compounds 1-10

Example Structure
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Example 11: Analysis of HER-tox binding to HER? receptor
[00382] Her2-Fc was immobilized on CMS5 chip to a density of ~ 280 RU. Flow rate was adjusted to
50 ul/min with HBS-EP as buffer. HerTox variants were injected for 3 min with 15 dissociation phase.
30sec pulse of 20mM HCI was used for regeneration. The Bivalent Analyte model was utilize to fit the
data (Figure 1). Analysis of the data indicates that HerTox HA121-NC2D: Kd ~ 60 pM (chi2=4) and
HerTox HA121-NC1D: Kd ~ 300 pM (chi2=14).

Example 12: Transient Transfection
[00383] CHO-S culture is seeded at 0.75x10"6/mL approximately 16 hours pre-transfection in
FreeStyle Cho medium. Cells are ready to transfect the next day when the cell count has reached 1.4 —
1.6x10"6/mL. When cells reach target count, 400 mM pAF stock is added to a 1.4mM final culture
concentration. PEI/DNA complex is prepared as described: DNA (1.42 ug/1x1076 cells) is dissolved in
RPMI (5% (v/v) of total culture volume), DNA/RPMI mixture is incubated at room temperature for 2
minutes, PEI stock (1 mg/mL) is added to DNA solution at a 3:1 ratio (mL PEI/ug DNA), and the mixture
is incubated at room temperature for 5 min. The culture is gently added to the mixture and swirled. The
flasks are transferred to a 32°C incubator. At day 6 post-transfection , a western blot analysis is
performed. At day 7 post-transfection, the supernatant is harvested.

Example 13: Anti-Her2 variant expression test
[00384] 30 ml shaker cultures, CHO-S in FreeStyle medium; 56 ug DNA in PEI reagent were used.
1.5 mM pAF was also used. At day 6, the supernatant was harvested. Titer was determined by Fc
ELISA. (Figures 2 and 3)

Example 14: In vitro Inhibition of Proliferation Assay
[00385] At day 1, the cells were seeded. The media was aspirated and the T-225 culture flasks of cells
was rinsed with 30mL PBS -/. PBS was aspirated and 6 mL of 0.25% Trypsin-EDTA was added to each
flask. The flasks were incubated at 37C, 5%CO2 for 2-5 minutes. Adherent cells were dislodged by
hitting flask and trypsin was neutralized by adding 14mL culture medium. The cell suspension was mixed
and transered to a 50 mL conical tube. The cells were spun down at 1200 rpm, 5 min, room temperature.
The resultant cell pellet was resuspended in 12 mL of culture medium. The cells were counted in a
hemacytometer. Cells were seeded at appropriate cell densities into 96-well flat-bottom, clear plates and
incubated overnight at 37°C, 5% CO, to allow cells to attach. Plating volume was 80uL/well. 80uL/well

of culture medium was utilized as the “no cell” control.
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ivgd x 1 40 0.082 6 10 Her-HS122-NC1D-002 10 iv qd x 1 14 0.029 7 10
Her - H5122- NC1D-002 20 iv qd x 1 18 0.037 8 10 Her-H5122/ LK145- HC1D- 001 3.3
iv qd x IWOQ012/166559 PCT/US2012/039468

[00386] Cell plating density examples include:

BT474 (high Her2) — 20,000 cells/well in F12k/DMEM (50/50), 10% FBS, P/S

MDA-MB-468 (Her2 negative) — 6,000 cells/well in F12k/DMEM (50/50), 10% FBS, P/S

HCC1954 - 5,000 cells/well in RPMI 1640, 10% FBS, P/S

SKOV-3 — 6,000 cells/well in RPMI 1640, 10% FBS, P/S

HT29 — 20,000 cells/well in McCoy’ s 5A, 10% FBS, P/S
[00387] At day 2, the test samples were added to the cells. The test samples were diluted in culture
medium to a 9x stock concentration in Column 2 of a round-bottom 96-well plate. 3x serial dilutions
were made from Column 2 to Column 11 with a multi-channel pipettor. 10ul/well of the above samples
was added in duplicate to the appropriate wells of the seeded plate. The total volume in the wells was
about 90uL/well. 10uL/well of culture medium was added to avoid edge effects for sample wells. Media
Control wells were included in the inner wells where no sample was added (just 10ul/well of culture
medium) to be used in proliferation calculations. The plates were incubated at 37°C, 5%CO, for 72 hrs.
[00388] At day 5, proliferation readout occurred. To detect cell proliferation, 10ul/well of WST-8
reagent was added (Cell Counting Kit-8, cat# CK04-20, Dojindo Labs) to all wells. The plate was
incubated for 4 hrs at 37°C, 5%CQO,. The plates were measured for absorbance at OD 450nm. Calculation
of proliferation inhibition of test samples: subtract the “no cell control” OD450 value from all wells’
0ODA450 values; calculate average of the Media Control (untreated) wells; calculate each sample’s %
Media Control value using the formula: (OD450 sample/OD450 avg % Media Control) *100; calculate
the average, standard deviation, and %CV of each sample’s duplicate % Media Control values; plot each
samples average % Media Control value against sample concentration; calculate IC50 values using 4-
parameter logistic fit regression analysis to determine potency of test samples.
[00389] Figure 4 and Figure 5 illustrate results from the in vitro proliferation assay with dolastatin
linker derivatives and breast cancer line HCC1954, HER2 +++. Figures 6 and 7 illustrate results from the
in vitro proliferation assay with dolastatin linker derivatives and ovarian cancer line SKOV-3, HER2 +++.
Figures 8 and 9 illustrate results from the in vitro proliferation assay with dolastatin linker derivatives and
breast cancer line MDS-MB-468, HER?2 negative.
TABLE 2. HER-Tox Proliferation Assay Summary: ICs) Values [nM] after 72hr drug treatment

Data Set 1
Experiment
Date 9/4/10 9/4/10 . 19/4/10  19/4/10 9/4/10 9/4/10 9/13/10  19/13/10 . 19/13/10
HER2 exp.
(literature/in
house) S . R e o o L o L
In vivo
sensitivity to + + - 2 _ 2 BE - 2
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0.082 9 10 Her-H5122/ LK145- HC1D-001 10 iv qd x 1 25 0.051 10 10

Her - H5122/ LK145- HC1D- 001 20 iv qd x 1 18 0.037 11 10 paclitaxel 25 iv qod x
5 18 0. 03vo 2meamspdse 17: Phar macoki netic studies PCT/US2012/039468
Herceptin
HCC195 MDA-MB-
Sample BT474 4 L.S513 |NCI-N87 SKOV-3 [ZR-75-30 BT474 |SKOV-3 (175
Dolastatin 0.1 0.06 0.2 >30 0.2 >30 0.1 0.1 no fit
NC-D1 2.7 0.9 11 >100 3.7 >100 2.9 2.1 no fit
NC-D2 2.4 1.5 5.2 >100 3.4 >100 2.8 2.3 no fit
PHC-D2
Herceptin >300 >300 >300 >300 >300 >300 >300 >300 >300
Mab HA121-
NC-D1 0.2 0.1 >10 >10 (0.04)*  >10 0.2 no fit 0.3
Mab HA121-
NC-D2 1.0 0.3 >10 >10 0.3 >10 0.4 no fit 0.7
Mab HA121-
PHC-D2
Fab K136pAF [>10 >10 >10 >10 >10 >10
Fab K136-NC-
D1 1.8 0.5 >10 >10 2.5 >10
Data Set 11
Experiment Date 9/24/10 9/24/10 10/8/10 + 10/8/10 10/8/10
HER?2 exp. (literature/in
house) H+/2 -+ R R /2
In vive sensitivity to
Herceptin unlikely + + - 7
Sample HT29 BT474 HCC1954SKOV-3 MDA-MB-468
Dolastatin 4 2.5 0.04 0.2 <0.01
NC-D1 4 (45)* <0.01  [<0.1 <0.1
NC-D2 4 3 <0.01  [(0.1)* 0.3
PHC-D2 12 7 2 8 2
Herceptin >300 >300 >300 >300 >300
Mab HA121-
NC-D1 >10 1 0.2 1.3 >30
Mab HA121-
NC-D2 >10 0.8 0.03 (1.3)* >30
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[ 00394] Assay was perforned that detected anti body binding to ErbB2
receptor. (Figure 13) Assay was perforned that detected at | east two
dol ast at iwe 2biniéess9t o an anti body (Figure 14). WO PCT/US2012/039468
2012/ 166559PCT/ US2012/ 039468 [ 00395] Figure 15. Exanple 18: Treatnent for
Br east Cancer [00396] Human Cinical Trial of the Safety and/or Efficacy of
Tr ast Hnked—DotastattnDertvative forBreast—Cancer—Therapy 106397]
oj e(]\%fl ve: '1‘0 conpare the safety and pharnacokj netics of admi|ni stered
compd3HGPdn conpri si ngPtrast uzuRab- 1 i nkedi! dol a8fatin derivati[@8)* [ 00398]
Study Design: This stugy W IT be a Phase I, sijngle-center, open-Taberl,

nust -ret—have—recervedtreatrent—tor—thetr—eanecer—wthin—2—weeks—o
beginning the trial. Treatnents include the use of chenotherapy,
hematoRILES] Dn giro\@ellubabhar s, and bi ol ogi c therapy such as m)nocl onal

ant | hodipoc Daf rant o muof havpa racrAvnr nd o~ A Ar adn
PooT—CS —CHtS o StTHaov

e QY d +-o—grade—0—of
1) associated with prlevi ous trea%(‘ﬁ%hltl"lecﬂfer C§ cts JP‘ZCE%Q ed for
safefy and| all bl ood |col | getgrOons f or| phar macoki neti c |anal ysi s |@seneoldresied
as s(Urachy| €dll Ling [KRAYBRAE| ar e  peMMI ireeP-hMG-B-1i n‘gt-DtZUt(i?BﬁalC-létllb ¢s cogrlttee
approval anhd patient consS’fﬁr‘?ss'F’bOBQQ Phase |: |Patients recei Ve i. -
t r astowmumapali nked dafast g4 n deo.tvasm/e ne.sdays 1, &.osand 15k each.

1
28- day—eyere—Poses—at—trastuzurph—inkedrdol astatin ger-Hvat-ye may—pe—hel
or modifi egolf)(%g?t“ﬁxi d'y pased o gg meiPe ks out IH8d bel oW Tr eht ment
repeats eveicy-128 ndayswi n fhe absem:ez.mzi uraseeptiabl e |110%i ci t y|>1Cohor 163.8 Of

randomzed dose—escalationstudy followed :by a—Phase H—studyinbreagt
canceﬁabﬁatqpéﬁts. Patients shoul d not have had lexposure to
t r astrag KTB®PONCIDNked dol astatin derivative prior| to the study entry. Pat|i ents
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3-6 | OEQinen SLecerve r%ﬁtba-t--tqti fggose ttast llub-§'6i rked—dotastat 7
deri Vati'vel UAtil |The [Raxi fum t ol |&f ated dose ( ) for trastuzumab-Ii nked

dol ast ati njSW&Rq vatitvewi s determ hiéd FThe MID i spdefi ne@las the|dose [56.8
precedi ng Ipagtsat TG 21 af 3 05 s Bl 0P PAhd €5y EXNEh) ENTE UUR -i Tty
toxi¢ity se limtilng toxicitiles are deternined acdarding to t
defini ti ong>@id grander ds['set by the®Rati gAEP Gafter TIASLI tut (=>1(0NCI ) | Cormon
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t oxi cHy—AH-er—¢conrptetion—of —2-courses—ot—studytherfapy—patients—whe
achieve a conplete or partial response may receive an additional 4 courses.
Patients mmﬁmm Th Div hibhendileffRAGf THRF2-ADC ik BEU195 4Rk disbradst er

conpl eti.on courses of study therapy nay receive an additional 6

courscéﬁc”é{’t'””?h@”’é'f”ﬁe"”m’” lqtedelase progression, provided they neet original
el i gi[pe3donf y ECICliesd ehumal AL Bdraﬂdna‘}admt ivtge OBthinad D GGhekiSandTayd Chyureli r ect

ol APt VAT IEBE! BOBH s kTS L acrt) CPom A EDBeRTALT drelo

serum&@mes@teﬂattrgnﬁnzaﬁaa@btsadpaﬁiédatpwdomtx 1Ja€)cdlms/nmt es prior to dosing and

t t d 15. Each
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concepntration time ak serum concentration ea under
t he égar?&eé?it[r El }B%etﬁ)%“%ﬁﬁﬂ‘ﬁeg ﬁq UEPO PR Hes Y818 £ t9ubh F&E or 658’6‘8 was
Salﬁp|doﬂ@ét'&d fmmﬁlétml gftiZh tlﬁbaE@Hﬂ @taeﬁte\wtakmtd(n% usgafef 1 'EﬂgeEhdgﬁ?aﬂvai bape&oh dal
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el i m'Sngt id5HeT At WY tm lg*ﬂ%n Zta 4“{% W&f‘? 8i Pee I“E‘B’hé e of he %‘t“i“’f’rﬁg@ap by
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of the log-linear concentration-tine plot. The nean, standard devi ation
(SD), and coefficient of variation ((%Q of the pharmacokinetic paraneters
are calculated for each treatment. Th¥ ratio of the par anet er nmeans
(preserved formul ati on/ non-preserved fornulation) is cal cul at ed.

[ 00403] Pati ent Response to conbi nation therapy: Patient response is
assessed via imaging with X- ray, CT scans, and MR, and inaging is
perforned pri or to beglnnlng the study and at the end of the first cycle,
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Exanpl e 20: Treatnment for Bl adder Cancer [00409] Humean Clinical Trial of the
Safety and Efficacy of a Dolastatin Derivative described herein for Bl adder
Cancer Theoapie/{6683410] Obj ective: Determ ne the acute t ®KITAiSEY12089468
pacl i taxel and radiotherapy with or wi thout trastuzumab-linked dolastatin
derivative in patients who have undergone prior transurethral bl adder
resecti r S r I n
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chest X %ﬁaf’r EI%&%% AR AND AR DA Rl %%ﬁtﬁ%7 §e§1§‘/ﬁ1ou%aiﬁ alr‘ﬂx‘i' l%)‘/@"g dheright oy

transure resection (as thor as is
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33, 36- 14a le f’%aﬁélaﬁgﬁ'gff}&b TI£§%§(/{E§J1{&0‘BQF%-§¥§1§C@§4 Etﬂﬁﬁﬁp%i%e of disease

progressi on_or oup tients receive
pacl i tdxel and undermantRbgiﬁfeﬁpy as in gr oup 1. After conpedianon pf
study freatnent, pathents—are—fottowedat4-5—weeks—every—3|,nonths for 1

year, every 4 nmonthg for 1 year, every 6 nonths|for 3|years, TAMI ¢ heh
annual |y thereafter.| Exanple 21: Treatnent| for Ovariah Cancejvol415] Human
Cinicgl Trial [of the Safety and Efficacy of Dollast at i Vat

descri bad " Rer ei'h forg%ﬁvgrl an Cancer Therap /Ikgozll%gll %bsgl(':etla:lal(?ey l‘?'hl uaTéCthe
safety|@and effigacy \Qf;f four week once weekly IV dosag§ el ggdfrpom tjon
conprising a dolastatin derivative described herein i

HER2- oyer expr esdi ng [wwsawisuanabcancer. WO 20123 1665i59PCTk1uJ82101240)539468 PBGR317]
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dol ast atin derilvative. Patients are nccigrpd tola Qin Le group Patients

recei véS one dosd of [HeraHS1R2NEHPMhked dol/kdt atiin der adatli vedbnce a AO8K
for 4 yeeks.  Trgstu N3 EERL dpd astat ferivative '|| b admimi ed
by IV infusion 1(E)bn Stﬁg'ﬁﬁ&h%ﬁb'g&i 15, ancloa i ne élarml es%m |1 bel't g%(en
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[ 00419 17 eat moid: cc%a[c“r?‘i'u%s in the absencs bl(;f d|1§easeq3¢)g§r el on’ or 937
unacceptable toxicity. Quality of life is assessed at baseline and day 1 of
courses 2, 3, 4, 5, 6, 8, 10, and 12. Patients are foll owed on days 29. 36,
43, and 50. Patients will be asked about adverse events. Patients wll have
an i magi ng Soamptenit: Phionincoléneal swatlies t unor Si z and heart function (day 43).

Pt | oo AR PR aRiratie i S S Rh Sutine b Sl U38s FOC AN RS o)
unt il eetfoieidehaofictq@radgr ks ivandoddstadhssledsdtoias astibodyrgRigued14). WO
2012/ 166559PCT/ US2012/ 039468 CLAIM5S WHAT IS CLAIMED I'S: 1. A conpound, or

salt thereof, conprising Forrmula (I): wHerein: Z has the structure of:




R6 css"Ar RS R5 is H CORs, C -Co6alkyl, or thiazole; Rgis OH R6 is OH or
H Ar is phenyl or pyridine; R7 is G -Co6al kyl or hydrogen; Y is selected
from t he woaour/wesssi sti ng of an hydroxyl am ne, nethyl, aCualsgde/ 3ot ect ed
al dehyde, ketone, protected ketone, thioester, ester, dicarbonyl,

hydrazi ne, am dine, imne, diamne, azide, keto-am ne, keto-alkyne, alkyne,
cycl oallﬁ(yﬁgl %@FQ 1 €ne- dione; L is-alkylene- or -(alkylene-Oii-alkylene-;
and n i's an integer greater than or equal to one. 2. The conpound of claim
1, wherein Hxangple 18 amtmntﬁrmréw@mwound of claiml1l, wherein R6 is H 4.
The co i [ 1,
wher ei ;ﬂ?‘g?@ﬁ-uﬁﬁan 191 cg] 'éﬂal 121 ?%1% 815 Eﬁila f Tr tu V{ﬂaﬁ) ]Se;glﬁrgaﬁjslorf%haﬂl r?%%%él%
fromO fbloB@@tCanceﬂTierapEnpound of cI aim 1, vvhere nis an int eger from 0Oto
10. 8. 0 | al r

R L A R L S %%%%%%59 Bl
wher ei rrastoaingpdinkatdojasetihdgivatiet r uct ur e of

2012/ 1 2
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ot or PR ARAP w0l RbARTHRro6, ey BTl ehfins’ BGRh vy TR
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Patients must have recovered from all toxicities (to grade 0 or 1) associated with previous treatment. All

subjects are evaluated for safety and all blood collections for pharmacokinetic analysis are collected as
scheduled. All studies are performed with institutional ethics committee approval and patient consent.
[00399] Phase [: Patients receive i.v. trastuzumab-linked dolastatin derivative on days 1, &, and 15 of each
28-day cycle. Doses of trastuzumab-linked dolastatin derivative may be held or modified for toxicity
based on assessments as outlined below. Treatment repeats every 28 days in the absence of unacceptable
toxicity. Cohorts of 3-6 patients receive escalating doses of trastuzumab-linked dolastatin derivative until
the maximum tolerated dose (MTD) for trastuzumab-linked dolastatin derivative is determined. The MTD
is defined as the dose preceding that at which 2 of 3 or 2 of 6 patients experience dose-limiting toxicity.
Dose limiting toxicities are determined according to the definitions and standards set by the National
Cancer Institute (NCI) Common Terminology for Adverse Events (CTCAE) Version 3.0 (August 9,
2006).

[00400] Phase 1I: Patients receive trastuzumab-linked dolastatin derivative as in phase 1 at the MTD
determined in phase 1. Treatment repeats every 4 weeks for 2-6 courses in the absence of disease
progression or unacceptable toxicity. After completion of 2 courses of study therapy, patients who achieve
a complete or partial response may receive an additional 4 courses. Patients who maintain stable disease
for more than 2 months after completion of 6 courses of study therapy may receive an additional 6 courses
at the time of disease progression, provided they meet original eligibility criteria.

[00401]  Blood Sampling Serial blood is drawn by direct vein puncture before and after administration
of trastuzumab-linked dolastatin derivative. Venous blood samples (5 mL) for determination of serum
concentrations are obtained at about 10 minutes prior to dosing and at approximately the following times
after dosing: days 1, 8, and 15. Each serum sample is divided into two aliquots. All serum samples are
stored at -20°C. Serum samples are shipped on dry ice.

[00402] Pharmacokinetics: Patients undergo plasma/serum sample collection for pharmacokinetic

evaluation before beginning treatment and at days 1, 8, and 15. Pharmacokinetic parameters are
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Me MeMeMe O HNY'r'iN1 OMe OV O Me MeMeO 13. The conmpound of claim 12,
wherein L is -(alkylene-Oii-al kyl ene-. 14. The conpound of claim 13,
wher ei n esohomieyisene is -CH2CH2-, n is equal to 3, andPRT/US0m®BYIgs . 15.
The conpound of claim 12, wherein L is -al kyl ene-. 16. The conpound of
cl aim15, wherein each alkylene is -CH2CH2- and R7 is net hyI or hydrogen.
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or subs ed cyc
rates are determmed using the RECIST criteria. (Therasse et al, J. Natl. Cancer Inst. 2000 Feb 2;
92(3):205-16;  http://ctep.cancer.gov/forms/TherasseRECISTINCI.pdf). Patients also undergo

cancer/tumor biopsy to assess changes in progenitor cancer cell phenotype and clonogenic growth by flow
cytometry, Western blotting, and IHC, and for changes in cytogenetics by FISH. After completion of
study treatment, patients are followed periodically for 4 weeks.

Example 19: Treatment for Breast Cancer
[00404] Human Clinical Trial of the Safety and Efficacy of Trastuzumab-Linked Dolastatin
Derivative for Breast Cancer Therapy
[00405]  Objective: Compare the efficacy and toxicity of trastuzumab-linked dolastatin derivative
alone followed at disease progression by combination trastuzumab and paclitaxel vs first-line combination
trastuzumab and paclitaxel in women with HER2-overexpressing metastatic breast cancer.
[00406] Study Design: This study is a randomized, multicenter study. Patients are stratified according to
degree of HER2/neu-overexpression (2+ vs 3+), prior anthracycline-containing adjuvant treatment (no
prior treatment vs prior treatment without radiotherapy to left chest wall vs prior treatment with
radiotherapy to left chest wall), estrogen-receptor status (positive vs negative vs unknown), prior therapy
(first-line vs second/third-line), and center. Patients are randomized to one of two treatment arms. Arm I:
Patients receive trastuzumab-linked dolastatin derivative 1V over 30-90 minutes weekly. At time of
disease progression, patients receive combination trastuzumab-linked dolastatin derivative IV and
paclitaxel IV as in arm II. Arm II: Patients receive trastuzumab-linked dolastatin derivative IV over 30-90

minutes weekly. Paclitaxel is administered IV over 1 hour weekly for 3 weeks followed by 1 week of rest.
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Rl is H an amno protecting group, resin, at |east one am no acid,

pol ypeptide, or polynucleotide; R2 is OH an ester protecting group, resin,
at | east woeommesssoaci d, pol ypepti de, or pol ynucl eot i depCRaisand/oB4car e each
i ndependently H, hal ogen, |ower alkyl, or substituted |ower alkyl, or R3
and R4 or two R3 groups optionally forma cycl oal kyl or a heterocycl oal kyl ;

Z h | [
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accept abl e prodrug or he Cconmpound of claim 17, wherein
Rl is d0¢¥Bypeptide. 19. The conpound of clains 18, wherein the poI ypepti de

is an antib . ) f~claim19, wherein the antibody is
her cepti n. %%@ﬁe%obgnﬁ%%e%gﬁ%wa%ﬁ%Crﬁ%i%, wherein R2 is a pol ypeptide. 22.
The corfpe9dd oHumhm{Cheicdl Trialwighe bafety hed pllicgpegta ddastgindPeramtivichlogyibe@BreiThe

compou erein the antibody is herceptin. 24. A nethod for
deri va{}?m fFllga%a d{pf"lz'%}e ap?n anal og conprising Fornula (1), the nethod

conpr i P 0Kdntcaee:i Petetniiee dind asdtat toxicighalf ogpcliiexdh @ndr sdgdrtappf wioraruivahout
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resection for muscle-invasive transitional cell carcinoma of the bladder.
[00411] Disease Characteristics: Histologically or cytologically is confirmed primary transitional cell
carcinoma (TCC) of the bladder; histologic evidence of muscularis propria invasion; meets 1 of the
following stage criteria: stage T2-4a; NX, NO, or N1; and MO disease or clinical stage T1, grade 3/3
disease AND requires definitive local therapy; tumor involvement of the prostatic urethra allowed
provided the following criteria are met: tumor is visibly completely resected; no evidence of stromal
invasion of the prostate, no evidence of distant metastases by chest x-ray or CT scan AND
abdominal/pelvic CT scan; has undergone transurethral bladder resection (as thorough as is judged safely
possible) within the past 3-8 weeks, including bimanual examination with tumor mapping; sufficient
tumor tissue available for HER2/neu analysis; not a candidate for radical cystectomy.
[00412] Study Design: This study is a non-randomized, multicenter study. Patients are assigned to 1 of 2
treatment groups according to HER2/neu status (HER2/neu 2+ or 3+ staining [group 1] vs HER2/neu 0 or
1+ staining [group 2]).
[00413] Group 1: Patients receive paclitaxel 1V over 1 hour on days 1, 8, 15, 22, 29, 36, and 43 and
trastuzumab-linked dolastatin derivative IV over 90 minutes on day 1 and then over 30 minutes on days &,
15, 22, 29, 36, and 43. Patients also undergo radiotherapy once daily on days 1-5, 8-12, 15-19, 22-26, 29-
33, 36-40, 43-47, and 50. Treatment continues in the absence of disease progression or unacceptable
toxicity.
[00414] Group 2: Patients receive paclitaxel and undergo radiotherapy as in group 1. After completion of
study treatment, patients are followed at 4-5 weeks, every 3 months for 1 year, every 4 months for 1 year,
every 6 months for 3 years, and then annually thereafter.

Example 21: Treatment for Ovarian Cancer

[00415] Human Clinical Trial of the Safety and Efficacy of Dolastatin Derivative described herein for
Ovarian Cancer Therapy
[00416] Objective: Evaluate the safety and efficacy of a four week once weekly IV dosage of
composition comprising a dolastatin derivative described herein in women with HER2-overexpressing

ovarian cancer.
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wherein: Z has the structure of: R6 ¢css"Ar RS R5 is H CORs, C -C6al kyl, or
thiazole; Rgis OH R6is OHor H Ar is phenyl or pyridine; R7 is Cl-C6

al kyl or wWoanegenssoY is NH2-0- or nethyl; L is-alkyl enePCons2012/039468

-(al kylene-Oyii-alkylene-; nis an integer greater than or equal to one;

wherein Fornula (XXXVI1) corresponds to R3\, AKR3- R (XXXVIl) HR
0 wh b t I d
e SRS R R M REERR Tl CVELR) KSR, SUBSHL P

subst i twtledalaaty k@m@fetyhmbﬁhoﬁrfwremeq wscklhs W tdutegd th@NEﬂb@ﬂ@h@m@vmmbmwy exﬁe
SUbSt : ti’é&tﬁ%ﬁ%lb V\ﬁie(%d gagstatl%rc@l!@(lkfg n%atﬂ(e%{s a%‘l §s Edj{ Qsﬁél‘gl k(}{ll epﬁten‘g r!:c%lve one

optiona present 1s a er sefected f group consi'st1ng
of | omeiosaad)ﬂqalsienm}absimb@t ddiagtagul déromeye @cky Meclefor H oxeelrs. ataktenyrhabﬂmked dolastatin

substi t %193?11211: QFbe g&lﬁl%@%l‘e%q}? IV infusi OE%Pene 363?;5' g( g) ]k5s Qrgﬁiﬁ tU{(l?e saﬁﬁf@ éﬁﬁ‘%):

-S-, - ene or substi
- S( 0) k(taltckph éme land Ubst i t ut ed aI kyl ene) -C(0)-, -C(0)-(al kyl ene or

substi t[%ﬁﬁhal FYolog @?121 116ng S%lﬁ dod 1&& d PE &J'fs)lﬂl'étu%%g(}rkr%ﬁftgr fc{nﬁ% t?a@g)l

-N(R) or su st i
- CON( R of tiasthiaytabrie ke dadastsin iderinagide. a\rdnyasebiec)d 5ampCSNE RiL) -for d@SNRYIIn pfasdayrh ene

S | A0 5 A

-N( R ) S(f@) doNOR Jays 1, 2, 4, 5, 8, 15, 22, 36, 43 and 50. Each serum sample is divided into two aliquots. All
serum samples are stored at -20°C. Serum samples are shipped on dry ice.
[00419] Treatment continues in the absence of disease progression or unacceptable toxicity. Quality of
life is assessed at baseline and day 1 of courses 2, 3, 4, 5, 6, 8, 10, and 12. Patients are followed on days
29. 36, 43, and 50. Patients will be asked about adverse events. Patients will have an imaging scan and
ECQG to evaluate tumor siz and heart function (day 43). At the termination of the study patients will have
a physical exam day 50). Patients with evidence of disease regression may receive continued therapy until

evidence of progression of disease is documented.
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NR)-N=, -C(R)=N, -C(R)=NNR)-, -C(R)=N-N=, -C(R)2-N=N-, and
C(R)2-N(R)-N(R)-, where each R is independently H, alkyl, or

subst i t utwad 2ad2kngbsse WO 2012/ 166559PCT/ US2012/ 039468 eac lrCRUSR®12/039468

i ndependently H, alkyl, or substituted al kyl; Ris H, alkyl, substituted
al kyl, cycloalkyl, or substituted cycloalkyl; Rl is H an amno protecting
group, resin, at Ieast one am no aci % his poI ynucl eotide; R2 is OH an
ester protecting group, resin, at Ieasf& one am no acid, or polynucleotide;
and R3 WHGTR&C&MME@CIE [ ndependent I y H, haI ogen, |ower alkyl, or

substituted two R3 groups optionallyforma
cycl oal ky(f?L e res?%élﬁrg a(ﬁ?} Smgf rret hod of claim 24, wherein the
derivati zed doI astatin gpral gg co I\ﬁlt | east one oxi ne contai ning am no
acid having the structure pf Fpr Ia (MI R3R2 HN. 26. The met hod of
cl aim 24, wherein the,do acf;ed with)the reagent of
Formula (XXXVI1) in aquegus !solatiaon u acidic conditions. 27. A
conmpound conpri si ng For niif a Q)@g\?)w Me Wéroemgo gyt he structure of: R6
css' Ar o 7z

wherein:
Z has the structure of:
Re

‘fé\(KAr

Rs ;
Rsis H, CORg, Ci-Cgalkyl, or thiazole;
Rg is OH;
Rgis OH or H;
Ar is phenyl or pyridine;

R is Ci-Cgalkyl or hydrogen;

Y is selected from the group consisting of an hydroxylamine, methyl, aldehyde, protected
aldehyde, ketone, protected ketone, thioester, ester, dicarbonyl, hydrazine, amidine, imine,
diamine, azide, keto-amine, keto-alkyne, alkyne, cycloalkyne, and ene-dione;

L is—alkylene— or —(alkylene—O),—alkylene—; and
n is an integer greater than or equal to one.

The compound of claim 1, wherein R is thiazole.

The compound of claim 1, wherein R¢ is H.

The compound of claim 1, wherein Ar is phenyl.

The compound of claim 1, wherein R; is methyl.

The compound of claim 1, where n is an integer from 0 to 20.
The compound of claim 1, where n is an integer from 0 to 10.

The compound of claim 1, where n is an integer from 0 to 5.

A e B R

The compound of claim 1, wherein Y is cyclooctyne.

10. The compound of claim 9, wherein the cyclooctyne has a structure of:

|©—s

(R19)q

136



R5 R5 is H CO2H, G -C6al kyl, or thiazole; W 2012/ 166559PCT/ US2012/ 039468
R6 is OHor H Ar is phenyl or pyridine; Rl is H an amno protecting
group, respnyizaieiseast one am no acid, pol ypeptide, or poryuseekestscgle; R2
is OH an ester protecting group, resin, at |east one am no acid,

pol ypepti de, or polynucleotide R4 is H hal ogen, |ower alkyl, or

substituted | q\ rhy ; b S+ I

- (al kyl ene- éf th#ﬁ&wmﬁ@Seéméaﬁg@ﬁ%g%%?%8F§§%%&Q§H%ﬁhgi%éé%g%oggg%ﬁé
and each R16 |Qhﬂnmep@md@mmb#kﬂdwk@medikﬁnwmhée@ﬂoumd@@n$m®ﬁhn@q©hﬂub

hydr ogen, hal o : , .SU I nmpound
of claim 27, mﬁﬁ e|n(?gﬁwghga%ﬁﬁ%%g%??ﬁg?Hggh%#ﬁﬁ%n ﬁg%t%ﬁ&%yb%hlmﬁ%’ZS
wher ei n t he poblpewtiledendingtraandant i body. 30. The conpound of claim 29,
wherein the(ﬁggipgg%4i§.h¢%cggb|p1131 The conpound of claim 27, wherein R2

p 2 2 2 h

is a polype . : e’ bﬁpound of clainms 31, wherein the polypeptlde i's
an antHboayccwﬁbmﬂﬁhébbbmﬁmnmthOYixﬂaﬂmn 32, wherein the antibody is

P?Lfgf TE?%P%QP%@ﬁﬁﬁﬁﬁﬂ@ggﬁﬁ&ﬁfﬁ&gquﬁpula (XXX1): MeMeMe.,, M HR3 RO 3H

/\ eMe OMeO

13. The compound of claim 12, wherein L is —(alkylene—O),—alkylene—.

14. The compound of claim 13, wherein each alkylene is -CH,CH,—, n is equal to 3, and R is methyl.
15. The compound of claim 12, wherein L is —alkylene—.

16. The compound of claim 15, wherein each alkylene is -CH,CH,— and R is methyl or hydrogen.
17. A compound comprising Formula (VIII):

—— %%

N 70/\ Me OMe O
Me Me

wherein:

A is optional, and when present is lower alkylene, substituted lower alkylene, lower
cycloalkylene, substituted lower cycloalkylene, lower alkenylene, substituted lower
alkenylene, alkynylene, lower heteroalkylene, substituted heteroalkylene, lower
heterocycloalkylene, substituted lower heterocycloalkylene, arylene, substituted arylene,
heteroarylene, substituted heteroarylene, alkarylene, substituted alkarylene, aralkylene, or
substituted aralkylene;

B is optional, and when present is a linker selected from the group consisting of lower alkylene,

substituted lower alkylene, lower alkenylene, substituted lower alkenylene, lower
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Me Me wherein: Z has the structure of: R6 css'"Ar RS R5 is H CO2H,

C - Coal kyl ,

or thiazole; R6 is OHor H Ar is phenyl or pyridine; RL is H,

an am no WOQOEXHI6H3®g group, resin, at |east one am no acipdT/uyseéigpsagss de, or
pol ynucl eotide; R2 is OH, an ester protecting group, resin, at |east one
am no aci d, polypeptide, or polynucleotide; R4 is H, hal ogen, |ower al kyI

or substitut edhétg mﬂlgle s\ﬁ'bstm&:gd loalercﬁete?%ﬁ%/i%%l: 8 8 g{(}agl%%i‘ s&bsﬁtﬁte? ]?%ICI?G e

-(al kyl ene-0O) i

edt er an or

has the struct _Gf,eS ()iﬂkylenw @bﬂ@dtdﬁﬁlﬁﬁﬁl!@mﬁ(@m@tﬂ%468 or RlS!@J)l;(aHej_Pilene-orSl_/
INNRzZ Zi - Zhaimted MG SO 0F2-cloRafiyfene bt shfsdtda Bfdtl-, €s) Re@N A 3

18.
19.
20.
21.
22.
23.
24.

(alkylene or substituted alkylene)-, -N(R’)-, -NR’-(alkylene or substituted alkylene)-,
-C(O)N(R’)-, -CON(R’)-(alkylene or substituted alkylene)-, -CSN(R’)-, -CSN(R’)-(alkylene
or substituted alkylene)-, -N(R*)CO-(alkylene or substituted alkylene)-, -N(R*)C(O)O-,
-S(O)N(R)-, -NRHC(ON(R’)-, -N(R)C(S)N(R)-, -N(R*)S(O)N(R’)-, -N(R*)-N=, -
C(R*)=N-, -C(R’)=N-N(R’)-, -C(R*)=N-N=, -C(R’),-N=N-, and -C(R’),-N(R’)-N(R")-, where
each R’ is independently H, alkyl, or substituted alkyl;

R is H, alkyl, substituted alkyl, cycloalkyl, or substituted cycloalkyl;

R, is H, an amino protecting group, resin, at least one amino acid, polypeptide, or polynucleotide;

R, is OH, an ester protecting group, resin, at least one amino acid, polypeptide, or polynucleotide;

R; and R, are each independently H, halogen, lower alkyl, or substituted lower alkyl, or R; and R4
or two Rj3 groups optionally form a cycloalkyl or a heterocycloalkyl;

Z has the structure of:

Re

‘fé\(KAr

Rs ;
Rsis H, CORg, Ci-Cgalkyl, or thiazole;
Rgis OH;
Rg is OH or H;
Ar is phenyl or pyridine;
R is Ci-Cealkyl or hydrogen; and
L is —alkylene— or —(alkylene—O),—alkylene—; and
n is an integer greater than or equal to one;
or an active metabolite, or a pharmaceutically acceptable prodrug or solvate thereof.
The compound of claim 17, wherein R, is a polypeptide.
The compound of claims 18, wherein the polypeptide is an antibody.
The compound of claim 19, wherein the antibody is herceptin.
The compound of claim 17, wherein R, is a polypeptide.
The compound of claims 21, wherein the polypeptide is an antibody.
The compound of claim 22, wherein the antibody is herceptin.
A method for derivatizing a dolastatin analog comprising Formula (1), the method comprising
contacting the dolastatin analog with a reagent of Formula (XXXVII), wherein Formula (1)

corresponds to:
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\A/12,r NV MM1% Ny R 7//T3 RL 7T each R17 is independently selected from
the group consisting of H, alkyl, substituted al kyl, al kenyl, substituted
al kenyl , wbkyrylepsssubsti t uted al kynyl, al koxy, substi t utred/tskéanyg46s

al kyl al koxy, substituted al kyl al koxy, pol yal kyl ene oxi de, substituted

pol yal kyl ene oxi de, aryl, substituted aryl, heteroaryl, substituted

het eroaryl, al karyl, substituted kar |, aral kyl, substituted aral kyl,

- (al kyl ene or substit ut ¥ &y | en@ (al kyl ene or substituted

al kyl ene) - C(0) SR", (aI kyI ne ub pHt ut e kyl ene)-S-S-(aryl or
substituted aryl), - (BM$2, whétein each R is

i ndependent |y hydrogen /subS\lld t oke® al A\ al kenyl, substituted

al kenyl , al koxy, substltuted é/lek Mey, aryl, MeBstifubNEd aryI het er oaryl ,

al karyl, substituted al karyl, aralkyl, or substi®Puted aral: kyI each Z1 is a
bond, CRI R&n: 0, S, NR, CRI 7R17- CRI 7R17 CRI 7R17-0, 0O-CR 7R17, CRI 7R17- S,
S-CRI7R17, CRI7R17-NR , or NR - CRI 7R17; each R is H alkyl, or substituted
al kyl ; each Zzimsiths ssuttereo8d fr om t he group consisting of a bond, -C(0)-,
-C(S)-, opti onal | yysubstituted C1-C3 al kyl ene, optionally substituted Cl-C3
al kenyl ene, gsop (? onal |y substituted heteroal kyl; each Z3 are

i ndependently SelWectad fromthe group consisting of a bond, optionally
substituted al kykRgne, optionally substituted Cl-C4 al kenyl ene, opti onal l'y
substituted heteroal kyl, -0-, -S-, -C(0)-, -C(S)-, and - -N(R)-; each T3 is
a bond, C(R') (R H, @OP@’rQS?éantPrtblh@kpr oviso that when T3 is 0 or S, R’
cannot be hal ogeny, 1§@ﬁh R' is H bhal ogen, alkyl, substituted al kyl,

cycl oal kyl, or subst it ut ed cycloalkyl; mand p are 0, 1, 2, or 3, provi ded
t hat at Ieast B Gforhllor p is not 0; WD 2012/ 166559PCT/ US2012/ 039468 (b)

1\ r."C\- b) Mm'pﬁer( M%%,n(ﬁi&(b) (b)(b)IwsS 7 r1lW c-s- '22)7 "c,..",c=c\-
(b)5.. (b)é -Ce alk%/jor hydrogen;
Y is NH,—O—- or methyl;

L is—alkylene— or —(alkylene—O),—alkylene—;
n is an integer greater than or equal to one;

wherein Formula (XXXVII) corresponds to:

R3
A\ /K\
R, B R
(XXXVII)
R4~ R>
N
H

Rag,
wherein:

A is optional, and when present is lower alkylene, substituted lower alkylene, lower alkenylene,
substituted lower alkenylene, arylene, substituted arylene, heteroarylene, substituted
heteroarylene, alkarylene, substituted alkarylene, aralkylene, or substituted aralkylene;

B is optional, and when present is a linker selected from the group consisting of lower alkylene,
substituted lower alkylene, lower alkenylene, substituted lower alkenylene, -O-, -O-(alkylene
or substituted alkylene)-, -S-, -S-(alkylene or substituted alkylene)-, -S(O),- where k is 1, 2, or
3, -S(O)i(alkylene or substituted alkylene)-, -C(O)-, -C(O)-(alkylene or substituted alkylene)-,
-C(S)-, -C(S)-(alkylene or substituted alkylene)-, -N(R’)-, -NR’-(alkylene or substituted
alkylene)-, -C(O)N(R’)-, -CON(R”)-(alkylene or substituted alkylene)-, -CSN(R’)-,
-CSN(R’)-(alkylene or substituted alkylene)-, -N(R*)CO-(alkylene or substituted alkylene)-,
NR)C(0)O-, -S(O)N(R’)-, -N(R*)C(O)NR”)-, -NR)C(S)N(R’)-, -N(R*)S(O):N(R”)-,
N(R*)-N=, -C(R’)=N-, -C(R’)=N-N(R’)-, -C(R’)=N-N=, -C(R’),-N=N-, and
-C(R”),-N(R’)-N(R’)-, where each R’ is independently H, alkyl, or substituted alkyl;
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(a) R4 R4(a) '27?R4(a) '2?R4(a) 77R4 //1] (b) (b)(b) (b)_ISR3 I/siS\/R3 ,C
CA(b) ,CCA (b)0O-c-A (b)S-C (b) Il \sssrRi 4),1, (a),(a)(a) , or(a), where
(a) indi cabesieestbng to the B group and (b) indicates pomdiSegi2t069468
respective positions within the heterocycle group; VG (b) rc-cH(b) 5
vc-O-A (b) c5rc-s- (b) MBis (a) , (a)\R4, (a)-2?, (a)'2? , or Rd4isrS (a),

where (a) indicat g&ﬁqg%ﬁg&né%&ﬁe?@lg&% uﬁ]l'?eq ﬁ% I ndi cates bonding to

respective p03|t|ons Wi oC c e grou (b)(b)(b) 11R3-C-C= (hb)

| (b)r.c\-=i (b)1y rsi’;, Migi s ((;{)_’?’X(a)(gg’> R3 9R3( a) r?b)(b) |
% O

K is igg" 11 ﬁ%)&;’: %/Kf’ 3 1%/ N\o/m -

2 O 2 2 2 2 2 70r

R is H, alkyl, substituted alkyl, cycloalkyl, or substituted cycloalkyl;
R, is H, an amino protecting group, resin, at least one amino acid, or polynucleotide;
R, is OH, an ester protecting group, resin, at least one amino acid, or polynucleotide; and
R; and R, are each independently H, halogen, lower alkyl, or substituted lower alkyl, or R; and R4
or two Rj3 groups optionally form a cycloalkyl or a heterocycloalkyl.
25. The method of claim 24, wherein the derivatized dolastatin analog comprises at least one oxime

containing amino acid having the structure of Formula (VIII):

ST

N R7 O .~ Me OMeO
Me

B\ o

Ra>l R4
R3 Ry

HN .
R4

>

26. The method of claim 24, wherein the dolastatin analog is contacted with the reagent of Formula
(XXXVII) in aqueous solution under mildly acidic conditions.

27. A compound comprising Formula (XXV):

Me Me OMe M
H H WHC
N N N N N Ve
(R16)nl_\/ H !

< R;, O Me OMe O
N> T /\M MeO NH XXV)

wherein:
Z has the structure of:
Re

‘fé\(KAr

Rs ;

Rsis H, CO,H, C;-Cealkyl, or thiazole;
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OC--=(b)S-C--=(b) \ rs S\(a)rs S (a) , or where (a) indicates
bonding to the B group and (b) indicates bonding to respective positions

wi t hi n t wohet2rwessycl e group; each R19 is independentl yPselusetiedsfswsom t he
group consisting of Cl-C6 al kyl, Cl-C6 al koxy, ester, ether, thioether,

am noal kyl , hal ogen, al kyl ester, aryl ester, am de, aryl am de, alkyl
hal i de, al kyl ) kyl sulfonic acid, alkyl nitro, thioester, sulfonyl
ester, halosulggﬁgﬁioéﬁa:rile, al kyl nitrile, and nitro; gqis 0, 1, 2, 3, 4,
5, 6, 7, 8, 9, AL® pbenyldrpyadue.each R16 is i ndependently selected fromthe

group consi f . .

ko S5 T s SR8 D b3 Bl i Py RIS HR St
conmpound of Relis@Hsa35ter hertgigrerdupercpolay pep bickeninsacdd palyipdpbdd yr p@yhuciTtale;
conpound of ¢l ai i i l,Si.herceptin. 38. The conpound
of clain134}gﬁﬂ%?%%%mhggﬁég%ﬁb%ﬂg%%g%%gégxfg§hThe conpound of clains 38,
wher ei n t he Bod §peplkyte hydrogen; ant i body. 40. The conpound of clai m 39,

wherein taigﬁgg?g%gﬁz&?gggﬂg%gg Qﬂ 41..The conpound of claim 34, conprising

Formul a ( rnaée car conposi tion conprising a conpound

of any of cIa|n&2@4@@5&@@m@ﬂhﬂmramdlm(phamdaceut|calIy acceptable carrier,

exci pi ent, °e5c1ﬂ£@ gqﬁdependently selected from the group consisting of hydrogen, halogen, alkyl, NO,,
CN, and substituted alkyl.

28. The compound of claim 27, wherein R, is a polypeptide.

29. The compound of claims 28, wherein the polypeptide is an antibody.

30. The compound of claim 29, wherein the antibody is herceptin.

31. The compound of claim 27, wherein R, is a polypeptide.

32. The compound of claims 31, wherein the polypeptide is an antibody.

33. The compound of claim 32, wherein the antibody is herceptin.

34. A compound comprising Formula (XXXI):

Rs R
H 3
R/ﬁ/B”L\LTJU:KW
R, O .~  Me OMeO
Z

R2 (XXXI)

wherein:
Z has the structure of:
Re

‘fé\(KAr

Rs ;
Rsis H, CO,H, C;-Cealkyl, or thiazole;

Rg is OH or H;

Ar is phenyl or pyridine;
R, is H, an amino protecting group, resin, at least one amino acid, polypeptide, or polynucleotide;
R, is OH, an ester protecting group, resin, at least one amino acid, polypeptide, or polynucleotide;
R4is H, halogen, lower alkyl, or substituted lower alkyl;
R is Ci-Cgalkyl or hydrogen;
L is—alkylene— or —(alkylene—O),—alkylene—;

n is an integer greater than or equal to one;

D has the structure of:
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] y ' ~<“
QOO ¥ IS G
N Fr NN N or N Ij :
H H ’ H ’ (Rig)g
cach Ry7 is independently selected from the group consisting of H, alkyl, substituted alkyl,
alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, alkoxy, substituted alkoxy,
alkylalkoxy, substituted alkylalkoxy, polyalkylene oxide, substituted polyalkylene oxide,
aryl, substituted aryl, heteroaryl, substituted heteroaryl, alkaryl, substituted alkaryl,
aralkyl, substituted aralkyl, -(alkylene or substituted alkylene)-ON(R”),, -(alkylene or
substituted alkylene)-C(O)SR”, -(alkylene or substituted alkylene)-S-S-(aryl or
substituted aryl), -C(O)R”, -C(O),R”, or -C(O)N(R”),, wherein each R” is independently
hydrogen, alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkoxy, substituted alkoxy,
aryl, substituted aryl, heteroaryl, alkaryl, substituted alkaryl, aralkyl, or substituted
aralkyl;
each Z; is a bond, CR7R 7, O, S, NR’, CR|-R7-CR 7R 7, CR7R7-O, O-CR-R7, CR{7R7-S,
S-CR;7R17, CR17R17-NR”, or NR’-CR7R7;
each R’ is H, alkyl, or substituted alkyl;
cach Z, is selected from the group consisting of a bond, -C(O)-, -C(S)-, optionally substituted
C,-C; alkylene, optionally substituted C;-C; alkenylene, and optionally substituted
heteroalkyl;
cach Z; are independently selected from the group consisting of a bond, optionally substituted
C,-C, alkylene, optionally substituted C,-C,4 alkenylene, optionally substituted
heteroalkyl, -O-, -S-, -C(O)-, -C(S)-, and -N(R")-;
cach Tsis a bond, C(R*’)(R’*), O, or S; with the proviso that when T3 is O or S, R’ cannot be
halogen;
each R’ is H, halogen, alkyl, substituted alkyl, cycloalkyl, or substituted cycloalkyl;

mand p are 0, 1, 2, or 3, provided that at least one of m or p is not 0;
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35.
36.
37.
38.
39.
40.
41.

WO 2012/166559 PCT/US2012/039468

" ®) ®
)
m.I'\/' /R3 T) I .A.IN\
C— 9@ — i ——
- \ g( ) '%/C\ S 30 E/C=C\_§ ORI ction XU L;%/C\ > g ®
Myis @ % @% R R @ R @Y R @% R ’
® ®) ®) . ®) .
e g, | /0 A
/ c_c—é (b) O—C—E (®) s—c—é ()
/c—c—é ® / | | |
AN R
Ry J‘s‘r Y,V V7,7, V¥, 7.}
@ @ , @ , Or @ , where (a) indicates

bonding to the B group and (b) indicates bonding to respective positions within the

heterocycle group;

(b)
(b) [Va VoVl R»
T 2
/!— 3(b) / ( 3 —$ () /" —$®) /c—s—é ® 1L4 },J
M; is (a;l) (a)z? Ry (a)‘% (a)Lev or (a)

where (a) indicates bonding to the B group and (b) indicates bonding to respective

positions within the heterocycle group;

(b) (b) o (®) (®)
o | T T
‘ | Rs—C—C—é (b) o—c=§ (b) s—c=§ (b)
AR AR \ \
M, is (a)ié <a>2$ Ry Ko ) ’J?reo , S or ’”ﬁ)

where (a) indicates bonding to the B group and (b) indicates bonding to respective
positions within the heterocycle group;
cach Ry is independently selected from the group consisting of C,-Cs alkyl, C,-Cs alkoxy,
ester, ether, thioether, aminoalkyl, halogen, alkyl ester, aryl ester, amide, aryl amide,
alkyl halide, alkyl amine, alkyl sulfonic acid, alkyl nitro, thioester, sulfonyl ester,
halosulfonyl, nitrile, alkyl nitrile, and nitro;
qis0,1,2,3,4,5,6,7,8,9,10 or 11; and
cach Ry¢ is independently selected from the group consisting of hydrogen, halogen, alkyl, NO,,
CN, and substituted alkyl.
The compound of claim 34, wherein R, is a polypeptide.
The compound of claims 35, wherein the polypeptide is an antibody.
The compound of claim 36, wherein the antibody is herceptin.
The compound of claim 34, wherein R, is a polypeptide.
The compound of claims 38, wherein the polypeptide is an antibody.
The compound of claim 39, wherein the antibody is herceptin.

The compound of claim 34, comprising Formula (XXXI-A):
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=N R7 O /\ Me OMeO

R3 R
40
HN
Ry Rz

42. A pharmaceutical composition comprising a compound of any of claims 1-23 and 27-41 and a

pharmaceutically acceptable carrier, excipient, or binder.
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