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[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¢L

R7 O /\ Me OMe O
MeO NH

Formula (I):

wherein:

Z has the structure of:

Re
cVé\(KAr
Rs :

Rsis H, CORg, Ci-Cgalkyl, or thiazole;

Rg is OH or -NH—(alkylene—Q),—NH,;
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| WD 2012/ 166560PCT/ US2012/ 039472 R6 is OHor H Ar is phenyl or
pyridine; R7 is C -C6al kyl or hydrogen; Y is selected fromthe group

consi st i nyoab12amwessydr oxyl am ne, net hyl, al dehyde, proteeCeaSadidebode,

ket one, protected ketone, thioester, ester, dicarbonyl, hydrazine, am dine,
i mne, diamne I? ket o- am ne, keto-al kyne, al kyne, cycl oal kyne, and
ene-di one; L |§6§%% Wﬂ@r sel ected fromthe group consisting of -alkylene-,
-aIkyIene-CXO)Aqumabkmhghﬁme)" alkylene-, -(al kyl ene-Q)ii -al kyl ene-C(0) -,

bg%é?glg?g-q%;ﬁ§qﬁﬂ%€g?%@§% ene 0) - al kyl ene-,

- (al kyl ene- Q) isiscladtécyr@n ehe\@aup colskiyd mﬁ-hﬂrﬁﬁyla\ﬁﬁme methyl aldehyde, protected

-(al kyl ene-Oii | ene- U- al k ene
ol Kyl enen U kpPERAY kG pe it PR Haibe ofth e KB G e 9iPuct ur o
of : CO2H VNI r Ndf@mine, azideOitetd-arhifie &tbﬁa[ktyne ‘aﬂklyﬁe Bﬁild’zl]/ldyne Bhd és-dX0B8, and R8 is

- NH | k
ARSI et .)lmlf%aﬁe%i%r*goa%@ﬁ Bolb gt tiotio R s ol R e By
thiazole. In Ohlhﬁléneemmldylﬁﬁn()ﬁl alRﬂeﬂeSC(H) |—(hH@$§nb€D)Q—(€H§)Q€NHKB(IOI)§(CHéﬁ~I S

phenyl. In fur r ts 7 1S
bt rent s, nclBoy-3aF ser SRR BB GEg5 gHikE e PRy R 08t HKBO871 1
sone enbodlnEnhmyb@%cprmundakﬁbﬂﬁQQFMbﬂdeUﬂmkﬂﬁkﬂgOEQmﬂMl@M&kh&{Dn 2 WO
2012/166560PCT/ §201ﬁ/5g3472 In certain enbodinents, L is

- (al kyl ene- Q)i = “°'n specific enbodi nents, each alkylene is -
CH2CH2-, nis equanmimeanmamdﬁR7 is methyl. In ot her enbodi nents, L is
-aIkerne- In specific enbodi ments, each alkylene is -CH2CH2- and R7 is
?eny: or Egdrogﬁﬂ IIn certaln enbodlnents ;ig}?'- o t ]

al kylene-0Oii-a e , i c enmbodi nents, eac
al kyl ene is -CH2CH2-, ]In | e ggﬂf] and R7 is nmethyl. In further or
al ternative embodi n&ft s (amylrm 0)"-(CH2)", - NHC(0) -

(CH2)-C(Me) 2-S- S (CHR2) - HCKD) tal Iene 0),-al kylene-. In specific
enbodi nents, each alkylene is -CH2CH2-, n is equal to 1, n'" is equal to 2,
n" is equal to 1, n "' is equal i, N" is equal to 4, and R7 is nmethyl.
[0008] In some enbodinments, Y is 2|de I n ot her enbodi nents, Y is
cycl ooctyne. In specific enbodl nt'sH,t he cycl ooctyne has a structure of:

U has the structure of:

COH

;Ul

or L is absent, Y is methyl, Rs is CORg, and Rg is -NH—(alkylene—O),—NH,; and

"

each n, ', n", n" and n™ are independently integers greater than or equal to one.

[0006] In some embodiments, R; is thiazole. In other embodiments, Rgis H. In certain embodiments, Ar
is phenyl. In further or additional embodiments, R; is methyl. In some embodiments, n is an integer from
01t020,0to 10 or O to 5.

[0007] In some embodiments, a compound is described comprising Formula (1I):

H2N\ /L\ N\)J\ 7;\[‘/
R7 @) /\ Me OMeO

Q§/s



(R19)q ; each R19 is independently selected fromthe group consisting of
Cl-C6 al kyl, Ci1-C6 al koxy, ester, ether, thioether, am noal kyl, hal ogen,
al kyl estwp,20mvpbseest er, am de, aryl am de, al kyl hali decTaiskyi/oasirne,

al kyl sulfonic acid, alkyl nitro, thioester sulfonyl ester halosulfonyl,

nitriI n|1r| %Ppltr ? ﬁi Fﬁ é% 9,
10 or T AR e b hpsa S oTORE- g R rRURE S P HAOIEE
conpou r(cﬁzcaalrz— slad équalhes entl R, &oﬁmmyl SInF@eF@IhBﬂthﬁerﬁsL th) au(yle\& Iﬁ\gﬁecﬂ‘fc (VI ) R7
OoMe OVE ove41/ 4/ h/b
NVeMeON elgil ts eac ygenﬁ.ls 7 1s methyl or )Nrgge? anl’t&Né eralwéh b 18 —

(alkylene—O)n—alkylene—C(O)—. In certam spec1ﬁc embodiments, each alkylene is -CH,CH,—, n is equal

to 4, and R, is methyl. In further or alternative embodiments, L is —(alkylene-O),—(CH,),—NHC(O)-

(CHy),—C(Me),—S—S—(CH,),~—NHC(O)—(alkylene—O),~—alkylene—. In specific embodiments, each

alkylene is -CH,CH>—, n is equal to 1, n' is equal to 2, n" is equal to 1, n " is equal to 2, n™" is equal to 4,

and R; is methyl.

[0008] In some embodiments, Y is azide. In other embodiments, Y is cyclooctyne. In specific

embodiments, the cyclooctyne has a structure of:

\\44/

(R1g)q
each Ry is independently selected from the group consisting of C,-Cs alkyl, C,-Cg 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; and
qis0,1,2,3,4,5,6,7,8,9,10 or 11.
[0009] Some embodiments of the present invention describe a compound, or salt thereof, comprising

Formula (III), (IV), (V) or (VI):

X ]fﬂ 5

R, O /\ Me OMeO

g ()
_NIWNJL .
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Me Me NH



Me MeMeO M L3 -y RO M L4 -y 0
Me MeMeO OMVR41/4Me ,s"HN M OV O M MeMe wherein: Z has the structure
G -Co6

of: R 6 cW8lAr/eeseRS is H CORs, al kyl, or thiazol @CTR$2012/0834472
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R6 is OHor H Ar is phenyl or pyridine; R7 is G -C6al kyl or hydrogen; Y
and V are each selected fromthe group consisting of an hydroxyl am ne,

met hyl , awvoebhixdesesepr ot ect ed al dehyde, ket one, protect edPkEtusn@2/0847nest er,
ester, dicarbonyl, hydrazine, am dine, imne, diam ne, azide, keto-am ne,
ket o- al kyne, al kyne, cycl oal kyn and ene-dione; L1, L2, L3, and L4 are
each |inkers independdat) Wesel group consisting of a bond,
al kyl ene-, -(al kyl e&le- @)
-alkyl ene' - J- (al kyl &fien0) f
-(al kyl ene- Q)i i - al kyl efjg- & (atkyhgnen@ o ne-r-, -
(al kyl ene-0Qii - al kyl ene- J- aMkyMene' -, - WMeG al jgﬁéw

al kyl ene' -J-(al kyl ene-NMe) i i al kyl ene-W, -J-(a kyl -NMe)ii-al kyl ene-W,
- J-al kyl ene- NMe- al kyl ene’ 4 NVeal kyl ene”- W, andAr HN~™L,

- al kyl ene- J- al kY¥ e NVey al
of : WO 2012/ }£656 PC‘W usk012483947
have the structuné of TSsaNL (
n and n' are indgeenslentl y mdt egers gr
certain enbodi nents, &€ ound is MeScri
[0011] In certain enbodi ments, L1 is -(aPkylgnd Oi

0 NH2 each J and J il_ndependently

MeJL Ncs's H apd?
toVone. [0010] In
or mul acvpVv1 1) :

{ -al kyl ene-J-, L2 is

-al kyl ene' -r-(al kyl ene- 0) "me kyl ene-, B8 i\s -9"-(a| kyl/ene-O "-al kyl ene-,
al kyl ene is - CH <€ al kyl effe’ WM& -¢GH2) 4-,Rm is 1, \n' /and cscs Ycs N O n"
are 3, J has f{he s rucﬁur oflpi J" have the syrutture ofH, and R7 is
net hyl. I n other Nenbpdi Fenths e - Ryl ene-O yi-al kylene-, L2 is

-(al kyl ene-0Q) i i - sllekyd me-M]eMaal QyEene' -4 D S - (al Kyl ene-0), - al kyl ene-J"-,

al kyl ene is - CH2CH2-, "& B ene’ s M(?%Hzg)
Is YL 1\ 1csss

Ar O
Re
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-Cgalkyl or hydrogen;

Y and V are each 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;

Ly, L,, Ls, and L4 are each linkers independently selected from the group consisting of a bond, —
alkylene—, —(alkylene—O),—alkylene—J—, —alkylene'-J—(alkylene-O),—alkylene—, —J—-
(alkylene-O),—alkylene—, —(alkylene—O),—alkylene—J—(alkylene—O),—alkylene-J'—, —
(alkylene-O),—alkylene—-J—alkylene'-, ~-W—, —alkylene—W-, alkylene-J—(alkylene-NMe),—
alkylene—W-, —J—(alkylene-NMe),—alkylene—W-, —J-alkylene-NMe—alkylene'—NMe-
alkylene"-W-, and —alkylene—J—alkylene'—NMe-alkylene"-NMe-alkylene-W-;

W has the structure of:



J, J' and J" have the structure of H [0012] In sonme enbodi ments, Y is
azide. In other enbodinents, Y is cyclooctyne. In specific enbodi nents, the
cycl ooct ywe 2bmgi6e568t ruct ure of : WO 2012/ 166560PCT/ US20P2raB3etZa394(R) 9) q ;
each R19 is independently selected fromthe group consisting of Cl-C6

al kyl, C1-C6 al koxy, ester, ether t hi oet her, am noal kyl, hal ogen, al kyl

ester, aryl ester, anlde ary anlde aIkyI alide, alkyl am ne, alkyl

sul fonic acid, alkyl Meth éF ester, hal osul fonyl,

nitrile, alkyl nltr%égi 6;85 q |s o, 1, 2, 3 4, 5, 6, 7, 8, 9,

10 or 11. [0013] CerdaiN mts of the present i nvention describe a
conpound conpri si ng For fu Ia)(v or (1X): R3R2 HN, R1 wherein: Ais
optional, and when present is FLMfr al kyl ene, substituted | ower alkyl ene,

| ower cycloalkylene, substituted r cycl oal kyl ene, | ower al kenyl ene,

substituted | ower al kenyl ene, aIk nyl ene, | ower heteroal kyl ene, substituted
het er oal kyl ene, | ower heterocyclaalkul,ene, substituted | ower

het er ocycl oal kyl ene, arylene substituted aryl ene, heteroaryl ene,

substi t ut ed heﬁ@héamyleﬁﬁmnémﬂ&hVF@ﬁeﬂu§Wﬁ§f|tuted al karyl ene, aral kyl ene,

or substituted aralkyl ene; B s optional nd when present is a linker
sel ected fromthe oup cqn ng of owéggplkylene, substituted | ower
al kyl ene, |ower akkemyl‘en rt Qf ed'N r al kenyl ene, | ower

het er oal kyl ene, subs tuted Iomer heterdblkylemb -0-, -0-(al kylene or
substituted al ky. " d al kyl ene) -
-S(0) k- where K h%qﬁanfre m&:ép?d-el%g(g%g%a%ﬁ ce%%aél Og?&l%btb%%?t uted al kyl ene)

- C(0) - ,[001@] Oh crairkgrhtodiencots, seppoutdis éﬁcmeﬁybmme)ng,ForlﬁI(ISWH) c(S) -

(alkylene or substltuted al kyl en -N(R)-, -NR -(al kyl ene or substituted
al kyl ene) - C(0) Ne - ene or substituted al kyl ene) -,
-CSN(R ) -, -CSN ) *yle e 8it ted al kylene)-, -N(R ) CO-(al kyl ene
or substituted a CX O KNR)-, -NNR)C(O)N(R ) -
-N(R)C(S)N(R) -, MN(RB{@GOM_EMM )-N=, - C(R)=N-,
-C(R)=NNR)-, -C(R) QR)NﬁN aU- R)2-N(R)-N(R)-, where
each R is independently H, alkyl, or subsPlt alkyl; Ris H, aIkyI
substituted al kyl Mecy(k)leoal K¥de

substi t ufe cyHNob kyI (VII)
0
H AY
Me« N S
N:[%r TN
Me O .~ Me OMeO
Me Me NH HN—L;

Re

[0011] In certain embodiments, L, is —(alkylene—O),—alkylene—J—, L, is —alkylene'-J'—(alkylene-O),'-
alkylene—, L3 is —J"—(alkylene—0),"-alkylene—, alkylene is -CH,CH,—, alkylene' is -(CH)s—, nis 1, n' and

éf \N i J,S Jss ~ N i O/‘%-L
n" are 3, J has the structure of H , J'and J" have the structure of H , and R is methyl.

In other embodiments, L, is —J—(alkylene—O),—alkylene—, L, is —(alkylene-O),—alkylene—J'-alkylene'—, L;
is —(alkylene—O),—alkylene—J"-, alkylene is -CH,CH,—, alkylene' is (CHz)s—, nis 1, n' and n" are 4, and

ey
J, J'and J" have the structure of H .

[0012] In some embodiments, Y is azide. In other embodiments, Y is cyclooctyne. In specific

embodiments, the cyclooctyne has a structure of:



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 woeommenisoaci d, pol ypepti de, or pol ynucl eoti depCR3iSand/oB¥7ar e each
i ndependently H, hal ogen, |ower alkyl, or substituted |lower alkyl, or R3

and R4 or two gr oups optionally forma cycl oal kyl or a heterocycl oal kyl ;
Z has the stTuc or R 6 csssAr R R5 is H CQ2H, G -Co6al kyl, or

t hi azol e; ﬁ/@l—g H Ar is phenyl or pyridine; R7 is C -C6al kyl or

hydr ogen; | i nker selected fromthe group consisting of -alkylene-,

- al kyl ene- C(O) Rio)a- ¢cal kyl ene-0)"- al kyl ene-, -(al kylene-Oii-alkylene-C(0)-
CE Eli‘/lb? 32” gt‘g_ 9 19 Nl_&easn Ié yﬁg ecétﬁ%frﬁ? the &rw |C8]?fé5tmg of C-Cs alkyl, C;-Cg alkoxy, ester,
- (al kyl ene- O) i Bt-hal ihyieﬁﬁeaﬁMlpalkylﬂialngre IaH{yC(sfé) -aW pster, amlde aryl amide, alkyl halide,

-(al kylene-Oiisal kyl e K
al oyl e 0 a kg2 R SanklcEf o, i MG S BRME Bl it ur e
of : CO2H cvNI rNkﬂnltalbdand\Mﬁr(QGﬂxﬂl 166560PCT/ US2012/ 039472 each n, n', n", n"
and n" are i nd t t reater than or equal to one; or an
active net abat)isl’t(éaelgrIzl %al%pjf‘i;é %’gﬁ lgcaI |y acceptabl e prodrug or solvate
t her eof[0018) I} tainrenb odimeasrbide ]SEEsn:hSandRﬂlon &esa@ibpalcyippqint demprisihngHoaauld (1) or
enbodi ts, the polypeptide is an antibody. In certain specific

enbodi ts, the antibody is herceptin. In other enbodinents, R2 is a

pol ypeptide. In specificq,enbpdi nents poI ypeptide is an antibody. In
certain specific enbodi nentf, |];|heQant t?_p erceptin. [0015] Sone

enbodi ments of the presentAAnveat C(M'g)ound or salt thereof,
conprising Formula (X, (%), ()@I)uor 1)
h Me Me MeO NH
B )
A_O
Ryl R4
Rs3 Ro
HN.
Me<_ Me Me Me
H 9 H Me . Re
Me~ N\)J\N < N N
| S A )
Me O .~ Me OMeO OMe O
Me Me 0™ "NH Rz Ry Ri
L« NH
A
P OTR:
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)-

7



WD 2012/ 166560PCT/ US2012/ 039472 NH , 0 RATR3 9R3 NB wherein: Ais
optional, and when present is |ower alkylene, substituted | ower alkyl ene,

| ower cycwoabieyleesse, substituted | ower cycl oal kyl ene, | eagrusadizessarene,
substituted | ower alkenylene al kynyl ene, | ower heteroal kyl ene, substituted
het er oal kyl ene

t | Ik tuted |

heterocycloalkVﬁ@%@eoﬁ ﬂ%%% C O %%g <%§¢?@ﬁ uﬂé?@?ﬁﬁ%&ﬁgﬁﬁﬂ
subst Lt ut ed hgtce(om(rwl ¢ jl erze)N(n1)kaky4he_ra>esumeb@a g&;\fﬁﬁ} GCEE’MRSOt ,eO8N(Ray- @h&g}ehene,
or substituted ar e: Bis 0 . an en.presen er
sel ected fron1PﬂﬁgﬁW%ﬁgﬁﬁgwgfé$¥§géggﬂﬁgﬁgﬁ”5???W@ﬂgﬁy§ﬂ%sf¥@ﬁﬁééxfomer
ﬁlkylenfk :oweﬁxahNe?y AR, CRUPER i), @D AOWER)-a k@B @e(R - OWER*)-N=, -
et eroa ene i
substituted al EQ? Eﬁ% é(ﬂf)e@ﬁ(ﬁ ?éﬁe ﬁ lgn’e%gé ?ﬁﬂ%t?ﬂdu%fg)aﬁk\ﬁy%ﬁ% where
-S(0) k- where kach®’ ¥, indpelentB, H,-aS{y0 bk {udbtkytb@sleylor substi t ut ed aIkerne)
- t , S
(g}kylene or g&ﬁgﬁyt%@gﬁgéﬁigYZﬂé%u&ylﬂwﬁ§¥mnahﬁﬁpmké}kylenecgr)substltuted
al kyl ene) -, R,G(R) d&d(alam)chkrote&Hagd(gl%ub réﬁxh Iﬁyle&mélﬂh?lmk péwe@ddeablkgdlﬁlna}clﬂfel
- CSN(R - r t t n
) i g SR B it S S BB i MR ™
) -C,( R'- ;\l( SI- ) CRP(g)S)n[NRRre gach imddfdrden}1$ H| B1kdNG, Ffowéra,lky'l N Rlbst)tutgﬁzh)zvg gﬁ(olé)}l)‘ = Bhd %

- -, where
each R is i nd%@‘i%%ﬁf(%uw ‘F‘f”oﬁalul‘(%rm %?ycg':ﬁ‘ggltof ?E‘?tgﬂggéﬁ?%l Ris H alkyl,

subst it ut ed ahdsyle straptadeoal kyl , or substituted cycloalkyl; RL is H an am no
protecting group, resin, at | east one ami no aci d, polypeptide, or

pol ynucl eot i de; §s OH, an ester protecting group, resin, at |east one
am no acid, poﬁ ptide, or polynucleotide; R3 and R4 are each
|ndependently H, rha Iogen, | oner al kyl, or substituted |lower alkyl, or R3
and R4 or two R3 @roups optionally forma cycl oal kyl or a heterocycl oal kyl ;
Z has the struBtiste COLH, R-Galkgls sithiaRBe; RS 1s H CO2H, C -C6al kyl, or

t hi azol e; R6 iﬁggﬁﬁP&fﬂ; Ar i s phenyl or pyridine;
Ar is phenyl or pyridine;

R is Ci-Cgalkyl or hydrogen;

L is a linker selected from the group consisting of —alkylene—, —alkylene—C(O)—, —(alkylene—0O),—
alkylene—, —(alkylene—O),—alkylene—C(O)-, —(alkylene—O),—(CH,),~NHC(O)—~(CH,),,—
C(Me),—S—S—(CH,),—NHC(O)—(alkylene—O),~—alkylene—, —(alkylene—O),~alkylene-W-, —
alkylene—C(O)-W-, —(alkylene—0O),—alkylene—U-alkylene—C(O)—, and —(alkylene-O),—
alkylene—U-alkylene—;

W has the structure of:

Juwﬂﬁf*f

U has the structure of:

COH

;Ul



R7 is G -C6al kyl or hydrogen; LI, L2, L3, and L4 are each |inkers

i ndependently sel ected fromthe group consisting of a bond, - alkyl ene-,
- (al kyl erwo®iNteedokyl| ene- J-, -alkyl ene' -J-(al kyl ene-0) i ipCalusgdiensss72
-J(al kyl ene-0)ii-al kyl ene-,

aIkIeneOn-IkIn,
(arkyl ene 011 EFRyTal 0l BB i B S8 i ot oo
al kyl ene'’ oﬂa-n(aah\temhemwj\e)a:phahiayduemrywqepmule pakdkigloe navaMadrest- al kyl ene- W ,

-J-al ky | ene Meal kyl ene”- W, and . D

"o eyl IR TR Ryt ARG PO KesP Ot Sioe P Grineen. WeRgPEIEe BePuct ur e
of :  Nhnhédy. @ahaid s@dadic&mbbdiﬂheme mldaemtﬂquyhsaae&epﬂﬂe IﬁbﬂlHlCéinhHoeanflts RM

2012/ 16656 / US2012/ 039 nd n' nde ende i nt egers
o oat P PRE, AT Do RGeS rg ooy e

pol ypephd d@bodyris Bpepiih.i C enbodl nments, the pol ypept| de is an antibody. In
certai cific odi e t he ant.i b IS herce

erbodt ARRE Sorss SrB0R SHbp e o p B & cgRROarE A Mo e BrYBE pt i de
i's an amkmiledy), Ctin (xay sraixmspeci fi c enbodi ments, the antibody is herceptin.
[0017] In sone enbodi ments, provided herein is a nethod for derivatizing a

dol astatin anal og conpri si nyge Mmlag\/\ " (IMd ) V), (V), or (M), the
met hod conprising contacting the ﬁ tatita anal ogpwith a reagent of
Formula (XXXVI1), wherei szen N(I N Mg, or (VI) correspond
to: Li0Z YMe B k.M HOHNN1_ Y
Thi N R7 OMe Owe 0 I\/e Me ORH Mel\/Me IVlel\/le 0 HOH MeO NH
z
R /N L(N\)J\ ]i\‘/\'(
B\ R7 @) /\ Me OMeO
Rs3
R3 Rz
HN\
Me O /\ Me OMe O OMeO R, 31
N
0 XD
Me " RiLg
Me~_-Me 0 Me Me o A 3
M H\)J\ & N N B R
NN T
Me O _~ Me OMeO OMe O, R

Me Me



N.r NR7 0 /7 M OV 0 Me MeMeO MeMe.,,Me O HOH Me.NNN 1,1 MeMe OV O
Me MeMeOH HN-L4 O ArKO wherein: Z has the structure of: R6 cssS5Ar R5 R5 is
H, CORs, wWD-20Rzl6k36h, or thiazole; Rg is OH or -NH (al kyPemars@)12mEL2? R6 i S
OH or H Ar is phenyl or pyridine; R7 is Cl1-C6 al kyl or hydrogen; Y is

NH2-0- or nmethyl; L, LI, L2, L3, and L4 are each linkers selected fromthe
group consisting of a bonWe ekyl

-(al kylene-OQ)ii-al kyl ene-, - l§y
0)"-(CH2)", - NHC(0) - (CHZ)"— _al k
yl ene-, - (aI kyl ene-OA I - ahgylcene W ,Me

-(al kyI ene-0Qii-al kylene-J-, -aMeyMene'-

Hﬂ% .

R7 O /\ Me OMeO

HN.
R1
L4_N Me
R
7 NH
o z ,
R7 O /\ Me OMe O OMeO R, 31
o NH
L (XD
Me Me 1 Re R,
@ AR
3
R7 O /\ Me OMe O OMe O R
R7 O /\ R12 OMe O OMeO

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),- where kis 1, 2, or 3, -S(O)(alkylene or
substituted alkylene)-, -C(O)-, -C(O)-(alkylene or substituted alkylene)-, -C(S)-, -C(S)-

10



J-(al kyl ene-0)ii-al kyl ene-, -(alkylene-Oii-alkyl ene-J-al kyl ene',

-J-(al kyl ene-0)"- al kyl ene-,

- (alkyl erwo&))izi/mesmyl ene-J- (al kyl ene-0) "' -alkyl ene-r-, POTUS2@ER0yMene- W ,
al kyl ene' -J- (al kyI ene-Nwe)ii-al kyl ene-W, and J-

T anen 0y Tl YRS Rb NI gl diglaster 40

- Jal kyl ene- NMe- CG(DKN(IRE)?I,G—'CONWE’-)&JHK}‘YN:I&NE's'ubWtutea.lldiylene) -CSN(R’)-, -CSN(R”)-(alkylene

- al kyl ene-J-al kyl ene’ - -al kyl ene” - - l.ene . Wh t, tructure
of: Ni o N U M THLAGIPEEY AR op-a SW“‘&QV}ﬁiylﬁne%‘ngé@“ Fofd- _
i ndependent |y HROENIHTE, S(RUCIOINER DS, :NR® msmw m@s(@mm) NRON=L-i s

Shsent Y TR e A e S e e B e

one; V\/ner ei n Fedch Rl & ifdépdet)y Iﬂ:&ﬂdyﬁspmbdﬁutb@amﬁl AK R3- "13" 'R (XXXVI I )

wher ei n: 2012 166560P 201 39472 opt.j qnal , and when present
is | ower ay\%ﬁsgﬁé Y §tEtP%?l 6 ‘gyl ?rkvpsélﬂgeds‘iy‘é%l‘qal kenyl ene,
substituted RION\HIandnkﬁﬂybte(ﬂﬁhg gﬁﬁlyheiﬁlﬁ,at Bagbsitd atmjltceaimpw@@ede hﬂioﬂ?ﬁﬂﬂéqtidene

substi t uted §£I | enet al karyl ene, F l%StI t ut ed ar%/fl f raI ké dene
or substituted® {CEpglectgig; so p’”tef%r?é cas alheda%‘é%l%%%% fids. & %" Yrulgetpde
sel ect ed fr amahtB, ge eidh nﬁiemﬁdesﬁly 0] hﬂégehqmér atllyk ok emetitutsditostet A1kl ed R; @dER,

al kyl ene, | ower al e I ene,. SU t| tute wer al ken -0-, -0-(al kylene
or substituted”aPRyY éIS’S "P“"%"‘ "r%“’(%lc%?z‘}‘ r?éaBFteré’EPff}él‘{aﬁ%‘/ﬁt ed al kyl ene) -,

- S(0) k- wherzhds thestrgtud of:0r 3, - S(0) k(al kyl ene or substituted al kyl ene) -,
-C(0)-, -C(0)-(al kyl ene or substituted al kylene)-, C(S)-, -C(S)-(al kyl ene
or substituted al ene)-, -N(R)-, -NR -(al kylene or substituted

al kyl ene) -, - Cé’a -, -CON(R)-(al kyl ene or substituted al kyl ene) -,
-CSN(R ) - CSN(R ) - (al. kyI ene or substituted al kylene)-, -N(R ) CO-(al kyl ene
or substltuteda?ylene) N(R)C(0)0-, -S(O)KN(R) - -N(R’)C(O)N(R’)-,
-N(R ) C(S) N(R RnsHN(oaﬂ(semmm)ﬁazoleml(w )-N5, -Q(R)=N-, -G(R)=N-N(R)-
-C(R ) =N-N=, &( C?FE and C(R)2-N(R)-N(R)-, where each R is

i ndependent |y ¢ *al'k{i")" or substituted alkyl; each R is independently H,

al kyl, or subsmtslpﬂaadlaiﬂyyiﬂme

R is Ci-Cgalkyl or hydrogen;

Ly, Ly, Ls, and L4 are each linkers independently selected from the group consisting of a bond, —
alkylene—, —(alkylene—O),—alkylene—J—, —alkylene'-J—(alkylene-O),—alkylene—, —J—-
(alkylene-O),—alkylene—, —(alkylene—O),—alkylene—J—(alkylene—O),—alkylene—J'—, —
(alkylene-O),—alkylene—J—alkylene'-, ~-W—, —alkylene—W-, alkylene-J—(alkylene-NMe),—
alkylene—W-, —J—(alkylene-NMe),—alkylene—W-, —J—alkylene-NMe—alkylene'NMe-
alkylene"-W-, and —alkylene—J—alkylene'—NMe-alkylene"-NMe-alkylene-W—;

W has the structure of:

cach J and J' independently have the structure of:

11



Ris H alkyl, substituted al kyl, cycloal kyl, or substituted cycloal kyl; Rl
Is H an amno protecting group, resin, at |east one am no acid, or

pol ynucl ewoi2de2/166850i s OH, an ester protecting group, re®CmUSat12/08832 one
am no acid, or polynucleotide; and R3 and R4 are each independently H,

hal ogen, | over al kyl, or SUb/ﬁqut ed Iower al kyl, or R3 and R4 or two R3

groups optionall y méta C Igg et erocycl oal kyl . [0018] In sone
enbodi ments, the | e a t@tl ™ og conprises at |east one oxine

cont ai ni ng am no aci d havmljthe structuwte of ofgprmula (VITL), (1X), (X),
(X1), (XIT), or ﬁX' 11): WD 2012/ 166560PCT/ US2012/ 039472 | 3A0 R37 R3R2
HN. R M Me 0% aefﬁl RrezndegrpdeniiyNaicgyvegrerfphapeor cqual to one.

[0016] 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.

[0017] Insome embodiments, provided herein is a method for derivatizing a dolastatin analog
comprising Formula (I), (II1), (IV), (V), or (VI), the method comprising contacting the dolastatin analog
with a reagent of Formula (XXXVII), wherein Formula (I), (IIT), (IV), (V), or (VI) correspond to:

Me M

N
R, O /\ Me OMeO
NH
- z 1M1
Y (IIT)
L(NQL %

R7 @) /\ Me OMe O

Me
Me\l}l _ , Me
Me O .~ Me OMeO
Me Me MeO NH O

O ﬂ
Ar HN—L
Me - _Me ] Iv)
o IWNJL
|

Re
Me Ll
Me O .~ Me OMeO v

Me Me MeO NH HN—Lj3
O
Ar O
Rs

12



WO 2012/ 166560PCT/ US2012/ 039472 In specific enbodi nents, the

dol astatin analog is contacted with the reagent of Forrmula (XXXVII) in

aqueous swbubvizmeisnder m | dly acidic conditions. [0001] pCenisadin/oannndi ment s

of the present invention describe a conpound conprising Fornmula (XXV),

(XXVE), (XXVIL), (XXVIL1), (XX X), el (XXX)' Me Me o OH NN (R16)n1: 17 Owe
oMe.,1/4/Me Hii.01-1

OV O Me RIMe O R2 WD 202/ 166560
Me. NN NrIerle?\i euveowewe (XXVI1) Me Me
Lo—N Me
R7 o .~ Me OMe O
Me Me MeO NH
L
Y
W)
Me
NH
) z
Me
"7 O M Me MeO NH
)

Me

Me«

r _
N L1
| : \V
Me O .~ Me OMe O
Me Me MeO NH HN—L; %)
0]
Ar 0]
Me_ Me o Re

Me O .~ Me OMe O
Me Me MeO NH HN—L,

wherein:

Z has the structure of:

Re
cVé\(KAr
Rs :

Rsis H, CORg, Ci-Cgalkyl, or thiazole;

Rg is OH or -NH—(alkylene—Q),—NH,;
Rg is OH or H;
Ar is phenyl or pyridine;

13



0 Me41/4/ Me HH Me. NNN NTh-rN L2 1z1 R7 OMe Ove OOV QGArR6 H WO

2012/ 166560PCT/ US2012/ 039472 MeMeMe. 1/ 4/ me . OH Me. NNThrr NN L4 | I H R7-
eMeMe OVEWOOMWE/B6herei n: Z has the structure of: R5 | $CHUSQO21639472

G - Coal kyl , or thi azole; R6 is OHor H Ar is phenyl, or pyridine; RLis H,
an am no pr rou resin, at |east one am no acid, polypeptide, or
pol ynucl eot i ‘Fg ‘@leﬂ? Ydgechst er protecting group, resin, at |east one
am no acid, SDIBNII-Qe@LbﬂQethﬂ[ pol ynucl eotide; R4 is H, hal ogen, |ower al kyI ,

or Substitueq oer, alkyl o BTks, iR ing AL R R e bind: St
- ?lalkil legﬁ-e, o;| @]kklyﬁ@ﬂ&))@(@ﬂlkylenead)}gydﬂﬁgﬁmJ —(alky(ak ky) angidd-idOal, kiplkehae
(al kyl ene. 03 nO¥ @é&rrgﬁg%) s nkﬁ@ﬁ%yﬁ» @%zﬂﬁé@ﬁ‘j@?ﬂ%@“‘alkﬂme‘ -

CE |VF%(2| S-S ( )CH&I leyNIIE((®)) -a k&t el Ve n ﬁa]@;‘rleneab@l—wnf) (alkylene—O),—alkylene—J—, —alkylene'-
a ene-0) i e-\W., - a ene
~(al k§| ene-0)i | @l"ﬁ%vﬂ ﬁ%ﬁ%ﬁff}e@m YWSTO)%%(FGRW e o T lhAng Y -
(al :(Kl lene- Oili a]&&lkﬁf—{eﬂe]kﬂle@—@%Lﬂkb&ene—}—Oa{KyflﬁnkW)ﬁ%ky@ﬂeH _alwy fhr]l@f-le,ne—W—
-(a ene-0)iis e ene- W
al Kyl oner - 3o { a kS PEmds RO ARy et = 300 bt YT ERe N TR SRR T ee- w
((?Ikklyl eneO)O) [ tail?z&dﬁ&'—l@ﬂ@fk@ﬂeﬁé—k}hﬁﬁl@n@@)—— , —(alkylene-0),—alkylene-U-alkylene—; —J—

a ene- i
- 3- a?/kyl ene- NVRE gF%yﬁ&%éﬁWygm?lM?c w- aaq]aalkylene—J—alkylene —NMe-alkylene"-
- al kyl ene- J- al kylcemieyleddVewa] kyl ene” - NMe- al kyl enem W ;

W has the structure of:

JULNU@V“;

U has the structure of:

COH

el

cach J and J' independently have the structure of:
%{ﬁ\N)k ;LNjLO/%' or giN:ﬂi;
H H , H

or L is absent, Y is methyl, Rs is CORs, and Rg is -NH—(alkylene—O),—NH,; and

"

each n, ', n", n" and n™ are independently integers greater than or equal to one;
wherein Formula (XXXVII) corresponds to:
Ra
A< K-
R, B R
(XXXVII)
Ri~ R,
N R
‘0

wherein:

14



Whas the structure of: WD 2012/ 166560PCT/ US2012/ 039472 NH O NH2 U has
the structure of: CO2H cvNIrN O each J and J' i ndependently have the

st ruct ur ewof2o12/1668ach n and n' are i ndependently i nt egePsTgrse@mssrhan or
equal to one; and each R16 is independently selected fromthe group

consi sting of. hédro an

e | .
[0002] I n sdii R N TR SRR S A IR SR S
t he pol ypepti da;bsﬁutamlomt albaghene, bivige rsubstifitGipedede] iet@sdddelicn®@bitiuted he

oL B0y 15 neLes e L SHRET ST IERL S 2150 BALRERLA L
enbodi ment s,B s topucam hIKkD\dh/enlpSesm iscelpkembelcftODOGh ttﬁ@mpeaﬁs@dh@emt)ﬁer@ikylelna
RN N S AN < R
.L.NN 1i 4 R7 Gﬂ\éﬁbéﬂk&e(&lﬁ@enﬁ?}%m- -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;
each R’ is independently H, alkyl, or substituted alkyl;

o ° s [\ SR R
1;2&“,%%, %)KE,K, er,{Kf,%/'L\o}z

O\ /R
+N

|
v

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

, or

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 Ry are each independently H, halogen, lower alkyl, or substituted lower alkyl, or R; and R4
or two R3 groups optionally form a cycloalkyl or a heterocycloalkyl.
[0018] In some embodiments, the derivatized dolastatin analog comprises at least one oxime containing

amino acid having the structure of Formula (VIII), (IX), (X), (XI), (XII), or (XIID):

Me

NH (VIIT)
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20 WO 2012/ 166560PCT/ US2012/ 039472 Me MeoMe41l/ 4/ Me NYYN OMe Ove 0 Me Me
MeMedksme -Nr'r N OveMeMe OVe O MeMedksne Nr'r NN L4 Me Me OVe 0OV QAr/
R6 H wheweini2/ia63sas the structure of: R5 is H CO2H, ECITCBa01RpB47Dr
thiazole; R6 is OHor H Ar is phenyl or pyridine;

Me H R6
N
Ar
OMe O r R )
0] NH R; R3 MM

R
Me Me
H
N
L,—N \)J\I\Il N Me
R, O .~ Me OMeO
Me Me MeO NH
L o z
/ Me
(P Me Me 0 X)
RN H R
\l/ L3_N H l\ll Me
Bsv o Rz, O ~ Me OMeO
Ro—] Ra Me Me MeO NH
3 o z
R?\‘)LRZ
HN-.
Ry
Me
Me MeH 0 Me ! 0
Me« N N N N
oy fuﬂz
Me O .~ Me OMeO OMe O
Me Me Ar” Rg Rz Ry
NH
L °r XD
M Me 1 4 R
e Me o) A 3
B B WAL
Me-. N N X
N . NLs T
Me O .~ Me OMeO OMe O H R
Me Me Ar Rg
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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 woeomnenisoaci d, pol ypeptide, or pol ynucl eoti depCRASR&I216394A2] ogen,

| ower al kyl, or substituted |ower alkyl; R7 is G -C6alkyl or hydrogen; L,
LI, L2, L3, and L4 are each linkers sel ected fromthe group consisting of a
bond, -al kylene-, - al kyl ¥ag; e0)- ylvene-
-(al kyl ene-Oii _al kyl ene-,
(al kyl ene-0)n-J-, -(al Ig)_H—eN -
- (al kyl ene-0) " - (CHR) - HHO( Ok= (G2)2- 1o oo
C( Me) 2- S- S- (CHR2) - NHC(0) - (al kyl eNe- O, - al kyl enie)
-(alkyl ene-Qii-al ene-W, - al kyl ene:
-(alkylene-0ii qal kyNene-J-, Mg Meeneo-
(al kyl ene- O Ri_-al kyl epe- J- al kyl €ne’ H
-(al kyl ene-0)i] -al kyl
al kyl ene' - J- (aBkyl ege-

- (al kyl ene- O)hl aRLg | eng-
(al kyl ene-O)i i 2% -J

al en Me
- J-al kyl ene- NIVE akkyl ene’ - I\/ekMa yeﬁneOW e
-al kyl ene-J- al kyI en'é1 - NMe- al kyI NI\//éLa e ; H U has the
structure of: CO2H NN 0 0 Ne2 Nea h J anll J'Ti nllepe de 9y have the

structure of: each n anRn' Oay, g\w&‘épéﬂ‘d@sﬁtl s greater than
or equal to one; D has the structure o ik <.?N, Z2- N
Ri 7yN VI V14f N csss R17T3 R 7yNI, A ’

R R AR AL

Oii-al kyl ene-,

i -al kyl eneqxiy

g -al kyl ene-W,
MVe) ifi - akKyloenedl¥ , ped y Me)ii-al kyl ene-W,
al kyl eneMe( M? -

R O /\ Me OMe O OMeO R, 31
o NH
L (XD
Me Me 1 R4 R3
@ A R
R7 O /\ Me OMe O OMeO R
R7 O /\ Me OMe O OMeO

In specific embodiments, the dolastatin analog is contacted with the reagent of Formula
(XXXVII) in aqueous solution under mildly acidic conditions.
[0001] Certain embodiments of the present invention describe a compound comprising Formula (XXV),

(XXVI), (XX VII), (XXVII), (XXIX), or (XXX):

Me<_ Me OMe M
H H WHC
o I_/ﬁ/NH\/L\N N N N Me
16/n |1 L
e N Ry of /\M Me OMe O VoG NH (XXV)
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Mef N R17-13 ,Z1R17N 'zcsss, 77 T),.z1 N NNNN zZi N 1Il "1Tz3 each R17
is independently selected fromthe group consisting of H alkyl,
substi t utwo 2ai2kpbieoal kenyl , substituted al kenyl, al kynylPCTAIsh&R2iosurEd
al kynyl , al koxy, substituted al koxy, al kyl al koxy, substituted al kyl al koxy,
pol yal kyl ene ox!?e, substituted pol yal kyl ene oxide, aryl, substituted aryl,
het er oaryl , Mg 9 tut t anar’y karyl o substituted al karyl, aralkyl,
substltut@Q aggﬁﬁ I M (alk VI ne Ssthit uhed aIkerngg ON(R') 2,
- (al kyl ene oN stLtuﬂed A al kyl ené“or substu&%%gd
al kyl ene) - S-8; apyLAq%hﬁub@MeKhted(ﬁmy ), C(O)R - 2R?2
-C(0)N(R') 2, whef€in '€ach R' is independent Nyl yer o alkyl, substituted
al kyl, al kenyl, substituted al kenyl, al koxy, su § I $%e54§tkoxy, aryl,
substituted aryl, het er oar yl , alkaryl, substituted % ?ryl aral kyl, or
substituted aral kyl; each Z1 is a bond, CRI 7R17, O, " ’
CRI 7R17- CRI 7R17, CRI 7R17- 0, OpMeRI A7, qmg7
or NR -CRI7R17; each R is H, alfyl orQsu stHMﬁt d
d C3 %nylene and

sel ected fromthe gr oup coq§_§
L@(?ndepgwaé%tly sel ected from

substituted Cl-C3 al kyl ene,/2optli onal | ¢ s
optionally substituted heteroal™Ryl v&athe

bond, optionally substituted al kyl ene, optionally
het er oal kyl xxvR5, -S-,

the group consi sti of
RY(R'S, 0, or S; with

substi t ut al kenyl ane, t maallgw
-C(0)-, - BN dNN(R') ; eaclf T3isja b
t he prOVISO t hag, AfhenRir3 i 0_qq N&/%a@ \ dach R' is H,
hal ogen, al kyl, t|tute aI cycl o Iky 0 subgtitiuted cycloal kyl; m
and p ar e o, 1, 2, ? 3, prOV|déd ? et |k ?eas one ofPMm%r p is not ;0; (b)

urWw, 122 (b) M M2 i s gwa)? R3 (b) b)

ILrN\)J\ Me

Heach Z2 is
optionally

R, OM/\ Me OMe O OMeO R
R4
L, _ﬁ;&—ﬁ (XXVII)
\_N_<£;> R, O
N\)J\ (Rig)n
R O /\ Me OMe O OMeO
—NLT 7AT/W(
R+ O /\ Me OMeO
Ne-L
(R16) @ Hv 1 Me Me Me Me
n
X N-p ~H (XXIX)
Ry N Me

0" R, R; O /\ Me OMe O
MeO NH
O z
Me
IW X jQW .

R~ O /\ Me OMeO
eO NH
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(b)(b) 115 CV\ ((b) R4(a) VC--CQ (b)Q o(b)(b) (a)RAV \ R4(a)V R4(a)124
bonding to the B group and (b) indicates bonding to respective positions
wi t hi n t wohet2awessycl e group; (b)(b) (b)(b) (b)5(b)(b)r PETTSD1I0F94KB i S
(a)'2?(a)' 2?2\ R4(a).2?(a)' 2? , or where (a) indicates bonding to the B
group and (b'g? gﬂcate bondi ng tq respective positions within the

het erocycl e (b) 1Me R3 - C - --=(b) I'l 0-c=(b)SC=
(b) "J C—,\,{eb) -Nv(lb) ' s9ss5$ 1ML4 is (af2?, A R3 R3(a)(a) ,
or(a) © N ”_Lz
R7 0] /\M Me OMe O OMe OAr Re R,
Ro
L1 —
0 R
rJ\N_Ls (Rig)n (XXX)
R7 O /\ Me OMe O OMeO RH
6
J
0
rJ\N—L4
R7 O /\ Me OMe O OMeO RH
6 ;

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, Ly, L,, Ls, and L, are each linkers selected from the group consisting of a bond, —alkylene—, —
alkylene—C(O)-, —alkylene-J—, —(alkylene-O),—alkylene—, —(alkylene—O),~alkylene—-C(O)-, —
(alkylene—0),—J—, —(alkylene-0),—J-alkylene—, —(alkylene—O),—(CH,),~NHC(O)—-(CH;),—
C(Me),—S—S—(CH,),—NHC(O)—(alkylene—O),~—alkylene—, —(alkylene—O),~alkylene-W-, —
alkylene—C(O)-W-, —(alkylene—O),—alkylene—J—, —alkylene-J—(alkylene—O),—alkylene—, —
(alkylene-O),—alkylene—J—alkylene', —J—(alkylene-O),—alkylene—, —(alkylene—O),—alkylene—
J—(alkylene-0O),'-alkylene-J'—, —W—, —alkylene—W-, alkylene'-J—(alkylene—NMe),—alkylene—
W-, —J—(alkylene-NMe),—alkylene-W—, —(alkylene—O),—alkylene—U-alkylene-C(O)—, —
(alkylene-O),—alkylene—U-alkylene—; —J—alkylene—-NMe—-alkylene'-NMe-alkylene"-W—, and
—alkylene—J-alkylene'-NMe-alkylene"-NMe-alkylene™-W—;

W has the structure of:
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, Where (a) indicates bonding to the B group and (b) indicates bonding to
respective positions within the heterocycle group; WO

2012/ 166580RUI/ 16685012/ 039472 each R19 is independently ®erastedodsom t he
group consisting of Cl-C6 al kyl, Cl-C6 al koxy, ester, ether, thioether,
am noal kyl, hal ogen, alkyl ester, aryl ester am de, aryl am de, al kyl

hal i de, al kyl am ne, aIkyI sulfonlc aci d, yl nitro, thioester, sulfonyl
ester, hal osul fonyl, al yI dnitro; gis 0, 1, 2, 3, 4,
5 6, 7, 8, 9, 10 or dHegﬁﬁ |ndependently sel ected fron1the
gr oup con5|st|ng of Nog al kyl, N2, CN, and substituted

al kyl. [0004] In sone Enbmﬂl
enbodi ments, the pol ypeptide is
enbodi nents, the antibody is her in. In other enbodinents, R2 is a

pol ypeptide. In specific enbodinegts, the polypeptide is an antibody. In
certain specific enbodi nents, t anH, body is herceptln [ 0005] In sone
enbodi ments, a conpound is descri bed conprising Formula (XXXI-A):

MeMeMea". . (XXX -WA "EaSPéFS[“@GﬁOE]OfI n certain enbodi nents, a pharnaceuti cal
conposition is provided:gqyprising any of the conpounds described and a
phar maceutical | y accept bfe carrier, exci pient, or binder. [0019] In
further or alternat|Vﬁ odonents are nethods for detecting the presence
of a polypeptide in aN a e t he nethod conprising adm nistering a

pol ypepti de conpr|5| as{ one heterocycl e-contai ni ng non-nat ur al

am no acid and the resu@tlng het erocycl e- cont ai ni ng non-natural am no acid
pol ypepti de noei¢hats) tndepchdeiti egemicGiriptuif:t he pol ypeptide relative to the
honol ogous natura[éiggizurrln am no acid polyp eptide. [0020] It is to be

ts) Rl is a polypeptide. In specific
n antibody. In certain specific

under stood that the ne hog§ and qg Sltl ns descri bed herein are not
limted to the p ogw cols, cell lines, constructs,
and reagents descri bed hereHn and as su nmay vary. It is also to be

under stood that the ternynolog used herein i's for the purpose of

descri bi ng par dchnlaag n'@pdindhpprskantly integeys gragtel than onequal tatoasidadl to limt the
scope of th h I

R A L R e o S e R
appended cIa|n§N'mNéu@$¢mﬁﬂ%%¥1forns "a," "an," and "the" include pIuraI

ref er engoyinh &5se LiafRAkoKlis EhaFtdHad N SRIE SrBbHBEHE 36 po I
define erw se, al technical "and scientific terns used herein have the
same n@ahqug ascett'@nﬁmmfy cpphekbmenty lep antibaslsiés hipfeepyind i Ip athyr egpbioflimepts, Rjgaart to
whi ch tﬂ&%fpl:[ﬁl‘ﬁ@ nfn' sBQ:?f (%%Hﬁrgﬁg tnueﬁ(ﬁﬂ/ﬂ%pll?(ﬁsl19519antll%cfyhW&@taﬁ@ﬁ{ec{fﬁte%g&mems

devi ces, "and materials simlar or equivalent to those described herein can
be usedhqﬁmb%b”bh%ﬁ¥ﬂee or testing of the inventions described herein, the
pr ef et I1ghaf iR spodEKie on ARt ABHEHA] @esﬁ'{b% 20 A8S €5hRRehe Folila (xXxXx1),
2012/ 1 656 PCT/ US2012/ 039472 [ 0023 I'i cat1 ons and patents nentioned
her ei n EXKIDAESPE) &KEF e RV byr \Wénce intheir entirety for the
purpose of descri bi ngcandygdi sclygsi ng, for exanple, the constructs and

met hodol ogj &5 Rhat are Yesgyi bed i cations, which m ght be used
i n connechNig LBh_t angtions. The publications

di scussed h Fgfh ale provided sdl el I isclosure prior to the
filing daj; t he pr&entappii'tat PHs.C RErein ixsxip be construed
as an adm ssion that the inventors descri bed repn are not .entitled to
antedate such dlsclosure by virtue of prior |nvent|on or for any ot her

reason. MeT <based |inkage" or "m xed al dol - based
Ilnkage ref rsH baye- gat afeyzed condensati on of one carbonyl
conpoun /grbonyl conmpound, which may or

may not b th N - hydr oXy carbonyl ¢&¥pBund-an al dol .

[ 0025] The teer aﬂhﬁnlty | abel , S e Nnereq@ RJefers to a | abel which
reversibly or irreversibly blnds anot her bnlepul Hlther to nodify it,
destroy it, or forma conpound with it. By[MayA)ﬁggxaﬁple affinity | abel s
i nclude enzynmes and their substrates, or antibo and their antigens.

[ 0026] The ternms "al koxy," "al kyl am no" and "al K | t Rz o" (or thioal koxy) are
used in their conventional sense, and refer to those al kyl groups linked to
nol ecul es via an oxygen atom an am no group, or a sulfur atom
respectively. [0027] The term"alkyl,"” by itself or as part of another

nol ecul e neans, unl ess otherw se statedy a straight or branched chain, or
cyclic hydrocarbon radical, or conbination thereof, which may be fully
saturated, nmono- or polyunsaturated and can include di- and nultival ent

radi cal s, having the nunber of carbon atons designated (i.e. Cl-Cl0 nmeans
one to ten carbons) Exanples of saturated hydrocarbon radicals include,

L 1



WO 2012/ 166560PCT/ US2012/ 039472 aspartic acid, cysteine, glutam ne,
glutam c acid, glycine, histidine, isoleucine, |eucine, |ysine, nethionine,
phenyl al amOrze12/1w630i ne, serine, threonine, tryptophan, PgTaSR20M/03%M2

val ine) and pyrol ysine and sel enocysteine Armino acid analogs refers to
conmpounds that have the sa basi c chem cal structure as a naturally
occurring amno acid, by wa M a ° YWe a cgjdon that is bound to
a hydrogen, a carboxyl group,CjZ;\A'ﬁ i U and-lan Houp Such anal ogs
may have nodified R grouge (hy way &f dxa nor | ucine)Zor may have
nodi fi ed peptide backbongs whyl e tr*lhketaMnth t hemvsane basic chem ca

structure msRgRnatural |y occurri amfio acid. Non- limting exanpl es of
am no aﬁl/d‘J akedspr heT yde RS rlne,MnorIeu0|ne met hi oni ne sul f oxi de,
met hi oni he geRhyi sul f on{ um acires referrddX&¥@ herein
by eitherrfh&or name, their c eq-Het thr Rynbols or by the
one-letter symbols reconﬂﬁ_ﬂéh t e NBPA - Bi ofhenf caZ Nonencl ature

Commi ssion. Additionally, nué%ed%%ges M%yOUGCIefer©BdCIo by their connDnIy
accept ed single | etter codes. 1] A "amino term nus nodificatioh gr oup”
refers tov be attach d to a termnal am ne group. By
way of exangl e, Hiﬂét tE ®grioupy may be at the end of polyneric
noleculM% esy+nel ude, but are not limted
to, polypqp i des, —po Lyn egt i degyLHd pol ysadchari des. Term nus

modi fi catign gW@upMelncIuJ% but are nbt IRgmteld to, various water soluble
pol yners, peptides or proteins. By way of exanple only,Rrf@&;n nus

nodi fication groups include polyethylene glycol mn Term nus
modi f i cath EoupsM godi fy,t her aApeut Pc char@ct &i SPPEY) of
the pol ynerilc nﬁéﬁgblendinclu i utFEot i m/ted to |ncg i ng the serum
hal f-1i em eptrd y N+flagment” i s meant® any form of

an antlbody obhap\thﬂ@ ul I - lgpgsh flor Antlbody fragnents herein
i ncl ude antiboMFesMehat are smal l'er oSfpoRents that exist within :

full-length antibodi es, and aMtleEIes at have been engi neered. Antlbody
fragnments include but are not ;E;Fed t and (Fab')2, single
|

N

chain Fv (scFv), diabodies, tri 'a di bi functional hybrid
anti bodi es, CDR1, CDR2, ) natio i
f ramewor k rggions, const apt re@10 dﬁﬂt@s I ght chai ns, and

vari abl e nedgfoRs, and al Yernative scafféid non- aﬂwﬁ%od ecules,
bi speci ki-d Moddpedsand the |ike (Maynarg, orgi ou, 20600, Annu. Rev.
Bi oned. Eng B4'339-76; Hudson, 1998 Lr. .. Beot gCknol . 9: 395-402).
Anot her frRihct®onal substrycture is singl v%%hcon©ﬂﬂ€én of
the variable regions of the i mheindyl obful in h@av hty'€hai n
coval ently connected by a pept/de R7i nRer -t MeHlP'\@th\lﬂ o Cancer
Research, 56, 3055-3061). Thege snall ?iﬁ 000) pro el ngY'g gkrally retain
specificity and affinity for anti I tide and can
provide a convenient building block |foryla gerd
Unl ess specifically noted othem

'Q?L'

peci fic nol ecul es.
s pMchat use the
term "anti body” or "antibodi es” sg? M body fragnent™
and "anti body fragments." [0033] By "aw¢|bwmy drug conjaugapeNHor "ADC', as
used herein, refers to an anti body nol ecul e, or fragnent tcher eof |, that; is
covalently bonded to one or nore biologically active nolecule(s). The WD
2012/ 166560PCT/ US2012/ 039472 bi ol ogically active nol ecul e nay be conjugated
to the antibody through a |inker, polyner, or other coval ent bond. [0034]
The term"aromatic" or "aryl", as used herein, refers to a closed ring
structure which has at | east one ring having a conjugated pi el ectron
system and i ncl udes both carbocyclic aryl and heterocyclic aryl (or
"heteroaryl"™ or "heteroaromatic") groups. The carbocyclic or heterocyclic
aromatic group may contain from5 to 20 ring atons. The term i ncl udes
nonocyclic rings linked covalently or fused-ring polycyclic (i.e., rings
whi ch share adjacent pairs of carbon atons) groups. An aromatic group can
be unsubstituted or substituted. Non-limting exanples of "aromatic" or
"aryl", groups include phenyl, 1-naphthyl, 2- naphthyl, 4-biphenyl,

ant hracenyl, and phenant hracenyl. Substituents for each of the above noted
aryl and heteroaryl ring systens are selected fromthe group of acceptable
substituents described herein. [0035] bor brevity, the term"aromatic" or
"aryl" when used in conbination with other terns (including but not limted
to, aryloxy, arylthioxy, aralkyl) includes both aryl and heteroaryl rings
as defined above. Thus, the term"aralkyl" or "alkaryl" is nmeant to include
those radlcals in mhlch an aryl group |s attached to an al kyl group
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[ 0046] The term "carboxy term nus nodification group” refers to any

nol ecul e that can be attached to a term nal carboxy group. By way of
exanpl e, wWochi¥wsisbnal car boxy groups nay be at the endPofi/ysedipmeesirz

nol ecul es, wherein such polyneric nol ecules include, but are not |imted
to, pol ypepti des pol ynucl eoti des, and pol ysacchari des. Term nus

nodi ficatio Ps i g8FNde het Ay e | j mioed to, various water sol uble
pol yners, pepti deél\/ﬂpr ‘Eins. ofi exfinpl e only, terninus
modi fi cationhgrofips i ncfudg pafl yet hyl eng g ch{‘@r serum al bum n Ter m nus

nmodi ficati onRgr eeoweeu to RWHHI rapeutic characteristics of

t he pol yneric nol'ecul |nclud|ng but ndt” liMted\to |ncreaS|ng the serum
hal f-1ife of peptldes [0047] The term "cheni cal | | eavabReRyrioup, " al so
referred y fle" chepggca ", as used herei Fofh et s @, oup Wwhi ch
breaks or clfeavgs \ sudr eyt Macid, Pase, OXIdIZIng adent s, redUC|ng
agent s, Me NealN- AT TN \ i initiatprs. [0048P The term
"chenilunines ent: gr0up," her ei fers to a group which enmts
light as &7 eSubt> cal P¥EQR4.onpi thqut [the addition ofXheam By
way of exanple onIy, | um nol (5-am no-2, 3- di hydfo-1, 4- pht hal azi nedi one)
reacts wn M dant el n gerOX|de ( i) in the presence of a
base and a tal\ an excited state product

(3-amn ﬁh@ N.Jrsl_rormphore as used herein,
refers to Iecule gh ofd vi'si bl e wavel engt hs, WV

mavelength§ orM¢R wavelengt s. [ OJarTherd erm "cof actor, " as used her.ein,
refers to an atom or nol ecul e essenti al for the action of a | ar ge nol ecul e.
Cof act or sWh¢felhude, but are not limted to, inorganic ions, coenzynes,
proteins, orzgRAMR |hhek ofactor necessary for the activity of enzynes.
Exanpl es i nclude, hene in henogl obin, magnesiumin chlorophyll, and netal
ions for proteins.Re WO 2012/ 166560PCT/ US2012/ 039472 [0051] "Cofol ding," as
used herein, re*epéﬁ&p refol ding processes, reactions, or methods which
enpl oy at |east fwo nol ecules which interact with each other and result in
the transformati oh of unfol ded or inproperly fol ded nol ecul es to properly
fol ded nol ecul es.r.Bynvey, /i, exanm! £ aenbl, "cofolding,” enploy at least two
pol ypeptides which interact with each ot%er and result in the

t ransf or mat i onReP Qfhediided or i nproperly fol ded pol ypeptides to native,
properly fol ded, poh¥Rent jydame; Such pol ypeptides may contaln nat ural am no
aci ds and/or_ at Ieast one non-natural amno acid. [0052] "conpari son

wi ndow, " as Rudeld HHemingproteeting gEoun, Tedy Fklstst oe agye %rﬁepeif’p%ﬁlﬁ p cleotide;

positions usedsba, ﬁﬁh@ﬁﬁﬁ@te@ﬂ@%ﬁ?%ﬁn ta@leRst bR BRIBNESRI, PEGYHPNEE o%ol&ﬂ%@le&ﬁ!&e
nunber of cont%%yous positions after the two sequences are optinmally

al i gned. Sudhidéritelogem iravepalkyl: pronestiird o alkglit are not linmted to a group
consi sting qujcp@bﬁ@quwan&p about 600 sequential units, including about
50 to about 200 sequentlal units, and about 100 to about 150 sequenti al
units. By wdy Loflodkathdile atsisagh linkers pelected feomtias Sione suraistingaif o Banst raledengng

pol ypepti des cemylehencm NQkyRas yr, aJ(auemneQ))acan@%nexwta&yuaﬂe®eqm9mm@(owt S
i ncl ude, but are not Ilnlted to natural and am no ac

addi tion, by wakvsnedRanpl-&lohmg O bdbﬂkﬁgﬁueﬁﬂﬁgmﬁng d@@hbdm§ﬁﬁgr@3¥?des
with nucl eot | de@%@@sﬂe@h@ CRECROPANIAG SRRl (R i ONBiRAdE 9. -

al i gnment of seguences for conparison are wel in the art. Cptlnal

al i gnment of se]hﬂel??eg@)ﬂ%’ 66%15% Qomelkdenent c%l%‘a’@reéa eer Qbaty 1 Bet ot

limted to, byd alaiyra®! koL {5 Mnef0) Sk Rn@Nda b iess M N lHI{O
Adv. Appl . Nh?h 2: 4Q§ 1 ﬂﬂmm’ ? (aly " d(mﬁm(i‘ml\leﬁe%llerrzan

che %all nment al or|t

and Winsch ( 19763lkyenepd.al 6‘?G_J‘48W¢433 et ’aéléVé‘fnéh 1(%1fyleﬂier#1}45%|at11§y1%T hod
of Pearson andwbi piaiky(ch@ 88 c)RLaB&lenbal-, | (allQGad-0 Gyl HSA-B Ry RAL 4O

conmput eri zed |nplenenpgilonsei;ﬂ%?ﬁgse algéglthngs% S BESTE éASTA and

TFEASTA in the Welaadmabisatiltalkgsrewalralkpsrecy —albéﬁefN%‘—eMﬁm -a@pdup,

575 Sci ence Dr i yadisom b&y;@w@5m§MnJmmmﬁﬂamywngmnent and vi sual inspection
(see, e.g., Ausubel et aY Current Protocols in Ml ecular Biology (1995

supplenent)). [ 0053] By may of exanple, an algorithmwhich may be used to
determ ne percent sequence identity and sequence simlarity are the BLAST
and BLAST 2.0 algorithnms, which are described in Altschul et al. (1997)
Nuc. Acids Res. 25:3389-3402, and Altschul et al. (1990) J. Ml. Biol.

215: 403-410, respectively. Software forpperform ng BLAST anal yses is
publicly avail abl e through the National Center for Biotechnol ogy

| nformati on. The BLAST al gorithm paraneters W T, and X determ ne the
sensitivity and speed of the alignnent. The BLASTN program (for nucl eotide
sequences) uses as defaults a mordlength (Vv of 11 an expectatlon (E) or



(see, e.g., Creighton, Proteins: Structures and Ml ecul ar Properties (MIH
Freeman & Co.; 2nd edition (Decermber 1993) [0058] The ternms "cycloal kyl"
and " het ewoydweickyl ", by thensel ves or in conbinati oanrttrszmmesmn er s,
represent, unl ess otherw se stated, cyclic versions of "al kyl" and

"het eroal kyl ", respectively. Thus, a cycl oal or heterocycl oal kyl include
sat ur at ed, partlaIIy unsat ur at ed and fully gﬁzaturated ring linkages.

Addltronally, for ¥eoal m can occupy the position at
whi ch the heterocychgﬁl tt ch e renarnder of the nolecule. The
Nbu I|

het er oat om may i ncl |s no ted to, oxygen, nitrogen or sulfur.
Exanpl es of cycl oal kyl Hnclaudes are not limted to, cyclopentyl,

cycl ohexyl, 1-cycl ohexenyl, 3-cy Iohexenyl, cycl oheptyl, and the liKke.
Exanpl es of heterocycloalkyl i nc , but are not limted to,

1-(1, 2,5, 6-tetrahydropyridyl), 1-giperidinyl, 2-piperidinyl, 3-piperidinyl,
4- nor pholinyl, 3-norpholinyl, t ahydrofuran 2-yl, tetrahydrofuran-3-yl,
tetrahydrothren 2-yl, tetrahydrothren 3-yl, 1- plpera2|nyl 2- pi perazinyl,
and the |ike. Add/pasgbgitiugiurctofie t er m enconpasses nultrcyclrc structures,
i ncluding but not limtgg,o, bicyclic and tricyclic ring structures.
SSmlarly, the term"he erocycloalkylene by itself or as part of another
nol ecul e neans a drvahent rgﬁical derived from heterocycl oal kyl, and the
term"cycl oal kyl ene’, or as part of another nol ecul e nmeans a
di val ent radical dert? cycloalkyl [ 0059] The term "cycl odextrin,™
as used herein, refers @o cycllc car bohydrates consisting of at |east six
to ei ght gl ucosfhah®r dgfenddhtlAhdvic fig straét@lbE:on. The outer part of the ring
contains water sol uble groups at the center of thering is a relatively
nonpolar cavrty abl E; te smgl | Yol ecul es. [0060] The term
"cytotoxic,' eln S ot 08 ound which harns cells. [0061]
"Denat uring agent OWI denaHurant " as used herein, refers to any conpound
or material which will cause a reversible unfoldrng of a polyner. By way of
exanpl e only, tagbnandipiapgndggenientlygntegaegraaterthantos cquahtayngause a reversi bl e
unf ol di ng oﬁ)ﬁmg&gggh&fdfhe strength of a denaturing agent or denaturant

will be determn both by the properties and the concentration of the
particul ar denatByi ng agent Regr denaturant. By may of exanple“rdenaturrngw
agents or deratu S includgizput ar -ﬁbh;krnlsedzq chaotrppes R17
detergents, organic, ter e sojlvents, phogph I|p|ds or a \f' 7
conbi nati on t hgNep hqhbn % g exa f ch e%u butngefNH
not limted to, urea guanﬁd he, and so@gunkghrocyaﬁaté n- ting ’
exanpl es of detergents may incl ude, but are not 1im'tedto, Wo Ry~ Ts
detergents suchlra dluntda N\ fate, or ponoxyeRQerneHethers (e.q.
Tween or Triton defer ents), k yI MRkd |on|c d?r t 8)gy. ,

di gi tonin), mil dyCbtFOnisc de e s suc ras
N->2, 3- (D ol eyoxy) - opyI |nethyl mld ionic
(e.g. sodium cholrafe’or sodlunhdebxycholate) or zwitterionic, get

including, but not limted to, sulfobetaines (Zwittergent), "3-%¥3-
| am dopr opyl ) drnethylannnnro 1 -prop anesquate(CHAPS) and3- (3- "V

chl ol am doprop Ze3d -nro- ~a.-- nate ( O .
Non- |Iﬁ1tlng§ |c-—uatbr scr mIv hts—tnclud5¢ ut aré
not limted to, Iomerqa ¢anol s (eSpec 33 VWO |4/ :

2012/166560PCT/U82012/039472 C2 - ¢4 al kanols such d$ ethanol or (Rig)q
i sopropanol ), or Iomer al kandiols (C2 - C4 al kandjols such as

et hyl ene- gl ycor'c)c h Reyis Bléenrg%eaﬂa%elea@ﬁérpm%wgup watstEnt Hi Hy lexbirea ot
phosphol i pi ds i nGiidg, substiutad zﬁkeﬁ'@l a %;ﬂyn Ss@ktifu@d 203hyll Akdxy, QEGHMTE] Mxy,

phosphol i pi ds such as phosphat i anol am ne, phosphati dyl chol i ne,
phosphat i dyl ser i riéY/ad yaﬁﬁt)%lmaﬁawlromsaotyatkﬂare St ﬂ’@fti“éte%ll’ﬂilé%‘%ﬂnl? pride.

derivatives or vaijlaubsgingeCdyddbdiaxapaiaieaphail] dyahabitigeddkaryl,
d|heptanoylphosphatldylchol|ne [00621 The term "desired functlonallty as

used herein ref erdlbd sybitgigdgmliodofaluicag of wbriued dpdene)-GNER; & -@lkylsrsarer -

wat er - sol ubl e polsyipgikitedaulid @t N@(o)Vie”, or&myleha'&ts{msharte g%y}éﬁé)ls S lor
phot ocrossl i nker; a cytotaoxic conpoun a dru an affinity |abe

phot oaf finity | apabstittedandh ¢ (AR coﬁ%ﬁﬁ%dm'gar rﬁ”@@@gﬁﬁﬂﬂRpFﬁﬁ@W¥WWW

pol ypepti de or pqtymngat b1, anakeed alky), Athibasyiteed ARy altyxy, f@gimeRl alkéxy,
nmetal chelator; a cofactor; a fatty acid; a carbohydrate; a pol ynucl eoti de;
a DNA; a RNA; an antisense pol ynucl eotide; a saccharide, a water-sol uble
dendrinmer, a cyclodextrin, a biomaterial; a nanoparticle; a spin |abel; a
fl uorophore; a netal -containing noiety; a radioactive noiety; a novel
functronal ‘group; a group that covalently or noncovalently interacts with

. - o T .




WO 2012/ 166560PCT/ US2012/ 039472 adequate to enhance the effect of a
therapeutic agent in the treatnment of a di sease, disorder or condition.
When usedwDrom/pedebent, amounts effective for this use WwCrIUSdepmsE’dn t he
severity and course of the disease, disorder or condition, previous

t herapy, the patient' al t tatus nd onse to th t he
judgment of the taﬂﬂ,oﬁuﬁﬁ ff*ﬂ?g SIAPRTY %]ff‘ﬁi SURRITY& adk%%lraé'i%hy %Bbst

"eukaryot e" refenﬁmm@-organlsns belonglng to the phylogenetlc domai n
Eucarya, incIud| but | i mi , ani gal n imted
to, mammals, i ﬁa§ bPB(gthv&% bg I\E{g: 8@’(@?)@1&7’%&”& ' ({?;ﬁﬁ”g”( Fh&fﬁlﬂdﬁ ng
but not limted HDCRHBHOGM@E”hlemmst(Hndhalgae) fungi, yeasts,
flagel |l ates, m crospor.idi and protists. [0073] The ternt"fatty acid," as
used herein, refé?éﬂg S%%%E@%ﬁﬁ? “Eﬁﬁﬂbwutth about C6 or |onger hydrocarbon
side chain. [OtA, Fheledtar fion fHegaiupphBistng ofashobded(d)e €Sy, optharysubsitiied

I | e which tati nd t by f| t
10075] The ter ms et <ohap R BUpb S BaRE L2 RFIsh o Sl i Tr ol

"l eavi ng group", hetegatdyi;ve site"” chem cally reactlve group” and

"chem cally reactive no used herein, refer to portions or units of
el e oy 3R ol B St Sl SRS) L SR
synonynous i n the aheikytat, opﬁdrﬁlly’ﬂﬂﬂstﬁﬁt@d oseoatle@&emn optionaMPiubatnged he

portions of rrole Ies t rf on or act|V|ty and are
reactive with ot Ea(ﬁﬂg C(f) %?gﬁﬁlé&jﬁ "hal ogen" includes fluorine,

chlorine, i odi aehTard Hh@T(RE)ROPO(br S; hﬁthtﬂeerpfbvutbahﬂ&myh T3 is @orSRA chgioeba,
refers to acyl gro ps whi ch contain halogen noi eties, including, but not
limted to, -C(0) - C(0) CF3, -C(0)CH20CH3, and the |ike. [0078] The term
"hal oal kyl , " asachReds Hehzﬂcbg‘e}n allefd, eﬁt&tlm&dalk&yby@anupor thtﬁtﬁte(ﬂ:@mtoaikm; hal ogen
noi eties, includi -3 and the |ike.
10079] “The  or fhamparbds kot 2 orefided Dt tieapians oPRar PaRL st rai ght o
branched chain, or cydﬂ»)l ¢ hydrocarbon radicals, or conbinations thereof,
consi sting of an al kytvv‘gr oup anEi at | east eone het eroat om sel e¢t.ed from t he
group consisting of 0,_N ' and S,".and wiier ei.n t héThi t [ ogen dnd s Ifur

at ons may optlonalLﬁib EX|d| ‘ﬁ_&né th AT éEen h@r@r @to optonal Iy
be quat er ni zedM:Fhé&’ het'er oat8ri(s) B, N“4nd S“and“ % tray be b ac d at any
interior position of the hetweroal kyl, group or atgthe p05|t| on at which the

al kyl group is attﬁgh d to dtfhe rennlclgfg sf t he | ec Exarrpl es include,
o——c B CH2-

but are not limted to %E%
- CH2- CH2- N( CH3) - GH3y 3 r?—@' CHZ| CH2, - S(0) - , CHZ CH2- S(0) 2-
CH3, -CH=CH O CH3, s 4H3) 3, (a)CHZ CH=N—©E:HS gnd - ChizCH NGGHER) a)@h!ﬁcatés
addition, up to two heterodatons may be consec(tive, such ds, by way of
exanpl e, - CH2- NH-tomiliae terike B grqpp ond%?( iatligytes bopding ) resphgive gpsitgons within the
"heterocyclic-basgg..inkagg, or "heterocycle linkage” refers to a noiety

formed fromthe reaction of a dicarbonyl group with a diam ne group. The
resulting reaction product is a heterocycle, including a heterd®ryl group
or a heterocycl oal kyl ®group. The resulting heterocycle group s€fvestas a

chem cal |ink bet weer'f""a non- n al am nd‘lr’aCl d or n nat ur al } qid
pol ypepti de and anot%p u;mctl ggyou c4—Fb-e§‘(o e di-gregkt), thée }g
het erocycle |i Mfl ncl udeé)Ea ni roge(g; cont ai ni ngyheterocycl e WO (a)

2

2012/ 166560PCT 012/ 039472 1inkage,’ i ncluding By way of exanple only a
pyrazol e |inkage, Wtarqiy)rmdlb@eslboncﬂaago thealp gionpl edgb) indikatgpehondinpwespditazepi ne
Iinkage and a PYJ, ] SSmlarly, the term

"het er oal kyl ene" 0gﬁ§%§“ﬁ8h39§§ yc{'S%S)(%’édlcal derived from heteroal kyl, as
exenplified, but not ldmted by,w-CH2- CH2- SPCH2- CH2- @nd (b)
- CH2- S- CH2- CH2- NH CHZ,w For hetmoal kyl ene roup thfef sane or “’Wffer ent
het er oat ons can al so EE’X ei thh er or (gomh—gk g(bchaj—nc ram ni s{—rcmeg wdi ng
but not limted to, eo yw —al\kyd énedi yfﬁalkylene no, }ﬁ
aIkernedlanlnohlﬁﬁi ooxyalk@t n&, fand the Iike)® Still fﬁtthew for® |

al kyl ene and heteroalk no,ori.entatian t he. | i nki ng
Group 15 i i ed By AL ER et PER AR ERRD Rl PaElRPoaRe Ra ikt ng or oup
is witten. By wqmmo&mewampmehmﬁhgck@nmpja C(0) 2R - represents both
-C(0)2R - and -R C(0)2-. [0082] The term "heteroaryl"” or "heteroaronatic,"
as used herein, refers to aryl groups which contain at |east one heteroatom
selected fromN, 0, and S; wherein theitrogen and sul fur atons may be
optionally oxidized, and the nitrogen aton(s) nmay be optionally

guat erni zed. Heteroaryl groups may be substituted or unsubstituted. A

het eroaryl group may be attached to the renmai nder of the nolecule through a
heteroatont hbn Ilnttlng exanples of heteroaryl ~groups. |ncIude 1 pyrrolyl,



[ 0090] The term "linkage," as used herein to refer to bonds or chem cal

noi ety formed froma chem cal reaction between the functional group of a

| i nker amwloanttsessonol ecul e. Such bonds may incl ude, buPCaruis20an3d4irmi t ed
to, coval ent |inkages and non-coval ent bonds, while such chem cal noieties
may i ncl ude, but nqt limted taq, ers, car.bona phosphat e
ooy er o hyar as it & is Binsplethy St 0B S iy FRE o el o ac PSS!

ol i gonucl eot i de Ieeﬂaxagesthlddyﬂf ahitohlR¢l lhayogsﬁ aDJyEestdr nkAagaes, Meide st haidet he

| i nkages are substa tabl e ter react. with water at
usef ul pH val ues Shet et Thiee b ol i B TS nbabopig bR
conditions for amaﬁ)xﬁlﬁiﬂsﬂleﬁﬁtrpel’all@]ﬂmﬁﬂe whdmtro;per haps even indefinitely.

Hydrol ytically uns ge I inkages nean that the |inkages are
degradabl e in ﬂréstrb a%?’ 1’%’% g ons, including for exanple, blood.

Enzymati cal legcimg Isaﬁﬂeﬁerﬂénttj'&g]l‘eaéhaﬁ)dnﬁ tHeI gfﬂ(@geﬁsismi‘@.mf Hyl@kerd, RdogenydiageNncan be

degraded by on nor e By way of exanple only, PEG and rel ated
pol ymers may iﬁ%ﬁ’ﬁ‘lﬂleS %F@B?%&ﬁ%?e | i nkages in the pol yner backbone or in the

| i nker [g«(mmpnb@ﬁmmdmlmetspmfyapblylbx@ﬁ&réodﬂepeaiﬁd eﬁhﬂ&illﬁénts’ml{e@o%eﬁtlhelstaﬁr m nal

function u r nol ecul e. Such.d dabl.e .l i nk
ol wadn " SRR o R BB R SRR B D e P A 8 of
PEG carﬂaqqgsyﬂﬁde mpdﬁﬁmmbaaﬁnema,ttﬁdpd?ﬁ{ap@c&rlmmhb@nyacm ctstaiispdeifirl cadbdilnefrs,oups
on a b| ng‘h%@l active agent, wherein such ester groups generally
hydr ol yf %E’I’i‘ifgrllbl ogi cal conditions to release the biologically active
agent . [0BO5@rin Bytakr @hbyoidingats| y caigginariatdserided bluagesng Foehud exXnt-Aare not |imted
to carbonate |inkages; im.ne I&@kjﬁg resulted fromreaction of an am ne

I

and an al dehyde; pghosphat % S “fer by reacting an al cohol
wi th a phosphate groug;_ hydr H

kages whigh/are reaction product of a
hydr azi de and anEa/ yde: Mcelffal Tinkages tfat areMee reaction product of
an al dehyde amd an al Q6N0| ;R0r Ohaest eMel| iQikea@es ¥hal are the ;Qeﬁlclgl on
product of apf-efmate and an al cofiol 5V'epeptl de IMefkagds Nbr med by an ami ne
group, incl udi ot not limted to, at an end of poIZyrrer such as PEG
and a carboxiN grfoup of a peptide; and oligonucl eotide |inkages formed by a

phosphor am diRe &Geoup, including but not limted to, at the end of .a

et uro B b Rabin ML P Rl o P AR o il B b et sk sea 1o

gr ow anﬂmbamdeSetscﬁheH hsd aapldﬁﬁercelprcmlmmt@taelepjaﬁes erdcqaerd/ @birgecr et ed by S u c h

cells. cl ude e.not limted.to,

ol i o WS ra GRS e it w Pty RaBebe riP e SR R b
cel |, ipadénidibagmethyd W@Mplﬁsﬁngexdiﬁiﬂis&rm@alcbel&p@hdehtbsﬁlplﬁlsédg sr-, l¢p@asie hasbeyert | s,
|nsect host . cell s l.ant. host ¢ t| c Jhost .ce ma | i.an host
g T L Tt I VR el SR R T A
cells, mn@epiﬂblm@mmeenhes mnﬁumlgemmdbﬂmﬂe potypépriddiraatiienol thelésmologdusi tuidty-
Ilmted to,. nedi um. o in which the host cell has been grown into

whi ch &°BBIDHERPS ¢ 1?1%%1’ é%n secreted, including medium either before or
aft er ~ 40qopl T fsao at urmrsﬁoaphat Simhethcrredhauadmpmmommwscmberahaeiniamﬁdndi&ﬁted huﬂhei S
not lim tedlfj 2012@) 656 2CT/ USZOl 472 ffel[)s or lhcgent

cont al P25l EHPIqQeYpratocolyy el lipes, fongiug rﬁa%?B ‘fddléer%? gL LY it

i nt r acelatyultay 41y tabeuidestdod gat e tdrminalogy bygs hdemﬁs it ge {Jﬁlfp@sd of desmah@@endutme
polypeptld 009 sed herei r ef 0

Gor | atTyeTigeh oaBnabLAd. BYEY CRoL e Rt G ehOcorbe e el de,

a non- rateitt;, ahicaArdilhbe haitad ommuyphaq)etppdﬁl,ed eaimdi fi ed natural am no acid

For oo AR 4t EupB R b Ey ot B P SRR Sarbhov Sty BB BB de,

non- natruﬁeﬁ:hceamee@thammhxpﬂbamyemhca&e,othmwisef| ed nat ur aI am no acid

pol ype , i fi d non- atur ept.i de i

ot 2borPUBE Unkiss TRt bR LR R s BRBRP Y e g pppipe o
netabokmmemnWemﬁﬂsomnn&nbbb&ﬁgm@ahMynaemmmewd&hnMamvmﬁommmaxbehMmmmHﬂmny
way of aml e na ura am no .ac tural . am no acid
ol ypestITaumh v dBiites da st d SR R BE LAy Rap AtaE R iRy nkgrtey Bl
non- natiutlglprantaa@ testingl ofiht Wyepionddgscrited therei, fho profaredimerhods) dbviees aadrpowrids by
way of exa ée natural am no acid pol ypeptide, non-natural am no acid
pol ypept| & gp ﬁ%%m?led natural anino acid pol ypeptide, or nodified
non-natural am no acid pol ypeptide, isgetabolized. [0093] The term
"met abol i zed," as used herein, refers to the sumof the processes by which
a particular substance is changed by an organi sm Such processes incl ude,
but are not limted to, hydrolysis reactions and reactions catal yzed by
enzymes. Further |nfornat|on on netabollsnrnay be obtalned froanhe

~ " Y ——y . 1 AR A I~ S A PN S\ "~



[ 00108] The term "photocaged noiety," as used herein, refers to a group

whi ch, upon illum nation at certain wavel engths, covalently or

non- coval wot2b12/fs63ed s ot her ions or nolecules. [00109] TireTIUSRZOM2/039472

"phot ocl eavabl e group, "™ as used her el n, refers to a group which breaks upon
exposur 001 The term' hot ocrosslin

Corors 05, ALMIIHEER G PG G G BREPPORa o B SNt Wb
exposuretitey fot BB fpurpaseevfide@eibiny enddist1dstizgNToR ey, ﬁf&:tco@sﬁruﬁl@ AnCOv@b®Nigids itikage
wth two nore. mhnoneric or nol .ecul es 1] The te

" bhot or o EF TGP o T gL ELg o o R S e e e BReti P31 g FE s SRsitGhon
I 11 um rigdcnGehs W TichpubligiibnsCdignges héreianropevidsd sy eorftbeﬁmlmosaﬁqirbe ko thf @ind 2]
The term "pol yal kyl ene. gl yc " used rein, refers to linear, or

br anc el s aie i Somisdiate o Brat Sk Forytey gt o oo PR ng
but ar elestdibed hditih @t dooentipled yeinkethte Bechglis¢t@lire bp @lrytp 100 patdramengdy @by, any other

pol ybUts%l ene glycol, and derivatives thereof O her exenplary enbodi nents
are |i , for exanple, in comercial supplier catal ogs, such as

Shear wg0e24] Gafepanhat ‘taiiol-basedtialtagg’ OiPOhiked hydoEhweddiMagt” eifids ke thieviaid- \oe Dadeor

Bi di h
et b Ol ied 87 avt ava resrbetiey N SRTRY Bl Rhdiv b Giie 8! L Tob,
about HaGchkbey: orByayWwetybeahe sema,rtpIgaaermwbhmbwfbloﬁylbahy@ﬁqberan pablyol s i ncl ude,

A 15 R P A A LA a2 e e G S e e

100, 00Ginbiaer haleduled tith@r huﬁodﬁfpﬁt ddstrdyt @0br frm aadoatpbunkiONi HiO ByDeay odilboiipld dEHGY
Da, ab%;t 9010 0 Da, t 85,000 Da, .a out Sge 00Q Da, about 75,000 Da,
about Bots e“%YB’c?ﬁfm elb StLes, ot giyiho ’ébalbid S0ePout 55, 000 Da, about
50, 000 [De26] aheuérmd 521000, Dalkyhabiist’ 249 000thisa (0r6tb1@hlk0>315 afRQledDa, thﬁﬂlb@h:ﬁfenﬁanaﬁ)OO
Da, about 25,0(%0 D&9 aaglc()ygt 20,1011(%0 Da, 1ab%ut 15, 000 about 10, 00 Da
about FHEF BLIBEEC BOOEEIBH KEHBUTOIF S B BY OX%SSBEI‘PHIGaIb%b‘“?ﬁm“%%GP ;000
Da, abaitim, 4¢sp@Bivéda, about 3,000 Da, about 2,000 Da, about 1 000 Da, about

900 Da, 00 Da, .ahout 600 about 400

Sbout 386 e 350, P Witscl 1R amsr ot e Bamo s SRate HEloS: ey b0 9Bt ar
Werrlbggt sahighthe lﬁﬂicyél‘llacfhains obatcm(hﬁdrab?mh idié&1,0a endinatdautherdEX, %(gh %aylﬁoegﬁ,lﬂjbne
enpnodl nent t he nol ecul ar tOteo e aOt

O b OThrg: ot 18 rop TR st kS Rael Mttt PEBRE Rt nifer oF

pol ymercaibén h&fnwe(&@lgwﬂi.l(z el CO0Q eanande abmnt caddn 0 Oxdaples| of saaim@cde hjalbetarent s,

th I I t Ot 0, 000
o 1m0 sttt el Rt Btk SarRe P L oreorgbiryRseTh EoBSh GBOK,
about Ss5dB0Q1, Dac-butdl, ajadatexyl0(cHEOheoal)mdthylsorBpaphiatthye rHooloigh andrisbaend | odly for

ht of th 1 6560PCT, 012/ 03947 bout
10, 000 PAPHR-BBBY T 0y BOSTAL PFS NG Ao o el R a1 oy e o
gl ycol )or miniredanlb& Ho8dsaorhtipla bheld. @k e bf u&bﬁrmlaaqmgﬁ)npmﬂgdlﬁ bafard i@ limited

branched ch PEG e, bet wee out.. 1,000 Da nd .a 100, 00

ol T L Heo | Gode P ER0L T CRiGHS kR ot heemieny B
90, 000 lDand aipmpynﬁi“) - hyDaind atediigheBBoOsBagd isabotst THbe) CalBa,” valkauither@is©@00
Da, about .65, 000 out .60, 000, Da abo t 0 Da, about. 50, 000

about ZP’:?% Yo B “éeﬁ"c‘} %1“6?)8“06% derhybive 16%0 od 4 e fﬁtabg‘ﬁfeﬂb sugh Gt
25, 000 ‘Daeroalkgut’ hﬂealk);ﬂf)aﬂaahoramm 15, 000 Da about 10, 000 Da, about 9, 000

00 lib2sf g sy B by AO0R 5 hun i e nde s T e ien R e P

enbodi ranliane, tah exdmplhﬁai,l lba(— C\‘IBQI—Q,h\kIhdﬁffm hheylbicano heeht ehaBynwiREGS dxsmble towgesuch

bout 1, 000 ab nmbodi t th |

i ght BHOPE HE PR RS oL R weectie BeR A SRR e T ou0 o kAT oBt ao; 000
Da. | n Goxel.,¢erbddCRBIH.SH,CHe-. Mol kot alkyMBdrghdiwdi)falltyﬂkﬁe brisamahﬁd:r chaih IBEGr i s
bet t 5 000 nd ab 000 ts .

ol ooul o NREID: 7 e TRV R R B o d P ARl 5 080 Tt
about mteﬁaaalaamedﬂntooh&edetmbgldupsmm]bedﬂ&eelm eleuaioamlma ght of the branched

chain P b et ween. aboyt 000 t o.about The

" pol yma[F‘E"’H S‘éh (8 B &1 re%éé% igpatufaly ﬁccﬁHF’é&H 80%153’6%15"1 ’eaﬁéVétl 8%|a‘mn°
subuni tasid aShl@@; il laeningl 2@l mmhuﬂﬁat flonetiom inea matnei similaretd tlie(hatqﬁﬂ]yy)pa@tmgjzﬁﬁmo
ponnucI§Qt| | “t acch ride p BOl Iene JJ%CO|S-' 001144 The
terms "P Fy%aebrﬂbém" ?&8 > gd “g § ° trE AT e CHARG BT g e
herein to refer to a polynmer of amno agid 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 terns apply to naturally
occurring amno acid polyners as well as amno acid polymers in which one
or nore anlno aC|d re5|dues |s a non- natural anlno aC|d Addltlonally, such

. . . o . - Y



Cbz H2 alloc Me H2H3CQ\ , CH30 H3C(H3C)3C--- Ett-butyl TBDMSTeoc Frnoc
[00120] Additionally, protecting groups include, but are not limted to,
i ncl udi ngvphotwisedsl e groups such as Nvoc and MeNvoc an@Cotuses1208BUECting
groups known in the art. Ocher protecti ng groups are descri bed in G eene
and Wit s, PI’Ot%CtIV& Grou (Pr ani c . fhes o .q'%rd Edk‘? n Wlely.&
Sons, NEW™ForPR! Wte%%g%l ecrﬁ‘ﬂt *néd p§ Y506 "HBYBS n'SB ucr“fo PEYe YRSt s
ent i 1 etiyethipifel 2Adnylhhint, Qﬁ(bﬁne st eedonine, tt”@t()@ha)h, tyr@mepsdaley idpyra@iiraad t 0

a group whose .nucl ei neo sl ive ucl ea iation, such as

L UR GRS e SR AT RS teelmbind e Se B e he Pl P opl Bl s o
nucl ei ,nabvedligd Ravrtihg h@Boakcsl, 8y e@ty rotﬁresam;aﬂdnlgam cpdod thal BSboandtdh ghdregar gy
phot ons. %122 The .term pve co as used ers tq a
ARG ot AL AR RN SR o Rt R i
atom rmehaglel ﬁormﬁmﬁd)rﬁﬂauiydhav[e(lﬁ&ﬂﬁdd fépeidé eacrkboﬂeedﬂmbl dﬁlarhfetahﬁn‘gt thee;binc baab so
referrcc;ijltolas refers to a (fd\lf \Ah |ncI an exo

pol ynuct"gdft osém‘”\%fr‘earse"} ’i‘.a“FPmlJeY ?rcé‘c“ﬁ‘é‘%sam&‘é"e%fl qurUppS f"ﬁ‘&m %) SHBPs? aiafogs
pol ynudhehteihndmodefih® narl@eink, mdigibnitkesulfotitle, afeehidnie nhetliyil fiddniue, di rect upt ake,
transd f-matin or .ot her, net hods, known in the art to.cre
eoon ] raiep R Py bevf%fg? S hTER BTt QR i, A s SBRaHE FEON e letier
pol ynucsbfmbcblb @de byadie ac-RtteroginiboB glcadn@tended bp rtl;le A QB Bibehemital Nbnsaclagde t 0

P o imiciort Adoni g SHSH TR iy e Rl & pY BTGB A e BRI

or reduces. anot her nol ecul e, whereby the redox active agent becones reduced

Lo, °F erpL ae GG o frkireads Napsmusipi il Fftoly gl

conpl ex@gne gropl B§]wa}7|066)¢aﬁipm smﬁtﬂﬂlﬁinﬁganﬁg@g‘rbups n&@ bH&E’(ﬂe bt &ipolynicaé elokciiles, a
conpound or_ ma ) able of addi.n ect n ound
bel g rtti henely sy rleiples it BRE ol afp TR o e s huleST B Shd
limt eCi)oly@acchialridEH (ltehﬁlﬁust ﬂlbdlﬁa_ﬂi)l gr(ﬂrpﬁfﬁlli(m&lptlﬁefafbaﬁtﬂ|l1m1&ﬂtth,l ooyt Rkict @bluble
cystein e é§tea ne am noet han thIO|P nd reduced dtathlone ﬁa

r educi g YAYENtEPIEY %eprfi‘é’g’ﬁ Efyw%)f oefxalé‘%n‘ﬁﬂ ES’HP?“S {gd ?F‘Wlaﬁrr‘fu%*u MERYEr vl
gr oups polycthiend ggtot eﬂse&hﬁlﬁleuraﬁldTérﬁmfuedibdﬂichtﬂiql‘gﬁi@up@ inal bt edednd odifyatherapeutic

di sul fi 61 ' Ref ol d b

feact | GO dTRAT Ot Bgror At o) PR T Grlieatbr enea] A e Eht o
to a natcptwdes.or properly fol ded conformati on. By way of exanple only, WO
2012/ 1 PCT/ US2012/ 039472. r ef d f di ide b t

ol ypebEILS O IaTRaoal b o b Sk ST e St L ghe CERR rgp
proper IAmtﬂ)(adlyd&dgncemfmrdﬂfatnbmne witibbdieespent sinﬁ)lldﬂlcsmbcﬁﬂedt@ ti® Rehst. wiBug iull- length

d I fid t tid t I ' id. ...

ot e TS RS T PR e T P 1 BB0% 5 g

'r esi n,Fy, &s, upeshdn@ne2nsingle trais Fi q)schv)g iab@diec tlabodiase tegrhiiodics, N fahetvhe nybhyrrer

phase doptie CoRERIIRA EoB dmpRbtPd TR Er AT BT Feutr e oS ¢

purifi Q‘Sglbrenhea{fﬁﬂﬁﬁ‘@]hg'HMaineraﬂﬂ vaabkhediordeand aAgnaise dealffordaion-antitelie s lctwesa
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" saf et yudesn, 19, €uyt. Ppiaf Bloechnod: wsedz)hemetha fuﬁ(ﬁiﬁ)ﬁd’l Sulisaugurd és zefslhgebﬁalﬂi Rat

m ght be related to m ni.stration dru | a veto h unber
[l oes B Dl orah R, Retedt of by e R dstey a5 1, o eR s
been adohitcst ey adhepidrylinkernSs: Andt 4r, od%; €dnen Rysedich, dswsoms%ﬂ)jerhésfefseﬁn $Mk S

idt | | t f et | t
et hod CO0LUBR bt cerRaciat o sR ra! pEgl TR C st TPTRIE b
may be pusedt i eoneniahtutatilding Hdve foalaegey, pitigid-dpecifié namdeculp ! Ypeptspaéfica[lVdi30]

sed neb TS gt ARG Rg, DR e REY ot FOBPPARY R BFTE iR o

to a paﬁﬁﬁhodyﬁagnﬂmﬁlaadtarﬂeo@efqugme under stri ngent hybri di zati on

condltl R gnt |n conmplex m xtu ncl.udi ng but
or 1 1 Ry S Pt it SRR B PABE T, RGP R of o0 rifody e
"spi n | fedgelent” thalsotusmﬂ 1|§]ejbwld5h,tlyl’lﬂ)fn&¢’(ﬁtd Onermf exud dlofidaliin acivet mblecde(s)at Ak or
a group of atons exhibiting an unpaired electron spin (i.e. a stable

par amagneti c group) that can be detected by el ectron spin resonance
spectroscopy and can be attached to angther nol ecule. Such spin-I abel

nol ecul es include, but are not limted to, nitryl radicals and nitroxides,
and may be single spin-labels or double spin-labels. [00132] The term
"stoichionmetric,” as used herein, refers to the ratio of the noles of
corrpounds part| ci pati ng in a chem cal reactl on. be| ng about 0 9 to about

NN A PN —— M o, = - Y . o



[00134] The phrase "stringent hybridization conditions" refers to

hybri di zati on of sequences of DNA, RNA, PNA or other nucleic acid mmcs,
or conbi maiDi20regi6b3ser eof , under conditions of | ow ionic $CTArSgMR/03%93d2 hi gh
t enper at ur e. By way of exanple, under stringent conditions a probe wll

(el udi e Bl SO PRS0 Sarar el 1GIATP b by -BroaPobeiuer B

does noi)vatlgﬂt)btndﬂ ze to other sequences in the conplex m xture. Strl ngent
condi tions e sequence-, depeﬂgent an will be different in different

P r curmi BB % (B ARG SR aRDr B v rOHgER SR chsShIR PuE WHELRF el
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substaﬂ:t:l ally puri f| ed as used herel n, refers to a conponent of interest

t hat ubst ant i al 1 y or sent i r.e th onents whi ch
eI 157 s e i T SRR A g SRR G T e S R
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“substantially purified" when.t of. t conmponent of interest
contai diopRube R tisslie 3050 el HsaS oSt Rt Than apout 200k
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about 80% 5% about, 90% t 959% 96% about 97% a
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native cel l nant oduced nat ura
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am no aicild, 1p&| y@@pmnde 680,338; RO -4/589,08 A Whixh ane icipdrapd| bypefi-énde hbﬁm in their

nbi d b t, | | h t I d d
oo ! X PLATHEES B e oL AR R B! MBI o
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about 1% or | of the.dr of the cells. B of .exanpl e when a
o s s Pt et s Sosh! o Bl on e i R BB &
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non- nat ur al no_aci 0 e resen |n t he cul ture di um at
Roout - Gitivedigleft P Bt BRRlsy EuEs 8B BlrRoLachloc oG it o TS ¢
about 500ng/L, about 250ng/L, about 10Qgy/L, about 50ng/L, about 10ngy/L, or
about Ing/L or less of the dry weight of the cells. By way of exanple,
"substantially purified" natural am no acid pol ypeptides or non-natural WO
2012/ 166560PCT/ US2012/ 039472 ami no aci d pol ypepti des may have a purity

| evel of about 30% about 35% about 40% about 45% about 50% about 55%
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[ 00147] Conpounds, (including, but not limted to non-natural am no acids,
non-natural am no acid pol ypeptides, nodified non-natural am no acid

pol ypept iwop12aiseseneagent s f or produci ng the af or ement i eagdSec@npe4M2ls)
presented herein include isotopically- Iabeled conpounds whi ch are
identical to th e cited in the variou nd structures presented
ner of n iute P ot Fath SF pbfctie BRI aRS maY e tred RopRsEed by <al® EaH
havi ng spatit @ Foefomasien bétweaSHe Bt bermdédufes ligkdd t6 & @ompduad addimbleculd Ssbitds thasS
nunber uiijallg faund in nature. Exanples of isotopes that can be

i ncor pdf at°¢8™PM 6" t he present compounds incl ude isotopes of hydrogen,

car bon,[0088] ragedm Tbioy@elabilitfyl Ul ubddee@iiglrefdis Drthd@te aatehtel@so Rhich 3 klibsthds, or 14 C,

15N, 180, 17 .18F, . 36Cl, .respectivel Cert |n i spt opi cal | y-1 abel ed .
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i no- bt o R AR PR REY PR oy e £ bEa ST B hiag™ B b il

am no actldtypxﬁItlyeplemﬁmtdﬁspdmmptejelt&ﬂaaaﬁ”tlieaiatuwmblspepﬁﬂd tautomers are included
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aci ds, -natural . mno pol y i des nd nodi fie on-n ral _a
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[ 00151] t b t he conpounds her ei n (i ncluding, but not limted to

non- nattUP&fe léf?ﬁ % 4Wds. non-natural anino acid pol ypeptides and nodifi ed
non-natural am no acid poI ypepti des andgreagents for producing the

af orenenti oned conpounds) nmay exist in several tautonmeric fornms. All such
tautomeric forns are considered as part of the conpositions described
herein. Also, for exanple all enol-keto forms of any conpounds (including,
but not Ilmted to non- natural am no aC| ds non- nat ur al am no aC| d
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[00166] Figure 8 presents a graphical illustration of the analysis of the
cell proliferation assay with MDAMB-468 breast cancer cell |ine and

dol ast at iwoOl2orkesseder i vati ves. [00167] Figure 9 present Ca/useaplsaat
illustration of the anal yS| s of the cell proliferation assay w th MDAVB- 468

br east li ne and yzumab-t ox. copj ugat es gure. 10
ot coont B0 g sHeAron PR BT FoRob PR B ey B U A St Clie AL B TRr
ZI lngl e (b@udﬁﬁﬁnc{n&;eﬁulﬂiﬂ/ 1K@ud1ﬂ.g)u§a$g)‘f KgleaSZGﬁ@éﬂﬁgé de’Ibwtrfg&féfanﬁd:]E’fﬁba b(blﬂkleléotlde a

ol astatin de atives 0169 gure 11 resents ass
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trastuzyumab-li.nked dol astatin derivatives after sing V.injection
et TR e A S e R T T e e e
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trastu nke ol.ast t|n ,derivatives after IV.in ect| The in Vi

L ani | DPRD KSR R Ry O Bt f TR S St TRt PO oy Mol 1 o
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change and,tunor volume after treatnment. wit
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repres error of t E 00175 ure 1 pre
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pr esent inventi n hav and i erein F VIOUS
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t hat the foll ow I def t
R T R e R S e Rt s L A R
equi valsemirshalfdife offeptdtst hereby. 1. Intr oductl on [00178] Recently, an

or om <8008 5 B0 RS At B R Ry PP TR b SPap b v BRE i e JRTY s

nodi fi aafeisons gafup mh%@mks orgfacésfupeakbAppsure evictld bpo nehtiAndaéats, be(&mlngdgaﬂ; to
t he pro; ein 1b| t%@{ 1rra(t:htl nery of the prokaryote Escherichia coli (E.
col i) (BSgical it ﬁgorraéilca af™'#°2001), Sci ence 292:498-500) and the

eukar y qoetshane v mnylkdsluaiictachisdra®, (a5 usdd&fe&‘vﬂ sif@ejo a( gog. which eniilighte aadsult

S 301: 964-7 2003 h dth )
o oot edprantn B RS R I ed. e Lacorparabion o e os

with naiﬂ@ddra;henhmahzqufms)l @eadts @ith bmadumglﬂcealhydrxrge@@érbmes (HiOacInuitle peesence of a
phot oaf fi ni ot oi soner i zabl 1 N0 _aci am no aci ds,
Pna. or vty Sl R bee RS Tl el TS @ihaRe: ERERLPY and wi th
hi gh fi[0@49] tTheiterin0“qhk @hophtrs,”i a3 vsed bedtih, @ftths tona yebsiilec iwhitheshpabs diglitcofthieble
anber codon t hi rret hodol ogy. See, e.g., J. W Chin et al.,
(2002), WaXSIBIP%’i%fASB’fW*’tVEIS e TR SAVSREM cal - Soc: ety 124: 9026- 9027

(i ncor qo«m €lthe me‘ ‘ebar®enteas uded ihtrsinerdfdrs et ah) gtord .or WoleClilie RssetialP for Ghe &ibhibof Z,

(2002), 2/1 6560PCT/ US2012/ 039472 3(11):1135-1137
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referenﬁie lﬁl:lts entt‘rret%l) tand L. Wang, & P. G Schultz, (2002), Chem

ogophyll, 404 Ps8LIgPS %ﬁeF%f erence in its entirety). These studies have

denonstrated that it is possible to selsgctively and routinely introduce
chem cal functional groups that are not found in proteins, that are
chemcally inert to all of the functional groups found in the 20 conmon,
genetical | y-encoded am no acids and that may be used to react efficiently
and sel ectl veI y to for m st abI e coval ent |i nkages I I Overvi ew [00179] At
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M Dol astatin Linker Derivatives [00184] At one |level, described herein
are the tools (nethods, conpositions, techniques) for creating and using a
dol ast at iwoOl20rkesseder i vati ves or anal ogs conprising at [PeRAS202839472
non-natural amno acid or nodified non-natural amno acid with a carbonyl,
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“conservatively modified variant” where the alteration results in the deletion of an amino acid, addition of
an amino acid, or substitution of a natural and non-natural amino acid with a chemically similar amino
acid. Conservative substitution tables providing functionally similar natural amino acids are well known
in the art. Such conservatively modified variants are in addition to and do not exclude polymorphic
variants, interspecies homologs, and alleles of the methods and compositions described herein.
[0057] Conservative substitution tables providing functionally similar amino acids are known to those of
ordinary skill in the art. The following eight groups each contain amino acids that are conservative
substitutions for one another:
1) Alanine (A), Glycine (G);
2) Aspartic acid (D), Glutamic acid (E);
3) Asparagine (N), Glutamine (Q);
4) Arginine (R), Lysine (K);
5) Isoleucine (I), Leucine (L), Methionine (M), Valine (V);

6) Phenylalanine (F), Tyrosine (Y), Tryptophan (W);
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7) Serine (S), Threonine (T); and

8) Cysteine (C), Methionine (M)
(see, e.g., Creighton, Proteins:Structures and Molecular Properties (W H Freeman & Co.; 2nd edition
(December 1993)
[0058] The terms “cycloalkyl” and “heterocycloalkyl”, by themselves or in combination with other
terms, represent, unless otherwise stated, cyclic versions of “alkyl” and “heteroalkyl”, respectively. Thus,
a cycloalkyl or heterocycloalkyl include saturated, partially unsaturated and fully unsaturated ring
linkages. Additionally, for heterocycloalkyl, a heteroatom can occupy the position at which the
heterocycle is attached to the remainder of the molecule. The heteroatom may include, but is not limited
to, oxygen, nitrogen or sulfur. Examples of cycloalkyl include, but are not limited to, cyclopentyl,
cyclohexyl, 1-cyclohexenyl, 3-cyclohexenyl, cycloheptyl, and the like. Examples of heterocycloalkyl
include, but are not limited to, 1-(1,2,5,6-tetrahydropyridyl), 1-piperidinyl, 2-piperidinyl, 3-piperidinyl, 4-
morpholinyl,  3-morpholinyl, tetrahydrofuran-2-yl,  tetrahydrofuran-3-yl, tetrahydrothien-2-yl,
tetrahydrothien-3-yl, 1-piperazinyl, 2-piperazinyl, and the like. Additionally, the term encompasses
multicyclic structures, including but not limited to, bicyclic and tricyclic ring structures. Similarly, the
term “heterocycloalkylene” by itself or as part of another molecule means a divalent radical derived from
heterocycloalkyl, and the term “cycloalkylene” by itself or as part of another molecule means a divalent
radical derived from cycloalkyl.
[0059] The term “cyclodextrin,” as used herein, refers to cyclic carbohydrates consisting of at least six to
eight glucose molecules in a ring formation. The outer part of the ring contains water soluble groups; at
the center of the ring is a relatively nonpolar cavity able to accommodate small molecules.
[0060] The term “cytotoxic,” as used herein, refers to a compound which harms cells.
[0061] “Denaturing agent” or “denaturant,” as used herein, refers to any compound or material which
will cause a reversible unfolding of a polymer. By way of example only, “denaturing agent” or

2

“denaturants,” may cause a reversible unfolding of a protein. The strength of a denaturing agent or
denaturant will be determined both by the properties and the concentration of the particular denaturing
agent or denaturant. By way of example, denaturing agents or denaturants include, but are not limited to,
chaotropes, detergents, organic, water miscible solvents, phospholipids, or a combination thereof. Non-
limiting examples of chaotropes include, but are not limited to, urea, guanidine, and sodium thiocyanate.
Non-limiting examples of detergents may include, but are not limited to, strong detergents such as sodium
dodecyl sulfate, or polyoxyethylene ethers (e.g. Tween or Triton detergents), Sarkosyl, mild non-ionic
detergents (e.g., digitonin), mild cationic detergents such as N-»2,3-(Dioleyoxy)-propyl-N,N,N-
trimethylammonium, mild ionic detergents (e.g. sodium cholate or sodium deoxycholate) or zwitterionic
detergents including, but not limited to, sulfobetaines (Zwittergent), 3-(3-
chlolamidopropyl)dimethylammonio-1-propane sulfate (CHAPS), and 3-(3-
chlolamidopropyl)dimethylammonio-2-hydroxy-1-propane sulfonate (CHAPSO). Non-limiting examples

of organic, water miscible solvents include, but are not limited to, acetonitrile, lower alkanols (especially
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C2 - C4 alkanols such as ethanol or isopropanol), or lower alkandiols (C2 - C4 alkandiols such as
ethylene-glycol) may be used as denaturants. Non-limiting examples of phospholipids include, but are not
limited to, naturally occurring phospholipids such as phosphatidylethanolamine, phosphatidylcholine,
phosphatidylserine, and phosphatidylinositol or synthetic phospholipid derivatives or variants such as
dihexanoylphosphatidylcholine or diheptanoylphosphatidylcholine.

[0062] The term “desired functionality” as used herein refers to any group selected from a label; a dye; a
polymer; a water-soluble polymer; a derivative of polyethylene glycol; a photocrosslinker; a cytotoxic
compound; a drug; an affinity label; a photoaffinity label; a reactive compound; a resin; a second protein
or polypeptide or polypeptide analog; an antibody or antibody fragment; a metal chelator; a cofactor; a
fatty acid; a carbohydrate; a polynucleotide; a DNA; a RNA; an antisense polynucleotide; a saccharide, a
water-soluble dendrimer, a cyclodextrin, a biomaterial; a nanoparticle; a spin label; a fluorophore; a
metal-containing moiety; a radioactive moiety; a novel functional group; a group that covalently or
noncovalently interacts with other molecules; a photocaged moiety; an actinic radiation excitable moiety;
a ligand; a photoisomerizable moiety; biotin; a biotin analogue; a moiety incorporating a heavy atom; a
chemically cleavable group; a photocleavable group; an ¢longated side chain; a carbon-linked sugar; a
redox-active agent; an amino thioacid; a toxic moiety; an isotopically labeled moiety; a biophysical probe;
a phosphorescent group; a chemiluminescent group; an electron dense group; a magnetic group; an
intercalating group; a chromophore; an energy transfer agent; a biologically active agent (in which case,
the biologically active agent can include an agent with therapeutic activity and the non-natural amino acid
polypeptide or modified non-natural amino acid can serve either as a co-therapeutic agent with the
attached therapeutic agent or as a means for delivery the therapeutic agent to a desired site within an
organism); a detectable label; a small molecule; an inhibitory ribonucleic acid; a radionucleotide; a
neutron-capture agent; a derivative of biotin; quantum dot(s); a nanotransmitter; a radiotransmitter; an
abzyme, an activated complex activator, a virus, an adjuvant, an aglycan, an allergan, an angiostatin, an
antihormone, an antioxidant, an aptamer, a guide RNA, a saponin, a shuttle vector, a macromolecule, a
mimotope, a receptor, a reverse micelle, and any combination thereof.

[0063] The term “diamine,”as used herein, refers to groups/molecules comprising at least two amine
functional groups, including, but not limited to, 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 addition, such
groups may be part of linear, branched, or cyclic molecules.

[0064] The term “detectable label,” as used herein, refers to a label which may be observable using
analytical techniques including, but not limited to, fluorescence, chemiluminescence, electron-spin
resonance, ultraviolet/visible absorbance spectroscopy, mass spectrometry, nuclear magnetic resonance,
magnetic resonance, and electrochemical methods.

[0065] The term “dicarbonyl” as used herein refers to a group containing at least two moieties selected
from the group consisting of -C(O)-, -S(0)-, -S(0O),-, and —C(S)-, including, but not limited to, 1,2-
dicarbonyl groups, a 1,3-dicarbonyl groups, and 1,4-dicarbonyl groups, and groups containing a least one
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ketone group, and/or at least one aldehyde groups, and/or at least one ester group, and/or at least one
carboxylic acid group, and/or at least one thioester group. Such dicarbonyl groups include diketones,
ketoaldehydes, ketoacids, ketoesters, and ketothioesters. In addition, such groups may be part of linear,
branched, or cyclic molecules. The two moieties in the dicarbonyl group may be the same or different, and
may include substituents that would produce, by way of example only, an ester, a ketone, an aldehyde, a
thioester, or an amide, at either of the two moieties.

[0066] The term “drug,” as used herein, refers to any substance used in the prevention, diagnosis,
alleviation, treatment, or cure of a disease or condition.

[0067] The term “dye,” as used herein, refers to a soluble, coloring substance which contains a
chromophore.

[0068] The term “effective amount,” as used herein, refers to a sufficient amount of an agent or a
compound being administered which will relieve to some extent one or more of the symptoms of the
disease or condition being treated. The result can be reduction and/or alleviation of the signs, symptoms,
or causes of a disease, or any other desired alteration of a biological system. By way of example, an agent
or a compound being administered includes, but is not limited to, a natural amino acid polypeptide, non-
natural amino acid polypeptide, modified natural amino acid polypeptide, or modified non-amino acid
polypeptide. Compositions containing such natural amino acid polypeptides, non-natural amino acid
polypeptides, modified natural amino acid polypeptides, or modified non-natural amino acid polypeptides
can be administered for prophylactic, enhancing, and/or therapeutic treatments. An appropriate “effective”
amount in any individual case may be determined using techniques, such as a dose escalation study.

[0069] The term “electron dense group,” as used herein, refers to a group which scatters electrons when
irradiated with an electron beam. Such groups include, but are not limited to, ammonium molybdate,
bismuth subnitrate cadmium iodide, 99%, carbohydrazide, ferric chloride hexahydrate, hexamethylene
tetramine, 98.5%, indium trichloride anhydrous, lanthanum nitrate, lead acetate trihydrate, lead citrate
trihydrate, lead nitrate, periodic acid, phosphomolybdic acid, phosphotungstic acid, potassium
ferricyanide, potassium ferrocyanide, ruthenium red, silver nitrate, silver proteinate (Ag Assay: 8.0-8.5%)
“Strong”, silver tetraphenylporphin (S-TPPS), sodium chloroaurate, sodium tungstate, thallium nitrate,
thiosemicarbazide (TSC), uranyl acetate, uranyl nitrate, and vanadyl sulfate.

[0070] The term “energy transfer agent,” as used herein, refers to a molecule which can either donate or
accept energy from another molecule. By way of example only, fluorescence resonance energy transfer
(FRET) is a dipole-dipole coupling process by which the excited-state energy of a fluorescence donor
molecule is non-radiatively transferred to an unexcited acceptor molecule which then fluorescently emits
the donated energy at a longer wavelength.

[0071] The terms “enhance” or “enhancing” means to increase or prolong either in potency or duration a
desired effect. By way of example, “enhancing” the effect of therapeutic agents refers to the ability to
increase or prolong, either in potency or duration, the effect of therapeutic agents on during treatment of a
disease, disorder or condition. An “enhancing-effective amount,” as used herein, refers to an amount
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[0077] The term ‘“haloacyl,” as used herein, refers to acyl groups which contain halogen moieties,
including, but not limited to, -C(O)CHj3, -C(O)CF3, -C(O)CH,OCH3;, and the like.
[0078] The term ‘“haloalkyl,” as used herein, refers to alkyl groups which contain halogen moieties,
including, but not limited to, -CF; and —-CH,CF5 and the like.
[0079] The term “heteroalkyl,” as used herein, refers to straight or branched chain, or cyclic hydrocarbon
radicals, or combinations thereof, consisting of an alkyl group and at least one heteroatom selected from
the group consisting of O, N, Si and S, and wherein the nitrogen and sulfur atoms may optionally be
oxidized and the nitrogen heteroatom may optionally be quaternized. The heteroatom(s) O, N and S and Si
may be placed at any interior position of the heteroalkyl group or at the position at which the alkyl group
is attached to the remainder of the molecule. Examples include, but are not limited to, -CH,-CH,-O-CHs, -
CH,-CH,-NH-CH3;, -CH,-CH,-N(CH3)-CHs, -CH,-S-CH,-CHj3, -CH,-CHo,-S(0)-CHs, -CH,-CH,-S(O),-
CH;, -CH=CH-0O-CHjs, -Si(CHjs);, -CH,-CH=N-OCHj3, and -CH=CH-N(CHj3)-CHj3. In addition, up to two
heteroatoms may be consecutive, such as, by way of example, -CH,-NH-OCHj; and —CH,-O-Si(CHs)s.
[0080] The terms “heterocyclic-based linkage” or “heterocycle linkage” refers to a moiety formed from
the reaction of a dicarbonyl group with a diamine group. The resulting reaction product is a heterocycle,
including a heteroaryl group or a heterocycloalkyl group. The resulting heterocycle group serves as a
chemical link between a non-natural amino acid or non-natural amino acid polypeptide and another

functional group. In one embodiment, the heterocycle linkage includes a nitrogen-containing heterocycle
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benzodiazepine linkage, and a pyrazalone linkage.

[0081] Similarly, the term “heteroalkylene” refers to a divalent radical derived from heteroalkyl, as
exemplified, but not limited by, -CH,-CH,-S-CH,-CH,- and -CH,-S-CH,-CH,-NH-CH,-. For
heteroalkylene groups, the same or different heteroatoms can also occupy either or both of the chain
termini (including but not limited to, alkyleneoxy, alkylenedioxy, alkyleneamino, alkylenediamino,
aminooxyalkylene, and the like). Still further, for alkylene and heteroalkylene linking groups, no
orientation of the linking group is implied by the direction in which the formula of the linking group is
written. By way of example, the formula —C(O),R’- represents both —C(0O),R’- and —R’C(O),-.

[0082] The term “heteroaryl” or “heteroaromatic,” as used herein, refers to aryl groups which contain at
least one heteroatom selected from N, O, and S; wherein the nitrogen and sulfur atoms may be optionally
oxidized, and the nitrogen atom(s) may be optionally quaternized. Heteroaryl groups may be substituted
or unsubstituted. A heteroaryl group may be attached to the remainder of the molecule through a
heteroatom. Non-limiting examples of heteroaryl groups include 1-pyrrolyl, 2-pyrrolyl, 3-pyrrolyl, 3-
pyrazolyl, 2-imidazolyl, 4-imidazolyl, pyrazinyl, 2-oxazolyl, 4-oxazolyl, 2-phenyl-4-oxazolyl, 5-oxazolyl,
3-isoxazolyl, 4-isoxazolyl, S5-isoxazolyl, 2-thiazolyl, 4-thiazolyl, 5-thiazolyl, 2-furyl, 3-furyl, 2-thienyl, 3-
thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 2-pyrimidyl, 4-pyrimidyl, S5-benzothiazolyl, purinyl, 2-
benzimidazolyl, 5-indolyl, 1-isoquinolyl, 5-isoquinolyl, 2-quinoxalinyl, S-quinoxalinyl, 3-quinolyl, and 6-
quinolyl.

[0083] The term “homoalkyl,” as used herein refers to alkyl groups which are hydrocarbon groups.

[0084] The term “identical,” as used herein, refers to two or more sequences or subsequences which are
the same. In addition, the term “substantially identical,” as used herein, refers to two or more sequences
which have a percentage of sequential units which are the same when compared and aligned for maximum
correspondence over a comparison window, or designated region as measured using comparison
algorithms or by manual alignment and visual inspection. By way of example only, two or more
sequences may be “substantially identical” if the sequential units are about 60% identical, about 65%
identical, about 70% identical, about 75% identical, about 80% identical, about 85% identical, about 90%
identical, or about 95% identical over a specified region. Such percentages to describe the “percent
identity” of two or more sequences. The identity of a sequence can exist over a region that is at least about
75-100 sequential units in length, over a region that is about 50 sequential units in length, or, where not
specified, across the entire sequence. This definition also refers to the complement of a test sequence. By
way of example only, two or more polypeptide sequences are identical when the amino acid residues are
the same, while two or more polypeptide sequences are “substantially identical” if the amino acid residues
arc about 60% identical, about 65% identical, about 70% identical, about 75% identical, about 80%
identical, about 85% identical, about 90% identical, or about 95% identical over a specified region. The
identity can exist over a region that is at least about 75 to about 100 amino acids in length, over a region

that is about 50 amino acids in length, or, where not specified, across the entire sequence of a polypeptide
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sequence. In addition, by way of example only, two or more polynucleotide sequences are identical when
the nucleic acid residues are the same, while two or more polynucleotide sequences are “substantially
identical” if the nucleic acid residues are about 60% identical, about 65% identical, about 70% identical,
about 75% identical, about 80% identical, about 85% identical, about 90% identical, or about 95%
identical over a specified region. The identity can exist over a region that is at least about 75 to about 100
nucleic acids in length, over a region that is about 50 nucleic acids in length, or, where not specified,
across the entire sequence of a polynucleotide sequence.

[0085] For sequence comparison, typically one sequence acts as a reference sequence, to which test
sequences are compared. When using a sequence comparison algorithm, test and reference sequences are
entered into a computer, subsequence coordinates are designated, if necessary, and sequence algorithm
program parameters are designated. Default program parameters can be used, or alternative parameters
can be designated. The sequence comparison algorithm then calculates the percent sequence identities for
the test sequences relative to the reference sequence, based on the program parameters.

[0086] The term “immunogenicity,” as used herein, refers to an antibody response to administration of a
therapeutic drug. The immunogenicity toward therapeutic non-natural amino acid polypeptides can be
obtained using quantitative and qualitative assays for detection of anti-non-natural amino acid
polypeptides antibodies in biological fluids. Such assays include, but are not limited to,
Radioimmunoassay (RIA), Enzyme-linked immunosorbent assay ( ELISA), luminescent immunoassay
(LIA), and fluorescent immunoassay (FIA). Analysis of immunogenicity toward therapeutic non-natural
amino acid polypeptides involves comparing the antibody response upon administration of therapeutic
non-natural amino acid polypeptides to the antibody response upon administration of therapeutic natural
amino acid polypeptides.

[0087] The term “intercalating agent,” also referred to as “intercalating group,” as used herein, refers to a
chemical that can insert into the intramolecular space of a molecule or the intermolecular space between
molecules. By way of example only an intercalating agent or group may be a molecule which inserts into
the stacked bases of the DNA double helix.

[0088] The term “isolated,” as used herein, refers to separating and removing a component of interest
from components not of interest. Isolated substances can be in either a dry or semi-dry state, or in
solution, including but not limited to an aqueous solution. The isolated component can be in a
homogeneous state or the isolated component can be a part of a pharmaceutical composition that
comprises additional pharmaceutically acceptable carriers and/or excipients. Purity and homogeneity may
be determined using analytical chemistry techniques including, but not limited to, polyacrylamide gel
electrophoresis or high performance liquid chromatography. In addition, when a component of interest is
isolated and is the predominant species present in a preparation, the component is described herein as
substantially purified. The term “purified,” as used herein, may refer to a component of interest which is
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
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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 moieties 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
phosphate group; hydrazone linkages which are reaction product of a hydrazide and an aldehyde; acetal
linkages that are the reaction product of an aldehyde and an alcohol; orthoester linkages that are the
reaction product of a formate and an alcohol; peptide linkages formed by an amine group, including but
not limited to, at an end of a polymer such as PEG, and a carboxyl group of a peptide; and oligonucleotide
linkages formed by a phosphoramidite group, including but not limited to, at the end of a polymer, and a
5" hydroxyl group of an oligonucleotide.

[0091] The terms “medium” or “media,” as used herein, refer to any culture medium used to grow and
harvest cells and/or products expressed and/or secreted by such cells. Such “medium” or “media” include,
but are not limited to, solution, solid, semi-solid, or rigid supports that may support or contain any host
cell, including, by way of example, bacterial host cells, yeast host cells, insect host cells, plant host cells,
eukaryotic 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,
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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
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-

40



B. Structure and Synthesis of Dolastatin Linker Derivatives: Hydroxylam ne
G oups [00199] Thus, in certain enbodi nents described herein are dol astatin
deri vati Wee 20iAte63sbnker s conpri sing a hydroxyl am ne gr oRrpT/U$2012/039472

hydr oxyl am ne-1ike group (which has reactivi ty simlar to a hydr oxyI arri ne

group and is sltrulc?turall 5|m1ar 1&_ drox | ami ne grou a mask
hydr oxy T8 1082y b &Y RAWAT F}até"&ﬁ ped 8*’&’8?1@% e*inela% afiffp o ‘W&’# XY a Pﬁlﬁlfe
gr oup) ,nafifal aan}ﬁﬁ@taeﬂt @dyﬂ@yﬁﬁe@wl @-eirgr Gnipo (26l pdlyfepsdes e @b ifvtint Ymsdifitd aF t o

er ) vaniad e o R H ST AST e R bl B ditt S firopup i or

MeMe4 1/wbhMeturél b.mhvﬂolae(dl ﬁolﬁ%ptﬂwﬂ)e@g/mi&uﬁe&\/a&r@tianauz ﬂi’t&lﬁieﬂh&laﬁfsl hec hafiirel @hino R6
c55sAr R5 is 1 Ci%@lﬁll thl zol e; lg : | de und
CNH- ( al %G Beegyl . 8 g acj PORPERIIEE SHBGRNER aawﬁaa Idpelypggside ynder

G - Coal digehsson chyish B@kfed oY uinBodiite: 0- or met hyl; WO

e T by, B kTR O L s
- (alkyl (ﬁﬁlﬁﬁﬁ])gl hatfaifkyt emnediédDielpgicdlg| akty\l'eaﬁﬁccﬁh)e relah2) "its nIFko Bified Earﬁi) By Gavoz-

Zar ey ee g e ek b UG Rl hEHRETEh e oy mehno i

- (al kylenaafd)al hmiab kyill.anaerdlahiaylacid@olypdpidasr dohaatital teind heid @f)lypephllié. ByNHZ 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
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.

2

[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.
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26, 27’am21r§0’ acid,” agc({) ’Vagoldsly 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
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 thereof
(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.
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[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
and Derivatives for Biomedical Applications” (2001). By way of example only, such polymeric polyether
polyols have average molecular weights between about 0.1 kDa to about 100 kDa. By way of example,
such polymeric polyether polyols include, but are not limited to, between about 100 Da and about 100,000
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
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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
occurring amino acid polymers as well as amino acid polymers in which one or more amino acid residues

9% 6

is a non-natural amino acid. Additionally, such “polypeptides,” “peptides” and “proteins™ include amino
acid chains of any length, including full length proteins, wherein the amino acid residues are linked by
covalent peptide bonds.

[00115] The term “post-translationally modified” refers to any modification of a natural or non-natural
amino acid which occurs after such an amino acid has been translationally incorporated into a polypeptide
chain. Such modifications include, but are not limited to, co-translational in vivo modifications, co-
translational in vitro modifications (such as in a cell-free translation system), post-translational in vivo
modifications, and post-translational in vitro modifications.

[00116] The terms “prodrug” or “pharmaceutically acceptable prodrug,” as used herein, refers to an agent
that is converted into the parent drug in vivo or in vitro, wherein which does not abrogate the biological
activity or properties of the drug, 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. 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
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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
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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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
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,
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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.

[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
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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
98%, about 99% or greater. By way of example only, a natural amino acid polypeptide or a non-natural
amino acid polypeptide may be purified from a native cell, or host cell in the case of recombinantly
produced natural amino acid polypeptides or non-natural amino acid polypeptides. By way of example a
preparation of a natural amino acid polypeptide or a non-natural amino acid polypeptide may be
“substantially purified” when the preparation 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 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 Img/L or less of the dry weight

of the cells. By way of example, “substantially purified” natural amino acid polypeptides or non-natural

48



83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100.

WO 2012/166560 PCT/US2012/039472

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(O)-(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-
(CHy)-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,O-
is equivalent to —OCH,-.

[00138] By way of example only, substituents for alkyl and heteroalkyl radicals (including those groups
referred to as alkylene, alkenyl, heteroalkylene, heteroalkenyl, alkynyl, cycloalkyl, heterocycloalkyl,
cycloalkenyl, and heterocycloalkenyl) 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
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- CH? CH?éé! %i‘ﬁg gprfag@ CRPAEG 'morphohno—doxorublcm, rhizoxin, cyanomorpholino-
doxorubicin, dolastatin-10, echinomycin, combretatstatin, chalicheamicin, maytansine, DM-1, netropsin,
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
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(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

2% G

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
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.
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[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
their physical chemical differences by methods known, for example, by chromatography and/or fractional
crystallization. Enantiomers can be separated by converting the enantiomeric mixture into a
diastereomeric mixture by reaction with an appropriate optically active compound (e.g., alcohol),
separating the diastercomers and converting (e.g., hydrolyzing) the individual diastereomers to the
corresponding pure enantiomers. All such isomers, including diastereomers, enantiomers, and mixtures
thereof are considered as part of the compositions described herein.

[00149] In additional or further embodiments, the compounds described 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) are used in the form of pro-
drugs. In additional or further embodiments, the compounds described 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) are metabolized upon
administration to an organism in need to produce a metabolite that is then used to produce a desired effect,
including a desired therapeutic effect. In further or additional embodiments are active metabolites of non-
natural amino acids and “modified or unmodified” non-natural amino acid polypeptides.

[00150] The methods and formulations described herein include the use of N-oxides, crystalline forms
(also known as polymorphs), or pharmaceutically acceptable salts of non-natural amino acids, non-natural
amino acid polypeptides and modified non-natural amino acid polypeptides. In certain embodiments, non-
natural amino acids, non-natural amino acid polypeptides and modified non-natural amino acid
polypeptides may exist as tautomers. All tautomers are included within the scope of the non-natural amino
acids, non-natural amino acid polypeptides and modified non-natural amino acid polypeptides presented

52



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,
WO 2012/166560 PCT/US2012/039472

herein. In addition, the non-natural amino acids, non-natural amino acid polypeptides and modified non-
natural amino acid polypeptides described herein can exist in unsolvated as well as solvated forms with
pharmaceutically acceptable solvents such as water, ethanol, and the like. The solvated forms of the non-
natural amino acids, non-natural amino acid polypeptides and modified non-natural amino acid
polypeptides presented herein are also considered to be disclosed herein.

[00151] 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) may exist in several tautomeric forms. All such tautomeric forms are
considered as part of the compositions described herein. Also, for example all enol-keto forms of any
compounds (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) herein are considered as part of the compositions described herein.

[00152] 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
either of the aforementioned compounds) are acidic and may form a salt with a pharmaceutically
acceptable cation. 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) can be basic and accordingly, may form a salt with a
pharmaceutically acceptable anion. All such salts, including di-salts are within the scope of the
compositions described herein and they can be prepared by conventional methods. For example, salts can
be prepared by contacting the acidic and basic entities, in either an aqueous, non-aqueous or partially
aqueous medium. The salts are recovered by using at least one of the following techniques: filtration,
precipitation with a non-solvent followed by filtration, evaporation of the solvent, or, in the case of
aqueous solutions, lyophilization.

[00153] Pharmaceutically acceptable salts of the non-natural amino acid polypeptides disclosed herein
may be formed when an acidic proton present in the parent non-natural amino acid polypeptides either is
replaced by a metal ion, by way of example an alkali metal ion, an alkaline earth ion, or an aluminum ion;
or coordinates with an organic base. In addition, the salt forms of the disclosed non-natural amino acid
polypeptides can be prepared using salts of the starting materials or intermediates. The non-natural amino
acid polypeptides described herein may be prepared as a pharmaceutically acceptable acid addition salt
(which is a type of a pharmaceutically acceptable salt) by reacting the free base form of non-natural amino
acid polypeptides described herein with a pharmaceutically acceptable inorganic or organic acid.
Alternatively, the non-natural amino acid polypeptides described herein may be prepared as
pharmaceutically acceptable base addition salts (which are a type of a pharmaceutically acceptable salt)
by reacting the free acid form of non-natural amino acid polypeptides described herein with a

pharmaceutically acceptable inorganic or organic base.
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[00154] The type of pharmaceutical acceptable salts, include, but are not limited to: (1) acid addition salts,
formed with inorganic acids such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid,
phosphoric acid, and the like; or formed with organic acids such as acetic acid, propionic acid, hexanoic
acid, cyclopentanepropionic acid, glycolic acid, pyruvic acid, lactic acid, malonic acid, succinic acid,
malic acid, maleic acid, fumaric acid, tartaric acid, citric acid, benzoic acid, 3-(4-hydroxybenzoyl)benzoic
acid, cinnamic acid, mandelic acid, methanesulfonic acid, ethanesulfonic acid, 1,2-ethanedisulfonic acid,
2-hydroxyethanesulfonic acid, benzenesulfonic acid, 2-naphthalenesulfonic acid, 4-methylbicyclo-
[2.2.2]oct-2-ene-1-carboxylic acid, glucoheptonic acid, 4,4’-methylenebis-(3-hydroxy-2-ene-1 -carboxylic
acid), 3-phenylpropionic acid, trimethylacetic acid, tertiary butylacetic acid, lauryl sulfuric acid, gluconic
acid, glutamic acid, hydroxynaphthoic acid, salicylic acid, stearic acid, muconic acid, and the like; (2)
salts formed when an acidic proton present in the parent compound either is replaced by a metal ion, e.g.,
an alkali metal ion, an alkaline earth ion, or an aluminum ion; or coordinates with an organic base.
Acceptable organic bases include ethanolamine, diethanolamine, triethanolamine, tromethamine, N-
methylglucamine, and the like. Acceptable inorganic bases include aluminum hydroxide, calcium
hydroxide, potassium hydroxide, sodium carbonate, sodium hydroxide, and the like.

[00155] The corresponding counterions of the non-natural amino acid polypeptide pharmaceutical
acceptable salts may be analyzed and identified using various methods including, but not limited to, ion
exchange chromatography, ion chromatography, capillary electrophoresis, inductively coupled plasma,
atomic absorption spectroscopy, mass spectrometry, or any combination thereof. In addition, the
therapeutic activity of such non-natural amino acid polypeptide pharmaceutical acceptable salts may be
tested using the techniques and methods described in examples 87-91.

[00156] 1t should be understood that a reference to a salt includes the solvent addition forms or crystal
forms thereof, particularly solvates or polymorphs. Solvates contain either stoichiometric or non-
stoichiometric amounts of a solvent, and are often formed during the process of crystallization with
pharmaceutically acceptable solvents such as water, ethanol, and the like. Hydrates are formed when the
solvent is water, or alcoholates are formed when the solvent is alcohol. Polymorphs include the different
crystal packing arrangements of the same elemental composition of a compound. Polymorphs usually
have different X-ray diffraction patterns, infrared spectra, melting points, density, hardness, crystal shape,
optical and electrical properties, stability, and solubility. Various factors such as the recrystallization
solvent, rate of crystallization, and storage temperature may cause a single crystal form to dominate.
[00157] The screening and characterization of non-natural amino acid polypeptide pharmaceutical
acceptable salts polymorphs and/or solvates may be accomplished using a variety of techniques including,
but not limited to, thermal analysis, x-ray diffraction, spectroscopy, vapor sorption, and microscopy.
Thermal analysis methods address thermo chemical degradation or thermo physical processes including,
but not limited to, polymorphic transitions, and such methods are used to analyze the relationships
between polymorphic forms, determine weight loss, to find the glass transition temperature, or for
excipient compatibility studies. Such methods include, but are not limited to, Differential scanning
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[00161] Figure 3 presents a graphical illustration of the expression of Anti-Her2 variants determined by
ELISA analysis.
[00162] Figure 4 presents a graphical illustration of the cell proliferation assay with HCC 1954 breast
cancer cell line and dolastatin linker derivatives.
[00163] Figure 5 presents a graphical illustration of the analysis of the cell proliferation assay with HCC
1954 breast cancer cell line and trastuzumab-tox conjugates.
[00164] Figure 6 presents a graphical illustration of the analysis of the cell proliferation assay with
SKOV-3 ovarian cancer cell line and dolastatin linker derivatives.
[00165] Figure 7 presents a graphical illustration of the analysis of the cell proliferation assay with
SKOV-3 ovarian cancer cell line and trastuzumab-tox conjugates.
[00166] Figure 8 presents a graphical illustration of the analysis of the cell proliferation assay with MDA-
MB-468 breast cancer cell line and dolastatin linker derivatives.
[00167] Figure 9 presents a graphical illustration of the analysis of the cell proliferation assay with MDA-
MB-468 breast cancer line and trastuzumab-tox conjugates.
[00168] Figure 10 presents a graphical illustration of tumor volume measurement (mm®) after a single IC
dose (3.3 mg/kg, 10 mg/kg, 20mg/kg) of trastuzumab-linked dolastatin derivatives.
[00169] Figure 11 presents assay formats used to measure trastuzumab-linked dolastatin derivatives
concentration in SD rat serum.
[00170] Figure 12 presents graphical illustrations of serum concentrations (ng/mL) of trastuzumab-linked

dolastatin derivatives after single IV injections.
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23, 24, [00%?3] P21g6u’re ?57 f)reszegt’s nga%hical 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).
[00175] Figure 17 presents graphical illustrations of anti-tumor efficacy of dolastatin linker derivatives in
the MDA361DYT?2 Breast (2+) Xenograft model.
[00176] Figure 18 presents graphical illustrations of anti-tumor efficacy of dolastatin linker derivatives in

the MDA361DYT?2 Breast (2+) Xenograft model.

DETAILED DESCRIPTION OF THE INVENTION

[00177] While preferred embodiments of the present invention have been shown and described herein, it
will be obvious to those skilled in the art that such embodiments are provided by way of example only.
Numerous variations, changes, and substitutions will now occur to those skilled in the art without
departing from the invention. It should be understood that various alternatives to the embodiments of the
invention described herein may be employed in practicing the invention. It is intended that the following
claims define the scope of the invention and that methods and structures within the scope of these claims
and their equivalents be covered thereby.

1. Introduction
[00178] Recently, an entirely new technology in the protein sciences has been reported, which promises to
overcome many of the limitations associated with site-specific modifications of proteins. Specifically,
new components have been added to the protein biosynthetic machinery of the prokaryote Escherichia
coli (E. coli) (e.g., L. Wang, et al.,, (2001), Science 292:498-500) and the eukaryote Sacchromyces
cerevisiae (S. cerevisiae) (e.g., J. Chin et al., Science 301:964-7 (2003)), which has enabled the

incorporation of non-natural amino acids to proteins in vivo. A number of new amino acids with novel
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.
See, e.g., J. W. Chin et al.,, (2002), Journal of the American Chemical Society 124:9026-9027
(incorporated by reference in its entirety); J. W. Chin, & P. G. Schultz, (2002), ChemBioChem
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3(11):1135-1137 (incorporated by reference in its entirety); J. W. Chin, et al., (2002), PNAS United States
of America 99(17):11020-11024 (incorporated by reference in its entirety); and, L. Wang, & P. G.

Schultz, (2002), Chem. Comm., 1-11 (incorporated by reference in its entirety). These 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.).
[00180].Such dolastatin linker derivatives comprising non-natural amino acids may contain further
functionality, 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. Note that the various aforementioned functionalities are not meant
to imply that the members of one functionality cannot be classified as members of another functionality.
Indeed, there will be overlap depending upon the particular circumstances. By way of example only, a
water-soluble polymer overlaps in scope with a derivative of polyethylene glycol, however the overlap is
not complete and thus both functionalities are cited above.
[00181] Provided herein in some embodiments, is a toxic group linker derivative comprising a 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. In some embodiments, the toxic group derivative comprises any of the linkers
disclosed herein. In other embodiments, described herein are the tools (methods, compositions,
techniques) for creating and using toxic group 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.).
[00182] In some embodiments, such toxic derivatives comprising non-natural amino acids may contain
further functionality, 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. In specific embodiments, the toxic group is dolastatin or
auristatin. In certain specific embodiments, the toxic group is dolastatin-10. Note that the various
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aforementioned functionalities are not meant to imply that the members of one functionality cannot be
classified as members of another functionality. Indeed, there will be overlap depending upon the particular
circumstances. By way of example only, a water-soluble polymer overlaps in scope with a derivative of
polyethylene glycol, however the overlap is not complete and thus both functionalities are cited above.
[00183] Certain embodiments of the present invention describe preparations of certain toxic moieties with
linkers that reduce the toxicity of the moiety in vivo while the toxic moiety retains pharmacological
activity. In some embodiments, the toxicity of the linked toxic group, when administered to an animal or
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).

III.  Dolastatin Linker Derivatives
[00184] At one level, described herein are the tools (methods, compositions, techniques) for creating and
using a dolastatin linker derivatives or analogs comprising at least one non-natural amino acid or modified
non-natural amino acid with a carbonyl, dicarbonyl, oxime or hydroxylamine group. Such dolastatin
linker derivatives comprising non-natural amino acids may contain further functionality, 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. Note
that the various aforementioned functionalities are not meant to imply that the members of one
functionality cannot be classified as members of another functionality. Indeed, there will be overlap
depending upon the particular circumstances. By way of example only, a water-soluble polymer overlaps
in scope with a derivative of polyethylene glycol, however the overlap is not complete and thus both
functionalities are cited above.
[00185] In one aspect are methods for selecting and designing a dolastatin linker derivative to be modified
using the methods, compositions and techniques described herein. The new dolastatin linker derivative
may be designed de novo, including by way of example only, as part of high-throughput screening process
(in which case numerous polypeptides may be designed, synthesized, characterized and/or tested) or based
on the interests of the researcher. The new dolastatin linker derivative may also be designed based on the
structure of a known or partially characterized polypeptide. By way of example only, dolastatin has been
the subject of intense study by the scientific community; a new compound may be designed based on the
structure of dolastatin. The principles for selecting which amino acid(s) to substitute and/or modify are
described separately herein. The choice of which modification to employ is also described herein, and can
be used to meet the need of the experimenter or end user. Such needs may include, but are not limited to,
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conpou Formul a ( XI V%f XV), %WI. : %WII%, nd %)MII% eacg
o s 00k s o Bttty i b s by i G Bb1 Y el ok gt o
i nker .at 1&&211&1 al Rag 8Ixt af Raﬁ@b@d,l ArElBds S cight, @oremlmnﬂs o10fen B@rnmué af élchﬂb))nyl ©tV),
(V) and,. each al kyl ene I ene', alk ene .and al
i ndepe %//l §FQUD. gfigIe group amlne ?ec ted for@glé lastatm linker
- CH2 CH2feHtAGM2 Edridre thes@ﬂE%EbﬂBﬁ!‘ﬁ%ﬁdR- there@hinG‘Q@kQ@H?,@l;iZ@iQﬂdZ}l 12, 13, 14,
GpCroCrR B GDD APEDE BT - AP DE D BB oD
CH2CH2CRR et gt Sites R Le, oo &d-10 by
CH2 CH2 G2 GH2 CH2 CH? CH2 €HRCHE cHAGKEIAE R Zent rehdtive efoupd. N enbodi nent s of corrpounds
of Formula (I'l1), (IV), (V) and (VI), alkylene is nethyl ene, ethylene,
propyl ene, but Al eS1e&urpedidy| Satesiheofy | mikBtatiar Livijet y Derivaitivek ORLR& dophtiicc @ndl ai n
enbodi nents of conpoundsN@f:le@bﬂmmauﬁsI I 1), (I V) (V) and (V1), each n and
n" ind
16, 17%8@39]%5‘ ¥aﬁ188deré\?ftlvézszwﬂhzlgikerﬁ A:ont?gmg féiydréﬁ}ylafmne (()also ca’lleci]' all ami boxyf1 group
allow for reactlon with a variety of electrophilic groups to form conjugates (including but not limited to,
with PEG or other water soluble polymers). Like hydrazines, hydrazides and semicarbazides, the
enhanced nucleophilicity of the aminooxy group permits it to react efficiently and selectively with a
variety of molecules that contain carbonyl- or dicarbonyl-groups, including but not limited to, ketones,
aldehydes or other functional groups with similar chemical reactivity. See, e.g., Shao, J. and Tam, J., J.
Am. Chem. Soc. 117:3893-3899 (1995); H. Hang and C. Bertozzi, Acc. Chem. Res. 34(9): 727-736
(2001). Whereas the result of reaction with a hydrazine group is the corresponding hydrazone, however,
an oxime results generally from the reaction of an aminooxy group with a carbonyl- or dicarbonyl-
containing group such as, by way of example, a ketones, aldehydes or other functional groups with similar
chemical reactivity. In some embodiments, dolastatin derivatives with linkers comprising an azide, alkyne
or cycloalkyne allow for linking of molecules via cycloaddition reactions (e.g., 1,3-dipolar cycloadditions,
azide-alkyne Huisgen cycloaddition, etc.). (Described in U.S. Patent No. 7,807,619 which is incorporated
by reference herein to the extent relative to the reaction).
[00189] Thus, in certain embodiments described herein are dolastatin derivatives with linkers comprising
a hydroxylamine, aldehyde, protected aldehyde, ketone, protected ketone, thioester, ester, dicarbonyl,
hydrazine, amidine, imine, diamine, keto-amine, keto-alkyne, and ene-dione hydroxylamine group, a
hydroxylamine-like group (which has reactivity similar to a hydroxylamine group and is structurally

similar to a hydroxylamine group), a masked hydroxylamine group (which can be readily converted into a

59



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,
WO 2012/166560 PCT/US2012/039472

hydroxylamine group), or a protected hydroxylamine group (which has reactivity similar to a
hydroxylamine group upon deprotection). In some embodiments, the dolastatin derivatives with linkers
comprise azides, alkynes or cycloalkynes. Such dolastatin linker derivatives include compounds having

the structure of Formula (1), (IIT), (IV), (V), and (VI):
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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.

WO 2012/166560 PCT/US2012/039472
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Me Me MeO NH HN—L,

Ar O
Re
wherein:
Z has the structure of:
Re

‘fé\(KAr
Rs ;
Rsis H, CORg, Ci-Cgalkyl, or thiazole;
Rg is OH or -NH—(alkylene—Q),—NH,;
Rg is OH or H;
Ar is phenyl or pyridine;

R is Ci-Cgalkyl or hydrogen;
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[00221]In certain enbodi nents, dolastatin |inker derivatives include
conpounds having the structure of Formula (VI1): WO

2012/ 166560RCI/1665012/ 039472 Me Me O H Me. N N-NN 11 MePUENSME2/03947DMe
Me.NNN -N 1z Me OMe Ove O Me MeMeO [00222] In certain enbodi nents of

Compounds, ofy ST TH 2L bk bl BHSKSRE AT B SHE ity s e

al kyl ene i s - Cpldttidd aldels/ds k¥iose, broddckey Iketogy, thigster, 6Hth?) dearbdiyl, Bydtazine, azaed n"

are 3, J has t Qneqimsr;[e,r i%q?r&e?ﬁigm%fe,l_lléetoqa;migg %et‘(]):;llkgfale\{ glkgfr?e?cyscﬁoraﬂgf;[lelf I;1r?d ene-dione;

L, Ly, L,, Ls, and L, are each linkers selected from the group consisting of a bond, —alkylene—, —

alkylene—C(O)-, —alkylene-J—, —(alkylene-O),—alkylene—, —(alkylene—O),~alkylene-C(O)-, —
(alkylene—0),—J—, —(alkylene-0),—J-alkylene—, —(alkylene—O),—(CH,),~NHC(O)—-(CH;),—
C(Me),—S-S—(CH,),—NHC(O)—(alkylene—O),~—alkylene—, —(alkylene—O),~alkylene-W-, —
alkylene—C(O)-W-, —(alkylene—O),—alkylene-J—, —alkylene-J—(alkylene-O),—alkylene—, —
(alkylene-O),—alkylene—J—alkylene', —J—(alkylene-O),—alkylene—, —(alkylene—O),—alkylene—
J—(alkylene-0O),'-alkylene-J'—, —-W—, —alkylene—W-, alkylene'-J—(alkylene—NMe),—alkylene—
W-, —J—(alkylene-NMe),—alkylene-W-, —(alkylene—O),—alkylene—U-alkylene-C(O)—, —
(alkylene-O),—alkylene—U-alkylene—; —J—alkylene-NMe—-alkylene'-NMe-alkylene"-W—, and
—alkylene-J-alkylene'-NMe-alkylene"-NMe-alkylene™-W—;

W has the structure of:

ailw 1, oo
T

NH

0~ "NH,

U has the structure of:

CO,H

KHFLNI@
o H

each J and J' independently have the structure of:
lziiN/HL gf\Nﬁ\O/HL or Jé\Nﬁ\;
H , H , H

each n, n' n", n"" and n"" are independently integers greater than or equal to one; and

or L is absent, Y is methyl, Rs is CORg, and Rg is -NH—(alkylene—O),—NH,.

b

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.

[00190] In certain embodiments of compounds of Formula (I), (I1T), and (V), Rs is thiazole or carboxylic

acid. In certain embodiments of compounds of Formula (I), (III), and (V), Rs is hydrogen. In certain
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css' NYLOA of H, and R7 is nethyl. In certain enbodi nents of conpounds of
Formula (M), L1 is -J- (alkylene-0)ii-alkylene-, L2 is

- (al kyl erwoQpre/imbioyl ene-J' -al kyl ene' -, L3 is -(aIkernePCTﬂSmhkmMBMB- J"-,
al kyl ene is -CH2CH2-, alkylene is -(CH2)4-, nis n" and n" are 4, and

1,
dor fva?%%géinﬁﬁtgvﬁgéq%ﬁ%@? %ﬁfﬁﬁga%’n{dx%ﬁﬁ%%‘wﬁ@ RE blsBYLBariPN: By

non- natlw altylasecwotygaerebigl yaept érdexylpah yeresin erpmidytﬁ@trsc&arohﬂamd@ bf Bormula (1),

Corta GO b RGOS oR ot RN ARy P £ 5 ar bA ot & 16 afeons
FrCvrt)!

sol uti @Hzt@rzCIa;cHzeamzaHmcmzamgeLcmdHjCMZC&QCHZCprn@MJO}QGHZCHzaHg@HMZn

indor 1 iy -SERAC FEOHA BT cer t i PenbGT Rt Bap Ot of For mul a

(1) - (Vigp,CareHsIraoHeCH . oH, @, dRast-, 5 -dayS HWeH, O JaH, y HaoH diHeCE @it | ens— I n

et hoo L Shd b S Bh e oS P E TRA 0o Bl Bl Eeh® o by bR~ ot 5B des

conpr i Sivigind QVHSR Ak HVH-{allitgeane-dBI-INHRE Wii@cig arié i Ni2Ng 4ab6, 4,6a8t9, anelicaz,ionw, or

For me. CROIEar Tnl G P BRooR: 3t 3 et aertt SBcE Ve Grou PRed & Bbidetati n

l'i nker 4desd, wa,t46ye7 aanoabi, aw 52053, ShessapR|sT.cet 5QB00F1, 6DIE3 UGS, QSIB €hesiest 10, es

A e s AR R R A R

t he connpmﬂw00ccurr|ng am no acids. Once |ncorporated the dolastatin

| i nker rivative Sld chal .can a |ed .utilizing chem stry
et hoadP G R GiE T RRr & i Bice u Tt aBFe CPBMRE phet il ol Tntr
groupsemmo&ubﬁﬁnhm@nbsmpk&aemmnmnnd&e dol astatin Ilnker derivative. 72 WO
2012/ 166560P S2012/ 039472 [ 00225] The dol astatin linker derivative

met hods and onp Sétlons descri bed herein provide conjugates of substances
havi ng a mn var)i ety of functional groups, substituents or noieties, with

ot her substan including but not limted to a polyner; a water-soluble
polynmer; a derReat i;ve of pol yet hyl ene glycol; a second protein or

By Conbi nacraee Repest 5308 PR R SRl o0 o LA9REN e
| i nker deri vat ethest;hﬂethmkemmmh;d Ha&@gelamsl eﬂes@rylbfeﬂ dndd@iary] ainide,|laligi hedide,
conpounds of FO]E( 1ne %]L%J }(%lyon[l) gl{q?l atlr‘ﬁ ﬁn(gstf ﬁogseftgro g%iosu ﬂn dt%[e mldly

aci di ¢ condi ti &n% ¥

enbodi nent s, smmﬂmmnmpmwndﬁ)amb stable for at |east one nonth under mldly

acidic condltl iQ f 58 q@od |frents, such conmpounds are stable for at
'm Ci

| east 2 weeKs® uhd%? ic conditions. I n other enbodi nents, such

conpound&l9arie csttabl e&nbfodnneaits cbfe(asﬁpoﬁndsl agstm‘mdmr (Dy (0d), yandqivali R ¢omidi tIh come

1002271 In .anot h t hods, techni ques and
strateg|e§m55m€95§n@°ﬁxg |n ar ?Hﬁgﬁp (h&% 6lﬁﬁyylﬁg or using any of the
aforenﬂﬂ&M@hﬂdmﬁnnﬂMhdmﬁnmmfunmmdmﬁmﬁﬂmnm@dnnaﬂyaauwanMnmpmmyU dol astatin
A T R NS A S R AR ML R

ase
b|oIogymnemmmwbnn@nmalbm@hamgmﬁmmomuwin@nMnﬁpmmunBrhawdeCMﬂunemmMmmmnsof

nllltaQ% use%S“h%“$?M@H6ﬂDuﬁﬂﬁg?# f h“%l statin |inker derivative

conprlsmBOu 2UUF4 anino acid pol ypepti de or
pr ot ei 0019802 28ttailcimblolimchis g c@mnmidesnfdfonduih adt afmi)nadd (Rery de hydradylanese,

i ncl Ude aldehyde, progecteg Pd61§y5d6(:l<P%—£/e %?g Q 2(( lge:%on%?&noesterN'e_lsteor }hcarbonyl\I hydraz141e amidine,
imine, diamine, keto-amine, keto-alkyne, or ene-dione.
[00196] In certain embodiments of compounds of Formula (IV) and (VI), V is a hydroxylamine, methyl,
aldehyde, protected aldehyde, ketone, protected ketone, thioester, ester, dicarbonyl, hydrazine, amidine,
imine, diamine, keto-amine, keto-alkyne, and ene-dione.
[00197] In certain embodiments of compounds of Formula (1), (III), (IV), (V), and (VI), each L, L;, L, L,

and L, is independently a cleavable linker or non-cleavable linker. In certain embodiments of compounds
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of Formula (I), (IT), (IV), (V), and (VI), each L, L, L,, L3, and Ly is independently a oligo(ethylene
glycol) derivatized linker.
[00198] In certain embodiments of compounds of Formula (I), (IIT), (IV), (V), and (VI), each alkylene,
alkylene', alkylene", and 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
(XIV), (XV), (XV]), (XVID), and (XVIII), eachn, n', n", ", and "™ 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.

B. Structure and Synthesis of Dolastatin Linker Derivatives: Hydroxylamine Groups
[00199] Thus, in certain embodiments described herein are dolastatin derivatives with linkers comprising
a hydroxylamine group, a hydroxylamine-like group (which has reactivity similar to a hydroxylamine
group and is structurally similar to a hydroxylamine group), a masked hydroxylamine group (which can
be readily converted into a hydroxylamine group), or a protected hydroxylamine group (which has
reactivity similar to a hydroxylamine group upon deprotection). Such dolastatin linker derivatives include
compounds having the structure of Formula (I):

e

Me~_-Me OM Me
H ~H
Y/L\N:ng\E)J\N N Me @

|
R, O .~ Me OMeO
Me Me MeO NH

wherein:
Z has the structure of:
Re

‘fé\(KAr

Rs ;
Rsis H, CORg, Ci-Cgalkyl, or thiazole;
Rs is OH or -NH—(alkylene—0O),~NH;;
Rg is OH or H;
Ar is phenyl or pyridine;
R is Ci-Cgalkyl or hydrogen;
Y is NH,—O- or methyl;
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ri iN.y?e' N ..."*N,\AN H2N-00e) H HNI') Of CkkNi i 2 77 SUBSTI TUTE SHEET ( RULE
26) PCT/WOo28021688472 03-08-2012 wo 2012/ 166560PCT/ US20P2TABWUZA3A721 i . OH
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L is a linker selected from the group consisting of —alkylene—, —alkylene—C(O)—, —(alkylene—O),—
alkylene—, —(alkylene—0O),—alkylene-C(O)—, —(alkylene—O),—(CH,),~NHC(O)—(CH,),—C(Me),—
S—S—(CH,),»~NHC(O)—(alkylene—0O),~—alkylene—, —(alkylene—O),—alkylene—W-, —alkylene—
C(0O)-W-, —(alkylene-0O),—alkylene-U-alkylene—C(O)—, and —(alkylene-O),—alkylene—U-
alkylene—;

W has the structure of:

JULNU@V“;

U has the structure of:

CO,H

gi

or L is absent, Y is methyl, Rs is CORg, and Rg is -NH—(alkylene—-O),—NH,; and

"

each n, n', n", n" and n"" are independently integers 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.
[00200] In certain embodiments of compounds of Formula (I), Rs is thiazole. In certain embodiments of
compounds of Formula (I), Rs is hydrogen. In certain embodiments of compounds of Formula (I), Rs is
methyl, ethyl, propyl, iso-propyl, butyl, iso-butyl, sec-butyl, tert-butyl, pentyl, or hexyl. In certain
embodiments of compounds of Formula (I), R5 is -NH—(alkylene—O),—NH,, wherein alkylene 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 (I), Rs is -NH—(alkylene—O),~NH,, wherein n 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.

[00201]In certain embodiments of compounds of Formula (I), R¢ is H. In some embodiments of

compounds of Formula (I), Re is hydroxy.
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t hi oet H&PO)—. an samg dabmindentshé comp@ndsEddiophds (Ibf eashl@lhylarm meCHgﬁHis, ek squal tmc4l ude

sacchar] r |1 ceur Ny t

such adB 75 e f 5 38k SRTERAN of SRR Bl O, 38 B9 TG EhEfr ca
noi et i é‘s&H@(@dCbb)nla@@de)iﬁtsr(ﬁﬂb)ypNﬁC(QDe@lhyieaeﬂQmealbyicr&H dn sofme rembomatem alf
am no acids into such polypeptides offeg a variety of advantages and
mani pul ati ons of pol ypeptides. For exanple, the unique reactivity of a
carbonyl or dicarbonyl functional group (including a keto- or al dehyde-
functional group) allows selective nodification of proteins with any of a
nunber of hydra2|ne or hydroxylanlne contalnlng reagents |n VIVO and |n

. o o Y Y 1 o




HRAO (XXXVI1) A is optional, and when present is |ower alkylene,
substituted | ower al kylene, |ower cycl oal kyl ene, substituted | ower

cycl oal kywerne12/1ea88er al kenyl ene, substituted | ower al kemgirarse)12abdynyl ene,
| ower heteroalkylene substituted heteroal kyl ene, | ower

heteroc cl oal k bstituted | o et erocycl| oal kyl en ryl ene

Subst | cpRg i Y ang ik erbalyFls “CBHET: THCRH Kok e osigl BAo B FRAYilehe,
subst i t Uit eghabdokan'y lisesqeal t(ﬁéf ,ahkR} © methy0rsushl bshdtdtiitiakr alela\balﬁyésexﬁa@ ‘be Ba ths form of

optional, . and rese |s a link r selected fro 0 consi stin
oP | Sk el e mEEERE it Pt i SRLESREIe bRl pRaSaRRISb 29
substlQMbedﬂ&mmemuamﬁ&ﬁMypmﬁumhﬁwamnpﬁmﬁﬁﬁalkylene substltuted | ower

het | b |
e oy P S8, L0, S e
- S( 0) k(e nkiytlenable tinlst bEi dettaih elb @litkiyttestepmpoundd Qf)F—ormulNS([)O}aZh L is o&@¢pdhdntly a

-C(0)-(al kyl ene qr StltUtrg al kylene)-, -C(S)-, -C(S)-(al kyl ene or
substiﬁ%ﬁ%%*ﬁ?%?ﬁ%ﬁ@)e“Vm%ﬁk? “NR - (al kyl ene or substituted al kyl ene)-

- gs(a% g([BDZXJQ]l,IE -cléia‘ﬂ( Hnbc-x{uﬁt)rk@t/ b@fl?q@ﬁndﬁ LkblﬁSthﬁuH do, &l Ksyinethﬁ) eth}ll(l- P IRisp-propyl,
- -(a ne or su JTut e
subst | (HPEASISTERay R Rpid Peft) B RS R Feirentoaipiet e Rﬁs@%ormula

- N( R’ )Q(I;s)wﬁﬂy)imgem 2012/ 166560PCT/ u32012/ 039472 N(R ) S(0) kN( R)-

q . )2 lﬁ@’ Inm‘fﬁ@l)l embmg*ﬁfats g Fwdg qfrfci%%o@?n kyigge lan£§12 Forn b, -
SUbSti Lot yclonl Kyl o each R 15§ ndependant Ly a'MHMi“S%‘;:F%ga -
Zrkyl (g%%gléﬁgﬁggh&#%tﬁgoup, or when™ ﬁﬁ#&gﬁﬁéﬁ¥6ﬁ%cgﬁﬁépgﬁp is present,

t wo R’ @pCheorIdHsCHArHCa, Gei@n,ocy ¢l oal-&MIGH,BH,(18,CH,CEICRTHACH{OHt ect | ng-

S R s e L R S Ry e A e TR

each ofin Bdtaanant3dinheatsiofi d@pena@nif [Fyrnidla (B aagem ', hQwerandlnkyik 0, 90, Substa, 7,8 ed

et ool 208 BT P S Sc bengl 1y o vel agi, o

tricyclize3gpelmakkyb, 430 4heab erc0ey akodl, Ky 151.c3p3,i58) 559 5@157) Ease, conEl, 6ArBo6w |

o1 ot oot S0t gD r b b PhetkBa b araong G bap Fril SRy b il

di car boyb4, g5,06p97, 08, 9bhe 10K- R group together forms a nnnocycllc or bicyclic

et oai A e B P al ol Pt Ao R el g (B

pr ot ect@®godivear bonyl group, or masked carbonyl group, including a masked

di carbonyl group; with a proviso that when A is phenylene and each R3 is H,
B is present; and that whéteA-Ms -( h RBis H B is not
-NHC(0) (CH2CH2) -; and t hat en A a ~ar e absept and each R3is H Ris
not nethyl. Such non-natg+a\ " e formof a salt, or
may be incorporated in o a ononapura&eaﬁhﬂggaci | ypepti de, polyner,

pol ysacchari de, or a | ynucl eotNMeléMand opti omed y transl ationally
nodi fied. [00234] 1 p;eertain enbodlneMts conpounds Cof Eornqhﬁ (XXXVI'1) are
stabl e i n aqueous Ysol uti orM§-grMat 1 "nment nder mldl'y’acidic
conditions. In certain\enbodijments, co ¢Unds
stable for at |east 2 wegksyunger ym I'Nl'y i'conietions. In certain
enbodi nents, conpound of Fqgnuba LXXXMLIkmﬁ;@ st for at |east 5 days
under mildly acidic conditions. Y Mertain entedl mept$H such acidic
conditions are pH 2 to 8. [00235]1In certain enbodlﬁbnti of cohpounds of
Formula (XXXVI1), B is |lower al kylene, substituted

67



| ower al kyl ene, -0-(al kyl ene or substituted alkylene)-, -C(R)=N-NR ) -
-N(R)CO-, -C(0)-, -C(R)=N, C(0)-(alkylene or substituted al kyl ene) -

-CON(R ) -wal2henwsoor substituted al kyl ene) -, -S(al kyl ereTars2é10i0344172 ut ed

al kyl ene)-, -S(0)(al kyI ene or substituted al kyl ene)-, or -S(0)2(al kyl ene or
substituted al kyI ene) I n rtain enbodi ments of conpounds of Formul a
(XXXvI1), Bis -0 OO—'}Z - NHCH2-, -NHCO-, -C(0)-,

-C(0)-(CH2) -, H- CH S 2"— - )’CHZ-, or - S(0)2CH2-. In certain
enbodi nents of ﬁ]\l %qh’riﬁm e Ris Cl_6 al kyl or

cycloal kyl. In cer I]\,QI noenjiodl,\wgnbme co nds of Formula (XXXVIl) Ris
-CH3, -CH(CH3)2, or cyciMprMpyl. In MO 2072NH66560PCT/ US2012/ 039472

certain enbodi nents of conpounds of Formnul & ( 1), RLis H,
tert-butyl oxycarbonyl (Boc),,23 | uor enyl et yelrbonyl (F g}, N acetyl,
tetrafl uoroacetyl ¢ orpbenz onyl R€bz). \In certain enbodi nents

of conpounds of \ror | gt i resin, amn cid, polypeptide,
anti body, or pol ynqucI et | N'n i di ments o drrpounds of Formul a
(XXXVI1), R2 is OHMeO- omﬂ,t\h IMe OBl , &r -t butyI In ¥ertain

embodi ments of conpound®MeFor nul a (NXRVI 1y, HNs'la resin, amno acid,

pol ypepti de, antibody, or polynucl eotide. Ph rtNai n enbodi rrent s of
compounds of Formula (XXXVI1), R2 is a pol Yfiuc eoPide. In certain

enbodi ments of conpounds of Formula (XXXVII), R® is ribonucleic acid (RNA) .
[00236] I n certain enbodi rrents of cqppounds of Formula (XXXVI1),is selected

fromthe group consistind! CI;I)A()IS Subge it d | ower al kyl ene,

CA-aryl ene, substituted aryllen hat erledr yl e substituted heteroaryl ene,
al karyl ene, substitut dd—aikar Nar a orMsubstituted aral kyl ene;
B is optional, and whgn pResemt #s avdi omkent |4 nker selected fromthe
group consi sti ng of l/ower al kylMnhé!e subst i tut\/@@ I NHal kyl ene, | ower

al kenyl ene, substhitTuted | ower al kenyl en O(al kyl ene or substituted

0
al kyl ene)-, -S-,Y-s(q)-, -s(o} ? , -C((0)-,
-C(0)-(al kyI ene or su stltuted
CON(R ) - (al kyl ene or ubstlltsu‘t‘tﬁd en (

(R)-, CQO)NR)-,
€EN(R ) CO- (al kyl ene

or substituted al kyl ene) - -N(I%)QRB%& MeN((RVIéO(S) AS(O)N(R ),
-S(0)2N(R ), N(R)C( R)H'M O NR ) -, (WIN(R ) -,
-N(R )S(0)2N(R ) -, -N( C(R')-N— , -C(R)2-N=N-,

and -C(R)2-N(R )-N(R ) - ||9/I i'sopt onI '\%?nd n present is
substituted | ower al kyl ene Ieln\/(a@ 5] aryl\l/lene het er oaryl ene,
substituted heteroaryl ene, 'at‘l kﬁryl ne: stbstltufled ryl ene, aral kyl ene,
or substituted aral kyl ene; B i87a Qljgajeme | PH&er § fromthe group
consi sting of |ower alkylene, substltut ed | ower aIYI yl , Jower al kenyl ene,
substituted | ower al kenylene, -0-, -0-(al kyl ene or substituted’ al kyl ene) -
-S-, -5(0)-, -S(0)2-, -NS(0)2-, -05(0)2-, -C(0)-, -C(0)-(al kyl ene or
substituted al kylene)-, -C(S)-, -N(R)-, -C(O)N(R )-, -CON(R)-(al kyl ene or
substituted al kylene)-, -CSN(R )-, -N(R ) CO-(al kyl ene or substituted

al kylene)-, NR)C0)0-, -N(R)C(S)-, -S(O)N(R ), -S(0)2N(R ),
-N(R)C(O)N(R ) -, NR)CSHNR)-, -N(R)S(O)N(R)-, -N(R)S(0)2N(R) -
-N(R)-N=5, -C(R)=NNR)-, CR)=N-N=, -C(R)2-N=N-, and
-C(R)2-N(R)-N(R)-; (iii)Ais lower alkylene; Bis optional, and when
present is a divalent |inker selected fromthe group consisting of |ower

al kyl ene, substituted | ower alkylene, |ower al kenylene, substituted |ower

al kenyl ene, -0-, -0-(al kylene or substituted al kylene)-, -S-, -5(0)-,
-S5(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)-, WD 2012/ 166560PCT/ US2012/ 039472
CSN(R )-, -CON(R )-(al kyl ene or substituted al kylene)-, -N(R )C(0)O0-,
-N(R)C(S)-, S(O)N(R), -S(0)2N(R ), -N(R)C(O)N(R)-, -N(R)C(SNR)-
-N(R)S(OON(R)-, - N(R)S(0)2N(R)-, -N(R)-N=, -C(R)=N-N(R)-,
-C(R)=NN=, -C(R)2-N=N, and C(R)2-N(R)-N(R)-; and (iv)Ais

phenyl ene; B is a divalent |inker selected fromthe group consisting of

| ower al kyl ene, substituted | ower al kylene, |ower al kenylene, substituted

| oner al kenyl ene, -0-, -0-(alkylene or substituted al kylene)-, -S-, -S(0)-
-S5(0)2-, -NS(0)2-, -0S(0)2-, -C(0)-, -C(0)-(al kyl ene or substituted

al kylene)-, -C(S)-, -N(R)-, -C(O)N(R)-, -CON(R )-(al kyl ene or substituted
al kylene)-, -CSN(R )-, -N(R )Q0-(al kyl ege or substituted al kyl ene) -



N(R)C(0)0-, -N(R)XS)-, -S(O)N(R), -S(0)2N(R), -N(R)C(0)N(R)-
NNR)C(SNR)-, -N(R)S(O)N(R)-, -N(R)S(0)2N(R )-, -N(R)-N=,

-C(R ) =N-W0R0)2/16656€( R ) =N-N=, -C(R )2-N=N-, and - C(R ) 2PN{RSpoBiBR4y2; 0 SR
each R is independently H, alkyl, or substituted alkyl; Rl is optional,
and when present, is H an amng protecting group, resin, amno acid,

pol ypepti de, or ponnMe Mei de; tional, and when present, is

OH, an ester protec |ng roHémﬁ\ cid, poI ypepti de, or
pol ynucl eoti de; and 83& dewé |y H, hal ogen, | ower

al kyl, or substituted 9 atkyhe FONSOH, |, substituted al kyl,

cycl oaI kyl, or substituted ¥gcMeal kyl; [(00&37] | di®i on, am no acids
having the structure of Forrmula (XXXVIII) ar&%gg?n@d: 0/A-,BILR R R2 N
HO (XXXVI11), wherein: As gptional, and regsént; i s | ower al kyl ene,

substi t ut ed Iomﬁ? “%yle oal kyl ene, Substityted | ower

cycl oal kyl ene, ! substptuted | ower al keny Ee al kynyl ene,
| ower heteroaw&yNen fbsiN't ujednetdar ogMRyl ene, | ower
heterocycloalkyIm@e(gsubstmmyt@qekpmer 2012/166560PCT/U82012/039472

het erocycl oal kyl ene, #MéyMene, subst Medt ed/aNyl BNe Lshet er dar yl engy
substituted heteroaryl ene, alkarylene, s8bst ed \al karyl ene, aral kyl ene,
or substituted al kyl ene;y optional Arand wRen presgnt is a |inker

sel ected fromt N&>group consifst iMg ower Békyl ene,
al kyl ene, | owgj..al keny| e bBsti | ower al keny)eng, | ower

het er oal kyl ene, §ubsfitated|o Kyl ene, -@-, -0-(al kylene or
substituted al kyMene)- I\/§Me SMéd kyl&ene, or subst' tuted al kyl ene) -

"S(0) k- where kis 1, ™ M5 3, -S(ob"'ﬁ‘()al TMHeNr Subst i tuted al kyl ene) -
-C(0)-, NS(0)2-, -OS(O) 2-, -C(0)-(al kyIQne ubstituted al kyl ene) -
-C(S)-, -C(S)-(al kyl ene or substituted af‘kyl ne?-, -N(R)-, -NR -(al kyI ene
or substituted al kylene)-, -C(O)N(R)-, - R )-(al kyl ene or substituted

al kyl ene) Whem@SN(R‘) -CSN(R ) - (al kyl ene or substituted al kyl ene) -,
-N(R ) C0- (aI | ene or substituted al kylene)-, -N(R)C(0)0-, -S(0)kN(R) -
“N(R ) G(0) R t“twtﬁe)"?‘xsm(m-

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-Cgalkyl or hydrogen;

Y is NH,~O—;

V is -O-NH,

Ly, L,, Ls, and L4 are each linkers independently selected from the group consisting of a bond, —
alkylene—, —(alkylene—O),—alkylene—J—, —alkylene'-J—(alkylene-O),—alkylene—, —J—-
(alkylene-O),—alkylene—, —(alkylene—O),—alkylene—J—(alkylene—O),—alkylene-J'—, —
(alkylene-O),—alkylene—-J—alkylene'-, ~-W—, —alkylene—W-, alkylene-J—(alkylene-NMe),—
alkylene—W-, —J—(alkylene-NMe),—alkylene—W-, —J-alkylene-NMe—alkylene'—NMe-
alkylene"-W-, and —alkylene—J—alkylene'—NMe-alkylene"-NMe—-alkylene-W—

W has the structure of:
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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 ,worosutssisnt uted al kyl; R is H, alkyl, substitured/tskkglo3o472
cycloal kyl, or substituted cycloalkyl; Rl is H an am no protecting group,
resin, at Ieast one amino acid, pol ypept| de or polynucleotide; and R2 is
OH, an ester protecting group, resin, t one ami no acid, polypeptide,

or pol ynucl eoti de; B‘Po ;s phenyl ene, B is present;
and that when Ais H)&( \hﬁ NHC( 0) (CH2CH2) -; and that when A
and B are absent, Not fyl N Such non-natural ami no aci ds may be in

the formof a salt or ydoe R cdﬂ'porated into a non-natural am no acid
pol ypepti de, polyner, pol ysacchafri de, or a pol ynucl eotide and optionally

post translationally nodified. [ 8]1n addition, am no acids having the
structure of Formula (XXXI X) are ijncl uded: Ra wherein: Bis a linker
sel ected fromthe group consistiog "af,| ower al kyl ene, substituted | ower

al kyl ene, | ower al kenyl ene, substltuted | oner al kenyl ene, | ower
het er oal kyl enecachypad t@?@édqnﬁm@%ﬁ@w@ﬂ@b}lﬁl@}?l ene, -0-, O0-(alkylene or

substituted al kyl , S—(al kyl ene~or substi tut ed al kyl ene) -
-S(0) k- where k i s%%) 0) k( | kyll ene or substituted al kyl ene)

-C(0)-, -NS(0)2-,% (é.’f y\INaneé’;or substituted al kyl ene) -
_C(S)-. -Q(S)-(al kyl &he or §'ubst|tuted aﬂkylen@c) _N(R)-, -NR -(al kyl ene

or substituted CNR yl ene or substituted
al kyl ene) -, - % %EH%}G&?@F%@‘W ﬁk%/rse 8a%r Qubs { Hét eg al kyl ene) -
-N(R ) Gielf acbl%ydtmrhlakan dersvabieds imtay e ch tht foymehie)alt, or iyRe)icoppored mtS@@)nkN(tR'aD -

-C(N(R'R) ) %nqaowo}ypﬁptm%g%y%e@ %}%%ﬁaﬂ_d N)g B p%&?f&%ieﬁ%g@ optlonlé{ )’%o)st thﬁslatlonally

-C(R) 2»¢difiRd) - N(R ) -, where each R is i ndependently H, alkyl, or

Subst ! AR ookt B i DS BRI BELOB Y e s
pr ot ectdertgn gmbmnemsesﬁ qempeuridnof Beimdla (FI {Ee V) de(VIoRs poily hucktentdndedimants R2
Is CH 0(1?@0 %{is ()[}rF%{]ﬁga Iﬂg (ﬂﬁ d@ﬁ g@%‘t ' 0 h‘?%!r@m R 181%91% o EmBlinds o

pol ynu eac cte romt e group consisting
of H Ffevho@e I(IIH)B(IIY)/ I(Y) guBAY iRy it methal klylcsrtam N@Rb@rzqnts Qf(c@)ﬂpﬁtlndwhéFemmlai @1,

2, 0), , H
al kyI gﬁbst i tut edd a% lflteg%g(f:r ﬂénoﬁlﬁﬁatlﬂwﬁ{naen@ %gaéeﬁs é}ﬂﬁ@sem%ﬂﬁﬁﬁ(
form of(llﬁ aD.t(V) or (Whyn bed h'rrco impegeat fedn Drie d0.a Im@crtanat:mlpcaillmam gfocoappehds of

I | eotid d opti |
ost "t skl (BE AT oP S A Rt BT o B8R o the 1ol Low g an no
aci ds dpPe213Hg Iccrdmdeml&dmnmmﬁ corapaund of dermda d) asl (VayRsbethawele opearpmalid acid.
am no H{l 9&%&1{ Sl%og{ g of %91{11?091)1835 of%rogﬁl(ﬁ% Ig%alﬁgqé’?%s dlg g%#r%gg ;I)II{ {Pétg{n pe%b?d;ﬁrlél%ms or

may be 1 ncor por ated 1Nt o nat'ura
pol ysacd hanpmileds a1y oamp@(lglhzmll (§¢tﬂsd®nahﬂ ohtli po@illiso-postl, butyhnsi-atylowebityl,

modi fi etg“t &t?pﬁeg}l%]r%u(?} We?tam et]n%ozh %tg)g'* Q(gnp%ml(ﬂ%f ﬁ‘&lngﬁa (}fﬁ)vénIaQV qﬁ 1s —-NH-

structure o are | nc
(alkylene—O),—NH,, wherein alkylene 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
(I1I) and (V), Rs is -NH—(alkylene-O),—NH,, whereinnis 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.
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0 (CRa),NBR RL NR2 H o (XXXX) wherein -NS(0)2-, -0S(0)2-, optional, and
when present is a |linker selected fromthe group consisting of |ower

al kyl ene,weubsticsisved | ower al kyl ene, | ower al kenyl ene, Psuhsti2Os%d2 | ower
al kenyl ene, | ower heteroal kyl ene substi tut ed | ower heteroal kyl ene -0-,

-0-( t ed | al i tuted
2 eyt Yo Gprgi S bt o PO TR Forgiing i DS 1o ot tS§P§d
a'&ﬂé') ezbﬁ?oﬂdmeﬁé o) co,mpﬂﬂ(?_)of fcﬁhaldsiw(lﬂn 10y, (‘B ’(Vl? R aehyairdsyl e ne) - S)

- - ene or stituted a - -

subst VSRR R pPLsraipd et b o of Pobiers () e VBt Rt N
a:\lkél ;a E[Ie)()}m] In GléiMIReﬂledlmfﬁNﬁRoﬁrpétﬁidkyf Eatenr sy ast,i (vutaed (b, ksl ie m)ebhyl ethyl,

- en r su

- N( R) é’(r??&ﬁl "RTOPYL. %{t Sbg ykl(lﬁﬁr uty? teﬁl( T 39(‘36‘)‘/}(;\?3 Fbe%yq( Oﬁl,ﬁfﬁﬁly &g SRS ot
C( R‘RI) )Z-dblmpourﬁé Ei‘E)OHIhth(IB) )(}v) (\?ﬁﬁ?‘\?\qb\% hydfoER. Zaﬁt :\I:N- alnd .

subst  dDVAT FR ST eReRoees CRSERINETH i g, adehyde,
subst i tpustegedahibighlyde, heeineaprisietted (llétoﬁd,l bBlbéstdﬂ,t &tkr C&i@drﬁ@iyk)&iydraﬁile [ zﬁmtﬂne allihlﬁ;ri no
prot ect

A e g AT I M L T g LR e TR Al

pol ynuchlneovmdels a&@dﬂ@xﬁanins mmbemdyam ﬂ>ryste6ted1 glaede, fketons, blvec@t Qetpnes thightst, | Ng
subst tut ed ere k is 1,

othan kyl, - N(R )2, -C(0)kR
2, or 3 er %ﬁ"alln@ﬁ‘m Hngts ]8 lfet?ﬂﬁélf%)@a?éﬁ*%"’)af‘% er?e%‘g’ﬁendent ly H,

al( kyl , [OGZIS}JBS&rtaﬁﬂJérﬂﬂ)dﬁlhehmlofcc&ﬁ@uﬁdsloSF@rn%ﬂh &IVWM(X W), @lmr),q\xi\ag ztnldngwt)eagm is
CH2) 2 non- nat ural. am no aci ds ein
(G2 B1e Tok OO PGl SHED o Nt ural A o ac) Ao, MRy, be
pol ypepiflddelpomﬂb wmrmlpzol(xsaccm‘a)r i(H®]), oXVH), pal YRl e ehdhde, BN ,opt,iaaadl,l iy
post tr.ansl nal | ified 002 ln addition, the follow ng am no

aci ds dP(gepf‘ﬁﬁﬁ‘tﬁ'&e‘a]:gx(ﬁggggecgléﬁ’}) %’Bﬁt% MY car boxyl protected, optionally
am no goedieph edrtain dndadibexty | of p:rombaﬁidecbf Formga SADI (Ivive(vgodnd ON), reagh bigylene,

i ncor por.ated i non: n rajl, no aci d. pol ypepti oly

pol ysac? jieledeanyg?ne i yaﬂ]fygffnﬁot g’eﬁﬂe&‘ﬁéﬂpfsl onal’Ty 'b(g@tﬂfr an%c%ﬁgﬁ y~
nodi f i etH,CHIORA2],} n-catilditdronH.Che, fOHIWCHY RTHAOH ACHCIS, AvBe HH,CHeCH,CH,—

structure of Eﬁr&!ﬂ'c% &M&%‘E@e ;‘&L&?)e dCﬁﬁ%ﬁ,IZ@PhCHQC% Bh.calmcn,-. -

CHzCHzCHZCHZCHZCHZCHZCHZCHZCHZ— —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
(I, (IV), (V) and (VI), alkylene is methylene, ethylene, propylene, butylenes, pentylene, hexylene, or
heptylene.

[00220] In certain embodiments of compounds of Formula (III), (IV), (V) and (VI), each n and 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.

[00221] In certain embodiments, dolastatin linker derivatives include compounds having the

structure of Formula (VII):

71



A is optional, and when present is |ower alkylene, substituted |ower
al kyl ene, | ower cycl oal kyl ene, substituted | ower cycl oal kyl ene, | ower
al kenyl eneQ 201286360 ut ed | ower al kenyl ene, al kynyl ene, | @GEMUS20AD039472
2012/ 166560PCT/ US2012/ 039472 het er oal kyl ene, substituted heteroal kyl ene,
| ower heterocycl oal kyl ene, s bstltuted | ower heterocycl oal kyl ene, aryl ene,
substituted aryl eNe; ero es tituted heteroaryl ene, al karyl ene,
substituted al k gﬁe e, ra kerHe spbstituted aral kylene; B is
optional, and nN r P‘ el emted fromthe group consisting
of | ower al kyl ene, Mgut@t u,\ut emie I @w@ro al ne, |ower al kenyl ene,
substituted | ower al kenMeett®, | ower hbte@ro MHen@, substituted | ower
het er oal kyl ene, -0-, -0-(al kyl ene or subst%é;k%dQﬁlkylene) -S-,
-S-(al kyl ene or substituted,al WNeke k is 1(\,1%5 or 3,
-S(0) k(al kyl ene oMe itupe , -C(Bg -, (0) 2- (0) 2-,
-C(0) - (al kyl ene gy s bstﬁ\NQtL -C(S)-, - L(alkylene or
substituted aIkerHe) | kyWene or suBstitut ed aIkerne)
-C(O)N(R ) - CO\I(R'e) - al & Ieme one substd T 0t ed al kyl Ane)-Y -CSN(R ) -
-CSN(R) - (aI kyl ene or sif§stft ut ed al kYp@ne)Z, NE NI )-€0- (aI kyl ene or
substituted al kylene)-, -N(R )C(0)O-, -S(O kN , -N(R)C(O)NR ) -,
-N(R)C(S)N(R ) -, N(R’)S(O)kN(R’) -N(R P YR)=N, -C(R)=N-N(R)-
“Q(R)=N-N, -C(R)2-N=N-, and C(R)2- N(R') N(R )-, where each R is
i ndepe . : 5 _am. ot ect:. ng
ar oup, WE2p 1k Ea Pyl FUhbiC SRR IS 1S RS MRE 3 2 2
est er prbvybot-ihipligioad)).'rakilme—.am no éé{adkqum@JrQ)ﬁ'eplk'yla@,—, etkypot ynuéitectide.
Such non-natural am no acids nay be in the form of salt, or may be
i ncorporated into a non-natural am no acid pol ypfpt% pol ymer,
pol ysacchari de, or pol ynuc| eotide and optionall'post translationally
nodi fi @&yle[newﬁﬁwr adui -t ol n"eFed. f bry BoktigtuEnetno taci ds Ivad ¥ nigve e structare
structure of gFornmula (XXXXI1) are included: wherein, Bis optional, and
when pr esgnt is_& linker selected fromthe group consisting of Iower
al kyl ene, bsoi t'ut ed | ower | kyl enge, al kenyl en substituted | ower
al kenyl ﬂﬁ over - %k 7r16£reﬁvfeﬁleceﬂglat?§1bf>¥%€@a 0? Wuwgt%ﬁamnﬂﬁ\é% Lisgd™
- |0k( ?I l@ﬂkﬂe@—oyn au;bateuuzt Edr(zﬂk}l‘lweeo)%}alkylcrﬁ—j gik(%fe(kl@i il 1|§ 11qnenaL®§Lalk>ué@dd
al kyl ene) wher e : ene of. substitute
2l kYl enlgy alkyle@(@yCHzC 5>§ene 18&(% s Ty pyd g ‘@rda b Tomd 4t fheirepre
al kyl ene) - /%?(;S) -C(S)-(al kyl ene or substitut ed al kyI ene)-, -N(R)-
e

-NR - (al or substi tuted al kylene)-, -C(O)N(R)-, -CON(R)-(alKkyl éne

b t |l K bstit
e A T e A A TR R
- S( 0) kMRn)mtur&l MriRio) ﬂ@%&)ﬁ)dﬁl_ ]i)\lczlg(le;ii })d]:fs?icﬂ%ﬁﬂ)ﬂe%\fr |\ia= p(&ll(/ﬂg(cbl%S)ﬁdzé)d:El(ﬁl_ﬁl()nallya post

- = , - - , an
C( R‘ )2 tﬁ?&t Ogﬁ\f(ﬁ%‘ﬁd\héd\mere each R is independently H alkyl, or
subst i t[oe22d]Ialckydin eﬁbd)cﬁmhhts &binycbu,nd§ ubBérivilat @d(Val) kayd staltly & edqulebgl solu@on for at
substi tut

012/ 166560P S2012/ 039472 i
ani o Bt bEvHgTratiy Fade fonde T Ranen BT RaT o por el Befe.
and R2 darsstiie famtdake? weelot @k mijdigraoldix, candisions, 1@ erian arﬁbcdi;memtsL ypepiundef or
I tide; d tl. t th
POyl R MG SR OE R, S ORISR W PR SRR B .
K is l,su&actﬂiccﬂ)ndlﬂﬁi(s&)rd\j(}RZ)(QS -OR, and - &( 0) kR , where each R is
or substitu

i ndepe L Kk (ﬁ dSHCh non- nat r al..am no .aci ds
| CDETHE| e B i ORGP B PR PR
anm no ablagtathollinpepti¢rietivepobrtaining 4polkass ame hartiodg, oordicarbpoyly ga, eatiine egraupd
opti On%lyld%xﬁgnsntne tg¥0%8,8 (l)r%[r(l)t(e)cr‘g% (l)rymaggedd tfolrrrelsdfhereof 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.
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[00244]In addition, the followi ng am no acids are included: wherein such
conpounds are optionally am no protected, optionally carboxyl protected,
opt i onal Iwoanimeenot ect ed and car boxyl protected, or aPsalus2¢ibes®ei, or
may be incorporated into a non-natural am no acid pol ypeptide, polyner

ol ysac rj.de, ucl eoti de an tional 0 transl ati anal
P T P05 LS e B R s o s R B e R berk i SRR B e
St r uct woestaites Ak | aawi{dX XKt bt afneudnﬁb lgﬂdﬁiﬁd sub(sﬁﬁ’éh)d"lar) moteties, Rilt];li otHef sn%taﬁéegi
wherein, Bis optiona resent .is a lin sel ecte
D St Sumled g B i R LESS Nt ol LOKEL 2eL8 $hedle
| ower akdoanyiremsa, orspdigicptidet ed pbiop@ridalakasy | nentibb@wer ahtody dalglayhtenad any
substltutgd Iomg et eroal kyl ene, -0-, -0-(al kyl ene or substituted
al ky| erfjpbmaticg therees 51 ky| ene or substituted al kyl ene)-, -S(0)k- where k is
1, 2, do0236]In S(:I(fh)nk ¢iabddyhene tier dotdstagt iihkek ﬂdv&hkﬁ}él Biik@)s-and 1€Agts desciio( eidin,

-05(0)2-,, -C(0)-(al n tltut al k
") casndrd b G ERTuRS gLyt SHES e Shiion qgdhig geidig sonpions
S :JES][ i t(%mdinglc):iét)ﬁlioeﬁhﬁlled, to 1()%('\2‘@)')?‘& R'?)ot-hﬁr TIﬁB@Bl(anﬁs {uath &ylh]gﬁ)ﬂﬁis&[’el idbb:Sfbi 4tldagcbne
a ene)-, - (R Y-, .. - R)-(a or substituted a ene) -,
ONCE Gt T BRI i R S s SRR e SUbE0S e 2
-N(R' ) G(ekNaided mildyNcRic) @éléﬁ)lN(cs:(Rg) ;thf\rl_ d&«l;ﬂadﬂrgl% %(ig(l &ﬂﬁfoundd\lggsﬁablhtfor at least 5

an
C(R')2‘%%%?¥E$T%%¥amg%ﬁ%%ﬁw@bch R is independently H alkyl, or
SUESt i tjoe22d] Iﬁ|aEMher agﬁec‘lt Hﬁlhﬁ(&&]ﬁﬁ(ﬂsﬁﬁﬁﬁmb t Btdb)SBéglﬁﬁlh&mrsEaBglb§ddsbrﬂﬁﬂH Kydein are
substi t ut ed cycl oa ubsti.tute cl oa is an_ani no
ot ot ectTHHE s PO ST e Any B o BRSOyt AnetE 8 tisds pebet bl g Ro
i sI CH, azil (Eﬂ‘agﬁﬁn pﬁl&t Gerﬁ\lat‘ig:s grngma)ed Wiglgh Fhis asff::dn,doﬁga}?of ep@inylp eplyl ae,théddpeutic,

ol ynuc|. eot i de Ra.is en sel ected fromthe group consistin
P L R o T BT ERRGC ) POIoET e ranent Bty frer b Sppinsry "
2, or 3rodu€ 0dd(dr nhifitary @RS ,whdhdwedd] (b)akelﬁt frdﬂh@l‘@la@ﬁﬁrﬁl liRker | Rrivanicte pemnpiésid ¥ H,
al kyl, uch. non-natural am no acids

stitut
may” be “FRITE oF i g raepord gighas dlvb et pIFERG T nt o & mon. nat ur a
am no goeéxispalnylprifihd eampRe biydokistatip bhies dgvhiarcs thelud@r a pol ynucl eoti de and
optionally post translationally nodified. [00246]1n addition, the foll ow ng

am no acids are included: 0 wherein such conpounds are option am no
protected optlonally car boxyl prot I and
car boxyl ected or a salt thereof oﬁéggz beH

non- natural o No- & Y et deNp

pol ynucl eot i de and optionally post|tra Sl i fi 00 47]|n
addition to nonocarbonyl structures, the no -natural amno aci de”dgscri bed
herein may i nclude groups such as dicarbonyl, dicarbonyl |ike, ked

di carbonyl and protected dicarbonyl groups. For exanpl e, the fagldow ng
am no acids having the structure of Formula (XXXXV) are |nclud

R ﬂm%

OMe O OMe O

e LI

OMe O OMe O
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0O /A ---.BR RL NR20 H O( XXXXV), wherein, Ais optional, and when present is
| oner al kyl ene, substituted |ower alkylene, |ower cycl oal kyl ene,

substi t utwo 20vmesseeycl oal kyl ene, | ower al kenyl ene, subsPrraiSea 2/oaose

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

| ower heterocycl oal kyl ene, substituted | ower heterocycloal kyl ene, aryl ene,
substituted arylene, heteroarylene, substituted heteroary e, al karyl ene,

substituted al karyl ene, ara ene, oor d aral ky A Bis
optional, and when pr sent |s a HWETHE X i
Al M

of | ower aIkerne|+mU

substituted | ower alkenylenb het er, Me
2012/ 166560PCT/ US2012/ 039472 sub tituted ower heteroalkﬁl ne, -0-,
-0-(al kyl ene or substituted al kylene)-, -S-, -S-(alkyle or ,substituted
al kyl ene)-, -S(0)k- where k is 1, 2, or 3, -S(0)k(al kyl eneQr substituted
al kylene)-, -C(0)-, NS(0)2-, -05(0)2-, -C(0)-(alkylene o bstituted

al kyl ene)-, -C(9S)- C(S) ( Iened)r d gl kyl e <, -N(R)-,
-NR - (alkylene or subé it ted al . -, H (R )-(al kyl ene
or substituted al kyiNene ( - (ahkyl Nof substituted
al kyl ene)-, -N(R ) Q0- (aIkyI%ne(p[/sgp§t|t@M@ al kyom&e) - A-N(R )C(0)0-,
-S(0)kN(R ) - -N(R)C(O)N(R) -N(R)C(S)N(R) N(R NS(8) kN(R ) -
-N(R ) - N=, -C(R') , -C(R) N—N(R') C(R'):N-N:, - -N=N-, and
C(R)2- N(R') N(R') mhere |s [ nde H al kyl, or
substituted aIkyI R is H, Ik |, Hsubf titjuHed ab kyf, ycHoaIkyI or
substituted cym aPK?#/ARZJE 0 865 Np~est™, anino
acid, polypeptide, or polynudle i dé; alnd icc OH ofp st pcting
group, resin, amno acid, polypeptlde, or polynucleotl b;ﬁhch non- nat ur al
am no acids may be in the formof a salt, or may be incor ated into a
non-natural am no aci d pol ypepti de, polyner, polysaccharide, or a

pol ynucl eoti de and optlonally 0ost, tr@ns na ified. [00248]In

addi tion, the faoplo a etZ%%dhvb&yl Ht e g[%&gfﬂﬁgﬂof oraul a
(XXXXVI) ar e Ml uded ( T wherfein s opfion@al, ann pr esent
is alinker selected fromthe gr@up~sonsi sOMa@® of I@MeKJaI'A ex

substituted | ower al kyl ene, |ower al kenyl ene, substituted| r al kenyl ene,
| ower heteroal kyl ene, substituted | ower heteroal kyl ene, - - 0- (alkylene
or substituted al kylene)-, -S, -S-(al kyl ene or substltuted al kyl efre
-S(O)k- where k is 1, 2, or 3, -S(0)k(alkyleng or substjtuted alk
-C(0) - NS(0)2-, -05(0)2-, -C(0)-(a ylﬁneOor ;
-Q(9) -, - Y. (alkyd.epe. w\mw*tg
or substltute8 alkylene) C(O)N(R ) -l -CON( y
al kyl ene)-, -CSN(R )-, -CSN(R)-(al kyl €ne-ox. subsQ'\f"tQt ed 8Me/Pens
-N(R )CO-(aIkerne or substltuted al kylene)-, -N(R )C(0)O-, -S( (R ) -
-N(R')C(0)N(R) -, -N(R)C(S)N(R)-, N(R ) S(0)kN(R ) -, -N(R)-

C(R)=N, -C(R)=NN(R)-, -C(R)=N-N=, -C(R)2-N=N-, and
HzN\ONMONMNO;( JL%%

OMe O OMe O

ﬂwnﬁw?

OMe O OMe O

74



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 201xiéambkyl ; RL is H, an am no protecting gr@apUSe@i08947Aam no
acid, polypeptide, or polynucleotide; and R2 is OH an ester protecting
group, resin, amno acid, polypeptide, or polynucleotide; WO

2012/ 166560PCT/ US2012/ 039472 wherein each Ra is i ndependeptl y sel ected f
the group consistimg of H, hatogen, alkyl, substityteg Kyl,, ™ - ( N2,
- C(0) kRN wher 8k jys 1, s 2 —on - OYN(R0) 2, % ORN;

R is mdependentl*y H, al kyl, or substituted al kyl o Such‘ Neme At ubRd o
acids may be in the formof a salt, or may be incorporated into a \—]
non-natural am no aci d pol ypepti de, polyner, polysaccharide, or a

pol ynucl eoti de and optionally post translationally nodified. [00249]1n
addition, the followi ng am no acids are included: O ?

=D =T
D
(]
o

+H3NCQOO, - 13NCOO-, | - 13NCOCand 3NCOO whereln co tignall
am no protected and carboxyl protected, a kal er oﬂ Sucﬁ%;ﬁg;{t
amno acids may be int A ofo I,t\/om lmco po edy nt
non- nat ural am no acb %Bﬁl\ﬁ%ptlde\/;?ﬂ ym&*r| iny cchar o#ie,0 or @Me O
pol ynucl eotide and optimwal |y post translati onaIIy nodi fi ed. [00250]I
addition, the followi ng am no acids having the structure of Formula
(XXXXVII) are included:) 0 (CR)n B" .VRRL,...N..----. "... RO H
(XXXXVI'1), wherein, B 's optional, and when present is a linker selected
fromthe group cons®stiang of | ower al kylene, substituted |ower alkyl ene,
| ower al kenyl ene, s |tuted | ower al kenyl ene, | ower _het er oal kyl ene,
substi t ut ed Iower er'i‘J’éI kyl ene, -0-, -0-(alKyl gneoor i
aI kyI ene) - -S— kyI ene or substitute N Rl N
ohNo,J -S(O)k(alk yWere g sthstMgrfed al kyl ene) -| -
-OS(O)Z 0C(O) (al kyl ene or substituted al kylé’nej”\ -C(8 N s
-C(S) - (aI kyl ene or substituted alkylene)-, -N(R)-, -NR - (aI kyl ene or \—/
substituted al kylene)-, -C(O)N(R ) -, -CD\I(R')-(aI kylene or substituted
al kyl ene)-, -CSN(R )-, -CSN(R )-(al kyl ene or substituted al kyl ene) -,
-N(R ) Q0- (al kyl ene or substituted alkylene)-, -N(R)C(0)0-, -S(0)kN(R)
“N(R)C(O)N(R)-, -N(R p(S)N(R)-, N(R)S(0)k H%\l-/ﬁ\ -
(R ) =N, -C(R'):I\I—NRJJQ\/\/S(\BD)\/I\LNS\/GQ/F&
C(R)2-N(R)-N(R) -, ere each R i i ndependently H, gl or 2
substituted alkyl; R Ns H alkyl, substituted al kyl/\cycloa kyI o]
substituted cycl oal ky ;

P e T

OMe O OMe O N7
HZN—O N . S

HoN oN°%oN°%o“Aj;( % g IN JL\/%I%J w
cFscooH f

HN
0~ "NH,
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Rl is H an amno protecting group, resin, amno acid, polypeptide, or
pol ynucl eotide; and R2 is OH, an ester protecting group, resin, am no acid,
pol ypept iwo,20wiepisbynucl eoti de; WO 2012/ 166560PCT/ US20p2r0B32eZA3warh Ra i s
i ndependently sel ected fromthe group consisting of H, hal ogen, alkyl,

substituted alkyl, -N(R )2, -C(O0)kR where k is 1, 2, or 3, -C(O)N(R ) 2,
-OR, and -S(0)kR , where each R is independently H al kyl', or substit

alkyl; and nis 0 to 8. Such non-naturalga aC| be for
a salt, or may be incorporated intg_a _qon nat cRcid o yp ptﬁde
pol ynmer, pol ysaccharodgi;r” a EM&l d na y post

transl ati goal dditio bhe/{gl omomgoanlnomacld/ are
i ncl ude®N  HINOA ando|4mh rekn such conpounds are optionally am no _
prot ectericead car boxyl pr Btected, or a salt thereof, or nay be incorporated
into a non-natural am no agid polypeptlde pol ymer, polysaccharide, or a
pol ynucl eoti de and opti oH IIy post translationally nodified. [00252]1n
addition, the follow ng NI aci ds having the structure of Formula
(XXXXVIII) are included: R 1H N (XXXXVI11); wherein: Ais optional, and
when present is |ower alkylene, substituted | ower alkylene, |ower

cycl oal kyl ene, substituted | ower cycloalkylene | oner al kenyl ene,

substituted | ower al kenyl ene, al kynyl ene, het er aal substi t

het er oal kyl ene, | ower heterocycloalkylene su StHEVEEd @Mer H

het er ocycl oal kyl ene, 4 ene §ub sl 2 N
substitutegd hetetggky+e e, substlit ed alkar , | ene,
or subsHNued afa y ﬁne ) aIk |, substi tut &d al kyl',” cycl oal kyw? “r
substi t orgdosycl oal kyl 01 166560PCT/U82012/039472 Rl is H an anino
protecting group, resin, g{zo acid, polypeptide, or polynucleotide; and R2
is OH an ester protecti group, resin, amno acid, polypeptide, or

pol ynucl eotide; X1 is C, or S(0); and L is aIkerne substituted

al kyl ene, N(R)(al kyl end) oNHa(R )(substituted al kyl ene), where R is H,
al kyl, substituted al kyl, cycloal kyl, or substituted cycl oal kyl .

oQLIm“JLQA IWJQ?WQ&

OMe O OMe O N7
H,N S
CF,COOH —
HN
0~ "NH,
CO,H
)J\/\/\/U\ \)J\ N
H, N/O\/\o/\/ \H/\N N
OMe O OMe O XN
S\J
c02|-|

\—=/
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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 ysacchaioizde/iéescoa pol ynucl eoti de and optional | y post ptrarsséiatwsenal |y
nodi fied. [00253]1n addition, the follow ng am no acids having the
structure of For““ﬁﬂ()OC£XIX) are included: RRHN (XXXXIX) wherein: Ais

optional, and el present is |owe "-ged_lomer alkylene,
| ower cycloalky end Vo
subst NP

het er oal kyl ene, I%mef 5 ]
het er ocycl oal kyl ene, ~aryl ene, substltutéﬁ\aryle | @NEN
substituted heteroaryl ene, al karyl ene, substituted alkarylene%vaialkylene,
or substituted aral kylene; Ris H, alkyl, substituted al kyl, cycloal kyl, or
substituted cycloalkyl; RL is H an am no protecting group, resin, amno
acid, polypeptide, or polynucleotide; and R2 is OH an ester protecting
group, resin, amno acid, polypeptigges,or polynucleotide; L is alkylgem
substituted alkylene N(R')(alkylengr or N(R)(s It HO :
R is H alkyl, substituted alkyl, cygloalkyl, o:fi;fguu'v

Such non-natural am no acids may me ¢n tme f 'art@Mi By, &
i ncor por at ed |_%m/ayﬂoﬁwnafv¥%+“§ﬁhﬂbN pepti de; pol ymer, éi}
pol ysacchari dé\or a polynucleothexandeoptlonalIy post translationally
nodi fied. [0025¢]1n addition, the follow ng anm no aci ds having the
structure of Foanulaare included: Q?%g A/SL V R HN C(O)R2 93 j;;

2012/ 166560PCB£/_{ S2012/ 039472 b
‘ \ %
é OMe O Me O

NH  NH N
A -

p~/ o 1 A o~
ng”j G\/yy\/mqﬁwh»ﬁ\/ijg N ““<:>~f o
A

C NHZ

o mﬁf’% 4
O NS %

" H
TSN O O N N
BN o \/\g’ 7(/\3{)'“\’0‘/?

§ OMe O Ofte O

HoN=0 0
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I's optional, and when present is |ower alkylene, substituted |ower
al kyl ene, Iomer cycl oal kyl ene, substituted |ower cycloal kyl ene, | ower
al kenyl enwp 2081856360 ut ed | ower al kenyl ene, al kynyl ene, | ecerushetosmat kyl ene,

substituted heteroal kyl ene, | ower_h erocyc 0 substituted | ower
het erocycl oal kyl ene, aryl ene, subsfityje r oprylene,
substrtuﬂdﬂ]ymﬁngxuaﬂ\.neN/QLKar~ ﬁumr g

&, ene,
or substituted aralkylene Ris H, aIkyI subs ituted a Eyl 5§?T§E::?|, or
substituted cycloalkyl; RL is H, an %nr”b\protQUPﬂng gr 816,° r e€ 0 1.n0

acid, polypeptide, or polyn cl eoti de; R2 is OH an ester protecting

group, resin, amno acid,Opolyypepti ol nu Ie ti L is al kyl ene,
substituted akaLeney/%(}ﬂ%ﬁ K ene), where
R is H al kY, substituted al Ryl -cy'tilo | kyll', or sub tumcloal kyl .
Such non-natural am no acids rrﬁy/be\r N t IMEQr m oOMe Qal co.ar~#may be

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

pol ysaccharide, or a polynucleotide and optionally post translationally
nodi fied. [00255]1n additio he f aci ds havrng t he
structure of Faormul aare incl deqj opt i ahal when
present is HoNEP~akyTen€, U | oal kyl ene,
substituted | ower cycloal kyl eng, oM Eh% ower

al kenyl ene, al kynyl ene, | ower he eroalkylene substrtute& t er oat™®yl ene,
| ower heterocycl oal kyl ene, substituted | ower heterocycloalkyle aryl ene,
substituted aryl ene, heteroarylene substi b a ne, karyl ene,

substituted al karyl eng, aralky oetzfubéﬁ ; is H
al kyl, substituted qlle(w suBstOrt/utedOMsycl omokyh: Rl is H,
an am no protecting _group, srﬂ’ aﬂ;ﬁo acid, polypeptide, or'=

pol ynucl eotide; and/R2 is OH, an es npprotecting group, resrn 0 acrd
pol ypeptide, or pofynucleotide; X1 i% C, S, or,

4, or 5un&rd ' and R9 on  eac 5&%/ ected
fromthe group cch hﬁwaét;EETB | a Jaryl,

or any R8 and R9 c n t@g et her fo a cycloalkyl or any Fﬂ

adj acent R8 groups®can toget her fornta IkyI Such non- nat am no
acids may be in the fiormof a salt or or eggrﬂéﬁ

non- nat ural am no acrd pol ypep .. ol sgﬁﬁggrf

pol ynucl eoti de and opt*pnﬁh# Hkﬂaﬁgﬁgrr nodméq edove p QB256] | n
addition, the follow n¢ am no aci ng the structure of For'wul al are

i ncluded: WO 2012/166560PCT/U82012/ 62 RON 11) wherein:

1V.  Non-Natural Amino Acid Derivatives
[00229] The non-natural amino acids used in the methods and compositions described herein have at
least one of the following four properties: (1) at least one functional group on the sidechain of the non-
natural amino acid has at least one characteristics and/or activity and/or reactivity orthogonal to the
chemical reactivity of the 20 common, genetically-encoded amino acids (i.e., alanine, arginine,
asparagine, aspartic acid, cysteine, glutamine, glutamic acid, glycine, histidine, isoleucine, leucine,
lysine, methionine, phenylalanine, proline, serine, threonine, tryptophan, tyrosine, and valine), or at least
orthogonal to the chemical reactivity of the naturally occurring amino acids present in the polypeptide
that includes the non-natural amino acid; (2) the introduced non-natural amino acids are substantially
chemically inert toward the 20 common, genetically-encoded amino acids; (3) the non-natural amino acid
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
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A is optional, and when present is |ower alkylene, substituted |ower
al kyl ene, | ower cycl oal kyl ene, substituted | ower cycl oal kyl ene, | ower
al kenyl e 201286360 ut ed | ower al kenyl ene, al kynyl ene, | @eegsharesaat kyl ene,
substituted heteroalkylene Iomer het er ocycl oal kyl ene, substituted | ower
| ene, heteroar

het er ocycl .oal k I ene, ﬁl ene, stl tll),lt ed @ g

substit Célan% &P cS’éN? gna §T°R% F §#ebe EAPROpTEd iiocnAT e §‘i° Y re&f’%ﬂgk‘%“b?me

or bSUbSrEathlhtI @dfe?lb@: dﬁydbredbﬁdltl&sltﬁat ko nal #iroy sitibBlldgicat @dp@ihdé)df theq)b@pelaidlé)ﬂﬁa,t or

substit.u cl oa Rl is an .am no otectin resin,

e d | b e el P et R o R & B BB SF it e

gr oup pue@seg of almhﬁﬁRglﬁeatﬂn/uﬁﬁsIthmﬁnﬂ) der, waére pd yﬂahgfcbrﬁgatlgrdean ;cduits luﬁder ]al,qua);.lsg
4, nd eac an roup is independen sel ect.

rom e ST B BB R SRR SR her i SRt SPSE B B gy rng R

or any1R&Jamdn5&heam:UQgethﬁwﬁemﬁmaﬁmDmnmoamﬁiaankmhnmmbaﬂmmth@paﬂk@ﬁ@ﬂt

R8 groyps can together forma c¢§loa Kk ch non-natura Wﬁ%o aci

be in tHEFEF#hABEOLCEs mpy alye gy %8&?%‘{‘&“&*‘8?%&0%8“‘1‘%‘?{ Bm&ﬁc%ﬂr &"r%f’uf’éﬁl’i‘
acid thybephmﬂﬁnw@GhyGﬁbmnﬁqﬁy@aﬁﬁhaﬁﬂdemm@bf&w@ﬂhymmqhaqimdﬁmﬁﬂmhgofﬂw

optional | ost ans| ati onal |l y, nodi f i ed 00257] I n ad he fo n
o o sl Rt N AR iR st TR s et paaacbr led s¥Binsh GG gSbost N9
Yvher ei ngircl)(uﬁls Ivshl@ilfah o8 ahnsfcaﬂﬁd Wftesln ca@ls@@Edﬁtdldaﬂaohgalvgecsupa\lfﬂ@ydi@ﬂﬁecusru&ﬁm pm&:etldd
ower a ene, |.awer 0 ene, stituted |ower cyc ower
L Reny il et b R GoroRt DHESY Al Rlol ter i R Baies fne.
substihuhﬁﬂt&ﬂhﬁb@ﬂh@mh@me | ower heterocycloalkylene substituted | ower
hetero ene Iene ubsti tute ryl ene, heteroaryl ene,. )
Cobet | bER s Xt Bl tfinS MG s W & e Pty < S s TS ehe,
or bs ubshdltidst @a agrmat ]kr)ﬂt@ll‘t&,,anﬁhd 28:1(151,(:01ﬁﬂ)r|'(sydg,a ﬁxuhxsidldswlﬂadloaél Kytlctioay go@a| diyiho or
substi tute r I’OU res
Sora ! S Dbt aRR opr b ebter B i e BB E Ty e GEP g it TR D6
gr ou;), gg%ﬁégﬁ;é‘%afgﬂsggiﬁfdégi‘g Zzi?}gd)lyﬂﬁ&trgcdﬁ'iedafzmrp)()icwg,ll@io%glaﬁﬁ;gdanm arcl:lds aldehyédehg
2012/ 1 s Q,. or 5; and . .eac an
o oneHORABIES TBL RO AT TS b S bliper il pbbnar S een S o
::l al k(omb’suuﬁédkz)hhlﬁ(nhﬁ%, chahiaie releagdbky dnd/ @ piibtocledvalslo ymd aiid fMRAne agidd wglehﬁner
orm or a,c

cyct oal e SO sl Pl S EEty R BR3P AP e
may be dhaia mwecaamoa@l mcnlﬁ(ﬁngabln @bt KA ddrta) graanrnhnnaabbﬁt Pal gtm@tthaﬁlelbomdlombns
polysacc nucleotlde n tianal | ost ran i onal |.
od 11 GareorigaaT el SR ke oo R Atalrie HATREG AR amio
st ruct uicis, Qtﬁd hemouiaM oatpeising 6heltd @bre toxic moiety.
[00231] In some embodiments, non-natural amino acids comprise a saccharide moiety. Examples of
such amino acids include N-acetyl-L-glucosaminyl-L-serine, N-acetyl-L-galactosaminyl-L-serine, N-
acetyl-L-glucosaminyl-L-threonine, ~N-acetyl-L-glucosaminyl-L-asparagine and (O-mannosaminyl-L-
serine. Examples of such amino acids also include examples where the naturally-occurring N- or O-
linkage between the amino acid and the saccharide is replaced by a covalent linkage not commonly found
in nature — including but not limited to, an alkene, an oxime, a thioether, an amide and the like. Examples
of such amino acids also include saccharides that are not commonly found in naturally-occurring proteins
such as 2-deoxy-glucose, 2-deoxygalactose and the like.
[00232] The chemical moieties incorporated into polypeptides via incorporation of non-natural amino
acids into such polypeptides offer a variety of advantages and manipulations of polypeptides. For
example, the unique reactivity of a carbonyl or dicarbonyl functional group (including a keto- or
aldehyde- functional group) allows selective modification of proteins with any 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
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RHN 1V); wherein: Ais optional, and when present is |ower alkylene,
substituted | ower al kylene, |ower cycl oal kyl ene, substituted | ower
cycl oal kywerne12/1ea88er al kenyl ene, substituted | ower al kemgirarse)12abdynyl ene,
| ower het eroal kyl ene, substituted heteroalkylene | ower

ene, substituted |lo cloa | ene,

het er oc clo r het ar
subst i t aflal‘r‘)?}lﬂ'eélﬁtéve AR BYalr 9IPERe 2° W&ul{) ? sy elﬂ%%ﬁdy Fbn IX?all a&g’s yVihe,
subst i theﬁﬁ;{jh@bk@inw aByieided (iad lkdth€he noOlimisddns, tph‘éﬂ,yﬂﬁdleﬁ:ﬁ@d dhyﬂnE)Dﬁ),r eﬁnh[ﬁe llow

al kyl tituted alk cl oal ubstituted,c al k RlL is H,
an i 8 TPOTLEL g bUbe Phae a8 raB PR ol g CGRR R doh it
pO: ynucalnﬁmi hel@; inalnde, Rt lm Kad, Ollmﬁnad ast Biizifurgiceytilhiige @ﬁ@p—}benzb?l%dhﬁnyilzﬁzmliﬂw Taei d,
po ypept ucl eoti de C S, or 0); and L is ene,
Dbl T b g igR Ry S M R I kgL g oSy Bl b D B s e
R IhS Hf tigl [Jhyﬂorea&ub%frdubl.ﬁ@ﬁﬁlﬂg ié;hborabg(m{ralalﬂ(ayhon—lﬁlﬁltlﬁgl b}&l‘n}pﬂd,lt}ﬁdndﬂysﬂi loap yh .
Such non-nat ural . am sa

ncor papapan At 3 iR Vigr s oty It e e vt pg g 8 Sith o

pOlysaQﬂhﬁﬂ@dﬁp,@hi@n@ﬂbﬂhﬂﬁk&@hﬁd@mﬁ&ﬁmﬁ@%Iﬁﬂmmhgbmﬁﬁthmhan&laMhﬂﬂahbwf
nodi fi ed. 1 %0025%%%n additio . foll owi ng am no acids having the
st r uct P& “EM4EBY ‘fsana(“%w%m%ﬂ“ SP?‘?EP%’&}% wherein: Ais optional, and

when present |s I Iome wer

cycl oal kyl ene. %f%e%ky%’f % féwgwd vabff'y RS el Carbony
substituted | ower al kenyf’ "End" S(ﬁﬁif oryt Lroups

2012/ 1a&me%%u&aﬁsl@ﬁlﬁaﬂeﬁ:ﬁoﬂﬂemmmwmqnﬂ1owsfhba;tzarietyt@deabterInermlﬁikktydlm&s

| oner het er oc oaJ ;1) het erf%%cll oaﬁll % ene,, argﬁ eﬁe,
subst i t'tt 3%1“" 8‘%%1 & ’P?%‘i 18%&?%/'11 “sﬁ‘Bs ‘Eé‘%i W&t e TR VT She.
subst i talﬁc&@bmickaagtive rgequpama:llddylaembon@r @uhx&thohylt@d;pa(maﬂlddyﬂgemamoRor sldbl;yde

Zln kélm rﬁs)l'{% E)'% tclé{%b%rgpél Jk!l,—“f 3(; l(,)IIE) d1 q Iﬁ((g ﬁ%‘OH BSflaﬁ OTea%lVlt}(; ys&len ar tIQ a carbonyl

pol ynucdumdiongzi@ro®midﬁ&stmtu@ﬂy smlaesds en:arpmq/ﬂ -agtdiqaghogyleanqip),reesasied enbangl-aci d,
polypeptl , nuc ene, sub t|tu ed al kyl ene

RCR by B9 LS et B R ey SiRgpaI R islh g, o o
subst i tpudtededa bd«ydm,yl cgfrcbma:bﬂeyl dlcadronslegmipl twitied hasy a:daotavhtkzydlmﬂﬁumh a marbomat wr al
ﬁg‘nnga?ﬁ %a%onrﬁar# QD % d&e O e;;tb(gl tlg haan%ral a(;:Tgs 1nc§1§¥ arsngréolcac rsr dl(\)/{n%t € g{ructture of
pol ynudioentla ¢eXaKd):opt i onal |y post transl ationally nodified. [00260]1n
addition, the follow ng am no aC|ng having the structure of FormulaVl) are

i . A K-
i ncl uded: R, 5K R
XXXVI)
Ri~ R>
N
H R

‘0

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),- where kis 1, 2, or 3, -S(O)(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(0)O-, -S(O)N(R’)-, -N(R")C(O)N(R")-, -N(R*)C(S)N(R’)-,
80



wherein: Ais optional, and when present is |ower alkylene, substituted
| oner al kyl ene, | ower cycloal kyl ene, substituted |ower cycloal kyl ene, | ower
al kenyl e 201286360 ut ed | ower al kenyl ene, al kynyl ene, | @eegsharesaat kyl ene,
substituted heteroalkylene | ower heterocycloalkylene substituted | ower

cubst |t ut S neNerony b1 Sl G PRt PR BB AR R ENangt ene,

or substi tqRedNaR attxkyt)emerelaadhsz b inddplsiydentlysHasityil, tdﬂ'&lﬂﬁtlt&iekyﬂkyl cycl oal kyl, or
substituted cycloalkyl; RL is H an am no protectlng group, resin, amno

acid, polypeptide,oor polynucleetlﬁe and R2 % ester pr%te ting
group, resinQ amnp agid, Yoly ept de QR poI ucleot d Is al erne
substituted &l ky ,LN(R (aI substl aIkyI , Where
R is Eﬁ akkyhs’ subgliit ute yél ﬁﬁstb cI IkyI
Such noh®natural amho’acids nay e in the’forntof a salt, 0 may be’

|ncordea&edmynmmmaum@m&ﬂa@ummmwamhmﬂnmnmﬂwﬂeMmﬂept|de polyner

ol sacgc or cl eot i opt i onal ost .transl.ational l
P TGRS SRl YRE s Sl B ra oG R ctnE E bptL PR R pROR! Y
FornulaVIgbm@ﬁenmaﬁhudewcmn&%nﬁﬁ&ﬂbh&&5&&RﬁM&USZO12/039472 RR3 R3ATS3

onal., and when prese bstituted

wh s o
ower ARt OB gt Rt el Skt bR bt b E)E alf kol ene, 1 ower
aIkenyHeneoHsuhs&rpu&eﬁgumM@rmahkﬁﬂmhenepmgkgymyhqmemuaamﬁe heteroalkylene,

oL P Sy | T oL SRYEL PRl ST SR R e
substltutRgghqkemﬁamyyEmmatga&ﬂbybemﬁna&ubmﬁmymted alkarylene ar al kyl ene,
or s UbSt Itﬁ u—tA ]g I@fl%lrolﬁ S togeqher (fo gy(cpg trlgyc 1c cycF(aR(gri( et_e:foqgcl?(}a&y?comp{‘lsl)ng at
least one carbonyl group, including a dicarbonyl group, protected carbonyl group, including a
protected dicarbonyl group, or masked carbonyl group, including a masked dicarbonyl group;
or the —-K-R group together forms a monocyclic or bicyclic cycloalkyl or heterocycloalkyl comprising at
least one carbonyl group, including a dicarbonyl group, protected carbonyl group, including a
protected dicarbonyl group, or masked carbonyl group, including a masked dicarbonyl group;
with a proviso that when A is phenylene and each R; is H, B is present; and that when A is —(CHy)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.
[00234] 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.
[00235]  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)-(CHy)-, -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 —CHs, -CH(CH3),, or cyclopropyl. In
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c2277 Mis -C(R3)-, (a)R4 R4, (a) '2?R4(a)R4 \(a)R4 C221r (b) (b) vitn iR3
c. (b) /C?A (b) \ R4 \sisR4l (a),(a), (b) :pc/R3 (b) avv, (a) , or (b) 1R3
S -c(b) (wP2p1nvteesoe (a) indicates bonding to the A grompTarsdoigyo4rndi cat es
bondi ng to respective carbonyl groups, R3 and R4 are independently chosen

fromH, hal ogen, alkyl., substituted al oal kyl , ~or substitute

oyl onloegn SEoksta B atiRng,of B (sl o8 B RSB Bor m

a cycl aahdestlylndthaaydagioay oGyt pal-kaetyl, ®riffiotdacdnal(DBR)), or dlekploxyGitaayl (ke dn

al kyl, cycloal kyl, or _substitut cycl - T3.is a.bond, R) , 0, or

2 I R oSS compeyt oEsEie RSEUDKGT i By Bridattiys i bRentite

subst i tautiedy Cyrglobabdadtide. Rl cérfin-tmbtddingiiits vd cphpiuadd o ITYrigulo (PXXVESIRY,is R, 00

acid, polypeptide, qr polynucleotide: and.R2 is OH._an es ofectin

o oup, s la5E SR YR B Gine S b Gy L BB XS0 RS hih
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).

TN
[00236] In certain embodiments of compounds of Formula (XXXVII), B is selected
from the group consisting of:

(1) A is substituted lower alkylene, C4-arylene, substituted arylene, heteroarylene, substituted
heteroarylene, alkarylene, substituted alkarylene, aralkylene, or substituted aralkylene;

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’)-,
-CON(R’)-(alkylene or substituted alkylene)-, -CSN(R’)-, -N(R*)CO-(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)-, -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)0-, -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’)-,
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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/i6660a pol ynucl eoti de and optional |y post pCramsgéiawsanal |y
nodi fied. [00262] 1 n addition, am no acids having the structure of

Cormi a1 1) e s O GRIRLLOSSEOCTRRO 2 IR AN g N ¥

(2) R4 , (b) (b)-Sm)NTR),RICIPARRENROCIOM(RA, ()R IC(S)SER ) CMROBIDNTR 34, (b)

R AVRAL RA ST QYK sBINGR")-, -NR™)N=, -CR)=N-N(R")-. -C(RJ=N-N=, -C(R")s-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
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)0-, -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’)Z—N(R’)—N(R’)—;

R)@Y 5y g@ IAW\/L

O\ /R
+N

N

b

or

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

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

R, is optional, and when present, is OH, an ester protecting group, resin, amino acid, polypeptide,
or polynucleotide; and

each R; and R4 is independently H, halogen, lower alkyl, or substituted lower alkyl;

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

[00237] In addition, amino acids having the structure of Formula (XXXVIII) are included:
0]

A~ B)l\

o (XXXVIII),
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
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,(a),(a) bonding to the A group and (b) indicates bonding to respective
carbonyl groups, R3 and R4 are independently chosen fromH, hal ogen, alkyl,
substi t utwo 2a12kb3eocycl oal kyl , or substituted cycl oal kylPCTarS283/0393d2 R4 or
two R3 groups or two R4 groups optionally forma cycloal kyl or a

het er ocyc| oal k

al k subtltu kyl , cl gal kyl ,
cubst i+t BAEE by e PSR AR e T T, st o ohE. lfanitae
hal ogen, aibkmht,ed sm:bstehd, wiaBigtlcad, oy fubstayted aralkidghe; or substi t ut ed cycl oal kyl ;
Rl is an. a ot ectin am no aci.d, i de, or
ol ynuch BPifEL 5 hRwTat i MR Berrbf Fp oredtep rg ke ORI o' aci o
pol ypepti @lmsmmred pmleydilldjdéreplbwdlea,lkeﬁ?leﬂib RebstitSted nﬂ&psml@ra:hd: yom haabadylédepm t he
group consistin subst.i t.ut |, C(O) kR
where Kk i §ubi“““§9 IOBVFr gete“’%fyg%?’ﬁ(ﬁ" N2, ‘( lkiggne or gpfytith ? Iﬁ“és e e‘@%‘ﬂe
i ndependemibktytuﬂetl alaylkg/el)- -EQO)kswbeSé kisut eobral sz(l))k(aﬁyleh\e m&nbsnaﬁddraadyleam n0(03)c,| ds
may be in e i ncorpor a_ non-n tur
o o act 280y SRm e B GBieliweRt oo A RBR - Chr L B ryRude BerputiEhg
opt i onal | ylkjplesd)-, tN(Rﬂ)sI-HRf -Qiiglidny ondstittethlk{|@OR 68 ON(RUGI-CONR)- @myme aci ds
havi ng the stru r cl ude
Do12! 66oEnRe by ers‘gﬁ‘fi% 43@95% ﬁ%@aﬁ‘eﬂ,“gﬁ“@‘f EI%YEFB%%’%’ER gb‘y Sk %
cycl oal kybr, suesftm,aubﬂltyletnu; et(rycimal, ksf(b)kmnd TR’ g (ON(@r)-, SN(EUaR)NTRnN-, nat ur al
am no aci  for f_ y tc_i'nt a
non- nat ur ﬁ“m‘?ﬁ@d ’d{\]}é[gl){‘/\%e'@(gdé p(g %/k@fN(%& &ngg%_clﬁi?g acgﬁa)bﬁ_g and
pol ynucl GCE(RO)@—NGKI()LNDRT)J mhaieleychﬂosst infigpamizhtdst Hoatiadl,| oy subetkufet eilyl; [ 00264] | n
addi ti qn, . N ci.ds n e str cture of rmul aar e i ncl uded:
wher ei .lslﬁﬁlmé(yﬁl,su ﬁté}“(%% %ng’ YL @ S[“l“’tt‘iiitc 810%{1‘:3& cycl oal kyl, or
subst i tRutieH, @ya@hmﬂirktycttmg[gﬂﬂga‘és]lﬂ fat Bkt bitd adtino ztchEpaSl@;Lelpﬁw Blgg)o&i}ﬁihdflébt'ﬂl@i A8
havi ng f§t rBﬁt ures of Fornul aare

an ester protecting group, resin, at least one amino acid, polypeptide, or polynucleotide;
with a proviso that when A is phenylene, B is present; and that when A is -(CHz)4-, B is not —
NHC(O)(CH,CH)-; 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.

[00238] In addition, amino acids having the structure of Formula (XXXIX) are included:

R
R, BTR
(@]
Ra

R

Rix Ry
N
H

0 (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;
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i ncluded: R2Ri sNR2 0, andO Such non-natural am no acids may be in the form
of a salt, or may be incorporated into a non-natural am no acid

pol ypept iweo,20polegser , pol ysacchari de, or a pol ynucl eot i #€Tarsdoiepse4onal |y
post translationally nodi fied. [00266] The carbonyl or di carbonyl

functi can be reacted sel ectively hydr oxyl ami ne- contai nin
F eagent il SR EHIEE S o1 Saseo e et Fofl PR PR HE cor r eopond! ng
oxi me Hbﬁkegﬁmkhﬁtmb&mﬁg@bh@ tesinlemiphuys, pblggbtdd oigonauéledids, See, e.g.

Jencks 81, 475-481 Tan1 J.
oA R ety Fored Sy g T PR g5, Per bt St Al o

r egc; | Vi tyI(R)’Dz, tdieﬁﬁawbﬂayhs np, ?B(;&I(bml’)z,gomamalsl(@)éﬁ ﬁx&(ljiére&ﬁih&ttm vg

nodadi |Cat| Int sence .0 er amn acl | de Cha e,

L Gy hdephi?fy AL Jilea kSt Stdtefor My o Ser i G 0E e Tyt s

Geog hegan saht(or Ian bR isglofpFateddnto @non-Bito@ DavhitigaciGhdypeptade @Byt Golyk A2 Rgride Mahal |

e 27 125-1128 997 [ 00267] The synthesis of
p acetyl P%mekﬁﬁkﬁﬁ 5ﬁ?hﬁxﬁﬂﬁmé?5@gﬁyTo%f7l) phenyl al ani ne is descri bed
in Zhargo23g} , etaddition, th folibveing sininy adds arbibdfad&i746 (2003), incorporated by
reference. Qther carbonyl- or dicarbonyl-containing anmno acids ¢an e
simlarly prepared. [00268]1n sone endelnents a polypeptide conprilsing a
non- natural am 3 s chem difiedt

carbonyl or dica Lnyl functig group For ;nde, an a WO
2012/ 166560PCT/ US2012/ 039472 ctlonallty usefyl, for conjugatjon reactions
can be generated froma functionality havifigi"aglj acent aniho and hydr oxyl

groups. Were tHe biologiﬁﬁllﬁmﬁbtive nol ecul e’i's a polypept?de, for .
exanpl e, an N-term nal serine or t reoni ne (phicch may be normally present

or may be exposed a chemc zymat stion) sed to
generate an ald ewfmﬁctlo ty under
usi ng peri odat Gaﬁrtner e

d oxidativ eavage conditions
(1992); Geogh K &S'E'ZP'

Gaertner et al. . Biol: Chem 269 7224 7230 (19 . Fbmever nethods
known iSuch hen- maralarrmoraesﬂ; miag bede bmuinhlldy amhmpro&cﬁedi gmhp,tc&mboiytl p@temiedl wisl/@fin t he

peptide, o 269¥Add naII | € a,non-natura
am no gglfr 8@%%%gmé£ gﬁgﬁ PRV At lno 4 %W%ﬁ%%ﬁ@kamd 4§pg§mcﬁmb/ndorporated

i nt 0 a pPbkycplepide, dma@slywc'fenaﬁ‘aad bptadnallfk,mudetrdnsmmnmmbdlﬁw For ex arrpl e,
5- hydr in drox cent 1o
gﬁ&&fﬁ 1 a%(gl? tﬁe f% Owing acflh: ng?}h r& Oﬁ&qa}nfly o 0¥, ) arc 1récg|Jdleiil on

Reacti on co I ons ener

of nolar excess of sodlunlnetaperlodate undeP nlld condi tions to avoi d
oxi dation at other sites within the bypﬁp e. The pH of the oxidation
reaction is typically about 7.0. A typical rea%tlon i nvol ves the addition
of about 1.5 nolar excess of sodiumieta, periodate to a buffered sol ution
of the polypeptide, followed by ingubdtion for about 10 minutes in the
dark. See, e.g. U S Patent No. 6,423,685. B.Structure and Synthesis of
Non- Nat ural Am no Aci ds: Dicarbonyl bonyl -I'i ke, Masked Di carbonyl,
and Protected D carbonyl G oups [0025 i no acids with an el ectrophilic
react i wehegpioup al l ow for a variety of reactlons to link nolecules via
nucl eop - Q ive
o oups | SeP Gt SOk R BERa 2%, BEPAL PRISE St fnTAELEARRIE of GREH

ket oal dehgldelerys @nlvptltufad loareoalkylencglowennlkeaylkest pbstiteied @M@Uﬁkenahde, dpwer

ket ot hi 0efl b0 PLbs R ﬁ@m@{%ﬂﬂyneﬁg 81 QR IR B3t R %ﬂeysl)tys sk | ar

to a dicar ony group i's structura sim I car bonyl "group), a
masked dlééﬂ%mﬁyﬁﬂ@$GMQi@ka@h-ééwkb@wﬁéa@ﬂl&chnS@Dﬂ@%WEmme@B@W@érbonyl

group), ot e( §@5QQ to a
dlcarbonyFmehﬁﬁ (§65 56% otectglxli)nggt Suéﬁmgﬁﬁﬂogggldgéﬁgi d%%ogﬁgﬁgég%lds
havi ng t D elkserar INIRS. ,oNRFéﬁﬂWﬂﬂnam( momc) alkyfe R3CKP RI(RBR -EON(R’ R Iylase fe

O( XXXVI'| ) 3\9@%& hlﬁyle% SCI\RR')O %N(ﬁg@gg’{%ﬁ@?ﬂﬁ%ﬁﬂ& a'lk%fleln@}[l\gﬁ(@ d‘d I(eﬁl%ﬁene

substitute ower al I’dwer ene, substit d | owe

cycloalkyP@WbMHM@M@kﬂ%ﬁkeﬁWRé@@»osu%§D@ﬁ&DedN@bMK@ﬂﬂRWBnyﬁéﬁaSﬂﬁRwynyIene,
| ower het %@%E@Lne Sﬁg@?ﬁdi WRE- NEt@(RG)aJI\JkNé) Ne.cR GURN=, C(Rng =N-, and

het er ocycl oal ituted | over heter cycloalkylene yl ene,
substltutéHRdz91%héKRﬁeN@@@&W¢Héﬁ%md%ﬁwbﬂﬂxHﬁ@@ﬂhé@@ﬁ@ﬁk?h%ﬂb al karyl ene,
substituted al karyl ene, aral kyl ene, or substituted aral kyl ene;
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B is optional, and when present is a linker linked at one end to a diam ne
containing noiety, the |linker selected fromthe group consisting of |ower
al kyl ene,weubsticsisved | ower al kyl ene, | ower al kenyl ene, Psuhsti2Os%d2 | ower
al kenyl ene, Iomer het er oal kyl ene, substituted | ower heteroal kyl ene,

O-(al kyl e | ene | ene or substituted

al l(<yl eﬁ%e)srhe aﬁ( F@lmteé 5’1}(@ l?!(%?/lk% %Plsémﬁ% g’%ﬁé@t uted al kyl ene)-, where k
is 1, Z{l iOH, ﬁlamﬁ@))teétﬁlglgyduﬁnesmranﬁid)%idl ISdez;eplnc&l &)ﬂo@/lﬁ&)lcoxldc @L®) - (aI kyl ene
N R 5%3?%%'@5 oSOt e BB 83 her MR TP R e o

jmubst i toa&lerl, 1§i1|nKQp|eﬁﬁ:ﬁt)y seleﬁﬁd froﬁ*i(tR &l doadikink eﬂHblﬁlﬂqgﬁth bﬂdé/l Elitﬁietd‘feahlgcyl%)eg_er) A
e LS (el S /e BTG G S S S T A T el
oFLion?IIy@qwb&mupﬂlQH?F&sG%na%ﬁfu?ngmimpmn@lalIy substitut ed ﬁl 4

al kenyl epe, or. o a stitute erein each optjona

S ubet ) vl S BhadRR Ao Bt xR s Eno s Bine R e

o honyl e mms‘if??ﬁi S e m’?ﬁ?ﬁ’mnﬁ"k‘famf“"éﬂﬁad D e k l one.
a :
Cubet ) TS RER s PR S SRS B S BRUAE b6 1§ it o | ooy
het er oqyeddop! Kk ®lagion,anyfoBsieing siuis hiitildrethecmdad: ene, het er oaryl ene,

substituted heteroaryl ene, alkarylene substi tuted al karyl ene, aral kyl ene,
or substituted aralkylen [ selected fro (he grge% consgg%ing of

| oner al kyl ene, stlt o cal kyl r al kenyl ene, bstituted
| ower al kenyl ene, Iomershetero kylene subst ted Io r het eroal kyl ene,
0-, -0-(al kyl ene qr substjtuted gl kyl ky! enel_og,
substit ut ed 4k Iené?“ S(U¥ ereZN |s 1 or @ﬁ' (O)W@al yl ene or
substituted al kyl ene) - C(O) -0)- alkylene or substituted al kyl ene) -

-C(S) -, -C(S)-(alkylene or substitut ed al kylene)-, -N(R)-, -NRy(al kyl ene
or substituted -, -CO#(JR)-(aIk ene or substit uted
al kyl ene) -, - kyl ene afnsubstituked al kylL&ne)-,

-N(R ) CO0- (al kyl al kylene)-, NR CC@)O-, - (0)kN(R‘)-
-N(R)C(O)N(R )- .- -on - NCR ) SE0Q) KN( R R

-C(R )=N, -t =N =N- NEN SR ) 28NN, and=N

-C(R) 2- N(R') NFR‘) mﬁere each s |nd%pendently H al kylS or -

substituted aIkyI T3 |so SscC i;igﬁrxl)(l)(lc )ty OR ., mhere each X1
is ; or J;:f

, wherein such compounds are optionally amino

protected, optlonally carboxyl protected, 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.

[00242] 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
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I ndependent|ly selected fromthe group 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) (OMayO 20r2/168560and where each R is independently HpCalusgi12/089472
substituted alkyl; Ris H halogen, alkyl, substituted al kyl, cycl oal kyl,

s H an ntno ﬁ%it resin, amno

or substitute cIo | ro
aci d, polbﬁgﬁﬂkﬁél “ﬁ%ﬁ?ﬁﬁ%%%@@?ﬁéowg GRSy neéH Eg?gﬂgﬁ?otecting
group, rekdt&rocydlvhlkQles alﬁ}len@@hbsﬁamﬂla@eene Oetepal-yand GluBinitéliticteddaryidie, allbrBeds; R
groups to ther f tr c cycl oal kyl or heterocycl oal kyl
conprisin%lgpuﬁgﬁg?g%W%a@@¥%Hﬁ ﬁgﬂﬁfx?% R ng a di carbonyl group,
protchBdopambpaujwmm@u@mnhmammdml@aaiﬁ@ﬁﬂ&@ﬁ@@cdmmah@ammegmﬁmm@ or masked
car bonyl 0 ncl udin ma di car bon
Cogether Tmibiealigh Byt Bugrmshuses FE Y buf PhBienh aar segersdigy
conpri si ngubatitule@ &Sver sk odtiaiidnonyl, -Qr@liplend dichihsciureg a&ytén@armrwdamgrew@,
protected carbon rou | ncl] udj n |carbon o] sked
car bonyl ﬂ%ﬁ deg%%@ﬁ%?ﬁﬁog'wgﬁﬁkqugté §§§M?@V@HH”SPH6 ]W%EQP ﬁ“ﬁa
exanpl e of-Nstogtzar bsmol and palkgizhelsr dabstitngl dllyeensit r- GCS)UI‘@(SQ}faHEﬂH’nEUf @bétﬁﬁ)&ﬁ/l | )
I ncl ude: 2012/ 166560P 01 12 00000
[00273] TREPRT oW X RUORET A6 RSO G SYPae G QRGD - FOONUY KAORUT) ar e
al so i ncl pgetited 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’)-, -N(R*)C(O)N(R’)-, -N(R")C(S)N(R")-,
NR*)S(OXN(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, 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.
[00243] In addition, the following amino acids having the structure of Formula (XXXXII) are

included:
Rq
R. B\rO
L
Rq :
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)(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(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;
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H2NOHH2NOHH2NCH 00, andO Such non-natural am no acids may be in the form of
a salt, or may be incorporated into a non-natural am no acid pol ypepti de,
pol ynmer, Wwolzypawedsari de, or a pol ynucl eoti de and opti on&CIrUSpagt039472
translationally nodi fied. WD 2012/ 166560PCT/ US2012/ 039472 C. Structure and
Syntheai ﬁf Non- Nat ural Am no .Aci ds: é et oal kyne, t oal kyne - |ike, Msked
Ket oal Ky} "}ﬂraSP%"cRr%tﬁc%étgb"&P WG SEGES : OTdRa™ ?9 4*RYne G oups
100274 R,ANDAamsictproeaitzairdtipNgsih eadid ackl, glgupsdabt folyduaestiaeny| - 1 i ke

reactivity allow for the |lin | es via nucl ilic addition
eactions. SIS R DM P e st Tarog i B2ur v i S PRBYsRIRe or oup.
ket oal kyne- hukﬁmganm@d(Nhlﬁh{h@ﬁRrﬁmﬁékmuty(ﬁBnKK@ﬁ«RQ%aokehmaBKmme,group

e (ot SR 2 Dt B B Rl L oo ooy ot kvne
pr ot ectsadh Ingﬁ. ﬁhﬁlhrtﬂyzﬁ{ﬁn@ aEdPminbe ahthbdgny ﬁ&cﬁdlty bit yayp bmﬂcwpgﬁa&d antt& atr@alnkmm
group upon e ec cLads,contaln

e A R %@W%ﬂh&% S { s R0 AR ERCOR! B lehay

al | ow fragdifiddnki ng of nDIecuIes via cycloaddltlon reactions (e.g.,

1, 3-di | o id | ddi t tc. Such
ErnorngeAl Y %10%1"%@3%%@%3@?%@wgugffdgﬁgt o et €' )y e,

| -B): mherein. A is optional, : when present is |ower alk ne,

substituted |l o oy cl oa ubst |
substi d Ioméf al

cycl oal kyl ene,
| oner heteroal kylgne, substi byt ed het erpabkyl ene, | ower oy
het er ocycl odKyllene, subtiffuted | ows? h terocycl odi'kyl ene, aryl ene,

substituted arylene heteroarylene substltuted het eroaryl ene, al’karyl ene,

| ene, al kynyl ene,

substituted al karyl en ‘}aralkyl r substig fy ar al kyl eng; IS
optional, and | Oone end m ne
cont ai ni ng noi z the Ilnk elected f the group c ting of | ower

al kyl ene, substi touted | owgr~albokyl ene, | Hal kenyl eng tituted | ower
al kenyl ene, Towgr heteroalk bene, subsflt ted Iomenmﬁetekpalkylene
0- (al kyl ene or substituted alk Iene -, -S-(al kyl ene or substituted
al kyl emél)erem such %wwnd&ar«s?my)ml my%mete@fed @91&19113{ AT Y HINTRig¢tedh @ptionalyhapigo i
is 1, %)rot&rted?’and C%QQYI bakdepeh, ed}eet St t&%? fo MY, 86 nﬁbllﬁ)ﬁlaﬁﬂ o a nmqléﬁra( ahiky hane

or substltute al kyl'ene) -, - - (al kyl ene or substituted al kyl ene) -
CON( R" )Ropyapnige. ey ms. P§l¥§?§?haflé% ep2 awlww@%}wnd oty ppsttensdstioasly medified.

subst i t[umélRal K h&IAOn; ’theaﬂ)(ﬁowmg Finilf;p aélaé SN e OltruSRS b4 FothiRfh atxykanNedr: .

wher e each IS |ndependently , al kyl, or substituted alkyl; Gis
opt i ondncludgdd when present is WO 2012/ 166560PCT/ US2012/ 039472 S5S.* Xi Xi
T4 is a carbonyl protecting group includkﬁg>>but not limted to,

CR
( a)n\B g

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 kiis 1, 2, or 3, -S(O)(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(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;
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lt'"OOR , 3-ss-"1-"1.1 X1 X1% 1( ;-2(7,- ; orX2 , where each Xi is

i ndependently selected fromthe group consisting of -0-, -S-, -N(H)-,

-N(R) -, -W0A0)27166mnd - N(OWe)-; X2 is -OR -0Ac, -SR, - NPRras2012/03948 R) ( Ac),
-N(R) (OMe), or N3, and where each R is independently H, al kyl, or

substi tut | kyl; .R i s H, hal ogen, tituted al kyl, cycloal kyl,

or sub Pﬁg?@ﬁﬁ§§§@85?ﬁ$chy a@"?{ml %%ﬁQX %E Ytecting group, resin, amno
acid, mliypeptantes protctpleynp abentintie); acﬁZpdlﬁoe@i‘dle arpo@sﬁcedsonm ah@cting group,

resin, am aci d, pol ypeptide,. or | eot.i of R3 and R4 is
e mertfiin O e P RR P ciGiin i PRt S RoBR S BT o fvt . ar R
and Fm<eu1RMme%egkﬁup&kﬁﬁﬂﬁﬁmmhdgomnﬁmmamgmﬁHpm&kytaﬁ@lamﬁemeﬂemyploalkyl;

iy CLNE ey, Bt ki artich < ORNBobnar S CaR kPR e,  al k!

ester, aryﬁqﬁﬁd£MyE@ﬂkﬂﬁxsathmﬂmH@Ean@ﬁKWHoBalide aIkyI am ne, aIkyI

sul f oni cid |. nitro, i oest et, hal osul fonyl,

it 1 euc Pt ¥ sl P RERE i 81 w00 5 b tgorditey g 3 pengrurg
10 or Zhinducht palgicptide, psignmSypdlirasdhsriddf oNOpolNatIdstade aﬁﬂbplﬁbnélﬂ:y glst riehoanilne,
Ket oam ne-li ke, Masked Ketoam ne, and Protected Ketoam ne G oups 1002751
Ami no d¢&9 sdcontalnlng reactive groups with dicarbonyl-like reactivity

al | ow f[oe24bhe I dilditiog thd fon®liag uhias astisaraimelueaiphi | i ¢ addi tion reactions.
Such reactive groups include a ketoam ne group, a ketoanlne i ke group
(whi ch has e§§t|V| slnlla o a Kk am ne oup s mcturally

simlar to etoa rou ket ] tch can be

readily cq verted a Kk toanlne roup), S a pro ected et oam ne group
odroupju At ection). Such
t ructlr ZFO mila ((11): R3 A

(whi ch hag rgacti slnll to kgt oam ne

am no d&i'd O:ﬁnc'l*zti %ﬁm Ad a(:SHds HIft‘av ﬁ% tHe

NR R2R Ra-I1) Wherein:" A is op i onal, and when present is | ower

al kyl ene, sub$tituted | ower alkyl ene, | ower cycl oal kyl ene, substituted

| ower cycl o ene, | ower al kenyl ene, substituted |ower al kenyl ene,

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

het er ocycl©al kyl ene, substituted | ower heterocycl oal kyl ene, aryl ene,
substi twytegCdryl ene, WO 2012/ 166560PCT/ US2012/ 039472 het er oaryl ene,
substitute heteroarylene alkarylene substituted alkarylene aralkylene
or substltuted aral k onal

1 niced et S Rl G cnuomS SR RAR g AR R TRk oBioae e om
t he grqm@an@hmdsmbmgdpﬁmkameﬁaahkﬁb&meorambsbumumaawﬂmmearmmkmmehamnbam&r

?Lb\gpylrpgggspn?ﬁl %%fymer pogfsacgharlrde %r 5 ]te)(ﬂynuclréotide angve pt10n§l}yepro(s)t%ran¥a!1t1eog ly m(l)'lc*D { I tuted

[00247] In addltlon to monocarbonyl structures, the non-natural amino acids described herein may
include groups such as dicarbonyl, dicarbonyl like, masked dicarbonyl and protected dicarbonyl groups.

For example, the following amino acids having the structure of Formula (XXXXV) are included:

A\B)H(R
R1\N Ry ©
H
(0]

A is optional, and when present is lower alkylene, substituted lower alkylene, lower cycloalkylene,

(XXXXV),

wherein,

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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O0- (al kyl ene or substituted al kylene)-, -S-(al kylene or substituted

al kylene)-, -C(O)R'-, - S(0)k(al kyl ene or substituted al kyl ene)-, where k
is 1, 2, WO2812/166%60) - (al kyl ene or substituted al kyl ene) PCTASeERAOSETKY| ene
or substituted al kyl ene)-, -NR'-(al kyl ene or substituted al kyl ene) -,

CON(R") - (al kyl ene or, substituted al kyl ene)-,, -.CS - (al kyl e r

Substy 1 ut St RafEs o DR Pty By puma TR a2 3 e by R0t wne) -
wher e eackubRituies alkyieepe rsient 'ivyeéé-{lé isall,cﬁ,ydr I3k GFO)ﬁ(umsl‘ehd Mtselcktialltdldl)alkyleﬁeg-, St(Q)-,0 Ei
Tl is an pona su i tut 1-C4 a ne, opt.j.on substitute
Cl-C4 al kgﬁ%ﬁpghé{)g%)r)fa%%{%b{aﬂ%f?&? PPURYREG; e e N 5 455'@‘,-‘/1%1%& S"?%“W“%J a
car bo ;1y| gmgablm{ INN@")gI-NRP(dlkytdntl At sugstitlaett al]ﬁ@é)ge)—j -m(@EgRt)Q,-Cﬂ\I(IT’)-Eaﬁ@lléne or 4
") X2.X, X -z.. =2 or, re ea i i i ndent | v, cte
From i ne. ssittatgrE NS0 e IO FaRER O b IR RRRE AR ORI 68
e ey ey Lo T K o S Rt B &
hal ogen, &f@g(ﬁg\&@sh &ﬂfggﬁalcﬁ% ),‘Nei'/%@éﬁ%@‘, {'o'?ﬁgﬁﬁ%'ﬁ\\u:t if&%gfﬁyt”r’&aﬁi kyl ;
RlI is H, a@(ga)ng(m’)gmt)embnaga@rmtﬂoin?dpelsdemyyt Ia,natuqm oasittitueohipept i de, or |
ol ynuc] eoti de; an est er. protec roup, resin, amno acid,
Bol gpeg{lsgie?ﬁi(&’ S‘g’éﬁ}%ﬁ&l@dgg@%]??le%sﬂg%?‘g y‘éﬂ?bli( 91 igs ilrcl)dependently H,

hal ogerg, ist Qy@ralnlalh&%tbt,ectmg gﬁwb,lsr%siillt, Emlﬁd) alcialy\@ﬂyr?bﬂi’dél or pleryniliBeoiaiﬂd aiiigog; 6& WZ R3
groups optjona orma cycl oa . or. et er.ocycl oa ) m no
LT He S o s G B b e SSBeRtS S B i o et ds aving
t he /St reuch UBIan?ﬁrglzzgi]i-iﬁ?l gdgsg ﬂ;ﬂé}l’ be &ﬂvﬁe Feranad aﬁseﬁtl W) nay B\Din(;:orporated int?) a non—lnatural g
2012/ 166560PCT erein ea Ls i ndependent sel.ect e
2 R P ARG pggs pelse e & Byt cofgel POTTRD BRI o
- C(0) kRhodie@re k is 1, 2, or 3, -C(O)N(R )2, -OR, and -S(0)kR , where each
R Is I[R(?Z%B]end?nngclld\{tiol;'ﬂ t}?él Fo){ll()\’ving I’amsl}ilob %(t:lldst lI‘JlaFwelr(ljg ﬁ‘lek%}ubture of Formula (XXXXVI) are

included:
R4 Q
Ra B
R
(0]
Ra
Ra
Ri~ N Ry
H
0 (XXXXVI),
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)(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(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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E. Structure and Synthesis of Non-Natural Am no Acids: D am ne,

Di am ne-1i ke, Masked D am ne, Protected Am nes and Azi des [00277] Am no
aci ds wi twoaorusb®mophi | i c reactive group allow for a vaPcCetus2ab/ossarti ons
to link nolecules via el ect rophilic addi ti on reacti ons anong ot hers. Such

nucl eophilic reactiy m ne di ng hydr azi ne
group, an anifsHeagh gu‘g niier?ﬂ?ﬂée 3?6(513. m e%”‘ig fgl? h%jf)gen’aauiyl’z di am ne
group, a 1, 3usktianddgkylr-Sa0),, @oO)ka \&he@eﬂisannrtesgmom(R ya -drRaadstbyke group
(whi ch has r CtIVI S|ml iam ne groyp.and is structurally
simlar to TS h 1@]? %aa]fégdor(ﬂl% H&bup (whi ch can be readily

conver tSah inm ﬁatli&aljatﬁm) aﬁcésgm@yjba in B¢ f@npsfod @fj:tt eldmd{y agnidaeerpgrated Ant( \Whioamatnas
reacti V| t. ar t a | am on e Ctl on n sone .
Croodi e Choort®: Ratmdmpdr e Rt PSRk B an S pomalf o BE TR lesiopetty:

li nki ngncmﬁﬁemtol ecul es via cycloaddition reactions (e.g., 1,3-dipolar

oYl 29, LK RS SHF LR o0, 1)+ T0Z7el I

hydr azi ne- substl tuted nolecules fd the derivatigation of o
car bonyl - substi t ut edl daol ast ati atives. Ith one enbodi

hydr azi ne- subst i ed| nol ecul n gol ast aft i nked deri i . In one
od% for the preparatign of H?drazine subst i°t ut ed

enbodi nent are

mol ecul es sujfablg for thgyderbyatizat)en-Qf carbonyh;eorbai ni ng
non-natural am no acid pbl ypepti des, i ncl udi ng by way of exanple’only,

ket one-wheoain sichl ehrylpiﬁmds)m aptiinaly moine pattecred|and mtrhmcyaptocbcmdl gtpaaqattnhte@f SJuch a
further OI’ aldol at {ngr%lg‘lds enb%dlnﬁ!le orm (btea aﬁtnornnalg ulgealncan(])rgt% oanon aﬁural ming

i ncor pOIPATE TS PR &Sids. iy L8 i the dorm ol 3 VIVOTPERST atF 6R 6 P ot eis.
In a fLﬁbidhp(lily@ptu&ddjolym&naﬂ)olﬁmﬁhdmm)t‘ a Ppblgndviedridez aliréosmdmaﬂy tpmtenlardlahmtlati n
deri vat | Vs i allow for the site-specific derivatization of

car bonynil cont ai ni ng non-natural am no acids via nucleophilic attack of each
car bonyp02§épbuplit edditammtte fodo'engcydieaddr havatgl the dtrpoiry peflondely (XKXSODNge a
ni trogencont ai ni ng heterocycl e-derivatized polypeptide in a site-specific
fashion."Tn a further or additional enbodinent, the nethod for the
preparation of hydrazine-substituted dolfastatin derivatives provi des access
to a wide variety of site-specifil€hhy riRati zed pol ypeptides. In a
further or additional embodimert are rfet hfids for synthesi zi ng

hydrazi nefunctional i zed poRyet Regl ycoP (PEQ |inked dolastatin
derivatives. [00279] Such am no adi ds include am no aC| ds having the
structure of Formula (XXXVII-A) 6&r (XXXVII-B)(XXXWYI

2012/ 166RAAPCT/ US2012/ 039472 R3\ A" K.R3 A. ,NR3 -BRR3B 3 Rl, NR2 H
Rzi 0 wheréein: Ais optional, and when present is |ower al le ene,

subst i tRiseatiangiverd whaeyresens is A linkerrsclegied G Kipizsowe consintag P loverdlNyisner

cycl oal kyl gQ@uteh RIRF alﬁ’«yl&ﬁ”bélv@ﬁaﬁken?l&'?esEdb%t%t%&'1o'w9¥\ﬁf<en§fiel§@%e?ﬂéeroﬁl<§ﬁ¥ﬂ’é¥' ene,
| oner heteroal kyl ene, substituted heferoal kyl ene,

het er ocy chubslitiipil lower haserprdlesilangt-Od pdﬁléb’lemféPWt}S}ﬂéeld@HﬂY 1@9@9 n; -Saelkyspeor

substi t ut gghs@hih SR ene')‘ets‘%bﬂa&zb{ér@ﬂ%l SURSt st GRyREL &' Ql?s’ﬁiﬁlte%r&ﬁayleﬂé)ka@d)ene
substituted al kar\a/( ene, aral kyl ene, "or sub stltu%/ aral kyl e

opti onal , @) mhe Cﬁre~§é<a>c(aik§ cae P skaifuted At Céﬁie @@m(qﬂal%@e ar salmtﬁ@ed
cont ai ni ngmﬂ%e?t W(RbHNENRE- (b!ﬂ(%/ﬁené%l éﬁﬁétﬁ&le&‘ J18R] ec%{%gﬁ ) 0BENEL -Gy Rne boWer

al kyl ene, subs |tuted | ower | ene, [ower al ken substltuted | ower

al keny!| enaubsiitaigdplkHencky cfaSIP@i)en SN&betytens @cfubs@mrd aHerlcaploaNR/ ) @réalkylene
0- (al kyl e@lesugs!tltlﬁ‘;:&)ﬁlwlén'é}c?@h(@ @od)éneé(o é N(ﬁ’){ arhdﬁchQOﬁ\I(R") SNp8Y G(E}N( RE).

al kyl ene) substituted al’ Kyl ene) -
where k i SNR)SEOIMR B, NIRE-OF (HRRyNen (Ro}*l\%lﬁ@sliict(ﬂﬂéﬂ\fﬁiﬁﬂ@r}e)\f =N-, and

-¢(9) - (al kLY(k%gO\I}@’EzI\ﬁH?SWhEM%&% reliky SRRty Hl\éﬁfcy‘l (d%lﬁiéﬂltﬁfég aRy1; SUbSt' tuted
al kyl ene) | ene or substituted al kyl ene) -,

- CSN( R'§ is(thlky). ervetitie @Hsﬂsqyp{oawdoraﬁwkwémcloalbﬁd N(R') C0- (al kyl ene or
substi tyt I n lLky!, or

subst i tmutlig 2gll a&%:l(%}%amﬁ \%bﬁ;) ereﬁ@%mg addi\ﬁ)&%%gﬁ &}%—a?}’lll\ll\b{clléléﬂd“lvSl ofY N., ,-N
TN. , - dhtiyPHi an\eﬁeggrjoteﬂlqggloum@sm,_mwld patgpeptide, or polynucleotide;
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L.<iut. \., HH- N \\T2.---N\.S5S ;where: Rg and RO are independently
selected fromH, alkyl, substituted al kyl, cycloal kyl, substituted

cycl oal kywp 20r2/1mpdone protecting group; Tl is a bond, optPrCoaskéng/osubstituted
Cl-C4 al kyl ene, optionally substituted Cl-C4 al kenyl ene, or optionally

substituted heter.oal kyl 2 i ti aII substlt ed C -

oot onal 1 s <HELE et Eopl e B pri otk R aira el b ke mlhf iR o,
Eet er oal klyl ,-NOpY., arieh Ry wherb&ts t,af @d, aI(gobN(RO)E -ORt, |aﬁmalc(id)st g}chsﬁe:eadhtlelds |
et eroary erejn tituen s independent|y sel ecte

from | oner é&%@?“b@hﬁZPﬂWﬁPEﬂgﬁgﬂé$qgﬁkﬁpl“? %E# cycl oal kyl, substituted
Ihower cs?aﬁ]h a&d-Kathral Aroine ac1a§hiﬂeﬁyd: ml ﬁlu tf(ihil bfud @ﬂih boiey baliﬂlcenplyﬂljted aﬂnk;atr)mh-,naﬂumngr
et er oa St|t te et er.oa ower el erpc oa SuUpsS |tU e
over et i R idh Polas ! POt e, ot e SHBEE R bR ElitElY

het er oanigdifiedal kar yl , substltuted al karyl, aral kyl, or substituted aral kyl;

WO 201 USZO 2/ 039472 is. H |, substituted al kyl,
cycloaﬁﬁ¢$§ﬁor1§ E?Pf%ﬁ%ﬁmwy%WBQPﬁvﬂﬂmﬁﬂﬁfﬁﬁki an amino protecting group,
resin, am no acid, polypeptide, or polynucleqtide; O and R2 s |OH, an egter
protectin roup, .resin, %ﬁrgo aci d, | pol ypept i°de, pol ynudl ot i de;

of R3 and ®4 9 s independen yOH haj ogen, | pwer alk yI, or s{Bstitut

al kyl, or and RF or t "R3 groups optiofal |y fopm a cycI al kyl
het er ogy, Fkyla gt hen<A-B- KuR-groups, et haln th a, o RN,
tricyclic oycloal kyl or heterogcycl cal kyl coopri singoat ,| eastt one di am ne
group, protected diam ne group or masked di am ne gyoup; or the -B-K-R
groups togeth r forn1a blcycllc gr tricychic cyclo yl or cycloaryl

het er ocycl o |ng a st on bam ne up, pr ted df ne
group or ed d|a ﬁe groupfor the R grouptoget her(forns a
nmonocycli ¢ or bicyctic cycl ogl kyl or heterocycl coppri si ng | east
one di apiNe-Cgr oup,RFDL ect Pram negy Bp ofn d dian-ne grgudsWher ei n
at | east one anine group on -&-B-K-R is optjonaldy a protected am ,
[ 00280] mhereln I n one aspect are conpounds R3 R .N H
Q
(6]
HoN OH
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.
[00252] In addition, the following amino acids having the structure of Formula (XXXXVIII) are

included:

(XXXXVII);

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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conprising the structures RBH A ,.N' NH2ZR3 T RRRi. N R4OH 1 1 or 2: NH2 R3
A,,, T2 -11-NH2 R R4 0 2 A is optional, and when present is | ower

al kyl ene,weubsticsisved | ower al kyl ene, | ower cycl oal kyl ereT/Usedi2t0894a2 ed

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

al kynyl ene, | ower heteroal kyl ene, substituted. eterfal§ |.ene, | ower

het er ody/di fb‘aﬂ‘%’\?%%@f’te%t%&‘i‘%dfséla PG RS PR %OH ad vl ene,

SUESt i tR&tiﬁdHﬁz;?rids&ﬂiﬁmteﬂﬁfg%ﬁ@?{(Mfiﬁ,nﬁlinOSMbSpd;)l&pbb&&b, hqioeyrnolaéqdldane, al karyl ene,
substi tut.e ene,. ne, or. substitut ar a ,ene; . B is

opt 1 onal > G aH BHdss R sEr e S Prhcsiit Mo FEa® B BB i ne

cont ai ni ngikyiehetwherd Ries Hi alkgrsubgingal i1 fcyaoaltyher gubstitited oyxddatidyl. ng of | ower
al kyl ene,. substituted | awer al kyl ene, |ower al kenyl ene, substituted |ower
21 kouny B O Bsb S PO Rt Bt D8 disgt P LG0T GRS HELBPO AP Bt

- 0- (al lplisneidpolgispdel palyad, pdiicitodmede; or a Solfraklsytiderad opticuidspdst i tionally
alkyleng21 d—C(O)R'-,-S(O)k(aIkylene or substituted al kylene)-, where k is
1, 2, drodfied o0y (aikylene or substituted al kyl ene)-, -C(S)-(al kyl ene or
subst i tjoe25d] al kyh&tign; the NROwnal daythe Aeido hadnp el Stttk aft Kyth@Re)¥XXXIX) are
-CON(RKG%&%hkerne or substituted al kylene)-, CSN(R")-(al kyl ene or

substi t' al kyl ene)-, and -N(R') CO-(al kyl ene or substituted al kyl ene) -,

where each R' is independently H, alkyl, or substituted alkyl; Tl is a bond
or CH2; and T2 is CH WD 2012/ 166560PCT/ yS2012/ 039472 wher ei n each

optional substituents is independekay\s ed from | ower alkyl,
substituted | ower alkyl, [ower ¢ éloalk&l, substituted | ower cycloal kyl,
| ower al kenyl, substituted | owen al kenyl, al kynyl, |ower heteroalkyl,
substituted heteroal kyl, | ower terocycl oal kyl, substituted | ower

het erocycl oal kyl, aryl, substNtut edognyl, het?&ﬂ?@d&) substituted
heteroaryl, alkaryl, substituted alkaryl, aralkyl, or substituted aralkyl;
Rl i s Hyheggm:am no protecting group, resin, amino acid, polypeptide, or

Bg: z;g% fs%éh&l%}; aﬁ@%ﬁs%ﬁ'ﬂgg?%@%&rsul%'ii{?ltte%%\jvé?Qlk?fe{?é{ Rowek EidAikyRAL N0 aci d,
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.
[00254] In addition, the following amino acids having the structure of Formula (XXXXX) are

included:
0
0 0
\S// )]\
)(A/ o
RN C{OJR, (XXXXX)
wherein:
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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 ocwol2oelieyisp or the - A-B-di am ne contai ni ng noi ePETIUSQER/08947f or m a
bi cyclic cycl oal kyl or heterocycl oal kyI conprising at |east one dianne

group, r ot ect m ne group o sked di roup; or the -B-diam ne
At ety e A A e T e S S M e i

or cycl Ogﬁ%bktltﬁtfed heiteesyoyikyoad, kywer ﬁ)lgdfﬁ?[ehé‘;lstﬂgtlﬁltedh(ﬁfa@hll(@ﬂ}@endlaalfﬁnﬂlenegfoﬁﬂdp,
protecte ia e gr mas i.am ne 0 erej n at | east one am ne
group on rﬂﬂ’fq BStE‘Bﬁc[léeit%‘i’aﬁﬁ'? 18y bt 8%‘# aBWrﬂh“F VU IBIINY ed ami ne: or
anI act i Veﬁeﬂ’&b@?mhlk?l@;le si8leche, s?Jsluiatenha,ﬂdﬁe,qeteltrdaﬁ;aénwsummmI?M@qgmwkagylafe 4
sol vate thereo 2 e follo |mt|ng exanpl es of am no acids
ot ng*t Rk pRRERE Rl e SRR M nel s o000, W

2012/ 166660RIKYY, Lib@hid &Bﬁ@ZloﬁM@lhommmaéMyalbamyn no acids may also be in
the for .o% a salt or may be incorporated.into, a noB, tuaa 8$m'no acid
polypedgh% mﬁ@?@ﬁgwanﬁéﬁV?Bdﬁﬁﬁ? a%%?%?%%ﬂ%hﬂ&? BYHEGRBY or optional Iy
post t rransOH! inoR@t pryteoigi grduppresih, GaRE2cid polgeptidd or Rixdocledr@iat s, conpounds of

For nul ar.e bl e k epus solution.for at. | east Jtont nder
1 aly Tat i e SyaTed B Tero Mk AET R of ShY e R stsiaies o Pl

( XXXV 1) a{beutﬁﬁeablkya éyaroalayl blesassttmﬂed/@elkslkjdnder m' Idly acidic conditions. In
certain, epbodi nents,. ound. of For mul af re stablg for at least 5
days urtf&? "HETHY aé%lP%lia‘E TORUPE iTothE forfo cae?atl P‘hm DUCHBARES Wh OFER YA
condi t ia@figo &fiepypepid@iipolymérpp@ipatthaide, d0DREBELickotidzant aptionelkbedt MaRkgomfly
conmpounds f Formula (XXXVI1), B is lower al kylene, substituted | ower

al kyl ed&odi f% (al kyl ene or substituted al kylene)-, C(R)=NN(R )-, -N(R)C0-,
C(0) -, [06X5 ) =M addd({dd) tHeatoklyWdpeanttfio aecibs having €@ atuksyitecoeFormula (XXXXXI) are
CON(R ) r}é{ﬁucl(egl ene or substituted al kyl ene)-, -S(al kyl ene or substituted

al kyl e S(0) (al kyl ene or substituted al kyl ene)-, or -S(0)2(al kyl ene or
substituted al kylene)-. In certain enbodi gents of corrpounds of Formul a
(XOOM 1), Bis -0(CH2)-, -CHEN-, CHENNH-, || NHCH2-, -NHCO-, C(0)-

C(0)(CH2)-, CONH(CH2)-, -SCHz-, - S(= Fpr -S(O)ZCHZ- I n certain
enbodi ments of conpounds of For mil a ( |9; , Ris Cl-6 al kyl or
cycloalkyl. In certain enbodi mgnts of conpounds of Fornula (XXXVI1) Ris

-CH3, -CH(CH3)2, or cyclopr In certain enbodi nents of conpounds of
Formula (XXXVI1), Rl is HR1’f'grt butdyk oxycar bonixx-Bag) . 9-

Fl uor enyl net hoxycar bonyl (Fnoc), N-acetyl, tetrafluoroacetyl (TFA), or
benzy| oXiFEca¥ bonyl (Cbz). In certain enbodi ment s of conmpounds of Fornul a

( XXXVI 14 is oFtorlaB afkd &ﬁe%'p?eseﬁ'@l@@e@%y%ne R%sﬁﬂl@é&tlbvd& ’alk?fené)@(lvy Bl akide. In
certain enbodi ments of corrf)oun S For mul a s an anti body,

ant i body fubsiéfhistiovst cstoalkrlenn éﬂweaﬁkw&agz suhSﬁtueférlQVéﬁr Hikéfﬁ’t%‘éa WeHylgncgfower
conpounds ,Qfrof1Ry1Ead! ﬁlbét?@@g'ﬂelte)r@aﬂ@enb SOk he@ro@f@l&ﬂlylen@ s@l;smﬁlted 18WerO0- t - but yl .

In certain enbodi nents of conpounds of For is aresin, at
| east onehd#ppersloalkylgne, piyleps sphstitgeed a@ilenwegﬁmaaﬂ@éﬁub%ﬂutﬂhewmrﬁ, alkarylene,

embodi rrengu%sﬁﬁte@gﬁmwﬁwﬁraﬁ&leﬁ%mgtu&tm me; R2 s an antibody, antibody
fragnment or nonocl ohal anti bod [ 00284] e following non-limting

exanpl &5isdh alkih pbstiiedalkHagicloalky e S§WUE‘EW@‘°@¥ﬂFor mula (XXXVI1) are al so
i nclud H Ne&tml gy lregn%ﬁmlcﬁs RL& ABiia0 2a¢1 ds having
t he st %(ﬁ uIre of Fporr rrumgg i ncl udep&{,'—pepﬁstruc%?urlé anld §ynt hesi s of

Non- NatReriaPHA sstsT meteetans %n@%m@m@ﬁ ik P9 lpEPBE] N REeAitdgl  ani no aci ds

wi th nuglieepdlicl 5@)r SAGLL ¥Q, 90URS 5; s Chhas anl R’ WeshcRERBX AR & 195@p¥ndeﬁ‘t’f5/
aromati c am ne group (including secondary and tertiary am ne grolgps%‘l%9
omati c

masked ar sestaddrognthagrogn enapistingtof Elnalkeyy. Hlylpmiaglihplogeno pindy 2l of iy & an
am ne gr opRegeer Ror=0t & aledoMy® TR bkyCto aaﬁmﬁt &Y QUDs b &dP A3 m&9QbdIMILL Y

simlar to an aromatic am ne grou upon deprotection) allow for a variety
of 113 SuppnopnayrcEEEE Pty US2ba 2y @séermzofr%e%?étt PRy b icpiRRraies e @ eg-ngiugel

vari ousfigasdd p&fpepﬂld&cwﬁhagpmtacdn%de b gcﬁﬁmtcfamldeeaqg %ﬁaﬁglwdswrﬁ{sla%auy

reactions with dehyde containing dolastatin |inker derivatives.
ar omat i8odififidne cont ai ni ng non-natural am no acids include am no aci ds

havi ng [ME%]St rﬁpﬁd!ﬁtﬁ)npfthelzféﬁmlng amind acidd ﬁav(r@aﬂlg skrudure -of » FohI2 (XXXXXI) are

included:
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wherein: M (Ron /ANH is selected fromthe group consisting of a
nonocyclic aryl ring, a bicyclic aryl ring, a multicyclic aryl ring, a
nonocycl iwohlet2amsemoyl ring, a bicyclic heteroaryl ring, pamwSacoBerzyclic
heteroaryl ring; Ais independently CRa, or N, B is independently CRa, N,

0, or S; each Ra is independently selected fromthe group consisting of H,
hal ogen, al kyl, -NO2, -CN, substituted alKyl, -N(R )2, -C(0)kR

-C(OON(R )2, -OR, and -S(0O)kR , where k ys 1, 2, or 3; and nis 0, 1, 2,

3, 4, 5 or 6; RLis H an ani ngAprotec group, resin, at |east one

am no acid, polypeptide, or pol nucleotQMB hand R2 is OH, an ester
protecting group, resin, at le t one amino acid, polypeptide, or

pol ynucl eoti de; each of R3 ap iRlndependentI H, hal ogen, |ower al kyl,
or substituted |ower alkyl, or and R4 or tW@XﬁéoﬁDoups optionally forma
cycl oaldpeleipr a heterocycloalkyl Mis Hor -CH2R5; or the MNC(R5) nvoiety

may forma 4 to 7 nenbered ring structure; R5 is alkyl, substltuted al kyl ,
al keny|4 ispnpenel. pud weenargemnyd lowellaklgtepe., substityaadilewir ebkylengc Jawsr cyckially

substi t ut gahs @O Nyer %Jcl%)ﬁkz KOXNver §1Hé}§/leh$ ‘éﬁl%%u?c'dwe@'afk B Yone RALYA lz‘llﬁ?Ylo%P
oxi de, substituted pol ﬁbg ene oxi dé, cycl oal kY subst i t ut ed cycloalkyl

aryl , subb@@?ﬂkﬁ@waW$ﬁﬂm cesrerdlpgane, lewigs deicroqyhetlyisme susfifped lowsrer ocycl e,
subst i t ut RUSERRRGIRL Sl KRG SHRSE M 1B Mhua AR enc SR U o
aral kyl, -C(0) al’kyl ene or
substltut@@“&ﬂ%?ﬁ%ﬁ@?n%wﬁﬂyhneD(ﬁﬁ%ﬁﬁ@¢@ﬁ%¥bw3substltuted

al kenylepe) aMdebgtutufe& th(jlﬁ%}@ﬁ@lk?lr oﬁﬂﬁlkdtéé&agalﬁylkyl ene) - (aryl OI’
substituted aryl), (alkenylene or substituted al kenyl ene)-(aryl or

subst i thutied, ?alraym)o prot(e%unz;gn@nerem, agifeseide Rrlegptideksrinelaycleotng rng 2 - (al kyl ene
or subsgt,ijt @Hegl e@-!ek ?c@tﬁ)g %(u? ’annl(@a{clﬁ%/ {)@ﬁ%p@(ﬁe M%hélwtﬁg

alkylene -S -é I t ut ed grein each R' is independently
hydrogen, aliy §db§ﬂﬁ§u@éhm§ﬂ%ymdRaPk@W9pRJ%Uﬁ@WH%ﬁ@@ﬁn%$ﬂéﬁVFWdépﬁﬁky
substituted %&d{a%ﬂmsuﬁ% ¥ 1, SRS Ll BBk Bl1¥den, Jn@h%maarxhy R%Q%P 'c&ﬂ%%‘é@kt\

het eroaryl, heterocycle, substituted heterocycle,” alkaryl, substl
al karyl , ~ ar dP1ayFO osupsioatiol efpnyieddiapent Rograupy g Gretheigiers peyelsligl oups

opt | Onegut:]y nbRhdMdl £iGd 9@ldkdhy BE iPhR 88T Oy Qltoail K]Xy be 1n\4\9porated into a non-natural
2012/ 166560PCT/ US2012/ 039472 or R5 and any Ra optionally forma cycl oal kyl

or a heingrdpdyieryde; rdrgerepdyramhatids, pieghengleptideypnfioptzgnrlly pospranslationally
substi tyigebqgal Kyl . Such non-natural am no acids nay also be in the form of
a salt, or may be incorporated into a non-natural am no acid pol ypepti de,
pol ynerl00253] ysabmrqndéle fgHovaing gmymeurdidsoavine thhairespre ehapImply RS
al kyl atigduded: (Ra.).NH The structure N(as presented in all exanples herein)
does not present the relative orientations of "A" "B," "NHM and "Ra";
rat her these four features of thm§ﬁ§}ruct re may be oriented in any
chem cal | y-sound manner (along wt %t her Jlf eat ures of this structure), as
illustrated by exanple herein. [@02 Yq n-hat ural am no aci ds contai ni ng
an aromatic am ne noi ety having’the steRiéfure of Formula (A) include
non-natural am no aci ds having/At he structures: A = A

RaHN COR, (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;

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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? RBAR3.,.......... K........ "' B\,,16""' M R4 1 Il O; wherein, each A" is
I ndependently selected fromCRa, N, or CGNH and Tr up to two A may be
C-NH wi t wohelwwsmbni ng A selected from CRa, or N SuclkrChars2mansesat am no
acids may also be in the formof a salt, or may be incorporated into a

non- natural am no i d pol ype sacchari de, or a
oo eat iR 0nb A o REB LRy R G R LB e B SRS AES Y Sse fom g
exanpl es of gﬂ@ip-clﬁﬁiéﬁh@bfﬂ,@ﬂﬂﬂy,aﬂldyﬂﬁnﬂ@ﬂeﬂ@geﬁldllgfl afylajt anpk i zﬁad&gfbd&etogﬂﬂieet y
having the s Stirug ure oI E‘ESL | ude nong natur 1 m no acids
havi ng the sPYlct gF &<%t°? Pr‘iﬁ“é{t {Acsnt ﬁE?u%‘i’aHﬁ‘fgﬁt ¢ ff)/‘i“il')“’-‘/" "akﬁ

pr ot /eCtSuﬁlg no- ﬁ)e;llﬁlal zhﬁiﬁd/) delin@ay belin motforkd of 4 ek, blOma§1315 incWpbrated into a non—natural
2012/ 166560PCT/ US2012/ 039472 SS' 0. ..

or rss. 3 §RGD ERPHIAS RGP Xré‘%i fo? %%Y‘ng(e?cf‘i;% 3¢ °Pth°nf‘ﬁVepqsb??ﬁsg¥l°‘§ﬁy

sal t, anhodifid. be |ncorporat ed |nto a non-natural am no aC| d pol ypepti de,

PO Y e o8] YSRCEIRI e Bliodin® A& Hab g AN UrRREE SP Bormtra” BELEAIMS' dre

al kyl at

included:

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.

[00259] In addition, the following amino acids having the structure of Formula (XXXXXV) are

included:
0
1
A
A N —L R
L
RN C{OJR, (XXXXXV)
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
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[ 00289] Non-natural am no acids containing an aromati c am ne noi ety have
the followi ng structures: wherein each Ra is independently selected from
t he groupwoaneisstiong of H, hal ogen, al kyl, -NO2, -CN, s®ebostisturssbsat kyl ,
-N(R )2, -¢(0)kR, -C(O)N(R )2, -OR, and - amkR vmmekrsl 2, or3

Mis H or 4 to nbered rin
structur ehet‘fiﬁf’ﬂ %ﬁgé‘ﬁ Sugﬁluétﬁ‘iv%eer%ng?%‘&t ?‘ﬁﬁ%@&?ﬁ%ﬂoaﬂ%’ﬁnﬁ Sul%fﬂtuﬁeg 1%1‘?5 °
pol ypept i Hﬁero@fcloﬁmtflyﬁﬂ,lﬁﬂy&ﬁé Isﬁlﬁtltul:éa al’}&ena'lhete&ﬂrﬁéh%Eﬁhb@lhﬂé(ﬂ&fdfd’h@fl@feodllﬁuyléﬁsi n,

am no acid, cleoti R5 is al kyl, substituted al kyl,
eyt Sl BRied BRBHeST piayiche f Ryel wiBetS ot oo al byt - al Koy
substiUukeﬂa&bkaxymuaﬂkmﬂabkmm&ylsmmsmmnuhgdoﬂhkylalkoxy polyalkylene

oxi de, substituted aIk | ene oxi de, eloat ubstituted cycl oal kyl,
oyt SRR A naP S bt g iR e, s BROSHE SRt o ocyel o
SubstiUqhﬁdHhﬂkﬁkD@thﬁggﬁh@ﬁ@Mhmnﬁuh&kLpMﬁ@ﬂuﬁi&qm%hudaﬁﬂbkyl substituted

o Bk, N DY) N RS e LV

aIkenyleneﬁmﬁM£H)mylq@abkylenﬁb@mnﬁubakauted alkylene) (aryl or

substrt ted ar pe; of ubst tuted al k ene | or

subst | (HEBGORPIIT amipSe i BREDE i b SR vt S S ROY EnbERiel TS Spap ene
or su bSatrﬂ1ﬁd]i<ﬁtdp(ﬂifﬂéyﬂl(&nﬁélytﬁérpbﬁﬂacchalﬁc&l kiyd patgnuoleotidelast optidn@llly post translationally

al kyl en &1 ’ S-(aryl or substituted aryl), wherein each R' is independently
hydr oge, "8yl , substituted al kyl, alkenyl, substituted al kenyl, al koxy,
substrtmtﬂM]aIKomymkarﬂh;mﬂmhﬁghmmmeﬁkanybmghmtahmaﬁybe&ub&tUCHXEﬁvn are
heteroar% heterocycle, substituted heterocycle, alkaryl, substituted

al kar yI"™dedi kyl | substituted aralkyl, or -C(0)OR : or R5 and any Ra
optionally fornta cycl oal kyl oroa heterocycloalkyl and WO

2012/ 166560PCT/ US2012/ 039472 each~#’ isin ependently H al kyl, or
substituted al kyl. Such non- natyrél nlqn a ds may al so be in the form of
a salt, or may be incorporateg’into natural am no acid pol ypepti de,
pol ymer, pol ysaccharide, or a)pol ynucleotide. [00290] Such non-natural

am no acids of Formula ( nay be formed by reduction of protected or
masked amine noieties on"the ar dntfiec noi ety ofxaxmonapatural amino acid.
Such protected or masked am ne noieties include, but are not limted to,

i m nes,%V ‘azines, nitro, or azide substituents. The reduci ng agents used

to reduch optieial, BhOWRGitped e fis 16&&@@1@%{1@1{11%&&@31@1@@& Usher cyaltfalk@lege, NOt
limted to, TCEP, Na25 tural

r H3. V. n-

Ao aci SbPH R DR e Y R Rt Dl s SF%BM] O a@ﬁtrﬂqreray%ggﬁ ower
descri bednhhigbsikylerl @ibsRitEDESeroafitylcat, agwesletaﬂﬂydl@qtywnqwerssuﬁﬁrd 1bwgor por ating
at | east one such dol ast t|n | i.nk ?erlvatlv ) |n ‘Qﬁn nat ur al no
aci d. Al sBITARERKECIE B OR OSHUE, depsip delrseRdas mﬁr trerarrdenepttlf °ng,
f:har acter gta)bﬂitﬁteamdaryen@gra&yehe d@tueattaédr %am(ylﬂﬂ@r dgr :j vat i \r/]eshcont ai ning at

east one n am no, aci SO uded with this aspect are
conposﬂ%ﬁ&i%ﬁﬁt‘%ﬁﬁuﬁég%gd§mp%%ybwﬁﬁ Wﬁﬁhwﬁﬂgﬁ$ylng characterizing and
usi ng Qilhgﬂ,rdh(hhﬁﬂiprdteam@lgﬂﬁb i) gmiNAcRINSbIyI¥X def Grgoly@adledtifie; us@d t o produce,
at Iea%& 6 a dolastatin |inker derivatiye co tarnrg» at | east one
non- nattiry Ha*?ﬁ %ﬁ‘&f IO g grui- Tesii ARl PHYRORIE cle4idc onposi ti ons of
and metihgdiyfeny, rs]urtrsﬁrt:ttta hmglendpwmwmpgne) @hsrrta%rttﬂ;rsmzugm grkﬂe@b),éwﬂeﬁgz’qettll gkylhat
can expres suc eot i that ¢ e used to produce, at least in
part, HiggPﬁgﬁﬁyhgﬁE%ﬁyH%ﬁ$‘ t?%g38%ﬂggining at |east one non-natura
am no Egillcﬁj noil- %&Qﬁdnni[dsr uadsdﬂt@;r aetrgth? orki stkegalidler @b WRErpCAEPihtS |ar1g>naqtuutaeast
one non-nat ur am n id or nodifi non-nat ural am no
car bo annln‘tj‘rCéng"dtPﬁE}‘t“% B‘ﬁ@‘?tep"l%%?‘é‘thﬁr ‘lektfnaep"l?ét%]&%“‘{ec?%ﬁ e aﬁ}h@ﬁir BWtaﬂ?ﬂaH%
group anlifpsdovi ded and descrrbed herein. In certain enbodi nents, dolastatin
| i nker rivat'v with. at st o e non- nat ural ] id or ified
non: nadl Y oSG as S R By R g @ﬁ&%i’ﬁ&mw%@r kyne,
azi de, oxinme or hydroxylam ne group include at | east one post-translational
nodi fication at sone position on the polypeptide. In sone enbodi nents the
co-transl ational or post-translational nodification occurs via the cellular
machi nery (e.g., glycosylation, acetylation, acylation, |ipid-nodification,
pal mtoyl ation, palmtate addition, phosphorylation, glycolipid-Iinkage
nodi fication, and the like), in many instances, such
cel | ul ar-machi nery-based co-transl ati onal or post-translational
nodi fi cations occur at the naturally occurring amno acid sites on the
pol ypepti de, however, in certain enbodi nents, the cellul ar-machi nery-based

co-transl ati onal or post-translational nodifications occur on the
non- nat ur al antno acrd srte(s) on the polypeptrde [00293] In other

N Y L Ly . - "




1002961 I n certain enbodi nents, the non-natural am no acid pol ypeptide
i ncludes at | east one post-translational nodification that is made in the
pr esence Wb 2are/@meel er ant, wherein the post-transl ati on®CTrasde2iosatt on i s
stoichionetric, stoichionetric-like, or near-stoichionetric. In other
enbodi nment s the pol ypeptide is con&?ct d with a reagent of Formula (XIX) in
the presence of an accelerant. |n o enbodi nents the accelerant is
sel ected fromthe group consi st i OF NH2OHSHOHNH2 NNH2 / NH2 , NH2 , OH

, NNH2 , LLNNH2 , H2N------- /Af N NH2H2N----- H2N'OHSH / H 1 0 A
Chenical Synt hesi s of Non- Nat ur Am ng. Aci d Li nked Dol astatin Derivatives:
Oxi me- Containing Linked Dolastatin Derivatives 1002971 Non-nat ur al am no
acid dolastatin linked deriyatiyes gontaining an oxinme group allow for
reaction with a variety of reggent]s that contain certain reactive carbonyl -
or dicarbonyl- groups (including lut not I|ixkk&swp, ketones, al dehydes, or
other groups with simlar reactivity) to forntnem/non natural am no acids
conpri§WW&mé new oxi me group. Such an oxi me exchange reaction allows for

the furg ReptidddNehd PRA!pr&adt isowafalidRhaststtituid 16wt @ ky BBE, 106Rk b%%%lkyl%ﬁé t her,
the original dolastatin |linked derjivative cantaining_an oxine group may be

usef ul i nStoppted fanisr eclprtkylgee, foyisgalkanyiche seetivied ok atfenvilae.allymylency ooyt

condi t i ONGerBSARASA bl tRutbd MR a@etn@ 1508 heitoRc1HBlytEnk, REB tititdAbwREPt | de
(e.g., the in vivo, in vitro an hem cal synthetic nethods descri bed

her e| n). pogeasioatkiiges apying sylsyiued aptiagi hrisriesy cleswpstitie hetsroariensy alkarylene,

non- nat ur alps@ie AkAGlchl, dRl@RhALE fubbitnkestaligkid/at i ves with si dechains
conpri sing an oxime proup, an oxinme-1like group (which has reactivity

simlar to an oxi me' roup and i gbstructurally’ simlar to @an oxi ne group), a

masked oxime group mhl%h can ber?eadlly cony erted into oxi nme group), or
a protected oxXi -eu Whi c -efefi Vit —SDH+ ar t ﬁ—@*@ma group
upon dep |Q@ 9] &ugh ng&;natu@ no acig Wokastatin |inked
derlvatlve ¢l ude dolastatln | i nked derivatives having the structure of
For mul a (VIII) or (IXy» WO 201g/166560PCT/ Ug2012/ 039472 MeMe.... Me O .OH
0.L.N-NN 1E1 R N R7 e OVe O M MEMEO o
/ c=c—§ (b) 0—(:—3 (b) s—c—g (b)
v L |
Ry \ K,
Ry JJJ wan wnn
@ (a) , (@) , 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.

[00262] In addition, amino acids having the structure of Formula (XXXXXVIII) are included:
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BA 0O R3 RBR2 HN, R1 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 | owePCalusenyiozsne?

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

het er ocycl oal kyl ene, substituted | ower heterocycl oal kyl ene, aryl ene,
substituted arylene, heteroaryleng, sufstituted heteroarylene, alkarylene,
substituted al karyl ene, aral kyl eng, omsybstituted aral kylene; Bis
optional, and when present is Ker del ected fromthe group consisting
of | ower al kylene, substituted Js al Kyl ene, |ower al kenyl ene,
substituted | ower alkenylene, [owgr heterdhlkylene substituted | ower

het er oal kyl ene, -0-, -0-(al kyl ene or substituted al kyl ene)-, - S,
-S-(al kyl ene or substitut elBi~akkylEne)-, -S(0)k- where k is 1 2, or 3,
-S(0) k(al kyl ene or substituté&d 3 kylene)-, - - C(0) (alkylene or
substituted al kylene)-, -C(S)-, -C(S)- (alk§£%ggx8rnkubstltuted al kyl ene) -
-N(R ) -wherddR - (al kyl ene or substituted al kylene)-, C(O)NR)-

-CON(R ) - (al kyl ene ﬁ% substituted al kyl ene) - b-CSN(R ) - -CSN(R ) - (alkylene
or substituted al k n - N( R ¥C0- (alkylene(6r substltut@d al kyl ene) -
-N(R ) C(0)0-, S(0) 3)-, - N( C(O)N(F?) "FN(R) C(S) () -

-N(R )S(0)KN(R) {_ @N%N(D)R’) /c-—esﬁlé)(’é)N-N:

- C(R) 3y N=RY amgj%, dk \;142 N( I%)}!f N(R k-, gﬁrge each R i@§ pendently H,
al kyl, or SR et al kyl? Ris H alkyl, substitutéd al Kyl cycloal ky!
or substltut d cycloal@&l Rl i $pyH, an am no psotecting group, resin, at
| east one aﬁyno aC|d ypeptidgﬁ or;bolynucl t|d§% R2 is OH, an ester
protecting droup reS| @Lék@ast MO aci 0+§p@pt|de or
polynucleqpﬁﬁ_f_ﬁh R4| are each |nbependently H, |halogen | ower al kyl,
or substltutéﬁ ner alk by Or R3 andﬁR4 or two R3“groups optionally forma
cycl oal kyl or et er ocycl oal kyl ; wo' 2012#@66560Pé%/USZOTQ?BQ@H@?a S has
the str UCt)éH’d%gQ(ﬁ the B@gr&hﬁfndﬁg 11@ca'te§ b%dlf%@?espe@tlv&@ﬁiohﬂlgmlﬁg ’.Rhdrpde; RB is

OHR6 is OHor H Aris heng ri
1ndependently chosen from H alogen a yl 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;
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.
[00263] In addition, amino acids having the structure of Formula (XXXXXIX) are included:
R 0)
0)
T3\
R
RI\N R,
H
O (XXXXXIX)

wherein:
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R7 is G -C6al kyl or hydrogen; L is a linker selected fromthe group
consisting of -alkylene-, -alkylene-C(0)-, -(alkylene-0)"- alkylene-,
- (al kyl erwo®inteedckyl ene- C(0) -, -(al kyl ene-0)" - ( CH2) - NHECO)USe@@Rid}9472
C(Me) 2-S-S-(CH2) - NHC(0) - (al kyl ene-0), - al kyl ene-,

- (alkyl ene- %ii-al | epe-W_ - al kyl ene- C(0).- W, '

- (al kyl%ﬁ&’g ngeﬁaaf@a S&H%lﬁttﬁdaallfe@lf|%%11@é’0¥ %bsz;\m?d%?aﬁvﬂ»éﬂ%- 0)"-

al kyl eng-idbadrlsyl ene-; Whas the structure of: U has the structure of: CO2H

N O; a each n, n', n' n" and n" are independently integers greater
than or U8l At g AGHENO BFeLme bt e RTREH 14 O B B° ARAPHHEANP &gyt
accept alaligo idguygpade, palnat polydacsheafe, d00B0MLbIccRTIctaall BptesbibdhFEMislatddnally
conpoundsio% Formula (VI11) and (1 X), RS is thiazole. In certain

enbodi MEHY'E%f conpounds of Formula (M11) and (1X), R6 is H In certain
enbodi Meenes] of icEidpiobRdsncicidsaiviny tae {tMiclute) of @oth(d PYXXAKX) &re plakidyd: . | n
certain enbodi nents of conpounds of FE rnQJa (V1) and (1 X), R7 is nethyl.
In certain enbodi nents of conpounds ofi™ormula (VIIl1) and (I1X), nis an
integer fromO to 20. In certain epgQodilgenf;s of conpounds of Forrmula (VIII)
and (I X), nis an integer fromO certain enbodi ments of conpounds
of Formula (MI1) and (IX), n is_s ger fromO to 5. 1003011h certain
enbodi ments of conpounds of Forfula (VII1) and (I1X), R5 is thiazole. In
certain enbodiments of conphupdssgfRFornula (VI11) and (IX), RS is
hydrogen. In certain enbodi neats Of WO 2012/ 166560PCT/ US2012/ 039472
conpounds of Formula (M 11) and (PX), R5 is @GEPRYXX).ethyl, propyl,

| SO- pr QpVebein. DUt Y, iso-butyl, sec-butyl, tert-butyl, pentyl, or hexyl. In
certain enbodi nents of conpounds of Forrmula (VIIl1) and (IX), RS is -

NH- (alk/lséhdalogen, N, subitigrtesd abkyhckslbaikyd, dr subs@mRd cycl@HYCH2- , - CH2CH2CH2-

) gg gﬁ%@f s @%%%%%&ﬁm- §ile Chlpitd2 HRER R Formula (XXXXXX) are
CH2 CH2 Grd@le@:CH2 CH2 CH2 CH2 - , - CH2 CH2 CH2 CH2 CH2 CH2 CH2 CH2 CH2-
CH2CH2CH2CH2 CH2 CH2CH2CH2 CH2CH2-, - CH2CH2 CH2 CH2CHR CH2 CH2CH2CH2 CH2CH2-,  or -
CH2 CH2 CH2 CH2 CH2 CH2 CH2 CH2 CH2 CH2 CH @nbodi nents of Fornul a
(Vi) and (IX), alkylene is popyl ene, butyl enes,
pentyl ene, hexyl ene, or heptyl . 1003021 In tain enbodi ments of
conmpounds of Formula (VIII ndR(IX), R5 %s (al Kyl ene-0)"- NH2, wherein
nis 0, 1, 2 3, 4, 5 6, TX 9, 10, 1102y ™3, 14, 15, 16, 17, 18, 19,
20, 21, 22, 23, 24, 25, 26, 279 28, 29and30, 39, 32, 33, 34, 35, 36, 37, 38,
39, 40,.41, 42, 43 .44

'Such hon-ndtural dmino hciésanaf' Eé 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.

[00266] 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).

[00267] 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.

[00268] 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
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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,
WO 2012/166560 PCT/US2012/039472

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.
[00269]  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

[00270] 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

(XXX VID):

0 (XXXVID),
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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83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100.
[ 00303] In certain enbodi nents of conpounds of Formula (VII1) and (IX), R6
is H [00804p1dwessert ai n enbodi nents of conpounds of ForemiEs2q1iosd4y2 and

(I1X)y, Ar is phenyl. 1003051 In certain enbodi ments of corrpounds of For nul a

VI an (rx R7 is nmethyl., ethyl., |, .iso- but
Vo bt 1B i el g et i o S ik R R i fop R GRSt g Tkt ¥
conpounds ofselEaédmbrﬁt}(e\gkdub)coﬁﬁsdng b werRkylese, hm@nmgﬂnowelaﬂkg%laﬁa, Idwercertain
enmbodi nent s Formula (VII1

each L i
i ndependent | eﬁﬁ %\ll}?fﬁ?t@ ("Wﬁlkaé]Fen B’HV eﬁ?‘eé%{f}ag]@fl?q JuRiyed lf"f‘feril??efoép?flene’
gam(:j)odi rrgnt sI @f(alk@]:armumd&umiedlﬁmyrmé)a, $X/élllgile)neaﬂdlbétitﬁ(}cli alR@ElR)-|- f]ég)R”n I
i ndependent 0 C r1 n
certgi n errbo%f)ﬁ@ﬁiyk% % E%ﬁ%ﬁfﬁa&@d# F‘%Sti IOF Cé(??o(k E‘Vlﬁ’)‘e orgubsiuigdy v | ene,
al kyl ene' , alu&yydne)qet(S)aﬂﬁylaieloy kubagxtited @ lld@lpﬁ),deml calknyb‘ene &HAbstitutédHAGHZe)-,

- CH2CH2CH2 - Eegé%&;%ggene of suibstituted a]g_l%ne)— %E\%EZ) (’alkyFe'rI'e or substltuctjj aﬁ_'%ene) “and

- CH2CH2 CH2CH

CH2 CH2 CH2 CH2SHR GER CHR [k~ or s BsR(0HR ik Ict) CHA EI24SHICHR fnttirendently H, alkyl, or
0420420-120-12%8}%%' 2 CH2CH2- -CJ-lZCJ—lZCI—lZCI—lZCI—lZCI—lZCJ—lZCI—lZCI—lZCI—lZCJ—lZ-, or -
CH2CH2 CH2 CHZ’ ZCHZCHZCHZCHZ- In certain enbodi nents of conpounds
of Formul a (VI I ) and (I X) al kyl en t hyl ene et hyl ene, propyl ene,
’Jt: 3081 In certain

but yl enes, | ene, Ie e or
enbodinents IaR X n edelh
and n" |ndep deﬁu S50, T, 15, é 7, “T10 s’?];fplz 13;‘@14

15, 16, 1Kis18, %9, 20 1, 22, 23; 24"\’\25 26,
R/T3\ /T3\;s1
T T,

#W_Q_Tz}?’ J‘r{ AN T

Y T3 T 5; , or Wy , where,

T, is a bond, optionally substituted C,-C, alkylene, optionally substituted C,-C,4 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)0-, -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;

102



27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44,
46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62,
WO 2012/166560 PCT/US2012/039472

X

Ts is R'O OR' \—/ , i/ 1 ; %)Xz ; or (‘2"’" o , Where ecach 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; and

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

or the —A-B-K-R groups together form a bicyclic or tricyclic cycloalkyl or heterocycloalkyl

comprising at least one carbonyl group, including a dicarbonyl group, protected carbonyl group,

including a protected dicarbonyl group, or masked carbonyl group, including a masked dicarbonyl

group;
or the —-K-R group together forms a monocyclic or bicyclic cycloalkyl or heterocycloalkyl comprising
at least one carbonyl group, including a dicarbonyl group, protected carbonyl group, including a
protected dicarbonyl group, or masked carbonyl group, including a masked dicarbonyl group.
[00271] Non-limiting example of dicarbonyl amino acids having the structure of Formula

(XXXVII) include:

(@)
0 0 O
OM
0 0]
OH
H,N H,N OH H,N OH
[00272] 0 , 0 , 0 ,
0O O
O O
S\/U\)j\ Q OO o~
/E EOH
HZN HZN J HZN &I/vu
O , O , O

9] 0O 0O o o
O\)j\/\n/ S/ Q9
O
H OH
H,N O HyN HN O H,N OH
O 2 O . O 2 O 2
o O
O 0 o o O 0
CF3 CHF,
H,N o H,N OH H,N OH H,N OH
o] , 0 0 , (o) ,

2
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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. WO 2012/166560 PCT/US2012/039472

-
-
-
-
-

O 0 0 o)
2 2 2 2 2 2
~
~ O
$ o)
(@) 0 0 o (@]
OH
HN OH N OH LN
o) o} ,and 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 post translationally

modified.
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[00309] In certain enbodi ments of compounds of Formula (VII1) or (1X), Rl
Is a polypeptide. In certain enbodi nents of conpounds of Fornmula (VIII) or
(I'X), R2 we a1peb3epepti de. In certain enbodi nents of comrp@orsde20894Fnr mul a
(M11) or (IX), the poI ypeptide is an antibody. In certain enbodi nents of

conpounds of F nt| er
2or1r2/ 166560PCT, Uszog’i 6‘3’ 427’2’ ydéf? %ﬁﬁ é(g%/’gr ‘T’parﬁ;@’%{ ¢ defpsfiyeg atin
yr"ﬁk gt gAt e, an

| i nked derivatives |ncIu
structure of Fornula (X) or (XII1): MeMe O ,O0H N OMe Owe O

Me Me NBOZIa) ARinO aHd@H)rﬁsﬁmﬁg ﬂeZd:thEgr(ﬁiidE walvklidardvRey INEe rivity allow for the linking of
2012/ 166“:iecul:éscyiaunsuzc&)e%§ﬁlp addltlon 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):

L —c=c- Il
R AN AGTC=CR Rs A\BQ

R3
R
Rl\N R, R1\N R, ( 19)q
H R4 H R4
0 (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;

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

(@)
)‘\ !
2 S,rgor“%?/ 4\5‘,5‘;

substituted alkyl;

G is optional, and when present is

105



Me MeMeane H Me. NN NFN 1 1 R7 O nezneR12 Ove O wherein: Ais
optional, and when present is |ower alkylene, substituted | ower alkyl ene,
| ower cycwoabieyleesse, substituted | ower cycl oal kyl ene, | eagrusadizessarene,
substituted | ower al kenyl ene, al kynyl ene, | ower heteroal kyl ene, substituted
het er oal kyl ene, | ower heterocycl oal kyl ene, substituted |o
het erocycl oal kyl ene, aryl ene, substituted aryl ene hetergéE%%$
substituted heteroaryl ene, alkarylene, substitut aralkylene
or substituted aral kyl ene; B is optional, and mhﬁ@ esentli s |inker

ne,

sel ected f¥ 6mcﬂﬂ11@11yg?129@9tﬂtgcﬁﬁ%qp§thl gobutingkrpited]igey ORsubstitut ed | ower
al kyl ene, Iogﬁr a%;enylene substituted | ower al kenyl ene, | ower

het er oal kyl e stit ed | o het er oal kyl ene, -0-, -0-(al kyl ene or
substituted aK yKene alkylene or substituted al kyl ene) -
S(0) k- where 013%1 S

0)alepd datl oD uiziepe%ué?ﬂ lsélwt&ma% M‘E
-C(0)-, -C(0)- (alkyiene or "subst i t ut ed aIkyI erne

or substi t utc@EIANEYT @ne)g-a NN RVGR)-, N~ %‘@IW@%ES %Tlss* Bstqf}cut

| kyl ¢ s flde lskpsti
R RN AN e fﬁ.“%*ﬁf?’?dﬁ‘ﬁlPE““%"%E%%*“@N?R*‘%%%‘%%

or subst i Rit Bch gR bfubstltuﬁ@ rkylcpysioalkyl, Orgclbétmwyloa YINNR ) C(O)N(R') -

-N(R ) ( SkN(S'ﬁ hn ammblg%te)cgﬁ%i% KM %51)11 amindbdR )pbﬁflﬁe tide, 6f R‘%l}rm&eotlde
C(R')N-NR'ﬁ%ﬁ C(R) 2- NeN-, -NR'%EN(R') wher e
each R i & ishdbpge ﬁ%rﬂqtiﬁtw AP SIn. Bping a%tn%‘/afré’&e ar Rgﬂvnuc ofidei 1 al kyl |

substi t ut gghatkKydnd lﬁié%déﬁédﬂ}éﬁtly 19 haRB&S fokw IR, &x&dsa@tehyéwer Ryl & i andR, 8mM nNO
protecting group, resin, | éast one ami no acid onpeptld , or

pol ynucl eot itye R E@uP%OP@Paﬂéiﬁor@sat“é{Ploﬁl‘ﬁt"é%P‘?t?f@‘:y@]r%]ﬂibl resin, at |east one
am no aci ghchRY 1y91@§ﬁeh&j:%tly %ecfé@lfﬁ()ﬁ“ﬁé ?@ﬁﬂ ERsistR3 o@ﬂd—CBﬁlﬂ(?r €- @g?{ﬂltbxy, ester

i ndependent |y H, hal ogen, |ower al ,, or substituted | ower alkgle
and R4 or tvidershiggthatseniagaiiyh Aalpgsy. *f”@fl Ritel> FYlsGarmide. Byl aidrepliyl %r %Jlasrlkyl

Z has the stintifd Wik sQffonic A, 2Rt H ERQIBCTUIRARL RS, BAOH Ty 1 Fidtril S alklyl nfeRH,
G - Ceal kyl or thiazole; R6 is OHor H Ar is phenyl or pyrldlne R7 is

G - Ceal kyl cMdRy@r¥Yen; L1, L2, L3, and L4 are each |inkers independently

sel ected fiamihe 4504p, $ONE) stithg of a bond, - al kyl ene-,
- (al kyl ene- C»ll-alkyiene J°, -alkyl ene'-J- (alkylene 0)ii-al kyl ene-,

-J(al kyl ene- 0) i - al kyhane-and S]vntheszs of Non-Natural Amino Acids: Ketoamine, Ketoamine-like,

(alkyl ene-0)ii-al kyl enemkeaz&wam @)dmiekty&ﬁaeamme Groups
(al kyl ene- C?Il-a|k yl ene-J-al k

al
al ky] er{8027§ AR PPidh 8011%51% r4 twwgéwgs wt%wfrb@avlﬁklw é%tlﬂwlkow for ty 1 liokme W
- J- al kyh&aatchMea &hdﬂl&dpﬁﬂl@ adiiMBn redckiyhsesach Wacti@N@roups include a ketoamine group, a
- al kyl ene- J- al kyl ene’ ywb al kyl ene" - NMe- al kyl enem W; W.has th? structure
of : ketoamine- hke group (which has react1V1ty 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
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):

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,
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NH NH2 each J and J' independently have the structure of: ,2L,L NA, 55
c, N1OAor c5sc NI H HH and each n and n' are independently integers

greater tweromrieespoal to one. 1003111 In certain enbodi remUs2@b/os@npounds
of Formula (X), (XI), (XII) or (XIIl), R5 is thiazole or carboxylic acid.

In certain enbodinents of conpounds of Fornul X X, 1) or (XII1),
R6 is H In cert il BRbDE Sﬁgﬁ%‘gedg}eteﬁ%%%’ﬁﬁg%“a‘?n%@ﬁﬁwﬁa *’(‘5@“{%@@-‘/1%% Py or
(XI11), Ar is pheopdtitutdduraliendngj n enbodi nents of conmpounds of Formula (X),

(X)), (X certain epbadi nents of .conmpounds of

&). or.éXIII%z,,h R7 is.rreﬁ. |1‘ I .
Formul a (RS Ontigpal and wihpy prggentiisg 11% lﬁkeaﬁHOIﬁ'en 08 HTRRYEPERIFISHYEY 118 BT | n
certai n enbadicsredfrsm @fe ceapRonsese off lowarayleae, sHstitufedllgwer @ikl lehe, wef XI 11), n

dn' i nt t 0. | t ai di t f ds of
R SN I e R
[00312] | n cerhikikneshoginedtaiyRhe)c ospoiungs oofubtontedidlrylént)-, -q(&KIR;, -( XI 1) or

Xi11), R5 I i | e. ) i di t d f F | ,
1) 0, Sl TR kT PRSI 27 CRTERIER & 2,2
of Fornul a (a¥ylenbXI-T(S)}{(Mky13neat subMitlided alkRBnd)-S -NEEt-tajy len€bryibstitupddaiylene)-,

i so- propyl, 66560PCT/ US2 / Q394 hutyl ., iso-putyl, .sec-butyl,
D S A RIS otz ol TRt R D e A R S
Formul a ( X) ,-N(XHIO-(§1Ky1kge 0dkutstkudel hikylRe), svheldihchal Ky indgpendihtly NHAkylywaer ei n
alkylene is -CHp-  -CH2CH2-, - CH2CH2CH2-, - CH2CH2CH2CH?-,

- cH2cHe cHe crttBted alkdly crp crp cHR CHR CHR -, -

CH2 CH2 CH2 CH2 CH2 CH2 CH2-- , - CH2 CH2 CH2 CH2 CH2 CH2 CH2 CH2-

CH2CH2 CH2CH2 CH2 CH2 CHR CH2 CH2- , - CH2 CH2 CH2 CH2 CH2 CH2 CH2 CH2 CH2 CH2 - |
CH2CH2CH2CH2CH2 2€CH2 R .5 or
- CH2CH2CH2CH2CH2 CH2GH2CH2G&H2CHZCH2-. I n certain enbodi mnents of Fornul a

(X), (XDO)7Txi1) or (XI11)% alkylene’ is nethyl ene, ethyl ene, propyl ene,
but yl enesT; penbptioanisy, subeiyédmie, altyldnephpbimelly 4B888dt8dC|-Q, diedmlrhd) or an

mbodi nents of. ads of Farmula (X)), (X)), (X XI11), R5 is -NH
(ar kyl ene- o) Prely CRBHE Rl %10 % 570 676 70 6 o ho, 11, 12

13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, %53, 28',2129, 30,
3 < <
T, is a carbonyl protecting group including, but not limited to, RO OR’, ,
X X 0?7—)\ X, (,LL/u\ X,
; ; 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; 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.

[00276] Amino acids having the structure of Formula (XXXXXXII) include amino acids having the

structure of Formula (XXXXXXIII) and Formula (XXXXXXIV):
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31, 32,
50, 51,
69, 70,

33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, A48,
52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67,

MO W/166B0 74, 75, 76, 77, 78, 79, 80, 81, 82, PCT/US2012/039472

Ra

R, B/Gﬂ}\I/R' 0 R

R' N/\
R, Ry K
Ri~ R, R R,
h N
0 (XXXXXXIII), 0 (XXXXXX1V)

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

[00277] 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.).
[00278]  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
carbonyl-containing non-natural amino acids via nucleophilic attack of each carbonyl group to form a
heterocycle-derivatized polypeptide, including a nitrogen-containing heterocycle-derivatized polypeptide
in a site-specific fashion. In a further or additional embodiment, the method for the preparation of
hydrazine-substituted dolastatin derivatives provides access to a wide variety of site-specifically
derivatized polypeptides. In a further or additional embodiment are methods for synthesizing hydrazine-
functionalized polyethyleneglycol (PEG) linked dolastatin derivatives.
[00279] Such amino acids include amino acids having the structure of Formula (XXXVII-A) or
(XXXVII-B):
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83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100.
1003141 In certain enbodi nents of conpounds of Formula (X), (X), (XI) or
(XI11), RSOi2812H6636m sone enbodi nents of conpounds of FoPEWITES2€LXN34(XI ) ,
(XI'1) or (XI1l), R6 is hydroxy. [00315] In certain enbodi nents of conpounds
of Formula (X), (XI), (X1) or (XI1r)y, Aris [Qhenyl [00316] In certain
enbodi nents of conpound Ku'[qa (X, (X ﬁ/)\hor (X11r), R7 is

met hyl , ethyl, propyl, iSo pr butyl, s i so-butyl, tert-butyl,
pentyl, or hexyl. In cBr od| ment s o 1 feds of Formula (X), (XI),

XI1) or (XI11), R7 is hydR : ne s of
((:orrp2)unds(of FZ)rrmIal(X),yid(Xl) (XI?%%( (XIII) Ieachq%f&y\@eﬁ)tL3 and L4 is

i ndependeritit:y a cl eavabl e |inker or non-cleavable linker. In certain

enbodi ment s {2 ?g@ggepeng&g]{ y'?éull)@ ?%rené %hl%sﬁtu@él +\)/er91 k)yfe§érdvaer .eaCh LI,

L2, L3, and a0l ethy ene glyco Ivatized
| i nker. 1003181 |avcledktleiensubstitaseti lmm@cloikximtpbwnmk@fﬂeﬁasutuilltate(i Xwer (XI),

XIl) or (Xl | kvl ' I " l.enem
|( nde|)oende§1t |y |) S %%ﬁge@e W@%lﬂééh%gw% %ﬂ%gtﬁ%lg—&%wyl?%&
- CH2 CH2 CH2 CH2 CH2 -hetercCHAGHRGHR. GHRGHR@HEW ¢r helCrRBHRMSRaR2CHICHREHPUted arylene,

crocrarooroa U P BB BT AR TR B B b b e &

WZWZWZWZWZWBGHME@HQMWZWZ- In certain errbodl rrents of conpounds

of For nul I o Y,
pr opyl eneg %iiptlb?ag?]%é Whgg&%}&ge ene ﬁ#& ll%eg%{e&% eﬁ(jﬂﬁe p(%i/ ene. ?n@ﬁg%@ thgf(}gqre{ ain
enbodi ment s sglfect@d)ﬁmo dmgsowfwlﬁ@tlngjbde‘(V§>()aﬂ<y(e)(¢,)SubS(IMFeld)IO\mr alkXlend, Joweeach n and
n' |ndepend S 4, 15,
16, 17, %%h%%; sugﬁ:utatﬁ(%%wgsalke%%lel’?e ?@Ve&%eterga}kﬁ% 15913%11‘&%%1{]5%? }Pet?éroaﬁ(ylenél'

-O- (alkylene or substituted alkylene)— -S-(alkylene or substituted alkylene)-, —C(O)R” -C(O)R™-

, -S(0)(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;
R, R. Rg 1
Ry R Py ey H Hey!
\ \

~

R,

N N
N\ /N ~1Ng

T; T, NN Ts
G TN N Y N

, or

/
%Ll jyr ;where:

Rg and Ry are independently selected from H, alkyl, substituted alkyl, cycloalkyl, substituted
cycloalkyl, or amine protecting group;

T, is a bond, optionally substituted C,-C, alkylene, optionally substituted C,-C,4 alkenylene, or
optionally substituted heteroalkyl;

T, is optionally substituted C,-C, alkylene, optionally substituted C;-C,4 alkenylene, optionally
substituted heteroalkyl, optionally substituted aryl, or optionally substituted heteroaryl;

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;
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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, MNRO20R/1663%0 75, PCT/US2012/039472

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 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;
or the —A-B-K-R groups together form a bicyclic or tricyclic cycloalkyl or heterocycloalkyl
comprising at least one diamine group, protected diamine group or masked diamine
group;
or the —-B-K-R 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;
or the —-K-R group together forms a monocyclic or bicyclic cycloalkyl or heterocycloalkyl
comprising at least one diamine group, protected diamine group or masked diamine
group;
wherein at least one amine group on —A-B-K-R is optionally a protected amine.

[00280] In one aspect are compounds comprising the structures 1 or 2:

NH

R3 H R | 2

Ry WA N.__NH AL
3 B rT1 2 R3 A\B TZNHZ
RI"N R2 Rl' Rz

R N

H ™0 H Rig
1 2

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)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;
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76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93,
95, 96, 97, 98, 99, or 100.
WO 2012/166560 PCT/US2012/039472

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;

each of R; and R, 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.

[00281] The following non-limiting examples of amino acids having the structure of Formula (XXXVII)

are included:

NH,
NH,
OH

o)

H,N

2

S L T T
et L
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126 WO 2012/ 166560PCT/ US2012/ 039472 [00320] In certain

enbodi nents of conpounds of Formula (X), (XI), (XII) or (XIIl), RLis a

pol ypept iweo.2012e66®0t ai N enbodi ments of conpounds of For raTAISEOR/0344X1 ) ,

(XI'1) or (XIll), R2is a polypeptide. In certain enbodi nents of conpounds
of Formula (X), (XI), (XIl) or (XiI1), pol ypeptide is an antibody. In
certain enbodi nents of npounds of For a (Xx), (X1), (xXxr1) or (Xi1l), the

zg@odi ouHY: For mul a
(X), (X1), (Xi1)Jor (XIIFare stable in eous

|dtion for gt Negst 1
month under mldly acidic conditioné In certain nbg ment s, conBQunds of
Formul a (X), o re stabl enfhof eastH;J S under
mldly acidic conditions. In certan enbodi nents, cenpound of Feérmula (X),
(X)), (XIl') or (XII1) are stable for at least 5 days under mldly acidic
conditions. In certain efodi nents, such acidic conditipnhs are pH 2 to 8.
Such non- nat ur al o~aci ds may form of may be
i ncorporated int *pol ypeptd de, polyn%r
pol ysacchari de,_1qQr @Hpolynucleo i de,yand optional Il ylpogt; translationally
nmodi fi ed. [008822] Oxi me- basedIAon-Hat ural amni no &Y dslfmay be synt hesi zed by
nmet hods al r eady d&cribed in the Qrt, or by wéthods Yescri bed herein,
| ncl udigh o{ B BAGHPRIR pe a1 14& 105 AL AR AR PA A n AT
acid with a car ony contalnlng reagent B reaction o
car bonyaminaraci malybmmylt,cmlmpml mjysamhamrm wrale aplymesleatia am/ph qptionally post
hydr oxyl.3 tﬂﬁﬂ%ﬂﬁ&ﬂh&fng reagent; or (c) reaction of an oxi nmecontaining
non-natural am'no acid with certain carbonyl- or dicarbonyl-containing
r eagent(8028@] In Chréam erabodBhantrc tammouadrchbf SprmHe €XXXYTL) Mgrstalietio raaleomomom@ircht
Li nked i .

A o Lok BB syl aidis congions I ospy STOLHRELY S bV Al FLETRVIG

| i nker adestellatforvaideabio? webles whleninddly adwlid eatlitipast ilo nertaﬁn probodimadnts: abmmmch@f
aci ds vV, i .

i 1 o R e LB L Ay el PRl BT DR LR ol RHE s
am no a@ddgumsxmﬁcwmmanéid®M1hﬁnmaﬂdolastatln | i nker derivative, that is,
such e ! r S
Such, e IFILRALAURRNASELT lpoRf 1R R, | LOKO8 dokaRiAl MORT LRHNES:
funct i dewri aéleder@not(hlévlpnesord@@ﬁampﬁb alspiehe)t HERVENNIR )+ 4@ 1GSh, @I@)h &R’)=N-,
deri vatg Ci n e. ther
Ger! a0 RO 0PI AC O USORIRIGE, ANATLAR LLJEADS. Sy A Lbe

f r om dobbsitugadi ﬁlklviemer Sexalkeriey e shlztifuted alkplamedi corarfi(Ae(adlivébae heti mabstitiigd

Furt NerufenBAd L ARR of aﬁ&!n{{es@ Sompfol}s A AGREH! BotL TS @Lerd)gfﬁg |.VeSH-N.

conprise-a i ncluding a mas natlc ami ne group. InA
f ur t herCieNMlddirViHeHal b&mupf@mcgox@w@) PN HETRY- aiSCéitn Y =G s ar¥O3glHect ed

from any,ngA¢k ﬁﬁod‘ﬁé’ﬂté‘gf @oﬁ-@%@ﬁds Gof B ?tgg?ﬂ?'ﬁ‘% Lk otr '3251%% 1afldefrdipnal

enbodi nent s, € non-nat ur amno acid rise a nmas hai n,
i ncl udlen@Oélmmts loé dompayirds picF amitlag XgPodp. R is —CHa, -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, or
polynucleotide. In certain embodiments of compounds of Formula (XXXVII), R, is an antibody, antibody
fragment or monoclonal antibody. In certain embodiments of compounds of Formula (XXXVII), R, is
OH, O-methyl, O-ethyl, or O-t-butyl. In certain embodiments of compounds of Formula (XXXVII), R, is
a resin, at least one amino acid, polypeptide, or polynucleotide. In certain embodiments of compounds of
Formula (XXXVII), R, is an antibody, antibody fragment or monoclonal antibody.

[00284] The following non-limiting examples of amino acids having the structure of Formula (XXXVII)

are also included:
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[00324] I n another aspect are carbonyl-substituted dolastatin |inker
derivatives such as, by way of exanple, aldehydes, and ketones, for the
product i omoab12esicvat i zed non-natural am no acid pol ypepCirdsgoihasad2 upon an
am ne linkage. In a further enbodi nent are al dehyde-substituted dolastatin
| i nker derivatives used to derivatize aromatic aning-containing non- nat ur al
am no aci d pol ypepti des Mhﬂ the formatiyon of an am fe ¥i nkage between the
derivati zi ng dol tTR71 i nker ke Nagomati c Ine< covik ai ni ng

non-nat ural am ci dipol ypeptide. WO 2G12/ 166560PCT/ US2012/ 039472
[00325] In fgr oor additio nbodi ment s,  ¥he 0ton- natural am no aci ds
conpri se aromati @ am ne si dééhai fs where the’arogatic amine is sel ected
froman aryl amne or a heteroaryl amne In a further or additional

enbodi ment, the non-natuggl amno aci dyiresenble a natlifal amino acid in
rMYaromati ¢ apA s. In PheN or further

i i ds resenbl e nyl al'ani ne or tyrosine
nbggi ment, the lqornypatural ami no acids have
properties tHat afle distinctNrom those of th® ndtural amino acids. In one
enbodi nent, such &i stinct properf?es are the chef cal reactivity of the
sidechain; in a furthegg enbodi nent this distinct chemical reactivity
permts the sidechainlof xtthe non amno agi d th wadergo a reaction

i Jechai ns of the

Bel ypeptide do not undergo
i nt, the sidechain of the
non-natural anmin8 acid has-a cheﬁistry ort hogona! to those:of the

natural l'y-occurring amno acids. Ip\a fuqiher enbodiment, the sidechain of
the non-natural am noxacid conprises)a jpucl eophileggontaining noiety; in a
further enmbodi ne e nucl eophi cont ty omathe sidechain of

t he non- nat ur al Eﬂ'no arid can yndergo a reacti to g¢nerate an

ami ne-1inked deliyatized dol astatiywm In a further enbodi ment, the sidechain
of the non-na¥urdl "amino aci'é"confiri ses an eCTF ophi | e- cont ai ni ng noi ety;
in a further enb8di ment, the el ec rophile-eontafﬁing noi ety on the

si dechai n of the non-natural am no aghg can undergo nucleophilic attack to
generate an am ne-|ymnked derivathgzrdidol astatin. In any of the

af orenenti oned e i % in this agraph, the non-natural am no acid
may exi st as a nol ecul e of Ty be incorporated into a pol ypeptide
of any | ength; Af oishe | atter, hEHpol ypepti de may further incorporate
nat ural I y- oc&lrr{Ing or non- na ufal afino acids. [00326] Modification of
non-natural am no acids described herein using reductive al kylation or

r educt i[0€28&1Vmdimicng reagti¢sosfsprhiasted amynocacidal Havinf thdrstrdonlrd ofFogmued CRRKEEes .
First,iQ%%gatic am nes can be reductively alkylated with

car bonyl=cont ai ni ng conmpounds, i ncluding al dehydes, and ketones, in a pH
range of about 4 to about A8 (and in certain enbodiments in a pH range of

about 4 to about };5éﬁ%ﬁgte su t eg;%hine, i cbggﬁgg secondary and
tertiary am ne, ages. Second, der tHeS@greact con fkgns t he
chem stry is selective for non-natural amino acid§ as the sidechains of

natural |y ocenfriwg ami no aci ds~are inreacti ve.uxFhg 4l | ows for
site-specific derpvatization of pobypeptides which have incorporated
non-natural am no agjids containing aromatic am ne noieties or protected

al dehyde noi eti es, ilnckudi ng, by way of exanple, reconbinant proteins. Such

Egﬁtideswﬁqggproteins can thereby be prepared as defined
ts. Third, the mld conditions needed to effect the

reacti on of ap axeffatic am ne noiety on an ami no acid, which has been
incorporated int@ a pol ypeptide, with an al dehyde-contai ni ng reagent
generally do not irreversibly destroy the tertiary structure of the

pol ypepti de (eyceRtich@e amf Syaiesis 8F NMIRIG rdl AGnim M RBS ArShaddcDbnihBaCtion is to
destroy such tertiary structure).” Simlarly, the mld conditions needed to

ef f ect [P4780 e MopmaiHrabpming agidy Wil aecleppnidie yeaghiyeaRouwRii HeP Ze PY VAl BRMREL een

i ncor pahadr&aticingind@ gRAp YRERYihE Sccdndrd eRl RiRef 8fline Wrdups)2B MdsREMPBIrbatic amine

am ne-contai ni ng reagent generally do not irreversibly destroy the tertiary
st r uct RPSIVhich g2 sy £orYErtqdaRiOSFETIRic apineEheips OF 2 Rikseisd prpaialicppigs group
the reaghicBat Seab@vidleShllaYtoShCitomid Ardiny g%ug UgploH@protcbihh lahow thiCa NBAGY io@n
occurs rapidly WD 2012/ 166560PCT/ US201/ 039472 at room tenperature, which
all ows the use of many types of polypeptides or reagents that woul d

ot herwi se be unstable at higher tenperatures. Fifth, the reaction occurs
readily is aqueous conditions, again allow ng use of pol ypeptides and
reagents inconpatible (to any extent) w th non-aqueous solutions. Six, the
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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):

i
R AN
R;
R3 B
Rl\ N R2

H R (XXXXXXV)

wherein:

i
Ry A N
Y

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;

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; 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;

each of R; and R4 is independently H, halogen, lower alkyl, or substituted lower alkyl, or R; and R4 or two
R3 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;
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Z has the structure of: R6 csssYjr RS R5 is H CO2H G -Co6al kyl, or
thiazole; R6 is OCHor H Ar is phenyl or pyridine; RL is H an am no
prot ecti fyogousesepesi n, at | east one am no acid, polypepTiuse)12089472
ponnucIeotide R2 is OH an ester protecting group, resin, at |east one

o substie B Foarabiye « RPSEe sl iyt ogen: L. LI 2, La

and L4<ﬁﬂﬁRe§ﬁhqkhm%ﬂyﬂisﬁﬁe@&aﬂumkﬁmmyhe group consisting of a bond,

- al ky I -al k
-(al kyI lém@) nqturélamoeaﬁgg éabjﬂso lge 1(1 é Pit? salt, or ma ylbe 1nc0rporated into a non-natural
0) " - ( CHayino acHGlEpt{dcHR)ymeC (B} atelarie, (0CHBI Y nucleoNHGHO ppt{cahlisye@nravdy ", , |, , -

erne Q | kyl ene-O)ii-al kyl ene-W, -al kyl ene-C(0)-W,
“(al kyiaé%a%)i i -al kyl ene-J-, -al kyl ene' - J-(al kyl ene-0)ii-al kyl ene-,
- (al kyl ene- C»ii-alkyle -J- aIkerne -J- (alkyl ene-0)"- al kyl ene-,

- (alkyl ene- 0)||- -J- (al kyl ene-0)""' -alkyl ene-r-, -W, -alkylene-W,
al kyl ene'-J- (alk NNb)ii-aIkerne W, and J-
(al kyl ene- Nve) ||- - (alkylene-0Qii-al kyl ene- U al kyl ene-C(0) -

- (al kyﬂ;ihﬁ étr@qrp al kyl ene (E‘Ji %rpquqe H)étll examples herein) does not present the relative
- Jal kyl &1@&3‘&\“\@ Dﬁ‘tﬁky* EneNHNM?aI@l “RX" efRr thi¥e fo@Bhtures of this structure may be oriented in

-al kyi ene- J-al kyl ene' - NMe- al kyl ene”- NMe-al kyl ene"-W; Whas the structure

of 1 NHYchgpeallyamndmpand (3long witheothsr feaprgsiqf F‘ilsl\&thtPieb ag dlas{rated by gxample

al k

indepenggﬂtly have the structure of: i0 1 )212-r ¢55S JL,SS Nc- each n and

i ndepe A8 | y Nopina@iab gming aeiflt (ratading AR Ui §tnimr‘idn‘6?t-‘/ RdRI§e Hruchsg ofdermula
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v A AV
R, /A\ﬁ, N B_%Y R, d I Q?i A//A | B\
Ry , 3 ' LA R A
x A N A R; X - 3 ™ “
Ry g Ry A R, A R; N~ A
RI\I}\II 1 R,y Rl\g r R, Rl\g ) Ry Rl\g ) 53
0 o * 0 ’ ‘0

, ,and
A=A
B s
R, N
Ri~ R,y M
H Ry . . . '
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.
[00288] 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),

Colib s

(XXXXXXVD, (XXXXXXVID), wherein; G is an

amine protecting group, including, but not limited to,
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Such al kyl ated non-natural amno acid |inked dolastatin derivatives may
also be in the formof a salt, or nay be incorporated into a non-natural
am no aciwopoiywewdi de, pol ymer, pol ysaccharide, or a peCyrsediensdsdr and
optionally reductively al kylated. [00328] In certain enbodi nents of

conpounds of Formula (XXV), (XXVI), 1), 1), (XXIX), or (XXX), R5
is thi I box oacrd. o i di t f ds of
R (£ I A > o L T A U

certain enbodi mrents of conpounds of For mul a (XXV), (XXVI) (XXVI1),

(XXVIT1), (XXLX), IS ph@ﬂyl ertaln enbodi nents of
conpounds of r‘fﬁp@ Mﬁ@xw -, \&?(X\?fl 5rn\n’(? IS%IIAI) (XXIX), or (XXX), R7
is nethyl. In cert A eﬂbé‘tﬂ ments of corrpounds of Fornmul a (XXV) (XXVI ),

(XWII) XXVI | 1 s.anin erfro 0to

certaim W%%hagﬁ Q%WB%[}%@“Q%?P%‘%BF higft "r(”%&?f C?WF?”O ?Wﬁt‘jral

( XXVI | Ia)mn((aé)ﬂﬁélypqﬁrde (PSXXK)er, polybseclamide, vt € gelyncleofideintl optiddallyl lduardl@i n

enbodi ma%,ﬁs of conmpounds of Formula (XXV), (XXVI), (XXVI1), (XXVIiI1l),

( XXI' X) XXX)or (XXI'V), nis an integer fromO to 5. [00329] In certain

enbodi meens9] oNoaanpoilindso afidFoniathing aq XX atic K Inoiety( ROYihe )‘ollo@i@g\éhhd:tﬁlr,es

(XXI'X), or (XXX), R5 is thiazole or carboxylic agid. In certain enbodi ments

of conpounds of Formula (OWN, (XXVIY ,m(XXVII), )@(WII) (XXIXM  or ( XXX),
(

R5 is hydrogen. In cextymi n enbodi nent s Mof corrpgyns of For rlgul ,
(XXV1), (XXVi1), ( TR (XXI X)R XX) | gt hyl , 8 propyl ,
i sopropyl, butyl, i ptyl, sec- p, tert-b 7 pentyl yl. In
certai n embodi ngntfs ott corrpounds of ®Fornul g, ( ((;t ( 1\I) XXVI1),

(XXVITT), (XXEX) N af e (XXX), Rk NH- (al kyl"gyieyd ein al kyl ene
is -CH2-, - CH2CHZ- ° - CH2CH2CH2- |, S CHRCHRCHRCHR- © - CHR GHR CHZCH2 CHR- ; 2

CH2CH2 CH2CH2CHRCHR- , - CH2 CHR2CH2 CHRCH2 CHR G2, - CH2CHR CH2 CH2 CH2 CHR CHRCHR -, -
CH2 CH2 CHR CH2 CHR CHR CHR CHR G -, - CHR CHR CHR G2 BH2 CHR CHR CHR CHR G- |

CH2 CH2 CH2 CH2 CH2 CH2 CH2 CHR CHRCHR CHR- , O Ren A .

- CH2CH2CH2CH2 CH2 CH2 CH2 CH2 CH2 CH2 CH2 CH2- . ertai n enbodi nrents of Fornul a
(XXV), (XXVI), (XXVI1), (XXVII1), (XXX, mra(XXX), alkylene is methyl ene,
et hyl ene, propyl ene, butyl enes, penf?? : hexyl ene, or heptyl ene. [00330]
In certain enbodi rrents of conpounds of Formula ((XXV), (XXVI), (XXVII),

( XXVI | Ltzhegegrf(élcﬁ% is glde ndef%jy se?%te!ds]f@-ml\lql_}% r%l_ul_];lg(lggnglgt?ng(])_ 'i{ '&\I@Hggeﬂ,\éawﬂgfigl %28C| 210 2%
23 24 28ubstituted alkyl, -N(R”),, -C(O)R”, -C(O)N(R”),, -OR’, and S(O)kR’, 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
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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.
[00290] 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 moieties include, but are not limited
to, TCEP, Na,S, Na,S,0,, LiAlH,, NaBH, or NaBCNHj.

V. Non-Natural Amino Acid Linked Dolastatin Derivatives
[00291] In another aspect described herein are methods, strategies and techniques for incorporating at least
one such dolastatin linker derivatives into a non-natural amino acid. Also included with this aspect are
methods for producing, purifying, characterizing and using such dolastatin linker derivatives containing at
least one such non-natural amino acid. Also included with this aspect are compositions of and methods for
producing, purifying, characterizing and using oligonucleotides (including DNA and RNA) that can be
used to produce, at least in part, a dolastatin linker derivative containing at Ieast one non-natural amino
acid. Also included with this aspect are compositions of and methods for producing, purifying,
characterizing and using cells that can express such oligonucleotides that can be used to produce, at least
in part, a dolastatin linker derivative containing at least one non-natural amino acid.
[00292] Thus, dolastatin linker derivatives comprising at least one non-natural amino acid or modified
non-natural amino acid with a carbonyl, dicarbonyl, alkyne, cycloalkyne, azide, oxime or hydroxylamine
group are provided and described herein. In certain embodiments, dolastatin linker derivatives with at
least one non-natural amino acid or modified non-natural amino acid with a carbonyl, dicarbonyl, alkyne,
cycloalkyne, azide, oxime or hydroxylamine group include at least one post-translational modification at
some position on the polypeptide. In some embodiments the co-translational or post-translational
modification occurs via the cellular machinery (e.g., glycosylation, acetylation, acylation, lipid-
modification, palmitoylation, palmitate addition, phosphorylation, glycolipid-linkage modification, and
the like), in many instances, such cellular-machinery-based co-translational or post-translational
modifications occur at the naturally occurring amino acid sites on the polypeptide, however, in certain
embodiments, the cellular-machinery-based co-translational or post-translational modifications occur on
the non-natural amino acid site(s) on the polypeptide.
[00293] In other embodiments, the post-translational modification does not utilize the cellular machinery,
but the functionality is instead provided by attachment of a molecule (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) comprising a second reactive group to the at least one
non-natural amino acid comprising a first reactive group (including but not limited to, non-natural amino
acid containing a ketone, aldehyde, acetal, hemiacetal, alkyne, cycloalkyne, azide, oxime, or
hydroxylamine functional group) utilizing chemistry methodology described herein, or others suitable for
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the particular reactive groups. In certain embodiments, the co-translational or post-translational
modification is made in vivo in a eukaryotic cell or in a non-eukaryotic cell. In certain embodiments, the
post-translational modification is made in vifro not utilizing the cellular machinery. Also included with
this aspect are methods for producing, purifying, characterizing and using such dolastatin linker
derivatives containing at least one such co-translationally or post-translationally modified non-natural
amino acids.

[00294] Also included within the scope of the methods, compositions, strategies and techniques described
herein are reagents capable of reacting with a dolastatin linker derivative (containing a carbonyl or
dicarbonyl group, oxime group, alkyne, cycloalkyne, azide, hydroxylamine group, or masked or protected
forms thereof) that is part of a polypeptide so as to produce any of the aforementioned post-translational
modifications. In certain embodiments, the resulting post-translationally modified dolastatin linker
derivative will contain at least one oxime group; the resulting modified oxime-containing dolastatin linker
derivative may undergo subsequent modification reactions. Also included with this aspect are methods for
producing, purifying, characterizing and using such reagents that are capable of any such post-
translational modifications of such dolastatin linker derivative(s).

[00295] In certain embodiments, the polypeptide or non-natural amino acid linked dolastatin derivative
includes at least one co-translational or post-translational modification that is made in vivo by one host
cell, where the post-translational modification is not normally made by another host cell type. In certain
embodiments, the polypeptide includes at least one co-translational or post-translational modification that
is made in vivo by a eukaryotic cell, where the co-translational or post-translational modification is not
normally made by a non-eukaryotic cell. Examples of such co-translational or post-translational
modifications include, but are not limited to, glycosylation, acetylation, acylation, lipid-modification,
palmitoylation, palmitate addition, phosphorylation, glycolipid-linkage modification, and the like. In one
embodiment, the co-translational or post-translational modification comprises attachment of an
oligosaccharide to an asparagine by a GlcNAc-asparagine linkage (including but not limited to, where the
oligosaccharide comprises (GIcNAc-Man),-Man-GlcNAc-GlcNAg, and the like). In another embodiment,
the co-translational or post-translational modification comprises attachment of an oligosaccharide
(including but not limited to, Gal-GalNAc, Gal-GlcNAc, etc.) to a serine or threonine by a GalNAc-
sering, a GalNAc-threonine, a GIcNAc-serine, or a GlcNAc-threonine linkage. In certain embodiments, a
protein or polypeptide can comprise a secretion or localization sequence, an epitope tag, a FLAG tag, a
polyhistidine tag, a GST fusion, and/or the like. Also included with this aspect are methods for producing,
purifying, characterizing and using such polypeptides containing at least one such co-translational or post-
translational modification. In other embodiments, the glycosylated non-natural amino acid polypeptide is
produced in a non-glycosylated form. Such a non-glycosylated form of a glycosylated non-natural amino
acid may be produced by methods that include chemical or enzymatic removal of oligosaccharide groups
from an isolated or substantially purified or unpurified glycosylated non-natural amino acid polypeptide;

production of the non-natural amino acid in a host that does not glycosylate such a non-natural amino acid
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[ 00331] In certain enbodi nents of conpounds of Formula (XXV), (XXVI),
(XXVI1), wawi2iies560( XXI X), or (XXX), R6 is H In sone emrbodiSenioso4ol
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A. Chemical Synthesis of Non-Natural Amino Acid Linked Dolastatin Derivatives: Oxime-
Containing Linked Dolastatin Derivatives

[00297] 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).

[00298] 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).

[00299] Such non-natural amino acid dolastatin linked derivatives include dolastatin linked derivatives

having the structure of Formula (VIII) or (IX):
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i ndependently is 0, 1p72'N3. Y4, 5, R, % 10Mmell, 12, 13, 14, 15, 16,
17, 18, 19, 20, 21R\%24, 23, 4M/—2|\5/I,,\',|36,o,\;e7@ 28

e e

~ 0] z
BA 0O

Me H
Ar (IX)
OMe O R
0~ "NH R Ry R
|
L NH
A
Q@ 'Ry
DG
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),- 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 Ry are each independently H, halogen, lower alkyl, or substituted lower alkyl, or R; and R4

or two R3 groups optionally form a cycloalkyl or a heterocycloalkyl;
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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,
WO 2012/166560 PCT/US2012/039472

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-Cgalkyl or hydrogen;

L is a linker selected from the group consisting of —alkylene—, —alkylene—C(O)—, —(alkylene—0O),—
alkylene—, —(alkylene—O),—alkylene—C(O)-, —(alkylene—O),—(CH,),~NHC(O)—~(CH,),,—
C(Me),—S-S—(CH,),—NHC(O)—(alkylene—O),~—alkylene—, —(alkylene—O),~alkylene-W-, —
alkylene—C(O)-W-, —(alkylene—0O),—alkylene—U-alkylene—C(O)—, and —(alkylene-O),—
alkylene—U-alkylene—;

W has the structure of:

JULNU@V“;

U has the structure of:

CO,H

ahd

eachn, ', n", n" and n™ are 1ndependently integers greater than or equal to one;
or an active metabolite, or a pharmaceutically acceptable prodrug or solvate thereof.
[00300] In certain embodiments of compounds of Formula (VII) and (IX), Rs is thiazole. In certain
embodiments of compounds of Formula (VIII) and (IX), Re is H. In certain embodiments of compounds
of Formula (VIII) and (IX), Ar is phenyl. In certain embodiments of compounds of Formula (VIII) and
(IX), R7 is methyl. In certain embodiments of compounds of Formula (VIII) and (IX), n is an integer from
0 to 20. In certain embodiments of compounds of Formula (VIII) and (IX), n is an integer from 0 to 10.
In certain embodiments of compounds of Formula (VIII) and (IX), n is an integer from 0 to 5.
[00301]In certain embodiments of compounds of Formula (VII) and (IX), Rs is thiazole. In certain

embodiments of compounds of Formula (VIII) and (IX), Rs is hydrogen. In certain embodiments of
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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,
WO 2012/166560 PCT/US2012/039472

compounds of Formula (VIII) and (IX), Rs is methyl, ethyl, propyl, iso-propyl, butyl, iso-butyl, sec-butyl,
tert-butyl, pentyl, or hexyl. In certain embodiments of compounds of Formula (VII) and (IX), Rs is —
NH-(alkylene-0),—NH,, wherein alkylene 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 Formula (VIII) and (IX),
alkylene is methylene, ethylene, propylene, butylenes, pentylene, hexylene, or heptylene.

[00302] In certain embodiments of compounds of Formula (VII) and (IX), Rs is -NH—(alkylene—O),—
NH,, whereinnis 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.

[00303] In certain embodiments of compounds of Formula (VIII) and (IX), Re is H.

[00304] In certain embodiments of compounds of Formula (VIII) and (IX), Ar is phenyl.

[00305] In certain embodiments of compounds of Formula (VII) and (IX), R, is methyl, ethyl, propyl,
iso-propyl, butyl, sec-butyl iso-butyl, tert-butyl, pentyl, or hexyl. In certain embodiments of compounds
of Formula (VIII) and (IX), R, is hydrogen.

[00306] In certain embodiments of compounds of Formula (VIII) and (IX), each L is independently a
cleavable linker or non-cleavable linker. In certain embodiments of compounds of Formula (VIII) and
(IX), each L is independently a oligo(ethylene glycol) derivatized linker.

[00307]In certain embodiments of compounds of Formula (VIII) and (IX), each alkylene, alkylene',
alkylene", and 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
(VII) and (IX), alkylene is methylene, ethylene, propylene, butylenes, pentylene, hexylene, or heptylene.
[00308] In certain embodiments of compounds of Formula (VIII) and (IX), each n, n', n", n™, and 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.

[00309] In certain embodiments of compounds of Formula (VIII) or (IX), R, is a polypeptide. In certain
embodiments of compounds of Formula (VIII) or (IX), R, is a polypeptide. In certain embodiments of
compounds of Formula (VIII) or (IX), the polypeptide is an antibody. In certain embodiments of
compounds of Formula (VIII) or (IX), the antibody is herceptin.
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88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100. [00337] In certain
enbodi nents of conpounds of Formula (XXV), (XXVI), (XXVII), (XXVIIl),

(XXI' X), owO@xdeXpes6R1L 1s a pol ypeptide. I n certain enbodiPeEniSsoRf3@enpounds
of Formula (XXV), (XXVI), (XXVI1), (XXVII11), (XXIX), or (XXX), R2is a

pol ype n certai n enbodi ounds of rmul a ( v L XXVI)
5o o Ggsef pfiehaeRsseins g s i TRy ety ST ke g
cert ai raeind OQisfiBonirs oOf or@eINRN (S, (XIT) Boxmn): a ( XXV), (XXVI), (XXVI1),
(XXVITT), (XXIX), or (XXX), the antibody is herceptin. [00338] Conpounds of
Formula (XXV), (XXVI), (XXWe M@OOAJW , X)L ~o0r (XXX) may be fornmed by
the reductive al kylation of arpma ic m eHconp ungs wi th carbonyl
containing reagents such as-NDy - g tones, esters,

t hi oesters, and al dehydeé. [@03 ]/Ln i@negﬁ odi t he masked ami ne
noi eti es of non-natural ides are initially
reduced to give non-

hdes. Such apomatic am ne
mnttharany -contai ning reagents

noi eties are then/neduct've al gt
descri bed above fb/glve pg%ypep coyit ¢ural am no acids of

Formula (XXV), (X\]), (XXVIh% (§XXHHIMe MXoX) , (XXX). Such reactions
may al so be appl &\RQ non- nat ur aMeaMeno aci ds Me@or Mitted i nto synthetic
pol ymers, polysaqgﬁgﬁr%e§z or WO 2012/ 166560PCT/ US2022/ 089472

pol ynucl eot i des. ﬂd@“ﬁionally, such reactions may be applied to
non-i ncor porated non-nBtural am no acids. By way of exanple the;reducing
agent used to reduce nasked ami ne noieties includes, but is not limted to,
TCEP, Na2S, Nx2 > Li y way of exanple only,
reductive al Ia i ol ma rs wwth a pH of about 4 to
about 7 and NAg - as—Lhy way of exanple only,
sodi um cyanoboghyglri de (Na ofdd tian, Mot her reduci ng agents may
be used for reductiWe #Mekyl ation |nclud|n@r buis not\ |imte@2t TCEP, Na2S,
Na2S204, Li Alf14, B2H6, and NaBH4. [00340] A non-lilti 2&§

synt heses of non- natural m no aci d pol ypeptides co q&n cids of
Formul a ( XXV) Me | YMe ( e (XXX, - reducti ve

al kyl ati on cMese on ry ar derdt j_c e i dtids, ¢ ntaiN‘@PBin%on-natural
am no aci ds, wN h Jar ony$ cynt af ni ngy’r egkggent’s desgri bed Jabove. Such
reductive aIkyNat|@n |w&ap0Mymet|daeecpn i nfing non-n&t ural amino acids
with tertiary aronm ‘% ne nmoieties. Sufh r&actions may al so be applied
to non-natural am no acids |ncorpor%}ed into synthetic polyners,

pol ysaccharides, or pol yn4€ b degy di tMeon such reactions may be
applied to non-incorporated onﬂnat ral~@ 'noNac ds. By way of exanple
only, reductive alkyl abonNmayfocgur N n “gquepus\pufflers with a pH of about
4 to about 7 and using a nR;d<jedBC|mg;agmgt) S as, by way of exanple
only, sodi um cyanoborohydri de (M&B&RH3). |In aMePti on,NBt her reduci ng agents
may be used for tive alh%latlon I ngloyding, bu? nof linited to, TCEP,

Na25, Na25204, EiAlf 4, B2Hg, MRa BH4 Chveni Synt hesi s of
Non- Nat ur al R Aci § Linked asHati Wl [ > Het er oar ylxi@ont ai ni ng
ati\ves MO0F41]T | nNonef asjfect \ar

Li nked Dol astatin Deri fon-natural am no
acids for the Bhem gal \deri vaIR;atlon\ofwmoka&iatln I Rked derivatives
based upon thg,<yle i Vi f a dlcaMBoM9I group, Vefel u a group

cont ai ni ng at gyeayt dhe “kef ong. gr pldp, ane | east Dne 4l dehyde groups,
and/or at |east BIRE ester roupi ang/ of? at | |

carboxylic acid,
and/ or at |east oneRthioestler N\aAﬁ

be a 1,2- dicarbonyl group,“a dlcarbgnyl p,
group. In further or addltlond$7a PRET Y Fe‘ﬂ@ﬁoq@; jino acids for the
chem cal derivatization of dolastatin |inked derivati v§s sed upon the
reactivity of a diam ne group, including a hydrazine group, an am dine
group, an imne group, a 1,1- diamne group, a 1,2-diam ne group, a

1, 3-di am ne group, and a 1,4-diamne group. In further or additional

enbodi nents, at |east one of the aforenentioned non-natural amno acids is
incorporated into a dolastatin |inked derivative, that is, such enbodi nents
are non-natural amino acid |inked dolastatin derivatives. In further or
addi ti onal enbodi nents, the non-natural am no acids are functionalized on
their sidechains such that their reactign with a derivatizing nol ecul e
generates a |linkage, including a heterocyclic-based |Iinkage, including a

ni t rogen-contai ni ng heterocycl e, and/or an al dol -based |inkage. In further
or additional enbodinents are non-natural am no acid pol ypeptides that can
react with a derlvat|2|ng dolastatln Ilnker to generate a non- natural am no

Y T D 1 11 1. e 1 . D Y

di,car bonyl group can
I\?éal 4-di car bonyl



[ 00344] I n another aspect are dicarbonyl -substituted nol ecules for the
production of derivatized non-natural am no acid pol ypepti des based upon a
het er ocycWwe,20ixisbisdi ng a ni trogen-cont ai ni ng het er ocycl eCTiisSakia®s47t n a
further embodi ment are dicarbonyl-substituted nol ecul es used to derivatize
di am necont ai nj ng non nat ural am no aci d polypeptides via the formation of

a heterocycl e, ntai ni ng heterocycle group. In a
further embogj ﬁca bo Sti utﬁd | ecul es that can form such
het erocycl e, |nv§1 ng a mtr ge -cont I niifng het 8regycl e groups with a

di am ne- cont ai nRng O’M)N&'Mél’ abvam no aome opolypepti e in a pH range between
about 4 and about 8."inMf further embodi neAf afe di dar bonyl 35ubstit ut ed
nol ecul es used to derivatize diam ne-containing non-Raturag 'Nﬁb()@ﬂd

pol ypepti degevi gyd he fi. {on of.a heterocycle, incfudingRa Rs

ni t rogen- cont afni pg t erfocyd¢ e e betneen thel de vagi '3ng nol ecul e
and the di i - acid pqglyp Bes.” In a
further enbodi t the «di carbadhyl - substli tu edN Pecuyl es ane

di ket one- sub&ri tYed rpiNcuP¥e O |n PMeP cts et pal dehffde- substitut ed
nol ecul es, in other aspects ketoacid-su stitlted\nol ecul es, in other
aspects ket gest ale Subgda molecul es, including J

ket ot hi oest er-¥$ubstit@ted noleclil eb. Men further enbodi nents, the

di car bonyIMesybsti Nt ety N7 | sk [oup selected froma desired
functionality,. | furtq‘fr P‘ di tibnal' enpodHments, the

al dehyde- sub%Y¥i t uned mol'acul €s” ar e A ergubstituted pol yethyl ene gl ycol
(PEG nolecules. In a further enbodi nent, the sidechain of the non-natural
ami no aci @h¢reie®: a chemistry orthogonal to those of the naturally-occurring
am no aci ds r.al ectively
with the carl%gg)fb ﬁ%h%@@lv% u?pe%%nﬁsqg%% egleﬂPSH&uﬁﬁd q%‘;éér? ag g%ll&rrygekt t he

si dechai n of th}@lqa&mlenatsuhsaﬂuteérhwmCma&y@oﬁm\’t’%@kke@lm sabsyitytes] lgwer di am ne
group) that I I ly- | ecule; in
a further emo%ﬁ’%@leﬁg atﬂﬁwlglﬁc eophi efblréa(lle& #%:2 (eétalglsggln%t %@%@%@%%ﬁf t he

non- nat ur al anmheigoaclodikglane, subdiatnigd lasicebdteroqyhiohlkylenst araltske, sepstiwivd priame.a
heterocycti c- Rt YAl faeduRh@kehBerohOEhL diidiche RhkiRRSAREOI AR or

het erocycl e-derivatized pro a further "aspect re

enbodi nent s deswstithiedaialkylehd: s par agr aph are the nodified non- natur aI am no

aci d pol ype o S AR n

nol ecul e wi t lsq}ﬁeo hgﬁﬁdn‘gﬁ%k%e%%l%@g&a% (gtgdiZ ﬂ%%hg%féé%g%% %%@%%éQ%AZC %Cl d
pol ypepti des. Fubstithied losiwheidilensnlower alichyldes, subytitiiad tower alkandlens. dawdrons of t he
al ready nodifi ﬁ%er@ A0RL oMo RS &Fe!réinﬁ%é( péptd)féﬁﬁyl?nje ?tﬁb?&th Qﬁl cfyPect

are nethods to derivatize prote| ns via the reaétion o ony
hydr azi ne r eacfani-&liytengenwbsittecdalkidine oSy@k-evlgerli wdt 3, oedl §G<Bt(@k}’iene or

ol uding & I LioARR: GRALA) NI, NRYEEARKALECGEINAL Ad.dol astaliny.

Included within this as are’ et or the derivdti zati
dol astatin |i nkdiylaeret spastitiesallideed. DR tHR -@butengatbitafalyiEnbonyl - and

hydr azi ne- cont ai @)k I SRR Su kAo REPEA G JRALEIOSM R dSFINAE [ A Ien

dolastatin, inc a nitrogen-contai ning eriva

dol astati n. | noaabitiytetedkylepe)-f NI(Rh@@ (@hﬁ@&ql‘réllbﬁ@m@d emmm%di(Rt)@(@)é}i vati ze
ket one- cont ai ni st\abb at )\ de qﬂgRa dal astatin
i i ﬂg?ﬁg%? Na(k N N(l@) (9) no’ aC|

derivatives wt azi ne- unct | gnal non- nat | n yet

addi tional or R ﬁzﬁ\ér -GEBpelithNgR)t, h@(MWHu AR’ %zthﬁ@t% illlsit eR’ W@ﬂ(@chN@R rawhere
i ncl ude protei Qa%h rOLNE. Jepﬂggly[ﬁqq gf;ua su'BEEﬁllulsd g[p}Llecul es. [00346] I n anot her
ec

aspect are nethods for synt hesi s of hydrazi ne-substituted

mol ecul es fd?fIStPhémM]eﬁllb@T&tl‘ieQdﬂlmycbﬁlkﬁlamtﬁﬁbﬁ}ﬂwmslwlkm ed dol astatin
derivatives.p iy oRe 2RAdLORg RUEAELRGHHPRE] bULEORLERHelbic®
dolastatin |i rﬁ:ed derivative groukj "&7for the deri vakjl zaEjl Fﬁb‘l’;ln e

car bonyl - cortas @Hnap qa@hpmmtmg@rouamem aal@ﬂsc! OpHNYipe s, @elypepiﬂm; Ioumlﬁglclbgﬂdmay
of exanpl e qalafg Rt ORG indoRhadhid BMKAGAABNE Al NG: NBYTARA 1431 o BT B,

pol ypepti des. ?‘%%@47%anmorelﬁe%aspgct are non- naatygrgfl%ahﬂtﬁo g%% f ﬂﬁ ﬂ4
chem cal deri vattivedtsigtpodptigedlladerat 4 eychanllylogs hgeroedlaassh a qui noxal i ne or
phenazi ne |inkage. . [QukyEt her or additional embodiments, the non-natural
am no acids ar egl%usnct}nf(e)nal i zed on their sidechains such that their reaction
with a derivatizing dolastatin |inker generates a quinoxaline or phenazine
| i nkage. In further or additional enbogisments, the non-natural am no acids
are selected fromam no acids having 1, 2-di carbonyl or 1,2-aryldiam ne
sidechains. In further or additional enbodinents, the non-natural am no
acids are selected fromam no aci ds having protected or nasked

1 2 d| car bonyl or 1, 2-aryl di am ne sidechains. Further i ncluded are

. v a ~ N T 1 N I T - Y |



MeMe41l/ 4me R7 CIve OV O Me Me MeMelnme HOOH NNNIN 11 R7 O /\ Me OVe O Me Me
R3 R3 HLi, ,BN. DAR (XXXIll) R4 0 R2 N OveMeMe OV O N L2 OV OH ArR6

wher ei n: ¥ohap/teh#s0st r uct ure of: R3 R3 H 1PCTDSIB2AIMIRL R4 O
R2
Re
A
Rs ;

Rsis H, CO,H, C;-Cealkyl, or thiazole;
Rgis OH or H;
Ar is phenyl or pyridine;

R is Ci-Cgalkyl or hydrogen;

Ly, Ly, Ls, and L4 are each linkers independently selected from the group consisting of a bond, —
alkylene—, —(alkylene—O),—alkylene—J—, —alkylene'-J—(alkylene-O),—alkylene—, —J—-
(alkylene-O),—alkylene—, —(alkylene—O),—alkylene—J—(alkylene—O),—alkylene—J'—, —
(alkylene-O),—alkylene—J—alkylene'-, ~-W—, —alkylene—W-, alkylene-J—(alkylene-NMe),—
alkylene—W-, —J—(alkylene-NMe),—alkylene—W-, —J—alkylene-NMe—alkylene'NMe-
alkylene"-W-, and —alkylene—J—alkylene'—NMe-alkylene"-NMe-alkylene-W—;

W has the structure of:

NH

PN

0~ "NH,

cach J and J' independently have the structure of:

iﬁiﬁ}i e’S\N/ﬁ\O/'Zi or J’S\N/ﬁ\;

; H ; H ; and
cach n and n' are independently integers greater than or equal to one.
[00311]In certain embodiments of compounds of Formula (X), (XI), (XII) or (XIII), Rs is thiazole or
carboxylic acid. In certain embodiments of compounds of Formula (X), (XI), (XII) or (XIII), Re¢ is H. In
certain embodiments of compounds of Formula (X), (XI), (XII) or (XIII), Ar is phenyl. In certain
embodiments of compounds of Formula (X), (XI), (XII) or (XIII), R; is methyl. In certain embodiments
of compounds of Formula (X), (XI), (XII) or (XIII), n and n' are integers from 0 to 20. In certain
embodiments of compounds of Formula (X), (XI), (XII) or (XIII), n and n' are integers from 0 to 10. In
certain embodiments of compounds of Formula (X), (XI), (XII) or (XIII), n and n' are integers from 0 to 5.
[00312] In certain embodiments of compounds of Formula (X), (XI), (XII) or (XIII), Rs is thiazole. In
certain embodiments of compounds of Formula (X), (XI), (XII) or (XIII), Rs is hydrogen. In certain
embodiments of compounds of Formula (X), (XI), (XII) or (XIII), Rs is methyl, ethyl, propyl, iso-propyl,
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(XXXVI) R5 is H CO2H, C -Co6alkyl, or thiazole; R6 is OHor H Ar is
phenyl or pyridine; RL is H an amno protecting group, resin, at |east one
am no aciwQ2po/ypespt i de, or pol ynucl eotide; R2 is OH amRCE4iSes12p8@rECt i ng
group, resi n at | east one am no aci d, polypeptide, or polynucleotide; R4

| ower

is H | ower al kyl , or l: R7 is Q- | k

R R L L AR e GO
c? glsikslt(p(mg(mf ({KIIE?EGJXH}) ARk eglleI((allkyleﬁ?d—bynl—Hﬂgl «aﬁeleazl;] glkyahekysl aer-) ~CH.CH,—, —
(al ky?/e %% Ta %Q?C@Fgﬁ%‘g‘m n%ﬁﬁ%ﬁ%‘éﬁéﬁ “Aenicncncon, -

-(al kylc&mﬁ%mﬁzc(fwa)mgﬁﬂz@) (CH2). —~CH,CH,CH,CH,CH,CH,CH,CH,-, ~

C( Me) 2- ene- 0)
~(al kyl@#@”&ﬁ%&ﬁ%@?ﬁ @é‘kéﬂz al kyl en@%ﬁ%HzCHZCHZCHchchZCHT -
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[00314] In certain embodiments of compounds of Formula (X), (XI), (XII) or (XIII), R¢ is H. In some
embodiments of compounds of Formula (X), (XI), (XII) or (XIII), Re is hydroxy.
[00315] In certain embodiments of compounds of Formula (X), (XI), (XII) or (XIII), Ar is phenyl.
[00316] In certain embodiments of compounds of Formula (X), (XI), (XII) or (XIII), R; is methyl, ethyl,
propyl, iso-propyl, butyl, sec-butyl iso-butyl, tert-butyl, pentyl, or hexyl. In certain embodiments of
compounds of Formula (X), (XI), (XII) or (XIII), R; is hydrogen.
[00317]In certain embodiments of compounds of Formula (X), (XI), (XII) or (XIII), each L,, L,, Ls, and
L, is independently a cleavable linker or non-cleavable linker. In certain embodiments of compounds of
Formula (X), (XI), (XII) or (XIII), each L,, L,, Ls, and L4 is independently a oligo(ethylene glycol)
derivatized linker.
[00318]In certain embodiments of compounds of Formula (X), (XI), (XII) or (XIII), each alkylene,
alkylene', alkylene", and 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
(X), (XD, (XII) or (XIII), alkylene is methylene, ethylene, propylene, butylenes, pentylene, hexylene, or
heptylene.
[00319]In certain embodiments of compounds of Formula (X), (XI), (XII) or (XII), each n and 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.
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ur VW,  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
[00323] 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.
[00324] 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.
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o(b)(b) (a)R4AV \ R4(a)V R4(a)l24 bonding to the B group and (b)
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(b) 5 ) aitigr?aa %ncli\)o_din?en(t,l%})lel r}onrngt\u}’al 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
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.

[00326] 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 homogeneous 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
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WO 2012/ 166560PCT/ US2012/ 039472 (XXXl 1), (XXXI11), (XXXIV), (XXXV), or
(XXXV1), al kylene is nethylene, ethylene, propylene, butylenes, pentylene,
hexyl ene,wonoteptishene. [ 00354] I n certain enbodi nents eCTasape0sEs2 of
Formula (XXXI), (XXXI1), (XXXIT1), (XXXIV), (XXXV), or (XXXVI), R5 is
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wherein:

Z has the structure of:
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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,
WO 2012/166560 PCT/US2012/039472

Rsis H, CO,H, C;-Cealkyl, or thiazole;
Rgis 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, Ly, L,, Ls, and L, are each linkers selected from the group consisting of a bond, —alkylene—, —
alkylene—C(O)-, —(alkylene—0O),—alkylene—, —(alkylene—O),—alkylene—C(O)-, —(alkylene—
0),—(CH,),~NHC(0)—~(CH,),—C(Me),—S—S—(CH,),»~—NHC(O)—(alkylene—O),~—alkylene—, —
(alkylene—0O),—alkylene—W-, —alkylene—C(O)-W—, —(alkylene—O),—alkylene—J—, —alkylene'—
J—(alkylene—0O),—alkylene—, —(alkylene—O),—alkylene—J—alkylene', —J—(alkylene—-O),—
alkylene—, —(alkylene—O),—alkylene—J—(alkylene—0O),—alkylene-J'-, —~-W—, —alkylene—W-,
alkylene'-J— (alkylene-NMe),—alkylene—W—, and J- (alkylene-NMe),—alkylene—W-, —
(alkylene-O),—alkylene—U-alkylene—C(O)-, —(alkylene-O),—alkylene—U—-alkylene—; —J—
alkylene—NMe-alkylene'-NMe—-alkylene"-W-, and —alkylene—J—alkylene'-NMe—alkylene"-
NMe-alkylene™-W—;

W has the structure of:

Juwﬂﬁf*f

U has the structure of:

CO,H

Ay

cach J and J' independently have the structure of:

Ej\”}& ;?S\N/ﬁ\o/‘z& or j\”ﬁ\‘j

each n and n' are independently integers greater than or equal to one; and
cach Ry¢ is independently selected from the group consisting of hydrogen, halogen, alkyl, NO,,

CN, and substituted alkyl.
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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,
WO 2012/166560 PCT/US2012/039472

Such alkylated non-natural amino acid linked dolastatin derivatives 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.

[00328] In certain embodiments of compounds of Formula (XXV), (XXVI), (XXVII), (XXVIII), (XXIX),
or (XXX), Rs is thiazole or carboxylic acid. In certain embodiments of compounds of Formula (XXV),
(XXVD, (XXVID), (XXVIII), (XXIX), or (XXX), Re is H. In certain embodiments of compounds of
Formula (XXV), (XXVI), (XXVII), (XXVIII), (XXIX), or (XXX), Ar is phenyl. In certain embodiments
of compounds of Formula (XXV), (XXVI), (XXVII), (XXVII]), (XXIX), or (XXX), R7 is methyl. In
certain embodiments of compounds of Formula (XXV), (XXVI), (XXVII), (XX VIII), (XXIX), or (XXX),
n is an integer from 0 to 20. In certain embodiments of compounds of Formula (XXV), (XXVI),
(XXVID), (XXVIID, (XXIX), or (XXX), n is an integer from 0 to 10. In certain embodiments of
compounds of Formula (XXV), (XXVI), (XXVII), (XXVIID), (XXIX), or (XXX)or (XXIV), n is an
integer from 0 to 5.

[00329] In certain embodiments of compounds of Formula (XXV), (XXVI), (XXVII), (XXVIII), (XXIX),
or (XXX), Rs is thiazole or carboxylic acid. In certain embodiments of compounds of Formula (XXV),
(XXVD), (XXVII), (XXVII), (XXIX), or (XXX), Rs is hydrogen. In certain embodiments of compounds
of Formula (XXV), (XXVI), (XXVII), (XXVIII), (XXIX), or (XXX), Rs is methyl, ethyl, propyl, iso-
propyl, butyl, iso-butyl, sec-butyl, tert-butyl, pentyl, or hexyl. In certain embodiments of compounds of
Formula ((XXV), (XXVI), (XXVII), (XXVII), (XXIX), or (XXX), Rs is -NH—(alkylene-O),—~NH,,
wherein alkylene 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 Formula (XXV), (XXVI), (XXVII), (XXVIII), (XXIX), or (XXX), alkylene is
methylene, ethylene, propylene, butylenes, pentylene, hexylene, or heptylene.

[00330] In certain embodiments of compounds of Formula (XXV), (XXVI), (XXVII), (XX VIII), (XXIX),
or (XXX), Rs is -NH—(alkylene—O),—NH,, whereinn 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.

[00331] In certain embodiments of compounds of Formula (XXV), (XXVI), (XXVII), (XXVIII), (XXIX),
or (XXX), Re¢ is H. In some embodiments of compounds of Formula (XXV), (XXVI), (XXVID),
(XXVID), (XXIX), or (XXX), Re is hydroxy.

[00332] In certain embodiments of compounds of Formula (XXV), (XXVI), (XXVII), (XXVIII), (XXIX),
or (XXX), Ar is phenyl.
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87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100.

WO 2012/166560 PCT/US2012/039472

[00333] In certain embodiments of compounds of Formula (XXV), (XXVI), (XXVII), (XX VIII), (XXIX),
or (XXX), R; is methyl, ethyl, propyl, iso-propyl, butyl, sec-butyl iso-butyl, tert-butyl, pentyl, or hexyl.
In certain embodiments of compounds of Formula (XXV), (XXVI), (XXVII), (XXVII), (XXIX), or
(XXX), Ry is hydrogen.

[00334] In certain embodiments of compounds of Formula (XXV), (XXVI), (XXVII), (XXVIII), (XXIX),
or (XXX), each L, L, L,, L3, and L, is independently a cleavable linker or non-cleavable linker. In
certain embodiments of compounds of Formula (XXV), (XXVI), (XXVII), (XX VIII), (XXIX), or (XXX),
each L, L;, Ly, L3, and L, is independently a oligo(ethylene glycol) derivatized linker.

[00335] In certain embodiments of compounds of Formula (XXV), (XXVI), (XXVII), (XXVIII), (XXIX),
or (XXX), each alkylene, alkylene', alkylene", and alkylene'" independently is —-CH,—, —CH,CH,—, —

CH,CH,CH>—, —CH,CH,CH,CHo—, —CH,CH,CH,CH,CHo—, —CH,CH,CH,CH,CH,CH,-, -
CH,CH,CH,CH,CH,CH,;CH»—, —CH»CH,CH,CH,CH,CH,CH,CHo—, -
CH,CH,CH,CH,CH,CH,CH,CH,CHo—, —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 (XIX), (XX), (XXI), (XXII), (XXIII) or (XXIV),
alkylene is methylene, ethylene, propylene, butylenes, pentylene, hexylene, or heptylene.

[00336] In certain embodiments of compounds of Formula (XXV), (XXVI), (XXVII), (XXVIII), (XXIX),
or (XXX), each n, n', n", n", and n™ independently is 0, 1,2, 3,4, 5,6, 7, &, 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.

[00337] In certain embodiments of compounds of Formula (XXV), (XXVI), (XXVII), (XXVIII), (XXIX),
or (XXX), R; is a polypeptide. In certain embodiments of compounds of Formula (XXV), (XXVI),
(XXVID), (XXVIII), (XXIX), or (XXX), R, is a polypeptide. In certain embodiments of compounds of
Formula (XXV), (XXVI), (XXVII), (XXVII), (XXIX), or (XXX), the polypeptide is an antibody. In
certain embodiments of compounds of Formula (XXV), (XXVI), (XXVII), (XXVII), (XXIX), or (XXX),
the antibody is herceptin.

[00338] Compounds of Formula (XXV), (XXVI), (XXVII), (XXVIII), (XXIX), or (XXX) may be
formed by the reductive alkylation of aromatic amine compounds with carbonyl containing reagents such
as, by way of example, ketones, esters, thioesters, and aldehydes.

[00339] In some embodiments, the masked amine moicties of non-natural amino acids contained in
polypeptides are initially reduced to give non-natural amino acids containing aromatic amine moieties
incorporated into non-natural amino acid polypeptides. Such aromatic amine moieties are then reductive
alkylated with carbonyl-containing reagents described above to give polypeptides containing non-natural
amino acids of Formula (XXV), (XXVI), (XXVII), (XXVII), (XXIX), or (XXX). Such reactions may
also be applied to non-natural amino acids incorporated into synthetic polymers, polysaccharides, or
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For mul XXXII) (XXXLTT), (XXXIV), (XXXV), or (XXXVl), each L, LI,
L2, LS%Z%@(M? "i ndependently a oligo(ethylene glycol) derivatized
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CH2CH2 CHZ CH2 CH2-, - CH2 CH2CH2
G202 CPECTD RO B B 00D - VB G D 20 SO By B o el amino
CH2 CH2 G CviGHEHR Glrizhatie Gri2hdHaGIkes, SOh reactions may also be apph.ed to non—natural amino
ST e R O
al kyl eneactisnsietytvg lapgid t(ﬁidﬂ}ih@ﬁﬁ)rat@]‘@)ﬁyﬁﬁfbﬂi amidd hylﬂse B@Svay peadayipeRaly, faxytivene,
O g TR0 LA CELLLR A0Sl el p, Gl ST, OLaE LAy
n'", andciis, bpdepestdannply onk, @letih’,l c?a,no@qrolﬂydn&c (MuBCNH;8,In9ddifiOn, otber rddicing 3,
14, 15, agg'n6té mgf}/? be &s%d for reductive alkylation including, but not limited to, TCEP, Na,S, Na,S,0,4, LiAlH,,
B,Hg, and NaBH,.
C. Chemical Synthesis of Non-Natural Amino Acid Linked Dolastatin Derivatives:
Heteroaryl-Containing Linked Dolastatin Derivatives
[00341] 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
dolastatin linked derivative, that is, such embodiments are non-natural amino acid linked dolastatin
derivatives. In further or additional embodiments, the non-natural amino acids are functionalized on their
sidechains such that their reaction with a derivatizing molecule generates a linkage, including a
heterocyclic-based linkage, including a nitrogen-containing heterocycle, and/or an aldol-based linkage. In
further or additional embodiments are non-natural amino acid polypeptides that can react with a
derivatizing dolastatin linker to generate a non-natural amino acid linked dolastatin derivatives containing
a linkage, including a heterocyclic-based linkage, including a nitrogen-containing heterocycle, and/or an

aldol-based linkage. In further or additional embodiments, the non-natural amino acids are selected from
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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).

[00342] 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.

[00343] 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
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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.

[00344] 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
functionality. In further or additional embodiments, the aldehyde-substituted molecules are aldehyde-
substituted polyethylene glycol (PEG) molecules. 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 carbonyl-substituted molecules. In a further
embodiment, the sidechain of the non-natural amino acid comprises a moiety (e.g., diamine group) that
reacts selectively with the dicarbonyl-containing molecule; in a further embodiment, the nucleophilic
moiety on the sidechain of the non-natural amino acid can undergo electrophilic attack to generate a
heterocyclic-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
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acid polypeptides. Further embodiments include any further modifications of the already modified non-
natural amino acid polypeptides.

[00345] In one aspect are methods to derivatize proteins via the reaction of carbonyl and
hydrazine reactants to generate a heterocycle-derivatized protein, including a nitrogen-containing
heterocycle-derivatized dolastatin. Included within this aspect are methods for the derivatization of
dolastatin linker derivatives based upon the condensation of carbonyl- and hydrazine-containing reactants
to generate a heterocycle-derivatized dolastatin, including a nitrogen-containing heterocycle-derivatized
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.

[00346] 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.

[00347] 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.

[00348] 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-
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.
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structure of a particular polypeptide woth its associ ated receptor, |igand
or binding proteins. 1003691A wi de variety of non-natural am no acids can
be substituted for, or incorporated into, a given position in a

pol ypeptide. By way of exanple, a particular non-natural am no acid may be
selected for |ncorporat|on based on an exantnatlon of the three dlnen5|onal



when designing and sel ecti ng non-natural am no acids, including but not
limted to, for incorporation into a protein. For exanple, the high charge
density oVoasmmienisoaci ds suggests that these conpounds &ca/useéiziosddy2to be
cell perneable. Natural ami no acids are taken up into the eukaryotic cell
via a collection of pratein-based transport systens. A rapid screen can be

done which a % whot ommgatUuryl mén no agids, if any, are taken up by
cells (examp es)l5 H& heelin i INuktr teHno limting exanples of tests
whi ch can be #one]on:nory najur am o dri ds). I'}ﬁ”ele, e.g., the toxicity

assays in, e.®y, @%ﬂ $Ae Paverty PubDMeaal e@o 004/ 198637 entitled
"Protein Arrays," ich®is herein |ncorpd°frat by Yeference inits
entirety, and Liu, D.R & Schultz, P.G (1999) Prodress towdyds trhe

evol ution \pf_ afeOr gank expanded genetic ¢o éTDﬁ\‘bA "\t\eg St at es
96: 4780-4785.] Aliyho gh \thMRe isfeastly a fth varioffe _Aassays, an
al ter natM@e\* \ cids that are anm@nalie to

cel lul ar ak p&t hvva Vi i

amino aci d57l NWevo voMe'f%O% ypi CQMF)PN qnoninatural anino aci dxpKeduced

bi osynthesi s, /including but not limted
Ot Ht O uchadegree as to affect the
N ust cel lul ar resources.

to, a natural cthI
concent rM¢i
Typi cal corggen ray\on R Vbl S nmer ‘are about 10 nmMto about
0.05 mM | X’ BiMsynMeesi s of Non- £ uma ARy no Aci ds [ 00380] VMany

bi osynt heti c pathways already exist in cells for the production of anmino
aci ds and"B#'R&r conmpounds. Wile a biosynthetic nethod for a particul ar
non- nat ur al 2R BesGcFRY not exist in nature, including but not Iimted

to, in a cell, the nethods and conpositions described herein provide such
met hods. For exanpte, biosynthetic pathways for non-natural am no acids can
be generated i g cell by addi ng new enzynes or nodifying existing host

cel |l pathways. Addi ti'onal new enzynmes include naturally occurring enzymnes
or artificially €%olved enzynes. For exanple, the biosynthesis of

pam nophenyl al anjsne A28, PLESRYE 6Ghiasbi@n exanpl e in WO 2002/ 085923 entitl ed
"I'n vivo incorporation of unnatural amino acids") relies on the addition of
a conbi nation ﬁlSIQ%W»enzyrres from ot her organi snms. The genes for these
enzymes can beak Rtphadueedriimt,o a eukaryotic cell by transformng the cell
with a plasnid conprising the genes. The genes, when expressed in the cell,
provi de an ey el AR RGPS EEPUR Tt @5 leask oncrgnippaasid BRIYRaBHIso BTRPIYIE SRR e s
of the types,qf oOBNGYRRSploledngdi&ipOmRtih, camtdmn@edﬁe@a@d %ol@ﬁ%‘guéﬂ%ﬁ dafuBledtide;
Addi ti onal enzynes sequences are found, for exanple, lI)<

Artificial | yRedvidihplogene foxrralkylconiubsdtuigddeteraheh a cell in the same manner.
I'n this manners cLOgIGEh!iREenmachi nery and resources of a cell are
mani pul ated to produce non-natural am no acids. [00381] A variety of nethods

are avai | ablle L-dr lor e pisgacidinkers sfioaadedtont the sigumcqnsistiized o ket r#kylgpsr may s

or for evolutigR 1elte_ee@)suanglea@IJh\A@at@lenEQb) %@meﬁy—(aﬂl@%ﬂéﬁ))mlk lene—C(O)—, —
reconbi nati on, |ncI uding but not |limted to, as devel o(%gﬁ) b%HG Xy en Inc

(avai | abl e on {HIRETD I wi ke Qb Tnath sy ey lensmy) Qs

devel op novel e SSa0e, RANRRY S (a —(®), Jalk 1§teenlrﬁlt< 164284 alk LW— -
evol ution of a mt[%l)%rgl nﬁ( 012/ 16% 6 C:cl'/(%SZ(%lZ/ 039472y in 3|%r}§&9 DNA
shuffling, Nat#kgens7§z)—ggelkgorc—Ounglyigicatmetlylrob#y! .‘/tmowyfytqn?ﬁg by
random f r agment.atyi@e-@ndi eaesedmghaﬁ lJn 1he 0)eayRhfat (a@R1cho0) MRIkperd-ar
evol ution, Pr OE) yllNat I@ é(gd Sci 1 . 1:10 47&?3751 Gas?r% I ar) 7

Desi gnPat hTM &é%@(lﬁﬁe@n ?k@ﬁehooWT a‘t)Ié}ilTn&bWe’ drrlenRel WXI@GVWM@HW@HI%‘F_
genencor. con) ins, Omdﬂgi'l@llslwl\/[bbs%ﬂ(yie@é wr-eL@dll%héne @alallléﬁﬁ)ieﬂ!’lglkﬁlﬁﬁ@d(@)— -

i ncl udi ng but not |imt o, neer hway to create a non-natural

amino acid in é‘rlﬂeféan—O)Tnl@lefl%—&ﬁﬁlés?ls&y T eeltsﬂslter NMesaUéxt?@rNP(& P Fray’s -iRd

host organl SNB Mﬁ-ﬁﬂg ﬁamggﬁywé_gmy@ﬁevvwe%@% miyacl udi ng but not limted
to those identified thr oufgh functional genom cs, nolecul ar evolution and

desi gn. Di veVdas Eppisiug 9fon (available on the world wide web at

di versa.con al so provides technology for rapidly screening libraries of
genes and gene pat hways, including but not limted to, to create new

pat hways for biosynthetically produci ng non-natural am no aci ds.

[ 00382] Typi cal ly, the non-natural am ngeaci d produced with an engi neered
bi osynt hetic pathway as described herein is produced in a concentration

sufficient for efficient protein biosynthesis, including but not limted
to, a natural cellular anmount, but not to such a degree as to affect the
concentratlon of the other antno aC|ds or exhaust ceIIuIar resources.

. 1. . AN R AR



Esters al kyl halides carboxylic acids Thioethers al kyl halides Thiols

Et hers al kyl halides al cohol s/ phenols Thi oethers al kyl sul fonates Thiols
Est er s alw9l20suiébssnat es car boxyli ¢ acids Ethers al kyl swCirarsatie®39472

al cohol s/ phenol s Esters Anhydri des al cohol s/ phenol s Car boxam des Anhydri des
am nes/ ani |l i nes Thi ophenols aryl halides Thi(g)l s Aryl am nes

Juwﬂﬁf*f

U has the structure of:

CO,H

Ay

each J and J' independently have the structure of:

Ej\”}& ;?S\N/ﬁ\o/‘z& or j\”ﬁ\‘j

each n and n' are independently integers greater than or equal to one;
D has the structure of:

R4z

g

R17\r/N .

71
“{M“fN\ef
R17/T3 ’
N
H H \
OOk 0 H 0 A
_ RIS o _ N N, 2
HOL T H L R VA
H ’ H ’ H ’ (Rigg

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”),, -(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,
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aryl halides Am nes Thi oethers Azindines Thiols Boronate esters Boronates
A ycol s Carboxam des carboxylic acids am nes/anilines Esters carboxylic
aci ds Al cwbabe/teynazi nes Hydrazi des carboxylic aci ds Nragyuseeiem340r
Anhydri des carbodii m des carboxylic acids Esters di azoal kanes carboxylic

acids Thioethers all%a,o sulbsc‘gl?lﬁed-rarl]’ylotlle%er(-)l;l%lo%karﬁrssubsl“]uatilltgcfi qk ,rglracli]%?l, or substituted

aralkyl;

each Z; is a bond, CR7R 7, O, S, NR’, CR|-R7-CR 7R 7, CR7R17-0, O-CR-R7, CR{7R7-S,
S-CR;7R 7, CR17R17-NR”, or NR’-CR7Ry7;
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 Zs; 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 W ® ® o
‘ " P T | |
e C\_ é(b) AN C\_E ®) /c=c\—§ ®) /c\—o—s ® S S_é (b
Myis @2 R , ©d %k , ©% R w% % , % ’
() ®) ()
(®) R R
anS R T L ’ J‘r{ /- b
c—c/—é © /c_c—é ®) O—C—E (b S—C—é (b)
R3/ | e
[¥a ¥, Vo) [FaV Vol
@, @ , @ , Of @ , where (a) indicates

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

heterocycle group;

()
®) o (®) o NS
Lo Tl Ty TR
LT3 (b) (b) C—s— (b)
Ms; is (a)L% (a)g?/ \4 (a)ié/ (af{ or . JJ\(ra) ,

where (a) indicates bonding to the B group and (b) indicates bondlng to respective

positions within the heterocycle group;

(b) (b) o ® ®
‘AlN‘ m R—(L—C:é () | —3 | =)
/ é(b) /C_(% 3 ®) 3 llz }Js 0 C}; (b) S c}ﬁ
M, is W% <a>%> Re R T@ @ | or @

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

positions within the heterocycle group;
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Thiols Amotriazi nes hal otri azi nes am nes/anilines Triazinyl ethers

hal otri azi nes al cohol s/ phenols Am dines imdo esters am nes/anilines Ureas
| socyanatwe 2arevmwebani | i nes Uret hanes | socyanat es al coh@eC3/Ushenobst72

Thi our eas i sot hi ocyanates am nes/anilines Thi oethers Ml ei m des Thi ol s

Zhgzﬁgi tse est egasch E){hﬁSS ngeopreggl ngy se?é%teﬁ\lfr%%ht é gro% c0¥151s (?rltgr(]) rC? C? Lt]l(}/l C- 6' allllgo(?gf,
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
each Ry¢ is independently selected from the group consisting of hydrogen, halogen, alkyl, NO,,
CN, and substituted alkyl.
[00351] In some embodiments, the compound of Formula (XXXI) include compounds having the

structure of Formula (XXXI—A):

[ ey ﬁ%% N

Rs A R7 O ~ Me OMeO

Ry Rp
[00352] In certain embodiments of compounds of Formula (XXXI), (XXXII), (XXXII), (XXXIV),
(XXXV), or (XXXVI), Rs is thiazole or carboxylic acid. In certain embodiments of compounds of
Formula (XXXT), (XXXII), (XXXIII), (XXXIV), (XXXV), or (XXXVI), R¢ is H. In certain embodiments
of compounds of Formula (XXX1I), (XXXII), (XXXIII), (XXXIV), (XXXV), or (XXXVI), Ar is phenyl.
In certain embodiments of compounds of Formula (XXXTI), (XXXII), (XXXIII), (XXXIV), (XXXV), or
(XXXVI), R; is methyl. In certain embodiments of compounds of Formula (XXXI), (XXXII), (XXXIII),
(XXXIV), (XXXV), or (XXXVI), nis an integer from 0 to 20. In certain embodiments of compounds of
Formula (XXXI), (XXXII), (XXXIII), (XXXIV), (XXXV), or (XXXVI), n is an integer from 0 to 10. In
certain embodiments of compounds of Formula (XXXI), (XXXII), (XXXII), (XXXIV), (XXXV), or
(XXXVID), nis an integer from 0 to 5.
[00353] In certain embodiments of compounds of Formula (XXXI), (XXXII), (XXXIII), (XXXIV),
(XXXV), or (XXXVI), Rs is thiazole or carboxylic acid. In certain embodiments of compounds of
Formula (XXXI), (XXXII), (XXXIII), (XXXIV), (XXXV), or (XXXVI), Rs is hydrogen. In certain
embodiments of compounds of Formula (XXXI), (XXXII), (XXXIII), (XXXIV), (XXXV), or (XXXVI),
Rs is methyl, ethyl, propyl, iso-propyl, butyl, iso-butyl, sec-butyl, tert-butyl, pentyl, or hexyl. In certain
embodiments of compounds of Formula (XXXI), (XXXII), (XXXIII), (XXXIV), (XXXV), or (XXXVI),
Rs is -NH—(alkylene-0),—NH,, wherein alkylene 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 Formula (XXXI),
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Al kyl am nes sulfonate esters am nes/anilines Thioethers sul fonate esters
Thiols Esters sulfonate esters carboxylic acids Ethers sul fonate esters

Al cohol s wol2hrimndedes sul fonyl hal i des am nes/ anilines Sairfusp@E2e3wsgt er s
sul fonyl halides phenol s/al cohols [00384]1n general, carbon el ectrophiles

B O AN R Tt A b ML S R T M

YN P Bai r to
t he cartagiened, @erﬁyla&hhdxgalenmoﬂlﬁe@@zﬂenéo for m a new bond between the nucl eophile

o, LSRG S eSS LIPSy 09302 beocli T e BRI S50, SRERRD
al kynyl(X@X\gncar(ﬁxxangamlm{ammlene;@)@mzl whereiahkyd, -1, 2,3l kenyl7, §, saryli4, and
o L R SROELE IO STATIEIES b BN e P B0 g
nucl eophi 4293 hayss, the7ayentage, f sheums, ki, 9etscsl, by, 63t @bbx 6i.r65y6d, 67, 68f
D DB e S AL S FESTNERs SbBEEP R, i OB o
nucl eoptti &£ 99, vaven.t he advant age of bei ng relatively easy to generate from
Chom stPySstS P O sl pEsaudpeer Dt 03607 s RieF BRI SR Useo
I N conjMIXaV)odt (WKIXIVIG & Ban Ialsead énfdina@s, ofe@gﬁmd@rofmemmm)oq) ¢EKDON bonds
ot SO R DR PSR E S R e T or coupl i ng Lo carbon
eIgctrquEbHﬁcMﬂ@iaﬂ@dhuhwafanmmmmhmﬂFmﬁﬂmuaxpn)nnxxngmﬁxxg@pnd@xmoanines,
(hi ol o g srd tlaginer s, alconole, alkoxides leriges, T L
conj unqoesn) Micértruircaitddimedls &€ tangplihds@$ Forinypi (aiXTy (gEREY, aKEXNet eooatym
|k agee e K kISR ol 3. DS EORL0M odieldbgio DL, Rl T Led
Exarrpl &eiltyl, Sylekhle $h scrafn e@OBROINE oflcompounds of Formula (XXXI), (XXXII), (XXXIII),
(XXXIV), (XXXV), or (XXXVI), R is hydrogen.
[00358] In certain embodiments of compounds of Formula (XXXI), (XXXID), (XXXIII), (XXXIV),
(XXXV), or (XXXVI), each L, Ly, L,, Ls, and L, is independently a cleavable linker or non-cleavable
linker. In certain embodiments of compounds of Formula (XXXI), (XXXII), (XXXIII), (XXXIV),
(XXXV), or (XXXVI), each L, L;, Lo, L3, and L, is independently a oligo(ethylene glycol) derivatized
linker.
[00359]In certain embodiments of compounds of Formula (XXXI), (XXXID), (XXXII), (XXXIV),
(XXXV), or (XXXVI), each alkylene, alkylene', alkylene”, and 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 (XXXI), (XXXII), (XXXIII), (XXXIV), (XXXV), or

(XXXV]), alkylene is methylene, ethylene, propylene, butylenes, pentylene, hexylene, or heptylene.
[00360] In certain embodiments of compounds of Formula (XXXI), (XXXII), (XXXIII), (XXXIV),
(XXXV), or (XXXVI), eachn, n', n", n'", and 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.
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Schenme 1 [00387] Conpound 1-3: Tetra (ethylene glycol ) 1-1 (10g, 51 5nmol),
N- hydr oxyphthalimde 1-2 ( 8.4g, 51.15mvl) and tri phenyl phosphine ( 17.6g,
67mmol ) weoeotiwssewbved in 300 nL of tetrahydrofuran fol Poma$2dg/oaddtti on of
DIAD (12.8 L, 61.78 nmol) at OC. The resulting solution was stirred at

noe pur DR iR o et et f ay b e ok el Bt e &8

1- 315[ QQXS@])C&IIMW) R 45 a palysepadd. llhlc@[imnof:ml ANt J?Jﬁgoﬁnaﬁgﬂ@rmﬁlaﬁﬁxmj )

i > el OB R xS SN b ormehP 40 1 B e s et E 4 at

s & B D ur e

O vanitmnthady b ieRapahpanens af ik B rO T RS Ry o,

bi car bagratey), d)f(}éﬁe{,\/lplrheadubwﬁrs nseeptlam sul fate, filtered and concentrated in
. ue was. puri

Mt 1) Bl T S e e e v e i RS b S s X

nononetteybeiaddastiad tadudiiye ﬁﬂl?lbﬁ(ﬁf ofdeorBaictanidindc dnPO s Vﬁth&ﬁﬂ)offﬂﬂioﬁtainﬁlg dgerf

DMF was ahgld d co[q;ound 1-4 701AL of acetic acid,

fol | owed® SIS, ket ’oqs fsgotg‘ ﬁ?rﬁ’)f%%)%%’ryg?fydri de. The resulting
m Xt ur g00%%3] Bicifsriratdoradf sadhioambtuta@ @b adidl h@erb&fcleinkedidBastalii derivaaeds ih@ﬁng the

Conpounttais o ket JR5E AR GV TR o xRk DG st 1.
Conpouniitked 6t0,( 6i)) e ctiBns0 ba)neviastaiding Sadnvieeiral Nnadinerlacidf  via- dlcarBafiyl byrilsining ne
o 2l DR AT ob Rettlon B SRR AR b o g et TR R i
Eégf; i QjﬁntﬁiniﬂgLﬂ’ol\ﬁ}lithl“’S liped | detiegivBy (ibiRkdctit cgl_ dv%rbﬁtﬁyﬁg@ntéﬁﬁ&?noﬁhatgﬁm@glﬂﬁgg% E/EI
| 00301 et s snia e et iy TR el el e ROy raomggme hon
descr i hatrdl ammvaoid it ketbniGESIntaimthg ddlGetih MHxQeld] deri@iliSed] Nﬁ)—ﬂeacquf ketoalkyne-
00562 R BB B AC BT Ay PR T fT Ry AR TR RS Sheiariane 1.

M5 ( ESlof kefbamidd Sorftditi2dhon-1Rdal faMirtd|acidEwarpicarbdiyl-Syrdikiegi.s of Conpound 4
[ 00393]

ea i R L RS R O BN S I T T T
m  of IIfEHé folldvéng £REdriga Firstx ih@ev@slegd cordetsatidn Wiﬂodfd:atrlﬁﬂipﬁct’oafaﬁﬁ@ dopouhdslay s
Dl EA TR PR OR N Rl e b Lt B Shb STty berbrabt QU0 8 bif o Vg
react i aithefeidbadir@enitwia aqmnfaﬁgttdfalbcﬁlds It(ﬂabbaIC&l(ih @hdl casbdimeiteth apH hmget dabout 4 to
oot 2t ey MRS BRSPS o BYG0 5P U UL SR o
chr omatabguitalp biyd inQ/eganoehed erbifodimaik a@ﬂr@fmbﬁd 8412 geneMd heterocycle, including a nitrogen-
2012/ 16(:%?‘[9915%6‘[%%%}90 62 /hgl:?aglels7 %ng rqgese condltlons the sidechains of the naturally occurring amino
acids are unreactive. Second, such selective chemistry makes possible the site-specific derivatization of
recombinant proteins: derivatized proteins can now be prepared as defined homogeneous products. Third,
the mild conditions needed to effect the reaction of the diamines described herein with the dicarbonyl-
containing polypeptides described herein 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 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 reaction occurs readily even when the ratio of polypeptide or amino acid
to reagent is stoichiometric, near stoichiometric, or stoichiometric-like, so that it is unnecessary to add
excess reagent or polypeptide to obtain a useful amount of reaction product. Seventh, the resulting

heterocycle can be produced regioselectively and/or regiospecifically, depending upon the design of the
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H2N. ", ..11-...0rk 1. HO.--Br HCI 12. Boc20 ...."1, 4-1 TOC 01 HON 1) (VI S
4-2 Boc Oi NO..... ,...,NssA, 0"S"" A 4-3 ./\ [ 00394] Conpound 4- 3:
To a sol wopan2afeeswonpound 4-2 (500 ng, 1.58 mmol), N hyacospéieadsrm de
(261 mg, 1.6 mmol) and triphenyl phosphine (538 ng, 2.05 mml) in 15 nL THF
was added .DI AD (394 pL, 1.9 |) at at. OC. The resulting solutijo S

St 1 redtating dbt e isrcing obUer e G Tl s Enrb At R S A The
r esi dueoiamingundlédurel geratds astaroc pdle) i heiieomEitrogh aphtyining hgiekoeydle, GiBkgeOhich
conmpound 4-3. [.00395]. und 4-4: Conpound 4-3 was dissolved in 15 nL 4N
HQO' Di oféen%?‘b?gl‘l{%erﬂ)éiﬁilﬁ%g? "WPure was stirred at roomtenperature for 2 days

and concenkx at escdeivn YRk atilrdRarkifs nElihein\NoRustiiirs BrlleM 8ékivaitveVF and tr eat ed
The reaction

with Bac20. (230 pl, 1 ml) .and . Di 352 pl. 2 ol ). i
s st GRS AE i e b Gne dpocs bR R s Ind T Ron AL et s g U ©
puri fi eghifyackSlifto b dolgétmen 1RE degvaifyve ARG tidek ¥bnhaturd@mino acids may be incorporated

2012/ 166560PCT/ US2012/ 039472 [00396] Compound. 4-5:. .To sol uti on of .comound
e ar B BT PR TG RO 4o hTdba Ay ey L o Mgt S e RS

N- et hycane pdeticidiie by Hiukingeaohdenative xdutist@utioss, Sintlndiggl bat notobmitéde o suistititiag f or
4 hours. .The . .reaction.m xture is concentrated |n vacuo.and extracted w.th
ot ol SabBR o Rl B e SR b b A RO B RS 4tk b
washed nohinbrufal bn@surslbulkg amit@racislQdiytiaplsilid drihe acddtweionmentura e ahtiral hydeyhilic The

{ rezla_? ggmiﬁ?o[ %llj%ég)%gggr{ugé t ?S Q@glgago &Ej}%&ragfdgf\l/ a lo-ggtleonrt ast lflsl l’ltOIt lréguilgea r}B’%lélt?\gty! S

[00366] A variety of biochemical and structural approaches can be employed to select the desired sites for

substitution with a non-natural amino acid within the dolastatin linker derivative. In some embodiments,
the non-natural amino acid is linked at the C-terminus of the dolastatin derivative. In other embodiments,
the non-natural amino acid is linked at the N-terminus of the dolastatin derivative. Any position of the
dolastatin linker derivative is suitable for selection to incorporate a non-natural amino acid, and selection
may be based on rational design or by random selection for any or no particular desired purpose. Selection
of desired sites may be based on producing a non-natural amino acid polypeptide (which may be further
modified or remain unmodified) having any desired property or activity, including but not limited to a
receptor binding modulators, receptor activity modulators, modulators of binding to binder partners,
binding partner activity modulators, binding partner conformation modulators, dimer or multimer
formation, no change to activity or property compared to the native molecule, or manipulating any
physical or chemical property of the polypeptide such as solubility, aggregation, or stability.
Alternatively, the sites identified as critical to biological activity may also be good candidates for
substitution with a non-natural amino acid, again depending on the desired activity sought for the
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.

[00367] 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.resb.org), a
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[ 00397] 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. Wbeorzmeichon m xture i s concentrated in vacuo aoa/Uszeizase4erl with
ethyl acetate (100 nLX1, 50 nmL X2). The organic |ayer is conbined and
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Fasi dud et IR BRpRS fren B UR) AP HRG Ve PESmEUGE Al oo Sid

[ 00398]fuclvi auidsl (ﬁhe Zan 60000 ltmdleﬂhffi am$nodickiSgkieak thix chb barkubsditetiO¥ il dxaB@ral The
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is dil l{DMS}IExTeﬁplA@tﬁE‘s anﬁbomraﬁbneﬂbﬂnm Maﬁﬂo@biﬂ&mﬂtﬂﬁ]}ﬁiﬂﬁlﬂ nét [3nited to those
[ 00400] solved in
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and 58 Jlﬁdblpo@ftlohlbﬁmﬂ by hmapmmnef the thecerd@agiiond ciistet dfueunas apolypéeide adth ﬁt@om
tenperat ure reactian m x s concentrat.ed in vacuo and

S

ext r actSWCRicd ﬁgaé'éh'i‘??ep% 8?%?@’“’(%@@”%9&” ger?ﬂfe fonsﬁ*ﬁ%tw(? PYsHEOSayer was
conbi nqdo&aznﬁnmshelﬁbdmmh thy tdtRods dlescﬁded]g?eﬁaﬁnh Bl@lﬁddlﬂib(ﬁ‘pkbrﬁtaigﬁntamﬁb ma&ggg&t ed
n vacup.. The resi due ash c ra to ive
(oo oRaliE e B RRahu b buihuite catahegh BT ee B My et Greant s
f15 mé ﬁi&lakiﬁllﬂlmeaa@waﬂ%emlﬁambleane (fhomdurgebma lgqtﬂeﬂrt@d s@bnd p‘lﬁmntcerppszpqmué e
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| S0a04] BhBrAte SRRE TARbEE: dirdRRY fob Bt a6 S ation THT08 168 chnBir 1 n 5
mL of DBbfonbasciaddedpZbTetiain ehbddateniy; fl‘ETﬁW |reab‘t&|el ghdip 1§a114y®0x®fanidﬁ-lfhblayl anBB3of
N-rrethylno hol i ne. The rgac i on ' |rreda atl n‘%il{natu
for 4 rfSﬂi?r“Q CaqHve AR T RO ‘Erd‘r‘cér “&Odﬁ%e e’Fe Y &1 He \/‘3‘8’1%8 SR CHYIR g
wi th etdmpbdiaesd abhefisLoktint Xbup BG dztbo%ﬁ)or ditireorgil gdiehyCankdalyesecotid seacOVEirogds and
washed th brine, drie er sodi sulf d concent r.at ed
ol g D st ShefRAE e B g v e B PO R P e b0 pte T
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of _1IN Li OH. xture was stirred a

room t SROBY SCTPE: 113 P 41 il BatrEn i S CrTIEE e o MOES oY
2012/ 1666@8(96Téddﬁ§&051a1p08&417®yamddmbbﬁ5d ntyetyl NHGED wntoxéné ex@abdngd reattion oe¢u|ﬁsy|
oot 2 GRS Lt B S S MBS RO BORER BBl
6- 5 wasadditiss| svbdginitiong} NorHQE 1B X awighin Tihe Fodgeptiden tomakdir ethwwvashemical, 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,
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stirred at roomtenperature for 2 hours and concentrated in vacuo and
purified by HPLC to give 150ng of conpound 6-6. [00407] Conpound 6-7: To a
sol uti on wh 20mpeiend 6-6 (50ng, 0.062 mol) in |l of DRETWES301206%02
conpound 1-4 (63ng, 0.186nmol) and 701AL of acetic acid, followed by
additiqn of 8 ng of sodi um cyanobor.o ride. The resultin I Xt ur e was
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Exanpl &€ §MOIAF REDP BOIP&Shmound 9 Scheme 9 ,0.,,.,\N )

VII. HER?2 Gene as Exemplar

[00372] 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,
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
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[00375] 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.
[00376] 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.

[00377] 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.

149



0 11-8 NH2 NH2 DMF H2N  oOoN CF3COOH O 11 [00417] Conpound 11- 3:
To a solution of tetra (ethylene glycol) 11-1 (40.6 nL, 235 mmol) in 100 nL
of tetrahwonofumessowas added 47 ng of sodium 12 nL of wPremtushuybac? yl at e
was added after sodi um was di ssol ved. The reaction mxture was stirred at

room t enpey.at ure, for ‘fA{‘ ,9 e reactjon mixture was concentrated in
vacuo and @ngﬂé‘d“wp{’ 8. ﬁ‘f_”"b‘f’”rf HeL“The resi due was suspended in brine
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Concont PTG S A D0t BE e g by o e B Fonoration o
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.

[00379] 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

[00380] 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.

[00381] 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
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[ 00418] Conpound 11-5: Conpound 11-3 (1.0 g, 3.12 nmol),

N- hydr oxypht hal i m de 11-4 (611 ng, 3.744 mmol) and tri phenyl phosphi ne (1.23
g, 4.68 mwolpivmes®odi ssol ved in 20 nmL of tetrahydrof ur amCraisSbamsoany
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dissolved in 15 nL 4N HCO / Di oxane. The reaction m xture was stirred at room
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(799 of conmpound 12-4. [00425] Conmpound 12-5: To a solution of conpound

-4 (170nmg) in 10 nmL MeOH was added 5eq of 1N LiOH The reaction m xture
was stirred at roomtenperature for 2 hours. The reaction m xture was
acidified by 1INHC1 and extracted with ethyl acetate washed wth brine,
dried over sodiumsulfate and concentrated in vacuo to give 150 ng (90% of
conmpound 12-5. [00426] Conpound 12-6: Conpound 12-5 was di ssolved in 4N
HO D oxane. The reaction m xture

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
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was st

purified by HPLC to give 150ng of conpound 12-6.

irred at

roomtenperature for 2 hours and concentrated in vacuo and
[ 00427] Conpound 12-7: To a

sol uti on wh 20peiend 12-6 in DMF was added fornyl al dehy@#eT(iBeep/0and2 20 eq

of ace
The re
reacti

conpoup

2-(2-h
(1.8 ¢
100 nL
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HO di o
sol ven
washed

M5 (ES
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mL of

OC. Th
then c
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The reaction mxture was diluted with water and purified by HPLC to give

93mg (519 of conpound 13-9. Ms (ESI) nmlz 692 [ M+2H],
[ 00437] Conpound 13: The conpound 13-9 (&£0ng,

1382 [ MrH] .

nmL of DMF. 23 Il L of hydrazi ne was added. The resulting solution was

stirred at anbient tenperature for 3 hours.

IN hyd

A PN~

rochl ori de sol uti on.

P 1

1253.3 [ M+

0.036mmol ) was dissolved in 1

The reaction was quenched with
The reaction mxture was purified by HPLC to
gi ve 32ng (65% of Conmpound 13. M5 (ESI) mlz 638.5 [ MtNa+2H],

H



1 4NHC / Di oxane 100% 0 014-6 [ 00438] Conpound 14-3: To a sol ution of
tetra (ethylene glycol) 14-1 (40.6 nmL, 235 mmol) in 100 nlL of

t et r ahedrwbunenieoms added 47 ng of sodium 12 i of terPchatsydiamsoat e was
added after sodium was dissol ved. The reaction mxture was stirred at room

tenperature for 24 hours. The reac ture.was co centra C

and quaHERGE G ¢ U B od R s AP S eSO ARt PP BT

extractlﬁdvmthhcﬁbhyﬁuc&@@{ﬂahﬁdéaﬂﬂﬂ eftktXdphil®0 L X2). The organic | ayer was

conbi n with brine, .dried over sodium sulfate and concentrated

o vacdBpRPE oRoETEie St SRbOh RO GO (BrOUHeLE Hroon

Co rrpo u mlbé:&éptﬁes( 111c19(|1@)r1]1t e ri:at limieekd )to plﬁxlnahy dﬁ(Déeycﬁthrahhﬂl% degIk&hl@lla(eﬁ,éahd Iﬂl’Qoetlﬁ:rs? 44
and triphe p phine (1. 4.68 wer e di ssolved in 20

Tt r angeBt TR POsg by by ot o B AT b SRR oo o

The r esughjurhdtign Sdthudaiton ewaﬁo;ﬁﬁlesr t;@d:aﬂ;t gémerm hednpasa liukecoueKAl)g hhercind id hen

concentrated to. d]]u% e% E‘Z‘ si due was, urified by flash col um

chr onat SEFEPRT: 1S Bg’ Ff 105 SHCqRy PV EFy uFé’bﬁlmgeé‘I uting with 0-100% et hyl

acet at e/ hexanes, give 1.0 g (10099 of conpound 14-5. WD

2012/ 166560PCT/ U82012/ 039472 [00440] Conmpound 14-6: Conpound 14-5 was

di ssolved in 15 nL 4N HC /D oxane. The reaction m xture was stirred at room
tenperature for 2 hours and concent EXAMPILES vacuo to give 1.0 g of conpound

14-6. [00441] Conpound a so] ution of conpound 6 (1.93 g, 4.68 mmuol)
and N- hydrgé@'%'ﬂn@c#%?'ff%ﬁé“’(&%‘pﬂﬁ’d 5.616 nmmol) in 20 nL of tetrahedrofuran
was added 1.062 g (5.148 mol ) of DCScheklea reaction m xture was stirred at
roomtenperature overnight and filteredg. The filtration was concentrated

and purified bnyIash col unmm chr onmat ogpapHy usig |I|aSep Cartridge
(80g), el uting W¥hRd>tdb% et hytCtacetapebhexanes~N 0 Give 2. 3’/‘\0(}6%% of
conmpound 14-7. [00442] Cprrpound 14- 8——Compoun g was de according to

the literature (Bioconjugat Chem 20U®;PPh3 (4)5 855-869.) [00443] Conpound
14-9: To a solution of conpound 14-8 (200 ny, 0.527 mmol) in 2 nL of DWMF
was added 295 nyg (0.58 mmol) of cony d 14-7. The react|on m xture was

stirred at tl_prrpe re o enni ﬁh and concewtrated in vacuo. The
resi due vvas er ed, washe e herC~and-thhed i n
vacuo to gi vel 9 %oof ound 14-9. Corrpound 14-10: To a
sol ution of corrpound 14 95 (406 ny, N6.9527 mml) |s(p ni trophenol)

carbonate (481 ng, 1.58 mml) in 10 nL of | DMF Was added 0.186 ni(1.054
nmol ) of diisopropyl ethylam ne The reactijomasrost ure was stirred at room
tenperature for 5 urs. The solvent was yenoved in vacuo. The i due was

treated with ethe Qered, washed wit thedg Ci c ter,
ether and dried in UOA~L 0. giv e~35d)_ny

[ 00445] Conpound 14- Yo a solUtion of |50 o (

nmononet hyl dol ast atin hydr ochl oride, 87.2 ng {0; 093 mml ound 14-10
and 4.7 ng (0.031 mmol ) of HCBtlnlm_ fDIVFwas added22|| (0.124
nmol ) of diisopropyl ethylam ne The reactionNHitxture was stirred at room
tenperature for 16 hours. The reaction mxture was purified by LC to give
41mg (42% of compound 14-11. MS (ESI) /8% ound 14:
Conpound 14-11 (41 naN.P~026_mph). vas~gi @Lyiég 17 1L
(0.52mmol ) of anhydrous hydrazi ne was add :The r | ti tion was

stirred at roomtenperature for 1 hour. The “f €action was querNg@éd with 1IN
hydr ochl ori de solution. The reaction m xture was purified by preparative
HPLC, eluting with 20-70%CH3CN H20 in 20 min at 254 nm to give 22 ng (58%
of congoessd] 14CoMpodrSi-}: TWtiz (dBGedc\H2 ) 1-1\\D g2 01, 2hdo 556 AP« }YHRImid0 384 ( 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.

[00388] 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
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Exanpl e 15: Synthesis of Conpound 15 Schenme 15 [00447] Conpound 15-2: To a
solution of 50 ng (0.062 mvol) of nononet hyl dol astatin hydrochloride, 75 ng
(0. 093 nmeborfieenpound 13-7 and 4.7 ng (0.031 muol ) ofPCHOBRORM3Y 7ML of
DMF was added 22 II1L (0.124 nmol) of diisopropylethylanine The reaction

m Xture stirred at roomte ature for 16 h reaction

e o e b P s BEom P G RE i fis Dipec qedpsp fied’ &
[ M+2|(_j|] ,in 1?1315,d({f Miirhted E&ﬁlﬁ&ﬁi}:@(ﬁﬂa&lmlﬁb s tuZs wﬁ&ﬁﬁ)@zﬂﬂﬂ Tﬁ@(?]rgaarﬁcﬂlﬂtydﬁgf,aa Q’aﬁh&ﬁwﬂhﬂﬂ )
was di ssol ved in anhydr ous razin
eed ST et reoBie A ah dikd ok DB e S AR LR P S oo

The r e&esﬁdu@Nmﬂ@ﬁnfﬂad@&@lbﬂ&ommﬁlhhﬂoﬁﬂlah)gdﬂpﬁﬁhl gﬁ)\fel ldemg o5e) iodcompblied 1-@act i on

m xt ur purified aratlv HPLC i, t 20 70% H

20 - n P35 EpmognE 6EE B opesg apcmoeisidatis B pirosudr ety TR 5t "

[ ME2H] ,mnk30 {Mbﬂ DMFWRs 20ded/cbHp&md RAT (@ﬁgw%@[&%ﬁa&dﬁn@m@f ﬁ:eﬂcﬁacmﬁy(mokxeal S
of Conpound. 16 Schene 16 [00449] Conpound 16-3: To a solution of ethylene
gl ycol byeadditionzoty 8 ypg OisﬂS’dIHWoﬂjanP‘??@Ué“‘?ﬂ_ e Tewlting BYRUGE (Y ainstifeed 8 oftaiiens 7
ng of S@‘g[bdﬂa[ﬁ]re ¥ 2ieuRf Tﬁeaeatctlauﬁawt@@ wé @Iu@ed\/\ﬁﬁl wddedd pirifRd bs PBLUM VRS 60mg

di ssol ved. The reacti on m xture rred at roomtenperature for 24

hours. (e $f€qBpusA Lrfk %Sfﬁél)\%é%ﬂ%@ﬁlt’rlg%a‘/[ﬂﬁ] vacuo and quenched with 2
mL of LgN HCL. The residue was suspended in brine and extracted with ethyl
acetate (100 nLX1, 50 nL X2). The organic |ayer was conbi ned and washed
with NI&3IL, CompoyndrbiCmsBsbbcIsd@Iprodgys lissyedan 1drk etPMFer? $bdf um
sul f at %yalaﬁn& %§ @d@l%di @ qleshmng eaﬁk%n Jé@ %tlfr@cﬁatQ%le%@mpMaﬂuw 181 BYurf TRSRaGigh UMM
chr omat ogr ap K give 5.2 g (24% o onpound - 004%0% npound 16-5:
Conpourfes fBemghg ZV@ LN hnbocglorf%wuﬂomﬂw?a@sewmxm W?ﬁ eifiedbyBPLC t015ves3 g | )
and triphenylc ﬁéﬂﬁhmﬂsgﬁsﬁﬁmﬂmz%ﬁﬁ§ﬁj ?Q+Npre di ssolved in 50 nL of
tetrahydrofuran f ol addition of DIAD (3.26 nL, 15.75 mol) at OC.
The rediNatipleg: §mtﬁ{si’sd’ﬁ%80‘§t‘”r red at roomtenperature overnight, and then
concentrated to dryness. The residuegwasgpurified by flash colum

chromat ography to gi ve conpound 16-5. [0Q0451] Conpound 16-6: Conpound 16-5
was di ssolved in 15 nL 4N HCO /D oxane. eHreacpion m xture was stirred at
room tenperature for Z«hguus\gag,ggnc ted y2oudot o Y veHcompound
16-6. [00452] Conpound 16-77 Jp a s I -- gnd 1656 (5.16 nmol ) and
N- hydroxysuccinimde (722 ng, 6.7 nnDI) |n 20 of tetrahedrofuran was
added 1.28 g (6.2 mml) of DCC. The reqction m xture was| stirred at room

t enperature overn ght f|| red filtration was ncentrated and
purified by flas quyﬂh.@hr phy to give OOgg of cgnpound 16-7.

[ 00453] Conmpound®1 8 was npde Y dim@ to thelliterature

( Bi oconj ugat Chenf 2062 “@ (4)°M%%5/ 69.) [O npousd 16-9: To a

sol ution of conpound 16-8 (B.0 g, 8's nmol ) and bi s(p-nitrophenol)
carbonate (7.6 g, 25 nmml) in 100 nmL of npagyadded 2.92 ni(16.6 mmol) of
di i sopropyl et hyl am ne The reacti on m xture was stlrred at roo nper at ure
for 16 hours. The sol vent S renoved in uo., due reat ed
with ether, filtered, washed suth_etber. 9% ki ef, et her and
dried in vacuo to give (81@6 of compo n 00455 npound 16-10:
To a solution of 1.0 g 4omol ) of nqgonerﬁyldo Bstatin N"F

NH,NH,

o}

H \\H H

H,N ,O\/\o/\/o\/\ NI(N\:)J\&%N
o _~

2 \—/
[00391] 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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hydrochl oride, 1.42 g (1.8575 mmol) of conmpound 16-9 and 95 ng (0.62 mmuol)
of HOBt in 10 nL of DMF was added 437 IIL (2.48 mol) of

di i sopr opybevteyieessbne The reaction m xture was stirred @&CTASM20ENIPET at ur e
for 16 hours. The reaction mxture was purified by HPLC to give 1.0 g (58%
of conmpound 16-10. M5 (ESI) mz 700 [ Mt2H], 1398 [ MtH]. [ 00456] Conpound
16-11: To a solution of conmpound 16-10 (1.0 g, 0.715 mol) in 15 nL of
tetrahedrofuran was added 5 nL (48 mml ) of diethylam ne The reaction

m xt ur e_was Z}lrr d, at oon1te erature for 1.5 hours and concentrated in
vacuo. FHEPles s e £' 4"B¥BI%%ed in 20 nL of DCM treated with 200 nL of
ether and filtered, wshed wth ether Sete¢hedri ed i n vacuo to give 860 ng of
conpound 16- 11. M5 (ESI) mz 589 [M2H, J1176 [ MrH . [00457] Conpound 16:
To a solution of 50 ng (0.0425 mmol) of %%ﬁg%Und 18-13 in 1 g, of DVF was

added 32 ng (0.085 mmol) of gprpound,]16- de r o MXtUre was stirred
at roomtenperature for 16 hour ss4+ The HE4G mand weg, reacti on done.

27.2 1L (0.85 mmol) of anhydrous hydra2|ne was added tT the reaction

m xture. The reaction mas done |n 2 hou The reaction|m xture was
acidified with 1IN 1 to give 40ng (669 of conpound
16. M5 (ESI) mlzw694 { WO 2012/ 655 2012/039472
Exanpl e 17: Synt H¥8si o nd 7 Sc ene 17 o u 1-1211
CF3COOH 17 0QOwe 0 2 [0045§ig§%b0&hd 17-2: To a

sol ution of conpound 17 1 (1 649, 4 52 nnDI) and N hydroxysuccini m de (572
nmg, 4.97 mmol) in 20 n - of tetrahedrofuran sgided 1.12 g (5.424 mmol )
of DCC. The reaction m xture was stirred at oon1tenperatur vernlght and

filtered. The filtratio %oncentr und
[ 00459] Conpound 17: To a I onpound 16-11
in 1 n of DMF was added 43 nﬁ (0. 127% 17 2. The reaction

m xture was stirred at roomtenperature f6”\16 ﬁours ﬁeN C and M5
showed reaction done. 20 IlIL (0.625 nmol) of |anhydrous hydra2|ne was added
to the reaction mxture. The reaction was doié“ﬂﬁzz hours. The reaction

m xture was acidified with 1N HCL and purifi d by HPLC to o@ 35ny (60%

of conpound 17. MsS (ESI nfz 625 249
nmp (ESI) #5825 \/\N \jﬁ

2T

OMe O OMe O
3 \—/

[00392] 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

[00393] 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,
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.

155



WD 2012/ 166560PCT/ US2012/ 039472 Exanpl e 18: Synthesis of Conpound 18 Schene
18 [ 00460] Conpound 18-1: To a solution of conmpound 6-6, ng (0.062 nmol) of
conmpound WO-20/@eboHOBt in 1 ml - of DVF was added dii sopcopsh@iiogd4am ne The
reaction mxture was stirred at roomtenperature for 16 hours. The reaction
m xture was purified by HPLC to give_conpound 18-1. [00461] Conpound 18:
Compound 18-1 was dissolved in 1 nL §ehe Anhydr ous hydrazi ne was added.
The resulting solution was stirred gﬁﬁgoomtenper rgofor 1 hour. The
reacti on was nghegd wi f~Lbehydro@nl or ilde sol ut Ne. \The FeaLt iken m xture
was purified %@Tg r@p%méé}\e/l L:E)itlﬁg wWt—20- 70983 ;2®J?n 20 mn
at 254 nm to girve conpound 18. [004562] Conpound 19-2: t& t<Butyl

2- (2- hydr oxyet hoky) et hyl car banat e 134'2(2.05 g, 10 mmol),

hydr oxyphthalimde (1.8 g, 11 mmol) and txi phenyl phosphi (3.67 g, 14

mrol ) were dissolved in 100 nL of tetrahofuran | | gwed by addition of
DIAD (2.48 nL, 12 mc&aﬁﬁm G Theyresyl ting solu S Sd¢ered at room
t enper at ure overni ght"? o ded td drynpdss~HY si due was

treated with 50 nL of 4RCHQ @MoXanedvethe’ ghxture wasestirresat room
tenperature for 2 hours. The solfvent was renoved in vacuo. The residue was
treated with ether, filtered, washed with é*féf and dried in vacuo to get
2.6 g (91% of conmpound 19-2. Ms (ESI) miz 251Y[ M+H]. [0046 npound 19- 3:

To the m xture of conpound 19-2 (315 11 - Lys( -OH (365 nyg,
1 mol ), EDC (382 ng, 2 mol) ndo\HgBLWMN? nN1g nL of DCM was
added WD 2012/ 166560PCT/ US204Q7039%7 1,4 .J05b R dmold), of

di i sopropyl et hyl am ne The @ ™ i Xt ur e was sgirred at POCHAt enperature

for 3 hours and extracted with ethyl acetate, Washed with 5%citric acid,
saturate sodi um bi carbonate, brine, dried overysodi um sul fat filtered and

concentrated in vacuo. The residue was _purifi | ash_col u r omat ogr aphy
using SiliaSep Cartridges (40, eluti E{;\S’ t +A100% | Haclet at e/ hexanes,
to give 405 ng (70% of conpo - ‘9-/3TH[ | pyrin i Conmpound 19-3

was dissolved in 15 ni. 4N hpxanee Phe™y eact'*Gn nPHtUs€amas stirred at
roomtenperature for 2 hours*~nd concentrated %n‘”\/acuo to give 315 ng (98%

of conpound 19-4. Ms (ESI) mz 379 [ MrH . [884p5] Conpound 19-5: To a
solution of compound 14-3 (322 ng, 1 mml) in 20 nL dichlor o@ hane was
added Dess-Martin Periodinane 636 ng, Y. 5 W The clyi Off m xture was
stirred at room tenperature fop 3°helims: € ' nched with a
sol ution of sodiumthiosulf g L. 4 g,! 885 g0l gueion 15w 2t sat ur at ed
sodi um bi carbonate. The mi xtse€ wAs separ at ed.éTh% organi c | ayer was washed

wi th saturated sodi um bi carbonate, brine, W'f%ed over sodiumsulfate,
filtered and concentrated in vacuo. The residue was purifi flash

e
col utm chr omat ogr aphy using SiliaSep ridge 0y, ut,i with 0-100%
ethyl acetate/hexanes to give 17 N 0466] Conmpound
19-6: To a solution of nononet hyl dol ast atsi plhyldr oricslec 14Q. g (1.24 mol)

in 20 M. of DWF was added 1.19 g (3.72 mmol) of conpound 27 901 I owed by

1.4 m | ) of ic acid and 156 . 48 I f sodiu _
cyanobdf’éﬁf}ﬁr Fggm)p‘?‘ﬁ‘ﬂi ‘f%s *’tﬁoﬁ’é‘o?ﬁ’ﬁ‘t"ﬂﬁp@ﬂﬂé‘g}} @% Weh%ggﬁﬁh?%w&?@?]ﬁ?@ef or
2 hour 5261The, S®@hvRNtaniaHhESIERNsGUine N538a64 @.05 HiGol) @51 TE TMFSwRAGAUSIHAT GopH 8
by sodi um bi car bonate and extracted with DCM_ washed with brine, dried over
sodi umHullfatr@olsdt 3 Erled e UEER CaIP @Y SHTFFd A YD (eFETaiEe joyBiglin and then
purifi edndirdbBahvaed. U ©HARMRAORIARN by USds R Golginh| ARRRtdeAphY t6gRS o %/)é)f
eluting with 0-5% net hanol/DCMto give g80ng (51% of conpound 19-6.

(ESI) rreeresd 4.3wkoH], 1075 [M+H] . [00467] Conpound 19-7: To a sol ution of
conmpoungo3bsr 6 CHRPowrEl 49: 63RpHaHA! 4-3 ivids ANiRvQS inDEMnasN astdaslod@e. MheOfadibh

HQO di oxane. The reaction m xture was stirred at roomtenperature for 2

hour s ARGVEOHESHIP b8P 1TV SEHES. foThish aad eheeriasd frestced hgirgshiug pagissolved
filtergdpneghedeamddtiiieshed @ndadri gtol) Any BELL (350 81, YemB69 T rtRB6A mPture
conpound 19-7. M5 (ESI) z 510 [M+2H, 1019 [ MtH]. }[0046 Conmpound 19-8:
To a soraisiieel 4 fooguigpptittare fg-27daye gihe pagction npstprefyas [y IW&MO 26400 B8 ofy,
0. 0857 dgppbungangd N-met hyl nor pholine (0.283 mi, 2.57 mml) in 5 nL of

Nmet hyl npyrrol i di none was added 98 ng (0.257 nmol) of HATU. The reaction

m xture was stirred at roomtenperature for 1 hour. The reaction m xture
was purified by HPLC to give 160nmg (719 of conpound 19-8. M5 (ESI) mz 596
[ MF4H], 794 M+3H], 1191 [ Mt2H] . [ 00469} 4ponpound 19: Conpound 19-8 (160 ng,
0.0613 mol) was dissolved in 1.5 nL of DMF. 20 IIL (0.613nmol) of

anhydr ous hydrazi ne was added. The resulting solution was stirred at room
tenperature for 1 hour. The reaction was quenched with 1N hydrochl oride
solution. The reaction m xture was purified by preparative HPLC, eluting

N NN NN N WSS L s e o, A S A N~ f A o N 1



WD 2012/ 166560PCT/ US2012/ 039472 Exanpl e 20: Synthesis of Conpound 20 Schene
20 NaH, THF HODess-Martin 55% - OH O 0O 0 S H2N 2 /-N1 NH (-1,
OQNN 39 GFBCEOAHGEF3COOH [00470] Conmpound 20-2: To a sol urcomsedi2iosd4ra
(ethylene glycol) 20-1 (8.0 g, 41 2 mmol) in 100 nL of tetrahedrofuran was

added of, sodi um hydride at OC. The r iQn. m xtur rre

o Al Skampaymi 20 s WGyl Scoppang SGb MBI ELE AYER B fRe8 e
reacti qme(Kﬁt]Xlﬁ)u])Ie fms HANTIU ra@dl  at-nfcBigimdrpiiidias. aThid @eaied mhighte isTherrédeac trocm

m xture was co ratqﬂln vacuo and Euenche.wlth 2 L

i of 1 E Hl%é The
resi duée%§at§rﬁ © BEPIAD BT SR PR pEred i RO Y X edaviEh e gedtia
50dnL >(2()0I I]PID@ sc@rrgap(lzp Tlhay@ﬁmc\i\h$erds)dfﬂ®ﬂ)ﬁl&d aamdamhgmbmd hrlebll’dvﬁfesodlgﬁli seﬂ?tleve[]
sodium syl fate and conceptrated .in v resi du urifie as
col U B FURET PG o Ll G S o SSeS hy  RT RsSTHE
To a SQerﬁedQ/ﬁth(BlfCVEﬂme'give?&n@m(rﬁlﬂﬁs ng, 1.62 mol) in 30 m_ di chl or omet hane
was ad ss-Martin odi nane 03 .4 I The re ure
has o i o; CPRBRTLEELHOS RERR of commnpth 6% TR adten Erttean St EolAn TSt
a SOI utDIBA. dfhe Steghitic rhikiue:s il §tated atVi@oﬁ%ﬁlbérﬁtﬁ%ﬂP@r/hbiSZOIEd %&MZnﬁxluré i),

5 nmL of atur ed, s ture wa )
S onar argprentilet By ant o arer & Sn Rk aels (R0 306 Sp il Sl T el Bstds e,
bri ng ddmbed @h&?vaﬁag(ﬁguﬂ}bflﬂé Ldal%@ lpvefr|sbdhemesdlfaadn&a{]neemhfea_tuedadigomw?dueﬁhe
resi due urifie ash col um mat ogr aphy to give ng o
conpourf 6‘\{@6“%ﬁﬁs]@@lﬁlﬁit&ﬁ%’é’ﬁ%ﬁvﬁﬂ’nﬁ’ou‘\‘gig sol uti on of nononet hyl dol astatin
hydr ocC r[?msple Efﬂ)glpg%ldéﬁﬁ A6inpouid 9-6 Ils(r)’lil%(())lg&d iafls @WMIHS]/BQ)@&& ?l%frez[wplg ﬁhix_ﬁge a4

of .conpoun ace acid an

0. S BTN Bie e G B aregee e Baneds R b e ome ottt e
at roomnoeeper l@bmpeuﬂcm SZT@a;sbliatlloansfgoﬁapbuéﬁ;nt L7 wWab Irﬂf ecsmF Ei id diﬂdb’(ﬁf;‘dﬂmﬂgﬂecl’@ﬁe of
60% acetoni tri a 0 . . . ne at. 0o
et ¢ e et o KRBT BT Rrait oo e tuyiRe ThG il ke 80 g
sol ventambéast fepaumct foi2 Naed Dhe rElion asttoiieas diRigdadihugdt@dnd purfiidd 8y BY LS aé piven
bi car bonaten?gd8 extracted with DCM washed with brine, dried over sodi um
sul f at €2"PP1¥'&r%d and concentrated in vacuo. The residue was purified by

flash qoé4eon cloompeinal4apdymioond Hiseis LGS edin ¢anlp ol MR O0HraAE & E3Hdd. mhz
474 [ M2

resulting so?uLil(\)ﬁ-l_ig 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 4.

Example 5: Synthesis of Compound 5
[00401] 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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[ 00473] Conpound 20-5: To a solution of conmpound 20-4 (50ng, 0.062 mmol) in
4 mL of DCM was added 0.3 nlL of phosgene/toluene at OC. The reaction

m xture wWae 28t¥w6dd at OC for 3 hours and concentrated iPOTIBCWR/0BM@T2 next
step without purification. [00474] Conpound 20-6: To a solution of conpound

19-4 (7.6 nd 20-5 (0.062 mml) was added 25 IIL
of dllsopro “@?%V{QWWE@%TQZ%W€ﬁg@ion m xture was stirred at room
tenperature for 1 hour. The reactionSediexicér e was purified by HPLC, el uting
W th 20-70@6CH3CN/H20 in 20 mn at 254 nm to giv 3 ng of conpound 20-

M5 (ESI 7eRbM3H 11 475&.Compm Ej
Conpou %ﬁ% Wé*ﬁ T of™ 1 o%" Y
(0. 43nnDI) /? anHydr@W? hydra2|ne %a“‘adﬂ%ﬂ 7ﬁ%or@eult|ng‘”blutfon Was )
stirred at rooﬁ1tenperature for 1 hour. TA% reaction was quenched With 1IN

hydr ochl ori de sgl utio reac on nlxture urified , preparative
HPLC, ewxmmy.w hi 20 1170%@54;5 m\/@ﬁq tHo glALéilD ng of
conpound 20. I\/SZC(OE§L) 5491 : 732[ H " Iad8 Loon

2012/ 166560PCT/ US2012/ Q39472 Exanple 21: Synthesi g of Cbnpound 21 Scheme 21
HN 62% [ 00476] Conpound.K1-2: Jhe mixture of N, N -D nethyl ene diam ne
21-1 (5 . 4 ). and t ert - put®yoaer’yatewl3 m . (116 nmol ) was heat ed
at 85 G farm 2 Adus v ‘er 13 6116 wmol ) of tertbutyl acrylate was
added. The reactomen rrweet tpe s continuely heated at 85C for 1 hour and
stirred at room ¢enperature §aem&ight. The reaction m xture was
concentratﬁg?;%,vacuo The resi due masdilute i th hexanes and purified by
flash col unh<chr onat o S tridges (120g), eluting with
0- 5% net hanold/ [XﬁVrnfo %N?ﬁ%gghﬂme 0 - f]):a ound 21-2. MS (ESI) mz 345

[ MFH] . [ 00477] Conpound 21- 37 To a solutlon of “conmpound 21-2 (5.0 g, 14 5
nmmol) in 50 nL of DCM was ad?aqw40 mL of 4N HO di oxane. The reaction

m xture was stirred at room tenperature for ays and WO
2012/ 166560PCJ/ US2012/ 039472y congeni r af @d) i m Vacuo. The residue was treated
w th ether, flq%ered “Washe hYeg her gn ried in vacuo to give 4.3 g

(979 of conpound 21- 3. [00478Tﬁbnpound 1-9°*To a sol ution of 166 ng( 0. 544
mol ) of conpound 21-3 and 0215 nL of N-nethyl norpholine in 10 nL of

N- et hyl pyrrol i di none was added 160 ng of conpound 16-11, followed by 0.068
L (0. 40@0210! Compokd@R2: Tihesd@iag bf enpBuxd 6+ €500asg, HISTH ﬁed)nah 3mEOHN DMF was
tenperature for 1 hour. The reaction m xture was purified bﬁgrreparatlve

HPLC, eitdi23d mg tfwhanylelenine bpdreslonsls. 433 meet AT Uand 28 g N

(509 QqfactOnRBURE W%Q—Stﬂredl\@r((oﬁﬁe)np%ﬁlre‘lﬁﬂh %&H The@%ﬁ&%@ﬁﬂre wh 9dncbdviatdl . in
[ 00479] Conpound 21-5: sol ution conmpound 19-4 (11 0. 025 muol )

conpoun@cyiay %ﬁi%edmjﬂh ethﬂwfetﬁﬁ%dﬂgo @HEH@%%WMEP@ H@Pmﬁéayerowmmwned@n%
Mol ) ivhsledSyitibrRf, dNedBida Y4y Sl @lciadil B MRS iDHdes] TR r3idiDwdsHulfidd symish  of

HATU. The reaction mixture was stirred at roomtenperature for 1 hour. The
react i GHOHASIAPRY RedVepGP 8 (&7 o)Rf cpppend 812t i ng wi t h 20- 70% CH3CN H20 in 20

mn at BedH3NM CoRpBinke 680 COBp 6irhd%-2 Gfas CRIPOMNG: 25l md. AWVBICIERbRan8T ?he%gbnon
[MeSH], 781 [ ME4H . 1041[ M+3H] . [00480] Conpound 21: Compound 21-5 g)?,

0.014 rslye WAS SUTdsH| "ol fepApetatyre fo 2 s and [qopcepiated) oo &9 giishy) r‘B&
hydr aziggp¥@aa ¢axlded. The resulting solution was stirred at roon1tenperature
for 1 hour. The reaction was quenched with 1Nmﬁ{drochlor|de sol ution.

react i JAV4MHkt ufempawndyerds ¥ %épqwnmf sppapoyns 0 RPLmg GHummal v o @fd)%%as

CH3CN Hag. 2 t inl of2 0 ofpholi Sl
bofls 599'4[%%;1:5%]5 QigrgfrB(ﬁN%éﬂlé/ﬂ%l te03gl'n¥ge 2AATY {898 @f @m@&lﬂ% FholidS ThES! )

reaction mixture was stlrred 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.

[00405] 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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WO 2012/ 166560PCT/ US2012/ 039472 Exanpl e 22: Synthesis of Conpound 22 Schene
22 HATU 22 [00481] Conpound 22-1: To a solution of conmpound 19-4 (7.6 ny,
0. 017 nmowp2opawpssand 12-7 (40 ng, 0.051 nmol) and DI EAPCOAGB3@2/08947D. 17
mmol) in 2 nL of DMF was added 32 ng (0.085 nmol) of HATU. The reaction

m xture ) ti at room.tenperature for The reacti.on m xtur
P o S B S R R Tt LR A
to gi Ve:oﬁébnﬁ@ec(lﬁ&%uo@if giCONPAbN@0%2 oflconbur(deSh.) mlz 612 [ MP3H], 917 [ Mr2H],

i oa b st O CREhERRRE st GRS s B 2y S MéOXH%ffﬁezﬁeﬁ%wmxtafaa@a

The r esutred mgocmoieuipemm/ﬁsz Bduird” 4nd GordtentraBeith {e0p efddudified bHPIC hotive 150 of
reacti on was nched with 1N hydrochl oride solution. The reaction m xture
was puriFrey! g}f’epr eparative HPLC, eluting with 20-70% CH3CN H20 in 20 min
at 254 [0em07f 0 Qoo 677: (S8WIuddn campbnddle (Wmg( &ES6) miron) ibGHLNEIME was

852 M+2H] , 1726 012/ 66560PCT/ USZOl 39472 ampl e 23:
Synt hesaiHée qon@a{}%ﬁﬂd%&sﬁﬁé o483 SIS fﬁfg talbriga By B G ich i B oy
conpounddidh-cdakdboPh@iridd 2Tk FEMWing ABRELr® was BﬂH*rf(d?’az a%qup{e}np@lfatug B 2 buRO Tk Of

DCM was added. 3.31 g of tal unenesul fonél chl ori The reacti on

mi xt ur CRRELN QY Wep %te]dd%waéqxrﬁlédr%@fﬂ by gFLS t(ﬂ%w%60mmé0%b%f§9mawnﬁ1 St ur e
was extigeBed Wolnpo@id ! cAGRERL &7 (dHE, 0108ARS WaaXIREIWASH GaRbbLNBRFans ywashed
W th 5%CI tric acid, water, brine, dried over sodiumsulfate and
concentlwataae was wedi I he Teraltipg soletins Waastiper #trambienbigmperatte fobl hews. The reaction

chr omat,pgiy aa!auedtmgw ﬁyc@oe’ﬁ&n@é so‘ﬁRi&H OH{é(i'ea%ﬁorﬂmlx[&Q@%u%B@%ﬂL@ ve 30m@

sol ution of conmpound 23-1 (3 7.34 mmol) was added sol Tum
azi de ((85%uof§ompourghd. nyp| ) . The reactl on m xture was sti rred at 50C for 2
days. The V2842 g_gr,ﬁ,g‘g%gyo;,bgg,ggdzy 039472 reaction m xture was extracted
with ethyl acetate. The organic | ayer was washed with water, brine, dried
over sodiumsulfate, filtered and coReH€r/ated i n vacuo. The residue was

purified by flash col urm chrorrat ogra to give 2.1 g of conpound 23-2.

[ 00485] Conpound -31 tlon compound 23-2 (2.1 g, 6.05 nmol) in
50 nL MeOH wasica dﬁd d-C. The rgsubt mxture was
stirred at rooffit nperat re und r tm H2, for 24 oh{gg/\l‘/he r@action

m xture was flltereﬂ\and concen?raot oin vacuot g goeve 231 g of conpound
23-3. M5 (ESI) mz 322 MtHF® [ 00486] Conpound 23-4: To a sol ution of
conmpound 23-3 (33ng, 0.102 nmml), conpound }Zsen(40 mg, 0.051 nmol) and 54
of diisopropylethylamne in 1 nL of DW vvas added 38 ng of HATUx The
reaction m xture was stirred at roomte ture ours reaction

m xture was purified byH Cdo-give ﬂ o d%ﬂvs(ESI) m z
525[ Mk2H|, 1049 MH] . “% 0\/2\ \QQ "

OMe O OMe O

0? oH
74
| NH,NH,
o
H «H H
HZN,O\/\O/\/O\/\NI(N\:)L&%N
o A_ | omeo OMe O
/\ e e o OH

[00409] 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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[ 00487] Conpound 23-5: Conpound 23-4 (52 ng, 0.045 mmol) was dissolved in 5
m. 4N HO' D oxane. The reaction m xture was stirred at roomtenperature for
2 hours awmo020icesdrated in vacuo to give 52 ng (1009 eCTasa@eosd723-5. MS
(ESI) mz 497[|\/Hr2H] 993[ MtH] . [ 00488] Conpound 23-6: To a sol ution of
conmpound 19- 4 onpound 23-6 (52 ng, 0.051 nmol) and
DI EA (0. 030 nﬁ 991%’2%“%# Pﬁ%”"o’? DVF was added 32 ng (0.085 mmol) of
HATU. The reaction m xture was stirr 8cheadc Sr oom tenperature for 2 hour. The
reaction mxture was purified by HPLC, eluting with 20-70% CH3CN H20 in 20
mn at 254 nm to_give 26 (61% of c ound 23-6, M5 (ESI) mz

583[ Mr4H], 777] H 1265 .} [ 90489 Conpound 23 6oppgungo 23-6 (26 ny,
0.01 rrm)l) was  chin N ' 10 (0. 31pmRl) of anhydrous

hydr azi ne was addedo The 'r esdc i ngpveol i on was stivred & room tenperature
for 1 hour. The reaction was guenched with 1N hydrochl oride solution. The
reaction mxture was purified by preparative |HRls&cnel uting with 20-70%

CH3CNVH20 in 20 mn at 2 nm to give 10ng(40% of Exanpl 3. M5 (ESI)
m z 550[ M+4H], 733[ M+3 [ Mt2H] . u res of npounds 1-23
Q "N\)L\
|

Exanple Structure N. O/Q/d-l\)ql,\ 000, 7- NN-rN [

o OMe O OMe O

(o] OH
81
\ NH,NH,
e N°$Im JLIT/WQ.)\W

OMe O OMe O

(o] OH

[00410] 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
O
:(2:[!1\)1\ QN H Boc O
| N + 0/\/N\)L0H
/\ OMe O OMe O ~ZN
91 /\

4-4
HATU l
o § WH H
/0\/\N N\A)LN N N | g
j\ | i

Boc (o] P I OMe O OMe O =N

G&mwmw N

HCI OMe O /
HCHO l

(o] OMe O

V\E(J*j@wro\r'w 0

OMe O

[00411] 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.

[00412] 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.

[00413] Compound 9-3: Compound 9-2 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 9-3.
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[00414] Compound 9-4: To a solution of compound 9-3 in ImL 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 9-4.

[00415] Compound 9: Compound 9-4 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 9.

Example 10: Synthesis of Compound 10

Scheme 10
Ho T H
W
PRGN N\)j\ \ N N
N H i T | S
\ 5 oo O A OMe O OMe O 2N
9-3
NH2NH;
o
0 N oM N N
HN N 1 ®
0 _AL I omeo OMe O 2N
10

[00416] 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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Example 11: Synthesis of Compound 11

Scheme 11
(o)

.OH
o N
sl )
11-2 [¢)
Ho\/\o/\/o\/\o/\/OH &, 11-4

HO A~ g OO otB
(e] [¢] \/\[r u
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11-1 113 o
o
N—OV\O/\/O\/\O/\/OWOtBu ANHCI/Dioxane
N
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HCl H H H
0 (o] -
H |
o o 0 _AL OMe O OMe O | A\
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117 \—/
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o
/ o b ° . y
N‘o/\/o\/\o/\/o\/\o/\/U\N N\_)J\N N N
° | i
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H H H
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[00417] Compound 11-3: To a solution of tetra (ethylene glycol) 11-1 (40.6 mL, 235 mmol) in 100
mL of tetrahedrofuran was added 47 mg of sodium. 12 mL of tert-butylacrylate was added after sodium
was dissolved. The reaction mixture was stirred at room temperature for 24 hours. The reaction mixture
was concentrated in vacuo and quenched with 2 mL of 1 N HCIL. The residue was suspended in brine 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 to give 6.4 g (23%) of compound 11-3.

[00418] Compound 11-5: Compound 11-3 (1.0 g, 3.12 mmol), N-hydroxyphthalimide 11-4 (611 mg,
3.744 mmol) and triphenylphosphine (1.23 g, 4.68 mmol) were dissolved in 20 mL of tetrahydrofuran
followed by addition of DIAD (0.84 mL, 4.06 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 using SiliaSep Cartridges (80g), eluting with 0-100% ethyl acetate/hexanes, to give 1.0 g
(100%) of compound 11-5.

[00419] Compound 11-6: Compound 11-5 was dissolved in 15 mL 4N HCI/Dioxane. The reaction
mixture was stirred at room temperature for 2 hours and concentrated in vacuo to give 1.0 g of compound
11-6.

[00420] Compound 11-8: To a solution of 30 mg (0.0372 mmol) of monomethyldolastatin
hydrochloride, 31 mg (0.0744 mmol) of compound 11-6 and 38.2 mg (0.082 mmol) of PyBroP in 1 mL of

DMF was added 33 pL (0.186 mmol) of diisopropylethylamine. The reaction mixture was stirred at room
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temperature for 5 hours. The reaction mixture was purified by HPLC to give 28mg (65%) of compound
11-8. MS (ESI) m/z 785 [M+2H], 1164[M+H].

[00421] Compound 11: Compound 11-8 (28 mg, 0.024 mmol) was dissolved in 1 mL of DMF. 23 uLL
(0.72mmol) of anhydrous hydrazine was added. The resulting solution was stirred at room temperature
for 1 hour. The reaction was quenched with 1N hydrochloride solution. The reaction mixture was
purified by preparative HPLC, eluting with 20-70%CH3CN/H20 in 20 min at 254 nm, to give 20 mg
(66%) of Compound 11. MS (ESI) m/z 518 [M+2H], 1034[M+H].

Example 12: Synthesis of Compound 12

Scheme 12
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[00422]
was added 283 mg of phenylalanine hydrochloride, 433mg of HATU and 581uL of N-methylmorpholine.

Compound 12-2: To a solution of compound 12-1 (500 mg, 0.875 mmol) in 3 mL of DMF

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 12-2.

[00423] Compound 12-3: Compound 12-2 was dissolved in 15 mL 4N HCI/Dioxane. The reaction
mixture was stirred at room temperature for 2 hours and concentrated in vacuo to give 511 mg of
compound 12-3.

[00424] Compound 12-4: To a solution of compound 12-3 (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
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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 12-4.
[00425] Compound 12-5: To a solution of compound 12-4 (170mg) in 10 mL MeOH was added Seq
of 1IN LiOH. The reaction mixture was stirred at room temperature for 2 hours. The reaction mixture was
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 12-5.
[00426] Compound 12-6: Compound 12-5 was dissolved in 4N HCIl/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 12-6.
[00427] Compound 12-7: To a solution of compound 12-6 in DMF was added formylaldehyde (3eq)
and 20 eq of acetic acid, followed by addition of 2 eq 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 compound 12-7.
[00428] Compound 12-10: tert-Butyl 2-(2-hydroxyethoxy)ethylcarbamate (2.05 g, 10 mmol), N-
hydroxyphthalimide (1.8 g, 11 mmol) and triphenylphosphine (3.67 g, 14 mmol) were dissolved in 100
mL of tetrahydrofuran followed by addition of DIAD (2.48 mL, 12 mmol) at 0°C. The resulting solution
was stirred at room temperature overnight, and then concentrated to dryness. The residue was treated with
50 mL of 4N HCl/dioxane. The mixture was stirred at room temperature for 2 hours. The solvent was
removed in vacuo. The residue was treated with ether, filtered, washed with ether and dried in vacuo to
get 2.6 g (91%) of compound 12-10. MS (ESI) m/z 251 [M+H].
[00429] Compound 12-11: To a solution of compound 12-10 (20 mg, 0.026 mmol) in 1 mL of DMF
was added 11.2 mg of compound 12-10, 15 mg of HATU and 23 pL of DIEA. The reaction mixture was
stirred at room temperature for 2 hours. The reaction mixture was purified by HPLC to give 20 mg (70%)
of compound 12-4. MS (ESI) m/z 490 [M+2H], 978 M+H].
[00430] Compound 12: Compound 12-11 (20 mg, 0.0183 mmol) was dissolved in 1 mL of DMF. 18
uL. (0.56mmol) of anhydrous hydrazine was added. The resulting solution was stirred at room
temperature for 1 hour. The reaction was quenched with 1N hydrochloride solution. The reaction mixture
was purified by preparative HPLC, eluting with 20-70%CH3CN/H20 in 20 min at 254 nm, to give 14 mg
(72%) of Compound 12. MS (ESI) m/z 425 [M+2H], 848[M—+H].

Example 13: Synthesis of Compound 13
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[00431] Compound 13-2: Tert-butyl 6-hydroxyhexanoate 13-1 (1.5g, 1.97mmol), N-
hydroxyphthalimide ( 1.42g, 8.76mmol) and triphenylphosphine ( 2.82g, 10.76 mmol) were dissolved in
50 mL of tetrahydrofuran followed by addition of DIAD (2 mL, 9.564 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 2.5g (95%) of compound 13-2.

[00432] Compound 13-3: The compound 13-2 was treated with 15 mL 4N HCI in dioxane. The
reaction mixture was stirred at ambient temperature for 12 hours and concentrated to dryness in vacuo to
give 900mg (100%) of compound 13-3.

[00433] Compound 13-4: To a solution of compound 13-3 (900mg, 3.0mmol) in 10 mL of THF was
added 397 mg of N-hydroxysuccinimide, followed by adding 669 mg of DCC. The reaction mixture was
stirred at ambient temperature overnight and filtered. The filtration was concentrated and treated with 10
mL of DCM. The DCM solution was stayed at ambient temperature for 1 hour and filtered. The filtration
was concentrated and purified by flash column chromatography to give 800mg (71%) of compound 13-4.
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[00434] Compound 13-6: The mixture of compound 13-4 (435 mg, 1.16 mmol) and Val-Cit-PABOH
13-5' (400mg, 1.054 mmol) in 12 mL of DMF was stirred at ambient temperature for 24 hours. The
solvent was removed in vacuo. The residue was treated with ether, filtered and washed with ether. The
solid was dried in vacuo to give 660mg (98%) of compound 13-6.

[00435] Compound 13-7: To the solution of compound 13-6 (200mg, 0.313 mmol) in 6 mL of DMF
was added bis (p-nitrophenyl) carbonate (286 mg, 0.94 mmol), followed by addition of 110.2 uL of
DIEA. The reaction mixture was stirred at ambient temperature for 5 hours and concentrated. The residue
was treated with ether and filtered. The collected solid was washed with ether, 5% citric acid, water, ether
and dried in vacuo to give 210mg (83%) compound 13-7.

[00436] Compound 13-9: To a solution of monomethylauristatin hydrochloride salt 13-8 (100mg,
0.1325 mmol) in 2mL of DMF was added compound 13-7 (159mg, 0.2mmol) and 10 mg of HOBt,
followed by addition of 35.2 uL. of DIEA. The resulting mixture was stirred at ambient temperature for 2
days. The reaction mixture was diluted with water and purified by HPLC to give 93mg (51%) of
compound 13-9. MS (ESI) m/z 692 [M+2H], 1382 [M+H].

[00437] Compound 13: The compound 13-9 (50mg, 0.036mmol) was dissolved in 1 mL of DMF. 23
pL of hydrazine was added. The resulting solution was stirred at ambient temperature for 3 hours. The
reaction was quenched with 1N hydrochloride solution. The reaction mixture was purified by HPLC to

give 32mg (65%) of Compound 13. MS (ESI) m/z 638.5 [M+Na+2H], 1253.3 [M+H], 1275.8 [M+Na].
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Example 14: Synthesis of Compound 14

Scheme 14
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[00438] Compound 14-3: To a solution of tetra (ethylene glycol) 14-1 (40.6 mL, 235 mmol) in 100
mL of tetrahedrofuran was added 47 mg of sodium. 12 mL of tert-butylacrylate was added after sodium
was dissolved. The reaction mixture was stirred at room temperature for 24 hours. The reaction mixture
was concentrated in vacuo and quenched with 2 mL of 1 N HCIL. The residue was suspended in brine 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 vacuop to give 6.4 g (23%) of compound 14-3.
[00439] Compound 14-5: Compound 14-3 (1.0 g, 3.12 mmol), N-hydroxyphthalimide 14-4 (611 mg,
3.744 mmol) and triphenylphosphine (1.23 g, 4.68 mmol) were dissolved in 20 mL of tetrahydrofuran
followed by addition of DIAD (0.84 mL, 4.06 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 using SiliaSep Cartridges (80g), eluting with 0-100% ethyl acetate/hexanes, to give 1.0 g
(100%) of compound 14-5.
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[00440] Compound 14-6: Compound 14-5 was dissolved in 15 mL 4N HCI/Dioxane. The reaction
mixture was stirred at room temperature for 2 hours and concentrated in vacuo to give 1.0 g of compound
14-6.

[00441] Compound 14-7: To a solution of compound 6 (1.93 g, 4.68 mmol) and N-
hydroxysuccinimide (646 mg, 5.616 mmol) in 20 mL of tetrahedrofuran was added 1.062 g (5.148 mmol)
of DCC. The reaction mixture was stirred at room temperature overnight and filtered. The filtration was
concentrated and purified by flash column chromatography using SiliaSep Cartridges (80g), eluting with
0-100% ethyl acetate/hexanes to give 2.37g (100%) of compound 14-7.

[00442] Compound 14-8: Compound 14- 8 was made according to the literature (Bioconjugat Chem.
2002, 13 (4), 855-869.)

[00443] Compound 14-9: To a solution of compound 14-8 (200 mg, 0.527 mmol) in 2 mL of DMF
was added 295 mg (0.58 mmol) of compound 14-7. The reaction mixture was stirred at room temperature
overnight and concentrated in vacuo. The residue was treated with ether, filtered, washed with ether and
dried in vacuo to give 402 mg (98%) of compound 14-9.

[00444] Compound 14-10: To a solution of compound 14-9 (406 mg, 0.527 mmol) and bis(p-
nitrophenol) carbonate (481 mg, 1.58 mmol) in 10 mL of DMF was added 0.186 mL(1.054 mmol) of
diisopropylethylamine. The reaction mixture was stirred at room temperature for 5 hours. The solvent was
removed in vacuo. The residue was treated with ether, filtered, washed with ether, 5% citic acid, water,
ether and dried in vacuo to give 350 mg (72%) of compound 14-10.

[00445] Compound 14-11: To a solution of 50 mg (0.062 mmol) of monomethyldolastatin
hydrochloride, 87.2 mg (0.093 mmol) of compound 14-10 and 4.7 mg (0.031 mmol) of HOBt in 1 mL of
DMF was added 22 pL (0.124 mmol) of diisopropylethylamine. The reaction mixture was stirred at room
temperature for 16 hours. The reaction mixture was purified by HPLC to give 41mg (42%) of compound
14-11. MS (ESI) m/z 785 [M+2H].

[00446] Compound 14: Compound 14-11 (41 mg, 0.026 mmol) was dissolved in 1 mL of DMF. 17
uL. (0.52mmol) of anhydrous hydrazine was added. The resulting solution was stirred at room
temperature for 1 hour. The reaction was quenched with 1N hydrochloride solution. The reaction mixture
was purified by preparative HPLC, eluting with 20-70%CH3CN/H20 in 20 min at 254 nm, to give 22 mg
(58%) of compound 14. MS (ESI) m/z 720 [M+2H].
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Example 15: Synthesis of Compound 15
Scheme 15
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[00447] Compound 15-2: To a solution of 50 mg (0.062 mmol) of monomethyldolastatin
hydrochloride, 75 mg (0.093 mmol) of compound 13-7 and 4.7 mg (0.031 mmol) of HOBt in 1 mL of
DMF was added 22 pL (0.124 mmol) of diisopropylethylamine. The reaction mixture was stirred at room
temperature for 16 hours. The reaction mixture was purified by HPLC to give 41mg (42%) of compound
15-2. MS (EST) m/z 718 [M+2H], 1435 [M+H].

[00448] Compound 15-2: Compound 15-2 (41 mg, 0.026 mmol) was dissolved in 1 mL of DMF. 17
uL. (0.52mmol) of anhydrous hydrazine was added. The resulting solution was stirred at room
temperature for 1 hour. The reaction was quenched with 1N hydrochloride solution. The reaction mixture
was purified by preparative HPLC, eluting with 20-70%CH3CN/H20 in 20 min at 254 nm, to give 22 mg
(58%) of example 15. MS (ESI) m/z 653 [M+2H], 1305 [M+H].
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Example 16: Synthesis of Compound 16
Scheme 16
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Compound 16-3: To a solution of ethylene glycol 16-1 (13.1 mL, 235 mmol) in 100 mL of

tetrahedrofuran was added 47 mg of sodium. 12 mL of tert-butylacrylate was added after sodium was

dissolved. The reaction mixture was stirred at room temperature for 24 hours. The reaction mixture was

concentrated in vacuo and quenched with 2 mL of 1 N HCL The residue was suspended in brine and

extracted with ethyl acetate (100 mLX1, 50 mL X2). The organic layer was combined and washed with
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brine, dried over sodium sulfate and concentrated in vacuo. The residue was purified by flash column
chromatography to give 5.2 g (24%) of compound 16-3.

[00450] Compound 16-5: Compound 16-3 (2.0 g, 10.5 mmol), N-hydroxyphthalimide (2.05 g,
12.6 mmol) and triphenylphosphine (3.58 g, 13.65 mmol) were dissolved in 50 mL of tetrahydrofuran
followed by addition of DIAD (3.26 mL, 15.75 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 compound 16-5.

[00451] Compound 16-6: Compound 16-5 was dissolved in 15 mL 4N HCI/Dioxane. The reaction
mixture was stirred at room temperature for 2 hours and concentrated in vacuo to give compound 16-6.
[00452] Compound 16-7: To a solution of compound 16-6 (5.16 mmol) and N-hydroxysuccinimide
(722 mg, 6.7 mmol) in 20 mL of tetrahedrofuran was added 1.28 g (6.2 mmol) of DCC. The reaction
mixture was stirred at room temperature overnight and filtered. The filtration was concentrated and
purified by flash column chromatography to give 500mg of compound 16-7.

[00453] Compound 16-8: Compound 16- 8 was made according to the literature (Bioconjugat Chem.
2002, 13 (4), 855-869.)

[00454] Compound 16-9: To a solution of compound 16-8 (5.0 g, 8.3 mmol) and bis(p-nitrophenol)
carbonate (7.6 g, 25 mmol) in 100 mL of DMF was added 2.92 mL(16.6 mmol) of diisopropylethylamine.
The reaction mixture was stirred at room temperature for 16 hours. The solvent was removed in vacuo.
The residue was treated with ether, filtered, washed with ether, 5% citic acid, water, ether and dried in
vacuo to give 5.0 g (81%) of compound 16-9.

[00455] Compound 16-10: To a solution of 1.0 g (1.24 mmol) of monomethyldolastatin
hydrochloride, 1.42 g (1.8575 mmol) of compound 16-9 and 95 mg (0.62 mmol) of HOBt in 10 mL of
DMF was added 437 pL (2.48 mmol) of diisopropylethylamine. The reaction mixture was stirred at room
temperature for 16 hours. The reaction mixture was purified by HPLC to give 1.0 g (58%) of compound
16-10. MS (ESI) m/z 700 [M+2H], 1398 [M+H].

[00456] Compound 16-11: To a solution of compound 16-10 (1.0 g, 0.715 mmol) in 15 mL of
tetrahedrofuran was added 5 mL (48 mmol) of diethylamine. The reaction mixture was stirred at room
temperature for 1.5 hours and concentrated in vacuo. The residue was dissolved in 20 mL of DCM, treated
with 200 mL of ether and filtered, wshed with ether and dried in vacuo to give 860 mg of compound 16-
11. MS (ESI) m/z 589 [M+2H], 1176 [M+H].

[00457] Compound 16: To a solution of 50 mg (0.0425 mmol) of compound 16-11 in 1 mL of DMF
was added 32 mg (0.085 mmol) of compound 16-7. The reaction mixture was stirred at room temperature
for 16 hours. The HPLC and MS showed reaction done. 27.2 uL (0.85 mmol) of anhydrous hydrazine was
added to the reaction mixture. The reaction was done in 2 hours. The reaction mixture was acidified with
IN HCI and purified by HPLC to give 40mg (66%) of compound 16. MS (ESI) m/z 654 [M+2H],
1307[M+H].
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Example 17: Synthesis of Compound 17

Scheme 17
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[00458] Compound 17-2: To a solution of compound 17-1 (1.0 g, 4.52 mmol) and N-
hydroxysuccinimide (572 mg, 4.97 mmol) in 20 mL of tetrahedrofuran was added 1.12 g (5.424 mmol) of
DCC. The reaction mixture was stirred at room temperature overnight and filtered. The filtration was
concentrated to give compound 17-2.

[00459] Compound 17: To a solution of 50 mg (0.0425 mmol) of compound 16-11 in 1 mL of DMF
was added 41 mg (0.1275 mmol) of compound 17-2. The reaction mixture was stirred at room
temperature for 16 hours. The HPLC and MS showed reaction done. 20 pL (0.625 mmol) of anhydrous
hydrazine was added to the reaction mixture. The reaction was done in 2 hours. The reaction mixture was
acidified with 1N HCI and purified by HPLC to give 35mg (60%) of compound 17. MS (ESI) m/z 625
[M+2H], 1249[M+H].
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Example 18: Synthesis of Compound 18
Scheme 18
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[00460] Compound 18-1: To a solution of compound 6-6, mg (0.062 mmol) of compound 14-10 and

ZT

HOBt in 1 mL of DMF was added diisopropylethylamine. The reaction mixture was stirred at room
temperature for 16 hours. The reaction mixture was purified by HPLC to give compound 18-1.

[00461] Compound 18: Compound 18-1 was dissolved in 1 mL of DMF. Anhydrous hydrazine was
added. The resulting solution was stirred at room temperature for 1 hour. The reaction was quenched

with IN hydrochloride solution. The reaction mixture was purified by preparative HPLC, eluting with 20-

70%CH3CN/H20 in 20 min at 254 nm, to give compound 18.
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Example 19: Synthesis of Compound 19
Scheme 19
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[00462] Compound 19-2: fert-Butyl 2-(2-hydroxyethoxy)ethylcarbamate 13 (2.05 g, 10 mmol), N-
hydroxyphthalimide (1.8 g, 11 mmol) and triphenylphosphine (3.67 g, 14 mmol) were dissolved in 100
mL of tetrahydrofuran followed by addition of DIAD (2.48 mL, 12 mmol) at 0°C. The resulting solution
was stirred at room temperature overnight, and then concentrated to dryness. The residue was treated with
50 mL of 4N HCl/dioxane. The mixture was stirred at room temperature for 2 hours. The solvent was
removed in vacuo. The residue was treated with ether, filtered, washed with ether and dried in vacuo to
get 2.6 g (91%) of compound 19-2. MS (ESI) m/z 251 [M+H].

[00463] Compound 19-3: To the mixture of compound 19-2 (315 mg, 1.1 mmol), Boc-Lys(Boc)-OH
(365 mg, 1 mmol), EDC (382 mg, 2 mmol) and HOBt (306 mg, 2 mmol) in 10 mL of DCM was added
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Example 20: Synthesis of Compound 20

Scheme 20
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[00470] Compound 20-2: To a solution of tetra (ethylene glycol) 20-1 (8.0 g, 41.2 mmol) in 100 mL
of tetrahedrofuran was added 1.65 g of sodium hydride at 0°C. The reaction mixture was stirred at room
temperature for 30min. 6.21 g of TBS-CI was added to this solution. The reaction mixture was stirred at
room temperature overnight. The reaction mixture was concentrated in vacuo and quenched with 2 mL of
1 N HCI. The residue was suspended in brine 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 column chromatography to give 5.7g of compound 20-2.

[00471] Compound 20-3: To a solution of compound 20-2 (500 mg, 1.62 mmol) in 30 mL
dichloromethane was added Dess-Martin Periodinane (1.03 g, 2.43 mmol). The reaction mixture was

stirred at room temperature for 3 hours. The reaction was quenched with a solution of sodium thiosulfate
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(1.4 g, 8.85 mmol) 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 400mg of
compound 20-3.

[00472] Compound 20-4: To a solution of monomethyldolastatin hydrochloride 213 mg (0.263
mmol) in 4 mL of DMF was added 245 mg (0.75 mmol) of compound 20-3 followed by 0.303 mL (5
mmol) of acetic acid and 34 mg (0.5 mmol) of sodium cyanoborohydride. The resulting mixture was
stirred at room temperature for 2 hours. The solvent was removed in vacuo. 3 mL of 60% acetonitrile was
added, followed by 0.2 mL of HF.Pyridine at 0oC. The resulting solution was stirred at room temperature
for 2 hours. The organic solvent was removed in vacuo. The residue was adjusted to pH 8 by sodium
bicarbonate and extracted with DCM, washed with brine, dried over sodium sulfate, filtered and
concentrated in vacuo. The residue was purified by flash column chromatography to give 160mg of
compound 20-4. MS (ESI) m/z 474 [M+2H], 947[M-+H].

[00473] Compound 20-5: To a solution of compound 20-4 (50mg, 0.062 mmol) in 4 mL of DCM was
added 0.3 mL of phosgene/toluene at 0°C. The reaction mixture was stirred at 0°C for 3 hours and
concentrated in vacuo for next step without purification.

[00474] Compound 20-6: To a solution of compound 19-4 (7.6 mg, 0.017 mmol) and compound 20-5
(0.062 mmol) was added 25 uL of diisopropylethylamine. The reaction mixture was stirred at room
temperature for 1 hour. The reaction mixture was purified by HPLC, eluting with 20-70% CH3CN/H20
in 20 min at 254 nm, to give 33 mg of compound 20-6. MS (ESI) m/z S582[M+4H], 775[M+3H],
1163[M+2H].

[00475] Compound 20: Compound 20-6 (33 mg, 0.014 mmol) was dissolved in 1 mL of DMF. 14 uL
(0.43mmol) of anhydrous hydrazine was added. The resulting solution was stirred at room temperature
for 1 hour. The reaction was quenched with 1N hydrochloride solution. The reaction mixture was
purified by preparative HPLC, eluting with 20-70%CH3CN/H20 in 20 min at 254 nm, to give 10 mg of
compound 20. MS (EST) m/z 549[M+4H], 732[M+3H], 1098[M+2H].
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Example 21: Synthesis of Compound 21

Scheme 21
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[00476] Compound 21-2: The mixture of N, N’-Dimethylene diamine 21-1 (5 mL, 46.5 mmol) and
tert-butyl acrylate 13 mL (116 mmol) was heated at 85 °C for 1 hour. Another 13 mL (116 mmol) of tert-
butyl acrylate was added. The reaction mixture was continuely heated at 85°C for 1 hour and stirred at
room temperature overnight. The reaction mixture was concentrated in vacuo. The residue wasdiluted
with hexanes and purified by flash column chromatography using SiliaSep Cartridges (120g), eluting with
0-5% methanol/DCM to give 10.1 g (62%) of compound 21-2. MS (ESI) m/z 345 [M+H].

[00477] Compound 21-3: To a solution of compound 21-2 (5.0 g, 14.5 mmol) in 50 mL of DCM was

added 40 mL of 4N HCl/dioxane. The reaction mixture was stirred at room temperature for 2 days and
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concentrated in vacuo. The residue was treated with ether, filtered, washed with ether and dried in vacuo
to give 4.3 g (97%) of compound 21-3.

[00478] Compound 21-4: To a solution of 166 mg(0.544 mmol) of compound 21-3 and 0.15 mL of
N-methylmorpholine in 10 mL of N-methylpyrrolidinone was added 160 mg of compound 16-11,
followed by 0.068 mL (0.408 mmol) of DECP. The reaction mixture was stirred at room temperature for 1
hour. The reaction mixture was purified by preparative HPLC, eluting with 35-70% CH3CN/H20 in 20
min at 254 nm, to give 100 mg (50%) of compound 21-4. MS (ESI) m/z 464[M~+3H], 696 [M+2H], 1391
[M~+H].

[00479]  Compound 21-5: To a solution of compound 19-4 (11 mg, 0.025 mmol), compound 21-4 (115
mg, 0.077 mmol) and N-methylmorpholine (0.028 mL, 0.25 mmol) in 1.5 mL of N-methylmpyrrolidinone
was added 29.3 mg (0.077 mmol) of HATU. The reaction mixture was stirred at room temperature for 1
hour. The reaction mixture was purified by HPLC, eluting with 20-70% CH3CN/H20 in 20 min at 254
nm, to give 60 mg (67%) of compound 21-5. MS (ESI) m/z 625 [M+5H], 781 [M+4H], 1041[M+3H].
[00480] Compound 21: Compound 21-5 (60 mg, 0.014 mmol) was dissolved in 1 mL of DMF. 7 uLL
(0.21mmol) of anhydrous hydrazine was added. The resulting solution was stirred at room temperature
for 1 hour. The reaction was quenched with 1N hydrochloride solution. The reaction mixture was
purified by preparative HPLC, eluting with 20-70% CH3CN/H20 in 20 min at 254 nm, to give 29 mg
(58%) of compound 21. MS (ESI) m/z 599[M+5H], 749[M+4H], 998 [M+3H].
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Example 22: Synthesis of Compound 22

Scheme 22
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[00481] Compound 22-1: To a solution of compound 19-4 (7.6 mg, 0.017 mmol), compound 12-7 (40
mg, 0.051 mmol) and DIEA (0.030 mL, 0.17 mmol) in 2 mL of DMF was added 32 mg (0.085 mmol) of
HATU. The reaction mixture was stirred at room temperature for 2 hour. The reaction mixture was
purified by HPLC, eluting with 20-70% CH3CN/H20 in 20 min at 254 nm, to give 24 mg (68%) of
compound 22-1. MS (ESI) m/z 612 [M+3H], 917 [M+2H], 1834[M+H].

[00482] Compound 22: Compound 22-1 (24 mg, 0.012 mmol) was dissolved in 1 mL of DMF. 12 uLL
(0.36mmol) of anhydrous hydrazine was added. The resulting solution was stirred at room temperature
for 1 hour. The reaction was quenched with 1N hydrochloride solution. The reaction mixture was
purified by preparative HPLC, eluting with 20-70% CH3CN/H20 in 20 min at 254 nm, to give 15 mg
(58%) of Example 21. MS (ESI) m/z 569[M~+3H], 852[M+2H], 1726[M+2H].
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Example 23: Synthesis of Compound 23
Scheme 23
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[00483] Compound 23-1: To a solution of compound 14-3 (4.0 g, 12.4 mmol) and 6.6 mL (37.2
mmol) of DIEA in 50 mL of DCM was added 3.31 g of tolunenesulfonyl chloride at 0°C. The reaction
mixture was stirred at room temperature for 2 days. The reaction mixture was extracted with ethyl acetate.
The organic layer was combined and washed with 5% citric acid, water, brine, dried over sodium sulfate
and concentrated in vacuo. The residue was purified by flash column chromatography to give 3.5g of
compound 23-1.

[00484] Compound 23-2: To a solution of compound 23-1 (3.5 g, 7.34 mmol) in 20 mL. DMF was
added solium azide (1.44 g, 22.02 mmol). The reaction mixture was stirred at 50°C for 2 days. The
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reaction mixture was extracted with ethyl acetate. The organic layer was washed with water, brine, dried
over sodium sulfate, filtered and concentrated in vacuo. The residue was purified by flash column
chromatography to give 2.1 g of compound 23-2.

[00485] Compound 23-3: To a solution of compound 23-2 (2.1 g, 6.05 mmol) in 50 mL MeOH was
added 400 mg (10%) of Pd-C. The resulting mixture was stirred at room temperature under 1 atm H, for
24 hours. The reaction mixture was filtered and concentrated in vacuo to give 2.1 g of compound 23-3.
MS (ESD) mvz 322[M+H].

[00486] Compound 23-4: To a solution of compound 23-3 (33mg, 0.102 mmol), compound 12-7 (40
mg, 0.051 mmol) and 54 pL of diisopropylethylamine in 1 mL of DMF was added 38 mg of HATU. The
reaction mixture was stirred at room temperature for 4 hours. The reaction mixture was purified by HPLC
to give 52 mg of compound 23-4. MS (ESI) m/z 525[M+2H], 1049[M+H].

[00487] Compound 23-5: Compound 23-4 (52 mg, 0.045 mmol) was dissolved in 5 mL 4N
HCVl/Dioxane. The reaction mixture was stirred at room temperature for 2 hours and concentrated in vacuo
to give 52 mg (100%) of compound 23-5. MS (ESI) m/z 497[M+2H], 993[M+H].

[00488] Compound 23-6: To a solution of compound 19-4 (7.6 mg, 0.017 mmol), compound 23-6 (52
mg, 0.051 mmol) and DIEA (0.030 mL, 0.17 mmol) in 2 mL of DMF was added 32 mg (0.085 mmol) of
HATU. The reaction mixture was stirred at room temperature for 2 hour. The reaction mixture was
purified by HPLC, eluting with 20-70% CH3CN/H20 in 20 min at 254 nm, to give 26 mg (61%) of
compound 23-6. MS (EST) m/z 583[M+4H], 777[M+3H], 1165[M+2H].

[00489] Compound 23: Compound 23-6 (26 mg, 0.01 mmol) was dissolved in 1 mL of DMF. 10 uL
(0.31mmol) of anhydrous hydrazine was added. The resulting solution was stirred at room temperature
for 1 hour. The reaction was quenched with 1N hydrochloride solution. The reaction mixture was
purified by preparative HPLC, eluting with 20-70% CH3CN/H20 in 20 min at 254 nm, to give 10 mg
(40%) of Example 23. MS (ESI) m/z 550[M+4H], 733[M+3H], 1100[M+2H].

Table 1. Structures of Compounds 1-23

Example Structure
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Example 24: Analysis of HER-tox binding to HER? receptor
[00490]  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 25: Transient Transfection
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ADC, |1C50, nM Cancer Cell Line KRAS BRAF EGFR expression MMD NC-D-1 CGD-1
NC-D-2 C225-NC-D-1 C225-HC- D-1 C225-NCD-2 Skin A431 w w +++ 0.1 8.22
16.54 0.w0 201213633019 Col on Col 0o 205 wt PCT/US2012/039472

[00491] 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 26: Anti-Her2 variant expression test
[00492] 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 27: In vitro Inhibition of Proliferation Assay

[00493] 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.
[00494]  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
[00495] 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.
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mut + 0.25 6.81 40.03 >100 >100 WO 2012/ 166560PCT/ US2012/ 039472 HCT-116
mit wt ++ 0.13 2.14 24.86 5.7 51.73 >100 62.8 HI-29 wt nut ++
WO 2012/166560 PCT/US2012/039472

[00496] 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.

[00497] 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
HER?2 exp.
(literature/in
house) S . R e o o L o L
In vivo
sensitivity to
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
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0.143 1.7 36.9 16.7 SW20 nut wvt - 0.14 5 3.2 121 56.8 HCT-15 nut
w ++ 2.65 31.03 >100 >100

WO 2012/166560 PCT/US2012/039472
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 0/24/10 1078/10 + 110/8/10 10/8/10
HER?2 exp. (literature/in
house) H+/7 -+ B e e i e -2
In vivo sensitivity to
Herceptin unlikely I + - ?
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
Mab HA121-
PHC-D2 5% 2 0.1 0.3 (5.8)*
Fab K136pAF
Fab K136-NC-D1

TABLE 3. In vitro Cellular Data

Small Molecule, IC50, nM ADC, IC50, nM
EGFR C225-HC- |C225-NC-
Cancer |Cell Line KRAS [BRAF MMD NC-D-1 |C-D-1 |[NC-D-2 |C225-NC-D-1
expression D-1 D-2
Skin A431 wt wt +++ 0.1 8.22 16.54 0.09 0.12 0.19
Colon  |Colo 205 |wt mut |+ 0.25 6.81 40.03 >100 >100
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>300 >300 Lung A549* put w ++ 0.19 6.44 39.82 39.82 >100 >100 H2122 nmut
w + 0.11 12.71 31.76 31.76 >100 >100

WO 2012/166560 PCT/US2012/039472

HCT-116 mut  |wt ++ 0.13 2.14 24.86 5.7 51.73 >100 62.8
HT-29 Wi mut  [++ 0.1 4.3 1.7 36.9 16.7
SW620  |jmut |wt - 0.14 5 3.2 121 56.8
HCT-15 mut |wt ++ 2.65 [31.03 [>100 [>100 >300 >300
A549* mut  (wt ++ 0.19 |6.44 39.82  |39.82 >100 >100

Lung H2122 mut  |(wt + 0.11 (12.71 (31.76 [31.76 >100 >100
H460 mut  |(wt + 0.48 [10.4 95.1 95.1 >300 >300

Prostate [DU145  |wt wt ++ 024 4.8 20.51 |20.51 >100 >100

Example 28: In vivo anti-tumor efficacy of Her2-ADCs in HCC1954 (human breast
carcinoma) xenograft animal model
[00498] HCC1954 (human breast carcinoma) cells were obtained from American Type Culture
Collection (Manassas, VA) and cultured in RPMI + 10% FBS, 37°C, 5% CO, until 80% confluent. Cells
were harvested by trypsinization and suspended in PBS at 1 x 10 cells/mL.
[00499] Female, SCID-beige mice, 5-8 weeks old, were obtained from Charles River Laboratories.
HCC1954 cells (human, breast carcinoma, ATCC, # CRL-2338) were mixed 1:1 with Matrigel (BD
Biosciences, Bedford MA) and injected subcutancously into the nrice. When tumors reached an average
size of 100-200 mm’, mice were sorted into groups of 9-10 mice each. Caliper measurements were taken
twice weekly until the end of the study. To estimatc tumor volume, two orthogonal diameters were
measured with calipers and the values entered into the formula, (I x W x WY/2=V, (where W=the shortest
diameter, L=the longest diameter and V=volume), to obtain an estimated volume. The tumor volume was
converted to tumor weight in the Excel data file by assuming 1 mm’ = 1 mg. Endpoint was based on a
study design of tumor growth inhibition (TGI). When the mean tumor volume of the control group
reached approx. 1,000 mm’ all mice were euthanized or day 28, whichever came first,
[00500] Mice were given a single IV injection (tail vein) on day 1 of dosing. Test article was
dissolved at 4 mg/mL, 2 mg/mL and 0.66 mg/mL and administered at a dose volume of 5 mL/kg to
deliver 20, 10 and 3.3 mg/kg. Test articles were: Herceptin® clinical grade (Trastuzumab), Her2-HS122-
NCD1 (Ab:Drug ratio = 1:2, non-cleavable linker), and Her2-HS122/LK145-HCD1 (Ab:Drug ratio = 1:4,
cleavable linker) See Figure 16.

Example 29: In vivo Studies of Her2-Dolastatin linked Derivative
[00501] HCC1954 cells were utilized for this study with 107 cells/mouse in Matrigel, SC in the right
flank. Mice were SCID-bg female 4-8 weeks. Grouping was performed at day 5 after cell implantation
(tumors ~100 mm’): sorted into 11 groups of 10 mice each. A single IV dose was given on day 1 of
dosing with each compound at 3 dose levels, 20 mg/kg, 10 mg/kg and 3.3 mg/kg. Tumor volume was
monitored until the endpoint was reached (1,000 mm’ or 60 days). (Figure 10) Paclitaxel 25 mg/kg, IV,
god x 5 was employed as the control chemotherapy. The vehicle = 50 mM histamine, 0.1 M NaCl, 5%
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weeks Q}a?ﬂe Wafcuﬂl?lon opf% J'Ifreatedqﬁélontm% lel' t‘fl% rHé’@Bgr attu?ly ate (fay 28

Treatment Regimen 1 Median

Tumor

[Volume
Group n Agent mg/kg |Route |Schedule [(mm3) T/C
1 10 vehicle - iv qdx1 486 -
2 10 trastuzumab 3.3 iv qdx1 405 0.833
3 10 trastuzumab 10 iv qdx1 446 0.918
4 10 trastuzumab 20 iv qdx1 385 0.792
5 10 Her-HS122-NC1D-002 3.3 iv qdx1 40 0.082
6 10 Her-HS122-NC1D-002 10 iv qdx1 14 0.029
7 10 Her-HS122-NC1D-002 20 iv qdx1 18 0.037
8 10 Her-HS122/LK145-HC1D-001 3.3 iv qdx1 40 0.082
9 10 Her-HS122/LK145-HC1D-001 |10 iv qdx1 25 0.051
10 10 Her-HS122/LK145-HC1D-001 20 iv qdx1 18 0.037
11 10 paclitaxel 25 iv qgodx5 |18 0.037

Example 30: Pharmacokinetic studies
[00502] Assay was performed that detected antibody binding to ErbB2 receptor. (Figure 13) Assay was
performed that detected at least two dolastatins linked to an antibody (Figure 14).
[00503] Figure 15.

Example 31: Treatment for Breast Cancer
[00504] Human Clinical Trial of the Safety and/or Efficacy of Trastuzumab-Linked Dolastatin Derivative
for Breast Cancer Therapy
[00505] Objective: To compare the safety and pharmacokinetics of administered composition comprising
trastuzumab-linked dolastatin derivative.
[00506] Study Design: This study will be a Phase I, single-center, open-label, randomized dose escalation
study followed by a Phase II study in breast cancer patients. Patients should not have had exposure to
trastuzumab-linked dolastatin derivative prior to the study entry. Patients must not have received
treatment for their cancer within 2 weeks of beginning the trial. Treatments include the use of
chemotherapy, hematopoietic growth factors, and biologic therapy such as monoclonal antibodies.
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.

192




HCC1954 cell s (human, breast carcinoma, ATCC, # CRL-2338) were mxed 1:1
with Matrigel (BD Biosciences, Bedford MA) and injected subcutaneously into
t he m ce.wohere/teadsor s reached an average size of 100- 20@CH32012i08%7Ner €
sorted into groups of 9-10 mi ce each. Caliper neasurenents were taken tw ce

weekl L]..th nd of the. study. To.estippte.tunor.vol une, two t hogonal
ir et DBl B et 1 e ar e 1SR PRSI TRE Eae ared. briba TS HESHR
Lor mul &8-dak: Cci:yclw X)loy&/ o IMdstufumaBiakd-ddratasih detiesive daansetheld, or Lisddifed! fon@eiity

i ameter and V=vol ume i

, fo.obtain an esti mted vQl une. The tunpr volu was
Coaver aerag torar g bbb R T ba tara ep o e s T o e oy
Eﬂdpoi Nbxiviss (b)ih&lﬁfbf@% I&ftisﬂwﬂ:yeide@bzgzlﬂingfdoieu Bi)ﬂfasglﬁmlgﬁbhliﬂkﬁtﬂ'l tdastatiamevh 9 untihen
t he nmean tunor valu of ontro up reached,approx. 1,000
e P e aie gk B 8 NP amBl SR RRSPRT T RRN Gttt ires eI
give 3 ds ajtﬂmg% s ﬂhvzibsajp;%rbidiﬁ)g;théﬁa?,i\dhic\h@gdfg cgm (ﬁ&yp[;ﬂ_ierﬂff g@@%&qag_dosﬁi&ﬁti@rtbhﬁtye
was di ssolved.at 4 , ] a ) and, a nj stere .a dose
vl uire 3P SRR R e R ! e B o 3o, Tt ion® P S RS g Ryt
Her ceptdaner dhdtitite ANCDr @demdnl Tastinzepyedo) Advigs Ernds2 @ETNEDIV ¢rAbn Broughugadtic®o =
1:2, n rag)l eavabl e linker), and Her2-H5122/LK145-HCD1 (Ab:Drug ratio = 1:4,
cl eavag}lg tinker) See Figure 16. Exanple 29: In vivo Studies of

Her 2- DqbesosHthast 11 Pdtdts Dedeiveatastveunhdd0bRdd HEastAbAdgiedths asah @hikei 1l atzee MDD
this study with 107 cells/nouse in Matrigel, .SC.in the right flank, Mce
oo Skt Bade ST ERe P aihd T S8 Trsaun S Bayotenet Sb ANEEF,
i mpl fintmgrgsﬁoﬁ bMﬁﬁé(ﬁptﬁHl@Q)XMf%)Afteﬁ %I?@didnrd)fwcdlﬂ:seﬁ bﬂymsjh th)a‘rapljppaﬁsmewﬁ@@dénievé
single 1V dose was. given on day.l of dosing wt ach conmpound at 3 dose
Teval 4 ST g g e S g, B e S Sl B aNERE |
t he endponst thaa2 ni@ds e cohpRidéh MERomes@P stildyyhirapy( fnhOreeveldd)adReacdal 6 aot@des 25

T e R B A Y Do O S RTRAEE P Yo e Yol o 2
pH 6. Heeseept i Blod ShinpladlScgilatiad (sldrasi b dir@bycin pigcrd #5122 alNG@REr administration
ol b e b S 5 VG e S LS
for theohicaifhds ot ublyinad atddyut A8 nGratsprior br Reaihgeint atRegroximately tMethilawing ARk
Vol ume a E‘Tg sin-g:/ &ys 1, ,eanEl lggléalég sgrgllljltsgm[%% QSe gilillldgd nto 'ELVKQO a\llheqblci)t(sz.lgll éenil% samples are
stored at -20°C. Serum samples are shipped on dry ice.
[00510] Pharmacokinetics: Patients undergo plasma/serum sample collection for pharmacokinetic
evaluation before beginning treatment and at days 1, 8, and 15. Pharmacokinetic parameters are
calculated by model independent methods on a Digital Equipment Corporation VAX 8600 computer
system using the latest version of the BIOAVL software. The following pharmacokinetics parameters are
determined: peak serum concentration (Cpay); time to peak serum concentration (ty,y); area under the
concentration-time curve (AUC) from time zero to the last blood sampling time (AUC 72) calculated with
the use of the linear trapezoidal rule; and terminal elimination half-life (t;,), computed from the
climination rate constant. The elimination rate constant is estimated by linear regression of consecutive
data points in the terminal linear region of the log-linear concentration-time plot. The mean, standard
deviation (SD), and coefficient of variation (CV) of the pharmacokinetic parameters are calculated for
cach treatment. The ratio of the parameter means (preserved formulation/non-preserved formulation) is
calculated.
[00511] Patient Response to combination therapy: Patient response is assessed via imaging with X-
ray, CT scans, and MRI, and imaging is performed prior to beginning the study and at the end of the first
cycle, with additional imaging performed every four weeks or at the end of subsequent cycles. Imaging
modalities are chosen based upon the cancer type and feasibility/availability, and the same imaging

modality is utilized for similar cancer types as well as throughout each patient’s study course. Response
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rates are determined 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 32: Treatment for Breast Cancer
[00512] Human Clinical Trial of the Safety and Efficacy of Trastuzumab-Linked Dolastatin
Derivative for Breast Cancer Therapy
[00513]  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.
[00514] 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.
[00515] Treatment continues in both arms 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 at 1, 3, and 6 months and then every 6 months thereafter.

Example 33: Treatment for Bladder Cancer

[00516] Objective: Determine the acute toxicity of paclitaxel and radiotherapy with or without a dolastatin
derivative described herein in patients who have undergone prior transurethral bladder resection for
muscle-invasive transitional cell carcinoma of the bladder.

[00517] 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
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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.
[00518] 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]).
[00519] Group 1: Patients receive paclitaxel IV over 1 hour on days 1, 8, 15, 22, 29, 36, and 43 and a
dolastatin derivative described herein via IV over 90 minutes on day 1 and then over 30 minutes on days
8, 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.
[00520] 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 34: Treatment for Ovarian Cancer
[00521] Human Clinical Trial of the Safety and Efficacy of aDolastatin Derivative described herein
for Ovarian Cancer Therapy
[00522] 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.
[00523] Study Design: This study is a non-randomized, open-label, 11 week, multicenter study. This study
will evaluate the safety profile of four once weekly IV dosage, the MTD, PK and immunogenicity of
trastuzumab-linked dolastatin derivative. Patients are assigned to a single group. Patients receive one
dose of trastuzumab-linked dolastatin derivative once a week for 4 weeks. Trastuzumab-linked dolastatin
derivative will be administered by 1V infusion on Study Days 1, &, 15, and 22. Urine samples will be
taken on days 1 and 22.
[00524]  Blood Sampling Serial blood is drawn by direct vein puncture before and after administration
of the 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
1,2,4,5,8, 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.
[00525] 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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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A compound, or salt thereof, comprising Formula (1):

Me (I)

wherein:
Z has the structure of:

Rg

":‘YKA r

Rs ;
Rs is thiazole;
Ry is OH or H;
Ar is phenyl or pyridine;
Ry is C,-Cealkyl 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 a linker selected from the group consisting of —alkylene-, —alkylene-C(O)—, —(alkylene-0),~
alkylene~, —(alkylene—O),—alkylene—C(O)-, ~(alkylene-0),~(CH,),—NHC(O)—(CH,),—
C(Me)Z—S—S—-(CHZ),,m—NHC(O)-(alkylene—O),.n-——alkylene—, —(alkylene-0),~alkylene~W—, —
(alkylene-0),~(CH.)—W-, —(alkylene-0},~alkylene-U-alkylene—C(Q)~, and —(alkylene—~
O)—alkylene-U-alkylene—;

W has the structure of;
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0% "NH,
U has the structure of:

COLH

P\’”\f

orLis absent, Yis methyl, R; is CORg, and Ry is -NH—-(alkylene—0),~NH,; and

eachn, ', n", " and n"" are independently integers greater than or equal to one.

2. A compound, or salt thereof, comprising Formula (I):

N\)L %%

Me

wherein:
Z has the structure of:

g

;ﬁ/]\Ar

Rs ;
Rs is H, CORs, C,-Cgalkyl, or thiazole:
Ry is OH or -NH-(alkylene-0O),—NH.;
Rsis OH or H;
Ar is phenyl or pyridine;
Ry is C,-Cealkyl or hydrogen;
Y is cyclooctyne;
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L is a linker selected from the group consisting of —alkylene—, —alkylene~C(0)-, —(alkylene-0),~
alkylene—, —(alkylene-O),—alkylene~-C(O)—, —(alkylene-0),~(CH,),~NHC(O)-(CH,)—
C(Me)g—S—S—(CHg),,--—NHC(O)—(aIl€erne—O),,~»—alkerne—, —(alkylene-O)-alleylene-W-—, —
(alkylene—-Q),—(CH,),—~W-, ~(alkylene-0),-alkylene—U-alkylene—C(O)~, and —(alkylene~
O),—alkylene-U-alkylene—;

W has the structure of:

JUW S¥ena

NH

0™ "NHp
U has the structure of:

COH

7; 8

orLis absent, Yis methyl, Rs is CORg, and Ry is -NH—(alkylene—0),~NH,; and
each n, n', n", n" and n™ are independently integers greater than or equal to one.

3. The compound of claim 2, wherein the cyclooctyne has a structure of:

|©—§

(H19)q

each Ryy is independently selected from the group consisting of C,-C alkyl, C;-Cy 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; and
qis0,1,2,3,4,5,6,7,8,9, 10 or 11.

4. A compound, or salt thereof, comprising Formula (I):
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Me (])

wherein:
Z has the structure oft

Hg

;%Ar

Rs ;

R; is H, COR;, Ci-Cgalkyl, or thiazole;
Ry is OH or -NH~(alkylene—0),—NH-;

Rgis OH or H;
Ar is phenyl or pyridine;

R, is C;-Cgalkyi or hydrogen;

Y is azide;

L is a linker selected from the group consisting of -alkylene—, —alkylene-C(O)-, —(alkylene-0),—
alkylene—, —(alkylene—O),~alkylene—C(O)—, —(alkylene—~0),—~(CH.),~NHC(O)~(CH,),—
C(Me);-S~5-(CHa);—NHC(0O)~(alkylene-O),—alkylene—, —(alkylene—O),—alkylene—W—, —

(alkylene-0),~(CH,),-W-, —(alkylene—Q),-alkylene-U-alkylene~C(O)~, and —(alkylene—
O)y—alkylene—U-alkylene-;

W has the structure of:
ﬁi‘”ﬁ AL o

U has the structure of;
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COLH

‘(H giﬁ j\e“ |

or L is absent, Y is methyl, Rs is CORg, and Ry is -NH—(alkylene—O).—NH,; and

eachn, n', n", n" and n"" are independently integers greater than or equal to one.

5. A compound, or salt thereof, comprising Formuia (I):

Me M

wherein:

Zis:
S

N7 s

\—/

R; is C;-Cealky! or hydrogen;

Ph

E

Y is hydroxylamine;

L is a linker selected from the group consisting of —alkylene—, —alkylene—C(O)-, ~(alkylene~0),~
alkylene—, —(alkylene-O),-alkylene—C(O)-, —(alkylene—-0),~(CH,),~NHC(OQ)~(CHy),—
C(Me);~5~-5—(CH,),~-NHC(O)~(alkylene—0),—alkylene—, —(alkylene-0),~alkylene~W-—, —
(alkylene-0),~(CH,),~W-, —(alkylene—0),~alkylene—U-alkylene~C(O)-, and —(alkylene~
O)y-alkylene—U-alkylene—;

W has the structure of:
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10.

11.

12.

3.

14.

i’“ﬂﬁﬂ@ﬁkﬁ

NH

07 "NHy
U has the structure of:

COH

R

orLis absent, Y is methy], R; is CORg, and Ry is —NH—(alkylene—0),~NH,: and

each n, n', n", n™ and n"" are independently integers greater than or equal to one.
The compound of Formula (II) of claim 3, wherein L is —(alkylene—O),—alkylene—.
The compound of claim 6, wherein each alkylene is -CH,CH,—, n is equal to 3, and R, is methyl.
The compound of Formula (II) of claim 5, wherein L is —alkylene—,
The compound of claim 8, wherein each alkylene is -CH.CH>— and R; is methyl or hydrogen.
The compound of Formula (11) of claim 3, wherein L is —(alkyiene-O),—alkylene-C(Q)-.
The compound of claim 10, wherein each alkylene is -CH,CH,—, n is equal to 4, and R, is methyl.

The compound of Formula (1) of claim 5, wherein L is —{alkylene~0),~(CH,),~NHC(0)—~(CH,),—
C(Me)~5-5-(CHy)y—NHC(O)-(alkylene-0),-—alkylene—.

The compound of claim 12, wherein each alkylene is ~CH,CHa—, n is equal to 1, n' is equal to 2, n" is

equal to I, n " is equal to 2, n"" is equal to 4, and R is methyl,

A compound comprising Formula (VIII) or (IX):
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(VII)

(IX)
Ry Ry T
NH
ks A
cl) I Ry

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 sclected 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(Q)-, -C(O)-(alkylene or substituted alkylene)-, -C(S)-, -C(S)-
(aikylene 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(RC(O)O-

+ “S(ORNR’)-, -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;

Ris H, alkyl, substituted alkyl, cycloalkyl, or substituted cycloalkyl:
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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 aeid, polypeptide, or polynucieotide;

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

Z has the structure of:

R

N
Rs
R;is H, CORS, C;-Csalkyl, or thiazole;

Rgis OH;
R¢is OH or H;
Ar is phenyl or pyridine;
Ry is Cy-Cealkyl or hydrogen;

L is a linker selected from the group consisting of ~alkylene—, —alkylene—C(Q)-, —(alkylene-O),~
alkylene—, —(alkylene—0),—alkylene—C(O)~, —(alkylene—0),~(CH,),~NHC(O)}~(CH.),—
C(Me),-5~-5—(CH,),~-NHC(O)—(alkylene—O),-—alkylene—, —(alkylene—O}),—alkylene—W-—, —
alkylene-C(0)-W-, —(alkylene-O),-alkylene~U-alkylene—C(Q)-, and —(alkylene—-O)—
alkylene~U-alkylene—;

W has the structure of:
fl““; \i o

NH

PN

0% “NH,
U has the structure of:

COH

Wii
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15.
16.

17.
18.

i9.
20.

21,

each n, n', n", n" and n"" are independently integers greater than or equal to one;
or an active metabolite, or a pharmaceutically acceptable prodrug or solvate thereof.
The compound of claim 14, wherein R, is a polypeptide.
The compound of claim 15, wherein the polypeptide is an antibody.

The compound of claim 16, wherein the antibody is trastuzumab.

The compound of claim 14, wherein R; is a polypeptide.
The compound of claim 18, wherein the polypeptide is an antibody.
The compound of claim 19, wherein the antibody is trastuzumab.

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 (1)

Me
N\)J\ (1)
/\ Me OMe O

corresponds to:

wherein:
Z has the structure of*

Re

rv‘sﬁ’/J\Ar

Rs ;
Rsis H, CORg, C,-Cgalkyl, or thiazole;
Rg is OH or -NH—-(alkylene-0),—NH,;
Ry is OH or H;
Ar is phenyl or pyridine;
Ry is C;-C; alkyl or hydrogen;
Y is NH»-O- or methyl;

Lis a linker selected from the group consisting of a bond, —alkylene—, —alkylene—C(Q)-, —

(alkylene-O),—alkylene—, —(alkylene-0O),—alkylene-C(QO)-, —(alkylene—0O),~(CH,),—
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NHC(0)}+CHa),—C(Me)>~S-S—(CH,),»—NHC(O)—(alkylene—0),—alkylene—, —(alkylene-
O)-alkylene—W-, —alkylene-C(0)-W—, —(alkylene~O),-alkylene-J—, —alkylene'-J—
(alkylene~Q),-alkylene—, —(alkylene~Q),~alkylene—J-alkylene', —J-(alkylene—Q),-alkylene—,
—(alkylene-O),~alkylene-I-(alkylene-0), alkyiene-I'—, ~-W-, —alkylene-W-—, alkylene'-J-
(alkylene-NMe)~alkylene~W-—, and J- (alkylene-NMe),—alkylene—~W—, —(alkylene~-0),~
alkylene~U-alkylene—C(O)-, —(alkylene~O),~alkylene~U-alkylene—; —J-alkylene—NMe—-
alkylene'-NMe-alkylene"-W-, and —alkylene-J-alkylene'-NMe-alkylene'-NMe—

alkylene"-W—;
W has the structure of:
RS \i o
N H
0~ "NH, :

U has the structure of:

COLH

P\J\f

each J and J' independently have the structure of:

'z,ziﬁ)’z JT‘\Nj\O/II'L or ‘S‘S\Hj\f‘

or L is absent, Y is methyl, Rs is CORg, and Ry is ~NH—(alkylene—0),~NH,; and
eachn, i, n", n" and n" are independently integers greater than or equal to one;

wherein Formula (XXXVII) corresponds to:
Re A._K-

Ra B R
(XXXVID)
H1\N Ra
HR

40
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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 alikylene)-, -S(O).- where kis I, 2,
or 3, -S(O)(alkylene or substituted alkylene)-, -C(O)-, -C(O)-(alkylene or substituted
alkylene)-, -C(S)-, -C(8)-(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(0)O-, -S(O)N(R’)-, -N(R"YC(O)N(R’)-, -N(R)C(S)N(R’)-
s “N(R")S(OXN(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;

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

[

-J&;”RH( ;”X%gi{&!%{\/““

"0 R
7
pY

O

Ris 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 Ry

or two R; groups optionally form a cycloalkyl or a heterocycloalkyl.

22. The method of claim 21, wherein the derivatized dolastatin analog comprises at least one oxime

containing amino acid having the structure of Formula (VIID), or (IX):
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Me~_-Me OMe Me
L N TN
oY e
N

MeO N (VD

w

o

O
O
N

R .
23. The method of claim 21, wherein the dolastatin analog is contacted with the reagent of Formula

(XXXVII) in aqueous solution under mildly acidic conditions.

24. A pharmaceutical composition comprising a compound of any one of claims 1 to 20 and a

pharmaceutically acceptable carrier, excipient, or binder.
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