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CYTOTOXIC PEPTIDES AND CONJUGATES THEREOF 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application claims the benefit of U.S. Provisional Application No. 61/917293, 

filed 17 December 2013, which is incorporated by reference herein in its entirety. 

5 FIELD OF THE INVENTION 

The invention provides compounds that are anti-mitotic cytotoxic peptides, and are 

useful to treat cellular proliferative disorders. The invention also includes conjugates that 

comprise such cytotoxic peptides linked to an antigen-binding moiety, and pharmaceutical 

compositions containing these conjugates. Also included are methods of using these 

10 compounds and conjugates to treat cell proliferation disorders, including cancers. 

BACKGROUND 

The use of antibody-drug conjugates (ADCs) for the targeted delivery of cell 

proliferation inhibitors and/or cytotoxic agents to specific cells has been the focus of 

15 significant research. Antibody-Drug Conjugate, Methods in Molecular Biology, Vol. 1045, 

Editor L. Ducry, Humana Press (2013). ADCs include an antibody selected for its ability 

to bind to a cell targeted for therapeutic intervention, linked to a drug selected for its 

cytostatic or cytotoxic activity. Binding of the antibody to the targeted cell thereby delivers 

the drug to the site where its therapeutic effect is needed. 

20 Many antibodies that recognize and selectively bind to targeted cells, like cancer cells, 

have been disclosed for use in ADCs, and many methods for attaching payload (drug) 

compounds such as cytotoxins to antibodies have also been described. In spite of the 

extensive work on ADCs, though, only a few classes of cell proliferation inhibitors have 

been used extensively as ADC payloads. Even though the first ADC approved for use in 

25 humans in the U.S. was launched in 2000 (and later withdrawn from the market), a 

decade later only a few chemical classes of drug compounds (maytansinoids, auristatins, 

calicheamycins and duocarmycins) had reached clinical trials as payloads for ADCs. 

Antibody-Drug Conjugates: the Next Generation of Moving Parts, A. Lash, Start-Up. Dec. 

2011, 1-6. Given the widely acknowledged value of ADCs as therapeutics, particularly for 

30 treating cancer, there thus remains a need for cytotoxic peptides with improved properties 

for use as payloads in ADCs. 
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SUMMARY OF THE INVENTION 

The invention provided herein includes cytotoxic peptides and methods of using such 

cytotoxic peptides as the drug component of an antibody-drug conjugate (ADC). The 

present invention includes novel cytotoxic peptides and the use of such novel cytotoxic 

peptides as payloads for ADCs. The invention further includes methods and 

intermediates useful for incorporating such novel cytotoxic peptides into ADCs, and 

methods to use the novel compounds and conjugates to treat cell proliferation disorders. 

Such cytotoxic peptides are anti-mitotic agents that inhibit ceil division by blocking the 

polymerization of tubulin and thereby blocking nuclear migration and nuclear and cellular 

division. 

In one aspect of the invention are cytotoxic peptides, or stereoisomer thereof, and 

pharmaceutically acceptable salts thereof, having the structure of Formula (I) 

^ 'N~ 
o R2 ON. 0 

R3 

CL 0 (Formula (I)) 

wherein: 

15 R1 is a C-linked 6 membered heterocycloalky! containing 1-2 N heteroatoms and a Cr 

C2alkyiene bridge or R1 is a C-linked 5-8 membered fused bicyclic heterocycloalkyi 

containing 1-2 N heteroatoms, wherein each is unsubstituted, or each is substituted 

with an R7 and 0 to 3 substituents independently selected from R5 and R6, or each is 

substituted with 1 to 3 substituents independently selected from R5 and R6: 

20 R2 is -Ci-C6alkyi; 

R19 
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FT is -OH, Ci-C6alkoxy, -N(R14)2, -Rlb, -NR^(CH2)mN(R14)2, -NR1,;(CH2)mRlb, -LR 

(CH2)m-N-R12 
I 
R12 

-NHS(0)2RH, -NHS(0)2(CH2)mN3, -NHS(=0)2LR9, R12 

^/(CH2)m-N-R8 ^w-(CH2)mR9 

R12 _ R12 _ R12 or 

^^(CH2)m-X3(CH2)mR9 * XX * N ^ 
I 

R12 
J 

5 R5 is Ci-C6alkyl, -C(=0)Rn, -(CH2)mOH, -C(=0)(CH2)m0H, -C(=0)((CH2)m0)nR12, -

((CH2)mO)nR12, or CrCealkyi which is optionally substituted with -CN, -C(=0)NH2 or 1 

to 5 hydroxyl; 

R6 is halo, oxo, OH, CrCealkyi, -N(R14)2, -R16and -NR12C(=0)R11; 

R7 is LR9; 

10 R8 is H or LR9; 

each L is independently selected from -L1L2L3L4L5L6-, -L6L5L4L3L2L1-, -L1L2L3L4L5-, -

L5L4L3L2LI-,-LIL2L3L4-, -L4L3L2LI-,-LI L2L3-, -L3L2LI-,-LIL2-, -L2Lr and -Lj, wherein -Li, 
L2, L3, L4, L5, and L6 are as defined herein; 

o o 

l-N || -|-N | °\ R10 Ks 
S 1~f 

J 

15 -SSR15, -S(=0)2(CH=CH2), -(CH2)2S(=0)2(CH=CH2), -NR12S(=0)2(CH=CH2) 

R9 is o , o I NH , -NR12C(=0)CH=CH2, -N3, ?C-CH,SH, 

NR12C(=0)CH2R1U, -NR12C(=0)CH2Br, -NR12C(=0)CH2l, -NHC(=0)CH2Br, 

R 
N H 

-NHC(=0)CH2I, -ONH2, -C(0)NHNH2, O , -C02H, -NH2, -NCO, -NCS, 
OH 0 0 
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H H 

-NY^-N 
0 0 

OH 

0 ° 
OH OH 

,0. /=N 
-N 

"> 
HO-^ %0H NN^N 
HO' 

H OH O O 

° 'r H° > • 
HO~t OH N^,N 

HO 

OH 0 0 

0'^st>'Ii'v0 
OH Oi I 

^0 /=N 
-N ' 

NH2 

0 
HO-r 
HO 

P^r 
OH 

y-NY^ 
OH 

v 
O 

o o 
O'^O' ̂  

Oi" 011 
,0 /==N 

-N 

HO-
HO" 

'I • 
i OH N_N 

NH, 

HINSA/0-/ 

* O 

10 each R11 is independently selected from CrC6alkyl and CrC6alkyl which is optionally 

substituted with 1 to 5 hydroxyi; 

each R12 is independently selected from H and C-C6alkyl; 
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R13 is tetrazolyl, imidazolyi substituted with phenyl, oxadiazolyl substituted with phenyl, 
O O O 0 0 

O 4 II » II ,.4 II „ II II •-
i M n„ i-P-OH -i—P—OR -1-P-OLR9 \-P\>k^R 

-i—P-OH ? I ? i ? i "\ 1^-^ 0 
pyrazolyl, pyrimidinyi, 5 H OH OH OH OH 

oo oo o o 
o o xR12 VP-A. -R11 xR12 
N II R11 I —N -V I^^^N -V 

VP^A.0-R OH I OH I OH | 
OH R12 R11 R11 

0 0 0 0 
U II , nfl U A /LRa . P U ^LRa 0 0 O O 

-\ i \ II || ^ II J II A 
OH | OH | \-P\^-R16 "f-P-LRg -j-P-0(CH2)mR9 

R12 R11 OH OH OH 
t t t J 

5 -CH2S(=0)2NH2, -CH2S(=0)2NHLR9, -LR9 or -X4LR9; 

each R14 is independently selected from H and Ci-C6alkyl; 

R15 is 2-pyridyl or 4-pyridyl; 

R16 is an N-linked 4-8 membered heterocycloalkyl containing 1-2 heteroatoms 

independently selected from N and O, which is unsubstitituted or substituted with 

10 LR9; 

each R19 is H or CrC6alkyl; 

if" N M N^- \ s || N 

'N JL //N "vUr ^ •^"rC H- or • Y js or • 

N \ I 
X3 is or -XT^N ; X4 is ™ 0r 

each m is independently selected from 1,2,3, 4, 5, 6, 7, 8, 9 and 10; and 

each n is independently selected from 1, 2, 3, 4, 5, 6, 7, 8, 9,10,11,12,13, 14,15,16,17 

15 and 18. 

In an embodiment of this aforementioned aspect, 

R1 is a C-linked 6 membered heterocycloalkyl containing 1-2 N heteroatoms and a Cr 

C2alkylene bridge or R1 is a C-linked 5-8 membered fused bicyclic heterocycloalkyl 

containing 1-2 N heteroatoms, wherein each is unsubstituted, or each is substituted 

20 with an R7 and 0 to 3 substituents independently selected from R5 and R6, or each is 

substituted with 1 to 3 substituents independently selected from R5 and R6; 

R2 is -CrCealkyi; 

^Y^R4 /rR OH 

. iO u * R is or 
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R4 is -OH, Ci-C6alkoxy, -N(R14)2, -R16, -NR12(CH2)mN(R14)2, -NR12(CH2)mR16, -LR9, 

(CH2)m-N-R12 

-NHS(0)2R11, -NHS(0)2(CH2)mN3, -NHS(=0)2LR9, R12 

(CH2)mR9 

or 
(CH2)m-X3(CH2)mR9 

*N 
R12 

J 

5 R5 is C'-C6alkyl, CrC6alkyl which is optionally substituted with 1 to 5 hydroxyl, -C(=0)R11, 
-(CH2)mOH, -C(=0)(CH2)m0H, -C(=0)((CH2)m0)nR12, or -((CH2)mO)nR12; 

R6 is halo, oxo, OH, CrCealkyl, -N(R14)2, -R16and -NR12C(=0)R11; 

R7 is LR9; 

R8 is H or LR9; 

10 each L is independently selected from -L1L2L3L4L5L6-, -L6L5L4L3L2Lr, -L1L2L3L4L5-, -

L5L4L3L2LI-,-LIL2L3L4-, -L4L3L2Lr,-LiL2L3-, -L3L2LI-,-LIL2-, -L2Lr and -Li, wherein -Li, 
L2, L3, L4, L5, and L6 are as defined herein; 

o o 

—1—O —OH R9 is ° , o s , -NR12C(=0)CH=CH2, -N3, i ~ , SH, 

SSR15, -S(=0)2(CH=CH2), -(CH2)2S(=0)2(CH=CH2), -NR12S(=0)2(CH=CH2), 

15 NR12C(=0)CH2R1°, -NR12C(=0)CH2Br, -NR12C(=0)CH2l, -NHC(=0)CH2Br, 

NHC(=0)CH2I, -ONH2, -C(0)NHNH2, O , -C02H, -NH2, -NCO, -NCS, 
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OH O O 

„o?>ur VWJCWS= 
HO' 0 OF 

^ F F NH2 O Y-"\ o 

H 9 H2N. .o.i YY°-»A '^SfVy- oJC 
0^»JJ 

H H 0H O O 

NH2 

HO-5, OH NS^N 
R is HO' 

H OH OO 

^"rV^&p-xVYV -
HoifbH CN 
HO' 0 

5 each R11 is independently selected from CrC6alkyl and CrC6alkyl which is optionally 

substituted with 1 to 5 hydroxyl; 

each R12 is independently selected from H and CrCealkyl; 
O O O 0 0 

O i II J II ,< b II „ II I! D12 | II -1-P-OH -l-P-OR11 -J-P-OLR9 VP\AA/R 
P-OH ? I ? I f I I^^ O 

R13 is tetrazolyl, 1 H , OH , OH , OH , OH 

OO oo oo 
o o .R12 V-P^X .R11 \-P\X. .R12 
N II R11 '\ i^^^N "V i^^N 'V i^-^N 

OH | OH | OH | 
OH R12 R11 R11 

J t t t 

0 0 oo 
VP^I >R9 xJ^JL AR9 0 0 o o 
-\ I N II II s II s II Q 

OH | OH | V^\^R16 1-P-LR9 -|-P-0(CH2)mR9 

10 R12 R11 OH OH OH -LV-/ / / / 1 j 

LR9 or-X4LR9; 

each R14 is independently selected from H and CrC6alkyl; 

R15 is 2-pyridyl or 4-pyridyl; 

R16 is an N-linked 4-8 membered heterocycloalkyl containing 1-2 heteroatoms 

15 independently selected from N and O, which is unsubstitituted or substituted with 

LR9; 

7 
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NX!/ M-N 
r-Ns N*\ S II *N 

'N JL ->N "VW /N~^~ -^Nlr or /V-N : X„ is /V~"N 0r : 

• 
X3 is or •5Ci""N ; X4 is 0r 

each m is independently selected from 1,2,3, 4, 5, 6, 7, 8, 9 and 10; and 

each n is independently selected from 1, 2, 3, 4, 5, 6, 7, 8, 9,10,11,12,13, 14,15,16,17 

and 18. 

5 In certain embodiments of this aspect of the cytotoxic peptides having the structure of 

Formula (I), 

R1 is a C-linked 6 membered heterocycloalkyl containing 1-2 N heteroatoms and a Cr 

C2alkyiene bridge, or R1 is a C-linked 5-8 membered fused bicyclic heterocycloalkyl 

containing 1-2 N heteroatoms, wherein each is unsubstituted or each is substituted 

10 with 1 to 3 substituents independently selected from R5 and R6; 

R2 is -Ci-C6alkyi; 

)*Y^R4 "fy OH 
* 

or 
R4 is -OH, Ci-C6alkoxy, -N(R14)2, -R16, -NRl2(CH2)mN(R14)2, -NR12(CH2)mR16, -NHS(0)2R 

(CH2)m N-R ^^(CH2)m-N-R8 

11, 

^ JLJ R12 -J ^ -J R12 

R12 or R12 ; 

15 R5 is Ci-C6alkyl, CrCealkyl which is optionally substituted with 1 to 5 hydroxyl, -C(=0)R11, 
-(CH2)mOH, -C(=0)(CH2)m0H, -C(=0)((CH2)m0)nR12, or -((CH2)mO)nR12; 

R6 is halo, oxo, OH, CrC6alkyl, -N(R14)2, -R16and -NR12C(=0)R11; 

R8 is H; 

each R11 is independently selected from CrC6alkyl and CrC6alkyl which is optionally 

20 substituted with 1 to 5 hydroxy!; 

each R12 is independently selected from H and C-C6alkyl; 

4-?-OH "H-™ -V?^A0'R'2 
R13 is tetrazolyl, H J OH J OH J OH , OH 

o O 00 00 
-R12 -R11 ^R12 O O 

OH | OH I OH | 
R12 R11 R11 or OH 

VV-—^R16 
or 

8 
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10 

15 

20 

each R14 is independently selected from H and Ci-C6alkyi; 

R15 is 2-pyridyl or 4-pyridyl; 

R16 is an unsubstitituted N-linked 4-8 membered heterocycloalkyl containing 1-2 

heteroatoms independently selected from N and O; 

each m is independently selected from 1,2,3, 4, 5, 6, 7, 8, 9 and 10, and 

each n is independently selected from 1, 2, 3, 4, 5, 6, 7, 8, 9,10,11,12,13, 14,15,16,17 

and 18. 

In certain embodiments of this aspect of the cytotoxic peptides having the structure of 

Formula (I), are cytotoxic peptides having the structure of Formula (la): 

Ph (Formula (la)). 

In other embodiments of the aspect of the cytotoxic peptides having the structure of 

Formula (I) or Formula (la), are cytotoxic peptides having the structure of Formula (lb): 

V 
o CL O o,. o V 

R4 

Ph (Formula (lb)). 

In certain embodiments of the aspect of the cytotoxic peptides having the structure of 

Formula (I), are cytotoxic peptides having the structure of Formula (Ic): 

(Formula (Ic)). 

In other embodiments of the aspect of the cytotoxic peptides having the structure of 

Formula (I) or Formula (Ic), are cytotoxic peptides having the structure of Formula (Id): 

(Formula (Id)). 

In certain embodiments of the aspect of the cytotoxic peptides having the structure of 

Formula (I), are cytotoxic peptides having the structure of Formula (le): 

'Y 
o 

o 

R2 CL O (X O 

,N R13 

Ph (Formula (le)). 

9 
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In other embodiments of the aspect of the cytotoxic peptides having the structure of 

Formula (I) or Formula (le), are cytotoxic peptides having the structure of Formula (If): 

H 9 I H 
RVNY^N'k ^ ,N-«^ A -N. ,R 

11 R2 ' CL O O \ 0 R ^ Ph (Formula (If)). 

The present invention provides immunoconjugates, also referred to herein as ADCs, 

5 containing cytotoxic peptides linked to an antigen binding moiety, such as an antibody or 

antibody fragment. These conjugates comprising cytotoxic peptides are useful to treat 

cell proliferation disorders, particularly when the cytotoxic peptides is linked to an 

antibody that recognizes cancer cells and thus promotes delivery of the cytotoxic peptides 

to a ceil targeted for attack. The immunoconjugates are especially useful for treating 

10 certain cancers as further detailed herein. Data provided herein demonstrate that these 

immunoconjugates are effective inhibitors of cell proliferation; without being bound by 

theory, it is believed their activity is due to inhibition of the polymerization of tubulin in 

ceils. 

In one aspect of the immunoconjugates of the invention include immunoconjugates of 

15 Formula (II): y (Formula (II)) 

wherein: 

Ab represents an antigen binding moiety; 

L is selected from -L1L2L3L4L5L6-, -L6L5L4L3L2L1-, -L1L2L3L4L5-, ~L5L4L3L2Li-,-L.iL2L.3l_4-, -
L4L3L2L1-,-L1L2L3-, -LSLSLI-.-LILS-, -L2Lr and -U, wherein -L,, L2, L3, L4, L5, and L6 are 

20 as defined herein: 

y is an integer from 1 to 16; 

R101 is a 6 membered heterocycloalkyl divalent radical containing 1-2 N heteroatoms and 

a C1-C2alkyiene bridge, wherein the 6 membered heterocycloalkyl divalent radical is 

yrY 
C-linked to the o group and is N-linked to U or is C-linked to L,, and the 6 

25 membered heterocycloalkyl divalent radical is unsubstituted or substituted with 1 to 3 

substituents independently selected from R5 and R6; 

10 
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or R10' is a 5-8 membered fused bicyciic heterocycioaikyi divalent radical containing 1-2 N 

heteroatoms, wherein the 5-8 membered fused bicyciic heterocycloalkyl divalent 

radical is C-linked to the o group and is N-linked to L, or is C-linked to L,, and the 

5-8 membered fused bicyciic heterocycloalkyl divalent radical is unsubstituted or 

substituted with 1 to 3 substituents independently selected from R5 and R6; 

R2 is -CrCealkyl; 

JW" 

R3 is 

OH °' 
19 

NHo • 

R4 is -OH, CrC6alkoxy, -N(R14)2, -R1b, -NR"(CH2)mN(R14)2, or -NR"(CH2)mRlb, -

* 

(CH2)m-N-R 12 

?12 

NHS(0)2Rn or R12 ; 

10 R5 is CrC6alkyl, -C(=0)R11, -(CH2)mOH, -C(=0)(CH2)m0H, -C(=0)((CH2)m0)nR12, -

((CH2)mO)nR12, or CrC6alkyl which is optionally substituted with -CN, -C(=0)NH2 or 1 

to 5 hydroxyl, 

R6 is halo, oxo, OH, CrC6alkyl, -N(R14)2, -R16and -NR12C(=0)R11; 

R11 is CrC6alkyl or CrCealkyl which is optionally substituted with 1 to 5 hydroxyl; 

15 each R12 is independently selected from H and CrCealkyl; 

R13 is tetrazolyl, imidazolyl substituted with phenyl, oxadiazolyl substituted with phenyl, 

o 
> II 

-f-P-OH 
pyrazolyl, pyrimidinyl, ? H 

o o 
J> II * 'I 

4-P-OH -J—P-OR 
I 

OH 
i 

OH 
vp-

o o 
II 

OH 

O O 

-V^o'R 
OH 

11 -V i 
OH 

o o 
P ?11 

o o 
-R12 .R V 

| OH | OH 
R12 R11 

O O 
Pv N'R 

I 
R11 

12 

o o 
II 

-V i 
OH 

Rie 
or -CH2S(=0)2NH2,; 

20 each R14 is independently selected from H and CrCealkyl; 

R16 is an N-linked 4-8 membered heterocycloalkyl containing 1-2 heteroatoms 

independently selected from N and O; 

11 
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R19 is H or CrCealkyl; 

each m is independently selected from 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10, 

and 

each n is independently selected from 1, 2, 3, 4, 5, 6, 7, 8, 9,10,11,12,13, 14,15,16,17 

and 18. 

In one aspect of the immunoconjugates of the invention include immunoconjugates of 

Formula (II): 

\ H 9 T - f 1 H 

L—,JB 
O R 
YTYTT TY'V 

11 2 1 CL O CX O 

/ y (Formula (II)) 

wherein: 

10 Ab represents an antigen binding moiety; 

is selected from -Lil_2i-3L4L5Le-, -L6L5L4L3L2L1-, -L1L2L3L4L5-, *L§L4LgL2Lr,4™iy^fL$'j -

L^yj-r.-LtlaU-, 4J^r,-M-r, -Lair and -Li, wherein -Li, L2, L3, L4, L5, and L6 are 
as defined herein; 

y is an integer from 1 to 16; 

15 R101 is a 6 membered heterocycloalkyl divalent radical containing 1-2 N heteroatoms and 

a CrC2alkylene bridge, wherein the 6 membered heterocycloalkyl divalent radical is 

yTv 
C-linked to the 0 group and is N-linked to U or is C-linked to L,, and the 6 

membered heterocycloalkyl divalent radical is unsubstituted or substituted with 1 to 3 

substituents independently selected from R5 and R6; 

20 or R101 is a 5-8 membered fused bicyciic heterocycloalkyl divalent radical containing 1-2 N 

heteroatoms, wherein the 5-8 membered fused bicyciic heterocycloalkyl divalent 

yTv 
radical is C-linked to the o group and is N-linked to L- or is C-linked to L-, and the 

5-8 membered fused bicyciic heterocycloalkyl divalent radical is unsubstituted or 

substituted with 1 to 3 substituents independently selected from R5 and R6 

25 R2 is -CrC6alkyl; 

12 
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OH 

R4 is -OH, Ci-C6alkoxy, -N(R14)2, -R16, -NR12(CH2)mN(R14)2, or -NRl2(CH2)mR16, 

,(CH2)..-N-R1 

* 
i 

R12 

N 

NHS(0)2Rn or R12 ; 

R5 is CrCealkyl, CrC6alkyl which is optionally substituted with 1 to 5 hydroxyl, -C(=0)R11, 

5 -(CH2)mOH, -C(=0)(CH2)m0H, -C(=0)((CH2)m0)nR12, or -((CH2)mO)nR,2: 

R6 is halo, oxo, OH, CrC6alkyl, -N(R14)2, -R16and -NR12C(=0)R11; 

R11 is CrC6alkyi or CrC6alkyi which is optionally substituted with 1 to 5 hydroxyl; 

each R12 is independently selected from H and C-C6alkyl; 

.J_0H -H-°" -H-«" vUv" 
R13 is tetrazolyl, ? H , OH , OH t OH , OH 

oo oo oo 
-R12 -R11 ^Ri2 O 0 

-\ -\ i^~"^N -\ II II 
OH | OH | OH j ,VP^^R16 

10 R12 , R11 , R11 or OH ; 

each R14 is independently selected from H and C-C6alkyl; 

R16 is an N-linked 4-8 membered heterocycloalkyl containing 1-2 heteroatoms 

independently selected from N and O; 

each m is independently selected from 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10, and 

15 each n is independently selected from 1, 2, 3, 4, 5, 6, 7, 8, 9,10,11,12,13, 14,15,16,17 

and 18 

In another aspect of the immunoconjugates of the invention are immunoconjugates 

having the structure of Formula (III); 

VBV~7'V~Y"~VV""H=-L4-Ab 
!l o2 1 O 0^0 I 

\ 

RL X...X —C A. .N. 
O R" 

(Formula 

20 wherein: 

Ab represents an antigen binding moiety; 

13 
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L is SGlGCtGd from -L1L2L3L.4L5L.6-, -L6L5L4L3L2L1-, -L1L2L3L4L5-, -LgL4L3L2Li-,-LiL2L3L4-, -
L4L3L2L1-,-L1L2L3-, -L3L2L -,-L L2-, -L2Lr and -L-, wherein -L-, L2, L3, L4, L5, and L6 are 

as defined herein; 

y is an integer from 1 to 16; 

5 R1 is a 6 membered heterocycioaikyl containing 1-2 N heteroatoms and a C1-C2aikyiene 

bridge, wherein the 6 membered heterocycloalkyl is unsubstituted or substituted with 

1 to 3 substituents independently selected from R5 and R6; 

or R1 is a 5-8 membered fused bicyciic heterocycioaikyl containing 1-2 N heteroatoms, 

wherein the 5-8 membered fused bicyciic heterocycioaikyl is unsubstituted or 

10 substituted with 1 to 3 substituents independently selected from R5 and R6 

R2 is -CrC6alkyl; 

R5 is CrCealkyl, CrC6alkyl which is optionally substituted with 1 to 5 hydroxyl, -C(=0)R11, 

-(CH2)mOH, -C(=0)(CH2)m0H, -C(=0)((CH2)m0)nR12, or -((CH2)mO)nR12; 

15 R6 is halo, oxo, OH, CrC6alkyl, -N(R14)2, -R16and -NR12C(=0)R11; 

R11 is CrC6alkyl or Ci-C6alkyl which is optionally substituted with 1 to 5 hydroxyl; 

each R12 is independently selected from H and C -C6alkyl; 
each R14 is independently selected from H and CrC6alkyi; 

R16 is an N-linked 4-8 membered heterocycloalkyl containing 1-2 heteroatoms 

20 independently selected from N and O; 

R3 is 
N-|-

o 
I! 

R17 is a bond, -NH-, -NHS(=0)2-, 

(CH2)m I 

or 

R18 is a bond, OH , OH or-CH2S(=0)2NH-; 

R19 is H or CrC6alkyl; 

14 
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each m is independently selected from 1,2,3, 4, 5, 6, 7, 8, 9 and 10, 

each n is independently selected from 1, 2, 3, 4, 5, 6, 7, 8, 9,10,11,12,13, 14,15,16,17 

wherein: 

Ab represents an antigen binding moiety; 

10 L is selected from -L1L2L3L.4L5L.6-, -L6L5L4L3L2L1-, -L1L2L3L4L5-, -LgL4L3L2Li-,-LiL2L3L4-, -
L4L3L2LI-,-LIL2L3-, -L3L2LI-,-LiL2-, -L2L1- and -Li, wherein -Li, L2, L3, L4, L5, and L6 are 
as defined herein; 

y is an integer from 1 to 16; 

R1 is a 6 membered heterocycioaikyl containing 1-2 N heteroatoms and a Ci-C2aikylene 

15 bridge, wherein the 6 membered heterocycioaikyl is unsubstituted or substituted with 

1 to 3 substituents independently selected from R5 and R6; 

or R1 is a 5-8 membered fused bicyciic heterocycloalkyl containing 1-2 N heteroatoms, 

wherein the 5-8 membered fused bicyciic heterocycloalkyl is unsubstituted or 

substituted with 1 to 3 substituents independently selected from R5 and R6 

20 R2 is -Ci-C6alkyi; 

R3 is ; 

R5 is Ci-C6alkyl, Ci-C6alkyl which is optionally substituted with 1 to 5 hydroxyl, -C(=0)R11, 
-(CH2)mOH, -C(=0)(CH2)m0H, -C(=0)((CH2)m0)nR12, or -((CH2)mO)nR12; 

R6 is halo, oxo, OH, CrC6alkyl, -N(R14)2, -R16and -NR12C(=0)R11; 

25 R11 is Ci-C6alkyl or Ci-C6alkyl which is optionally substituted with 1 to 5 hydroxyl; 

each R12 is independently selected from H and Ci-C6alkyl; 

each R14 is independently selected from H and Ci-C6alkyi; 

and 18. 

5 In another aspect of the immunoconjugates of the invention are immunoconjugates 

having the structure of Formula (III): 

y (Formula (III)) 

15 
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R16 is an N-iinked 4-8 membered heterocycioaikyl containing 1-2 heteroatoms 

independently selected from N and O; 
o 
II 

R , ., v—^ , 

(CH2)—N-C-j-

or 

I 

o o 
-|—p—i— p-o-S— 

5 R18 is a bond, OH 0r OH 

each m is independently selected from 1,2,3, 4, 5, 6, 7, 8, 9 and 10, and 

each n is independently selected from 1, 2, 3, 4, 5, 6, 7, 8, 9,10,11,12,13, 14,15,16,17 

The invention provides methods for making such ADCs using cytotoxic peptides of 

10 Formula (I) as the payload (drug) to be delivered. In such cytotoxic peptides the cytotoxic 

peptide N-terminus or C-teminus has been modified to have a reactive functional group, 

and optionally one or more linker components, to facilitate connecting the cytotoxic 

peptide either directly or indirectly to the antibody or antigen binding fragment, for 

instance the above described second and third aspects of the cytotoxic peptides of 

15 Formula (I). In addition, the invention provides methods to use these ADCs to treat cell 

proliferation disorders. 

In another aspect, the invention provides pharmaceutical compositions comprising an 

immunoconjugate of Formula (II) or Formula (III), or subformulae thereof,admixed with at 

least one pharmaceutical^ acceptable carrier or excipient, optionally admixed with two or 

20 more pharmaceutical^ acceptable carriers or excipients, and methods to use these 

compositions to treat cell proliferation disorders. 

In another aspect, the invention provides a method to treat a condition characterized 

by excessive or undesired ceil proliferation, which comprises administering to a subject in 

need of such treatment an effective amount of an immunoconjugate of Formula (II) or 

25 Formula (III). The subject for treatment can be a mammal, and is preferably a human. 

Conditions treatable by the immunoconjugates and methods described herein include 

and 18. 
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various forms of cancer, such as gastric, myeloid, colon, nasopharyngeal, esophageal, 

and prostate tumors, glioma, neuroblastoma, breast cancer, lung cancer, ovarian cancer, 

colorectal cancer, thyroid cancer, leukemia (e.g., myelogenous leukemia, lymphocytic 

eukemia, acute myelogenous leukemia (AML), chronic myeloid leukemia (CML), acute 

5 lymphoblastic leukemia (ALL), T-iineage acute lymphoblastic leukemia or T-ALL chronic 

ymphocytic leukemia (CLL), myelodysplastic syndrome (MDS), hairy cell leukemia), 

ymphoma (Hodgkin's lymphoma (HL), non-Hodgkin's lymphoma (NHL)), multiple 

myeloma, bladder, renal, gastric (e.g., gastrointestinal stromal tumors (GIST)), liver, 

melanoma and pancreatic cancer, and sarcoma. Other cell proliferation disorders that 

10 can be treated with these methods and compositions include diabetic retinopathy, liver 

and lung fibrosis, Sjogren's syndrome, and lupus erythematous. 

The invention includes compositions of Formulas (l)-(lll) and the subformulae thereof 

as described herein, and all stereoisomers (including diastereoisomers and enantiomers), 

tautomers, and isotopically enriched versions thereof (including deuterium substitutions) 

15 as well as pharmaceutically acceptable salts of these compounds. The present invention 

also comprises polymorphs of Formula (I) (or sub-formulas thereof) and salts, particularly 

pharmaceutically acceptable salts, thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1. In vitro cell proliferation assays of anti-Her2 Cys (A) and A1/ybbR tag (B) 

20 mutant ADCs with MDA-MB-231 clone 40, anti-Her2 Cys (C) and A1/ybbR tag 

(D) mutant ADCs with MDA-MB-231 clone 16, anti-Her2 Cys (E) and A1/ybbR 

tag (F) mutant ADCs with HCC1954, and anti-Her2 Cys (G) and A1/ybbR tag 

(H) mutant ADCs with JimT-1 cells. 

Figure 2. In vitro cell proliferation assays of antibody 20507-HC-E152C-10 (A), antibody 

25 20507-HC-S375C-47 (B), antibody 20507-HC-ins388-A1 -20 (C), and antibody 

20507-HC-ins388-A1-49-22 (D) ADCs. 

Figure 3. Pharmacokinetic studies of anti-Her2-LC-S159C-10 (A), anti-Her2-LC-S159C-

47 (B), anti-Her2-LC-Sl59C-77 (C), anti-Her2-LC-S159C-80 (D), anti-Her2-LC-

S159C-79 (E), anti-Her2-LC-S159C-78 (F), anti-Her2-LC-S159C-14 (G), anti-

30 Her2-HC-E152C-S375C-10 (H), and anti-Her2-10 (I) in naive mice. 

Figure 4. Pharmacokinetic studies of antibody 20507-HC-E152C-10 (A), antibody 20507-

LC-K107C-47 (B), antibody 20507-HC-ins388-A1-20 (C), antibody 20507-HC-

E152C-S375C-10 (D), antibody 20507-10 (E), anti-Her2-HC-ins388-ybbR-20 
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(G), antibody 20507-HC-ins388-A1 -49-22 (H), anti-Her2-HC-ins388-A1-49-22 

(i), and anti-Her2-HC-ins388-ybbR-(i-11)-75 (J) ADCs in naive mice at a dose 

of 1 mg/kg. The pharmacokinetic study of antibody 20507-HC-ins388-A1-20 (F) 

was performed in tumor-bearing mice at a dose of 10 mg/kg. 
5 Figure 5. In vitro stability studies of ADCs. Time course of payioad retention of anti-Her2-

LC-S159C-10 incubated in buffers with different pH at 37°C (A), Time course of 

succinimide ring hydrolysis of anti-Her2-LC-S159C-10 incubated in buffers with 

different pH at 37°C (B), Time course of payioad retention of anti-Her2-LC-

S159C-47 incubated in buffers with different phi at 37°C (C), Time course of 

10 succinimide ring hydrolysis of anti-Her2-LC-S159C-47 incubated in buffers with 
different pH at 37°C (D), Payioad retention rate of anti-Her2-LC-S159C-1Q, anti-

Her2-LC-S159C-77, anti-Her2-LC-S159C-80, anti-Her2-LC-S159C-79, anti-

Her2-LC-S159C-78 and anti-Her2-LC-S159C-14 incubated in pH8.5 buffers at 

37°C for 24 hours (E), Extent of succinimide ring hydrolysis of anti-Her2-LC-

15 S159C-10, anti-Her2-LC-S159C-77, anti-Her2-LC-S159C-80, anti-Her2-LC-

S159C-79, anti-Her2-LC-S159C-78 and anti-Her2-LC-S159C-14 incubated in 

pH8.5 buffers at 37 C for 24 hours (F). 

Figure 6. In vivo efficacy study of antibody 20507 ADCs in H526 tumor model. (A) 

Antibody 20507-HC-E152C-10 and antibody 20507-HC-E152C-MMAF ADCs. 

20 (B) Antibody 20507-HC-E152C-10, antibody 20507-HC-ins388-A1 -20 and 

antibody 20507-LC-S159C-MMAF ADCs. (C) Antibody 20507-HC-E152C-

S375C-10 and antibody 20507-10. (D) Antibody 20507-HC-E152C-10, antibody 

20507-HC-ins388-A1-49-22, and anti-Her2-HC-ins388-A1-49-22 ADCs. 

25 
DETAILED DESCRIPTION 

The following definitions apply unless otherwise expressly provided. 

The term "amino acid" refers to canonical, synthetic, and unnatural amino acids, as 

well as amino acid analogs and amino acid mimetics that function in a manner similar to 

the canonical amino acids. Canonical amino acids are proteinogenous amino acids 

30 encoded by the genetic code and include alanine, arginine, asparagine, aspartic acid, 

cysteine, glutamine, glutamic acid, glycine, histidine, isoleucine, leucine, lysine, 

methionine, phenylalanine, proline, serine, threonine, tryptophan, tyrosine, valine, as well 

as selenocysteine, pyrrolysine and pyrroline-carboxy-lysine. Amino acid analogs refer to 

compounds that have the same basic chemical structure as a canonical amino acid, i.e., 
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an a-carbon that is bound to a hydrogen, a carboxyl group, an amino group, and an R 

group, e.g., homoserine, norleucine, methionine sulfoxide, methionine methyl suifonium. 

Such analogs have modified R groups (e.g., norleucine) or modified peptide backbones, 

but retain the same basic chemical structure as a canonical amino acid. 

5 The term "antigen binding moiety" as used herein refers to a moiety capable of 

binding specifically to an antigen, and includes but is not limited to antibodies and 

antibody fragments. 

The term "antibody" as used herein refers to a polypeptide of the immunoglobulin 

family that is capable of binding a corresponding antigen non-covaiently, reversibly, and 

10 in a specific manner. For example, a naturally occurring IgG antibody is a tetramer 

comprising at least two heavy (H) chains and two light (L) chains inter-connected by 

disulfide bonds. Each heavy chain is comprised of a heavy chain variable region 

(abbreviated herein as VH) and a heavy chain constant region. The heavy chain constant 

region is comprised of three domains, CH1, CH2 and CH3. Each light chain is comprised 

15 of a light chain variable region (abbreviated herein as VL) and a light chain constant 

egion. The light chain constant region is comprised of one domain, CL. The VH and VL 

egions can be further subdivided into regions of hyper variability, termed 

complementarity determining regions (CDR), interspersed with regions that are more 

conserved, termed framework regions (FR). Each VH and VL is composed of three CDRs 

20 and four FRs arranged from amino-terminus to carboxy-terminus in the following order 

FR1, CDR1, FR2, CDR2, FR3, CDRS, and FR4. The variable regions of the heavy and 

ight chains contain a binding domain that interacts with an antigen. The constant regions 

of the antibodies may mediate the binding of the immunoglobulin to host tissues or factors, 

ncluding various cells of the immune system [e.g., effector cells) and the first component 

25 (Clq) of the classical complement system. 

The term "antibody" includes, but is not limited to, monoclonal antibodies, human 

antibodies, humanized antibodies, camelid antibodies, chimeric antibodies, and anti-

diotypic (anti-Id) antibodies (including, e.g., anti-Id antibodies to antibodies of the 

invention). The antibodies can be of any isotype/class (e.g., IgG, IgE, IgM, IgD, IgA and 

30 IgY), or subclass (e.g., lgG1, lgG2, lgG3, lgG4, lgA1 and lgA2). 

Both the light and heavy chains are divided into regions of structural and functional 

homology. The terms "constant" and "variable" are used functionally. In this regard, it will 

be appreciated that the variable domains of both the light (VL) and heavy (VH) chain 

portions determine antigen recognition and specificity. Conversely, the constant domains 
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of the light chain (CL) and the heavy chain (CH1, CH2 or CH3) confer important biological 

properties such as secretion, transplacental mobility, Fc receptor binding, complement 

binding, and the like. By convention, the numbering of the constant region domains 

ncreases as they become more distal from the antigen binding site or amino-terminus of 

5 the antibody. The N-terminus is a variable region and at the C-terminus is a constant 

egion; the CH3 and CL domains actually comprise the carboxy-terminal domains of the 

heavy and light chain, respectively. 

The term "antigen binding fragment", as used herein, refers to one or more portions of 

an antibody that retain the ability to specifically interact with (e.g., by binding, steric 

10 hindrance, stabilizing/destabilizing, spatial distribution) an epitope of an antigen. 

Examples of binding fragments include, but are not limited to, single-chain Fvs (scFv), 

disulfide-linked Fvs (sdFv), Fab fragments, F(ab') fragments, a monovalent fragment 

consisting of the VL, VH, CL and CH1 domains; a F(ab)2 fragment, a bivalent fragment 

comprising two Fab fragments linked by a disulfide bridge at the hinge region; a Fd 

15 fragment consisting of the VH and CH1 domains; a Fv fragment consisting of the VL and 

VH domains of a single arm of an antibody; a dAb fragment (Ward et al., Nature 341:544-

546, 1989), which consists of a VH domain; and an isolated complementarity determining 

region (CDR), or other epitope-binding fragments of an antibody. 

Furthermore, although the two domains of the Fv fragment, VL and VH, are coded for 

20 by separate genes, they can be joined, using recombinant methods, by a synthetic linker 

that enables them to be made as a single protein chain in which the VL and VH regions 

pair to form monovalent molecules (known as single chain Fv ("scFv"); see, e.g., Bird et 

al., Science 242:423-426,1988; and Huston et al., Proc. Natl. Acad. Sci. 85:5879-5883, 

1988). Such single chain antibodies are also intended to be encompassed within the 

25 term "antigen binding fragment." These antigen binding fragments are obtained using 

conventional techniques known to those of skill in the art, and the fragments are screened 

for utility in the same manner as are intact antibodies. 

Antigen binding fragments can also be incorporated into single domain antibodies, 

maxibodies, minibodies, nanobodies, intrabodies, diabodies, triabodies, tetrabodies, v-

30 NAR and bis-scFv (see, e.g., Hollinger and Hudson, Nature Biotechnology 23:1126-1136, 

2005). Antigen binding fragments can be grafted into scaffolds based on polypeptides 

such as fibronectin type III (Fn3) (see U.S. Pat. No. 6,703,199, which describes 

fibronectin polypeptide monobodies). 

20 



WO 2015/095301 PCT/US2014/070800 

Antigen binding fragments can be incorporated into single chain molecules comprising 

a pair of tandem Fv segments (VH-CH1-VH-CH1) which, together with complementary 

ight chain polypeptides, form a pair of antigen binding regions (Zapata et al., Protein Eng. 

8:1057-1062, 1995; and U.S. Pat. No. 5,641,870). 

5 The term "monoclonal antibody" or "monoclonal antibody composition" as used herein 

refers to polypeptides, including antibodies and antigen binding fragments that have 

substantially identical amino acid sequence or are derived from the same genetic source. 

This term also includes preparations of antibody molecules of single molecular 

composition. A monoclonal antibody composition displays a single binding specificity and 

10 affinity for a particular epitope. 

The term "human antibody", as used herein, includes antibodies having variable 

egions in which both the framework and CDR regions are derived from sequences of 

human origin. Furthermore, if the antibody contains a constant region, the constant 

region also is derived from such human sequences, e.g., human germline sequences, or 

15 mutated versions of human germline sequences or antibody containing consensus 

framework sequences derived from human framework sequences analysis, for example, 

as described in Knappik et al., J. Mol. Biol. 296:57-86, 2000). 

The human antibodies of the invention may include amino acid residues not encoded 

by human sequences (e.g., mutations introduced by random or site-specific mutagenesis 

20 in vitro or by somatic mutation in vivo, or a substitution to promote stability or 

manufacturing). 

The term "humanized" antibody, as used herein, refers to an antibody that retains the 

reactivity of a non-human antibody while being less immunogenic in humans. This can be 

achieved, for instance, by retaining the non-human CDR regions and replacing the 

25 remaining parts of the antibody with their human counterparts. See, e.g., Morrison et al., 

Proc. Natl. Acad. Sci. USA, 81:6851-6855 (1984); Morrison and Oi, Adv. Immunol., 44:65-

92 (1988); Verhoeyen et al., Science, 239:1534-1536 (1988); Padlan, Molec, Immun,, 

28:489-498 (1991); Padlan, Molec. Immun., 31 (3):169-217 (1994). 

The term "specifically binds" or "selectively binds," when used in the context of 

so describing the interaction between an antigen (e.g., a protein or a glycan) and an antibody, 

antibody fragment, or antibody-derived binding agent, refers to a binding reaction that is 

determinative of the presence of the antigen in a heterogeneous population of proteins 

and other biologies, e.g., in a biological sample, e.g., a blood, serum, plasma or tissue 

sample. Thus, under certain designated immunoassay conditions, the antibodies or 
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binding agents with a particular binding specificity bind to a particular antigen at least two 

times the background and do not substantially bind in a significant amount to other 

antigens present in the sample. In one embodiment, under designated immunoassay 

conditions, the antibody or binding agents with a particular binding specificity bind to a 

5 particular antigen at least ten (10) times the background and do not substantially bind in a 

significant amount to other antigens present in the sample. Specific binding to an 

antibody or binding agent under such conditions may require the antibody or agent to 

have been selected for its specificity for a particular protein. As desired or appropriate, 

this selection may be achieved by subtracting out antibodies that cross-react with 

10 molecules from other species (e.g., mouse or rat) or other subtypes. Alternatively, in 

some embodiments, antibodies or antibody fragments are selected that cross-react with 

certain desired molecules. 

A variety of immunoassay formats may be used to select antibodies specifically 

immunoreactive with a particular protein. For example, solid-phase ELISA 

15 immunoassays are routinely used to select antibodies specifically immunoreactive with a 

protein (see, e.g., Harlow & Lane, Using Antibodies, A Laboratory Manual (1998), for a 

description of immunoassay formats and conditions that can be used to determine 

specific immunoreactivity). Typically a specific or selective binding reaction will produce a 

signal at least twice over the background signal and more typically at least than 10 to 100 

20 times over the background. 

The term "affinity" as used herein refers to the strength of interaction between 

antibody and antigen at single antigenic sites. Within each antigenic site, the variable 

region of the antibody "arm" interacts through weak non-covalent forces with antigen at 

numerous sites; the more interactions, the stronger the affinity. 

25 The term "isolated antibody" refers to an antibody that is substantially free of other 

antibodies having different antigenic specificities. An isolated antibody that specifically 

binds to one antigen may, however, have cross-reactivity to other antigens. Moreover, an 

isolated antibody may be substantially free of other cellular material and/or chemicals. 

The terms "polypeptide" and "protein" are used interchangeably herein to refer to a 

so polymer of amino acid residues. The terms apply to canonical amino acid polymers as 

well as to non-canonical amino acid polymers. Unless otherwise indicated, a particular 

polypeptide sequence also implicitly encompasses modified variants thereof. 

The term "immunoconjugate" or "antibody-drug-conjugate" as used herein refers to 

the linkage of an antigen binding moiety such as an antibody or an antigen binding 
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fragment thereof with an cytotoxic peptide of Formula (i). The linkage can be covalent 

bonds, or non-covalent interactions, and can include chelation. Various linkers, known in 

the art, can be employed in order to form the immunoconjugate 

The term "cytotoxin", or "cytotoxic agent" as used herein, refer to any agent that is 

5 detrimental to the growth and proliferation of cells and may act to reduce, inhibit, or 

destroy a cell or malignancy. 

The term "anti-cancer agent" as used herein refers to any agent that can be used to 

treat a cell proliferative disorder such as cancer, including but not limited to, cytotoxic 

agents, chemotherapeutic agents, radiotherapy and radiotherapeutic agents, targeted 

10 anti-cancer agents, and immunotherapeutic agents. 

The term "drug moiety" or "payioad" as used herein, refers to a chemical moiety that is 

or can be conjugated to an antibody or antigen binding fragment to form an 

mmunoconjugate, and can include any moiety that is useful to attach to the antibody or 

antigen binding fragment. For example, "drug moiety" or "payioad" includes, but is not 

15 limited to, the cytotoxic peptides described herein. The immunoconjugates of the 

nvention comprise one or more cytotoxic peptides described herein as a payioad, but 

may also include one or more other payloads. Other payloads include, for example, a 

drug moiety or payioad can be an anti-cancer agent, an anti-inflammatory agent, an 

antifungal agent, an antibacterial agent, an anti-parasitic agent, an anti-viral agent, or an 

20 anesthetic agent. In certain embodiments a drug moiety is selected from an Eg5 inhibitor, 

a HSP90 inhibitor, an IAP inhibitor, an mTor inhibitor, a microtubule stabilizer, a 

microtubule destabilizes an auristatin, a doiastatin, a maytansinoid, a MetAP (methionine 

aminopeptidase), an inhibitor of nuclear export of proteins CRM1, a DPPIV inhibitor, an 

nhibitor of phosphoryl transfer reactions in mitochondria, a protein synthesis inhibitor, a 

25 kinase inhibitor, a CDK2 inhibitor, a CDK9 inhibitor, a proteasome inhibitor, a kinesin 

nhibitor, an HDAC inhibitor, a DNA damaging agent, a DNA alkylating agent, a DNA 

ntercalator, a DNA minor groove binder and a DHFR inhibitor. Suitable examples include 

calicheamycins such as gamma-calicheamycin; and maytansinoids such as DM1, DM3 

and DM4. Methods for attaching each of these to a linker compatible with the antibodies 

30 and method of the invention are known in the art. See, e.g., Singh et al., (2009) 

Therapeutic Antibodies: Methods and Protocols, vol. 525, 445-457. 

"Tumor" refers to neoplastic cell growth and proliferation, whether malignant or benign, 

and all pre-cancerous and cancerous cells and tissues. 
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The term "anti-tumor activity" means a reduction in the rate of tumor cell proliferation, 

viability, or metastatic activity. A possible way of showing anti-tumor activity is to show a 

decline in growth rate of abnormal ceils that arises during therapy or tumor size stability or 

reduction. Such activity can be assessed using accepted in vitro or in vivo tumor models, 

5 including but not limited to xenograft models, allograft models, MMTV models, and other 

known models known in the art to investigate anti-tumor activity. 

The term "malignancy" refers to a non-benign tumor or a cancer. As used herein, the 

term "cancer" includes a malignancy characterized by deregulated or uncontrolled cell 

growth. Exemplary cancers include: carcinomas, sarcomas, leukemias, and lymphomas. 

10 The term "cancer" includes primary malignant tumors (e.g., those whose cells have 

not migrated to sites in the subject's body other than the site of the original tumor) and 

secondary malignant tumors (e.g., those arising from metastasis, the migration of tumor 

cells to secondary sites that are different from the site of the original tumor). 

As used herein, the term "pharmaceutically acceptable carrier" includes any and all 

15 solvents, dispersion media, coatings, surfactants, antioxidants, preservatives (e.g., 

antibacterial agents, antifungal agents), isotonic agents, absorption delaying agents, salts, 

preservatives, drug stabilizers, binders, excipients, disintegration agents, lubricants, 

sweetening agents, flavoring agents, dyes, and the like and combinations thereof, as 

would be known to those skilled in the art (see, for example, Remington's Pharmaceutical 

20 Sciences, 18th Ed. Mack Printing Company, 1990, pp. 1289-1329). Except insofar as any 

conventional carrier is incompatible with the active ingredient, its use in the therapeutic or 

pharmaceutical compositions is contemplated. 

The term "a therapeutically effective amount" of a compound of the present invention 

refers to an amount of the compound of the present invention that will elicit the biological 

25 or medical response of a subject, for example, reduction or inhibition of an enzyme or a 

protein activity, or ameliorate symptoms, alleviate conditions, slow or delay disease 

progression, or prevent a disease, etc. In one non-limiting embodiment, the term "a 

therapeutically effective amount" refers to the amount of the compound of the present 

nvention that, when administered to a subject, is effective to at least partially alleviate, 

so inhibit, prevent and/or ameliorate a condition, or a disorder or a disease. 

As used herein, the term "subject" refers to an animal. Typically the animal is a 

mammal. A subject also refers to for example, primates (e.g., humans, male or female), 

cows, sheep, goats, horses, dogs, cats, rabbits, rats, mice, fish, birds and the like. In 
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certain embodiments, the subject is a primate. In specific embodiments, the subject is a 

human. 

As used herein, the term "inhibit", "inhibition" or "inhibiting" refers to the reduction or 

suppression of a given condition, symptom, or disorder, or disease, or a significant 

5 decrease in the baseline activity of a biological activity or process. 

As used herein, the term "treat", "treating" or "treatment" of any disease or disorder 

refers in one embodiment, to ameliorating the disease or disorder (i.e., slowing or 

arresting or reducing the development of the disease or at least one of the clinical 

symptoms thereof). In another embodiment "treat", "treating" or "treatment" refers to 

10 alleviating or ameliorating at least one physical parameter including those which may not 

be discernible by the patient. In yet another embodiment, "treat", "treating" or "treatment" 

refers to modulating the disease or disorder, either physically, (e.g., stabilization of a 

discernible symptom), physiologically, (e.g., stabilization of a physical parameter), or both, 

n yet another embodiment, "treat", "treating" or "treatment" refers to preventing or 

15 delaying progression of the disease or disorder. 

As used herein, a subject is "in need of" a treatment if such subject would benefit 

biologically, medically or in quality of life from such treatment. 

As used herein, the term "a," "an," "the" and similar terms used in the context of the 

present invention (especially in the context of the claims) are to be construed to cover 

20 both the singular and plural unless otherwise indicated herein or clearly contradicted by 

the context. 

In certain embodiments, the modified immunoconjugates of the invention are 

described according to an "cytotoxic peptide-to-antibody" ratio of, e.g., 1, 2, 3, 4, 5, 6, 7, 

or 8, or 12 or 16; this ratio corresponds to "y" in Formula (II) and Formula (III). While this 

25 ratio has an integer value for a specific conjugate molecule, it is understood that an 

average value is typically used to describe a sample containing many molecules, due to 

some degree of inhomogeneity within a sample of an immunoconjugate. The average 

loading for a sample of an immunoconjugate is referred to herein as the "drug to antibody 

ratio," or DAR. In some embodiments, the DAR is between about 1 and about 16, and 

30 typically is about 1, 2, 3, 4, 5, 6, 7, or 8. In some embodiments, at least 50% of a sample 

by weight is compound having the average DAR plus or minus 2, and preferably at least 

50% of the sample is a product that contains the average DAR plus or minus 1.5. 

Preferred embodiments include immunoconjugates wherein the DAR is about 2 to about 8, 

e.g., about 2, about 3, about 4, about 5, about 6, about 7, or about 8. In these 
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embodiments, a DAR of "about q" means the measured value for DAR is within ±20% of q, 

or preferably within ±10% of q. 

As used herein, the term "an optical isomer" or "a stereoisomer" refers to any of the 

various stereo isomeric configurations which may exist for a given compound of the 

5 present invention and includes geometric isomers. It is understood that a substituent may 

be attached at a chiral center of a carbon atom. The term "chiral" refers to molecules 

which have the property of non-superimposability on their mirror image partner, while the 

term "achiral" refers to molecules which are superimposable on their mirror image partner. 

Therefore, the invention includes enantiomers, diastereomers or racemates of the 

10 compound. "Enantiomers" are a pair of stereoisomers that are non- superimposable 

mirror images of each other. A 1:1 mixture of a pair of enantiomers is a "racemic" mixture. 

The term is used to designate a racemic mixture where appropriate. "Diastereoisomers" 

are stereoisomers that have at least two asymmetric atoms, but which are not mirror-

mages of each other. The absolute stereochemistry is specified according to the Cahn-

15 Ingoid-Prelog R-S system. When a compound is a pure enantiomer the stereochemistry 

at each chiral carbon may be specified by either R or S. Resolved compounds whose 

absolute configuration is unknown can be designated (+) or (-) depending on the direction 

(dextro- or ievorotatory) which they rotate plane polarized light at the wavelength of the 

sodium D line. Certain compounds described herein contain one or more asymmetric 

20 centers or axes and may thus give rise to enantiomers, diastereomers, and other 

stereoisomeric forms that may be defined, in terms of absolute stereochemistry, as (R)- or 
(S)-. 

Depending on the choice of the starting materials and procedures, the compounds 

can be present in the form of one of the possible isomers or as mixtures thereof, for 

25 example as pure optical isomers, or as isomer mixtures, such as racemates and 

diastereoisomer mixtures, depending on the number of asymmetric carbon atoms. The 

present invention is meant to include all such possible isomers, including racemic 

mixtures, diasteriomeric mixtures and optically pure forms, unless otherwise stated, e.g., 

where a specific isomer is identified. Optically active (R)- and (S)- isomers may be 

30 prepared using chiral synthons or chiral reagents, or resolved using conventional 

techniques. If the compound contains a double bond, the substituent may be E or Z 

configuration. If the compound contains a di-substituted cycloaikyl, the cycioalkyl 

substituent may have a cis- or trans-configuration. All tautomeric forms are also intended 

to be included. 
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As used herein, the terms "salt" or "salts" refers to an acid addition or base addition 

salt of a compound of the invention. "Salts" include in particular "pharmaceutical 

acceptable salts". The term "pharmaceutically acceptable salts" refers to salts that retain 

the biological effectiveness and properties of the compounds of this invention and, which 

5 typically are not biologically or otherwise undesirable. In many cases, the compounds of 

the present invention are capable of forming acid and/or base salts by virtue of the 

presence of amino and/or carboxyl groups or groups similar thereto. 

Pharmaceutically acceptable acid addition salts can be formed with inorganic acids 

and organic acids, e.g., acetate, aspartate, benzoate, besylate, bromide/hydrobromide, 

10 bicarbonate/carbonate, bisulfate/sulfate, camphorsulfonate, chloride/hydrochloride, 

chlorotheophyllinate, citrate, ethandisulfonate, fumarate, gluceptate, gluconate, 

glucuronate, hippurate, hydroiodide/iodide, isethionate, lactate, iactobionate, iaurylsulfate, 

malate, maleate, malonate, mandelate, mesylate, methylsulphate, naphthoate, napsylate, 

nicotinate, nitrate, octadecanoate, oleate, oxalate, palmitate, pamoate, 

15 phosphate/hydrogen phosphate/dihydrogen phosphate, polygalacturonate, propionate, 

stearate, succinate, subsalicylate, tartrate, tosylate and trifluoroacetate salts. 

Inorganic acids from which salts can be derived include, for example, hydrochloric 

acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, and the like. 

Organic acids from which salts can be derived include, for example, acetic acid, 

20 propionic acid, glycolic acid, oxalic acid, maleic acid, malonic acid, succinic acid, fumaric 

acid, tartaric acid, citric acid, benzoic acid, mandelic acid, methanesulfonic acid, 

ethanesuifonic acid, toluenesuifonic acid, suifosalicyiic acid, and the like. 

Pharmaceutically acceptable base addition salts can be formed with inorganic and 

organic bases. 

25 Inorganic bases from which salts can be derived include, for example, ammonium 

salts and metals from columns I to XII of the periodic table. In certain embodiments, the 

salts are derived from sodium, potassium, ammonium, calcium, magnesium, iron, silver, 

zinc, and copper; particularly suitable salts include ammonium, potassium, sodium, 

calcium and magnesium salts. 

30 Organic bases from which salts can be derived include, for example, primary, 

secondary, and tertiary amines, substituted amines including naturally occurring 

substituted amines, cyclic amines, basic ion exchange resins, and the like. Certain 

organic amines include isopropylamine, benzathine, cholinate, diethanolamine, 

diethylamine, lysine, meglumine, piperazine and tromethamine. 
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The pharmaceutically acceptable salts of the present invention can be synthesized 

from a basic or acidic moiety, by conventional chemical methods. Generally, such salts 

can be prepared by reacting free acid forms of these compounds with a stoichiometric 

amount of the appropriate base (such as Na, Ca, Mg, or K hydroxide, carbonate, 

5 bicarbonate or the like), or by reacting free base forms of these compounds with a 

stoichiometric amount of the appropriate acid. Such reactions are typically carried out in 

water or in an organic solvent, or in a mixture of the two. Generally, use of non-aqueous 

media like ether, ethyl acetate, ethanol, isopropanol, or acetonitriie is desirable, where 

practicable. Lists of additional suitable salts can be found, e.g., in "Remington's 

10 Pharmaceutical Sciences", 20th ed., Mack Publishing Company, Easton, Pa., (1985); and 

in "Handbook of Pharmaceutical Salts: Properties, Selection, and Use" by Stahl and 

Wermuth (Wiiey-VCH, Weinheim, Germany, 2002). 

Any formula given herein is also intended to represent unlabeled forms as well as 

isotopically labeled forms of the compounds. Isotopically labeled compounds have 

15 structures depicted by the formulas given herein except that one or more atoms are 

eplaced by an atom having a selected atomic mass or mass number. Examples of 

sotopes that can be incorporated into compounds of the invention include isotopes of 

hydrogen, carbon, nitrogen, oxygen, phosphorous, fluorine, and chlorine, such as 2H, 3H, 
11C, 13C, 14C, 15N, 18F31P, 32P, 35S, 36CI, 125i respectively. The invention includes various 

20 isotopically labeled compounds as defined herein, for example those into which 

adioactive isotopes, such as 3H and 14C, or those into which non-radioactive isotopes, 

such as 2H and 13C are present. Such isotopically labeled compounds are useful in 

metabolic studies (with 14C), reaction kinetic studies (with, for example 2H or 3H), 

detection or imaging techniques, such as positron emission tomography (PET) or single-

25 photon emission computed tomography (SPECT) including drug or substrate tissue 

distribution assays, or in radioactive treatment of patients. In particular, an 18F or labeled 

compound may be particularly desirable for PET or SPECT studies. Isotopically-iabeled 

compounds of formula (I) can generally be prepared by conventional techniques known to 

those skilled in the art or by processes analogous to those described in the 

30 accompanying Examples and Preparations using an appropriate isotopically-iabeled 

eagents in place of the non-labeled reagent previously employed. 

Further, substitution with heavier isotopes, particularly deuterium (i.e., 2H or D) may 

afford certain therapeutic advantages resulting from greater metabolic stability, for 

example increased in vivo half-life or reduced dosage requirements or an improvement in 

28 



WO 2015/095301 PCT/US2014/070800 

therapeutic index. The concentration of such a heavier isotope, specifically deuterium, 

may be defined by the isotopic enrichment factor. The term "isotopic enrichment factor" 

as used herein means the ratio between the isotopic abundance and the natural 

abundance of a specified isotope. If a substituent in a compound of this invention is 

5 denoted deuterium, such compound has an isotopic enrichment factor for each 

designated deuterium atom of at least 3500 (52.5% deuterium incorporation at each 

designated deuterium atom), at least 4000 (60% deuterium incorporation), at least 4500 

(67.5% deuterium incorporation), at least 5000 (75% deuterium incorporation), at least 

5500 (82.5% deuterium incorporation), at least 6000 (90% deuterium incorporation), at 

10 least 6333.3 (95% deuterium incorporation), at least 6466.7 (97% deuterium 

incorporation), at least 6600 (99% deuterium incorporation), or at least 6633.3 (99.5% 

deuterium incorporation). 

Pharmaceutically acceptable solvates in accordance with the invention include those 

wherein the solvent of crystallization may be isotopically substituted, e.g. D20, d6-acetone, 

15 d6-DMSQ, as well as solvates with non-enriched solvents. 

Compounds of the invention, i.e. compounds of formula (I) that contain groups 

capable of acting as donors and/or acceptors for hydrogen bonds may be capable of 

forming co-crystals with suitable co-crystal formers. These co-crystals may be prepared 

from compounds of formula (I) by known co-crystal forming procedures. Such procedures 

20 include grinding, heating, co-subliming, co-melting, or contacting in solution compounds 

of formula (I) with the co-crystal former under crystallization conditions and isolating co-

crystals thereby formed. Suitable co-crystal formers include those described in WO 

2004/078163. Hence the invention further provides co-crystals comprising a compound 

of formula (I). 

25 Any asymmetric atom (e.g., carbon or the like) of the compound(s) of the present 

nvention can be present in racemic or enantiomerically enriched, for example the (Ft)-, 

(S)- or (R,S)- configuration. In certain embodiments, each asymmetric atom has at least 

50 % enantiomeric excess, at least 60 % enantiomeric excess, at least 70 % enantiomeric 

excess, at least 80 % enantiomeric excess, at least 90 % enantiomeric excess, at least 

30 95 % enantiomeric excess, or at least 99 % enantiomeric excess of either the (R)- or (S)-

configuration; i.e., for optically active compounds, it is often preferred to use one 

enantiomer to the substantial exclusion of the other enantiomer. Substituents at atoms 

with unsaturated double bonds may, if possible, be present in cis- (Z)- or trans- (E)- form. 
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Accordingly, as used herein a compound of the present invention can be in the form of 

one of the possible isomers, rotamers, atropisomers, tautomers or mixtures thereof, for 

example, as substantially pure geometric (cis or trans) isomers, diastereomers, optical 

isomers (antipodes), racemates or mixtures thereof. "Substantially pure" or "substantially 

5 free of other isomers" as used herein means the product contains less than 5%, and 

preferably less than 2%, of other isomers relative to the amount of the preferred isomer, 

by weight. 

Any resulting mixtures of isomers can be separated on the basis of the 

physicochemical differences of the constituents, into the pure or substantially pure 

10 geometric or optical isomers, diastereomers, racemates, for example, by chromatography 

and/or fractional crystallization. 

Any resulting racemates of final products or intermediates can be resolved into the 

optical antipodes by known methods, e.g., by separation of the diastereomeric salts 

thereof, obtained with an optically active acid or base, and liberating the optically active 

15 acidic or basic compound. In particular, a basic moiety may thus be employed to resolve 

the compounds of the present invention into their optical antipodes, e.g., by fractional 

crystallization of a salt formed with an optically active acid, e.g., tartaric acid, dibenzoyl 

tartaric acid, diacetyl tartaric acid, di-0,0'-p-toluoyi tartaric acid, mandelic acid, malic acid 

or camphor-10-sulfonic acid. Racemic products can also be resolved by chiral 

20 chromatography, e.g., high pressure liquid chromatography (HPLC) using a chiral 

adsorbent. 

Furthermore, the compounds of the present invention, including their salts, can also 

be obtained in the form of their hydrates, or include other solvents used for their 

crystallization. The compounds of the present invention may inherently or by design form 

25 solvates with pharmaceutically acceptable solvents (including water); therefore, it is 

intended that the invention embrace both solvated and unsolvated forms. The term 

"solvate" refers to a molecular complex of a compound of the present invention (including 

pharmaceutically acceptable salts thereof) with one or more solvent molecules. Such 

solvent molecules are those commonly used in the pharmaceutical art, which are known 

30 to be innocuous to the recipient, e.g., water, ethanol, and the like. The term "hydrate" 

refers to the complex where the solvent molecule is water. 

The compounds of Formula (I) of the present invention, including salts, hydrates and 

solvates thereof, may inherently or by design form polymorphs. 
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The term "thioi-maleimide" as used herein refers to a group formed by reaction of 

a thiol with maieimide, having this general formula 

, where Y and Z are groups to be connected via the thioi-maleimide 

inkage and can comprise linker components, antibodies or payloads. 

5 "Cleavable" as used herein refers to a linker or linker component that connects 

two moieties by covalent connections, but breaks down to sever the covalent connection 

between the moieties under physiologically relevant conditions, typically a cleavable linker 

is severed in vivo more rapidly in an intracellular environment than when outside a cell, 

causing release of the payioad to preferentially occur inside a targeted cell. Cleavage 

10 may be enzymatic or non-enzymatic, but generally releases a payioad from an antibody 

without degrading the antibody. Cleavage may leave some portion of a linker or linker 

component attached to the payioad, or it may release the payioad without any residual 

part or component of the linker. 

"Pel" as used herein refers to pyrroline carboxy lysine, e.g., 

O 
H2N r \ j. 

0=< O 
0H 

15 , where R is H, which has the following formula when 

incorporated into a peptide: 

The corresponding compound wherein R20 is methyl is pyrrolysine. 

"Non-cleavable" as used herein refers to a linker or linker component that is not 

especially susceptible to breaking down under physiological conditions, e.g., it is at least 

20 as stable as the antibody or antigen binding fragment portion of the immunoconjugate. 

Such linkers are sometimes referred to as "stable", meaning they are sufficiently resistant 

to degradation to keep the payioad connected to the antigen binding moiety Ab until Ab is 
tself at least partially degraded, i.e., the degradation of Ab precedes cleavage of the 

inker in vivo. Degradation of the antibody portion of an ADC having a stable or non-
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cleavable linker may leave some or all of the linker, and one or more amino acid groups 

from an antibody, attached to the payioad or drug moiety that is delivered in vivo. 

The terms "Ci-C3alkyl", "C2-C3alkyl", "Ci-C4alkyl", "CrC5alkyl", "Ci-C6alkyl" and "C2-

C6alkyl", as used herein, refer to a fully saturated branched or straight chain hydrocarbon 

5 containing 1 -3 carbon atoms, 2-3 carbon atoms, 1 -4 carbon atoms, 1 -5 carbon atoms, 1 -6 

carbon atoms or 2-6 carbon atoms, respectively. Non-limiting examples of "CrC3alkyr 

groups include methyl, ethyl, n-propyl and isopropyl. Non-limiting examples of "C2-C3alkyl" 

groups include ethyl, n-propyi and isopropyl. Non-limiting examples of "C1-C4aikyi" groups 

nclude methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl and tert-butyl. Non-

10 limiting examples of "CrC5alkyl" groups include methyl, ethyl, n-propyl, isopropyl, n-butyl, 

isobutyl, sec-butyl, tert-butyl, n-pentyl and isopentyl. Non-limiting examples of "CrC6alkyl" 

groups include methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-

pentyl, isopentyl and hexyl. Non-limiting examples of "C2-C6alkyl" groups include ethyl, n-

propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, isopentyl and hexyl. 

15 As used herein, the term "aikyiene" refers to a divalent alkyi group having 1 to 10 

carbon atoms, and two open valences to attach to other features. Unless otherwise 

provided, aikyiene refers to moieties having 1 to 10 carbon atoms, 1 to 6 carbon atoms, or 

1 to 4 carbon atoms. Representative examples of aikyiene include, but are not limited to, 

methylene, ethylene, n-propyiene, iso-propylene, n-butylene, sec-butylene, iso-butylene, 

20 tert-butylene, n-pentylene, isopentylene, neopentylene, n-hexylene, 3-methylhexylene, 

2,2- dimethylpentylene, 2,3-dimethylpentylene, n-heptylene, n-octylene, n-nonylene, n-

decylene and the like. 

The terms "CrC3alkoxy", "C2-C3alkoxy", "C1-C4alkoxy", "CrC5alkoxy", "CrC6alkoxy" 

and "C2-C6alkoxy, as used herein, refer to the groups -0-CrC3alkyl, -0-C2-C3alkyl, -0-Cr 

25 C4aikyl, -0-CrC5alkyi, -0-CrC6alkyi and -0-C2-C6aikyl, respectively, wherein the groups 

"CrC3alkyl", "C2-C3alkyl", "Ci-C4alkyl", "CrC6alkyl", "CrCealkyl" and "C2-C6alkyl" are as 

defined herein. Non-limiting examples of "CrC3alkoxy" groups include methoxy, ethoxy, 

n-propoxy and isopropoxy. Non-limiting examples of "C2-C3alkoxy" groups include ethoxy, 

n-propoxy and isopropoxy. Non-limiting examples of "CrC4alkoxy" groups include 

30 methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy, sec-butoxy and tert-butoxy. 

Non-limiting examples of "CrC5alkoxy" groups include methoxy, ethoxy, n-propoxy, 

sopropoxy, n-butoxy, isobutoxy, sec-butoxy, tert-butoxy, n-pentyloxy and isopentyloxy. 

Non-limiting examples of "CrC6alkoxy" groups include methoxy, ethoxy, n-propoxy, 

sopropoxy, n-butoxy, isobutoxy, sec-butoxy, tert-butoxy, n-pentyloxy, isopentyloxy and 
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hexyioxy. Non-limiting examples of "C2-C6alkoxy" groups include ethoxy, n-propoxy, 

isopropoxy, n-butoxy, isobutoxy, sec-butoxy, tert-butoxy, n-pentyloxy, isopentyloxy and 

hexyioxy. 

As used herein, the term "halogen" (or halo) refers to fluorine, bromine, chlorine or 

5 iodine, in particular fluorine or chlorine. Halogen-substituted groups and moieties, such as 

alkyl substituted by halogen (haloalkyl) can be mono-, poly- or per-halogenated. 

As used herein, the term "heteroatoms" refers to nitrogen (N), oxygen (O) or sulfur (S) 

atoms, in particular nitrogen or oxygen, unless otherwise provided. 

The term "4-8 membered heterocycioaikyl," as used herein refers to a saturated 4-8 

10 membered monocyclic hydrocarbon ring structure wherein one to two of the ring carbons 

of the hydrocarbon ring structure are replaced by one to two NR groups, wherein R is 

hydrogen, a bond, an R5 group as defined herein or an R7 group as defined herein. Non-

imiting examples of 4-8 membered heterocycloalkyl groups, as used herein, include 

azetadinyl, azetadin-1-yl, azetadin-2-yl, azetadin-3-yl, pyrrolidinyl, pyrrolidine-yl, 

15 pyrroiidin-2-yl, pyrrolidin-3-yi, pyrrolidin-4-yl, pyrroiidin-5-yl, piperidinyl, piperidin-1-yi, 

piperidin-2-yl, piperidin-3-yi, piperidin-4-yi, piperidin-5-yl, piperidin-6-yl, piperazinyl, 

piperazin-1-yl, piperazin-2-yl, piperazin-3-yl, piperazin-4-yl, piperazin-5-yl, piperazin-6-yl, 

azepanyl, azepan-1-yi, azepan-2-yl, azepan-3-yl, azepan-4-yi, azepan-5-yl, azepan-6-yl, 

and azepan-7-yl. 

20 The term "6 membered heterocycloalkyl," as used herein refers to a saturated 6 

membered monocyclic hydrocarbon ring structure wherein one to two of the ring carbons 

of the hydrocarbon ring structure are replaced by one to two NR groups, wherein R is 

hydrogen, a bond, an R5 group as defined herein or an R7 group as defined herein. Non-

imiting examples of 6 membered heterocycloalkyl groups, as used herein, include 

25 piperidinyl, piperidin-1-yi, piperidin-2-yl, piperidin-3-yl, piperidin-4-yi, piperidin-5-yl, 

piperidin-6-yl, piperazinyl, piperazin-1-yl, piperazin-2-yl, piperazin-3-yl, piperazin-4-yl, 

piperazin-5-yl and piperazin-6-yi. 

The term "5-8 membered fused bicyciic heterocycloalkyl," as used herein refers to a 

saturated 5-8 membered fused bicyciic hydrocarbon ring structure, wherein one to two of 

30 the ring carbons of the hydrocarbon ring structure are replaced by one to two NR groups, 

R is hydrogen, a bond, an R5 group as defined herein or an R7 group as defined herein. 

Non-limiting examples of 5-8 membered fused bicyciic heterocycloalkyl groups, as used 

herein, include 3-azabicyc!o[3.1.0]hexanyl and 3-azabicyclo[4.1,0]heptanyl. 
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The immunoconjugate naming convention used herein is antibody-Compound 

Number, where Compound Number refers to the compound of Formula (I) used for 

conjugation to the particular antibody. 

Linkers 

5 The cytotoxic peptides provided herein for use as ADC payloads can be attached to a 

inker, L, or directly to an antigen binding moiety. Suitable linkers for use in such ADCs 

are well known in the art, and can be used in the conjugates of the invention. The linker, L, 

can be attached to the antigen binding moiety at any suitable available position on the 

antigen binding moiety: typically, L is attached to an available amino nitrogen atom (i.e., a 

10 primary or secondary amine, rather than an amide) or a hydroxylic oxygen atom, or to an 

available sulfhydryl, such as on a cysteine. The attachment of the linker, L, to the 

cytotoxic peptides provided herein can be at the N-terminus of the cytotoxic peptide or at 

the C-terminus of the cytotoxic peptide. A wide variety of linkers for use in ADCs are 

known (see, e.g., Lash, Antibody-Drug Conjugates: the Next Generation of Moving Parts, 

15 Start-Up, Dec. 2011,1 -6), and can be used in conjugates within the scope of the 

invention. 

The linker, L, in Formula (I), Formula (II) and Formula (III) is a linking moiety 

comprising one or more linker components Lu L2, L3, L4, L5, L6, etc. In certain 

embodiments a linker component can represent a bond connecting the groups flanking it 

20 together. In certain embodiments, L is -*L1L2L3L4L5L6-, where the * denotes the site of 

attachment to the cytotoxic peptide of the invention. In certain embodiments a linker 

component can represent a bond connecting the groups flanking it together. In certain 

embodiments, L is -*L,L2L3L4L5-, where the * denotes the site of attachment to the 

cytotoxic peptide of the invention. In certain embodiments a linker component can 

25 represent a bond connecting the groups flanking it together. In certain embodiments, L is 

-*L,L2L3L4-, where the * denotes the site of attachment to the cytotoxic peptide of the 

invention. In certain embodiments a linker component can represent a bond connecting 

the groups flanking it together. In certain embodiments, L is -^L^-, where the * denotes 

the site of attachment to the cytotoxic peptide of the invention. In a preferred embodiment 

30 L is -*L< L2-, where the * denotes the site of attachment to the cytotoxic peptide of the 

invention. In certain embodiment L is -Lr. Some preferred linkers and linker components 

are depicted herein. 
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The linker, L, in Formula (I), Formula (Ii) and Formula (III) may be divalent, meaning it 

can used to link only one payioad per linker to an antigen binding moiety, or it can be 

trivalent an is able to link two payloads per linker to an antigen binding moiety, or it can be 

polyvalent. Trivalent, tetravalent, and polyvalent linkers can be used to increase the 

5 loading of a payioad (drug) on an antigen binding moiety (e.g. an antibody), thereby 

ncreasing the drug to antibody ratio (DAR) without requiring additional sites on the 

antibody for attaching multiple linkers. Examples of such linkers given in Bioconjugate 

Chem., 1999 Mar-Apr;1Q(2):279-88; US6638499; Clin Cancer Res October 15, 2004 10; 

7063; and W02012/113847A1. 

10 A linker, L, for use in the compounds of Formula (I) and the immunoconjugates of 

Formula (II) and Formula (III) can be cleavable or non-cleavable. Cleavable linkers, such 

as those containing a hydrazone, a disulfide, the dipeptide Val-Cit, and ones containing a 

glucuronidase-cleavable p-aminobenzyloxycarbonyl moiety, are well known in the art, and 

can be used. See, e.g., Ducry, et al.. Bioconiuaate Chem.. vol. 21, 5-13 (2010). For the 
15 immunoconjugates of comprising a cleavable linker, the linker is substantially stable in 

vivo until the immunoconjugate binds to or enters a cell, at which point either intracellular 

enzymes or intracellular chemical conditions (pH, reduction capacity) cleave the linker to 

free the cytotoxic peptide. 
Alternatively, non-cleavable linkers can be used in compounds of Formula (I) and the 

20 immunoconjugates of Formula (II) and Formula (III). Non-cleavable linkers lack structural 

components designed to degrade in cells, and thus their structures can vary substantially. 

See, e.g., Ducry, et al.. Bioconiuaate Chem.. vol. 21, 5-13 (2010). These 

mmunoconjugates are believed to enter a targeted cell and undergo proteolytic 

degradation of the antibody rather than linker decomposition; thus at least a portion, or all, 

25 of the linker and even some of the antibody or antibody fragment may remain attached to 

the payioad. 

The linker, L, in the compounds of Formula (I) and the immunoconjugates of Formula 

(II) and Formula (III) typically commonly contain two or more linker components, which 

may be selected for convenience in assembly of the conjugate, or they may be selected 

30 to impact properties of the conjugate. Suitable linker components for forming linker, L, are 

known in the art, as are methods for constructing the linker L. Linker components can 

include the groups commonly used to attach a group to an amino acid, spacers such as 

aikyiene groups and ethylene oxide oligomers, amino acids and short peptides up to 

about 4 amino acids in length; a bond; and carbonyl, carbamate, carbonate, urea, ester 
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and amide linkages, and the like. Linker components can comprise thioi-maleimide 

groups, thioethers, amides, and esters; groups that are easily cleaved in vivo under 

conditions found in, on or around targeted cells, such as disulfides, hydrazones, 

dipeptides like Val-Cit, substituted benzyloxycarbonyl groups, and the like; spacers to 

5 orient the payioad in a suitable position relative to the antigen binding moiety, such as 

phenyl, heteroaryl, cycloalkyl or heterocyclyl rings, and aikyiene chains; and/or 

pharmacokinetic property-enhancing groups, such as aikyiene substituted with one or 

more polar groups (carboxy, sulfonate, hydroxyl, amine, amino acid, saccharide), and 

aikyiene chains containing one or more -NH- or -O- in place of methylene group(s), such 

10 as glycol ethers (-CH2CH20-)p where p is 1 -10, which may enhance solubility or reduce 

intermolecular aggregation, for example. 

In addition, linker components can comprise chemical moieties that are readily formed 

by reaction between two reactive groups. Non-limiting examples of such chemical 

moieties are given in Table 1. 

15 Table 1 

Reactive Group 1 Reactive Group 2 Chemical Moiety 

a thiol a thiol -S-S-

a thiol a maleimide 

0 

+A !b 

a thiol a haloacetamide 

fs 

-

an azide an alkyne A-N„ ,N A 
\ N or 

.,N 
N 

an azide a triaryl phosphine 

Ph 
O '/ph U^° 

* H 

an azide a cyclooctene 

N~\ (R36)n MSJ1 

V-i 
\l (R36)n 
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Reactive Group 1 Reactive Group 2 Chemical Moiety 

a monoary! tetrazine a norbornene 
"N=A 

r\ o 
N-I-
H * 

R37 

a norbornene a monoaryi tetrazine 

o 

—|-NH 
/-y 

R37 

—X 
=N/ 

an aldehyde a hydroxylamine (AN / 
an aldehyde a hydrazine 

HN-
K ' 
RH 
K35 

an aldehyde NH2-NH-C(=0)-

H 

N Y^ \l ° 
A H 

a ketone a hydroxylamine K_ <p~ 
R' K35 

1 

a ketone a hydrazine 
HN-

K35 
1 

a ketone NH2-NH-C(=0)-

H 1. 

ifY 
\V 

a hydroxylamine an aldehyde x'SA H 

a hydroxylamine a ketone 
4 -0 

: 

a hydrazine an aldehyde 
NH 
\ V 
N=< 

H 

a hydrazine a ketone 
"H vJH 

\ V 
N=< 

R35 
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Reactive Group 1 Reactive Group 2 Chemical Moiety 

NH2-NH-C(=0)- an aldehyde 
Hyx 

-//HN 

0 

NH2-NH-C(=0)- a ketone 

o^X 

V™ 
0 

a haloacetamide a thiol 

a maleimide a thiol 

0 

-j-N 
0 

3— 

a vinyl sulfone a thiol 
0 

}s 
0 

a thiol a vinyl sulfone 
s-

0 
-S-j-
0 

an aziridine a thiol 
H 

—s or 

H 
-l-N—v v 

a thiol an aziridine 
s— or 

H 

X /-Nf 
S—' 

0 

A 
Xs Sc 

hydroxylamine 

X' 

N"° 

S Syv 

0 

A 
Xs s-/ 

hydroxylamine 

>AA/IWVA 

N"° 

T "P 

R5A1H 
R12 ^ R12 

D:v 
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Reactive Group 1 Reactive Group 2 Chemical Moiety 

R12 

R5-(^I V-NH 

where: R32 in Table 1 is H, C,-4 alkyl, phenyl, pyrimidine or pyridine; R35 in Table 1 is H, 

C^alkyl, phenyl or C1_4alkyl substituted with 1 to 3 -OH groups; each R36 in Table 

1 is independently selected from H, Chalky!, fluoro, benzyloxy substituted with -

C(=0)0H, benzyl substituted with -C(=0)0H, C1.4alkoxy substituted with -

5 C(=0)0H and C1.4alkyl substituted with -C(=0)0H; R37 in Table 1 is 

independently selected from H, phenyl and pyridine, each R5 in Table 1 is 

independently selected from H or C - 6alkyl; R12 in Table 1 is H, -CH3 or phenyl; R50 

in Table 1 is H or nitro. 

In some embodiments, a linker component of linker, L, of immunoconjugates of 

10 Formula (II) ans Formula (III) is a group formed upon reaction of a reactive functional 

group with one of the amino acid side chains commonly used for conjugation, e.g., the 

thiol of cysteine, or the free -NH2 of lysine, or a Pel or Pyl group engineered into an 

antibody. See e.g., Ou, et al., PNAS 108(26), 10437-42 (2011). Linker components 

formed by reaction with a cysteine residue of the antigen binding moiety include, but are 
o 

} 
15 not limited to, o , ? ^ , H and * 

Linker components formed by reaction with the -NH2 of a lysine residue of the antigen 

binding moiety, where each p is 1-10, and each R is independently H or Ci-4 alkyl 
o 

o 
I X ~\~H 

-|-N (CH2)P H 
(preferably methyl) include, but are not limited to, , 

R 

.A R 
-l-N' $ , JL. 

H and 5 N Linker components formed by reaction with a Pel or Pyl group 

rjtpr* 
20 include, but are not limited to, , R30 or 
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R-n II >N 
0;:^/ R30 

, wherein R20 is H or Me, and R30 is H, Me or Phenyl, for linking, 

where the acyl group shown attaches to the lysine portion of a Pel or Pyl in an engineered 
o 

A 
S s j 

antibody. A linker component formed upon reaction of an Ab disulfide bridge 

N"° 
I 

and a compound of Formula (I) which contains an hydroxylamine is X £ . A linker 
o 

A 
component formed upon reaction of an Ab disulfide bridge v/, and a compound 

x!/ T 
,0 

of Formula (I) which contains an hydroxylamine is 

In some embodiments, a linker component of linker, L, of immunoconjugates of 

Formula (II) ans Formula (III) include, for example, aikyiene groups -(CH2)n- (where n is 

typically 1-10 or 1-6), ethylene glycol units (-CH2CH20-)n (where n is 1-20, typically 1-10 

10 or 1 -6), -0-, -S-, carbonyl (-C(=0)-), amides -C(=0)-NH- or -NH-C(=0)-, esters -C(=0)-

O- or -0-C(=0)-, ring systems having two available points of attachment such as a 

divalent ring selected from phenyl (including 1,2-1,3- and 1,4- di-substituted phenyls), C5-

eheteroaryl, C3-8 cycloaikyl including 1,1 -disubstituted cyclopropyl, cyclobutyi, cyclopentyl 

or cyclohexyl, and 1,4-disubstituted cyclohexyl, and C4-8 heterocyciyl rings, and specific 

15 examples depicted below; amino acids -NH-CHR*-C=0- or -C(=0)-CHR*-NH-, or groups 

derived from amino acids that attach to N of an adjacent structure (e.g., to a maleimide 
nitrogen) having the formula [N]-CHR*-C(=0)- where R* is the side chain of a known 

amino acid (frequently one of the canonical amino acids, e.g., trp, ala, asp, lys, gly, and 

the like, but also including e.g. norvaline, norleucine, homoserine, homocysteine, 

20 phenylglycine, citrulline, and other commonly named alpha-amino acids), polypeptides of 

known amino acids (e.g., dipeptides, tripeptides, tetrapeptides, etc.), thioi-maleimide 

inkages (from addition of -SH to maleimide), -S-CR2- and other thiol ethers such as -S-
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CR2-C(=0)- or -C(=0)-CR2-S- where R is independently at each occurrence H or CM 

alkyl, -CH2-C(=0)-, and disulfides (-S-S-), as well as combinations of any of these with 

other linker components described below, e.g., a bond, a non-enzymatically cleavable 

inker, a non-cleavable linker, an enzymatically cleavable linker, a photo-stable linker, a 

5 photo-cleavable linker or a linker that comprises a self-immoiative spacer. 

In certain embodiments, Linker, L, of compounds of Formula (I) and 

mmunoconjugates of Formula (II) and Formula (III) is -*L1L2L3L4LEL6-, where the * 

denotes the site of attachment to the cytotoxic peptide of the invention. In certain 

embodiments, Linker, L, of compounds of Formula (I) and immunoconjugates of Formula 

10 (II) and Formula (III) is -*L1L2L3L4L5-, where the * denotes the site of attachment to the 

cytotoxic peptide of the invention. In certain embodiments, Linker, L, of compounds of 

Formula (I) and immunoconjugates of Formula (II) and Formula (III) is -*L1L2L3L4-, where 

the * denotes the site of attachment to the cytotoxic peptide of the invention. In certain 

embodiments, Linker, L, of compounds of Formula (I) and immunoconjugates of Formula 

15 (II) and Formula (III) is -*L1L2L3-, where the * denotes the site of attachment to the 

cytotoxic peptide of the invention. In a preferred embodiment Linker, L, of compounds of 

Formula (I) and immunoconjugates of Formula (II) and Formula (III) is -*L1L2-, where the * 

denotes the site of attachment to the cytotoxic peptide of the invention. In certain 

embodiments Linker, L, of compounds of Formula (I) is -Lr. 

20 Linker component L, of compounds of Formula (I) and immunoconjugates of Formula 
(II) and Formula (III) is selected from -(CH2)m-, -C(=0)(CH2)m-, -C(=0)X1X2C(=0)(CH2)m-, -
C(=0)X1X2C(=0)(CH2)mNR12C(=0)(CH2)m-, -C(=0)X1X2C(=0)(CH2)mX3(CH2)m-, -
C(=0)X1X2C(=0)((CH2)m0)n(CH2)m-, -
C(=0)X1X2C(=0)((CH2)m0)n(CH2)mNR12C(=0)(CH2)m-, -

25 C(=0)XiX2C(=0)((CH2)m0)n(CH2)mNR12C(=0)(CH2)mX3(CH2)m-, -

C(=0)X1X2C(=0)((CH2)m0)n(CH2)mX3(CH2)m-, -

C(=0)X1X2C(=0)(CH2)mNR12C(=0)((CH2)m0)n(CH2)m-, -

C(=0)X1X2C(=0)(CH2)mNR12C(=0)((CH2)m0)n(CH2)mX3(CH2)m-, -

C(=0)X1X2(CH2)mX3(CH2)m-, -C(=0)X1X2((CH2)m0)n(CH2)m-, -

30 C(=0)X1X2((CH2)m0)n(CH2)mNR12C(=0)(CH2)m-, -

C(=0)X1X2((CH2)m0)n(CH2)mNR12C(=0)(CH2)mX3(CH2)m-, -

C(=0)X1X2((CH2)m0)n(CH2)mX3(CH2)m-, -C(=0)X1X2(CH2)mNRl2((CH2)m0)n(CH2)m-,-

C(=0)X1X2C(=0)(CH2)mNR12((CH2)m0)n(CH2)mX3(CH2)m-,-(CH2)mNR12C(=0)(CH2)m-,-

C(=0)((CH2)m0)n(CH2)m-, -(CH2)mS(=0)2((CH2)m0)n(CH2)m-, -C(=0)(CH2)mNR12(CH2)m-, -
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C(=0)NR12(CH2)m-, -C(=0)NR12(CH2)mX3(CH2)m-, -
C(=0)NH(CH2)mNR12C(=0)X1X2G(=0)(CH2)m-, -C(=0)(CH2)mX3((CH2)m0)n-,-
C(=0)X1C(=0)NR,2(CH2)mNR12C(=0)(CH2)m-,-C(=0)X,C(=0)NR12(CH2)mX3(CH2)m-, -
C(=0)NR12(CH2)mNR12C(=0)(CH2)m-, -C(=0)NR12(CH2)mNR12C(=0)(GH2)mX3(CH2)m-, 

5 " - , -(CH2)mC(=0)NR12(CH2)mNR12C(=0)(CH2)m-, -(CH2)mC(=0)-, -
(CH2)mC(=0)X2X1C(=0)-, -(CH2)mX3(CH2)mC(=0)X2X1C(=0)-, -(CH2)mC(=0)NR12(CH2)m-, -
(CH2)mX3(CH2)mC(=0)NR12(CH2)m-, -(CH2)mNR12C(=0)(CH2)mX3(CH2)m-, -
(CH2)m(0(CH2)m)nC(=0)-, -(CH2)m(0(CH2)m)nS(=0)2(CH2)m-, -(CH2)mNR12(CH2)mC(=0)-, -
(CH2)mNR12C(=0)-, -(CH2)mC(=0)X2X1C(=0)NR12(CH2)mNHC(=0)-, -

10 (CH2)mC(=0)NR12(CH2)mNR12C(=0)X1-,-(CH2)mC(=0)NR12(CH2)mNR12C(=0)-J 

^ , -((CH2)mO)n(CH2)m-, -(CH2)rn(0(CH2)m)n-, -(CH2)m(0(CH2)m)nX3(CH2)m-! 

-(CH2)mX3((CH2)mO)n(CH2)m-, -(CH2)mX3(CH2)mC(=0)-, -C(=0)(CH2)mX3(CH2)m-, -
(CH2)mX3(CH2)m(0(CH2)m)nC(=0)-, -C(=0)((CH2)m0)n(CH2)mX3(CH2)m-, -
(CH2)mC(=0)NR12(CH2)mC(=0)-, -C(=0)(CH2)mNR12C(=0)(CH2)m-, -

15 (CH2)mC(=0)NR12(CH2)m(0(CH2)m)nC(=0)-, -C(=0)((CH2)m0)n(CH2)mNR12C(=0)(CH2)m-, -
(CH2)mC(=0)NR12(CH2)mC(=0)NR12(CH2)m-, -(CH2)mNR12C(=0)(CH2)mNR12C(=0)(CH2)m-, 
-C(=0)NR'2(CH2)mNR'2C(=0)-, -(CH2)mS(CH2)m-, -NR12C(=0)(CH2)m-, -
NR12C(=0)(CH2)mX3(CH2)m-, -(CH2)mX3(CH2)mC(=0)NR12-, -(CH2)mC(=0)MR12-, -
(CH2)mNR12(CH2)m-, -(CH2)mX3(CH2)m-, -((CH2)mO)n(CH2)mX3(CH2)rn-, -

20 (CH2)mX3(CH2)m(0(CH2)m)n-, -NR12(CH2)m-, -NR12C(R12)2(CH2)m-, -(CH2)mC(R12)2NR12-
(CH2)mC(=0)NR12(CH2)mNR12-, -NR12(CH2)mNR12C(=0)(CH2)m-, -
NR12C(R12)2(CH2)mNR12C(=0)(CH2)m-, -(CH2)mC(=0)NR12(CH2)mC(R12)2NR12-, -
NR12(CH2)mX3(CH2)m-, -NR12C(R12)2(CH2)mX3(CH2)m-, -(CH2)mX3(CH2)mC(R12)2NR12-, -
NR12C(R12)2(CH2)m0C(=0)NR12(CH2)m-, -(CH2)mNR12C(=0)0(CH2)mC(R12)2NR12-, -

25 NR12C(R12)2(CH2)m0C(=0)NR12(CH2)mX3(CH2)m-, -
(CH2)mX3(CH2)mNR12C(=0)0(CH2)mC(R12)2NR12-, -
NR12C(R12)2(CH2)m0C(=0)NR'2((CH2)m0)n(CH2)m-, -
(CH2)m(0(CH2)m)nNR12C(=0)0(CH2)mC(R12)2NR12-, -
NR12C(R12)2(CH2)m0C(=0)NR12((CH2)m0)n(CH2)mX3(CH2)m-, -

30 (CH2)mX3(CH2)m(0(CH2)m)nNR12C(=0)0(CH2)mC(R12)2NR12-, -(CH2)mX3(CH2)mNR12-, -
NR12((CH2)mO)n(CH2)mX3(CH2)m-, -(CH2)mX3(CH2)m(0(CH2)m)nNR12-, -(CH2)mNR12-, -
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NR12((CH2)mO)n(CH2)m-, -NR12((CH2)m0)n(CH2)mNR,2C(=0)(CH2)m-, -

(CH2)mC(=0)NR12(CH2)m(0(CH2)m)nNR12-, -(CH2)m(0(CH2)m)nNR12-, -(C(R12)2)rn-, -

(CH2CH20)n-, -(OCH2CH2)n-, -(CH2)mO(CH2)m-, -S(=0)2(CH2)m-, -(CH2)mS(=0)2-, -

S(=0)2(CH2)mNR12C(=0)(CH2)m-, -(CH2)mC(=0)NR12(CH2)mS(=0)2-, -

S(=0)2(CH2)mX3(CH2)m-, -(CH2)mX3(CH2)mS(=0)2-, -(CH2)mX2X1C(=0)-, -C(=0)X1X2(CH2)m-J 

-(CH2)m(0(CH2)m)nC(=0)X2X1C(=0)-,-C(=0)X1X2C(=0)((CH2)m0)n(CH2)m-J-

(CH2)m(0(CH2)m)nX2X1C(=0)-,-(CH2)mX3(CH2)mX2X1C(=0)-,-C(=0)X1X2(CH2)mX3(CH2)m-J 

-(CH2)mX3(CH2)m(0(CH2)m)nX2X1C(=0)-, -(CH2)mX3(CH2)mC(=0)NR12(CH2)mNR12C(=0)-, -

(CH2)mX3(CH2)mC(=0)NR12(CH2)mC(=0)-, -C(=0)(CH2)mNR12C(=0(CH2)mX3(CH2)m-, -

(CH2)mX3(CH2)mC(=0)NR,2(CH2)m(0(CH2)m)nC(=0)-, -

C(=0)((CH2)m0)n(CH2)mNR12C(=0)(CH2)mX3(CH2)m-, -(CH2)mNRl2C(=0)X1X2C(=0)(CH2)m-> 

-(CH2)mC(=0)X2X1C(=0)NR12(CH2)m-, -X4X1X2C(=0)(CH2)m-> -(CH2)mC(=0)X2X1X4-, -

X1C(=0)(CH2)mNHC(=0)(CH2)m-, -(CH2)mC(=0)NH(CH2)mC(=0)X1-, -C(=0)CHRaaNR12-, -

CHRaaC(=0)-, -C(=0)NR12-, -C(=0)0-, -S-, -SCH2(C=0)NR12-, -NR12C(=0)CH2S-, -

S(=0)2CH2CH2S-, -SCH2CH2S(=0)2-, -(CH2)2S(=0)2CH2CH2S-, -

SCH2CH2S(=0)2CH2CH2-, -NR12C(=S)-, -(CH2)mX3(0(CH2)m)nC(=0)-, -

C(=0)((CH2)m0)nX3(CH2)m-, -(CH2)mNR12C(=0)((CH2)m0)n(CH2)m-, -
(CH2)m(0(CH2)m)nC(=0)NR12(CH2)m-, -(CH2)mNHC(=0)NR12(CH2)m-, -
(CH2)mX3(CH2)mNR12C(=0)-, -C(=0)NR12(CH2)mX3(CH2)m-, -NR12S(=0)2(CH2)mX3(CH2)m-, -

(CH2)mX3(CH2)mS(=0)2NR12-

O 

N (CH2)m \ , / \ , 0A / x ^ ̂  p V-£ K 21 r 
•X W W J-f 

o o o 
^ // W R21 
o> /—^ \\ ,0 K • 

-NH * / > 7 HN \ // S'\ 
o o 

N-l- -l-N | , | ^N-| 

O 

o 

UU xV 53 r > ^ 
HO 0 S-

R21 VSC \,X \\ NN 1 N-S-
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10 

wherein: 

R20 is H or Me, and R30 is H, -CH3 or phenyl; 

M 
Ul V 

each R25 is independently selected from H or alkyl; 
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Raa is a side chain of an amino acid selected from glycine, alanine, tryptophan, 

tyrosine, phenylalanine, leucine, isoleucine, valine, asparagine, glutamic acid, 

glutamine, aspatic acid, histidine, arginine, lysine, cysteine, methionine, serine, 

threonine, phenylglycine and t-butylglycine; 

R32 is independently selected from H, C1-4 alkyl, phenyl, pyrimidine and pyridine; 

"in 
^^(CH2)0-2NH-! 

R33 is independently selected from 

; and 

R34 is independently selected from H, Ci_4 alkyl, and C-,6 haloalkyl; 

X, is self immoiative spacer selected from H H 

OH or o OH 
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NH 

X2 is dipeptide selected from ° NH2, 

NH 

X2 is dipeptide selected from 

each m is independently selected from 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10, and 

each n is independently selected from 1, 2, 3, 4, 5, 6, 7, 8, 9,10,11,12,13, 14, 

mmunoconjugates of Formula (II) and Formula (III) are each independently selected from 
a bond, -(CH2)m-, -C(=0)(CH2)m-, -C(=0)X1X2C(=0)(CH2)m-, -
C(=0)X1X2C(=0)(CH2)mNR12C(=0)(CH2)m-, -C(=0)X1X2C(=0)(CH2)mX3(CH2)m-, -

10 C(=0)X1X2C(=0)((CH2)m0)n(CH2)m-, -

C(=0)X1X2C(=0)((CH2)m0)n(CH2)mNR12C(=0)(CH2)m-, -

C(=0)X1X2C(=0)((CH2)m0)n(CH2)mNR12C(=0)(CH2)mX3(CH2)m-, -

C(=0)X1X2C(=0)((CH2)m0)n(CH2)mX3(CH2)m-, -

C(=0)X1X2C(=0)(CH2)mNR12C(=0)((CH2)m0)n(CH2)m-, -
15 C(=0)XiX2C(=0)(CH2)mNR12C(=0)((CH2)m0)n(CH2)mX3(CH2)m-, -

C(=Q)X,X2(CH2)mX3(CH2)m-, -C(=0)X1X2((CH2)m0)n(CH2)m-, -

C(=0)X1X2((CH2)m0)n(CH2)mNR12C(=0)(CH2)m-, -

C(=0)X1X2((CH2)m0)n(CH2)mNR12C(=0)(CH2)mX3(CH2)m-, -

C(=0)X1X2((CH2)mO)n(CH2)mX3(CH2)rn-, -C(=0)X1X2(CH2)mNR12((CH2)m0)n(CH2)m-, -
20 C(=0)X1X2C(=0)(CH2)mNR12((CH2)m0)n(CH2)mX3(CH2)m-,-(CH2)mNR12C(=0)(CH2)m-, -

C(=0)((CH2)m0)n(CH2)m-, -(CH2)mS(=0)2((CH2)m0)n(CH2)m-, -C(=0)(CH2)mNR12(CH2)m-, -

C(=0)NR12(CH2)m-, -C(=0)NR12(CH2)mX3(CH2)m-, -

C(=0)NH(CH2)mNR12C(=0)X1X2C(=0)(CH2)m-, -C(=0)(CH2)mX3((CH2)m0)n-, -

C(=0)X1C(=0)NR,2(CH2)mNR12C(=0)(CH2)m-, -C(=0)X1C(=0)NR12(CH2)mX3(CH2)m-, -

25 C(=0)NR12(CH2)mNR12C(=0)(CH2)m-, -C(=0)NR12(CH2)mNR,2C(=0)(CH2)mX3(CH2)m-, 

(CH2)mC(=0)X2X1C(=0)-, -(CH2)mX3(CH2)mG^0)X2X1G(=0)-l -(CH2)mC(=0)NR12(CH2)m-, -

15, 16,17 and 18. 

Linker components L2. L3, L4, L5, and L6 of compounds of Formula (I) and 

, -(CH2)mC(=0)NR12(CH2)mNR12C(=0)(CH2)m-, -(CH2)mC(=0)-, -
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(CH2)mX3(CH2)mC(=0)NRl2(CH2)m-,-(CH2)mNR12C(=0)(CH2)mX3(CH2)m-,-
(CH2)m(0(CH2)m)nC(=0)-, -(CH2)m(0(CH2)m)nS(=0)2(CH2)m-, -(CH2)mNR12(CH2)rnC(=0)-, -
(CH2)mNR,2C(=0)-, -(CH2)mC(=0)X2X1C(=0)NR12(CH2)mNHC(=0)-, -
(CH2)mC(=0)NR12(CH2)mNR12C(=0)X1-, -(CH2)mC(=0)NR12(CH2)mNR12C(=0)-, 

5 ^,-((CH2)mO)n(CH2)m-, -(CH2)m(0(CH2)m)n-,-(CH2)m(0(CH2)m)nX3(CH2)m-, 
-(CH2)mX3((CH2)rT10)n(CH2)m-, -(CH2)mX3(CH2)mC(=0)-, -C(=C5)(CH2)mX3(CH2)m-, -
(CH2)mX3(CH2)m(0(CH2)m)nC(=0)-, -C(=0)((CH2)m0)n(CH2)mX3(CH2)m -
(CH2)mC(=0)NR12(CH2)mC(=0)-, -C(=0)(CH2)mNR12C(=0)(CH2)m-! -
(CH2)mC(=0)NR12(CH2)m(0(CH2)m)nC(=0)-, -C(=0)((CH2)m0)n(CH2)mNR12C(=0)(CH2)m-, -

10 (CH2)mC(=0)NR12(CH2)mC(=0)NR12(CH2)m-, -(CH2)mNR12C(=0)(CH2)mNR12C(=0)(CH2)m-, 
-C(=0)NR12(CH2)mNR12C(=0)-, -(CH2)mS(CH2)m-, -NR12C(=0)(CH2)m-, -
NR12C(=0)(CH2)mX3(CH2)m_, -(CH2)mX3(CH2)mC(=0)NR12-, -(CH2)mC(=0)NR12-, -
(CH2)mNR12(CH2)m-, -(CH2)mX3(CH2)m-, -((CH2)mO)n(CH2)mX3(CH2)m-, -
(CH2)mX3(CH2)m(0(CH2)m)n-, -NR,2(CH2)m-, -NRl2C(R12)2(CH2)m-, -(CH2)mC(R12)2NR12-, -

15 (CH2)mC(=0)NR,2(CH2)mNR12-, -NR12(CH2)mNR12C(=0)(CH2)m-, -
NR12C(R12)2(CH2)mNR12C(=0)(CH2)m-, -(CH2)mC(=0)NR12(CH2)mC(R12)2NR12-, -
NR12(CH2)mX3(CH2)m-, -NR12C(R12)2(CH2)mX3(CH2)m-, -(CH2)mX3(CH2)mC(R,2)2NR12-, -
NR12C(R12)2(CH2)m0C(=0)NR12(CH2)m-, -(CH2)mNR12C(=0)0(CH2)mC(R12)2NR12-, -
NR12C(R12)2(CH2)m0C(=0)NR12(CH2)mX3(CH2)m-, -

20 (CH2)mX3(CH2)mNR12C(=0)0(CH2)mC(R12)2NR12-, -
NR12C(R12)2(CH2)m0C(=0)NR12((CH2)m0)n(CH2)m-, -
(CH2)m(0(CH2)m)nNR12C(=0)0(CH2)mC(R12)2NR12-, -
NR12C(R12)2(CH2)m0C(=0)NR12((CH2)m0)n(CH2)mX3(CH2)m-, -
(CH2)mX3(CH2)m(0(CH2)m)nNR,2C(=0)0(CH2)mC(R12)2NR12-, -(CH2)mX3(CH2)mNR12-, -

25 NR12((CH2)mO)n(CH2)mX3(CH2)m-, -(CH2)mX3(CH2)m(0(CH2)m)nNR12-, -(CH2)mNR12-, -
NR12((CH2)mO)n(CH2)m-, -NR12((CH2)m0)n(CH2)mNR12C(=0)(CH2)m-, -
(CH2)mC(=0)NR12(CH2)m(0(CH2)m)nNR12-, -(CH2)m(0(CH2)m)nNR12-, -(C(R12)2)m-, -
(CH2CH20)n-, -(OCH2CH2)n-, -(CH2)mO(CH2)m-, -S(=0)2(CH2)m-, -(CH2)mS(=0)2-, -
S(=0)2(CH2)mNR12C(=0)(CH2)m-, -(CH2)mC(=0)NR12(CH2)mS(=0)2-, -

30 S(=0)2(CH2)mX3(CH2)m-, -(CH2)mX3(CH2)mS(=0)2-, -(CH2)mX2X1C(=0)-, -C(=0)X1X2(CH2)m-, 
-(CH2)m(0(CH2)m)nC(=0)X2X1C(=0)-, -C(=0)X1X2C(=0)( (CH2)mO)n(CH2)m-, -
(CH2)m(0(CH2)m)nX2X1C(=0)-,-(CH2)mX3(CH2)mX2X1C(=0)-,-C(=0)X1X2(CH2)mX3(CH2)m-J 
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-(CH2)mX3(CH2)m(0(CH2)m)nX2X1C(=0)-,-(CH2)mX3(CH2)mC(=0)NR12(CH2)rTlNR12C(=0)-)-
(CH2)mX3(CH2)mC(=0)NR12(CH2)mC(=0)-, -C(=0)(CH2)mNR12C(=0(CH2)mX3(CH2)m-, -
(CH2)mX3(CH2)mC(=0)NR12(CH2)m(0(CH2)m)nC(=0)-, -

C(=0)((CH2)m0)n(CH2)mNR12C(=0)(CH2)mX3(CH2)m-, -(CH2)mNRl2C(=0)X1X2C(=0)(CH2)m-> 

-(CH2)mC(=0)X2X1C(=0)NR12(CH2)m-, -X4X1X2C(=0)(CH2)m-> -(CH2)mC(=0)X2X1X4-, -

X1C(=0)(CH2)mNHC(=0)(CH2)m-, -(CH2)mC(=0)NH(CH2)mC(=0)X1-, -C(=0)CHRaaNR12-, -

CHRaaC(=0)-, -C(=0)NR12-, -C(=0)0-, -S-, -SCH2(C=0)NR12-, -NR12C(=0)CH2S-, -

S(=0)2CH2CH2S-, -SCH2CH2S(=0)2-, -(CH2)2S(=0)2CH2CH2S-, -

SCH2CH2S(=0)2CH2CH2-, -NR12C(=S)-, -(CH2)mX3(0(CH2)m)nC(=0)-, -

C(=0)((CH2)m0)nX3(CH2)m-, -(CH2)mNR12C(=0)((CH2)m0)n(CH2)m-, -
(CH2)m(0(CH2)m)nC(=0)NR12(CH2)m-,-(CH2)mNR12C(=0)NR12(CH2)m-,-
(CH2)mX3(CH2)mNR12C(=0)-, -C(=0)NR12(CH2)mX3(CH2)m-, -NR12S(=0)2(CH2)mX3(CH2)m-, -

Op o 

N_l_ -I (CH2),„-N V"V 

(CH2)mX3(CH2)mS(=0)2NR12-

O 

,N-(CH2)m-|- , , Ox /—\ ^ /—\ ,0 —T 
"X W W 

O O O 
// W R21 

P /—\ „ / \, /—V p ^JL t , K • A A 
NH v ' N ' HN 1 N+ 

^ o o o 

q o 
\, O rV* /-X £ N,A rt y i x { X XjL A"'. 

HO O /V^N A"N 

R11 Rl1 R12 
\/ H H V 'x\ /' 

O O V\ HN H H NH HN H 

. ./>/ V\ „N . 'Y A A Yi , , / X A 7" N vs II ^ ^ II s ̂  VS 
H H O OA O 

J J J t 

^R12 

Hf H 
s-i-
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10 

15 

0-1— 

o 
N % 

N 

X 

R 30 ->30 

R: 

O 
R: 30 

H,N 

?30 

and 

wherein: 

R2 is H or Me, and R30 is H, -CH3 or phenyl; 

OH 

R21 is 
°'6H° H H N-^YN> 

O 
Y\ <^O'A,"P 

OH 
y—p-° OH0' 

H H 
N^YN-

O O 

o 
II p. 
OH' 

o 
II p, 
OH" 

?H H H 

' N r\ r\ 

OH 

OH 
ywP-°'6H° 

~/-Q '^O' 

OH 

O O 

H 

O O O O 
J 

M T" H H II ?H H H 

' x r\ ' x r\ 

OH OH 

V-wPs ° OH° MsocV1^ o or o ; 

each R25 is independently selected from H or C1-4 alkyl; 

Raa is a side chain of an amino acid selected from glycine, alanine, tryptophan, 

tyrosine, phenylalanine, leucine, isoleucine, valine, asparagine, glutamic acid, 

glutamine, aspatic acid, histidine, arginine, lysine, cysteine, methionine, serine, 

threonine, phenylglycine and t-butylglycine: 
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R is independently selected from H, Ci-4 alkyl, phenyl, pyrimidine and pyridine; 

X X 

R33 is independently selected from 

X x-N 

(CH2)0_2NH-i-

(CH2)0-2NH-

^00 

5 H 
- -N 

N^X 

o o 

W 1-3 H 

, and 

; and 

R is independently selected from H, Ci-4 alkyl, and Ci-g haloalkyi; 

"N 
X, is self immolative spacer selected from H 

OH or o OH 

0 Ph 

v 

H °Us 
N'VV¥ H g 

X2 is dipeptide selected from 

"NH 

O^NH2 NH 2 or WT* 
N N-N* 

N// IT rr-\ N^'\ •, II "N 
-A N' 

10 X3 is ^ or /v"N _ anc| x4 is or ,ri\rr • 

each m is independently selected from 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10, and 
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10 

15 

each n is independently selected from 1, 2, 3, 4, 5, 6, 7, 8, 9,10,11,12,13, 14,15,16,17 

and 18. 
Cytotoxic peptides 

The cytotoxic peptides of the invention, or stereoisomer thereof, and pharmaceutically 

acceptable salts thereof, are compounds having the structure of Formula (I) 

"Vs' 
o 

o R O^O 0^0 (Formula (I)) 

wherein: 

R1 is a C-linked 6 membered heterocycloalkyl containing 1-2 N heteroatoms and a Cr 

C2alkylene bridge or R1 is a C-linked 5-8 membered fused bicyciic heterocycloalkyl 

containing 1-2 N heteroatoms, wherein each is unsubstituted, or each is substituted 

with an R7 and 0 to 3 substituents independently selected from R5 and R6, or each is 

substituted with 1 to 3 substituents independently selected from R5 and R6; 

R2 is -CrCealkyl; 

,R19 

R3 is 
?19 

R9 J 

N-L' * 
H or 

OH 

R4 is -OH, CrC6alkoxy, -N(R14)2, -Rlb, -NR12(CH2)mN(R14)2, -NR12(CH2)mRlb, -LR 

*jcr (CH2)m-N-R12 

-NHS(0)2R11, -NHS(0)2(CH2)mN3, -NHS(=0)2LRa, R 
N 

i 
9 D12 
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^^/(CH^-N-R8 ^/(CH2)mR9 *• ,T R12 ) R12 , R12 or 

^/(CH2)m-X3(CH2)mR9 * XT * N 
i 

R12 
J 

R5 is CrCealkyl, -C(=0)R11, -(CH2)mOH, -C(=0)(CH2)m0H, -C(=0)((CH2)m0)nR12, -

((CH2)mO)nR12, or CrCealkyl which is optionally substituted with -CN, -C(=0)NH2 or 1 

5 to 5 hydroxyl; 
R6 is halo, oxo, OH, CrC6alkyl, -N(R14)2, -R16and -NR12C(=0)R11; 

R7 is LR9; 

R8 is H or LR9; 

each L is independently selected from -L1L2L3L4L5L6-, -L6L5LtL3L2L--, -L1L2L3L4L5-, -

10 L5L4L3L2L1 -,-LI L2L3L4-, -L4L3L2L1-,-L1L2L3-, -L3L2L1-,-L1L2-, -L2Lr and -Lj, wherein -L-i, 

L2, L3, L4, L5, and L6 are as defined herein; 
o o -R1° 

-f-N || -f-N I \\ Rto 

S 1-f 
J 

-SSR15, -S(=0)2(CH=CH2), -(CH2)2S(=0)2(CH=CH2), -NR12S(=0)2(CH=CH2), 

5 fsj I I C I 

R9 is 6,6 ! , -NR12C(=0)CH=CH2, -N3, ? , SH, 

-NR12C(=0)CH2R1°, -NR12C(=0)CH2Br, -NR12C(=0)CH2l, -NHC(=0)CH2Br, 

R12 

/N, 

15 -NHC(=0)CH2l, -ONH2, -C(0)NHNH2, O ' , -C02H, -NH2, -NCO, -NCS, 

HO-3) 0H NNS^N 
HO' 

^^N_^0.P^P.0^T.OVN/=N 

0 O ' v ^ / y<y,NH2 

HO.S, 0H N^N 

HO' 0 
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H H 0H 0 O 

N 

HO~p OH N^N 

un' 
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each R11 is independently selected from CrCealkyl and CrC6aikyl which is optionally 

substituted with 1 to 5 hydroxyl; 

each R12 is independently selected from H and Ci-C6alkyl; 

R13 is tetrazolyl, imidazolyl substituted with phenyl, oxadiazolyl substituted with phenyl, 
o o o oo 

O s II siinsii o l! II D12 
^ II -I-P-OH -1-P-OR11 -|—P—OLR -|—P-OH > 1 ? i ' I i^-"^ O 

5 pyrazolyl, pyrimidinyl, H , OH t OH :J OH t OH 

0 0 oo 0 0 
0 o S p X R12 S p X R11 •, p X R12 
M II R11 -V "V i^^N" 'V i^ 

V^O' OH I OH | OH | 
OH R12 R11 R11 

J t t t 

0 0 0 0 
X .LR9 V^P^X .LR9 0 0 O O 

i^^N iN it || s II v ii 
OH | OH | ,yP\/%i6 "f-P-LRa i-P~0(CH2)mR9 

R12 R11 OH OH OH 
t t t J J 

-CH2S(=0)2NH2, -CH2S(=0)2NHLR9, -LR9 or -X4LR9; 

each R14 is independently selected from H and C -C6alkyl; 

10 R15 is 2-pyridyl or 4-pyridyl; 

R16 is an N-linked 4-8 membered heterocycioaikyl containing 1-2 heteroatoms 

independently selected from N and O, which is unsubstitituted or substituted with -

LR9; 

each R19 is H or Ci-C6alkyl; 

M r-"N\ N'S- \ «, II N 'N JL '/N JL /N"l" or X^N • v. is N or • 

N \ 
I 

15 X3 is ^ or ; X4 is *""*• IN or 

each m is independently selected from 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10; and 

each n is independently selected from 1, 2, 3, 4, 5, 6, 7, 8, 9,10,11,12,13, 14,15,16,17 

and 18 

In one aspect of the invention are cytotoxic peptides, or stereoisomer thereof, and 

20 pharmaceutically acceptable salts thereof, having the structure of Formula (I) 

H ° T - \ 7 | H 
RV T 'tVYNYYN^R3 

M R2 CL O O. 0 , .... OR ^ ^ (Formula (I)) 

wherein: 

R1 is a C-linked 6 membered heterocycloalkyl containing 1-2 N heteroatoms and a C:-

C2alkyiene bridge or R1 is a C-iinked 5-8 membered fused bicyciic heterocycloalkyl 
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containing 1-2 N heteroatoms, wherein each is unsubstituted, or each is substituted 

with an R7 and 0 to 3 substituents independently selected from R5 and R6, or each is 

substituted with 1 to 3 substituents independently selected from R5 and R6; 

R2 is -CrCealkyl; 

fX* ~/rR™ 
. U U R3 is or ; 

R4 is -OH, CrC6alkoxy, -N(R14)2, -R16, -NRl2(CH2)mN(R14)2, -NR12(CH2)mR16, -LR9, 

r^/(CH2)m-N-R12 

-NHS(0)2RH, -NHS(0)2(CH2)mN3, -NHS(=0)2LR9, R12 

^/(CH2)m-N-R8 ^/LR9 ^/(CH2)mR9 

* XT iJX 
R12 , R12 , R12 or 

^^/(CH2)m-X3(CH2)mR9 

'N 
i 

R12 

* 

10 R5 is CrC6alkyl, C,-C6alkyl which is optionally substituted with 1 to 5 hydroxyl, -C(=0)R11, 

-(CH2)mOH, -C(=0)(CH2)m0H, -C(=0)((CH2)m0)nR12, or -((CH2)mO)nR12; 

R6 is halo, oxo, OH, CrC6alkyl, -N(R14)2, -R,6and -NR12C(=0)Rn; 

R7 is LR9; 

R8 is H or LR9; 

15 each L is a linker independently selected from -L1L2L3L4L5L6-, -L6L5L4LgLgLr, -L1L2L3L4L5-, 

-L5L4L3L2L1-,-L1L2L3L4-, -L4L3L2L1-,-L1L2L3-, -L3L2L1-,-L1L2-, L2Lr and -L^ wherein -L^ 

L2, L3, L4, L5, and L6 are as defined herein; 
o o t 

-l-N II -f-N I °\\ Rio 

j 

SSR15, -S(=0)2(CH=CH2), -(CH2)2S(=0)2(CH=CH2), -NR12S(=0)2(CH=CH2), 

5—|\j|-| 5 (~* fM I 
R9 is o o I , -NR12C(=0)CH=CH2, -N3, I , SH, 

20 NR12C(=0)CH2R1U, -NR12C(=0)CH2Br, -NR12C(=0)CH2l, -NHC(=0)CH2Br, 
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10 

15 

R12 
I 

N 

NHC(=0)CH2l, -ONH2J -C(0)NHNH2 

OH M n 
^ ^ M N s 

H H 

/S^-NY^N 
o 

o o 
•o'Tvo"^o oi. c; i 

"yy. 
,0 /=N 

-N 

-CO2H, -NH2, -NCO, -NCS, 

NH, 

HO~j 
HO' 

OH N^M 

o, 

,\CN o 
A 

><rj5 
J H H ?H 

r\ r\ ' x 

O O 

o'^o 
OH OH 

,0. /=»N 
-N 

-NH2 

HO~i OH N^M 

R10 is HO 

each Rn is independently selected from CrCealkyl and CrC6alkyl which is optionally 

substituted with 1 to 5 hydroxy!; 

each R12 is independently selected from H and CrCealkyl; 

R is tetrazolyl, ? H 

0 
0 O 0 

0 i II !> II 5 
P-OR -I 

, II 
II P-OH 

!> II 5 
P-OR -I l-P-i 

-P-OH ' I 
H OH OH OH 

o o 
vf 

OH 

R12 

vp 
o o 
II „Vp-jii \ 

?ii 

OH 

0 0 0 0 
11 V" V^N'R -V , 
OH | OH | OH 

R12 . R11 

O o 
M R 

0 0 0 0 
X .LR9 , J I LR9 O 0 

-V i^^^N -\ i^^^N fl I! 
OH | OH | „y-P-

OH 

o 
II 

0 

N" 
1 

R11 

O n 

12 

R1 
16 i-P-LRg i-P-0(CH2)mR9 

OH OH R12 

LR9 or -X4LR9; 

each R14 is independently selected from H and CrCealkyl; 

R15 is 2-pyridyl or 4-pyridyl; 

R16 is an N-linked 4-8 membered heterocycloalkyl containing 1-2 heteroatoms 

independently selected from N and O, which is unsubstitituted or substituted with -

LR9; 
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<? .. N-N. 
N' || \ S || #N 'N JL 'N"^" X3 is or /V-N j x4 is N 0r ; 

each m is independently selected from 1,2,3, 4, 5, 6, 7, 8, 9 and 10; 

each n is independently selected from 1, 2, 3, 4, 5, 6, 7, 8, 9,10,11,12,13, 14,15,16,17 

and 18. 

5 Synthetic Methods 

All starting materials, building blocks, reagents, acids, bases, dehydrating agents, 

solvents, and catalysts utilized to synthesize the compounds of the present invention are 

either commercially available or can be produced by organic synthesis methods known to 

one of ordinary skill in the art (see e.g., Houben-Weyl 4th Ed. 1952, Methods of Organic 

10 Synthesis. Thieme, Volume 21). Further, the compounds of the present invention can be 

produced by organic synthesis methods known to one of ordinary skill in the art in view of 

the following examples. 

Illustrative examples of synthetic approaches to the compound of Formula (I), and 

subformulae thereof, are provided in the following general Schemes. In the following 

15 schemes R1, R2, R3, R4, R5, R6 and L are as defined herein. Although the general 

schemes show specific reagents used for various synthetic steps, it is understood that 

other known reagents can be used to accomplish such synthetic steps. 

Synthetic approaches for compounds of Formula (I), and sub formulae thereof, 

wherein R1 is a C-linked 6 membered heterocycloalkyl containing 1-2 N heteroatoms and 

20 a C1-C2alkylene bridge or R1 is a C-linked 5-8 membered fused bicyciic heterocycloalkyl 

containing 1-2 N heteroatoms, wherein each is unsubstituted or each is substituted with 1 

to 3 substituents independently selected from R5 and R6 are shown below in Schemes 1 

to 3. 

Scheme 1_ 

o 
YVY^NVYNWOH H2%3 , \.0 N M I 

R2 I O O OO ^ I % 7 TX Tg R3 MeOH u u u HATU DEA DMF OK O O 

0 O 

>H . RVNTYN^A^R3 
R2 I 0^0 0^0 HATU, DIEA, DMF O R2 O OX O 

25 Formula (I) 
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In Scheme 1, R3 is coupled to a short peptide via amide bond formation followed by a 

deprotection step with subsequent coupling of R1 via amide bond formation. In Scheme 1, 
9, o 

VV-OH °« ZtV^0H , , , 
D1>-OH 1 

by way of example, R can be Boc or Boc , which are subsequently 

O 
^OH 

deprotected after coupling. In Scheme 1, by way of example, R can also be 

Q o 
OH 

\—N 
R5 or R6 

OH 

Scheme 2 

a 11 ; u i 
HCI 

Ph *" 
HATU, DIEA, DMF Me0H 

V Tit 1 OR21 0,0 0^0 —=*- ^ i 

H2N^N^vClriYNrC02Me R1>~OH 
R2 I o o n n I. *" O c>2 O O L, 

N. .C02Me 
LiOH 

R2 1 0^0 0^0 r— ~"I *0 R! Ph HATU, DIEA, DMF Ph Me0H/H20 

IT "i N TIT YT T 
O R2 1 o o L, Ph 

Scheme 2 illustrates one exemplary synthetic approach to compounds of Formula (I), 
o 

/•y-'iL''R4 

and sub formulae thereof, wherein R3 is and R4 is -OH or -OCH3. In Scheme 2, 

10 R3 is coupled to a short peptide via amide bond formation followed by a deprotection step 

with subsequent coupling of R1 via amide bond formation. In Scheme 2, by way of 

1 ^°H tA 
example, R1 can be B°c or Boc , which are subsequently 
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O 
^OH 

deprotected after coupling. In Scheme 1, by way of example, R can also be 
0 o 

, tA OH 

R5 or R5 

Scheme 3 

OH 

OR2 on n n O R O O O O '•L ^ DCM U U HATU, DIEA, DMF U U U 

g R O^ 0 O^ O HBTU, DIEA, DMF 0 R2 0^0 0^0 

Scheme 3 illustrates one exemplary synthetic approach to compounds of Formula (I), 
OH 

and sub formulae thereof, wherein RJ is In Scheme 3, Rd is coupled to a short 

peptide via amide bond formation followed by a deprotection step with subsequent 
o 
^OH 10 coupling of R1 via amide bond formation. In Scheme 3, by way of example, R1 can 

be Boc or Boc , which are subsequently deprotected after coupling. In 

9, Z^™ 
K0H 1 M 

Scheme 1, by way of example, R can also be R5 or R5 

Synthetic approaches for N-terminal linked compounds of Formula (I), and sub 

15 formulae thereof, wherein R1 is a C-linked 6 membered heterocycioaikyl containing 1-2 N 

heteroatoms and a C1-C2alkylene bridge or R1 is a C-linked 5-8 membered fused bicyciic 

heterocycloalkyl containing 1-2 N heteroatoms, wherein each is substituted with an F 

62 



WO 2015/095301 PCT/US2014/070800 

and 0 to 3 substituents independently selected from R5 and R6 are shown below in 

Schemes 4 to 6. 

Scheme 4 

H 
.0. J l Y-v n O R2 1 CX O CX O 

rsu H2N. H •0H XyYNr^N HC! 

HATU, DIEA, DMF OR2' 0^0 O^ O 
"R3 MeOH 

o , 
^YVVT" 

o 
H ,/^OH 
N_ R1 

R3' 
RYBA N-k A N 

R2 I o 0^ o HATU, DIEA, DMF O R2 0^ O 0^0 

Formula (I) 

5 In Scheme 4, R3 is coupled to a short peptide via amide bond formation followed by a 

deprotection step with subsequent coupling of R1 via amide bond formation. In Scheme 3, 
O 

9 

o 
X -QH \ — I 

by way of example, R1 can be LR9 or LR1 

Scheme 5 

o 
HO' "R7 

O 

HAR7 

or 
V \ M y v 

O2N 

0 
0A R7 

O R2 0^0 0^0 

V N. V r N 
O R2 

R3 

Formula (I) 

\ 9 7 
S-R 
tt 

0 J 10 V 

In Scheme 5, R1 is initially a C-linked 6 membered heterocycloalkyl containing 1-2 N 

heteroatoms and a CrC2alkylene bridge or R1 is a C-linked 5-8 membered fused bicyciic 

heterocycloalkyl containing 1-2 N heteroatoms, wherein each is unsubstituted or each is 

substituted with 1 to 3 substituents independently selected from R5 and R6 (see Schemes 

15 1 to 3) and then R7 is subsequently attached to obtain a C-linked 6 membered 
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heterocycloalkyl containing 1-2 N heteroatoms and a CrC2alkylene bridge or R1 is a C-

linked 5-8 membered fused bicyciic heterocycloalkyl containing 1-2 N heteroatoms, 

wherein each is substituted with an R7 and 0 to 3 substituents independently selected 

from R5 and R6. Illustrative examples are shown in the scheme below: 

Alternatively, compounds of Formula (I), and sub formulae thereof, wherein R1 is a C-

linked 5-8 membered fused bicyciic heterocycloalkyl containing 1-2 N heteroatoms, 

10 wherein each is unsubstituted or each is substituted with 1 to 3 substituents 

independently selected from R5 and R6 (see Scemes 1 to 3) and then R7 is subsequently 

attached to obtain a C-linked 6 membered heterocycioaikyl containing 1-2 N heteroatoms 

and a CrC2aikylene bridge or R1 is a C-linked 5-8 membered fused bicyciic 

heterocycloalkyl containing 1-2 N heteroatoms, wherein each is substituted with an R 

15 and 0 to 3 substituents independently selected from RE and R6 are obtained by a two step 

process as seen in Scheme 6. 

Scheme 6 
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J 

where RGT and RG2 are reactive groups, such as those given in Table 1, and L' is one or 

more linker components. 

Illustrative examples are shown in the scheme below: 
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L' is one or more linker components 

One synthetic approach for C-terminal linked compounds of Formula (I), and sub 

formulae thereof, wherein Ft1 is a C-linked 6 membered heterocycloalkyl containing 1-2 N 

5 heteroatoms and a C1-C2alkylene bridge or R1 is a C-linked 5-8 membered fused bicyciic 

heterocycloalkyl containing 1-2 N heteroatoms, wherein each is substituted with an R 

and 0 to 3 substituents independently selected from R5 and R6 is shown below in Scheme 

7. 

Scheme 7 
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Scheme 8 

5 An alternative synthetic approach for C-terminal linked compounds of Formula (I), and 

sub formulae thereof, wherein R1 is a C-linked 6 membered heterocycloalkyl containing 1-

2 N heteroatoms and a C1-C2alkylene bridge or R1 is a C-linked 5-8 membered fused 

bicyciic heterocycioaikyl containing 1-2 N heteroatoms, wherein each is substituted with 

an R7 and 0 to 3 substituents independently selected from R5 and R6 is shown below in 

10 Scheme 8. 

H 9 
B°C'NX OH UM O JpY^NH BOC.N^NV>N-^OH ^ ^ L IU u 1 I ] BOC V N T T T T 

rf^r- NH >h H2N^NA^ ^BZ R2 I 0 Q C\0 
,, JL 1) HATU, DIEA, DMF L. H 
H2N CBZ ' » vph 

2) TFA. DCM 1) HATU, DIEA, DMF 
2) HCI 

CBz Jl 

-XXNH 
Ph HATU, DIEA, DMF ° R °^ ° °- 0 ^Ph 

O R ' O ex. O kpfH DIEA, DMF ° R °-> ° °^ ° Ph 

An alternative synthetic approach for C-terminal linked compounds of Formula (I), and 

sub formulae thereof, wherein R1 is a C-iinked 6 membered heterocycloalkyl containing 1-

15 2 N heteroatoms and a C1-C2alkylene bridge or R1 is a C-linked 5-8 membered fused 

bicyciic heterocycloalkyl containing 1-2 N heteroatoms, wherein each is substituted with 

an R7 and 0 to 3 substituents independently selected from R5 and R6 is shown below in 

Scheme 9. 

Scheme 9 
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An alternative synthetic approach for C-terminal linked compounds of Formula (I), and 

5 sub formulae thereof, wherein Ft1 is a C-linked 6 membered heterocycloalkyl containing 1-

2 N heteroatoms and a Ci-C2alkylene bridge or R1 is a C-linked 5-8 membered fused 

bicyciic heterocycioaikyl containing 1-2 N heteroatoms, wherein each is substituted with 

an R7 and 0 to 3 substituents independently selected from R5 and R6 is shown below in 

Scheme 10. 

Scheme 10 

1) HATU, DIEA, DMF 
2) 3M HCI in MeOH 

O 
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An alternative synthetic approach for C-terminal linked compounds of Formula (I), and 

sub formulae thereof, wherein Ft1 is a C-linked 6 membered heterocycloalkyl containing 1-

2 N heteroatoms and a CrC2alkylene bridge or R1 is a C-linked 5-8 membered fused 

5 bicyciic heterocycloalkyl containing 1-2 N heteroatoms, wherein each is substituted with 

an R7 and 0 to 3 substituents independently selected from R5 and R6 is shown below in 

Scheme 11. 

Scheme 11 

An alternative synthetic approach for C-terminal linked compounds of Formula (I), and 

sub formulae thereof, wherein R1 is a C-linked 6 membered heterocycloalkyl containing 1-

2 N heteroatoms and a C1-C2alkylene bridge or R1 is a C-linked 5-8 membered fused 

bicyciic heterocycioaikyl containing 1-2 N heteroatoms, wherein each is substituted with 

15 an R7 and 0 to 3 substituents independently selected from R5 and R6 is shown below in 

Scheme 12. 

Scheme 12 

69 



WO 2015/095301 PCT/US2014/070800 

H 0 

HO 'P . CkJ> m'0H, H,N.yP BCC"N^OH Q „ 

o" "LlN3 Toluene 0" "L,N3 6' "LlN3 H~M~LIN3 
ref|ux u 1) HATU, DIEA, DMF ^ H O 

Ph 
2) HCI 

* "i o o' "XrV0 * o "T\VY 
Rz 1 Ox. I o_ o I H 8 

N S -L,N~ 

1) HATU, DIEA, DMF ^ ^ Ph 
2) HCI 

0 
A-OH 

— *• R YNY ^ 
HATU, DIEA, DMF O R2 ' 

Q ly«s JBH, Q 

r o„T WWWrS1 
L-ascorbic acid r" 

H 9 T 7 I h 9 o R1TN/NVYNVYN/N 
OR21 0^0 0^0 

H—S-L,—N 

/AJ-o 
OH O / 

1 N '—OH * 
In Schemes 7 to 12, by way of example, R1 can be Boc 

0 

OH 
\— 

or Boc , which are subsequently deprotected after coupling. In Scheme 1, by way 

9» /z/^y^0H Y Y OH 
.^~~0H 1 N, 

of example, R can also be R5 or R5 . Alternatively, in Schemes 

5 7 to 12 R5 can be attached, after deprotection of the unsubstituted C-iinked 6 membered 

heterocycloalkyl containing 1-2 N heteroatoms and a CrC2alkylene bridge or the 

unsubstituted R1 is a C-iinked 5-8 membered fused bicyciic heterocycloalkyl containing 1-
0 0 X X 

2 N heteroatoms, by subsequent reaction with either H R5 or HO R6. 

The invention further includes any variant of the present processes, in which an 

10 intermediate product obtainable at any stage thereof is used as starting material and the 

remaining steps are carried out, or in which the starting materials are formed in situ under 

Q o 
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the reaction conditions, or in which the reaction components are used in the form of their 

salts or optically pure material. 

The following examples are intended to illustrate the invention and are not to be 

construed as being limitations thereon. Temperatures are given in degrees Celsius. If 

5 not mentioned otherwise, all evaporations are performed under reduced pressure, 
typically between about 15 mm Hg and 100 mm Hg (= 20-133 mbar). Abbreviations used 

are those conventional in the art. All reactions were carried out under nitrogen using 

commercial grade solvents without any further distillation. Reagents were used as 

commercial grade without further purification. Thin layer chromatography was carried out 

10 using TLC silica gel plates. Column chromatography was carried out using an ISCO 

Combiflash Companion system, using flash grade prepacked Redisep® columns. 

Preparative HPLC was performed on Waters Autopurification system using the 

following conditions: Column Sunfire C18 30 x 100 mm, 5 |jm, gradient elution with 

CH3CN in water + 0.05%TFA-CH3CN at 30 ml/min, 

15 Analytical Methods 

Unless otherwise indicated, the following HPLC and HPLC/MS methods were used in 

the preparation of Intermediates and Examples. 

LC/MS analysis was performed on an Agilent 1200sl/6140 system. 
Column: Waters Acquity HSS T3 C18, 50x2.0,1.8jim 

20 Mobile Phase: A) H20 + 0.05% TFA; B: acetonitrile + 0.035% TFA 

Pump method: 

Time A% B% Flow (mL/min) 
0 90 10 0.9 

1.35 0 100 0.9 
1.36 0 100 0.9 
1.95 0 100 0.9 
1.96 90 10 0.9 
2.0 90 10 0.9 

Detection: UV Diode Array at 190nm -400nm 

MS Scan: 200 - 1350amu 

25 ELSD: 60°C 

MS parameters: 
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Polarity Positive 

Drying Gas 12 

Nebulizer Pressure 50 

Drying Gas Temperature 350 

Capillary Voltage 3000 

Synthetic Procedure for Intermediates 
Synthesis of (S)-2-phenyl-1-(5~phenyl-1,3,4-oxadiazol-2-yl)ethanamine (i-1) 

N-N 
_ 1 ^—Ph 

Pt^N^O L2 W 
5 Step 1: (S)-2-((t-Butoxycarbonyl)amino)-3-phenylpropanoic acid (200 mg, 0.754 mmol) 

was added to dichloromethane (5.5 ml) at 0 °C, followed by carbonyldiimidazole (128 mg, 

0.792 mmol). After stirring at 0 "C for 30 min, benzohydrazide (103 mg, 0.754 mmol) was 

added. After additional 45 min at 0 °C, carbon tetrabromide (497 mg, 1.5 mmol) and 

triphenylphosphine (198 mg, 0.754 mmol) were added. The mixture was stirred for 2 h at 
10 0 '°C and then at rt for 16 h. Water was added to the mixture and extracted with DCM (5 

ml X3). The organic layers were combined, dried with Na2S04, filtered and concentrated. 

The crude product was purified by a silica gel column (20-40% ethyl acetate in hexanes) 

to obtain t-butyl [(1S)-2-pheny!-1-(5-pheny!-1,3,4-oxadiazol-2-yl) ethyl] carbamate. MS 
m/z 366 (M+H). Retention time 1.351 min. 1H NMR (400 MHz, Chloroform-d) 5 8.03 -

15 7.85 (m, 2H), 7.62 - 7.38 (m, 3H), 7.33 - 7.16 (m, 3H), 7.18 - 7.04 (m, 2H), 5.35 (d, J = 7.9 

Hz, 1H), 5.15 (d, J = 9.1 Hz, 1H), 3.28 (d, J = 6.6 Hz, 2H), 1.54 (s, 9H). 

Step 2: To the compound obtained in step 1, (548 mg, 1.5 mmol) in DCM (5 ml) was 

added TFA (1.5 ml). The resulting solution was stirred at room temperature for 18 h and 

then concentrated to obtain (S)-2-phenyl-1-(5-phenyi-1,3,4-oxadiazol-2-yl)ethanamine (i-1) 

20 TFA salt. It was used without further purification. MS m/z 266 (M+H). Retention time 

0.858 min. 

Synthesis of 2-phenyi-1-(pyrimidin-2-yl)ethanamine (i-2). 
Benzylmagnesium chloride (1.2 ml, 2.4 mmol) (2M in THF) was added dropwise to 2-

cyanopyrimidine (210 mg, 2.00 mmol) in toluene (10 ml) at 0°C. The reaction was stirred 

25 at this temperature for 1 h. Then 2-butanol (10 mi) was added, followed by sodium 
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10 

15 

20 

25 

borohydride (106 mg, 2.80 mmol). The reaction was stirred at rt for 1 h, and then 

quenched with MeOH (3 mi) and water. The mixture was extracted with EtOAc (2 X 30 

ml). The organic layer was dried with Na2S04, filtered and concentrated. The crude 

product was purified by preparative HPLC (10-30% acetonitrile in water with 0.05% TFA) 

to obtain 2-phenyl-1-(pyrimidin-2-yl)ethanamine (i-2). MS m/z 200.2 (M+H). Retention 

time 0.637 min.1H NMR (400 MHz, Acetonitrile-d3) 5 8.75 (d, J = 5.0 Hz, 2H), 7.41 (t, J = 

4.9 Hz, 1H), 7.27 (m, 3H), 7.14 - 7.05 (m, 2H), 4.84 (t, J = 6.7 Hz, 1H), 3.45 (dd, J = 14.1, 

6.3 Hz, 1H), 3.33 (dd, J = 14.1, 7.1 Hz, 1H). 

Synthesis of (S)-2-phenyl-1-(1 H-pyrazol-3-yl)ethanamine (i-3) 

Step 1: Hydrazine monohydrate (0.034 mi, 0.69 mmol) was added to (S,E)-t-butyl (5-

(diethy!amino)-3-oxo-1-phenylpent-4-en-2-yl)carbamate (60 mg, 0.17 mmol) in MeOH (5 

ml). The reaction was heated at 70°C for 2 h and then 50°C for 3 days. The reaction 

mixture was concentrated, taken up in water, and extracted with DCM (5 ml X 2). The 

DCM layers were combined, dried with Na2S04, filtered and concentrated. The residue 

was purified by silica gel preparative TLC (4% MeOH in DCM) to obtain (S)-t-butyl (2-

phenyl-1 -(1 H-pyrazol-3-yl)ethyl)carbamate. MS m/z 288.2 (M+H). Retention time 1.310 

min. 1H NMR (400 MHz, Chloroform-d) 5 7.53 - 7.35 (m, 1H), 7.28 - 6.90 (m, 5H), 6.01 (s, 

1H), 5.47 - 5.25 (m, 0.3 H), 5.15 - 4.84 (m, 0.7H), 3.40 (s, 1H), 3.09 (d, J = 8.0 Hz, 2H), 

1.34 (d, J = 31.2 Hz, 9H). 

Step 2: A solution of the compound obtained in step 1 (38 mg, 0.13 mmol) in DCM (2 ml) 

was treated with TFA (0.5 ml) at rt for 2 h and then concentrated to give (S)-2-phenyl-1-

(1 H-pyrazol-3-yl)ethanamine TFA salt (i-3). The product was used in the next step without 

further purification. MS m/z 188.2 (M+H). Retention time 0.616 min 

Synthesis of (S)-t-butyl (3-(2-amino-3-hydroxypropyl)phenyl)carbamate (i-4) 

Step 1: BH3 in THF (1M, 10 ml) was added to (S)-2-((t-butoxycarbonyl)amino)-3-(3-

nitrophenyl)propanoic acid (562 mg, 1.81 mmol) in THF (10 ml) with stirring at 0°C. Then 
the reaction was stirred at 50°C for 1 h. The reaction mixture was cooled at 0°C, 

quenched with water, diluted with EtOAc and washed with 10% aqueous K2C03, dried 

over MgS04, filtered and concentrated. The crude was purified by a silica gel column (30-

H,N 
(i-3) 

H 
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70% EtOAc-hexanes) to obtain (S)-t-butyl (1-hydroxy-3-(3-nitrophenyl)propan-2-

yl)carbamate as white solid. MS m/z 319.1 (M+Na). Retention time 1.183 minute. 1H 
NMR (600 MHz, Chloroform-d) 5 8.13 - 8.04 (m, 2H), 7.57 (d, J = 7.7 Hz, 1H), 7.46 (dd, J 

= 8.9, 7.6 Hz, 1H), 4.76 (s, 1H), 3.87 (dq, J = 8.0, 4.6, 4.1 Hz, 1H), 3.69 (dd, J = 10.9, 3.9 

5 Hz, 1H), 3.58 (dd, J = 10.8, 4.7 Hz, 1H), 2.97 (td, J = 13.1, 12.5, 7.3 Hz, 2H), 1.37 (s, 9H). 

Step 2: To (S)-t-butyl (1-hydroxy-3-(3-nitrophenyl)propan-2-yl)carbamate (0.31 g, 1.0 

mmol) in aoetonitrile (5 ml) was added 10% hydrochloric acid (5 ml). The reaction mixture 

was stirred at rt for 48 h and then concentrated to give (S)-2-amino-3-(3-
nitrophenyl)propan-1-ol as HCI salt. MS m/z 197.2 (M+H). Retention time 0.775 min. 

10 Step 3: (S)-2-Amino-3-(3-nitropheny!)propan-1 -ol HCI salt (0.243 g, 1.046 mmol) was 

dissolved in MeOH (10 ml) and 10% palladium on carbon (50 mg, 0.047 mmol) was 

added. A 2L hydrogen balloon was attached. The reaction was flushed with H2 three 

times and then stirred at rt for 1 h. LCMS indicated the reaction was complete. The 

reaction was filtered through a celite pad and concentrated to give (S)-2-amino-3-(3-
15 aminophenyl)propan-1-ol as HCI salt. MS m/z 167.2 (M+H). Retention time 0.373 min. 

Step 4: (S)-2-Amino-3-(3-aminophenyl)propan-1-ol HCI salt (0.212 g, 1.046 mmol) and 

BOC20 (228 mg, 1.05 mmol) and dioxane-water-AcOH (10:9:1, 20ml) were combined and 

stirred at rt for 3 days. LCMS indicated the reaction was 75% complete. Additional Boc20 

(150 mg) was added and the reaction was further stirred for 6 h. The reaction mixture was 
20 then concentrated and purified with preparative HPLC (10-40% acetonitrile in water with 

0.05% TFA) to give (S)-t-butyl (3-(2-amino-3-hydroxypropyl)phenyl)carbamate (i-4) as an 

oil. MS m/z 267.2 (M+H). Retention time 1.011 min. 

Synthesis of (S)-t-butyl (4-(2-amino-3-hydroxypropyl)phenyl)carbamate (i-5) 

25 Step 1: To (S)-2-((t-butoxycarbonyl)amino)-3-(4-nitrophenyl)propanoic acid (0.80 g, 2.58 

mmol) in THF (10 ml) was added borane dimethyl sulfide complex (1.00 ml, 10.5 mmol) at 

0°C. The reaction was stirred for 10 min at 0°C and then at rt for 5 h. The reaction was 

then quenched with water at 0 °C. The quenched mixture was partitioned between DCM 

and 1M aqueous Na2C03. The DCM layer was separated, dried over Na2S04, filtered and 

30 concentrated to give (S)-t-butyl (1 -hydroxy-3-(4-nitrophenyl)propan-2-yl)carbamate as 
white solid. MS m/z 319.1 (M+Na). Retention time 1.031 min. 1H NMR (400 MHz, 

H 
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Chloroform-d) 5 8.10 (d, J = 8.8 Hz, 2H), 7.33 (d, J = 8.7 Hz, 2H), 4.73 (s, 1H), 3.83 (s, 

1H), 3.70 - 3.56 (m, 1H), 3.50 (d, J = 4.6 Hz, 1H), 2.91 (d, J = 7.1 Hz, 2H), 1.32 (s, 9H). 

Step 2: (S)-t-Butyl (1-hydroxy-3-(4-nitrophenyl)propan-2-yl)carbamate (300 mg, 1.01 

mmol) in acetonitrile (5 ml) and 10% hydrochloric acid (5 ml) was stirred at rt for 4 h and 

5 then concentrated. The residue was treated with saturated aqueous Na2C03, and 

extracted with DCM-iPrOH (10:1, 10 mlX3). The organic layers were combined, dried and 
concentrated to give (S)-2-amino-3-(4-nitrophenyl)propan-1-ol. MS m/z 197.2 (M+H). 

Retention time 0.512 min. 1H NMR (400 MHz, Chioroform-d) 8 8.32 - 7.92 (m, 2H), 7.41 -

7.21 (m, 2H), 4.18 - 4.00 (m, 1H), 3.66 - 3.49 (m, 2H), 3.49-3.36 (m, 1H), 3.25-3.00 (m, 
10 1H), 3.01 - 2.74 (m, 2H), 2.70-2.65 (m, 1H). 

Step 3: (S)-2-Amino-3-(4-nitrophenyl)propan-1 -ol (200 mg, 1.019 mmol) was dissolved in 

MeOH (10 ml) and 10% Pd/C (50 mg) was added. A 2 L hydrogen balloon was attached 

The reaction was flushed with H2 three times and then stirred at rt for 3h. The reaction 

mixture was filtered through a celite pad and then concentrated to give (S)-2-amino-3-(4-

15 aminophenyl)propan-1-ol. MS m/z 167.2 (M+H). Retention time 0.240 min. 

Step 4: (S)-2-Amino-3-(4-aminophenyl)propan-1-ol (168 mg, 1.012 mmol) was dissolved 

n dioxane (10ml)-water (9 ml)-AcOH (1 ml) and t-butyl dicarbonate (0.28g, 1.28 mmol) 

were combined and stirred at rt for 16 h. The reaction mixture was then concentrated and 

purified with ISCO using C18 column, eluted with 10-40% acetonitrile in water with 0.05% 

20 TFA to give (S)-t-butyi (4-(2-amino-3-hydroxypropyl)phenyl)carbamate TFA (i-5). MS m/z 

267.2 (M+H). Retention time 0.764 min. 1H NMR (400 MHz, Acetonitrile-d3) 8 7.59 (s, 

1H), 7.36 (d, J = 8.5 Hz, 2H), 7.16 (d, J = 8.5 Hz, 2H), 6.14 (s, 3H), 3.69 (dd, J = 11.7, 3.2 

Hz, 1H), 3.57 - 3.36 (m, 2H), 2.86 (d, J = 7.1 Hz, 2H), 1.47 (s, 9H). 

Synthesis of (S)-t-butyl (3-(2-amino-3-methoxypropyl)phenyl)carbamate (i-6) 

Step 1: Borane dimethyl sulfide complex (3.00 ml, 31.6 mmol) was added to (S)-2-((t-

butoxycarbonyl)amino)-3-(3-nitrophenyl)propanoic acid (1.5 g, 4.83 mmol) in THF (10 mi) 

at 0°C. The reaction was stirred for 10 min at 0°C and then at rt for 6 h. The reaction was 

then quenched with water at 0 °C. The quenched reaction mixture was partitioned 

30 between DCM and 1M aqueous Na2C03. The DCM layer was separated, dried over 

Na2S04, filtered and concentrated to give (S)-t-butyl (1-hydroxy-3-(3-nitrophenyl)propan-

2-yl)carbamate as white solid. MS m/z 319.1 (M+Na). Retention time 1.031 min. 1HNMR 
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(400 MHz, Chloroform-d) 6 8.14 - 7.97 (m, 2H), 7.57 (dt, J = 7.7, 1.4 Hz, 1H), 7.46 (dd, J 

= 8.8, 7.6 Hz, 1H), 4.77 (d, J = 14.5 Hz, 1H), 3.87 (s, 1H), 3.69 (dd, J = 10.9, 3.8 Hz, 1H), 

3.58 (dd, J = 10.9, 4.7 Hz, 1H), 2.95 (t, J = 6.8 Hz, 2H), 1.37 (s, 9H). 

Step 2: To (S)-t-butyl (1-hydroxy-3-(3-nitrophenyl)propan-2-yl)carbamate (0.200 g, 0.675 

5 mmol) in THF/DMF 4:1 (10 ml) at 0°C was added NaH (60% in mineral oil ,0.048 g, 1.2 

mmol) slowly, followed by methyl iodide (0.19 g, 1.3 mmol). The resulting mixture was 

stirred at rt for 1 h. The reaction was quenched carefully by slow addition of water until no 

bubbling (H2) was observed. The crude product was extracted with EtOAc (10 ml X3). The 

combined organic phases was dried over Na2S04, filtered and concentrated. The residue 

10 was purified by ISCO using C18 column and eiuted with 30-67% ACN in water with 0.05% 

TFA to give (S)-t-butyl (1-methoxy-3-(3-nitrophenyl)propan-2-yl)carbamate as white solid. 
MS m/z 333.1 (M+Na). Retention time 1.205 min. ]H NMR (400 MHz, Chloroform-d) d 

8.10 (dd, J = 4.5, 2.5 Hz, 2H), 7.59 (d, J = 7.5 Hz, 1H), 7.48 (dd, J = 8.8, 7.6 Hz, 1H), 4.96 

(d, J = 8.7 Hz, 1H), 4.07 - 3.88 (m, 1H), 3.43 - 3.28 (m, 5H), 2.98 (d, J = 7.2 Hz, 2H), 1.40 

15 (s, 9H). 

Step 3: (S)-t-Butyl (1-methoxy-3-(3-nitrophenyl)propan-2-yl)carbamate (124 mg, 0.400 

mmol) in acetonitrile (3 ml) and 10% hydrochloric acid (3 ml) was stirred at rt for 4 h and 

then concentrated. Saturated aqueous Na2C03 was added to the residue and the 

esulting mixture was extracted with DCM-iPrOH (10:1,10 ml X3). The organic layers 

20 were combined, dried and concentrated to give (S)-1 -methoxy-3-(3-nitrophenyl)propan-2-

amine. MS m/z 211.2 (M+H). Retention time 0.622 min. 

Step 4: (S)-1-Methoxy-3-(3-nitrophenyl)propan-2-amine was dissolved in MeOH (10 ml) 

and 10% Pd/C (50 mg) was added. A 2 L hydrogen balloon was attached. The reaction 

was flushed with H2 three times and then stirred at rt for 3 h. The reaction mixture was 

25 filtered through a celite pad and then concentrated to give (S)-3-(2-amino-3-
methoxypropyl)aniline. MS m/z 181.2 (M+H). Retention time 0.282 min. 

Step 5: (S)-3-(2-Amino-3-methoxypropyl)aniline (62.6 mg, 0.347 mmol) in dioxane (3mi)-

water (3 m!)-AcOH (0.6 ml) and t-butyl dicarbonate (0.093 ml, 0.4 mmol) were combined 

and stirred at rt for 16 h. The reaction mixture was then concentrated and purified with 

30 ISCO using C18 column, eiuted with 10-40% acetonitrile in water with 0.05% TFA to give 

(S)-t-butyl (3-(2-amino-3-methoxypropyl)phenyl)carbamate TFA salt (i-6). MS m/z 281.2 

(M+H). Retention time 0.856 min. 1H NMR (400 MHz, Acetonitri!e-d3) d 7.61 (s, 1H), 7.40 
- 7.12 (m, 3H), 6.89 (dt, J = 7.4, 1.5 Hz, 1H), 6.78 (s, 3H), 3.59 (m, 1H), 3.50 (dd, J = 10.6, 
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3.4 Hz, 1H), 3.38 (dd, J = 10.6, 6.9 Hz, 1H), 3.33 (s, 3H), 2.90 (d, J=7.5 Hz, 3H), 1.48 (s, 

9H). 

Synthesis of (3R,4S,5S)-4-((S)-N,3-dimethyl-2-((1 R,3S,4S)-2-methyi-2-

azabicyclo[2.2.1]heptane-3-carboxamido)butanamido)-3-methoxy-5-methylheptanoic acid 

5 (i-7) 

(i-7) Step 3 

Step 1: Dil-OtBu HCI salt (388 mg, 0.982 mmol), (1 R,3S,4S)-2-(t-butoxycarbony!)-2-

azabicyclo[2.2.1]heptane-3-carboxylic acid (287 mg, 1.19 mmol), HATU (411 mg, 1.08 

mmol) and DIEA (0.42 ml, 2.38 mmol) and DMF (5 ml) were combined and stirred at rt for 

10 30 min. The reaction mixture was diluted with water (10 ml) and purified by RP-C18 ISCO 

to give (3R,4S,5S)-t-butyl 4-((S)-M,3-dimethyl-2-((1 R,3S,4S)-2-methyl-2-

azabicyclo[2.2.1]heptane-3-carboxamido)butanamido)-3-methoxy-5-methylheptanoate. 

MS (m+1) = 582.5 , HPLC Peak RT = 1.542 min 

Step 2: The product obtained in step 1 (540 mg, 0.93 mmol) in 4M HCI in 1.4-dioxane (10 

15 ml) was stirred at rt overnight. The reaction mixture was concentrated in to give 

(3R,4S,5S)-4-((S)-N,3-dimethyl-2-((1 R,3S,4S)-2-methyl-2-azabicyc!o[2.2.1]heptane-3-
carboxamido)butanamido)-3-methoxy-5-methy!heptanoic acid. MS (m+1) = 426.2, HPLC 
Peak RT = 0.736 min 

Step 3: The product obtained in step 2 (430 mg, 0.93 mmol), 37% formaldehyde solution 

20 (0.38 ml, 4.7 mmol), acetic acid (0.27 ml, 4.65 mmol), NaBH3CN (585 mg, 9.31 mmol) 

and MeOH (10 ml) were combined and stirred at rt for 30 min and then concentrated. The 

residue was purified by RP-C18 ISCO to give 450 mg of (3R,4S,5S)-4-((S)-N,3-dimethyl-

2-((1 R,3S,4S)-2-methyl-2-azabicycio[2.2.1]heptane-3-carboxamido)butanamido)-3-

methoxy-5-methylheptanoic acid as a TFA salt. The TFA salt was treated with 10 ml of 

25 12N HCI solution and concentrated twice to give (3R,4S,5S)-4-((S)-N,3-dimethyl-2-

((1 R,3S,4S)-2-methyl-2-azabicyclo[2.2.1]heptane-3-carboxamido)butanamido)-3-
methoxy-5-methylheptanoic acid HCI salt (i-7). MS (m+1) = 440.2, HPLC Peak RT = 
0.754 min 
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Synthesis of Boc-Dap-OMe: ((S)-tert-butvl 2-((1 R.2R)-1,3-dimethoxv-2-methvl-3-
oxopropyl)pyrrolidine-1 -carboxviate) (i-8) 

>T°Y 
1 o 

Me—! 

K2CO3 
YY1 

1 o o 
Boc-Dap-OH DMF 

Boc-Dap-OMe 
i-8 

Boc-Dap-OH (Smaii Molecules Inc., 3.11 g, 10.8 mmol), K2C03 (2.99 g, 21.6 mmol), 

5 iodomethane (2.95 g) and acetone (55 mL) were combined. The reaction was stirred at 
20 °C for 2 h. An additonal methyliodide (2.28 g) was added to the reaction and the 

eaction was stirred at 40 °C for 3 h. The reaction mixture was concentrated. The residue 

was partitioned between 200 mL EtOAc and 100 mL H20. The organic layer was 

separated, washed with 50mL saturated aq NaCI, dryed over MgS04, filtered and 
10 concentrated, affording Boc-Dap-OMe (i-8) as a yellow oil. MS (ESI+) m/z calc 324.2, 

found 324.2 (M+23). Retention time 1.245 min. 

Svthesis of Dap-OMe : ((2R,3R)-methyl 3-methoxv-2-methvl-3-((S)-pyrrolidin-2-
vDpropanoate) (i-9) 

15 Boc-Dap-OMe (3.107 g, 10.3 mmol) was combined with HCI in diethyl ether (2 M, 10 mL) 

and concentrated. This operation was repeated. The reaction was complete after the 7th 

treatment. HCI salt of Dap-OMe (i-9) was obtained as a white solid after being 

concentrated. MS (ESI+) m/z calc 202.1, found 202.2 (M+1). Retention time 0.486 min. lH 

NMR (400 MHz, CDCI3): 5 4.065-4.041 (m, 1H), 3.732 (br.s, 1H), 3.706 (s, 3H), 3.615 (s, 
20 3H), 3.368 (br.s, 1H), 3.314 (br.s, 1H), 2.795 (q, 1H, J=6.8Hz), 2.085-1.900 (m, 4H), 

1.287 (d, 3H, J=7.2Hz). 

Synthesis of (R)-2,4-dihydroxy-3,3-dimethyl-N-(3-oxo-3-((2-oxopropyi)amino) 
propyl)butanamide (i-10) 

25 Step 1: Panthotheic acid (50 mg, 0.23 mmol) was dissolved in DMF (5 mL) and 
diphenylphosphoryl azide (98 |jL, 0.46 mmol) and 2-(2-methyl-1,3-dioxolan-2-
yl)ethanamine (40 mg, 0.34 mmol) were added. The reaction mixture was cooled to 0 °C 

and triethylamine (79 |jL, 0.57 mmol) was added. The reaction mixture was stirred at 0 °C 

for 10 min, and then stirred at rt for 24 h. EtOAc (50 mL) was added and washed with 

Boc-Dap-OMe 
i-8 

Dap-OMe 
i-9 
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0.1N HCI solution (20 mL), 0.1 N NaOH solution (20 mL), brine (20 mL), dried over 

Na2S04 and filtered. The filtrate was concentrated in vacuo and the residue was purified 

by HPLC and lyopylized to give (R)-2,4-dihydroxy~3,3-dimethyl-N-(3-(((2-methyl-1,3-

dioxolan-2-yl)methyl)amino)-3-oxopropyl)butanamide. MS (m+1) = 319.2, HPLC Peak RT 
5 = 0.466 min 

Step 2: (R)-2,4-dihydroxy-3,3-dimethyl-N-(3-(((2-methyl-1,3-dioxolan-2-yl)methyl)amino)-

3-oxopropyl)butanamide (46 mg, 0.14 mmol) was dissolved in THF (5 mL) and 3N HCI 

solution (3mL) and stirred at rt for 4 h. After cooling to 0 °C, the reaction mixture was 

neutralized with 1N NaOH solution and concentrated half voiumn in vacuo. The reaction 

10 mixture was purified by ISCO RP-C18 and lyophilized to give (R)-2,4-dihydroxy-3,3-
dimethyl-N-(3-oxo-3-((2-oxopropyl)amino)propyl)butanamide (i-10). MS (m+1) = 275.2, 
HPLC Peak RT = 0.337 min, 1H-NMR (MeOD, 400 MHz) 5 3.99 (s, 2H), 3.84 (s, 1H), 

3.42-4.47 (m, 2H), 3.42 (d, 1H, J = 11.2 Hz), 3.34 (d, 1H, J = 11.2 Hz), 2.45 (t, 2H, J = 

6.8 Hz), 2.10 (s,3H), 0.87 (s, 6H). 

15 Synthesis of (f?)-N-(3-((2-azidoethyl)amino)-3-oxopropyl)-2,4-dihydroxy-3,3-

dimethylbutanamide (i-11) 

Panthotheic acid (50 mg, 0.23 mmol) was dissolved in DMF (5 mL) and 
diphenylphosphory! azide (98 |jL, 0.46 mmol) and 2-azidoethanamine (30 mg, 0.34 mmol) 

20 were added. The reaction mixture was cooled to 0 °C and triethylamine (79 jjL, 0.57 mmol) 

was added. The reaction mixture was stirred at 0 °C for 10 min, and then stirred at rt for 

24 h. EtOAc (50 mL) was added and washed with 0.1 N HCI solution (20 mL), 0.1 N NaOH 

solution (20 mL), brine (20 mL), dried over Na2S04 and filtered. The filtrate was 

concentrated in vacuo and the residue was purified by HPLC and lyopylized to give (R)-N-

25 (3-((2-azidoethyl)amino)-3-oxopropyi)-2,4-dihydroxy-3,3-dimethyibutanamide (i-11). MS 
(m+1) = 288.2, HPLC Peak RT = 0.504 min, 1 H-NMR (MeOD, 400 MHz) 5 3.84 (s, 1H), 

3.41-4.47 (m, 3H), 3.31-3.35 (m, 5H), 2.40 (t, 2H, J = 6.8 Hz), 0.87 (s, 6H). 

Synthesis of (R)-2,4-dihydroxy-3,3-dimethyl-N-(3-oxo-3-((3-oxobutyi)amino)propyl) 

butanamide (i-12) 

o O (i-11) 
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OH OH H H 

><^rN-^YN-^r 
O O O 

(i-12) 

Step 1: Panthotheic acid hemicalcium salt (100 mg, 0.390 mmol) was dissolved in CH3CN 

(10 mL) and exchanged to panthotheic acid using sulfuric acid resin. Panthotheic acid (10 

mg, 0.046 mmol) was dissolved in DMF (2 mL) and diphenyiphosphoryl azide (20 |jL, 

5 0.091 mmol) and 2-(2-methyl-1,3-dioxolan-2-yl)ethanamine (7 mg, 0.005 mmol) were 

added. The reaction mixture was cooled to 0 °C and triethylamine (16 |jL, 0.114 mmol) 

was added. The reaction mixture was stirred at 0 °C for 10 min, and then stirred at rt for 

24 h. EtOAc (50 mL) was added and washed with 0.1 N HCI solution (20 mL), 0.1 N NaOH 

solution (20 mL), brine (20 mL), dried over Na2S04 and filtered. The filtrate was 

10 concentrated in vacuo and the residue was purified by HPLC and lyopylized to give (R)-

2,4-dihydroxy-3,3-dimethyi-N-(3-((2-(2-methyl-1,3-dioxolan-2-yl)ethyl)amino)-3-

oxopropyl)butanamide. MS (m+1) = 333.2, HPLC Peak RT = 0.512 min 

Step 2: (R)-2,4-dihydroxy-3,3-dimethyl-N-(3-((2-(2-methyl-1,3-dioxolan-2-y!)ethyl)amino)-

3-oxopropyl)butanamide (6 mg, 0.018 mmol) was dissolved in THF (2 mL) and 3N HCI 

15 solution (1 mL) and stirred at rt for 4 h. After cooling to 0 °C, the reaction mixture was 

neutralized with 1N NaOH solution and concentrated half volumn in vacuo. The reaction 

mixture was purified by ISCO RP-C18 and lyophilized to give (R)-2,4-dihydroxy-3,3-
dimethyl-N-(3-oxo-3-((3-0xobutyl)amino)propyi) butanamide (i-12). MS (m+1) = 289.2, 

HPLC Peak RT = 0.362 min, 1 H-NMR (MeOD, 400 MHz) 5 3.83 (s, 1H), 3.37-4.45 (m, 

20 3H), 3.34 (d, 2H, J = 7.2 Hz), 3.32 (d, 1H, J = 3.2 Hz), 2.65 (t, 2H, J = 6.4Hz), 2.34 (t, 2H, 

J = 6.8 Hz), 2.10 (s, 3H), 0.87 (s, 6H). 

Synthesis of 2,4-dihydroxy-3,3-dimethyl-N-(3-oxobutyl)butanamide (i-13) 

Step 1: Lithium aluminum hydride (583 mg, 15 mmol) was dissolved in THF (100 mL) and 

25 cooled to 0 °C. A solution of (±)-pantolactone (1 g, 8 mmol) in THF (50 mL) was added at 

0 "C and stirred at rt for 4h. To the reaction mixture was added anhydrous sodium sulfate 

slowly, followed by EtOAc (50 mL). The reaction mixture was filtered over a short celite 

pad and the filtrate was concentrated. The residue was purified by ISCO (5% to 20% of 

MeOH in CH2CI2) to give 3,3-dimethyibutane-1,2,4-triol. 1 H-NMR (CDCI3, 400 MHz) 5 

OH OH 
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3.71 -3.74 (m, 1H), 3.65 (dd, 1H, J = 4.8 and 7.6 Hz), 3.57 (dd, 1H, J = 2.4 and 4.8 Hz), 

3.54 (d, 1H, J = 7.2 Hz), 3.48 (d, 1H, J = 7.2 Hz), 0.95 (s, 3H), 0.93 (s, 3H). 

Step 2: 3,3~dimethy!butane-1,2,4-triol (570 mg, 4 mmol) and 1-(dimethoxymethyl)-4-

methoxybenzene (1.16 g, 6 mmol) were dissolved in CH2CI2 (50 mL) and (7,7-dimethyl-2-

5 oxobicyclo[2.2.1]heptan -1-yl) methanesulfonic acid (99 mg, 0.4 mmol) was added. The 

reaction mixture was stirred at rt for 2 h and triethylamine (0.29 mL, 2 mmol) was added. 

After concentration, the residue was purified by ISCO (0% to 30% of EtOAc in n-Hexane) 

to give 2-(4-methoxyphenyl)-5,5-dimethyl-1,3-dioxan-4-yl)methanoi. 1 H-NMR (CDCI3, 400 
MHz) 5 7.44 (d, 2H, J = 6.0 Hz), 6.91 (d, 2H, J = 6.0 Hz), 5.47 (s, 1H), 3.90 (s, 1H), 3.81 

10 (s, 3H), 3.59-3.70 (m, 5H), 1.14 (s, 3H), 0.84 (s, 3H). 

Step 3: DMSO (0.27 mL, 4 mmol) was dissolved in anhydrous CH2CI2 (20 mL) and oxalyl 
chloride (0.25 mL, 3 mmol) was added at -78 °C. The reaction mixture was stirred for 15 

min at -78 °C and a solution of 2-(4-methoxyphenyl)-5,5-dimethyl-1,3-dioxan-4-

yl)methanol (485 mg, 2 mmol) in anhydrous CH2CI2 (1 mL) was added slowly. The 
15 reaction mixture was stirred at -78 °C for 30 min and triethylamine (1.34 mL, 10 mmol) 

was added. The reaction mixture was allowed to warm up to rt and stirred for 1 h. The 

reaction mixture was partitioned between water (50 mL) and CH2CI2 (100 mL), and the 

organic layer was washed with sat. NaHC03 (50 mL) and brine (50 mL), dried over 

Na2S04, filtered and concentrated. The residue was purified by ISCO (20% to 50% of 

20 EtOAc in n-Hexane) to give 2-(4-methoxyphenyl)-5,5-dimethyl-1,3-dioxane-4-
carbaldehyde. MS (m+1) = 251.2 , HPLC Peak RT = 1.105 min. 

Step 4: 2-(4-methoxyphenyi)-5,5-dimethyi-1,3-dioxane-4-carbaldehyde (289 mg, 1 mmol) 

was dissolved in acetone/CH2CI2 (3:1, 20 mL) and freshly prepared solution of 

NaH2P04.H20 (1593 mg, 12 mmol) and NaCI20 (528 mg, 6 mmol) in water (5 mL) was 

25 added at rt. The reaction mixture was stirred for 30 min at rt and concentrated. The 

residue was purified by ISCO (C18) to give 2-(4-methoxyphenyl)-5,5-dimethyl-1,3-

dioxane-4-carboxylic acid. MS (m+1) = 267.2 , HPLC Peak RT = 0.957 min. 

Step5: 2-(4-methoxyphenyl)-5,5-dimethyl-1,3-dioxane-4-carboxylic acid (40 mg, 0.2 mmol) 
was dissolved in DMF (3 mL) and HATU (39 mg, 0.2 mmol) and DIEA (0.05 mL, 0.3 mmol) 

30 were added. The reaction mixture was stirred for 10 min at rt and 2-(2-methyl-1,3-

dioxolan-2-y!)ethanamine (40 mg, 0.3 mmol) was added. The reaction mixture was stirred 

at rt for 1 h and purified by preparative HPLC to give 2-(4-methoxyphenyl)-5,5-dimethyl-N-
(2-(2-methyl-1,3-dioxolan-2-yl)ethyl)-1,3-dioxane-4-carboxamide. MS (m+1) = 380.2 , 
HPLC Peak RT = 1.102 min, 1 H-NMR (CDC!3, 400 MHz) 5 7.44 (d, 2H, J = 5.6 Hz), 7.33 
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(bs, 1H), 6.90 (d, 2H, J = 5.2 Hz), 5.46 (s, 1H), 4.08 (s, 1H), 3.82-3.88 (m, 2H), 3.81 (s, 

3H), 3.75 (m, 1H), 3.68 (dd, 2H, J = 7.6 and 16.0 Hz),3.38 (m, 2H), 1.86 (m, 4H), 1.31 (s, 

3H), 1.11 (s,3H), 1.09 (s, 3H) 

Step 5: 2-(4-methoxyphenyl)-5,5-dimethyl-N-(2-(2-methyl-1,3-dioxolan-2-yl)ethyl)-1,3-

5 dioxane-4-carboxamide (10 mg, 0.03 mmol) was dissolved in 3M HCI in MeOH (1 mL) 

and water (0.1 mL) was added. The reaction mixture was concentrated in vacuo and 

purified by ISCO (C18) to give 2,4-dihydroxy-3,3-dimethyl-N-(3-oxobutyl)butanamide (i-

13). MS (m+1) = 218.2 , HPLC Peak RT = 0.400 min, 1 H-NMR (MeOD-d4, 400 MHz) 5 

3.84 (s, 1H), 3.31-3.44 (m, 4H), 2.70 (t, 2H, J = 4.0 Hz),2.12 (s, 3H), 0.88 (s, 3H). 

10 Synthetic Procedure for non-linked peptides 
Example 1: (S)-Methyl 2-((2R,3R)-3-((S)-1 -((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-

azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-dimethylbutanamido)-3-methoxy-5-

methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-methylpropanamido)-3-phenylpropanoate (1) 

Y°" . Ytx"1_ 
O OMe O OMe O HATU, DIEA, DMF Ph 

Step 1 

I I IT I Tl = ** x 1 OMe O OMe O 

N X02Me 

O 
HCI HgN^A 

X02Me 

MeOH 1 OMe O OMe O Vph HATU DIEA DMF Boc ^ ̂  -Ph 
steP 2 Step 3 

TFA -
DCM N - . ^ _ 

H 1 OMe O OMe O 
Step 4 n ^ \ Ph 

1 

15 Step 1: To a solution of BocVal-Dil-Dap-OH (1.00 g, 1.75 mmol) in N,N-

dimethylformamide (DMF, 20.0 mL) at 0°C were added N,N-diisopropy! ethylamine (DIEA, 

0.677 g, 5.25 mmol) and 1-[bis(dimethylamino)methylene]-1 H-1,2,3-triazoio[4,5-

b]pyridinium 3-oxid hexafluorophosphate (HATU)(0.731 g, 1.93 mmol). The resulting 

solution was then stirred for 5 minutes and added to a solution of L-phenylalanine methyl 
20 ester HCI salt (0.377 g, 1.75 mmol) and DIEA (0.226 g, 1.75 mmol) in DMF (5.0 mL) at 

0°C. The reaction mixture was warmed to room temperature, stirred for an additional 30 
minutes and then concentrated. The residue was purified by reverse phase HPLC using 

the ISCO system, C18 column, eiuted with 20-90% acetonitrile-water to obtain BocVal-

Dil-Dap-PheOMe: MS m/z733.4 (M+1); retention time 1.47 minutes. 
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Step 2: To a solution of BocVai-Dii-Dap-PheOMe (0.683 g, 0.932 mmol) obtained in step 

1 in methanol (20 mL) was added HCI (4N in 1, 4-dioxane, 16 mL). The reaction mixture 

was stirred at room temperature for 7 hours and concentrated. The residue was 

dissolved in dioxane and lyophilized to obtain Val-Dil-Dap-PheOMe HCI salt: MS m/z 

5 633.4 (M+1); retention time 0.96 minutes. 

Step 3: (1 R,3S,4S)-N-Boc-2-azabicyclo[2.2.1]heptane-3-carboxylic acid (12.6 mg, 0.052 

mmol) was dissolved in DMF (1 mL) in a 15 ml round bottom flask. DIEA (12.3 mg, 0.095 

mmol) and HATU (19 mg, 0.050 mmol) were added. The reaction mixture was stirred for 

10 minutes and Val-Dil-Dap-PheOMe HCI salt (30 mg, 0.090 mmol) in DMF (1.0 mL) was 

10 added. The reaction mixture was stirred for 1 hour. LCMS analysis indicated the reaction 

was complete. The crude was purified by reverse phase HPLC using C18 column, eiuted 

with 20-90% acetonitrile-H20 containing 0.05% trifluoroacetic acid (TFA). The fractions 

containing the desired product were pooled and concentrated to obtain (1 R,3S,4S)-tert-

butyl 3-(((S)-1 -(((3R,4S,5S)-3-methoxy-1 -((S)-2-((1 R,2R)-1 -methoxy-3-(((S)-1 -methoxy-1 -

15 oxo-3-phenylpropan-2-yi)amino)-2-methyl-3-oxopropyl)pyrrolidin-1 -yl)-5-methyl-1 -

oxoheptan-4-yl)(methyl)amino)-3-methyl-1-oxobutan-2-yl)carbamoyl)-2-

azabicyc!o[2,2.1]heptane-2-carboxylate: MS m/z856.6 (M+1); retention time 1.67 minutes. 

Step 4: The product obtained in step 3 was dissolved in dichloromethane (DCM) (2.0 mL) 

and treated with TFA (0.5 mL). The reaction mixture was stirred at room temperature for 1 

20 hour. LCMS analysis showed the reaction was complete. The reaction mixture was 
concentrated by rotary evaporator to give compound 1 as a TFA salt: MS m/z 756.6 

(M+1); retention time 1.22 minutes. 

Example 2: (S)-2-((2R,3R)-3-((S)-1 -((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-

azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-dimethylbutanamido)-3-methoxy-5-

25 methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-methylpropanamido)-3-phenylpropanoic 

acid (2) 

In a 25 mL round bottom flask were added (S)-methyl 2-((2R,3R)-3-((S)-1-((3R,4S,5S)-4-

((S)-2-((1 R,3S,4S)-2-azabicyc!o[2.2.1]heptane-3-carboxamido)-N,3-dimethy!butanamido)-

30 3-methoxy-5-methy!heptanoyl)pyrro!idin-2-yl)-3-methoxy-2-methylpropanamido)-3-

phenylpropanoate TFA salt (1) (38.4 mg, 0.044 mmol), LiOHmonohydrate (50.0 mg, 1.19 

Ph 
2 
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10 

15 

20 

mmol) and a solvent mixture of Me0H-H20 (2:1, 4,0 mL). The mixture was stirred at room 

temperature for 60 hours. The LC-MS analysis indicated the reaction was complete. The 

reaction mixture was concentrated and purified by reverse phase HPLC, C18 column, 

eiuted with acetonitrile-H20 (10-70%) containing 0.05% TFA. The fractions containing the 

desired product were combined and concentrated to give compound 2 as a TFA salt, MS 
m/z 742.5 (M+1). Retention time 1.15 minutes. 

Example 3: (1 R,3S,4S)-N-((S)-1 -(((3R,4S,5S)-1 -((S)-2-((1 R,2R)-3-(((1 S,2R)-1 -Hydroxy-1 -

phenylpropan-2-yl)amino)-1-methoxy-2-methyl-3-oxopropyl)pyrrolidin-1-yl)-3-methoxy-5-

methyl-1-oxoheptan-4-yl)(methyl)amino)-3-methyl-1-oxobutan-2-yl)-2-

azabicyclo[2.2.1 ]heptane-3-carboxamide (3) 
OH 

BocHN^A 

O 
BOCHN^A 

TFA> 

DCM 
Step 4 

H 

O A OMe O / \^N 
3 0 * MeO J 
xk 0 

W " I 

„ f - Qi „ 

OH 

MeOH, H20 H 5^1 l0MJ0 

3 Me0 i TlQ 
MeOH 

Step 5 

Step 1: To a solution of Boc-Val-Dil-Dap-OH (20.0 mg, 0.035 mmol) in DMF (1.0 mL) in a 

15 mL round bottom flask was added DIEA (9.0 mg, 0.070 mmol), followed by N,N,N',N'-

tetramethyl-0-(1 H-benzotriazol-1-yl)uronium hexafluorophosphate (HBTU) (13.3 mg, 

0.035 mmol). The reaction mixture was stirred for 10 minutes before (1S,2R)-2-amino-1-

phenylpropan-1-oi (6.4 mg, 0.042 mmol) in DMF (1.0 mL) was added to the reaction 

mixture. The reaction was stirred for 1 hour. LCMS analysis indicated the reaction was 

complete. The crude was purified by reverse phase HPLC, C18 column, eiuted with 20-

70% acetonitriie-H2Q containing 0.05% TFA. The fractions containing the desired product 

were pooled and concentrated to obtain tert-butyl ((S)-1-(((3R,4S,5S)-1-((S)-2-((1 R,2R)-3-

(((1 S,2R)-1 -hydroxy-1 -phenylpropan-2-yl)amino)-1 -methoxy-2-methyl-3-
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oxopropyl)pyrroiidin-1-yi)-3-methoxy-5-methyi-1-oxoheptan-4-yl)(methyi)amino)-3-methyl-

1-oxobutan-2-yi)carbamate, MS m/z 705.4 (M+1). Retention time 1.39 minutes. 

Step 2: To a solution of tert-butyl ((S)-1-(((3R,4S,5S)-1-((S)-2-((1 R,2R)-3-(((1S,2R)-1-

hydroxy-1-phenylpropan-2-yl)amino)-1-methoxy-2-methyl-3-oxopropyl)pyrrolidin-1-yl)-3-

5 methoxy-5-methyl-1 -oxoheptan-4-yl)(methyi)amino)-3-methyl-1 -oxobutan-2-yi)carbamate 

(24.7 mg, 0.035 mmol) in DCM (2.0 mL) was added TFA (1.0 mL). The reaction mixture 

was stirred at room temperature for 2 hours and concentrated to obtain a mixture of (S)-2-

amino-N-((3R,4S,5S)-1 -((S)-2-((1 R,2R)-3-(((1 S,2R)-1 -hydroxy-1 -phenylpropan-2-

yl)amino)-1 -methoxy-2-methyi-3-oxopropyi)pyrroiidin-1 -yl)-3-methoxy-5-methyl-1 -

10 oxoheptan-4-yi)-N,3-dimethy!butanamide (MS m/z 605.4 (M+1) Retention time 0.96 

minutes and the TFA ester thereof (MS m/z 701.4 (M+1)), Retention time 1.17 minutes. 

The mixture was used in the next step without further purification. 

Step 3: To a solution of (1 R,3S,4S)-2-(tert-butoxycarbonyl)-2-azabicyclo[2.2.1]heptane-3-

carboxylic acid (8.4 mg, 0.035 mmol) in DMF (1.0 mL) were added DIEA (0.024 ml, 0.14 

15 mmol) and HBTU (13.3 mg, 0.035 mmol). The reaction mixture was stirred for 10 

minutes and added to a solution of the product mixture obtained in step 2 (25.2 mg, 0.035 

mmol) (containing TFA ester) in DMF (0.5 mL). The reaction mixture was kept at room 

temperature for 18 hours and then the crude was purified by reverse phase HPLC, C18 

column, eiuted with 30-90% acetonitrile-H20, containing 0.05% TFA. The fractions 

20 containing the desired products were concentrated to obtain a mixture of (1 R,3S,4S)-tert-

butyl 3-(((S)-1 -(((3R,4S,5S)-1 -((S)-2-((1 R,2R)-3-(((1 S,2R)-1 -hydroxy-1 -phenylpropan-2-

yl)amino)-1 -methoxy-2-methyi-3-oxopropyi)pyrroiidin-1 -yl)-3-methoxy-5-methyl-1 -

oxoheptan-4-yl)(methyl)amino)-3-methyl-1-oxobutan-2-yl)carbamoyl)-2-

azabicyc!o[2,2.1]heptane-2-carboxylate (MS m/z 828.5 (M+1)) Retention time 1.42 

25 minutes and the TFA ester thereof (MS m/z 924.4 (M+1)) Retention time 1.61 minutes. 

Step 4: To a solution of the mixture obtained in step 3 in DCM (1.5 mL) was added TFA 

(1.0 mL). The reaction mixture was stirred at room temperature for 1 hour and then 

concentrated to obtain a mixture of (1 R,3S,4S)-N-((S)-1 -(((3R,4S,5S)-1 -((S)-2-((1 R,2R)-3-

(((1 S,2R)-1 -hydroxy-1 -phenylpropan-2-yl)amino)-1 -methoxy-2-methyl-3-

30 oxopropyl)pyrroiidin-1-y!)-3-methoxy-5-methy!-1-oxoheptan-4-yl)(methy!)amino)-3-methyl-
1-oxobutan-2-y!)-2-azabicyclo[2,2.1]heptane-3-carboxamide (MS m/z 728.4 (M+1)), 
retention time 0.99 minutes and (1S,2R)-2-((2R,3R)-3-((S)-1-((3R,4S,5S)-4-((S)-2-
((1 R,3S,4S)-2-azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-dimethylbutanamido)-3-

methoxy-5-methylheptanoyl)pyrro!idin-2-yl)-3-methoxy-2-methylpropanamido)-1-
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phenylpropyl 2,2,2-trifluoroacetate (MS m/z 824.5 (M+1)), retention time 1.31 minutes. 

This mixture was used in the next step without further purification. 

Step 5: To a solution of the mixture obtained in step 4 in Me0H-H20 (1:1, 3.0 mL) was 

added LiOH (10.0 mg, 0.418 mmol). The reaction mixture was stirred at room 

5 temperature for 18 hours and then concentrated to a total volume of approximately 1 mL. 

The crude mixture was purified by reverse phase HPLC, C18 column, eiuted with 20-35% 

acetonitrile-H20, containing 0.05% TFA. The fractions containing the desired product 

were pooled and concentrated to obtain compound 3, MS m/z 728.4 (M+1). Retention 

time 0.99 minutes. 

10 Example 4: (1 R,3S,4S)-N-((S)-1 -(((3R,4S,5S)-1 -((S)-2-((1 R,2R)-3-(((S)-N-1 -

(Methylsulfonamido)-1-oxo-3-phenylpropan-2-y!)amino)-1-methoxy-2-methyl-3-

oxopropyl)pyrrolidin-1-yi)-3-methoxy-5-methyi-1-oxoheptan-4-yl)(methyi)amino)-3-methyl-

1-oxobutan-2-yl)-2-azabicyclo[2.2.1]heptane-3-carboxamide (4) 
o 

Boc" 0 n n Bo^vS 
H2N^° VPh . H'NVA NX. 1 OMe O OMe O 

1), HATU, DIEA 1 H 1), HATU, DIEA 
2). TFA Ph 2), HCI 
Step 1 

Step 2 

H 

/X 1 OMeO OMeO < 1) HATU DIEA H O A OMeO OMeO v. 
Ph 2), HCI ' Ph 

4 
Step 3 

15 Step 1: (S)-2-((tert-butoxycarbonyl)amino)-3-phenylpropanoic acid (132.5mg, 0.50mmol) 

was dissolved in DMF (4mL). DIEA (0.523mL, 3.0mmol) and HATU (475mg, 1.25mmol) 

were added. After 15 minutes, methanesulfonamide (143mg) was added and The 

eaction mixture was stirred for 2 hours. LC/MS analysis indicated the completion of the 

eaction. The product was purified by Prep-HPLC, C18 column, eiuted with 20-70% 

20 acetonitrile-H20 containing 0.05% TFA. The fractions containing the desired product were 

pooled and iyophiiized to obtain a white solid. MS m/z 243.1 (M+1). Retention time 1.023 

minutes. The product was dissolved in DCM (2mL). TFA (2mL) was added and stirred for 

1 hour at room temperature. LC/MS analysis indicated the reaction was completed. The 

deprotected product was purified by Prep-HPLC too, eiuted with 10-40% acetonitrile-H20 

25 containing 0.05% TFA. The fractions containing the desired product were pooled and 

Iyophiiized to obtain a white solid. MS m/z 243.1 (M+1). Retention time 0.403 minutes. 
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NMR (400 MHz, CD3OD): 5 7,41-7.30 (m, 5H), 4.10-4.06 (m, 1H), 3.32-3.25 (m, 1H), 3.19 

(s,3H), 3.12-3.07 (m, 1H). 

Step 2: Boc-Val-Dil-Dap (65.5mg, 0.115mmol) was dissolved in DMF (2mL). DIEA 

(59.2mg, 80uL) and HATU (27.7mg, 0.099mmol) were added. After 10 minutes, (S)-2-

5 amino-N-(methylsuifonyl)-3-phenylpropanamide (18.5mg, 0.076mmol) was added and 

The reaction mixture was stirred for 1 hour at room temperature. LC/MS analysis 

ndicated the completion of the reaction. The product was purified by Prep-HPLC, C18 

column, eiuted with 10-90% acetonitrile-H20 containing 0.05% TFA. The fractions 

containing the desired product were pooled and Iyophiiized to obtain a white solid. MS 

10 m/z 796.4 (M+1). Retention time 1.388 minutes. The product was dissolved in HCI in 

MeOH (3M, 3mL). The solvent was removed slowly. LC/MS analysis indicated the 

completion of the reaction. MS m/z 696.3 (M+1). Retention time 1.046 minutes. 

Step 3: (1 R,3S,4S)-2-(tert-butoxycarbonyl)-2-azabicyclo[2.2.1]heptane-3-carboxylic acid 

(14,23mg, 0.059mmo!) was dissolved in DMF (2mL). DIEA (22.9mg, 0.177mmol) and 

15 HATU (20.19mg, 0.053mmol) were added. After 10 minutes, the product from the 

previous step (21,6mg, 0.029mmol) was added and The reaction mixture was stirred for 2 

hours at room temperature. LC/MS analysis indicated the completion of the reaction. The 

product was purified by Prep-HPLC, C18 column, eiuted with 10-90% acetonitrile-H20 

containing 0.05% TFA. The The fractions containing the desired product were pooled and 

20 Iyophiiized to obtain a white solid. MS m/z 919.5 (M+1). Retention time 1.370 minutes. 

The product was dissolved in HCI in MeOH (3M, 3mL). The solvent was removed slowly. 

LC/MS analysis indicated the completion of the reaction. MS m/z 819.5 (M+1). Retention 

time 1.096 minutes. 

Example 5: (1 R,3S,4S)-N-((S)-1 -(((3R,4S,5S)-1 -((S)-2-((1 R,2R)-3-(((S)-N-1 -

25 (Methylsuifonamido)-I -oxo-3-phenylpropan-2-yi)amino)-1 -methoxy-2-methyl-3-

oxopropyl)pyrrolidin-1-yi)-3-methoxy-5-methyl-1-oxoheptan-4-yl)(methyi)amino)-3-methyl-

1-oxobutan-2-y!)-2-methy!-2-azabicyclo[2,2.1]heptane-3-carboxamide (5) 

H H O ^ I OMeO OMeO ^-ph Step 4 H \ O ^ 1 OMeO OMeO ^ph 

5 
4 

Compound 4 (5mg, 0.00584mmol) was dissolved in MeOH (2.0mL). Paraformaldehyde 

30 (5.97mg, 0.199mmol) and acetic acid (6.0uL) were added. Sodium cyanoborohydride 

(12.5mg, 0.199mmol) was added and the reaction mixture was heated to 50°C and 

87 



WO 2015/095301 PCT/US2014/070800 

stirred for 1 hour, LC/MS analysis indicated the completion of the reaction. The product 

was purified by Prep-HPLC, C18 column, eiuted with 10-90% acetonitrile-H20 containing 

0.05% TFA. The fractions containing the desired product were pooled and Iyophiiized to 

obtain a white solid. MS m/z 833.5 (M+1). Retention time 0.983 minutes 

5 Example 6: (1 R,3S,4S)-N-((S)-1 -(((3R,4S,5S)-3-methoxy-1 -((S)-2-((1 R,2R)-1 -Methoxy-

2-methyl-3-oxo-3-(((S)-2-phenyl-1 -(1 H-tetrazol-5-yl)ethyl)amino)propyl)pyrrolidin-1 -yl)-5-

methyl-1-oxoheptan-4-yl)(methyl)amino)-3-methyl-1-oxobutan-2-yl)-2-

azabicyclo[2.2.1 ]heptane-3-carboxamide (6) 

10 Step 1: N-Boc-amino nitrile (0.5 g, 2.03 mmol), sodium azide (0.264 g, 4.06 mmol) and 

zinc bromide (0.229 g, 1.02 mmol) were dissolved in a mixture of 2-propanol-water 

solvent mixture (1:1, 60 ml) and The reaction mixture was stirred at reflux for 16 hours. 

After completion of the reaction, 5 ml of 10% citric acid and 30 ml ethyl acetate were 

added and stirring was continued until no solid remained. The aqueous layer was 

15 extracted twice with ethyl acetate. The combined organic layer was washed with water 

and dried over anhydrous Na2S04. The solvent was removed and the residue was purified 

by silica gel column, eiuted with 10% methanol in DCM. Fractions containing the desired 

product were concentrated, re-dissolved in ethyl acetate, washed with brine, dried and 

concentrated to give (S)-tert-butyl (2-phenyl-1-(2H-tetrazol-5-yl)ethyi)carbamate MS m/z 

20 290.2 (M+1). 1H NMR (400 MHz, CDCI3) 5 7.40 - 7.24 (m, 3H), 7.22 - 7.12 (m, 2H), 5.22 

- 5.02 (m, 2H), 3.49 - 3.24 (m, 2H), 1.40 (s, 9H). 
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Step 2: In a 15 ml round bottom flask was added (S)-tert-butyi (2-phenyl-1-(2H-tetrazoi-5-

yl)ethyl)carbamate (30 mg, 0.104 mmol), TFA (2 ml) and DCM (4 ml) to give a clear 

solution which was stirred at room temperature for 1 hour. LCMS showed the Boc group 

was cleaved. The solution was concentrated to obtain crude (S)-2-phenyl-1-(2H-tetrazol-

5 5-yi)ethanamine as TFA salt (M+1 190.2), which was used without further purification in 

the next step. 

Step 3: In a 15 ml round bottom flask was added Boc-Val-Dil-Dap-OH (59.3 mg, 0.104 

mmol) and DIEA (0.072 ml, 0.415 mmol) in DMF (2 ml) give a clear solution. HATU (43.4 

mg, 0.114 mmol) was added and the reaction mixture was then stirred for 5 minutes and 

10 then (S)-2-pheny!-1 -(2H-tetrazo!-5-yi)ethanamine TFA salt obtained in step 2 (0.104 mmol) 

was added. The solution was stirred at room temperature for 72 hours. The crude was 

purified by reverse phase HPLC, C18 column, eiuted with 10-70% acetonitrile-H20, 

containing 0.05% TFA. Fractions containing desired product were concentrated to obtain 

tert-butyl ((S)-1 -(((3R,4S,5S)-3-methoxy-1 -((S)-2-((1 R,2R)-1 -methoxy-2-methyl-3-oxo-3-

15 (((S)-2-phenyl-1 -(1 H-tetrazol-5-yl)ethyi)amino)propyl)pyrrolidin-1 -yi)-5-methyl-1 -

oxoheptan-4-yl)(methyl)amino)-3-methyl-1-oxobutan-2-yi)carbamate MS m/z 743.5 (M+1). 

Retention time 1.325 minutes. 

Step 4: In a 15 ml round bottom flask was added tert-butyl ((S)-1-(((3R,4S,5S)-3-

methoxy-1 -((S)-2-((1 R,2R)-1 -methoxy-2-methy!-3-oxo-3-(((S)-2-phenyl-1 -(1 H-tetrazoi-5-

20 yi)ethyl)amino)propyl)pyrrolidin-1-yl)-5-methyl-1-oxoheptan-4-yl)(methyl)amino)-3-methyl-

1-oxobutan-2-yl)carbamate (46 mg, 0.056mmol), TFA (2 ml) and DCM (4 ml) to give a 

clear solution which was stirred at room temperature for 1 hour. LCMS showed the Boc 

group was cleaved. The solution was concentrated to obtain crude (S)-2-amino-N-

((3R,4S,5S)-3-methoxy-1 -((S)-2-((1 R,2R)-1 -methoxy-2-methyl-3-oxo-3-(((S)-2-phenyl-1 -

25 (1 H-tetrazol-5-yi)ethyl)amino)propyi)pyrrolidin-1 -yl)-5-methyl-1 -oxoheptan-4-yl)-N,3-

dimethylbutanamide TFA salt. MS m/z 643.5 (M+1). Retention time 0.947 minutes, which 

was used in the next step without further purification. 

Step 5: To a solution of (1 R,3S,4S)-2-(tert-butoxycarbonyl)-2-azabicyclo[2.2.1]heptane-3-

carboxylic acid (7.6 mg, 0.032 mmol) in DMF (1 mi) was added DIEA (0.014 ml, 0.079 

30 mmol) and HATU (12 mg, 0.032 mmol), which was then added to a solution of (S)-2-

amino-N-((3R,4S,5S)-3-methoxy-1 -((S)-2-((1 R,2R)-1 -methoxy-2-methyl-3-oxo-3-(((S)-2-

phenyl-1 -(1 H-tetrazoi-5-yl)ethyl)amino)propyl)pyrroiidin-1 -yl)-5-methyl-1 -oxoheptan-4-yl)-

N,3-dimethylbutanamide TFA salt (20 mg, 0.026 mmol). The reaction mixture was stirred 

at room temperature for 2 hours and then the crude was purified by reverse phase HPLC, 
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C18 column, eiuted with 30-70% acetonitriie-H20, containing 0.05%TFA. The fractions 

containing desired product were concentrated to obtain (1 R,3S,4S)-tert-butyl 3-(((S)-1-

(((3R,4S,5S)-3-methoxy-1 -((S)-2-((1 R,2R)-1 -methoxy-2-methyl-3-oxo-3-(((S)-2-phenyi-1 -

(1 H-tetrazoi-5-yi)ethyl)amino)propyl)pyrrolidin-1 -yl)-5-methyl-1 -oxoheptan-4-

5 yl)(methyl)amino)-3-methyl-1-oxobutan-2-yl)carbamoyl)-2-azabicyclo[2.2.1]heptane-2-

carboxylate as TFA salt MS m/z 866.6 (M+1). Retention time 1.407 minutes. 

Step 6: To a solution of (1 R,3S,4S)-tert-butyl 3-(((S)-1-(((3R,4S,5S)-3-methoxy-1-((S)-2-

((1 R,2R)-1 -methoxy-2-methyl-3-oxo-3-(((S)-2-phenyl-1 -(1 H-tetrazol-5-

yl)ethyl)amino)propyl)pyrrolidin-1-yl)-5-methyl-1-oxoheptan-4-yl)(methyl)amino)-3-methyl-

10 1-oxobutan-2-yl)carbamoyl)-2-azabicyclo[2.2.1]heptane-2-carboxylate TFA salt (10.2 mg, 

0.012 mmol) in DCM (2 ml) was added TFA (1ml). The reaction mixture was stirred at 

room temperature for 1 hour and then concentrated to obtain (1 R,3S,4S)-N-((S)-1-

(((3R,4S,5S)-3-methoxy-1 -((S)-2-((1 R,2R)-1 -methoxy-2-methyi-3-oxo-3-(((S)-2-pheny!-1 -

(1 H-tetrazol-5-yi)ethyl)amino)propy!)pyrrolidin-1 -yl)-5-methyl-1 -oxoheptan-4-

15 yl)(methyl)amino)-3-methyl-1-oxobutan-2-yl)-2-azabicyclo[2.2.1]heptane-3-carboxamide 

(6) as TFA salt. MS m/z 766.6 (M+1). Retention time 0.985 minutes. 

Example 7: ((R)-1 -((2R,3R)-3-((S)-1 -((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-

Azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-dimethylbutanam ido)-3-methoxy-5-

methylheptanoyl)pyrroiidin-2-yl)-3-methoxy-2-methyipropanamido)-2-

20 phenylethyl)phosphonic acid. (7) 
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Step 1: ((R)-1-(((Benzyloxy)carbonyl)amino)-2-phenylethyl)phosphinic acid (100 mg, 

0.313 mmol), (synthesized by following the procedure described in J. Chem. Soc. Perkin 

Trans. I 1984, 2845) was dissolved in pyridine (5 ml) and n-BuOH (35 mg, 0.46 mmol) 

5 was added, followed by pivaioyi chloride (70 mg, 0.58 mmol). LCMS indicated the 

reaction was incomplete, therefor three other portions of n-BuOH and pivaioyi chloride 

were added until all of the phosphinic acid was consumed. Then a solution of iodine (160 

mg, 0.630 mmol) in 2 ml pyridine-H20 (10% water) was added and the reaction misture 

was stirred for 20 minutes. LCMS indicated that the reaction was complete. Pyridine was 

10 removed by vacuum. Thiosulfate aqueous solution was added and the reaction mixture 

was extracted with EtOAc, EtOAc layer was then dried, concentrated and purified with 

SCO (5.5 g C18 column), eiuted with 10%-60% acetonitrile in water with 0.5% TFA to 

obtain benzyl ((1 R)-1-(butoxy(hydroxy)phosphoryl)-2-phenylethyl)carbamate as white 

solid. MS m/z392.1 (M+1). Retention time 1.179 minutes. 1H NMR (400 MHz, CD3CN) d 

15 7.42 - 7.18 (m, 8H), 7.18 - 7.00 (m, 2H), 6.10 (s, 1H), 5.07 - 4.59 (m, 2H), 4.20-4.35 (m, 
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1H), 4.13 - 3.93 (m, 2H), 3.15-3.30 (m, 1H), 2.85-2.75 (s, 1H), 1.71 - 1.47 (m, 2H), 1.47 -

1.23 (m, 2H), 0.89 (t, J = 7.3 Hz, 3H). 

Step 2: To a solution of benzyl ((1 R)-1-(butoxy(hydroxy)phosphoryl)-2-

phenylethyl)carbamate (84.7 mg, 0.216 mmol) in MeOH (5 ml) were added 10% Pd/C (26 

5 mg). A hydrogen balloon was attached and the reaction mixture was stirred at room 

temperature for 2 hours. The catalyst was removed by filtration through Celite, and the 

filtrates were evaporated to dryness to give butyl hydrogen ((R)-1-amino-2-

phenylethyl)phosphonate. MS m/z 258.1 (M+1). Retention time 0.789 minutes, which was 

used in the next step without purification. 
10 Step 3: In a 15 mL round-bottomed flask was added Boc-Val-Dip-Dap-OH (80 mg, 0.140 

mmol) and DIEA (62.9 mg, 0.487 mmol) in DMF (2 ml) to give a clear solution. HATU (53 

mg, 0.139 mmol) was added and the reaction mixture was stirred for 5 minutes and then 

butyl hydrogen ((R)-1-amino-2-phenylethyl)phosphonate (41.9 mg, 0.163 mmol) was 

added. The solution was stirred at room temperature for 18 hours. The crude was purified 

15 by reverse phase HPLC, C18 column, eiuted with 40-60% acetonitrile-H20, containing 

0.05%TFA. The fractions containing desired product were concentrated to tert-butyl ((2S)-

1 -(((3R,4S,5S)-1 -((2S)-2-((1 R,2R)-3-(((1 R)-1 -(butoxy(hydroxy)phosphoryl)-2-

phenylethyl)amino)-1-methoxy-2-methyl-3-oxopropyl)pyrrolidin-1-yl)-3-methoxy-5-methyl-

1-oxoheptan-4-yi)(methyl)amino)-3-methyl-1-oxobutan-2-yl)carbamate. MS m/z811.4 
20 (M+1). Retention time 1.376 minutes. 

Step 4: To a solution tert-butyl ((2S)-1 -(((3R,4S,5S)-1 -((2S)-2-((1 R,2R)-3-(((1 R)-1 -

(butoxy(hydroxy)phosphoryi)-2-phenylethyl)amino)-1-methoxy-2-methyl-3-

oxopropyl)pyrro!idin-1-yi)-3-methoxy-5-methyl-1-oxoheptan-4-yl)(methyi)amino)-3-methyl-

1-oxobutan-2-y!)carbamate (106 mg, 0.131 mmol) in DCM (3 ml) was added TFA (1 ml), 
25 and the reaction mixture was stirred at room temperature for 1 hour and then 

concentrated. About 2/3 converted to phosphonic acid (1-((2R,3R)-3-((S)-1-((3R,4S,5S)-

4-((S)-2-amino-N,3-dimethylbutanamido)-3-methoxy-5-methylheptanoyl)pyrrolidin-2-yl)-3-

methoxy-2-methylpropanamido)-2-pheny!ethyl)phosphonic acid. MS m/z 655.3 (M+1). 

Retention time 0.957 minutes. The other 1/3 was butyl hydrogen (1-((2R,3R)-3-((S)-1-
30 ((3R,4S,5S)-4-((S)-2-amino-N,3-dimethylbutanamido)-3-methoxy-5-

methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-methylpropanamido)-2-

phenylethyl)phosphonate. MS m/z 711.4 (M+1). Retention time 1.038 minutes. The 

mixture was used in the next step without separation. 
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Step 5: To a solution of (1 R,3S,4S)-2-(tert-butoxycarbonyi)-2-azabicyclo[2.2.1]heptane-3-
carboxylic acid (3.8 mg, 0.016 mmoi) in DMF (1mi) was added DiEA (6.1 mg, 0.047 mmol) 

and then HATU (5.9 mg, 0.016 mmol). The reaction mixture was stirred at room 

temperature for 10 minutes and then added to a mixture of the amine from step 4 (12 mg, 

5 0.016 mmol) containing mainly the phosphonic acid. The reaction mixture was stirred at 

room temperature for 1 hour. The crude was purified by ISCO using C18 column, 4.5 g, 

eiuted with 10-70% acetonitrile in water with 0.05% TFA. The fractions containing desired 

product were concentrated to obtain ((R)-1-((2R,3R)-3-((S)-1-((3R,4S,5S)-4-((S)-2-

((1 R,3S,4S)-2-(tert-butoxycarbony!)-2-azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-

10 dimethylbutanamido)-3-methoxy-5-methy!heptanoy!)pyrrolidin-2-yl)-3-methoxy-2-
methylpropanamido)-2-pheny!ethyl)phosphonic acid MS m/z 878.5 (M+1). Retention time 

1.307 minutes, and (1 R,3S,4S)-tert-butyi 3-(((2S)-1-(((3R,4S,5S)-1-((2S)-2-((1 R,2R)-3-

(((1 R)-1 -(butoxy(hydroxy)phosphoryl)-2-phenylethyl)amino)-1 -methoxy-2-methyl-3-

oxopropyl)pyrrolidin-1-yl)-3-methoxy-5-methyl-1-oxoheptan-4-yl)(methyl)amino)-3-methyl-
15 1-oxobutan-2-yl)carbamoyl)-2-azabicyclo[2.2.1]heptane-2-carboxylate MS m/z 934.5 

(M+1). Retention time 1.447 minutes. 

Step 6: To a solution of ((R)-1 -((2R,3R)-3-((S)-1 -((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-(tert-

butoxycarbonyl)-2-azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-dimethylbutanamido)-3-

methoxy-5-methylheptanoyl)pyrroiidin-2-yl)-3-methoxy-2-methyipropanamido)-2-

20 phenylethyl)phosphonic acid (11.0 mg, 0.012 mmol) in DCM (2 ml) was added TFA (1 ml) 

The reaction mixture was stirred at room temperature for 1 hour and then concentrated to 
obtain ((R)-1 -((2R,3R)-3-((S)-1 -((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-

azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-dimethylbutanamido)-3-methoxy-5-

methylheptanoyl)pyrro!idin-2-yl)-3-methoxy-2-methy!propanamido)-2-
25 phenylethyl)phosphonic acid (7). MS m/z778.4 (M+1). Retention time 0.973 minutes. 

Example 8: ((R)-1 -((2R,3R)-3-((S)-1 -((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-

Azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-dimethylbutanam ido)-3-methoxy-5-

methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-methylpropanamido)-2-

phenylethyl)phosphinic acid (8) 
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CX?H 

Step 1: In a 15 mL round-bottomed flask was added Boc-Val-Dip-Dap-GH (50 mg, 0.087 

mmol) and DIEA (33.9 mg, 0.262 mmol) in DMF (2 mL) to give a clear solution. HATU 

(33.3 mg, 0.087 mmol) was added and the reaction mixture was stirred for 5 minutes and 

5 then added to ((R)-1-amino-2-phenyiethyl)phosphinic acid (41 mg, 0.154 mmol), 

(synthesized by following the procedure described in J. Chem. Soc. Perkin Trans. 11984, 

2845). The solution was stirred at room temperature for 18 hours. LCMS indicated the 

formation of the desired product. The crude was purified by reverse phase HPLC, C18 

column, eiuted with 30-50% acetonitrile-H20, containing 0.05%TFA. The fractions 

10 containing desired product were concentrated to obtain ((R)-1 -((2R,3R)-3-((S)-1 -

((3R,4S,5S)-4-((S)-2-((tert-butoxycarbonyl)amino)-N,3-dimethylbutanamido)-3-methoxy-5-

methylheptanoyl)pyrroiidin-2-yl)-3-methoxy-2-methylpropanamido)-2-

phenylethyl)phosphinic acid. MS m/z 739.4 (M+1). Retention time 1.248 minutes. 

Step 2: To a solution of ((R)-1-((2R,3R)-3-((S)-1-((3R,4S,5S)-4-((S)-2-((tert-

15 butoxycarbonyl)amino)-N,3-dimethylbutanamido)-3-methoxy-5-

methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-methylpropanamido)-2-
phenylethyl)phosphinic acid (69.1 mg, 0.094 mmol) in DCM (2 ml) was added TFA (1 mi) 

and the reaction mixture was stirred at room temperature for 1 hour and then 

concentrated to give ((R)-1-((2R,3R)-3-((S)-1-((3R,4S,5S)-4-((S)-2-amino-N,3-

20 dimethylbutanamido)-3-methoxy-5-methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-
methylpropanamido)-2-phenylethyl)phosphinic acid (MS m/z639.3 (M+1); retention time 

0.851 minutes) which was used without further purification in the next step. 

Step 3: To a solution of (1 R,3S,4S)-2-(tert-butoxycarbonyl)-2-azabicyclo[2,2.1]heptane-3-

carboxylic acid (11.3 mg, 0.047 mmol) in DMF (1 ml) was added DIEA (0.033 mi, 0.188 
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mmol), followed by HATU (17.9 mg, 0.047 mmol). The reaction mixture was stirred for 10 

minutes and then added to a solution of ((R)-1 -((2R,3R)-3-((S)-1 -((3R,4S,5S)-4-((S)-2-

amino-N,3-dimethy!butanamido)-3-methoxy-5-methylheptanoyl)pyrro!idin-2-yl)-3-methoxy-

2-methylpropanamido)-2-phenylethyl)phosphinic acid (35.4 mg, 0.047 mmol) in DMF 

5 (1ml). LCMS indicated the reaction was complete in 10 minutes. The crude was purified 

by reverse phase HPLC, C18 column, eiuted with 30-55% acetonitrile-H20, containing 

0.05%TFA. The fractions containing desired product were concentrated to obtain ((R)-1-

((2R,3R)-3-((S)-1-((3R,4S,5S)-4-((S)-2-((1R,3S,4S)-2-(tert-butoxycarbonyi)-2-

azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-dimethylbutanamido)-3-methoxy-5-

10 methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-methy!propanamido)-2-
phenylethyl)phosphinic acid. MS m/z 862.5 (M+1). Retention time 1.372 minutes. 

Step 4: To a solution of ((R)-1 -((2R,3R)-3-((S)-1 -((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-(tert-

butoxycarbonyl)-2-azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-dimethylbutanamido)-3-

methoxy-5-methylheptanoyl)pyrro!idin-2-yl)-3-methoxy-2-methy!propanamido)-2-

15 phenylethyl)phosphinic acid (60 mg, 0.070 mmol) in DCM (2 mi) was added TFA (1 ml). 

The reaction mixture was stirred at room temperature for 1 hour and then concentrated to 

give ((R)-1 -((2R,3R)-3-((S)-1-((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-

azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-dimethylbutanamido)-3-methoxy-5-

methylheptanoyl)pyrro!idin-2-yl)-3-methoxy-2-methyipropanamido)-2-
20 phenylethyl)phosphinic acid (8). MS m/z 762.5 (M+1). Retention time 1.220 minutes. 

Example 9: ((R)-1 -((2R,3R)-3-((S)-1 -((3R,4S,5S)-4-((S)-N,3-Dimethyl-2-((1 R,3S,4S)-2-

methyl-2-azabicyclo[2.2.1]heptane-3-carboxamido)butanamido)-3-methoxy-5-

methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-methylpropanamido)-2-
phenylethyl)phosphinic acid (9) 

ffivVVformaldehyde 
H O ^ I OMeO OMeO x 1 Ii A 1 W ^Me 6 I 

25 8 s 

To a solution of ((R)-1-((2R,3R)-3-((S)-1-((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-

azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-dimethylbutanamido)-3-methoxy-5-

methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-methyipropanamido)-2-

phenylethyl)phosphinic acid (8) (20 mg, 0.023 mmol) in MeOH (2 ml) was added 

30 paraformaldehyde (10 mg, 0.33 mmol) and acetic acid (0.019 ml, 0.333 mmol), followed 

by sodium cyanoborohydride (20 mg, 0.32 mmol). The reaction mixture was stirred at 
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50°C for 1 hour and then at room temperature for 2 days. LCMS indicated that the 

eaction was complete. The reaction mixture was filtered through Celite to remove the 

nsoluble residue and the crude was purified by reverse phase HPLC, C18 column, eiuted 

with 10-50% acetonitrile-H20, containing 0.05%TFA. The fractions containing desired 

5 product were concentrated to obtain ((R)-1 -((2R,3R)-3-((S)-1 -((3R,4S,5S)-4-((S)-N,3-

dimethyl-2-((1 R,3S,4S)-2-methyl-2-azabicyclo[2.2.1]heptane-3-

carboxamido)butanamido)-3-methoxy-5-methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-

methylpropanamido)-2-phenylethyl)phosphinic acid (9). MS m/z 776.4 (M+1). Retention 

time 0.944 minutes. 

10 Example 10: (1 R,3S,4S)-N-((S)-1 -(((3R,4S,5S)-1 -((S)-2-((1 R,2R)-3-(((S)-1 -Hydroxy-3-

phenylpropan-2-yl)amino)-1-methoxy-2-methyl-3-oxopropyl)pyrrolidin-1-yl)-3-methoxy-5-

methyl-1-oxoheptan-4-yl)(methyl)amino)-3-methyl-1-oxobutan-2-yl)-2-

azabicyclo[2.2.1 ]heptane-3-carboxamide (50) 

15 Step 1: DIEA (0.013 ml, 0.075 mmol) and HATU (18.5 mg, 0.049 mmol) were added to 

(1 R,3S,4S)-2-(tert-butoxycarbonyl)-2-azabicyclo[2.2.1]heptane-3-carboxylic acid (9.8 mg, 

0.040 mmol) in DMF (1 ml). The reaction mixture was stirred for 5 min and then added to 

Val-Dil-Dap-OH (17.7 mg, 0.038 mmol) in DMF. The reaction was stirred at rt for 16 h. 

Then the crude was purified by preparative HPLC (30-70% acetonitrile-H20 containing 

20 0.05% TFA) to obtain (2R,3R)-3-((S)-1 -((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-(t-

butoxycarbonyl)-2-azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-dimethylbutanamido)-3-

methoxy-5-methylheptanoyl)pyrroiidin-2-yl)-3-methoxy-2-methyipropanoic acid. MS m/z 

695.4 (M+H). Retention time 1.376 min. 

Step 2: To the product obtained in step 1 (5.9 mg, 0.008 mmol) in DMF (1 ml) were 

25 added DIEA (1.1 mg, 0.008 mmol) and HATU (3.8 mg, 0.010 mmol). After the reaction 

was stirred for 5 min, (S)-2-(S)-2-amino-3-phenylpropan-1 -ol (1.9 mg, 0.013 mmol) in 

DMF was added. The reaction was stirred at rt for 1 h. The crude was purified by 

preparative HPLC (20-90% acetonitrile-H20 containing 0.05% TFA) to obtain (1R,3S,4S)-

t-butyl 3-(((S)-1 -(((3R,4S,5S)-1 -((S)-2-((1 R,2R)-3-(((S)-1 -hydroxy-3-phenylpropan-2-

30 yi)amino)-1 -methoxy-2-methy!-3-oxopropy!)pyrro!idin-1 -yl)-3-methoxy-5-methyl-1 -

oxoheptan-4-yl)(methyl)amino)-3-methyl-1-oxobutan-2-yl)carbamoyl)-2-

azabicyclo[2.2.1]heptane-2-carboxylate. MS m/z 828.5 (M+H). Retention time 1.388 min. 
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Step 3: The product obtained in step 2 (4 mg, 0.005 mmoi) in DCM (3 ml) was treated 

with TFA (1 ml) at rt for 1 h and then concentrated to give compound (50) as TFA salt. MS 
m/z 728.5 (M+H). Retention time 1.008 min. 

Example 11: (1 R,3S,4S)-N-((S)-1 -(((3R,4S,5S)-1 -((S)-2-((1 R,2R)-3-(((S)-1 -Hydroxy-3-

5 phenylpropan-2-yi)amino)-1 -methoxy-2-methyi-3-oxopropyl)pyrrolidin-1 -yl)-3-methoxy-5-

methyl-1-oxoheptan-4-yl)(methyl)amino)-3-methyl-1-oxobutan-2-yl)-2-methyl-2-

azabicyclo[2.2.1 ]heptane-3-carboxamide (51) 

(1 R,3S,4S)-N-((S)-1 -(((3R,4S,5S)-1 -((S)-2-((1 R,2R)-3-(((S)-1 -Hydroxy-3-phenylpropan-2-

10 yi)amino)-1 -methoxy-2-methy!-3-oxopropy!)pyrro!idin-1 -yl)-3-methoxy-5-methyl-1 -

oxoheptan-4-yl)(methyl)amino)-3-methyl-1-oxobutan-2-yl)-2-azabicyclo[2.2.1]heptane-3-

carboxamide (50) (6.1 mg, 0.008 mmol), MeOH (2 mi), acetic acid (0.005 ml, 0.09 mmol), 

paraformaldehyde (3 mg, 0.1 mmol), and sodium cyanoborohydride (5 mg, 0.08 mmol) 

were combined at rt and then stirred at 50°C for 1 h. The reaction mixture was then 

15 cooled to rt, filtered, and purified by preparative HPLC ( 20-40% acetonitrile-H20 
containing 0.05% TFA) to obtain compound (51) as TFA salt. MS m/z 742.5 (M+H). 

Retention time 1.008 min. 

Example 12: (1 R,3S,4S)-N-((S)-1 -(((3R,4S,5S)-1 -((S)-2-((1 R,2R)-3-(((S)-1 -(3-

Aminophenyl)-3-hydroxypropan-2-yl)amino)-1-methoxy-2-methyi-3-oxopropyl)pyrrolidin-1-

20 yl)-3-methoxy-5-methyl-1 -oxoheptan-4-yl)(methy!)amino)-3-methyl-1 -oxobutan-2-yl)-2-

methyl-2-azabicyclo[2.2.1]heptane-3-carboxamide (52) 

Step 1: DIEA (0.105 ml, 0.60 mmol) and HATU (45.5 mg, 0.12 mmol) were added to 

(3R,4S,5S)-4-((S)-N,3-dimethyl-2-((1 R,3S,4S)-2-methy!-2-azabicyclo[2.2,1]heptane-3-

25 carboxamido)butanamido)-3-methoxy-5-methylheptanoic acid (i-7) (57 mg, 0.12 mmoi) in 

DMF (2 ml). The reaction mixture was stirred at rt for 5 min and then DapOMe (i-9) (28.5 

mg, 0.12 mmol) in DMF (1 ml) was added. The reaction mixture was stirred at rt for 1 h 

and then purified by preparative HPLC (10-50% acetonitrile-H20 containing 0.05% TFA) 

to obtain (2R,3R)-methyl 3-((S)-1-((3R,4S,5S)-4-((S)-N,3-dimethyl-2-((1 R,3S,4S)-2-
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methyl-2-azabicyclo[2.2.1]heptane-3-carboxamido)butanamido)-3-methoxy-5-
methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-methylpropanoate. MS m/z 623.5 (M+H). 

Retention time 1.225 min. 

Step 2: LiOH (30 mg, 1.25 mmol) was added to the product obtained in step 1 (43.2 mg, 

5 0.059 mmol) in Me0H-H20 (1:1,4 ml). The reaction mixture was stirred at rt for 18 h, 

concentrated and acidified with HCI (1N, 1 ml). The crude was purified by preparative 

HPLC (10-38% acetonitrile-H20 containing 0.05% TFA) obtain (2R,3R)-3-((S)-1-

((3R,4S,5S)-4-((S)-N,3-dimethyl-2-((1 R,3S,4S)-2-methyi-2-azabicyclo[2.2,1]heptane-3-

carboxamido)butanamido)-3-methoxy-5-methyiheptanoyl)pyrrolidin-2-yi)-3-methoxy-2-

10 methylpropanoic acid as TFA salt. MS m/z 609.5 (M+H). Retention time 0.962 min. 

Step 3: To the product obtained in step 2 (45.7 mg, 0.063 mmol) in DMF (1 ml) were 

added DIEA (0.055 ml, 0.32 mmol) and HATU (24.0 mg, 0.063 mmoi). The reaction 

mixture was stirred at rt for 10 min and then added to (S)-t-butyl (3-(2-amino-3-

hydroxypropy!)phenyl)carbamate TFA salt (i-4) (24.1 mg, 0.063 mmol) in DMF (1 ml). The 

15 reaction mixture was stirred at rt for 1 h and then concentrated. The crude was purified by 

preparative HPLC (20-70% acetonitrile-H20 containing 0.05% TFA) to obtain t-butyi (3-

((S)-2-((2R,3R)-3-((S)-1-((3R,4S,5S)-4-((S)-N,3-dimethyl-2-((1 R,3S,4S)-2-methy!-2-

azabicyclo[2.2.1]heptane-3-carboxamido)butanamido)-3-methoxy-5-

methylheptanoyl)pyrro!idin-2-yl)-3-methoxy-2-methyipropanamido)-3-

20 hydroxypropyl)phenyl)carbamate as TFA salt. MS m/z 857.5 (M+H). Retention time 1.145 

min. 

Step 4: A solution of the product obtained in step 3 (61.4 mg, 0.063 mmol) in acetonitrile-

water (1:1,4 ml) with 5% HCI was stirred at rt for 24 h. The reaction mixture was then 

concentrated and purified by preparative HPLC (10-30% acetonitrile-H20 containing 
25 0.05% TFA) to give compound (52) as TFA salt. MS m/z 757.5 (M+H). Retention time 

0.744 min. 

Example 13: (S)-Methy! 2-((2R,3R)-3-((S)-1 -((3R,4S,5S)-4-((S)-N,3-dimethyl-2-

((1 R,3S,4S)-2-methyl-2-azabicyclo[2.2.1]heptane-3-carboxamido)butanamido)-3-

methoxy-5-methylheptanoyl)pyrroiidin-2-yl)-3-methoxy-2-methyipropanamido)-3-

30 phenylpropanoate (53) 

O 1 OMe O OMe 0 ^ (53) 
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To (S)-methyl 2-((2R,3R)-3-((S)-1 -((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-

azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-dimethylbutanamido)-3-methoxy-5-

methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-methy!propanamido)-3-phenylpropanoate 

TFA salt (1) (55.4 mg, 0.064 mmol) in MeOH (5 ml) were added acetic acid (0.009 ml, 0.2 

mmol), paraformaldehyde (24 mg, 0.79 mmol) and then sodium cyanoborohydride (25 mg, 
0.40 mmol). The reaction mixture was stirred at 40°C for 16 h, filtered, concentrated and 
purified by preparative HPLC (10-45% acetonitrile-water with 0.05% TFA) to compound 
(53) as TFA salt. MS m/z 770.3 (M+H). Retention time 1.100 min. 

Example 14: (S)-2-((2R,3R)-3-((S)-1 -((3R,4S,5S)-4-((S)-N,3-Dimethyl-2-((1 R,3S,4S)-2-

methyl-2-azabicyclo[2.2.1]heptane-3-carboxamido)butanamido)-3-methoxy-5-

methylheptanoyl)pyrro!idin-2-yl)-3-methoxy-2-methy!propanamido)-3-phenylpropanoic 

acid (9d) 

l^sAN'X^&rVYX0H 
O X 1 OMeO OMeO =v. , (54) 

^ ^ Ph 
Compound (53) TFA salt (50.8 mg, 0.057 mmol) was dissolved in Me0H-H20 (1:1,5 mi) 

and LiOH (20 mg, 0.835 mmol) was added. The reaction was stirred at 40CC for 1 h. 

MeOH was removed by evaporation. Water was added to the residue, and acidified with 

AcOH (0.040 mi). The crude was purified by preparative HPLC (27-33% acetonitrile-H20 

containing 0.05% TFA) to obtain compound (54) as TFA salt. MS m/z 756.5 (M+H). 

Retention time 0.985 min. 

Example 15: (1 R,3S,4S)-N-((S)-1 -(((3R,4S,5S)-3-methoxy-1 -((S)-2-((1 R,2R)-1 -Methoxy-

2-methyl-3-oxo-3-(((S)-1-phenyi-3-sulfamoylpropan-2-yl)amino)propyi)pyrroiidin-1-yi)-5-

methyl-1-oxoheptan-4-yl)(methyl)amino)-3-methyl-1-oxobutan-2-yl)-2-methyl-2-

azabicyclo[2.2.1 ]heptane-3-carboxamide (55) 

.. 
! O I OMeO OMeO VO O (55) N Ph 

DIEA (10.2 mg, 0.014ml) and HATU (7.7 mg, 0.020 mmol) were added to (2R,3R)-3-((S)-

1-((3R,4S,5S)-4-((S)-N,3-dimethyl-2-((1 R,3S,4S)-2-methyl-2-azabicyclo[2.2.1]heptane-3-

carboxamido)butanamido)-3-methoxy-5-methylheptanoyl)pyrrolidin-2-yi)-3-methoxy-2-

methylpropanoic acid TFA salt (Step 2, Example 12) (12.3 mg, 0.017 mmol) in DMF (1 

ml). The reaction was stirred for 15 min, and then (S)-2-amino-3-phenylpropane-1-
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sulfonamide (4.3 mg, 0.020 mmol) in DMF (0.5 ml) was added. The reaction was stirred 

at rt for an additional 1 h. The crude was purified by preparative HPLC (20-70% 

acetonitrile-H20 containing 0.05% TFA to obtain compound (55). MS m/z 805.5 (M+1) 

Retention time 0.965 min. 

5 Example 16: (1 R,3S,4S)-N-((S)-1 -(((3R,4S,5S)-3-methoxy-1 -((S)-2-((1 R,2R)-1 -

Methoxy-2-methyl-3-oxo-3-(((S)-1-phenyl-3-sulfamoylpropan-2-yl)amino)propyl)pyrrolidin-

1 -y!)-5-methyl-1 -oxoheptan-4-yl)(methyl)amino)-3-methyl-1 -oxobutan-2-y!)-2-

azabicyclo[2.2.1 ]heptane-3-carboxamide (56) 

10 Step 1: To Boc-Dap-OH (21.6 mg, 0.075 mmol) in DMF (2 ml) were added DIEA (48.5 

mg, 0.066 ml) and HATU (26.2 mg, 0.069 mmol). The reaction was stirred for 15 min, and 

then (S)-2-amino-3-phenylpropane-1-sulfonamide(13.4 mg, 0.063 mmol) was added. The 

eaction mixture was stirred at rt for 2 h and then purified by preparative HPLC (20-70% 

acetonitrile-H20 containing 0.05% TFA) to obtain (S)-t-butyl 2-((1 R,2R)-1-methoxy-2-

15 methyl-3-oxo-3-(((S)-1 -phenyl-3-sulfamoylpropan-2-yl)amino)propyl)pyrrolidine-1 -
carboxylate. MS m/z484.2 (M+1). Retention time 1.130 min. 

Step 2: (S)-t-Butyl 2-((1 R,2R)-1 -methoxy-2-methyl-3-oxo-3-(((S)-1 -phenyl-3-

sulfamoy!propan-2-yl)amino)propyl)pyrro!idine-1 -carboxylate(28.5mg, 0.059mmol) was 

dissolved in methanolic HCI (3 M, 3 ml). The solvent was slowly removed under N2stream 

20 followed by under reduced pressure overnight to afford (2R,3R)-3-methoxy-2-methyl-N-

((S)-1-pheny!-3-sulfamoylpropan-2-yl)-3-((S)-pyrro!idin-2-y!)propanamide as HCI salt. MS 

m/z384.2 (M+1). Retention time 0.630 min. 

Step 3: To Cbz-Vai-Dii-OH (28.7 mg, 0.066 mmol) in DMF (1ml) were added DIEA (0.048 

ml) and HATU (22.9 mg, 0.060 mmol). The reaction was stirred for 15 min, and then 

25 (2R,3R)-3-methoxy-2-methyl-N-((S)-1-phenyl-3-su!famoy!propan-2-yl)-3-((S)-pyrro!idin-2-

yl)propanamide (23 mg, 0.055 mmoi) in DMF (1ml) was added. The reaction mixture was 

stirred at rt for 2 h, and purified by preparative HPLC (20-70% acetonitriie-H20 containing 

0.05% TFA) to obtain benzyi ((S)-1 -(((3R,4S,5S)-3-methoxy-1 -((S)-2-((1 R,2R)-1 -methoxy-

2-methyl-3-oxo-3-(((S)-1-phenyl-3-sulfamoylpropan-2-yl)amino)propyl)pyrrolidin-1-yl)-5-

30 methyl-1-oxoheptan-4-yl)(methyl)amino)-3-methyl-1-oxobutan-2-yl)carbamate. MS m/z 

802.4 (M+1). Retention time 1.298 min. 
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Step 4: The product obtained in step 3 (24.6 mg, 0.031 mmol), 10% Pd-C (32.7 mg) and 

EtOAc (3 ml) were combined and stirred under hydrogen for 8 h at rt. The reaction 

mixture was filtered and concentrated to give (S)-2-amino-N-((3R,4S,5S)-3-methoxy-1-

((S)-2-((1 R,2R)-1-methoxy-2-methyl-3-oxo-3-(((S)-1-phenyl-3-sulfamoylpropan-2-

5 yl)amino)propyl)pyrrolidin-1 -yl)-5-methyl-1 -oxoheptan-4-yi)-N,3-dimethylbutanamide. MS 
m/z 668.4 (M+1). Retention time 0.888 min. 

Step 5: (1 R,3S,4S)-2-(t-Butoxycarbonyl)-2-azabicyclo[2,2.1]heptane-3-carboxylic acid 

(7.0 mg, 0.029 mmoi), DMF (1 mi), DIEA (0.021 ml) and HATU (10.1 mg, 0.027 mmol) 

were combined and stirred at rt for 15 min, and then the product obtained in step 4 (16.2 

10 mg, 0.024 mmol) in DMF (1ml) was added. The reaction mixture was stirred at rt for 2 h 

and purified by preparative HPLC (30-60% acetonitrile-H20 containing 0.05% TFA.) to 

obtain (1 R,3S,4S)-t-butyl 3-(((S)-1 -(((3R,4S,5S)-3-methoxy-1 -((S)-2-((1 R,2R)-1 -methoxy-
2-methyl-3-oxo-3-(((S)-1-phenyl-3-sulfamoylpropan-2-yl)amino)propyl)pyrrolidin-1-yl)-5-
methyl-1-oxoheptan-4-yl)(methy!)amino)-3-methyl-1-oxobutan-2-yl)carbamoyl)-2-

15 azabicyclo[2.2.1]heptane-2-carboxylate. MS m/z891,5(M+1). Retention time 1.319 min. 

Step 6: The product obtained in step 5 (13.2 mg, 0.015 mmol) was dissolved in 

methanolic HCI (3 M, 3 ml). The solvent was slowly removed under N2stream followed by 

under reduced pressure overnight to afford (1 R,3S,4S)-N-((S)-1-(((3R,4S,5S)-3-methoxy-

1 -((S)-2-((1 R,2R)-1 -methoxy-2-methyl-3-oxo-3-(((S)-1 -phenyi-3-sulfamoylpropan-2-

20 yi)amino)propyl)pyrrolidin-1 -yi)-5-methyl-1 -oxoheptan-4-yl)(methyl)amino)-3-methyl-1 -
oxobutan-2-yl)-2-azabicyclo[2.2.1]heptane-3-carboxamide (56) as HCI salt. MS m/z 
791,5(M+1). Retention time 0.923 min. 

Example 17: (1 R,3S,4S)-N-((S)-1 -(((3R,4S,5S)-3-Methoxy-1 -((S)-2-((1 R,2R)-1 -

methoxy-2-methyl-3-oxo-3-(((S)-2-phenyl-1-(5-phenyl-1 H-imidazol-2-

25 yl)ethyl)amino)propyl)pyrrolidin-1-yl)-5-methyl-1-oxoheptan-4-yl)(methyl)amino)-3-methyl-

1-oxobutan-2-yi)-2-azabicyclo[2.2.1]heptane-3-carboxamide (57) 
Ph 

DIEA (33 mg, 0.26 mmol) and HATU (19 mg, 0.051 mmol) was added to (2R,3R)-3-((S)-

1-((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-(t-butoxycarbonyl)-2-azabicyclo[2.2.1]heptane-3-

30 carboxamido)-N,3-dimethy!butanamido)-3-methoxy-5-methylheptanoyi)pyrrolidin-2-y!)-3-

methoxy-2-methylpropanoic acid (40 mg, 0.043 mmol) in DMF (2 ml). The reaction was 
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stirred at rt for 15 min and then (S)-2-phenyl-1 -(5-phenyl-1 H-imidazol-2-yl)ethanamine 

(22.4 mg, 0.085 mmol) was added. The reaction was stirred at rt for 1 h. The crude was 

purified by preparative HPLC (20-70% acetonitrile-H20 containing 0.05% TFA) to obtain 

(1 R,3S,4S)-t-butyl 3-(((S)-1 -(((3R,4S,5S)-3-methoxy-1 -((S)-2-((1 R,2R)-1 -methoxy-2-

5 methyl-3-oxo-3-(((S)-2-phenyl-1-(5-phenyl-1 H-imidazol-2-yi)ethyl)amino)propyl)pyrrolidin-

1 -yl)-5-methyl-1 -oxoheptan-4-yi)(methyi)amino)-3-methyl-1 -oxobutan-2-yl)carbamoyl)-2-

azabicycio[2.2.1]heptane-2-carboxylate. MS m/z 940.5 (M+1). Retention time 1.333 min. 

This product (13.9 mg, 0.015 mmoi) was dissolved in methanolic HCI (3 M, 3 ml). The 

solvent was slowly removed under stream of N2 followed by under reduced pressure 

10 overnight to afford compound (1 R,3S,4S)-N-((S)-1 -(((3R,4S,5S)-3-methoxy-1 -((S)-2-

((1 R,2R)-1 -methoxy-2-methyl-3-oxo-3-(((S)-2-phenyl-1 -(5-phenyl-1 H-imidazol-2-

yl)ethyl)amino)propyl)pyrrolidin-1-yl)-5-methyl-1-oxoheptan-4-yl)(methyl)amino)-3-methyl-

1-oxobutan-2-yl)-2-azabicyclo[2.2.1]heptane-3-carboxamide (57) as HCI salt. MS m/z 

840.5 (M+1). Retention time 0.936 min. 

15 Example 18: (1 R,3S,4S)-N-((S)-1 -(((3R,4S,5S)-3-Methoxy-1 -((S)-2-((1 R,2R)-1 -methoxy-

3-(((S)-1-methoxy-3-phenylpropan-2-yl)amino)-2-methyl-3-oxopropyl)pyrrolidin-1-yl)-5-

methyl-1-oxoheptan-4-yl)(methyl)amino)-3-methyl-1-oxobutan-2-yl)-2-
azabicyclo[2.2.1 ]heptane-3-carboxamide (58) 

OMe 
OMe 0 OMe O v. (58) 

Pn * ' 

20 Compound (58) was prepared by the procedure described for compound (57) using (S)-1-

methoxy-3-phenylpropan-2-amine HCI salt in place of (S)-2-phenyl-1-(5-phenyl-1 H-
imidazol-2-yl)ethanamine. MS m/z 742.5(M+1), Retention time 0.997 min. 

Example 19: (1 R,3S,4S)-N-((S)-1 -(((3R,4S,5S)-3-Methoxy-1 -((S)-2-((1 R,2R)-1 -methoxy-

2-methyi-3-oxo-3-(((S)-2-phenyi-1-(1 H-pyrazol-3-yi)ethyl)amino)propyl)pyrrolidin-1-yl)-5-

25 methyl-1 -oxoheptan-4-yl)(methyl)amino)-3-methyl-1 -oxobutan-2-yl)-2-

azabicyclo[2.2.1 ]heptane-3-carboxamide (59) 

UOCXJXuJJ N x N H A i i OMe O OMe O 
NPh 
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Compound (59) was prepared by the procedure described for compound (57) using (S)-2-

phenyi-1 -(1 H-pyrazoi-3-yi)ethanamine HCI salt in place of (S)-2-phenyi-1-(5-phenyi-1 H-
midazol-2-yl)ethanamine. MS m/z764.5(M+1). Retention time 0.959 min. 

Example 20: (1 R,3S,4S)-N-((S)-1 -(((3R,4S,5S)-3-Methoxy-1 -((S)-2-((1 R,2R)-1 -methoxy-

5 2-methyi-3-oxo-3-(((S)-2-phenyi-1-(pyrimidin-2-yl)ethyl)amino)propyl)pyrroiidin-1-yi)-5-

methyl-1-oxoheptan-4-yl)(methyl)amino)-3-methyl-1-oxobutan-2-yl)-2-

azabicyclo[2.2.1]heptane-3-carboxamide (60), and (1 R,3S,4S)-N-((S)-1-(((3R,4S,5S)-3-

methoxy-1 -((S)-2-((1 R,2R)-1 -methoxy-2-methyl-3-oxo-3-(((R)-2-phenyl-1 -(pyrimidin-2-

yl)ethyl)amino)propyl)pyrrolidin-1-yl)-5-methyl-1-oxoheptan-4-yl)(methyl)amino)-3-methyl-

10 1-oxobutan-2-y!)-2-azabicyclo[2,2.1]heptane-3-carboxamide (61) 

" O A. ' OMe O OMe O \ O ' OMe O OMe O L 
^ ^ Ph • n 

Compounds (60) and (61) were prepared by the procedure described for compound (57) 

using 2-phenyl-1-(pyrimidin-2-yi)ethanamine in place of (S)-2-phenyl-1-(5-phenyi-1 H-

midazol-2-yl)ethanamine. Boc protected (60) and (61) were separated on preparative 

15 HPLC (30-65% acetonitrile-H20 containing 0.05% TFA). Removal of the Boc group from 

Boc protected (60) and (61) afforded ((1 R,3S,4S)-N-((S)-1-(((3R,4S,5S)-3-methoxy-1-

((S)-2-((1 R,2R)-1 -methoxy-2-methy!-3-oxo-3-(((S)-2-phenyl-1 -(pyrimidin-2-

yi)ethyl)amino)propyl)pyrrolidin-1-yl)-5-methyl-1-oxoheptan-4-yl)(methyl)amino)-3-methyl-

1-oxobutan-2-yl)-2-azabicyclo[2.2.1]heptane-3-carboxamide (60) and (1 R,3S,4S)-N-((S)-

20 1 -(((3R,4S,5S)-3-methoxy-1 -((S)-2-((1 R,2R)-1 -methoxy-2-methyl-3-oxo-3-(((R)-2-phenyl-

1 -(pyrimidin-2-yl)ethyl)amino)propyl)pyrrolidin-1 -yl)-5-methyl-1 -oxoheptan-4-

yl)(methyl)amino)-3-methyl-1-oxobutan-2-yl)-2-azabicyclo[2.2.1]heptane-3-carboxamide 

(61) as a HCI salt, respectively. MS m/z 776.5(M+1). Retention time 1.001 min (60) and 

1.016min (61) 

25 Example 21: (1 R,3S,4S)-N-((S)-1 -(((3R,4S,5S)-3-Methoxy-1 -((S)-2-((1 R,2R)-1 -methoxy-

2-methyl-3-oxo-3-(((S)-2-phenyl-1-(5-phenyl-1,3,4-oxadiazol-2-

yl)ethyl)amino)propyl)pyrrolidin-1-yl)-5-methyl-1-oxoheptan-4-yl)(methyl)amino)-3-methyl-

1-oxobutan-2-yl)-2-azabicyclo[2.2.1]heptane-3-carboxamide (62) 

(60) (61) 

Ph 
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Compound (62) was prepared in the procedure described for compound (57) using (S)-2-

phenyl-1-(5-phenyl-1,3,4-oxadiazol-2-yi)ethanamine in place of (S)-2-phenyl-1-(5-phenyl-

1 H-imidazol-2-yl)ethanamine with in step 1. After removal of the Boc group, compound 

(62) was obtained as HCI salt. MS m/z842.5(M+1). Retention time 1.112 min. 

Example 22: (1 R,3S,4S)-2-(Cyanomethyl)-N-((S)-1 -(((3R,4S,5S)-1 -((S)-2-((1 R,2R)-3-

(((S)-1 -hydroxy-3-phenylpropan-2-yl)amino)-1 -methoxy-2-methyl-3-oxopropyl)pyrrolidin-1 -

yl)-3-methoxy-5-methyl-1-oxoheptan-4-yl)(methyl)amino)-3-methyl-1-oxobutan-2-yl)-2-

azabicyclo[2.2.1 ]heptane-3-carboxamide (63) 

H 
^OH 

i>n fi T * o i 
Vv N V Vv 

^ o A / vj OMs O OMs O \ NC ^ ̂  Ph (63) 

10 Step 1: DIEA (104 mg, 0.80 mmol) and HATU (122 mg, 0.32 mmol) were added to a 

solution of (1 R,3S,4S)-2-(tert-butoxycarbonyl)-2-azabicycio[2.2.1]heptane-3-carboxylic 

acid (78 mg, 0.32 mmol) in DMF (3 ml). The reaction mixture was stirred at rt for 5 min 

and then added to Val-Dil-Dap-OMe (130 mg, 0.27 mmol) in DMF (2 ml). The reaction 

mixture was then stirred at rt for 1 h and concentrated. Saturated sodium bicarbonate 

15 solution (5 ml) was added to the residue and the product was extracted with DCM (10 ml 

X 3). The organic layers were combined, dried and concentrated to obtain (1 R,3S,4S)-t-

butyi 3-(((S)-1 -(((3R,4S,5S)-1 -((S)-2-((1 R,2R)-1,3-dimethoxy-2-methyl-3-

oxopropyl)pyrrolidin-1-yl)-3-methoxy-5-methyl-1-oxoheptan-4-yl)(methyl)amino)-3-methyl-

1-oxobutan-2-y!)carbamoyl)-2-azabicyclo[2.2.1]heptane-2-carboxylate. The product was 

20 used in the next step without further purification. MS m/z 710.5 (M+H). Retention time 

1.440 min. 

Step 2: The product obtained in step 1 (190 mg, 0.27 mmol) in DCM (10 ml) was treated 

with TFA (2 ml) at rt for 3 h, and then concentrated to give (2R,3R)-methyl 3-((S)-1-

((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-azabicycio[2.2.1]heptane-3-carboxamido)-N,3-

25 dimethylbutanamido)-3-methoxy-5-methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-

methylpropanoate as TFA salt. MS m/z 610.5 (M+H). Retention time 1.003 min. The 

product was used in the next step without further purification 

Step 3: To the product obtained in step 2 (193 mg, 0.27 mmoi) in MeOH (10 ml) were 

added acetic acid (0.015 ml, 0.27 mmol), paraformaldehyde (40 mg, 1.3 mmol) and 
30 sodium cyanoborohydride (84 mg, 1.4 mmol). The reaction was stirred at 50°C for 16 h. 

:_CMS indicated that approximately 90% was converted to the cyanomethylated 

compound and about 10% was converted to the methylated compound. The reaction 
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mixture was filtered and purified by preparative HPLC (20-60% acetonitrile-H20 

containing 0.05% TFA). Fractions containing the cyano adduct were collected and 

concentrated to give (2R,3R)-methyl 3-((S)-1-((3R,4S,5S)-4~((S)-2-((1 R,3S,4S)-2-

(cyanomethyl)-2-azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-dimethylbutanamido)-3-

5 methoxy-5-methylheptanoyl)pyrroiidin-2-yl)-3-methoxy-2-methyipropanoate as TFA salt. 
MS m/z 648.5 (M+H). Retention time 1.261 min. 

Step 4: To the product (0.12 g, 0.16 mmol) obtained in step 3 in Me0H-H20 (1:1 5 ml) 

was added LiOH (50 mg, 2.09 mmol). The reaction mixture was stirred at rt for 16 h and 

then acidified with 0.2 ml 10% HCI. The cyano group was partially hydrolyzed to form a 

10 carbamoylmethylated product in addition to the cyanomethyi one. The reaction was 

concentrated and the two products were isolated by preparative HPLC (20-50% 

acetonitriie-H20 containing 0.05% TFA) to obtain (2R,3R)-3-((S)-1 -((3R,4S,5S)-4-((S)-2-

((1 R,3S,4S)-2-(cyanomethyl)-2-azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-

dimethylbutanamido)-3-methoxy-5-methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-
15 methylpropanoic acid, MS m/z 634.4 (M+H), retention time 1.138 min, and (2R,3R)-3-

((S)-1-((3R,4S,5S)-4-((S)-2-((1R,3S,4S)-2-(2-amino-2-oxoethyi)-2-

azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-dimethylbutanamido)-3-methoxy-5-

methylheptanoyl)pyrroiidin-2-yl)-3-methoxy-2-methyipropanoic acid as TFA salts. MS m/z 
652.4 (M+H). Retention time 0.888 min. 

20 Step 5: To (2R,3R)-3-((S)-1 -((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-(cyanomethy!)-2-

azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-dimethylbutanamido)-3-methoxy-5-

methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-methyipropanoic acid TFA salt (6 mg, 0.008 

mmol) in DMF was added DIEA (3.1 mg, 0.024 mmol) and HATU (3.7 mg, 0.0096 mmol). 

The reaction was stirred at rt for 5 min and then (S)-2-amino-3-phenylpropan-1-ol (2.4 mg, 

25 0.016 mmol) was added. The reaction was stirred at rt for 1 h. The crude was purified by 

preparative HPLC (10-60% acetonitrile-H20 containing 0.05% TFA) to obtain compound 

(63) as TFA salt. MS m/z 767.5 (M+H). Retention time 1.189 min. 

Example 23: (1 R,3S,4S)-2-(2-Amino-2-oxoethyl)-N-((S)-1 -(((3R,4S,5S)-1 -((S)-2-

((1 R,2R)-3-(((S)-1 -hydroxy-3-phenylpropan-2-yl)amino)-1 -methoxy-2-methyl-3-

30 oxopropyl)pyrrolidin-1 -yl)-3-methoxy-5-methyl-1 -oxoheptan-4-yl)(methyl)amino)-3-methyl-

1-oxobutan-2-y!)-2-azabicyclo[2.2.1]heptane-3-carboxamide (64) 
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To (2R,3R)-3-((S)-1-((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-(2-amino-2-Gxoethyl)-2-

azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-dimethylbutanamido)-3-methoxy-5-

methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-methy!propanoic acid TFA salt (step 4, 

Example 22) (6.1 mg, 0.008 mmol) in DMF were added DIEA (3.1 mg, 0.024 mmol) and 

5 HATU (3.7 mg, 0.0096 mmoi). The reaction was stirred at rt for 5 min and then (S)-2-

amino-3-phenylpropan-1-ol (2.4 mg, 0.016 mmol) was added. The reaction was stirred at 

rt for 1 h. The crude was purified by preparative HPLC (10-60% acetonitriie-H20 

containing 0.05% TFA) to obtain compound (64) as TFA salt. MS m/z 785.5 (M+H). 

Retention time 0.951 min. 

10 Example 24: (1 R,3S,4S)-2-Acetyl-N-((S)-1 -(((3R,4S,5S)-1 -((S)-2-((1 R,2R)-3-(((S)-1 -

hydroxy-3-phenylpropan-2-y!)amino)-1-methoxy-2-methyl-3-oxopropyl)pyrro!idin-1-yl)-3-

methoxy-5-methyl-1-oxoheptan-4-yl)(methyi)amino)-3-methyl-1-oxobutan-2-yi)-2-

azabicyclo[2.2.1 ]heptane-3-carboxamide (65) 

Ac O 1 OMe O OMe O \ (65) 
Ph 

15 Step 1: To (2R,3R)-methy! 3-((S)-1 -((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-
azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-dimethylbutanamido)-3-methoxy-5-

methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-methylpropanoate (step 2, Example 63) (13 

mg, 0.021 mmol) TFA salt in DCM (2 ml) were added DIEA (0.014 ml, 0.082 mmol) and 

acetic anhydride (0.0039 ml, 0.041 mmoi). The reaction was stirred at rt for 1 h. Aqueous 

20 Na2C03 (2 M) was added and the reaction mixture was extracted with DCM (5 ml X 3). 

The organic layers were combined, dried over Na2S04, filtered and then concentrated to 

give (2R,3R)-methyl 3-((S)-1 -((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-acetyl-2-

azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-dimethylbutanamido)-3-methoxy-5-

methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-methylpropanoate. The product was used in 

25 the next step without further purification. MS m/z 651.5 (M+H). Retention time 1.188 min. 

Step 2: To the product obtained in step 1 in Me0H:H20 (1:1 2 ml) was added LiOH (10 

mg, 0.42 mmoi). The reaction was stirred at rt for 16 h. The reaction mixture was 

concentrated and 0.040 ml HOAc was added. The crude was purified by preparative 

HPLC (10-50% acetonitriie-H20 containing 0.05% TFA) to obtain (2R,3R)-3-((S)-1-

30 ((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-acetyi-2-azabicycio[2.2.1]heptane-3-carboxamido)-

N,3-dimethylbutanamido)-3-methoxy-5-methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-

methylpropanoic acid. MS m/z 637.4 (M+H). Retention time 1.158 min. 
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Step 3: To a solution of the product obtained in step 2, (5 mg, 0.008 mmol) in DMF (1 ml) 

were added DIEA (2.7 mg, 0.021 mmol) and HATU (3.9 mg, 0.010 mmoi). The reaction 

was stirred at rt for 5 min and then (S)-2-amino-3-phenylpropan-1-o! (1.6 mg, 0.010 mmol) 

was added. The reaction was stirred at rt for 1 h and then the crude was purified by 

5 preparative HPLC (10-60% acetonitrile-H20 containing 0.05% TFA) to obtain compound 
(65). MS m/z 770.5 (M+H). Retention time 1.121 min. 

Example 25: (1 R,3S,4S)-N-((S)-1 -(((3R,4S,5S)-3-Methoxy-1 -((S)-2-((1 R,2R)-1 -methoxy-

2-methyl-3-oxo-3-(((S)-2-phenyl-1 -(4-phenyl-1 H-imidazol-2-

yl)ethyl)amino)propyl)pyrrolidin-1-yl)-5-methyl-1-oxoheptan-4-yl)(methyl)amino)-3-methyl-

10 1-oxobutan-2-y!)-2-methy!-2-azabicyclo[2,2.1]heptane-3-carboxamide (66) 

1 O 1 OMe O OMe O (66> 
/ \ Ph 

DIEA (0.0097 ml) and HATU (3.2 mg, 0.0083 mmol) were added to (2R,3R)-3-((S)-1-

((3R,4S,5S)-4-((S)-N,3-dimethyl-2-((1 R,3S,4S)-2-methyi-2-azabicyclo[2.2.1]heptane-3-

carboxamido)butanamido)-3-methoxy-5-methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-

15 methylpropanoic acid TFA salt (Step 2, Example 12), 4.0 mg, 0.0055 mmol) in DMF (0.5 

ml). The reaction was stirred for 15 min at rt, and (S)-2-Phenyl-1 -(4-phenyl-1 H-imidazol-2-

yl)ethanamine (2.9 mg, 0.011 mmol) in DMF (0.5 ml) was added. The reaction mixture 

was stirred for 2 h at rt and then purified by preparative HPLC (20-70% acetonitriie-H20 

containing 0.05% TFA) to obtain (66). MS m/z 854.5 (M+1). Retention time 0.980 min. 

20 Example 26: (1 R,3S,4S)-N-((S)-1 -(((3R,4S,5S)-3-Methoxy-1 -((S)-2-((1 R,2R)-1 -methoxy-

3-(((S)-1-methoxy-3-phenylpropan-2-yl)amino)-2-methyl-3-oxopropyl)pyrrolidin-1-yl)-5-

methyl-1-oxoheptan-4-yl)(methy!)amino)-3-methyl-1-oxobutan-2-yl)-2-methyl-2-

azabicyclo[2.2.1 ]heptane-3-carboxamide (67) 

O /y ' OMe O OMe O (66) 

25 Compound (67) was obtained by the method described for compound (66) using (S)-1 -

methoxy-3-phenylpropan-2-amine HCI salt in place of (S)-2-phenyl-1-(5-phenyl-1 H-
imidazol-2-yl)ethanamine. MS m/z 756.5 (M+1). Retention time 1.046 min. 

Example 27: (1 R,3S,4S)-N-((S)-1 -(((3R,4S,5S)-3-Methoxy-1 -((S)-2-((1 R,2R)-1 -methoxy-

2-methy!-3-oxo-3-(((S)-2-pheny!-1 -(1 H-pyrazol-3-yl)ethyl)amino)propyl)pyrro!idin-1 -yl)-5-
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methyl-1-oxoheptan-4-yl)(methyl)amino)-3-methyl-1-oxobutan-2-yl)-2-methyl-2-

azabicyclo[2.2.1 ]heptane-3-carboxamide (68) 

1 O 1 OMe O OMe O \ <68' 
N Ph 

Compound (68) was obtained by the method described for compound (66) using (S)-2-

phenyi-1 -(1 H-pyrazol-3-yl)ethanamine HCI salt in place of (S)-2-phenyl-1-(5-pheny!-1 H-
imidazol-2-yl)ethanamine. MS m/z 778.5 (M+1). Retention time 0.998 min. 

Example 28: (1 R,3S,4S)-N-((S)-1 -(((3R,4S,5S)-3-Methoxy-1 -((S)-2-((1 R,2R)-1 -methoxy-

2-methyl-3-oxo-3-(((S)-2-pheny!-1-(pyrimidin-2-yl)ethyl)amino)propyl)pyrrolidin-1-yl)-5-

methyl-1-oxoheptan-4-yl)(methyl)amino)-3-methyl-1-oxobutan-2-yl)-2-methyl-2-

azabicyclo[2.2.1]heptane-3-carboxamide (69) and (1 R,3S,4S)-N-((S)-1-(((3R,4S,5S)-3-

methoxy-1 -((S)-2-((1 R,2R)-1 -methoxy-2-methyl-3-oxo-3-(((R)-2-phenyl-1 -(pyrimidin-2-

yl)ethyl)amino)propyl)pyrrolidin-1-yl)-5-methyl-1-oxoheptan-4-yl)(methyl)amino)-3-methyl-

1-oxobutan-2-yi)-2-methyl-2-azabicyclo[2.2.1]heptane-3-carboxamide (70) 

Compounds (69) and (70) were obtained by the method described for compound (66) 
using 2-phenyl-1-(pyrimidin-2-yi)ethanamine in place of (S)-2-phenyi-1-(5-phenyi-1 H~ 

imidazol-2-yl)ethanamine after preparative HPLC separation (30-55% acetonitrile-H20 

containing 0.05% TFA) of the two diasteromers. MS m/z 790.5 (M+1). Retention time 

1.016 min and 1.043 min for (69) and (70), respectively. 

Example 29: (1 R,3S,4S)-N-((S)-1 -(((3R,4S,5S)-3-methoxy-1 -((S)-2-((1 R,2R)-1 -Methoxy-

2-methyl-3-oxo-3-(((S)-2-phenyl-1-(5-phenyl-1,3,4-oxadiazol-2-

yl)ethyl)amino)propyl)pyrrolidin-1-yl)-5-methyM-oxoheptan-4-yl)(methyl)amino)-3-methyl-

1-oxobutan-2-yi)-2-methyi-2-azabicyclo[2.2.1]heptane-3-carboxamide (71) 

1 O A. 1 OMeO OMeO "v. (71) 
^ Ph 

Compound (71) was obtained by the method described for compound (66) using (S)-2-

phenyl-1-(5-phenyl-1,3,4-oxadiazol-2-yi)ethanamine in place of (S)-2-phenyl-1-(5-phenyl-
1 H-imidazol-2-yl)ethanamine. MS m/z 856.5 (M+1). Retention time 1.120 min. 
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Example 30: (1 R,3S,4S)-N-((S)-1 -(((3R,4S,5S)-1 -((S)-2-((1 R,2R)-3-(((S)-1 -(3-

Aminophenyl)-3-methoxypropan-2-yl)amino)-1-methoxy-2-methyl-3-oxopropyl)pyrrolidin-

1-yl)-3-methoxy-5-methyl-1~oxQheptan-4-yl)(methyl)amino)-3-methyl-1-oxobutan-2-yi)-2-

methyl-2-azabicyclo[2.2.1]heptane-3-carboxamide (72) 

DIEA (0.012 ml, 0.069 mmol) and HATU (7.89 mg, 0.021 mmol) were added to (2R,3R)-

3-((S)-1-((3R,4S,5S)-4-((S)-N,3-dimethyl-2-((1R,3S,4S)-2-methyl-2-

azabicyclo[2.2.1]heptane-3-carboxamido)butanamido)-3-methoxy-5-

methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-methylpropanoic acid (Step 2, Example 12) 

(10 mg, 0.014 mmol) in DMF (2 ml). The reaction was stirred at rt for 5 min and then (S)-t-

butyi (3-(2-amino-3-methoxypropyl)phenyl)carbamate TFA salt (10.9 mg, 0.028 mmol) 

was added. The reaction was stirred at rt for 1 h and then the crude was purified by 

preparative HPLC (20-60% acetonitrile-H20 containing 0.05% TFA) to obtain t-butyl (3-

((S)-2-((2R,3R)-3-((S)-1-((3R,4S,5S)-4-((S)-N,3-dimethyl-2-((1 R,3S,4S)-2-methyl-2-

azabicyclo[2.2.1]heptane-3-carboxamido)butanamido)-3-methoxy-5-

methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-methylpropanamido)-3-

methoxypropyl)phenyl)carbamate as TFA salt. MS m/z 871.5 (M+H). Retention time 1.157 

min. To this product (13.6 mg, 0.014 mmol) in acetonitrile (2 ml) was added 10% 

hydrochloric acid (2 ml). The reaction mixture was stirred at rt for 2 h and then 

concentrated to give (1 R,3S,4S)-N-((S)-1 -(((3R,4S,5S)-1 -((S)-2-((1 R,2R)-3-(((S)-1 -(3-

aminophenyl)-3-methoxypropan-2-yl)amino)-1-methoxy-2-methyl-3-oxopropyl)pyrrolidin-

1 -yl)-3-methoxy-5-methyl-1 -oxoheptan-4-yl)(methyl)amino)-3-methyl-1 -oxobutan-2-yl)-2-
methyl-2-azabicyclo[2.2,1]heptane-3-carboxamide (72) as HCI salt. MS m/z 771.5 (M+H). 
Retention time 0.883 min. 

Example 31: (1 R,3S,4S)-N-((S)-1 -(((3R,4S,5S)-1 -((S)-2-((1 R,2R)-3-(((S)-1 -(4-

Aminophenyl)-3-hydroxypropan-2-yl)amino)-1-methoxy-2-methyl-3-oxopropyl)pyrrolidin-1-

yl)-3-methoxy-5-methyl-1-oxoheptan-4-yl)(methy!)amino)-3-methyl-1-oxobutan-2-yl)-2-

methyl-2-azabicyclo[2.2.1]heptane-3-carboxamide (73) 
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Compound (73) was prepared by the method described for compound (72) using (S)-t-

butyi (4-(2-amino-3-hydroxypropyi)phenyi)carbamate TFA salt in place of (S)-t-butyl (3-(2-

amino-3-methoxypropyl)phenyl)carbamate TFA salt. MS m/z 757.5 (M+H). Retention time 

0.787 min. 

Example 32: (1 R,3S,4S)-N-((S)-1 -(((3R,4S,5S)-1 -((S)-2-((1 R,2R)-3-(((1 S,2R)-1 -

Hydroxy-1 -phenylpropan-2-yl)amino)-1 -methoxy-2-methyl-3-oxopropyl)pyrrolidin-1 -yl)-3-

methoxy-5-methyl-1-oxoheptan-4-yl)(methyl)amino)-3-methyl-1-oxobutan-2-y!)-2-methyl-

2-azabicyclo[2.2.1]heptane-3-carboxamide (74) 

DiEA (0.006 ml, 0.035 mmol) and HATU (4.0 mg, 0.010 mmol) were added to (2R,3R)-3-

((S)-1-((3R,4S,5S)-4-((S)-N,3-dimethyl-2-((1 R,3S,4S)-2-methyl-2-

azabicyclo[2.2.1]heptane-3-carboxamido)butanamido)-3-methoxy-5-

methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-methyipropanoic acid (5 mg, 0.007 mmol) in 

DMF (1 ml). The reaction was stirred at rt for 5 min and then (1S,2R)-(+)-norephedrine (3 

mg, 0.02 mmol) was added. The reaction mixture was stirred at rt for 1 h and then purified 

by preparative HPLC (20-50% acetonitrile-H20 containing 0.05% TFA). Fractions 

containing the desired product were combined, and 10% hydrochloric acid was added. 

Concentration afforded compound (74) as HCI salt. MS m/z 742.5 (M+H). Retention time 

1.005 min. 

Synthetic procedure for example N-terminal linked compounds of Formula (I) 

Example 33: (S)-2-((2R,3R)-3-((S)-1 -((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-(6-(2,5-Dioxo-

2,5-dihydro-1 H-pyrrol-1-yl)hexanoyl)-2-azabieyclo[2.2.1]heptane-3-carboxamido)-N,3-

dimethylbutanamido)-3-methoxy-5-methyiheptanoyi)pyrroiidin-2-yl)-3-methoxy-2-

methylpropanamido)-3-phenylpropanoic acid (10) 

To a solution of 6-(2,5-dioxo-2,5-dihydro-1 H-pyrrol-1-yl)hexanoic acid (EMCA)(1.2 mg, 

0.0058 mmol) in DMF (1.0 mL) in a 15 mL round bottom flask was added DIEA (3.0 mg, 

0.023 mmol), followed by HATU (2.7 mg, 0.0070 mmol). The reaction mixture was stirred 
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for 10 minutes before a solution of (S)-2-((2R,3R)-3-((S)-1-((3R,4S,5S)-4-((S)-2-

((1 R,3S,4S)-2-azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-dimethylbutanamido)-3-

methoxy-5-methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-methylpropanamido)-3-

phenylpropanoic acid TFA salt (2) (5.0 mg, 0.0058 mmol) in DMF (1.0 mL) was added to 

5 The reaction mixture. The reaction mixture was stirred for 1 hour. LCMS analysis 

ndicated the reaction was complete. The crude was purified by reverse phase HPLC, 

C18 column, eiuted with 20-80% acetonitrile-H20 containing 0.05% TFA. Fractions 

containing product were concentrated to give compound 10, MS m/z 935.6 (M+1). 

Retention time 1.17 minutes. 

10 Example 34: (S)-2-((2R,3R)-3-((S)-1 -((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-(6-(2,5-Dioxo-

2,5-dihydro-1 H-pyrrol-1-yl)hexyl)-2-azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-

dimethylbutanamido)-3-methoxy-5-methyiheptanoyi)pyrroiidin-2-yl)-3-methoxy-2-

methylpropanamido)-3-phenylpropanoic acid (11) 

JKJ] 
_o 

Sat. aq. NaHC03 
Step 1 

V\ o 
^ y Dess-Martin 

5 Step 2 

H 1 OMeO OMeO Vph //l ^ A 1 OMeO OMeO 

H 
N .C02H 

Ph 

NaBH3CN, MeOH 

Step 3 

15 Step 1: To a 100 mL round bottom flask was added 6-amino-1 -hexanol (1.00g, 6.44 mmol) 

n saturated NaHC03 aqueous solution (12.0 mL). The mixture was cooled at 0°C, and N-

methoxycarbonylmaieimide (0.750 g, 6.44 mmol) was added. The reaction mixture was 
stirred at 0°C for 1.5 hours. Then the reaction mixture was acidified at 0°C with 2 M HCI to 

pH1. The acidified reaction mixture was extracted with ethyl acetate (AcOEt). The 

20 organic layer was concentrated. The residue was dissolved in DCM, loaded onto a silica 

gel column, and eiuted with MeOH/DCM (0-4%) to obtain 1-(6-hydroxyhexyl)-1H-pyrrole-

2,5-dione as white solid, MS m/z 198.2 (M+1). 1H NMR (400 MHz, CDCI3): 5 6.68 (s, 2H), 

3.63 (t, d = 6.4 Hz, 2H), 3.52 (t, d = 7.2 Hz, 2H), 1.63-1.52 (m, 4H), 1.43-1.28 (m, 4H). 

Step 2: To 1-(6-hydroxyhexyl)-1 H-pyrrole-2,5-dione (237 mg, 1.20 mmoi) in DCM (10.0 

25 mL) was added Dess-Martin reagent (618 mg, 1.44 mmol). After 1 hour at room 

temperature, The reaction mixture was diluted with DCM (10 mL) and filtered. The filtrate 
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was concentrated and purified by ISCO (silicagel, EtOAc/Hexane 0-20%) to afford 6-(2,5-
dioxo-2,5-dihydro-1 H-pyrrol-1 -yi)hexanai as a colorless oil, MS m/z 196.2 (M+1).1H NMR 

(400 MHz, CDCI3): 5 9.76 (t, J = 1.6 Hz, 1H), 6.69 (s, 2H), 3.52 (t, J= 7.2 Hz, 2H), 2.43 (td, 

J = 7.2 Hz, 1.6 Hz, 2H), 1.70-1.56 (m, 4H), 1.36-1.28 (m, 2H). 

Step 3: Compound 2 (5.0 mg, 0.0067 mmol) and 6-(2,5-dioxo-2,5-dihydro-1 H-pyrrol-1 -
yl)hexanal (6.6 mg, 0.034mmol) were dissolved in MeOH (1.0 mL). Sodium 

cyanoborohydride (4.2 mg, 0.067 mmol) was added. The reaction mixture was stirred for 

3 hours at room temperature. LCMS analysis indicated the completion of the reaction. 

The crude was purified by reverse phase HPLC using C18 column, eiuted with 10-90% 

acetonitrile-H20 containing 0.05% TFA. The factions containing the desired product were 

pooled and Iyophiiized to obtain (S)-2-((2R,3R)-3-((S)-1-((3R,4S,5S)-4-((S)-2-

((1 R,3S,4S)-2-(6-(2,5-dioxo-2,5-dihydro-1 H-pyrrol-1 -yi)hexyl)-2-azabicycio[2.2.1 Jheptane-

3-carboxamido)-N,3-dimethylbutanamido)-3-methoxy-5-methylheptanoyl)pyrrolidin-2-yl)-

3-methoxy-2-methylpropanamido)-3-phenylpropanoic acid 11, MS m/z 921.6(M+1). 

Retention time 1.07 minutes. 

Example 35: (S)-2-((2R,3R)-3-((S)-1 -((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-(((4-((S)-2-((S)-

2-(6-(2,5-Dioxo-2,5-dihydro-1 H-pyrrol-1 -yl)hexanamido)-3-methylbutanamido)-5-

ureidopentanamido)benzyl)oxy)carbonyl)-2-azabicyclo[2.2.1]heptane-3-carboxamido)-

N,3-dimethylbutanamido)-3-methoxy-5-methy!heptanoyi)pyrrolidin-2-yl)-3-methoxy-2-

methylpropanamido)-3-phenylpropanoic acid (12) 
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In a 15 mL round bottom flask at room temperature were added MC-Val-Cit-PABC-PNP 

(5.2 mg, 0.0070 mmol), (S)-2-((2R,3R)-3-((S)-1-((3R,4S,5S)-4-((S)-2-((1R,3S,4S)-2-

azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-dimethylbutanamido)-3-methoxy-5-

methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-methylpropanamido)-3-phenylpropanoic 

acid TFA salt (2) (5.0 mg, 0.0058 mmol) and 1-hydroxy-7-azabenzotriazole (HOAT) (0.6 

mg, 0.005 mmol), followed by pyridine-DMF (1:4,1.25 mL). To the resulting solution was 

added DIEA (2.3 mg, 0.018 mmol). The reaction mixture was stirred for 72 hours by 

which time compound 2 was consumed. The reaction mixture mixture was concentrated 

and the residue was purified by reverse phase HPLC, C18 column, eiuted with 20-80% 

acetonitrile-H20, containing 0.05% TFA. The fractions containing the desired product 
were concentrated to give compound 12, MS m/z 1340.7 (M+1). Retention time 1.15 

minutes. 

Example 36: (S)-2-((2R,3R)-3-((S)-1 -((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-(3-(2-(2-

Azidoethoxy)ethoxy)propanoyl)-2-azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-

dimethylbutanamido)-3-methoxy-5-methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-

methylpropanamido)-3-phenylpropanoic acid (13) 
N3 

PTH« ir- o i »s 
O 1 OMeO OMeO V™ „ _ x x Ph Step 1 

Na°H 0 L o ' OMeO OMeO 
N3^—o^Ph 

Step 2 
13 

Step 1: To 3-(2-(2-Azidoethoxy)ethoxy)propanoic acid (6.6 mg, 0.033 mmol) In DMF (2 

mL) were added DIEA (0.011 mL, 0.065 mmol) and HATU (10.3 mg, 0.027 mmol). After 

15 minutes, compound 1 (8.2 mg, 0.010 mmol) was added. The reaction mixture was 

stirred for 2 hours at room temperature. LCMS analysis indicated the completion of the 

reaction. The crude was purified by reverse phase HPLC using C18 column, eiuted with 

10-90% acetonitriie-H20 containing 0.05% TFA. The fractions containing the desired 

product were pooled and Iyophiiized to obtain (S)-methyi 2-((2R,3R)-3-((S)-1-((3R,4S,5S)-

4-((S)-2-((1 R,3S,4S)-2-(3-(2-(2-azidoethoxy)ethoxy)propanoyl)-2-

azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-dimethylbutanamido)-3-methoxy-5-

methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-methyipropanamido)-3-phenylpropanoate, 

(MS m/z 941.3 (M+1). Retention time 1.30 minutes. 
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Step 2: The ester product from step 1 was dissolved in acetonitrile (0.3 mL) and H20 (0.2 

mL). Aqueous NaOH (1 .ON, 0.15 mL) was added. The reaction mixture was stirred for 

30 minutes. The crude was purified by reverse phase HPLC using C18 column, eiuted 

with 10-90% acetonitriie-H20 containing 0.05% TFA. The factions containing the desired 

product were pooled and Iyophiiized to obtain compound 13 (S)-2-((2R,3R)-3-((S)-1-

((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-(3-(2-(2-azidoethoxy)ethoxy)propanoyl)-2-

azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-dimethylbutanamido)-3-methoxy-5-

methylheptanoyl)pyrroiidin-2-yl)-3-methoxy-2-methyipropanamido)-3-phenylpropanoic 

acid, MS m/z 927.5 (M+1). Retention time 1.21 minutes. 

Example 37: (S)-2-((2R,3R)-3-((S)-1 -((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-(3-(2-(2-(4-

((2,5-Dioxo-2,5-dihydro-1 H-pyrrol-1 -yl)methy!)-1 H-1,2,3-triazol-1 -

yl)ethoxy)ethoxy)propanoyl)-2-azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-

dimethylbutanamido)-3-methoxy-5-methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-

methylpropanamido)-3-phenylpropanoic acid (14) 

14 

A solution of (S)-2-((2R,3R)-3-((S)-1 -((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-(3-(2-(2-

azidoethoxy)ethoxy)propanoyl)-2-azabicycio[2.2.1]heptane-3-carboxamido)-N,3-

dimethylbutanamido)-3-methoxy-5-methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-

methylpropanamido)-3-phenylpropanoic acid (13)(5.4 mg, 0.058 mmol),1-(prop-2-yn-1-yl)-

1H-pyrrole-2,5-dione (1.6 mg, 0.012 mmoi) and CuS04 (0.7 mg, 0.005 mmol) in DMF (1.2 

mL) and H20 (0.3 mL) was treated with L-ascorbic acid sodium salt (2.6 mg, 0.015 mmol) 

and stirred at room temperature for 2 hours. LCMS analysis indicated the completion of 

the reaction. The crude was purified by reverse phase HPLC using C18 column, eiuted 

with 10-90% acetonitrile-H20 containing 0.05% TFA. The fractions containing the desired 

product were pooled and Iyophiiized to obtain (S)-2-((2R,3R)-3-((S)-1-((3R,4S,5S)-4-((S)-

2-((1 R,3S,4S)-2-(3-(2-(2-(4-((2,5-dioxo-2,5-dihydro-1 H-pyrrol-1 -yl)methyl)-1 H-1,2,3-

triazol-1-yl)ethoxy)ethoxy)propanoyl)-2-azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-

dimethylbutanamido)-3-methoxy-5-methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-

methylpropanamido)-3-phenylpropanoic acid 14, MS m/z 1062.5 (M+1). Retention time 

1.15 minutes. 
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Example 38: (S)-2-((2R,3R)-3-((S)-1-((3R>4S>5S)-4-((S)-N,3-Dimethyl-2-((1 R,3S,4S)-2-

(((2-(2-(2-(vinylsulfonyl)ethoxy)ethoxy)ethyi)sulfonyi)ethyl)-2-azabicyclo[2.2.1]heptane-3-

carboxamido)butanamido)-3-methoxy-5-methylheptanoyl)pyrroiidin-2-yl)-3-methoxy-2-

methylpropanamido)-3-phenylpropanoic acid (15) 

Step 1: t-BuOK (119 mg, 1.10 mmol) was added to a solution of divinyl sulfone (1.60 g, 

13.5 mmol) and ethylene glycol (330 mg, 5.32 mmol) in THF (100 mL). The reaction 

mixture was stirred at room temperature for 18 hours. The solvent was removed under 

reduced pressure to yield a crude that was purified by silica gel column chromatography 

(EtOAc-Hexanes 2:1 to 3:1) to give ((2-(2-(2-

vinyisuifonyiethoxy)ethoxy)ethyi)suifonyl)ethene as a colorless syrup. 1H NMR (400 MHz, 

CDCI3) d 6.75 (dd, J = 9.9 Hz, 16.6 Hz, 2H), 6.39 (d, J = 16.6 Hz, 2H), 6.09 (d, J = 9.9 Hz, 

2H), 3.88 (t, J = 5.7 Hz, 4H), 3.61 (s, 4H), 3.24 (t, J = 5.7 Hz, 4H). 

Step 2: To a solution of ((2-(2-(2-vinylsuifonyiethoxy)ethoxy)ethyl)sulfonyl)ethene (13.3 

mg, 0.045 mmol) in DCM-i-PrOH (2:1) were added (S)-2-((2R,3R)-3-((S)-1-((3R,4S,5S)-4-

((S)-2-((1 R,3S,4S)-2-azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-dimethylbutanamido)-

3-methoxy-5-methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-methylpropanamido)-3-

phenylpropanoic acid TFA salt (2) (10.0 mg, 0.012 mmol) and DIEA (0.0020 mL, 0.012 
mmol). The reaction mixture was heated to 80°C for 18 hours at which time LCMS 

analysis indicated the reaction was 70-80% complete. The reaction mixture was 
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concentrated, and the residue was purified by reverse phase HPLC, C18 column, eiuted 

with 10-50% acetonitrile-H20, containing 0.05% TFA. The fractions containing he desired 

product were pooled and concentrated to obtain compound 15 as a TFA salt, MS m/z 
1040.4 (M+1). Retention time 1.03 minutes. 

Example 39: (S)-2-((2R,3R)-3-((S)-1 -((3R,4S,5S)-4-((S)-N,3-Dimethyl-2-((1 R,3S,4S)-2-

(3-(Methyl(2-(vinylsulfonyl)ethyl)amino)propanoyl)-2-azabicyclo[2.2.1]heptane-3-

carboxamido)butanamido)-3-methoxy-5-methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-
methylpropanamido)-3-phenylpropanoic acid (16) 

AKHIY^ Q 1 H >fV^r0H COOH 
AVrN YYNVC00H " L /K* 1 OMe O OMe O V 

H X ' OMe O Lei * DIEA I Q A> ^ 
Ph Step X0ANJ 

2 | 

TFA iTT TT T L ***> °Me° °Me° Sh 
VA ^ 0Me0 0Me0 DIEA ^9 r° 
; 0 step3 

HN I 
i 

Step 1: To a solution of 3-((tert-butoxycarbonyl)(methyl)amino)propanoic acid (5.4 mg, 

0.027 mmol) in DMF (1.0 mL) were added DIEA (0.0070 mL, 0.040 mmol) and HATU (9.1 

mg, 0.024 mmoi). The reaction mixture was stirred for 5 minutes and (S)-2-((2R,3R)-3-

((S)-1-((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-azabicyclo[2,2.1]heptane-3-carboxamido)-N,3-

dimethylbutanamido)-3-methoxy-5-methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-

methylpropanamido)-3-phenylpropanoic acid TFA salt (2) (11.4 mg, 0.013 mmol) was 

added. The reaction was complete within 1 hour as judged by LCMS analysis. The crude 

was purified by reverse phase HPLC, C18 column, eiuted with 10-70% acetonitrile-H20, 

containing 0.05% TFA. The fractions containing the desired product were pooled and 

concentrated to obtain (S)-2-((2R,3R)-3-((S)-1-((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-(3-

((tert-butoxycarbonyl)(methyl)amino)propanoyl)-2-azabicyclo[2.2.1]heptane-3-

carboxamido)-N,3-dimethy!butanamido)-3-methoxy-5-methylheptanoy!)pyrrolidin-2-y!)-3-

methoxy-2-methylpropanamido)-3-phenyipropanoic acid, MS m/z 927.5 (M+1). Retention 

time 1.28 minutes. 
Step 2: To a solution of the product obtained in step 1 (6.4 mg, 0.0069 mmol) in DCM 

(2.0 mL) was added TFA (1.0 mL). The reaction mixture was stirred at room temperature 

for 1 hour and concentrated to obtain (S)-2-((2R,3R)-3-((S)-1-((3R,4S,5S)-4-((S)-N,3-

dimethyl-2-((1 R,3S,4S)-2-(3-(methylamino)propanoyl)-2-azabicyclo[2.2.1]heptane-3-

carboxamido)butanamido)-3-methoxy-5-methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-
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methylpropanamido)-3-phenylpropanoic acid TFA salt. MS m/z 827.4 (M+1). Retention 

time 0.99 minutes. This product was used in the next step without further purification. 

Step 3: To a solution of the product TFA salt obtained in step 2 (6.5 mg, 0.0069 mmol) in 

PrOH (2.0 mL) were added divinyl sulfone (20.0 mg, 0.169 mmol) and DIEA (0.01 OmL, 
0.057 mmol). The reaction mixture was stirred at 80°C for 1 hour, at which time the 

reaction was complete as judged by LCMS analysis and the reaction mixture was 

concentrated. The residue was purified by reverse phase HPLC, C18 column, eiuted with 

10-60% acetonitriie-H20, containing 0.05% TFA. The fractions containing the desired 
product were pooled and concentrated to obtain compound 16, MS m/z 945.4 (M+1} 

Retention time 0.99 minutes. 

Example 40: (1 R,3S,4S)-2-(6-(2,5-Dioxo-2,5-dihydro-1 H-pyrrol-1 -yl)hexanoyl)-N-((S)-1 -

(((3R,4S,5S)-1 -((S)-2-((1 R,2R)-3-(((1 S,2R)-1 -hydroxy-1 -phenyipropan-2-yl)amino)-1 -

methoxy-2-methyl-3-oxopropyl)pyrrolidin-1-yl)-3-methoxy-5-methyl-1-oxoheptan-4-

yi)(methyl)amino)-3-methyl-1-oxobutan-2-yl)-2-azabicyclo[2.2.1]heptane-3-carboxamide 

(17) 

(in Example 4) from EMCA (5.5 mg, 0.026 mmol), DIEA (10.0 mg, 0.078 mmol), HBTU 
(9.8 mg, 0.026 mmol) and (1 R,3S,4S)-N-((S)-1-(((3R,4S,5S)-1-((S)-2-((1 R,2R)-3-

(((1 S,2R)-1 -hydroxy-1 -phenylpropan-2-yl)amino)-1 -methoxy-2-methyl-3-

oxopropyl)pyrrolidin-1-yl)-3-methoxy-5-methyl-1-oxoheptan-4-yl)(methyl)amino)-3-methyl-

1-oxobutan-2-yl)-2-azabicyclo[2.2.1]heptane-3-carboxamide TFA salt (3) (21.8 mg, 0.026 

mmol). compound 17 was obtained after purification by reverse phase HPLC, MS m/z 

921.5 (M+1). Retention time 1.25 minutes 

Example 41: (S)-2-((2R,3R)-3-((S)-1 -((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-(6-

Mercaptohexyl)-2-azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-dimethyibutanamido)-3-

methoxy-5-methylheptanoyl)pyrroiidin-2-yl)-3-methoxy-2-methyipropanamido)-3-

phenylpropanoic acid (18) 
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Step 1: To a solution of S-(6-oxohexyi) ethanethioate (4.28 mg, 0.025 mmol) and (S)-2-

((2R,3R)-3-((S)-1-((3R,4S,5S)-4-((S)-2-((1R,3S,4S)-2-azabicycio[2.2.1]heptane-3-

carboxamido)-N,3-dimethylbutanamido)-3-methoxy-5-methylheptanoyl)pyrrolidin-2-yl)-3-

methoxy-2-methylpropanamido)-3-phenyipropanoic acid TFA salt (2) (7.0 mg, 0.0082 

mmol) in MeOH (2.0 ml) was added acetic acid (0.0050 mL, 0.083 mmol) and sodium 

cyanoborohydride (2.57 mg, 0.041 mmol). The reaction mixture was heated at 50°C for 2 

hours and the crude was purified by reverse phase HPLC, C18 column, eiuted with 20-

70% acetonitrile-H20, containing 0.05% TFA. The fractions containing the desired product 

were combined and concentrated, affording (S)-2-((2R,3R)-3-((S)-1-((3R,4S,5S)-4-((S)-2-

((1 R,3S,4S)-2-(6-(acetylthio)hexyl)-2-azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-

dimethylbutanamido)-3-methoxy-5-methyiheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-

methylpropanamido)-3-phenylpropanoic acid, MS m/z 900.5 (M+1), retention time1.17 

minutes. 
Step 2: The product obtained in step 1 was dissolved in Me0H-H20 (2:1, 3.0 mL). To the 

solution was added lithium hydroxide (5.0 mg, 0.21 mmol). The reaction mixture was 

stirred at room temperature for 0.5 hour and then concentrated to approximatelyl .5 mL. 

The crude was purified by reverse phase HPLC, C18 column, eiuted with 20-60% 

acetonitriie-H20, containing 0.05% TFA. The fractions containing desired product were 

pooled and concentrated to obtain compound 18, MS m/z 858.5 (M+1). Retention time 

1.16 minutes. 

Example 42: (S)-2-((2R,3R)-3-((S)-1 -((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-(6-(3-Amino-4-

formylphenoxy)hexyl)-2-azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-

dimethylbutanamido)-3-methoxy-5-methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-

methylpropanamido)-3-phenylpropanoic acid (19) 
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Step 1: To a solution of 2-nitro-4-((6-oxohexyl)oxy)benzaldehyde (20.1 mg, 0.076 mmol) 
and (S)-methyl 2-((2R,3R)-3-((S)-1 -((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-

azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-dimethylbutanamido)-3-methoxy-5-

methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-methylpropanamido)-3-phenylpropanoate (1) 

(16.5 mg, 0.019 mmol) in DMF (2.0 mL) were added acetic acid (0.0076 mL, 0.13 mmol) 

and sodium cyanoborohydride (11.9 mg, 0.190 mmol). The reaction mixture was heated 
at 50°C for 2 hours and the crude was purified by reverse phase HPLC, C18 column, 

eiuted with 20-70% acetonitriie-H20, containing 0.05% TFA. The fractions containing the 

desired aldehyde (MS m/z 1005.5 (M+1), retention time 1.27 minutes) and the desired 

alcohol (MS m/z 1007.5 (M+1), retention time 1.21 minutes) intermediates were 

combined and concentrated and used in the next step. 
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Step 2: The mixture obtained from step 1 containing the aldehyde and the alcohol was 

dissolved in DCM (2,0 mL) and Dess-Martin periodinane (4.0 mg, 0.0095 mmol) was 

added. The reaction mixture was stirred at room temperature for 2 hours. The reaction 

mixture mixture was then washed with Na2S203 aqueous solution and extracted with DCM, 

5 The DCM layer was dried over anhydrous MgS04, filtered and concentrated. The crude 

was purified by reverse phase HPLC, C18 column, eiuted with 20-70% acetonitriie-H20, 

containing 0.05% TFA. The fractions containing the desired product were pooled and 

concentrated to give (S)-methyl 2-((2R,3R)-3-((S)-1-((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-

(6-(4-formyl-3-nitrophenoxy)hexyl)-2-azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-

10 dimethylbutanamido)-3-methoxy-5-methy!heptanoy!)pyrrolidin-2-yl)-3-methoxy-2-
methylpropanamido)-3-phenylpropanoate TFA salt, MS m/z 1005.5 (M+1). Retention time 

1.27 minutes. The product also contained some hydrolyzed acid, MS m/z 991.5 (M+1). 

Retention time 1.22 minutes. 

Step 3: To a solution of the product obtained in step 2 (16.9 mg, 0.015 mmol) in 70% 

15 EtOH in water were added iron powder (0.8 mg, 0.02 mmol) and HCI (0.1 N, 0.15 mL, 

0.015 mmol). The reaction mixture was stirred vigorously at room temperature for 18 

hours. Brown precipitate formed. The mixture was filtered through a Celite plug and the 

filtrate was concentrated. The crude was purified by ISCO, C18 column, eiuted with 30-

100% acetonitrile-H20. The fractions containing the desired product were pooled and 

20 concentrated to obtain (S)-methyl 2-((2R,3R)-3-((S)-1 -((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-

2-(6-(3-amino-4-formylphenoxy)hexyl)-2-azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-

dimethylbutanamido)-3-methoxy-5-methyiheptanoyi)pyrroiidin-2-yl)-3-methoxy-2-

methylpropanamido)-3-phenylpropanoate, MS m/z 975.5 (M+1). Retention time 1.23 

minutes. 

25 Step 4: To a solution of the product obtained in step 3 (4.6 mg, 0.0047 mmol) in MeOH-

H20 (1.5:1, 2.5 mL) was added lithium hydroxide (10.0 mg, 0.435 mmol). The reaction 

mixture was stirred at room temperature for 4 hours. The reaction mixture was 

concentrated to about 50% volume and acidified with 1N HCI to pH 5. The crude was 

purified by ISCO, C18 column, eiuted with 30-75% acetonitrile-H20. The fractions 

30 containing the desired product were pooled, neutralized with 0.3 mg of LiOH, and 

yophilized to obtain compound 19, MS m/z 961.5 (M+1). Retention time 1.15 minutes. 

Example 43: Coenzyme A adduct of (S)-2-((2R,3R)-3-((S)-1 -((3R,4S,5S)-4-((S)-2-

((1 R,3S,4S)-2-(6-(2,5-dioxo-2,5-dihydro-1 H-pyrrol-1 -yi)hexanoyi)-2-
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azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-dimethylbutanamido)-3-methoxy-5-

methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-methyipropanamido)-3-phenylpropanoic 

acid (20) 

H 
N^C02H 

ft ft 9H H H N = T - -^ a"° °"*° -p. 
rt « 

N^-N H(J JlcH 20 °" NOH 
To a solution of Coenzyme A (CoA) triiithium salt (7.6 mg, 0.0096 mmol) in 100mM 

phosphate buffer containing 5 mM EDTA at pH7.5 was added a solution of (S)-2-

((2R,3R)-3-((S)-1-((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-(6-(2,5-dioxo-2,5-dihydro-1 H-pyrrol-

1-yl)hexanoyl)-2-azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-dimethyibutanamido)-3-

methoxy-5-methylheptanoyl)pyrroiidin-2-yl)-3-methoxy-2-methyipropanamido)-3-

phenylpropanoic acid (17) (9.0 mg, 0.0096 mmol) in DMSO (0.048 mL). The reaction 

mixture was let stand at room temperature for 1 hour, at which time the reaction was 

complete as judged by LCMS analysis. The sample was purified by reverse phase HPLC, 

C18 column, eiuted with 20-60% acetonitrile-H20, containing 0.05% TFA. The fractions 

containing the desired product were pooled and concentrated to obtain the CoA adduct 
20, MS m/z 852 (M/2+1)). Retention time 0.98 minutes. 

Example 44: (S)-2-((2R,3R)-3-((S)-1 -((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-(6-(2-

Bromoacetamido)hexanoyl)-2-azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-

dimethylbutanamido)-3-methoxy-5-methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-

methylpropanamido)-3-pheny!propanoic acid (21) 

H-

H ^ 1 DMP n riMe n H 1 OMe O OMe O \ph HATU, DIEA 
2 SteP 1 ?r o 

0 „ k^O. 

„x° 
1 OMe O OMe O 

TY n 

H 
N. XO,H 
^ ^ ̂  "OH 

TFA » I 1 OMe O OMe O V . i V • T 1 T 
Step2 A Ph DIEA | I 1 OMeO OMeO 

X XO2H 
DIEA 

Step 3 
21 

Step 1: To a solution of 6-((tert-butoxycarbonyl)amino)hexanoic acid (12 mg, 0.051 mmol) 

in DMF (2.0 mL) were added DIEA (18 mg, 0.14 mmol) and HATU (18 mg, 0.047 mmol). 

The reaction mixture was stirred at room temperature for 10 minutes before (S)-2-

((2R,3R)-3-((S)-1-((3R,4S,5S)-4-((S)-2-((1R,3S,4S)-2-azabicyclo[2.2.1]heptane-3-
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carboxamido)-N,3-dimethylbutanamido)-3-methoxy-5-methylheptanoyi)pyrrolidin-2-yl)-3-

methoxy-2-methylpropanamido)-3-phenyipropanoic acid (2) (40 mg, 0.047 mmol) was 

added. The reaction was complete within half an hour. The crude was purified by reverse 

phase HPLC, C18 column, eiuted with 20-70% acetonitriie-H20, containing 0.05% TFA. 

5 The factions containing the desired product were pooled and concentrated to obtain (S)-

2-((2R,3R)-3-((S)-1-((3R,4S,5S)-4-((S)-2-((1R,3S,4S)-2-(6-((tert-

butoxycarbonyl)amino)hexanoyl)-2-azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-

dimethylbutanamido)-3-methoxy-5-methyiheptanoyi)pyrrolidin-2-yl)-3-methoxy-2-

methylpropanamido)-3-phenylpropanoic acid, MS m/z 955.5 (M+1). Retention time 1.32 

10 minutes. 

Step 2: To a solution of the compound obtained in step 1 (15.6 mg, 0.016 mmol) in DCM 

(2.0 mL) was added TFA (1.0 mL). The reaction mixture was stirred at room temperature 

for 30 minutes and concentrated to obtain (S)-2-((2R,3R)-3-((S)-1-((3R,4S,5S)-4-((S)-2-

((1 R,3S,4S)-2-(6-aminohexanoyl)-2-azabicyc!o[2.2.1]heptane-3-carboxamido)-N,3-

15 dimethylbutanamido)-3-methoxy-5-methyiheptanoyi)pyrrolidin-2-yl)-3-methoxy-2-

methylpropanamido)-3-phenylpropanoic acid TFA salt, MS m/z 855.5 (M+1). Retention 

time 1.01 minutes. 

Step 3: (S)-2-((2R,3R)-3-((S)-1 -((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-(6-aminohexanoyl)-2-

azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-dimethylbutanamido)-3-methoxy-5-

20 methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-methy!propanamido)-3-phenylpropanoic 

acid TFA salt (20 mg, 0.021 mmol) was dissolved in DCM and treated with DIEA (12 mg, 
0.093 mmol). The reaction mixture was cooled to 0°C. To the reaction mixture was then 

added a solution of 2-bromoacetyl bromide (9.0 mg, 0.045 mmol) in DCM (0.2 mL) with 

stirring. The reaction mixture was stirred at 0°C for 10 min and LCMS analysis showed 

25 that the amine starting material was consumed. Saturated aqueous NaHC03 was added 

to quench the reaction. The reaction mixture mixture was extracted with DCM (5 mL X 3). 

The organic layers were combined and concentrated. The crude was purified by reverse 

phase HPLC, C18 column, eiuted with 30-45% acetonitriie-H20, containing 0.05% TFA. 

The fractions were pooled and concentrated to obtain compound 21, MS m/z 975.3 (M+1). 

30 Retention time 1.19 minutes. 

Example 45: (S)-2-((2R,3R)-3-((S)-1 -((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-(6-

(Aminooxy)hexanoyl)-2-azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-
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dimethylbutanamido)-3-methoxy-5-methyiheptanoyi)pyrrolidin-2-yl)-3-methoxy-2-

methylpropanamido)-3-phenylpropanoic acid (22) 

n ^ ^ Ph 
steP2 H2N 22 

Step 1: To a solution of lithium 6-(((1-ethoxyethylidene)amino)oxy)hexanoate (6.3 mg, 

0.028 mmol) in DMF (1.0 mL) was added HATU (8.9 mg, 0.023 mmol). The reaction 

mixture was stirred at room temperature for 20 minutes before the whole reaction mixture 

was added to a solution of (S)-methyl 2-((2R,3R)-3-((S)-1-((3R,4S,5S)-4-((S)-2-

((1 R,3S,4S)-2-azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-dimethylbutanamido)-3-

methoxy-5-methylheptanoyl)pyrro!idin-2-yl)-3-methoxy-2-methy!propanamido)-3-

phenylpropanoate TFA salt (1) (20 mg, 0.021 mmol) and DIEA (6.0 mg, 0.047 mmol) in 

DMF (1.0 mL). After stirring at room temperature for 2 hours, the reaction mixture was 

purified by reverse phase HPLC, C18 column, eiuted with 40-80% acetonitriie-H20, 

containing 0.05% TFA. The fractions containing the desired product were pooled and 

concentrated. LCMS anaylysis revealed that the protecting group on the alkoxylamine 

moiety was removed to give TFA salt of (S)-methyl 2-((2R,3R)-3-((S)-1-((3R,4S,5S)-4-

((S)-2-((1 R,3S,4S)-2-(6-(aminooxy)hexanoyl)-2-azabicyclo[2.2.1]heptane-3-

carboxamido)-N,3-dimethylbutanamido)-3-methoxy-5-methylheptanoyi)pyrrolidin-2-yl)-3-

methoxy-2-methylpropanamido)-3-phenylpropanoate, MS m/z885.5 (M+1). Retention 

time 1.10 minutes. 

Step 2: To a solution of the compound obtained in Step 1 (24.3 mg, 0.023 mmol) in 

Me0H-H20 (1:1, 2.0 mL) was added lithium hydroxide (20 mg, 0.84 mmol). The reaction 

was monitored by LCMS. Upon completion the crude was purified by reverse phase 

HPLC, C18 column, eiuted with 20-40% acetonitriie-H20, containing 0.05% TFA. The 

fractions containing the desired product were concentrated to give compound 22 TFA salt, 
MS m/z 871.5 (M+1). Retention time 1.03 minutes. 

Example 46: (S)-2-((2R,3R)-3-((S)-1 -((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-(6-((S)-

Aziridine-2-carboxamido)hexanoyi)-2-azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-
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dimethylbutanamido)-3-methoxy-5-methyiheptanoyi)pyrrolidin-2-yl)-3-methoxy-2-

methylpropanamido)-3-phenylpropanoic acid (23) 
Boc 

Step 1: In a 7mL vial, 6-((tert-butoxycarbonyl)amino)hexanoic acid (16mg, 0.069mmol) 
was dissolved in anhydrous DMF(2mL). DIEA (0.036mL, 0.21 mmol) and HATU (24mg, 

0.062mmol) were added. The reaction mixture was stirred for 10minutes before (S)-

methyl 2-((2R,3R)-3-((S)-1-((3Ft,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-azabicyclo[2.2.1]heptane-

3-carboxamido)-N,3-dimethyibutanamido)-3-methoxy-5-methylheptanoyl)pyrroiidin-2-yl)-

3-methoxy-2-methylpropanamido)-3-phenylpropanoate (1, HCI salt, 30mg, 0.034mmol) 

was added. The reaction mixture was stirred for an additional 2 hours at room 

temperature. LCMS indicated the completion of the reaction. The crude was purified by 

reverse phase HPLC using C18 column, eiuted with 10-90% ACN-H20 containing 0.05% 

TFA. The fractions containing the desired product were pooled and Iyophiiized to obtain 

(S)-methyl 2-((2R,3R)-3-((S)-1 -((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-(6-((tert-

butoxycarbonyl)amino)hexanoyl)-2-azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-

dimethylbutanamido)-3-methoxy-5-methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-

methylpropanamido)-3-phenylpropanoate. MS m/z 969.6 (M+1). Retention time 1.42 

minutes. The product thus obtained (21 mg, 0.022mmoi) was dissolved in HCI in MeOH 

(3M, 2mL). The solvent was removed slowly under reduced pressure. LCMS analysis of 

the residue indicated the complete removal of the Boc group. The residue was taken up 

in acetonitrile and water and Iyophiiized to give (S)-methyl 2-((2R,3R)-3-((S)-1-

((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-(6-aminohexanoyi)-2-azabicycio[2.2.1]heptane-3-

carboxamido)-N,3-dimethylbutanamido)-3-methoxy-5-methylheptanoyl)pyrrolidin-2-yl)-3-
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methoxy-2-methylpropanamido)-3-phenyipropanoate as HCI salt. MS m/z 869.5 (M+1). 

Retention time 1.01 minutes. 

Step 2: The product from the previous step (10mg, 0.012mmoi) was dissolved in THF 

(0.8 mL), MeOH (0.1 mL) and H20 (0.1 mL). Lithium hydroxide monohydrate (4.83mg, 

5 0.115mmoi) was added. The reaction mixture was stirred for 4 hours at room temperature. 

-CMS indicated the completion of the reaction. The solvents were removed under 

educed pressure. The residue was neutralized using 0.1 N hydrochloric acid, taken up in 

acetonitrile and H20, and Iyophiiized to give (S)-2-((2R,3R)-3-((S)-1-((3R,4S,5S)-4-((S)-2-

((1 R,3S,4S)-2-(6-aminohexanoyl)-2-azabicycio[2.2.1]heptane-3-carboxamido)-N,3-

10 dimethylbutanamido)-3-methoxy-5-methy!heptanoy!)pyrrolidin-2-yl)-3-methoxy-2-
methylpropanamido)-3-phenylpropanoic acid containing some LiCI. MS m/z 855.6 (M+1). 

Retention time 0.98 minutes. 

Step 3: In a 7mL vial (S)-1 -trityiaziridine-2-carboxyiic acid (7.6mg, 0.023mmol) was 

dissolved in anhydrous DMF(2 mL). DIEA (0.010 mL, 0.021 mmol) and HATU (7.9 mg, 

15 0.021 mmol) were added. The reaction mixture was stirred for 10 minutes before (S)-2-

((2R,3R)-3-((S)-1-((3R,4S,5S)-4-((S)-2-((1R,3S,4S)-2-(6-aminohexanoyl)-2-

azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-dimethylbutanamido)-3-methoxy-5-

methylheptanoyl)pyrroiidin-2-yl)-3-methoxy-2-methyipropanamido)-3-phenylpropanoic 

acid(10mg, 0.012mmol). The reaction mixture was stirred at room temperature for an 

20 additional 2 hours. LCMS indicated the completion of the reaction. The solvent was 

removed under reduced pressure. The crude was purified by reverse phase ISCO using 

C18aq column (5.5g), eiuted with 10-100% acetonitrile-H20. The fractions containing the 
desired product were pooled and Iyophiiized to give (S)-2-((2R,3R)-3-((S)-1-((3R,4S,5S)-

4-((S)-N,3-dimethyl-2-((1 R,3S,4S)-2-(6-((S)-1-trity!aziridine-2-carboxamido)hexanoyl)-2-

25 azabicyclo[2.2.1]heptane-3-carboxamido)butanamido)-3-methoxy-5-

methylheptanoyl)pyrro!idin-2-yl)-3-methoxy-2-methyipropanamido)-3-phenylpropanoic 
acid. MS m/z 1166.5 (M+1). Retention time 1.49 minutes. 

Step 4: The product from Step 3 (4.0mg, 0.0034 mmol) was dissolved in MeOH/CHCI3 

(1:1,1 mL) and cooled to 0 °C. TFA (0.0040 mL, 0.051 mmol) was added dropwise. The 

30 reaction mixture was warmed to room temperature and stirred for 1 hour. LCMS 

indicated that the reaction was approximately 60% completed. TFA (0.0040 mL, 0.051 

mmol) was added again. After another 1 hour at room temperature LCMS indicated the 

reaction was complete. The solvents were evaporated under reduced pressure. The 

residue was dissolved in MeOH and purified by reverse phase ISCO using C18aq column 
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(5.5g), eiuted with 10-100% acetonitrile-H20. The fractions containing the desired 

product were pooled and Iyophiiized to give (S)-2-((2R,3R)-3-((S)-1-((3R,4S,5S)-4-((S)-2-

((1 R,3S,4S)-2-(6-((S)-aziridine-2-carboxamido)hexanoyl)-2-azabicyclo[2.2.1]heptane-3-

carboxamido)-N,3-dimethylbutanamido)-3-methoxy-5-methylheptanoyl)pyrrolidin-2-yl)-3-
5 methoxy-2-methylpropanamido)-3-phenyipropanoic acid (23). MS m/z 924.6 (M+1). 

Retention time 1.012 minutes. 

Example 47: S)-2-((2R,3R)-3-((S)-1 -((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-(4-(4-((2,5-

Dioxo-2,5-dihydro-1 H-pyrrol-1 -yl)methyl)-1 H-1,2,3-triazol-1 -yl)butanoyl)-2-

azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-dimethylbutanamido)-3-methoxy-5-

10 methylheptanoyl)pyrroiidin-2-yl)-3-methoxy-2-methylpropanamido)-3-phenylpropanoic 

acid (24) 

CuS04l DMF, H20 

Step 3 

Step 1: To a solution of ethyl 4-bromobutanoate (3.4g, 0.0174mol) in DMF (100mL) was 
added sodium azide (1.7g, 0.0262mol). The mixtute was heated to 80°C and stirred 

15 overnight. The reaction mixture was diluted with water and extracted 3 times with ether 

The organic phase was washed with water 3 times, dried over MgS04, filtered and 

concentrated to give crude product which was used directly in next step without further 

purification. 

Step 2: Ethyl 4-azidobutanoate (157mg, I.Qmmol) was dissolved in THF (4mL), MeOH 

20 (0.5mL) and water (0.5mL). Then Li0H.H20(168mg, 4.0mmoi) was added and the 

eaction mixture was stirred for 2 hours at room temperature. LCMS indicated the 

completion of the reaction. The reaction was stopped, the pH was adjusted to 2-3 by 

using 1N HCI and the reaction mixture was extracted with EtOAc. The combined organic 

phase was dried over MgS04, concentrated to give crude product which was used 
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directly in next step without further purification. 1H NMR (400 MHz, CD3OD): 5 3.36 (t, 
J=6.8 Hz, 2H), 2.39 (t, J=7,2 Hz, 2H), 1.89-1.82 (m, 2H). 

Step 3: A solution of 4-azidobutanoic acid (19mg, 0.147mmol), 1-(prop-2-yn-1-y!)-1 H-

pyrrole-2,5-dione(39.8mg, 0.294mmol) and CuS04 (17.62mg, 0.11 mmol) in DMF (3.0mL) 

5 and H2O (0.75mL) was treated with L-Ascorbic acid sodium salt (72.9mg, 0.368mmol) 

and stirred at room temperature for 2 hours.The reaction mixture was purified by Prep-

HPLC, C18 column, eiuted with 20-70% acetonitrile-H20 containing 0.05% TFA. The 

fractions containing the desired product were pooled and Iyophiiized to obtain a white 

solid. MS m/z265.1 (M+1). Retention time 0.642 minutes. 1H NMR (400 MHz, CD3OD): 5 

10 7.94 (s, 1H), 6.86 (S, 2H), 4.77 (s, 2H), 4.43 (t, J=7.0 Hz, 2H), 2.31 (t, J=7.2 Hz, 2H), 

2.17-2.13 (m, 2H). 

Step 4: 4-(4-((2,5-Dioxo-2,5-dihydro-1 H-pyrrol-1 -yl)methyl)-1 H-1,2,3-triazol-1 -yl)butanoic 

acid (4.5mg, 0.017mmol) was dissolved in DMF (1mL). DIEA (9.9uL, 0.057mmol) and 

HATU (5.61 mg, 0.015mmoi) were added and the mixture was stirred for 10 minutes 

15 before the addition of 2 (9.72mg, 0.011 mmol). The reaction mixture was then stirred for 1 

hour at room temperature. LC/MS analysis indicated the completion of the reaction. The 

product was purified by Prep-HPLC, C18 column, eiuted with 20-70% acetonitrile-H20 

containing 0.05% TFA. The fractions containing the desired product 24 were pooled and 

yophilized to obtain a white solid. MS m/z 988.5.1 (M+1). Retention time 1.074 minutes. 

20 Example 48: (1 R,3S,4S)-N-((S)-1 -(((3R,4S,5S)-1 -((S)-2-((1 R,2R)-3-(((S)-N-1 -

(Methyisu!fonamido)-1-oxo-3-phenylpropan-2-yi)amino)-1-methoxy-2-methyl-3-

oxopropyl)pyrroiidin-1-y!)-3-methoxy-5-methy!-1-oxoheptan-4-yl)(methy!)amino)-3-methyl-

1 -oxobutan-2-yl)-2-(6-(2,5-dioxo-2,5-dihydro-1 H-pyrrol-1 -yl)hexanoyl)-2-

azabicyclo[2.2.1 ]heptane-3-carboxamide (25) 

EMCA (4.1 mg, 0.019mmo!) was dissolved in DMF (2mL). DIEA (8.31 mg, 

0.064mmoi) and HATU (5.87mg, 0.015mmol) were added and after 10 minutes 

compound 4 (11mg, 0.013mmol) was added. The reaction mixture was stirred for 2 hours 
30 at room temperature. LC/MS analysis indicated the completion of the reaction. The 
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product was purified by Prep-HPLC, C18 column, eiuted with 30-50% acetonitriie-H20 

containing 0.05% TFA. The fractions containing the desired product were pooled and 

Iyophiiized to obtain desired product 25 as a white solid. MS m/z 1012.5 (M+1). Retention 

time 1.222 minutes. 

Example 49: (1 R,3S,4S)-2-(6-(2,5-Dioxo-2,5-dihydro-1 H-pyrrol-1 -yl)hexanoyl)-N-((S)-1 -

(((3R,4S,5S)-3-methoxy-1 -((S)-2-((1 R,2R)-1 -methoxy-2-methyl-3-oxo-3-(((S)-2-phenyl-1 -

(1 H-tetrazol-5-yl)ethyl)amino)propy!)pyrrolidin-1 -yl)-5-methyl-1 -oxoheptan-4-

yl)(methyl)amino)-3-methyl-1-oxobutan-2-yl)-2-azabicyclo[2.2.1]heptane-3-carboxamide 

(26) 

To a solution of EMCA (2.5 mg, 0.012 mmol) in DMF (1ml) was added DIEA (6.2 ui, 0.035 

mmol) and then HATU (4.5 mg, 0.012 mmol). The reaction mixture was stirred for 5 

minutes and then added to (1 R,3S,4S)-N-((S)-1-(((3R,4S,5S)-3-methoxy-1-((S)-2-

((1 R,2R)-1 -methoxy-2-methyl-3-oxo-3-(((S)-2-phenyl-1 -(1 H-tetrazol-5-

yl)ethyl)amino)propyl)pyrrolidin-1-yl)-5-methyl-1-oxoheptan-4-yl)(methyl)amino)-3-methyl-

1-oxobutan-2-y!)-2-azabicyclo[2.2.1]heptane-3-carboxamide TFA salt (6.7 mg, 0.0076 

mmol). The reaction mixture was kept at room temperature for 1 hour and the crude was 

purified by reverse phase HPLC, C18 column, eiuted with 20-60% acetonitriie-H20, 

containing 0.05% TFA. The fractions containing desired product were concentrated to 

obtain compound 26 MS m/z 959.5 (M+1). Retention time 1.220 minutes. 

Example 50: ((R)-1 -((2R,3R)-3-((S)-1 -((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-(6-(2,5-Dioxo-

2,5-dihydro-1 H-pyrrol-1-yl)hexanoyi)-2-azabicyclo[2.2.1 ]heptane-3-carboxamido)-N,3-

dimethylbutanamido)-3-methoxy-5-methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-

methylpropanamido)-2-phenylethyl)phosphonic acid (27) 
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To a solution of EMCA (3.3 mg, 0.016 mmol) in DMF (1ml) was added DIEA (2.7 ui, 0.016 

mmol) and then HATU (5.93 mg, 0.016 mmol). The reaction mixture was stirred at room 

temperature for 10 minutes and then added to a solution of ((R)-1-((2R,3R)-3-((S)-1-

((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-

5 dimethylbutanamido)-3-methoxy-5-methyiheptanoyi)pyrroiidin-2-yl)-3-methoxy-2-

methylpropanamido)-2-phenylethyl)phosphonic acid 7 (10 mg, 0.011 mmol) in DMF. The 

reaction mixture was stirred at room temperature for 1 hour. The crude was purified by 

everse phase HPLC, C18 column, eiuted with 30-60% acetonitrile-H2Q, containing 

0.05%TFA. The fractions containing desired product were concentrated to ((R)-1-
10 ((2R,3R)-3-((S)-1-((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-(6-(2,5-dioxo-2,5-dihydro-1 H-pyrrol-

1-yl)hexanoyl)-2-azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-dimethylbutanamido)-3-

methoxy-5-methylheptanoyl)pyrro!idin-2-yl)-3-methoxy-2-methylpropanamido)-2-

phenylethyl)phosphonic acid 27. MS m/z 971.5 (M+1). Retention time 1.181 minutes. 

Example 51: ((R)-1 -((2R,3R)-3-((S)-1 -((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-(6-(2,5-Dioxo-

15 2,5-dihydro-1 H-pyrrol-1-yl)hexanoyl)-2-azabicyclo[2.2.1 ]heptane-3-carboxamido)-N,3-

dimethylbutanamido)-3-methoxy-5-methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-

methylpropanamido)-2-phenylethyl)phosphinic acid (28) 

NT i I T T TT i u L O 1 OMeO OMeO 

To a solution of EMCA (2.4 mg, 0.011 mmol) in DMF (1 ml) was added DIEA (6.6 ul, 

20 0.038 mmol) and HATU (4.0 mg, 10.42 [imol). The reaction mixture was stirred for 5 

minutes and then added to a solution of ((R)-1-((2R,3R)-3-((S)-1-((3R,4S,5S)-4-((S)-2-

((1 R,3S,4S)-2-azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-dimethylbutanamido)-3-

methoxy-5-methylheptanoyl)pyrro!idin-2-yl)-3-methoxy-2-methy!propanamido)-2-

phenylethyl)phosphinic acid 8 (8.3 mg, 0.0095 mmoi) in DMF (1 ml). The reaction mixture 

25 was complete in 10 minutes and the crude was purified by reverse phase HPLC, C18 

column, eiuted with 30-55% acetonitrile-H20, containing 0.05%TFA. The fractions 

containing desired product were concentrated to obtain ((R)-1-((2R,3R)-3-((S)-1-

((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-(6-(2,5-dioxo-2,5-dihydro-1 H-pyrrol-1 -yi)hexanoyl)-2-

azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-dimethylbutanamido)-3-methoxy-5-
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methylheptanoyl)pyrroiidin-2-yl)-3-methoxy-2-methyipropanamido)-2-

phenylethyl)phosphinic acid 28. MS m/z 955.5 (M+1). Retention time 1.151 minutes. 

Example 52: Butyl hydrogen ((R)-1 -((2R,3R)-3-((S)-1 -((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-

2-(6-(2,5-dioxo-2,5-dihydro-1 H-pyrrol-1 -y!)hexanoyl)-2-azabicyc!o[2.2.1 ]heptane-3-

carboxamido)-N,3-dimethylbutanamido)-3-methoxy-5-methylheptanoyi)pyrrolidin-2-yi)-3-

methoxy-2-methylpropanamido)-2-phenylethyl)phosphonate (29) 

To a solution of ((R)-1-((2R,3R)-3-((S)-1-((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-(6-(2,5-

dioxo-2,5-dihydro-1 H-pyrroi-1-yl)hexanoyl)-2-azabicyclo[2.2.1]heptane-3-carboxamido)-

N,3-dimethylbutanamido)-3-methoxy-5-methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-

methyipropanamido)-2-phenyiethyl)phosphinic acid 8 (4.2 mg, 0.0044 mmoi) in pyridine 

(1 mi) was added n-BuOH (3.3 mg, 0.044 mmol) and then pivaioyi chloride (5.3 mg, 0.044 

mmol). The reaction was monitored by LCMS until all of the phosphorous acid was 

converted to the ester. Then a freshly prepared iodine (11 mg, 0.044 mmol) solution in 

wet pyridine-water (10:1 1 ml) was added. The reaction was monitored by LCMS until 

completion. Pyridine was removed by vacuum and the crude was purified by reverse 

phase HPLC, C18 column, eiuted with 30-55% acetonitrile-H20, containing 0.05%TFA. 

The fractions containing desired product were concentrated to obtain butyl hydrogen ((R)-

1 -((2R,3R)-3-((S)-1 -((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-(6-(2,5-dioxo-2,5-dihydro-1 H-

pyrrol-1-yl)hexanoyl)-2-azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-

dimethylbutanamido)-3-methoxy-5-methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-

methylpropanamido)-2-phenylethyl)phosphonate 29. MS m/z 1027.5 (M+1). Retention 

time 1.300 minutes. The ester is prone to hydrolysis in acidic condition. 

Example 53: (S)-2-((2R,3R)-3-((S)-1 -((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-(6-

((((1 R,8S,9s)-Bicyclo[6.1.0]non-4-yn-9-ylmethoxy)carbonyl)amino)hexanoyl)-2-

azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-dimethylbutanamido)-3-methoxy-5-
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methylheptanoyl)pyrroiidin-2-yl)-3-methoxy-2-methyipropanamido)-3-phenylpropanoic 
acid (75) 

To (S)-2-((2R,3R)-3-((S)-1 -((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-(6-aminohexanoyl)-2-

azabicyclo[2.2.1]heptane-3-carboxamido)-M,3-dimethylbutanamido)-3-methoxy-5-

methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-methyipropanamido)-3-phenylpropanoic 

acid (Step 2, Example 44) (5 mg, 0.005 mmol) in DMF-THF (1:1,2 ml) was added 

(1 R,8S,9s)-bicyclo[6.1,0]non-4-yn-9-ylmethyl (2,5-dioxopyrrolidin-1-yl) carbonate (1.5 mg, 

0.005 mmol) and DIEA (0.0025 ml, 0.014 mmol). The reaction mixture was stirred at rt for 

30 min and then purified by preparative HPLC (40-65% acetonitriie-H20 containing 0.05% 

TFA) to obtain compound (75). MS m/z 1031.6 (M+H). Retention time 1.337 min. 

Example 54: 4-((S)-2-((S)-2-(6-(2,5-Dioxo-2,5-dihydro-1 H-pyrroi-1 -yl)hexanamido)-3-

methylbutanamido)-5-ureidopentanamido)benzyl (1 R,3S,4S)-3-(((S)-1 -(((3R,4S,5S)-1 -

((S)-2-((1 R,2R)-3-(((S)-1 -Hydroxy-3-phenylpropan-2-yl)amino)-1 -methoxy-2-methyl-3-

oxopropyl)pyrrolidin-1-yl)-3-methoxy-5-methyl-1-oxoheptan-4-yl)(methyl)amino)-3-methyl-

1-oxobutan-2-yi)carbamoyi)-2-azabicyc!o[2.2.1]heptane-2-carboxylate (76) 

To a solution of MC-Val-Cit-PAB-PNP (1.9 mg, 0.0026 mmol), compound (50) TFA salt 

(1.8 mg, 0.002 mmol) in DMF (1 ml) were added pyridine (0.25 ml), HOAT (0.29 mg, 

0.002 mmol) and DIEA (0.0054 ml, 0.031 mmoi). The reaction was stirred at 40°C for 2 h 

and then at 30°C for 18 h. The reaction mixture was concentrated and purified by 

preparative HPLC (20-60% acetonitrile-H20 containing 0.05% TFA) to obtain compound 

(76). MS m/z 664.0 (M/2+H). Retention time 1.165 min 

Example 55: (S)-2-((2R,3R)-3-((S)-1 -((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-(3-(2-(2,5-

Dioxo-2,5-dihydro-1 H-pyrrol-1-yi)ethoxy)propanoyi)-2-azabicyclo[2.2.1 ]heptane-3-
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carboxamido)-N,3-dimethylbutanamido)-3-methoxy-5-methylheptanoyi)pyrrolidin-2-yi)-3-

methoxy-2-methylpropanamido)-3-phenyipropanoic acid (77) 

<rf° 
o 1 OMeO OMeO < (77) 

O 

To a solution of 3-(2-(maieimido)ethoxy)propanoic acid (2.2 mg, 0.010 mmoi) in DMF (1 

ml) were added HATU (3.7 mg, 0.0098 mmol) and DIEA (3.6 mg, 0.028 mmol). The 

reaction was stirred for 5 min, and then (S)-2-((2R,3R)-3-((S)-1-((3R,4S,5S)-4-((S)-2-

((1 R,3S,4S)-2-azabicyclo[2.2,1]heptane-3-carboxamido)-N,3-dimethylbutanamido)-3-

methoxy-5-methylheptanoyl)pyrroiidin-2-yl)-3-methoxy-2-methyipropanamido)-3-

phenylpropanoic acid (8 mg, 0.0093 mmol) in DMF (0.5 ml) was added. The reaction 

mixture was stirred at rt for 1 h and then concentrated. The crude was purified by 

preparative HPLC (10-60% acetonitrile-H20 containing 0.05% TFA) to obtain compound 

(77). MS m/z 937.5 (M+H). Retention time 1.138 min. 

Example 56: (S)-2-((2R,3R)-3-((S)-1 -((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-(3-(2-(2-(2,5-

Dioxo-2,5-dihydro-1 H-pyrrol-1-yl)ethoxy)ethoxy)propanoyl)-2-azabicyclo[2.2.1 ]heptane-3-

carboxamido)-N,3-dimethylbutanamido)-3-methoxy-5-methylheptanoyl)pyrrolidin-2-yl)-3-

methoxy-2-methylpropanamido)-3-pheny!propanoic acid (78) 

o 
"TST "Y"'X "Y" "Y"" X X*"V^OH 

0 ' 0Me 0 0Me ° _v"Ph (78) 

Compound (78) was prepared by the method described for compound (77) using 3-(2-(2-

(maieimido)ethoxy)ethoxy)propanoic acid (2.6 mg, 0.010 mmol) in place of 3-(2-
(ma!eimido)ethoxy)propanoic acid. MS m/z 981.5 (M+H). Retention time 1.140 min. 

Example 57: (S)-2-((2R,3R)-3-((S)-1 -((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-(3-(2-(2-(2-

(2,5-Dioxo-2,5-dihydro-1 H-pyrrol-1-yl)ethoxy)ethoxy)ethoxy)propanoyl)-2-

azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-dimethylbutanamido)-3-methoxy-5-

methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-methyipropanamido)-3-phenylpropanoic 

acid (79) 

.0 

lAn 0 ' 
OH 

Ph (79) 

132 



WO 2015/095301 PCT/US2014/070800 

Compound (79) was prepared by the method described for compound (77) using 3-(2-(2-

(2-(maieimido)ethoxy)ethoxy)ethoxy)propanoic acid (3.1 mg, 0.010 mmol) in place of 3-

(2-(maleimido)ethoxy)propanoic acid. MS m/z 1025.5 (M+H). Retention time 1.143 min. 

Example 58: (S)-2-((2R,3R)-3-((S)-1 -((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-(1 -(2,5-Dioxo-

2,5-dihydro-1 H-pyrrol-1 -yl)-3,6,9,12-tetraoxapentadecan-15-oyl)-2-

azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-dimethylbutanamido)-3-methoxy-5-

methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-methylpropanamido)-3-phenylpropanoic 

acid (80) 

o N N T n in > 0H 
o ' OMe O OMe O V. (80) -N ^^ X) ^^ ̂O ^^O 

xO 

Compound (80) was prepared by the method described for compound (77) using 1-

(ma!eimido)-3,6,9,12-tetraoxapentadecan-15-oic acid (3.6 mg, 0.010 mmoi) in place of 3-

(2-(maleimido)ethoxy)propanoic acid. MS m/z 1069.5 (M+H). Retention time 1.144 min. 

Example 59: (S)-2-((2R,3R)-3-((S)-1 -((3R,4S,5S)-4-((S)-N,3-Dimethyl-2-((1 R,3S,4S)-2-

(4-(1 -(2-(2-(2-(2-(4-(5-(methylsulfonyl)-1,3,4-oxadiazoi-2-

yl)phenoxy)ethoxy)ethoxy)ethoxy)ethyl)-1 H-1,2,3-triazol-4-yl)butanoyl)-2-

azabicyclo[2.2.1]heptane-3-carboxamido)butanamido)-3-methoxy-5-

methylheptanoyl)pyrroiidin-2-yl)-3-methoxy-2-methyipropanamido)-3-phenylpropanoic 

acid (81) 

OH 
OMeO OMeO V Stepl H £ 5^ I 5Me£ 5Vie0 "L HATU, DIEA, DMF 

Ph steps 

OMeO OMeO 

\' >• !° 
L-Ascorbate, CuS04l t-BuOH, H20 

Step 3 

O 

OH 
OMeO OMeO Ph 

(81) 

Step 1: (S)-Methy! 2-((2R,3R)-3-((S)-1-((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-

azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-dimethylbutanamido)-3-methoxy-5-

methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-methyipropanamido)-3-phenylpropanoate (1) 

(63 mg, 0.080 mmol) was dissolved in ACN (0.75 ml) and water (0.5 ml). NaOH (1M, 0.35 

133 



WO 2015/095301 PCT/US2014/070800 

ml) was added. The reaction was stirred 2 h at rt. After neutralized with 1N HCI to 

approximately pH 5, the reaction mixture was diluted with water and Iyophiiized to give 

crude (S)-2-((2R,3R)-3-((S)-1 -((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-

azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-dimethylbutanamido)-3-methoxy-5-

5 methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-methyipropanamido)-3-phenylpropanoic 

acid. MS m/z742.4(M+1). Retention time 1.010 min. The product was used in the next 

step without further purification 

Step 2: To a solution of hex-5-ynoic acid (5.4 mg, 0.049 mmoi) in DMF (2 ml) was added 

DIEA (26.1 mg, 0.35 mmol) and HATU (16.9 mg, 0.044 mmol). The reaction was stirred at 

10 rt for 15 min. Then the product obtained in step 1 (30 mg, 0.040 mmol) was added. The 

reaction was stirred at rt for 2 h. The crude was purified by preparative HPLC (10-90% 

acetonitriie-H20 containing 0.05% TFA) to obtain (S)-2-((2R,3R)-3-((S)-1-((3R,4S,5S)-4-

((S)-2-((1 R,3S,4S)-2-(hex-5-ynoyl)-2-azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-

dimethylbutanamido)-3-methoxy-5-methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-
15 methylpropanamido)-3-phenyipropanoic acid. MS m/z 836.5 (M+1). Retention time 1.224 

min. 

Step 3: (S)-2-((2R,3R)-3-((S)-1 -((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-(Hex-5-ynoyi)-2-

azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-dimethylbutanamido)-3-methoxy-5-

methylheptanoyl)pyrro!idin-2-yl)-3-methoxy-2-methyipropanamido)-3-phenylpropanoic 

20 acid (7 mg, 0.0084 mmol) and 2-(4-(2-(2-(2-(2-azidoethoxy)ethoxy)ethoxy)ethoxy)phenyl)-

5-(methylsulfonyl)-1,3,4-oxadiazole (3.7 mg, 0.0084 mmol) were suspended in t-BuOH(1 

ml) and water (1 ml). Sodium L-ascorbate (1.7 mg, 0.0084 mmol) in 0.3 ml H20 and 

CuS04 (0.3 mg, 0.0017 mmol) in 0.3 ml H2Owere added sequentially using syringe and 

the reaction was stirred at rt for 3 h. The reaction mixture was purified by preparative (10-

25 90% acetonitriie-H2Q containing 0.05% TFA) to obtain compound (81) as white solid. MS 
m/z 639.4 (M/2+1). Retention time 1.196 min. 

Example 60: 4-((S)-2-((S)-2-(6-(2,5-Dioxo-2,5-dihydro-1 H-pyrrol-1 -yl)hexanamido)-3-

methylbutanamido)-5-ureidopentanamido)benzyl (1 R,3S,4S)-3-(((S)-1 -(((3R,4S,5S)-3-

methoxy-1 -((S)-2-((1 R,2R)-1 -methoxy-2-methyl-3-oxo-3-(((S)-1 -phenyi-3-

30 sulfamoylpropan-2-yl)amino)propyl)pyrrolidin-1 -yl)-5-methyl-1 -oxoheptan-4-

yi)(methyl)amino)-3-methyl-1-oxobutan-2-yl)carbamoyl)-2-azabicyclo[2.2.1]heptane-2-

carboxyiate (82) 
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(1 R,3S,4S)-N-((S)-1 -(((3R,4S,5S)-3-Methoxy-1 -((S)-2-((1 R,2R)-1 -methoxy~2-methyl-3-

oxo-3-(((S)-1 -phenyl-3-sulfamoylpropan-2-yl)amino)propyl)pyrrolidin-1 -yl)-5-methyl-1 -

oxoheptan-4-yl)(methyl)amino)-3-methyl-1-oxobutan-2-yl)-2-azabicycio[2.2.1]heptane-3-

carboxamide ((56), 8.7 mg, 0.011 mmol), MC-Val-Cit-PABC-PNP (9.7 mg, 0.013 mmol), 

HOAT (1.7 mg, 0.011 mmol) and DIEA (0.013 ml, 0.077 mmol) were combined in 

pyridine(0.5 ml) and DMF(2 ml). The reaction was stirred for 4 h at rt. The reaction 

mixture was purified by preparative HPLC (10-60% acetonitrile-H20 containing 0.05% 

TFA) to obtain compound (82) as white solid. MS m/z 695.5 (M/2+1). Retention time 

1.139 min. 

Example 61: 4-((S)-2-((S)-2-(6-(2,5-Dioxo-2,5-dihydro-1 H-pyrroi-1 -yl)hexanamido)-3-

methylbutanamido)-5-ureidopentanamido)benzyl (1 R,3S,4S)-3-(((S)-1 -(((3R,4S,5S)-3-

methoxy-1 -((S)-2-((1 R,2R)-1 -methoxy-2-methyl-3-oxo-3-(((S)-2-phenyl-1 -(4-phenyl-1 H-

imidazol-2-yl)ethyi)amino)propyl)pyrroiidin-1-yi)-5-methyi-1-oxoheptan-4-

yl)(methyl)amino)-3-methyl-1-oxobutan-2-yl)carbamoyl)-2-azabicyclo[2.2.1]heptane-2-

carboxylate (83) 

Compound (83) was prepared by the method described for compound (82) using 

(1 R,3S,4S)-N-((S)-1 -(((3R,4S,5S)-3-methoxy-1 -((S)-2-((1 R,2R)-1 -methoxy-2-methyl-3-

oxo-3-(((S)-2-phenyl-1 -(5-phenyl-1 H-imidazol-2-yl)ethyl)amino)propyl)pyrrolidin-1 -yl)-5-

methyl-1-oxoheptan-4-yl)(methyl)amino)-3-methyl-1-oxobutan-2-yl)-2-

azabicyclo[2.2.1]heptane-3-carboxamide (57), in place of compound (56). MS m/z 720.0 
(M/2+1). Retention time 1.169 min. 

Example 62: 4-((S)-2-((S)-2-(6-(2,5-Dioxo-2,5-dihydro-1 H-pyrrol-1 -yl)hexanamido)-3-

methylbutanamido)-5-ureidopentanamido)benzyl (1 R,3S,4S)-3-(((S)-1 -(((3R,4S,5S)-3-

methoxy-1 -((S)-2-((1 R,2R)-1 -methoxy-3-(((S)-1 -methoxy-3-phenylpropan-2-yl)amino)-2-

methyl-3-oxopropyl)pyrrolidin-1 -yl)-5-methyl-1 -oxoheptan-4-yi)(methyi)amino)-3-methyl-1 -

oxobutan-2-yl)carbamoyl)-2-azabicyclo[2.2.1]heptane-2-carboxylate (84) 
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Compound (84) was prepared by the method described for compound (82) using 

(1 R,3S,4S)-N-((S)-1-(((3R,4S,5S)-3-methoxy-1 -((S)-2-((1 R,2R)-1 -methoxy-3-(((S)-1-

methoxy-3-phenylpropan-2-yl)amino)-2-methyl-3-oxopropyl)pyrrolidin-1-yl)-5-methyl-1-

oxoheptan-4-yl)(methyl)amino)-3-methyl-1-oxobutan-2-yl)-2-azabicyc!o[2.2.1]heptane-3-

carboxamide (58) in place of compound (56). MS m/z 671.0 (M/2+1). Retention time 

1.236 min. 

Example 63: 4-((S)-2-((S)-2-(6-(2,5-Dioxo-2,5-dihydro-1 H-pyrrol-1 -yl)hexanamido)-3-

methylbutanamido)-5-ureidopentanamido)benzyl (1 R,3S,4S)-3-(((S)-1 -(((3R,4S,5S)-3-

methoxy-1 -((S)-2-((1 R,2R)-1 -methoxy-2-methyl-3-oxo-3-(((S)-2-phenyl-1 -(1 H-pyrazoi-3-

yl)ethyl)amino)propyl)pyrrolidin-1-yl)-5-methyl-1-oxoheptan-4-yl)(methyl)amino)-3-methyl-

1-oxobutan-2-y!)carbamoyl)-2-azabicyclo[2.2,1]heptane-2-carboxylate (85) 

Compound (85) was prepared by the method described for compound (82) using 

(1 R,3S,4S)-N-((S)-1 -(((3R,4S,5S)-3-methoxy-1 -((S)-2-((1 R,2R)-1 -methoxy-2-methyl-3-

oxo-3-(((S)-2-phenyl-1 -(1 H-pyrazol-3-yl)ethyl)amino)propyl)pyrrolidin-1 -yl)-5-methyl-1 -

oxoheptan-4-yl)(methyl)amino)-3-methyl-1-oxobutan-2-yi)-2-azabicycio[2.2.1]heptane-3-

carboxamide (59) in place of compound (56). MS m/z 682.1 (M/2+1). Retention time 1.172 

min. 

Example 64: 4-((S)-2-((S)-2-(6-(2,5-Dioxo-2,5-dihydro-1 H-pyrroi-1 -yl)hexanamido)-3-

methylbutanamido)-5-ureidopentanamido)benzyl (1 R,3S,4S)-3-(((S)-1 -(((3R,4S,5S)-3-

methoxy-1 -((S)-2-((1 R,2R)-1 -methoxy-2-methyl-3-oxo-3-(((S)-2-phenyl-1 -(5-phenyl-1,3,4-

oxadiazol-2-yl)ethyl)amino)propyl)pyrrolidin-1-yl)-5-methyl-1-oxoheptan-4-

yl)(methyl)amino)-3-methyl-1-oxobutan-2-yl)carbamoyl)-2-azabicyclo[2.2.1]heptane-2-

carboxylate (86) 
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Compound (86) was prepared by the method described for compound (83) using 

(1 R,3S,4S)-N-((S)-1 -(((3R,4S,5S)-3-methoxy-1 -((S)-2-((1 R,2R)-1 -methoxy-2-methyl-3-

oxo-3-(((S)-2-phenyl-1 -(5-phenyl-1,3,4-oxadiazol-2-yl)ethyl)amino)propyl)pyrrolidin-1 -yl)-

5-methyi-1-oxoheptan-4-yl)(methyl)amino)-3-methyl-1-oxobutan-2-yi)-2-

azabicycio[2.2.1]heptane-3-carboxamide (62) in place of compound (56). MS m/z 

721.1 (M/2+1). Retention time 1.280 min. 

Example 65: 4-((S)-2-((S)-2-(6-(2,5-Dioxo-2,5-dihydro-1 H-pyrrol-1 -yl)hexanamido)-3-

methylbutanamido)-5-ureidopentanamido)benzyl (1 R,3S,4S)-3-(((S)-1 -(((3R,4S,5S)-3-

methoxy-1 -((S)-2-((1 R,2R)-1 -methoxy-2-methyl-3-oxo-3-(((S)-2-pheny!-1 -(pyrimidin-2-

yl)ethyl)amino)propyl)pyrrolidin-1-yl)-5-methyM-oxoheptan-4-yl)(methyl)amino)-3-methyl-

1-oxobutan-2-yi)carbamoyl)-2-azabicyclo[2.2.1]heptane-2-carboxylate (87) 

Compound (87) was prepared by the method described for compound (82) using 

(1 R,3S,4S)-N-((S)-1 -(((3R,4S,5S)-3-methoxy-1 -((S)-2-((1 R,2R)-1 -methoxy-2-methyl-3-

oxo-3-(((S)-2-pheny!-1 -(pyrimidin-2-yl)ethyl)amino)propyl)pyrrolidin-1 -yl)-5-methyl-1 -

oxoheptan-4-yl)(methyl)amino)-3-methyl-1-oxobutan-2-yl)-2-azabicyclo[2.2.1]heptane-3-

carboxamide (60) in place of compound (56). Retention time 1.204 min. 

Example 66: 4-((S)-2-((S)-2-(6-(2,5-Dioxo-2,5-dihydro-1 H-pyrrol-1 -yl)hexanamido)-3-

methylbutanamido)-5-ureidopentanamido)benzyl (1 R,3S,4S)-3-(((S)-1 -(((3R,4S,5S)-3-

methoxy-1 -((S)-2-((1 R,2R)-1 -methoxy-2-methyl-3-oxo-3-(((R)-2-phenyl-1 -(pyrimidin-2-

yl)ethyl)amino)propyl)pyrrolidin-1-yl)-5-methyl-1-oxoheptan-4-yl)(methyl)amino)-3-methyl-

1-oxobutan-2-yl)carbamoyl)-2-azabicyclo[2.2.1]heptane-2-carboxylate (88) 
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Compound (88) was prepared by the method described for compound (82) using 

(1 R,3S,4S)-N-((S)-1 -(((3R,4S,5S)-3-methoxy-1 -((S)-2-((1 R,2R)-1 -methoxy-2-methyl-3-

oxo-3-(((R)-2-phenyl-1 -(pyrimidin-2-yl)ethyl)amino)propyl)pyrroiidin-1 -yl)-5-methyl-1 -

oxoheptan-4-yl)(methyl)amino)-3-methyl-1-oxobutan-2-yl)-2-azabicyclo[2.2.1]heptane-3-
5 carboxamide (61) in place of compound (56). MS m/z 688.0 (M/2+1). Retention time 

1.221 min. 

Example 67: (S)-2-((2R,3R)-3-((S)-1 -((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-(6-(5-((2,5-

Dioxopyrrolidin-1-yl)oxy)-5-oxopentanamido)hexanoyl)-2-azabicyclo[2.2.1]heptane-3-

carboxamido)-N,3-dimethylbutanamido)-3-methoxy-5-methylheptanoyi)pyrrolidin-2-yl)-3-
10 methoxy-2-methylpropanamido)-3-phenylpropanoic acid (89) 

A solution of (S)-2-((2R,3R)-3-((S)-1 -((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-(6-
aminohexanoyl)-2-azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-dimethylbutanamido)-3-

methoxy-5-methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-methylpropanamido)-3-

15 phenylpropanoic acid ((Step 2, Example 44) 20 mg, 0.021 mmol) and DIEA (0.018 ml, 

0.10 mmol) in DMF (1 mi) was added to bis(2,5-dioxopyrroiidin-1-yi) glutarate (10.1 mg, 

0.031 mmol) and DIEA (0.018 ml) in DMF (1 ml). The reaction was stirred for 2 h at rt. 

The crude was purified by preparative HPLC (20-70% acetonitrile-H?0 containing 0.05% 

TFA) to obtain (S)-2-((2R,3R)-3-((S)-1-((3R,4S,5S)-4-((S)-2-((1R,3S,4S)-2-(6-(5-((2,5-
20 dioxopyrroiidin-1-yl)oxy)-5-oxopentanamido)hexanoyl)-2-azabicycio[2.2.1]heptane-3-

carboxamido)-N,3-dimethylbutanamido)-3-methoxy-5-methylheptanoyl)pyrrolidin-2-yl)-3-

methoxy-2-methylpropanamido)-3-pheny!propanoic acid (89). MS m/z 1066.5 (M+1). 

Retention time 1.103 min. 

Synthetic procedure for example C-terminal linked compounds of Formula (I) 

25 Example 68: (1 R,3S,4S)-N-((S)-1 -(((3R,4S,5S)-1 -((S)-2-((1 R,2R)-3-(((S)-1 -((4-((6-(2,5-

Dioxo-2,5-dihydro-1 H-pyrrol-1 -yl)hexanamido)methyl)pheny!)amino)-1 -oxo-3-

phenylpropan-2-yi)amino)-1-methoxy-2-methyl-3-oxopropyl)pyrrolidin-1-yl)-3-methoxy-5-

methyl-1-oxoheptan-4-yl)(methyl)amino)-3-methyl-1-oxobutan-2-yl)-2-

azabicyclo[2.2.1 ]heptane-3-carboxamide (30) 

'0 

(89) 
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^Y! 

30 

Step 1: In a 15 mL round bottom flask were added (1 R,3S,4S)-2-(tert~butoxycarbonyl)-2-

azabicyclo[2.2.1]heptane-3-carboxylic acid (12 mg, 0.050 mmol) and DIEA (0.032 mL, 

0.18 mmol) in DMF (2.0 mL), followed by HATU (19 mg, 0.050 mmol). The resuting 

5 solution was stirred for 5 minutes. Then N-(4-((S)-2-((2R,3R)-3-((S)-1-((3R,4S,5S)-4-((S)-

2-amino-N,3-dimethy!butanamido)-3-methoxy-5-methylheptanoyl)pyrrolidin-2-yl)-3-

methoxy-2-methylpropanamido)-3-phenyipropanamido)benzyl)-6-(2,5-dioxo-2,5-dihydro-

1 H-pyrrol-1 -yl)hexanamide TFA salt (48.5 mg, 0.047 mmol) was added. The reaction 

mixture was stirred at room temperature for 1 hour. The crude was purified by reverse 

10 phase HPLC, C18 column, eiuted with 10-70% acetonitriie-H20, containing 0.05% TFA 

The fractions containing the desired product were pooled and concentrated to obtain 

(1 R,3S,4S)-tert-buty! 3-(((S)-1 -(((3R,4S,5S)-1 -((S)-2-((1 R,2R)-3-(((S)-1 -((4-((6-(2,5-dioxo-

2,5-dihydro-1 H-pyrrol-1 -yl)hexanamido)methyl)phenyl)amino)-1 -oxo-3-phenylpropan-2-

yl)amino)-1 -methoxy-2-methyi-3-oxopropyi)pyrroiidin-1 -yl)-3-methoxy-5-methyl-1 -

15 oxoheptan-4-yl)(methy!)amino)-3-methyl-1-oxobutan-2-yl)carbamoyl)-2-

azabicyclo[2.2.1]heptane-2-carboxylate, MS m/z 1139.6 (M+1). Retention time 1.39 

minutes. 

Step 2: In a 15 mL round bottom flask were added the product obtained in step 1 (42.6mg, 

0.037mmol), TFA (2.0 mL) and DCM (4.0 mL), resulting in a clear solution. The reaction 

20 mixture was stirred at room temperature for 1 hour at which time LCMS a analysis 

showed Boc was completely removed. The reaction mixture mixture was concentrated to 

obtain compound 30 as TFA salt, MS m/z 1039.6 (M+1). Retention time 1.06 minutes. 

Example 69: (1 R,3S,4S)-N-((S)-1 -(((3R,4S,5S)-1 -((S)-2-((1 R,2R)-3-(((S)-1 -((4-((6-(2,5-

Dioxo-2,5-dihydro-1 H-pyrrol-1 -yl)hexanamido)methyl)phenyi)amino)-1-oxo-3-
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phenylpropan-2-yi)amino)-1-methoxy-2-methyi-3-Gxopropyl)pyrrolidin-1-yl)-3-methoxy-5-

methyl-1-oxoheptan-4-yi)(methyl)amino)-3-methyl-1-oxobutan-2-yl)-2-methyl-2-

azabicyclo[2.2.1 ]heptane-3-carboxamide (31) 

1 O A 1 OMeO OMeO 
^ N Ph 

31 

In a 15 mL round bottom flask were added (1 R,3S,4S)-N-((S)-1-(((3R,4S,5S)-1-((S)-2-
((1 R,2R)-3-(((S)-1 -((4-((6-(2,5-dioxo-2,5-dihydro-1 H-pyrrol-1 -

yl)hexanamido)methyl)phenyl)amino)-1-oxo-3-phenylpropan-2-yl)amino)-1-methoxy-2-

methyl-3-oxopropyl)pyrrolidin-1-yl)-3-methoxy-5-methyl-1-oxoheptan-4-yl)(methyl)amino)-

3-methyl-1-oxobutan-2-yl)-2-azabicyclo[2.2.1]heptane-3-carboxamide TFA salt (30) (20 

mg, 0.017 mmol), paraformaldehyde (5.9 mg, 0.21 mmol), and acetic acid (0.0029 mL, 

0.050 mmol) in MeOH (2.0 mL). To the resulting suspension was added NaCNBH3 (6.6 

mg, 0.11 mmol). The reaction mixture was stirred at room temperature for 18 hours. 

Additional formaldehyde and NaCNBH3 were added and the reaction mixture was heated 
to 50°C for 1 hour to complete the reaction. The crude was purified by reverse phase 

HPLC, C18 column, eiuted with 10-50% acetonitriie-H20, containing 0.05% TFA. The 

fractions containing the desired product were pooled and concentrated to obtain 
compound 31 as TFA salt, MS m/z 1053.7 (M+1)). Retention time 1.07 minutes 

Example 70: (1 R,3S,4S)-2-Acetyl-N-((S)-1 -(((3R,4S,5S)-1 -((S)-2-((1 R,2R)-3-(((S)-1 -((4-

((6-(2,5-Dioxo-2,5-dihydro-1 H-pyrrol-1 -yi)hexanamido)methyi)phenyl)amino)-1 -oxo-3-

phenylpropan-2-yl)amino)-1-methoxy-2-methyl-3-oxopropyi)pyrrolidin-1-yl)-3-methoxy-5-

methyl-1-oxoheptan-4-yl)(methyl)amino)-3-methyl-1-oxobutan-2-yl)-2-

azabicyclo[2.2.1 ]heptane-3-carboxamide (32) 
CL 

O 1 OMe O OMe O ^ph 

32 

In a 15 mL round bottom flask were added acetic acid (0.79 mg, 0.013 mmol), DIEA (1.7 
mg, 0.013 mmol) and DMF (1.0 mL), followed by HBTU (2.2 mg, 0.0058 mmol). The 

reaction mixture was stirred for 5 minutes before (2S,3S)-N-((S)-1-(((3R,4S,5S)-1-((S)-2-

((1 R,2R)-3-(((S)-1 -((4-((6-(2,5-dioxo-2,5-dihydro-1 H-pyrrol-1 -
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yl)hexanamido)methyl)phenyl)amino)-1-oxo-3-phenylpropan-2-yl)amino)-1-methoxy-2-

methyl-3-oxopropyl)pyrrolidin-1-yl)-3-methoxy-5-methyl-1-oxoheptan-4-yi)(methyl)amino)-

3-methy!-1-oxobutan-2-yl)-3-methylpyrrolidine-2-carboxamide TFA salt (30) (5.5 mg, 

0.0048 mmol) was added. The reaction mixture was stirred at room temperature for 1 

hour. The crude was purified by reverse phase HPLC, C18 column, eiuted with 20-50% 

acetonitrile-H20, containing 0.05% TFA. The fractions containing the desired product 

were pooled and concentrated to obtain compound 32, MS m/z 1081.3 (M+1). Retention 

time 1.22 minutes. 

Example 71: (1 R,3S,4S)-N-((S)-1 -(((3R,4S,5S)-1 -((S)-2-((1 R,2R)-3-(((S)-1 -((4-((6-(2,5-

Dioxo-2,5-dihydro-1 H-pyrroi-1-yl)hexanamido)methyl)pheny!)amino)-1-oxo-3-

phenylpropan-2-yl)amino)-1-methoxy-2-methyl-3-oxopropyl)pyrrolidin-1-yl)-3-methoxy-5-

methyl-1-oxoheptan-4-yl)(methyl)amino)-3-methyl-1-oxobutan-2-yl)-2-(6-hydroxyhexyl)-2-

azabicyclo[2.2.1 ]heptane-3-carboxamide (33) 

To compound 30 (3.0 mg, 0.0029 mmol) in MeOH (1.0 mL) was added 6-hydroxyhexanal 

(6.7 mg, 0.058 mmol), followed by NaBH3CN (9.1 mg, 0.14mmol). After 30 minutes, 

additional NaBH3CN (9.1 mg, 0.14mmol) was added. After another 30 minutes, LCMS 

analysis indicated the completion of the reaction. The reaction mixture mixture was 

purified by reverse phase HPLC using C18 column, eiuted with 10-90% acetonitriie-H20 

containing 0.05% TFA. The fractions containing the desired product were pooled and 

Iyophiiized to obtain (1 R,3S,4S)-N-((S)-1 -(((3R,4S,5S)-1 -((S)-2-((1 R,2R)-3-(((S)-1 -((4-((6-

(2,5-dioxo-2,5-dihydro-1 H-pyrrol-1 -yl)hexanamido)methyl)pheny!)amino)-1 -oxo-3-

phenylpropan-2-yl)amino)-1-methoxy-2-methyi-3-oxopropyi)pyrrolidin-1-yl)-3-methoxy-5-

methyl-1-oxoheptan-4-yl)(methyl)amino)-3-methyl-1-oxobutan-2-yl)-2-(6-hydroxyhexyl)-2-

azabicyc!o[2,2.1]heptane-3-carboxamide 33, MS m/z 1139.6 (M+1). Retention time 1.10 

minutes. 
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Example 72: (1 R,3S,4S)-N-((S)-1 -(((3R,4S,5S)-1 -((S)-2-((1 R,2R)-3-(((S)-1 -((4-((6-(2,5-

Dioxo-2,5-dihydro-1 H-pyrrol-1-yi)hexanamido)methyl)phenyi)amino)-1-oxo-3-

phenylpropan-2-yl)amino)-1-methoxy-2-methyl-3-oxopropyl)pyrrolidin-1-yl)-3-methoxy-5-

methyl-1-oxoheptan-4-yl)(methyl)amino)-3-methyl-1-oxobutan-2-yl)-2-(6-

hydroxyhexanoyi)-2-azabicyclo[2.2.1]heptane-3-carboxamide (34) 

34 

To 6-hydroxyhexanoic acid (3.8 mg, 0.029 mmol) in DMF (1 mL) were added DIEA (7.5 

mg, 0.058 mmol) and HBTU (9.1 mg, 0.024 mmol). After 10 minutes, compound 30 (10 

mg, 0.0096 mmol) was added. The reaction mixture was stirred for 1 hour, at which time 

L CMS analysis indicated the completion of the reaction. The reaction mixture was purified 

by reverse phase HPLC using C18 column, eiuted with 10-90% acetonitriie-H20 

containing 0.05% TFA. The fractions containing the desired product were pooled and 

Iyophiiized to obtain compound 34, MS m/z 1153.5 (M+1). Retention time 1.20 minutes. 

Example 73: (2S)-N-((S)-1 -(((3R,4S,5S)-1 -((S)-2-((1 R,2R)-3-(((S)-1 -((4-((6-(2,5-Dioxo-

2,5-dihydro-1 H-pyrrol-1 -yl)hexanamido)methyl)phenyl)amino)-1 -oxo-3-phenylpropan-2-

yl)amino)-1 -methoxy-2-methy!-3-oxopropy!)pyrro!idin-1 -yl)-3-methoxy-5-methyl-1 -

oxoheptan-4-yl)(methyi)amino)-3-methyl-1-oxobutan-2-yl)-3-azabicyclo[3.1.0]hexane-2-

carboxamide (35) 
a 

O 1 OMe O OMe O -v,' 
^ Ph 

35 

This compound was synthesized using the same method as described for compound 30 

using 3-(tert-Butoxycarbonyl)-3-azabicyclo[3.1.0]hexane-2-carboxylic acid (12.5 mg, 

0.055 mmol), DIEA (28.5 mg, 0.22 mmol), HATU (21 mg, 0.055 mmol) and N-(4-((S)-2-

((2R,3R)-3-((S)-1-((3R,4S,5S)-4-((S)-2-amino-N,3-dimethylbutanamido)-3-methoxy-5-
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methylheptanoyl)pyrroiidin-2-yl)-3-methoxy-2-methyipropanamido)-3-
phenylpropanamido)benzyi)-6-(2,5-dioxo-2,5-dihydro-1 H-pyrroi-1-yl)hexanamide TFA salt 

(11 mg, 0.011 mmol). After purification, the Boc-protected intermediate was obtained, MS 

m/z 1125.5 (M+1). Retention time 1.34 minutes. The product thus obtained (10 mg, 

5 0.0089 mmol) was treated with TFA (2.0 mL) in DCM (4.0 mL). The reaction mixture was 

stirred at room temperature for 1 hour and LCMS analysis showed Boc was completely 

removed. The solution was concentrated to obtain compound 35 as TFA salt, MS m/z 

1025.5 (M+1). Retention time 1.06 minutes 

Example 74: (2S)-N-((S)-1 -(((3R,4S,5S)-1 -((S)-2-((1 R,2R)-3-(((S)-1 -((4-((6-(2,5-Dioxo-

10 2,5-dihydro-1 H-pyrrol-1 -yl)hexanamido)methyl)phenyl)amino)-1 -oxo-3-phenylpropan-2-

yl)amino)-1 -methoxy-2-methy!-3-oxopropy!)pyrro!idin-1 -y!)-3-methoxy-5-methyl-1 -

oxoheptan-4-yl)(methyl)amino)-3-methyl-1-oxobutan-2-yl)-3-methyi-3-

azabicyclo[3.1.0]hexane-2-carboxamide (36) 

36 

15 To (2S)-N-((S)-1 -(((3R,4S,5S)-1 -((S)-2-((1 R,2R)-3-(((S)-1 -((4-((6-(2,5-dioxo-2,5-dihydro-

1 H-pyrrol-1 -yl)hexanamido)methyl)phenyl)amino)-1 -oxo-3-phenylpropan-2-yl)amino)-1 -

methoxy-2-methyl-3-oxopropyi)pyrrolidin-1-yl)-3-methoxy-5-methyl-1-oxoheptan-4-

yl)(methyl)amino)-3-methyl-1-oxobutan-2-yl)-3-azabicyclo[3.1.0]hexane-2-carboxamide 

TFA salt (35) (7.9 mg, 0.0062 mmol) and paraformaldehyde (2.7 mg, 0.089 mmol) in 

20 MeOH (2.0 mL) was added NaCNBH3 (11 mg, 0.018 mmol). The reaction mixture was 
stirred at 50°C for 2 hours. The crude was purified by reverse phase HPLC, C18 column, 
eiuted with 20-50% acetonitrile-H20, containing 0.05% TFA. The fractions containing the 

desired product were pooled and concentrated to obtain compound 36 as TFA salt, MS 
m/z 1039.5 (M+1). Retention time 1.07 minutes. 

25 Example 75: (1 R,3S,4S)-N-((S)-1 -(((3R,4S,5S)-1 -((S)-2-((1 R,2R)-3-(((S)-1 -((4-((6-(2,5-

Dioxo-2,5-dihydro-1 H-pyrrol-1 -yl)hexanamido)methyl)pheny!)amino)-1 -oxo-3-

phenylpropan-2-yi)amino)-1-methoxy-2-methyl-3-oxopropyl)pyrrolidin-1-yl)-3-methoxy-5-

methyl-1-oxoheptan-4-yi)(methyl)amino)-3-methyl-1-oxobutan-2-y!)-2-

(2,5,8,11,14,17,20,23,26,29,32,35-dodecaoxaoctatriacontan-38-oy!)-2-

30 azabicyclo[2.2.1]heptane-3-carboxamide (37) 
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10 

15 

HATU, DIEA, DMF 

37 

To 2,5,8,11,14,17,2G,23,26,29,32,35-dodecaoxaoctatriacontan-38-oic acid (17,0 mg, 

0.029 mmol) in DMF (1.5 mL) were added DIEA (7.5 mg, 0.058 mmol) and HATU(9.2 mg, 

0.024 mmol). After 10 minutes, compound 30 (10.0 mg, 0.0096 mmol) was added. The 

reaction mixture was stirred for 2 hours at room temperature. The reaction mixture was 

purified by reverse phase HPLC using C18 column, eiuted with 10-90% acetonitriie-H20 

containing 0.05% TFA. The fractions containing the desire product were pooled and 

Iyophiiized to obtain compound 37, MS m/z 805.6 ((M+2)/2). Retention time 1.25 minutes 

Example 76: (1 R,3S,4S)-N-((S)-1 -(((3R,4S,5S)-1 -((S)-2-((1 R,2R)-3-(((S)-1 -((4-((6-(2,5-

Dioxo-2,5-dihydro-1 H-pyrrol-1-yl)hexanamido)methyl)phenyi)amino)-1-oxo-3-

phenylpropan-2-yl)amino)-1-methoxy-2-methyl-3-oxopropyl)pyrrolidin-1-yl)-3-methoxy-5-

methyl-1-oxoheptan-4-yl)(methyl)amino)-3-methyl-1-oxobutan-2-yl)-2-

(2,5,8,11,14,17,20,23-octaoxahexacosan-26-oyi)-2-azabicyclo[2.2.1 ]heptane-3-

carboxamide (38) 

1 OMe O OMe O V. n 
^ - Ph 0= 

-0-

Compound 38 was synthesized by the same method as described for compound 37 using 

compound 30 (10 mg, 0.0096 mmol) and 2,5,8,11,14,17,20,23-octaoxahexacosan-26-oic 

acid (11.91 mg, 0.029 mmol), MS m/z 717.5 ((M+2)/2). Retention time 1.25 minutes. 
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Example 77: (1 R,3S,4S)-N-((S)-1 -(((3R,4S,5S)-1 -((S)-2-((1 R,2R)-3-(((S)-1 -((4-((6-(2,5-

Dioxo-2,5-dihydro-1 H-pyrrol-1-yi)hexanamido)methyl)phenyi)amino)-1-oxo-3-

phenylpropan-2-yl)amino)-1-methoxy-2-methyl-3-oxopropyl)pyrrolidin-1-yl)-3-methoxy-5-

methyl-1-oxoheptan-4-yl)(methyl)amino)-3-methyl-1-oxobutan-2-yl)-2-(1-hydroxy-

3,6,9,12-tetraoxapentadecan-15-oyl)-2-azabicyclo[2.2.1]heptane-3-carboxamide (39) 

Compound 39 was synthesized by the same method as described for compound 37 using 

using 30 (10 mg, 0.0096 mmol), 1-hydroxy-3,6,9,12-tetraoxapentadecan-15-oic acid (7.7 

mg, 0.029 mmol), DIEA (7.46 mg, 0.058 mmol) and HBTU (9.12mg, 0.024 mmol) in DMF 

(1.5 mL), MS m/z 1287.6 (M+1)). Retention time 1.18 minutes 

Example 78: (1 R,3S,4S)-N-((S)-1 -(((3R,4S,5S)-1 -((S)-2-((1 R,2R)-3-(((S)-1 -((4-((4-((2,5-

Dioxo-2,5-dihydro-1 H-pyrrol-1-yl)methyl)cyclohexanecarboxamido)methyl)phenyl)amino)-

1 -oxo-3-phenylpropan-2-yl)amino)-1 -methoxy-2-methyl-3-oxopropyl)pyrro!idin-1 -yl)-3-

methoxy-5-methyl-1-oxoheptan-4-yl)(methyi)amino)-3-methyl-1-oxobutan-2-yi)-2-methyl-

2-azabicyclo[2.2.1]heptane-3-carboxamide (40) 
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Step 1: (S)-2-((tert-Butoxycarbonyl)amino)-3-pheny!propanoic acid (964 mg, 3.63 mmol) 

was dissolved in DMF (10 mL). DIEA (1.27 g, 9.84 mmol) and HATU (1.13 g, 3.03 mmol) 

were added. After 10 minutes, benzyl 4-aminobenzylcarbamate (388 mg, 1.51 mmol) 

5 was added. The reaction mixture was stirred for 2 hours at room temperature at which 

time LCMS analysis indicated the completion of the reaction. EtOAc (60 mL) was added 

to the reaction. Then the reaction mixture was washed with saturated aqueous NaHC03. 

The aqueous layer was extracted with EtOAc (2 x 30 mL). The combined organic phases 

were washed with H20 (5 x 10mL), dried over MgS04, filtered and concentrated to afford 

10 the crude product. The crude product was dissolved in DCM (5.0 mL) and treated with 

TFA (5.0 mL). After 1 hour at room temperature, LCMS analysis indicated the completion 

of the reaction. Solvents were removed under reduced pressure. The residue was 

purified by ISCO using 0-8% MeOH with 2M ammonia in DCM to obtained (S)-benzyl 4-
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(2-amino-3-phenylpropanamido)benzylcarbamate as a white solid, MS m/z404.2(M+1)). 
1H NMR (400 MHz, CD3OD): 5 7.44-7.23 (m, 14H), 5.10 (s, 2H), 4.26 (s, 2H), 4.12 (d, J = 

7.4 Hz, 1H), 3.28-3.22 (m, 1H), 3.15-3.10 (m, 1H). 

Step 2: (S)-Benzyl 4-(2-amino-3-phenylpropanamido)benzylcarbamate (201.7 mg, 0.50 

5 mmol) and (2R,3R)-3-((S)-1-((3R,4S,5S)-4-((S)-2-((tert-butoxycarbonyl)amino)-N,3-

dimethylbutanamido)-3-methoxy-5-methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-

methylpropanoic acid (429 mg, 0.75 mmol) were dissolved in DMF (6 mL). Then DIEA 

(323 mg, 2.50 mmol) and HATU (342 mg, 0.90 mmol) were added. The reaction mixture 

was stirred for 1 hour at room temperature. The reaction mixture was purified by reverse 

10 phase HPLC to afford benzyl 4-((S)-2-((2R,3R)-3-((S)-1 -((3R,4S,5S)-4-((S)-2-amino-N,3-

dimethylbutanamido)-3-methoxy-5-methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-

methylpropanamido)-3-phenylpropanamido)benzyicarbamate, MS m/z957.5 (M+1), 

Retention time 1.54 minutes. The Boc protected product (393 mg, 0.41 mmol) was 

dissolved in methanolic HCI (3 M, 15 mL). The solvent was slowly evaporated under 

15 reduced pressure. LCMS analysis indicated the completion of the deprotection reaction. 

Acetonitrile and water were added and the resulting solution was iyophiiized to obtain 

benzyl 4-((S)-2-((2R,3R)-3-((S)-1-((3R,4S,5S)-4-((S)-2-amino-N,3-dimethylbutanamido)-3-

methoxy-5-methylheptanoyi)pyrroiidin-2-yl)-3-methoxy-2-methyipropanamido)-3-

phenylpropanamido)benzyicarbamate as a HCI salt, MS m/z 857.5 (M+1). Retention time 

20 1.16 minutes. 

Step 3: (1 R,3S,4S)-2-(tert-Butoxycarbonyl)-2-azabicyclo[2.2.1]heptane-3-carboxylic acid 
(190 mg, 0.788 mmol) was dissolved in DMF (5.0 mL). DIEA (254 mg, 1,97mmol) and 
HATU (270 mg, 1.71 mmol) were added. The reaction mixture was stirred for 15 minutes, 

and benzyl 4-((S)-2-((2R,3R)-3-((S)-1 -((3R,4S,5S)-4-((S)-2-amino-N,3-

25 dimethylbutanamido)-3-methoxy-5-methyiheptanoyi)pyrrolidin-2-yl)-3-methoxy-2-

methylpropanamido)-3-pheny!propanamido)benzyicarbamate (336 mg, 0.394 mmoi) was 

added. The reaction mixture was stirred for 2 hours at room temperature at which time 

LCMS analysis indicated the completion of the reaction. The reaction mixture was 

purified by reverse phase HPLC using C18 column, eiuted with 10-90% acetonitrile-H20 

30 containing 0.05% TFA. The fractions containing the desired product were pooled and 

yophilized to obtain (1 R,3S,4S)-tert-butyl 3-(((S)-1-(((3R,4S,5S)-1-((S)-2-((1 R,2R)-3-(((S)-
1-((4-((((benzyloxy)carbonyi)amino)methyi)phenyl)amino)-1-oxo-3-phenylpropan-2-
yl)amino)-1 -methoxy-2-methyi-3-oxopropyi)pyrroiidin-1 -y!)-3-methoxy-5-methyl-1 -

oxoheptan-4-yl)(methyl)amino)-3-methyl-1-oxobutan-2-yl)carbamoyl)-2-
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azabicyclo[2.2.1]heptane-2-carboxylate, MS m/z 1080.5 (M+1), Retention time 1.56 

minutes. 

The Boc protected product (88 mg, 0.081 mmol) was dissolved in methanolic HCI (3 M, 

6.0 mL). The solvent was slowly evaporated under reduced pressure. LCMS analysis 

5 indicated the completion of the deprotection reaction. Acetonitrile and water were added 

and the resulting solution was Iyophiiized to obtain benzyl 4-((S)-2-((2R,3R)-3-((S)-1-

((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-

dimethylbutanamido)-3-methoxy-5-methyiheptanoyi)pyrrolidin-2-yl)-3-methoxy-2-

methylpropanamido)-3-phenylpropanamido)benzyicarbamate as a HCI salt, MS m/z 980.5 
10 (M+1). 

Step 4: Benzyl 4-((S)-2-((2R,3R)-3-((S)-1 -((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-

azabicyclo[2.2.1]heptane-3-carboxamido)-N,3-dimethylbutanamido)-3-methoxy-5-

methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-methylpropanamido)-3-

phenylpropanamido)benzylcarbamate (65.8 mg, 0.067 mmol) was dissolved in MeOH (4 

15 mL). Paraformaldehyde (22.8 mg, 0.76 mmol) and acetic acid (0.023 mL, 0.40 mmol) 

were added, followed by sodium cyanoborohydride (47.7 mg, 0.76 mmoi). The reaction 

mixture was heated to 50°C with stirring for 1 hour. LCMS analysis indicated the 

completion of the reaction. The crude was purified by reverse phase HPLC using C18 

column, eiuted with 10-90% acetonitrile-H20 containing 0.05% TFA. The fractions 

20 containing the desired product were pooled and Iyophiiized to obtain benzyl 4-((S)-2-

((2R,3R)-3-((S)-1-((3R,4S,5S)-4-((S)-N,3-dimethyl-2-((1 R,3S,4S)-2-methyl-2-

azabicyc!o[2,2.1]heptane-3-carboxamido)butanamido)-3-methoxy-5-

methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-methylpropanamido)-3-

phenylpropanamido)benzyicarbamate, MS m/z 994.5 (M+1). Retention time 1.21 

25 minutes. 

Step 5: Benzyl 4-((S)-2-((2R,3R)-3-((S)-1 -((3R,4S,5S)-4-((S)-N,3-dimethyl-2-((1 R,3S,4S)-

2-methyi-2-azabicycio[2.2.1]heptane-3-carboxamido)butanamido)-3-methoxy-5-

methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-methylpropanamido)-3-

phenylpropanamido)benzy!carbamate (48 mg, 0.048 mmol) was dissolved in MeOH (5.0 

30 mL), and flashed under N2. Pd/C (20.5 mg, 10%Pd) was added. The reaction vessel was 

evacuated and backfilled with H2. This operation was repeated five times to replace the 

reaction atmosphere with H2. The reaction mixture was stirred for 2 hours at room 

temperature under H2 LCMS analysis indicated the completion of the reaction. The 
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eaction mixture was filtered, and concentrated to obtained (1 R,3S,4S)-N-((S)-1-
(((3R,4S,5S)-1 -((S)-2-((1 R,2R)-3-(((S)-1 -((4-(aminomethyi)phenyi)amino)-1 -oxo-3-

phenylpropan-2-yl)amino)-1-methoxy-2-methyl~3-oxopropyl)pyrrolidin-1-yl)-3-methoxy-5-

methyl-1-oxoheptan-4-yl)(methyl)amino)-3-methyl-1-oxobutan-2-yl)-2-methyl-2-
5 azabicyclo[2.2.1]heptane-3-carboxamide, MS m/z 860.5 (M+1). Retention time 0.86 

minutes. The product thus obtained was used in the next step without further purification 

Step 6: (1 R,3S,4S)-N-((S)-1 -(((3R,4S,5S)-1 -((S)-2-((1 R,2R)-3-(((S)-1 -((4-

(Aminomethyl)phenyi)amino)-1-oxo-3-phenyipropan-2-yl)amino)-1-methoxy-2-methyi-3-

oxopropyl)pyrrolidin-1-yi)-3-methoxy-5-methyi-1-oxoheptan-4-yl)(methyi)amino)-3-methyl-

10 1-oxobutan-2-yi)-2-methyi-2-azabicyclo[2.2.1]heptane-3-carboxamide (12 mg, 0.014 

mmol) and 2,5-dioxopyrrolidin-1-yl 4-((2,5-dioxo-2,5-dihydro-1 H-pyrrol-1 -

yl)methyl)cyclohexanecarboxyiate (5.6 mg, 0.017 mmol) were dissolved in DMF (1 mL), 

and DIEA (10.8 mg, 0.084 mmol) was added. The reaction mixture was stirred for 1 hour 

at room temperature. LCMS analysis indicated the completion of the reaction. The crude 

15 was purified by reverse phase HPLC using C18 column, eiuted with 10-90% acetonitrile-

H20 containing 0.05% TFA. The fractions containing the desired product were pooled 

and Iyophiiized to obtain compound 40, MS m/z 1079.5 (M+1). Retention time 1.12 

minutes. 

Example 79: (1 R,3S,4S)-N-((S)-1 -(((3R,4S,5S)-1 -((S)-2-((1 R,2R)-3-(((S)-1 -((4-((3-(2-(2-

20 (2,5-Dioxo-2,5-dihydro-1 H-pyrrol-1 -yl)ethoxy)ethoxy)propanamido)methyl)phenyl)amino)-

1 -oxo-3-phenylpropan-2-yl)amino)-1 -methoxy-2-methyl-3-oxopropyl)pyrrolidin-1 -yl)-3-

methoxy-5-methyl-1-oxoheptan-4-yl)(methyi)amino)-3-methyl-1-oxobutan-2-yi)-2-methyi-

2-azabicyclo[2.2.1]heptane-3-carboxamide (41) 
o o 

H - ^ ̂  ^ g r^Tl^NHs ^ 

^NVYN -VVM N Y v N x n Y rf - N 
I n I I OMe O OMeO ^ H HATU, DIEA, DMF 

Ph 

H O I LJ o ^ ^ "N . ' ' " " . JUi H 
N Y X N Y Y Y X N 

H 
"Ph 41 

,MVTNVYA 1 n ^ I OMe O OMe 0 * 

25 To 3-(2-(2-(2,5-dioxo-2,5-dihydro-1 H-pyrroi-1 -yl)ethoxy)ethoxy)propanoic acid (7.2 mg, 
0.028 mmol) in DMF (1.5 ml) were added DIEA (10.8 mg, 0.084 mmol) and HATU (8.0 

mg, 0.021 mmol). After 10 minutes, (1 R,3S,4S)-N-((S)-1 -(((3R,4S,5S)-1 -((S)-2-((1 R,2R)-
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3-(((S)-1 -((4-(aminomethyl)phenyi)amino)-1 -oxo-3-phenyipropan-2-yl)amino)-1 -methoxy-

2-methyi-3-oxopropyl)pyrroiidin-1-yi)-3-methoxy-5-methyl-1-oxoheptan-4-

yl)(methyl)amino)-3-methyl-1-oxobutan-2-yl)-2-methyi-2-azabicyclo[2,2.1]heptane-3-

carboxamide (12 mg, 0.014 mmol) was added. The reaction mixture was stirred for 2 

5 hours at room temperature. The crude was purified by reverse phase HPLC using C18 

column, eiuted with 10-90% acetonitriie-H20 containing 0.05% TFA. The fractions 

containing the desired product were pooled and Iyophiiized to obtain compound 41, MS 
m/z 1099.5 (M+1). Retention time 1.07 minutes. 

Example 80: (1 R,3S,4S)-N-((S)-1 -(((3R,4S,5S)-1 -((S)-2-((1 R,2R)-3-(((S)-1 -((4-((2,5-

10 Dioxo-2,5-dihydro-1 H-pyrrol-1 -yl)methyl)phenyl)amino)-1 -oxo-3-phenylpropan-2-

yl)amino)-1 -methoxy-2-methy!-3-oxopropy!)pyrro!idin-1 -y!)-3-methoxy-5-methyl-1 -

oxoheptan-4-yl)(methyl)amino)-3-methyl-1-oxobutan-2-yl)-2-methyi-2-

azabicyclo[2.2.1 ]heptane-3-carboxamide (42) 

15 To saturated aqueous NaHC03 (3.0 mL) was added (1 R,3S,4S)-N-((S)-1 -(((3R,4S,5S)-1 -

((S)-2-((1 R,2R)-3-(((S)-1 -((4-(Aminomethyl)phenyl)amino)-1 -oxo-3-phenylpropan-2-

yl)amino)-1 -methoxy-2-methyi-3-oxopropyi)pyrroiidin-1 -yl)-3-methoxy-5-methyl-1 -

oxoheptan-4-yl)(methy!)amino)-3-methyl-1-oxobutan-2-yl)-2-methy!-2-

azabicyclo[2.2.1]heptane-3-carboxamide (20.0 mg, 0.023 mmol). The resulting 

20 suspension was cooled to 0°C, and methyl 2,5-dioxo-2,5-dihydro-1 H-pyrrole-1 -

carboxylate (14.4 mg, 0.093 mmol) was added. The reaction mixture was stirred at 0°C 

for 1.5 hours. The crude was purified by reverse phase HPLC using C18 column, eiuted 

with 10-90% acetonitrile-H20 containing 0.05% TFA. The fractions containing the desired 

product were pooled and Iyophiiized to obtain compound 42, MS m/z 940.5 (M+1). 

25 Retention time 1.13 minutes. 

Example 81: (1 R,3S,4S)-N-((S)-1 -(((3R,4S,5S)-1 -((S)-2-((1 R,2R)-3-(((S)-1 -((4-((3-(6-

(2,5-Dioxo-2,5-dihydro-1 H-pyrrol-1 -yl)hexyl)ureido)methyl)phenyl)amino)-1 -oxo-3-

phenylpropan-2-yl)amino)-1-methoxy-2-methyl-3-oxopropyl)pyrrolidin-1-yl)-3-methoxy-5-

methyl-1-oxoheptan-4-yl)(methyl)amino)-3-methyl-1-oxobutan-2-yl)-2-methyl-2-
30 azabicyclo[2.2.1]heptane-3-carboxamide (43) 
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43 

Step 1: (1 R,3S,4S)-tert-Butyl 3-(((S)-1 -(((3R,4S,5S)-1 -((S)-2-((1 R,2R)-3-(((S)-1 -((4-

((((Benzyloxy)carbonyl)amino)methyl)phenyl)amino)-1-oxo-3-phenylpropan-2-yl)amino)-1-

methoxy-2-methyl-3-oxopropy!)pyrrolidin-1-yl)-3-methoxy-5-methyl-1-oxoheptan-4-

yl)(methyl)amino)-3-methyl-1-oxobutan-2-yl)carbamoyl)-2-azabicyclo[2.2.1]heptane-2-

carboxylate (211 mg, 0.195 mmol) was dissolved in MeOH (10 mL). Pd/C (41.6 mg, 
10%Pd) was added. The reaction vessel was evacuated and backfilled with H2. This 

operation was repeated five times to replace the reaction atmosphere with H2. The 

reaction mixture was stirred for 2 hours at room temperature under H2 LCMS analysis 

indicated the completion of the reaction. The reaction mixture was filtered and 

concentrated to afford (1 R,3S,4S)-tert-butyl 3-(((S)-1-(((3R,4S,5S)-1-((S)-2-((1R,2R)-3-

(((S)-1 -((4-(aminomethyi)phenyi)amino)-1 -oxo-3-phenylpropan-2-yl)amino)-1 -methoxy-2-

methyl-3-oxopropyl)pyrrolidin-1-yi)-3-methoxy-5-methyl-1-oxoheptan-4-y!)(methyi)amino)-

3-methyl-1-oxobutan-2-yl)carbamoyl)-2-azabicyclo[2.2.1]heptane-2-carboxylate, MS m/z 
946.6 (M+1)), which was used in the next step without purification 

Step 2: (1 R,3S,4S)-tert-Butyl 3-(((S)-1-(((3R,4S,5S)-1-((S)-2-((1R,2R)-3-(((S)-1-((4-

(aminomethyl)phenyl)amino)-1-oxo-3-phenylpropan-2-yl)amino)-1-methoxy-2-methyl-3-

oxopropyl)pyrroiidin-1-yi)-3-methoxy-5-methyl-1-oxoheptan-4-yl)(methyi)amino)-3-methyl-

1-oxobutan-2-yi)carbamoyi)-2-azabicyc!o[2.2.1]heptane-2-carboxylate (30mg, 0.032mmol) 

151 



WO 2015/095301 PCT/US2014/070800 

was dissolved in DMF(3 ml) and THF(3 ml). Then DIEA (20.5 mg, 0.16 mmol) and 4-

nitrophenyl carbonochloridate (12.8 mg, 0.063 mmoi) were added. The reaction mixture 

was stirred for 2 hours at room temperature. LC/MS analysis indicated the completion of 

the reaction. The crude was purified by reverse phase HPLC using C18 column, eiuted 

5 with 10-90% acetonitrile-H20 containing 0.05% TFA. The fractions containing the desired 

product were pooled and Iyophiiized to obtain (1 R,3S,4S)-tert-butyl 3-(((S)-1-

(((3R,4S,5S)-3-methoxy-1 -((S)-2-((1 R,2R)-1 -methoxy-2-methyl-3-(((S)-1 -((4-((((4-

nitrophenoxy)carbonyl)amino)methyl)phenyi)amino)-1-oxo-3-phenylpropan-2-yl)amino)-3-

oxopropyl)pyrro!idin-1 -yi)-5-methyl-1 -oxoheptan-4-yl)(methyi)amino)-3-methyl-1 -

10 oxobutan-2-yl)carbamoyl)-2-azabicyclo[2.2.1]heptane-2-carboxylate, MS m/z 1111.5 

(M+1). Retention time 1.54 minutes. 

Step 3: To (1 R,3S,4S)-tert-Butyl 3-(((S)-1 -(((3R,4S,5S)-3-methoxy-1 -((S)-2-((1 R,2R)-1 -

methoxy-2-methyl-3-(((S)-1-((4-((((4-nitrophenoxy)carbonyl)amino)methyl)phenyl)amino)-

1 -oxo-3-phenylpropan-2-yl)amino)-3-oxopropyl)pyrro!idin-1 -yl)-5-methyl-1 -oxoheptan-4-

15 yl)(methyl)amino)-3-methyl-1-oxobutan-2-yl)carbamoyl)-2-azabicyclo[2.2.1]heptane-2-

carboxylate (13.7 mg, 0.012 mmol) dissolved in DMF (1.0 mL) and THF (1.0 mL) were 

added 1-(6-aminohexyl)-1 H-pyrrole-2,5-dione (14.5 mg, 0.074 mmol) and DIEA (31.9 mg, 

0.25 mmol). The reaction mixture was stirred for 4 hours at room temperature. Te LCMS 

analysis indicated the completion of the reaction. The crude was purified by reverse 

20 phase HPLC using C18 column, eiuted with 10-90% acetonitrile-H20 containing 0.05% 

TFA. The fractions containing the desired product were pooled and Iyophiiized to obtain 
(1 R,3S,4S)-tert-butyi 3-(((S)-1 -(((3R,4S,5S)-1 -((S)-2-((1 R,2R)-3-(((S)-1 -((4-((3-(6-(2,5-

dioxo-2,5-dihydro-1 H-pyrrol-1 -yl)hexyl)ureido)methyl)phenyl)amino)-1 -oxo-3-

phenylpropan-2-yl)amino)-1-methoxy-2-methyl-3-oxopropyl)pyrrolidin-1-yl)-3-methoxy-5-

25 methyl-1 -oxoheptan-4-yl)(methyi)amino)-3-methyl-1 -oxobutan-2-yl)carbamoyl)-2-
azabicyclo[2.2.1]heptane-2-carboxylate, MS m/z 1168.6 (M+1). The Boc protected 

product thus obtained was dissolved in methanolic HCI (3 M, 2.0 mL). The solvent was 

removed slowly under reduced pressure. LCMS analysis indicated the completion of the 

reaction. The residue was dissolved in Acetonitrile and water and Iyophiiized to afford 

30 (1 R,3S,4S)-N-((S)-1-(((3R,4S,5S)-1 -((S)-2-((1 R,2R)-3-(((S)-1 -((4-((3-(6-(2,5-dioxo-2,5-

dihydro-1 H-pyrrol-1 -yl)hexy!)ureido)methyl)pheny!)amino)-1 -oxo-3-pheny!propan-2-

yl)amino)-1 -methoxy-2-methyi-3-oxopropyi)pyrrolidin-1 -yl)-3-methoxy-5-methyl-1 -

oxoheptan-4-y!)(methyl)amino)-3-methyl-1-oxobutan-2-yi)-2-azabicycio[2.2.1]heptane-3-

carboxamide as a HCI salt, MS m/z 1068.6 (M+1). Retention time 1.09 minutes 
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Step 4: (1 R,3S,4S)-N-((S)-1 -(((3R,4S,5S)-1 -((S)-2-((1 R,2R)-3-(((S)-1 -((4-((3-(6-(2,5-

Dioxo-2,5-dihydro-1 H-pyrrol-1-yi)hexyl)ureido)methyl)phenyl)amino)-1-oxo-3-

phenylpropan-2-yl)amino)-1-methoxy-2-methy!-3-oxopropy!)pyrro!idin-1-yl)-3-methoxy-5-

methyl-1-oxoheptan-4-yl)(methyl)amino)-3-methyl-1-oxobutan-2-yl)-2-

azabicyclo[2.2.1]heptane-3-carboxamide (8.4 mg, 0.0079 mmol) was dissolved in 

MeOH(1.5 mL). Paraformaldehyde (2.7 mg, 0.089 mmol) and acetic acid (0.0027 mL, 

0.046 mmol) were added, followed by sodium cyanoborohydride (5.6 mg, 0.089 mmol). 

The reaction mixture was heated to 50°C for 1 hour with stirring. The crude was purified 

by reverse phase HPLC using C18 column, eiuted with 10-90% acetonitrile-H20 

containing 0.05% TFA. The fractions containing the desired product were pooled and 
Iyophiiized to obtain compound 43, MS m/z 1082.6 (M+1). Retention time 1.11 minutes. 

Example 82: (1 R,3S,4S)-N-((S)-1 -(((3R,4S,5S)-1 -((S)-2-((1 R,2R)-3-(((S)-1 -((4-((6-(2,5-

Dioxo-2,5-dihydro-1 H-pyrrol-1 -yl)hexanamido)methyl)phenyl)(methyl)amino)-1 -oxo-3-

phenylpropan-2-yl)amino)-1-methoxy-2-methyi-3-oxopropyi)pyrrolidin-1-yl)-3-methoxy-5-

methyl-1-oxoheptan-4-yl)(methyl)amino)-3-methyl-1-oxobutan-2-yl)-2-methyl-2-

azabicyclo[2.2.1 ]heptane-3-carboxamide (44) 

rfY^NH; 
BOG XJ 

Boc' 

u 0 u OH 

Ph 

1) HATU. DIEA, DMF H 
2) TFA/DCM step t 

O 1) HATU, DIEA, DMF ' v' 'T ^ 

2) 3M HCI in MeOH 

Step 2 

BOC' 

OM(P OMP 
Boc-Val-Dil-Dap-OH 

1) HATU, DIEA, DMF step 3 
2) 3M HCI in MeOH 

H O 

XT 

H O 1 OMeO OMeO V™ N 
1) HATU, DIEA, DMF 

2) HCI step 4 

HCHO 

NaCNBH3 

MeOH 

I O 1 OMeO OMeO "sm. * 

44 

"O" 

Step 5 '' 

Step 1: 6-(2,5-Dioxo-2,5-dihydro-1 H-pyrroi-1-yl)hexanoic acid (349 mg, 1.65 mmol) were 

dissolved in DMF (10 mL). Then DIEA (820 mg, 6.35 mmol) and HATU (579 mg, 1.52 
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mmol) were added and the reaction mixture was stirred at room temperature for 10 

minutes. tert-Butyi (4-(aminomethyl)phenyi)(methyl)carbamate (300 mg, 1.27 mmol) was 

then added. The reaction mixture was stirred for 1 hour at room temperature. EtOAc (30 

mL) was added to the reaction. Then the reaction mixture was washed with saturated 

5 aqueous NaHC03. The aqueous layer was extracted with EtOAc (2 x 30 mL). The 

combined organic phase was washed with H20 (5x10 mL), dried with MgS04, 

concentrated and purified by ISCO (EtOAc/Hexane 0-80%). The desired product, MS m/z 

374.2 (M+1-tBu), retention time 1.156 minutes, was obtained as a yellow oil. The product 

was dissolved in DCM (3 mL) and treated with TFA (1 mL). After 1 hour at room 

10 temperature, solvents were removed under reduced pressure. The residue was taken up 

in acetonitrile and H20 and Iyophiiized to obtained 6-(2,5-dioxo-2,5-dihydro-1 H-pyrrol-1-
yl)-N-(4-(methyiamino)benzyi)hexanamide as a yellow solid (MS m/z330.2 (M+1), 
Retention time 0.61 minutes). 

Step 2: To (S)-2-((tert-butoxycarbonyl)amino)-3-phenylpropanoic acid (219 mg, 0.827 

15 mmol) dissolved in DMF (5 mL) were added DIEA (356 mg, 2.76 mmol) and HATU (288 

mg, 0.758 mmoi). After stirred for 10 minutes at room temperature, 6-(2,5-dioxo-2,5-

dihydro-1 H-pyrrol-1-yl)-N-(4-(methylamino)benzyl)hexanamide (227 mg, 0.689 mmol) was 

added. The reaction mixture was stirred for 2 hours at room temperature. EtOAc (20 mL) 

was added to the reaction. Then the reaction mixture was washed with saturated aqueous 

20 NaHC03. The aqueous layer was extracted with EtOAc(2 x 20 mL). The combined 

organic phase was washed with H20 (5x10 mL), dreid over anhydrous MgS04, 

concentrated and purified by ISCO (EtOAc/Hexane, 0-75%), affording the desired product. 

MS m/z 577.3 (M+1). Retention time 1.19 minutes. 1H NMR (400 MHz, DMSO-d6): 5 

10.00 (s, 1H), 8.24 (t, J = 6.0 Hz, 1 h), 7.52 (d, j = 8.4 Hz, 2H), 7.32-7.09 (m, 7H), 7.01 (s, 

25 2H), 4.31 (m, 1H), 4.19 (d, J = 6.0 Hz, 2H), 3.38 (t, J = 7.0 Hz, 2H), 3.17 (d, J= 7.2 Hz, 

2H), 3.00 (m, 1H), 2.85 (m, 1H), 2.10 (t, J = 7.4 Hz, 2H), 1.54-1.44 (m, 4H), 1.31 (S, 9H), 

1.22-1.15 (m, 4H). The product was dissolved in 3M HCI in MeOH (5 mL). Solvents were 

removed slowly under reduced pressure. The residue was taken up in acetonitrile and 

H20 and Iyophiiized to obtained (S)-N-(4-(2-amino-N-methyl-3-

30 phenylpropanamido)benzyl)-6-(2,5-dioxo-2,5-dihydro-1 H-pyrrol-1 -yl)hexanamide as HCI 

salt. MS m/z477.2 (M+1). Retention time 0.83 minutes 

Step 3: To Boc-Val-Dil-Dap-OH (347mg, 0.607mmol) dissolved in DMF (4mL) were 

added DIEA (261 mg, 2.02 mmol) and HATU(282 mg, 0.49 mmol) were. After stirred for 

15 minutes at room temperature (S)-N-(4-(2-amino-N-methyl-3-
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phenylpropanamido)benzyl)-6-(2,5-dioxo-2,5-dihydro-1 H-pyrrol-1 -yl)hexanamide (193 mg, 

0.404 mmol) was added. The reaction mixture was stirred for 2 hours at room 

temperature. The reaction mixture was purified by reverse-phase HPLC to afford the 

desired product, N-(4-((S)-2-((2R,3R)-3-((S)-1 -((3R,4S,5S)-4-((S)-2-amino-N,3-

5 dimethylbutanamido)-3-methoxy-5-methyiheptanoyi)pyrroiidin-2-yl)-3-methoxy-2-

methylpropanamido)-N-methyl-3-phenylpropanamido)benzyl)-6-(2,5-dioxo-2,5-dihydro-
1 H-pyrrol-1 -yl)hexanamide. MS m/z 1030.5 (M+1). Retention time 1.430 minutes. The 

product was dissolved in 3M methanoiic HCI (3 mL). Solvents were removed under 

educed pressure. The residue was taken up in acetonitrile and H20 and Iyophiiized to 

10 obtained the desired product N-(4-((S)-2-((2R,3R)-3-((S)-1-((3R,4S,5S)-4-((S)-2-amino-

N,3-dimethylbutanamido)-3-methoxy-5-methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-

methylpropanamido)-N-methyi-3-phenylpropanamido)benzyi)-6-(2,5-dioxo-2,5-dihydro-

1 H-pyrrol-1 -yl)hexanamide as HCI salt. MS m/z 930.5 (M+1). Retention time 1.07 minutes. 

Step 4-5: Following the same procedure as described for preparation of compound 30 
15 and compound 31, compound 44 was obtained. MS m/z 1067.6 (M+1). Retention time 

1.10 minutes. 

Example 83: (1 R,3S,4S)-N-((S)-1 -(((3R,4S,5S)-1 -((S)-2-((1 R,2R)-3-(((S)-N-1 -(3-

Azidopropylsulfonamido)-1-oxo-3-phenylpropan-2-yl)amino)-1-methoxy-2-methyl-3-

oxopropyl)pyrro!idin-1-yi)-3-methoxy-5-methyl-1-oxoheptan-4-yl)(methyi)amino)-3-methyl-

20 1-oxobutan-2-y!)-2-azabicyclo[2,2.1]heptane-3-carboxamide (45) 

BOA^OH 
q n NaN3 | HCX./P PCI5 Ck,p NH4OH HZN^ ,0 V 

UAi Acetone/H20 A' 3 Toluene 
, reflux 0 ° 1), HATU, DIEA, DMF 

S,SP1 Step 2 2), HCI S(ep4 

H,N JL X N 3 ® HATU. DIEA DMF 5 A„„. ii. A,,. J-L = H 3 | ^TU, DIEA. DMF ^ I OMe O OMe O 
2' Step 5 Ph 

H^Y0H H^^)^Y^VYKY 
Boc O HO 1 OMe O 

45 
1), HATU, DIEA, DMF 
2), HCI OA „ 

Step 6 

Step 1: To a stirred solution of sodium azide (3.50 g, 53.8 mmol) in water (25 mL) was 

added a solution of 1,3-propane sulfone (6.10 g, 50.0 mmoi) in acetone (25 mL). The 

"eaction mixture was stirred at room temperature for 24 hours and concentrated to 

25 dryness. The resulting solid was suspended in diethyl ether (100 mL) and stirred at reflux 
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for 1 hour. The suspension was cooled to room temperature and the solid was collected 

by filtration, washed with acetone and diethyl ether, and dried under vacuum, affording 3-

azido-1-propanesulfonic acid. MS m/z 188.1 (M+1). 1H NMR (400 MHz, CD3OD): 5 3.47 (t, 

J = 6.8 Hz, 2H), 2.87 (t, J = 7.6 Hz, 2H), 2.07-2.00 (m, 2H). 

5 Step 2: 3-Azido-1-propanesuifonic acid (2.07 g, 13.0 mmol) was suspended in toluene. 

PCI5 (2.61 g, 13.0 mmol) was added. The mixture was heated at reflux for 3 hours. The 

'eaction mixture was cooled to room temperature, and filtered to remove insolubles. The 

filter cake was washed with DCM. The combined filtrates were concentrated to give 3-

azidopropane-1-sulfonyl chloride as a dark yellow oil, which was used in the next step 

10 without further purification. 

Step 3: To NH4OH (5 m!L) cooled at 0°C was added 3-azidopropane-1-sulfonyl chloride 

(1.75 g, 9.53 mmol). After 10 minutes, The reaction mixture was warmed to room 

temperature and stirred at the same temperature for 3 hours. The oily mixture became 

clear. The reaction mixture was extracted with EtOAc three times. The organic phase 

15 was washed with brine, dried over anhydrous MgS04, and concentrated. The residual 

solvent was further removed under high vacuum for 18 hours to give 3-azidopropane-1-
sulfonamide. MS m/z 187.1 (M+1). *H NMR (400 MHz, CDCi3): 5 4.83 (s, 2H), 3.51 (t, J = 

6.4 Hz, 2H), 3.23 (t, J = 7.6 Hz, 2H), 2.17-2.10 (m, 2H). 

Step 4: (S)-2-((tert-Butoxycarbonyl)amino)-3-pheny!propanoic acid (100 mg, 0.38 mmol) 
20 was dissolved in DMF (4 mL), followed by addtion of DIEA (0.395 mL, 2.26 mmol) and 

HATU (358 mg, 0.940 mmol). After 15 minutes, 3-azidopropane-1-sulfonamide (186 mg, 

1.13 mmol) was added. The reaction mixture was stirred for 2 hours at which time LCMS 

analysis indicated the completion of the reaction. The crude was purified by reverse 

phase HPLC using C18 column, eiuted with 10-90% acetonitrile-H20 containing 0.05% 

25 TFA. The fractions containing the desired roduct were pooled and Iyophiiized to obtain 

(S)-tert-butyl (1 -(3-azidopropylsulfonamido)-1 -oxo-3-pheny!propan-2-yl)carbamate. MS 

m/z 312.1 (M+1-Boc). Retention time 1.15 minutes. The product thus obtained (72.4 mg. 

0.176 mmol) was dissolved in 3M methanoiic HCI (5 mL). The solvent was removed 

under reduced pressure. The residue was taken up in acetonitrile and H20 and Iyophiiized 

30 to give (S)-2-amino-N-((3-azidopropyl)sulfonyl)-3-phenylpropanamide as a pinkish 
yellowish solid. MS m/z312.1 (M+1). 1H NMR (400 MHz, CD3OD): 5 7.42-7.31 (m, 5H), 

4.16-4.13 (m, 1H), 3.51-3.47 (m, 4H), 3.32-3.26 (m, 1H), 3.13-3.08 (m, 1H), 2.00-1.94 (m, 

2H). 
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Step 5: To Boc-Val-Dil-Dap-OH (195mg, 0.34mmol) dissolved in DMF (4mL) were added 

DIEA (132 mg, 1.02 mmol) and HATU(108 mg, 0.28 mmoi). The reaction mixture was 

stirred for 15 minutes at room temperature before (S)-2-amino-N-((3-

azidopropyl)sulfonyl)-3-phenylpropanamide (59.2 mg, 0.17 mmol) was added. The 

5 reaction mixture was stirred for additional 2 hours at room temperature. The crude was 

puridfied by reverse-phase HPLC to afford the desired product (95 mg, 65% yield, MS 

m/z 865.4 (M+1), Retention time 1.43 minutes). The product was dissolved in 3M HCI in 

MeOH (3 mL). Solvents were removed under vacuum. Then acetonitrile and H20 were 

added to the residue and the solution was iyophiiized to obtained the desired product, (S)-

10 1 -(((3R,4S,5S)-1 -((S)-2-((1 R,2R)-3-(((S)-N-1 -(3-azidopropylsu!fonamido)-1 -oxo-3-

phenylpropan-2-yl)amino)-1-methoxy-2-methyl-3-oxopropyl)pyrrolidin-1-yl)-3-methoxy-5-

methyl-1-oxoheptan-4-yl)(methyl)amino)-2-amino-3-methyl-1-oxobutane. MS m/z 765.4 
(M+1). Retention time 1.04 minutes. 

Step 6: To (1 R,3S,4S)-2-(tert-butoxycarbonyl)-2-azabicyclo[2.2.1]heptane-3-carboxy!ic 
15 acid (16.5 mg, 0.068mmol) in DMF (2.0 mL) were added DIEA (17.6 mg, 0.137mmol) and 

HATU (21.6 mg, 0.057mmol). The reaction mixture was stirred at room temperature for 10 

minutes before (S)-1 -(((3R,4S,5S)-1 -((S)-2-((1 R,2R)-3-(((S)-N-1 -(3-

azidopropylsuifonamido)-1-oxo-3-phenylpropan-2-yl)amino)-1-methoxy-2-methyl-3-

oxopropyl)pyrro!idin-1-yi)-3-methoxy-5-methyl-1-oxoheptan-4-yl)(methyi)amino)-2-amino-

20 3-methy!-1-oxobutane (20mg, TFA salt, 0.023mmol) was added. The reaction mixture 

was stirred for 2 hours at room temperatrue at which time LCMS analysis indicated the 

completion of the reaction. The crude was purified by reverse phase HPLC using C18 

column, eiuted with 10-90% ACN-H20 containing 0.05% TFA. The fractions containing 

the desired product were pooled and Iyophiiized to obtain (1 R,3S,4S)-N-((S)-1-
25 (((3R,4S,5S)-1 -((S)-2-((1 R,2R)-3-(((S)-N-1 -(3-azidopropylsulfonamido)-1 -oxo-3-

phenylpropan-2-yl)amino)-1-methoxy-2-methyl-3-oxopropyl)pyrrolidin-1-yl)-3-methoxy-5-

methyl-1-oxoheptan-4-yl)(methyl)amino)-3-methyl-1-oxobutan-2-yl)-2-(tert-

butoxycarbonyl)-2-azabicyclo[2.2.1]heptane-3-carboxamide. MS m/z 988.5 (M+1). 

Retention time 1.51 minutes. The product thus obtained (9.4mg. 0.0095 mmol) was 

30 dissolved in methanolic HCI (3M, 2.0 mL). The solvent was removed slowly under 

reduced pressure. The residue was dissolved in acetonitrile and H20 and Iyophiiized to 

give compound 45 as a HCI salt. MS m/z 888.5 (M+1). Retention time 1.10 minutes. 
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Example 84: (1 R,3S,4S)-N-((S)-1 -(((3R,4S,5S)-1 -((S)-2-((1 R,2R)-3-(((S)-N-1 -(3-

Azidopropylsulfonamido)-1-oxo-3-phenyipropan-2-yi)amino)-1-methoxy-2-methyi-3-

oxopropyl)pyrrolidin-1~yl)-3-methoxy-5-methyl-1-oxoheptan-4-yl)(methyl)amino)-3-methyl-

1-oxobutan-2-yl)-2-methyl-2-azabicyclo[2.2.1]heptane-3-carboxamide (46) 

n I nyon nn»n ^ OMe 0 OMe O 

46 
Ph 

(1 R,3S,4S)-N-((S)-1-(((3R,4S,5S)-1 -((S)-2-((1 R,2R)-3-(((S)-N-1 -(3-

Azidopropylsulfonamido)-1-oxo-3-phenylpropan-2-yl)amino)-1-methoxy-2-methyl-3-

oxopropyl)pyrro!idin-1-y!)-3-methoxy-5-methy!-1-oxoheptan-4-yl)(methyl)amino)-3-methyl-

1-oxobutan-2-yi)-2-azabicyclo[2.2.1]heptane-3-carboxamide (45) (8.8mg, 0.0099 mmol) 
10 was dissolved in MeOH (2.0mL). Paraformaldehyde (10.1 mg, 0.337mmol) and acetic 

acid (0.0102 mL) were added, followed by sodium cyanoborohydride (21,2mg, 

0.337mmol). The reaction mixture was heated at 50°C with stirring for 1 hour. Additional 

paraformaldehyde (10.1 mg, 0.337mmol), acetic acid (0.0102 mL) and sodium 

cyanoborohydride (21.2mg, 0.337mmol) were added. After 1 hour at 50°C, LCMS 

15 analysis indicated the completion of the reaction. The crude was purified by reverse 

phase HPLC using C18 column, eiuted with 10-90% ACN-H20 containing 0.05% TFA. 

The fractions containing the desired product were pooled and Iyophiiized to obtain 
compound 46. MS m/z 902.5 (M+1). Retention time 1.12 minutes. 

Example 85: (1 R,3S,4S)-N-((S)-1 -(((3R,4S,5S)-1 -((S)-2-((1 R,2R)-3-(((S)-N-1 -(3-(4-((2,5-

20 Dioxo-2,5-dihydro-1 H-pyrrol-1 -yi)methy!)-1 H-1,2,3-triazol-1 -yi)propyisulfonamido)-1 -oxo-

3-phenylpropan-2-yl)amino)-1-methoxy-2-methyl-3-oxopropyl)pyrrolidin-1-yl)-3-methoxy-

5-methyl-1-oxoheptan-4-yl)(methyl)amino)-3-methyl-1-oxobutan-2-yl)-2-methyl-2-

azabicyclo[2.2.1 ]heptane-3-carboxamide (47) 

N=N N~4 
I )>—/ V, 

OMe 0 OMe 0 

47 

25 A solution of (1 R,3S,4S)-N-((S)-1 -(((3R,4S,5S)-1 -((S)-2-((1 R,2R)-3-(((S)-N-1 -(3-

azidopropylsu!fonamido)-1-oxo-3-pheny!propan-2-yl)amino)-1-methoxy-2-methyl-3-

oxopropyl)pyrroiidin-1-yi)-3-methoxy-5-methyi-1-oxoheptan-4-yl)(methyi)amino)-3-methyl-

1-oxobutan-2-yi)-2-methyi-2-azabicyclo[2.2.1]heptane-3-carboxamide (46)(5.2mg, 0.0058 
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mmol), 1-(prop-2-yn-1-yl)-1 H-pyrrole-2,5-dione (1.56mg, 0.012mmol) and CuS04(0.7 mg, 

0.004 mmol) in DMF (2.0mL) and H20 (0.5mL) was treated with L-ascorbic acid sodium 

salt (2.5 mg, 0.014mmol) and stirred at room temperature for 2 hours. Additional CuS04 

(0.7 mg, 0.004 mmol) and L-ascorbic acid sodium salt (2.5 mg, O.Q14mmol) were added. 

5 After additional 2 hours at room temperature, LCMS analysis indicated the completion of 

the reaction. The crude was purified by reverse phase HPLC using C18 column, eiuted 

with 10-90% acetonitrile-H20 containing 0.05% TFA. The fractions containing the desired 

product were pooled and Iyophiiized to obtain compound 47. MS m/z 1037.4 (M+1). 

Retention time 1.00 minutes. 

10 Example 86: 6-(2,5-Dioxo-2,5-dihydro-1 H-pyrrol-1-yl)hexyl hydrogen ((R)-1-((2R,3R)-3-

((S)-1-((3R,4S,5S)-4-((S)-N,3-dimethyl-2-((1 R,3S,4S)-2-methyl-2-

azabicyclo[2.2.1]heptane-3-carboxamido)butanamido)-3-methoxy-5-

methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-methylpropanamido)-2-

phenylethyl)phosphonate (48) 

C O 

\ O ^ ' OMeO OMeO t O \ O A ' OMeO OMeO I °H 

15 • D -r^-hn « )Q 
To ((R)-1-((2R,3R)-3-((S)-1 -((3R,4S,5S)-4-((S)-N,3-dimethyl-2-((1 R,3S,4S)-2-methyl-2-

azabicyclo[2.2.1]heptane-3-carboxamido)butanamido)-3-methoxy-5-

methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-methyipropanamido)-2-

phenylethyl)phosphinic acid 9 (10.2 mg, 0.011 mmol) in pyridine (2 ml) was added 1-(6-

20 hydroxyhexy!)-1 H-pyrrole-2,5-dione (13.5 mg, 0.068 mmol) and then pivaioyi chloride (40 

mg, 0.332 mmol). The reaction mixture was stirred at room temperature for 0.5 hour and 

the reaction was monitored by LCMS until 90% of the phosphinic acid disappeared. Then 

a freshly prepared l2 solution in 5% H20 in pyridine was added. Once the oxidation step 

was complete, pyridine was removed by high vacuum. The crude was dissolved in 

25 acetonitrile and the crude was purified by reverse phase HPLC, C18 column, eiuted with 

10-60% acetonitrile-H20, containing 0.05%TFA. The fractions containing desired product 

were concentrated to obtain compound 48. MS m/z 971.5 (M+1). Retention time 1.038 

minutes. 
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Example 87: (1 R,3S,4S)-N-((S)-1 -(((3R,4S,5S)-1 -((S)-2-((1 R,2R)-3-(((S)-1 -(3-(6-(2,5-

Dioxo-2,5-dihydro-1 H-pyrrol-1 -yi)hexanamido)phenyl)-3-hydroxypropan-2-yl)amino)-1 -

methoxy-2-methyl-3-oxopropyl)pyrrolidin-1-yl)-3-methoxy-5-methyl-1-oxoheptan-4-

yl)(methyl)amino)-3-methyl-1-oxobutan-2-yl)-2-methyl-2-azabicyclo[2.2.1]heptane-3-

carboxamide (90) 

Me O ' OMe O 0Me O Jl 

EMCA (1.3 mg, 0.006 mmol) in DMF (0.5 ml) was treated with DIEA (0.006 ml, 0.03 mmoi) 

and HATU (2.3 mg, 0.006 mmol) at rt for 10 min, and then compound (52) TFA salt (6 mg, 

0.006 mmol) in DMF (0.5 ml) was added. The reaction was stirred at rt for 16 h. The 

crude was purified by preparative HPLC (10-45% acetonitrile-H20 containing 0.05% TFA) 

to obtain compound (90) as TFA salt. MS m/z 950.6 (M+H). Retention time 0.934 min. 

Example 88: 4-((S)-2-((S)-2-(6-(2,5-Dioxo-2,5-dihydro-1 H-pyrrol-1 -yl)hexanamido)-3-

methylbutanamido)-5-ureidopentanamido)benzyl (3-((S)-2-((2R,3R)-3-((S)-1-((3R,4S,5S)-

4-((S)-N,3-dimethyl-2-((1 R,3S,4S)-2-methyl-2-azabicyclo[2,2.1]heptane-3-

carboxamido)butanamido)-3-methoxy-5-methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-

methylpropanamido)-3-hydroxypropyl)phenyl)carbamate (91) 

Pyridine (0.25 ml) was added to (52) TFA salt (6 mg, 0.006 mmol), MC-Val-Cit-PAB-PNP 

(13 mg, 0.018 mmol) in DMF (1 ml), followed by HOAT (0.8mg, 0.006 mmol) and DIEA 

(13 mg, 0.098 mmoi).The reaction was stirred at 40°C for 48 h. The crude was purified by 

preparative HPLC (25-40% acetonitrile-H20 containing 0.05% TFA) to obtain compound 

(91) as TFA salt. MS m/z 678.6 (M/2+H). Retention time 0.959 min. 

Example 89: (1 R,3S,4S)-N-((S)-1 -(((3R,4S,5S)-3-Methoxy-1 -((S)-2-((1 R,2R)-1 -methoxy-

2-methyl-3-oxo-3-(((S)-1 -phenyl-3-(N-(6-(2,5-dioxo-2,5-dihydro-1 H-pyrrol-1 -yl)hexanoyl)-

sulfamoylpropan)-2-yl)amino)propyl)pyrrolidin-1-yl)-5-methyl-1-oxoheptan-4-
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10 

15 

20 

25 

yl)(methyl)amino)-3-methyl-1-oxobutan-2-yl)-2-methyl-2-azabicycio[2.2.1]heptane-3-

carboxamide (92) 

EMCA (12,1 mg, 0.057 mmol) was dissolved in DMF (1 ml), DIEA (0.0024 ml) and HATU 

(19.7 mg, 0.052 mmol) were added. Then (1 R,3S,4S)-N-((S)-1 -(((3R,4S,5S)-3-methoxy-1 -

((S)-2-((1 R,2R)-1 -methoxy-2-methyl-3-oxo-3-(((S)-1 -phenyi-3-sulfamoylpropan-2-

yl)amino)propyl)pyrrolidin-1 -yl)-5-methyl-1 -oxoheptan-4-yl)(methyl)amino)-3-methyl-1 -

oxobutan-2-yl)~2-methyl-2-azabicyclo[2.2,1]heptane-3-carboxamide ((55), 26.4 mg, 0.029 

mmol) in DMF (2 ml) was added. The reaction was stirred at rt for 2h. Then additional 

EMCA (12.1 mg, 0.057 mmol), DIEA (0.0024 ml) and HATU (19.7 mg, 0.052 mmol) were 

added. After 2h, EMCA (12.1 mg, 0.057mmol), DIEA (0.0024 ml) and HATU (19.7 mg, 

0.052 mmol) were added again. Then the reaction was heated at 50°C for 2 h. The 

reaction was cooled down, and additional EMCA (12.1 mg, 0.057mmol), DIEA (0.0024 ml) 

and HATU (19.7 mg, 0.052 mmol) were added. The reaction was stirred for 16 h at rt. 

CMS indicated approximately 20% of (55) was converted to the product. The reaction 

mixture was purified by preparative HPLC ( 30-50% acetonitrile-H20 containing 0.05% 

TFA) to obtain (1 R,3S,4S)-N-((S)-1-(((3R,4S,5S)-3-methoxy-1-((S)-2-((1 R,2R)-1-methoxy-

2-methyi-3-oxo-3-(((S)-1 -phenyi-3-(N-(6-(2,5-dioxo-2,5-dihydro-1 H-pyrrol-1 -yl)hexanoyl)-

sulfamoylpropan)-2-yl)amino)propyl)pyrrolidin-1-yl)-5-methyl-1-oxoheptan-4-

yi)(methyl)amino)-3-methyl-1-oxobutan-2-yl)-2-methyl-2-azabicyclo[2.2.1]heptane-3-

carboxamide (92). MS m/z 998.5 (M+1). Retention time 1.041 min. 

Example 90: (1 R,4S)-N-((S)-1 -(((3R,4S,5S)-1 -((S)-2-((3R,4R,7S)-7-Benzyl-20-(4-((2,5-

dioxo-2,5-dihydro-1 H-pyrrol-1 -yl)methy!)-1 H-1,2,3-triazol-1 -yl)-4-methyl-5,8-dioxo-

2,12,15,18-tetraoxa-6,9-diazaicosan-3-yl)pyrrolidin-1-yl)-3-methoxy-5-methyl-1-

oxoheptan-4-yl)(methyl)amino)-3-methyl-1-oxobutan-2-yl)-2-methyi-2-

azabicyclo[2.2.1 ]heptane-3-carboxamide (93) 

Step 1: (S)-2-((t-Butoxycarbonyl)amino)-3-phenylpropanoic acid (175 mg, 0.66 mmol) in 

DMF (4 ml) was treated with DiEA (0.48 ml, 2.75 mmoi) and HATU (230 mg, 0.605 mmol) 

for 15 min, followed by addition of 2-(2-(2-(2-azidoethoxy)ethoxy)ethoxy)ethanamine (120 
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mg, 0.55 mmol). The reaction was stirred overnight. The crude was purified by 

preparative HPLC (20-70% acetonitrile-H20 containing 0.05% TFA) to obtain (S)-t-butyl 

(1 -azido-13-oxo-15-phenyl-3,6,9-trioxa-12-azapentadecan-14-y!)carbamate. MS m/z 

466.3 (M+1). Retention time 1.170 min. 

5 Step 2: (S)-t-Butyi (1 -azido-13-oxo-15-phenyl-3,6,9-trioxa-12-azapentadecan-14-

yl)carbamate (117 mg, 0.251 mmol) was dissolved in methanolic HCI (3M, 5ml). The 

solvent was slowly removed by evaporation, resulting in complete removal of the Boc 

group. The residual solvent was further removed under reduced pressure overnight to 

obtain (S)-2-amino-N-(2-(2-(2-(2-azidoethoxy)ethoxy)ethoxy)ethyl)-3-phenylpropanamide 
10 as HCI salt. MS m/z366.1 (M+1). Retention time 0.858 min. 

Step 3: (2R,3R)-3-((S)-1-((3R,4S,5S)-4-((S)-N,3-Dimethyl-2-((1 R,3S,4S)-2-methyl-2-

azabicyclo[2.2.1]heptane-3-carboxamido)butanamido)-3-methoxy-5-

methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-methylpropanoic acid (Step 2, Example 12, 

8 mg, 0.01 mmol) was in DMF (1 ml) was treated with DIEA (0.011 ml, 0.066 mmol) and 

15 HATU (4.63 mg, 0.012 mmol) for 15 min, followed by addition of (S)-2-amino-N-(2-(2-(2-

(2-azidoethoxy)ethoxy)ethoxy)ethyl)-3-phenylpropanamide (5.3 mg, 0.013 mmoi) in DMF 

(1 ml). The reaction was stirred for 2 h at rt. The crude was purified by preparative HPLC 

(20-70% acetonitrile-H20 containing 0.05% TFA) to obtain (1 R,4S)-N-((S)-1-(((3R,4S,5S)-

1-((S)-2-((3R,4R,7S)-20-azido-7-benzyl-4-methyl-5,8-dioxo-2,12,15,18-tetraoxa-6,9-

20 diazaicosan-3-yi)pyrrolidin-1-yl)-3-methoxy-5-methyl-1-oxoheptan-4-yl)(methyl)amino)-3-
methyl-1 -oxobutan-2-yl)-2-methyl-2-azabicyclo[2.2.1 ]heptane-3-carboxamide. MS m/z 

956.5 (M+1). Retention time 1.051 min. 

Step 4: To the product obtained in step 3 (6.2 mg, 0.0058 mmol) and 1-(prop-2-yn-1-yl)-

1H-pyrro!e-2,5-dione(1.6 mg, 0.012 mmol) in t-BuOH (1 ml) and water (1 ml) were added 

25 sodium L-ascorbate (1.1 mg, 0.0058 mmol) in 0.2 ml H20 and CuS04 (0.2 mg, 0.001 

mmol) in 0.1 mi water were added. The reaction mixture was stirred at rt for 4 h, and then 

purified by preparative HPLC (20-70% acetonitrile-H20 containing 0.05% TFA) to obtain 

compound (93). MS m/z 1091,6(M+1). Retention time 0.980 min. 

Example 91: (1 R,4S)-N-((S)-1 -(((3R,4S,5S)-1 -((S)-2-((3R,4R,7S)-7-Benzyl-17-(2,5-dioxo-

30 2,5-dihydro-1 H-pyrrol-1 -yl)-4-methyl-5,8-dioxo-2,12,15-trioxa-6,9-diazaheptadecan-3-

yl)pyrrolidin-1 -yi)-3-methoxy-5-methyl-1 -oxoheptan-4-yl)(methyl)amino)-3-methyl-1 -

oxobutan-2-yl)-2-methyl-2-azabicyclo[2.2.1]heptane-3-carboxamide (94) 
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1 ° ^ 1 °v ° O Vph (94) O 

Step 1: t-Butyl (2-(2-(2-aminoethoxy)ethoxy)ethyl)carbamate(250 mg, 1.0 mmoi) and 

methyl 2,5-dioxo-2,5-dihydro-1 H-pyrrole-1-carboxylate (156 mg, 1.0 mmol) were 

combined in saturated aqueous NaHC03 (10 ml) and stirred for 1.5 h at 0°C. The 

5 reaction mixture was acidified to pH 2 with hydrochloric acid (2 M) and extracted with 

EtOAc. The organic phase was washed with brine, dried with MgS04, and concentrated. 

The crude was purified by ISCO using 0-4% MeOH/DCM to give t-butyl (2-(2-(2-(2,5-

dioxo-2,5-dihydro-1 H-pyrrol-1 -yl)ethoxy)ethoxy)ethyl)carbamate as a colorless oil. MS 
m/z229.2(M+1-Boc). Retention time 0.963 min. 1H NMR (400 MHz, Chioroform-d) 5 6.71 

10 (s, 2H), 5.04 (bs, 1H), 3.74 (t, J = 5.4 Hz, 2H), 3.64 (t, J = 5.4 Hz, 2H), 3.61 -3.59 (m, 2H), 

3.56-3.54 (m, 2H), 3.50 (t, J = 5.2 Hz, 2H), 3.31-3.26(m, 2H), 1.44 (s, 9H). 

Step 2: t-Butyi (2-(2-(2-(2,5-dioxo-2,5-dihydro-1 H-pyrrol-1-

yl)ethoxy)ethoxy)ethyl)carbamate (184 mg, 0.56 mmol) in DCM (2ml) was treated with 

TFA (0.4 ml) at 0°C for 30 min and then at rt for 2h. The reaction mixture was 

15 concentrated to give 1 -(2-(2-(2-aminoethoxy)ethoxy)ethyl)-1 H-pyrro!e-2,5-as TFA salt. MS 
m/z229.2(M+1). Retention time 0.353 min. 

Step 3: Boc-L-Phe-OH (30 mg, 0.113 mmol) in DMF (1 mi) was activated with DIEA (88 
mg) and HATU (43 mg, 0.113 mmol) for 15 min, and 1-(2-(2-(2-
aminoethoxy)ethoxy)ethyl)-1 H-pyrrole-2,5-dione TFA salt (46.4 mg) in DMF (1 ml) was 

20 added. The reaction mixture was stirred at rt for 2 h and then purified by preparative 

HPLC (20-70% acetonitrile-H20 containing 0.05% TFA) to obtain (S)-t-butyl (1-((2-(2-(2-

(2,5-dioxo-2,5-dihydro-1 H-pyrrol-1 -yl)ethoxy)ethoxy)ethyl)amino)-1 -oxo-3-phenylpropan-
2-yl)carbamate. MS m/z476.2(M+1). Retention time 1.091 min. This product (31 mg, 

0.065 mmol) in DCM (2 ml) was treated with TFA (0.2 ml) at 0°C for 30 min and then at rt 

25 for 2 h. The reaction mixture was concentrated to give (S)-2-amino-N-(2-(2-(2-(2,5-dioxo-

2,5-dihydro-1 H-pyrrol-1-yl)ethoxy)ethoxy)ethyl)-3-phenylpropanamide as TFA salt. MS 
m/z376.2(M+1). Retention time 0.649 min. 

Step 4: To (2R,3R)-3-((S)-1 -((3R,4S,5S)-4-((S)-N,3-dimethyl-2-((1 R,3S,4S)-2-methyl-2-

azabicyclo[2.2.1]heptane-3-carboxamido)butanamido)-3-methoxy-5-

30 methylheptanoyl)pyrrolidin-2-yl)-3-methoxy-2-methylpropanoic acid TFA salt (Step 2, 

Example 12) (7.2 mg, 0.010 mmol) in DMF (1 ml) were added DIEA (7.7 mg) and HATU 
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(4.18 mg, 0.011 mmol). The reaction was stirred for 15 min, and (S)-2-amino-N-(2-(2-(2-

(2,5-dioxo-2,5-dihydro-1 H-pyrroi-1-yl)ethoxy)ethoxy)ethyl)-3-phenylpropanamide TFA salt 

(6.3 mg, 0.013 mmoi) in DMF (1 ml) was added. The reaction mixture was stirred at rt for 

2 h and purified by preparative HPLC (20-70% acetonitrile-H20 containing 0.05% TFA) to 
5 obtain compound (93) as TFA salt. MS m/z 966.5(M+1). Retention time 1.016 min. 

Example 92: M R.3S.4S)-N-((S)-1-(((3R.4S.5SH-((S)-2-((3R.4R.7S)-7-Benzvl-14-(2.5-

dioxo-2,5-dihydro-1 H-pyrrol-1 -yl)-4-methyl-5,8-dioxo-2,12-dioxa-6,9-diazatetradecan-3-

yl)pyrrolidin-1 -yl)-3-methoxy-5-methyl-1 -oxoheptan-4-yl)(methyl)amino)-3-methyl-1 -

oxobutan-2-yl)-2-methyl-2-azabicycio[2.2.1]heptane-3-carboxamide (95) 

10 O O^O O^O "xph o (95) 

Compound (95) was prepared by the method described for compound (94) using t-butyl 

(2-(2-aminoethoxy)ethyl)carbamate in place of t-butyl (2-(2-(2-

aminoethoxy)ethoxy)ethyl)carbamate. MS m/z922.5 (M+1). Retention time 1.044 min. 

Synthetic Procedure for Coenzyme A analogues 
15 Example 93: 3-Buten-2-one adduct of Coenzyme A (49) 

o O OH H H O OOOHHH O 

HO POH N^.N HO P0H 
° \>H 0--Pv0H 49 

Coenzyme A trilithium salt (259 mg, Sigma, assay >93%) was dissolved in 2.0 mL of 

phosphate buffer with EDTA (100 mM phosphate, 5 mM EDTA, pH7.5). To the reaction 

mixture was added 3-buten-2-one (29.0jiL, Aldrich, 99%), and the reaction mixture was 

20 let stand at 20°C for 75 minutes. The whole reaction mixture was loaded onto an ISCO 

C18Aq Gold 15.5g column which was pre-equilibrated with 100% H20. The desired 

product was eiuted at 100% H20. The fractions containing the pure desired product were 
combined and Iyophiiized, affording compound 49 as crystalline solid. MS (ESI+) m/z 

838.2 (M+1). H-NMR (400MHz, D20) 5 8.525 (s, 1H), 8.235 (s, 1H), 6.140 (d, 1H, 

25 J=7.2Hz), 4.746 (m, 1H), 4.546 (bs, 1H), 4.195 (bs, 1H), 3.979 (s, 1H), 3.786 (dd, 1H, J= 

4.8, 9.6Hz), 3.510 (dd, 1H, J=4.8, 9.6Hz), 3.429 (t, 2H, J= 6.6Hz), 3.294S (t, 2H, J=6.6Hz), 

2.812 (t, 2H, J=6.8Hz), 2.676 (t, 2H, J=6.8Hz), 2.604 (t, 2H, J=6.8Hz), 2.420 (t, 2H, 

J=6.6Hz), 2.168 (s, 3H), 0.842 (s, 3H), 0.711 (s, 3H) (note: some peaks which overlap 

with D20 are not reported). 
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Example 94: Ketone-Coenzyme A Analogue (CoA-(i-10)) 
° 9 0H H H 0 

r^o oo j . M 11/-\ y _.. N^N HO ..OH 
O" Viu CoA-(i-10) 

10 

15 

20 

Compound (i-10) was converted into the ketone-functionalized CoA analogue CoA-(i-10) 

by reacting 5 mM of compound (i-10) with 25 mM of ATP in the presence of 10 )xM 

Staphylococcus aureus CoAA, 25 uM Escherichia coli Co AD, and 20 uM Escherichia coii 

CoAE for about 14 h at 37°C in 50 mM HEPES buffer (pH 8.0) containing 20 MgCI2. 

Soluble enzyme was separated by ultrafiltration through an Amicon Ultra centrifugal filter 
with 10 kDa cutoff. Enzymatic conversion of compound (i-10) into the CoA analogue 

CoA-(i-10) was verified by formation of the anti-Her2-HC-ins388-ybbR-(i-10)-22 ADC (see 

Table 9 and Table 10). 

Example 95: Azide-Coenzyme A Analogue (CoA-(i-11)) 

Compound (i-11) was converted into the azide-functionaiized CoA analogue CoA-(i-11) 

by reacting 5 mM of compound (i-11) with 25 mM of ATP in the presence of 10 jxM 

Staphylococcus aureus CoAA, 25 uM Escherichia coli CoAD, and 20 uM Escherichia coli 

CoAE for about 14 h at 37°C in 50 mM HEPES buffer (pH 8.0) containing 20 MgCI2. 

Soluble enzyme was separated by ultrafiltration through an Amicon Ultra centrifugal filter 
with 10 kDa cutoff. Enzymatic conversion of compound (i-11) into the CoA analogue 

CoA-(i-11) was verified by LC-MS analysis after reaction of a small fraction of the 

ultrafiitrate with five-fold molar excess of compound (75). The copper-free click chemistry 

reaction was carried out for 3 h at 23°C in 50% (v/v) DMS0/H20, and the reaction mixture 

was separated on a reverse-phase Acquity UPLC HSS T3 column (100 A, 2.1 mm x 50 

mm, Waters) using a 1.35 min-gradient elution from 10 to 100% acetonitrile in water 

containing 0.05% TFA at a flow rate of 0.9 mL/min, Mass spectral analysis revealed the 

presence of the desired adduct thereby confirming conversion of compound (i-11) by all 
three CoA biosynthetic enzymes into CoA analogue CoA-(i-11). MS m/z 904.6 ((M+2)/2). 

Retention time 0.94 minutes. 
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Example 96: Ketone-Coenzyme A Analogue (CoA-(i-12)) 
H,N 

0 o 

0-H\ 
OH 

H H 

CoA-(i-12) 

Compound (i-12) was converted into the ketone-functionalized CoA analogue CoA-(i-12) 

by reacting 5 mM of compound (i-12) with 25 mM of ATP in the presence of 10 pM 

5 Staphylococcus aureus CoAA, 25 uM Escherichia coli CoAD, and 20 uM Escherichia coli 

CoAE for about 16 h at 37°C in 50 mM HEPES buffer (pH 8.0) containing 20 MgCI2. After 

centrifugation of the reaction mixture at 20817 x g for 2 min, soluble enzyme was 

separated by ultrafiltration through an Amicon Ultra centrifugal filter with 10 kDa cutoff (15 

min; 14000 x g). Enzymatic conversion of compound (i-12) into the CoA analogue CoA-
10 (i-12) was verified by formation of the anti-Her2-HC-ins388-ybbR-(i-12)-22 ADC (see 

Table 10). 

Example 97: Ketone-Coenzyme A Analogue (CoA-(i-13)) 

Compound (i-13) was converted into the ketone-functionalized CoA analogue CoA-(i-13) 

15 by reacting 10 mM of compound (i-13) with 25 mM of ATP in the presence of 10 jiM 

Staphylococcus aureus CoAA, 25 |iM Escherichia coli CoAD, and 20 uM Escherichia coli 

CoAE for about 48 h at 37°C in 50 mM HEPES buffer (pH 8.0) containing 20 mM MgCI2. 

After centrifugation of the reaction mixture at 20817 x g for 2 min, soluble enzyme was 

separated by ultrafiltration through an Amicon Ultra centrifugal filter with 10 kDa cutoff (15 
20 min; 14000 x g). 

Synthetic Procedure comparative peptide 
Synthesis of (S)-2-((2R,3R)-3-((S)-1 -((3R,4S,5S)-4-((S)-2-((S)-2-(6-(2,5-dioxo-2,5-

dihydro-1 H-pyrrol-1 -yl)-N-methylhexanamido)-3-methylbutanamido)-N, 3-

OH 
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dimethylbutanamido)-3-methoxy-5-methylheptanoyi)pyrrolidin-2-yl)-3-methoxy-2-

methylpropanamido)-3-phenylpropanoic acid (MC-MMAF) 

DMSO MC-MMAF 

MMAF-OMe (135mg, Concortis Biosystems) was dissoved in CH3CN (10mL). To the 

5 resulting clear solution was added 5mL water, followed by 0.375mL of 1N aqueous 

sodium hydroxide (certified, Fisher Scientific). The reaction mixture was stirred 
magnetically at 21 °C for 18 hours, at which time LCMS analysis indicated a complete 

reaction. The reaction mixture mixture was frozen and Iyophiiized, affording MMAF 
sodium salt. LCMS retention time 0.911 minutes. MS (ESI+) m/z 732.5 (M+1). The whole 

10 MMAF sodium salt thus obtained in previous reaction was dissoved in 10mL DMSO. In a 

separate reaction vessel, 6-(2,5-dioxo-2,5-dihydro-1 H-pyrrol-1-yl)hexanoic acid (95mg) 
was treated with HATU (165mg) and DIEA (0.126mL) in 3.0mL DMSO at at 21 °C for 

25min. The whole reaction mixture of the activated ester was added to the solution of 

MMAF sodium salt, and The reaction mixture was stirred at the same temperature for 3 

15 hours. The reaction mixture mixture was partitioned between 40mL of EtOAc and 20 mL 

of 5% aqueous citric acid. The organic layer was separated, and the aqueous layer was 

extracted with 20mL of EtOAc. The combined organic layers were washed with 10mL 

saturated aqueous NaCI, dryed over anhydrous MgS04, filtered and concentrated under 

educed pressure. The residue was purified on an ISCO CombiFlash instrument using an 

20 ISCO C18gold 15.5g column. The desired material was eiuted with 50% CH3CN in H20. 

The fractions containing the desired product was combined and Iyophiiized, affording 
compound as white solid. LCMS retention time 1.392 minutes. MS (ESI+) m/z 925.6 

(M+1). 

Example 98: In vitro cell killing assay of payloads 

25 For evaluation of the cell killing potency of the cytotoxic peptides of Formula (I) in vitro, 

cell proliferation assays were performed in parallel with 8 cell lines: MDA-MB231 clone 16, 

clone 40, JimT 1, HCC1954, H526, KU812, CMK11 -5 cells and Jurkat cells. In addition, in 

vitro, cell proliferation assays were performed using 3 other cell lines: A375, SKBR3 and 
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NCI-N87. All the ceil lines are described in more detail in Example 106 and were also 

used to assess the in vitro potency of immunoconjugates of the invention. The eel 
proliferation assays were conducted with Cell-Titer-Gio™ (Promega) five days after cells 
were incubated with various concentrations of ADCs (Riss et al., (2004) Assay Drug Dev 

5 Technol. 2:51-62). in some studies, the ceil based assays are high throughput and 

conducted on an automated system (Melnick etal., (2006) Proc Natl Acad Sci USA. 

103:3153-3158). The in vitro cell killing potency obtained for certain examples of 

cytotoxic peptides of Formula (I) are given in Table 2a and Table 2b. 

Table 2a. In vitro cell killing (IC50 (nM)) of certain cytotoxic peptides of Formula (I) 

Cmpd 
No. Cell Line 

CMK-
11-5 

HCC1 
954 JimT1 JURKAT KU812 

MDA-
MB-
231 

clone 
16 

MDA-
MB-
231 

clone 
40 

NCI-
H526 

1 1.23 0.131 0.675 0.151 0.281 1.24 2.49 1.08 

2 182 46.2 202 162 279 735 442 218 

3 14.7 10.8 42.1 3.01 6.78 12.7 23.9 22 

5 74.8 47 44.7 49.9 106 83.5 139 204 

46 10.4 2.3 14.2 6.1 8.4 8.1 11.7 29.5 

Table 2b. In vitro cell killing (IC50 (nM)) of certain cytotoxic peptides of Formula (I) 

Cell line 
Compound 

No. A375 HCC1954 SKBR3 JimT1 NCI-N87 NCI-
H526 

50 5.16 n.d. 5.66 57.6 10.2 52.4 

51 0.154 0.028 0.035 0.081 0.053 0.184 

52 0.923 0.019 0.046 0.184 0.068 0.184 

53 0.0121 0.009 0.008 0.011 n.d. 0.121 

54 27.4 7.18 n.d. 17.1 7.59 54.8 
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Cell line 
Compound 

No. A375 HCC1954 SKBR3 JirnH NCI-N87 NCi-
H526 

55 2.75 0.124 0.210 0.751 0.643 0.364 

57 0.049 n.d. 0.034 0.307 0.019 1.11 

58 0.304 n.d. 0.307 2.15 0.310 4.08 

59 3.55 n.d. 3.12 37.5 4.78 19.5 

60 0.450 n.d. 0.591 4.82 0.801 8.35 

61 5.43 n.d. 6.10 66.0 13.5 60.6 

63 14.3 1.64 n.d. 5.08 2.09 6.49 

64 25.6 1.09 n.d. 4.15 1.21 5.74 

65 31.3 0.93 n.d. 6.88 3.67 3.82 

66 0.050 0.023 0.031 0.052 n.d. 0.126 

67 0.244 0.239 n.d. 0.369 0..596 0.614 

68 0.596 0.127 n.d. 0.251 0.200 0.428 

69 0.092 0.065 n.d. 0.091 0.142 0.189 

70 2.16 1.38 n.d. 2.36 3,81 4.73 

71 0.119 0.075 n.d. 0.124 0.091 0.352 

72 0.189 0.079 0.085 0.224 n.d. 0.287 

73 11.3 1.59 1.44 5.11 n.d. 3.66 

74 0.571 0.270 0.351 0.587 n.d. 0.962 
n.d., not determined 

Antigen-Binding Moieties 
The antigen-binding moiety in Formula (II) or (III) can be any moiety that selectively 

binds to a cell-surface marker found on a targeted cell type. In some aspects, Ab is an 

5 antibody or antibody fragment (e.g. antigen binding fragment of an antibody) that 

specifically binds to an antigen predominantly or preferentially found on the surface of 

cancer ceils, e.g., a tumor-associated antigen. In some aspects, Ab is an antibody or 

antibody fragment (e.g., antigen binding fragment) that specifically binds to a ceil surface 

receptor protein or other cell surface molecules, a cell survival regulatory factor, a cell 

10 proliferation regulatory factor, a molecules associated with (for e.g., known or suspected 
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to contribute functionally to) tissue development or differentiation, a lymphokine, a 

cytokine, a molecule involved in cell cycle regulation, a molecule involved in 

vasculogenesis or a molecule associated with (for e.g., known or suspected to contribute 

functionally to) angiogenesis. A tumor-associated antigen may be a cluster differentiation 

5 factor (i.e., a CD protein). In some aspects of the invention, the antigen binding moiety of 

the invention specifically binds to one antigen. In some aspects of the invention, the 

antigen binding moiety of the invention specifically binds to two or more antigens 

described herein, for example, the antigen binding moiety of the invention is a bispecific 

or multispecific antibody or antigen binding fragment thereof. 

10 Exemplary antibodies or antigen binding fragments include but are not limited to anti-

estrogen receptor antibody, anti-progesterone receptor antibody, anti-p53 antibody, anti-

HER-2 antibody, anti-EGFR antibody, anti-cathepsin D antibody, anti-Bcl-2 antibody, anti-

E-cadherin antibody, anti-CA125 antibody, anti-CA15-3 antibody, anti-CA19-9 antibody, 

anti-c-erbB-2 antibody, anti-P-glycoprotein antibody, anti-CEA antibody, anti-

15 retinoblastoma protein antibody, anti-ras oncoprotein antibody, anti-Lewis X antibody, 

anti-Ki-67 antibody, anti-PCNA antibody, anti-CD3 antibody, anti-CD4 antibody, anti-CD5 

antibody, anti-CD7 antibody, anti-CD8 antibody, anti-CD9/p24 antibody, anti-CD1-

antibody, anti-CD11c antibody, anti-CD13 antibody, anti-CD14 antibody, anti-CD15 

antibody, anti-CD19 antibody, anti-CD20 antibody, anti-GD22 antibody, anti-CD23 
20 antibody, anti-CD30 antibody, anti-CD31 antibody, anti-CD33 antibody, anti-CD34 

antibody, anti-CD35 antibody, anti-CD38 antibody, anti-CD39 antibody, anti-CD41 

antibody, anti-LCA/CD45 antibody, anti-CD45RO antibody, anti-CD45RA antibody, anti-

CD71 antibody, anti-CD95/Fas antibody, anti-CD99 antibody, anti-CD100 antibody, anti-

S-100 antibody, anti-CD106 antibody, anti-ubiquitin antibody, anti-c-myc antibody, anti-

25 cytokeratin antibody, anti-lambda light chains antibody, anti-meianosomes antibody, anti-

prostate specific antigen antibody, anti-tau antigen antibody, anti-fibrin antibody, anti-

keratins antibody, and anti-Tn-antigen antibody. 

In one embodiment, the antigen binding moiety of the antibody-drug conjugates (ADC) 

of Formula (II) or (III) specifically binds to a receptor encoded by an ErbB gene. The 

30 antigen binding moiety may bind specifically to an ErbB receptor selected from EGFR, 

HER2, HER3 and HER4. The antigen binding moiety may be an antibody that will 

specifically bind to the extracellular domain (ECD) of the HER2 receptor and inhibit the 

growth of tumor cells which overexpress HER2 receptor. The antibody may be a 

monoclonal antibody, e.g. a murine monoclonal antibody, a chimeric antibody, or a 
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humanized antibody. A humanized antibody may be huMAb4D5-1, huMAb4D5-2, 

huMAb4D5-3, huMAb4D5-4, huMAb4D5-5, huMAb4D5-6, huMAb4D5-7 or huMAb4D5-8 

(trastuzumab). The antibody may be an antibody fragment, e.g. a Fab fragment. 

Antigen-binding moieties in Formula (II) or (III) include, but are not limited to, 

5 antibodies or antibody fragments (e.g., antigen binding fragments) against cell surface 

receptors and tumor-associated antigens. Such tumor-associated antigens are known in 

the art, and can be prepared for use in generating antibodies using methods and 

information which are well known in the art. In attempts to discover effective cellular 

targets for cancer diagnosis and therapy, researchers have sought to identify 

10 transmembrane or otherwise tumor-associated polypeptides that are specifically 

expressed on the surface of one or more particular type(s) of cancer cell as compared to 

on one or more normal non-cancerous cell(s). Often, such tumor-associated polypeptides 

are more abundantly expressed on the surface of the cancer cells as compared to on the 

surface of the non-cancerous cells. The identification of such tumor-associated cell 

15 surface antigen polypeptides has given rise to the ability to specifically target cancer ceils 

for destruction via antibody-based therapies. 

Antibodies and antibody fragments (e.g., antigen binding fragment) useful for the 

mmunoconjugates of the invention include modified or engineered antibodies, such as an 

antibody modified to introduce a cysteine residue (Junutuia JR, Raab H, Clark S, Bhakta 

20 S, Leipold DD, Weir S, Chen Y, Simpson M, Tsai SP, Dennis MS, Lu Y et al.: Nat 

Biotechnol 2008, 26:925-932), or other reactive amino acid, including Pel, pyrrolysine, 

peptide tags (such as S6, A1 and ybbR tags), and non-natural amino acids, in place of at 

east one amino acid of the native sequence, thus providing a reactive site on the 

antibody or antigen binding fragment for conjugation to a cytotoxic peptide of Formula (I) 

25 or subformuiae thereof. For example, the antibodies or antibody fragments can be 

modified to incorporate Pel or pyrrolysine (W. Ou et al. (2011) PNAS 108 (26), 10437-

10442) or unnatural amino acids (J.Y. Axup, K.M. Bajjuri, M. Ritland, B.M. Hutchins, C.H 

Kim, S.A. Kazane, R. Haider, J.S. Forsyth, A.F. Santidrian, K. Stafin, Y. Lu et al. Proc Natl 

Acad Sci U S A, 109 (2012), pp. 16101-16106; for review, see C.C. Liu and P.G. Schuitz 

30 (2010) Annu Rev Biochem 79, 413-444; C.H. Kim, J.Y. Axup, P.G. Schuitz (2013) Curr 

Opin Chem Biol. 17, 412-419) as sites for conjugation to a drug. Similarly, peptide tags 

for enzymatic conjugation methods can be introduced into an antibody (Strop P. et ai. 
Chem Biol. 2013, 20(2):161-7; Rabuka D., Curr Opin Chem Biol. 2010 Dec;14(6):790-6; 
Rabuka D,et al., Nat Protoc. 2012, 7(6): 1052-67). One other example is the use of 4'-
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phosphopantetheinyl transferases (PPTase) for the conjugation of Co-enzyme A analogs 

(W02013184514). Methods for conjugating such modified or engineered antibodies with 

payloads or linker-payload combinations are known in the art. 

Antigen-binding moieties (e.g., antibodies and antigen binding fragments) useful in the 

5 invention may also have other modifications or be conjugated to other moieties, such as 

but not limited to polyethylene glycol tags, albumin, and other fusion polypeptide. 

The antibodies used in the examples herein have the heavy chain and light chain 

sequences listed in Table 3. These antibodies were engineered to contain cysteine 

residues or PPTase enzyme tags for site-specific conjugation with cytotoxic peptides of 

10 the invention. The examples herein illustrate that these engineered antibodies are 

suitable antibody for use in the immunoconjugates of Formula (II) or (III). In addition, non-

engineered antibodies can also be used for the preparation of the immunoconjugates of 

Formula (II) or (III) through traditional methods (Carter PJ. Sente , Antibody-drug 

conjugates for cancer therapy, Cancer J. 2008.14(3):154-69; J.E. Stefano, M. Busch, L. 

15 Hou, A. Park, and D.A. Gianoiio, p. 145-171, and M.-P. Brun and L. Gauzy-Lazo, p. 173-

187 in Antibody-Drug Conjugate, Methods in Molecular Biology, Vol. 1045, Editor L 

Ducry, Humana Press (2013). 

Table 3. Amino acid sequences of example antibodies 

SEQ ID NO:1 (anti-Her2 heavy chain wild type) 
EVQLVESGGGLVQPGGSLRLSCAASGF NIKDTYIHWVRQAPGKGLEWVAI ] TNG 
YTRYADSVKGRFTISADTSKNTAYLQMNSLRAEDTAVYYCSRWGGDGFYAMDYWG 
QGTI. VTVSSASTKGPS VFPLAPSSKSTSGGTAALGCLVK DYFP E P VTVS WN SG ALT 
SGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCD 
KTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNW 
YVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIE 
KTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPEN 
NYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSP 
GK 
SEQ ID NO:2 (anti-Her2 light chain wild type) 
DIQMTQSPSSLSASVGDRVTITCRASQDVNTAVAWYQQKPGKAPKLLIYSASFLYSG 
VPSRFSGSRSGTDFTLTISSLQPEDFATYYCQQI (TT IFGQGTK V El K RT V A A PS 
VFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKD 
STYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC 
SEQ ID NO:3 (constant region of the mutant light chain of anti-Her2 LC-S159C and 
antibody 20507 LC-S159C) 
KRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNCQES 
VTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC 
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SEQ ID NO:4 (constant region of the mutant heavy chain of antibody 20507 HC-
E152C) 
SASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPCPVTVSWNSGALTSGVHTFPA 
VLQSSGLYSLSSVVTVPSSSLGTQTYiCNVNHKPSNTKVDKKVEPKSCDKTHTCPPC 
PAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVH 
NAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPiEKTiSKAKGQ 
PREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVL 
DSDGSFf LYSKL TVDKSRWQQGNVF SCSVM: IEALHNHYTQKSLSLSPGK 
SEQ ID NO:5 (constant region of the mutant heavy chain of antibody 20507 HC-
S375C) 
SASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPA 
VLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPC 
PAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVH 
NAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQ 
PREPQVYTLPPSREEMTKNQVSLTCLVKGFYPCDIAVEWESNGQPENNYKTTPPVL 
DSDGSFR VSKLTVDKSRWQQGNVFSC3VMH; ALHNHYTQKSLSLSPGK 
SEQ ID NO:6 (constant region of the mutant light chain of anti-Her2-HC-E152C-
S375C and antibody 20507-HC-E152C-S375C) 
SASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPCPVTVSWNSGALTSGVHTFPA 
VLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPC 
PAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVH 
NAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQ 
PREPQVYTLPPSREEMTKNQVSLTCLVKGFYPCDIAVEWESNGQPENNYKTTPPVL 
)SDGS YSKl TV DKSBWQQGNV rSGSVM- j j LI -:\'r •;Y~QKSLSLSPGK 

SEQ ID NO:7 (constant region of the mutant light chain of antibody 20507 LC-K107C) 
CRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQES 
•/"EQDSKDSTvSi...SS' I.] I .SKADYEKKVYACEVI [{QGLSSPVTKSFNRGEC 
SEQ ID NQ:8 (constant region of the heavy chain of anti-Her2 HC-ins388-ybbR) 
SASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPA 
VLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPC 
PAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVH 
NAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQ 
PREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPEDSLEFIASKL 
ANNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLS 
LSPGK 
SEQ ID NO:9 (constant region of the mutant heavy chain HC-ins388-A1 in anti-Her2 
and antibody 20507) 
SASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPA 
VLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPC 
PAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVH 
NAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQ 
PREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPEGDSLDMLEW 
SLMNNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEAI. IN \Y1 QKS 
LSLSPGK 
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SEQ ID N0:10 (constant region of the heavy chain wild type of antibody 20507) 
SASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPA 
VLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPC 
PAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVH 
NAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQ 
PREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVL 
: )SDGSFFi VSKL; vfDKSRWQQGNVFSCSVMHrA. .HMI- r'TQKSI.SLSPGK 
SEQ ID NO:11 (constant region of the light chain wild type of antibody 20507) 
KRTVAAPSVFiFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQES 
VTEQDSKDSTYSLSST . . SKADYEKjjKVYACEV HOGLSS: VVTKSFNRGEC 

SEQ ID NO:1 and SEQ ID NO:2 are the full length amino acid sequence of wild-type anti-

Her2 antibody heavy chain (HC) and light chain (LC), respectively. CDR regions are 

underlined. SEQ ID NO:3 is the amino acid sequence of the LC constant region of anti-

Her2 LC-S159C and of antibody 20507-LC-S159C mutant antibody. SEQ ID NO:4, SEQ 

5 ID NO:5 and SEQ ID NO:6 are the amino acid sequences of the constant regions for the 

heavy chain FIC-E152C and FIC-S375C, and FIC-E152C-S375C mutant antibodies, 

respectively. SEQ ID NO:7 is the light chain LC-K107C mutants of antibody 20507. SEQ 

D NO:8 is the amino acid sequence of the constant region of the mutant heavy chain for 

anti~Her2 HC-ins388-ybbR wherein the ybbR tag is inserted after HC residue Glu388. 

10 SEQ ID NO:9 is the amino acid sequence of the constant region of the mutant heavy 

chain for both anti-Her2 and antibody 20507 HC-ins388-A1 antibodies wherein the A1 tag 

is inserted after HC residue Glu388. Mutant Cys residue and the inserted sequence tags 

of ybbR and A1 are shown in bold and are underlined in the sequences of corresponding 

mutant chains. SEQ ID NO:10 and SEQ ID NO:11 are the amino acid sequences of the 

15 constant regions of wild-type antibody 20507 heavy chain and light chain, respectively. 

Production of the Antibody 
The antibodies and antibody fragments (e.g., antigen binding fragments) of the 

invention can be produced by any means known in the art, including but not limited to, 

recombinant expression, chemical synthesis, and enzymatic digestion of antibody 

20 tetramers, whereas full-length monoclonal antibodies can be obtained by, e.g., hybridoma 

or recombinant production. Recombinant expression can be from any appropriate host 

cells known in the art, for example, mammalian host cells, bacterial host cells, yeast host 

cells, insect host cells, etc. 

The invention further provides polynucleotides encoding the antibodies described 

25 herein, e.g., polynucleotides encoding heavy or light chain variable regions or segments 

comprising the complementary determining regions as described herein. 
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The polynucleotide sequences can be produced by de novo solid-phase DNA 

synthesis or by PCR mutagenesis of an existing sequence (e.g., sequences as described 

in the examples below) encoding an antibody or its binding fragment. Direct chemical 

synthesis of nucleic acids can be accomplished by methods known in the art, such as the 

5 phosphotriester method of Narang et al., Meth. Enzymoi. 68:90, 1979; the phosphodiester 

method of Brown et al., Meth. Enzvmol. 68:109,1979; the diethylphosphoramidite method 

of Beaucage et al., Tetra. Lett., 22:1859,1981; and the solid support method of U.S. 

Patent No. 4,458,066. Introducing mutations to a polynucleotide sequence by PCR can 

be performed as described in, e.g., PCR Technology: Principles and Applications for DNA 

10 Amplification, H.A. Erlich (Ed.), Freeman Press, NY, NY, 1992; PCR PROTOCOLS: A GUIDE 

TO METHODS AND APPLICATIONS, Innis et al. (Ed.), Academic Press, San Diego, CA, 1990; 

Mattila et al., Nucleic Acids Res. 19:967.1991; and Eckert et al., PCR Methods and 
Applications 1:17, 1991. 

Also provided in the invention are expression vectors and host cells for producing the 

15 antibodies or antibody fragments described above. Various expression vectors can be 

employed to express the polynucleotides encoding the antibody chains or binding 

fragments of the invention. Both viral-based and nonviral expression vectors can be used 

to produce the antibodies in a mammalian host ceil. Nonviral vectors and systems 

include plasmids, episomal vectors, typically with an expression cassette for expressing a 

20 protein or RNA, and human artificial chromosomes (see, e.g., Harrington et al., Nat Genet 

15:345,1997). For example, nonviral vectors useful for expression of the polynucleotides 

and polypeptides in mammalian (e.g., human) ceils include pThioHis A, B & C, 

pcDNA3.1/His, pEBVHis A, B & C (Invitrogen, San Diego, CA), MPSV vectors, and 

numerous other vectors known in the art for expressing other proteins. Useful viral 

25 vectors include vectors based on retroviruses, adenoviruses, adenoassociated viruses, 

herpes viruses, vectors based on SV40, papilloma virus, HBP Epstein Barr virus, vaccinia 

virus vectors and Semliki Forest virus (SFV). See, Smith, Annu. Rev. Microbiol. 49:807, 

1995; and Rosenfeld et al., CeJI 68:143,1992. 

The choice of expression vector depends on the intended host cells in which the 

30 vector is to be expressed. Typically, the expression vectors contain a promoter and other 

regulatory sequences (e.g., enhancers) that are operably linked to the polynucleotides 

encoding an antibody chain or fragment of the invention. In some embodiments, an 

nducible promoter is employed to prevent expression of inserted sequences except 

under inducing conditions. Inducible promoters include, e.g., arabinose, lacZ, 
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metaliothionein promoter or a heat shock promoter. Cultures of transformed organisms 

can be expanded under noninducing conditions without biasing the population for coding 

sequences whose expression products are better tolerated by the host cells. In addition 

to promoters, other regulatory elements may also be required or desired for efficient 

5 expression of an antibody chain or fragment of the invention. These elements typically 

nclude an ATG initiation codon and adjacent ribosome binding site or other sequences. 

In addition, the efficiency of expression may be enhanced by the inclusion of enhancers 

appropriate to the cell system in use (see, e.g., Scharf et ai., Results Probl. Cell Differ. 

20:125,1994; and Bittner et al., Meth. Enzvmoi.. 153:516.1987). For example, the SV40 

10 enhancer or CMV enhancer may be used to increase expression in mammalian host cells. 

The expression vectors may also provide a secretion signal sequence position to form 

a fusion protein with polypeptides encoded by inserted antibody sequences. More often, 

the inserted antibody sequences are linked to a signal sequences before inclusion in the 

vector. Vectors to be used to receive sequences encoding antibody light and heavy chain 

15 variable domains sometimes also encode constant regions or parts thereof. Such vectors 

allow expression of the variable regions as fusion proteins with the constant regions 

thereby leading to production of intact antibodies or fragments thereof. Typically, such 

constant regions are human. 

The host cells for harboring and expressing the antibody chains of the invention can 

20 be either prokaryotic or eukaryotic. Escherichia coli is one prokaryotic host useful for 

cloning and expressing the polynucleotides of the present invention. Other microbial 

hosts suitable for use include bacilli, such as Bacillus subtilis, and other 

enterobacteriaceae, such as Salmonella, Serratia, and various Pseudomonas species. In 

these prokaryotic hosts, one can also make expression vectors, which typically contain 

25 expression control sequences compatible with the host ceil (e.g., an origin of replication). 

In addition, any number of a variety of well-known promoters may be present, such as the 

actose promoter system, a tryptophan (trp) promoter system, a beta-lactamase promoter 

system, or a promoter system from phage lambda. The promoters typically control 

expression, optionally with an operator sequence, and have ribosome binding site 

30 sequences and the like, for initiating and completing transcription and translation. Other 

microbes, such as yeast, can also be employed to express the antibodies or antibody 

fragments of the invention. Insect cells in combination with baculovirus vectors can also 

be used. 
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In one aspect, mammalian host ceils are used to express and produce the antibodies 

and antibody fragments of the present invention. For example, they can be either a 

hybridoma ceil line expressing endogenous immunoglobulin genes or a mammalian cell 

ine harboring an exogenous expression vector. These include any normal mortal or 

5 normal or abnormal immortal animal or human cell. For example, a number of suitable 

host cell lines capable of secreting intact immunoglobulins have been developed, 

including the CHO cell lines, various Cos cell lines, HeLa cells, myeloma cell lines, 

transformed B-ceils and hybridomas. The use of mammalian tissue cell culture to 
express polypeptides is discussed generally in, e.g., Winnacker, FROM GENES TO CLONES, 

10 VCH Publishers, N.Y., N.Y., 1987. Expression vectors for mammalian host cells can 

nclude expression control sequences, such as an origin of replication, a promoter, and an 
enhancer (see, e.g., Queen et al.. Immunol. Rev. 89:49-68. 1986), and necessary 
processing information sites, such as ribosome binding sites, RNA splice sites, 

polyadenylation sites, and transcriptional terminator sequences. These expression 

15 vectors usually contain promoters derived from mammalian genes or from mammalian 

viruses. Suitable promoters may be constitutive, cell type-specific, stage-specific, and/or 

modulatable or regulatable. Useful promoters include, but are not limited to, the 

metaliothionein promoter, the constitutive adenovirus major late promoter, the 

dexamethasone-inducibie MMTV promoter, the SV40 promoter, the MRP poll 11 promoter, 

20 the constitutive MPSV promoter, the tetracycline-inducible CMV promoter (such as the 

human immediate-early CMV promoter), the constitutive CMV promoter, and promoter-

enhancer combinations known in the art. 

Methods for introducing expression vectors containing the polynucleotide sequences 

of interest vary depending on the type of cellular host. For example, calcium chloride 

25 transfection is commonly utilized for prokaryotic ceils, whereas calcium phosphate 

treatment or electroporation may be used for other cellular hosts (see generally 

Sambrook et al., supra). Other methods include, e.g., electroporation, calcium phosphate 

treatment, liposome-mediated transformation, injection and microinjection, ballistic 

methods, virosomes, immunoliposomes, polycation:nucleic acid conjugates, naked DNA, 

30 artificial virions, fusion to the herpes virus structural protein VP22 (Elliot and O'Hare, CeJi 

88:223,1997), agent-enhanced uptake of DNA, and ex vivo transduction. For long-term, 

high-yield production of recombinant proteins, stable expression will often be desired. For 

example, cell lines which stably express antibody chains or binding fragments can be 

prepared using expression vectors of the invention which contain viral origins of 
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eplication or endogenous expression elements and a selectable marker gene. Following 

ntroduction of the vector, cells may be allowed to grow for 1-2 days in an enriched media 

before they are switched to selective media. The purpose of the selectable marker is to 

confer resistance to selection, and its presence allows growth of cells which successfully 

5 express the introduced sequences in selective media. Resistant, stably transfected cells 

can be proliferated using tissue culture techniques appropriate to the cell type. 

Example 99: Cloning of anti-Her2 and antibody 20507 Cys and A1/ybbR tag mutant 

antibodies for conjugation studies 

DNA oligonucleotides encoding variable regions of heavy and light chains of an anti-

10 Her2 antibody (Carter P, Presta L, Gorman CM, Ridgway JB, Henner D, Wong WL, 

Rowland AM, Kotts C, Carver ME, Shepard HM. (1992) Proc. Natl. Acad. Sci. USA, 89, 

4285-4289. Humanization of an anti-p185her2 antibody for human Cancer therapy) were 

chemically synthesized and cloned into two mammalian expression vectors, pOG-HC and 

pOG-LC that contain the constant regions of human lgG1 and human kappa light chain, 

15 resulting in two wild-type constructs, pOG-anti Her2 antibody HC and pOG-anti-Her2 

antibody LC, respectively. In these vectors, the expression of antibody heavy and light 

chain in mammalian cells is driven by a CMV promoter. The vectors encode a synthetic 

24 amino acid signal sequence, MKTFILLLWVLLLWVIFLLPGATA (SEQ ID NO:12), at 

the N-terminal of heavy chain and light chain to guide their secretion from mammalian 

20 cells. The signal sequence has been validated to be efficient in directing protein secretion 
in hundreds of mammalian proteins in 293 Freestyle™ cells (Gonzalez R, Jennings LL, 
Knuth M, Orth AP, Klock HE, Ou W, Feuerheim J, Hull MV, Koesema E, Wang Y, Zhang 

J, Wu C, Cho CY, Su Al, Batalov S, Chen H, Johnson K, Laffitte B, Nguyen DG, Snyder 

EY, Schuitz PG, Harris JL, Lesley SA. (2010) Proc Natl Acad Sci USA. 107:3552-7). 

25 Oligonucleotide directed mutagenesis was employed to prepare the LC-S159C mutant of 

the anti-Her2 antibody. The sense and anti-sense primers (Table 4) that correspond to 

the LC-S159C mutation site in the constant regions of human kappa light chain were 

chemically synthesized. PCR reactions were performed using PfuUltra II Fusion HS DNA 

Polymerase (Stratagene) with pOG-anti-Her2 antibody HC and pOG-anti-Her2 antibody 

30 LC as the templates. The PCR products were confirmed on agarose gels, and treated 

with DPN I followed by transformation in DH5a cells (Klock et al., (2009) Methods Mol Biol, 

498:91-103). 
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The sequence of the LC-S159C mutant construct was confirmed by DNA sequencing. 

The full length amino acid sequence of wild-type anti-Her2 antibody heavy chain is shown 

as SEQ ID NO:1 and that of light chain shown as SEQ ID NO:2. The amino acid 

sequence of LC-S159C mutant antibody is shown in Table 3 with C159 in bold and 

5 underlined. Amino acid residues in human igG1 heavy chain and human kappa light 

chain are numbered according to the Eu numbering system (Edelman etal, (1969) Proc 

Natl Acad Sci USA, 63:78-85). The anti-Her2- LC-S159C antibody was further cloned 

nto vectors containing antibiotic selection markers for selection of stably transfected cell 

clones in media containing corresponding antibiotics. 

10 Similarly, a double Cys mutant, HC-E152C-S375C, of the anti-Her2 antibody and four 

Cys mutants (HC-E152C, HC-S375C, LC-K107C, LC-S159C, HC-E152C-S375C) of a 

second antibody, antibody 20507 were cloned using DNA primers listed in Table 4 and 

the above procedures. Antibody 20507 contains a human lgG1 heavy chain and a 

human kappa light chain. The constant parts of heavy and light chain of antibody 20507 

15 are identical in amino acid sequence to those in anti-Her2 antibody. The amino acid 

sequences of the constant regions of the Cys mutants of the anti-Her2 antibody and of 

antibody 20507 are shown in Table 3 with the mutated Cys in bold and underlined. 

Insertion of the ybbR and A1 peptide sequences into the constant region of the anti-

Her2 antibody heavy chain was accomplished by standard molecular biology methods. 

20 The vector pOG-anti-Her2 antibody HC served as PCR template to obtain the 

corresponding HC-ins388-ybbR and HC-ins388-A1 insertion mutants. Table 4 lists the 

sense and anti-sense primers that were used for the cloning of these constructs. The 

vector encoding the antibody 20507-HC-ins388-A1 insertion mutant was prepared by 

amplifying the variable region of antibody 20507 heavy chain. The amplified DNA 

25 fragment was then moved into the existing vector encoding the anti-Her2-HC-ins388-A1 

nsertion mutant. All resulting expression vectors encoding peptide-tagged heavy chains 

were confirmed by DNA sequencing. The anti-Her2 antibodies containing HC-ins388-

ybbR and HC-ins388-A1 insertions were further cloned into vectors with antibiotic 

selection markers, thereby allowing subsequent isolation of clones stably expressing the 

30 respective peptide-tagged constructs. The amino acid sequences of the constant regions 

of the A1/ybbR insertion mutants of the anti-Her2 antibody and the antibody 20507 are 

shown in Table 3. The inserted peptide tag is shown in bold and is underlined. 
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The anti-Her2 and antibody 20507 Cys and A1 tag mutant antibodies were prepared 

as described in Example 100, and conjugated with an exemplary cytotoxic peptide of 

formula (I) as described in Examples 101,102,103, 104 and 105. 

Table 4. DNA sequences of mutation primers used to clone mutant antibodies. 

LC-S159C Sense AGCGGCAACTGTCAGGAGAGC 
GTCACCGAGCAGGACAGCAA 

SEQ ID NO:13 LC-S159C 

Anti-sense CTCTCCTGACAGTTGCCGCTCT 
GCAGGGCGTTGTCCACCT 

SEQ ID NQ:14 

HC-E152C Sense TACTTCCCCTGTCCCGTGACCG 
TGTCCTGGAACAGCGGA 

SEQ ID NO:15 HC-E152C 

Anti-sense GGTCACGGGACAGGGGAAGTA 
GTCCTTCACCAGGCAGC SEQ ID NO:16 

HC-S375C Sense TTCTACCCCTGCGACATCGCC 
GTGGAGTGGGAGAGCAACG SEQ ID NO:17 HC-S375C 

Anti-sense GGCGATGTCGCAGGGGTAGAA 
GCCCTTCACCAGACAGGTCA SEQ ID NO:18 

LC-K107C Sense GTGGAGATCTGTCGAACGGTG 
GCCGCTCCCAGCGTGTTCA 

SEQ ID NO:19 LC-K107C 

Anti-sense ACCGTTCGACAGATCTCCACCT 
TGGTACCCTGTCCGAAC SEQ ID N0:20 

HC-ins388-
ybbR Sense 

CTGGAGTTCATCGCCAGCAAG 
CT GGCCAACAACTACAAGACCA 

CACCTCCAG 
SEQ ID NO:21 

HC-ins388-
ybbR 

Anti-sense 
CTTGCTGGCGATGAACTCCAG 
GCTGTCCTCGGGCTGGCCGTT 

GCTC 
SEQ ID NQ:22 

HC-ins388-
A1 Sense 

CTGGACATGCTGGAGTGGAGC 
CTGATGAACAACTACAAGACCA 

CACCTCCAG 
SEQ ID NO:23 

HC-ins388-
A1 

Anti-sense 
CCACTCCAGCATGTCCAGGCT 
GTCGCCCTCGGGCTGGCCGTT 

GCTC 
SEQ ID NO:24 

5 Example 100: Preparation of anti-Her2 and antibody 20507 Cys and A1/ybbR tag mutant 

antibodies 

Anti-Her2 and antibody 20507 Cys, A1 tag and ybbR tag mutant expressed in 293 
Freestyle™ cells by co-transfecting heavy chain and light chain plasmids using transient 

transfection method as described previously (Meissner, etal., Biotechnol Bioeng. 75:197-

10 203 (2001)). The DNA plasmids used in co-transfection were prepared using Qiagen 
plasmid preparation kit according to manufacturer's protocol. 293 Freestyle™ cells were 

cultured in suspension in Freestyle™ expression media (Invitrogen) at 37°C under 5% 
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10 

15 

20 

C02. On the day before transfection, cells were split to 0.7 x 106 cells /ml into fresh media. 
On the day of transfection, the ceil density typically reached 1.5x10® ceils/ml. The cells 

were transfected with a mixture of heavy chain and light chain plasmids at the ratio of 1:1 

using the PEI method (Meissner et al., 2001 supra). The transfected cells were further 

cultured for five days. The media from the culture was harvested by centrifugation of the 

culture at 2000x g for 20 min and filtered through 0.2 micrometer filters. The expressed 
antibodies were purified from the filtered media using Protein A-Sepharose™ (GE 
Healthcare Life Sciences). Antibody IgGs were eiuted from the Protein A-Sepharose™ 

column using a pH 3.0 eiution buffer. Eiuted IgG solutions were immediately neutralized 

with 1 M Tris-HCI (pH 8.0) followed by a buffer exchange to PBS. 

Expression constructs for anti-Her2-LC-S159C, anti Her2-HC-ins388-ybbR, and anti-

Her2-HC-ins388-A1 antibodies were also transfected into CHO cells. Following standard 

protocols, cells stably expressing these antibodies were then selected using antibiotics. 

All anti-Her2 antibody constructs expressed in the selected CHO cell clones were purified 

by Protein A-Sepharose chromatography as described above. 

In a separate study, the anti-Her2-LC-S159C antibody was stably expressed in CHO 

cell followed by selection by antibiotics selection. Anti-Her2-LC-S159C antibody 

expressed in established CHO cell clone was purified by Protein A-Sepharose column 

procedures as described above. 

Immunoconiuaates 

Immunoconjugates of the invention that comprise such cytotoxic peptides as a 

payioad (drug) include conjugates of Formula (II): 

wherein: 

Ab represents an antigen binding moiety; 

L is a linker selected from -L1L2L3L4L5L6-, -L6L5L4L3L2L1-, -L1L2L3L4L5-, -L5L4L3L2L1-,-

L1L2L3L4-, -L4L3L2L-! -, -1— 1L2L3-, -L3L2LI-,-LIL2-, -L2L1- and -L^ wherein -Li, L2, L3, L4, L5, 
and L6 are as defined herein; 

y is an integer from 1 to 16; 

Ab 

y (Formula (II)) 
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R101 is a 6 membered heterocycioaikyl divalent radical containing 1-2 N heteroatoms and 

a C1-C2aikyiene bridge, wherein the 6 membered heterocycloalkyl divalent radical is 

C-linked to the o group and is N-linked to U or is C-linked to L, and the 6 

membered heterocycloalkyl divalent radical is unsubstituted or substituted with 1 to 3 

5 substituents independently selected from R5 and R6; 

or R101 is a 5-8 membered fused bicyciic heterocycloalkyl divalent radical containing 1-2 N 

heteroatoms, wherein the 5-8 membered fused bicyciic heterocycloalkyl divalent 

radical is C-linked to the o group and is N-linked to L, or is C-linked to Lu and the 

5-8 membered fused bicyciic heterocycioaikyl divalent radical is unsubstituted or 

10 substituted with 1 to 3 substituents independently selected from R5 and R6 

R2 is -CrCealkyl; 

"/YR OH 

T5 U R3 is or 

R4 is -OH, C,-C6alkoxy, -N(R14)2, -R16, -NR12(CH2)mN(R14)2, or -NR12(CH2)mR1 

(CH2)m-N-R12 

II .J R12 

i 
NHS(0)2R„ or R12 ; 

15 R5 is CrCealkyl, CrC6alkyl which is optionally substituted with 1 to 5 hydroxyl, -C(=0)R1 

-(CH2)mOH, -C(=0)(CH2)m0H, -C(=0)((CH2)m0)nR12, or -((CH2)mO)nR12; 

R6 is halo, oxo, OH, CrC6alkyl, -N(R14)2, -R16and -NR12C(=0)R11; 

R11 is CrC6alkyi or CrC6alkyi which is optionally substituted with 1 to 5 hydroxyl; 

each R12 is independently selected from H and C-C6alkyl; 

-i—P-OH "H"™ -H"0"" vf-Ao'R" 
20 R13 is tetrazolyl, 1 H , OH , OH , OH , OH 

0 0 0 0 0 0 
U II rj12 U II D11 II II p12 

-\ \ -\ i^^^N II II 
OH | OH | OH j 

R12 R11 R11 or " OH 

each R14 is independently selected from H and CrC6alkyi; 
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R16 is an N-iinked 4-8 membered heterocycioaikyl containing 1-2 heteroatoms 

independently selected from N and O; 

each m is independently selected from 1,2,3, 4, 5, 6, 7, 8, 9 and 10, and 

each n is independently selected from 1, 2, 3, 4, 5, 6, 7, 8, 9,10,11,12,13, 14,15,16,17 

Other Immunoconjugates of the invention that comprise such cytotoxic peptides 

as a payioad (drug) include conjugates of Formula (III): 

wherein: 

10 Ab represents an antigen binding moiety; 

L is selected from -L1L2L3L4L5L6-, -L6L5L4L3L2L1-, -L1L2L3L4L5-, -L5L4L3L2Lr,-LiL2L.3l_4-, -
L4L3L2LIL2L3-, -L3L2L1-,-L1L2-, -L2L1- and -U, wherein -Li, L2, L3, L4, L5, and L6 are 

as defined herein; 

y is an integer from 1 to 16; 

15 R1 is a 6 membered heterocycloalkyl containing 1-2 N heteroatoms and a C1-C2alkylene 

bridge, wherein the 6 membered heterocycloalkyl is unsubstituted or substituted with 

1 to 3 substituents independently selected from R5 and R6; 

or R1 is a 5-8 membered fused bicyciic heterocycloalkyl containing 1-2 N heteroatoms, 

wherein the 5-8 membered fused bicyciic heterocycloalkyl is unsubstituted or 

20 substituted with 1 to 3 substituents independently selected from R5 and R6; 

R2 is -CrCealkyl; 

R3 is ; 

R5 is CrCealkyl, CrC6alkyl which is optionally substituted with 1 to 5 hydroxyl, -C(=0)R11, 
-(CH2)mOH, -C(=0)(CH2)m0H, -C(=0)((CH2)m0)nR12, or -((CH2)mO)nR12; 

5 and 18 

(Formula (ill)) 

25 R6 is halo, oxo, OH, CrC6alkyl, -N(R14)2, -R16 and -NR12C(=0)R11; 

R11 is CrC6alkyl or CrC6alkyi which is optionally substituted with 1 to 5 hydroxy!; 

each R12 is independently selected from H and CrCealkyl; 
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each R14 is independently selected from H and CrCealkyl; 

R16 is an N-iinked 4-8 membered heterocycioaikyl containing 1-2 heteroatoms 

independently selected from N and O; 
o 

(CH2) N-|- ^/(CH2)—N-c-|-

R" *N 
I I 

R 12 

R1' is a bond, -NH-, -NHS(=0)2-, R12 , R12 or 

'(CH2),A-

o o 
P-|— ^ P -O \ 

R18 is a bond, OH or OH ; 

each m is independently selected from 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10, and 

each n is independently selected from 1, 2, 3, 4, 5, 6, 7, 8, 9,10,11,12,13, 14,15,16,17 

and 18 

10 Other immunoconjugates of Formula (II) and Formula (III) of the invention are provided in 

the enumerated embodiments below. 

The invention provides immunoconjugates comprising one or more anti-mitotic 

cytotoxic peptides linked to an antigen-binding moiety, such as an antibody or antibody 

fragment. Preferred immunoconjugates of the invention are those of Formula (II) or (III) 

15 as described herein. Methods for making such immunoconjugates are well known in the 

art. Preferred immunoconjugates include, but are not limited to, those disclosed in Table 

5, and variations thereof having another antigen binding moiety instead of anti-Her2 

antibody, particularly such conjugates where anti-Her2 antibody is replaced by an 

antibody selected from the following list: anti-estrogen receptor antibody, anti-

20 progesterone receptor antibody, anti-p53 antibody, anti-EGFR antibody, anti-cathepsin D 

antibody, anti-Bcl-2 antibody, anti-E-cadherin antibody, anti-CA125 antibody, anti-CA15-3 

antibody, anti-CA19-9 antibody, anti-c-erbB-2 antibody, anti-P-glycoprotein antibody, anti-

CEA antibody, anti-retinobiastoma protein antibody, anti-ras oncoprotein antibody, anti-

_ewis X antibody, anti-Ki-67 antibody, anti-PCNA antibody, anti-CD3 antibody, anti-CD4 

25 antibody, anti-CD5 antibody, anti-CD7 antibody, anti-CD8 antibody, anti-CD9/p24 

antibody, anti-CD1- antibody, anti-CD11c antibody, anti-CD13 antibody, anti-CD14 

antibody, anti-CD15 antibody, anti-CD19 antibody, anti-CD20 antibody, anti-CD22 
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antibody, anti-CD23 antibody, anti-CD30 antibody, anti-CD31 antibody, anti-CD33 

antibody, anti-CD34 antibody, anti-CD35 antibody, anti-GD38 antibody, anti-CD39 

antibody, anti-CD41 antibody, anti-LCA/CD45 antibody, anti-CD45RO antibody, anti-

CD45RA antibody, anti-CD71 antibody, anti-CD95/Fas antibody, anti-CD99 antibody, 

5 anti-CD100 antibody, anti-S-100 antibody, anti-CD106 antibody, anti-ubiquitin antibody, 

anti-c-myc antibody, anti-cytokeratin antibody, anti-lambda light chains antibody, anti-

melanosomes antibody, anti-prostate specific antigen antibody, anti-tau antigen antibody, 

anti-fibrin antibody, anti-keratins antibody, and anti-Tn-antigen antibody. 

In some embodiments, an immunoconjugate of Formula (II) or Formula (III), or 

10 subformulae thereof, comprises an antibody or antibody fragment Ab having antigen-

binding activity, where the linker L is attached to Ab at a cysteine sulfur atom of Ab. 

Typical reactive groups used for reaction with a cysteine sulfur group and the resulting 

group formed are given in Table 1. Non-limiting examples of linker components formed by 

reaction with a cysteine residue of the antigen binding moiety include, but are not limited 
o 

o , B _ R R 
^ _LS_SX^ 

15 to, O , ? , H and « S S * . 

In other embodiments, an immunoconjugate of Formula (II) or Formula (III) comprise 

Ab, an antibody or antibody fragment having antigen-binding activity, where the linker is 

T 
.0 

S 0 j 
attached to Ab via a bridged disulfide in Ab. In such embodiments a x moiety h 

o 

s formed upon reaction of and a compound of Formula (I) which contains a 

20 hydroxylamine. 

In some embodiments, an immunoconjugate of Formula (II) or Formula (III), or 

subformulae thereof, comprises an antibody or antibody fragment Ab having antigen-

binding activity, where the linker L is attached to Ab at a free -NH2 of lysine. The Linker 

components formed by reaction with the -NH2 of a lysine residue of the antigen binding 

25 moiety, where each p is 1-10, and each R is independently H or C-M alkyl (preferably 
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O 

-f-N (CH2)p H || "J-V -l-N^Y 
methyl) include, but are not limited to, , H and 

R 

-i-N 

R 

A, 
* 

In some embodiments, an immunoconjugate of Formula (II) or Formula (III), or 

subformulae thereof, comprises an antibody or antibody fragment Ab having antigen-

binding activity, where the linker L is attached to Ab at a Pel or Pyl group engineered into 

an antibody. See e.g., Ou, et al., PNAS 108(26), 10437-42 (2011). Linker components 

formed by reaction with a Pel or Pyl group include, but are not limited to, 

» H R20 
F J. ^ /-^N 

R3U or , wherein R20 is 

H or Me, and R30 is H, Me or Phenyl, for linking, where the acyl group shown attaches to 

10 the lysine portion of a Pel or Pyl in an engineered antibody. 

In some embodiments, an immunoconjugate of Formula (II) or Formula (III), or 

subformulae thereof, comprises an antibody or antibody fragment Ab having antigen-

binding activity, where the linker L is attached to Ab at serine residue in an S6, ybbR or 

A1 peptide engineered into an antibody. Linker components formed by reaction with such 
0 ?H H H s 

• •„ r. „ 15 serine residues include, but are not limited to, o o 
O OH u O OH 

x O O ' v O O 
J J 

o OH H H O OH H 

' v A A /-> I- ' 1 A o o or o 

By way of example, one general reaction scheme for the formation of 

mmunoconjugates of Formula (II) is shown in Scheme 13 below: 

20 Scheme 13 
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Ab—RG! + y[RG2—L—RF/ N N 

O R2 1 °s 0 

/ 
Ab-

M H i-<1/Nv<k,>YvYNYTNs 

6 R2 ' 0 0-v- 0 

where RG, is a reactive group 1 from Table 1 and RG2 is a reactive group 1 from Table 1 

and the reaction product of the respective groups (as seen in Table 1) is a linker 

component of linker L. R101, R2, R3, L and Ab are as defined herein 

Another general reaction scheme for the formation of immunoconjugates of Formula 

(II) is shown in Scheme 14 below: 

Scheme 14 

Ab—RG2 + y [ RG-I—L—R™j^N ̂  

Ab-
I J T 7 T n T IT RO / 
\ 0 R2 O 0 j 

y 

where RGi is a reactive group 1 from Table 1 and RG2 is a reactive group 1 from Table 1 

10 and the reaction product of the respective groups (as seen in Table 1) is a linker 

component of linker L. R'0', R2, R3, L and Ab are as defined herein 

By way of example, one general reaction scheme for the formation of 

mmunoconjugates of Formula (III) is shown in Scheme 15 below: 

Scheme 15 

M 9 W I H 
Ab-RG1 + y(RyNy^VYN-VY%3-L-RG2 

» R2 1 O 0^ 0 

15 
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where RG, is a reactive group 1 from Table 1 and RG2 is a reactive group 1 from Table 1 

and the reaction product of the respective groups (as seen in Table 1) is a linker 

component of linker L. R1, R2, R3, L and Ab are as defined herein. 

Another general reaction scheme for the formation of immunoconjugates of Formula 

5 (II) is shown in Scheme 16 below: 

where RG, is a reactive group 1 from Table 1 and RG2 is a reactive group 1 from Table 1 

and the reaction product of the respective groups (as seen in Table 1) is a linker 

10 component of linker L. R1, R2, R3, L and Ab are as defined herein. 

In another aspect, the present invention provides a pharmaceutical composition 

comprising an immunoconjugate of Formula (II) or Formula (III) of the present invention, 

or subformulae thereof, and at least one pharmaceutically acceptable carrier. The 

pharmaceutical composition can be formulated for particular routes of administration such 

15 as intravenous administration, parenteral administration, and the like. 

The immunoconjugates of the invention are typically formulated as solutions or 

suspensions in aqueous buffer and/or isotonic aqueous solution. They are typically 

administered parenterally, either by injection or by infusion. Methods for their formulation 

and administration are similar to those for formulation and administration of other biologic-

20 based pharmaceuticals such as antibody therapeutics, and are known to those of skill in 

the art. 

Certain injectable compositions are aqueous isotonic solutions or suspensions, and 

suppositories are advantageously prepared from fatty emulsions or suspensions. Said 

compositions may be sterilized and/or contain adjuvants, such as preserving, stabilizing, 

25 wetting or emulsifying agents, solution promoters, salts for regulating the osmotic 

pressure and/or buffers. In addition, they may also contain other therapeutically valuable 

substances. Said compositions are prepared according to conventional mixing, 

Scheme 16 
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granulating or coating methods, respectively, and contain about 0.1-75%, or contain 

about 1-50%, of the active ingredient. 

The in vitro cell killing potency given in Table 2 obtained for certain cytotoxic peptides 

of Formula (I) shows that such compounds of formula (I) exhibit valuable pharmacological 

5 activities, and as such these compounds can be used as the payioad of an ADC. The 

immunoconjugates comprising a compound of formula (I), as demonstrated herein, exhibit 

substantial activity on targeted cells in vitro and on tumors in vivo, as demonstrated by 

potent growth inhibition of xenograft tumors representing different human cancers. Thus 

the immunoconjugates of Formula (II) or (III) of the invention, comprising a payioad of 

10 Formula (I), and subformulae thereof, linked to an antigen binding moiety such as an 

antibody, are also useful to treat cancers, such as gastric, myeloid, colon, 

nasopharyngeal, esophageal, and prostate tumors, glioma, neuroblastoma, breast cancer, 

lung cancer, ovarian cancer, colorectal cancer, thyroid cancer, leukemia (e.g., 

myelogenous leukemia, lymphocytic leukemia, acute myelogenous leukemia (AML), 

15 chronic myeloid leukemia (CML), acute lymphoblastic leukemia (ALL), T-lineage acute 

lymphoblastic leukemia or T-ALL chronic lymphocytic leukemia (CLL), myelodyspiastic 

syndrome (MDS), hairy cell leukemia), lymphoma (Hodgkin's lymphoma (HL), non-

Hodgkin's lymphoma (NHL)), multiple myeioma, bladder, renal, gastric (e.g., 

gastrointestinal stromal tumors (GIST)), liver, melanoma and pancreatic cancer, and 

20 sarcoma. 

An embodiment of the invention provides conjugation of a compound of formula (I), 

and subformulae thereof, to an antigen binding moiety and thereby forming an 

immunoconjugate of Formula (II) or Formula (III), as described herein. 

The immunoconjugates of the invention comprising a compound of Formula (I), or 

25 subformulae thereof, are particularly useful for treating cancers known in the art to be 

inhibited by anti-mitotic toxins, and those tumor types demonstrated herein to be 

susceptible to inhibition by the compounds and conjugates of the invention. Suitable 

indications for treatment include, but are not limited to, gastric, myeloid, colon, 

nasopharyngeal, esophageal, and prostate tumors, glioma, neuroblastoma, breast 

30 cancer, lung cancer, ovarian cancer, colorectal cancer, thyroid cancer, leukemia (e.g., 

myelogenous leukemia, lymphocytic leukemia, acute myelogenous leukemia (AML), 

chronic myeloid leukemia (CML), acute lymphoblastic leukemia (ALL), T-lineage acute 

lymphoblastic leukemia or T-ALL chronic lymphocytic leukemia (CLL), myelodyspiastic 

syndrome (MDS), hairy cell leukemia), lymphoma (Hodgkin's lymphoma (HL), non-
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Hodgkin's lymphoma (NHL)), multiple myeioma, bladder, renal, gastric (e.g., 

gastrointestinal stromal tumors (GIST)), liver, melanoma and pancreatic cancer, and 

sarcoma. The immunoconjugates of the invention comprising a compound of Formula (I), 

or subformulae thereof, are particularly useful in therapy. In a further embodiment, the 

5 therapy is for a disease which may be treated by anti-mitotic toxins, in another 

embodiment, the compounds of the invention are useful to treat cancers, including but not 

imited to gastric, myeloid, colon, nasopharyngeal, esophageal, and prostate tumors, 

glioma, neuroblastoma, breast cancer, lung cancer, ovarian cancer, colorectal cancer, 

thyroid cancer, leukemia (e.g., myelogenous leukemia, lymphocytic leukemia, acute 

10 myelogenous leukemia (AML), chronic myeloid leukemia (CML), acute lymphoblastic 

eukemia (ALL), T-lineage acute lymphoblastic leukemia or T-ALL chronic lymphocytic 

eukemia (CLL), myelodyspiastic syndrome (MDS), hairy cell leukemia), lymphoma 

(Hodgkin's lymphoma (HL), non-Hodgkin's lymphoma (NHL)), multiple myeloma, bladder, 

enal, gastric (e.g., gastrointestinal stromal tumors (GIST)), liver, melanoma and 

15 pancreatic cancer, and sarcoma. 

The methods typically comprise administering an effective amount of an 

mmunoconjugate of the invention as described herein or a pharmaceutical composition 

comprising such immunoconjugates to a subject in need of such treatment. The 

mmunoconjugate may be administered by any suitable method such as those described 

20 herein, and the administration may be repeated at intervals selected by a treating 

physician. 

Thus, as a further embodiment, the present invention provides the use of a 

mmunoconjugate of formula (II) or (III), or any of the embodiments of such compounds 

described herein, for the manufacture of a medicament. In a further embodiment, the 

25 medicament is for treatment of a disease which may be treated by anti-mitotic toxins. In 

another embodiment, the disease is selected from gastric, myeloid, colon, 

nasopharyngeal, esophageal, and prostate tumors, glioma, neuroblastoma, breast cancer, 

ung cancer, ovarian cancer, colorectal cancer, thyroid cancer, leukemia (e.g., 

myelogenous leukemia, lymphocytic leukemia, acute myelogenous leukemia (AML), 

30 chronic myeloid leukemia (CML), acute lymphoblastic leukemia (ALL), T-lineage acute 

ymphoblastic leukemia or T-ALL chronic lymphocytic leukemia (CLL), myelodyspiastic 

syndrome (MDS), hairy cell leukemia), lymphoma (Hodgkin's lymphoma (HL), non-

Hodgkin's lymphoma (NHL)), multiple myeloma, bladder, renal, gastric (e.g., 
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gastrointestinal stromal tumors (GIST)), liver, melanoma and pancreatic cancer, and 

sarcoma. 

The pharmaceutical composition or combination of the present invention can be in unit 

dosage of about 1-1000 mg of active ingredient(s) for a subject of about 50-100 kg, or 

5 about 1 -500 mg or about 1 -250 mg or about 1 -150 mg or about 0.5-100 mg, or about 1 -50 

mg of active ingredients. The therapeutically effective dosage of a compound, the 

pharmaceutical composition, or the combinations thereof, is dependent on the species of 

the subject, the body weight, age and individual condition, the disorder or disease or the 

severity thereof being treated. A physician, clinician or veterinarian of ordinary skill can 

10 readily determine the effective amount of each of the active ingredients necessary to 

prevent, treat or inhibit the progress of the disorder or disease. 

The above-cited dosage properties are demonstrable in vitro and in vivo tests using 

advantageously mammals, e.g., mice, rats, dogs, monkeys or isolated organs, tissues 

and preparations thereof. The compounds of the present invention can be applied in vitro 
15 in the form of solutions, e.g., aqueous solutions, and in vivo either enterally, parenterally, 

advantageously intravenously, e.g., as a suspension or in aqueous solution. The dosage 

in vitro may range between about 10~3 molar and 10~12 molar concentrations. A 

therapeutically effective amount in vivo may range depending on the route of 

administration, between about 0.1-500 mg/kg, or between about 1-100 mg/kg. 

20 An immunoconjugate of Formula (II) or Formula (III), or subformulae thereof, of the 

present invention may be administered either simultaneously with, or before or after, one 

or more therapeutic co-agent(s). An immunoconjugate of Formula (II) or Formula (III), or 

subformulae thereof, of the present invention may be administered separately, by the 

same or different route of administration, or together in the same pharmaceutical 

25 composition as the co-agent(s). 

In one embodiment, the invention provides a product comprising a compound of 

formula (I), or subformulae thereof, and at least one other therapeutic co-agent as a 

combined preparation for simultaneous, separate or sequential use in therapy. In one 

embodiment, the therapy is the treatment of a disease or condition such as cancer with 

30 an anti-mitotic toxin. Products provided as a combined preparation include a composition 

comprising an immunoconjugate of Formula (II) or Formula (III), or subformulae 

thereof,and the other therapeutic co-agent(s) together in the same pharmaceutical 

composition, or the immunoconjugate of Formula (II) or Formula (III), or subformulae 

thereof,and the other therapeutic co-agent(s) in separate form, e.g. in the form of a kit. 
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In one embodiment, the invention provides a pharmaceutical composition comprising 

an immunoconjugate of Formula (II) or Formula (ill), or subformulae thereof, and another 

therapeutic co-agent(s). Optionally, the pharmaceutical composition may comprise a 

pharmaceutically acceptable carrier, as described above. 

Suitable co-agents for use with the compounds and conjugates of the invention 

include other anti-cancer agents, anti-allergic agents, anti-nausea agents (or anti-emetics), 

pain relievers, anti-inflammatory agents, cytoprotective agents, and combinations thereof 

Specific co-agents considered for use in combination with the compounds and 

conjugates disclosed herein include anastrozoie (Arimidex®), bicalutamide (Casodex®), 

bleomycin sulfate (Blenoxane®), busulfan (Myleran®), busulfan injection (Busulfex®), 

capecitabine (Xeloda®), N4-pentoxycarbonyl-5-deoxy-5-fluorocytidine, carboplatin 

(Parapiatin®), carmustine (BiCNU®), chlorambucil (Leukeran®), cispiatin (Platinol®), 

cladribine (Leustatin®), cyclophosphamide (Cytoxan® or Neosar®), cytarabine, cytosine 

arabinoside (Cytosar-U®), cytarabine liposome injection (DepoCyt®), dacarbazine (DTIC-

Dome®), dactinomycin (Actinomycin D, Cosmegan), daunorubicin hydrochloride 

(Cerubidine®), daunorubicin citrate liposome injection (DaunoXome®), dexamethasone, 

docetaxel (Taxotere®), doxorubicin hydrochloride (Adriamycin®, Rubex®), etoposide 

(Vepesid®), fludarabine phosphate (Fludara®), 5-fluorouracil (Adrucil®, Efudex®), 

flutamide (Euiexin®), tezacitibine, Gemcitabine (difluorodeoxycitidine), hydroxyurea 

(Hydrea®), Idarubicin (Idamycin®), ifosfamide (IFEX®), irinotecan (Camptosar®), L-

asparaginase (ELSPAR®), leucovorin calcium, melphalan (Alkeran®), 6-mercaptopurine 

(Purinethol®), methotrexate (Folex®), mitoxantrone (Novantrone®), mylotarg, paclitaxe 

(Taxol®), phoenix (Yttrium90/MX-DTPA), pentostatin, polifeprosan 20 with carmustine 

implant (Gliadel®), tamoxifen citrate (Nolvadex®), teniposide (Vumon®), 6-thioguanine, 

thiotepa, tirapazamine (Tirazone®), topotecan hydrochloride for injection (Hycamptin®), 

vinblastine (Velban®), vincristine (Oncovin®), and vinorelbine (Navelbine®). 

In one embodiment, the invention provides a kit comprising two or more separate 

pharmaceutical compositions, at least one of which contains a Formula (II) or Formula (III), 

or subformulae thereof. In one embodiment, the kit comprises means for separately 

retaining said compositions, such as a container, divided bottle, or divided foil packet 

In the combination therapies of the invention, the immunoconjugate of Formula (II) or 

Formula (ill), or subformulae thereof, of the invention and the other therapeutic co-agent 

may be manufactured and/or formulated by the same or different manufacturers. 

Moreover, the immunoconjugate of Formula (II) or Formula (III), or subformulae thereof, 
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of the invention and the other therapeutic may be brought together into a combination 

therapy: (i) prior to release of the combination product to physicians (e.g. in the case of a 

kit comprising the compound of the invention and the other therapeutic agent); (ii) by the 

physician themselves (or under the guidance of the physician) shortly before 

5 administration; (iii) in the patient themselves, e.g. during sequential administration of the 

compound of the invention and the other therapeutic agent. 

The invention also provides an immunoconjugate of Formula (II) or Formula (III), or 

subformulae thereof, for use in a method of treating a disease or condition with a 

cytotoxic peptide. The invention also provides an immunoconjugate of Formula (II) or 

10 Formula (III), or subformulae thereof, for use in a method of treating a disease or 

condition with a cytotoxic peptide, wherein the immunoconjugate of Formula (II) or 

Formula (III), or subformulae thereof, is prepared for administration with another 

therapeutic agent. The invention also provides another therapeutic co-agent for use in a 

method of treating a disease or condition with an a cytotoxic peptide, wherein the other 

15 therapeutic co-agent is prepared for administration with an immunoconjugate of Formula 

(II) or Formula (III), or subformulae thereof. The invention also provides an 

mmunoconjugate of Formula (II) or Formula (III), or subformulae thereof, for use in a 

method of treating a disease or condition with an anti-mitotic toxin wherein the 

mmunoconjugate of Formula (II) or Formula (III), or subformulae thereof, is administered 

20 with another therapeutic co-agent. The invention also provides another therapeutic co-

agent for use in a method of treating a disease or condition with an anti-mitotic toxin, 

wherein the other therapeutic co-agent is administered with an immunoconjugate of 

Formula (II) or Formula (III), or subformulae thereof. 

The invention also provides the use of an immunoconjugate of Formula (II) or Formula 

25 (III), or subformulae thereof, for treating a disease or condition with a cytotoxic peptide, 

wherein the patient has previously (e.g. within 24 hours) been treated with another 

therapeutic agent. The invention also provides the use of another therapeutic agent for 

treating a disease or condition with an anti-mitotic toxin, wherein the patient has 

previously (e.g. within 24 hours) been treated with an immunoconjugate of Formula (II) or 

30 Formula (III), or subformulae thereof. 

The invention also provides an immunoconjugate of Formula (II) or Formula (III), or 

subformulae thereof, for use in a method of treating a disease or condition with an anti­

mitotic toxin. The invention also provides an immunoconjugate of Formula (II) or Formula 

(III), or subformulae thereof, for use in a method of treating a disease or condition with an 
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anti-mitotic toxin, wherein the immunoconjugate of Formula (II) or Formula (III), or 

subformulae thereof, is prepared for administration with another therapeutic agent. The 

invention also provides another therapeutic co-agent for use in a method of treating a 

disease or condition with an anti-mitotic toxin, wherein the other therapeutic co-agent is 

5 prepared for administration with an immunoconjugate of Formula (II) or Formula (III), or 

subformulae thereof. The invention also provides an immunoconjugate of Formula (II) or 

Formula (III), or subformulae thereof, for use in a method of treating a disease or 

condition with an anti-mitotic toxin wherein the immunoconjugate of Formula (II) or 

Formula (ill), or subformulae thereof, is administered with another therapeutic co-agent. 

10 The invention also provides another therapeutic co-agent for use in a method of treating a 

disease or condition with an anti-mitotic toxin, wherein the other therapeutic co-agent is 

administered with an immunoconjugate of Formula (II) or Formula (III), or subformulae 

thereof. 

The invention also provides the use of an immunoconjugate of Formula (II) or Formula 

15 (III), or subformulae thereof, for treating a disease or condition with an anti-mitotic toxin, 

wherein the patient has previously (e.g. within 24 hours) been treated with another 

therapeutic agent. The invention also provides the use of another therapeutic agent for 

treating a disease or condition with an anti-mitotic toxin, wherein the patient has 

previously (e.g. within 24 hours) been treated with an immunoconjugate of Formula (II) or 

20 Formula (III), or subformulae thereof. 

Conjugation of Linker-Payload (L-P) with an Antigen Binding Moiety 

Example 101: Antibody drug conjugates (ADC) formed by conjugation of anti-Her2 and 

antibody 20507 Cys mutant antibodies with cytotoxic peptides of Formula (I) 

Numerous methods of conjugating linker-payloads to antigen binding moiety are 

25 known in the art (reviewed in for example: Antibody-Drug Conjugate, Methods in 

Molecular Biology, Vol. 1045, Editor L. Ducry, Humana Press (2013)). In this example, 

compounds of Formula (I) of the invention comprising a linker were conjugated to 

cysteine residues engineered into an antibody using methods described in Junutula JR, 

Raab H, Clark S, Bhakta S, Leipold DD, Weir S, Chen Y, Simpson M, Tsai SP, Dennis 

30 MS, Lu Y, Meng YG, Ng C, Yang J, Lee CC, Duenas E, Gorrell J, Katta V, Kim A, 

McDorman K, Flagella K, Venook R, Ross S, Spencer SD, Lee Wong W, Lowman HB, 

Vandlen R, Sliwkowski MX, Scheller RH, Polakis P, Mallet W. (2008) Nature 

Biotechnology 26:925-932. Conjugation of the cytoxic peptides of Formula (I) of the 
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invention is herein illustrated using a small set of Cys antibody mutants but it is 

anticipated that the cytoxic peptides can be conjugated to most if not ail possible Cys 

antibody mutants. Further more, it is expected that the cytoxic peptides can be 

conjugated to Cys mutants of numerous, if not all antibodies. 

5 Because engineered Cys in antibodies expressed in mammalian ceils are modified by 

adducts (disulfides) such as glutathione (GSH) and/or cysteine during their biosynthesis 

(Chen etal. 2009), the modified Cys in the product as initially expressed is unreactive to 

thiol reactive reagents such as maleimido or bromo-or iodo-acetamide groups. To 

conjugate the engineered cysteine after expression, the glutathione or cysteine adducts 

10 need to be removed by reducing these disulfides, which generally entails reducing all of 

the disulfides in the expressed protein. This can be accomplished by first exposing the 

antibody to a reducing agent such as dithiothreitol (DTT) followed by a procedure that 

allows for the re-oxidation of all native disulfide bonds of the antibody to restore and/or 

stabilize the functional antibody structure. Accordingly, in order to reduce all native 

15 disulfide bonds and the disulfide bound between the cysteine or GSH adducts of the 

engineered cysteine residue, freshly prepared DTT was added to purified anti-Her2 or 

antibody 20507 Cys mutant constructs, to a final concentration of 20 mM. After 
incubation with DTT at 37°C for 1 hour, the mixtures were dialyzed at 4°C against PBS for 

three days with daily buffer exchange to remove DTT and re-oxidize the native disulfide 

20 bonds. An alternative method is to remove the reducing reagents through a desalting 

column such as Sephadex G-25. Once the protein is fully reduced, 1 mM oxidized 

ascorbate (dehydro-ascorbic acid) is added to the desalted samples and the re-oxidation 

ncubations are carried out for 20 hours. Both methods produce similar results. However, 

attempts to follow the re-oxidation protocols previously described in the literature using 

25 CuS04 resulted in protein precipitation (Junutula JR, Raab H, Clark S, Bhakta S, Leipoid 

DD, Weir S, Chen Y, Simpson M, Tsai SP, Dennis MS, Lu Y, Meng YG, Ng C, Yang J, 

_ee CC, Duenas E, Gorrell J, Katta V, Kim A, McDorman K, Flageila K, Venook R, Ross 

S, Spencer SD, Lee Wong W, Lowman HB, Vandlen R, Sliwkowski MX, Scheller RH, 

Polakis P, Mallet W. (2008) Nature Biotechnology 26:925). All examples herein use the 

so dialysis protocol described above. Reoxidation restores intra-chain disulfides, while 

dialysis removes cysteines and glutathiones initially connected to the engineered 

cysteine(s) of the antibody. 

After re-oxidation, the antibody was conjugated to a cytotoxic peptide of Formula (I), 

where the cytotoxic peptide of Formula (I) comprises a linker and a reactive moiety. By 
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way of example, cytotoxic peptides of Formula (I) having a linked maleimide moiety (10 

molar equivalents relative to the antibody) were added to re-oxidized anti-Her2 or 

antibody 20507 Cys mutant antibodies in PBS buffer (pH 7.2). The incubations were 

carried out for 1 hour. The conjugation process was monitored by reverse-phase HPLC, 

5 which is able to separate conjugated antibodies from non-conjugated ones. The 

conjugation reaction mixtures were analyzed on a PRLP-S column (4000 A, 50 mm x 2.1 
mm, Agilent) heated to 80°C and elution of the column was carried out by a linear 

gradient of 30-60% acetonitrile in water containing 0.1% TFA at a flow rate of 1.5 ml/min. 

The elution of proteins from the column was monitored at 280 nm, 254 nm and 215 nm. 

10 Conjugation efficiency of various cytotoxic peptides having a linked maleimide to anti-

Her2 or antibody 20507 Cys mutant antibody varied depending on the solubility of the 

cytotoxic peptides used but most reactions resulted in more than 90% conjugate (Tables 

5 and 6). To evaluate the aggregation state, the resulting conjugates were analyzed in a 

size exclusion chromatography column (GE, Superdex200, 3.2/30) at a flow rate of 0.1 

15 ml/min in PBS. All conjugates were mainly monomeric. The majority of the conjugates 

contain less than 3% dimeric and oligomeric material (Tables 5 and 6), indicating that 

conjugation of such cytotoxic peptides having a linked maleimide to anti-Her2 or antibody 

20507 Cys mutant antibody did not cause aggregation. Similarly, enzymatic conjugation 

through A1 or ybbR tags (Examples 104 and 105) also proceeds with conjugation 

20 efficiencies of greater than 90% (Table 7 and 9) and results in conjugates that are 

monomeric with less than 3% detectable aggregates (Tables 7 and 9). 

The conjugates were also characterized in terms of average loading of a cytotoxic 

peptide to the antibody binding moiety, generally referred to as drug to antibody ratio 

(DAR). The DAR value is extrapolated from LC-MS data for reduced and deglycosylated 

25 samples. LC/MS allows quantitation of the average number of molecules of payioad 

(drug) attached to an antibody in an ADC. HPLC separates the antibody into light and 

heavy chains, and separates the heavy chain (HC) and light chain (LC) according to the 

number of Linker-Payload groups per chain. Mass spectral data enables identification of 
the component species in the mixture, e.g., LC, LC+1, LC+2, HC, HC+1, HC+2, etc. 

30 From the average loading on the LC and HC chains, the average DAR can be calculated 

for an ADC. The DAR for a given conjugate sample represents the average number of 

drug (payioad) molecules attached to a tetrameric antibody containing two light chains 

and two heavy chains. Table 5 and 6 give the DAR values obtained for the conjugates 
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obtained with anti-Her2 or antibody 20507 antibodies and certain cytotoxic peptides 

having a linked maleimide. 

As comparators, antibody 20507-LC-S159C mutant antibody was conjugated with 

maleimidocaproyl mono-methyl auristatin F (MC-MMAF; Doronina SO, Mendelsohn BA, 

5 Bovee TD, Cerveny CG, Alley SC, Meyer DL, Oflazoglu E, Toki BE, Sanderson RJ, 

Zabinski RF, Wahl AF, Senter PD. Bioconjug. Chem. 2006 Jan-Feb;17(1):114-24.) 

following the same protocols. The properties of the comparator antibody 20507-LC-

S159C-MMAF ADC are listed in Table 6. 

Example 102: Preparation of antibody drug conjugates through partial reduction of native 

10 disulfide bonds of non-engineered antibodies 

Cytotoxic drugs of the invention can also be conjugated to native cysteine residues of 

non-engineered antibodies using a procedure that involves partial reduction of the 

antibodies (Doronina, S. O., Toki, B. E., Torgov, M. Y., Mendelsohn, B. A., Cerveny, C. 

G., Chace, D. F., DeBlanc, R. L., Gearing,R. P., Bovee, T. D., Siegall, C. B., Francisco, J. 

15 A., Wahl, A. F., Meyer, D. L., and Senter, P. D. (2003) Development of potent monoclonal 

antibody auristatin conjugates for cancer therapy. Nat. Biotechnol. 21, 778-784). In this 

example, inter- and intra-chain disulfides bonds of anti-Her2 and antibody 20507 

antibodies at a concentration of 5 to 10 mg/ml were first partially reduced in PBS 

containing 2 mM EDTA by adding solid mercaptoethylamine to a final concentration of 50 

20 mM and incubating the mixture at 37 °C for 1 hour. After desalting and addition of 1% w/v 

PS-20 detergent, the partially reduced antibodies (1-2 mg/ml) were reacted overnight at 4 

°C with 0.5 to 1 mg payioad compound 10 per 10 mg antibody. The resulting ADCs, anti-

Her2-10 and antibody 20507-10, were purified by Protein A chromatography. After base-

ine washing with PBS, the conjugates were eiuted with 50 mM citrate, pH 2.7,140 mM 

25 NaCI, neutralized and sterile filtered. The average DAR of the resulting two ADCs, anti-

Her2-10 and antibody 20507-10 was determined by hydrophobic interaction 

chromatography and MS to be 4.1 and 4.6, respectively. Selected biochemical properties 

of the two ADCs were shown in Tables 5 and 6. In addition to anti Her2 antibody and 

antibody 20507, it is expected that the cytoxic peptides of the invention can be conjugated 

so the native cysteine residues of numerous, if not all antibodies using the above method 

(Example 102). 

Table 5. Properties of various anti-Her2 Cys mutant ADCs 
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Name of ADCa 
Immuno­
conjugate 
Formula 

Conjugation 
efficiency6 (%) DARC Aggregation"1 (%) 

ant -Her2-LC-S159C-17 II 95 1.9 2.6 
ant -Her2-LC-S159C-41 III 100 2.0 2.3 
ant -Her2-LC-S159C-34 III 95 1.9 1.7 
ant -Her2-LC-S159C-33 lii 95 1.9 1.2 
ant -Her2-LC-S159C-36 III 83 1.7 2.9 
ant -Her2-LC-S159C-35 III 95 1.9 2.0 

ant -Her2-LC-S159C-47 III 80 1.6 Below detection 
limit 

ant -Her2-LC-S159C-43 III 90 1.8 1.7 
ant -Her2-LC-S159C-10 90 1.8 0 
ant -Her2-LC-S159C-11 95 1.9 5.0 
ant -Her2-LC-S159C-44 III 100 2.0 1.8 
ant -Her2-LC-S159C-42 III 35 0.7 2.0 
ant -Her2-LC-S159C-12 95 1.9 5.0 
ant -Her2-LC-S159C-32 lii 95 1.9 2.2 
ant -Her2-LC-S159C-14 95 1.9 2.3 
ant -Her2-LC-S159C-38 III 95 1.9 2.4 
ant -Her2-LC-S159C-40 III 94 1.9 2.9 
ant -Her2-LC-S159C-31 III 100 2.0 2.0 
ant -Her2-LC-S159C-37 lii 83 1.7 2.9 
ant -Her2-LC-S159C-30 III 95 1.9 5.0 
ant -Her2-LC-S159C-39 III 90 1.8 2.4 
anti-Her2-HC-E152C-

S375C-10 II 95 3.8 0.3 

Anti-Her2-10 II Not determined 4.1 2.3 
a Name consists of a description of the mutated antibody and the last number which 

corresponds to the compound used in the chemical conjugation step. 
b Conjugation efficiency was measured by reverse-phase HPLC and describes the 

percentage of antibody converted to ADC. 

5 c Drug-to-antibody ratio according to reverse-phase HPLC. 
d Aggregation was measured analytical size exclusion chromatography and includes 

dimeric and oligomeric species. 
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Table 6. Properties of various antibody 20507 Cys mutant ADCs 

Name of ADCa 
Immuno­
conjugate 
Formula 

Conjugation 
efficiency13 (%) DARC Aggregation"1 

(%) 

antibody 20507-HC-E152C-
31 III 100 2 0.8 

antibody 20507-HC-E152-
10 II 95 1.9 0.8 

antibody 20507-HC-S376C-
47 III 95 1.9 0.5 

antibody 20507-LC-K107C-
47 III 95 1.9 0.1 

antibody 20507-LC-S159C-
43 III 80 1.6 1.8 

antibody 20507-LC-S159C-
44 III 100 2 0.1 

antibody 20507-LC-S159C-
40 III 35 0.7 2.4 

antibody 20507-LC-S159C-
MMAF Not applicable 95 1.9 0.2 

antibody 20507-HC-E152C-
S375C-10 II 98 3.9 0.6 

antibody 20507-10 II Not determined 4.6 2.9 
a Name consists of a description of the mutated antibody and the last number which 

corresponds to the compound used in the chemical conjugation step. 
b Conjugation efficiency was measured by reverse-phase HPLC and describes the 

5 percentage of antibody converted to ADC. 
c Drug-to-antibody ratio according to reverse-phase HPLC. 
d Aggregation was measured analytical size exclusion chromatography and includes 

dimeric and oligomeric species. 

Example 103: Preparation of antibody drug conjugates using 1,3-dichloropropan-2-one to 

10 reconnect native disulfide bonds of non-engineered antibodies 

Conjugation to native cysteine residues of non-engineered antibodies using the procedure 

in Example 102 has the disadvantage that some native disulfide bonds that naturally 

stabilize the antibody are broken and remain so after drug conjugation. In an alternative 

method that overcomes this disadvantage, inter- and intra-chain disulfides bonds of the 

15 antibody are first reduced and then chemically reconnected through a reaction with 1,3-

dichloropropan-2-one. In the process, the four native interchain disulfide bonds in an 

antibody are replaced by a three carbon "ketone bridge" (Scheme 17). The ketone group 

can then specifically be conjugated with a cytotoxic drug in the second step. The 
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esuiting ADC has up to four drugs attached specifically at the location of the four native, 

iterchain disulfide bonds of an antibody. In contrast to traditional conjugation to partially 

reduced native disulfides (Example 102), ADCs prepared in the example are more stable 

In one example, non-engineered, recombinant anti-Her2 was prepared by standard 

methods and as described above. After purification, modified anti-Her2 was conjugated 

to a cytotoxic drug in two steps following Scheme 17. 

Scheme 17 

CI CI 

Tris, TCEP, 4 °C 
Step 1 

Compound 22 

anti-Her2 having 
4 interchain disulfide groups 

PBS 
3,5-diaminobenzoic acid, 23 °C 

anti-Her2 having 
4 interchain modified 
disulfide groups 

Step 2 

Step 1: Reduction of native disulfide bridges and re-bridging using 1,3-dichloropropan-2-

10 one: TCEP HCI (47.2 |jg, 0.165 |jmo!) was added to a solution of anti-Her2 IgG (2036 [ag, 

0.014 |jmol) and 1,3-dichloropropan-2-one (220 |ag, 1.648 pinol) in Tris buffer (pH7,4, 

0.25 M, 177|iL) at 4 °C. The resulting mixture was kept at 4°C for 4 h. The reaction 

mixture was then desalted using a Zeba spin column 7K MWCO with PBS (pH 7.4) as the 

eluting buffer. The resulting solution was concentrated by 10K Amicon filter to give the 

15 the modified anti-Her2). ESI (Eluent A : water + 0.1% Formic acid, Eiuent B : Acetonitrile 

+ 0.04% Formic acid. Gradient: from 3 to 80% B in 2 min - Flow 1.0 ml/min. Column 

Proswift Monolith 4.6*50mm 40 °C); 145399 Da (after deglycosylation by PNGase F (New 

England biolab)). 

Step 2: Conjugation of the cytotoxic drug: A solution of (S)-2-((2R,3R)-3-((S)-1-

20 ((3R,4S,5S)-4-((S)-2-((1 R,3S,4S)-2-(6-(Aminooxy)hexanoyi)-2-azabicyclo[2.2,1]heptane-

3-carboxamido)-N,3-dimethylbutanamido)-3-methoxy-5-methylheptanoyl)pyrrolidin-2-yl)-

3-methoxy-2-methy!propanamido)-3-phenylpropanoic acid (22) (77 [jg, 0.078 jjmol, 0.77 

jjL in DMSO) and 3,5-diaminobenzoic acid (355 jjg, 2.334 [amol, 1.42 JJL in DMSO) were 

added to a solution of the modified anti~Her2 (577.5 [ig, 0.0039 |jmol, 35 |jL in PBS, 
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pH7.4) at 23 °C. The resulting mixture was kept at 23 °C for 21 h. The reaction mixture 

was then desalted using a Zeba spin column 7K MWCO with PBS (pH7,4) as the eluting 

buffer for twice to give the modified anti-Her2 conjugated with compound (22). ESI-MS 

(Eluent A : water + 0.1% Formic acid, Eluent B : Acetonitrile + 0.04% Formic acid. 

5 Gradient: from 3 to 80% B in 2 min - Flow 1.0 ml/min. Column : Proswift Monolith 
4.6*50mm 40°C); 147955 Da (DAR 3), 148807 Da (DAR 4) (after deglycosylation by the 

treatment with PNGase F (New England biolab)). The overall DAR was calculated as 

DAR 3.7. 

Although only shown here for an anti-Her2 antibody, the conjugation approach in this 

10 example is expected to be applicable to numerous if not all other antibodies. 

Example 104: Conjugation of anti-Her2 and antibody 20507 A1/ybbR tag mutant 

antibodies with cytotoxic peptides of Formula (I) 

Post-translational 4'-phosphopantetheinylation is a versatile method for the site-

specific labeling of recombinant proteins with structurally diverse small molecules (Yin J, 

15 Straight PD, McLoughlin SM, Zhou Z, Lin AJ, Golan DE, Kelieher NL, Kolter R, Walsh CT 

(2005) Proc. Natl. Acad. Sci. U.S.A. 102:15815-15820) (Zhou Z, Cironi P, Lin AJ, Xu Y, 

Hrvatin S, Golan DE, Silver PA, Walsh CT, Yin J (2007) ACS Chem. Biol. 2:337-346). 

This enzymatic approach, which is based on the catalytic action of promiscuous 4'-

phosphopantetheinyi transferases (PPTases), was adopted for the preparation of highly 

20 homogeneous ADCs (W02013184514). Enzymatic labeling is accomplished by 

incorporating 11 or 12-mer S6, ybbR, and A1 peptide sequences at various sites of the 

constant region of an lgG1 antibody. Although the following example describes PPTase-

mediated ADC formation for only one site, the approach is expected to be applicable to 

numerous insertion sites within the antibody scaffold and is expected to be applicable to 

25 numerous antibodies. 

Previous work by Burkart and co-workers revealed PPTases as versatile enzymes 

that accept a variety of CoA-reporter analogues as substrates (La Clair J J, Foley TL, 

Schegg TR, Regan CM, Burkart MD (2004) Chem. Biol. 11:195-201). Hence, in order to 

convert a drug payioad into a substrate suitable for PPTase catalysis, the maleimide 

30 containing cytotoxic peptide of Formula (I) was conjugated to the terminal thiol group of 

CoA via a Michael addition (see Example 43). Having covalently linked the cytotoxic 

peptide to an enzymatic recognition element, the resulting cytotoxic CoA-peptide 

analogue (Compound 20) was enzymatically conjugated to the embedded peptide 

sequence of the respective antibody. By way of example, 2.5 (iM of anti-Her2-HC-ins388-
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ybbR antibody or antibody 20507-HC-ins388-A1 were conjugated with 30 uM of cytotoxic 

CoA-peptide analogue (Compound 20) (12 molar equivalents relative to the antibody) in 

the presence of 1 uM of Sfp PPTase from Bacillus subtilis. The enzymatic conjugation 

eactions were carried out at room temperature for approximately 16 hours in 75 mM Tris-

5 HCI buffer (pH 8.0) supplemented with 20 mM NaCI and 12.5 mM MgCI2. In order to 

ensure near-complete labeling of antibody 20507-HC-ins388-A1 with the cytotoxic 

payioad, the incubation time was extended by another three days and the concentrations 

of the CoA-peptide analogue of (Compound 20) and Sfp PPTase were increased to 35 

(iM (14 molar equivalents relative to the antibody) and 2 jxM, respectively. Following 

10 conjugation, Sfp PPTase and excess reagent were removed by Protein A affinity 
chromatography (Protein A-Sepharose™, GE Healthcare Life Sciences). Elution of the 

column was carried out with 0.1 M of sodium acetate buffer (pH 3.0) followed by 

mmediate neutralization with 1 M Tris-HCI buffer (pH 8.0). The peptide-tagged ADCs 

were finally buffer-exchanged into PBS using PD-10 desalting columns (GE Healthcare). 

15 The extent of payioad conjugation was determined by analytical HPLC on a PLRP-S 

column (4000 A, 5 ,uM, 50 x 4.6 mm, Agilent Technologies) with a 6-min linear gradient of 

25 - 50% acetonitrile in water containing 0.1% trifluoroacetic acid. Reverse-phase 

separation of conjugated and non-conjugated antibody was monitored at a wavelength of 

280 nm. To this end, HPLC peak integration indicated near-complete labeling of anti-

20 Her2-HC-ins388-ybbR and 20507-HC-ins388-A1 antibodies with the CoA-peptide 

analogue (Compound 20). The identity of the enzymaticaily labeled ADCs was further 

confirmed by obtaining deconvoluted ESI-MS spectra of the corresponding reduced and 

deglycosylated samples. As shown in Table 8, the observed masses are in agreement 

with the calculated molecular weights of the drug-labeled heavy chains of the anti-Her2-

25 HC-ins388-ybbR and 20507-HC-ins388-A1 antibodies. Finally, the enzymaticaily labeled 

ADCs were analyzed by analytical size-exclusion chromatography (AnSEC) on a Shodex 

PROTEIN KW-803 column. Both antibody conjugates eiuted at retention times that 

corresponded to the apparent molecular weight of monomeric ADC (see Table 7). No 

other species were detected indicating that conjugation of the hydrophilic CoA-peptide 

30 analogue did not promote antibody aggregation. 
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Table 7. Properties of anti-Her2 and antibody 20507 A1/ybbR tag ADCs 

Name of ADCa 
Immuno­
conjugate 
Formula 

Conjugation 
efficiency13 (%) DARC Aggregationd% 

anti-Her2-HC-ins388-
ybbR-20 II 96 1.9 Below 

detection limit 
antibody 20507-HC-

ins388-A1 -20 II 96 1.9 Below 
detection limit 

a HC-ins388 refers to the insertion of the A1 or ybbR peptide tag after residue Glu388 in 

the heavy chain. The last number corresponds to the compound used in the chemical 

conjugation step. 

5 b Conjugation efficiency was measured by reverse-phase HPLC and describes the 

percentage of antibody converted to ADC. 
c Drug-to-antibody ratio according to reverse-phase HPLC. 
d Aggregation was measured analytical size exclusion chromatography and includes 

dimeric and oligomeric species. 

10 Table 8. Properties of anti-Her2 and antibody 20507 A1/ybbR tag ADCs 

Name of ADCa 
immuno­
conjugate 
Formula 

Observed 
mass (Da)b 

Expected 
mass 

conjugate 
heavy chain 

(Da)e 

Expected 
mass 

unmodified 
heavy chain 

(Da)d 

anti Her2-HC-ins388-
ybbR-20 II 51605.02 51607.3 50331.8 

antibody 20507-HC-
ins388-A1-20 II 51286.32 51289.9 50014.4 

a HC-ins388 refers to the insertion of the A1 or ybbR peptide tag after residue Glu388 in 

the heavy chain. The last number corresponds to the compound used in the chemical 

conjugation step. 
b Mass in Dalton as detected on an Agilent 6520 Q-TOF instrument (Agilent 

15 Technologies). 
c Mass in Dalton as predicted for the conjugated heavy chain. 
d Mass in Dalton as predicted for the uncoupled heavy chain. 

Example 105: Two-step conjugation of A1/ybbR-tagged anti-Her2 and antibody 20507 

mutant antibodies with a cytotoxic peptide of Formula (I) 

20 The two-step method is an alternative strategy to prepare site-specific ADCs by 

post-translational 4'-phosphopantetheinylation (W02013184514). The first step of this 
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approach is based on the PPTase-cataiyzed labeling of a peptide-tagged antibody with a 

CoA analogue containing a bioorthogonal group, such as an azido, alkene, alkyne, ketone, 

or aldehyde moiety. Following affinity purification of the bioorthogonally labeled antibody, 

the second step of the two-step method involves the conjugation of a cytotoxic payioad 

5 comprising a moiety reactive with the bioorthogonal group. As way of example, the 

following section describes the two-step method for antibody 20507 and anti-Her2 mutant 

antibodies containing an A1 or ybbR tag insertion at a specific site within the constant 

region of the heavy chain, in addition, the following section describes the two-step 

method for antibody 20507 and anti-Her2 mutant antibodies containing an A1 or ybbR tag 

10 insertion at a specific site within the constant region of the heavy chain. However, it is 

anticipated that this strategy is broadly applicable to numerous insertion sites within the 

constant regions of a wide variety of antibodies. In addition, although the two-step 

method is exemplified for oxime ligation and copper-free click chemistry, it is conceivable 

that this strategy could be extended to other bioorthogonal chemistries, such as 

15 Staudinger ligation, isonitriie-based click chemistry, and tetrazine ligation. 

Oxime ligation and copper-free click chemistry have been used by several 

•esearch groups as an efficient, bioorthogonal method for the preparation of site-specific 

protein conjugates (Axup JY, Bajjuri KM, Ritland M, Hutchins BM, Kim CH, Kazane SA, 

Haider R, Forsyth JS, Santidrian AF, Stafin K, Lu Y, Tran H, Seller AJ, Biroc SL, Szydiik A, 

20 Pinkstaff JK, Tian F, Sinha SC, Felding-Habermann B, Smider VV, Schuitz PG (2012) 

Proc Natl Acad Sci U S A. 109:16101 -16106) (Rabuka D, Rush JS, deHart GW, Wu P, 

Bertozzi CR (2012) Nat Protoc. 7:1052-1067) (Plass T, Milles S, Koehler C, Schuitz C, 

_emke EA (2011) Angew Chem Int Ed Engl. 50:3878-3881) (Kaya E, Vrabel M, Deiml C, 

Prill S, Fluxa VS, Carell T (2012) Angew Chem Int Ed Engl. 51:4466-4469). In order to 

25 combine post-transiational 4'-phosphopantetheinylation with oxime ligation, a ketone 

group was covaiently attached to CoA by reacting the latter with methyl vinyl ketone (see 

Example 93). Next, PPTase catalysis was used to enzymaticaily conjugate the 

bioorthogonal ketone group site-specifically onto the embedded A1 tag of an anti-Her2 

antibody. Specifically, 2.5 pM of anti-Her2-HC-ins388-A1 antibody was conjugated with 

30 30 |xM of the resulting ketone-CoA analogue (Compound 49) (12 molar equivalents 

elative to the antibody) in the presence of 1 uM of Sfp PPTase from Bacillus subtilis. 

This first step of the two-step method was carried out for about 16 hours at room 

temperature in 75 mM Tris-HCI buffer (pH 8.0), supplemented with 12.5 mM MgCI2 and 

20 mM NaCI. Near complete labeling of the anti-Her2-HC-ins388-A1 antibody with the 
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ketone-CoA analogue (Compound 49; see Example 93) was verified by obtaining 

deconvoluted ESI-MS spectra of the reduced and deglycosylated sample. Similar 

eaction conditions also resulted in near quantitative ketone functionalization of antibody 

20507-HC-ins388-A1. As shown in Table 10, the observed masses are in agreement with 

5 the calculated molecular weights of the corresponding ketone-functionalized heavy chains. 

After removing Sfp PPTase and excess ketone-CoA analogue by Protein A affinity 
chromatography (Protein A-Sepharose™, GE Healthcare Life Sciences), the ketone-
activated antibodies, anti-Her2-HC-ins388-A1-49 and antibody 20507-HC-ins388-A1-49, 

were eiuted with 0.1 M of sodium acetate buffer (pH 3) followed by immediate 

10 neutralization with 1 M Tris-HCI buffer (pH 8). The neutralized antibody solutions were 

buffer-exchanged into water and passed through filters with 0.22 (im pore size. 

In another aspect of this two step labeling approach, modified CoA analogues were 

prepared chemoenzymatically using the CoA biosynthetic enzymes CoAA, CoAD, and 

CoAE (Worthington AS, Burkart MD (2006) Org Biomol Chem. 4:44-46) (Kosa NM, 

15 Haushalter RW, Smith AR, Burkart MD (2012) Nat Methods 9:981-984). Adopting this 

approach, ketone-functionalized CoA analogues were prepared from the corresponding 

pantothenate precursor molecules (i-10), (i-12) and (i-13) (see Examples 94, 96 and 97). 

Jkewise, an azide-functionalized CoA analogue was chemoenzymatically synthesized 

from the respective pantothenate derivative (i-11) (see Example 95). In this approach, 

20 the ultrafiitrates from Examples 94-97 were used without further purification, and the CoA 

analogues CoA-(i-10), CoA-(i-11), CoA-(i-12) and CoA-(i-13) were used for conjugation 

to anti-Her2-HC-ins388-ybbR (2.5 ,uM), at a final concentration of approximately 30 ,uM. 

Antibody labeling was performed in the presence of 1.5 (iM B. subtilis Sfp PPTase for 16 

to 72 hours at 23°C in 75 mM Tris-HCI buffer (pH 8.0), supplemented with 12.5 mM MgCI2 

25 and 20 mM NaCI. Similarly, CoA-(i-13) was conjugated at a final concentration of 

approximately 25 (iM in the presence of 2 jiM Sfp enzyme. 

Affinity chromatography (MabSelect SuRe™, GE Healthcare Life Sciences) of the 

bioorthogonally labeled antibodies was conducted in the exact same manner as 

described above for keto-CoA analogue 49. Following purification, the neutralized 

30 antibody solutions were buffer-exchanged into PBS. Covalent attachment of the ketone 

and azide moieties to the ybbR-tagged antibody was confirmed by mass spectrometric 

analysis following sample treatment with PNGase F and TCEP (Table 10). 
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Site-specific attachment of a ketone group enabled subsequent oxime ligation of a 

cytotoxic payioad to ketone-activated anti-Her2-HC-ins388-A1-49, antibody 20507-HC-

ns388-A1-49, anti-Her2-HC-ins388-ybbR-(i-10), and anti-Her2-HC-ins388-ybbR-(i-12) as 

the second step of the two-step method. 25 to 67 jiM of ketone-functionalized antibody 

5 was reacted with 7.5 to 40-fold molar excess (0.5 - 1 mM) of the aminooxy-peptide 

analogue (Compound 22) in 50 or 100 mM sodium acetate buffer (pH 4-5) containing 

2.5 to 5% (v/v) DMSO. After 16 to 36 hours of incubation at 23 or 37°C, excess aminooxy 

eagent was removed by preparative size-exclusion chromatography on a HiLoad 26/600 

Superdex 200 prep grade column (GE Healthcare). The drug-to-antibody ratio (DAR) 

10 was determined by analytical HPLC on a PLRP-S column (4000 A, 5 ,uM, 50 x 4.6 mm, 

Agilent Technologies) with a 5-min linear gradient of 30 to 60% acetonitrile in water 

containing 0.1% trifluoroacetic acid. The HPLC trace was monitored at a wavelength of 

280 nm followed by peak integration of conjugated and non-conjugated antibody. As 

shown in Table 9, the two-step method afforded near quantitative labeling of ketone-

15 activated anti-Her2-HC-ins388-A1 -49 and antibody 20507-HC-ins388-A1 -49 with the 

aminooxy-peptide analogue (Compound 22). in contrast, site-specific conjugation of 

compound 22 to ketone-activated anti-Her2-HC-ins38S-ybbR-(i-10) antibody was less 

efficient, resulting in an ADC with a DAR of 1.3. ADC formation through oxime ligation 

was further confirmed by ESI-MS after reduction and deglycosylation of the 

20 immunoconjugates (Table 10). Finally, analytical size-exclusion chromatography (AnSEC) 
on Superdex 200 10/300 GL (GE Healthcare) and Protein KW-803 5 |jm 300 x 8 mm 
(Shodex) columns revealed only small amounts of aggregated ADC, suggesting that little 
aggregation is induced during the two-step conjugation process. 

Site-specific attachment of an azide moiety to an engineered antibody allows 

25 subsequent payioad conjugation via copper-free click chemistry. In this example, the 

bioorthogonal reaction is promoted by the ring strain of the bicyclo[6.1 .Ojnonyne (BCN) 

group, which is covalently attached to the drug-linker. Strain-promoted alkyne-azide 

cycloaddition was carried out with the azide-activated anti-Her2-HC-ins388-ybbR-(i-11) 

antibody in the presence of the BCN-functionaiized payioad Compound 75. This second 

30 step of the two-step method was carried out with 127 uM of anti-Her2-HC-ins388-ybbR-(i-

11) antibody and 1270 p.M of the BCN-linked peptide analogue (Compound 75) in 100 

mM sodium phosphate buffer (pH 7.5) supplemented with 1 M NaCI and 6% (v/v) DMSO. 

After approximately 16 hours of incubation at 23°C, excess BCN reagent was removed by 
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standard Protein A affinity chromatography using MabSelect SuRe™ (GE Healthcare Life 

Sciences). Elution was carried out with IgG Elution Buffer (Thermo Scientific), followed 

by neutralization with 1 M Tris-HCI buffer (pH 8) and buffer exchange into PBS. As 

shown in Table 10, payioad conjugation through copper-free click chemistry was 

5 confirmed by ESI-MS after reduction and deglycosylation of the ADC sample. The same 

method was used to calculate the average DAR of the immunoconjugate. In this process, 

10 }xg of ADC was supplemented with 10 pL of 50% slurry of IgG Sepharose 6 Fast Flow 

(GE Healthcare). Resin binding was performed under mild agitation for 1 h at 23°C. After 

washing the resin with PBS, the affinity-bound ADC was deglycosylated by addition of 5 

10 (ig of PNGase F and subsequent incubation at 37°C for 3 hours. PNGase F enzyme was 

removed by washing the affinity resin with PBS. Next, the deglycosylated sample was 

eiuted using 1% formic acid followed by immediate neutralization with 10 M ammonium 

acetate (pH 5). To effectively reduce the antibody construct to heavy and light chains, 20 

(iL of eluate was supplemented with 10 |iL of 100 mM sodium formate buffer (pH 4.0) 

15 containing 6 M guanidine hydrochloride and 5 (iL of 0.66 M TCEP in 10 M ammonium 

acetate (pH 5). After incubation for at least 30 min at 23°C, the reduced and 

deglycosylated sample was injected onto a 6550 iFunnel Q-TOF LC/MS system (Agilent 

Technologies). MassHunter Qualitative Analysis Software (Agilent Technologies) was 

used for processing of the spectral record and spectral deconvolution. The average DAR 

20 was calculated as the DAR state weighted average of the relative peak heights across a 

distribution. As shown in Table 9, the anti-Her2-HC-ins388-ybbR-(i-11)-75 ADC has an 

average DAR of 2.0, suggesting that both conjugation steps were nearly quantitative. 

Finally, the ADC was examined by analytical size-exclusion chromatography (AnSEC) on 

a Bio SEC-3 column (Agilent Technologies) and found to be 95% monomeric suggesting 
25 that little aggregation is induced in the conjugation process. 

Table 9, 

Properties of A1- and ybbR-tagged antibodies/ADCs labeled through two-step 

conjugation process 

Name of Conjugate3 
Immuno­
conjugate 
Formula 

Conjugation 
efficiency (%) DAR Aggregation1 

(%) 

anti-Her2-HC-ins388-A1 -
49 

not 
applicable 

not 
determined 

not 
applicable 

not 
determined 
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Name of Conjugate3 
Immuno­
conjugate 
Formula 

Conjugation 
efficiency (%) DAR Aggregation* 

(%) 

antibody 20507-HC-
ins388-A1-49 

not 
applicable 

not 
determined 

not 
applicable 

not 
determined 

anti-Her2-HC-ins388-A1 -
49-22 II 91b 1.8d 3 

antibody 20507-HC-
ins388-A1-49-22 II 93b 1.9d < 1 

anti-Her2-HC-ins388-
ybbR-(i-10) 

not 
applicable 

not 
determined 

not 
applicable 

not 
determined 

anti-Her2-HC-ins388-
ybbR-(i-11) 

not 
applicable 

not 
determined 

not 
applicable 

not 
determined 

anti-Her2-HC-ins388-
ybbR-(i-10)-22 II 65b 1.3d < 1 

anti-Her2-HC-ins388-
ybbR-(i-11)-75 II 100c 

0
 
o

 
c\i 

5 

a HC-ins388 refers to the insertion of the A1 or ybbR peptide tag after residue Glu388 in 

the heavy chain. The last number corresponds to the compound used in the conjugation 

step. For example, anti-Her2-HC-ins388-A1 -49-22 and antibody 20507-HC-ins388-A1-

49-22 were first enzymaticaily conjugated with compound 49 followed by chemical 

5 conjugation with compound 22. 
b Conjugation efficiency was measured by reverse-phase HPLC and describes the 

percentage of antibody converted to ADC. 
0 Conjugation efficiency was determined by mass spectrometry and describes the 

percentage of antibody converted to ADC. 

10 d Drug-to-antibody ratio according to reverse-phase HPLC. 
e Drug-to-antibody ratio according to mass spectrometry. 
f Aggregation was measured by analytical size exclusion chromatography and includes 

dimeric and oligomeric species. 

Table 10. 

15 Properties of A1 - and ybbR-tagged antibodies/ADCs labeled through two-step 

conjugation process 

Expected Expected 
immuno­ Observed mass mass 

Name of Conjugate3 conjugate mass conjugate unmodified 
Formula (Da)b heavy chain heavy chain 

(Da)c (Da)d 
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Name of Conjugate3 
Immuno­
conjugate 
Formula 

Observed 
mass 
(Da)b 

Expected 
mass 

conjugate 
heavy chain 

(Da)c 

Expected 
mass 

unmodified 
heavy chain 

(Da)d 

anti-Her2-HC-ins388-A1 -
49 

not 
applicable 

50940.08 
50880.99e 50945.4 50535.0 

antibody 20507-HC-
ins388-A1-49 

not 
applicable 50422.23 50424.8 50014.4 

anti-Her2-HC-ins388-A1 -
49-22 II 51793.38 51798.5 50535.0 

50945.4f 

antibody 20507-HC-
ins388-A1-49-22 II 51274.91 51277.9 50014.4 

50424.8* 
anti-Her2-HC-ins388-

ybbR-(i-10) 
not 

applicable 
50665.06 
50607.66s 50668.1 50331.8 

anti-Her2-HC-ins388-
ybbR-(i-12) 

not 
applicable 50679.05 50682.1 50331.8 

anti-Her2-HC-ins388-
ybbR-(]-13) 

not 
applicable 50604.80 50611.0 50331.8 

anti-Her2-HC-ins388-
ybbR-(i-11) 

not 
applicable 50679.55 50681.1 50331.8 

anti-Her2-HC-ins388-
ybbR-(i-10)-22 II 51523.04 

50668.67 51521.2 50331.8 
50668.1* 

anti-Her2-HC-ins388-
ybbR-(i-12)-22 II 51529.21 51535.2 50331.8 

50682.1* 
anti-Her2-HC-ins388-

ybbR-(i-11)-75 II 51713.37 51712.4 50331.8 
50681.1* 

a HC-ins388 refers to the insertion of the A1 or ybbR peptide tag after residue Glu388 in 

the heavy chain. The last number corresponds to the compound used in the conjugation 

step. For example, anti-Her2-HC-ins388-A1-49-22 and antibody 20507-HC-ins388-A1-

49-22 were first enzymaticaily conjugated with compound 49 followed by chemical 

5 conjugation with compound 22. 
b Mass in Dalton as detected on an Agilent 6520 Q-TOF instrument (Agilent 

Technologies). 
B Mass in Dalton as predicted for the conjugated heavy chain. 
d Mass in Dalton as predicted for the uncoupled heavy chain. 

10 e Minor peak of unknown identity. 

* Unmodified heavy chain refers to both non-phosphopantetheinylated and ketone/azide-

functionalized species. 
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While the immunoconjugates of Formula (II) and Formula (III) disclosed in Table 5 and 

6 were obtained by conjugated anti-Her2 and antibody 20507 Cys antibodies and certain 

cytotoxic peptides of Formula (I) having a linked maleimide moiety, other linker-payload 

combinations of the invention have also been used. The immunoconjugates disclosed in 

5 Tables 7 to 10 are such examples. Conjugation to non-engineered antibodies is another 

example. This can be achieved by conjugation to partially reduced disulfide bonds as 

described in Examples 102 and 103. Non-engineered antibodies can also be conjugated 

ysines using, for example, compound 89, or a variety of other methods known in the art. 

Example 106: Cell proliferation assays to measure in vitro ceil killing potency of anti-Her2 

10 and antibody 20507 Cys and A1/ybbR tag ADCs 

Cells that naturally express target antigens or cell lines engineered to express target 

antigens are frequently used to assay the activity and potency of ADCs. For evaluation of 
the cell killing potency of anti-Her2 antibody ADCs in vitro, two engineered cell lines, 

MDA-MB231 clone 16 and clone 40, and four endogenous cell lines, JimT 1, HCC1954, 

15 NCI-N87 and SKBR3 cells were employed (Clinchy B, Gazdar A, Rabinovsky R, Yefenof 

E, Gordon B, Vitetta ES. Breast Cancer Res Treat. (2000) 61:217-228). MDA-MB231 

clone 16 cells stably express high copy numbers (-5x105 copies /cell) of recombinant 

human Her2 while clone 40 expresses low copy numbers (-5x103 copies /cell) of human 

Her2. High levels of Her2 are endogenousiy expressed in HCC1954 (-5x105copies/cell), 

20 SKBR-3 (5.4x105 copies/cell) and NCI-N87 (2.7x105 copies/cell) ceil lines while JimT-1 

cells express human Her2 at a medium level (-8x104 copies/cell). As a negative control, 

the Her2 negative A375 cell line was used. An antigen dependent cytotoxic effect should 

only kill cells that express sufficient antigen in the cell surface and not cells lacking the 

antigen. The cell proliferation assays were conducted with Cell-Titer-Glo™ (Promega) 

25 five days after cells were incubated with various concentrations of ADCs (Riss et at., 

(2004) Assay Drug Dev Technol. 2:51-62). In some studies, the cell based assays are 
high throughput and conducted on an automated system (Melnick etal., (2006) Proc Natl 
Acad Sci USA. 103:3153-3158). 

Ail anti-Her2 ADCs except one (anti-Her2-LC-S159C-44) specifically killed cell lines 

30 with high levels of Her2 expression, namely MDA-MB231 clone 16, HCC1954, NCI-N87, 

SKBR3, but did not show cytotoxic potency towards MDA-MB231 clone 40 cells, which 

express a low level of Her2, and also not toward Her2 negative A375 ceils (Figure I; 

Table 11, Table 13). IC50 of the anti-Her2 ADCs in the four cell lines expressing high 
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levels of Her2 ranges from 20 pM to 700 pM (Table 11, Table 13). In JimT-1 cells which 

express medium level of Her2, the cell killing activities by the anti-Her2-ADCs varied 

widely. Some ADCs were active in cells expressing high levels of Her2 but not in JimT-1 

cells. Many ADCs killed JimT-1 cell as effectively as cell lines expressing high levels of 

5 Her2 (Table 11, Table 13). The results suggest that the anti-Her2 ADCs killed Her2+ cells 

n a Her2-dependent manner and the ADCs are active towards multiple cell types. 

Similarly, anti-Her2 ADCs prepared by partial reduction method of wild type antibodies 

(Example 102) and by enzymatic methods through an A1 or ybbR tag (Examples 104 and 
105) and by ketone bridge methodology (Example 103) also killed Her2+ ceils in a Her2-

10 dependent manner (Table 11), demonstrating that the cytotoxic peptides disclosed in the 

invention retain their potency when conjugated to antibodies through a different 

conjugation method and chemistry. 

To verify whether cytotoxic peptides of Formula (I) are also active when conjugated to 

other antibodies, several cytotoxic peptides of Formula (I) were conjugated to antibody 

15 20507, whose target antigen is expressed in H526, KU812 and CMK11-5 ceils but not in 

Jurkat cells. As shown in Figure 2 and Table 12, payioad linker combinations that show 

cell killing activities in Her2+ cells are also active when conjugated to antibody 20507, 

killing cells that express the target antigen. The results indicate that the cytotoxic 

peptides of Formula (I) described herein show cytotoxicity towards a broad range of ceil 

20 types. 

Table 11. 

ADC potency in in vitro ceil killing assay: IC50 of anti-Her2 ADCs in MDA-MB231 clone 40, 

MDA-MB231 clone 16, HCC1954 and JimT-1 cell proliferation assays. 

IC50 (|iM)b 

Name of ADCa MDA-MB-
231 clone 40 HCC1954 Jim 11 MDA-MB-231 

clone 16 
anti-Her2-LC-S159C-17 5.28E-02 2.19E-04 5.28E-02 7.43E-05 
anti-Her2-LC-S159C-41 6.67E-02 5.78E-05 1.12E-04 2.81 E-05 
anti-Her2-LC-S159C-34 6.67E-02 9.25E-05 4.26E-04 4.79E-05 
anti-Her2-LC-S159C-33 6.67E-02 1.89E-04 6.67E-02 7.97E-05 
anti-Her2-LC-S159C-36 6.67E-02 5.16E-05 1.07E-04 2.83E-05 
anti-Her2-LC-S159C-35 6.67E-02 6.71 E-05 3.71 E-04 4.65E-05 
anti-Her2-LC-S159C-47 6.67E-02 5.51 E-05 7.74E-05 5.47E-05 
anti-Her2-LC-S159C-43 6.67E-02 7.32E-05 1.65E-04 4.55E-05 
anti-Her2-LC-S159C-10 6.67E-02 6.17E-05 1.17E-04 5.38E-05 
anti-Her2-LC-S159C-11 2.33E-02 4.85E-04 2.33E-02 7.40E-04 
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IC50 (MM)b 

Name of ADCa MDA-MB-
231 clone 40 HCC1954 JimT1 MDA-MB-231 

clone 16 
anti-Her2-LC-S159C-44 6.67E-02 6.67E-02 6.67E-02 6.67E-02 
anti-Her2-LC-S159C-42 6.67E-02 7.27E-05 1.38E-03 6.67E-05 
anti-Her2-LCS159C-12 2.33E-02 5.09E-04 2.33E-02 3.70E-04 
anti-Her2-LC-S159C-32 6.67E-02 5.45E-05 9.83E-05 5.32E-05 
anti-Her2-LC-S159C-14 6.67E-02 7.51 E-05 6.67E-02 6.74E-05 
anti-Her2-LC-S159C-38 6.67E-02 2.94E-04 6.67E-02 7.90E-05 
anti-Her2-LC-S159C-40 6.67E-02 7.33E-05 1.78E-04 3.44E-05 
anti-Her2-LC-S159C-31 4.70E-02 3.04E-05 4.82E-05 1.84E-05 
anti-Her2-LC-S159C-37 6.67E-02 1.56E-04 1.14E-04 1.58E-04 
anti-Her2-LC-S159C-30 1.87E-02 4.05E-04 1.87E-02 3.56E-04 
anti-Her2-LC-S159C-39 6.67E-02 6.00E-05 2.11E-04 3.75E-05 
anti-Her2-HC-E152C-

S375C-10 6.67E-02 1.56E-04 1.70E-04 1.84E-04 

anti-Her2-10 6.67E-02 2.18E-04 1.29E-03 2.25E-04 
anti-Her2-HC-ins388-

ybbR-20 6.02E-02C 7.98E-05 2.47E-04 5.08E-05 
anti-Her2-HC-ins388-

A1 -49-22 5.73E-02C 1.37E-04 1.53E-04 1.31 E-04 

anti-Her2-HC-ins388-
ybbR-(i-10)-22 6.53E-020 4.14E-05 1.01 E-03 5.98E-04 

anti-Her2-HC-ins388-
ybbR-(i-11)-75 6.00E-02C 9.88E-05 6.53E-04 1.59E-04 

Anti-Her2-22 6.67E-02 6.52E-05 2.01 E-04 2.96E-05 
a Name consists of a description of the mutated antibody and the last number which 

corresponds to the compound used in the chemical conjugation step. HC-ins388 refers to 

the insertion of the A1 or ybbR peptide tag after residue Glu388 in the heavy chain. 
b The highest concentration used in the assay was 6.67E-02 |jM. IC50 values of 6.67E-02 

5 |jM therefore refer to inactivity of the ADC in the assay 
c The value is equal to the highest concentration used in the assay, therefore indicating 

nactivity of the ADC. 

Table 12 

ADC potency in in vitro cell killing assay: IC50 of antibody 20507 ADCs in Jurkat, H526, 

10 KU812 and CMK11 -5 cell proliferation assays. 

IC50 (|iM)b 

Name of ADCa JURKAT H526 KU812 CMK11-5 

212 



WO 2015/095301 PCT/US2014/070800 

IC50 |jM)b 

Name of ADCa JURKAT H526 KU812 CMK11-5 
antibody 20507-HC-

E152C-10 6.67E-02 1.28E-04 7.82E-05 1.60E-04 

antibody 20507-LC-
K107C-47 6.67E-02 5.40E-05 6.54E-05 6.24E-05 

antibody 20507-HC-
S375C-47 6.67E-02 5.05E-05 5.35E-05 5.45E-05 

antibody 20507-LC-
S159C-42 6.67E-02 7.30E-05 2.17E-04 5.77E-05 

antibody 20507-LC-
S159C-43 6.67E-02 5.11 E-05 5.01 E-05 4.89E-05 

antibody 20507-LC-
S159C-44 6.67E-02 6.67E-02 6.67E-02 6.67E-02 

antibody 20507-HC-
E152C-S375C-10 6.67E-02 1.77E-05 2.07E-05 1.93E-05 

antibody 20507-10 6.67E-02 2.47E-05 2.09E-05 7.34E-06 
antibody 20507-HC-

ins388-A1-20 4.50E-02 2.62E-04 1.86E-04 3.35E-04 

antibody 20507-HC-
ins388-A1-49-22 6.67E-02 1.67E-04 2.37E-03 9.68E-04 

a Name consists of a description of the mutated antibody and the last number which 

corresponds to the compound used in the chemical conjugation step. HC-ins388 refers to 

the insertion of the A1 peptide tag after residue Glu388 in the heavy chain. 
b The highest concentration used in the assay was 6.67E-02 pM. IC50 values of 6.67E-02 

5 pM therefore refer to inactivity of the ADC in the assay. 

Table 13 

ADC potency in in vitro cell killing assay: IC50 of anti-Her2 ADCs in A375, HCC1954, 

JimT-1 NCI-N87 and SKBR3 cell proliferation assays. 

IC50 0iM)b 

Name of ADCs A375 HCC1954 JimT1 NCI-N87 SKBR3 
anti-Her2-LC-

S159C-77 6.67E-02 1.73E-04 3.58E-04 2.12E-04 1.61 E-04 

anti-Her2-LC-
S159C-80 6.67E-02 1.72E-04 4.94E-04 1.79E-04 1.60E-04 

anti-Her2-LC-
S159C-79 6.67E-02 1.87E-04 6.34E-04 2.03E-04 1.61 E-04 

anti-Her2-LC-
S159C-78 6.67E-02 1.08E-04 3.27E-04 1.08E-04 1.67E-04 

anti-Her2-LC-
S159C-91 6.67E-02 2.21 E-05 6.67E-02 4.23E-05 6.12E-05 

anti-Her2-LC- 6.67E-02 1.07E-04 6.67E-02 4.27E-04 3.38E-04 
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IC50 (pM)b 

Name of ADCs A375 HCC1954 JimT1 NCI-N87 SKBR3 
S159C-76 

anti-Her2-LC-
S159C-82 6.67E-02 6.67E-02 6.67E-02 9.80E-04 N.D.C 

anti-Her2-LC-
S159C-89 6.67E-02 2.16E-04 6.67E-02 2.20E-04 N.D.C 

anti-Her2-LC-
S159C-90 6.67E-02 N.D.C 7.70E-04 1.64E-04 1.55E-04 

anti-Her2-LC-
S159C-83 6.67E-02 6.67E-02 6.67E-02 N.D.0 N.D.C 

anti-Her2-LC-
S159C-84 6.67E-02 6.67E-02 6.67E-02 N.D.° N.D.° 

anti-Her2-LC-
S159C-85 6.67E-02 6.67E-02 6.67E-02 6.67E-02 N.D.0 

anti-Her2-LC-
S159C-86 6.67E-02 6.67E-02 6.67E-02 6.67E-02 N.D.C 

anti-Her2-LC-
S159C-87 6.67E-02 6.67E-02 6.67E-02 N.D.0 N.D.0 

anti-Her2-LC-
S159C-88 6.67E-02 6.67E-02 6.67E-02 N.D.C N.D.° 

anti-Her2-LC-
S159C-93 6.67E-02 1.38E-04 2.12E-04 N.D.C N.D.C 

anti-Her2-LC-
S159C-94 6.67E-02 1.67E-04 2.41 E-04 N.D.0 N.D.0 

anti-Her2-LC-
S159C-92 6.67E-02 1.91 E-04 3.02E-04 N.D.C N.D.0 

a Name consists of a description of the mutated antibody and the last number which 

corresponds to the compound used in the chemical conjugation step. 
b The highest concentration used in the assay was 6.67E-02 [jM. IC60 values of 6.67E-02 

jjM therefore refer to inactivity of the ADC in the assay 

5 c N.D.: not determined 

Example 107: Pharmacokinetic study of anti-Her2 and antibody 20507 ADCs 

It has been demonstrated that a long serum half-life is critical for high in vivo efficacy 

of ADCs (Hamblett, et al., "Effects of drug loading on the antitumor activity of a 

monoclonal antibody drug conjugate," Clin Cancer Res., 10:7063-7070 (2004); Alley et al., 

10 Bioconjug Chem. 19:759-765 (2008)). Attaching a hydrophobic drug payioad to an 

antibody could affect the properties of an antibody, and this may lead to a fast clearance 
of the ADCs in vivo (Hamblett et al., 2004) and poor in vivo efficacy. To evaluate the 

effects of conjugation of various cytotoxic peptides of the invention on clearance of the 

ADCs in vivo, pharmacokinetic studies in non-tumor bearing mice were carried out. To 

15 detect the cytotoxic peptide (i.e. drug part) of the immunoconjugates of the invention in 
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murine plasma, an anti-MMAF antibody was generated that also recognizes various 

cytotoxic peptides of the invention. ELISAs for the detection of immunoconjugates were 
developed on a Gyros™ platform using an anti-hlgG antibody to capture human IgG 

molecules from the plasma and a second anti-human IgG antibody and the anti-MMAF 

5 antibody for signal detection in two separate assays. The anti-MMAF antibody 

recognizes the cytotoxic peptides of the invention and therefore can be used to detect 

ADCs with the cytotoxic peptides attached ("intact" ADC). Hence, the two ELISAs 

measure the serum concentration of the human antibody and the "intact" ADC 

respectively. 

10 Examples of PK studies are shown in Figure 3 and Figure 4. Three mice per group 

were administered with a single dose of the following ADCs at 1 mg/kg: anti-Her2-LC-

S159C-10 (Figure 3A), anti-Her2-LC-S159C-47 (Figure 3B), anti-Her2-LC-S159C-77 

(Figure 3C), anti-Her2-LC-S159C-80 (Figure 3D), anti-Her2-LC-S159C-79 (Figure 3E), 

anti-Her2-LC-S159C-78 (Figure 3F), anti-Her2-LC-S159C-14 (Figure 3G), anti-Her2-HC-

15 E152C-S375C-10 (Figure 3H), anti-Her2-10 (Figure 3i), antibody 20507-HC-E152C-10 

(Figure 4A), antibody 20507-LC-K107C-47 (Figure 4B), antibody 20507-HC-ins388-A1-20 

(Figure 4C)antibody 20507-HC-E152C-S375C-10 (Figure 4D), antibody 20507-10 (Figure 

4E), anti-Her2-HC-ins388-ybbR-20 (Figure 4G), antibody 20507-HC-ins388-A1-49-22 

(Figure 4H), anti-Her2-HC-ins388-A1-49-22 (Figure 41), and anti-Her2-HC-ins388-ybbR-(i-

20 11 )-75 (Figure 4J) ADCs. Antibody 20507-HC-ins388-A1 -20 (Figure 4F) was 

administered with a single dose of 10 mg/kg. Plasma samples were collected over the 

course of three weeks and assayed by ELISAs using an anti-hlgG antibody to capture the 

IgG molecules including antibody 20507 and anti-Her2 ADCs, as well as the respective 

naked antibodies. The anti-MMAF and an anti-hlgG antibody were then used for 

25 detection in two separate assays. The anti-MMAF antibody assay measures the 

concentration of antibody conjugates only and the anti-hlgG quantitates both antibody 

conjugates and antibody that lacks payloads. Standard curves were generated for each 

ADC separately using the same material as injected into the mice. The assays with anti-

MMAF and anti-hlgG should therefore yield identical concentration readouts if no changes 

30 to the drug loading of the antibody 20507 or anti-Her2 ADC occur after injection into mice. 

For ADC that lost some of the payioad, the assay with the anti-MMAF antibody will 

measure a lower concentration than the anti-hlgG assay. A comparison of the two 

concentration readouts therefore allows to measure drug-release from antibody 20507 

and anti-Her2 ADCs during in vivo incubation in the mouse. 
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As shown in Figure 3 and Figure 4, piasma concentrations obtained by both anti-hlgG 

and anti-MMAF assays match well with most ADCs with maleimide payloads conjugating 

to engineered Cys(s) in both anti-Her2 and antibody 20507 antibodies (Figure 3A-I, 

Figure 4D), suggesting that there is a minimal drug loss in these ADCs during the testing 

5 period for these ADCs. The two ADCs prepared by partial reduction of wild-type 

antibodies, anti-Her2-10 (Figure 31) and antibody 20507-10 (Figure 4E), showed a strong 

separation between concentrations determined by anti-hlgG and anti-MMAF assays with 

former being higher than later, suggesting there is a significant drug loss during the 

testing period for the two ADCs. ADCs prepared by enzyme-mediated methods, antibody 

10 20507-HC-ins388-A1 -20, anti-Her2-HC-ins388-ybbR-20, antibody 20507-HC-ins388-A1 -

49-22, and anti-Her2-HC-ins388-A1-49-22 ADCs showed a good match between 

concentrations determined by anti-IgG and anti-MMAF assays (Figure 4F, G, H and I). In 

contrast, the anti-Her2-HC-ins388-ybbR-(i-11)-75 ADC (Figure 4J) displayed a large 

separation between anti-hlgG and anti-MMAF assays, suggesting that the ADC 

15 undergoes significant drug deconjugation during the course of the PK study. 

As shown in Figure 4, piasma concentrations obtained by both anti-hlgG assay and 

anti-MMAF assay match well with antibody 20507-HC-E153C-10 ADC, antibody 20507-

-C-K107C-47 ADC and antibody 20507-HC-ins388-A1-20 ADC, suggesting that there is a 

minimal drug loss in these ADCs during the testing period. 

20 To determine the retention of drug payloads for ADCs after three weeks in mouse 

circulation in more detail, the ADCs were affinity-purified from mouse serum collected 

through terminal bleeding and the drug payloads attached to ADCs were analyzed by MS 

analysis. In a typical process, 200 ul of plasma was diluted with an equal amount of PBS 

containing 10 mM EDTA. To the dilution, 10 pi of affinity resin (IgG Select Sepharose 6 

25 Fast flow; GE Healthcare 17-0969-01; 50% slurry) was added. Incubation of the resin 

with the diluted plsma samples was performed for 1 hr at room temperature by applying 

mild agitation to avoid resin settling. The resin was then filtered off and washed two times 

with 200 (il of PBS. To degiycosyiate the antibody, 10 (il of PNGase F (1 mg/mL, 1/2x 

TBS pH 7.4, 2.5 mM EDTA, 50% Glycerol) diluted with 10 ul of PBS was added to the 

30 resin and the mixtures were incubated for 2-3 hrs at 37°C. After PNGase F was removed 

by washing the affinity resin twice with 200 p,! PBS, the sample was eiuted twice from the 

affinity resin by adding 20 |il of 1% formic acid and filtering off the resin. The combined 

eluates were diluted with 20 jxl of 6 M guanidine hydrochloride and 5 (il of reduction buffer 
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(0.66 M TCEP, 3.3 M ammonium acetate, pH 5). To effectively reduce the antibody, 

samples were incubated for at least 30 min at room temperature before analysis. LCMS 

was performed with an Agilent Technologies 6550-iFunne! QTOF MS / Agilent 1260 

HPLC system. A standard reversed-phase chromatography was used for sample 

5 desalting with a PLRS column ( 8|im, 2.1 x 50 mm, 1000A, Agilent) at a flow rate of 0.5 
ml/min at 80°C. Elution was carried out using a linear gradient of 20%- to 60%-acetonitrile 

containing 0.1% formic acid in 6 min. Agilent Qualitative Analysis was used for 

processing of the spectral record and spectral deconvolution. For analysis the spectra 

ecord was summed over the time interval covering elution of all relevant species. 

10 Summed spectra were deconvoluted in charge state and images of the deconvolved 

spectra were recorded. The values of peak intensity were extracted for assignable 

species. Assignments of DAR state and fragment species were made based on values of 

calculated mass from the sequence of the analyzed antibodies and the expected mass 

shifts of the conjugates with drug molecules. The average DAR was calculated using the 

15 relative peak heights of all DAR states across a distribution. Average antibody DAR was 

calculated as the sum of DARs from 2 average light chains and 2 average heavy chains. 

The average DAR of purified ADCs after three weeks in mouse circulation, as 

measured by MS, was compared to the DAR in the original ADC preparations. "Payioad 

etention" was calculated from the ratio of the two DARs (DAR of ADC isolated from 

20 mouse plasma divided by the DAR of original ADC preparation), and represent the 

percentage of payloads retained on the ADC after three weeks in mouse circulation. 

Payioad retention of various ADCs as measured by MS are largely in agreement with 

esults obtained by the aforementioned ELISA assay using anti-MMAF antibody (Figures 

3 and 4). 

25 As shown in Table 14, payioad retention ranged widely from 5% to 96% depending on 

the compound, conjugation sites and conjugation method. For ADCs prepared by the 

PPTase enzymatic method, payioad retention (by MS) for compounds 20 and 22 are 

greater than 50%, while for compound 75 the payioad retention is only 5% (Table 14). In 

the latter case, mass spectrometric assessment of the ADC purified from terminal bleed 

30 serum revealed nearly quantitative cleavage of the carbamate moiety of the drug-linker, 

whereas the click chemistry linkage between antibody and cytotoxic payioad remained 

stable in circulation. 

For ADCs prepared with Cys reactive cytotoxic peptides featuring a maleimide group, 

payioad retention ranged from 18% to 96% depending on the compound structure and 
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conjugation sites (Table 14). The MS results for ADCs isolated from piasma samples 

confirm that deconjugation of payloads from ADCs occurred between the maleimide 

payloads and the thiol group of the conjugated Cys residues. No breaks in the linker 

structures were observed. Therefore payioad retention for the maleimide linked payloads 

5 may be inversely related to deconjugation via the reverse Michael addition, as the 

observed mass of recovered unconjugated antibody is that of the unmodified antibody. 

It is known that the reaction to form a thioether between a maleimide and a free thiol 

group is reversible (Bioconjugate Chem. 2011, 22, 1946-1953). The reverse reaction is 

believed to be responsible for the deconjugation of maleimide drug payloads from ADCs 

io in vivo and in vitro. Subsequently the maleimide of the deconjugated payloads can react 

with free thiols in the form of amino acid, peptides or proteins. (Bioconjugate Chem. 2008, 

19, 759-765; Nat. Biotechnoi. 2012, 30, 184-189). 

For certain cytotoxic peptides of the invention, payioad deconjugation from ADCs in 

mouse blood circulation was found to be negligible (Table 14). After three weeks in mice 

15 circulation, 90% of the payloads were found to be retained for ADCs prepared with 

compounds 47,14, 77, 80, 79, and 78 conjugating to engineered Cys of antibodies. MS 

analysis of these ADCs isolated from plasma samples revealed that the mass of the 

ADCs increased by 18 dalton for each conjugated drug payioad suggesting that a 

hydrolysis reaction had taken place. The succinimide ring resulting from the reaction of a 

20 maleimide group with a cysteine is known to undergo spontaneous hydrolysis (Gregory, J. 
Am. Chem. Soc. 1955, 77, 3922; Knight, P. Biochem. J. 1979, 179, 191-197; Khan M.N. 

J Pharm Sci. 1984, 73:1767-1771). In fact, the group can purposely be hydroiyzed by 

exposing a conjugate to basic pH (for example, Biochem. J. 1979 1 79,191-197; 

Biochemistry 1976,15, 2863-8; Chem Commun. 2011; 47: 5452-5454). The hydrolytic 

25 ring opening of the succinimide group will produce a stable thioether linkage which will not 

be subjected to the aforementioned maleimide reverse reaction (Bioconjugate Chem. 

2011, 22, 1946-1953; Nat. Biotechnoi. 2012, 30,184-189; Nat. Biotechnoi. 2014, 32, 

1059). Certain compounds of the invention, exemplified by compounds 47,14, 77, 80, 79, 

and 78, have greater succinimide ring hydrolysis when conjugated to Cys residues in 

so antibodies and thereby produce more stable antibody drug conjugates. 

Table 14 

Payioad retention of selected ADCs after 3 weeks in naive mice as determined by IP-MS 

ADC Payioad retention rate (%) 
anti-Her2-LC-S159C-MMAF 76% 
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ADC Payioad retention rate (%) 
anti-Her2-LC-S159C-10 69% 
anti-Her2-LC-S159C-47 93% 
anti-Her2-LC-S159C-14 88% 
anti-Her2-LC-S159C-77 88% 
anti-Her2-LC-S159C-80 96% 
anti-Her2-LC-S159C-79 88% 
anti-Her2-LC-S159C-78 92% 
anti-Her2-HC-E152C-S375C-10 50% 
antibody 20507-HC-E152C-S375C-10 56% 
antibody 20507-LC-K107C-47 85% 
antibody 20507-HC-E152C-10 68% 
anti-Her2-MMAF 30% 
anti-Her2-10 18% 
antibody 20507-10 20% 
antibody 20507-HC-ins388-A1-20 69% 
anti-Her2-HC-ins388-A1 -49-22 75% 
antibody 20507-HC-ins388-A1 -49-22 54% 
anti-Her2-HC-ins388-ybbR-(i-11 )-75 5% 

Example 108: In vitro stability of ADCs 

The effects of succinimide ring hydrolysis on the stability of ADCs prepared with 
cytotoxic peptides of the invention were further studied in vitro. Mass changes resulting 

5 from payioad deconjugation and the hydrolysis of the succinimide ring of maleimide 

payloads conjugated to antibodies were monitored by LC-MS. The hydrolysis of the 

succinimide ring has been reported to be stimulated by certain conditions such as high pH, 

high temperature, or high salts (J. Am. Chem. Soc. 1955, 77, 3922; Biochemistry, 1976,1 

5, 2836; Biochem. J. 1979, 179,191-197; J Pharm Sci. 1984, 73:1767-1771, Bioorg. 

10 Med. Chem. Lett. 17 (2007) 6286-6289). To probe the in vitro stability of ADCs as a 

function of pH, Anti-Her2-LC-S159C-10 and anti-Her2-LC-S159C-47 were incubated at 
37°C in buffers ranging from pH 7.0 to pH 9.0 and the ADCs were analyzed at various 
time points by MS to determine the extent of the payioad deconjugation and succinimide 

hydrolysis. The relative populations of deconjugated ADCs, ADCs with attached payioad 

15 with hydrolyzed succinimide ring and ADCs with attached payioad with intact succinimide 

ring, were calculated from the relative MS intensities of the corresponding ADC species. 

As shown in Figure 5A, increasing the pH of the incubation buffer enhances 

deconjugation of anti-Her2-LC-S159C-10. In pH 7.0 buffer, anti-Her2-LC-S159C-10 was 
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stable with approximately 10% payioad loss after 10 hours. However, incubation in pH 

8.0 and pH 9.0 buffer for 10 hours, increased the extent of payioad deconjugation to 

approximately 30% and 60%, respectively (Figure 5A). In contrast, incubation of anti-

Her2-LC-S159C-47 in buffers with pH 7.0 to pH 9.0 at 37°C for 25 hours did not result in 

5 more than 15% deconjugation (Figure 5C). 

In parallel, the extent of the succinimide ring hydrolysis of the two ADCs was also 

determined at the various time points (Figure 5B and Figure 5D). For both ADCs, 

increasing the pH of the incubation buffer stimulated hydrolysis of the succinimide ring. 

For anti-Her2-LC-S159C-47 succinimide ring hydrolysis occured significantly more rapidly 

10 than for anti-Her2-LC-S159C-10. Incubation of anti-Her2-LC-S159C-10 in pH 7.5 buffer 

for 25 hours led to deconjugation of 30% of the payioad and 20% of the payioad that was 

still attached to the antibody was hydrolyzed (Figure 5A and Figure 5B). Under the same 

incubation conditions, anti-Her2-LC-S159C-47 only lost approximately 10% of the payioad 

while approximately 90% of the attached payioad was hydrolyzed (Figure 5 C and Figure 

15 5D). As shown in Figure 5E, and F, in vitro payioad conjugation and succinimide ring 

hydrolysis were analyzed for anti-Her2-LC-S159C-10, anti-Her2-LC-S159C-77, anti-Her2-

LC-S159C-80, anti- Her2-LC-S159C-79, anti-Her2-LC-S159C-78 and anti-Her2-LC-

S159C-14 ADCs incubated in pH 8.5 buffers for 24 hours at 37°C: While deconjugation of 

the payloads was not detectable for anti-Her2-LC-S159C-77, anti-Her2-LC-S159C-80, 

20 anti-Her2-LC-S159C-79, anti-Her2-LC-S159C-78 and anti-Her2-LC-S159C-14 ADCs 

(Figure 5E), a high degree of succinimide ring hydrolysis was observed for all ADCs 

(Figure 5F). Thus, certain compounds of the invention, exemplified by compounds 47,14, 

77, 80, 79, and 78, exhibit improved ADC stability due to lower susceptiblity to 

deconjugation through the reverse maleimide reaction and further stabilization through 

25 succinimide ring hydrolysis. 

Example 109: In vivo efficacy studies with antibody 20507 ADCs 

In vivo xenograft tumor models simulate biological activity observed in humans and 

consist of grafting relevant and well characterized human primary tumors or tumor cell 

ines into immune-deficient nude mice. Studies on treatment of tumor xenograft mice with 

30 anti-cancer reagents have provided valuable information regarding in vivo efficacy of the 

tested reagents (Sausville and Burger, (2006) Cancer Res. 66:3351-3354). Because 

H526 cells express the antigen of antibody 20507 on their surface and are selectively 

killed by antibody 20507 ADCs (Figure 2, Table 12), the ceil line was used to generate a 
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xenograph model to evaluate the in vivo activity of antibody 20507 ADCs. All animal 

studies were conducted in accordance with the Guide for the Care and Use of Laboratory 

Animals (NIH publication; National Academy Press, 8th edition, 2001). H526 cells were 

implanted in nu/nu mice subcutaneously (Morton and Houghton, Nat Protoc. 2007;2:247-

5 250). After the tumor size reached -200 mm3, three antibody 20507 ADCs were 

administered into the mice by i.v. injection in a single dose at 3 mg/kg or 10mg/kg. The 

tumor growth was measured periodically after ADC injection. Each treatment group 

ncluded 7 mice. An example of such an in vivo efficacy study is shown in Figure 6A. 

Treatment of mice with 3 mg/kg of antibody 20507-HC-E152C-10 ADC caused tumor 

10 growth inhibition while treatment with 10 mg/kg of antibody20507-HC-E152C-10 ADC led 

to tumor regression (Figure 6A). The efficacy of antibody 20507-HC-E152C-10 ADC is 

equivalent to that of a positive control ADC, antibody 20507-HC-E152C-MMAF 

conjugated with the reference compound MC-MMAF. No weight loss was observed 

associated with the ADC treatment suggesting low systemic toxicity. The results 

15 confirmed that with a single dose treatment at 10 mg/kg, antibody 20507-HC-E152C-10 

ADC effectively caused regression of H526 tumors without significant weight loss. In a 

second study, antibody 20507-HC-E152C-10 and antibody 20507-HC-ins388-A1-20 

ADCs were administered in H526 tumor-bearing mice at doses of 3 mg/kg and 10 mg/kg 

(Figure 6B). Both ADCs exhibited similar tumor inhibition activity at 3 mg/kg and tumor 

20 regression activity at 10 mg/kg. Antibody 20507-HC-E152C-10 ADC was slightly more 

efficacious than the 20507-HC-ins388-A1-20 ADC. 

In another example, we compared the in vivo efficacy of two antibody 20507 ADCs 

antibody 20507- HC-E152C-S375C-10 and antibody 20507-10, in the H526 xenograft 

model (Figure 6C). The two ADCs were prepared with the same payioad, compound 10 

25 conjugating to different Cys sites using two different methods. Antibody 20507-HC-

E152C-S375C-10 was prepared with a Cys mutant antibody, as described in Example 

101 with compound 10 conjugated to engineered Cys residues, HC-E152C and HC-

S375C. Antibody 20507-10 was prepared by using the partial reduction method of wild 

type antibody 20507 as described in Example 102 with compound 10 conjugated to native 

30 Cys residues. Antibody 20507-10 has a slightly higher DAR (DAR 4.6) than antibody 

20507-HC-E152C-S375C-10 (DAR 3.9) (Table 6). Pharmacokinetic studies showed that 

the two ADCs retained the same payioad to a very different extent during three week of 

circulation in mouse (Figure 4D, Figure 4E, Table 14): Antibody 20507-HC-E152C-
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S375C-10 displaying a much better payioad retention (56%) than antibody 20507-10 

(20%). 

In the H526 xenograft model, the same dosage of antibody 20507-HC-E152C-S375C-

10 is more efficacious in inhibiting tumors than antibody 20507-10 (Figure 6C). Anti-

5 Her2-HC-E152C-S375C-10, whose antigen is not expressed in H526 ceils, did not show 

any tumor inhibiting activity. 

In a third study, antibody 20507-HC-E152C-10 and antibody 20507-HC-ins388-A1-49-

22 ADCs were injected i.v. into H526 tumor-bearing mice at a single dose of 7 mg/kg 

(Figure 6D). While antibody 20507-HC-ins388-A1-49-22 ADC displayed tumor inhibition, 

10 antibody 20507-HC-E152C-10 ADC exhibited tumor regression at the same dose level, 

ndicative of higher efficacy of the latter ADC. No significant tumor inhibitory activity was 

observed for the isotype control ADC, anti-Her2-HC-ins388-A1-49-22, suggesting antigen 

specific tumor killing by the antibody 20507 ADCs. Together, all three studies confirm 

that cytotoxic peptides of the invention attached by a variety of methods to an antibody 

15 can cause regression of an antigen-expressing cancer in a mouse xenograft model. 

Example 110: Production of Sfp 4'-phosphopantetheinyl transferase (PPTase) 
The Bacillus subtilis Sfp PPTase was cloned into the pET22b expression vector 

using the PIPE method (see Klock et al., Proteins 71:982-994 (2008)). To allow cleavage 

of the C-terminal His6 tag, a TEV (tobacco etch virus) protease recognition site was 

20 inserted downstream of the Sfp coding sequence. All primers used for cloning and the 

Sfp protein sequence are listed in Table 15. 

Table 15. 

Primers used for cloning and Sfp protein sequence 

Sequence name Sequence SEQ ID NO 

B. subtilis Sfp 
pET22b 

G AAGG AG AT AT AC AT AT G AAAATTT A 
TGGGATTTACATGGATCGC 

SEQ ID NO:25 
B. subtilis Sfp 

pET22b GTGGTGGTGGTGGTGGTGCAGCAAT 
TCTT CAT AGG AG ACC ATCG SEQ ID NO:26 

pET22b 
CACCACCACCACCACCACTGAG SEQ ID NO:27 

pET22b CAT ATGTAT AT CTCCTTCTT AAAGTTA 
AAC A A AATT ATTT C SEQ ID NO:28 

TEV into B. subtilis 
Sfp pET22b 

GAG AACCT GTACTT CC AAGGCC ACC 
ACCACCACCACCACTGAG 

SEQ ID NO:29 
TEV into B. subtilis 

Sfp pET22b GCCTTGGAAGTACAGGTTCTCCAGC 
AATT CTT CAT AGG AG ACC AT CG 

SEQ ID NQ:30 
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Sequence name Sequence SEQ ID NO 

Bacillus subtilis 
Sfp PPTase with 
C-terminal TEV 

cleavage site and 
His6 tag 

MKIYGIYMDRPLSQEENERFMSFISPE 
KREKCRRFYHKEDAHRTLLGDVLVRS 
VISRQYQLDKSDIRFSTQEYGKPCIPD 
LPDAHFNISHSGRWVICAFDSQPIGIDI 
EKTKPISLEIAKRFFSKTEYSDLLAKDK 
DEQTDYFYHLWSMKESFIKQEGKGLS 
LPLDSFSVRLHQDGQVSIELPDSHSP 
CYIKTYEVDPGYKMAVCAAHPDFPEDI 
TMVSYEELLENLYFQGHHHHHH 

SEQ ID NO:31 

Protein expression and purification were performed according to Yin etal. (see 

Nat. Protoc. 1:280-285 (2006)) with some modifications. Briefly, 1 L of TB medium was 

noculated from saturated overnight cultures of Escherichia coli BL21 (DE3) cells 

harboring the pET22b/sfp expression piasmid. The culture was shaken at 250 rpm at 

5 37°C and induced by addition of 1 mM IPTG after reaching an optical density (600 nm) of 

0.7. The temperature was lowered to 30°C and the culture was shaken at 250 rpm for 

approximately 16 hours before the bacterial ceils were harvested by centrifugation (20 

min at 3400 rpm). Prior to use, the cell pellets were stored at -20°C. To initiate protein 

purification, the frozen pellets were thawed for approximately 15 minutes on ice and 

10 resuspended in a buffer containing 20 mM Tris/HCI (pH 8), 0.5 M NaCI, 5 mM imidazole, 

and 2 U/mL DNase I (3 mL of buffer per g wet weight of ceils). Cell lysis was induced by 

sonication for a total time of 2 min using 1 sec sonication pulses with intermittent 1 sec 

delays. In order to remove insoluble cell debris, the resulting lysate was centrifuged at 

40000 x g for 25 min at 4°C. The His6-tagged Sfp enzyme was then captured by adding 4 

15 mL of 50% Ni-NTA agarose slurry (Qiagen) to the cleared lysate. After shaking for 1 hour 

at 4°C, the resin-lysate mixture was poured into a disposable column. The settled resin 

was washed with 50 column volumes of 50 mM Tris/HCI (pH 8), 300 mM NaCI, and 20 

mM imidazole. Elution was performed with 6 column volumes of 50 mM Tris/HCI (pH 8), 

300 mM NaCI, and 250 mM imidazole. The Sfp enzyme was exchanged into TEV 

20 cleavage buffer containing 50 mM Tris/HCI (pH 8) and 50 mM NaCI. His6 tag removal 

was carried out by digestion with 7% (w/w) TEV protease at 23°C for 1 hour and then at 

4°C for approximately 16 hours. The TEV-digested Sfp enzyme was then reloaded onto 

fresh Ni-NTA columns pre-equilibrated with PBS. The cleaved enzyme was collected 

from the column flowthrough and from a washing step involving 5 column volumes of 50 

25 mM Tris/HCI (pH 8), 300 mM NaCI, and 20 mM imidazole. Purified Sfp enzyme was then 

dialyzed against 10 mM Tris/HCI (pH 7.4), 1 mM EDTA, and 10% glycerol using Slide-A-



WO 2015/095301 PCT/US2014/070800 

_yzer Dialysis Cassettes (Pierce) with 3.5 kDa cut-off. After passing the diaiysate through 

a 0.22 pro filter, the yield of Sfp enzyme was quantified by ultraviolet spectroscopy at 280 

nm (ND-1000 UV-Vis Spectrophotometer, NanoDrop Technologies, Wilmington, DE) 

using a molar extinction coefficient of 28620 M~1cm~1. 19 mg of TEV-cleaved Sfp enzyme 

5 was obtained per liter culture. Next, Sfp PPTase was concentrated to 151 (iM using 

Amicon Ultra Centrifugal Filter Units (Millipore) with 10 kDa cut-off. The purity of the 

enzyme was assessed by SDS-PAGE, and His6 tag removal was verified by LC-MS. 

According to analytical size-exclusion chromatography, TEV-cleaved Sfp PPTase is 90% 

monomeric. The concentrated enzyme was aliquoted, flash-frozen in liquid nitrogen, and 

10 stored at -80°C. 

Other aspects and examples of the invention are provided in the following listing of 

enumerated embodiments. It will be recognized that features specified in each 

embodiment may be combined with other specified features to provide further 

embodiments of the present invention. 
15 Embodiment 1. The compound or stereoisomer thereof having the structure of Formula (I) 

RV XAX/V.N-I 1 J Y T|YT 
O R2 0 0 (Formula (I)) 

wherein: 

R1 is a C-linked 6 membered heterocycioaikyl containing 1-2 N heteroatoms and a C--

C2alkylene bridge, or R1 is a C-linked 5-8 membered fused bicyciic heterocycloalkyl 

20 containing 1-2 N heteroatoms, wherein each is unsubstituted, or each is substituted 

with 1 to 3 substituents independently selected from R5 and R6; 

R2 is -CrCealkyl; 

/rR» 

T5 Y5 * R3 is ^ or 
R4 is -OH, CrCealkoxy, -N(R14)2J -Rlb, -NR^(CH2)mN(R14)2j -NR^(CH2)mRlb, -NHS(0)2R1 

^/(CH2)m—N-R12 ^^(CH2)m-N-R8 

25 R12 or R12 ; 

R5 is CrC6alkyl, CrC6alkyl which is optionally substituted with 1 to 5 hydroxyl, -C(=0)R1 

-(CH2)mOH, -C(=0)(CH2)m0H, -C(=0)((CH2)m0)nR12, or -((CH2)mO)nR12; 
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R6 is halo, oxo, OH, CrCealkyl, -N(R14)2, -R,6and -NR12C(=0)R11; 

R8 is H; 

each R11 is independently selected from CrC6alkyl and CrC6alkyl which is optionally 

substituted with 1 to 5 hydroxyl; 

each R12 is independently selected from H and CrC6alkyi; 
o o 0 0 0 0 

O 1 II S II n 11 II D 12 II II -1—P-OH "H"™ +r0Rfl V'SAo'* 
R13 is tetrazolyl, ? H , OH , OH , OH , OH 

JL A...R12 X...R11 A...R12 o o 'VV^^lY -VT^^N' V i — -N- H 
OH | OH | OH | VP\yvRl6 

0 0 0 0 0 0 
-R12 

vU. 
R12 , R11 , R11 or OH 

each R14 is independently selected from H and C -C6alkyl; 

R15 is 2-pyridyl or 4-pyridyl; 

10 R16 is an unsubstitituted N-linked 4-8 membered heterocycloalkyl containing 1-2 

heteroatoms independently selected from N and O 

each m is independently selected from 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10, and 

each n is independently selected from 1, 2, 3, 4, 5, 6, 7, 8, 9,10,11,12,13, 14,15,16,17 

and 18 

15 Embodiment 2. The compound according to embodiment 1, wherein: 

R1 is a C-linked 6 membered heterocycioaikyl containing 1-2 N heteroatoms and a C;-

C2alkylene bridge, wherein the C-linked 6 membered heterocycloalkyl is unsubstituted 

or is substituted with 1 to 3 substituents independently selected from R5 and R6. 

Embodiment 3. The compound or stereoisomer thereof having the structure of Formula (I) 

Rt A I 1 y Y T|TT" TT'v 
20 o R2 o^o o^o (Formula (I)) 

wherein: 

R1 is a C-linked 6 membered heterocycloalkyl containing 1-2 N heteroatoms and a C;-

C2alkyiene bridge or R1 is a C-iinked 5-8 membered fused bicyciic heterocycloalkyl 

containing 1-2 N heteroatoms, wherein each is unsubstituted, or each is substituted 

25 with an R7 and 0 to 3 substituents independently selected from R5 and R6, or each is 

substituted with 1 to 3 substituents independently selected from R5 and R6; 

R2 is -CrC6alkyi; 
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R3 is NH2 HN-L-R" 

OH 

* N-L 
H or 

R4 is -OH, CrCgalkoxy, -N(R14)2, -R16, -NRl2(CH2)mN(R14)2, -NR12(CH2)mR16, -LR9 

'A jy (CH2)m-N--R12 

-NHS(0)2RH , -NHS(0)2(CH2)mN3, -NHS(=0)2LR9, R12 

* N 
I 

R12 

(CH2)m—N-R8 

?12 , XT (CH2)mRg 

' N 
i 
R12 

N 
l 

R.12 or 

* N 
i 

R12 

(CH2)m-X3(CH2)mR9 

R5 is CrCealkyl, -C(=0)R11, -(CH2)mOH, -C(=0)(CH2)m0H, -C(=0)((CH2)m0)nR12, -

((CH2)mO)nR12, or CrC6alkyl which is optionally substituted with -CN, -C(=0)NH2 or 1 

to 5 hydroxyl; 
10 R6 is halo, oxo, OH, CrC6alkyl, -N(R14)2, -R16and -NR12C(=0)R11; 

R7 is LR9; 

R8 is H or LR9; 

each L is independently selected from -L1L2L3L4L5L6-, -L&LsLJ-sLsLri -L1L2L3L4L5-, -

L5L4L3L2Lr,-L] L2L3L4-, -L4L3L2Lr,-LiL2L3-, -L3L2Lr,-LiL2-, -L2Lr and -Lj, wherein -L-i, 
15 L2, L3, L4I L5, and L6 are as defined herein; 

o o 
,R" 

+N -i-N 

R9 is o o 

o K^R1° 
_ KJ I I c I 

, -NR12C(=0)CH=CH2, -N3I S , SH, 

SSR15, -S(=0)2(CH=CH2), -(CH2)2S(=0)2(CH=CH2), -NR12S(=0)2(CH=CH2), 
NR12C(=0)CH2R1°, -NR12C(=0)CH2Br, -NR12C(=0)CH2i, -NHC(=0)CH2Br, 
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R12 
I 

N 

NHC(=0)CH2I,-0NH2J-C(0)NHNH2> O 
OH 

, -CO2H, -NH2> -NCO, -NCS, 
o o 

/s 
OH o o 

II II 

•°"6HO'A;°' ,Ov /=N 
-N ' 

o- \ I' T 
H0l 0H NN^N 
HO' 0 

NH? 

H OH <4-L ,0 /=N 
-N ' 

NH, 

HO~t 0H NN^N 
HO 

H OH 4A? ,0. /=N 
-N ' 

\^NH2 

HO _ 
HO'' 

1 OH N^M 

OH O O II II 

o'V'vo-
OH Cr 1 

-O /=N 
-N 

-NH2 

HO-
HO"' 

\ OH N..N X„-N 

o R 

F W r\ 

H2N-~V^W-0-/ 

7- o * 

R is 

o o 
II II 

°'£P'£P' ,0. /=N 
-N 

NH, 

HO-1 0H 

HO' 0 
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H H ?H 9 9 H H T" M M 

O 0 ' 1 "" >-/ y*yNH2 o O /N /~y Y^S-NH: 
Hoi OH N^M 0 OH 
HO' , HO' 0 

OO H OH O O 

-iyNH2 o ' x >-( y^yNH? 
HO-Ut, OH N'^N Hps, OH NN=?N 
HO' or HO' "° ;; 

each R11 is independently selected from CrCealkyl and CrC6alkyl which is optionally 

substituted with 1 to 5 hydroxyl; 

each R12 is independently selected from H and CrCealkyl; 

R13 is tetrazolyl, imidazolyl substituted with phenyl, oxadiazolyl substituted with phenyl, 
o o o oo 

O S II s II AA b II II II r»12 
^ II -4-P-OH -5-P-OR11 4-P-OLR9 

P-OH f! ? I ? I -\ l O 
pyrazolyl, pyrimidinyl, H , OH , OH J OH J OH 

oo oo o o 
0 O VPxA -R12 VPNA ^R11 VPXA -R 
N II R11 -\ -\ i^"^ N -\ 

OH | OH | OH | 
OH R12 R11 R11 

J J J 

0 0 0 0 
FL X >R9 X...LR9 0 0 o o 

Viv^sN/ J1 II > U > £i 
OH | OH | \-P\^R1S 1-P-LRg i-P-0(CH2)mR9 

R12 R11 OH OH OH 
J J J J J 

10 CH2S(=0)2NH2, -CH2S(=0)2NHLR9, -LR9 or -X4LR9; 

each R14 is independently selected from H and CrC6alkyl; 

R15 is 2-pyridyl or 4-pyridyl; 

R16 is an N-linked 4-8 membered heterocycioaikyl containing 1-2 heteroatoms 

independently selected from N and O, which is unsubstitituted or substituted with -

15 LR9; 
NsY 

N" IT 
N 

X3 is 1V- or 

* J ,N 
X ,NT X^N' 

X4 is or ; 

each m is independently selected from 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10; 

each n is independently selected from 1, 2, 3, 4, 5, 6, 7, 8, 9,10,11,12,13, 14,15,16,17 

20 and 18, 
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or a pharmaceutical acceptable salt thereof. 

Embodiment 4. A compound or stereoisomer thereof having the structure of Formula (I) 

H ° T ~ W I H 
V'T IVTNVTN^R3 

n p2 CX O O. O . .... 0 K ^ v (Formula (I)) 

wherein: 

5 R1 is a C-linked 6 membered heterocycloalkyl containing 1-2 N heteroatoms and a Cr 

C2alkyiene bridge or R1 is a C-linked 5-8 membered fused bicyciic heterocycloalkyl 

containing 1-2 N heteroatoms, wherein each is unsubstituted, or each is substituted 

with an R7 and 0 to 3 substituents independently selected from R5 and R6, or each is 

substituted with 1 to 3 substituents independently selected from R5 and R6; 

10 R2 is -Ci-C6alkyi; 

/Jv -/r"" 
Sn in "Vn R3 is ^ or ' 

R4 is -OH, C,-C6alkoxy, -N(R14)2, -R16, -NR12(CH2)mN(R14)2, -NR12(CH2)mR16, -LR9, 

^/(CH2)m-N-R12 

R,! 

-NHS(0)2RH, -NHS(0)2(CH2)mN3, -NHS(=0)2LR9, R12 

(OH2)m N R LR9 (CH2)mR9 
• ft T 

y-
R12 , R12 , R12 or 

_ -(CH2)m_X3(CH2)mR9 

N 

15 R12 ; 

R5 is CrCealkyl, CrC6alkyl which is optionally substituted with 1 to 5 hydroxyl, -C(=0)R1 

-(CH2)mOH, -C(=0)(CH2)m0H, -C(=0)((CH2)m0)nR12, or -((CH2)mO)nR12; 

R6 is halo, oxo, OH, CrC6alkyl, -N(R14)2, -R16and -NR12C(=0)R11; 

R7 is LR9; 

20 R8 is H or LR9; 
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each L is independently selected from -L^UULaLr, -LeUULdULr, -L1UUUU-. -

L5L4L3L2L1 -,~I— 1L2L3L4-, -L4L3L2LI-,-LIL2L3-, -L3l_2i-r,-l-i l-2~, -L2L1- and -l_i, wherein -l_i, 

L2, L3J L4I L5J and L6 are as defined herein; 

o o 
Rl-

o K-R1° 
5 NH , -NR12C(=0)CH=CH2, -N3J S C_CH, SH, 

lr ' 
R9 is o , o 

SSR15, -S(=0)2(CH=CH2), -(CH2)2S(=0)2(CH=CH2), -NR12S(=0)2(CH=CH2) 

NR12C(=O)CH2R,0l -NR12C(=0)CH2Br, -NR12C(=0)CH2l, -NHC(=0)CH2Br, 

NHC(=0)CH2l, -ONH2J -C(0)NHNH2, 
,, OH 

-CO2H,-NH2, -NCO,-NCS, 
H H 

o 

o o II II 
O' Nj 

•Oi I OI I 
M /=N 

-N 
NH, 

HO^n^ 0H NN^N 
HO 

X-,N A' a 

o F 

HzN^vOJ 7 ojy * 
o o 
II n 

O^O'^O' 
OH OI I 

„0 /^N 
-N 

-NH2 

HO-i, 0H NN^N 

10 R is HO' u ; 

each R11 is independently selected from CrCealkyl and CrC6alkyl which is optionally 

substituted with 1 to 5 hydroxyl; 

each R12 is independently selected from H and Ci-C6aikyi; 

o o o OO 
O J II J II H i II „ 11 II D12 

* ^ i-P-OH -l-P-OR11 P-OLR vP-sA^R 
P-OH ' I ? I ? J i^-^ O 

R13 is tetrazolyl, H J OH J OH J OH J OH 

o 0 00 00 
0 ° R„ V^N-R,! ^ 

-R OH vp 
15 OH 

O 
N-R12 I 
I OH 

R11 

N' "Y i 
I OH 

R12 

N' 

R12 R1 R1 
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o o oo 
V-FOL .LR9 \JOL >R9 0 0 o o 
-\ -\ N II II S II S II Q 

OH | OH | P—LR9 -|-P-0(CH2)mR9 

R12 R11 OH OH OH 
J J J J J 

LR9 or -X4LR9; 

each R14 is independently selected from H and C--C6alkyl; 
R15 is 2-pyridyl or 4-pyridyi; 

R16 is an N-iinked 4-8 membered heterocycioaikyl containing 1-2 heteroatoms 

independently selected from N and O, which is unsubstitituted or substituted with -

LR9; 

K J ^ N 
X3 is ^ or 

N S l| N 

X ,NT 
X4 is or ; 

10 each m is independently selected from 1,2,3, 4, 5, 6, 7, 8, 9 and 10; 

each n is independently selected from 1, 2, 3, 4, 5, 6, 7, 8, 9,10,11,12,13, 14,15,16,17 

and 18, 

or a pharmaceutically acceptable salt thereof. 

Embodiment 5. The compound according to any one of embodiments 1 to 4, wherein the 

15 compound is a compound having the structure of Formula (la): 

~ R4 

"Ph (Formula (la)). 

Embodiment 6. The compound according to any one of embodiments 1 to 5, wherein the 

compound is a compound having the structure of Formula (lb): 

H o ^ f ) 1 H 0 

Y 4 

O R2 0^0 0^0 \ph pormu|a 

20 Embodiment 7. The compound according to any one of embodiments 1 to 4, wherein the 

compound is a compound having the structure of Formula (Ic): 
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10 

OR2 ^ (Formula (Ic)). 

Embodiment 8. The compound according to any one of embodiments 1 to 4, and 7, 

wherein the compound is a compound having the structure of Formula (Id): 

OH 

Y 
O R (Formula (Id)). 

Embodiment 9. The compound according to any one of embodiments 1 to 4, wherein the 

compound is a compound having the structure of Formula (le): 

Y 
H O 
N 

H „ 
F\? 

O R O O. O X Ph (Formula (le)). 

Embodiment 10. The compound according to any one of embodiments 1 to 4, and 9, 

wherein the compound is a compound having the structure of Formula (If) 

H o 
Rl -N Y N. „R13 

O R2 O^ O 0^0 \ Ph (Formula (If)). 

Embodiment 11. The compound according to any one of embodiments 1 to 4, wherein 

the compound is a compound having the structure of Formula (ig): 

R i Y 
H O 
N 

O R2 

N-

O^ O O, O 
O' 

,R 

Ph (Formula (Ig)). 

Embodiment 12. The compound according to any one of embodiments 1 to 4 or 11, 

15 wherein the compound is a compound having the structure of Formula (Ih): 

H O 
R I Y 

O R 

N- Rl 

o o ~Ph (Formula (Ih)). 

Embodiment 13. The compound according to any one of embodiments 1 to 4, wherein 

the compound is a compound having the structure of Formula (Ii) or Formula (Ij): 
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H 
R1 ^.N _ Y Y 1 

O R 
, ."YYV'*" VVV o o o o 
0^0 <x O o R2 ^ -

H err 

NH, HN., ,R9 

Formula (Ii) Formula (Ij). 

Embodiment 14, The compound according to any one of embodiments 1 to 4 or 13, 

wherein the compound is a compound having the structure of Formula (Ik) or Formula 

5 (Im): 

H 9 

Y , . w 0 R 

H 

fYYNVvN^R19 VN 
H R19 

0 
,2 1 o o ^ o R2 1 o o X3 

NH, HN.^R9 

Formula (Ik) Formula (Im). 

Embodiment 15. The compound according to any one of embodiments 1 to 4, wherein 

10 the compound is a compound having the structure of Formula (In) or Formula (lo): 

H 
Rl 'Y 

O R 0^0 0^0 

19 K V" ^ 'N 
J ^2 1 0^ 0 0^0 

SL^R19 

NH, 

J ,1 / 
N 
H 

Formula (In) Formula (lo). 

Embodiment 16. The compound of according to any one of embodiments 1 to 4 or 15, 

wherein the compound is a compound having the structure of Formula (Ip) or Formula (Iq) 

H O 

RSf'N'Y ~N' 
» R2 1 0 0^0 

Bv~o'R 

H 9 
19 RV 'Y 

H 
N-—o'R 

15 xx. o R 0^0 0^0 ^a[ 
Formula (Ip) Formula (Iq). 

Embodiment 17. The compound of any one of embodiments 11 to 16, wherein R19 is 

H. 
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Embodiment 18. The compound according to any one of embodiments 3 to 17, wherein 

each L is independently selected from -LL?L3L;LgL6- and -L6L5L4L3L2L1-, and wherein -L-, 

L2, L3J L4J l_5, and L6 are as defined herein. 

Embodiment 19. The compound according to any one of embodiments 3 to 18, wherein 

5 each L is independently selected from -UL2L3L4L5-, -L5L4L3L2LI-,-L1L2L3L4-, -L4L3L2L-, -

-IL2L3- and -L3L2L1-, wherein -L1s L2, L3, L4, L5, and L6 are as defined herein. 

Embodiment 20. The compound according to any one of embodiments 3 to 19, wherein 

each L is independently selected from -L^- and «L«Lr, and wherein -Li and L2 are as 

defined herein. 

10 Embodiment 21. The compound according to any one of embodiments 3 to 19, wherein L 

is -L,-, wherein -Lj is as defined herein. 

Embodiment 22. The compound according to any one of embodiments 3 to 21, wherein: 

R1 is a C-linked 6 membered heterocycloalkyl containing 1-2 N heteroatoms and a Cr 

C2alkylene bridge, or R1 is a C-linked 5-8 membered fused bicyciic heterocycloalkyl 

15 containing 1-2 N heteroatoms, wherein each is substituted with an R7and 0 to 3 

substituents independently selected from R5 and R6. 

Embodiment 23. The compound according to any one of embodiments 3 to 21, wherein: 

R1 is a C-linked 6 membered heterocycloalkyl containing 1-2 N heteroatoms and a Cr 

C2alkyiene bridge, wherein the C-linked 6 membered heterocycioaikyl is substituted 

20 with an R7 and 0 to 3 substituents independently selected from R5 and R6. 

Embodiment 24. The compound according to any one of embodiments 3 to 6 and 18 to 

21, wherein: R1 is a C-linked 6 membered heterocycloalkyl containing 1-2 N heteroatoms 

and a CrC2alkylene bridge, or R1 is a C-linked 5-8 membered fused bicyciic 

heterocycloalkyl containing 1-2 N heteroatoms, wherein each is substituted with an R'and 

25 0 to 3 substituents independently selected from R5 and R6, 

and R4 is -OH, CrCealkoxy, -N(R14)2, -R16, -NR12(CH2)mN(Rl4)2, -NHS(0)2(CH2)mN3, 

^/(CH2)m-N-R12 ^/(CH2)m-N-R8 

- jyCX 
-NR12(CH2)mR16,-NHS(0)2R,I, R12 or R12 

Embodiment 25. The compound according to any one of embodiments 3 to 6, 18 to 21 

and 24, wherein: R1 is a C-iinked 6 membered heterocycloalkyl containing 1-2 N 
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heteroatoms and a C1-C2aikyiene bridge, wherein the C-linked 6 membered 

heterocycioaikyl is substituted with an R7 and 0 to 3 substituents independently selected 

from R5 and R6, 

and R4 is -OH, CrC6alkoxy, -N(R14)2, -R16, -NR12(CH2)mN(Rl4)2, -NHS(0)2(CH2)mN3, -

(CH2)m-N-R12 ^/(CH2)m-N-R8 

5 NR'2(CH2)mR16,-NHS(0)2R,,, R12 or R" 

Embodiment 26. The compound according to any one of embodiments 3 to 25, wherein: 

R2 is -CrCealkyl; 
R5 is CrC6alkyl, CrC6alkyl which is optionally substituted with 1 to 5 hydroxyl, -C(=0)R11, 

-(CH2)mOH, -C(=0)(CH2)m0H, -C(=0)((CH2)m0)nR12, or -((CH2)mO)nR12; 

10 R6 is halo, oxo, OH, CrCealkyl, -N(R14)2, -R16and -NR12C(=0)R11; 

R7 is UR9; 
R8 is H; 

o o o R1° 

-i-N || -l-N | -1-N7"T °W Rio 

R9 is 6 , 6 o , I NH , -NR12C(=0)CH=CH2, -N3, 

-I-C=CH 
SH, -SSR , -S(=0)2(CH=CH2), -(CH2)2S(=0)2(CH=CH2), 

15 -NR12S(=0)2(CH=CH2), -NR12C(=0)CH2Br, -NR12C(=0)CH2l, -NHC(=0)CH2Br, -
R12 
I 
N 

NHC(=0)CH2l,-0NH2,-C(0)NHNH2, O ,-CO2H, -NH2, -NCO,-NCS, 
OH OO 

HO~p^ °H NN^N 
HO' 

rtv* zee* 
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H H 0H " 

HO°^ OH N^N 

R10 is HO' ; 

each R11 is independently selected from CrCealkyl or CrC6alkyl which is optionally 

substituted with 1 to 5 hydroxyl; 

each R'2 is independently selected from H and C-C6alkyl; 
o o 0 0 0 0 

O S II i II ,, II II D12 II II 
-1-p-csH "H"™ "H"0*11 VN^VR 

R13 is tetrazolyl, H J OH J OH J OH , OH 

vUv s ° 
OH | OH | OH | V^\^-R16 

R12 R11 R11 or OH 
J J J 

each R14 is independently selected from H and C-C6alkyl; 
R15 is 2-pyridyl or 4-pyridyl, 

and 

10 R16 is an unsubstituted N-linked 4-8 membered heterocycloalkyl containing 1-2 

heteroatoms independently selected from N and O. 

Embodiment 27. The compound according to any one of embodiments 1 to 21, wherein: 

R1 is a C-linked 6 membered heterocycloalkyl containing 1-2 N heteroatoms and a C;-

C2alkylene bridge, or R1 is a C-linked 5-8 membered fused bicyciic heterocycloalkyl 

15 containing 1-2 N heteroatoms,wherein each is unsubstituted or each is substituted 

with 1 to 3 substituents independently selected from R5 and R6. 

Embodiment 28. The compound according to any one of embodiments 1 to 21 and 27, 

wherein: 

R1 is a C-linked 6 membered heterocycloalkyl containing 1-2 N heteroatoms and a C;-

20 C2alkyiene bridge, wherein the C-linked 6 membered heterocycloalkyl is unsubstituted 

or is substituted with 1 to 3 substituents independently selected from R5 and R6. 

Embodiment 29. The compound according to any one of embodiments 3 to 27, wherein: 

R1 is a C-linked 6 membered heterocycloalkyl containing 1-2 N heteroatoms and a Cr 

C2alkyiene bridge, or R1 is a C-linked 5-8 membered fused bicyciic heterocycioaikyl 

25 containing 1-2 N heteroatoms,wherein each is unsubstituted or each is substituted 

with 1 to 3 substituents independently selected from R5 and R6; 
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rVTm (CH2)m /^/{CH2)mR9 

"R ^N' 
I R12 I 

R4 is -L,R9, -NHS(=0)2L1R9, R12 , R12 or 

jy (C;-2)n 

X3(CH2)mR9 N 
I 

R12 

Embodiment 30. The compound according to any one of embodiments 3 to 20 and 29, 

wherein: 

R1 is a C-linked 6 membered heterocycloalkyl containing 1-2 N heteroatoms and a Cr 

C2alkylene bridge, wherein the C-linked 6 membered heterocycloalkyl is unsubstituted 

or is substituted with 1 to 3 substituents independently selected from R5 and R6; 
o 

?Y^R4 

10 R3 is 

and 

(CH2)m " R ^/(CH2)mR9 R,Z ijy ^N' ^ ^N-
I i 

R4 is -LTR9, -NHS(=0)2L1R9, R12 , R12 or 
^.(CH2)m-X3(CH2)mR9 * XX ^ N 

I 
R12 

Embodiment 31. The compound according to any one of embodiments 3 to 21 and 27 to 

15 30, wherein: 

R2 is -CrC6alkyl; 

R5 is CrCealkyl, CrC6alkyl which is optionally substituted with 1 to 5 hydroxyl, -C(=0)R11, 

-(CH2)mOH, -C(=0)(CH2)m0H, -C(=0)((CH2)m0)nR12, or -((CH2)mO)nR12; 
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R is halo, oxo, OH, CrCealkyl, -N(R14)2 and -NR!"C(=0)R"; 

R8 is LiR9; 
o o 

- -N - -N 

R9 is o o 

o K^R1° 
S NH , -NR12C(=0)CH=CH2, -N3, t C_CH, SH, 

S(=0)2(CH=CH2), -(CH2)2S(=0)2(CH=CH2), -NR12S(=0)2(CH=CH2), -
NR12C(=0)CH2R1°, -NR12C(=0)CH2Br, -NR12C(=0)CH2l, -NHC(=0)CH2Br, 

/ \ H 

VY 
NHC(=0)CH2l,-0NH2,-C(0)NHNH2, O ,-CO2H, -NH2, -NCO, -NCS 

,, OH 
>< H H 

-NY^--N 
o 

o o 
,P~. ,Pv ° OH0 6H° ,0, /=N 

-N 
NH, 

HO-P 0H NN^N 
HO 0 

'\Ao- A, 

YYV> H 

H H OH 

o o 

o o 
O'1'" V'0 OH OI 1 

R10 is 

o. /*# 
WNH2 

HO^ OH N^N 

HO' 

10 each R11 is independently selected from CrC6alkyl and CrC6aikyl which is optionally 

substituted with 1 to 5 hydroxyl; 

each R12 is independently selected from H and CrC6alkyl; 

o 
-l-P-OLR9 

0 o 
II 

o o 
II 

OH OH 
R is OH 

N' 
I 

R 

,LR9 

vp 
0 o 
II 

OH 

O 
i II 
-l-P-LRg 5 l M 

OH 

O 
-^-P-0(CH2)mR9 

OH , -LR9 or -X4LR9; 

15 each R14 is independently selected from H and Ci-C6aikyi; 

R16 is an N-linked 4-8 membered heterocycloalkyl containing 1-2 heteroatoms 

independently selected from N and O, which is substituted with -LR9; 
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N" II "• <? 

N 
X3 is ""V- or 

N-N* 
N N^'\ s J| } X ,NT XV 

^V"N or X4 is or ; 

each m is independently selected from 1,2,3, 4, 5, 6, 7, 8, 9 and 10, and 

each n is independently selected from 1, 2, 3, 4, 5, 6, 7, 8, 9,10,11,12,13, 14,15,16,17 

and 18. 

Embodiment 32. The compound according to any one of embodiments 1 to 6 and 18 to 

R8 

'AN 
28, wherein R4 is -OH, -OCH3, -NHS(0)2Rt1 or H 

Embodiment 33. The compound according to any one of embodiments 3 to 6 and 18 to 

uiX'~ 
28, wherein R4 is -OH, -OCH3, -NHS(0)2Rn, -NHS(0)2(CH2)mN3 or H 

10 Embodiment 34. The compound according to any one of embodiments 3 to 6, 18 to 23 
"(CH2)mRg ijy 

I 

and 27 to 31, wherein R4 is -L, R9, -NHS(=0)2L1 R9, R12 or 
iCH2)m 

X3(CH2)mR9 
i 

R12 

Embodiment 35. The compound according to any one of embodiments 1 to 4, 9, 10 and 
O O 0 0 

N-M O i II S 4 „ „ II || r-,12 
-Ul p-OH -h?"0H "H"0* 

18 to 30, wherein R13 is N~NH, > H , OH , OH OH 
O o 

vP^l .R12 O o 
OH | V'S^R* 

15 R11 or OH 
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Embodiment 36. The compound according to any one of embodiments 1 to 4, 9, 10 and 
o o II 0 'LR9 OO o 

S: II „ I N M II S II 
-|-P-OLR9 OH | V^X.R1S I-P-LR9 

18 to 30 and 35, wherein R13 is OH , R12 , OH OH 
O 

-P-0(CH2)mR9 

OH , -LR9 or -X4LR9. 

Embodiment 37. The compound according to any one of embodiments 1 to 21 and 26 to 

CH ̂  5 36, wherein R1 is N NH or R5 . 

Embodiment 38. The compound according to any one of embodiments 1 to 21 and 26 to 

, CH 37, wherein R1 is NH or R5 

Embodiment 39. The compound according to any one of embodiments 1, 3 to 21, 26, 27, 

, ~N 5 
29 and 31 to 36, wherein R is H or R 

10 Embodiment 40. The compound according to any one of embodiments 1, 3 to 21, 26, 27, 

1 ~N 5 29, 31 to 36 and 39, wherein R is H or R 

Embodiment 41. The compound according to any one of embodiments 3 to 26, and 32 to 

CH HN 

36, wherein R1 is LIR9. 

Embodiment 42. The compound according to any one of embodiments 3 to 26, 32 to 36 

Or -N 
^ g 

15 and 41, wherein R is LiR . 
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Embodiment 43. The compound according to any one of embodiments 3 to 22, 24 and 

31 to 36, wherein Ft1 is LIR9 . 

Embodiment 44. The compound according to any one of embodiments 3 to 22, 24, 31 to 

36 and 43, wherein R1 is LiR . 

Embodiment 44. The compound according to any one of embodiments 3 to 22, 24, 31 to 
o o 

.R1 

-f-N , 1 J 
36 and 43, wherein R9 is o 

s H H 0H 

JM. vs. 

) 
6 

o 
4 K-R1 

-i-NH 

O O 

0 0 
OH OH' 

,0. /=N 
-N 

,NHa 

HO-p OH N^N 

HO' 0 , -S(=0)2(CH=CH2), 

NHC(=0)CH2Br, -NHC(=0)CH2l, -ONH2, Na 

Embodiment 45. The compound according to any one of embodiments 3 to 44, wherein 
o o 

.R1' 

10 R9 is c 

- N 

O 

O 

-l-NH 

10 

H H 

'NY^-N 
O O 

OH O O 

O' "O 
OH OH o- N rrNHz 

HO^p^ °H NN^N 

HO' -S(=0)2(CH=CH2 

/ \ H 

NHC(=0)CH2Br, -NHC(=0)CH2l, -ONH2, N3, o 

Embodiment 46. An immunoconjugate of Formula 
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10 

15 

,2 ' u 0^0 

y (Formula (II)) 

wherein: 

Ab represents an antigen binding moiety; 

L is selected from -L1L2L3L4L5L.6-, -LgLsL^LsL^Lr, -L1L2L3L4L5-, ~L5L4L3l_2Lr,-l-iL.2L3L4-, -
L4l^L2Lr,-LtiUL3-, -LsLsLi-.-LiLs-, -L2Lr and -L,, wherein -L,, L2, L3, L4, L5, and L6 are 
as defined herein 

y is an integer from 1 to 16; 

R101 is a 6 membered heterocycloalkyl divalent radical containing 1-2 N heteroatoms and 

a C1-C2alkylene bridge, wherein the 6 membered heterocycloalkyl divalent radical is 

yr¥ 
C-linked to the o group and is N-linked to L, or is C-linked to L,, and the 6 

membered heterocycloalkyl divalent radical is unsubstituted or substituted with 1 to 3 

substituents independently selected from R5 and R6; 

or R101 is a 5-8 membered fused bicyciic heterocycloalkyl divalent radical containing 1-2 N 

heteroatoms, wherein the 5-8 membered fused bicyciic heterocycloalkyl divalent 

radical is C-linked to the O group and is N-linked to L, or is C-linked to L&, and the 

5-8 membered fused bicyciic heterocycioaikyl divalent radical is unsubstituted or 

substituted with 1 to 3 substituents independently selected from R5 and R6; 

R2 is -CrCealkyl; 

R3 is 

/YXR4 /rR13 OH /r-~V 

>no u 
19 

NH,-

20 R4 is -OH, Ci-C6alkoxy, -N(R14)2, -Rlb, -NR^(CH2)mN(R14)2, or -NR^(CH2)mRlb, -

NHS(0)2Rn or 

N 
1 

R12 

(CH2)m-N-R 12 

J12 
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R5 is CrCealkyl, -C(=0)R11, -(CH2)mOH, -C(=0)(CH2)mGH, -C(=0)((CH2)m0)nR12, -

((CH2)mO)nR12, or CrC6alkyi which is optionally substituted with -CN, -C(=0)NH2 or 1 

to 5 hydroxyl, 

R6 is halo, oxo, OH, CrC6alkyl, -N(R14)2, -R16and -NR12C(=0)R11; 

R11 is CrC6alkyi or CrC6alkyi which is optionally substituted with 1 to 5 hydroxyl; 

each R12 is independently selected from H and CrCealkyl; 

R13 is tetrazolyl, imidazolyl substituted with phenyl, oxadiazolyl substituted with phenyl, 
o o oo 

o 5> 11 * II H " II D12 -i—P-OH -H-°H -H~OR11 
pyrazolyl, pyrimidinyl, ? H , OH , OH S OH 

OO oo 0 0 
o o vp^R12 \-P\A. /Ri1 VPNA 
N |l R11 -\ -\ -\ 

V'N^o" OH | OH | OH 
OH R12 R11 F 

R 12 

O o 

10 OH or -CH2S(=0)2NH2,; 

each R14 is independently selected from H and CrC6alkyl; 

R16 is an N-linked 4-8 membered heterocycloalkyl containing 1-2 heteroatoms 

independently selected from N and O; 

R19 is H or CrCealkyJ; 

15 each m is independently selected from 1,2,3, 4, 5, 6, 7, 8, 9 and 10, 

and 

each n is independently selected from 1, 2, 3, 4, 5, 6, 7, 8, 9,10,11,12,13, 14,15,16,17 

and 18. 

Embodiment 47. An immunoconjugate of Formula (II): 

Ab-
\ 8 R2 ' o ° / 

20 y (Formula (II)) 

wherein: 

Ab represents an antigen binding moiety; 

is selected from -LiL2L3L4LsLe-, -l_6i-5L4L3L2Lr, -LiL2L3L4l_5-, -L5L4L3L2Lr,-LiL2L3l_4-, -
L4L3L2L1-,-L1L2L3-, -L3L2L -,-L L2-, -L2Lr and -U, wherein -Lu L2, L3, L4, l_5, and L6 are 

25 as defined herein; 
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/A< yyR" 

y is an integer from 1 to 16; 

R101 is a 6 membered heterocycioaikyl divalent radical containing 1-2 N heteroatoms and 

a C1-C2alkylene bridge, wherein the 6 membered heterocycloalkyl divalent radical is 

yTv 
C-linked to the o group and is N-linked to U or is C-linked to Lu and the 6 

5 membered heterocycloalkyl divalent radical is unsubstituted or substituted with 1 to 3 

substituents independently selected from R5 and R6; 

or R101 is a 5-8 membered fused bicyciic heterocycloalkyl divalent radical containing 1-2 N 

heteroatoms, wherein the 5-8 membered fused bicyciic heterocycloalkyl divalent 

yrv 
radical is C-linked to the o group and is N-linked to L- or is C-linked to L:, and the 

io 5-8 membered fused bicyciic heterocycioaikyl divalent radical is unsubstituted or 

substituted with 1 to 3 substituents independently selected from R5 and R6: 

R2 is -CrCealkyl; 
o 

. _R13 
OH 

/r 
Ffjs or 

R4 is -OH, CrC6alkoxy, -N(R14)2, -R16, -NR12(CH2)mN(R14)2, or -NR12(CH2)mR16, -

/^/(CH2)m-N-R12 

-/ XX y N 

15 NHS(0)2RI, or R12 ; 

R5 is CrC6alkyl, CrC6aikyl which is optionally substituted with 1 to 5 hydroxyl, -C(=0)R1 

-(CH2)mOH, -C(=0)(CH2)m0H, -C(=0)((CH2)m0)nR12, or -((CH2)mO)nR12; 

R6 is halo, oxo, OH, CrC6alkyl, -N(R14)2, -R16and -NR12C(=0)R11; 

R11 is CrC6alkyl or CrC6alkyl which is optionally substituted with 1 to 5 hydroxyl; 

20 each R12 is independently selected from H and CrC6alkyl; 

-H-O" -H-«" vU/ 
R13 is tetrazolyl, ? H , OH , OH , OH , OH 

OO 0 0 0 0 
\-FLA. /R12 VP\JL ^R11 \-P\JL /Ri2 o O -\ N -\ N -\ N II I! 

OH | OH | OH | V-'NY-RIB 
R12 R11 R11 or OH 

J J J 

each R14 is independently selected from H and Ci-C6alkyl; 
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R16 is an N-iinked 4-8 membered heterocycioaikyl containing 1-2 heteroatoms 

independently selected from N and O; 

each m is independently selected from 1,2,3, 4, 5, 6, 7, 8, 9 and 10, 

and 

5 each n is independently selected from 1, 2, 3, 4, 5, 6, 7, 8, 9,10,11,12,13, 14,15,16,17 

and 18 

Embodiment 48. The immunoconjugate according to embodiments 46 and 47, wherein L 

is -UUUUUUr or -UUU^ULr, and wherein -L;, L2, L3, L4, L5, and L6 are as defined 
herein. 

10 Embodiment 49. The immunoconjugate according to embodiments 46 and 47, wherein L 

is selected from -L1L2L3L4L5-, -L5L4L3L2Li-,-LiL2l_3L4-, -L4L3L2L1-, -L1L2L3- and -L3L2L1-, 
wherein -L., L2, L3, L4, L5, and L6 are as defined herein. 

Embodiment 50. The immunoconjugate according to any one of embodiments 47 and 49, 

wherein the immunoconjugate of Formula (II) is an immunoconjugate of Formula (lla): 

Embodiment 51. The immunoconjugate according to embodiments 46 and 47, wherein L 

is -l_il_2- or —L2L -, and wherein -L, and L2 are as defined herein. 

Embodiment 52. The immunoconjugate according to any one of embodiments 46, 47 and 

51, wherein the immunoconjugate of Formula (II) is an immunoconjugate of Formula (lib): 

Embodiment 53. The immunoconjugate according to any one of embodiments 46, 47, 51 
and 52, wherein the immunoconjugate of Formula (II), Formula (lla) or Formula (lib) is an 
immunoconjugate having the structure of Formula (lie): 

15 y (Formula (lla)). 

20 
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Ab-^L2-L1-R1^N^XN 

\ OR2 

/y (Formula (lie)). 

Embodiment 54. The immunoconjugate according to any one of embodiments 46 to 53, 

wherein: 

R101 is a 6 membered heterocycioaikyl divalent radical containing 1-2 N heteroatoms and 

5 a C1-C2alkylene bridge, wherein the 6 membered heterocycloalkyl divalent radical is 

yrY 
C-linked to the o group and is N-linked to L-, and the 6 membered 

heterocycloalkyl divalent radical is unsubstituted or substituted with 1 to 3 substituents 

independently selected from R5 and R6; 

or 

10 R101 is a 5-8 membered fused bicyciic heterocycloalkyl divalent radical containing 1-2 N 

heteroatoms, wherein the 5-8 membered fused bicyciic heterocycioaikyl divalent 

yrY 
radical is C-linked to the o group and is N-linked to L,, and the 5-8 membered 

fused bicyciic heterocycloalkyl divalent radical is unsubstituted or substituted with 1 to 

3 substituents independently selected from R5 and R6. 

15 Embodiment 55. The immunoconjugate according to any one of embodiments 46 to 54, 

wherein: 

R101 is a 6 membered heterocycioaikyl divalent radical containing 1-2 N heteroatoms and 

a CrC2alkylene bridge, wherein the 6 membered heterocycloalkyl divalent radical is 

yrY 
C-linked to the 0 group and is N-linked to L,, and the 6 membered 

20 heterocycloalkyl divalent radical is unsubstituted or substituted with 1 to 3 substituents 

independently selected from R5 and R6 

Embodiment 56. The immunoconjugate according to any one of embodiments 46 to 55, 

wherein: 

R101 is a 6 membered heterocycioaikyl divalent radical containing 1-2 N heteroatoms and 

25 a CrC2alkylene bridge, wherein the 6 membered heterocycloalkyl divalent radical is 
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yTv 
C-linked to the o group and is N-iinked to Lt and the 6 membered 

heterocycloalkyl divalent radical is unsubstituted. 

Embodiment 57. The immunoconjugate according to any one of embodiments 46-56, 

CH 
wherein R101 is Y . 

Embodiment 58. The immunoconjugate according to any one of embodiments 46-57, 

wherein R101 is \ 

Embodiment 59. The immunoconjugate according to any one of embodiments 46-58, 

/X /A OH yAo'R" 
T3 Ki 'rVi in wherein R3 is ^"or and R19 is H, 

Embodiment 60. The immunoconjugate according to any one of embodiments 46 to 59, 

wherein 

R4 is -OH, Ci-C6alkoxy, -N(R14)2, -R16, -NR12(CH2)mN(R14)2, -NHS(0)2R11, or -

NR12(CH2)mR16; 

15 and 
O o 

O j S i ° ° N R« -VNA'"'2 

-S-R-OH A™ A™'1 -AAR 0H i 
R is tetrazolyl, ? H OH , OH OH R12 or 

o o 

vlkA* 
OH 

Embodiment 61. The immunoconjugate according to any one of embodiments 46 to 60, 

wherein: 

20 R4 is -OH, CrCealkoxy, -N(R14)2, -R16, -NR12(CH2)mN(R14)2, or -NR12(CH2)mR16. 

Embodiment 62. The immunoconjugate according to any one of embodiments 46 to 61, 

wherein: 
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o o o 
u -I—p-OH -R 
P-OH ? i 

R is tetrazolyl, ? H , OH t or OH 

Embodiment 63. The immunoconjugate according to any one of embodiments 46 to 62, 

wherein R4 is -OH or Ci-C6alkoxy. 

Embodiment 64. An immunoconjugate of Formula (III): 

wherein: 

Ab represents an antigen binding moiety; 

L is selected from -L1L2L3L4L5L6-, -L6L5L4L3L2L1-, -L1L2L3L4L5-, -L5L4L3l_2Lr,-LiL.2l-3L4-, -
L4L3L2L1-,-L1L2L3-, -l3L2Lr,-UL2-, -LzU- and -U, wherein -Lu L2, L3, L4, U, and L6 are 

10 as defined herein; 

y is an integer from 1 to 16; 

R1 is a 6 membered heterocycloalkyl containing 1-2 N heteroatoms and a C1-C2alkylene 

bridge, wherein the 6 membered heterocycioaikyl is unsubstituted or substituted with 

1 to 3 substituents independently selected from R5 and R6; 

15 or R1 is a 5-8 membered fused bicyciic heterocycloalkyl containing 1-2 N heteroatoms, 

wherein the 5-8 membered fused bicyciic heterocycloalkyl is unsubstituted or 

substituted with 1 to 3 substituents independently selected from R5 and R6; 

R2 is -CrC6alkyl; 

R is * or 

20 R5 is C -C6alkyl, CrCealkyl which is optionally substituted with 1 to 5 hydroxyl, -C(=0)R11, 

-(CH2)mOH, -C(=0)(CH2)m0H, -C(=0)((CH2)m0)nR12, or -((CH2)mO)nR,2: 

R6 is halo, oxo, OH, CrC6alkyl, -N(R14)2, -R16and -NR12C(=0)R11; 

R11 is CrC6alkyi or CrC6alkyi which is optionally substituted with 1 to 5 hydroxyl; 

each R12 is independently selected from H and C:-C6alkyl; 

25 each R14 is independently selected from H and C--C6alkyl; 
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1 

R 

I 
R12 R17 is a bond, -NH-, -NHS(=0)2-, R 

I 
or 

•k 
^/(CH2)m-: 

i 

5 R18 is a bond, OH , OH or-CH2S(=0)2NH-; 

R19 is H or CrCealkyl; 

each m is independently selected from 1,2,3, 4, 5, 6, 7, 8, 9 and 10, 

each n is independently selected from 1, 2, 3, 4, 5, 6, 7, 8, 9,10,11,12,13, 14,15,16,17 

wherein: 

Ab represents an antigen binding moiety; 

15 L is selected from -L1L2L3L.4L5L.6-, -L6L5L4L3L2L1-, -L1L2L3L4L5-, -LgL4L3L2Li-,-LiL2L3L4-, -
LiLsLsLrrLiLsLs-, -L3L2L -,-L L2-, -L2Lr and -Li, wherein -Li, L2, L3, L4, L5, and L6 are 
as defined herein; 

y is an integer from 1 to 16; 

R1 is a 6 membered heterocycioaikyl containing 1-2 N heteroatoms and a CrC2aikylene 

20 bridge, wherein the 6 membered heterocycloalkyl is unsubstituted or substituted with 

1 to 3 substituents independently selected from R5 and R6; 

or R1 is a 5-8 membered fused bicyciic heterocycioaikyl containing 1-2 N heteroatoms, 

wherein the 5-8 membered fused bicyciic heterocycioaikyl is unsubstituted or 

substituted with 1 to 3 substituents independently selected from R5 and R6 

10 and 18. 

Embodiment 65. An immunoconjugate of Formula (III), 

(Formula (III)) 
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R2 is -Ci-C6alkyl; 
o 

R is ^ or 

R5 is CrCealkyl, CrC6alkyl which is optionally substituted with 1 to 5 hydroxyl, -C(=0)R11, 
-(CH2)mOH, -C(=0)(CH2)m0H, -C(=0)((CH2)m0)nR12, or -((CH2)mO)nR12; 

5 R6 is halo, oxo, OH, CrC6alkyl, -N(R14)2, -R16and -NRl2C(=0)R11; 

R11 is CrC6alkyi or CrC6alkyl which is optionally substituted with 1 to 5 hydroxyl; 

each R12 is independently selected from H and C-C6alkyl; 

each R14 is independently selected from H and CrC6alkyl; 

R16 is an N-linked 4-8 membered heterocycioaikyl containing 1-2 heteroatoms 

10 independently selected from N and O; 
o 

(CH2)—N-|- l^5!i/(CH2) N-C-1-

"N J N 
R17 is a bond,-NH-,-NHS(=0)2-, R12 , R12 or 

'(CH2)m— ijy 
i 

R12 

o ^ ^ o 

R18 is a bond, OH or OH • 

each m is independently selected from 1,2,3, 4, 5, 6, 7, 8, 9 and 10, 

15 and 

each n is independently selected from 1, 2, 3, 4, 5, 6, 7, 8, 9,10,11,12,13, 14,15,16,17 

and 18 

Embodiment 66. The immunoconjugate according to any one of embodiment 64 and 65, 

wherein L is -LULsULsU- or -L6L5L4L3L2Lr, and wherein -L1t L2, L3, L4, L5, and L6 are as 

20 defined herein. 

Embodiment 67. The immunoconjugate according to any one of embodiment 64 and 65, 

wherein L is selected from -L L2L3L:L5-, -L5L4L3L2L1-,-L1L2L3L4-, -L4L3L2L -, -LTUU- and -

L3L2Lr, wherein -L1f U, L3, L4, U, and L6 are as defined herein. 
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Embodiment 68. The immunoconjugate according to any one of embodiments 64, 65 and 

to 66, wherein the immunoconjugate of Formula (III) is an immunoconjugate of Formula 

(Ilia): 

/ 
X , IN V /\ .IN. . | 

JJ R2 1 ov o o I 
(Formula (Ilia)). \ 

Embodiment 69. The immunoconjugate according to any one of embodiment 64 and 65, 

wherein L is -UU- or-LgLi-, and wherein *Lt and L2 are as defined herein. 

Embodiment 70. The immunoconjugate according to any one of embodiments 64, 65 and 

69, wherein the immunoconjugate of Formula (III) is an immunoconjugate of Formula 
(Nib): 

,N. 1 1 J- .N. 

V Y 1 ^ TT TT R LrL2—j—Ab 
l6 R2 ' 0 0^0 
10 ' y (Formula (1Mb)). 

Embodiment 71. The immunoconjugate according to any one of embodiments 64, 65, 69 

and 70, wherein the immunoconjugate of Formula (III), Formula (Ilia) or Formula (IIlb) is 

an immunoconjugate of Formula (lllc): 

( « 
R 

\ 
Y , 

O R2 
-Ab 

y (Formula (lllc)). 

15 Embodiment 72. The immunoconjugate according to any one of embodiments 64 to 71, 

wherein: 

R1 is a 6 membered heterocycioaikyl containing 1-2 N heteroatoms and a C1-C2aikylene 

bridge, wherein the 6 membered heterocycloalkyl is unsubstituted or substituted with 

1 to 3 substituents independently selected from R5 and R6. 

20 Embodiment 73. The immunoconjugate according to any one of embodiments 64 to 72, 

wherein: 
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R1 is a 6 membered heterocycioaikyl containing 1-2 N heteroatoms and a C1-C2alkylene 

bridge, wherein the 6 membered heterocycioaikyl is unsubstituted or substituted with 

1 to 3 substituents independently selected from R5. 

Embodiment 74, The immunoconjugate according to any one of embodiments 64 to 73, 

Embodiment 75. The immunoconjugate according to any one of embodiments 64 to 74, 

wherein R'is ui ^ 

Embodiment 76. The immunoconjugate according to any one of embodiments 64 to 71, 

10 Embodiment 77. The immunoconjugate according to any one of embodiments 64 to 71, 

Embodiment 78. The compound according to any one of embodiments 1 to 45, or the 
mmunoconjugate of any one of embodiments 46 to 77, wherein R5 is -CH3 or -C(=0)CH3. 

Embodiment 79. The compound according to any one of embodiments 1 to 45 and 78, or 

15 the immunoconjugate of any one of embodiments 46 to 78, wherein R12 is H, -CH3 or -

CH2CH3. 

Embodiment 80. The compound according to any one of embodiments 1 to 45, 78 and 79, 

or the immunoconjugate of any one of embodiments 46 to 79, wherein R2 is methyl, ethyl, 

isopropyl or sec-butyl. 

20 Embodiment 81. The compound of any one of embodiments 3 to 45 and 78 to 80, and the 

mmunoconjugate according to any one of embodiments 46 to 80, wherein 
L, is selected from -(CH2)m-, -C(=0)(CH2)m-, -C(=0)X1X2C(=0)(CH2)m-, -

5 

C(=0)X1X2C(=0)(CH2)mNR12C(=0)(CH2)m-, -C(=0)X1X2C(=0)(CH2)mX3(CH2)m-, -

C(=0)X1X2C(=0)((CH2)m0)n(CH2)m-, -
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C(=0)X1X2C(=0)((CH2)m0)n(CH2)mNRl2C(=0)(CH2)m-J-
C(=0)X1X2C(=0)((CH2)m0)n(CH2)mNR12C(=0)(CH2)mX3(CH2)m-, -
C(=0)X1X2C(=0)((CH2)m0)n(CH2)mX3(CH2)m-, -
C(=0)X1X2C(=0)(CH2)mNR12C(=0)((CH2)m0)n(CH2)m-, -
C(=0)X1X2C(=0)(CH2)mNR12C(=0)((CH2)rn0)n(CH2)mX3(CH2)m-, -
C(=0)X1X2(CH2)mX3(CH2)m-, -C(=0)X1X2((CH2)m0)n(CH2)m-, -
C(=0)X1X2((CH2)m0)n(CH2)mNR12C(=0)(CH2)m-, -
C(=0)X1X2((CH2)m0)n(CH2)mNR12C(=0)(CH2)mX3(CH2)m-, -
C(=0)X1X2((CH2)m0)n(CH2)mX3(CH2)m-, -C(=0)X1X2(CH2)mNR12((CH2)m0)n(CH2)m-l-
C(=0)X1X2C(=0)(CH2)mNR12((CH2)m0)n(CH2)mX3(CH2)m-,-(CH2)mNR12C(=0)(CH2)m->-
C(=0)((CH2)m0)n(CH2)m-, -(CH2)mS(=0)2((CH2)m0)n(CH2)m-, -C(=0)(CH2)mNR12(CH2)m-, 
-C(=0)NR12(CH2)m-, -C(=0)NR12(CH2)mX3(CH2)m-, -
C(=0)NH(CH2)mNR12C(=0)X1X2C(=0)(CH2)m-, -C(=0)(CH2)mX3((CH2)m0)n-, -
C(=0)X1C(=0)NR12(CH2)mNR12C(=0)(CH2)m-, -C(=0)X1C(=0)NR12(CH2)mX3(CH2)m-, -
C(=0)NR'2(CH2)mNR12C(=0)(CH2)m-, -C(=0)NR'2(CH2)mNR12C(=0)(CH2)mX3(CH2)m-, 

, -(CH2)mC(=0)NR12(CH2)mNR12C(=0)(CH2)m-, -(CH2)mC(=0)-, -
(CH2)mC(=0)X2X1C(=0)-, -(CH2)mX3(CH2)mC(=0)X2X1C(=0)-, -
(CH2)mC(=0)NR12(CH2)m-, -(CH2)mX3(CH2)mC(=0)NR12(CH2)m-, -
(CH2)mNR12C(=0)(CH2)mX3(CH2)m-, -(CH2)m(0(CH2)m)nC(=0)-, -

(CH2)m(0(CH2)m)nS(=0)2(CH2)m-, -(CH2)mNR12(CH2)mC(=0)-, -(CH2)mNR12C(=0)-, -

(CH2)mC(=0)X2X1C(=0)NR12(CH2)mNHC(=0)-, -
(CH2)mC(=0)NR12(CH2)mNR12C(=0)X1-, -(CH2)mC(=0)NR12(CH2)mNR12C(=0)-, 

-((CH2)mO)n(CH2)m-, -(CH2)m(0(CH2)m)n-, -
(CH2)m(0(CH2)m)nX3(CH2)m-, -(CH2)mX3((CH2)mO)n(CH2)m-, -(CH2)mX3(CH2)mC(=0)-, -
C(=0)(CH2)mX3(CH2)m-, -(CH2)mX3(CH2)m(0(CH2)m)nC(=0)-, -
C(=0)((CH2)m0)n(CH2)mX3(CH2)m-, -(CH2)mC(=0)NR12(CH2)mC(=0)-, -
C(=0)(CH2)mNR12C(=0)(CH2)m-, -C(=0)(CH2)mNR12C(=0)0(CH2)m-, -
(CH2)m0C(=0)NR12(CH2)mC(=0)-, -S(=0)2(CH2)mNR12C(=0)0(CH2)m-, -
(CH2)m0C(=0)NR12(CH2)mS(=0)2-, -(CH2)mC(=0)NR12(CH2)m(0(CH2)m)nC(=0)-, -
C(=0)((CH2)m0)n(CH2)mNR12C(=0)(CH2)m-, -
(CH2)mC(=0)NR12(CH2)mC(=0)NR12(CH2)m-, -
(CH2)mNR12C(=0)(CH2)mNR'2C(=0)(CH2)m-, -C(=0)NRl2(CH2)mNR12C(=0)-
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, -(CH2)mS(CH2)m-, -NR12C(=0)(CH2)m-, -NR12C(=0)(CH2)mX3(CH2)m-, -

(CH2)mX3(CH2)mC(=0)NR12-, -(CH2)mC(=0)NR12-, -(CH2)mNR12(CH2)m-, -

(CH2)mX3(CH2)m-, -((CH2)mO)n(CH2)mX3(CH2)m-, -(CH2)mX3(CH2)m(0(CH2)m)n-, -

NR12(CH2)m-, -NR12C(R12)2(CH2)m-, -(CH2)mC(Rl2)2NR12-, -

(CH2)mC(=0)NR12(CH2)mNR12-, -NR12(CH2)mNR12C(=0)(CH2)m-, -

NR12C(R12)2(CH2)mNR12C(=0)(CH2)m-, -(CH2)mC(=0)NR12(CH2)mC(R12)2NR12-, -

NR12(GH2)mX3(CH2)m-, -NR12C(R12)2(CH2)mX3(CH2)m-, -(CH2)mX3(CH2)mC(R12)2NR12-, -

NR12C(R12)2(CH2)m0C(=0)NR12(CH2)m-, -(CH2)mNR12C(=0)0(CH2)mC(R12)2NR12-, -

NR12C(R12)2(CH2)m0C(=0)NR12(CH2)mX3(CH2)m-, -NR12(CH2)rnO)n(CH2)mX3(CH2)m-, -

(CH2)mX3(CH2)m(0(CH2)m)nNR12 -NR12(CH2)mO)n(CH2)m-, -(CH2)m(0(CH2)m)nNR12 -
(CH2)mX3(CH2)mNR12C(=0)0(CH2)mC(R12)2NR12-, -
NR12C(R12)2(CH2)m0C(=0)NR12((CH2)m0)n(CH2)m-, -
(CH2)m(0(CH2)m)nNR12C(=0)0(CH2)mC(R12)2NR12-, -
NR12C(R12)2(CH2)m0C(=0)NR12((CH2)m0)n(CH2)mX3(CH2)m-, -

(CH2)mX3(CH2)m(0(CH2)m)nNR12G(=0)0(CH2)mC(R12)2NR12-, -(CH2)mX3(CH2)mNR12-,-

NR12((CH2)mO)n(CH2)mX3(CH2)m-, -(CH2)mX3(CH2)m(0(CH2)m)nNR12-, -(CH2)mNR12-, -
NR12((CH2)mO)n(CH2)m-, -NR12((CH2)m0)n(CH2)mNR12C(=0)(CH2)m-, -
(CH2)mC(=0)NR12(CH2)m(0(CH2)m)nNR12-, -(CH2)m(0(CH2)m)nNR12-, -(C(R12)2)m-, -

(CH2CH20)n-, -(OCH2CH2)n-, -(CH2)mO(CH2)m-, -S(=0)2(CH2)m-, -(CH2)mS(=0)2-, -

S(=0)2(CH2)mNR,2C(=0)(CH2)m-, -(CH2)mC(=0)NRl2(CH2)mS(=0)2-, -

S(=0)2(CH2)mX3(CH2)m-, -(CH2)mX3(CH2)mS(=0)2-, -(CH2)mX2X1C(=0)-, -

C(=0)X1X2(CH2)m-, -(CH2)m(0(CH2)m)nC(=0)X2X1C(=0)-, -

C(=0)X1X2C(=0)( (CH2)mO)n(CH2)m-, -(CH2)m(0(CH2)m)nX2X1C(=0)-, -

(CH2)mX3(CH2)mX2X1C(=0)-, -C(=0)X1X2(CH2)mX3(CH2)m-, -

(CH2)mX3(CH2)m(0(CH2)m)nX2X1C(=0)-, -

(CH2)mX3(CH2)mC(=0)NR12(CH2)mNR12C(=0)-, -

(CH2)mX3(CH2)mC(=0)NR,2(CH2)mC(=0)-, -C(=0)(CH2)mNR12C(=0(CH2)mX3(CH2)m-, -

(CH2)mX3(CH2)mC(=0)NR12(CH2)m(0(CH2)m)nC(=0)-, -

C(=0)((CH2)m0)n(CH2)mNR12C(=0)(CH2)mX3(CH2)m-, -

(CH2)mNR12C(=0)X1X2C(=0)(CH2)m-, -(CH2)mC(=0)X2X1C(=0)NR12(CH2)m-, -

X4X1X2C(=0)(CH2)m-, -(CH2)mC(=0)X2X1X4-, -X1C(=0)(CH2)mNHC(=0)(CH2)m-, -

(CH2)mC(=0)NH(CH2)mC(=0)X1-, -C(=0)CHRaaNR12-, -CHRaaC(=0)-, -C(=0)NR12-, -
C(=0)0-, -S-, -SCH2(C=0)NR12-, -NR12C(=0)CH2S-, -S(=0)2CH2CH2S-, -

SCH2CH2S(=0)2-, -(CH2)2S(=0)2CH2CH2S-, -SCH2CH2S(=0)2CH2CH2-, -NR12C(=S)-, 
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-(CH2)mX3(0(CH2)m)nC(=0)-, -C(=0)((CH2)m0)nX3(CH2)m-, -

(CH2)mNR12C(=0)((CH2)m0)n(CH2)m-J-(CH2)m(0(CH2)m)nC(=0)NR12(CH2)rn-,-

(CH2)mNR12C(=0)NR'2(CH2)m-, -(CH2)mX3(CH2)mNRl2C(=0)-, -

C(=0)NR12(CH2)mX3(CH2)m-, -NR12S(=0)2(CH2)mX3(CH2)m-, -

O o 0 

(CH2)mX3(CH2)mS(=0)2NR12 

0 

O 

V I—(CH2)m-

O 
A A 1 

O 
°s 

-NH 
A A ? 

HN-
J< o 

N-l- -f-N 
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V} 
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O O X: 
-N rf \ N«4\ s 
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R32 4 •NK K HVK O N. /NH *KX +W J-^° 
i R34 V R34 

J J J J 

K anc| • 

L2 L3J L4J L5I and L6 are each independently selected from a bond, -(CH2)m-, -
C(=0)(CH2)m-, -C(=0)X1X2C(=0)(CH2)m-, -C(=0)X1X2C(=0)(CH2)mNR12C(=0)(CH2)ri 

-C(=0)X1X2C(=0)(CH2)mX3(CH2)m-, -C(«0)X,X2C(=0)((CH2)m0)n(GHfiV.-

C(=0)X1X2C(=0)((CH2)m0)n(CH2)mNR12C(=0)(CH2)m-, -

C(=0)X1X2C(=0)((CH2)m0)n(CH2)mNR12G(=0)(CH2)mX3(CH2)m-, -

C(=0)X1X2C(=0)((CH2)m0)n(CH2)mX3(CH2)m-, -
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C(=0)X1X2C(=0)(CH2)mNR12C(=0)((CH2)m0)n(CH2)m-J-
C(=0)X1X2C(=0)(CH2)mNR12C(=0)((CH2)m0)n(CH2)mX3(CH2)m-, -
C(=0)X1X2(CH2)mX3(CH2)m-, -C(=0)X1X2((CH2)m0)n(CH2)m-, -
C(=0)X1X2((CH2)m0)n(CH2)mNR12C(=0)(CH2)m-, -
C(=0)X1X2((CH2)m0)n(CH2)mNR12C(=0)(CH2)mX3(CH2)m-, -
C(=0)X1X2((CH2)m0)n(CH2)mX3(CH2)m-,-C(=0)X,X2(CH2)mNR12((CH2)m0)n(CH2)m->-
C(=0)X1X2C(=0)(CH2)mNR12((CH2)m0)n(CH2)mX3(CH2)m-,-(CH2)mNR12C(=0)(CH2)m-, -
C(=0)((CH2)m0)n(CH2)m-, -(CH2)mS(=0)2((CH2)m0)n(CH2)m-, -C(=0)(CH2)mNR12(CH2)m-, 
-C(=0)NR12(CH2)m-, -C(=0)NR12(CH2)mX3(CH2)m-, -
C(=0)NH(CH2)mNR12C(=0)X1X2C(=0)(CH2)m-, -C(=0)(CH2)mX3((CH2)m0)n-, -
C(=0)X1C(=0)NR12(CH2)mNR12C(=0)(CH2)m-, -C(=0)X1C(=0)NR12(CH2)mX3(CH2)m-, -
C(=0)NR12(CH2)mNR12C(=0)(CH2)m-, -C(=0)NR12(CH2)mNR12C(=0)(CH2)mX3(CH2)m-, 

, -(CH2)mC(=0)NR12(CH2)mNR12C(=0)(CH2)m-, -(CH2)mC(=0)-, -
(CH2)mC(=0)X2X1C(=0)-, -(CH2)mX3(CH2)mC(=0)X2X1C(=0)-, -
(CH2)mC(=0)NR12(CH2)m-, -(CH2)mX3(CH2)mC(=0)NR,2(CH2)m-, -

(CH2)mNR12C(=0)(CH2)mX3(CH2)m-, -(CH2)m(0(CH2)m)nC(=0)-, -

(CH2)m(0(CH2)m)nS(=0)2(CH2)m-, -(CH2)mNR12(CH2)mC(=0)-, -(CH2)mNRl2C(=0)-, -
(CH2)mC(=0)X2X1C(=0)NR12(CH2)mNHC(=0)-, -
(CH2)rnC(=0)NR12(CH2)mNR12C(=0)X1-, -(CH2)mC(=0)NR12(CH2)mNR12C(=0)-, 

', -((CH2)mO)n(CH2)m-, -(CH2)m(0(CH2)m)n-, -
(CH2)m(0(CH2)m)nX3(CH2)m-, -(CH2)mX3((CH2)mO)n(CH2)m-, -(CH2)mX3(CH2)mC(=0)-, -
C(=0)(CH2)mX3(CH2)m-, -(CH2)mX3(CH2)m(0(CH2)m)nC(=0)-, -
C(=0)((CH2)mO)n(CH2)mX3(CH2)m -(CH2)mC(=0)NR12(CH2)mC(=0)-, -
C(=0)(CH2)mNR12C(=0)(CH2)m-, -C(=0)(CH2)mNR12C(=0)0(CH2)m-, -
(CH2)m0C(=0)NR12(CH2)mC(=0)-, -S(=0)2(CH2)mNR,2C(=0)0(CH2)m-, -
(CH2)m0C(=0)NR12(CH2)mS(=0)2-, -(CH2)mC(=0)NR12(CH2)m(0(CH2)m)nC(=0)-, -
C(=0)((CH2)m0)n(CH2)mNR12C(=0)(CH2)m-, -
(CH2)mC(=0)NR'2(CH2)mC(=0)NR12(CH2)m-, -
(CH2)mNR12C(=0)(CH2)mNRl2G(=0)(CH2)m-,-C(=0)NRl2(CH2)mNR12C(=0)-
, -(CH2)mS(CH2)m-, -NR12C(=0)(CH2)m-, -NR12C(=0)(CH2)mX3(CH2)m_, -
(CH2)mX3(CH2)mC(=0)NR12-, -(CH2)mC(=0)NR12-, -(CH2)mNR12(CH2)m-, -
(CH2)mX3(CH2)m-, -((CH2)mO)n(CH2)mX3(CH2)m-, -(CH2)mX3(CH2)m(0(CH2)m)n-, -
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NR12(CH2)m-, -NR12C(R12)2(CH2)m-, -(CH2)mC(R12)2NR12-, -

(CH2)mC(=0)NR12(CH2)mNR12-, -NR12(CH2)mNR12C(=0)(CH2)m-, -

NR12C(R12)2(CH2)mNR12C(=0)(CH2)m-,-(CH2)mC(=0)NR12(CH2)mC(Rl2)2NRl2-,-

NR12(CH2)mX3(CH2)m-, -NR12C(R12)2(CH2)mX3(CH2)m-, -(CH2)mX3(CH2)mC(R12)2NR12-, -

NR12C(R12)2(CH2)m0C(=0)NR12(CH2)m-,-(CH2)mNR12C(=0)0(CH2)mC(R12)2NR12-,-

NR12C(R12)2(CH2)m0C(=0)NR12(CH2)mX3(CH2)m-, -NR12(CH2)mO)n(CH2)mX3(CH2)m-, -

(CH2)mX3(CH2)m(0(CH2)m)nNR12 -NR12(CH2)mO)n(CH2)m-, -(CH2)m(0(CH2)m)nNR12 -

(CH2)mX3(CH2)mNR,2C(=0)0(CH2)mC(R12)2NR12-, -

NR12C(R12)2(CH2)m0C(=0)NR12((CH2)m0)n(CH2)m-, -

(CH2)m(0(CH2)m)nNR12C(=0)0(CH2)mC(Rl2)2NR,2-J-

NR12C(R12)2(CH2)m0C(=0)NR12((CH2)m0)n(CH2)mX3(CH2)m-, -

(CH2)mX3(CH2)m(0(GH2)m)nNR12C(=0)0(CH2)mC(R12)2NR12-, -(CH2)mX3(CH2)mNR12-,-

NR12((CH2)mO)n(CH2)mX3(CH2)m-, -(CH2)mX3(CH2)m(0(CH2)m)nNR12-, -(CH2)mNR12-, -

NR12((CH2)mO)n(CH2)m-, -NR12((CH2)m0)n(CH2)mNR12C(=0)(CH2)m-, -

(CH2)mC(=0)NR12(CH2)m(0(CH2)m)nNR12-, -(CH2)m(0(CH2)m)nNR12-, -(C(R12)2)m-, -

(CH2CH20)n-, -(OCH2CH2)n-, -(CH2)mO(CH2)m-, -S(=0)2(CH2)m-, -(CH2)mS(=0)2-, -
S(=0)2(CH2)mNR12C(=0)(CH2)m-, -(CH2)mC(=0)NR12(CH2)mS(=0)2-, -
S(=0)2(CH2)mX3(CH2)m-, -(CH2)mX3(CH2)mS(=0)2-, -(CH2)mX2X1C(=0)-, -
C(=0)X1X2(CH2)m-, -(CH2)m(0(CH2)m)nC(=0)X2X1C(=0)-> -

C(=0)X1X2C(=0)( (CH2)mO)n(CH2)m-, -(CH2)m(0(CH2)m)nX2X1C(=0)-, -

(CH2)mX3(CH2)mX2X1C(=0)-, -C(=0)X1X2(CH2)mX3(CH2)m-, -

(CH2)mX3(CH2)m(0(CH2)m)nX2X1C(=0)-, -

(CH2)mX3(CH2)mC(=0)NR12(CH2)mNR12C(=0)-, -

(CH2)mX3(CH2)mC(=0)NR12(CH2)mC(=0)-, -C(=0)(CH2)mNR12C(=0(CH2)mX3(CH2)m-, -

(CH2)mX3(CH2)mC(=0)NR12(CH2)m(0(CH2)m)riC(=0)-, -

C(=0)((CH2)m0)n(CH2)mNR12C(=0)(CH2)mX3(CH2)m-, -

(CH2)mNR12C(=0)X1X2C(=0)(CH2)m-, -(CH2)mC(=0)X2X1C(=0)NR12(CH2)m-, -

X4X1X2C(=0)(CH2)m-, -(CH2)mC(=0)X2X1X4-, -X1C(=0)(CH2)mNHC(=0)(CH2)m-> -

(CH2)mC(=0)NH(CH2)mC(=0)X1-, -C(=0)CHRaaNR12-, -CHRaaC(=0)-, -C(=0)NR12-, -

C(=0)0-, -S-, -SCH2(C=0)NR12-, -NR12C(=0)CH2S-, -S(=0)2CH2CH2S-, -

SCH2CH2S(=0)2-, -(CH2)2S(=0)2CH2CH2S-, -SCH2CH2S(=0)2CH2CH2-, -NR12C(=S)-, 

-(CH2)mX3(0(CH2)m)nC(=0)-, -C(=0)((CH2)m0)nX3(CH2)m-, -

(CH2)mNR,2C(=0)((CH2)m0)n(CH2)m-,-(CH2)m(0(CH2)m)nC(=0)NR12(CH2)m-,-

(CH2)mNR12C(=0)NR'2(CH2)m-, -(CH2)mX3(CH2)mNRl2C(=0)-, -



WO 2015/095301 PCT/US2014/070800 

C(=0)NR^(CH2)mX3(CH2)m-, -NR12S(=0)2(CH2)mX3(CH2)m-, -

(CH2)mX3(CH2)mS(=0)2NR12 

o 

V 
N-(CH2)m-| 

b 

°i 
-NH 

O 

U 
b 

A A 

1 A 

? 
HN- * 

z 
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o o 

•S-I- -iJ 
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N-l >K /f ° o v\ 
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N/ 
A 

& .'N N;. h -NH f—N „ N-A * R34 ^ x. R34 

NH 
i 

.0 

xs v. 

•A/UW 

and R 

wherein: 

R20 is hi or Me, and R30 is H, -CH3 or phenyl; 

R21 is ' x t~\ A ' ' r\ r\ 

0';"T» 
OH 

262 



WO 2015/095301 PCT/US2014/070800 

0H H H , s ° ?H H H 

' o o ' N o o 
J J 

o OH H H O OH H H 

0 0 ' v o 

0H H . , ?, ?H H Wto-vSr"^/ My- " •" OH /\ ii ^ oi-r , . „ o or o 

each R25 is independently selected from H or C14 alkyl; 

Raa is a side chain of an amino acid selected from glycine, alanine, tryptophan, 

tyrosine, phenylalanine, leucine, isoleucine, valine, asparagine, glutamic acid, 

giutamine, aspatic acid, histidine, arginine, lysine, cysteine, methionine, serine, 

threonine, phenylglycine and t-butylglycine; 

R32 is independently selected from H, C;alkyl, phenyl, pyrimidine and pyridine; 

> ^^(CH2)0.2NH-}-
R is independently selected from 

>VS 
V ^^(CH2)O_2NH-| 

X o o , 

H 1 i-3 H 
and 

i H , , H 

O O 

and 

R34 is independently selected from H, CT-4 alkyl, and C- 6 haioalkyi; 
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* *jcr* 
XT is self immolative spacer selected from H , H 

X2 is dipeptide selected from 

N*T rY N*\ S \\ > , JT *N -VU /NT -X^N 
X3 is ^ or N ;andX4isX~"N or 

Embodiment 82. The compound of any one of embodiments 3 to 45 and 78 to 80, and the 

immunoconjugate according to any one of embodiments 46 to 80, wherein 
, is selected from -(CH2)m-, -C(=0)(CH2)m-, -C(=0)X1X2C(=0)(CH2)m-, -

C(=0)X1X2C(=0)(CH2)mNR12C(=0)(CH2)m-,-C(=0)X,X2C(=0)(CH2)mX3(CH2)m-,-

C(=0)X1X2C(=0)((CH2)m0)n(CH2)m-, -

C(=0)X1X2C(=0)((CH2)rn0)n(CH2)rnNR12C(=0)(CH2)m-, -

C(=0)X1X2C(=0)((CH2)m0)n(CH2)mNR12C(=0)(CH2)mX3(CH2)m-, -

C(=0)X1X2C(=0)((CH2)m0)n(CH2)mX3(CH2)m-, -

C(=0)X1X2C(=0)(CH2)mNR12C(=0)((CH2)m0)n(CH2)m-, -

C(=0)X1X2C(=0)(GH2)mNR12C(=0)((CH2)m0)n(CH2)mX3(CH2)m-, -

C(=0)X1X2(CH2)mX3(CH2)m-, -C(=0)X1X2((CH2)m0)n(CH2)m-, -
C(=0)X1X2((CH2)m0)n(CH2)mNR12C(=0)(CH2)m-, -

C(=0)X1X2((CH2)m0)n(CH2)mNR12C(=0)(CH2)mX3(CH2)m-,-

C(=0)X1X2((CH2)m0)ri(CH2)mX3(CH2)rri-, -C(=0)X1X2(CH2)mNR,2((CH2)m0)n(CH2)m-, 

C(=0)X1X2C(=0)(CH2)mNR12((CH2)m0)n(CH2)mX3(CH2)m-,-(CH2)mNR12C(=0)(CH2)m-

C(=0)((CH2)m0)n(CH2)m-,-(CH2)mS(=0)2((CH2)m0)n(CH2)m-, -C(=0)(CH2)mNR12(CH2 

-C(=0)NR12(CH2)m-, -C(=0)NR12(CH2)mX3(CH2)m-, -

C(=0)NH(CH2)mNR12C(=0)X1X2C(=0)(CH2)m-, -
r^t r\\\/ rM /^v\Mr>12//^Lj \ v 

2)m~ C(=0)X1C(=0)NR12(CH2)mNR12C(=0)(CH2)m-, -C(=0)X1C(=0)NR12(CH2)mX3(CH 
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C(=0)NRl2(CH2)mNRl2C(=0)(CH2)m-,-C(=0)NR,2(CH2)mNR12C(=0)(CH2)mX3(CH2)m-, 

, -(CH2)mC(=0)NR12(CH2)mNR12C(=0)(CH2)m-, -(CH2)mC(=0)-, -
(CH2)mC(=0)X2X1C(=0)-, -(CH2)mX3(CH2)mC(=0)X2X1C(=0)-, -
(CH2)mC(=0)NR12(CH2)m-, -(CH2)mX3(CH2)mC(=0)NR12(CH2)m-, -
(CH2)mNR12C(=0)(CH2)mX3(CH2)m-, -(CH2)m(0(CH2)m)nC(=0)-, -
(CH2)m(0(CH2)m)nS(=0)2(CH2)m-, -(CH2)mNR12(CH2)mC(=0)-, -(CH2)mNR12C(=0)-, -
(CH2)mC(=0)X2X1C(=0)NR12(CH2)mNHC(=0)-, -
(CH2)mC(=0)NR12(CH2)mNRl2C(=0)X1-, -(CH2)mC(=0)NR12(CH2)mNR12C(=0)-, 

\ -((CH2)mO)n(CH2)m-, -(CH2)m(0(CH2)m)n-, -
(CH2)rn(0(CH2)rn)nX3(CH2)rn-, -(CH2)mX3((CH2)mO)n(CH2)m-, -(CH2)mX3(CH2)mC(=0)-, -
C(=0)(CH2)mX3(CH2)m-, -(CH2)mX3(CH2)m(0(CH2)m)nC(=0)-, -
C(=0)((CH2)m0)n(CH2)mX3(CH2)m-, -(CH2)mC(=0)NR12(CH2)mC(=0)-, -
C(=0)(CH2)mNR12C(=0)(CH2)m-, -(CH2)mC(=0)NR12(CH2)m(0(CH2)m)nC(=0)-, -
C(=0)((CH2)m0)n(CH2)mNR12C(=0)(CH2)m-, -
(CH2)mC(=0)NR12(CH2)mC(=0)NR12(CH2)m-, -
(CH2)mNR12C(=0)(CH2)mNRl2C(=0)(CH2)m-, -C(=0)NR12(CH2)mNR,2C(=0)-
, -(CH2)mS(CH2)m-, -NR12C(=0)(CH2)m-, -NR12C(=0)(CH2)mX3(CH2)m-, -
(CH2)mX3(CH2)mC(=0)NR12-, -(CH2)mC(=0)NR12-, -(CH2)mNR12(CH2)m-, -
(CH2)mX3(CH2)m-, -((CH2)mO)n(CH2)mX3(CH2)m-, -(CH2)mX3(CH2)m(0(CH2)m)n-, -
NR12(CH2)m-, -NR12C(R12)2(CH2)m-, -(CH2)mC(R12)2NR12-, -
(CH2)mC(=0)NR'2(CH2)mNR12-, -NR12(CH2)mNR12C(=0)(CH2)m-, -
NR12C(R12)2(CH2)mNR12C(=0)(CH2)m-, -(CH2)mC(=0)NR12(CH2)mC(R12)2NR12-, -
NR12(CH2)mX3(CH2)m-, -NR12C(R12)2(CH2)mX3(CH2)m-, -(CH2)mX3(CH2)mC(R12)2NR12-, -
NR12C(R12)2(CH2)m0C(=0)NR12(CH2)m-, -(CH2)mNR12C(=0)0(CH2)mC(R12)2NR12-, -
NR12C(R12)2(CH2)m0C(=0)NR12(CH2)mX3(CH2)m-, -
(CH2)mX3(CH2)mNR12C(=0)0(CH2)mC(R12)2NR12-, -
NR12C(R12)2(CH2)m0C(=0)NR12((CH2)m0)n(CH2)m-, -
(CH2)m(0(CH2)m)nNR'2C(=0)0(CH2)mC(R12)2NR12-, -
NR12C(R12)2(CH2)m0G(=0)NR12((CH2)m0)n(CH2)mX3(CH2)m-, -

(CH2)mX3(CH2)m(0(GH2)m)nNR12C(=0)0(CH2)mC(R12)2NR12-, -(CH2)mX3(CH2)mNR12-,-

NR12((CH2)mO)n(CH2)mX3(CH2)m-, -(CH2)mX3(CH2)m(0(CH2)m)nNR12-, -(CH2)mNR12-, -
NR12((CH2)mO)n(CH2)m-, -NR12((CH2)m0)n(CH2)mNR,2C(=0)(CH2)m-, -
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(CH2)mC(=0)NR12(CH2)m(0(CH2)m)nNR,2-> -(CH2)m(0(CH2)m)nNR12-, -(C(R12)2)m-, -

(CH2CH20)n-, -(OCH2CH2)n-, -(CH2)mO(CH2)m-, -S(=0)2(CH2)m-, -(CH2)mS(=0)2-, -
S(=0)2(CH2)mNR,2C(=0)(CH2)m-, -(CH2)mC(=0)NRl2(CH2)mS(=0)2-, -
S(=0)2(CH2)mX3(CH2)m-, -(CH2)mX3(CH2)mS(=0)2-, -(CH2)mX2X1C(=0)-, -
C(=0)X1X2(CH2)m-, -(CH2)m(0(CH2)m)nC(=0)X2X1C(=0)-, -

C(=0)X,X2C(=0)( (CH2)mO)n(CH2)m-, -(CH2)m(0(CH2)m)nX2X1C(=0)-, -

(CH2)mX3(CH2)mX2X1C(=0)-, -C(=0)X1X2(CH2)mX3(CH2)m-, -
(CH2)mX3(CH2)m(0(CH2)m)nX2X1C(=0)-, -

(CH2)mX3(CH2)mC(=0)NR12(CH2)mNR12C(=0)-, -

(CH2)mX3(CH2)mC(=0)NR,2(CH2)mC(=0)-, -C(=0)(CH2)mNR12C(=0(CH2)mX3(CH2)m-, -

(CH2)mX3(CH2)mC(=0)NR12(CH2)m(0(CH2)m)nC(=0)-, -

C(=0)((CH2)m0)n(CH2)mNR12C(=0)(CH2)mX3(CH2)m-, -

(CH2)mNR12C(=0)X1X2C(=0)(CH2)m-, -(CH2)rnC(=0)X2X1C(=0)NR12(CH2)m-, -

X4X1X2C(=0)(CH2)m-, -(CH2)mC(=0)X2X1X4-, -X1C(=0)(CH2)mNHC(=0)(CH2)m-, -

(CH2)mC(=0)NH(CH2)mC(=0)X1-, -C(=0)CHRaaNR12-, -CHRaaC(=0)-, -C(=0)NR12-, -

C(=0)0-, -S-, -SCH2(C=0)NR12-, -NR12C(=0)CH2S-, -S(=0)2CH2CH2S-, -

SCH2CH2S(=0)2-, -(CH2)2S(=0)2CH2CH2S-, -SCH2CH2S(=0)2CH2CH2-, -NR12C(=S)-, 

-(CH2)mX3(0(CH2)m)nC(=0)-, -C(=0)((CH2)m0)nX3(CH2)m-, -

(CH2)mNR12C(=0)((CH2)m0)n(CH2)m-, -(CH2)rn(0(CH2)rn)nC(=0)NR12(CH2)m-, -

(CH2)mNR12C(=0)NR'2(CH2)m-, -(CH2)mX3(CH2)mNRl2C(=0)-, -
C(=0)NR12(CH2)mX3(CH2)m-, -NR12S(=0)2(CH2)mX3(CH2)m-, -

r\ O 

(CH2)mX3(CH2)mS(=0)2NR12-
O 

(<>! iox 
J J J J 

>V J< o o 
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L2, L3J L4J L5J and L6 are each independently selected from a bond, -(CH2)m-, -
C(=0)(CH2)m-, -C(=0)X1X2C(=0)(CH2)m-, -C(=0)X1X2C(=0)(CH2)mNR12C(=0)(CH2)m-, 

-C(=0)X1X2C(=0)(CH2)mX3(CH2)m-, -C(=0)X1X2C(=0)((CH2)m0yn(CH2)m-,-

C(=0)X1X2C(=0)((CH2)rTl0)n(CH2)mNR12C(=0)(CH2)m-, -

C(=0)X1X2C(=0)((CH2)m0)n(CH2)mNR12C(=0)(CH2)mX3(CH2)m-, -

C(=0)X1X2C(=0)((CH2)m0)n(CH2)mX3(CH2)m-, -

C(=0)X1X2C(=0)(CH2)mNR12C(=0)((CH2)rn0)n(CH2)m-, -

C(=0)X1X2C(=0)(CH2)mNR12C(=0)((CH2)m0)n(CH2)mX3(CH2)m-, -

C(=0)X1X2(CH2)mX3(CH2)m-, -C(=0)X1X2((CHym0)n(Chk|ift -

C(=0)X1X2((CH2)m0)n(CH2)mNR,2C(=0)(CH2)rri-, -

C(=0)X1X2((CH2)m0)n(CH2)mNR12C(=0)(CH2)mX3(CH2)m-, -

C(=0)X1X2((CH2)m0)n(CH2)mX3(CH2)m-, -C(=0)X1X2(CH2)mNR12((CH2)m0)n(CH2)m-, -

C(=0)X1X2C(=0)(CH2)mNR12((CH2)m0)n(CH2)mX3(GH2)m-,-(CH2)mNR12C(=0)(CH2)m-, -

C(=0)((CH2)m0)n(CH2)m-,-(CH2)mS(=0)2((CH2)m0)n(CH2)m-, -C(=0)(CH2)mNR12(CH2)m-, 

-C(=0)NR12(CH2)m-, -C(=0)NR12(CH2)mX3(CH2)m-, -

C(=0)NH(CH2)mNR12C(=0)X1X2C(=0)(CH2)m-, -

C(=0)X1C(=0)NR12(CH2)mNR12C(=0)(CH2)m-, -C(=0)XlC(=0)NR12(CH2)mX3(CH2)m-, -

C(=0)NR12(CH2)mNR12C(=0)(CH2)m-, -C(=0)NR,2(CH2)mNR12C(=0)(CH2)mX3(CH2)m-, 

, -(CH2)mC(=0)NR12(CH2)mNRl2C(=0)(CH2)m-, -(CH2)mC(=0)-, -

(CH2)mC(=0)X2X1C(=0)-, -(CH2)mX3(CH2)mC(=0)X2X1C(=0)-, -

(CH2)mC(=0)NR12(CH2)m-, -(CH2)mX3(CH2)mC(=0)NR12(CH2)m-, -

(CH2)mNR12C(=0)(CH2)mX3(CH2)m-, -(CH2)m(0(CH2)m)nC(=0)-, -

(CH2)m(0(CH2)m)nS(=0)2(CH2)m-, -(CH2)mNR12(CH2)mC(=0)-, -(CH2)mNR12C(=0)-, -

(CH2)mC(=0)X2X1C(=0)NR12(CH2)mNHC(=0)-, -

(CH2)mC(=0)NR12(CH2)mNRl2C(=0)X1-, -(CH2)mC(=0)NR12(CH2)mNR12C(=0)-, 

- -((CH2)mO)n(CH2)m-, -(CH2)m(0(CH2)m)n-, -
(CH2)m(0(CH2)m)nX3(CH2)rn-, -(CH2)mX3((CH2)mO)n(CH2)m-, -(CH2)mX3(CH2)mC(=0)-, -
C(=0)(CH2)mX3(CH2)m-, -(CH2)mX3(CH2)m(0(CH2)m)nC(=0)-, -
C(=0)((CH2)m0)n(CH2)mX3(CH2)m -(CH2)mC(=0)NR12(CH2)mC(=0)-, -
C(=0)(CH2)mNR12C(=0)(CH2)m-, -(CH2)mC(=0)NR12(CH2)m(0(CH2)m)nC(=0)-, -
C(=0)((CH2)m0)n(CH2)mNR12C(=0)(CH2)m-, -
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(CH2)mG(=0)NR12(CH2)mC(=0)NR,2(CH2)m-,-
(CH2)mNR12C(=0)(CH2)mNR12C(=0)(CH2)m-, -G(=0)NR12(CH2)mNR12C(=0)-
, -(CH2)mS(CH2)m-, -NR12C(=0)(CH2)m-, -NR,2C(=0)(CH2)mX3(CH2)m_, -
(CH2)mX3(CH2)mC(=0)NR12-, -(CH2)mC(=0)NR12-, -(CH2)mNR12(CH2)m-, -
(CH2)mX3(CH2)m-, -((CH2)mO)n(CH2)mX3(CH2)m-, -(CH2)mX3(CH2)m(0(CH2)m)n-, -
NR12(CH2)m-, -NR12C(R12)2(CH2)m-, -(CH2)mC(R12)2NR12-, -
(CH2)mC(=0)NR12(CH2)mNR12-, -NR12(CH2)mNR12C(=0)(CH2)m-, -
NR12C(R12)2(CH2)mNR12C(=0)(CH2)m-, -(CH2)mC(=0)NR12(CH2)mC(Rl2)2NR12-, -
NR12(CH2)mX3(CH2)m-, -NR12C(R12)2(CH2)mX3(CH2)m-, -(CH2)mX3(CH2)mC(R12)2NR12-, -
NR12C(R12)2(CH2)m0C(=0)NR12(CH2)m-,-(CH2)mNR12C(=0)0(CH2)mC(R12)2NR12-,-
NR12C(R12)2(CH2)m0C(=0)NR12(CH2)mX3(CH2)m-, -
(CH2)mX3(CH2)mNR12C(=0)0(CH2)mC(R12)2NR12-, -
NR12C(R12)2(CH2)m0C(=0)NR12((CH2)m0)n(CH2)m-, -
(CH2)m(0(CH2)m)nNR12C(=0)0(CH2)mC(R12)2NR12-, -
NR12C(R,2)2(CH2)m0C(=0)NR12((CH2)m0)n(CH2)mX3(CH2)m-, -
(CH2)mX3(CH2)m(0(CH2)m)nNR12C(=0)0(CH2)mC(R12)2NR12-, -(CH2)mX3(CH2)mNR12-, -
NR12((CH2)mO)n(CH2)mX3(CH2)m-, -(CH2)mX3(CH2)m(0(CH2)m)nNR12-, -(CH2)mNR12-, -
NR12((CH2)mO)n(CH2)m-, -NR12((CH2)m0)n(CH2)mNR12C(=0)(CH2)m-, -
(CH2)mC(=0)NR12(CH2)m(0(CH2)m)nNR12-, -(CH2)m(0(CH2)m)nNR12-, -(C(R12)2)m-, -
(CH2CH20)n-, -(OCH2CH2)n-, -(CH2)mO(CH2)m-, -S(=0)2(CH2)m-, -(CH2)mS(=0)2-, -
S(=0)2(CH2)mNR12C(=0)(CH2)m-, -(CH2)mC(=0)NR12(CH2)mS(=0)2-, -
S(=0)2(CH2)mX3(CH2)m-, -(CH2)mX3(CH2)mS(=0)2-, -(CH2)mX2X1C(=0)-, -
C(=0)X1X2(CH2)m-, -(CH2)m(0(CH2)m)nC(=0)X2X1C(=0)-, -
C(=0)X1X2C(=0)( (CH2)mO)n(CH2)m-, -(CH2)m(0(CH2)m)nX2X1C(=0)-, -
(CH2)mX3(CH2)mX2X1C(=0)-, -C(=0)XiX2(CH2)mX3(CH2)m-, -
(CH2)mX3(CH2)m(0(CH2)m)nX2X1C(=0)-, -
(CH2)mX3(CH2)mC(=0)NR12(CH2)mNR12C(=0)-, -
(CH2)mX3(CH2)mC(=0)NR12(CH2)mC(=0)-, -C(=0)(CH2)mNR12C(=0(CH2)mX3(CH2)m-, -
(CH2)mX3(CH2)mC(=0)NR12(CH2)m(0(CH2)m)nC(=0)-, -
C(=0)((CH2)m0)n(CH2)mNR12C(=0)(CH2)mX3(CH2)m-, -
(CH2)mNR12C(=0)X1X2C(=0)(CH2)m-,-(CH2)mC(=0)X2X1C(=0)NR12(CH2)m-,-
X4X1X2C(=0)(CH2)m-, -(CH2)mC(=0)X2X1X4-, -X1C(=0)(CH2)mNHC(=0)(CH2)m-> -
(CH2)mC(=0)NH(CH2)mC(=0)X1-, -C(=0)CHRaaNR12-, -CHRaaC(=0)-, -C(=0)NR12-, -
C(=0)0-, -S-, -SCH2(C=0)NR12-, -NR12C(=0)CH2S-, -S(=0)2CH2CH2S-, -
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SCH2CH2S(=0)2-, -(CH2)2S(=0)2CH2CH2S-, -SCH2CH2S(=0)2CH2CH2-, -NR12C(=S)-, 

-(CH2)mX3(0(CH2)m)nC(=0)-, -C(=0)((CH2)m0)nX3(CH2)m-, -

(CH2)mNR12C(=0)((CH2)m0)n(CH2)m-,-(GH2)m(0(CH2)m)nC(=0)NR12(CH2)m-,-

(CH2)mNR12C(=0)NR12(CH2)m-, -(CH2)mX3(CH2)mNR12C(=0)-, -

C(=0)NR12(CH2)mX3(CH2)m-, -NR12S(=0)2(CH2)mX3(CH2)m-, -
O Q O 

fN'NA fVl- 4-(CH2)^N\-\ 

(CH2)mX3(CH2)mS(=0)2NR12-
o 

V N-(CH2)m-

b 

-NH 

•KIH- ^ 
^ A 

A A 

? 
HN-~y ^s 

o 

J 

o o 

N-l- J 
o •X 
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N-| 
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o 
y x- N-> 

o 
O M — 

-N -N rf \ N ® \ i X *N 'N+ 
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rt V • MT Q 
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Hv\' o y\ HN 
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10 

wherein: 

R20 is H or Me, and R30 is H, -CH3 or phenyl; 

s>< 
R21 is O O 0 o 

J J 

0 OH H O OH H 

' O O or O O ; 

each R25 is independently selected from H or C14 alkyl; 

Raa is a side chain of an amino acid selected from glycine, alanine, tryptophan, 

tyrosine, phenylalanine, leucine, isoieucine, valine, asparagine, glutamic acid, 

glutamine, aspatic acid, histidine, arginine, lysine, cysteine, methionine, serine, 

threonine, phenylglycine and t-butylglycine; 

R32 is independently selected from H, Cf.4 alkyl, phenyl, pyrimidine and pyridine; 
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R33 is independently selected from 

x 

yt 

* 

y> 
(CH2)0_2NH-|-

(CH2)O_2NH4 

N X 

y N S o o 
-VM' H * i3H 

and 

i H 
;; -N 

o o 

and 

R34 is independently selected from H, alkyl, and Ci-6 haloalkyi; 

f. 
X, is self immolative spacer selected from H 

<,JX°H *.£T* 
H H 

X2 is dipeptide selected from 

M 

w. 2 or o 

-N rt 
10 XR is ^ 

f> I 4 
or ;andX4isX^N or . 
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Embodiment 83. The compound of any one of embodiments 3 to 45 and 78 to 80, and the 

immunoconjugate according to any one of embodiments 46 to 80, wherein 
L, is selected from -(CH2)m-, -C(=0)(CH2)m-, -C(=0)X1X2C(=0)(CH2)m-, -

C(=0)X1X2C(=0)(CH2)mNHC(=0)(CH2)m-, -C(=0)X1X2C(=0)(CH2)mX3(CH2)m-, -

5 C(=0)X1X2C(=0)((CH2)m0)n(CH2)m-, -

C(=0)X1X2C(=0)((CH2)m0)n(CH2)mNHC(=0)(CH2)m-, -

C(=0)X1X2C(=0)((CH2)m0)n(CH2)mNHC(=0)(CH2)mX3(CH2)m-, -

C(=0)X1X2C(=0)((CH2)m0)n(CH2)mX3(CH2)m-, -

C(=0)X1X2C(=0)(CH2)mNHC(=0)((CH2)m0)n(CH2)m-, -

10 C(=0)X1X2C(=0)(CH2)mNHC(=0)((CH2)m0)n(CH2)mX3(CH2)m-, -

C(=0)X1X2(CH2)mX3(CH2)m-, -C(=0)X1X2((CH2)m0)n(CH2)m-, -

C(=0)X1X2((CH2)m0)n(CH2)mNHC(=0)(CH2)m-,-

C(=0)X1X2((CH2)m0)n(CH2)mNHC(=0)(CH2)mX3(CH2)m-, -

C(=0)X1X2((CH2)m0)n(CH2)mX3(CH2)m-,-C(=0)X1X2(CH2)mNH((CH2)m0)n(CH2)m-,-

15 C(=0)X1X2C(=0)(CH2)mNH((CH2)rn0)n(CH2)mX3(CH2)m-, -(CH2)mNHC(=0)(CH2)m-, -

C(=0)((CH2)m0)n(CH2)m-, -(CH2)mS(=0)2((CH2)m0)n(CH2)m-, -C(=0)(CH2)mNH(CH2)m-, -

C(=0)NH(CH2)m-, -C(=0)NH(CH2)mX3(CH2)m-, -

C(=0)NH(CH2)mNHC(=0)X1X2C(=0)(CH2)m-, -

C(=0)X1C(=0)NH(CH2)mNHG(=0)(CH2)m-, -C(=0)X1C(=0)NH(CH2)mX3(CH2)m-, -

20 C(=0)NH(CH2)mNHC(=0)(CH2)m-, -C(=0)NH(CH2)mNHC(=0)(CH2)mX3(CH2)m-, 

, -(CH2)mC(=0)NH(CH2)mNHC(=0)(CH2)m-, -(CH2)mC(=0)-, -

(CH2)mC(=0)X2X1C(=0)-, -(CH8)mX3(CH2)mC(=D)X2X1C(=0)-, -(CH2)mC(=0)NH(CH2)m-, -

(CH2)mX3(CH2)mC(=0)NH(CH2)m-, -(CH2)mNHC(=0)(CH2)mX3(CH2)m-, -

(CH2)m(0(CH2)m)nC(=0)-, -(CH2)m(0(CH2)m)nS(=0)2(CH2)m-, -(CH2)mNH(CH2)mC(=0)-, -

25 (CH2)mNHC(=0)-, -(CH2)mC(=0)X2X1C(=0)NH(CH2)mNHC(=0)-, -

(CH2)mC(=0)NH(CH2)mNHC(=0)X1-, -(CH2)mC(=0)NH(CH2)mNHC(=0)-, V7 ^ 

-((CH2)mO)n(CH2)m-, -(CH2)m(0(CH2)m)n-, -(CH2)m(0(CH2)m)nX3(CH2)m-, -

(CH2)mX3((CH2)mO)n(CH2)m-, -(CH2)mX3(CH2)mC(=0)-, -C(=0)(CH2)mX3(CH2)m-, -

(CH2)mX3(CH2)m(0(CH2)m)nC(=0)-, -C(=0)((CH2)m0)n(CH2)mX3(CH2)m -, -

30 (CH2)mC(=0)NH(CH2)mC(=0)-, -C(=0)(CH2)mNHC(=0)(CH2)m-, -

(CH2)mC(=0)NH(CH2)m(0(CH2)m)nC(=0)-, -C(=0)((CH2)m0)n(CH2)mNHC(=0)(CH2)m-, -

(CH2)mG(=0)NH(CH2)mC(=0)NH(CH2)m-,-(CH2)mNHC(=0)(CH2)mNHC(=0)(CH2)m-,-

275 



WO 2015/095301 PCT/US2014/070800 

C(=0)NH(CH2)mNHC(=Q)-, -(CH2)mS(CH2)m-, -NHC(=0)(CH2)m-, -

NHC(=0)(CH2)mX3(CH2)m., -(CH2)mX3(CH2)mC(=0)NH-, -(CH2)mC(=0)NH-, -

(CH2)mNH(CH2)m-, -(CH2)mX3(CH2)m-, -((CH2)mO)n(CH2)mX3(CH2)m-, -

(CH2)mX3(CH2)m(0(CH2)m)n-, -NH(CH2)m-, -NHC(R12)2(CH2)m-, -(CH2)mC(R12)2NH-

(CH2)mC(=0)NH(CH2)mNH-, -NH(CH2)mNHC(=0)(CH2)m-, -

NHC(R,2)2(CH2)mNHC(=0)(CH2)m-, -(CH2)mC(=0)NH(CH2)mC(R12)2NH-, -

NH(CH2)mX3(CH2)m-, -NHC(R12)2(CH2)mX3(CH2)m-, -(CH2)mX3(CH2)mC(R12)2NH-, -

NHC(R12)2(CH2)m0C(=0)NH(CH2)m-,-(CH2)mNHC(=0)0(CH2)mC(R12)2NH-,-

NHC(R12)2(CH2)m0C(=0)NH(CH2)mX3(CH2)m-, -

(CH2)mX3(CH2)mNHC(=0)0(CH2)mC(R12)2NH-, -

NHC(R12)2(CH2)m0C(=0)NH((CH2)m0)n(CH2)m-, -

(CH2)m(0(CH2)m)nNHC(=0)0(CH2)mC(R12)2NH-, -

NHC(R12)2(CH2)m0C(=0)NH((CH2)m0)n(CH2)mX3(CH2)m-, -

(CH2)mX3(CH2)m(0(CH2)m)nNHC(=0)0(CH2)mC(R12)2NH-, -(CH2)mX3(CH2)mNH-, -

NH((CH2)mO)n(CH2)mX3(CH2)m-, -(CH2)mX3(CH2)m(0(CH2)m)nNH-, -(CH2)mNH-, -

NH((CH2)mO)n(CH2)m-, -NH((CH2)m0)n(CH2)mNHC(=0)(CH2)m-, -

(CH2)mC(=0)NH(CH2)m(0(CH2)m)nNH-, -(CH2)m(0(CH2)m)nNH-, -(CH2CH20)n-, -

(OCH2CH2)n-, -(CH2)mO(CH2)m-, -S(=0)2(CH2)m-, -(CH2)mS(=0)2-, -
S(=0)2(CH2)mNHC(=0)(CH2)m-, -(CH2)mC(=0)NH(CH2)mS(=0)2-, -
S(=0)2(CH2)mX3(CH2)m-, -(CH2)mX3(CH2)mS(=0)2-, -(CH2)mX2X1C(=0)-, -
C(=0)X1X2(CH2)m-, -(CH2)m(0(CH2)m)nC(=0)X2X1C(=0)-, -

C(=0)X1X2C(=0)( (CH2)m0)n(CH2)m-, -(CH2)m(0(CH2)m)nX2X1C(=0)-, -

(CH2)mX3(CH2)mX2X1C(=0)-, -C(=0)X1X2(CH2)mX3(CH2)m-, -
(CH2)mX3(CH2)m(0(CH2)m)nX2X,C(=0)-,-(CH2)mX3(CH2)mC(=0)NH(CH2)mNHC(=0)-,-
(CH2)mX3(CH2)mC(=0)NH(CH2)mC(=0)-, -C(=0)(CH2)mNHC(=0(CH2)mX3(CH2)m-, -

(CH2)mX3(CH2)mC(=0)NH(CH2)m(0(CH2)m)nC(=0)-, -

C(=0)((CH2)m0)n(CH2)mNHC(=0)(CH2)mX3(CH2)m-, -(CH2)mNHC(=0)X1X2C(=0)(CH2)m-, 

-(CH2)mC(=0)X2X1C(=0)NH(CH2)m-, -X4X1X2C(=0)(CH2)m-, -(CH2)mC(=0)X2X1X4-, -

X1C(=0)(CH2)mNHC(=0)(CH2)m-, -(CH2)mC(=0)NH(CH2)mC(=0)X1-, -C(=0)CHRaaNH-, -

CHRaaC(=0)-, -C(=0)NH-, -C(=0)0-, -S-, -SCH2(C=0)NH-, -NHC(=0)CH2S-, -

S(=0)2CH2CH2S-, -SCH2CH2S(=0)2-, -(CH2)2S(=0)2CH2CH2S-, -

SCH2CH2S(=0)2CH2CH2-, -NHC(=S)-, -(CH2)mX3(0(CH2)m)RC(=0)-, -

C(=0)((CH2)mO)nX3(CH2)m-, -(CH2)mNHC(=0)((CH2)m0)n(CH2)m-, -

(CH2)m(0(CH2)m)nC(=0)NH(CH2)m-, -(CH2)mNHC(=0)NH(CH2)m-, -
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1 R3° 
J 

L2 Lg, L4, L5, and L6 are each independently selected from a bond, -(CH2)m-, -

C(=0)(CH2)m-, -C(=0)XiX2C(=0)(CH2)m-, -C(=0)X1X2C(=0)(CH2)mNHC(=0)(CH2)m-, -

C(=0)X1X2C(=0)(CH2)mX3(CH2)m-, -C(=0)X1X2C(=0)((CH2)m0)n(CH2)m-, -

C(=0)X1X2C(=0)((CH2)m0)n(CH2)mNHC(=0)(CH2)m-, -

C(=0)X1X2C(=0)((CH2)m0)n(CH2)mNHC(=0)(CH2)mX3(CH2)m-, -

C(=0)X1X2C(=0)((CH2)m0)n(CH2)mX3(CH2)m-, -

C(=0)X1X2C(=0)(CH2)mNHC(=0)((CH2)m0)n(CH2)m-, -

C(=0)X1X2C(=0)(CH2)mNHC(=0)((CH2)m0)n(CH2)mX3(CH2)m-, -

C(=0)X1X2(CH2)mX3(CH2)m-, -C(=0)X1X2((CH2)m0)n(CH2)m-, -

C(=0)X1X2((CH2)m0)n(CH2)mNHC(=0)(CH2)m-, -

C(=0)X1X2((CH2)m0)n(CH2)mNHC(=0)(CH2)rnX3(CH2)m-, -

C(=0)X1X2((CH2)m0)n(CH2)mX3(CH2)m-,-C(=0)X1X2(CH2)mNH((CH2)m0)n(CH2)m-,-

C(=0)X1X2C(=0)(CH2)mNH((CH2)m0)n(CH2)mX3(CH2)m-,-(CH2)mNHC(=0)(CH2)m-, -

C(=0)((CH2)m0)n(CH2)m-, -(CH2)mS(=0)2((CH2)m0)n(CH2)m-, -C(=0)(CH2)mNH(CH2)m-, -

C(=0)NH(CH2)m-, -C(=0)NH(CH2)mX3(CH2)m-, -

C(=0)NH(CH2)mNHC(=0)X1X2C(=0)(CH2)m-, -

C(=0)X1C(=0)NH(CH2)mNHC(=0)(CH2)m-, -C(=0)X1C(=0)NH(CH2)mX3(CH2)m-, -

C(=0)NH(CH2)mNHC(=0)(CH2)m-, -C(=0)NH(CH2)mNHC(=0)(CH2)mX3(CH2)m-, 
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^ W , -(CH2)mC(=0)NH(CH2)mNHC(=0)(CH2)m-, -(CH2)mC(=0)-, -
(CH2)mC(=0)X2X1C(=0)-, -(CH2)mX3(CH2)mC(=0)X2X1 C(=0)-, -(CH2)mC(=0)NH(CH2)m-, -
(CH2)mX3(CH2)mC(=0)NH(CH2)m-, -(CH2)mNHC(=0)(CH2)mX3(CH2)m-, -
(CH2)m(0(CH2)m)nC(=0)-, -(CH2)m(0(CH2)m)nS(=0)2(CH2)m-, -(CH2)mNH(CH2)mC(=0)-, -
(CH2)mNHC(=0)-, -(CH2)mC(=0)X2X1C(=0)NH(CH2)mNHC(=0)-J -

(CH2)mC(=0)NH(CH2)mNHC(=0)X1-, -(CH2)mC(=0)NH(CH2)mNHC(=0)-, 
-((CH2)mO)n(CH2)m-, -(CH2)m(0(CH2)m)n-, -(CH2)m(0(CH2)m)nX3(CH2)m-, -
(CH2)mX3((CH2)mO)n(CH2)m-, -(CH2)mX3(CH2)mC(=0)-, -C(=0)(CH2)mX3(CH2)m-, -
(CH2)mX3(CH2)m(0(CH2)m)nC(=0)-, -C(=0)((CH2)m0)n(CH2)mX3(CH2)m -
(CH2)mC(=0)NH(CH2)mC(=0)-, -C(=0)(CH2)mNHC(=0)(CH2)m-, -
(CH2)mC(=0)NH(CH2)m(0(CH2)m)nC(=0)-, -C(=0)((CH2)m0)n(CH2)mNHC(=0)(CH2)m-, -
(CH2)mC(=0)NH(CH2)mC(=0)NH(CH2)m-,-(CH2)mNHC(=0)(CH2)mNHC(=0)(CH2)m-,-

C(=0)NH(CH2)mNHC(=0)-, -(CH2)mS(CH2)m-, -NHC(=0)(CH2)m-, -

NHC(=0)(CH2)mX3(CH2)m_, -(CH2)mX3(CH2)mC(=0)NH-, -(CH2)mC(=0)NH-, -
(CH2)mNH(CH2)m-, -(CH2)mX3(CH2)m-, -((CH2)mO)n(CH2)mX3(CH2)m-, -
(CH2)mX3(CH2)m(0(CH2)m)n-, -NH(CH2)m-, -NHC(R12)2(CH2)m-, -(CH2)mC(R12)2NH-
(CH2)mC(=0)NH(CH2)mNH-, -NH(CH2)mNHC(=0)(CH2)m-, -
NHC(R12)2(CH2)mNHC(=0)(CH2)m-, -(CH2)mC(=0)NH(CH2)mC(R12)2NH~, -
NH(CH2)mX3(CH2)m-, -NHC(R12)2(CH2)mX3(CH2)m-, -(CH2)mX3(CH2)mC(R12)2NH-, -
NHC(R12)2(CH2)m0C(=0)NH(CH2)m-,-(CH2)mNHC(=0)0(CH2)mC(R12)2NH-,-
NHC(R12)2(CH2)m0C(=0)NH(CH2)mX3(CH2)m-, -
(CH2)mX3(CH2)mNHC(=0)0(CH2)mC(R12)2NH-, -
NHC(R12)2(CH2)m0C(=0)NH((CH2)m0)n(CH2)m-, -
(CH2)m(0(CH2)m)nNHC(=0)0(CH2)mC(R12)2NH-, -

NHC(R12)2(CH2)m0C(=0)NH((CH2)m0)n(CH2)mX3(CH2)m-, -

(CH2)mX3(CH2)m(0(CH2)m)nNHC(=0)0(CH2)mC(R12)2NH-, -(CH2)mX3(CH2)mNH-, -
NH((CH2)mO)n(CH2)mX3(CH2)m-, -(CH2)mX3(CH2)m(0(CH2)m)nNH-, -(CH2)mNH-, -
NH((CH2)mO)n(CH2)m-, -NH((CH2)m0)n(CH2)mNHC(=0)(CH2)m-, -

(CH2)mC(=0)NH(CH2)m(0(CH2)m)nNH-, -(CH2)m(0(CH2)m)nNH-, -(CH2CH20)n-, -

(OCH2CH2)n-, -(CH2)mO(CH2)m-, -S(=0)2(CH2)m-, -(CH2)mS(=0)2-, -
S(=0)2(CH2)mNHC(=0)(CH2)m-, -(CH2)mC(=0)NH(CH2)mS(=0)2-, -
S(=0)2(CH2)mX3(CH2)m-, -(CH2)mX3(CH2)mS(=0)2-, -(CH2)mX2X1G(=0)-J -
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C(=0)X1X2(CH2)m-, -(CH2)m(0(CH2)m)RC(=0)X2X1C(=0)-> -

C(=0)X1X2C(=0)( (CH2)rnO)n(CH2)m-, -(CH2)m(0(CH2)m)nX2X1C(=0)-, -

(CH2)mX3(CH2)mX2X1C(=0)-, -C(=0)X1X2(CH2)mX3(CH2)m-, -

(CH2)mX3(CH2)m(0(CH2)m)RX2X1C(=0)-, -(CH2)mX3(CH2)mC(=0)NH(CH2)mNHC(=0)-, -

(CH2)mX3(CH2)mC(=0)NH(CH2)mC(=0)-, -C(=0)(CH2)mNHC(=0(CH2)mX3(CH2)m-, -

(CH2)mNHC(=0)X1X2C(=0)(CH2)m-, -(CH2)mC(=0)X2X1C(=0)NH(CH2)m-, -

X4X1X2C(=0)(CH2)m-, -(CH2)mC(=0)X2X1X4-, -X1C(=0)(CH2)mNHC(=0)(CH2)m-> -

(CH2)mC(=0)NH(CH2)mC(=0)X1-, -C(=0)CHRaaNH-, -CHRaaC(=0)-, -C(=0)NH-, -

C(=0)0-, -S-, -SCH2(C=0)NH-, -NHC(=0)CH2S-, -S(=0)2CH2CH2S-, -SCH2CH2S(=0)2-, 

-(CH2)2S(=0)2CH2CH2S-, -SCH2CH2S(=0)2CH2CH2-, -NHC(=S)-, -

(CH2)mX3(0(CH2)m)nC(=0)-, -C(=0)((CH2)m0)nX3(CH2)m-, -

(CH2)mNHC(=0)((CH2)m0)n(CH2)m-,-(CH2)m(0(CH2)m)nC(=0)NH(CH2)m-,-
(CH2)mNHC(=0)NH(CH2)m-, -(CH2)mX3(CH2)mNHC(=0)-, -C(=0)NH(CH2)mX3(CH2)m-, -

• 

v 
NHS(=0)2(CH2)mX3(CH2)m-, -(CH2)mX3(CH2)mS(=0)2NH-, 

-(CH2)m-NXs^\-
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wherein: 

R20 is H or Me, and R30 is H, -CH3 or phenyl; 
° OH H H 0 0H H H 

n21. R IS O O or O O ; 

each R25 is independently selected from H or C- 4 alkyl; 

Raa is a side chain of an amino acid selected from glycine, alanine, tryptophan, 

tyrosine, phenylalanine, leucine, isoleucine, valine, asparagine, glutamic acid, 

glutamine, aspatic acid, histidine, arginine, lysine, cysteine, methionine, serine, 

threonine, phenylglycine and t-butylglycine; 

R32 is independently selected from H, 0,-4 alkyl, phenyl, pyrimidine and pyridine; 
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R33 is independently selected from 

x 

yt 

* 

y> 
(CH2)0_2NH-|-

(CH2)O_2NH4 

N X 

y N S o o 
-VM' H * i3H 

and 

i H 
;; -N 

o o 

and 

R34 is independently selected from H, alkyl, and Ci-6 haloalkyi; 

f. 
X, is self immolative spacer selected from H 

<,JX°H *.£T* 
H H 

X2 is dipeptide selected from 

M 

w. 2 or o 

-N rt 
10 XR is ^ 

f> I 4 
or ;andX4isX^N or . 
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Embodiment 84. The compound of any one of embodiments 3 to 45 and 78 to 80, and the 

immunoconjugate according to any one of embodiments 46 to 80, wherein: 

1-2, i-3, l_4, i_5 and i_6 are a bond, and 
, is selected from -(CH2)m-, -C(=0)(CH2)m-, -C(=0)X1X2C(=0)(CH2)m-, -

C(=0)X1X2C(=0)(CH2)mNR12C(=0)(CH2)m-, -C(=0)X1X2C(=0)(CH2)mX3(CH2)m-, -
C(=0)X1X2C(=0)((CH2)m0)n(CH2)m-, -
C(=0)X1X2C(=0)((CH2)m0)n(CH2)mNR12C(=0)(CH2)m-, -

C(=0)X1X2C(=0)((CH2)m0)n(CH2)mNR12C(=0)(CH2)mX3(CH2)m-, -

C(=0)X1X2C(=0)((CH2)m0)n(CH2)mX3(CH2)m-, -
C(=0)X1X2C(=0)(CH2)mNR12C(=0)((CH2)m0)n(CH2)m-, -

C(=0)X1X2C(=0)(CH2)mNR12C(=0)((CH2)m0)n(CH2)mX3(CH2)m-, -

C(=0)X1X2(CH2)mX3(CH2)m-, -C(=0)X1X2((CH2)m0)n(CH2)m-, -

C(=0)X1X2((CH2)m0)n(CH2)mNR12C(=0)(CH2)m-, -

C(=0)X1X2((CH2)m0)n(CH2)mNR12C(=0)(CH2)mX3(CH2)m-, -

C(=0)X1X2((CH2)m0)n(CH2)mX3(CH2)m-, -C(=0)X1X2(CH2)mNR12((CH2)m0)n(CH2)m-, -

C(=0)X1X2C(=0)(CH2)mNR12((CH2)m0)n(CH2)mX3(CH2)m-, -

(CH2)mNR12C(=0)(CH2)m-, -C(=0)((CH2)m0)n(CH2)m-, -

(CH2)mS(=0)2((CH2)m0)R(CH2)m-, -C(=0)(CH2)mNR12(CH2)m-, -C(=0)NR12(CH2)m-, -
C(=0)NR12(CH2)mX3(CH2)m-,-C(=0)NH(CH2)mNR12C(=0)X1X2C(=0)(CH2)m-, -

C(=0)X1C(=0)NR,2(CH2)mNR12C(=0)(CH2)m-, -C(=0)X1C(=0)NRl2(CH2)mX3(CH2)m-, 

-C(=0)NR12(CH2)mNR12C(=0)(CH2)m-, -

C(=0)NR12(CH2)mNR12C(=0)(CH2)mX3(CH2)m-, -
(CH2)mC(=0)NR,2(CH2)mNR12C(=0)(CH2)m-, -(CH2)mC(=0)-, -
(CH2)mC(=0)X2X1C(=0)-, -(CH2)mX3(CH2)mC(=0)X2X1C(=0)-, -

(CH2)mC(=0)NR12(CH2)m-, -(CH2)mX3(CH2)mC(=0)NR12(CH2)m-, -

(CH2)mNR12C(=0)(CH2)mX3(CH2)m-, -(CH2)m(0(CH2)m)nC(=0)-, -
(CH2)m(0(CH2)m)nS(=0)2(CH2)m-, -(CH2)mNR12(CH2)mC(=0)-, -(CH2)mNR12C(=0)-, -
(CH2)mC(=0)X2X1C(=0)NR12(CH2)mNHC(=0)-, -

(CH2)mC(=0)NR'2(CH2)mNR,2C(=0)Xl-,-(CH2)mC(=0)NR12(CH2)mNR,2C(=0)-, 

r,-((CH2)mO)n(CH2)m-, -(CH2)m(0(CH2)m)n-, -

(CH2)m(0(CH2)m)nX3(CH2)m-,-(CH2)mX3((CH2)m0)n(CH2)m-, -(CH2)mX3(CH2)mC(=0)-, 

-C(=0)(CH2)mX3(CH2)m-, -(CH2)mX3(CH2)m(0(CH2)m)nC(=0)-, -



C(=0)((CH2)m0)n(CH2)mX3(CH2)m -(CH2)mC(=Q)NR12(CH2)mC(=0)-, -
C(=0)(CH2)rnNR12C(=0)(CH2)m-,-(CH2)mC(=0)NR12(CH2)rn(0(CH2)m)nC(=0)-,-
C(=0)((CH2)m0)n(CH2)mNR12C(=0)(CH2)m-, -
(CH2)mC(=0)NR,2(CH2)mC(=0)NR12(CH2)m-, -
(CH2)mNR12C(=0)(CH2)mNR12C(=0)(CH2)m-, -C(=0)NR12(CH2)mNR12C(=0)-
, -(CH2)mS(CH2)m-, -NR12C(=0)(CH2)m-, -NR12C(=0)(CH2)mX3(CH2)m_, -
(CH2)mX3(CH2)mC(=0)NR12-, -(CH2)mC(=0)NR12-, -(CH2)mNR12(CH2)m-, -
(CH2)mX3(CH2)m-, -((CH2)mO)n(CH2)mX3(CH2)m-, -(CH2)mX3(CH2)m(0(CH2)m)n-, -
NR12(CH2)m-, -NR12C(R12)2(CH2)m-, -(CH2)mC(R12)2NR12-, -
(CH2)mC(=0)NR'2(CH2)mNR12-, -NR12(CH2)mNR12C(=0)(CH2)m-, -
NRl2C(R12)2(CH2)mNR12C(=0)(CH2)m-, -(CH2)mC(=0)NR12(CH2)mC(R12)2NR12-, -
NR12(CH2)mX3(CH2)m-,-NR12C(R12)2(CH2)mX3(CH2)m-,-(CH2)mX3(CH2)mC(R12)2NR1 

-NR12C(R12)2(CH2)m0C(=0)NR12(CH2)m-,-(CH2)mNR12C(=0)0(CH2)mC(R12)2NR12-
NR12C(R12)2(CH2)m0C(=0)NR12(CH2)mX3(CH2)m-, -
(CH2)mX3(CH2)mNR,2C(=0)0(CH2)mC(R12)2NR12-, -
NR12C(R12)2(CH2)m0C(=0)NR12((CH2)m0)n(CH2)m-, -
(CH2)m(0(CH2)m)nNR12C(=0)0(CH2)mC(R12)2NR12-, -

NR12C(R12)2(CH2)m0C(=0)NR12((CH2)m0)n(CH2)mX3(CH2)m-, -
(CH2)mX3(CH2)m(0(CH2)m)nNR12C(=0)0(CH2)mC(R12)2NR12-,-(CH2)mX3(CH2)mNR1 

-NR12((CH2)m0)n(CH2)mX3(CH2)m-,-(CH2)mX3(CH2)m(0(CH2)m)nNR12-,-(CH2)mNR12 

-NR12((CH2)mO)n(CH2)m-, -NRl2((CH2)m0)n(CH2)mNR12C(=0)(CH2)m-, -
(CH2)mC(=0)NR12(CH2)m(0(CH2)m)nNR12-, -(CH2)m(0(CH2)m)nNR12-, -(C(R12)2)m-, 
(CH2CH20)n-, -(OCH2CH2)n-, -(CH2)mO(CH2)m-, -S(=0)2(CH2)m-, -(CH2)mS(=0)2-, 
S(=0)2(CH2)mNR12C(=0)(CH2)m-, -(CH2)mC(=0)NR12(CH2)mS(=0)2-, -
S(=0)2(CH2)mX3(CH2)m-, -(CH2)mX3(CH2)mS(=0)2-, -(CH2)mX2X1C(=0)-, -
C(=0)X1X2(CH2)m-, -(CH2)m(0(CH2)m)nC(=0)X2X1C(=0)-, -
C(=0)X1X2C(=0)( (CH2)mO)n(CH2)m-, -(CH2)m(0(CH2)m)nX2X1 C(=0)-, -
(CH2)mX3(CH2)mX2X1C(=0)-, -C(=0)X1X2(CH2)mX3(CH2)m-, -
(CH2)mX3(CH2)m(0(CH2)m)nX2X1C(=0)-, -
(CH2)mX3(CH2)mC(=0)NR12(CH2)mNR12C(=0)-, -
(CH2)mX3(CH2)mC(=0)NR12(CH2)mC(=0)-, -C(=0)(CH2)mNR12C(=0(CH2)mX3(CH2) 
-(CH2)mX3(CH2)mC(=0)NR12(CH2)m(0(CH2)m)nC(=0)-, -
C(=0)((CH2)m0)n(CH2)mNR12C(=0)(CH2)mX3(CH2)m-, -
(CH2)mNR12C(=0)X1X2C(=0)(CH2)m-,-(CH2)mC(=0)X2X1C(=0)NR,2(CH2)m-,-
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X4X1X2C(=0)(CH2)m-, -(CH2)mC(=0)X2X1X4-, -X1C(=0)(CH2)mNHC(=0)(CH2)m-, -

(CH2)mC(=0)NH(CH2)mC(=0)Xr, -C(=0)CHRaaNR12-, -CHRaaC(=0)-, -C(=0)NR12-, 

-C(=0)0-, -S-, -SCH2(C=0)NR12-, -NR12C(=0)CH2S-, -S(=0)2CH2CH2S-, -

SCH2CH2S(=0)2-, -(CH2)2S(=0)2CH2CH2S-, -SCH2CH2S(=0)2CH2CH2-, -

(CH2)mX3(0(CH2)m)nC(=0)-, -C(=0)((CH2)m0)nX3(CH2)m-, -

(CH2)mNHC(=0)((CH2)m0)n(CH2)m-, -(CH2)m(0(CH2)m)nC(=0)NH(CH2)m-, -

(CH2)mNHC(=0)NH(CH2)m-, -(CH2)mX3(CH2)mNHC(=0)-, -C(=0)NH(CH2)mX3(CH2)m-, 

-NR'2S(=0)2(CH2)mX3(CH2)m-, and -(CH2)mX3(CH2)mS(=0)2NR12-; 

X2 is dipeptide selected from 0 NH2, NH2 or 

J 

N | i l| N N jT /,N J. /N-|" 
X3 is ^ or/^N ; and X4 is or 

Embodiment 85. The compound of any one of embodiments 3 to 45 and 78 to 80, and the 

immunoconjugate according to any one of embodiments 46 to 80, wherein: 

L2, L3, L4, l_5 and L6 are a bond, and 
L, is selected from -(CH2)m-, -C(=0)(CH2)m-, -C(=0)X1X2C(=0)(CH2)m-, -

C(=0)X1X2C(=0)(CH2)mNHC(=0)(CH2)m-, -C(=0)X1X2C(=0)(CH2)mX3(CH2)m-,-

C(=0)X1X2C(=0)((CH2)m0)n(CH2)m-, -

C(=0)X1X2C(=0)((CH2)rn0)n(CH2)rnNHC(=0)(CH2)m-, -

C(=0)X1X2C(=0)((CH2)m0)n(CH2)mNHC(=0)(CH2)mX3(CH2)m-, -
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C(=0)X1X2C(=0)((CH2)m0)n(CH2)mX3(CH2)m->-
C(=0)X1X2C(=0)(CH2)mNHC(=0)((CH2)m0)n(CH2)m-, -
C(=0)X1X2C(=0)(CH2)mNHC(=0)((CH2)m0)n(CH2)mX3(CH2)m-, -
C(=0)X1X2(CH2)mX3(CH2)m-, -C(=0)X1X2((CH2)m0)n(CH2)rTl-, -
C(=0)X1X2((CH2)m0)n(CH2)mNHC(=0)(CH2)m-, -
C(=0)X1X2((CH2)m0)n(CH2)mNHC(=0)(CH2)mX3(CH2)m-, -
C(=0)X1X2((CH2)m0)n(CH2)mX3(CH2)m-,-C(=0)X1X2(CH2)mNH((CH2)m0)n(CH2)m-,-
C(=0)X1X2C(=0)(CH2)mNH((CH2)rn0)n(CH2)mX3(CH2)m-, -(CH2)mNHC(=0)(CH2)m-, -
C(=0)((CH2)m0)n(CH2)m-, -(CH2)rnS(=0)2((CH2)m0)n(CH2)m-, -
C(=0)(CH2)mNH(CH2)m-, -C(=0)NH(CH2)m-, -C(=0)NH(CH2)mX3(CH2)m-, -
C(=0)NH(CH2)mNHC(=0)X1X2C(=0)(CH2)m-, -
C(=0)X1C(=0)NH(CH2)mNHC(=0)(CH2)m-, -C(=0)X1C(=0)NH(CH2)mX3(CH2)m-, -
C(=0)NH(CH2)mNHC(=0)(CH2)m-, -C(=0)NH(CH2)mNHC(=0)(CH2)mX3(CH2)m-, 

"XVV , -(CH2)mC(=0)NH(CH2)mNHC(=0)(CH2)m-, -(CH2)mC(=0)-, -
(CH2)mC(=0)X2X1C(=0)-, -(CH2)mX3(CH2)mC(=0)X2X1C(=0)-, -
(CH2)mC(=0)NH(CH2)m-, -(CH2)mX3(CH2)mC(=0)NH(CH2)m-, -
(CH2)mNHC(=0)(CH2)mX3(CH2)m-, -(CH2)m(0(CH2)m)nC(=0)-, -
(CH2)m(0(CH2)m)nS(=0)2(CH2)m-, -(CH2)mNH(CH2)mC(=0)-, -(CH2)mNHC(=0)-, -
(CH2)mC(=0)X2X1C(=0)NH(CH2)mNHC(=0)-, -(CH2)mC(=0)NH(CH2)mNHC(=0)X1-, 

-(CH2)mC(=0)NH(CH2)mNHC(=0)-, \ -((CH2)mO)n(CH2)m-, -
(CH2)m(0(CH2)m)n-, -(CH2)m(0(CH2)m)nX3(CH2)m-, -(CH2)mX3(CH2)mC(=0)-, -
C(=0)(CH2)mX3(CH2)m-, -(CH2)mX3(CH2)m(0(CH2)m)nC(=0)-, -
C(=0)((CH2)m0)n(CH2)mX3(CH2)m -(CH2)mC(=0)NH(CH2)mC(=0)-, -
C(=0)(CH2)mNHC(=0)(CH2)m-, -(CH2)mC(=0)NH(CH2)m(0(CH2)m)nC(=0)-, -
C(=0)((CH2)m0)n(CH2)mNHC(=0)(CH2)m-, -(CH2)mC(=0)NH(CH2)mC(=0)NH(CH2)m-, 
-(CH2)mNHC(=0)(CH2)mNHC(=0)(CH2)m-, -C(=0)NH(CH2)mNHC(=0)-
, -(CH2)mS(CH2)m-, -NHC(=0)(CH2)m-, -NHC(=0)(CH2)mX3(CH2)m_, -
(CH2)mX3(CH2)mC(=0)NH-, -(CH2)mC(=0)NH-, -(CH2)mNH(CH2)m-, -(CH2)mX3(CH2)m-, 
-((CH2)mO)n(CH2)mX3(CH2)m-, -(CH2)mX3(CH2)m(0(CH2)m)n-, -NH(CH2)m-, -
NHC(R12)2(CH2)m-, -(CH2)mC(R12)2NH -(CH2)mC(=0)NH(CH2)mNH-, -
NH(CH2)mNHC(=0)(CH2)m-, -NHC(R12)2(CH2)mNHC(=0)(CH2)m-, -
(CH2)mC(=0)NH(CH2)mC(R12)2NH-, -NH(CH2)mX3(CH2)m-, -
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NHC(R12)2(CH2)mX3(CH2)m-, -(CH2)mX3(CH2)mC(R,2)2NH-, -
NHC(R12)2(CH2)m0C(=0)NH(CH2)m-,-(CH2)mNHC(=0)0(CH2)mC(R12)2NH-,-
NHC(R12)2(CH2)m0C(=0)NH(CH2)mX3(CH2)m-, -
(CH2)mX3(CH2)mNHC(=0)0(CH2)mC(R12)2NH-, -
NHC(R12)2(CH2)m0C(=0)NH((CH2)m0)n(CH2)m-, -

(CH2)m(0(CH2)m)nNHC(=0)0(CH2)mC(R12)2NH-, -

NHC(R12)2(CH2)m0C(=0)NH((CH2)m0)n(CH2)mX3(CH2)m-, -
(CH2)mX3(CH2)m(0(CH2)m)nNHC(=0)0(CH2)mC(R12)2NH-,-(CH2)mX3(CH2)mNH-,-
NH((CH2)mO)n(CH2)mX3(CH2)m-, -(CH2)mX3(CH2)m(0(CH2)m)nNH-, -(CH2)mNH-, -

NH((CH2)mO)n(CH2)m-, -NH((CH2)m0)n(CH2)rriNHC(=0)(CH2)m-, -

(CH2)mC(=0)NH(CH2)m(0(CH2)m)nNH-, -{CH2)m(0(CH2)m)nNH-, -(CH2CH20)n-, -
(OCH2CH2)n-, -(CH2)mO(CH2)m-, -S(=0)2(CH2)m-, -(CH2)mS(=0)2-, -
S(=0)2(CH2)mNHC(=0)(CH2)m-, -(CH2)mC(=0)NH(CH2)mS(=0)2-, -
S(=0)2(CH2)mX3(CH2)m-, -(CH2)mX3(CH2)mS(=0)2-, -(CH2)mX2X1C(=0)-, -
C(=0)X1X2(CH2)m-, -(CH2)m(0(CH2)m)nC(=0)X2X1C(=0)-, -

C(=0)X1)^G{=0)((CH2)m0)niCH2)m-I -(Cn2UO(CH2Un^C(=Oh -
(CH2)mX3(CH2)mX2X1C(=0)-, -C(=0)X,X2(CH2)mX3(CH2)m-, -
(CH2)mX3(CH2)m(0(CH2)m)nX2X1C(=0)-,-(CH2)mX3(CH2)mC(=0)NH(CH2)mNHC(=0)-, 
-(CH2)mX3(CH2)mC(=0)NH(CH2)mC(=0)-, -C(=0)(CH2)mNHC(=0(CH2)mX3(CH2)m-, -

(CH2)mX3(CH2)mC(=0)NH(CH2)m(0(CH2)m)nC(=0)-, -

C(=0)((CH2)m0)n(CH2)mNHC(=0)(CH2)mX3(CH2)m-, -
(CH2)mNHC(=0)X1X2C(=0)(CH2)m-, -(CH2)mC(=0)X2X1C(=0)NH(CH2)m-! -

X4X1X2C(=0)(CH2)m-, -(CH2)mC(=0)X2X1X4-, -X1C(=0)(CH2)mNHC(=0)(CH2)m-> -

(CH2)mC(=0)NH(CH2)mC(=0)X1-, -C(=0)CHRaaNH-, -CHRaaC(=0)-, -C(=0)NH-, -

C(=0)0-, -S-, -SCH2(C=0)NH-, -NHC(=0)CH2S-, -S(=0)2CH2CH2S-, -

SCH2CH2S(=0)2-, -(CH2)2S(=0)2CH2CH2S- and -SCH2CH2S(=0)2CH2CH2-, -

(CH2)mX3(0(CH2)m)nC(=0)~, -C(=0)((CH2)m0)nX3(CH2)m-, -

(CH2)mNHC(=0)((CH2)m0)n(CH2)m-, -(CH2)m(0(CH2)m)nC(=0)NH(CH2)m-, -

(CH2)mNHC(=0)NH(CH2)m-, -(CH2)mX3(CH2)rnNHC(=0)-, -C(=0)NH(CH2)mX3(CH2)m-

-NHS(=0)2(CH2)mX3(CH2)m-, and -(CH2)mX3(CH2)mS(=0)2NH-; 
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/~N' SVN' 
X, is self immolative spacer selected from H , H 

ir-1 tjx* 

X2 is dipeptide selected from 

J 

N--V" 
N' f rt NA S || *N v X -vU *N~^ x^rC X3 is ^ or X"-N • anc| x4 is /C~~N or 

Embodiment 86. The compound of any one of embodiments 3 to 45 and 78 to 80, and the 

immunoconjugate according to any one of embodiments 45 to 80, wherein: 

L2, L3, L4, l_5 and L6 are a bond, and 
Li is selected from -(CH2)m-, -(CH2)mX3(CH2)m-, -C(=0)(CH2)m-, -

C(=0)(CH2)mX3(CH2)m-, -C(=0)X1X2C(=0)(CH2)m-, -

C(=0)X1X2C(=0)(CH2)mX3(CH2)m-, -(CH2)mNHC(=0)(CH2)m-, -

(CH2)mNHC(=0)(CH2)mX3(CH2)m-, -C(=0)((CH2)m0)n(CH2)m-, -

C(=0)((CH2)m0)n(CH2)mX3(CH2)m-, -(CH2)mS(=0)2((CH2)m0)n(CH2)m-, -

C(=0)(CH2)mNH(CH2)m-, -C(=0)NH(CH2)m-, -C(=0)NH(CH2)mX3(CH2)m-, -
C(=0)NH(CH2)mNHC(=0)X1X2C(=0)(CH2)m-, -C(=0)NH(CH2)mNHC(=0)(CH2)m-, -

o. ^ ̂  

D(=0)X1X2((CH2)jn0)n(CH2)ni-, 

(CH2)mC(=0)NH(CH2)mNHC(=0)(CH2)m-, -(CH2)mC(=0)-, -(CH2)mX3(CH2)mC(=0)-, -
(CH2)mC(=0)X2X1C(=0)-, -(CH2)mX3(CH2)mC(=0)X2X1C(=0)-, -
(CH2)mC(=0)NH(CH2)m-, -(CH2)mX3(CH2)mC(=0)NH(CH2)m-, -
(CH2)m(0(CH2)m)nC(=0)-, -(CH2)mX3(CH2)m(0(CH2)m)nC(=0)-, -NHC(R12)2(CH2)m-, -
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NH(CH2)mX3(CH2)m-, -NHCH2(CH2)m0C(=0)NH((CH2)m0)n(CH2)m-, -

(CH2)m(0(CH2)m)n-,-(CH2)m(0(CH2)m)nX3(CH2)m-,-(CH2)m(0(CH2)m)nS(=0)2(CH2)m-, 

-(CH2)mNH(CH2)mC(=0)-, -(CH2)mNHC(=0)-, -

(CH2)mC(=0)X2X1C(=0)NH(CH2)mNHC(=0)-, -(CH2)mC(=0)NH(CH2)mNHC(=0)X1-, 

x-cyt 
-(CH2)mC(=0)NH(CH2)mNHC(=0)-, ^ , -(CH2)mX2X1C(=0)-, -

C(=0)X1X2(CH2)m-, -(CH2)m(0(CH2)m)nX2X1C(=0)-, -

(CH2)m(0(CH2)m)nC(=0)X2X1C(=0)-, -(CH2)mX3(CH2)mX2X1C(=0)-, -

C(=0)X1X2(CH2)mX3(CH2)m-, -(CH2)mX3(CH2)m(0(CH2)m)nX2XiC(=0)-, -

C(=0)X1X2((CH2)m0)n(CH2)mX3(CH2)m-, -S(=0)2(CH2)mX3(CH2)m-, -

(CH2)mX3(0(CH2)m)nC(=0)-, -C(=0)((CH2)m0)nX3(CH2)m-, -

(CH2)mNHC(=0)((CH2)m0)n(CH2)m-, -(CH2)m(0(CH2)m)nC(=0)MH(CH2)m-, -

(CH2)mNHC(=0)NH(CH2)m-, -(CH2)mX3(CH2)mNHC(=0)-, -C(=0)NH(CH2)mX3(CH2)m-

-NHS(=0)2(CH2)mX3(CH2)m- and -(CH2)mX3(CH2)mS(=0)2NH-,; 

is self immoiative spacer selected from H , H 

,IT°X 

X2 is dipeptide selected from 

V5M. 
•if .. N-N. 

I) NS*\ i jf *N N Jl z,N JL ,NT N 
X3 is ^ or /V~~N j anc| x4 is X"~N or 

Embodiment 87. The compound of any one of embodiments 3 to 45 and 78 to 80, and the 

immunoconjugate according to any one of embodiments 46 to 80, wherein: 
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i_2, L3, l_4, L5 and L6 are a bond, and 

U is selected from -(CH2)m-, -(CH2)mX3(CH2)m-, -C(=0)(CH2)m-, -
C(=0)(CH2)mX3(CH2)m-, -C(=0)X1X2C(=0)(CH2)m-, -
C(=0)X1X2C(=0)(CH2)mX3(CH2)m-, -(CH2)mNHC(=0)(CH2)m-, -

(CH2)mNHC(=0)(CH2)mX3(CH2)m-, -C(=0)((CH2)m0)n(CH2)m-, -

C(=0)((CH2)m0)n(CH2)mX3(CH2)m-, -S(=0)2(CH2)mX3(CH2)m-, -(CH2)mC(=0)-, -

(CH2)mX3(CH2)mC(=0)-, -(CH2)mC(=0)X2X1C(=0)-, -

(CH2)mX3(CH2)mC(=0)X2X1C(=0)-, -(CH2)mC(=0)NH(CH2)m-, -

(CH2)mX3(CH2)mC(=0)NH(CH2)m-, -(CH2)m(0(CH2)m)nC(=0)-, -

(CH2)mX3(CH2)m(0(CH2)m)nC(=0)-, -NHC(R12)2(CH2)m-, -NH(CH2)mX3(CH2)m-, -

NHCH2(CH2)m0C(=0)NH((CH2)m0)n(CH2)m-, -(CH2)mX2X1C(=0)-, -

C(=0)X1X2(CH2)m-, -(CH2)m(0(CH2)m)n-, -(CH2)m(0(CH2)m)nC(=0)X2X1C(=0)-, -

C(=0)X1X2((CH2)m0)n(CH2)m-, -(CH2)m(0(CH2)m)nX2X1C(=0)-, -

(CH2)mX3(CH2)mX2X1C(=0)-,-(CH2)mX3(CH2)m(0(CH2)m)nX2X1C(=0)-,-

(CH2)m(0(CH2)m)nX3(CH2)m- and -(CH2)mX3(0(CH2)m)nC(=0)-, -

C(=0)((CH2)m0)nX3(CH2)m-, -(CH2)mNHC(=0)((CH2)m0)n(CH2)m-, -

(CH2)m(0(CH2)m)nC(=0)NH(CH2)m-, -(CH2)mNHC(=0)NH(CH2)m-, -

(CH2)mX3(CH2)mNHC(=0)-,-C(=0)NH(CH2)mX3(CH2)m-,-NHS(=0)2(GH2)mX3(CH2)m-

and -(CH2)mX3(CH2)mS(=0)2NH-; 

X, is self immolative spacer selected from H H 

^2 , , 
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M — 

^ N-N. 

N J' '/N JL /NT X-N 
X3 is ^ or X>N ; and X4 is or 

Embodiment 88. The compound of any one of embodiments 3 to 45 and 78 to 80, 

and the immunoconjugate according to any one of embodiments 46 to 63 and 78 to 80, 

wherein: 
L, is -(CH2)mNHC(=0)(CH2)mX3(CH2)m\ -*C(=0)(CH2)mX3((CH2)m0)n-, -(CH2)mC(=0)\ 

-(CH2)m-, -(CH2)mC(=0)X2X1C(=0)*-, -(CH2)mX2X1C(=0)*-, -
(CH2)m(0(CH2)m)nC(=0)*-, -(CH2)m(0(CH2)m)nC(=0)X2X1C(=0)*-, -

(CH2)m(0(CH2)m)nX2X1C(=0)*-, -(CH2)m(0(CH2)m)nS(=0)2(CH2)m*-, -

(CH2)mNH(CH2)mC(=0)*-, -(CH2)mNR (CH2)mC(=0)*-, -((CH2)mO)n(CH 2}m 

10 (CH2)mX3(CH2)mC(=0)*-, -(CH2)mX3(CH2)m-, -(CH2)mX3(CH2)mC(=0)X2X1C(=0)*-, -

(CH2)mX3(CH2)mX2XiC(=0)*-, -(CH2)mX3(CH2)m(0(CH2)m)nX2X1C(=0)*-, -

(CH2)mNHC(=0)*-, -(CH2)mX3(CH2)m(0(CH2)m)nC(=0)*-, -

(CH2)mX3((CH2)mO)n(CH2)m*-, -(CH2)mC(=0)NH(CH2)m*-, -

(CH2)mX3(CH2)mC(=0)NH(CH2)m*-, .fCH2)mC^0)NH(CH^lT1NHC(=0)*-, -

15 (CH2)mX3(CH2)mNHC(=0)*-, -(CH2)mC(=0)NH(CH2)mC(=0)*-, -

(CH2)mX3(CH2)mC(=0)NH(CH2)mNHC(=0)*-, -

(CH2)mX3(CH2)mC(=0)NH(CH2)mC(=0)*-, -

(CH2)mC(=0)NH(CH2)m(0(CH2)m)nC(=0)*-, -

(CH2)mX3(CH2)mC(=0)NH(CH2)m(0(CH2)m)nC(=0)*-, -
20 (CH2)mC(=0)NH(CH2)mNHC(=0)(CH2)m*-, -

(CH2)mC(=0)NH(CH2)mG(=0)NH(CH2)m*-, -(CH2)mX3(CH2)mC(=0)NH(CH2)m*-, -
(CH2)mS(=0)2\ -(CH2)mX3(CH2)mS(=0)2*-, - (CH2)m0C(=0)NH(CH2)mC(=0)\ and -

(CH2)m0C(=0)NH(CH2)mS(=0)2*-, wherein in the immunoconjugate embodiments 

the * indicates the point of attachment to R101 whereas in the compound 

25 embodiments the * indicates the point of attachment to R1; 

X 
L2 is a bond, 
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O 

SCH2(C=0)NH-, -NHC(=0)CH2S-, -SCH2CH2C(=0)NH-, -NHC(=0)CH2CH2S-, -

SCH2CH2S(=0)2-, -S(=0)2CH2CH2S-, -SCH2CH2S(=0)2NH- or -

NHS(=0)2CH2CH2S-, wherein the * indicates the point of attachment to L,; 

and L3, l_4, L5 and L6 are a bond. 

Embodiment 89. The compound of any one of embodiments 3 to 45 and 78 to 80, and the 

immunoconjugate according to any one of embodiments 46 to 63 and 78 to 80, wherein 

L, is -(CH2)mNHC(=0)(CH2)mX3(CH2)m*-, -(CH2)mC(=0)*-, -(CH2)m-, -
(CH2)mC(=0)X2X1C(=0)*-, -(CH2)mX2X1 C(=0)*-, -(CH2)m(0(CH2)m)nC(=0)*-, -

(CH2)m(0(CH2)m)nC(=0)X2X1C(=0)*-, -(CH2)m(0(CH2)m)nX2X1C(=0)*-, -

(CH2)m(0(CH2)m)nS(=0)2(CH2)m*-, -(CH2)mNH(CH2)mC(=0)*-, -

(CH2)mNR12(CH2)mC(=0)*-, -((CH2)mO)n(CH2)m*-, -(CH2)mX3(CH2)mC(=0)\ -

(CH2)mX3(CH2)m-,-(CH2)mX3(CH2)mC(=0)X2X1C(=0)*-,-(CH2)mX3(CH2)mX2X1C(=0)*-, 

-(CH2)mX3(CH2)m(0(CH2)m)nX2X1C(=0)*-, -(CH2)mNHC(=0)*-, -

(CH2)mX3(CH2)m(0(CH2)m)nC(=0)*-, -(CH2)mX3((CH2)mO)n(CH2)m*-, -

(CH2)mC(=0)NH(CH2)m\ -(CH2)mX3(CH2)mC(=0)NH(CH2)m*-, -

(CH2)mC(=0)NH(CH2)mNHC(=0)*-, -(CH2)mX3(CH2)mNHC(=0)\ -

(CH2)mC(=0)NH(CH2)mC(=0)*-, -(CH2)mX3(CH2)mC(=0)NH(CH2)mNHC(=0)*-,-

(CH2)mX3(CH2)mC(=0)NH(CH2)mC(=0)*-, -

(CH2)mC(=0)NH(CH2)m(0(CH2)m)nC(=0)*-, -

(CH2)mX3(CH2)mC(=0)NH(CH2)m(0(CH2)m)nC(=0)*-, -

(CH2)mC(=0)NH(CH2)mNHC(=0)(CH2)m*-, -

(CH2)mC(=0)NH(CH2)mC(=0)NH(CH2)m*-, -(CH2)mX3(CH2)mC(=0)NH(CH2)m*-, -

(CH2)mS(=0)2*- and -(CH2)mX3(CH2)mS(=0)2*-, wherein in the immunoconjugate 
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embodiments the * indicates the point of attachment to R101 whereas in the 

compound embodiments the * indicates the point of attachment to R1; 
o o o 

R2.1 

Lo is a bond, o, o , o, 1 , V ,A N 

R11 

H s N % /rrH ° ° Hr^ HN|// 

1-0' >y%-V- 1NA/ \ANJ rrrV-
R25 R25 H H A O 

HN 

1 S " 

/R" 

O; 

O " *"1"" -S- -j j J w J 

SCH2(C=0)NH-, -NHC(=0)CH2S-, -SCH2CH2C(=0)NH-, -NHC(=0)CH2CH2S-, -

SCH2CH2S(=0)2-, -S(=0)2CH2CH2S-, -SCH2CH2S(=0)2NH- or -

NHS(=0)2CH2CH2S-, wherein the * indicates the point of attachment to Lu 

and i_3, i_4, L5 and L6 are a bond. 

10 Embodiment 90. The compound of any one of embodiments 3 to 45 and 78 to 80, and the 

mmunoconjugate according to any one of embodiments 46 to 63 and 78 to 80, wherein: 
L, is selected from -(CH2)mC(=0)\ -(CH2)mX3(CH2)mC(=0)*-, -(CH2)m-, -

(CH2)mX3(CH2)m-, -(CH2)mC(=0)X2X1C(=0)*-, -(CH2)mX3(CH2)mC(=0)X2X1C(=0)*-, -

(CH2)m(0(CH2)m)nC(=0)*-, -(CH2)mX3 (CH2)m(0(CH2)m)nC(=0)*-, -

15 (CH2)m(0(CH2)m)nS(=0)2(CH2)m*- and -(CH2)mNR12(CH2)mC(=0)*-, wherein in the 

immunoconjugate embodiments the * indicates the point of attachment to R101 

whereas in the compound embodiments the * indicates the point of attachment to 

R1; 
o o o 

R21 

L, s o O O i , ^ 10 j j j j j j 

20 
~/-o-Ny< "SYV" 

R25 R25 H H \ " 

11 
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15 

/R11 

HN H 
O; 

,-S-
SCH2(C=0)NH-, -NHC(=0)CH2S-, -SCH2CH2C(=0)NH-, -NHC(=0)CH CH2S-, -

SCH2CH2S(=0)2-, -S(=0)2CH2CH2S-, -SCH2CH2S(=0)2NH- or -

NHS(=0)2CH2CH2S-, wherein the * indicates the point of attachment to Li., 

5 and L3, L4J L5 and L6 are a bond. 

Embodiment 91. The compound of any one of embodiments 3 to 45 and 78 to 80, and the 

immunoconjugate according to any one of embodiments 46 to 63 and 78 to 80, wherein: 
L-i is selected from -(CH2)mC(=0)*-, -(CH2)m-, -(CH2)mC(=0)X2X1C(=0)*-, -

(CH2)mX3(CH2)mC(=0)*-, -(CH2)mX3(CH2)m-, -(CH2)mX3(CH2)mC(=0)X2X1C(=0)*-, -

10 (CH2)m(0(CH2)m)nC(=0)\ -(CH2)mX3 (CH2)m(0(CH2)m)nC(=0)*-, -

(CH2)m(0(CH2)m)nS(=0)2(CH2)m*- and -(CH2)mNR12(CH2)mC(=0)\ wherein in the 

immunoconjugate embodiments the * indicates the point of attachment to R101 

whereas in the compound embodiments the * indicates the point of attachment to 

R1; 
o 

,N-X 

/ 
"S. )VH n H V HN H 

£:;N -fo-v >vN^- XNJy xxNP v 
N R25 R25 H H \ O Xs N 

J 

/R12 

HN H < rV-* °^r W °: 
o i i -S-J J J w 

SCH2(C=0)NH-, -NHC(=0)CH2S-, -NH(=0)CH2CH2S-, -SCH2CH2C(=0)NH-, -

S(=0)2CH2CH2S-, -SCH2CH2S(=0)2-, -(CH2)2S(=0)2CH2CH2S- or -

20 SGH2CH2S(=0)2CH2CH2-, wherein the * indicates the point of attachment to L1, 

and La, L,;, L5 and L6 are a bond. 

Embodiment 92. The compound of any one of embodiments 3 to 45 and 78 to 80, and the 

mmunoconjugate according to any one of embodiments 46 to 63 and 78 to 80, wherein: 
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L, is selected from -(CH2)mC(=Q)Y -(CH2)m-, -(CH2)mX3(CH2)mC(=0)*-, -
(CH2)mC(=0)X2X1 C(=0)*-, -(CH2)mX3(CH2)m-, -(CH2)mX3(CH2)mC(=0)X2X1C(=0)*-, -

(CH2)m(0(CH2)m)nC(=0)*-, -(CH2)mX3 (CH2)m(0(CH2)m)nC(=0)*-, -

(CH2)m(0(CH2)m)nS(=0)2(CH2)m*- and -(CH2)mNR12(CH2)mC(=0)*-, wherein in the 

immunoconjugate embodiments the * indicates the point of attachment to R101 

whereas in the compound embodiments the * indicates the point of attachment to 

R1; 
o 

or R25 , wherein the * indicates 

10 and l_3, L4, L5 and L6 are a bond. 

Embodiment 93. The compound of any one of embodiments 3 to 45 and 78 to 80, and the 

immunoconjugate according to any one of embodiments 46 to 63 and 78 to 80, wherein: 

L, is selected from -(CH2)mC(=0)*-, -(CH2)m-, -(CH2)mC(=0)X2X1C(=0)*-, -

(CH2)m(0(CH2)m)nC(=0)*-, -(CH2)m(0(CH2)m)nS(=0)2(CH2)m*- and -

15 (CH2)mNR12(CH2)mC(=0)*-, wherein in the immunoconjugate embodiments the * 

indicates the point of attachment to R101 whereas in the compound embodiments 

the * indicates the point of attachment to R1; 
o o o 

r 4 r RY< ,• N-l- „ N-l- N-i" 

o o or o , wherein the * indicates the point of 

attachment to L,, 

20 and l_3, L4, L5 and L6 are a bond. 

Embodiment 94. The compound of any one of embodiments 3 to 45 and 78 to 80, and the 

immunoconjugate according to any one of embodiments 46 to 63 and 78 to 80, wherein: 
U is selected from -(CH2)mC(=0)*-, -(CH2)rn-, -(CH2)mC(=0)X2X1C(=0)*-, -

(CH2)m(0(CH2)m)nC(=0)*-, -(CH2)m(0(CH2)m)nS(=0)2(CH2)m*- and -

25 (CH2)mNR12(CH2)mC(=0)*-, wherein in the immunoconjugate embodiments the * 

indicates the point of attachment to R101 whereas in the compound embodiments 

the * indicates the point of attachment to R1; 
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o o 
'( r , 

\J N 

L2 is 0 or o wherein the * indicates the point of attachment to L,, 

and L3, l_4, L5 and L6 are a bond. 

Embodiment 95. The compound of any one of embodiments 3 to 21, 27 to 31, 34, 36 to 

40, 45 and 78 to 80, and the immunoconjugate according to any one of embodiments 64 

to 80, wherein: 
L, is selected from -*C(=0)(CH2)m-, -(CH2)m-, -*(CH2)mNHC(=0)X1X2C(=0)(CH2)m-, -

*X4X1X2C(=0)(CH2)m-, -*X1C(=0)(CH2)mNHC(=0)(CH2)m-, -

*(CH2)mC(=0)NH(CH2)mNHC(=0)(CH2)m-, -*S(=0)2(GH2)mX3(CH2)m-, 

0 — 

, -*C(=0)((CH2)m0)n(CH2)m)-, -*C(=0)NH(CH2)m)-, -

*C(=0)X1X2C(=0)(CH2)m-, -*C(=0)((CH2)m0)n(CH2)m-, -*((CH2)mO)n(CH2)m-, -

*(CH2)mS(=0)2((CH2)m0)n(CH2)m-, -*C(=0)(CH2)mNR12(CH2)m-, -

*C(=0)(CH2)mNH(CH2)m-, -*(CH2)m(0(CH2)m)n-, -*C(=0)(CH2)mX3(CH2)m-, -

*C(=0)NH(CH2)m-, -*C(=0)((CH2)m0)n(CH2)mX3(CH2)m-, -*(CH2)mNHC(=0)(CH2)m-, -

*C(=0)NH(CH2)mNHC(=0)(CH2)m-, -*C(=0)(CH2)mNHC(=0)(CH2)m-, -

*C(=0)((CH2)m0)n(CH2)mNHC(=0)(CH2)m-, -*((CH2)mO)n(CH2)mX3(CH2)m-, -

(CH2)mC(=0)NH(CH2)mNHC(=0)(CH2)m-, -*NH2S(=0)2(CH2)mX3(CH2)m-, -

*(CH2)mNHC(=0)(CH2)mNHC(=0)(CH2)m- and -C(=0)NH(CH2)mNHC(=0)-, wherein 

the * indicates the point of attachment to R3; 

^ +vf" ""-if M3* L2 is a bond, 0 , ° , ° , ' , 0 

"VH vf II H V <3 r\ ^ Q Q Y 
N"- J > V^N-N 

, Pe-N f -S-, -SCH2(C=0)NH-, -NHC(=0)CH2S-, H , H 

R11 ^R11 

-/C-R25 VS HN/ H Hlf H 
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SCH2CH2S(=0)2-, -(CH2)2S(=0)2CH2CH2S- or -SCH2CH2S(=0)2CH2CH2-, wherein 

the * indicates the point of attachment to U, 

and L3, L4, L5 and L6 are a bond. 

Embodiment 96. The compound of any one of embodiments 3 to 21, 27 to 31, 34, 36 to 

40, 45 and 78 to 80, and the immunoconjugate according to any one of embodiments 64 

to 80, wherein: 
L-t is selected from -*C(=0)(CH2)m-, -(CH2)m-, -*(CH2)mNHC(=0)X1X2C(=0)(CH2)m-, -

*X4X1X2C(=0)(CH2)m-, -*X1C(=0)(CH2)mNHC(=0)(CH2)m-, -

*(CH2)mC(=0)NH(CH2)mNHC(=0)(CH2)m-, -*S(=0)2(CH2)mX3(CH2)m-, 

, -*C(=0)((CH2)m0)n(CH2)m)-, -*C(=0)NH(CH2)m)-, -

*C(=0)X1X2C(=0)(CH2)m-, -*C(=0)((CH2)m0)n(CH2)m-, -

*(CH2)mS(=0)2((CH2)m0)n(CH2)m-, -*C(=0)(CH2)mNR12(CH2)m-, -

*C(=0)(GH2)mNH(GH2)m-, -*(CH2)m(0(CH2)m)n-, -*C(=0)(CH2)mX3(CH2)m-, -

*C(=0)NH(CH2)m-, -*C(=0)((CH2)m0)n(CH2)mX3(CH2)m-, -*(CH2)mNHC(=0)(CH2)m-, -

*C(=0)NH(CH2)mNHC(=0)(CH2)m-, -*C(=0)(CH2)mNHC(=0)(CH2)m-, -

*C(=0)((CH2)m0)n(CH2)mNHC(=0)(CH2)m-, -

(CH2)mC(=0)NH(CH2)mNHC(=0)(CH2)m-, -*NH2S(=0)2(CH2)mX3(CH2)m-, -

*(CH2)mNHC(=0)(CH2)mNHC(=0)(CH2)m- and -C(=0)NH(CH2)mNHC(=0)-, wherein 

the * indicates the point of attachment to R3; 

^ "A* ̂  L2 is a bond, o , o o , s , o 

"i ,>r~N ,-S-,-SCH2(0=0)NH-,-NHC{=0)CH2S-, H 
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>J R25 >*% HI/ H H*\ H V. -V ?ry" +'Y¥' 
I I , -S(=0)2CH2CH2S-, -

SCH2CH2S(=0)2-, -(CH2)2S(=0)2CH2CH2S- or -SCH2CH2S(=0)2CH2CH2-, wherein 

the * indicates the point of attachment to L1} 

5 and i_3, i_4, L5 and L6 are a bond. 

Embodiment 97. The compound of any one of embodiments 3 to 21, 27 to 31, 34, 36 to 

40, 45 and 78 to 80, and the immunoconjugate according to any one of embodiments 64 

to 80, wherein: 
L-t is selected from -*C(=0)(CH2)m-, -(CH2)m-, -*(CH2)mNHC(=0)X1X2C(=0)(CH2)m-, -

10 *X4 X1X2C(=0)(CH2)m-, -*X1C(=0)(CH2)mNHC(=0)(CH2)m-, -

*(CH2)mC(=0)NH(CH2)mNHC(=0)(CH2)m-, -*S(=0)2(CH2)mX3(CH2)m-, 

* 

, -*NH2S(=0)2(CH2)mX3(CH2)m-, -*C(=0)((CH2)m0)n(CH2)m)- and -

*C(=0)NH(CH2)m)-, wherein the * indicates the point of attachment to R3; 

-l-N I c -1-N I , . -S-N I J? <y 
U - ,, - «. „ n— ,N ^'/ 

L2 is O , O , O , O , S. , X-N t.S-, 

R11 

HN' H 
'XNA/ ^TYV-

15 SCH2(C=0)NH-, -NHC(=0)CH2S-, H H O 

HN"RH O , H O 1 

o o 

, -S(=0)2CH2CH2S-, -
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SCH2CH2S(=0)2-, -(CH2)2S(=0)2CH2CH2S- or -SCH2CH2S(=0)2CH2CH2-, wherein 

the * indicates the point of attachment to L, 

and L3, L4J L5 and L6 are a bond. 

Embodiment 98. The compound of any one of embodiments 3 to 21, 27 to 31, 34, 36 to 

40, 45 and 78 to 80, and the immunoconjugate according to any one of embodiments 64 

to 80, wherein: 
L| is selected from -*C(=0)(CH2)m-, -(CH2)m-, -*(CH2)mNHC(=0)X1X2C(=0)(CH2)m-, -

*X4 XVX2C{=0){CH2)m-, -*X1C(=0)(CH2)mNHC(=0)(CH2)m-, -

*(CH2)mC(=0)NH(CH2)mNHC(=0)(CH2)m-, -*S(=0)2(CH2)mX3(CH2)m-, 

10 , -*NH2S(=0)2(CH2)mX3(CH2)m-, -*C(=0)((CH2)m0)n(CH2)m)- and -

*C(=0)NH(CH2)m)-, wherein the * indicates the point of attachment to R3; 
o o o o 

.. .ASv4 L? is o o o o N _s-*—cL j j j j j j w j 

y 

V .H H V /R11 
HNy H 

N 
-SCH2(C=0)NH-, -NHC(=0)CH2S-, H * , ' H 

"f ° V\' \K»JL« 

15 r ,i , -S(=O)2CH2CH2S-, -
SCH2CH2S(=0)2-, -(CH2)2S(=0)2CH2CH2S- or -SCH2CH2S(=0)2CH2CH2-, wherein 

the * indicates the point of attachment to L,, 

and l_3, L4, L5 and L6 are a bond. 

Embodiment 99. The compound of any one of embodiments 3 to 21, 27 to 31, 34, 36 to 

20 40, 45 and 78 to 80, and the immunoconjugate according to any one of embodiments 64 

to 80, wherein: 
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L, is selected from -*C(=0)(CH2)m-, -(CH2)m-, -*(CH2)mNHC(=0)X1X2C(=0)(CH2)m-

% X^CHOKCH^-, -*X1C(=0)(CH2)mNHC(=0)(CH2)m-, -

*(CH2)mC(=0)NH(CH2)mNHC(=0)(CH2)m-, -*S(=0)2(CH2)mX3(CH2)m-, 

, -*NH2S(=0)2(CH2)mX3(CH2)m-, -*C(=0)((CH2)m0)n(CH2)m)- and -

*C(=0)NH(CH2)m)-, wherein the * indicates the point of attachment to R3; 
o o o 

R21 

-N . -I-N , !-N 

L2 is o , o or o , wherein the * indicates the point of 

attachment to L,, 

and l_3, Li, L5 and L6 are a bond. 

Embodiment 100. The compound of any one of embodiments 3 to 21, 27 to 31, 34, 36 to 

10 40, 45 and 78 to 80, and the immunoconjugate according to any one of embodiments 64 

to 80, wherein: 

L| is selected from -*C(=0)(CH2)m-, -(CH2)m-, -*(CH2)mNHC(=0)X1X2C(=0)(CH2)m-, -

%X,X2e(=0)ICH2)m-, -*X1C(=0)(CH2)mNHC(=0)(CH2)m-, -

*(CH2)mC(=0)NH(CH2)mNHC(=0)(CH2)m-, -*S(=0)2(CH2)mX3(CH2)m-, ° " ̂  
15 , -*NH2S(=0)2(CH2)mX3(CH2)m-, -*C(=0)((CH2)m0)n(CH2)m)- and 

*C(=0)NH(CH2)m)-, wherein the * indicates the point of attachment to R3; 
o o o o 

,R21 \ 

// - ,P - «. n u - ,N v 
L2 is O , O , O , o , V , X-N ,.8-, 

S , X ? 

R1I 

HR' H 

-SCH2(C=0)NH-, -NHC(=0)CH2S-, H H A o 

' V j>. 
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, -S(=0)2CH2CH2S-, -

SCH2CH2S(=0)2-, -(CH2)2S(=0)2CH2CH2S- or -SCH2CH2S(=0)2CH2CH2-, wherein 

the * indicates the point of attachment to L,, 

and l_3, L4, L5 and L6 are a bond. 

5 Embodiment 101. The compound of any one of embodiments 3 to 21, 27 to 31, 34, 36 to 

40, 45 and 78 to 80, and the immunoconjugate according to any one of embodiments 64 

to 80, wherein: 
L-i is selected from -*C(=0)(CH2)m-, -(CH2)m-, -*(CH2)mNHC(=0)X1X2C(=0)(CH2)m-, -

*X4 XM{=0)iCH2)m-, -*X1C(=0)(CH2)mNHC(=0)(CH2)m-, -

10 *(CH2)mC(=0)NH(CH2)mNHC(=0)(CH2)m-, -*S(=0)2(CH2)rnX3(CH2)m-, 

•K>^ 
, -*NH2S(=0)2(CH2)mX3(CH2)m-, -*C(=0)((CH2)m0)n(CH2)m)- and -

*C(=0)NH(CH2)m)-, wherein the * indicates the point of attachment to R3; 
o o o 

,R 
-N , -I-N , -f-N 

L2 is o o or o , wherein the * indicates the point of 

attachment to L,, 

15 and L3, L4, L5 and L6 are a bond. 

Embodiment 102. The compound of any one of embodiments 3 to 21, 27 to 31, 34, 36 to 

40, 45 and 78 to 80, and the immunoconjugate according to any one of embodiments 64 

to 80, wherein: 

L, is selected from -*C(=0)(CH2)m-, -(CH2)rn-, -*(CH2)mNHC(=0)X1X2C(=0)(CH2)m-, -
20 *X4 X1X2C(=0)(CH2)m-, -*X1C(=0)(CH2)mNHC(=0)(CH2)m-, -

*(CH2)mC(=0)NH(CH2)mNHC(=0)(CH2)m-, -*S(=0)2(CH2)mX3(CH2)m-, 

, -*NH2S(=0)2(CH2)mX3(CH2)m-, -*C(=0)((CH2)m0)n(CH2)m)- and -

*C(=0)NH(CH2)m)-, wherein the * indicates the point of attachment to R3; 
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10 

o •! 5 
-I-N -N 

L2 is o or 0 , wherein the * indicates the point of attachment to U, 

and i_3, i_4, i_5 and L6 are a bond. 

Embodiment 103. The compound of any one of embodiments 1 to 45, and 78 to 102, 

wherein the compound is selected from 

OMe O OMe O 

,.C02Me 

Ph 

^C02H 

Q oo \v'/ 

H O OMe O OMe O 
N'"X 
H 

Ph 

OMe O OMe O 

U 0 O O 

= H 

O A. 1 OMe O /\ -N 
/ ̂  MeO [| 

HN**A 

X> 

OMe O OMe O 
OH 

OH 

% 

~N 
H O 

u u 

OMe O OMe O 

u 0 H II 
N^P-OH 

\ 

\ O X 1 OMe O OMe O \ 
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10 

V^OMe 
OMe O OMe O 

Ph 

N'NH 

I?VBT^X^'\1YV° 
OMe O OMe O 

H2N^J 
' '• V -::' 

OMe O OMe O ^0 

A0 ^ - " 
OH 

OMe O OMe O 

Ph 
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° , and 

° °N ° 0^0 -^phM 

Embodiment 104. A pharmaceutical composition comprising an immunoconjugate of any 

one of embodiments 46 to 102, and one or more pharmaceutically acceptable carriers. 

5 Embodiment 105. A combination comprising a therapeutically effective amount of an 

immunoconjugate of any one of embodiments 46 to 102, and one or more therapeutically 

active co-agents. 

Embodiment 106. A method of treating a cell proliferation disorder, comprising 

administering to a subject in need thereof a therapeutically effective amount of an 

10 immunoconjugate of any one of embodiments 46 to 102. 

Embodiment 107. An immunoconjugate of any one of embodiments 46 to 102 for use as 

a medicament. 

Embodiment 108. The immunoconjugate according to embodiment 107, wherein the 

medicament is for use in the treatment of cancer. 

15 Embodiment 109. An immunoconjugate of any one of embodiments 46 to 102 for use to 

treat cancer. 

Embodiment 110. An immunoconjugate according to embodiments 46 to 102, having a 
x 

& \°' 

formula selected from: 
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LI ^ 

O 
JL o x 

Ra = H, Rb = CH2Ph 
Ra = H, Rb = CH2-(4-hydroxyphenyl) 
Ra = Me, Rb = Me 
Ra = H, Rb = CH2COOH 
Ra = H, Rb = CH2CH2NH2 

Ra = H, Rb = COOH 
Ra =H, Rb = H 
Ra, Rb together = cyclopropane 
Ra Rb together = cyclopentane 
Ra = H, Rb = Ph 
Ra = H, Rb = 3-indolyl 

"(CH2)2.6-N N—(CH2)O_4 
°7(CH2)2.4 I M j-

d 0° E H 

x H2N^N 
H 

O 
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R20_/^| 

\ \' 

H2N 

Ab 

0 "x°/ H 
H2N "H-" 

H 

0 <A 

Ab 

R20. 
x R j 

H,N 
~"(CH2)O_8 ^ 

Ab 

O 

o\ 

Q 

Ab 

O 
Ab"v--4 SCKH 

V",GH^1CHilM^X aj. 

o 
Ab^A 

O 

XT 
o 
U 

H2N" " N 
H 

jy (CH2)O_4 o 0 
1 

H2N N 
H 

O 

<A 

, and 
o 

<A 

i H 0 
_|_R101 N 

Embodiment 111. In embodiment 110, X is 
Y 

O R 

"R3 

CL O CL Q 

wherein R101, R2 and R3 are as defined in embodiments 46, 47, 54 to 59, and 80. 
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RVV:VYNVYS-*4-
Embodiment 112, in embodiment 111, X is OR2 °X 0 °\ 0 

wherein R1, R2 and R3 are as defined in embodiments 65, 66, 73 to 78 and 81. 

Embodiment 113, In embodiment 112, X is any one of the species in embodiments 1 or 2. 

Embodiment 114. In any one of embodiments 46 to 113, unless otherwise described, Ab 

5 can be any antigen binding moiety, and is preferably an antigen or antigen fragment that 

recognizes a cell surface marker such as those described herein that is characteristic of a 

targeted cell, such as a cancer cell. 

Embodiment 115. In any one of embodiments 46 to 113, unless otherwise described, Ab 

can be any antigen binding moiety, typically one that recognizes an antigen characteristic 

io of cells to be targeted for pharmaceutical intervention, such as cancer cells. Many 

suitable antigens are well known in the art; specific ones of special interest are described 

herein. Typically, Ab is an antibody, which may be isolated or constructed, and may be 

natural or modified (engineered), or an antibody fragment that retains antigen binding 

activity similar to the antibody 

15 Embodiment 116. In any one of the above embodiments, each m is independently 

selected from 1,2,3,4,5 and 6. In any of the above embodiments, each m is 

independently selected from 1, 2, 3, 4 and 5. In any of the above embodiments, each m is 

independently selected from 1, 2, 3 and 4. In any of the above embodiments, each m is 

independently selected from 1, 2 and 3. In any of the above embodiments, each m is 

20 independently selected from 1 and 2. 

Embodiment 117, In any of the above embodiments, each n is independently selected 

from 1, 2, 3, 4, 5, 6, 7, 8,9,10,11 and 12. In any of the above embodiments, each n is 

independently selected from 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 and 11. In any of the above 

embodiments, each n is independently selected from 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10. In any 

25 of the above embodiments, each n is independently selected from 1,2,3, 4, 5, 6, 7, 8 and 

9. in any of the above embodiments, each n is independently selected from 1,2,3, 4, 5, 6, 

7 and 8. In any of the above embodiments, each n is independently selected from 1, 2, 3, 

4, 5, 6 and 7. In any of the above embodiments, each n is independently selected from 1, 

2, 3, 4, 5 and 6. In any of the above embodiments, each n is independently selected from 

30 1, 2, 3, 4 and 5. In any of the above embodiments, each n is independently selected from 
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1, 2, 3 and 4. In any of the above embodiments, each n is independently selected from 1, 

2 and 3. In any of the above embodiments, each n is independently selected from 1 and 2. 

Embodiment 118. In any one of embodiments 46 to 114, each y is independently selected 

from 1, 2, 3, 4, 5, 6, 7, 8,9,10,11 and 12. In any of the above embodiments, each y is 

5 independently selected from 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 and 11. in any of the above 

embodiments, each y is independently selected from 1,2,3, 4, 5, 6, 7, 8, 9 and 10. In any 

of the above embodiments, each y is independently selected from 1,2,3, 4, 5, 6, 7, 8 and 

9. In any of the above embodiments, each y is independently selected from 1,2,3, 4, 5, 6, 

7 and 8. In any of the above embodiments, each y is independently selected from 1, 2, 3, 

10 4, 5, 6 and 7. In any of the above embodiments, each y is independently selected from 1, 

2, 3, 4, 5 and 6. In any of the above embodiments, each y is independently selected from 

1, 2, 3, 4 and 5. In any of the above embodiments, each y is independently selected from 

1, 2, 3 and 4. In any of the above embodiments, each y is independently selected from 1, 

2 and 3. In any of the above embodiments, each y is independently selected from 1 and 2. 

15 Embodiment 119. The compound according to embodiment 3, wherein Ft3 

Embodiment 120. The compound according to any one of embodiments 3 to 6,18-26, 32, 

33, 45 and 81 to 87, wherein: 
o 

CH 
YiR9 Ft1 is LiR ; R2 is methyl, ethyl, isopropyl or sec-butyl; R3 is 

o 

R4 is-OH; R9 is o 20 

L is L-!, wherein U is selected from -(CH2)mC(=0)-, -C(=0)(CH2)m-, -

(CH2)m(0(CH2)m)nC(=0)-, and -C(=0)((CH2)m0)n(CH2)m 

each m is independently selected from 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10, and 

each n is independently selected from 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11,12,13,14, 15, 

25 16, 17 and 18. 
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Embodiment 121. The compound according to any one of embodiments 3 to 6,18-26, 32, 

33, 45 and 81 to 87, wherei 

CH-
\ g 

Ft1 is LiR ; R2 is methyl, ethyl, isopropyl or sec-butyl; 

L is L-!, wherein L, is selected from -(CH2)mC(=0)-, -C(=0)(CH2)m-, -

5 (CH2)m(0(CH2)m)nC(=0)-, -C(=0)((CH2)m0)n(CH2)m-, -

(CH2)mX3(CH2)m(0(CH2)m)nC(=0)- and -C(=0)((GH2)m0)n(CH2)mX3(CH2)m-; 

O ; X3 is T*- ; 

each m is independently selected from 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10, and 

each n is independently selected from 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11,12,13,14,15, 

10 16, 17 and 18. 

R3 i<s 
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Claims 

A compound or stereoisomer thereof having the structure of Formula (I) 

o 

Formula (I) 

wherein: 

R1 is a C-linked 6 membered heterocycloalkyl containing 1-2 N heteroatoms and a Ci-

C2alkylene bridge or R1 is a C-linked 5-8 membered fused bicyciic heterocycloalkyl 

containing 1-2 N heteroatoms, 

wherein 

said C-linked 6 membered heterocycloalkyl or said C-linked 5-8 membered 

fused bicyciic heterocycloalkyl is unsubstituted, 

or said C-linked 6 membered heterocycloalkyl or said C-linked 5-8 

membered fused bicyciic heterocycloalkyl is substituted with an R7 and 0 

to 3 substituents independently selected from R5, 

or said C-linked 6 membered heterocycloalkyl or said C-linked 5-8 

membered fused bicyciic heterocycloalkyl is substituted with 1 to 3 

substituents independently selected from R5; 

R2 is -CrC6alkyl; 

R4 is -OH, CrC6alkoxy, -LR9, -NHS(0)2Rn, -NHS(0)2{CH2)mN3, -NHS(=0)2LR9, 

R5 is, C,-C6alkyl -C(=0)R11, -(CH2)mOH, -C(=0)(CH2)m0H, -C(=0)((CH2)m0)nR12, or 

CrC6aIkyl substituted with -CN, or -C(=0)NH2; 

R3 is 

, or R12 
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R7 is LR9; 

R8 is H or LR9; 

each L is independently selected from -LiL2- and -L1( 

wherein 

^ is selected from: 

-<CH2)m-, -C(=0)(CH2)m-, -(CH2)mC(=0)-I -C(=0)X1X2C(=0)(CH2)m-l -

(CH2)mC(=0)X2X1C{=0)-, -C(=0)((CH2)m0)n(CH2)m-,-(CH2)m(0{CH2)m)nC(=0)-

(CH2)mS(=0)2((CH2)m0)n(CH2)m-I -(CH2)m(0(CH2)m)nS(=0)2(CH2)m-, -

C(=0)(CH2)mNR12(CH2)m-, -(CH2)mNR12(CH2)mC(=0)-, -

C(=0)(CH2)mX3((CH2)m0)n-, -C(=0)(CH2)mX3(CH2)m-, -(CH2)mX3(CH2)mC(=0)-, 

C(=0)((CH2)m0)n(CH2)mX3(CH2)m-, -(CH2}mX3(CH2)m(0(CH2)m)nC(=0)-,-

C(=0)(CH2)mNR,2C(=0)(CH2)m-, -(CH2)mC(=0)NR12(CH2)mC(=0)-, -

C(=0)(CH2)mNR12C(=0)0(CH2)m-, -(CH2)m0C(=0)NR12(CH2)mC(=0)-, -

NR,2((CH2)mO)n(CH2)mX3(CH2)m-, -(CH2)mX3(CH2)m(0(CH2)m)„NR12-, 

-NR12C(=0)(CH2)m-, -(CH2)mC(=0)NR12-, -(CH2)mX3(CH2)m-, -

C(=0)NR12(CH2)m-, -(CH2)mNR12C(=0)-, -NR12((CH2)mO)n(CH2)m-, -

(CH2)m(0(CH2)m)„NR12-, -(CH2)mS(=0)2-, -S(=0)2(CH2)m-, -S-, -
o 

fN-
NR12S(=0)2(CH2)mX3(CH2)m-, -(CH2)mX3{CH2)mS(=0)2NR12-, O 

D O 

O O' 

o o 

Vj- -f-N 
o ,and o 

o 

*A 
Xi IS H 

o\ 

"NH 

X? is °^NH2: 
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'X rN-N . II „„N 
X3 is ^ or /V~N 

and L2 is independently selected from a bond and Li; 

Q 0 ,^R1° 
-?-N II -I-N 

R is 0 , o ,-N3I SH,-S(=0)2(CH=CH2),-NR12C(=0}CH2Br,-

R12 

A » 
NR12C(=0)CH2l, -NHC(=0)CH2Br, -NHC(=0)CH2l, -ONH2, o 

\ JH M? 
6/\ QT^ j) H0-^ bH N^, 

A HO' *"° 

OH 0 0 
II U H H 

NV^vNNA^0'P^0'P-n/VO, ../=N Q 
OH OhP T Hi NH, 0 

AA°'Nt X' 
o ' N 

o 
HO-p 
HO' ' w , o , v , or 

% 

^^il-YVTL, 
HO-'L bn NS^N 

R10 is HO' ; 

each R11 is independently selected from CrC6alkyl; 

10 each R12 is independently selected from H and Ci-Cealkyl; 

R13 is tetrazolyl, imidazolyl substituted with phenyl, oxadiazoiyl substituted with phenyl, 

^000 
O i " i 11 ii S 11 o > II .. -I—P-OH -l-P-OR11 -1-P-OLR9 

-f—P-OH * i ? i ? i 
pyrazolyl, pyrimidinyl, 5 H OH OH OH , -CH2S(=0)2NH2) 

-CH2S(=0)2NHLR9, or -LR9; 

each R19 is H or CrC6alkyl; 

15 each m is independently selected from 1, 2, 3, 4, 5, and 6; 

each n is independently selected from 1,2,3, 4, 5, 6, 7, 8, 9, 10, 11, and 12, 

or a pharmaceutically acceptable salt thereof. 
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u . 

7J OH 

The compound of claim 1, wherein R3 is Ss^1 Sx^', ' or 

R19 

and R19 is H. 

The compound of claim 1 or claim 2, wherein the compound is a compound having 

the structure of Formula (la): 

RV A1XX,^VYV°V 
o R2 °N 0 0^ O ^Ph 

Formula (la). 

The compound of any one of claims 1 to 3, wherein the compound is a compound 

having the structure of Formula (lb): 

U R2 I O 0^ o =>h 

Formula (lb). 

The compound of any one of claims 1 to 4, wherein each L is L^- or L is -Lr. 

The compound of any one of claims 1 to 5, wherein: 

R1 is a C-linked 6 membered heterocycloalkyl containing 1-2 N heteroatoms and a Ci 

C2alkylene bridge, wherein the C-linked 6 membered heterocycloalkyl is 

substituted with an R7and 0 to 3 substituents independently selected from R5 

The compound any one of claims 1 to 6, wherein: 

R1 is a C-linked 6 membered heterocycloalkyl containing 1-2 N heteroatoms and a C-\ 

C2alkylene bridge, wherein the C-linked 6 membered heterocycloalkyl is 

substituted with an R7and 0 to 3 substituents independently selected from R5, 

R4 is -OH, Ci-C6alkoxy, -NHS(0)2(CH2)mN3, -NHS(0)2Rn or 

i 
R 

(CH2)m—N-R 
R12 

12 
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8. The compound any one of claims 1 to 7, wherein: 

R2 is -CrC6alkyl; 

R5 is CrC6alkyI, -C(=0)R11, -(CH2)mOH, -C(=0)(CH2)m0H, or-C(=0)((CH2)m0)nR 

R7 is L,R9; 

R8 is H; 
o o 

1: 

,R 10 

-I-N -I-N 

R9 is o , O , -N3i -SH, -S(=0)2(CH=CH2), -NR12C(=0)CH2Br, -

R12 

N H 

NR12C(=0)CH2l, -NHC(=0)CH2Br, -NHC(=0)CH2l, -ONH2l O 

v / H H 
OH O O 

O O 

.P. „P. n /=N 
0 bfi Yy o °Y\ 

HO?^ 0H NN^N ft 
HO' , o , or 

HO-°^ OH N^N 

R10 is HO' ; 

each R11 is independently selected from CrC6alkyl; 

each R12 is independently selected from H and CrCealkyl; and 
0 o o 

* 11 ^ -f-P-OR11 
-.—p-OH tT0H , , 

R is tetrazoly!, * H , OH , or OH 

1 l n9 9. The compound of any one of claims 1 to 8, wherein R is LiR . 

10. The compound of any one of claims 1 to 8, wherein R1 is LiR . 

\ Q 
11. The compound of any one of claims 1 to 8, wherein R1 is L1R . 
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N \ 
12. The compound of any one of claims 1 to 8, wherein R1 is L 

13. The compound of any one of claims 1 to 5, wherein: 

R1 is a C-linked 6 membered heterocycioaikyl containing 1-2 N heteroatoms and a 

CrC2alkylene bridge, or R1 is a C-linked 5-8 membered fused bicyciic 

heterocycloalkyl containing 1-2 N heteroatoms, 

said C-linked 6 membered heterocycloalkyl or said C-linked 5-8 membered fused 

bicyciic heterocycloalkyl is unsubstituted, 

or said C-linked 6 membered heterocycloalkyl or said C-linked 5-8 membered 

fused bicyciic heterocycloalkyl is substituted with 1 to 3 substituents 

independently selected from R5. 

14. The compound of any one of claims 1 to 5, wherein: 

R1 is a C-linked 6 membered heterocycloalkyl containing 1-2 N heteroatoms and a 

CrC2alkyiene bridge, wherein the C-linked 6 membered heterocycloalkyl is 

unsubstituted or is substituted with 1 to 3 substituents independently selected 

from R5 and R6 

15. The compound of any one of claims 1 to 5, wherein: 

R1 is a C-linked 6 membered heterocycloalkyl containing 1-2 N heteroatoms and a 

C-i^alkylene bridge, wherein the C-linked 6 membered heterocycloalkyl is 

unsubstituted or is substituted with 1 to 3 substituents independently selected 

from R5 and R6; 

wherein 

and 

R4 is -UR9, -NHS(=0)2L1R9, R12 

(CH2)m-X3(CH2)mR9 

R12 

or R12 
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16. The compound of any one of claims 1 to 5, or 15, wherein: 

R2 is -C-!-C6alkyl; 

R5 is CrC6alkyl, -C(=0)R1\ -(CH2)mOH, -C(=0)(CH2)m0H, or-

C(=0)((CH2)m0)nR12; 

R8 is L-iR9; 
o o 

, K , K-R" -Hp -s-y 
R9 is 0 , O , -N3, -SH, -S(=0)2(CH=CH2), -NR12C(=0)CH2Br, 

R12 
t 

N u 

"Y7-
NR12C(=0)CH2l, -NHC(=0)CH2Br, -NHC(=0)CH2l, -ONH2) O 

j H H j fin OH O O 

VI B'-< vVH2 A V nw N. .M HO-p^ OH N^N ^ 
HO' , o, or 

Hrxy0>i 
u u OH OO „ j H Hi it II 

^W-vV^jr 
WiJL OH 

R10 is HO' 

each R11 is independently selected from CrC6alkyl; 

each R12 is independently selected from H and CrCealkyl; 
0 

—P—OLR9 

R13 is OH , or -LR9; 

each R14 is independently selected from H and CrC6alkyl; 

N* r 
X3 is ^ or N ; 

each m is independently selected from 1, 2, 3, 4, 5, and 6; 

each n is independently selected from 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, and 12. 
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17. The compound of any one of claims 1 to 5, or 15 to 16, wherein R4 is -L-]R9, -

(CH2)mR9 (CH2)m -X3(CH2)mR9 •/. CT 
I I 

NHS(=0)2L1R9I R12 or R12 

O 
-^-P-OLR9 

18. The compound of any one of claims 1 to 5, or 15 to 17 wherein R13 is OH 

0 
-f—f-0(CH2)mR9 

OH , or -LR9. 

o o 
>10 

-|-N^ II -I-N 

19. The compound of any one of claims 1 to 18, wherein R9 is 0 , O 
OH oo 

-S(=0)2(CH=CH2), 

NHC(=0)CH2Br, -NHC(=0)CH2l, -ONH2l N3, 

H2N^ ^oNf 

0, 

0 o 
>10 

-I-N || -1-N 

20. The compound of any one of claims 1 to 19, wherein R9 is O O 

* 

HQ-p^_ 0H NN^N 
HO' *° , -S(=0)2(CH=CH2), -

NHC(=0)CH2Br, -NHC(=0)CH2l, -ONH2I N3, o or 

M . H2N 

0 * 

21. The compound of any one of claims 1 to 20, wherein L is -Lr and -Lr is selected 

from: 
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-(CH2)mC(=0)-, -C(=0){CH2)iri-, -(CH2)m-, -(CH2)mC(=0)X2X1 C(=0)-, -

C(=0)X1X2C(=0)(CH2)m-, -(CH2)m(0(CH2)m)nC(=0)-, -C(=0)((CH2)m0)n(CH2)m-, 
° o 

0 , O , -(CH2)m(0(CH2)m)nS(=0)2(CH2)m-, -

{CH2)mS(=0)2((CH2)m0)n(CH2)m-, -(CH2)mNH(CH2)mC(=0)-, -C(=0)(CH2)mNH(CH2)m-

-{CH2)mNR12(CH2)mC(=0)-, -C(=0)(CH2)mNR12(CH2)m-I -(CH2)mS(=0)2-, -

S(=0)2(CH2)m-, -(CH2)mX3(CH2)m-, -(CH2)mX3(CH2)mC(=0)-, -C(=0)(CH2)mX3(CH2)m-, 

(CH2)mNHC(=0)-, -C(=0)NH(CH2)m-, -(CH2)mX3(CH2)m(0(CH2)m)nC(=0)-, -

C(=0)((CH2)mO)n(CH2)mX3(CH2)m-I -(CH2)mC(=0)N H(CH2)mC(=0)-, -

C(=0)(CH2)mNHC(=0)(CH2)m-, -NR12S(=0)2(CH2)mX3(CH2)m-, and -

(CH2)mX3(CH2)mS(=0)2NR12-. 

22. The compound of any one of claims 1 to 21, wherein L is -Lr and -l_r is selected 

from: 

"(CH2)mC(=0)-, -C(=0)(CH2)m-, -(CH2)m-, -(CH2)mC(=0)X2X1C(=0)-l -

C(=0)X1X2C(=0){CH2)m-, -(CH2)m(0(CH2)m)nC(=0)-, -C(=0)((CH2)m0)n(CH2)m-t 

O o 

^N-(cH2,mf 
0 , O , -(CH2)m(0(CH2)m)nS(=0)2(CH2)m- -

(CH2)mS(=0)2((CH2)m0)n(CH2)m-, -(CH2)mNH(CH2)mC(=0)-, -C(=0)(CH2)mNH(CH2)m-, 

-(CH2)mNR12(CH2)mC(=0)-, -C(=0)(CH2)mNR12(CH2)m-l -(CH2)mS(=0)2-, and -

S(=0)2(CH2)m. 

23. The compound of any one of claims 1 to 4, wherein: 

R1 is a C-linked 6 membered heterocycioaikyl containing 1-2 N heteroatoms and a C-i 

C2alkylene bridge, or R1 is a C-linked 5-8 membered fused bicyciic 

heterocycloalkyl containing 1-2 N heteroatoms, 

wherein 

said C-linked 6 membered heterocycloalkyl or said C-linked 5-8 membered 

fused bicyciic heterocycloalkyl is unsubstituted, 

or said C-linked 6 membered heterocycloalkyl or said C-linked 5-8 membered 

fused bicyciic heterocycloalkyl is substituted with 1 to 3 substituents 

independently selected from R5; 

R2 is -CrC6alkyl; 
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R3 is NHo • 

£ 
(CH2)m-N-R£ 

R12 

0 > <> 
-f-P-OH 

pyrazolyl, pyrimidinyl, ? H 

R4 is -OH, C^Cealkoxy, -NHS(0)2Rn, or R12 ; 

R5 is CrC6alkyl, -C(=0)R11, -{CH2)mOH, -C(=0)(CH2)m0H, -C(=0)((CH2)m0)nR12, or 

CrC6alkyl substituted with -CN, or -C(=0)NH2; 

R8 is H; 

each R11 is independently selected from CrC6alky[; 

each R12 is independently selected from H and CrC6alkyl; 

R13 is tetrazolyl, imidazolyl substituted with phenyl, oxadiazolyl substituted with phenyl, 

o o 
M s tl ... 

-P-OH P-OR11 

OH , OH , or-CH2S(=0)2NH2; 

10 R19 is H or CrC6alkyl; 

each m is independently selected from 1, 2, 3, 4, 5, and 6; 

each n is independently selected from 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, and 12. 

24. The compound of claim 23, wherein: 

R1 is a C-linked 6 membered heterocycloalkyl containing 1-2 N heteroatoms and a Cr 

15 C2alkylene bridge, wherein the C-linked 6 membered heterocycloalkyl is 

unsubstituted or the C-linked 6 membered heterocycloalkyl is substituted with 1 to 

3 substituents independently selected from R5. 

25. The compound of any one of claims 1 to 14, or 23 to 24, wherein R4 is -OH, -OCH3, -

,R8 

* N 
NHS(0)2Rn, -NHS(0)2(CH2)mN3 or H 

13 ? * 20 26. The compound of any one of claims 1, 5 to 16, or 19 to 24, wherein R is N-
o o 
P-OH P-OR11 

OH , or OH 

• NH 

o > <> 
-f—P-OH 5 H 
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27. The compound of any one of claims 1 to 5 or claims 13 to 26, wherein R1 is NH 

-N 
or R5 . 

28. The compound of any one of claims 1 to 5 or claims 13 to 26, wherein R1 

. CH--N 
is NH 5 or R5 

5 29. The compound of any one of claims 1 to 5, 13, 23, or 25 to 26, wherein R1 

•M N N * 
is H or R . 

30. The compound of any one of claims 1 to 5, 13, 23, or 25 to 26, wherein R1 is 

•N "1 5 
H or R5 

31. The compound of any one of claims 1 to 30, wherein R5 is -CH3 or -C(=0)CH3. 

10 32. The compound of any one of claims 1 to 31, wherein R12 is H, -CH3 or -CH2CH3. 

33. The compound of any one of claims 1 to 32, wherein R2 is methyl, ethyl, isopropyl or 

sec-butyl. 

34. The compound of any one of claims 1 to 5, wherein: 

Of 
R1 is MR9; 

15 R2 is methyl, ethyl, isopropyl or sec-butyl; 

O 

R3 is 

R4 is -OH; 
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o 
-i-N 

10 

R is O and 

L is Li, wherein L| is selected from -(CH2)mC(=0)-, -C{=0)(CH2)m-. -

(CH2)m(0(CH2)m)nC(=0)-, and -C(=0)((CH2)m0)fl(CH2)m-; 

each m is independently selected from 1,2,3, 4, 5, and 6; 

each n is independently selected from 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, and 12. 

35. The compound of claim 1 selected from, 
o o 

NH N- ^N^COzMe 

OMe O OMe O "Ph 

.N—^ /k ,N^C02H 

OMe O OMe O 

SrVSi * H O 1 OMe 0 OMe O Vpfj 

9 O O 
:s: 

H /v H • -1 ~-H~ 
H \ O X 1 OMe O OMe O 

HN'N, 

Ph 

H ft 

OMe O OMe O 
roH 

i OH 

-N 
H O OMe 0 OMe O 

H 9 
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zK^NtIN 

NHA 
-SH 

H 
N.X02H 

OMe O OMe O 
'Ph 

OMe O OMe 0 V 

NH2 

Ph 

/ 
5V- z:^NHr^^YY^VY VC02H 

OMe O OMe O 
'Ph 

\A^ 
H 

HO, „ 

H0'' OH ^ O. tPH N N 

» „ 0 V=N HO 

H 
N^C02H 

'Ph 

^vQ, „, T o^l <^0(J-yOL0H 

NO-NH2 

HN^X^N.. 
H^^KV^NX^^VY"V^C 

' 0 1 OMe 0 OMe 0 Vph 
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~NHJ-N N^A 
OMe 0 OMe O 

O V "N' I H 

'Ph 0\_r° 
O 

'N 

Ao 

NHA 
OMe O OMe O 

"Ph 

°X_J ° 
0 

0 H j? 
N^N 

OMe 0 OMe O 
'Ph 

-OH o^^o 

o 

n N' H 

OMe O OMe O 
Ph 

OH O^s^O 

O 

O f^rr N' 
H 

OMe 0 OMe 0 
'Ph 

0=^^0 

o 

OMe O OMe 0 
'Ph 

0 X-J0 

HN 
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0\_r° 

H N 
H O 
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10 

H N 
H M O.wP 

0 1 OMeO OMeO \phH 

H N " - — u ̂ x Jtje-jv -
O 1 OMeO OMeO V.phH 

V O 1 OMe O OMe 0 \ 

OH 

OMe 0 OMe 0 i o ' OMe 0 OMe 0 X3. X} 
r -- ^ • ' i ' r: „X, 

0 
N-VN" T" T" f Y 

Me O A 1 OMe 0 0Me O 
OMe O OMe O 

NH, 
% 

OMe 0 OMe 0 

OH 

% 

' o ^ I OMeO OMeO £> 

«^?YHr^fpY^rVS NH, 

OMeO OMeO >0 O 

Ph 

OMe 0 OMe 0 
Ph 

"OMe 
OMe O OMe O 

•Ph 
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10 

N-NH i XJ 

OMe O OMe O 

HsN^J O >\ 

OH 

OMe O OMe O 

0 /\ OMe O OMe O 

Ph 

N- .B "XN 
I i li l I! i w 
1 OMe O OMe O \ph 

' o I OMe O OMe O > 
OMe 

Ph 
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10 

VQYAV1^ 
o 1 — -

0 

OH 
OMe O OMe O 

O N-M 

^*0. 

<VY~^Y V—^ o o 

^0 

-A' ,N*N N 
H if N^A 

OH 
OMe 0 OMe O 

OMe 0 OMe O 
'Ph 

o it 

OyNHj 
UM. 

^^PQY^TVYX* \X 0 A " 0 UUA>° ^ ' °. ° <K 0 K° ° 

OyNH2 

.... p 

L^^KJXK^N ^T^PW'VYM? vX/^^O A a 0 XXV*°° A 1 0. 0 0^0 

OyNH? 

HN 

H n I H ' YW 
0 M 0 

OyNH2 

oW 
OyNHj 

HN 

A° A 1 
N—N^S<N 

o. o o^ o 
V^OMe 

vPh 

A0 x 0.0 0^ o 

U-X-Vi * " ~ UL-n° ̂  ^0 °v ° v~ 
OyNHj 

L^^UlVr^ fVrV^V^V^ M. U! ! ULV*<>0 ^ -0 °-c v"> 
OyNHj 

HJLM 
H o 

&yH»X 

'Ph 
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Me 0 A 1 OMe O 0Me O 
OH 

OMe O 0Me O 

V^O-RV0V 0 
HN 

QA 0 NH2 

»^YSY^~V^rNVrS' H H 

X 1 OMeO OMeO \ o'b Q 
Ph 

OYRY^N H II "A 
0^0 0^0 'Ph 

N\s / O 
N=N 

1 0 1 0. 0 0.0 

H ° 
N 

*o 
"Ph , and 

'N 

0 

0 

N-

0.0 0. 0 

0 

^ ~N 
H >-// 

'Ph o 

36. An immunoconjugate of Formula (II): 

F 

Formula (II) 

wherein: 

Ab represents an antigen binding moiety; 

L is selected from -UL*-, and -L1t 

wherein 
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L1 is selected from -(CH2)m-, -C(=0)(CH2)m-, -C(=0)X1X2C(=0)(CH2)m--
C(=0)((CH2)m0)n(CH2)m-, -(CH2)mS(=0)2((CH2)m0)n(CH2)m-, -
C(=0)(CH2)mNR12(CH2)m-, -C(=0)(CH2)mX3((CH2)m0)n-, -(CH2)mC(=0)-, -
(CH2)mC(=0)X2X1C(=0)-, -(CH2)m(0(CH2)m)nC(=0)-, -
(CH2)m(0(CH2)m)nS(=0)2(CH2)m-, -(CH2)mNR12(CH2)mC(=0)-, -
(CH2)mX3(CH2)mC(=0)-, -C(=0)(CH2)mX3(CH2)m-, -
(CH2)mX3(CH2)m(0(CH2)m)nC(=0)-, -C(=0)((CH2)m0)n(CH2)mX3(CH2)m-, -
(CH2)mC(=0)NR12{CH2)mC(=0)-, -C(=0)(CH2)mNR12C(=0)(CH2)m-, -
C(=0)(CH2)mNR12C(=0)0(CH2)m-, -(CH2)m0C(=0)NR12(CH2)mC(=0)-, -
NR12((CH2)mO)n(CH2)mX3(CH2)m-, -(CH2)mX3(CH2)m(0(CH2)m)nNR12-,-
NR12C(=0)(CH2)m-, -(CH2)mC(=0)NR12-,-(CH2)mX3(CH2)m-, -C(=0)NR12(CH2)m 

-(CH2)mNR12C(=0)-, -NR12((CH2)mO)n(CH2)m-, -(CH2)m(0(CH2)m)nNR12-, -
S(=0)2(CH2)m-, -(CH2)mS(=0)2-t -S-, -NR12S(=0)2(CH2)mX3(CH2)m~, -

(CH2)mX3{CH2)mS(=0)2NR12-, o o 0 

o o 

,N-(CH2)m-|- O. KP A > 
0 

XT is H 

and L2 is independently selected from a bond and U; 
y is an integer from 1 to 16; 
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R101 is a 6 membered heterocycloalkyl divalent radical containing 1-2 N heteroatoms 

and a CrC2a]kylene bridge, wherein the 6 membered heterocycloalkyl divalent 

y¥v 
radical is C-iinked to the O group and is N-linked to Li or is C-linked to Li, and 

the 6 membered heterocycloalkyl divalent radical is unsubstituted or the 6 

5 membered heterocycloalkyl divalent radical is substituted with 1 to 3 substituents 

independently selected from R5; 

or R101 is a 5-8 membered fused bicyciic heterocycloalkyl divalent radical 

containing 1-2 N heteroatoms, wherein the 5-8 membered fused bicyciic 

yTv 
heterocycloalkyl divalent radical is C-linked to the O group and is N-linked 

10 to L-i or is C-linked to U, and the 5-8 membered fused bicyciic heterocycloalkyl 

divalent radical is unsubstituted or the 5-8 membered fused bicyciic 

heterocycloalkyl divalent radical is substituted with 1 to 3 substituents 

independently selected from R5; 

R2 is -CrCealkyl; 

o . 

* 

15 R3 is 

R4 is -OH, CrC6alkoxy, or -NHS(0)2Rn; 

R5 is CrC6alkyl, -C(=0)R11, -(CH2)mOH, -C(=0)(CH2)m0H, -C(=0)((CH2)m0)nR12, 

or CrC6alkyI substituted with -CN, or -C(=0)NH2; 

R11 is CrCealkyl; 

20 each R12 is independently selected from H and CrCealkyl; 

R13 is tetrazolyl, imidazolyl substituted with phenyl, oxadiazolyl substituted with 

O s ff . 9 „ 
P-OH "H"0H 

phenyl, pyrazolyl, pyrimidinyl, ? H , OH OH ,-or-

CH2S(=0)2NH2,; 

R19 is H or CrC6alkyl; 

25 each m is independently selected from 1, 2, 3, 4, 5, and 6; 

and 

each n is independently selected from 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, and 12. 

37. The immunoconjugate of claim 36, wherein the immunoconjugate of Formula (II) is an 

immunoconjugate of Formula (lib): 
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Ab+L2-L1-R^N^ANXr^N-ZrXrN.R3 

R2 0.0 0. 0 

Formula (lib). 

38. The immunoconjugate of any one of claims 36 to 37, wherein the immunoconjugate of 

Formula (II), Formula (lla) or Formula (lib) is an immunoconjugate having the 

structure of Formula (lie): 

Ab-
H 9 Y ̂  O I H ^ ^-LI-RYVNVYNVV%= 

R 2 1 0.0 0.0 

Formula (lie). 

39. The immunoconjugate of any one of claims 36 to 38, wherein: 

R101 is a 6 membered heterocycloalkyl divalent radical containing 1-2 N 

heteroatoms and a C-rC2alkylene bridge, wherein the 6 membered 

heterocycloalkyl divalent radical is C-!inked to the O group and is N-linked 

to L1( and the 6 membered heterocycloalkyl divalent radical is unsubstituted or 

the 6 membered heterocycloalkyl divalent radical is substituted with 1 to 3 

substituents independently selected from R5; 

or 

R101 is a 5-8 membered fused bicyciic heterocycloalkyl divalent radical containing 

1-2 N heteroatoms, wherein the 5-8 membered fused bicyciic heterocycloalkyl 

divalent radical is C-linked to the O group and is N-linked to Li, and the 5~ 

8 membered fused bicyciic heterocycloalkyl divalent radical is unsubstituted or 

the 5-8 membered fused bicyciic heterocycioaikyl divalent radical is substituted 

with 1 to 3 substituents independently selected from R5. 

-N 
40. The immunoconjugate of any one of claims 36 to 39, wherein R101 is ^ . 

CH -N, 
41. The immunoconjugate of any one of claims 36 to 40, wherein R101 is 'A . 
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42. The immunoconjugate of any one of claims 36 to 41, wherein R is 

.R19 
OH f y O 

/-
or and R19 is H. 

43. The immunoconjugate of any one of claims 36 to 42, wherein: 
R4 is -OH, or CrC6alkoxy. 

5 44. The immunoconjugate of any one of claims 36 to 42, wherein; 

o s ff 
-l-H-OH T-P-OH 

R13 is tetrazolyl, * H , or OH 

45. The immunoconjugate of any one of claims 36 to 43, wherein R4 is -OH. 
46. The immunoconjugate of any one of claims 36 to 45, wherein R5 is -CH3 or -

C(=0)CH3. 

10 47. The immunoconjugate of any one of claims 36 to 46, wherein R12 is H, -CH3 or -

CH2CH3. 

48. The immunoconjugate of any one of claims 36 to 47, wherein R2 is methyl, ethyl, 
isopropyl or sec-butyl. 

49. The immunoconjugate of any one of claims 36 to 48, wherein: 
15 L-i is -(CH2)mC(=0)\ -(CH2)m-, -(CH2)mC(=0)X2X1C(=0)*-, -

(CH2)m(0(CH2)m)nC(=0r-, -(CH2)m(0(CH2)m)nS(=0)2(CH2)m*-, -
(CH2)mNR12(CH2)mC(=0)*-, -((CH2)mO)n(CH2)m*-, -(CH2)mX3(CH2)mC(=0r-, 
(CH2)mX3(CH2)m-, -(CH2)mX3(CH2)m(0(CH2)m)nC{=0)*-, -
(CH2)mC(=0)NH(CH2)mC(=0)*-, -(CH2)mS(=0)2*-, or-

20 (CH2)mOC(=0)NH(CH2)mC(=0)*-, and wherein the * indicates the point of 
attachment to R101; 

and 

O O 0 

N-i- „ I N-l- A N"° 
\\ x s s j r 1 L2 is a bond, 0 , 0 ,X i —r or-S-, wherein 

the * indicates the point of attachment to l_i. 
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50. The immunoconjugate of any one of claims 36 to 49, wherein: 
U is selected from ~(CH2)mC(=0)*-f -(CH2)mX3(CH2)mC(=0)*-, -(CH2)m-, -

(CH2)mX3(CH2)m-, -(CH2)mC(=0)X2X1 C(=0)*-, -(CH2W0(CH2)m)nC(=0)*-, -
(CH2)mX3(CH2)m(0{CH2)m)nC(=0)*-, -(CH2)m(0(CH2)m)nS(=0)2(CH2)m*- and -
(CH2)mNR12(CH2)mC(=0)*-, wherein the * indicates the point of attachment to 
R101 

and 

N-|-

o or -S-, wherein the * indicates the point of 

10 51. The immunoconjugate of any one of claims 36 to 50, wherein: 
L1 is selected from -(CH2)mC(=0)*-, -(CH2)m-, -(CH2)mX3(CH2)mC(=0)*-, -

(CH2)mC(=0)X2XiC{=0)*-, -(CH2)mX3(CH2)m-, -(CH2)m(0(CH2)m)nC(=0)*-, -
{CH2)mX3(CH2)m(0(CH2)m)nC(=0)*-, -(CH2)m(0(CH2)m)nS(=0)2(CH2)m*- and 
-(CH2)mNR12(CH2)mC(=0)*-, wherein the * indicates the point of attachment 

15 to R101; 
and 

o o 

N-l-
O , wherein the * indicates the point of 

attachment to U. 
52. A pharmaceutical composition comprising an immunoconjugate of any one of claims 

20 36 to 51, and one or more pharmaceutically acceptable carriers. 
53. A combination comprising a therapeutically effective amount of an immunoconjugate 

of any one of claims 36 to 51, and one or more therapeutically active co-agents. 
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