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PCT PATENT APPLICATION
ISOQUINOLIDINOBENZODIAZEPINES

CROSS-REFERENCES TO RELATED APPLICATIONS
3001 ] The present application is an international application which claims the benefit
of the filing date of U.5. Provisional Application No. 62/396,714, filed September 19, 2016
entitied “ISOQUINGCLIDINOBENZODIAZEPINES,” the entire contents of which is

mcorporated herein by reference for all purposes.

BACKGROUND OF THE INVENTION
[6602) Benzodiazapines have been used as therapeutics. Benzodiazepine derivatives
mclude pyrrolobenzodiazepines. Pyrrolobenzodiazepine dimers function as DNA cross-
linking agents, ¢.g., by binding m the minor groove of DNA molecules. Certain of these have
been suggested as antiproliferative agents in the treatment of cancer.
(G003 US 8,592,576 (Howard ¢t al ) refers to unsymmetrical pvrrolobenzodiazepine -
dimers asserted for treatment of probhiferative discases.
16004] WO 19937180435 refers to pyrrolobenzodiazepine derivatives asscrted to have
cvtotoxic activity.
[G005] WO 2004/087716 (Kamal et al ) refers to pyrrolo (2,1-0)1.4) benzodiazepine
dimers asserted to be useful as antitumor agents.
3606} US 2008/0090812 (Pepper et al.) refers to a pyrrolobenzodiazeping dimer
asserted o be useful for the treatment of leukemias.
{0667} US 2013/0266596 (L1 et al )} refers to benzodiazepine derivatives asserted to
have antiproliferative activity.
(008} US 2014/60888089 (Char) refers to benzodiazepine denivatives asserted to
have antiproliferative activity.
[6009] Hartley, John A.; “The development of pyrrolobenzodiazepines as antitumour
agents”, 2011, Expert Opmion on Investigational Drugs, 20(6}, 733-744, refers to

pyrrolobenzodiazepines.
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{3601 6] Brulikova, L. et al., “DNA interstrand cross-linking agents and their
chemotherapeutic potential”, Current Medicinal Chemistry, 2012, 19(3}, 364-385 refers to

DNA interstrand cross-linking agents.

{0601 1] Kamal et al, “Design, Synthests, and Evaluation of New Noncross-Linking

.4

Pyrrolobenzodiazepine Dimers with Efficient DNA Binding Ability and Potent Antitumor
Activity” I Med. Chem., 2002, 45 (21), pp 4679-4688 refers to pyrrolobenzodiazepine
chemistry,

16001 2] Tercel et al., “Unsymmetrical DNA Cross-Linking Agents: Combination of
the CBI and PBD Pharmacophores” Journal of Medicmal Chemistry (2003}, 46(11), 2132~
10 2151 refers to pyrrolobenzodiazepines.

[G8013] The statements i this Background are not necessarnly meant to endorse the

characterization in the cited references.

BRIEF SUMMARY OF THE INVENTION

(60014 In one aspect, a compound is provided, having a structure of Formula (8}, (15},
15 (Hihor (V)
(I
Qa Rb F Fi7 R"
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(6001 5] where the dotted bond shown between —C(RY- and ~N(R")- or —C(R*)- and —

N(R")- is independently a single bond or a double bond. When a double bond is present
between ~C(RM- and ~N(R®)-, the ~C(RY- is clefinic and has a substituent R* and R of the -
N(R"- is not present. When a single bond is present between ~C(R™- and -N(Rb)-, the -
C{R%- is saturated and has a hvdrogen substituent in addition to the R* substituent and R” of
the -N(R%)- is present. When a double bond is present between ~C{(R¥)- and ~N{ RB%)-. the —
C{R")- is olefinic and has a substituent R? and R” of the -N(R”)- is not present. When a
single bond is present between —C(Rf‘s)— and —N{ Rb’)g the —C( Ra‘)~ 1s saturated and has a
hydrogen substituent in addition to the R substituent and R® of the -N(R")- is present.
(6001 6] Each of R* and R® is independently H, OH, or —0-P, where P is a protecting
group. If present, gach of R” and R® is independently H, L-R, or L-8; R%, R, R’ R’ LRY
R, R® and R® are each independently selected from H, OH, C-C g alkyl, Co-Cyp alkenyl or
Co~Cip alkynyl; and cach of RPor kY is independently NH; , CO.H, H, OH C,-Cy alkyl, C;-
Cyo alkenyl, C)-C g alkynyl, -L-Ry or —L-5;; cach of Rland R” is HL

[66017] RY is H. NH,, CO.H, -L-Rx, or -L-8,, where the carbon to which R® is

attached also has a hydrogen substituent; or R is an exo olefin having the structure

::SsSWCHg _
where the carbon to which R” is attached has no other substituent.
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136018] X 15 Cy.1; alkylene, optionally where the alkvlene cham is interrupted by ong
o1 more hetero atoms selected from the group consisting of O, §, and NH; or -{(CH,),,-(-

{CH)),-. wherein m and p are each independently 0, 1 or 2.

[06019] {3 has a structure of formula:

R190

where each of RY, R and R" is H, NH,, COH, -L-R, or -L-S and Jis CH or N,

[66020] Eachof Y and Y isindependently 0, S, or NH; and eachof Zand 27 s
mdependently H, R, OH, OR, SH, 5K, NH;, or NHR, where each R is independently
unsubstituted C1.C 1» alkyl, substituted C1.C 12 alkyl, unsubstituted Cs.Cyo heterocycelyl,
substituted C5.C,0 heterocvelyvl, unsubstituted Cs.Coo aryl groups, and unsubstituted Co.Coo

aryl groups.

136021 -L-R; 15 a linker L attached to a reactive moiety Rx, and -L-5, 15 3 linker L
attached to a substance 5, where L is a bond or is a moiety having 1-200 nonhvdrogen atoms
selected from CN, O, S, or halogen, and optionally incorporates cther, oxo, carboxamidvl,
urethanyl, branched, cyclic, unsaturated, heterocychic, aromatic or heteroaromatic moieties;
R, s a reactive moiety, including, but not limited to, a succinimidyvl, malemmidyl,
cviooctynyl, aminooxy, bisulfonfonyl, sulfonvl, or isothivoyanate moicty but may be any
suttable Ry as 18 known in the art; S; 19 a target binding agent selected from a protein, a
portion of a protein, a peptide or a nucleic acid; and when ~L-R, or -L-8; is present in the
compound of formula for {1, only one of Rb, Rb’, RS, R‘r”, Rg, R?‘, R . and R is L-R,or ~L-
S..

[06022] In some embodiments, Y and Y™ may each be 0. In other embodiments, 7 and
2’ may cach be independently selected from C-C; alkoxy. In some embodiments, Zand 27
are cach independently OR, where cach R is independently unsubstituted C,.C 5 altkyl. In
various embodiments, X may be-CHy-. In some embodiments, X may be Q. In some

embodiments, when X is @, then J may be CH.
[66023] In various embodiments, one of R, R" or R' may be -L-R, or -L-S...

(60024 In some embodiments, the compound may have a structure of formula §, and

3’ ) . . . P .
one of B’ or R° may be —-L-R, or —L-S.. In other embodiments, the compound may have a
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stractore of formula 11, and ong of R’ orR® may be ~L-Ry or -L-5. Alternatively, the
compound may have a structure of formula I, and one of R® or R® may be ~L-R, or ~L-8,. In
vet other embodiments, the compound may have a structure of formula I, and one of R or

R" may be —L-Ry or -L-§.

[60025] In some embodiments, the compound is the compound of formula (1), (1),
{TE} or (IV) wherein cach of R* and R* is mndependently H, or OH; if present, each of RO
and RY is independently H, or L-Ry; RERV.RUR.RLRYVRR. RO RO R and R, are
ﬁwc Hs

cach H; R® is H; or an exo olefin having the structure wherein the carbon to
which R® is attached has no other substituent: X is Cy.p» alkviene; cach of Y and Y7 1s O; cach
of Zand 7’ is mdependently OR, where each R is independently unsubstituted C,.C 5 alkyi; -
L-Ry 15 a linker L attached to a reactive moicty Ry wherein L is a bond or is a moiety having
1-200 nonhydrogen atoms selected from CN, O, S, or halogen, and optionally incorporates
cther, oxo, carboxamidyl, urethanyl, branched, cyclic, unsaturated, heterocyclic, aromatic or
heteroaromatic moicties; Ry 18 a reactive moicty; and when —L-Ry is present in the compound

of formula T or 11, only one of R® and R” is L-R,.

[60026] In some embodiments, the compound is the compound of formula (1), (1),
(Y11} or (IV) wherein cach of R* and R” is independently H, or OH; if prosent, cach of R®
and R” is mdependently H, L-Ry; RERRLR.RURYRRT RO RO R andR7, are
each H; X 13 Cipp alkyvlene; cach of Y and Y7 is O; cach of Z and 27 is independently OR,
where cach R is independently unsubstituted C.C5 alkvl; -L-R; is a linker L attached to a
reactive moiety Ry, wherein L is a bond or 1s a moiety having 1-200 nonhydrogen atoms
selected from CN, O, 8, or halogen, and optionally mcomorates ether, oxo, carboxamidyl,
arethanyl, branched, cyclic, unsaturated, heterocyclic, aromatic or hetercaromatic moictics;,
Ry 1s a reactive motety; and when —L-Ry 1s present in the compound of formula [ or I, only

one of R®, and R® is L-R,.

[66027] In some embodiments, the compound is the compound of foromuda (), (1),
(1I0) or (IV) whercin R? is H: R is OH: R” is not present; R” is L-R R*. RY, R RV, RS,
RYRR.RY RO R and R, are each H; X is Cips alkviene; cach of Y and Y7 15 O; cach
of Zand 7”7 s mdependently OR, where cach R is independently unsubstituted C,.C 5 alkyi; -
L-Ry 15 a linker L attached to a reactive moicty Ry wherein L 15 a bond or is a moiety having

1-200 nonhydrogen atoms selected from CN, O, S, or halogen, and optionally incorporates
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ether, oxo, carboxanudyl, urethanyl, branched, cyclic, unsaturated, heterocyclic, aromatic or

hetercaromatic moieties; Ry is a reactive moiety.

[66028] In some embodiments, the compound is the compound of formula (), (T},
{I1]) or (IV) wherein each of R® and RY is mdependently H, or OH: if present, gach of R®
and R” is independently H, L-Ry; R R”, RR' R R R and RT, are each H: R® is: H; or

WCHS
. . & -
wherein the carbon to which R” is attached

an exo olefin having the structure
has no other substituent; X is Cj.p alkviene; cach of Y and ¥~ 15 O; cach of Z and 27 is
mdependentlv OR, where cach R is independently unsubstituted C.C 5 alkyl; -L-R, 13 a hinker
L attached 1o a reactive moiety Ry wherein L is a bond or is a moiety having 1-200
nonhydrogen atoms selected from CN, O, S, or halogen, and optionally incorporates ether,
oxo, carboxamidyl, urethanyl, branched, cyclic, unsaturated, heterocyclic, aromatic or
hetercaromatic moicties; Ry is a reactive moiety; and when —L-R,; 1s present in the compound

of formula I or 11, only one of R, and R® is L-R,.

[66029] In some embodiments, the compound 1s the compound of formula (F), (I},
(I or (IV} wherein cach of R* and R is H; cach of R° and R” is not present, RL RY R,
R* R RS R and R7, are each H: R® is H: Xis Cips alkyiene; each of Y and Y~ 15 O3 and
cachof Z and 7 s independently OR, where cach R is independentlv unsubstituted C.C+

alkyl.

160030) In other embodiments, the compound 18 the compound of formula I wherein
the dotted bond shown between —C(R%)- and “N(RD)- or ~C(R*}- and ~N{R" }- is
independently not a double bond, and each of R® and R® is independently
% @ oS i

N/\)\N{A\/O\:}“/\WN\:J\NJW/N : X

\ K 8 6 A" o U
P
0
0.0
G RALRYORLRY R RYR® and R are

cach H; cach of R>or R is mdependently NH, , COH, H, OR, C-Co alkyl, or $-Cho
alkenyl; each of R'and R” is H; X is C .1 alkylene, optionally wherein the alkylene chain is
mterrupted by one or more oxygen atoms; each of Y and Y is O; and cach of Z and 27 is
mdependently H, R, OH, or OR, where cach R is mdependently unsubstitited C,.C 15 alkyl,
or substituted C,.C p alkyl.

[G0031] In further embodiments, the compound is the compound of formula §i wherein

5

R, Rz’, R R ’, R“:, Ré’, R’ and R® arc cach independently selected from H, OH, C-Cyp
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alkvl, C;-Cyq alkenyl or Cp-Cyp alkynyl; cach of R orR® is mdependently NH; . CO.H, H,
OH, C;-Cyp alkyl, C-Cip alkenyl, Co-Cip atkynyl, or -L-By; each of R and R is H; R® is H,

NH;. CO.H, or -L-R,, wherein the carbon to which R® is attached also has a hydrogen

?WCH;%

substituent; or an exo olefin having the structure wherein the carbon to which
R’ is attached has no other substituent; X is Cy.1» alkvlene, optionally wherein the alkylene
chain is interrupted by one or more hetero atoms selected from the group consisting of O, S,
and NH: or-(CH, },-Q-(CHy)p- , wherein m and p are each independently 0, Lor2; Qhasa

structure of formula:

wherein each of R”, R" and R' is H, NH,, CO.H, or -L-Ry ; and ] is CH or N; each of Y and
Y isindependently O, S, or NH; cach of Z and /7 is mdependently H, R, OH, OR, SH, SR,
NH,, or NHR, where cach R is independently unsubstituted C;.C » alkyl, substituted C,.C 12
alkvl, unsubstituted C5.Choheterooyelvl, substituted C5.Coo heterocyclyl, unsubstituted Co Oy
aryl groups, and unsubstituted Cy.Coo arvl groups; -L-Ry 1s a linker L attached to a reactive
moicty Kx wherein L 1s a bond or is a moiety having 1-200 nonhvdrogen atoms selected trom
C.N, O, 8, or halogen, and optionally incorporates ether, oxo, carboxamidyl, urethanyl,
branched, cyclic, unsaturated, heterocyclic, aromatic or heteroaromatic moteties; Ry s a
reactive moiety; and when ~L-Ry is present in the compound of formula  or 1, only one of

R RY R R RER R and RV isL-R, .

160032] In other embodiments, the compound is the compound of formula ¥, wherein
R RY R RV RYRY,R® and R® are cach H; cach of P or R” is ndependently NH; |
CG,H, H, OH, C-Cyg alkyvl, or C-Cyp alkenyl; cach of Rland R” is H: Xis Cpp2 alkvlene,
optionally wherein the alkylene chain is interrupted by one or more oxygen atoms; cach of Y
and Y~ is independently O; and each of Z and 77 i independently H, R, OH, or OR, where
cach R is mmdependently unsubstituted C,.C 15 alkyl, or substituted C;.C ;- alkyl.

136033] In further embodiments, the compound is the compound of formula Y,

wherein R%, R, R, R, R, Rfv, R® and R are each independently selected from H, OH, ;-
Cyo atkyl, C-Cyp alkenvl or C3-Cyp alkynyl; each of RoorRY is mdependently NH, , COH,
H, OH, C-Cyg adkyl, C-Cip alkenyl, C5-Cyp alkynyl, or -L-Ry; each of R'and R” is H; R® s



10

15

WO 2018/053552 PCT/US2017/052357

H. NH,. CO,H, or -L-R,. wherein the carbon to which R® is attached also has a hydrogen
-?;éWCHg

substituent; or an exo olefin having the structure wherein the carbon to which
R is attached has no other substiteent; X is Ci.1; alkylene, optionally wherein the alkvlene
chain is interrupted by one or more hetero atoms selected from the group consisting of O, §,
and NH: or {CHz)n-Q-(CH)p- , wherein m and p are each independently O, For2; Qhasa
structure of formula:
10

RQ i R R'I‘.

vy
wherein cach of R”, R’ and RV is H, NH,, CO.H, or -L-R, ; and J is CH or N; cach of Y and
Y 1s independently O, S, or NH; cach of Z and 27 15 independently H, R, OH, OR, SH, SR,
NH:, or NHR, where each R 1s independently unsubstituted C;.C 15 alkyl, substituted C1.C
alkyl, unsubstituted £5.C 0 heterocyvelyl, substituted C5.C0 heterocyelyl, umsubstituted Co Cag
aryl groups, and unsubstituted Cs.Cyp aryl groups; -L-Ry is a linker L attached to a reactive
moiety R, wherein L is a bond or 13 a motety having 1-200 nonhydrogen atoms selected from
N, G, 5, or halogen, and optionally incorporates ether, oxe, carboxamidyl, urethanyl,
branched, cyclic, unsaturated, heterocyclic, aromatic or heteroaromatic moicties; Ryis a
reactive moiety; and when —L-R, is present mn the compound of formula T or 1l, onlv one of

RORY R RY RE R R and R s L-R, .

[G8034] in other embodiments, the compound is the compound of formula IV, wherein
Rzﬁ R>. ‘Ri R‘}‘j RY ‘Réy, R® and R® arc cach H; cach of RPorR® is mdependently NH; |
CO,H, H, OH, C-Cyp alkyl, or Co-Cyp alkenyl; cach of Rand R” is H; X is Cy1; alkylene,
optionally wherein the alkylenc chain is interrupted by one or more oxygen atoms; each of Y
and Y s independently O; and cach of £ and 27 is independently H, R, OH, or OR, where
cach R s independently unsobstituted C,.C 1 alkyl, or substituted C,.C 5 alkylL

[GB035] in some embodiments, the compound of formula (8, (), (D or (V) hasa

structure of one of the following formulae:
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[G8036] in some embodiments, the compound of formula | or I has a structure of one

of the following formulae:

-11-
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106037} In some embodiments, the compound of formula T has a structure of one of the
following formulae:
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60038 In some embodiments, the compound of formula H has a structure of ong of

the following formulac:



WO 2018/053552 PCT/US2017/052357

CLT-D501.

CLT-B601.

[66039] In some embodiments, the compound of formula 1 has a structure of the

(]

following formulae:

(m O™
§ \ P e HiOo

66040 In some embodiments, the compound of formula IV has a structure of one of

- ;/C[ « Q \~2”>

1300411 In some embodiments, one of Y, R*, R*, R¥ RZ, R or R may be ~L-R,

CLT-D211.

the following formulac:

CLT-D231.

where R, mav be a moicty that links via a disulfide to 2 eysteine residue on a target-binding
agent. In other embodiments, one of Rb, Rs, R5‘3 Rg, Rg, R or R' is ~L-R, where Ry may be
a moiety that Hnks via a maleinude to a cysteine residue on a target-binding agent. In yet

15  other embodiments, one of Rb, R’ . R’ Rg, RQ R or B is —L-R, where By may be a moicty
that links two cvstemne residues on a target-binding agent by reducing a disulfide bond and
bridging alkvlation of cysteine residues, e.g., linking through bis-sulfone reagent, di-
thiopyridyimaleimide or di-bromo maleiemide. In yet other embodiments, one of RY R° R,

S 9 10 . 4 . g . .
RS, R? Ror R is -L-R, where R, mayv be a moiety that links two cysteine residucs on a

-13-
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target-binding agent by reducing a disulfide bond and bridging alkviation of ¢cysteine

. . . 5 155 S P i
residues. In some other embodiments, one of R”, B, R¥ R® R’ R or RV may be ~L-By
where R mav be a moicty that links via a succininide link to a lysine residue on a target-

binding agent.

160042] fn other embodiments, one of R, R°, RY, R®, R”, R or R' may be ~L-R,,
where Ry may be a moicty that links to an un-natural amino acid residue on a target-binding
agent. In some embodiments when R, ts a motety that hinks to an un-natural amino acid
residue on a target-binding agent, Ry may be a cyclooetyne moiety which links via copper-
free click chemistry to an p-azidomethviphenvlalanine residue or Ry may be an ammoxy

moiety which links to a p-acetviphenylalanine residue via oxime condensation,

[60043] in some embodiments. one of R”, R°, R*, R®, R, R" or R may be ~L-R,.
where Ry may be a moiety that links to a N-glycan on a target-binding agent through glveo
engingering. In some embodiments, when R, 1s a moiety that Hnks to a N-glycan on a target-
binding agent through glyco engineering, then Ry may be a cyclooctyvne moiety which links
via copper-free click chemistry to an azido moiety of the target-binding agent where the azido
moiety 1s engineered by enzymatic transfer of galactose and 9-azidosialic acid to a N-glycan.
In other embodiments, when R, 18 a moiety that links to a N-glvcan on a target-binding agent
through glveo engincering, then R mav be an aminoxy moiety which links via oxime
condensation to an aldchyvde moicty of the target binding agent where the aldchyde is
engingered by enzvmatic transfer of galactose and sialic acid to a N-glycan followed by

periodate oxidation.

[B0644] In some embodiments, one of B®, R°, B>, R®, R*, R or R may be —L-Ry,
where Ry mav be a moiety that links to an engincered glotanune-tags on a target-binding
agent. In some embodiments, when wherein Ry is a moiety that links to an engineered
glutamine-tags on a target-binding agent, Ry links to positions (32935 and/or N297() of an Fc
portion of an antibody (EU Kabat numbering) via transglutaminase-mediated conjugation.
130045] In other embodiments, one of Rb, R’ Ryﬁ R* R RV orr” may be ~L-Ry,
where Ry mav be a moiety that links to an aldchyde-tags generated by formviglvemne enzyme
mediated conversion of cysteine to formylglyeine followed by hydrazino-PICTET-Spengler

(HIP) reaction.

[30046] In various embodiments, the compound of formula |, #f, TH or IV may have a

substituent -L-S,, which 13 a conjugate covalently linked to a target-binding agent. In some

14



(]

10

15

WO 2018/053552 PCT/US2017/052357

embodiments, the target-binding agent may be a protein. For example, a compound having
formuda 1, B, 1 or IV can comprise a substituent ~L-S., at an indicated location, wherein §;
is atarget-binding agent. in some embodiments, when the target-binding agent is a protein,
then the protein may be an antibody. In some embodiments, when the target-binding agent 1s
a protein, then the protein may be an antibody fragment. In other embodiments, when the
target-binding agent is a protein, then the protein may be an antibody single-chain fragment

variable (“scFV™7)

[66047] In some embodiments, when the compound of formula I I, i or iV isa
conjugate having —L-8;, the target-binding agent mayv bind to a tumor-associated antigen, a

cancer-stem-cell associated antigen or a viral antigen.

(60048 In other embodiments, when the compound of formula L IE, i or IV isa
comjugate having —L-5S., the target-binding agent may bind to a target selected from an acute
myeloid leukemia (AML M4} cell, an acute promyelocytic leukemia cell, an acute
fymphoblastic leukemia cell, an acute lymphocytic leukemia cell, a chronic lymphocytic
leukemia cell, a chronic myeloid feukenia cell, a chronic T-cell lymphocytic levkemia, a
myvelodysplastic syndromic cell, a multiple myeloma cell, a prostate carcinoma cell, a renal
cell adenocarcinoma cell, a pancreatic adenocarcinoma cell, a fung carcinoma cell or g gastric
adenocarcinoma cell, a gastric adenocarcinoma cell, a breast cancer cell, a colon cancer cell,
a melanoma cell, a thyroid cancer cell, an ovanan cancer cell, a bladder cancer cell, a hiver
cancer cell, a head& neck cancer cell, an esophageal cancer cell, a hodgkin lymphoma cell, a
non-hodgkin lvmphoma cell, a mesothelioma cell, a neuroblastoma cell, a neuroendocring
tumor cell, a neurofibromatosis type T (NF1) cell, a neurofibromatosis type 2 (NF2) or an

osteosarcoma cell.

(60049 In other embodiments, when the compound of formula L IE, i or IV isa
comjugate having —L-S., the target-binding agent may bind a target selected tfrom GPR114,
CLL-1, ILIRAP, TIM-3, CD19, CD28, CD22, RORI, mesothelin, D33, CD123/1L3Ra, c-
Met, PSMA, prostatic acid phosphatase (PAP}, CEA, CA-125, Muc-1, AFP, Glveolipd F77,
EGFRvIH, GD-2, NY-ESO-1 TCR, tyrosinase, TRPVgp73, gpl00/pmel-17, Melan-
A/MART-1, Her2/neu, WT1, EphA3, tclomerase, HPV E6, HPV E7, EBNAL, BAGE, GAGE
and MAGE A3 TCRSLITRES, ENPP3, Nectin-4, CDx27, SLC44A4, CATX, Cripto, CD30,
MUC16, GPNMB, BCMA, Trop-2, Tissue Factor (TF), CanAg, EGFR, av-mtegrin, CD37,
Folate Receptor, CD138, CEACAMS, CD36, CD70, CD74, GCC, 514, CD79b, Steapl,

-15-
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NapiZb, Lewis Y Antigen, LIV ¢-RET, DLL3 EFNA4, Endosialin/CD248, Lyv6e (RIG-¢),
CD79, CD274 (PD-L1. CD38, BLL4, CD319 (SLAMT).

[[HEESTU In other embodiments, when the compound of formula L, IL ifforfVisa
conjugate having —L-5;, the target-binding agent may be a bi-specific antibody/antibody
fragment. In some embodiments, when the target-binding agent is a bi-specific
anfibody/antibody fragment, the bi-specific antibody/antibody fragment may bind to one or
two targets selected from GPR114, CLL-1, ILIRAP, TIM-3, CD¥19, CD20, CD22, ROR],
mesothelim, CD33, CD123/L3Ra, o-Met, PSMA | prostatic acid phosphatase (PAP), CEA,
CA-125, Muc-1, AFP, Glycolipid F77, EGFRvIL, GD-2, NY-ESGO-1 TCR, tyrosinase,
TRPVepT73, gpl00/pmel-17, Melan-A/MART-1, HerZ/meu, WTI, EphA3, telomerase, HPV
E6, HPY E7, EBNAIL, BAGE, GAGE and MAGE A3 TCRSLITRKS, ENPP3, Nectin-4,
CD27, SLC44A4, CAIX, Cripto, CD30, MUC1I6, GPNMB, BCMA, Trop-2, Tissue Factor
(TF}, CanAg, EGFR, av-mntegrin, CD37, Folate Receptor, CD38, CEACAMS, CD36,
CD70, CD74, GCC, 574, CD79b, Steapl, Napi2b, Lewis Y Antigen, LIV, ¢-RET,
DLL3EFNA4, Endosialin/CD248, Lyoe (RIG-¢), CD79a, CD274 (PD-L1), CD38, DLL4,
CH319 (SLAMT). In another embodiment the target-binding agent is a humanized
antibody/antibody fragment. In another embodiment the target-binding antibody/antibody
fragment 1s modified to contan 3 non-natural cysteine residue. In another embodiment the
compound of Formula | or [l is attached to the target binding antibody/antibody fragment at

the non-~ natural cysteine residue.

066051 ] In another aspect this disclosure provides an antibody-drug conjugate
comprising an antibodv/antibody fragment that binds specifically to cancerous
myeloproliferative cells and/or leukemic cancer stem cells and does not bind to normal
hematopoietic stem cells. In one embodiment the antibody/antibody fragment is humamzed.
In another embodiment the antibody/antibody fragment is modified to introduce a non-natural
cysteine residucin another embodiment the drug 15 conjugated to the non-natural cysteine
residue. In another embodiment the drag is the compound having a structure of Formula 1,
fi, I8 or IV herein. In another embodiment the number of drug molecules conjugated per
antibody/antibody fragment is in the range from about 1 to about 10, In another embodiment
the number of drug molecules conjugated per antibody/antibody fragment is in the range

from about 1 to about 3.

[G0052] An antibody-drug conjugate having a structure of Formula V-

-16-
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X A
srdnne W—Ry ~L—1QH |

whereut:

\j K
ig an antibody or antibody fragment;

W-Ra 1 a linking moicty formed by W and Ry, whercin W is 2 moicty attached a natural or

(]

unnatural amino acid residue of the antibodyv/antibody fragment and R, 1s a reactive moigty
linking L-1QB to the antibody; L is a linker, wherein L is a bond or is a moiety having 1-200
nonhydrogen atomclected from €N, O, 8, or halogen, and optionally incorporates ether, oxo,
carboxamidyl, urethanyl, branched, cvchic, unsaturated, heterocycehic, aromatic or
hetercaromatic moieties; § 1s a number of 1 to 10; and, IQB 15 a compound having a structure

10 ofFormula l, I [l oriV:

I

Y

15 (T
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wherein: the dotted bond shown between —~C(R?)- and ~N(R")- or ~C(R* )~ and ~N(R" )}~ is
independently a single bond or a double bond; when a double bond is present between —
C(RY- and ~N{™)-, the ~C{R%)- is olefinic and has a substituent R® and Rb of the -N{®b)-~ is
not present; when a single bond is present between ~C{R%- and ~-N{Rb}-, the -C(R%-is
saturated and has a hyvdrogen substituent in addition to the Ra substituent and RY of the -
N{R")- is present; when a double bond is present between ~C(Ra™)- and ~N(RY)-, the -
C{R"}- is olefinic and has a substituent R* and R of the -N(R®)- is not present; when a
single bond is present between —C(RY )- and —N(R”)-, the ~C(R*)- is saturated and has a
hydrogen substituent in addition to the R” substituent and R” of the -N(R” )~ is present; cach
of R* and R* is mdependently H, OH, or -0-P, where P 15 a protecting group; if present,
cach of R” and R” is independently H, or -L; RZ, R?‘“', Rz, Ry, Ri R’V., R® and R® are each
mdependently selected from H, OH, C;~Cyg alkyl, Co-Cie alkenyl or Cs-Cp alkynyl; cach of
R’ or R’ is independently NH, , COLH, H, OH C;-Cio alkyl, Co-Cio alkenyl, Co-Cip alkynyl,
-L: each of R'and R is H:

RY is: H, NH,, CO.H, or -L, wherein the carbon to which R® is attached also has a hydrogen

e,
substituent; or an exo olefin having the structure wherein the carbon to which
R is attached has no other substituent; X is: €52 alkyvlene, optionally wherein the alkylene
chain is interrupted by one or more hetero atoms selected from the group consisting of O, 5,

and NH: or

-18-
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“«(CH2)-Q-{CH))y- . wherein m and p are each independently 0, 1 or 2; Q has a structure of

formula:

wherein cach of Rg, R"and R" is HNH, COH -Loand Jis CHor N cachof Yand Y is
mndependently O, S, or NH; cach of Z and 727 1s independently H, R, OH, OR, 5H, SR NH;,
or NHR, where each R is independently vosubstitated C,.C 15 alkvl, substituted C,.C 5 alkyl,
unsubstituted C;5.Cyo heterocyelvl, substituted C1.Cyo heterocvelvi, unsubstituted CoCagaryl
groups, and snsubstituted Cg.Copary] groups: and wherein only one of R®, R”, R*, R* _R® R’,

RY and RV is-L.

[B0053] An antibody-drug conjugate having a structure of Formula V:

XN A
]wlm{wwmﬂm ~L~108)

wherein:

\\\ //

ig an antibody or antibody fragment;

W-Ry 18 a Iinking moiety formed by W and Ry, wherein W is a moicty attached fo a natural
or unnatural aming acid residue of the antibodv/antibody fragment and Ry is a succinimidvi,
malcimidyl, cylooctynyl, aminooxy, hisulfonyl, sulfonvi, or isothiocyanate moicty, such that
W-Ry, 15 a disulfide, a thiolated succinimidyl, an amino substituted succimnudyl, a
(cyclooctyl)-1, 4 tnazolyl, oxime substituted N-glyvcan, oxime, a substituted bis-sulfopropyl,
a sulfonamidyl, an amide, or a thiocarbamate moicty; L is a inker, wherein Lisabond orisa
moicty having 1-200 nonhvdrogen atoms selected from TN, O, S, or halogen, and optionally

mcorporates ether, oxo, carboxamidyl, urethanyl, branched, cvelic, unsaturated, heterocvehie,

-19-
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aromatic or heteroaromatic moteties;  is a number of 1 to 10; and, IQB 1s a compound having

a structure of Formula (I} or (A}

I

(11D

vy

10
wherein: the dotted bond shown between ~C(R%)- and ~N(R")- or ~C(R*)- and ~N(R" )}~ is

independently a single bond or a double bond; cach of R* and R® is independently H, GH, or
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~{-P, where P is a protecting group: if present, each of R® and R® is independently H, or a
bond linked to linker L; B>, R”, R?, RY. R", R*, R® and R® are each independently selected
from H, OH, C,-Cyp alkyl, Co-Cyp alkenyl or C3-Cyp alkynyl; cach of RPor R’ is
mdependently NH, , CO.H, H, OH C-Cyp alkvi, C-Cyp alkenyl, Cr-Cie alkynvl, a bond
linked to linker L; each of R'and R” is FL; R® is: H, NHa, CO.H, or a bond linked to Hnker L,
wherein the carbon to which R® is attached also has a hydrogen substituent; or an exo olefin

:gsSWCHg
having the structure wherein the carbon to which R® is attached has no other
substituent; X 1s: ;.12 alkylene, optionally wherein the alkyvlene chain is interrupted by one
or more hetero atoms selected from the group consisting of O, S, and NH; or -(CHy )3~

{CH,),- . wherein m and p are each independently 0, 1 or 2; Q has a structure of formula:

Rm

wherein each of R”, R™and R" is H. N, CO,H. a bond linked to linker L; and Jis CH or
N;each of Y and Y7 is independently O, 8, or NH; ecach of Z and 27 is mdependently H, R
OH, OR, SH, SR, NH;, or NHR, where each R is independently vnsubstituted C1.C 12 alkvl,
substituted C1.C 1y alkvi, unsubstituted C1.Cao heterocyelyl, substituted Cs.Cop heterocvelyl,
unsubstituted Cs.Cyro aryl groups, and unsubstituted Cs.Cro aryl groups; and wherein only one

of B®, Rb’ﬁ ROR R R R and R" is a bond linked to linker L.

136054 In one embodiment of an antibody-drug conjugate, W is attached directly or
indirectly to the amino acid residue of the antibody/antibody fragment. In ancther
cmbodiment R, is a succinimidyl, malemmidyl, cvlooctynvl, aminooxy, bisulfonyi, sulfonvl,
or isothiocyanate moiety. In another embodiment W-Ry, 1s a disulfide, a thiolated
succimimidyl, an amine sabstituted succinmmidyl, a (eyclooctyl)-1, 4 triazolyl, oxime
substituted N-glyean, oxime, a substituted bis-sulfopropyl, a sulfonamidyl, an amide, ora
thiocarbamate moiety. In another embodiment —W-Ry~L-1QB is a moicty having a structure

of Formula IV:
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In another embodiment the antibodv/antibody fragment is humanized. In another
cmbodiment the antibody/antibody fragment is modificd fo introduce a non-natoral cysteine
residue. In another embodiment the drug is conjugated to the non-natural cysteine residue. |

5 1slto3.

[66055] In another aspect, a pharmaceutical composition is provided including the

compound of formuda 1, ¥i, i, or IV:

I
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[B0056] where the dotted bond shown between —C(RY- and -N(R")- or -C(R"}- and —
N(R")- is independently a single bond or a double bond. When a double bond is present
between ~C(RY- and ~N(R")-, the ~C(R"- is olefinic and has a substituent R* and R of the -
N(R"- is not present. When a single bond is present between —~C(R*)- and —N{Rb)-~, the -
C(RY- is saturated and has a hyvdrogen substituent in addition to the R” substituent and R” of
the -N{R®)- is present. When a double bond is present between ~C(R™)- and ~N(R)-, the —
C{R"}- is olefinic and has a substituent R* and R” of the -N(R” )~ is not present. When a
single bond is present between —C(R[‘f} and —N (Rb’)", the —C(R?’} 1s saturated and has a

hydrogen substituent in addition to the R substituent and R® of the -N(R")- is present.

[66657] Each of R® and R¥ is independently H., OH, or —0O-P, where P is a protecting
group. If present, cach of R® and R” is independently H, L-R, or L-S.; R%, R”, R*, R* | R,
R, R and R® are each independently selected from H, OH, C-Cyp alkyl, Co-Cip alkenvl or
Cr-Cip alkynyl; and each of RoorR” is independently NH, | CO.H, H, OH C-Cyg atkyl, C;-
C 1o alkenyl, Co-Cyg alkynyl, -L-R, or —L-8,; cach of R’and R is H.

[30058] RYis H, NH,, CO.H, -L-Rx, or -L-8,, where the carbon to which R% is

. 8 . ~ . .
attached also has a hyvdrogen substituent; or R” is an exo olefin having the structure

where the carbon to which R is attached has no other substituent.
[B0059] X 15 €.y alkylene, optionally where the alkvilene cham is interrupted by one
or more hetero atoms selected from the group consisting of O, §, and NH; or -(CH,},,-(-

(CHb),-. wherein m and p are each independently 0, 1 or 2.

[66060] {3 has a structure of formula:
R1C
g 114
R x R

i e

v
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whete cach of R”, R and RY is H, NH,, COH, -L-R, or -L-8, and Jis CHor N.

160061 ] Each of ¥ and Y’ is independently O, 8, or NH; and cach of Z and 2 is
mdependently H, R, OH, OR, 5H, 5K, NH;, or NHR, where each R is independently
unsubstituted C.C 12 alkyl, substitoted C1.C 15 alkyl, unsubstituted Cs.Cyg heterocyclyl,
substituted C1.Cs¢ heterocyelyl, unsubstitited Co.Coo aryt groups, and unsubstituted Co.Cap

aryl groups.

[66062] -L-By 15 a linker L attached to a reactive moiety By, and -L-5. 15 a linker L
attached to a substance 8. where 1 1s a bond or is a moiety having 1-200 nonhvdrogen atoms
selected from C,N, O, S, or halogen, and optionally incorporates ether, oxo, carboxamidyl,
arethanyl, branched, cyclic, unsaturated, heterocyclic, aromatic or hetercaromatic moieties;
R, is a reactive moiety; 5. is a target binding agent selected from a proiein, a portion of a
protein, a peptide or a nucleie acid; and when —L~-Reor —L~-S s present in the compound of

formula or IE, only one of RY . Rb, R R, RS R% R, and RV is L-R, or -L-§,.

[66063] Compounds of formula I can exist as four stercoisomers based on the 6a-~
bridgehead hydrogens. That is, they can exist in §, § form, B, R form, S, R form and RS
form. It has been determined that the 5, 5 form of D201 (referred to as D211 and the §, R
form (referred to as D231) possess the greatest cytotoxic activity. In particular, the §, S form

has greater activity than the other forms.

160064] As such, in a preferred embodiment, the compounds of the present invention

have a structure of Formula (1H) -

(i)
and the antibody-drug conjugates of the present invention have a structure of Formula 'V,

wherein the QB compound is a compound having a structure of Fornula UL
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wherein: each of RO R RO RY RA R R R R RV RO R R R RR.XY. Y,

Formula V.

5 Z, 27, W-Ry, L and j 15 as defined hercin, and the 1QB compound is a compound of Formula
11 as defined herein.  Exemplary compounds and antibody-drug conjugates talling within the

scope of Formulae HI and V, respectively, inclade, but are not imited to the following:
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wherein the antibody or antibody fragment is anti-CLL L

.4

[60065] In yet another aspect, a phammaceutical composition 1 provided tncluding the
compound of formula { or H as described herein, where the compound bas a substituent —L-

Se. which 1s a conjugate of this disclosure covalently linked to a target-binding agent.

66066 In a further aspect, a use is provided for a compound of formuala 1, 8, Hi, or
IV as described herein, or for the conjugate of this disclosure including a compound of
10 formula | 1T I3 or ¥V, having a substituent —L-5, as described herein, in the manufacture of

a medicament.

600571 In another aspect, provided herein 18 a method of treating cancer comprising
contacting cancer cells administering to a subject with the cancer a therapeutically effective
amount of a compound of formula 1, I, 1} or IV as provided herein, or a conjugate thereot
15 asprovided herein. In one embodiment the cancer treated 1s a leukemia, lymphoma or a solid
tumor. In another embodiment the conjugate comprises an antibody that specifically binds a

tumor-associated antigen or a cancer-stem-cell associated antigen.
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[(30868] In another aspect, provided herein i1s a method of mhibiting cell division
comprising contacting a cell with a compound of formuala L 1, 1, or IV as provided herein,

or a conjugate thercof as provided herein.

[06069] Other obiects of the disclosure may be apparent to one skilled in the art upon

reading the following specification and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[G6070] The novel features of the disclosure are set forth with particulanty in the
appended claims. A better understanding of the features and advantages of the present
disclosure will be obtamed by reference to the following detailed description that sets forth
dhustrative embodiments, 1n which the principles of the disclosure are utilized, and the

accompanying drawings of which:

{66071 FiG. 1 shows the generic Formula | and generic Formula 11

[60072] FIG. 2 shows linker moieties R®, R”, R> R and X.

(G007 3] FIG. 3 shows an experimental scheme for the chemical synthesis of CL'T-
D201

160074] FiG. 4 shows an experimental scheme for the chemical synthesis of CLT-
D301,

[G0075] FiG. 5 shows an experimental scheme for the chemical synthesis of CLT-
D601

[66076] FiG. 6 shows an experimental scheme for the chemical synthesis of an

mtermediate in the svnthesis of CLT-D501.

[66077] Fids. 7A, FIG. 7B and FIG, 7C show an experimental scheme for the

chemical synthesis of CLT-D202, including linker synthesis.

[30078] FIG. 8 shows an experimental scheme for the chemical synthesis of CL'T-
0203,
[66479] FiG, 9A and FIG. 98B show an experimental scheme for the chemical

synthesis of CLT-D204.
[GB08G] FIG. 19 shows cvitotoxicity on Leukemia Cell lines of various IQB Payloads.

(308811 Fi¢. 11 shows cyvtotoxicity of HQB Payvioads on Lymphoma Cell Tine CA4d6,
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308821 FiG. 12 shows Glsp values {(pg/mL) on Leukemia and Lymphoma Cell lines of

various 1QB Payloads.

[66083] Fi(. 13 shows cyvtotoxicity on solid tumor cell lines of various IQB Payloads.
68084 FiG. 14 shows cyvtotoxicity on solid tumor cell lines of various IQB Payloads.
[36085] Fi1¢. 15 shows cyvtotoxicity on solid tumor cell Hings of various IQB Payloads.
[66086] FiG, 16 shows cytotoxicity on solid tumor cell lines of various 10QB Payloads.
[06087] Fi{s 17 shows cvtotoxicity on solid tumor cell lines of vartous IQB Payloads.
[G8088] FIG. 18 shows a summary of Glse values (pg/mL) on Solid Tumor Cell lines.
{66089 FiG. 19 shows a comparison between payload potency of CLT-DB201 and
PBD1.

[60650] Fidys, 204, 208, 2080 and 20D show a synthesis scheme for CLT-D202.
G839 FIG. 21 shows target dependent cell killing of an anti-CLL1-D202 conjugate.
[66092] FiGs, 224 and 228 show a CLLI-ADC displayed target dependent cell

killing in MDR+ve cell hine.

{66493 FIG. 23 shows a comparison of killing and binding of a CLL1-ADC.
[G8094] FiGs. 24A and 248 show that a CLL1-ADC kills both quicscent and

proliferating cells.
[66095] FiGs, 25A-258 shows results of in vivo tests of a CLLI-ADC.

[06096] FIG. 26 shows that a CLLI-ADC inlubits colony formation of primary AML

patient cancer cells.

360971 FIG. 27 shows an expenimental scheme for the chemical synthesis of CLT-
D21t
[60098] FIG. 28 shows an experimental scheme for the chemical synthesis of CLT-
D221,
[G0099] FIG. 29 shows an expenmental scheme for the chemical synthesis of CLT-
D231
660100 Fi1G. 30 shows an expernimental scheme for the chemical syathesis of CLT-
D241.
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1660101} FIG. 31 shows an experimental scheme for the chemical synthesis of CLT-

D251 and CLT-D253.

660102} Fiz. 32 shows shows an experimental scheme for the chemucal synthesis of

activated carbonate of linker for CLT-D212.

5 [600103] FIGs. 33A and 33B shows an experimental scheme for the chemical synthesis

of CLT D212,

16001 04] FiGs. 34A and 348 show cytotoxicity in a three-day assay on Leukemia Cell

hnes AMEZ (FIG. 34A) and HL6O (FIG 34B) of 1QB stereoisomers CLT-D201, CLT-D211,

CLT-D221 and CLT-D231 and standard PBD1 (structurally identical to SGD-1882, Spirogen
10 Lid).

{3081 05} Fi(s. 35A and 35B show cytotoxacity on cell hnes AMLS (FEG 336A) and
SHI (FIG 3568) of 10B stereoisomers CLT-D201, CLT-D211, CLT-D221 and CLT-D231
and standard PBD1.

(6061 05] Fi{zs. 36A and 36B show cvtotoxicity on cell lines QCI-M1 (FI{ 36A) and
15 OCE-M2 (FIG 368) of 108 stereoisomers CLT-D201, CLT-D211, CLT-D221 and CLT-
D231 and standard PBD1.

[B60107] FiG. 37 shows Glso values (pg/mL} values for a variety of tumor celf lines of

1QB sterecisomers CLT-D201, CLT-D211, CLT-D221 and CLT-D231 and standard PBD1.

6001 68] FiGs, 38A-38C show toxicity of CLT-D211, CLT-D241, CLT-D251, CLT-
20 D253 and control PBD1 on AML2 (FIG 38A), AMLS (FIG 38B) and HL 60 (FIG. 38C)

cells.

[B00109] FiGs. 39A-398 show toxicity of CLT-D211, CLT-D241, CLT-D251, CLT-

D253 and control PBD1 on solid tumor HEP G2 cells (FIG 484} and a 704 cells {(FIG 408).

660110 FiG, 490 15 a chart showing 1C50 of various free compounds against several
25 cell lines.

(600111} Filzs, 41 A-41B show toxicity of antibody drug conjugates C6-D212 and £O-

D212 on AML2 (FIG 41A) and HLS0 cells (FIG 41B).

3601121 FiGs. 42A-42D show toxacity of antibody drug conjugates C6-D212 and C0-

D212 on OCLI-AMLS (FIG 42A), OCI-AMLS knockout (FIG 428}, U937 (FIG 420), and
30 U937 CLLI-cxpressing {FI1G 428) cells.
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1660113} FIG. 43 shows the log of toxicity against CLLI-expressing cells as a function

of the log of relative MFL

060114} FiG. 44A, FIG. 448 and ¥FIG. 44C show an experimental scheme for the

chemical syathesis of CLT-D232, including linker synthesis.

DETAILED DESCRIPTION OF THE INVENTION

6601 15] This application is not limited to particular methodologies or the specific
compositions described, as such may, vary. If is also to be understood that the terminology
used herein 1s for the purpose of describing particular embodiments only, and is not intended
to be fimiting, since the scope of the present application will be limited only by the appended

claims and their equivalents.

600116} Unless defined otherwise, all techuical and scientific terms used herein have
the same meaning as commonly understood by onc of ordinary skill in the art to which this
disclosure belongs. Although any methods and matenials similar or equivalent to those
described herein can be used m the practice or testing of the present application, the preferred

methods and materials are now descnbed.

Isoguinolidinobenzodiazepines

660117 Isoquinolidinobenzodiazepmes (“1QBs”) are encompassed by generic
formulae disclosed herein. The compounds may be identified either by their chemical
structure and/or chemical name. When the chemical structure and chemical name conflict,
the chemical structure is determinative of the identity of the compound. The compounds may
contain one or more chiral centers and/or double bonds and therefore, may exist as
stergotsomers, such as double-bond 1somers (i e., geometric isomers), enanticmers or
diastereomers. Accordingly, when stereochemistry at chiral centers is not specified, the
chemical structures depicted herein encompass all possible configurations at those chiral
centers incloding the stereoisomerically pure form {e.g., geometrically pure, enantiomerically
pure or diastereomerically pure) and enantiomeric and stercoisomernic mixiures.

Enantiomeric and stercoisomeric mixtures can be resolved into their component enantiomers
or stercoisomers using separation technigues or chiral synthesis techmques well known to the
skilled artisan. The compounds may also exist in several tautomeric forms including the enol
form, the keto form and mixtures thereof. Accordingly, the chemical structures depicied

herein encompass all possible tautomeric torms of the lustrated compounds.
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3601 18] Isoquinolidinobenzodiazepines may exist in unsolvated forms as well as
solvated forms, inchuding bydrated forms and as N-oxides. In general, the hvdrated. solvated
and N-oxide forms arc within the scope of the present disclosure. Certain compounds may
exist in multiple erystaliine or amorphous forms. In general, all phvsical forms are equivalent
for the uses contemplated herein and are intended to be within the scope of the present
disclosure, Further, it should be vnderstood, whean partial stractures of the compounds are
thustrated, that brackets mdicate the point of attachment of the partial structure to the rest of

the molecule.

16001 19] As referred to herein, “alkvl” means a saturated, branched or straight-chain or
cvelic, monovalent hydrocarbon radical having the stated number of carbon atoms (ie., C1-
6 means one to six carbon atoms) that is derived by the removal of one hydrogen atom from
a single carbon atom of a parent alkane. Typical atky! groups include, but are not imited to,
methyl; ethyl; propyls such as propan-1-vl, propan-2-vi, cyclopropan-1~vi; butyls such as
butan-1-yi, butan-2-vl, 2-methyl-propan-1-vi, 2-methyl-propan-2-vl, cvclobutan-1-vi; and the
like. In some embodiments, “alkvl” means a saturated, branched or straight-chain,
monovalent hydrocarbon radical having the stated number of carbon atoms (1.¢., C1-C6
means one to six carbon atoms) that is derived by the removal of one hydrogen atom from a
single carbon atom of a parent alkane. Typical alkvl groups include, but are not limated to,
methyl; ethyl; propyls such as propan-1-vi, propan-2-vi butyls such as butan-1-vl, butan-2-

vl, Z-methyi-propan-1-yl, 2-methyl-propan-2-vi; and the like.

660120 As referred to herein, “alkenyl” means an uasaturated branched, straight-chain
or eychic alkvl having at least one carbon-carbon double bond derived by the removal of one
hydrogen atom from a single carbon atom of a parent alkene. The group may be m cither the
cis or trans conformation about the double bond(s). Typical altkenyl groups include, but are
not fimited to, etheovl; propenyls such as prop-i-en-1-vi, prop-t-en-2-yl, prop-2-en-1-yi,
prop-2-en-2-vl, cvcloprop-1-en-1-vl; eycloprop-2-en-1-yl; butenyis such as but-1-cn-1-v1,
but-1-en-2-vl, Z-methyl-prop-1-en-1-vl, but-2-en-1-v1, but-2-en-2-vl, buta~1,3-dien-1-v1,
buta~-1,3-dien-2-y1, cvelobut-1-en-1-v1, cyclobut-1-en-3-vl cyclobuta-1,3-dien-1-vl, etc ; and
the like. As used herein, "lower alkenyl” means (C2-C8) alkenyl. In some embodiments,
“alkeny!” means an unsaturated branched, straighi-chain alkyl having at least one carbon-
carbon double bond derived by the removal of one hydrogen atom from a single carbon atom
of a parent alkene. The group may be in either the cis or trans conformation about the double

bond(s). Typical alkeny! groups include, but are not limited to, ethenyi; propenvis such as
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prop-l-en-1-vl, prop-l-en-2-vl prop-2-en-1-vl, prop-2-en-2-vl; butenvls such as but-1-en-1-
vi, but-1-en-2-vi 2-methyl-prop-1-en-1-vi bat-2-en-1-vl, but-Z-en-2-vi, buta~-1 3-dien-1-vL,

buta-1,3-dien-2-vi, ctc ; and the tike. As used herein, "lower alkenvl” means (C2-C8) alkenyl

060121} Ag referred to herein, “alkynyl” means an unsatorated branched, straight-chamn
or cyelic alkyl having at least one carbon-carbon triple bond derived by the removal of one
hydrogen atom from a single carbon atom of a parent alkyne. Typical alkyoy] groups mclude,
but are not limited to, cthyayl; propyavls such as prop--yn-1-vi, prop-2-yn-1-vl ete;
butynvis such as bui-1-yn-1-yi, but-1-vo-3-vi, but-3-yu-1-vi, etc.; and the like. As used
herein, "lower alkynyl" means (C2-C8) alkynyvl. In some embodiments, “alkvnyl” means an
unsaturated branched, straight-chain alkyl having at least one carbon-carbon triple bond
derived by the removal of one hydrogen atom from a single carbon atom of a parent alkyne.
Typical alkynyl groups include, but are not himited to, ethyanyl; propynyls such as prop-1-yn-
1-vk, prop-2-vu-1-vi, etc.; butynvls such as but-1-vo-1-vi, but-1-yn-3-yl, but-3-vn-1-y1, ctc;

and the like. As used herem, "lower alkyoyl” means (C2-C8) alkynyl.

16001 22] Cyelic alkyl, alkenyl and alkynyl groups are also defined by the term
“cycloalkyl” which means a saturated or partially unsaturated, monocycelic, fused bicyclic or
bridged polveyelic ring assembly containing from 3 to 12 ring atoms, or the number of atoms
indicated. Cvcloalkyl can inchude any number of carbons, sach as Cs, Cos, Tsg, Cag, Cus.
Cs.s. Coog, Caoo, Caaro, Caan, and Caapp. Saturated monocyelic cycloalkyl rings mclude, for
example, cvclopropyl, cyclobatyvl, cyvclopentyl, cyclohexyl, and cyvelooetyl. Saturated
hicyelic and polyeyelic cvaloalkyl rings inchude, for example, norbornane, 2.2 .2}
bicyclooctane, decahvdronaphthalene and adamantane. Cycloalkyl groups can also be
partially unsaturated, having one or more double or triple bonds in the ning. Representative
cveloalkyl groups that are partially unsaturated include, but are not limited to, cyclobutene,
cvelopentene, cvelohexene, eyclohexadiene (1,3- and 1,4-isomers), cveloheptene,
cyeloheptadiene, cyclooctene, cyelooctadiene (1,3-, 1.4- and 1,5-isomers), norbomene, and
norbornadiene. When cycloalkyl 1s a saturated monocyclic Cag cycloalkyl, exemplary groups
include, but are not himited to cyclopropyl, cyvclobutyl, cvclopentyl, cyclohexyl, cycloheptyl
and cvelooctvl. When cycloalkyl 1s a satarated monocyclic Cs.g cycloalkyl, exemplary
groups include, but are not limited to cvclopropyl, cyvclobuiyl, cvclopentyl, and cyclohexyl.

Cycloalkyt groups can be substituted or unsubstituted.

(G001 23] As referred to herein, “alkvlenc” means a divalent alkyl moicty.
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3601 241 As referred to herein, “alkoxy” means an alkyl group having an oxygen atom
that connects the alkvl group to the point of attachment: alkvl-0-. As for alkyl group, atkoxy
groups can have any suitable number of carbon atoms, such as €. Alkoxy groups include,
for example, methoxy, ethoxy, propoxy, iso-propoxy, butoxy, 2-butoxy, iso-butoxy,
sec-butoxy, tert-butoxy, pentoxy, hexoxy, ete. The altkoxy groups can be further substituted

with a variety of substituents described within. Alkoxy groups can be substituted or

unsubstituted.
[600125] As referred to herein, “halide” means fluoro, chloro, bromo, or iodo.
6001 26] As referred to herein, “carboxamide” means a monovalent moiety having the

formula ~C{=0)NH,. In some embodiments, one or both of the amude hydrogens may be

replaced by substituents other than hyvdrogen.

600127 As referred to herein “carboxamidyl” means a divalent moiety having the
formda ~C{=ONH)-. In some embodiments the amide hydrogen may be replaced by other

substituents.

===}
6001 28] As referred to herein, “oxo” means a moiety having a formula % which

is atiached to a carbon.

3001291 As referred to herein, “carboxvi” means a moiety having a formula ~-C(O)OH
or {00

16001 30 As referred to herein, “heteroalkyl” means an alkyl group of any suitable
length and having from 1 1o 3 heteroatoms such as N, O and S, Additional heteroatoms can
also be useful, meluding, but not limited to, B, AL, 81 and P. The heteroatoms can also be
oxidized, such as, but not limited to, -S(0)- and -S(O)-. For example, hetercalkyl! can
mchude cthers, thioethers and alkyl-amines. The heteroatom portion of the heteroalkyl can
replace a hvdrogen of the alky! group to form a hydroxy, thio or amino group. Alternatively,
the heteroartom portion can be the connecting atom, or be inserted between two carbon
atoros.

1600131} As referred to herein, “heterocyclic” or “heterocyelyl” means a moiety that is
a saturated or partially unsaturated, non-aromatic mono or muitioyclic atkyl cyclic motety
having heteroatom substitution replacing ring carbons. Heterocyelic rings of the prosent

invention can contain 3 to 20 ring atoms, where from 1 to 5 or more of the ring atoms are a
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hetercatom such as N, O or 8. Additional heteroatoms can also be usefid, including, but not
limited to, B, AL Siand P. The hetercatoms can also be oxidized, such as, but not himited
10, ~S{0}- and -S{0}),~. Heteroovelic groups can include any number of ring atoms, such as,
3106,4106,5106,3108,4108,5t0 8,6t 8,31t09, 310 10,310 11, 0r3 10 12 ring
members. Any suitable number of heteroatoms can be included in the heterocyelic groups,
suchas 1,2, 3,4, or5, 0orlto2, 1tc3, lto4d, 1105, 2103, 21t04.2t05,31t04,0r3 10 5.
Heteroevelic groups can have from 3 to 8 ring members and from 1 to 4 heteroatoms, or from
3 to 8 ring members and from 1 to 3 hetercatoms, or from 3 {o 6 ring members and from 1 to
4 heteroatoms, or from 3 to 6 ning members and from 1 to 3 heteroatoms. Multicyclic
heterocyclic motetics may have fused rings. Typical beterocyclic groups include, but are not
himited to, tetrahydrofuranyl (e.g., tetrahvdrofuran-2-vl, tetrahydroturan-3-vi, eic.).
pipendinyl {e.g., piperidin-1-y], piperidin-2-vl, etc.), morpholinvl {e.g., morpholin-3-yl,

morpholin-4-vi, etc.}, piperazinyl {¢.g., piperazin-1-yi, piperazin-2-yl, etc.}, and the like.

001321 As referred to heren, “aromatic” or “aryl” means a monovalent aromatic
hvdrocarbon group having the stated number of carbon atoms (i.e.. C6-C14 means from 6 to
14 carbon atoms) derived by the removal of one hydrogen atom from a single carbon atom of
a parent aromatic ring system. Typical aryl groups include, but are not hinuted to, groups
dertved from aceanthrvlene, acenaphthylene, acephenanthrylene, anthracene, azulene,
benzene, chrysene, coronene, flucranthene, flucrene, hexacene, hexaphene, hexylene, as-
indacene, s-indacene, indane, indene, naphthalene, octacene, octaphene, octalene, ovalene,
pentacene, pentalene, pentaphene, perviene, phenalene, phenanthrene, picene, pleiadene,
pyvrene, pyranthrene, rubicene, triphenylene, trinaphthalene, and the like, as well as the

various hydro isomers thercof. Specific exemplary arvls include pheny! and naphthyl.

060133} Ag referred to herein, “heteroaromatic” or “hetergaryl” means a monocyclic or
fused bicyelic or tricyclic aromatic ring assembly containing 5 to 16 ring atoms, where from
1 1o 5 of the ring atoms arc a heteroatom such as N, O or 8. Additional heteroatoms can also
be useful, mchuding, but not himited to, B, Al, S1and P. The heteroatoms can also be
oxidized, such as, but not imited to, -S5(0)- and -5(0O)-. Heteroaryl groups can include any
number of ring atoms, such ag, 5106,5108,608, 5109, 5t 10, 5t0 11, or 5t0 12 ring
members. Any suitable number of heteroatoms can be included in the heteroarvi groups,
sachas 1,2 3. 4 or5, orlto2 1io3, tto4, 1105, 2103, 2t04.2t05, 3104, 0r31t0 5.
Heteroaryl groups can have from 5 to 8 ring members and from 1 o 4 heteroatoms, or from 5

to 8 ring members and from 1 to 3 heteroatoms, or from 5 to 6 ring members and from 110 4
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hetercatoms, or from 5 o 6 ring members and from 1 1o 3 heteroatoms. The heteroary] group
can include groups such as pyrrole, pyridine, imidazole, pyrazole, triazole, tetrazole,
pyvrazing, pyrnmidine, pyndazine, triazine {1,2,3~, 1,2, 4~ and 1,3, 5~isomers), thiophene, furan,
thiazole, isothiazole, oxazole, and 1soxazole. The heteroaryi groups can also be fused to
aromatic ring systems, such as a phenyl ring, to form members including, but not hmited to,
benzopvrroles such as indole and isoindole, benzopyridines such as quinoline and
isoquinchine, benzopvrazine (quinoxaline), henzopvrimidine {quinazoline), benzopyridazines
such as phthalazine and cinnoline, benzothiophene, and benzofuran. Other hetercaryl groups
include heteroary! rings linked by a bond, such as bipynidine. Heteroaryl groups can be

substituted or unsubstituted.

[G00134] As referred to herein, “Cy-Crp” means the range of number of carbon atoms
imchuded in the group described. For example a C,-C 17 alkyl has from one carbon to 12 carbon
atoms, and may beanvoneof §,2,3,4,5,6,7, 8,9, 10, 1, or 12 carbons. A C) alkylis
methyl, a €, alkyl 13 ethyl and so on. References to C-Cie means one to ten carbons, €-{5

means one to three carbons, and ete.

060135} Ag referred to herein, “substituted™ means a moiety having a hvdrogen radical
removed, and another non-hvdrogen substituent replacing it. More than one substituent may
be incorporated i any motety, as long as the mie of chemical valency 1s observed.
Substituents suitable for use n alkyl, alkenyl, atkynyl, aromatic or heterocvelic groups
include -OH, -OR-NH;, -NHR, -NR;, -CO:H, -CO.R, -C(OINH,, -C{O)NHR, -C(O)NR;,

halide, oxo, and R, where Ris a C-Cq alkyl

6001 36] As used herein, a squiggly bond () denotes a stereocenter of the compounds
of the present inveion. I will be understood by those of skill in the art that that bond will
determine the chiral configuration of the molecule (R or 5 and eventually dextro- or
lacvorotary effects). Hashed and wedged bonds are used to denote specific chiral
configurations. The [QB compounds of the present invention, as well as the antibody-~drug
conjugates that incorporate such IQB compounds, can have, for example, the following
stereochemistries: 8.5, R.R, S, Rand R,S. The 5.5 stercochemistry, as is present in the 10B
compounds of Formula [T1, as well as in the antibody-drug conjugates that incorporate the
IQB compounds of Formula I, is preferred and it 15 further preferred that the H)B compound
of Formula HH is sterecisomerically or enantiomerically pure (at least 80% enantiomerically
pure, at least 85% cnantiomerically pure, at least 90% enantiomerically pure, at least 95%

enantiomerically pure, at least 97% enantiomerically pure, at least 100% enantiomencally
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pure). As referred to herein, the term “nucleic acid”, refers to a hinear polymer of nucleosides
(including deoxyribonucleosides, ribonucleosides, or analogs thereof) joined by inter-
nucleosidic linkages. Nucleic acid may encompass the term “polvnucleotide” as well as
“oligonucleotide”™. The hinear polymer may be represented by a sequence of letters, such as
“ATGCCTG,” where 1t will be undersiood that the nucleotides are in 5 to 3' order from left
to right and that “A” denotes deoxyadenosing, “C7 denotes deoxyeytidine, “G7 denotes
deoxvguanosing, and 17 denotes deoxvthvmidine, unless otherwise noted. Another natural
nucleotide 1s U7, denoting uridine. The letters A, T, G, T and U can be used to refer to the
bases themselves, to nucleosides, or to nucleotides comprising the bases, as is standard in the
art. In naturally occurring nucleic acids, the inter-nucleoside linkage is typically a
phosphodicster bond, and the subunits are referred to as “nucleotides.” Nucleic acids may
also include other inter-nucleoside linkages, such as phosphorsthioate linkages, and the like.
Such analogs of nucleotides that do not include a phosphate group are considerad to fall
within the scope of the term “nucleotide” as used herein, and nucleic acids comprising one or
more mter-nucleoside hinkages that are not phosphodiester timkages are still referred to as

“polynucleotides”, “ohigonucleotides™, ete.

6601371 The term “amino acid” refers to both the twenty “canonical” or “natural”
amino acids, as well “non-canonical” anuno acids, also referred to as “unnatural” amino
acids, such as modified or synthetic amino acids, as well as amino acid analogs and aming
acid numetics that function stmilarly to naturally occurring amino acids. Naturally occurring
amino acids are those encoded by the genetic code. Modified amino acids include, e.g.,
hydroxyproline, y-carboxveglutamate, and O-phosphosenne. Amino acid analogs refers to
compounds that have the same basic chemical structure as a naturally occurring amino acid,
¢.g., an ¢ carbon that 1s bound to a hvdrogen, a carboxy! group, an amimo group, and an R
group, ¢.g., homoserine, norleucine, methionine sulfoxide, methionine methyl sulfonium.
Such analogs may have modified R groups (e.g.. norleucine} or modified peptide backbones,
but retain the same basic chemical structure as a naturally occurring amino acid. Amino acid
mimetics refers to chemical compounds that have a structure that is different from the general
chemical stractare of an amino acid, but that functions similarly o a natarally occurning

aming acid.
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Specific description of chemical nature of cvistoxic compounds

16001 38] Provided herc is a compound is having a structure of Formula L, I, T, or IV:

@

(I

(1D

(V)
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[600139] wherein the dotted bond between —~C(R%)- and ~N{R®}- or ~C(R* )~ and —
N(R”)- is independently selected from a single bond or a double bond; when a double bond is
present between —C(R™M)- and ~N(R)-, the ring carbon —C{R%- is olefinic and has a
substituent R? and the exocyelic R” of the -N(R®})- is not present; when a single bond is
present between ~C(RY- and “N(R®)-, the ring carbon ~C(R%- is saturated and has a
hydrogen exocyclic substituent in addition to the R? substituent and R® of the -N(R")- is
present; and/or when a double bond is present between ~C{R™}- and -N(R")-, the ring
carbon ~C(R™}- is olefinic and has a substituent R® and R” of the -N(R" - is not present;
when a single bond is present between ~C(R*)- and ~N(R" }-. the ~ring carbon C(R? )- is
saturated and has a hydrogen substituent in addition to the R substituent and R® of the -
N(R")- is present;

(0001 40] cach of R* and R” is independently H, OH, or -O-P, where P is a protecting
group;

1600141] if either or both of R®or R is present, cach of R® and R” is independently H,
L-R;or L-8.;

[600142] RERY, RLRY, RY RY,R® and R® are cach independently selected from H,
OH, C-Cyp alkyl, Co-Cio alkenyl or §3-Coo alkyavl;

{00143} cach of R®or R® is mdependently NH, , COH, H, OH, C,-Cyp alkyl, C-Cip
alkenyl! or C-Cyy atkynyl, -L-R, or -L-8;

(0001 44] cach of R/and R” is H;

[600145] R®is H, NH,, CO.H, -L-R,. or -L-S., wherein the carbon to which R® is

attached also has a hvdrogen substituent; or

é;;fMGHa

R® is an exo olefin having the structure wherein the ring carbon to which R”

is attached 1s olefinic and has no other exocyclic substituent;

300146} X 15 Cyi.12 alkylene, optionally wherem the alkylene chain is mterrupted by one
or more hetero atoms selected from the group consisting of O, §, and NH; or X 15 -(CH,) Q-

{CH)),- , wherein m and p are each independently 0, 1 or 2;

060147} {3 has a structure of formula:
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wherein each of R”, R and RV is H, NH,, CO-H, -L-Ry or -L-S.; and J is CHor N;
[600148] cach of Y and Y’ 15 independently O, S, or NH;

300149} gach of Z and Z° 1s independently H, R, OH, OR, SH, SR, NH;, or NHR,
where each R 18 independently unsubstituted C1.C 5 alkyl, substituted C,.C 7 alkyl,
unsubstituted C5.C heterocyelyl, substituted C1.Cs heterocyelvl, vausubstituted Cs.Croaryl

groups, and unsubstituted Cs.Coo aryl groups;

(G001 50] -L-Rx 15 a linker L attached to a reactive moiety Ry
300151} -L-S; 1s a inker L attached to a substance S;
1600152] L is abond or is a moiety having 1-200 nonhvdrogen atoms selected from C,

N, O, 5, or halogen, and optionally incorporates ether, oxo, carboxamidyl, urethanyl,

branched, cyclic, unsaturated, heterocyclic, aromatic or heteroaromatic moieties;
[GB0153] Ry 15 a reactive moicty;

3601 541 5. 18 a target binding agent selected from a protein, a portion of a profein, or a
peptide; and

HEORKY when —L-Ry or —L-§; 15 present in the compound of formula I or [I, only one

of R® R” R’ R R® R’ R ®RYisL-R,or-L-S..

(G001 56} Also provided here 1s a compound of Formulda £, 1L, ITE, or IV

iy

Y
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1660157 wherein: the dotted bond shown between ~C(RM- and ~N(R"}- or ~-C(R? }- and
~N(R”)- is independently a single bond or a double bond; cach of R* and R? is
mdependently H, OH, or -O-P, where P 13 a protecting group; ecach of R® and R” is not
present or 1s independently H, or L-Rg

[G0158] RERY.RLRY, RN RY.R® and R are cach independently selected from H,
OH, Ci-Cio alkyl, Cp-Cp alkenyl or Cp-Cop alkynyl;

3601 59] cachof R or R is mdependently NH, , CO.H, B, OH, C,-Cy¢alkyl, C-Cyo

atkenyl, C;-Cyp alkynyl, or -L-Ry.

[600160] cach of R'and R” is H;
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[300161] R® is H, NI, COuH, or -L-R,, wherein the carbon to which R® is attached
also has a hvdrogen substituent; or an exo olefin having the structure wherein

the carbon to which R® is attached has no other substituent;
G001 62] X 18 Ci.pp alkylene, optionally wheren the alkylene chain is imnterrupted by one
or more hetero atoms selected from the group consisting of O, §, and NH; or -(CH,},,-(-

(CHb),- , wherein m and p are each independently 0, 1 or 2; { has a structure of formula:

R‘:O

1
}

wherein each of Rg, R¥and R is I, NH,, CO,H. or -L-R and
JisCHorN;
[G80163] cach of Y and Y’ 1s independently O, S, or NH;
1300164] cachof Zand 27 is independently H, R, OH, OR, §H, SR, NH;, or NHR,
where each R is independently unsubstituted C,.C 15 alkyl, substituted C,.C 1, alkyl,
unsubstituted C;5.Cyo heterocyelvl, substituted C1.Cyo heterocvelvi, unsubstituted CoCagaryl
groups, and vnsubstituted Cy Chparvl groups;
[G80165] -L-R; 1s a linker L attached to a reactive moicty Ry
600166} wherein L is a bond or is a moiety having 1-200 nonhvdrogen atoms selecied
from C,N, O, S, or halogen, and optionally incorporates cther, oxo, carboxamidyl, urcthanyl,
branched, cyclic, unsaturated, heterocyclic, aromatic or heteroaromatic moieties;
[600167] Ry is a reactive moicty; and
{3001 68] when —L-R, is present in the compound of formula { or I, only one of R® RY,

R RY, RE R’ R™ and RV is L-R,.

660169} The present mvention also provides a compound having a structure of Fornmula

Iv:
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[600170] wherein the dotted bond shown between ~C{R")- and ~N(R®)- or ~C(R¥}- and
~N(R®)- is independently a single bond or a double bond; when a double bond is present
between —C(R™- and —N(R")-, the —~C(R"- is olefinic and has a substituent R® and R of the -
N(R"- is not present; when a single bond is present between —C(R%)- and “N(RY)-, the —
C{R%- is saturated and has a hvdrogen substituent in addition to the R* substituent and R” of
the -N(R")- is present; when a double bond is present between —~C(R? )~ and -N(R®)-, the -
C{R")- is olefinic and has a substituent R? and R” of the -N{R")- is not present; when a
single bond is present between —C(Rf‘s)— and —N{ Rb’)g the —C( Ra‘)~ 1s saturated and has a
hydrogen substituent in addition to the R substituent and R® of the -N(R" }- is present;
[600171] cach of R* and R is independently H, or OH; if present, each of R® and R®
is mdependently H, or L-Rg

[G0172] RERY.RLRY, RN RY.R® and R are cach independently selected from H,
OE‘{, Cl—Cm aikyi, CrCm aikenyl or Cz—Cm a]kynyl;

1600173 cach of R¥ or R is independently NH, . CO-H, H, OH, C-Cre alkyl, Co-Cog
alkenvl, C;-Cio alkynyvl, or -L-Ry;

[000174] cach of R and R is H:

300175} X 15 Cy.y; alkylene, optionally wherem the alkylene chain is mierrupted by one

or more hetero atoms selected from the group consisting of O, §, and NH; or -(CH,},,-(-

(CHb),- , wherein m and p are each independently 0, 1 or 2; { has a structure of formula:

wherein cach of R”, R and R is H, NH,, CO,H, or -L-Ry; and
fisCHorN;
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(80061 76] gach of Y and Y’ 1s independently O, 5, or NH;

[660177] cach of Z and 2’ 1s independently H, R, OH, OR, SH, SR, NH;, or NHR,
where each R is independently unsubstituted C,.C 12 alkyl, substituted C.C 15 alkyl,
unsubstituted Cz.Cyo heterocyelyl, substituted Cs.Cho heterocyelvl, unsubstituted Co.Caparyl

groups, and vnsubstituted Co.Croaryl groups;

[B00178] -L-R,; 15 a linker L attached to a reactive moiety Ry wherein when -L-R, 15

present, only one of Rb, R® Rs, R‘S?, g7 RY , and R"is L-R..

[G06179] The seven-membered lactam nng of the isoquinolidinobenzodiazepine moiety
may have either a double bond or a single bond connecting ~C{(R)- and ~N(R")-(left hand
IQB), or equivalently ---C(R“’)n and ~N (Rb ’)_ {right hand I(QB}. The compounds of formuda l
or Il may mndependently be sclected to have any combination of 138 moictics having cither a
single bond or a double bond in each 1QB ring. In some embodiments, when a double bond is
present between ~C(R)- and ~N(R”)-, the ring carbon ~C(R®)- is olefinic and has a
substituent R? and the exocyclic R® of the -N(R")- is not present. In embodiments when a
single bond is present between —C(R%)- and —N(R®)-, the ring carbon —C{R%)- is saturated and
has a hydrogen exocyclic substituent in addition to the R® substituent and R” of the -N(R%)- is
present. Equivalently, a compound of formula { or I may have a double bond present
between —C(RY)- and -N(R" }-, wherein then the ring carbon —C(R™)- is olefinic and has a
substituent R* and R” of the -N(R”)- is not present. Aliematively, when a single bond is
present between »—-C(R?”} and »---N(Rb’} for a compound of formula Tor I, the ring carbon
C(R¥)- is saturated and has a hydrogen substituent in addition to the R” substituent and R® of
the -N(R")- is present. In some embodiments, the compound of formula I or T has a double
bond connecting ~C(R™Y- and “N(R") as well as a double bond connecting ~C(R*)- and ~
N(R®)-. and neither R” or R® are present. In other embodiments, the compound of formula I
or 11 has a double bond connecting ~C{R™- and ~N(R") as and a single bond connecting —
C(R™ )~ and “N(R")-, resulting in a compound having a hydrogen substitucot and R” present
on ~C(R*)- and R” present on ~N(R® ). In vet other embodiments, the compound of formula
1 or If has a single bond connecting -C(R%)- and ~N(R”) and a double bond connecting
CR*)- and N (Rb’){esuking in a compound having a hydrogen substituent and R® present on
~C(RY- and no R” is present.  Finally, a compound of Formula I or I may have a single
bond connecting ~C(R%)- and ~N(R®) and a single bond connecting ~C(R*)- and ~-N(R"),
resulting in a compound having a hydrogen substituent as well as R” on ring carbon -C{R%)-. a

hydrogen substituent as well as R® on ring carbon -C(R)-, and R and R® are both present.
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An olefinic ring carbon is a ring carbon forming a double bond with one ring atom such as
carbon or nitrogen, forming a single bond with another ring atom such as carbon or nitrogen,

and forming a single bond with an exocvclic group such as R or R

[000180} R*and R® are independently H, OH, or -0-P, where P is a protecting group.
Any suitable protecting group may be selected. For example, the protecting group for R” and
R can be a hydroxy protecting group. Tn some embodiments, the protecting may be a silyl
protecting group such as, but not hmited to Trimethyisityl (TMS), tnbutyldimethylsilyl
(TBDMS, also referred to as TBS), or tributyldiphenylsiivl (TBDPS); a benzyl protecting
group, methoxymethvl (MEM) or the like. A wide variety of protecting groups, including
hydroxy groups, are known in the art and may be found for example 1n Greene’s Protective
Groups i Organic Syathests, Fourth Edition, Wuts and Greene, John Wiley and Sons, Inc.

2006,

[306181} When R”or R is present, sach of R” and R is independently H, L-R, or L-
S, with the proviso that only one L-R¢ or L-5. may be present in the compound of formula |

or lI. The moieties -L~-R. and L-S; are as defined below.

[600182] RERY, RLRY, RY RY,R® and R® are cach independently selected from H,
OH, C-Cyp alkyl, C1-Cyo alkenyl or C1-Cop alkynyl. In some embodiments, RZ, R?‘?, R’i R‘S’,
R* RY R” and R° may be cach hvdrogen. In some embodiments, RLRY, R RV RN RY RS
and R® may each independently selected from H, OH, C;-Calkyl, C1-Cs alkenyl, and C1-Cs
alkynyl In vet other embodiments, RZ, RE’, Rz, R‘ﬂ’:, RA', R‘r, Réand R may be each
mdependently selected from H, OH, and C;-Cy alkyl. Altematively, R Rz‘, R’ , R’ Ri R“:’,
R’ and R® may be each independently selected from H, OH, and C,-Cs alkyl. In some
embodiments, a C;-C5 alkyl substituent for RERY R R RLRY. ROand R® may be methyl

or cthyl.

1000183 R’ or R’ is independently selected from NH,, COH, H, OH, C1-Cyp alkyl,
Ci-Chp alkenvl, C-Cyp alkynyl, -L-R, or -L-S,. In some embodiments, R or RY may be
independently selected from H, OH, C;-Cyp alkyl, Ci-Cie alkenyl, C-Cyp alkynyl, -L-Ryor
L-S. In yet other embodiments, R’ or R* may be independently selected from H, OH, C,-C,
alkyl, C-Cy alkenyl, C-Cg alkynyl, -L-R, or -L-8, In some other embodiments, RPor R
may be independently selected from H, OH, (-G alkyl, -L-R, or ~L-5.. In some
crabodiments, a C;-Cs atkyl substituent for R? or R° may be methyl or ethyl. fn yet

ernbodiments, R or R® may be -L-R, or —L-S,, with the proviso that only one -L-Ry or —-L-S,
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is present in the compound of formula I or 1L The moieties -L-R, and L-§, are as defined

below.
[000184] RYis H, NH,, COH., -L-R,, or -L-8,, wherein the carbon to which R® is
attached also has a hydrogen substituent; or

?WCHB

R® is an exo olefin having the structure wherein the ring carbon to which R
is attached is olefinic and has no other exocyclic substituent. In some embodiments, R® may
be H. NH,;, COH. -L-R,, or -L-S.. wherein the carbon to which R® is attached also has a
hydrogen substifuent. In vet other embodiments, R® may be H, -L-Ry, or -L-8., wherein the
carbon to which R® is attached also has a hvdrogen substituent. In some embodiments, R®
may be -L-R,, or -L-5, with the proviso that the compound of formula I or H has only one -
L-R,, or -L-5; present in the entire molecule. The moieties -L-R, and L-8; are as defined
below. In yet other cmbodiments, R® may be an exo olefin having the structure
Ts—CH;
wherein the ring carbon to which R® is attached is olefinic and has no other
exocychic substituent,
[060185] X s €y alkylene, optionally wherem the alkylene chain is interrupted by one
or more hetero atoms selected from the group consisting of O, S, and NH. In some
crobodiments, X may be methviene. In other embodiments, X may be C,-Cq alkviene, and
may be optionally be interrupted by one heteroatom selected from O or NH.
{6001 86] Alternatively, X is {CHy}n-Q-(CHo)p- , wherein m and p are each

mdependently 0, 1 or 2. In some embodinments m and p may both selected to be 0.

[G00187] 3 has a structure of formula:
R10

8 1

R ; SN R
P

wherein each of Rg, RYand R is H, NH,, COH, -L-R or-L-S; and J is CHor N. In some
embodiments, only one of R, R' and R'' may be NH, or CO,H. and the others of R”, R'and
R may be H. In other embodiments, one of R,gﬁ RYand R may be -L-Ry or —L-8, and the

others of R, R'® and R may be H, with the proviso that only one -L-R, or —-L-8, may be
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present in the compound of formula [ or IE In some embodiments, R mav be NH, or CO,H.
Alternatively, R'” may be -L-R, or ~L-8,and R” and R'! may be H. The moictics -L-R, and

L-S; are as defined below

{6001 88] Y and Y~ are independently O, S, or NH. In some embodiments, Y and Y~

may be O. In other embodiments, Y and Y’ may be NH. Altematively, Y and Y™ may be §.

(8001 89) Zand 727 are independently H, R, OH, OR, SH, SR, NH;, or NHR, where
cach R 15 independently unsubstituted C,.C 15 alkyl, substituted C,.C 1, atkyl, unsubstituted
C5.Cop heterocyelyl, substituted C5.Cy heterocyelyl, unsubstituted Co.Cyp aryl groups, and
unsubstituted Cs.Cyp aryl groups. In some embodiments, £ and Z° may be independently H,
R, OH, OR wherein ecach R may be independently unsubstituted C,.C 1, alky] or substituted
C1.C 5 alkyl. In some embodiments, Z and 27 may be independently H, R, OH, OR wherein
cach R may be independently unsubstituted C1.C ¢ alkyl or substituted C,.Cs alkyl In yet
other embodiments, Z and Z may be mdependently H, CH;, CH,CH,, OH, OCH;, or
OCH,CH;.

6001 90] In other embodiments, the compound 1s the compound of formula I wherein
the dotted bond shown between ~C(R%)- and ~N(R®)- or ~C(R*}- and ~N{R" }- is
independently not a double bond, and each of R” and RY is independently

Ty

i b
N /\\_)'\ N {’\VOVY N
H s 4

//:\\

=0

J\Ni\r’ﬁs\{\\:
O O

RYRY R R, RY RY. RPand R® arc cach H; cach of R® or R® is mdependently NH; |
CO-H, B, OH, C,-Cyp alkyl, or Co-Cyg alkenyl; cach of R7and R is H; X is €115 alkylene,

e
@]

optionally wherein the alkylene chain is interrupted by one or more oxvgen atoms; cach of Y
and Y7 i3 O; and cach of Z and 77 is independently H, R, OH, or OR, where each R is
independently unsubstituted C.C 17 alkyl, or substituted €,.C 15 alkyl

300191} In further embodiments, the compound is the compound of formula Hi
wherein R RY, RY.RY, RY RY, R°and R are cach mdependently selected from H, OH, ;-
Cyp alkyl, C-Cyp alkenyl or C~Cyp alkynyl; each of R°orR is ndependently NH, , CO-H,
H, OH, C-Cy¢ alkyl, 05-C g alkenyl, C-Cyp alkynyl, or -L-Ry cach of R and R is H: R® is

H, NH., CO,H, or -L-R,, wherein the carbon to which R® is attached also has a hydrogen
substituent; or an exo olefin having the structure wherein the carbon to which

~A4G-
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R" is attached has no other substituent: X is Ty, alkvlene, optionally wherein the alkviene
chain is interrupted by one or more hetero atoms selected from the group consisting of O, 5,
and NH; or-(CH ) Q-(CHy)p- . wherein m and p are each independently ¢, lor2: Qhasa

structure of fornula:

wherein cach of R, R" and R'! is H, NH,, CO,H. or -L-Ry ; and J is CH or N; cach of Y and
Y is independently O, §, or NH, each of Z and £ 1s mndependently H, R, OH, OR, SH, 5K,
NH,, or NHR, where cach R 1s independently unsubstituted C,.C 1, alkyl, substituted C;.C 12
alkyl wnsubstituted C5.Cooheteroovelyl, substituted C5.Cop heterocyelyl, unsubstituted CoCyo
aryl groups, and vnsubstituted Ca.Cop arv] groups; -L.-R. 15 a linker L attached to a reactive
moiety Ry wherein L is a bond or is a moiety having 1-200 nonhvdrogen atoms selected from
C.N, O, S, or halogen, and optionally incorporates ether, oxo, carboxamidyl, arethanyl,
branched, cyclic, unsaturated, heterocyclic, aromatic or heteroaromatic moistics, Ryis a
reactive moiety; and when —L-Ry 1s present in the compound of formula T or I, only one of

R° RY R® R®. R®R® R and RMisL-R, .

16001 92] In other embodiments, the compound 1s the compound of formula i, wherein
R Rly, Ri R‘g', RY R{ R°and R® are each H; cach of R or R is mdependently NH, |
CG,H, H, OH, C-Cyp alkyvl, or $-Cyp alkenyl; each of Rland R is H; X 18 {147 atkviene,
optionally wherein the alkyiene chain is interrupted by one or more oxygen atoms; cach of Y
and Y is mdependently O; and each of Z and 27 13 independently H, R, OH, or OR, where

each R 15 mdependently unsubstituted C;.C 17 alkyl, or substituted €, C 1, alkyl.

16001 93] In further embodiments, the compound is the compound of formula IV,
wherein R%Z RY, RY RY, RY. RY, R%and B® are cach mdependently selected from H, OH, C)-
Cyp alkyl, C-Chp alkenyl or Co-Cyp alkynyl; each of RorR’ is independently NH, |, CO,H,
H, OH, C;-Cyp alkyl, C5-Cyo atkenyl, Co-Cyp alkynyl, or -L-Ry; cach of R’and R” is H; R® is

H, NH,, CO,H, or -L-R,, wherein the carbon to which R® is attached also has a hydrogen

YO |
substituent; or an exo clefin having the struchure wherein the carbon to which
R® is attached has no other substituent; X is C,.p; alkylene, optionally wherein the alkviene

chain is mterrupted by one or more hetero atoms selected from the group consisting of G, §,
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and NH: or «(CH)-Q-(CHy)p- . wherein m and p are each independently 0, 1 or2; Qhasa

structure of formula:

wherein each of R”, R" and R' is H, NH,, CO-H, or -L-R, ; and ] is CH or N; each of Y and
Y isindependently O, S, or NH; cach of Z and /7 is mdependently H, R, OH, OR, SH, SR,
NH,, or NHR, where cach R is independently unsubstituted C;.C 1, alkyl, substituted C,.C
alkvl, unsubstituted C5.Cyoheterocyelvl, substituted C5.Cyo heterocyelyl, unsubstituted Ce Cap
aryl groups, and unsubstituted Cs.Cop aryl groups; -L-R, is a linker L attached to a reactive
moiety R, wherein L is a bond or is a moicty having 1-200 nonhvdrogen atoms selected from
C,N, O, S, or halogen, and optionally incorporates ether, oxo, carboxamidyl, urethanyl,
branched, cyclic, unsaturated, heterocyclic, aromatic or heteroaromatic moieties; Ry is a
reactive moiety; and when -L-R is present in the compound of fornuda T or 1, only one of

RERY R’ RY. RS R R, and RV is LR, .

360194 In other embodiments, the compound is the compound of formula IV, wherein
RO RY R R RYRY. RPand R® arc cach H cach of R or R” is independently NH,; |
CG,H, H, OH, C-Cy alkyl, or C-Cyp alkenyl; cach of Rand R7 is H; X 15 Cy.yp alkylene,
optionally wherein the alkylene chain is interrupted by one or more oxvgen atoms; cach of Y
and Y s independently O; and cach of Z and 77 is independently H, R, OH, or OR, where
cach R is mndependently unsobstituted C,.C 1» alkvl, or substituted C,.C o alkyl

3601 95} Linker L is a bond or 1s a moiety having 1-200 nonhvdrogen atoms selected
from C, N, Q. 5, or halogen, and optionally incorporates ether, oxo, carboxyl, carboxamide,
carboxamidyl, urcthanyl, branched, cvclic, unsaturated, amino acid, heterocyclic, aromatic or
heteroaromatic moicties. Linker L may be unbranched or branched, flexible or ngid, short or
long and may incorporate any combination of moieties as deemed asefid. In some
crabodiments. at least a portion of the linker L may have a polyalkylene oxide polymeric
region, which may enhance solubility of the compound of formula § or U In some
embodiments, the bnker L may have a repeating unit of ethylene glveol, and may have a
number of repeating ethvlene glveol units of about 1 to about 25, or any number
therebetween. In some embodiments, L mayv include about 3 to about 20, about 4 to about 15,

about 5 to about 12 or about 6 1o about 10 ethviene glveol umits. In some embodiments, at
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least a portion of Linker L may include one or more amuino acid moteties which may provide
enhanced sclubility for the compound of formula § or I or may provide amine acid sequences
to enhance target binding, enhance compatibility with a target binding agent, or enhance
target binding recognition. In other embodiments, the hinker L may include one or more
amino acid moieties that provide a suitable substrate motif for a protease. When a set of
amino acid moietics are incorporated into the linker L that provide a substrate motif specific
for a selected protease, the cytotoxic drug compound of Formula I or I may be released from
a target bound conjugate to provide localized cvtotoxic effects. Such substrate motifs are
known m the art and may be incorporated into the hinker L as desired to provide selective
release from the target bound conjugate. This selectivity can be based on known presence of
a desired protease within the localized delivery region of the conjugate dmg. Other
polvmertc types of moictics may be incorporated in the linker L, such as polvacids,
polvsaccharides, or polyamines. Other moicties such as substituted aromatic or
heteroaromatic moictics may be used to enhance rigidity or provide synthetically accessible
gites on substituents therein for inking to reactive moicties or to the compound of formula |

or il

660196} The hnker L can include a variety of groups or moieties. For example, the
linker L can include a spacer (-Y -}, an amino acid sequence {X44), and a polyethyvleneglycol

(PEG or ~CH,CH,O-) moiety. A representative linker can have the following structure:
~Y 1 ~Xaa-PEG-

[666197] The Amino Acid unit {(-X,4-}, when present, links the PEG unit, if prosent, or
reactive moiety to the Spacer unit if the Spacer unit is present. Xas is a dipeptide, tripeptide,
tetrapeptide, pentapeptide, hexapeptide, heptapeptide, octapeptide, nonapeptide, decapeptide,
undecapeptide or dodecapeptide unit. Each amino acid of the X, 4 group can be argining,
histidine, lvsine, aspartic acid, glutamic acid, serine, threonine, asparagine, ghutamine,
cysteine, selenocysetein, glyeine, proline, alanine, valine, isoleucine, leucine, methionine,
phenylalanine, tyrosine, tryptophan, or citrelline (Cit). The X unit of the Compounds of
the lnvention can be enzymatically cleaved by ong or more enzymes, including a tumor-
associated protease, to liherate the 1QB unit. Preferred Xaa units include, but are not limited

1o, Ala-Val, Val-Ala, and Val-Cit.

G601 98] The spacer -Y -, when present, links an Amino Acid uni to the 1QB unit when

an Amino Acid unit 1s present. Spacer units are of two general types: self-mmolative and non
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self«mmolative. A non self-immolative Spacer unit 13 one in which part or all of the Spacer
unit remains bound to the 1QB unit after cleavage, particularly enzymatic, of an Amino Acid
unit trom the Anti-body-Drug Conjugate. Examples of a non self-immolative Spacer unit
mclude, but are not limited to a {(glveine-glveine) Spacer unit and a glveine Spacer unit.
When a Compound of the Invention containing a glycine-glycine Spacer unit or a glyvcine
Spacer untt undergoes enzymatic cleavage via a tumor-cell associated-protease, a cancer-cell-
associated protease or a lymphocyvic-associated protease, a glveine-glycine-Dirug moiety or a
glycing-Drug motety 1s cleaved from L-A,-Ww-. In one embodiment, an independent
hydrolysis reaction takes place within the target cell, cleaving the glycine-Drug unit bond and

liberating the Drug.

(6061 99] In a preferred embodiment, ~Y - 18 a p-aminobenzyl alcohol (PAB) unit:

H
[y

"LQL/

O\??O
[GOO2G0] in one embodiment, a non self-immolative Spacer unit (-Y -} 15 -Gly-Gly-.
3602011 In another embodiment, a non self~immolative the Spacer wmit (-Y -} 15 -Gly-.
16006202] In one embodiment, the rovention provides a compound i which the Spacer

untt is absent, or a pharmaceutically acceptable salt or solvate thereof,

[GO02G3] Alternatively, a Compound of the Invention containing a self-tmmolative
Spacer unit can release [QB without the need for a separate hydrolysis step. In this
embodiment, -Y{~1s a PAB group that is linked to -X 44 - via the aming nitrogen atom of the
PAB group, and connected directly to 1B via a carbonate, carbamate or ether group.

060204} In some embodiments, the hinker has the structure:

Rx

- {CHQ)H

Iz
o

—={T}h

AB e {Ab}p

whereut:
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T is a self-immolating group, such as those described above as well as ap-

aminobenzyvl oxycarbonyl group or a p-aminobenzyi aleohol (PAB) umit;

tisQori;

Aa and each Ab arc independently selected from the group consisting of alanine, B-

alanine, y-aminobutyric acid, arginine, asparaging, aspartic acid, y-carboxyglutamic

acid, aitrulline, cysteing, ghutamic acid, glutamine, glycine, histidine, 1scleucine,

leucing, lysine, methioning, norleucing, norvaline, omithing, phenvlalanine, prolineg,

sering, threonine, tryptophan, tyrosing, and valing;
pis 1,2, 3, ord,;

qis1,2.3.4.5,6.7.8,9, 10, 11, or 12;

sisfor l;

Bxis
% N & 3 \\\
o & £
%mx.;y \,\v:\\‘\ X é“(?m{}m:\: )
A
3 3 s
&
£
g 3
s N 2 .
Sy i §—«.}m~ N¥#,
b 4 3 ?
oy z
&
i3
;’;P
£
ay %—:"H;:
S
XAls
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feky

TN
A

s\v’w \

where cach x and y 15 1, 2, or 3 with the proviso that the sum of x and vis 2 or 4;

the asterisks (¥} indicate the positions of bonding of each XA to the adjacent O
and Ri;

the wavy line indicates the position of bonding of cach XA to T if T s present or
to Aaif'T is absent.

60205} Other examples of self-immolative spacers include, but are not limited to,
aromatic compounds that are electronically similar to the PAB group such as 2-
aminoimidazol-3-methanol derivatives {see Hay et al., Bicorg. Med Chem. Leit. | 1999, 9,
2237y and ortho or para-aminobenzylacetals. Spacers can be used that undergo cychization
upon amide bond hydrolysis, such as substituted and unsubstituted 4-amimobutyric acid
amnides (Rodrigues et al., Chemistry Biology, 1995, 2, 223), appropriately substituted
bicvclo]2.2. 1} and bicyclo[2.2.2] ring svstems (Storm, et al., J Amer. Chem. Soc., 1972, 94,
5815) and 2-amunophenylpropionic acid amides (Amsberry, et al, J Org. Chem., 1990, 35,
5867 Elimination of amine-containing drugs that are substituted at the a-position of glycine
(Kingsbury, et al,, J Med Chem., 1984, 27, 1447} arc also cxamples of self~immolative

spacer useful in the Compounds of the lnvention.

00206} Preferred Spacer units {-Y ¢~} can be:
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N
e
0.0 5
f : §—HN—~CH,-CO 4 %—NHCHZC(O)-NHCHQC(O)—g
3602071 For example, the linker L can include ethylene glveol repeating units, and an

amino acid sequence. In some embodiments, linker L includes the formula:
| CH:CH0)s0-Xas-
wherein X, 4 15 an amino acid sequence.

360208} Any suitable number of ethylene glveol units can be used 1n the inker L of the
present invention, For example, the linker L can include 1, 2, 3,4, 5,6,7, 8,9, 10, 11, 12,
15, 16, 19, 20, 23, 24, 35, 36, 37, 48, 49, or more cthylene glycol units. In some
embodiments, the hinker L can include § cthylene glyeol units. Several commercially
available ethylene glveol groups (polyethyviene glycol, PEG) are suitable in the linker L, such
as HoN-dPEG®-C(OY0OH, having a discrete ((d”) polyethylene glveol having 8 cthylene
glycol repeating units. Other diserete PEG units are commercially available and known to
one of skill in the art, such as by Advanced ChemTech. One of skill in the art recognizes that

H;N-dPEG®R:-{{)OH has the followmng formula;
In O OH
HoM
) 1\/\/, w

Accordingly, when HoN-dPEG®g-C(O)Y0OH 1s incorporated into the linker L of the present
mvention, it can be wrtten as ~-HN-dPEGs-C{3)~ or -HN-dPEGs-CHCH-C(G3-.

[G00209] In some embodiments, the linker L includes the formula;
~HN-PEG-C(O}-X an~
wherein PEG has 1-50 ethviene glycol untts, and X 44 15 an amino acid sequence.
060216} In some embodiments, the hinker L includes the formula;
-HN-PEG-CHCH-C(0O)-Xaa-
wherein PEG hag 1-50 ethylene glycol units, and X4 4 is an amino acid sequence.

660211} The amino acid portion of the linker L can include anv suitable number of

amino acid moieties, as described above. For example, the amino acid sequence XAA can
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mchade from 1 to 100 amino acid moietics, or from 1 {0 10 amino acid moictics, or from 1 {o
5 amino acid moictics. The linker L caninclude 1,2, 3,4, 5,6, 7. 8,9, 10, or more aming
acid moictics. In some embodiments, the linker L includes 2 amino acid moicties. In some
embodiments, the hinker L melades the amino acid sequence Val-Ala. In some embodiments,

the lmker L mecludes the formula:
-HN-PEGs-C(0)-Val-Ala~
wherein PEGg has 8 ethylene ghyeol units.
660212} In some embodiments, the hinker L includes the formula:
-HN-PEG-CH, CH,-C(0)-Val-Ala-
wherein PEGs has 8 ethyvlene glveol units.

36021 3] The hinker L can also include a variety of other connecting groups that connect
the ethylene glyveol portion to the amimo acid sequence, or connect the ethvlene glyeol or
amino acid sequence to the reactive moiety R, substance S, or the compound of Formula L
B, 1EE or BV, Forexample, the amino acid sequence can be connected to the compound of
Forowmla ¥, 1§, 111, or IV via a 4-amino benzyl carboxvlate group. In some embodiments, the
ethviene glycol portion ca be directly linked to the reactive moiety R, or the substance 8¢, In

some embodiments, the hnker L hag the formaola:

H
§~—H:\z»-}'sEGB»-c::(o)--\/aa,-AnamN\\/i[V
|
NI
o

3602141 The hnker L can also include a variety of other connecting groups that connect
the ethylene glycol portion to the amino acid sequence, or connect the ethylene glyeol or
amino acid sequence to the reactive moicty R, substance S, or the compound of Formula L,
H, I, or IV, Forexampie, the anmino acid sequence can be connected to the compound of
Formula T 1E, 11, or IV via a 4-amino benzyvl carboxylate group. In some embodiments, the
cthylene giveol portion ¢a be directly linked io the reactive moicty Ry or the substance 5. In

some embodiments, the linker L has the formula:

H
L HN-PEG,-CH,CH,-C(O}Val-Ala—N N

P O%

O
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36021 5] R, is a reactive motety. Ry may be any suitable reactive moicty as long as it is
capable of reacting with a correspondingly reactive moiety present on the substance S¢,
which may be a target binding agent as described herein. In various embodiments, $cisa

protein or a portion of a protein, and have accessible conjugatable moieties such as:

[600216] Thiols/disulfides. Reactive moieties Ry that can react with thiols or disulfides
include maleimide, 1odoacetamide, azide, thiazole and pymdopyndazine. Disulfides may also
be labeled by use of a bisulfone reactive moiety. Additionally malemide reactive moietics can

react with enginecered selenocysteine moieties.

660217} Arnuines. Reactive moteties Ry that may be used to couple IQB compounds to a
target binding agent Sc inchude 1sothiocyanate, succinimidyl ester, sulfonyl halide, carboxylic
acids ( in the presence of carbodiimide coupling reagents), sulfosuccinimidyl ester, 4-
sulfotetrafluorophenyl ester, tetrafluoropheny! ester, and sulfodichlorophenol ester. This list
is in no way Hmiting and other reactive moieties R, that are capable of reacting with an amine

of a target binding agent 5. may be used.

660218} Aldehvdes/ketones. These moieties mav be ntroduced info a target binding
agent 5¢ and subsequently reacted with a compound of formela §, I, 11 or IV having a —L-
Rx where the reactive moiety Rx is hydrazine, semihydrazide, carbohydrazide, or
bydroxylamine. This list is in no way limiting and other reactive moietics Ry that are capable

of reacting with an aldehvde of a target binding agent S¢ may be used.

[360219] Other reactive moictics Ry that are usetul in the compounds of formula §, 11,
Hi, or IV mclude azides, phosphines, or alkvnes which can be used in Staudinger reactions,
Pictet-Spengler reactions and/or Click-tvpe chemustry (Copper containing or not), all of
which are currently under active investigation for selective labeling of proteins including
antibodies and their fragments. This is a non-linviting list of reactive moictics Ry useful for

reacting with engineered sites on target binding agents S;.

[360220] In some embodiments, Ry may be maleimide, bis-sulfone, iodoacetamide,
azide, 1sothiocyanate, succimimidyl ester, sulfonyvl halide, carboxylic acids, semihvdrazide,
carbohvdrazide, hydroxylamine, phosphine, or alkyne.

[G00221] -L-Ry 1s a linker L attached to a reactive moicty Ry —-L~-Rymav be used in a

compound of formula f or H to form a reagent bearing 1QB compounds that can attach to a

substance S, which may be a target binding agent as described herein. Any combination of
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linker L and reactive moiety R described herein may be used in the compounds of formala 1

or I See FIG, 2 for some exemplary ~L-R..

660222} A number of other chemistries are known for attachment of compounds to
anttbodies. US 7,595,292 {Brocchini et al) refers to linkers that form thioesters with the
sulfurs in a disulfide bond of an antibody. US 7,985,743 (Canco et al ) refers to the
miroduction of aldehyde residues into antibodies, which are used to couple compounds to the

antibody.

[360223] Sc 1s a target binding agent selected from a protein, a portion of a protein, a
pepude, or a nucleic acid. In some embodiments, a target-binding agent that 1s a protein may
melude an antibody, an antibody fragment, or an antibody single- chain fragment variable
("scFV7). The target-binding agent may bind to a tumor- associated antigen, a cancer-stem-

cell associated antigen or a viral antigen.

[660224] In various embodiments, the target-binding agent 5S¢ may bind o a target
selected from an acute myeloid leukemia (AML M4) cell, an acute promyelocytic leukemia
cell, an acute lymphoblastic leukemia cell, an acute lvmphocyiic leukenua cell, a chronic
ymphocytic leakemia cell, a chronic myveloid leukemia cell, a chronie T-cell lymphocytic
leukemia, a myelodysplastic syndromic cell, a multiple myeloma cell, a prostate carcinoma
cell, a renal cell adenocarcinoma cell, a pancreatic adenocarcimoma cell, a fung carcinoma
cell or a gastric adenocarcinoma cell, a gastric adenocarcinoma cell, a breast cancer cell, a
colon cancer cell, a melanoma cell, a thyroid cancer cell, an ovanan cancer cell, a bladder
cancer cell, a liver cancer cell, a head and neck cancer cell, an csophageal cancer cell, a
hodglin lymphoma cell, a non-hodgkin lymphoma cell, a mesothelioma cell, a neuroblastoma
cell, a neuroendocrnine tumor cell, a nourofibromatosis type 1 (NF1} cell, a neurofibromatosis

type 2 {NF2) or an osteosarcoma ocll.

300225} In some other embodiments, the target-binding agent S¢ may bind a target
selected from CLL-1, ILIRAP, TIM-3, CD19, CD20, D22, ROR1, mesothelin, CD33,
CD123/1L3Ra, GPR114, ¢-Met, PSMA | prostatic acid phosphatase (PAP), CEA, CA-125,
Muc-~1, AFP, Glyveolipid F77, EGFRVIH, GD-2, NY-ESG-1 TCR, tyrosmase, TRP/gp7s,
gplt/pmel-17, Melan-A/MART-1, HerZ/neu, WT1, EphA3, telomerase, HPV E6, HPV E7,
EBNAI1, BAGE, GAGE and MAGE A3 TCRSLITRKS6, ENPP3, Neotin-4, CD27, SLC44A4,
CAIX, Crpto, CD30, MUCI6, GPNMB, BCMA, Trop-2, Tissue Factor {(TF), CanAg, EGFR,
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av-integrin, CD37, Folate Receptor-g, CD138, CEACAMS, CD36, CD70, CD74, GCC, 5T4,
D79, Steapl, NapiZb, Lewis Y Antigen, LIV, ¢-RET, DLL3, EFNA4, Endosialin/CD248.

660226} In yet other embodiments, the target-binding agent 5. may be a bi-specific
antibody/antibody fragment. In some embodiments, the bi-specific antibody/antibody
fragment binds to one or two targets selected from CLL-1, ILIRAP, TIM-3 D19, CD2G,
D22, ROR1, mesothelin, CD33, CD123/IL3Ra, GPR114, c-Met, PSMA, prostatic acid
phosphatase (PAP), CEA, CA-125, Mue-1, AFP, Glycohpid F77, EGFRvIIL GD-2, NY-
ESO-1 TCR, tyrosinase, TRPVgp735, gpl00/pmel-17. Melan-A/MART-1, HerZ/mew, WTL,
EphA3, telomerase, HPV E6, HPY E7, EBNAI BAGE, GAGE and MAGE A3
TCRSLITRKSG, ENPP3, Nectin-4, CD27, SLC444A4, CAIX, Cripto, CD30, MUCIS6,
GPNMEB, BCMA, Trop-2, Tissue Factor (TF), CanAg, EGFR, av-integrin, D37, Folate
Receptor, CD138, CEACAMS, CDS6, CD70, CD74, GCC, 5T4, CD79, Steapl, NapiZb,
Lewis Y Auntigen, LIV, ¢-RET, DLL3, EFNA4, Endosialin/CD248, Lyv6e (RIG-¢), CD79a,
CD274 (PD-L13, CD38, DLL4, CD319 (SLAMT).

660227} ~L-5¢ 18 a hinker L attached to a substance S;. -L-5. may be used ina
compound of formula 1, 1§, IIi, or IV to form a comugated species bearing QB compounds
that are attached to a substance S, which may be a target binding agent as described above
and throughout this disclosure. Auy combination of linker L and substance 5. described

herein may be used in the compounds of formula [ or I

[B00228] When -L-Ry or ~L-5¢ i3 present in the compound of formula €, 1§, HE or IV,
ondy one of R® R” R’ RY RE R R, RYis -L-R, or -L-S.. Only one linker containing a
reactive moiety or a hinker attached to substance 5, may be present in the compound of
formula L B, I, or IV, In some embodiments, neither ~L-Ry or -L-8, 1s present in the

compound of formula 4, 11 1} or IV,

3002291 in some embodiments, the compound of tormula I, B, I, or I'V has a formula

wherein Y and Y are each O and none of R®, R°, R*, B> R® R, R!® R is -L-Reor -L-S.

660230} In some embodiments, the compound of formula I, ¥i, {11, or IV has a formula
where Y and Y’ are each O and 7 and 77 are each independently selected from H and C-(;
alkoxy.

{00231} In other embodiments, the compound of formula I, 1, HE, or IV has a formula
where Y and Y™ are cach O; Z and Z” are cach independently selected from H and C,-C5

alkoxy, and X 18 -{CHs-.
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[8006232) In some embodiments, the compound of formula [, 13, 1EE, or IV has a formula
where Y and Y’ are cach O; Z and 77 are cach independently selected from H and (1-Cs

alkoxy; XisQand Jis CH.

[606233] In some embodiments, the compound of formula L, B, I, or IV has a formula
where Y and Y’ are each O, Z and 27 are cach independently selected from H and Ci-(

g 10 .
alkoxy; and one of R”, R'® or R" is -L-R, or -L-S..

[660234] In some embodiments, the compound of formula I, i, HI, or IV has a formula
where Y and Y arc each O; Z and £’ are cach mdependently selected from C,-Cs alkoxy;

5 5.
and one of R” or R7 18 —~L-R or -L-5¢

[G00235] In some embodiments, the compound of formula 1, 8, I, or IV has a formula
where Y and Y™ arc cach O; Z and 2 are cach mdependemiv selected from H and Ci-Cs

alkoxy; and when R” or R” is present, then one of R? or R® is —-L-R, or —L-§

(360236} In some embodiments, the compound of foroula L, T, 1, or IV has a formula
where Y and Y™ are each O, Z and 27 are each mdependently selected from C,-C5 alkoxy;

and R® is ~L-R, or ~L-8..

G037} in other embodiments, the compound is the compound of formula I wherein
the dotted bond shown between —C(R%)- and -N(R®)- or —C{R*}- and -N(R® )~ is
independently not a double bond, and each of R® and R” is independently

“’\/J\N”(\/%,r/\[( \./JJ\ i Ny

f CRLRY,RLRY R RYRS and R are
cach H; each of R or RY is independently NH, , COH, H, OH, -Cp alkyl, or C5-Cyp
alkenyl; each of R'and R is H; X is C .1 alkylene, optionally wherein the alkylene chain is
iterrupted by one or more oxygen atoms; each of ¥ and Y7 is O; and cach of Z and 7 is
independently H, R, OH, or OR, where cach R 1s independently unsubstituted C1.C 1» atkyl,
or substitited C.C p alkyl.

[660238] In further embodiments, the compound is the compound of formula Hi
wherein B2, R*, RY, R, R, RY, R®and R® are cach independently selected from H, OH, €~
Crp alkyl, C-Cop alkenyl or C5-Chp alkyayl; each of RPorR” is independently NH, |, CO.H,
H, OH, C~-Cyp alkyl, C-Cyp alkenyl, C-Cyp alkvayl, or -L-Ry; cach of R7and R is H; R%is
H. NH,, CO,H. or -L-R,. wherein the carbon to which R® is attached also has a hydrogen

-58-
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““:“;SSWCHs
substituent; or an exo olefin having the structure wherein the carbon to which
R is attached has no other substituent; X is C,.p; alkyvlene, optionally wherein the alkvlene
chain is mterrupted by one or more hetero atoms selected from the group consisting of G, §,
and NH; or-(CH) Jw-Q-{CHs)p- , wherein m and p are cach independently 0, lor2; Q hasa
structure of formula:
R10
ot p 11

¥V
wherein each of R”, R and R" is H, NH,, CO,H, or -L-R, ; and J is CH or N; each of Y and
Y’ is independently O, S, or NH; cach of Z and 2 is independently H, R, OH, OR, SH, SK,
NHs, or NHR, where each R 1s independently unsubstituted C1.C 12 alkyl, substituted Ci.C
alkyl unsubstituted (5.0 heterocvelyl, substituted C5.Cho heterocvely], umsubstituted Cs.Coo
aryl groups, and unsubstituted Cs.Cyp ary] groups; -L-Ry is a linker L attached to a reactive
moiety Ry wherein L 1s a bond or is a moiety baving 1-200 nonhydrogen atoms selected from
C.N, 3, 8, or halogen, and optionally incorporates ether, oxo, carboxamidyl, urethanyl,
branched, cyclic, unsaturated, heterocyclic, aromatic or hetercaromatic moieties; R is a
reactive moiety; and when —L.-R, is present in the compound of formula 1 or Il, onlv one of

R R R RY, R® . RO R and RMis L-Ry.

[G00239] In other embodiments, the compound is the compound of formula #, wherein
R RY, R RY.RY RY, R%and R® arc cach H; cach of R or R® is mdependently NH;, |
CO,H, H, OH, C-Cyp alkyl, or C5-Cyp alkenyl; cach of R7and R is H: ¥ is Cip alkylene,
optionally wherein the alkylene chain is mterrupied by one or more oxygen atoms; ¢ach of Y
and Y’ is independently O; and cach of £ and 27 1s independently H, R, OH, or OR, where

cach R is independently unsubstituted C,.C ;» alkyl, or substituted C,.C 15 alkyl.

[G00240] In further embodiments, the compound is the compound of fornmula BV,
wheretn B2, R?, R R RY RY, R%and R® are cach ndependently selected from H, OH, C;-
Cro alkyl, Co-Cio alkenyl or Co-Cio alkyovl; cach of R* or R? s independently NH, , CO,H.
H, OH, C;-Cyp alkyl, C-Cho alkenvl, C-Cyp alkvnyl, or -L-Ry; each of Rand R is H; R is
H, NH,, CO-H, or -L-R,, wherein the carbon to which R® is attached also has a hydrogen

"?WCH:’»

substituent; or an exo olefin having the structure wherein the carbon to which
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R" is attached has no other substituent: X is Ty, alkvlene, optionally wherein the alkviene
chain is interrupted by one or more hetero atoms selected from the group consisting of O, 5,
and NH; or «(CH)p-Q-(CH,)p- . wherein m and p are each independently 0, lorZ; Qhasa

structure of fornula:

wherein cach of R, R" and R'! is H, NH,, CO,H. or -L-Ry ; and J is CH or N; cach of Y and
Y is independently O, §, or NH, each of Z and £ 1s mndependently H, R, OH, OR, SH, 5K,
NH,, or NHR, where cach R 1s independently unsubstituted C,.C 1, alkyl, substituted C;.C 12
alkyl wnsubstituted C5.Cooheteroovelyl, substituted C5.Cop heterocyelyl, unsubstituted CoCyo
aryl groups, and vnsubstituted Ca.Cop arv] groups; -L.-R. 15 a linker L attached to a reactive
moiety Ry wherein L is a bond or is a moiety having 1-200 nonhvdrogen atoms selected from
C.N, O, S, or halogen, and optionally incorporates ether, oxo, carboxamidyl, arethanyl,
branched, cyclic, unsaturated, heterocyclic, aromatic or heteroaromatic moietics; Ryis a
reactive moiety; and when —L-Ry 1s present in the compound of formula T or I, only one of

R° RY R® R®. R®R® R and RMisL-R, .

1600241] In other embodiments, the compound is the compound of formula IV, wherein
R ‘R‘zy, Ri Rg‘, RY R{ R°and R® are each H: cach of B2 or R’ is independently NH; |
CG,H, H, OH, C-Cyp alkyvl, or $-Cyp alkenyl; each of R'and R7 is H; X is C.pp alkyleng,
optionally wherein the alkyiene chain is interrupted by one or more oxygen atoms; cach of Y
and Y is mdependently O; and each of Z and 27 13 independently H, R, OH, or OR, where

each R 15 mdependently unsubstituted C;.C 17 alkyl, or substituted €, C 5, alkyl

1600242] In other embodiments, the compound is the compound of formula IV, wherein
Y and Y~ are cach O. In other embodiments, the compound is the compound of formula IV,
wherein Z and Z” are each independently OR, where each R is mdependently unsubstituted
C1.Cs alkyl. In other embodiments, the compound is the compound of formula IV, wherein

X iS ~CH2"A

1600243] In other embodiments, the compound is the compound of formula IV, wherein

X1s 3. In other embodiments, the compound is the compound of formula IV, wherein J1s

50~
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CH. In other embodiments, the compound is the compound of formula IV, wherein one of

R R"or R is~L-R, .

[G00244] In other embodiments, the compound is the compound of formula 1Y, wherein

one of RZ or R is —L-R, “wherein ong of R” or R" is S .

1600245] In other embodiments, the compound is the compound of formula IV, wherein
cach of R* and RY is independently H, or OH: if presont, cach of R® and R” is
mdependently H, or L-Ry; Rz, RZ’, ‘Ri R‘}‘j RY ‘R‘47, Ri RS‘, R® RS’, R’ and RTj are cach H; X
15 U2 alkylene; each of Y and Y7 15 O; and each of Z and 77 is independently OR, where

cach R is independently unsobstituted C,.C 5 alkyl

1600246] In other embodiments, the compound is the compound of formula IV, wherein
R*is H: R" is OH; R” is not present; R® is L-Re ; RE RV RO, R, RERYV.RO,RYRORE R
and RT, are each H; X 1s Cy.pp alkylene; each of ¥V and Y7 1s O; and each of Z and 27 1s

mdependently OR, where cach R is independently unsubstituted ;. C 5 alkyl,

[000247] In other embodiments, the compound is the compound of formula I'V, wherein R?
is OH; RY is H: R” is L-R¢ RY ismot present; R, R7. R, RY, RO R, R’ R*,RORY, R and
RT, arg each H; Xis Cippalkyieng; cachof Yand Y s O and cach of Zand 727 15
mdependentlv OR, where cach R is independently unsubstituted C;.C 5 atkyl.

[600248] In othcr embodiments, the compound 1s the compound of formula IV, wherein the

compound has the structure:

H{' JJN N G\V/\/O\///’\
N~ . ,N
f >%/ \ OMe  MeQ J\”>
\e 0

[6060249] In othcr embodiments, the compound 1s the compound of formula IV, wherein the

compound has the structure:

N U
(\{:{ ) \<r 3
(’“ ) JN OMe  MeO” ( , N\_{?}

. b
wherein R” 15 -L-Rq.

51-
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360250} In other embodiments, the compound is the compound of formula IV, wherein

the compound has the structure:

HD Fﬁ’
O._~_0
W, Mwm»i\i {/
wherein R® is -L-R,.
5 600251 In other cmbodiments, the compound is the compound of formula IV, wherein

the compound has the structure:

e}

i Coon 91w
"& CR A~ O P

o]
O 0
) f
N 25 ! \\H
OMe  MeO - 7N
[/
-0
1600252] In other embodiments, the compound is the compound of formula IV, wherein

the compound has the structure:

o o
/\ /u\ N G /i\\,/\
D LS D C AR R
’“ \*"‘L \/\¢ NN w‘
\f OMe  MeU \f
10 (ﬁ.‘j B , \‘, ”_>
G053 in some embodiments, a compound of formula I, H, I or IV includes:
f \/EU\/ ~
(/}4 \‘} OMe  MeO ,I'F
CLT-D23

-62-
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CLT-D211

‘ QWO\\I/\\}/ N H(S)

! CH G
. O/ 3 3 \0 }

3 CLT-D231
; or
H
N
NN

[GB0254] in other embodiments, a compound of the present imvention includes:

10 [000255] In other embodiments, a compound of the present invention mncludes:
CLT-D661

[B00256] in some other embodiments, a compound of formula | has the following

i5 strocture:

53
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R
oM

H"(J:N\T,\jj}\//\/()\*/ i m\gé_a

f {:}WN OMe  we0” > AN }7’\>
bl § M
. b
wherein R” 15 -L-Rq.
[TEECRYE In yet other embodiments, a compound of the present invention, having a

substituent ~L-R; s the following compound:
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[G00258] In yet other embodiments, a compound of the present invention, haviag a
substituent —L-Ry is the following compound:
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10 |000259) In other embodiments, a compound of the present invention, having a

substituent —L-Ry is the following compound:
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[600260] In other embodiments, a compound of the present mnvention, having a
substituent —L-R is the following compound:
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16060261} In other embodiments, a compound of the present invention, having a
substituent —L-Ry is the following compound:
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360262} in other embodiments, a compound of the present invention, having a

substituent —L-Ry 1s the following compound:
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660263} In other embodiments, a compound of the present invention, having a

substituent ~L-R 1s the following compound:
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[(306264] In other embodiments, a compound of the present mmvention, having a

substituent ~L-R; s the following compound:
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060265} In other embodiments, a compound of the present invention, having a

10 substituent -L-Ry is the following compound:
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Description of how to obtain compounds

[G80266] The QB compounds can be synthesized via numerous routes. One exemplary
route to an QB compound, referred to as CLT-D201, 1s shown in FIG. 3, m the steps
condensing soguinolidinyl compound 7 with ortho-nitrobenzoie acid 8 followed by further
chemical transformations to form an soquinolidino-benzodiazepine 3. The deprotected
isoquinohidinobenzodiazepine 3 can be coupled to another benzodiazepine denvative, which
13 either the same or may be different from compound 3 by performing a Mitsonoba reaction
using dicthyvlazidodicarboxylate and tripheny] phosphine to form diarvi ether linked
benzodiazepine 2, which can be transformed to the reduced form compound 1. FIG. 4 shows
a similar process where the two benzodiazepies are not the same {precursor 4 is an
isoquinolidinobenzodiazepine while precursor 3, while having a benzodiazepine moiety, docs
not have an isoquinclidiny! meiety. The two differing benzodiazepine groups are coupled
stmilarly to the process shown in FiG. 4, using Miutsonobu chemistry again to mitroduce
stepwise the aryl ether brnidge linking the two benzodiazepine groups. FIG. S shows a
synthetic sequence o provide yet another class of IQB. It can be seen from these two
synthetic scquences that a large varicty of different benzodiazepinyl moicties can be

incorporated mnto the 1QB compounds of formuia T and 1.

[660267) Synthesis of therecisomers involved the use of chiral-specific intermediates at

appropriate stages of the synthesis.

[600268] Additionally, the precursor to the hinking aryl di- ether bridge can incorporate

many varicties of substitutions and additions. For example, as shown in the Compound A

57
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shown below, a diol mcorporating an amino substitited benzyvl moiety 1s vsed to form the
aryl di- ether bridge. A wide variety of diol intermediates are envisioned to be useful in the

compounds of formula L or I

i EOI /\(/—‘N

[660269] As shown in compound A, the amino moiety may be used to attach to the

Comp@und A

Lanker L. and further elaborated to form a compound of formula 1 or If having a —L.-R., which
can then be reacted with a target binding agent Sc to form a conjugate compound of formula |
or Il having a -L-5,. Many differing linkers-L-~ and R may be may be provided using this

syunthetic approach. Oune example is shown below:

‘/T
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060276} Linkers mcluding a reactive motety, Ry, can be attached at positions R, R,

RY R® or X through svnthetic schomes depicted in FIGs. 7A-7C, 8, 9A and 9B.

660271} In FIG. 7C of the synthetic scheme of FIGs, 7TA-7C, the synthesis of linker 3
is shown. A N-tert-butoxycarbonate {Bog)- protected aming-polyethviene glycol (PEG)
substituted acetic acid is converted to a succinimide ester, using a carbodiimide coupling
reagent, EDC, and succinimide n the presence of 4-dimethyvlammopynidine (DMAP). This
activated succimimide ester is then coupled to the N- ternminal anuno of the dipeptide
valinylalanine in the presence of diisopropylethyl amine (BIEA) in dimethyvlformamide
{(DMF). The carboxylic acid of the resulting Boc- anmino- PEG-dipeptide is subsequently
coupled to the amino group of p- aminobenzyl alcohol via a carbodiimide catalyzed
coupling, using N-cthoxyearbonyl-2-¢thoxy-1,2-dihydrogumoline (EEDQ) | to produce the
linker 3 precursor having a svnthetically accessible benzvl alcobol functionality. That benzvl

alcohol motety 1s converted to an activated para- mitrophenvl carbonate ester by reaction with

-58-
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the bis {(4-nitrophenyvl carbonate ester in the presence of BIEA in BMF to provide the hinker
3, which has a activated nitropheny! carbonate ester capable of being displaced by an amine

functionality of an IQB compound of formula 1 or {1

1060272} In FIG. 7A, the synthesis of an exemplary compound of formula T or H, is
shown, following a general synthetic route as described above, but specifically showing
introduction of nitro groups into the bis arvl ethers, prior to introduction of the
isoquinohidinyl rings. Afier acetylating the hydroxyl groups of the isoquinohidiny] moteties,
the nitro substituents are reduced to amine groups in a two step transformation. Selectively
producing only one of the two amino substituents permits, afier introducing silvl protecting
groups onto hydroxyl groups, introduction of the hinker 3 1o only one substituent position, at
the unprotected amino substituent position, as shown in the first structure of FIG. 7B, The
remainder of the QB ring vucleus is then completed by cyclization after oxidation. The
reactive moicty, maleinude, is introduced in the last serics of three steps, including remaoval
ot the Boc~ protecting group, and introduction of a 3- maleimidyl propionyl moiety coupled
to the free amine, thus providing CLT-D202, an example of a compound of formula  having

a—L-R, substituent at R”, which is configured to react with a target binding agent S,.

060273} In FIG. 8, hinker 1, which s synthesized simlarly as discussed for Hnker 3, 15
coupled to T-methylamino- 2, 4, di-thydroxyvmethyh) benzeng {compound 2), via the activaied
oitrophenyi carbonate ester form moiety X, Ths, in turn, is bis- coupled to isoquinolidino
compound 3 to provide the product compound 4, another exemplar of a compound of formula
I having a -L-R, at R' of moiety , when X of formula [ is Q. Compound 4 has a reactive

moicty R that is maleimide.

1600274] In FI(s, 9A and 9B, linker 2 bearing an activated mitrophenyl carbonate ester
moigty is attached to dimer 3 through an amine group at positon 5 of Formula 1. The
gynthesis of the dimer 3 is shown in FIG. 9A and is similar to the general method described
above, but specitically shows introduction of a nitro substituent in the isoquinolidinyl
precursor which is reduced to an aminge substituent and carried thru the remainder of the
synithesis of the QB ning system as a protected amino group. Dimer 3 i formed using one
cquivalent of the amino- bearing 10B moicty and one equivalent of an unsubstituted 1QB
moiety. FIG. 9B shows coupling of the linker 2 with the dimer 3 to form CLT-D204, an
exemplar of a compound of formula I, having ~L-R, at R, with malemide as the reactive

moiety Ry

-69-



.4

10

WO 2018/053552 PCT/US2017/052357

Conjugates

66027 5] Target binding moicties can be attached to an 1B of this disclosurc using a
variety of known cross-hinking agents. Methods for covalent or non-covalent attachment of
moicties to polypeptides are well known in the art. Such methods may mnchide, but are not
limited to, use of chemical cross-linkers, photoactivated cross-linkers and/or bifunctional
cross-linking reagents. Exemplary methods for cross-linkimg molecules are disclosed in US
Pat. No. 5,603,872 and U.S. Pat. No. 5,401,511, Non-limiting examples of cross-linking
reagents include ghitarakdehyde, bifunctional oxirane, ethylene glycol diglveidyl ether,
carbodiimides such as 1-cthyl-3-(3-dimethylanunopropvl} carbodiimide or
dicyclohexvicarbodumide, bisimidates, dinitrobenzene, N-hvdroxysuccinimide ester of
suberic acid, disuccimimidyl tartarate, dimethyl-3 3'-dithio-bispropionimidate, azidoglyoxal,

N-succinimidyl-3-{2-pyridyldithioypropionate and 4-{(bromoadminoethyi}-2-nitrophenylazide.

360276} In some embodiments, the target binding moiety comprises an antibody. The
term “antibody”™ refers to a polypeptide comprising a framework region from an
immunoglobulin gene, or fragments thereof (Cantibody fragment™), that specifically bind and
recognize an antigen. Typically, the “variable region” contamns the antigen-binding region of
the antibody (or its functional equivalent) and is most critical in specificity and affinity of
binding. An exemplary immunogiobulin {(antibody} structural unit comprises a tetramer. Each
tetramer is composed of two identical pairs of polypeptide chains, cach pair having one

“hght” (about 25 kI¥) and one “heavy” chain (about 50-70 kD).

[660277] An “isotype” 18 a class of antibodies defined by the heavy chain constant
region. Light chains are classified as either kappa or lambda. Heavy chains are classified as
gamma, muy, alpha, delta, or epsilon, which in turn define the isotype classes, IgG, IgM, IgA|
IgD and IgE, respectively. Antibodies can exist as intact immunoglobulins or as any of a
number of well-characterized fragments that include specific antigen-binding activity, e.g.,

F(ab)'2, or an Fab’ monomer.

[660278) A “monoclonal antibody” refers to a clonal preparation of antibodies with a
single binding specificity and affinity for a given epttope on an antigen. A “polvclonal
anttbody” refers to a preparation of antibodies that are raised against a single antigen, but
with different binding specificities and affinities. A “chimeric antibody™ is an antibody
molecule in which (a) the constant region, or a portion thereof, is altered, replaced or

exchanged so that the antigen binding site {(variable region, CDR, or portion thereof) is linked
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to a constant region of a different or altered class, effector function and/or species, or an
entirely different molecule which confors new propertics to the chimeric antibedy (e.g., an
enzyme, toxin, hormone, growth factor, drug, etc.); or (b} the variable region, or a portion
thereof, 13 altered, replaced or exchanged with a variable region having a ditferent or aliered

antigen specificity (e.g., CDR and framework regions from different species).

60279} A "humanized antibody" refers to an immunoglobulin molecule antibodies in
which the antigen binding loops, i.e., CDRs, obtained from the Vi and Vi regions of a non-
human antibody are grafied to a human framework sequence. Humanization, i.e. | substitution
of non-human CDR sequences for the corresponding sequences of a human antibody, can be
performed following the methods described in, e.g., U.S. Patent Nos. 5,545 806, 5,569,825,
5,633,425; 5,661,016, Riechmann ef af. | Nature 332:323-327 (1988}, Marks et i,
Bia/Technology 10:779-783 (1992); Morrison, Nafure 368:812-13 {1994); Fishwild er of.,
Nature Biotechnology 14:845-51 (1996). Transgenic nuce, or other organisms such as other
mammals, may also be used to express humanized or human antibodics, as disclosed in US

Patent No. 6,673,986,

660280} The term “cysteine substituted antibody,” as used herein, refers to an antibody
comprising at least one non-naturally occurring constant region immunoglobulin amimno acid
residuc that has been substituted with cvsteine. A non-naturally occurring substitution 1s one
that 1s not isotypic. In one embodiment, the substituted residucs are heavy chain constant

regions.

660281} The terms “antigen”, “antibody target”, and Like terms refer to a molecule,
compound, or complex that is recognized by an antibody, 1.¢. can be specifically bound by

the antibody. The antibody binds to an “epitope”™ on the antigen.

[G00282] The terms “specific for,” “specitically binds,” and like terms refer to a
molecule {¢.g., antibody or antibody fragment) that binds to a target with at least 2-fold
greater affinity than non-target compounds, e g, at least any of 4-fpld, 5-fold, 6-fold, 7-fold,
g-fold, 9-fold, 10-fuld, 20-fold, 25-fold, 50-fuld, or 100-fold greater affinity. For example,
an antibody that specifically binds a primary antibody will typically bind the primary

antibody with at least a 2-fold greater affinity than a non-primary antibody target (e.g.

Pl

an
antibody from a different species or of a different isotype, or a non-antibody target).
002831 The term “captures” with respect to an antibody target (e.g., antigen, analvte,

immune complex), tvpically indicates that an antibody binds a majority of the antibody
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targets m a pure population {assuming appropriate molar ratios). For example, an antibody
that binds a given antibody target typically binds to at least 2/3 of the antibody targetsina
solution {c.g., at least any of 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100%). One
of skill will recognize that some varabilitv will arise depending on the method and/or

threshold of determining binding.

3002841 Antibodies or fragments thereof may have functional groups which may be
attractive targets for conpugation by compounds of formuda [ or H having a —-L-R,, as
described above. A compound mcorporating —L-R, where maleimide is the reactive moiety
may react with thiols of cvsteine residues or disulfides formed from two cysteine side chains,
where accessible on the antibody or fragment thereof.  Alternatively, azido or
odoacetamidyl reactive moietics attached to a linker of the compound of formula ¥ or lf can
also form a conjugate with a thiol of cysteine residues or disulfides formed intramolecularly.
Disulfides can be specifically targeted by usc of a compound of formula | or I baving —L-Ry

where the reactive moiety is a bis-sulfone, which can attach to both side chains at once.

[360285] Lysine side chains of antibodics or fragments thereof can be conjugated with a
compound of formula I or Il having a —-L-R, where the reactive moiety is selected but not
himited to isothiocvanate, succinmmidyl ester, sulfonyl halide, carboxylic acid,
sulfosuccinimidy! ester, 4-sulfotetraflucrophenyl ester, tetrafluoropheny! ester, and
sulfodichlorophenol cster. When a carboxylic acid is the reactive moiety, the attachment
reaction to the lvsine side chain amino motety is performed in the presence of a coupling

reagent such as carbodiimide, which activates the carboxvlic acid in situ.

[600286] Glutamine side chains may be targeted by an IQB having -L-R; where the
reactive moiety is an aminoalkyl moiety. The amino motety can be a substrate for modified

transglutaminase to provide a glutarminyl conjugated 10B.

{00287 Aldehydes or ketones may be produced on a target binding agent such as an
antibody or a fragment thercof, by oxidative treatments, often of the glycan portion of the
antibody. Periodate or other oxidizing agents can be used to produce these carbonyl
containing sites which may be targeted by a compound of formula | or H having a -L-Rx,
where the reactive moicty 1s hydrazine, semihydrazide, carbohydrazide, or hyvdroxylamine.
[GB0288] Engineered functional moictics on the target binding agent, such as an
antibody or fragment thercot, may also be conjugated by the compounds of formula of for 1

having a ~L-R. Selenocysteine may be incorporated ribosomally in engineered antibody
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fragments, which may afford a highly discriminating conjugation reaction with an H)B

having a maleimide reactive moiety.

[600289] Azido or cyclooctyne moicties may be engineered into a target binding agent
which can then permit the opposite reactive moiety, cvclooctynyl or azidvl reactive groups of

an 1QB having a -L-Ry, using copper-free chick chemistry.

306256} Introduction of unnatural amino acids via ribosomal incorporation can
mtroduce a para-acetyl phenylalaning into atarget binding agent. The acetyl group can be
conjugated with an IQB having a —L-Rx where the reactive moicty is an aminooxy reactive
group, providing an oxime conjugation product of the target binding agent. Another unnatural
amino acid introduced via this process, can provide an azidyl- derivative of bysine which can
be reacted with an Q3B having a ~L-R where the reactive moiety is a cyclooctyng, and

copper-free click chemistry is used.

1660291} These examples are 1 no way limiting; many other approaches to defined
conjugation of a target binding agent such as an antibody or fragment thereof are envisioned
by the use of the compounds of formula { and 1T having —L-R; to form conjugates of formula

Iand If having ~L-8,.

[GB0292] in some embodiments, an antibodyv-drug conjugate may have a structure of

Forowla V:

Y
srdron W Ry L 108 |

FormulaV

wherein:
\3\} /
is an antibody or antibody fragment;

W-Ry 1s the hinking motety formed by W and R, where W is a moiety attached to a natural
or unnatural amino acid residue of the antibody/antibody fragment and R, is a reactive

moicty linkng L-1QB to the antibody;
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L is a linker, wherein L is a bond or is a moiety having 1-200 nonhydrogen atoms selected
from CN, O, 8, or halogen, and optionally incorporates ether, oxe, carboxamidyl, urethanyl,

branched, cyclic, unsaturated, heterocyclic, aromatic or heteroaromatic moietics;
jisafrom Ito 19; and,
108 1s a compound having a structure of Formula (f) or (11}

1300293] The group

\j f/
,or Ab, is an antibody or anttbody fragment.

060294} In some embodiments, an antibody-drug conjugate may have a structure of

Formula V:

Y
Iﬂém\(f\MWmRManiQB)j

wherein:

j f/
is an antibody or antibody fragment;

W-Ry, is a limking moiety formed by W and B, wherein W is a moiety attached to an amino
acid residue of the antibody/antibody fragment and R, 1s a succinumdyl, maleimidyl,
cvlooctynyl, anunooxy, bisulfonvl, sulfonyl, or isothiocyanate moiety, such that the hinking
moigty W-Ry, is a disulfide, a thiolated succinimidyl, an amino substitited succinimidyl, a
{cyclooctyl-1, 4 triazolyl, oxime substituted N-glycan, oxime, a substituted bis-sulfopropyl,
a sulfonamidyl, an amide, or a thiocarbamate moiety; L 18 a limker, wherein Lisabond orisa
motety having 1-200 nonhydrogen atoms selected from C N, O, §, or halogen, and optionally
mcorporates ether, oxo, carboxanudyl, urethanyl, branched, cvclic, unsaturated, heterooyclic,
aromatic or heteroaromatic moieties; j is a number of 1 to 10; and, IQB is a compound having

a structure of Foromula (I}, (31}, (] or (V)
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wherein: the dotted bond shown between ~C(RY- and ~N(R®)- or ~C(R¥)- and ~N(R" }- is
10 independently a single bond or a double bond: cach of R® and R” is independently H, OH., or
~0-P, where P is a protecting group; if present, each of R® and R” is independently H, or a

bond linked to linker L; R, R*, R*, R, RY, R*, Rand R® are each independently selected
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from H, OH, C;-Cyp alkyl, Cp-Cyo alkenyl or C-Cyo alkynvl; each of B2 or R is
ndependently NH, | COH, H, OH (,-Cyp alkyl, §-Co alkenyl, C5-Cip alkyvayl, a bond
finked to linker L; cach of R'and R” is H; R® is: H. NH,. CO,H, or a bond linked to Haker L,

wherein the carbon to which R” is attached also has a hydrogen substituent; or an exo olefin

?Wc:m
having the structure wherein the carbon to which R® is attached has no other
substituent; X is: Cy.1; alkylene, optionally wherem the alkylene chain s interrupted by one
or more hetero atoms selected from the group consisting of O, §, and NH; or -{(CHy 3,3~

{CH)),- , wherein m and p are cach independently O, 1 or 2; Q has a structure of formula:

10

wherein cach of R”, R" and R'! is H, NH,, CO,H. a bond linked to linker L; and J is CH or
N;each of Y and Y~ is independently (0, 5, or NH; cach of Z and Z° is independently H, R,
OH, OR, SH, SR, NH;, or NHR, where each R 13 independently onsubstituted C,.C (5 alkyl,
substituted C.C 17 alkyl, ansubstituted C5.Cy heterocyelyl, substituted Cs.Cyp heterocyelyl,
unsubstituted Cs.Cyp aryl groups, and unsubstituted Cs.Cyo aryl groups; and wherein only one

¥
1

of % RY . R’ R%,R® R° R, and R is a bond linked to linker L.

[BB0295] W may be attached directly or indirectly to the anino acid residuc of the
antibody. In some non-imiting examples, W may be a thiol of a cysteine residue, an amino
group of a lysine residue, an azide group substituted on an amine acid, ¢.g. p-azidomethyl-
phenvialanine, or an aldehvde or ketone substituted on an amino acid. Any of the moicties
described above or any other suttable moiety as is known in the art may be used for reaction
with a reactive moiety Ry to introduce the IQB compound. In some other embodiments, W
may be indirectly attached to the amimo acid residue of the antibody, such as, but not Himited

to N-glycans enginecered into the antibody as described herein.

360296} Ry 1s the portion of the reactive moiety Ry that remaings mmcorporated within
the antibody-drug conjugate upon completion of the reaction between the W moiety and Ry
Some non-limiting examples of Ry include a succinmudyl, malevnidyl, cylooctynyl,
aminooxy, bisulfonfonyi, sulfonyl, or isothiccvanate moiety but may be any suitable Ry as 1s
known i the art. In one non-himiting example, Ry; may be a succimidyl motety, substituted

by a thio ether, which is the product of reacting a maleimidyl Ry moiety with a thiol W

“75-



(]

10

15

WO 2018/053552 PCT/US2017/052357

motety of a cysteine residue. Ry may be any Ry which is the product of any Ry and suitable
antibody substituent W as described herein, or any other suitable Ry as is known inthe art. fn
some embodiments, W-Ry may be a disulfide, a thiolated succinimidyl, an amino substituted
succimmidyl, a (cyclooctyl)-1, 4 tnazolvl, oxame substituted N-glvean, oxime, a substituted
bis-sulfopropvl, a sulfonamidyl, an amide, or a thiccarbamate motety. The linker L may be

any combimnation of elements as described herein.

[306297} R, links the antibody to the remaimnder of the linker L. In this regard an
Antibody Ab has a functional group that can form a bond with a functional group of a
reactive moiety Rx. Useful functional groups that can be present on an antibody, cither
naturally or via chemical manipulation include, but are not limited to, sulthydryl (-SH),
amino, hydroxyl, carboxy, the anomeric hydroxyl group of a carbohvdrate, and carboxyl.
Preferred Antibody functional groups are sulfhvdryi and amine. Sulfhydryl groups can be
generated by reduction of an intramolecular disulfide bond ot an Antibody. Alternativelv,
sulfhydryl groups can be generated by reaction of an amimo group of a lysine moiety of an
Antibody using Z-iminothiolane {Traut’s reagent} or another sulthvdryl generating reagent.
660298} In one embodiment, the reactive moiety Rx forms a bond with a sulfur atom of
the Antibody to form the Rm group. The sulfur atom can be dertved from a sulthyvdryl group
of an Antibody. Representative Rm groups of this embodiment are depicted within the square
brackets of the Foromulas (X1Ha) and (XHib), wherein Z is sclected from -C;-Cyp alkviene-, ~
C5-Cs eyeloalkyl-, -O-(C-Cg alky Dy, «(CHCH; 0, and -(CH; CHR0),-CHp~ and ris an

mteger ranging from 1-10.

O

N—Z-C{O)—F+PEG—Xpa—Y 0B

O

(XiHa)

H
Ab+CH=—CON—Z——C{O}PEG—X 5 Y QB
(X111}

[306299] An illustrative R unit is that of formuda (XIlla) where Z is -{(CHy )y~
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Q O
%NW
C
660300 Ancther ihustrative Rm unit is that of formula (X1lia) where Z
is {(CHCHLO0),-CH-; and ris 2

O
: N/\/O\/\Q/\fn
‘\ Ny
5 G
5 6003611 Stiil another illustrative Rm unit 1s that of formula (X1b) where 7 15

"(C}'ﬂz}smi

;é\).iﬁf\/\/\y%e

060302} In another embodiment, the Rm unit 1s hinked to the Antibody via a disulfide
bond between a sulfur atom of the Antibody and a sulfur atom of the Rm aunit, A

10 representative Rm unit of this cmbodiment is depicted within the square brackets of Formula

{(XIV).
Ab‘E‘SmeC(O)‘}PEG"XA,L\WYL""!QB
(X1V)
[6G0303) In yet ancther embodiment, the reactive moiety RX contains g reactive site that

15 can form a bond with a primary or secondary amino group of an Antibody. Example of these
reactive sites mehude, but are not limited to, activated esters such as succimimide esters,
4-mitropheny! esters, pentaflucrophenyl esters, tetrafluorophenyl esters, ashydrides, acid
chionides, sulfonvl chlondes, isocyanates and isothiocyanates. Representative Km units of

this embodiment are depicted within the square brackets of Formulas (XVa) and (XVb);
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H
Ab==CON—Z—C(O)}1+—PEG—Xpup—Y 0B

{(XVa)
i
Ab{»C-EMZ—C(O)%PEG"XAAHYLMEQB
{(XVb)
5 [008304] In vet another aspect of the invention, the reactive Rx contains a reactive site

that is reactive to a carbohydrate’s (-CHO) group that can be present on an Antibody. For
example, a carbohydrate can be mildly oxadized using a reagent such as sodium periodate and
the resulting (~-CHO) unit of the oxidized carbohvdrate can be condensed with a reactive
motety Rx that contains a functionality such as a hydramide, an oxime, a primary or secondary
10 anune, a hyvdrazine, a thiosemicarbazone, a hydrazine carboxylate, and an aryihydrazide such
as those described by Kancko, T. et al. Bioconjugate Chem 1991, 2, 133-41. Representative

Rm units of this embodiment are depicted within the square brackets of Formalas (XVia)-

(XVic).
Abt{:N-N H»Z-C(Q)%PEGMXMMYEAQB

(XVia)

[
(]

AbZZNmO“Z_C{O)%PEG“XAAMYWEQB
(XVIb)

O
ABTETN-NH—— G Z-G{OyA—PE G X ap =¥ QB

(XVic)

200 [GB03065) The 1QB of the antibody-drug conjugate may be any compound of Formula 1,
B, 131, or £V as described herein. In one embodiment, the QB compound 1s a compound of

the formula:
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1600306} The -W-Ry,-L-1QB moiety attached to the antibody may have any

combination of W moiety attached directly or indirectly to the antibody; any RM resulting

5 from the reaction of any suttably cross-reactive Rx with W any linker L conneeting the RM
to the QB compound and any 1QB as described herem.
3603071 In other embodiments, IQB 18 a motety having the structure:
T oom
I
. . -
< *( Me MeO' i N\:}<'\>
& —
[6G0308) In some embodiments, a ~W-Ry-L-1QB may have a structure of Foronda IV:
G
W' o
g ‘v/\f’ y o H
o] BN /\O/\/O\/’\ A /O\//\O/\/O‘V/\O‘A\/O”V/\F/ N \(/\ N /kr N SN
O A 8 KQ\_I
0.0
Y on
?jj(:‘N 5 RN N \/ é\'(; "|
I\ Mxhﬂ;(/\ OMe  MeO J/\,f >
10 N 5 L

Formoula IV

060309} The ~W-Ry-L-1QB moiety may be attached to a thiol W group of a non-
natural cysteine. There may be 1 or more of the —W-Ru-L-IQB moictics attached to the
antibody or antibody fragment. In some embodiments there may be from 1 to about 3 -W-

15 Ry-L-IQB moicties attached to the antibody. In other embodiments there may be more than 1
but fess than about 2 -W-Ry-L-1QB maoieties. The number of ~W-Ry-L-10QB moicties may
be a fractional number as the population of antibodics being conjugate with the -W-Ry-L-
I0B moietics may not fully react or may react at other sites besides the non-natural cvsieine
residue.In some embodiments, the antibody or antibody fragment 1s anti-CLLY. In some

28 embodiments, the antibody or antibody fragment is anti-CLL1 and 1QB is a moiety having

the structure:
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& f }N ey )’\
G031 6] in some embodiments, the anmtibody-drug conjugate is the compound of

formula I, wherein the antibody or antibody fragment 1s anti-CLL I, W-Ry 15 a thiolated

succinimidyvl; and IQB 1s a moiety having the structure:

i O
H,__‘ {,"’\NX\/O\/AVOV’\ N“‘ H
| 2N /\/L'r
,“\/C _/N' ( ~NFTOMe  MeO! b
(\.“1 ]

[660311] The antibody of the conjugate may be any antibody or antibody fragment as
described herein. The antibody/antibody fragment may bind specifically to cancerous
myveloproliferative cells and/or leukemic cancer stem cells and may not bind to normal

hematopoietic stem cells.

300312} In some embodiments, the present invention provides an antibody-drug

conjugate having a structure of Formula V:

XN A
srdrne W—Fy -L 108 |

FormulaV
wherein:

X

is an antibody or antibody fragment;
W-Ry 15 a linking moiety formed by W and Ry, wherein W is a moiety attached to a natural
or unnatural aming acid residue of the antibody/antibody fragment and Ry is a reactive moiety
tinking L-IQB to the antibody;

L is g linker;

1is anumber of | o 10; and,

108 is a compound having a structurce of Formula (1V):
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{v)
wherein the dotted bond shown between —C(RY- and ~N(R")- or —C(R® )~ and -N(R® )~ is
mdependently a single bond or a double bond; when a double bond is present between —
C{RY- and ~N(R”)-, the ~C{R%~ is olefinic and has a substituent R? and R” of the -N(R)- is
not present: when a single bond is present between ~C(R%)- and -N(R")-, the ~C(R%)- is
saturated and has a hydrogen substituent in addition to the R® substituent and R® of the -
N{R")- is present; when a doable bond is present between ~C(R™)- and -N{R"}-, the —
C{R"}- is olefinic and has a substituent R* and R of the -N(R®)- is not present; when a
single bond is present between —C(RY)- and —-N(R”)-, the —C(R™)- is saturated and has a
hydrogen substituent in addition to the R substituent and R® of the -N(R")- is present;
each of R* and R* is independently H, or OH; if present, cach of R® and R® is
independently H, or -L; R, R, R R R, RY, RPand R® are cach mdependently selected
from H, OH, C,-Cyo alkyl, C-Cyp alkenyl or C-Crp alkynyl; each of R¥or R s
mdependently NH, | CO,H H, OH C-Cyp alkyl, C-Cyp alkenyl, Cr-Cyp alkynyl, or -L; each
of Rand R7 is H;
X is Cy.yz alkvlene, optionally wherein the alkviene chain 1s inferrupted by one or more hetero
atoms selected from the group consisting of O, §, and NH; or ~(CHo)p-Q-(CHy )~ . whereinm

and p are cach independently G, 1 or 2; Q has a structure of formula:

wherein cach of R”, R and R is H, NH,, CG-H, or -L; and
JisCHor N;
cach of Y and Y~ i1s independently O, S, or NH; cach of Z and 77 is independently H, R,
OH, OR, SH, SR, NH;, or NHR, where each R 1s mdependently vnsubstituted C,.C 15 atkyl,

substituted C,.C 1, alkyl, unsubstituted C5.Cyp heterocyelyl, substituted Cs.Cog heterocyelyl,
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unsubstituted Ca.Cygarvl groups, and unsubstituted Ca.Cyp arvi groups; and wherein only one
of R R R RY R R and RV is-L.
660313} In some embodiments, the antibody-drug conjugate has a structure of Formula

A%

X

I I W—Ry ~L -1 |

Formula vV

wherein:

X

is an antibody or antibody fragment;

W-Ry 18 a linking moiety formed by W and R, wherein W is a moiety attached a
natural or vonatural ammo acid residue of the antibody/antibody fragment and Ry s a
succimnudyl, malemmidyl, eylooctynyl, aminooxy, bisulfonyl, sulfonyl, or
isothiccyanate moiety, such that W-Ry, s a disulfide, a thiolated succinimidyl, an
amino substituted succiminudyl, a {cvclooctyl}-1, 4 triazolyl, oxime substituted N-
glycan, oxine, a substituted bis-sulfopropvl, a sulfonanidyl, an amide, ora

thiocarbamate moiety;
L is a linker;
jis a number of 1 to 10; and,

108 15 a compound having a structure of Formula IV}
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(v}
wherein:
s the dotted bond shown between —C(R%)- and —~N(R")- or —
C(R*)- and -N(R®}- is independently a single bond or a double bond;

5 e cach of R? and R? is independently H, or OH;
® each of R® and R” is not present, or is independently H, or a

bond linked to linker L;
® RLRDRLRYRYRY, R and R® arc cach independently
selected from H, OH, C-Cyp alkyl], C5-Cyp alkenyl or Cp-Cyg atkynyl;
10 s cach of R® or R is independently NH, , COH. H. OH C-Cy
alkyl, C-Cyp alkenyl, Co-Cy alkvnyl, or a bond hinked to linker L;
s cach of R'and R” s H;
® X s
o Ci-p alkylene, optionally wherein the alkvlene chain 1s interrupted by one or
15 more hetero atoms selected from the group consisting of O, S, and NH; or
o ~{CHw-Q-(CH,)p- . wherein m and p are each independently 0, 1 or 2;

o ) has a structure of formula:

wherein each of R”, R" and R'' is H, NH,, CO,H. or a bond linked to
20 linker L; and
JsCHorN;
® cach of Y and Y~ s independently O, §, or NH;
s cach of Z and 7”7 s independently H, R, OH, OR, SH, SR,
NH;, or NHR, where cach R is independently unsubstituted C,.C 5 alkyl,

25 substituted C.C 17 alkyl, vnsubstituted C..Cy heterocyelyl, substituted C5.C
heterocvelvl, unsubstituted Ca Cop arvl groups, and unsubstituted Co Cop arvl
groups; and
wherein only one of R RY R RY R’ R and R is a bond linked to

finker L.
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3603141 In some embodiments, the antibody-drug conjugate has a structure of Formula

V wherein I(QB is a moiety having the structure:

OH
J\//\v,. \\/N\( H

<§ “ OMe MeQ” /\W"‘ kﬁ

300315} In some embodiments, the antibody-drug conjugate has a structure of Formula

V wheremn - W-Ry-L-1QB is a moiety having a structure of Formala [V:

o 0 .
41{3 ; \\J/\VANJ(\/O N.E :{ N
—d FOALT 0 R

“f GH

l:ll(,::N O O\/\,C‘l N\S—f
P
{;’% N ( CMe  Nel \\/Hf «\“23

[G80316] in some ecmbodiments, the antibody-drug conjugate has a structure of Formula
YV wherein the antibody 18 a cysteine substituted antibody. In some embodiments, the
antibody-drag conjugate has a structure of Formula V wherein the antibody specifically binds
a cancer marker. In some embodiments, the antibody-drug conjugate has a structure of
Formula V wherein the cancer marker 1s GPR114, CLL-1, fLIRAP, TIM-3, CDB19, CD20,
CD22, RORI, mesothelin, CD33, CD123/IL3Ra, o-Met, PSMA, prostatic acid phosphatase
(PAP), CEA, CA-125, Muc-1, AFP, Glycolipid F77, EGFRvII, GD-2, NY-ESO-1 TCR,
tyrosinase, TRPUgp75, gp100/pmel-17, Melan-A/MART-1, Her2/meu, W1, EphA3,
telomerase, HPY E6, HPV E7, EBNAL, BAGE, GAGE and MAGE A3 TCRSLITRES,
ENPP3, Nectin-4, CD27, SLC44A4, CAIX, Cripto, CD30, MUCI6, GPNME, BCMA, Trop-
2, Tissue Factor {TF), CanAg, EGFR, av-mtegrin, CD37, Folate Recepior, CD138,
CEACAMS, CD36, CD70, CD74, GCC, 5T4, CD79, Steapl, NapiZb, Lewis Y Antigen,
LIV ¢-RET, DLL3, EFNA4 or Endosialin/CD248, Lyvoe (R1G-¢), CD¥7%a, CD274 (PD-L1),
CD38, DLI4, CDB319 (SLAMT). In some embodiments, the antibody-drug conjugate has a
structure of Formula V wherein the cancer markeris CLL-1, In some embodiments, the
antibody-drug conjugate has a structure of Formula V wherein the antibody or antibody

fragment is ant-CLL1.
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3603171 In some embodiments, the antibody-drug conjugate has a structure of Formula

V wherein the antibody/antibody fragment is aoti-CLET and QB is a moiety having the

structure:
T OH
Jeocognses
Vi N
OMe  MeC /\7,/ \%
360318} In some embodiments, the antibody-drug conjugate has a structure of Formula

V wherein the antibody or antibody fragment is anti-CLLT; W-RByy is a thiolated succinimidyl;

and IQB is a moiety having the structure;

vv_wv

OH

H /‘/"i\/\@\[b\/’\/g:(" \/ \g
C\\ ONe 10 \/er\ %‘)
360319} In some embodiments, the present tnvention provides an antibody-drug

conjugate having a structure of Formula V-

X

rdnne W Ry -L QB |

Formula V

wherein:
\ /
is an antibody or antibody fragment;

W-Ry is a linking moiety formed by W and R, wherein W is a moiety attached to a
natural or unnatural amino acid residue of the antibodv/antibody fragment and Ry is a

reactive moiety linking L-IQB to the antibody;
L is a linker;

jis a number of 1 to 10; and,
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10QB is a compound having a structure of Formuda (T}

(Ih
wherein:

e the dotted bond shown between ~C(R)- and ~-N(R®)- or —

.4

CR™)- and -N(R )~ is independently a single bond or a double bond;
o when a double bond is present between —C{(R")- and —N(Rb)u, the -C(RY-1s
olefinic and has a substituent R? and R® of the -N{R®)- is not present;
o when a single bond is present between —~C(R%)- and -N(R")-, the ~C(R%)- is
10 saturated and has a hydrogen substituent in addition to the R? substituent and
R® of the -N(R")- is present,
o when a double bond is present between ~C(R* }- and ~N(R”)-, the ~C(R?)- is
olefinic and has a substituent R* and R” of the -N(R” )~ is not present;
o when a single bond is present between —C(Raﬁ)— and —N( Rb‘)-j the —C( Ra‘)~ 18
15 saturated and has a hydrogen substituent in addition to the R* substituent and
R of the -N(R" - is present;
s cach of R* and R® is independently H, or OH;
& if present, cach of R® and R® is independently H. or -L;
® RYLRY, R RV RY RY, R®and R® andR® are cach
20 independently selected from H, OH, C;-Cyp alkyl, Co-Cho alkenvl or Co-Cog
alkvoyl:
® cach of R’ or R is independently NH, , COH, H, OH C,-Cy,
alkyl, Cp-Cyp alkenyl, C-Cig alkvnyl, or -L;
® cach of Rland R is H;
25 s X s
o Cyaz alkylene, optionally wherein the alkvlene chain is interrupted by one or

more hetero atoms sclected from the group consisting of O, S, and NH; or
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o has a structure of formula;

wherein cach of R”, R and R is H, NH,, CG-H, or -L; and
JisCHor N;
5 ® cach of Y and Y~ is independently O, 5, or NH;
® cach of Zand 727 is independently H) R, OH, OR, 5H, 5R,
NH,, or NHR, where ¢ach R is mdependently unsabstitited C.C ; alkyl,
substituted C.C 15 alkyl, unsubstituted C5.Cyp heterocyelyl, substituted C5.C
heterocvelyl, unsubstituted Cs.Cog arvl groups, and unsubstituted Co.Co arvl
10 groups; and
wherein only one of RERY RRY RO RY and R''is L.
060320} In some embodiments, the antibody-drug conjugate has a structure of Formula
V:

Y
Hv&wwmﬂmma,w;@s};

15 Formula vV

wherein:

XN

is an antibody or antibody fragment;

W-Ru is a linking moiety formed by W and R, wherein W is a moiety attached a

natural or unnatural amino acid residue of the antibody/antibody fragment and Ry isa
20 succimnudyl, malemmidyl, eylooctynyl, aminooxy, bisulfonyl, sulfonyl, or

isothiccyanate moiety, such that W-Ry, s a disulfide, a thiolated succinimidyl, an

amino substituted succiminudyl, a {cvclooctyl}-1, 4 triazolyl, oxime substituted N-
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glycan, oxime, a substituted bis-sulfopropyl, a sulfonamidyl, an amide, or a

thiccarbamate moiety;

L is a linker;

1is a mimber of 1 to 10; and,

108 15 a compound having a structure of Formula (Ii):

I
wherein:

s the dotted bond shown between ~C(R?)- and ~N(R"}- or -
C(R*)- and -N(R")- is independently a single bond or a double bond;

s cach of R* and R* is independently H, or OH;

® ecach of R” and R® is not present, or is independently H, or a
bond limked to linker L;

® RLRY, R RV R RY, Rand R® are cach independently
selected from H, OH, C;-Cyp alkyl, Co-Cyg alkenyl or C3-Cyp alkynyl;

® cach of R’ or R is independently NH; . COH, H, OH C-Cyo
alkyl, Co-Cho alkenyl, C-Cip alkvnyl, or a bond linked to linker L;

® cach of Rland R is H;

s X s

o Cip alkylene, optionally wherein the alkylene chain is interrupted by one or

more hetero atoms sclected from the group consisting of O, S, and NH; or

o €2 has a structure of formula:

R']O

-80.



10

20

WO 2018/053552 PCT/US2017/052357

wherein each of R”, R and R* is H, NH., CO,H, or a bond linked to

linker L; and

JisCHorN;

s cach of Y and Y~ 1s independently O, §, or NH;

& cach of Z and 2 is independently H, R, GH, OR, SH, SE,
NH,, or NHE, where each R is independently unsubstituted C,.C 12 alkyl,
substituted C.C ; alkyl, snsobstituted C5.Cyp heterocyelyl, substituted C5.Cy
heterocyelyl, unsubstituted Cys.Cop aryl groups, and unsubstituted Cq.Chparyl
groups; and
wherein only one of RY R, R’ RY. R’ R, and R" is a bond linked to

linker L

{00321} In some embodiments, the antibody-drug conjugate has a structure of Formula

V, wherein IQB s a motety having the structure:

HO er
:"Z/ f /\‘/O\-’/\VOW RES
(j——/ W \/\OW&’ N‘L(JM \__,// RN
d -
[G0322] in some ecmbodiments, the antibody-drug conjugate has a structure of Formula

V, wherein ~W-Ry-L-IQB 1s a moiety having the structure:

FSR 1 Santaoia
Ho, \Y
O. /\,O \\ H
\f M- )1,\[0?\,% MeQr If b

[360323] In some embodiments, the antibody-drug conjugate has a structure of Formula
¥V, wherein the antibody is a cysteine substituted antibody. In some embodiments, the
antibody-drug conjugate has a stracture of Formula V, wherein the antibody specifically
binds a cancer marker. In some embodiments, the antibody-drug conjugate has a structure of
Fornuila V, wheremn the cancer marker 1s GPR114, CLL-1, IL1RAP, TIM-3, CB19, CD20,
D22, RORI, mesothelin, D33, CD123/IL3Ra, ¢-Met, PSMA | prostatic acid phosphatase

(PAP). CEA, CA-125, Muc-1, AFP, Glyeolipid F77, EGFRvI, GEB-2, NY-ES0-1 TCR,
tyrosinase, TRPU/gp75, gpi00/pmel-17, Melan-A/MART-1, Her2/neu, WE1, EphA3,
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telomerase, HPV E6, HPV E7, EBNA1L, BAGE, GAGE and MAGE A3 TCRSLITRKS
ENPP3, Nectin-4, CD27, SLC44A4, CALX, Cripto, CD30, MUCLS, GPNME, BCMA, Trop-
2, Tissue Factor (TF), CanAg, EGFR, av-integnin, CD37, Folate Receptor, CD138,
CEACAMS, CD56, CD70, CD74, GCC, 5T4, CD79, Steapl, Napi2b, Lewis Y Antigen,
LIV ¢-RET, DLL3, EFNA4 or Endosialin/CD248, Lyvoe (RiG-e), CD7%, CD274 (PD-L1),
CD38, DLI4, CD319 (SLAMT). In some embodiments, the antibody-drug conjugate has a
structure of Formula V, wherein the cancer marker 1s CLL-~1, In some embodiments, the
antibody-drag conjugate has a structure of Formula V, wherein the antibody or antibody
fragment is anti-CLL1. In some embodiments, the antibody-drug conjugate has a structure of
Formula V, wherein the antibodv/antibody fragment is anti-CLL1 and QB is a moiety having
the structure:

Anpe

—-P!J WO\/\/QW \\\)?H
LRI,

[660324] In some embodiments, the antibody-drug conjugate has a structure of Formula

HO

¥V, wherein the antibody or antibody tragment is anti-CLL1; W-Ry 1s a thiolated

succimimidyl; and IQB is a moiety having the structure:

Ao
,—N\YE//\\/O.\//\/O.\//\\/ \\\)?H

S e

o ==

HO

Pharmaceutical Compositions

[060325] Dosage forms containing isoguinolidinobenzodiazepines as the active
ingredient may be advantagecusly used to treat or prevent proliferative diseases. The dosage
forms may be administered or applied singly, or in combination with other agents. The
formulations may also deliver an isoguinclidinobenzodiazepine to a subject in combmation
with another phamaceutically active agent, including another

isoquinohidinchenzodiazepings.

060326} The formudations, for human medical use, of the present disclosure comprise
an active ingredient in association with a pharmaceutically acceptable cairier therefor and

optionally other therapeutic ingredient(s}. The carrier(s) must be "acceptable” in the sense of
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being compatible with the other ingredients of the formulations and not deleterious to the

recipient thereof.

660327} The terms “effective amount,” “effective dose,” “therapeutically effective

amount,” ete. refer to that amount of the therapeutic agent sufficient to ameliorate a disorder,
as described above. For example, for the given parameter, a therapeuticaliy effective amount
will show an mcrease or decrease of therapeutic effect at least 396, 10%, 15%, 20%, 25%,
40%, 50%, 60%, 75%, 80%, 90%, or at least 100%. Therapeutic efﬁcacy can also be
expressed as “-fold” increase or decrease. For example, a therapeutically effective amount

can have at least a 1.2-fold, 1.5-fold, 2-fold, 5-fold, or more effcct over a control.

060328} Dosage forms can be prepared for mucosal {e.g., nasal, sublingual, vaginal,
buccal, or rectal), parenteral {e.g., subcutaneous, miravenous, intramuscular, or intraarterial
mjection, either bolus or mfusion), oral, or transdermal administration to a subject. Examples
of dosage forms include, but are not Iimited to: dispersions; suppositories; ointments;
cataplasms {(poultices); pastes; powders; dregsings; creams; plasters; solutions; patches;
acrosols (¢.g.. nasal sprays or inhalers); gels; liqguid dosage forms suitable for oral or mucosal
adoinistration {o a subject, including suspensions {e.g., agueous or non-aqueous higuid
suspensions, otl-n-water emulsions, or a water-in-oil liguid emulsions), solutions, and clixirs;
liquid dosage forms suitable for parenteral administration to a subject; and sterile sobids (e.g.,
crystalline or amorphous solids) that can be reconstituted to provide iquid dosage forms

suitable for parenteral admimistration to a subject.

[360329] Injectable {¢.g., mtravenous) compositions can comprise a solution of the
antibody or antibody-targeted composition suspended in an acceptable carrier, such as an
aqueous carrier. Any of a vaniety of aqueous carriers can be used, ¢.g., water, buffered water,
(.4% saline, .9% isotonic saline, 0.3% glycine, 5% dextrose, and the like, and may include
glvcoproteins for enhanced stability, such as albunun, lipoprotein, globuhin, ete. Often,
normal buffered saline (133-150 mM Na(ly will be used. The compositions can contain
pharmaceutically acceptable awxaliary substances to approximate physiological conditions,
such as pH adjusting and buffering agents, tonicity adjosting agents, wetting agenis, ¢.g.,
sodium acetate, sodium lactate, sodivm chloride, potassium chiloride, calcium chioride,
sorbitan monolaurate, tricthanolamine oleate, etc. In some embodiments, the composition can

be formulated in a kit for intravenous administration.
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3603301 Formulations suitable for parenteral admimstration, such as, for example, by
mtraarticular (in the joints), intravenous, intramuscular, intratumoral, intradermal,
mtraperitoncal, and subcutaneous routes, include agueous and non-aguecus, isotonic sterile
mjection solutions, which can contain antioxidants, butters, bacterostats, and solutes that
render the formulation 1sotonic with the blood of the intended recipient, and agueous and
non-aqueous sterile suspensions that can melude suspending agents, solubilizers, thickening
agents, stabilizers, and preservatives. Injection solutions and suspensions can also be
prepared from stenile powders, granules, and tablets. In the practice of the present invention,
compositions can be admunistered, for example, by intravenous infusion, topically,
mtraperitoncally, intravesically, or intrathecally. Parenieral administration and mtravenous
adnunistration are the preferred methods of administration. The formulations of targeted
compositions can be presented in unit-dose or multi-dose sealed containers, such as ampoules

and vials.

360331} ¢ phammacologically active compounds of the disclosure are useful in the
manufacture of pharmaceutical compositions comprising an effective amouat thereof in
conjunction or admixture with the excipients or carriers suitable for either enteral or
parenteral application. Preferred are tablets and gelatin capsules comprising the active
mgredient together with one or more of the following: (a) diluents, such as lactose, dextrose,
sucrose, maanitol, sorbitol, celhilose, glvcine and the like; (b} lubricants, such as silica,
talcum, stearic acid, its magnesium or caleium salt, polyethyieneglveol and the like; for
tablets also; (¢} binders, such as magnesium aluminum silicate, starch paste, gelatin,
tragacanth, methvlcellulose, sodivm carboxymethyi-cellulose or polyvinvlpyrrolidone and the
like; and, if desired, {d) disintegrants, such as effervescent mixtures and the like; and

{c} absorbents, colorants, flavors, and sweeteners and the ike.

[G00332] The formulations may convenigntly be presented in unit dosage form and may
be prepared by any of the methods well-known in the art of pharmacy. All methods include
the step of bringing the active ingredient into association with the carrier which constitutes
one or more accessory ingredients. In general, the formalations are prepared by uniformly
and intimately bringing the active ingredient 1nto association with a liquid carrier or a fincly
divided solid carrier or both, and then, if necessary, shaping the product mio the desired

formulation.

[GB0333] Said pharmaceutical compositions may be sterilized and/or contain adjuvants,

such as preserving, stabilizing, wetting or emulsifving agents, solution promoters, salts for
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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, granulating, or coating methods, respectively, and contain about 0.1 to

75%, preferably about | to 50%, of the active ingredient.

[G00334] The concentration of the active agent in the formulation can vary a great deal,
and will depend on a variety of factors, includmg the disease or condition fo be treated, the
nature and activity of the active agent, the desired effect, possible adverse reactions, the
ability and speed of the active agent to reach its intended target, and other factors within the
particular knowledge of the subject and physician. The formulations will typically contain on
the order of about 0.5 wt % to 50 wit % active agent, preferably about 0.5 wt % to 5 wi %

active agent, optimally about § wt % to 20 wt % active agent.

[BB0335] An 10QB conjugate can also be formulated to provide more than one active
compound, e.g., additional chemotherapeutic or cytotoxic agents, cytokines, or growth
inhibitory agents. The active ingredients may also prepared as sustaimed-release preparations
{c.g., semi-permeable matrices of solid hydrophobic polymers {¢.g., polvesters, hydrogels
{(for example, polv (Z2-hvdroxyvethvi-methacrvlate), or polv (vinvlalcohol}) or polviactides).
The antibodies and immanocongugates can be entrapped in a nanoparticle prepared, for
example, by coacervation techniques or by mterfacial polymerization, for example,
bydroxymethyicellulose or gelatin microcapsules and poly~ (methylmethacylate}
microcapsules, respectively, in colloidal drug debivery systems (for example, liposomes,
albumin microspheres, microemulsions, nano-particles and nanocapsules) or in

macroemulsions.

060336} I03Bs of this disclosure may take the form of a pharmaceutically aceeptable
salt, ¢.g., a salt of a compound that is pharmaceutically acceptable and that possesses the
desired pharmacological activity of the parent compound. Such salts include: (1) acid
addition salts, formed with inorganic acids such as hydrochlonc acid, hvdrobromic acid,
sulfuric acid, miric acid, phosphoric acid, and the hke; or formed with organic acids such as
acetic acid, butyric acid, propionic acid, hexanoic acid, cyclopentanepropionic acid, glyeolic
acid, pyvruvic acid, tactic acid, valeric acid, malonic acid, succinic acid, malic acid, maleic
acid, fumaric acid, tartarie acid, citric acid, benzoic acid, 3-(4d-hydroxybenzovl) benzoic acid,
cinnamic acid, mandelic acid, methanesulfonic acid, ethanesulfonic acid, 1,2-cthane-
disulfonic acid, 2-hydroxyethanesulfonic acid, benzenesulfonic acid, 4-

chlorobenzenesulfonic acid, 2-naphthalenesulfonic acid, 4-toluenesulfonic acid,

04



(]

10

24

[Nl
N

30

WO 2018/053552 PCT/US2017/052357

camphorsulfonic acid, 4-methylbicyclo]2.2 2]-oct-2-ene-1-carboxylic acid, glucoheptonic
acid, 3-phenvlpropionic acid, trimethylacetic acid, tertiary butylacetic acid, lauryl sulfuric
acid, gluconic acid, gluwtamic acid, bvdroxynaphthoic acid, salicylic acid, stearic acid,
muconic acid, and the like, made by conventional chemical means; or (2) salts formed when
an acidic proton present in the parent compound either 1s replaced by a metal ion, e.g., an
alkali metal 1on, an alkaling carth ton, or an aluminum ion; or coordinates with an organic
base such as ethanolanvne, dicthanolamine, tricthanolamine, N-methviglucamine and the

like, made by conventional chemical means.

Methods of Use

Treatment of proliferative disease

[660337) Isoquunolidinobenzodiazepines of this disclosure inhibit cell growth
(proliferation), and thus are useful in pharmaceutical compositions to treat a subject, .., a
vertebrate, ¢.g., a mammal, ¢.g., a human. IQBs can be admimstered alone or as conjugates
wherein they are conjugated to a cell targeting agent such as an antibody.

59 ¢l

[GB0338] “Subject.” “patient,” “mdividual” and like terms are used mterchangeably and
refer to, except where mndicated, mammals such as humans and non-human primates, as well
as rabbits, rats, mice, goats, pigs, and other mammalian species. The term does not
necessartly indicate that the subject has been diagnosed with a particular disease, but
typically “patient” refers to an individual under medical supervision. A patient can be an
mdividoal that is seeking treatment, monitoring, adjustment or modification of an existing
therapeutic regimen, ete. A “cancer patient” can refer to an individual that has been
diagnosed with cancer, 1s currently following a therapeutic regumen, or is at risk of
recurrence, e.g., afier surgery to remove a tumor. In some embodiments, the cancer patient
has been diagnosed with cancer and 1s a candidate for therapy. Cancer patients can include
ndividuals that have not received treatment, are currently receiving treatment, have had

surgery, and those that have discontinued treatment.

[G00339] The terms “therapy,” “treatment,” and “amehoration” refer to any reduction in
the severity of symptoms. In the case of treating cancer, treatment can refer to, e.g., reducing
tumor size, number of cancer cells, growth rate, metastatic activity, reducing cell death of
non-cancer cells, reduced nausea and other chemotherapy or radiotherapy side effects, ete. In
the case of treating an mflammatory condition, the treatment can refer to, e.g., reducing blood

levels of intlammatory cytokines, pain, swelling, recruitment of rmmume cells, ctc. As used
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herein, the terms “treat” and “prevent” are not intended to be absclute terms. Treatment and
prevention can refer to any delay 1o onset, amchioration of symptoms, improvement in patient
survival, increase i survival time or rate, efc.. Treament and prevention can be complete
{undetectable levels of neoplastic cells) or partial, such that fewer neoplastic cells are found
in a patient than would have ocearred without the present invention. The effect of treatment
can be compared to an individual or pool of individuals not receiving the treatment, or to the
same patient prior to treatment or at a different time during treatment. In some aspects, the
severity of discase is reduced by at least 10%, as compared, e g, to the individual before
adnuinistration or to a control individual not undergoing treatment. In some aspects the
severity of disease is reduced by at least 25%. 50%, 75%, 80%, or 90%, or in some cases, no

longer detectable using standard diagnostic technigues.

[G00340] Composgitions of this disclosure are useful in the treatment of proliferative
discases such as cancer. “Cancer”, “tumor,” “transtormed”™ and like terms mclude
precancerous, neoplastic, transformed, and cancerous cells, and can refer to a solid tumor, or
a non-solid cancer {see, ¢.g., Edge et al. AJCC Cancer Staging Manual (7th ed. 2009); Cibas
and Ducatman Cyiology: Diagnostic principles and clinical correlates (3rd ed. 2009})). Cancer
includes both benign and malignant neoplasms {abnormal growth). “Transformation” refers
to spontaneous or induced phenotypic changes, e.g., immortalization of cells, morphological
changes, aberrant cell growth, reduced contact inhibition and anchorage, and/or malignancy
(see, Freshney, Culture of Animal Cells a Manual of Basic Technigue (Sed od. 1994)).
Although transformation can arise from mfection with a transforming virus and incorporation
of new genomic BNA, or uptake of exogenous DNA | it can also arise spontancously or

following exposure to a carcinogen.

(606341} The term “cancer” can refer to carcinomas, sarcomas, adenocarcinomas,
tvmphomas, leukemias, solid and lvmphoid cancers, ctc. Examples of different tvpes of
cancer include, but are not limited to, lung cancer (e.g., non-small cell lung cancer or
NSCLL), ovanian cancer, prostate cancer, colorectal cancer, liver cancer (i,
hepatocarcinoma), renal cancer (1.¢., renal cell carcinoma}, bladder cancer, breast cancer,
thyroid cancer, pleural cancer, pancreatic cancer, uterine cancer, cervigal cancer, festicular
cancer, anal cancer, pancreatic cancer, bile duct cancer, gastromntestinal carcinoid tumors,
csophageal cancer, gall bladder cancer, appendix cancer, small intesting cancer, stomach
{gastric} cancer, cancer of the central nervous system, skin cancer, choriccarcinoma; head and

neck cancer, blood cancer, osteogenic sarcoma, fibrosarcoma, neuroblastoma, glioma,



(]

10

15

20

30

WO 2018/053552 PCT/US2017/052357

melanoma, B-cell lymphoma, non-Hodgkin's lymphoma, Borkitt’s lvmphoma, Small Cell
lymphoma, Large Cell lymphoma, myelodisplastic syndromes (MDS), monocytic leukemia,
myelogenous leukemia, acute lymphocviic leukemia, acute myelocytic leukemia (AML},
chronic myeloid leukemia (CML), and multiple myeloma. In some embodiments, the

compositions and methods of the present invention are useful for treating cancer.

300342} Cancers that can be targeted nclude, for example, leukemia {¢.g., acute
tymphoblastic leukemia (ALLY, acute myveloid leukemia or acute myelogenous leukemia or
acute myeloid leukemia{ AML). chronic tvmphocytic levkemia (CLL) and chronic myeloid
leukemia or chronic myelogenous leukemia (CML)), breast cancer, prostate cancer,
colorectal cancer, brain cancer, esophageal cancer, head and neck cancer, bladder cancer,
gynecological cancer, liposarcoma, and maltiple myeloma. In some embodiments, the target
binding domain within the CAR of the disclosed disclosure is capable of binding any of a
broad group of targets, including but not limited to, GPR114, CLL-1, IL1RAP, TIM-3,
CB19, CD20, Cb22, RORI, mesothelin, CD33, CD123/1L3Ra, c-Met, PSMA, prostatic acid
phosphatase (PAP), CEA, CA-125, Muc-1, AFP, Glycolipid F77, EGFRVHL GDB-2, NY-
ESG-1 TCR, tyrosinase, TRPVep73, gpl00/pmel-17, Melan-A/MART-1, HerZ/neu, WT1,
EphA3, telomerase, HPV E6, HPV E7, EBNAL, BAGE, GAGE and MAGE A3
TCRSLITRKS, ENPP3, Nectin-4, CD27, SLC44A4, CAIX, Cripto, CD30, MUCIS,
GPNMEB, BOCMA, Trop-2, Tissue Factor {TF), CanAg, EGFR, av-integrin, D37, Folate
Receptor, CD138, CEACAMS, CD36, CD70, CD74, GCC, 574, CD79b, Steapl, NapiZb,
Lewis Y Antigen, LIV, ¢-RET, DLL3, EFNA4, Endosiahin/CD248, Lyvoe (RIG-¢), CD79a,
CD274 (PD-L1}3, CD38 DLL4, CD319 (SLAMT) and other targets known to one of skill in

the art. In some embodiments, the cancer marker 1s CLL-1.

060343} A “cancer target” or “cancer marker” 18 a molecole that i1s differentially
expressed or processed in cancer, ¢.g., on a cancer cell or in the cancer miliew. Exemplary
cancer targets are cell surface proteins such as IL1RAP (also, ¢.g., cell adhesion molecules
and receptors), intracellular receptors, hormones, and molecules such as proteases that are
secreted by cells into the cancer milicw. Markers for specific cancers are known in the art,
c.g.. MUC]T expression on colon and colorectal cancers, bombesin receptors in fung cancer,

and prostate specific membrane antigen (PSMA) on prostate cancer.

[600344] The terms “overexpressed” or “upregulated” interchangeably refer to & protein
or nucicic acid, generally a biomarker, that is transcribed or translated at a detectably greater

than control level. The term includes overexpression due to transcription, post transcriptional
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processing, translation, post-translational processing, cellular localization (g g, organclle,
cvtoplasm, nuclens, cell surface), and RNA and protein stability. Overexpression can be
detected using conventional techniques for detecting biomarkers, whether mRNA (1e., RT-
PCR, hvbndization) or protein {i.¢., flow cytometry, imaging, ELISA, immunohistochemical
techmiques). Overexpression can be at least any of 10%, 20%, 30%, 40%, 50%, 60%, 70%,

80%, 90%: or more in comparison to a normal cell.

360345} In some embodiments, the cancer target can be associated with a certain type
of cancer cell, ¢ g., leukemia, myeloma, lymphoma, AML, CML, nou-small cell hung cancer
cells, prostate cancer, colorectal cancer, breast cancer or ovarian cancer. A cell tvpe specific
target is typically expressed at tevels at least 2 fold greater i that cell type than in a reference
population of cells. In some embodiments, the cell type specific marker 1s present at fevels at
least 3, 4,3, 6,7, %, 9, 10 20, 50, 100, or 1000 fold higher than iis average expression in a
reference population. Thus, the target can be detected or measured to distinguish the cell type
or types of interest from other cells. In some embodiments, the cancer treated 1s a leukenua,

lymphoma or a solid tumor.

060346} In some embodiments, the cancer treated 1s a cancer of myeloid origin, that 1s
originating from myeloid cells. Chronic mycloproliferative disorders are a collection of
conditions characterized by increased number of mature and immature granulocytes,
erythrocvies, and platelets. Chronic myeloproliferative disorders can transition to other
forms within this group, with a tendency to terminate in acute myveloid leukemia. Specific
diseases within this group include cancers of myeloid origin, such as AML (acute
myelogenous or myeloproliferative leukenua), MDS (myelodysplastic syndrome),
myelofibrosis, CMML {chronic myelomonocyiic leukemia), multiple myeloma,
plasmacytoma, and CML (chronic myelogenous or myeloproliferative leokemia). Other
myeloproliferative disorders inchude polycythemia vera, agnogenic myeloid lookermia,
cssential thrombocythemia, chronic myeloid leukemia, and chronic neutrophilic levkemia. In
some embodiments, the cancer treated is a myeloproliferative cancer. [n some embodiments,
the myeloproliferative cancer s selected from the group consisting of acute
myeloproliferative leukemia, myelodvsplastic syndrome, chronic myeloproliferative
leukenua, chromic myelomonocytic leukemia, muitiple myeloma, plasmacytoma and
myelofibrosis. In some embodiments, the cancer treated 1s a cancer of myeloid cell origin.

In some embodiments, the cancer of myeloid cell origin is selected from the group consisting
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of acute mvelogenous leakemia, wmvelodvsplasiic svndrome, chronic myelogenous leukemia
o ot > o o ¥ ~ = 2

N

chronic myclomonoeytic leukemia, multipie myeloma, plasmacytoma and myelofibrosis.

060347} Flevated CLL-1 levels are associated with cancer, in particular, in
hematopoietic CSCs {e.g., L8Cs), and in myeloproliferative disorders, mchiding leukemias
such as AML {acute myelogenous or myeloproliferative leukemia), MDS (mvelodysplastic
syndrome}, myelofibrosis, CMML {chronic myelomonocytic leukemia), muliiple myeloma,
plasmacytoma, and CML {chronic myelogenous or myeloproliferative leukemia). See
Bakker et al. {2004) Cancer Res. 64:8443; Van Rhenen et al. (2007) Blood 110:2859-66;
Zhao et al. {2010) Haematologica (2010) 95:71; Van Rhenen et al. (2007) Leukemia 21:1700;

and Herrmann et al. (2012) Haematologica 97:219.

[600348] A cancer stem cell {CSC) is a cell found in a tumor or blood cancer that can
give rise to the cells that make up the bulk of the cancer. The CSC can also be scif-renewing,
stmilar to a normal (non-cancer) stem cell. USCys can thus mediate metastasis by migrating o
a non-turmor tissue in an individual and starting a “new” tumor. CS5Cs make up a very small
percentage of any given cancer, depending on the stage that the cancer is detected. For
example, the average frequency of CSCs m a sample of AML cells is behieved to be about 1:
10,000. Hematopoietic C8Cs can be identified as CD34++, similar to normal hematopoietic
stem cells {(HSCg}. Other CSC associated markers mnclode CD44 (breast), CD133 {ghial

cancers), and Notch {¢.g., myclomas and neuroblastoma).

1360349} One non-himiting example of a cancer target for which the 1QBs desceribed
herein can be incorporated within an antibody-drug conjugate, is C type Lectin Like
moleculet ("CLL~17). CLL-1 15 expressed on AML blasts and LSCs, but not on normal
hematopoietic stem cells. CLL-1 s expressed on leukemic cells within both the bone marrow
and blood compartments. The target antigen is present across all AML French American
Brtish (FAB) classifications and cytogenetic risk categories and is expressed mdependent of
FLT-3 status. The target is expressed m de nove and recurrent disease states. Hxpression of
CLL-1 antigen in combination with multidrag resistance (MDR) is associated with poor

disease prognosis and greater probability of relapse.

060350} In addition to being expressed in AML, CLE-1 13 expressed in MDS and other
myeloproliferative disorders {e.g., polyeythenua vera, essential thrombocythemia and

polymyelofibrosis).
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[308351} C-type Lectin-Like molecule 1 (CLL-1), also known as CLECI12A, DCAL-2,
and MICL, is a type I membrane protein (ITIM domain—TM domain-staltk domain-lectin-
like domain). The extracellular domain of CLL-1 is highly glvcosylated, and it 15 expressed

exclusively in cells of myeloid lineage.

[G00352] The nuclectide and protein sequences of CLL-1 are known for many species.
For example, the human sequences can be found at Genbank accession number AF247758.1
and Uniprot accession number Q53QGZ9. For the human CLL-1 protein, the extracellular
domain comprses approximately amino acids 65-263, the transmembrane domain comprises
approximately amino acids 44-64, and the cyvtoplasmic domain comprises approximately
amino acids 1-43. The stalk domain of human CLL-1 spans amino acids 63-139, and the C
lectin domain spans amino acids 140-249. One of skill will understand that CLL-1 variants
{c.g., species homologs, allelic variants, etc.} can be optimally aligned, ¢.g., for identification

of conserved residues and domains.

1600353] The terms “CLL-1 specific antibody,” “anti-CLL-1 antibody,” “CLL-1
antibody,” “CLL-1 ADC” and “anti-CLL-1" arc used synonymously herein to refer to an
antibody {or antibody conjugate, depending on context) that specifically binds to CLL-1,
meluding variously glycosylated forms of CLL-1. The CLL-1 antibodies described herein
specifically bind the CLL-1 polypeptide expressed. ¢.g., on the surface of certain cancer cells,
but not to HSCs. As discussed m more detail below, the present anti-CLL-1 antibodics can
bind CLE-1 expressing cells, bind a larger percentage of AML cells compared to other AML-

targeting antibodies, inhibit AML cell proliferation, and mediate their destruction.

060354} A “CLL-~1 associated disorder” {or CLL-1 related disorder, CLL~1 disorder,
CLL-1 related condition or discase, etc.) refers to conditions and discases correlated with
clevated or reduced cell sarface expression of CLL-1 as compared to CLL-1 expressionin a
standard control {¢.g., a normal, non-disease, non-cancer cell). Elevated CLL-1 lovels are
associated with cancer cells, i particular, leukemias such as AML (acute myelogenous
leukemia), MDS (myelodysplastic syndrome}, and CML (chronic myelogenous leukenma),
and m hematopoietic CSCs (e g., L5Cs).
1600355] One non-limiting example of an antibody that may be useful to target AML
and cancer stera cells of involved lingages is an anti-CLL-1 antibody, and more specifically, a
humanized anti-CLL1 antibody. Such antibodies are described, for example, in US

2013/0295118 and provisional application 62/359,100, both incorporated herein by
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reference.) In some embodiments, the anti-CLL-1 antibody 1s optionally a chimeric (e.g.,
humanized) antibody and comprises light chain and heavy chain variable regions of SEQ 1D
NG 1 and 2, respectively. In cortam embodiments, the antibody can include substitutions of

a cyvsteine residue for another residue. Compositions of this disclosure can be attached to the

(]

antibodies throagh the cysteine residue. In one example, a serine residue at position 239 is
substituted with cysteine (5239C). More than one 1QB compound may be incorporated 1nto
antibodies so modified. In some cmbodiments, the number of IQB compounds attached to an
antibody may be any mumber in the range from 1 to about 10, or any number in between,
including a fractional number. In some embodiments, the number of IQB compounds

10 attached to the antibody is in the range from 1 to about 3. Such an antibody incorporating the
10Bs described herein have been found to be effective in m-vitro and in-vivo applications as

described below.

Dosage

1600356} The amount of isoquinclidinobenzodiazepines that will be eftective in the
15 treatment or prevention of proliferative disorders in a subject will depend on the specific
nature of the condition, and can be determined by standard clinical techniques known in the
art. In addition, /n vitro or i1 vive assavs may optionally be emploved to help dentify
optimal dosage ranges. The specific dose level for any particular individual will depend upon
a variety of factors including the relative activity of the isoguinolidinobenzodiazepines, the
20 age, body weight, general physical and mental health, genctic factors, environmental

mfluences, sex, diet, time of adnunistration, route of administration, rate of excretion, and the

severity ot the particular problem being treated.

[G00357] The terms “dose” and “dosage”™ are used interchangeably herein. A dose refers
to the amount of active ingredicnt given to an individual at each administration. For the

25 present invention, the dose can refer to the concentration of the antibody or associated
components, e.g., the amount of therapeutic agent or dosage of radiolabel. The dose will vary
depending on a mumber of factors, including frequency of administration; size and tolerance
of the mdividual; seveniy of the condition; risk of side effects; the route of adminstration;

and the imaging modality of the detectable moiety (if present). One of skill in the art will

3
p—

recognize that the dose can be modified depending on the above factors or based on

therapeutic progress. The term “dosage form”™ refers to the particular format of the
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pharmaceutical, and depends on the route of administration. For example, a dosage form can

be in a hguid, e g, a saline solution for injection.

[060358] A “control” sampie or value refers to a sample that serves as a reference,
usually a known reference, for comparison to a test sample. For example, a test sample can be
taken from a test condition, e.g., in the presence of a test compound, and compared to
samples from known conditions, e.g., n the absence of the test compound {negative control},
or in the presence of a known compound (positive control). A control can also represent an
average value gathered from a number of tests or results. Oune of skill in the art will recognize
that controls can be designed for assessment of any number of parameters. For example, a
control can be devised to compare therapeutic benefit based on pharmacological data {e.g.,
half-life) or therapeutic measures (e.g., comparison of benefit and/or side effects}. Controls
can be designed for i virro applications. One of skill in the art will understand which
controls are valuable in a given situation and be able to analvze data based on comparisons to
control values. Controls are also valuable for determining the sigmificance of data. For
exampie, if values for a given parameter are widely variant in controls, variation in test

samples will not be considered as significant.

[060359] In certain embodiments, the 1soquinolidingbenzodiazepines of the disclosure
will be conjugated to a target binding moicty, such as an antibody. The target binding moiety
can be specitic to targets on cells targeted for elimination in order to treat a subject suffering
from a condition caused by the presence of such celis. The target can be any biomolecule on
atarget cell. Target cells can melude cancer cells. Therefore, the target can comprise, for
example, a polvpeptide expressed on a cancer cell, ¢.g., a tumor-associated antigen. In
another embodiment, the target binding moiety can be a chimeric antigen receptor (“CAR”)
that can bind an antigen determinant comprising aming acids within the extracellular domain
of a tumor-associated antigen, a viral antigen or a viral associated antigen or a fragment of

such a polypeptide.

3603601 Suitable dosage ranges for oral administration are dependent on the potency of
the particular isoquinolidinobenzodiazepine or isoquinohidinobenzodiazepine antibody
conjugates, but are generally about 0.001 mg to about 500 mg of drug per kilogram body
wetght, preferably from about 0.1 mg to about 200 mg of drug per kilogram body weight, and
more preferably about 1 1o about 100 mg/kg-body wt. perday. Dosage ranges may be readily
determined bv methods known to the skilled artisan. The amount of active ingredient that

may be, for instance, combined with carrier matenials o produce a single dosage form wili
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vary depending upon the subject treated and the particular mode of administration. Dosage

unit forms will generally contain between about 1 mg to about 500 mg of active ingredient.

060361} Admunistration can be periodic. Depending on the route of administration, the
dose can be administered, e.g., once every 1, 3,57 10, 14, 21, or 28 days or longer (e g,
once every 2, 3, 4, or 6 months). In some cases, administeation is more frequent, e g, 2 or 3
times per day. The subject can be monitored to adjust the dosage and frequency of
administration depending on therapeutic progress and any adverse side effects, as will be

recognized by one of skill in the art.

060362} Thus in some embodiments, additional administration 1s dependent on subject
progress, €.2., the subject is monitored between administrations. For example, after the first
administration or round of administrations, the subject can be monttored for rate of tumor
growth, recurrence {¢.g., in the case of a post-surgical subject), or general discase-related

symptoms such as weakness, pain, nausea, etc,

Methods of Administration

[G00363] The antibody conjugate compositions may be administered by any other
convenient route, for example, by mfusion or bolus ingection, or by absorption through
epithelial or mucocutaneous linings {e.g., oral mucosa, rectal and intestinal mucosa, efc.).
Administration ¢an be systemic or local. Various delivery systems are known, (e g.,
cuncapsulation in Hiposomes, microparticlcs, microcapsules, capsules, efc. ) that can be used to
adominister the antibody conjugate compositions. Methods of adminstration include, but are
not fimited to, intradermal, intramuscular, intraperitoneal, infravenous, subcutancous,

intranasal, epidural, intranasal, and intracerebral.

(300364} ¢ amount of isoquinolidinobenzodiazepine antibody conjugates that will be
effective in the treatment or prevention of proliferative disorders in a subject will depend on
the specific nature of the condition, and can be determined by standard clinical technigues
known m the art. In addition, in vifro or in vivo assays may optionally be emploved to help
wlentify optimal dosage ranges. The specific dose level for any particular individual will
depend upon a variety of factors including the relative activity of the
isoquinolidinobenzodiazepine antibody conjugates, the age, body weight, general physical
and mental health, genetic factors, environmental influences, sex, dict, time of admunistration,
route of admunistration, rate of excretion, and the severity of the particular problem being

treated.
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[360365] The IQB or IQB conjugate can be administered by injection or infusion
through any suitable route including but not limited to intravenous, subcutangous,
mtramuscular or intraperitoneal routes. An example of administration of a pharmaceutical
composition includes storing the composition at 10 mg/ml in sterile isotonic agueous saline
solution for injection at 4°C, and diluting it in either 100 ml or 200 ml 0.9% sodum chiloride
for injection prior to administration to the subject. The composition is administered by
mtravenous infusion over the course of 1 hour at a dose of between 0.2 and 10 mg/kg. In
other embodiments, the composition is administered by intravenous infusion over a period of
between 15 ninuates and 2 hours. In still other embodiments, the adounistration procedure 18

via sub~cutancous bolus injection.

1800366} The following examples are offered by way of illustration and not by way of

hmitation.

EXAMPLES

304367} General Methods used in Examples 1-3: '"H NMR spectra were recorded on a
Bruker Avance HI 500 MHz NMR instrament and/or on a Varan Inova 300 MHz
spectrometer. Chromatographic purities were determined on an Agilent 1100 Series LC/MS
systerm using a Merck Chromolith RP-18¢ analytical HPLC column {monolithic, 50 x 2 mm)
and the following analytical HPLC method: mjection volume 5-13 pL; flow rate 1.0
mb/min; 5-95% acetonitrile 1n water (0.05% AcOH as medifier) over 5 minutes; Agilent
diode array detector at 4 = 280, 254 and 220 nov, room temperature. For all analyses, the

mass spectrometry system used was an Agient 1100 and/or 1200 LC/MSD (L),

[600368] All normal phase purnifications were performed using RediSep® R Gold
columns (Teledyne ISCO; Lincoln, Nebraska) in concert with a Teledyvne ISCO Combiliash
Rf 200 and using a solvent gradient compnised of A = B. The specific identity of A and B,
and the gradient used, will be mdicated for each unique example below.

600369} All reverse phase purifications were performed using RediSep® Rf reversed
phase C18 columms (Teledyne ISCOY in concert with a Teledyne ISCO CombiFlash Rf 200
and using a solvent gradient comprised of A: H,0 (0.05% AcOH) and B! acetonitrile (0.05%
AcOH). The specific size of column used and particular solvent gradient will be indicated for
cach unique example below.

{60370 The water used in the following experiments was uktrapure (18 M), punified

via Veolia ELGA PURELAB fiex punfication system (ELGA LLC; Woodndge, Hilinois).
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Example 1 — Svnthesis of CLT-D201

2-{4-Benzvloxy-S-methoxy-Z-nitro-henzovil-1,2.3 4-tetrahvdre-iseguinoline-3-carboxvlic

acid methvl ester (6)

MeQ

OoBn

W

(600371} Referring to FIG. 3, to an argon-purged solution of 4-benzyloxy-S-methoxy-
2-mitrg-benzoic acid (8) (4.00 g, 13.2 mmol} in tetrahydrofuran (THF) (16 mL)y at 22 °C,
oxalyl chloride (1.68 mL, 19.8 mmol) was added, foliowed by dimethyl formamide (DMF}
(0.2 mL). The reaction was stirred at 22 °C overnight, voder an atmosphere of Ar. The
mixture was then concentrated i vacuo, re-dissolved in THF and concentrated again to

10 provide the crude acid chioride.

660372} In a separate flask, 1,2,3 4-tetrahydro-isoguinoline-3-carboxylic acid methyl
cster {73 (3.78 g, 19.8 mmol} and tricthvlamine {(4.60 mb, 33.0 mmol} were purged with Ar,
dissolved in dichloromethane (DCM) (20 mbL), and cocled to -30 °C. To this mixture, under
Ar, the crude acid chioride m DCM (15 mL) was added dropwise while keeping the intermnal

15 temperature of the mixture <-20 °C. The cold bath was then removed and the reaction was
allowed to stir for 3 hr while warming to ambient temperature, at which point the reaction
was complete. The mixture was then concentrated and partitioned between cthyl acctate
{(EtOAC) and Hh . The reaction was extracted with EtOAc (3 x 50 mL) and the combined
organics were then washed with H,O (50 mb), dried over anhydrous magnesiam solfate,

28 filtered and concentrated. The resulting residue was partially purified via column
chromatography (0—10% methanol (McOH) in DCM) to provide tmpure (3} as a vellow
foam (4.34 g, 69% vicld, ¢.11 numol) in >85% purity by LC/MS. LC/MS: retention time 3.39
min. LO/MS (ES™) cale. for CagHasMNL07: [M+H] 7 477; found 477.
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2-Benzvloxy-3-methoxv-11.11a-dihvdre-6H,13H-5a.13-diaza-henzo[4.Slevcloheptall,2-

binaphthalene-5.12-dione {5}

O, H
HQ?VN OBn
(§ T
e @]
5
1600373] To a solution of impure 2-(4-benzyloxy-5-methoxy-2-nitro-benzoviy-1,2,3.4-

tetrahvdro-isoquinoline-3-carboxylic acid methvl ester (6) (3.3 g, 6.9 mmol) 1n MeOH (230
mL}, a spatula tips of Raney® Ni was added. The mixture was then heated to reflux and
hydrazine hydrate (4.3 mb, 139 mmol) in MeOH (40 mL) was added dropwise. Rapid
cffervescence was obscerved upon addition of hydrazine. Once the addition of hydrazine was
completed, no further effervescence was observed upon further addition of Ranev Ni. The
reaction was then refluxed an additional 3¢ min and the reaction was judged complete by
LC/MS. (Note: Longer reaction times lead to undesired debenzyiation). The reaction was
removed from heat, filtered through celite, and washed with MeOH. The filtrate was
concentrated in vacuo, and azeotroped with DCM. The resulting solids were triturated with
DCM to affiord a white precipitate. The remaming filtrate residue was purified via column
chromatography (0—10% McOH 11 DCM). The washed filter cake still contained product,
and was suspended m 100 mL of 1:1 acetonitnle {ACNYH O, the sohids were filiered through
fresh celite and the filtrate was lyophilized. All three batches of clean material (tnturated
precipitate, Iyophilized material, and the clean fraction from column chromatography) were
combined to afford (4) as a white crystalline sohid (2.26 g, 79% vield, 5.44 mmol). ‘HNMR
{500 MHz, CBCL): 8 7.43-7.36 (m, 9H), 7.34-7.22 (m, 2H}, 6.37 (bs, 1H}, 5.18 (bs, 2H},
512(d, /=151 Hz, 1H), 448(d, J=151Hz 1H), 419 {t, J= 6.8 Hz, 1H), 3.92 (s, 3H),
349(dd, /=154, 7.1 Hz, 1H), 3.00(dd, /=154, 6.1 Hz, 1H). LC/MS: retention time 2.92
mun. (EST) cale. for CosHNL Oy [MHH] T415; found 418.
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2-Benzvioxy-3-methoxv-13-O-trimethvisilanvi-ethoxvmethyvli-11, 11 a-dihvdro-6H.13H-

Sa,13-diaza-benzold. Sleveloheptall, 2-binaphthalene-5,12-dione {(4)

o ES‘EM

2?—4\5 OBn
S e

O
4

[G00374] To an argon-purged solution of 2-benzyvioxy-3-methoxy-11,11a~dihydro-
6H,13H-53, 13-d1aza-benzol4,Sleycloheptal 1, 2-blnaphthalene-5,12-dione (8} (2.26 g, 5.44
mmol} in THF {60 mL), cooled to -40 °C in a dry 1ce/ACN bath, was added n-butyllithium
(nBuli }{4.25 mb of a 1.6 M solution in hexane, 6.80 mmol) drop wise. The mixture was
allowed to stir at -40 °C for 1 hr, then a solution of 2-trimethyisilyDethoxymethy! chlonde
{(1.20 mL, 6.80 mmol} in 20 mL THF was added dropwise. The resulting mixture was
allowed to slowly warmm up to ambient teraperature overnight. The reaction was then
concentrated 77 vacuo and the residue was partitioned between EtOAc and HxO. The reaction
was extracted with EtOAc (3 x 50 mL) and the combined organics were then washed with
brine (530 mL), dried over anhydrous magnesium sulfite, filtered and concentrated. The
resulting residue was purified via column chromatography (0—50% EtOAc i Hex) to
provide (4) as a vellow foam (1.99 g, 67% vield, 3.66 mmol). 'H NMR (500 MHz, CDCL):
8 7.45-742 (m, 2Hy, 7.38-7.34 (m, 2H}, 7.34-7 28 (i, 4H), 7.28-7 24 {(m, 3H), 542 (4. J =
08 Hz 1H}, 520(s,2H), 5.13(d, /=156 Hz, 1H}, 458 (d, /=98 Hz, 1H),440(d, /=
156 Hz 1H), 426 (dd. J=73,64 Hz, 1H), 391 (s, 3H), 3.69 (dt. /= 103, 9.8 Hz, IH),
3.62-356 (m, 1H), 3.53(dd, /=154, 7.6 Hz, IH), 2.98 (dd, J= 156, 6.4 Hz, 1H), 0.98-0.94
(m. 2H). 0.04 (s, 9H). LC/MS: retention time 3.97 min. {ES™) cale. for Cs HiN-0s8i:
[M-+H] 545 found 545,
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2-Hyvdroxv-3-methoxy-13-C-trimethvisilanvi-ethoxvmethvil-11.11a-dithvdro-6H, 1 3H-
Sa,13-diaza-benzold. Sleveloheptall, 2-binaphthalene-5,12-dione {(3)

o SEM
HE?/N OH
aoiee
— e!
3

660375} A solution of 2-benzyloxy-3-methoxy-13-(2-trimethylsilanyi-ethoxymethyl}-

(]

11, 11a~dihydro-6H, 13H-34,13-diaza-benzol4, S jevelohepta] 1, 2-bjnaphthalene-3, 12-dione (4)
{199 ¢, 3.66 mmol} in EtOH (40 mL}, was purged with Ar (3x}, then PA(OH}; (400 mg} was
added. The mixture was purged with Ar (3x), then with H» (3x). The resulting mixture was
stirred under Hy (1 atm) at ambient temperature for 30 min, at which point the reaction was
jadged complete by TLC and LO/MS. After purging with Ar (3x}, the reaction was filtered
10 through celite, washed with MeOH, the filtrate was concentrated in vacuo, and the resulting
restdue was purified via column chromatography (0—75% EtOAc in Hex) to provide (6) as a
yellow solid (1.63 g, 98% vield, 3.58 mmol). 'H NMR {500 MHz, CDCl3): 87.33-7.28 (m,
3H), T28-724 (m, 3H), 593 (s, 1H), 544 (d, /=98 Hz, 1H), 5.15(d, J= 15.1 Hz, 1H), 4.69
(d,/=98Hz 1H), 440(d, J=156Hz I1H, 428(dd, /=706, 6.6 Hz, 1H), 393 (s, 3H),
15 374368 (m, 1H), 3.66-3.60 (m, I1H), 356 (dd, /=154, 76 Hz, 1H), 299 {dd, J=154,66
Hz, 1H), 0.99 {t, J= 8.3 Hz, 2F), 0.02 (s. 9H). LC/MS: retention time 3.30 min. (ES") cale
for CosHooN,Os81: [M-H| 453, found 453.

Bis SEM-CLT-D201 ()

SE'\/E
powam*i{
20 |000376] To an argon-purged solution of 2-hydroxy-3-methoxy-13-(2-trimethyisilanyl-

cthoxymethyl}-11, I la-dihydro-6H, 13H-53a,13-diaza-benzo[4,5lcycloheptaf 1,2-
binaphthalene-5,12-dione (3} (300 mg, .660 mmol) in THF (2.4 mL}, was added
triphenylphosphine (260 mg. 0.990 mumol). The mixture was then cocled to 6 °C, and diethyvl
azodicarboxyiate (114 ul., 0.726 mmol) was added dropwise. The resulting mixture was

25 stirred at 0 °C for 45 mun, then 1,3-propane diol (23 uL, 0.317 mmol) was added to the cold
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reaction and the mixture was allowed to slowly warm to ambient temperature overnight. The
mixture was concentrated /7 vacuo, and the resulting residue was purified via column
chromatography (0—75% EtOAc in Hex) to provide (2) as a vellow solid (103 mg, 34%
yield, 0.109 mmol). 'H NMR (300 MHz, CDCL): 6 7.33-7.28 (m, $H), 7.28-7 24 (m, 2H),
722 (s, 2H), 547(d, /=98 Hz, 2H), 514 {d, J= 151 Hz, 2H}, 4.71 (dd, /= 103, 1.0 Hz,
2H}, 441 {d, J=15.6 Hz, ZH), 4.29-4 20 (m, 6H), 3.86 (s, 6H}, 3.76 {dt, /= 9.8, 6.8 Hz, 2H),
3.67(dt, /=98, 7.1 Hz, 2H), 3.57(dd, J= 154, 7.6 Hz, 2H), 2.99 (ddd J=156,6444
Hz, 2H}, 241 (p, J=59 Hz, 2H)}, 095 (ddd, /= 9.8, 6.8, 2.9 Hz, 4H), 0.01 (s, I18H

LC/MS: retention time 4.39 min. (hS Y cale. for CsiHgsNyOo81: {M'-F-H} "949; found 949.

CLT-D203

H /—» /\\/\3 P \//\ \gH
\.;/\ - -~ /\}/
({_, _. e

[G00377] To an oven-dried 4 mbL vial contaming 3 stir bar was added Bis SEM-CLT-
D201 (23 (50.0 mg, 0.526 nunol). The solid was placed under argon, then dissolved in
anhydrous THF (1.5 mL) and the resultant solution was cooled to -78 °C m a dry ice/acetone
cooling bath. To the cooled solution, lithium triethyviborohvdride (110 g, 0.111 mumol, 1.0
M solution in THF) was added drop~wise over five minutes. The reaction was allowed fo stir
at =78 °C for 90 nmunutes, at which point 1.0 b HyO was added via syringe and the solution
was removed from the cooling bath and allowed to reach ambient temaperature. The THE was
removed under reduced pressure and to the resultant aquecus suspension was added 1.0 mL
DMSO. This solution was loaded directed onto a pre-equilibrated 30g RediSep® Rf reversed
phase C18 column. The product was eluted using a gradient of 3-93% acetonitride in H:0
{0.03% AcOH). The pure fractions were combined and lyophilized to give 8.7 mg (25%
vield) of the desired product (1) as a fluffy white solid. 'H NMR (500 MHz, CDCL): § 7.51
(d,J=535Hz2H),747(d,J=55 1H), 744 (d, /=55 Hz, 2H), 7.38-7.28 (m, §H), 6.83 {d,
J=115Hz, 2H), 3.00(d, /= 185 Hz 2H), 434 (dd, /=135, 3.0 Hz, 2H), 4.33-4.20 (m,
4H}, 393 (s, 3H), 3.92 (s, 3H), 3.94-3 88 (m, 1H), 3.30-321 (m, 2H), 3.18-3.11 (m, 2H), 2 41
{sextet, J = 5.5 Hz, 2H). LC/MS: retention time 2.77 min. (ES™) cale. for CaoHsNyOy:
[M+H] 7657 found 657,
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CLT-D201 Cviotoxicity

[660378] The cyvtotoxicity of the compounds was evaluated using the Cell Titer-Glo
Lumunescent Cell Viability Assay (Promega Cat# G7573) as described in the manufacturer’s

mstructions (Arduengo, M., Cell Notes, 2003, 5:15-17). This assay containg a reagent that

.4

lvses cells and gencrates a “glow-type” huminescent signal proportional to the amount of

adenosine triphosphate {ATP) present, which is a measure of ceil growth.

[660379] Celis were seeded at 1000 cells per well in 504l of culture media into tissue
culture 96-well flat-bottom plates. The perimeter wells of the plate were not used and 200 uL.
of media was added to the perimeter wells to prevent evaporation during incubation. S0ul of

10 the compound tested at twice the final concentration were then added to the wells in
triplicate. Plates were meubated at 37°C, 5% CO; for 72 hours before adding 100ub
CellTuer-Glo reagent to cach well {excluding pernimeter wells). Plates were then incubated at
room temperature on a shaker for 10 minutes. After incubation, 100ul of the supernatants
were transferred to a solid white 96-well plate and luminescence was measured with a

15 spectrophotometer. Percent viability was calculated based on untreated control: % viability

= {treated/untreated}* 100,

Glse: Concentration of compound required for 30% cell growth mhibition.

Example 2 — Synthesis of CLT-BS01

2-3-(t-Butyl-dimethyl-silanyloxy}-propoxy-3-methoxy-13-(2-trimethylailanyi-
ethoxymethyly-11, Ha-dihydro-6H, 13H-5a,13-diaza-benzol4 Sicycloheptal 1,2-
binaphthalene-5,12-dione {5)
[0G0380] Referring to FIG. 4, to an Ar purged solution of 2-hyvdroxy-3-methoxy-13-(2-
25 tnmethylsilanyl-ethoxymethyl)-11,1 la-dibydro-6H,13H-53,13-diaza-
benzof4,5jcycloheptal 1,2-bnaphthalenc-5,12-dione (6) (400 mg, 0.880 mmol) in THF (8.8

mL} at 22 °C, added triphenviphosphime (462mg, 1.76 mmol} and di-t-butyl azadicarboxylate
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(405mg, 1.76 mmol}. The mixture was stirred for th, then 3-(t-butyl-dimethyl-silanyloxy}-
propan-1-ol (282 uL, 1.32 mmol} was added to the reaction mixture. The rcaction was stirred
at 22 °C overnight, under Ar. The mixture was then concentrated 1 vacuo and purified via
column chromatography (0—50% EtOAc in Hexanes to provide (8) as an off-white foam in
>95% vield. 'HNMR (500 MHz, CDCI3): § 7.33-7.28 (m, 3H), 7.28-7.24 (m, 3H), 5.49 (d, ]
=98 Hz, IHLS5I5(d, J=151Hz 1H), 465(d J=98Hz 1H). 441{(d. J=151Hz 1H).
428(dd. J=73,64Hz 1H), 418-3.99 (m, 2H), 3.88 (s, 3H), 382 (t, I =59 Hz, 2H), 3.77
(td, ] =98, 68 Hz, 1H),3.66(td, ] =98 68 Hz, 1H}, 3.56(dd, J =151, 73 Hz 1H} 3.00
(dd, § =156, 6.4 Hz, 1H), 2.06 (p, = 6.4 Hz, ZH), 1.54 (s, 6H), 0.98 (sep, § = 3.4 Hz, 2H),
(.87 (s. 9H), 0.03 (s, 9H). LC/MS: retention time 4.71 min. {(ES+) calc for C33HSIN2G68:12;
[M-+H] + 627, found 627,

§EM
M

O
j O OH
pouen
- o
4

2~(3-Hydroxy-propoxy)-3-methoxy- 1 3-(2-tnmethvisiianyi-cthoxymethyl)-11,1 fa-dibydro-

6H,13H-5a,13~diaza-benzo|4,5 jeycloheptal 1, 2-bjnaphthalenene-5,12~dione (4)

[360381 ] To a solution of 2-[3-{t-butyl-dimethyl-silanyloxy}-propoxy]-3-methoxy-13-
(2-tnmethvisilanyi-ethoxymethyl}-11,11a-dihydro-6H, 13H-5a,13-diaza-

benzol4,5 jeveloheptal 1,2-bjnaphthalene-3,12-dione {5} (615 mg, 0.98 numol) in THF (9.8
mb}, tetrabutylammonium fluoride (1.23 mb of a 1.0M solution in THE, 1.23 mmol) was
added under Ar. The mixture was allowed to stir at 22 °C for 2h, at which time the reaction
was judged complete by TLC and LC/MS. The mixture was quenched by pouring onto sat.
NH4CT (ag) (20 mL) and extracting with EtOAc (3 x 20 mL). The combined organics were
washed with bring (50 mL), dried over MgSO4, filtered, concentrated and purified by column
chromatography in 0-100% EtQAc n Hexanes to afford (4) as a white crystalline solid (411
mg, 82% vield, 0.802 mmol). 'H NMR (500 MHz, CDCI3): § 7.33-7.29 (m. 3H), 7.29-7.24
{m, 3H), 5.50(d, J=103Hz, 1H), 5.15(d, I=156Hz 1H), 467 (d, =98 Hz, 1H), 442
{d,J=1506Hz IH) 430-4.18 {m, 3H), 3.90-3.86{m, ZH), 3.88 (5,3H), 3.79(d, J =98, 6.4
Hz, 1H), 3.66(d. J=93,68Hz, 1H),3.57(dd, J=15.1,68Hz 1H),3.00(dd, J=93,64
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Hz 1H}, 2224, J =59Hz IH}, 2.10(p, I =59 Hz, 1H), 1.02-0.92 {(m, 2H), 0.03 (s, 9H).
LC/MS: retention time 3 .26 min. (ES+) cale for C27H37N2065 [M+H] + 513; found 313,

iSEE‘\./I

] N .
H(/’?V’ OH
k/N 1 OMe

C

3

8-Hydroxv-7-methoxy-10-(2~-trimethvisilanyi-ethoxymethvi)-1.2,3 1 la-tetrahydro-10H-

5 benzoleipyrrolof1,2-a]]1,4]diazepine-3,1 I ~dione (3}

[660382) To a solution of triftucro-methanesolfonic acid 8-benzyloxy-7-methoxy-511-
dioxo-10-(2-trimethylsilanyl-cthoxymethy]}-5, 10,1 1 a-tetrahydro- 1 H-benzofepyrrolo] 1,2~
alll,4]diazepin-2-v1 ester (18, from FHG. 6) (650 mg, 1.03 mmol) in EtOH (20 mL), purged
with Ar (3x), added PA(OH)2/C (300 mg). The reaction mixture was then purged with Ar

10 (3x) then with H2 (3x) and allowed to stir at 22 °C, under H2 (1 atm) for 3 h, at which point
the reaction was judged complete by TLC and LE/MS. The muxture was filtered through
celite, which was washed with MeOH. The combined organics were concentrated and the
resulting residue was purified by column chromatography in §-100% EtOAc in Hexanes to
afford (3) as a white solid (345 mg. 85% vicld). "H NMR (500 MHz. CDCI3): § 7.37 (s, 1H),

15 726(s, 1H), 35345(d, J1=98Hz IH),469(d, I=103Hz 1H),418(d, I=68Hz 1H}, 3.96
(s, 3H}, 3.79-3.69 {m, 2H), 3.67-3.60 {m, 1H)}, 3.59-3.52 (m, 1H), 2.76-2.69 (i, 1H), 2 14-
2.05 (m, 1H), 2.05-1.94 (m, 2H), 1.71 (bs, 1H), 0.99 (1, I =83 Hz, 2H), 0.03 (s, oH).
LO/MS: retention time 2.83 mun. (ES+) cale tor CI9H29N20551; [M+H] + 393, found 393.

o §E s=y

ij PN NN N"’?}ii
‘O O . 1
dJ " e N\/’

o Q )
20 2
Bis-SEM-CLT-D3501 (2)
{68038 3] To an Ar purged solution of triphenyiphosphine (171 mg, ¢.650 mmol) in THF

(2 mL} at 22 °C, added and di-t-butvl azadicarboxylate {130 mg, 6.650 mmol). The mixture

was allowed to stir for 30 mun, then 8-hydroxy-7-methoxy-10-(2-trimethylsilanyl-
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ethoxymethyly-1.2 3, 1 la-tetrahydro-10H-benzolelpyrrolo] 1,2-al{ 1, 4ldiazepme-5, 1 1-dione

(3 (107 mg, 0.325 munol) 10 THF (2 mL} was added to the formed shurry. The resulting
mixture was stirred for an additional 30 min before 2-(3-bvdroxy-propoxy)-3-methoxy-13-(2-
trimethylsilanyl-cthoxymethvl)-11, 1 a-dihydro-6H,13H-5a, 1 3-diaza-
benzol4,Sleycloheptal 1, 2-bnaphthalenene-5,12-dione (4} (200 mg, 0.390 mmeol) in THF (3
mb.} was introduced to the mixture. The reaction was stirred at 22 °C overnight, under Ar.
The mixture was then concentrated 1n vacuo and purified via colunm chromatography
{0—100% EtOAc in Hex) to provide mmpure (2}. The impure material was then purified by
reverse phase C18 to afford (2) as a white fluffy powder (58 mg, 20%, 0.0652 mmol). 'H
NMR (500 MHz, CDCI3): 6 735 (d. J =24 Hz, 1H), 7.33-7.28 (m, 3H), 7.28-7.24 (m, 2H),
724721 (m, 2HD), 548 (dd, I= 103,39 Hz, 2H), 5.15(dd, I =151, 3.4 Hz, [H), 471 (td, J
=103, 29 Hz, 2ZH), 439 (d, J =151, 2.0 Hz, 1H), 4 30-4 18 (m, 5H), 4. 10 (1d, F = 78, 2.0
Hz, 1H), 3.89(d, J=15Hz 3H), 386 (d, ] = 1.0 Hz, 3H), 3.79-3.72 {m, 3H), 3.69(q, § = 7.8
Hz, 2H), 2.99(dq, J =151, 29 Hz, 1H), 2.72-2.70 (o, 1H), 2.41 (q. } =59 Hz, 2H). 2. 16~
2.04 (m, 1H), 2.04-1.95 (m, 2H), 1.02-0.92 (m, 4H), 0.00 (s, 18H). LC/MS: retention time
416 mun. {ES+) cale for C46HG3N4O106:2: [M+H] + 888, found 888,

CLT-D5CH

060384} To an oven-dned 4 mL vial contaiming a stirbar was added Bis SEM-CLT-
D301 {23 {47 O mg. 0.529 munol). The solid was placed under argon, then dissolved in
anhydrous THF (1.5 mb) and the resultant solution was cooled to -78 °C m a dry ice/acctone
cooling bath. To the cooled solution, super hvdnde (110 pL, 0.110 mmol, 1.0 M solution in
THF) was added drop-wise over five minates. The reaction was allowed to stir at -78 °C for
75 minutes, at which pomt 1.0 mb HoO was added via syringe and the sclution was removed
from the cooling bath and allowed to reach ambient temperature. The THF was removed
under reduced pressure and to the resultant aqueous suspension was added 1.0 mL DMS0.
This sclution was loaded directed onto a pre-equilibrated 30g RediSep® Rf reversed phase
C18 column. The product was clited using a gradient of 3-95% Acetonitrile in HoO (0.05%
AcOH). The pure fractions were combined and Ivophalized to give 17.7 mg (37 % vield) of
the desired product (1) as a fluffy white solid. "H NMR (500 MHz, CDCI3): 8 7.64 (dd, I =
11.0,45Hz, 1H), 752, J=5.0Hz, 1H), 750(d, J =100 Hz, 1H}, 746 (dd, J = 125,45

-113-



WO 2018/053552 PCT/US2017/052357

Hz, 1H}, 7.38-7.29 {m, 4H), 6. 84 (4, 1 = 105 He, 2H), 5.00(d, J = 15 Hz, 1H), 4.55(dd, I =
16,0, 8.0 Hz, 1H), 4.34-4 22 (m, 4H), 3.94-3.92 (m, 6H}. 3 86-3 78 {m, 2ZH), 3.71-3.66 (m,
1H), 3.60-354 (m, 1H). 326(dt, J=1535,6.0Hz, 1H),3.15(dg, ] = 16.0, 4.5 Hz, 1H), 2 41
{sextet, I = 6.0 Hz, 2H), 2.34-2.27 {m, 2H}, 2.09-2.00 (m, 2H). LC/MS: retention time 2 .43
min. {ES+} calc for C35H34N406: [M+H] + 593; found 595.

(]

Example 3 — Svothesis of CLT-D601

H?”‘;(

8-Benzyloxwy-2-{tert-butyl-dimethyl-sitanvloxy)-7-methoxy-1,2 3, 1 {a-tetrahydro-10H-

benzolejpyrrolof 1,2-a]{ 1,4 |diazepine-5,1 [ ~dione (16}

10 [G00385] Reterring to FIG. 5, o 8-benzyloxy-2-hydroxy-7T-methoxy-12.3 1 1a-
tetrabvdro~-10H-benzole|pyrrolo]1.2-al{ 1 4idiazepine-5,1 1 -dione (17 from FIG, 5) (4 .00 g,
19,86 mmol}, under Ar, added DMF (100 mL) followed by imidazole (8.87 g, 130 mmol).
The mixture was stirved at 22 °C for 1h, then TBSCI (8.18 g, 54.3 mol) was added and the
resulting mixture was stirred at 22 °C for 18h. The reaction mixture was then poured onto

15 H,0 and extracted with EtOAc (3 x 100 mL)A The combined organics were washed with

resuhmg restdue was purified via column chmmatography i 0-75% EtGAc in Hexane to
afford (16) as a white solid (630 mg, 12%. 1.30 mumol). 'H NMR (500 MHz, CDCI3): 6 7.46
(s, 1H), 7.43-7.38 (m, 4H), 7.36-7.31 (m, 2H}, 638 ¢s, 1H), 5.19 (s, 2H), 452 {p, I =54 Hz,

20 1H)L, 418(dd, J =44, 39 Hz, 1H), 3.95 (s, 3H), 3.69 {gd, =117, 59 Hz, 2H), 2.82 (td, I =
12.7, 5.4 Hz, 1H), 2.05 (m, 1H}, 0.88 {5, 9H), 0.10 (s, 6H). LC/MS: retention time 3.65 min.
(ES+) calc for C26H3AN20581 [M+H] + 483; found 483,
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8-Benzyloxy-2-{tert-butyl-dimethyl-slanvioxy)-7-methoxy-10-(2-trimethylsilanyl-
cthoxymethyi}-1,2,3, 1 a-tetrahydro-10H-benzolelpymolo]1,2-a}{ 1 4{diazepine-5,1 1-dione

(15)

060386} A purged sohution of 8-benzyloxy-2-(tert-butvl-dimethyl-silanvioxy}-7-
methoxy-1.2 3 1 la-tetrahydro-10H-benzofepyrrolo]1,2-ali 1 4|diazepime-5,1 I -dione {16} in
THF (15 mL) was cooled to -40 °C in a dry ice/acetontinie bath. n-Buli (1.02 mL ofa 1.6M
solation i Hexanes, 1.63 mmol} was then added drop wise and the resalting mixture was
stirred for 1h, at which time SEMCE (288 L, 1.63 mmoly in THF (5 mb) was added drop
wise. The resulting reaction mixture was allowed to stir while slowly warming up to 22 °C
over 18 h. The muxture was then partitioned between EtGAc and HoO. The nuxture was
extracted with EtOAc (3x 20 mL). The combined organics were washed with brine (20 mL),
dried over M504, filtered and concentrated. The isolated residue was purified via column
chromatography in 0-50% EtOAc in Hexanes to afford (15) as a pale yellow foam (774 mg,
97%, 1.26 mmol). 'H NMR (500 MHz, CDCI3): 5 7.45-7.41 (m, 2H), 7.38-7.34 (m, 3H),
734729 (m, 1H), 724 (s, 1H), 542 (d, J =98 Hz, 1H), 5.20 (s, 2H}, 456 (p, 1 = 5.9 Hz,
1H,L 4480, J=98Hz, 1H)L, 420(q, J=39Hz [H),395(s,3H),373{dd. J=122,59
Hz, iH),3.69(d, J=93,73Hz, 1H), 3.59(d, J =93, 73 He, 1H), 354 (dd, J=54Hz,
iH), 2834qd, J =127, 39 Hz 1H), 2.01 {ddd, J = 147, 12.7, 78 Hz, 1H)}, 0.96 (ddd, ] = 9.3,
6.8, 2.4 Hz 2H), 0.87 (s, 9H), 0.09 (s, 6H), 0.04 (s, 9H}. LL/MS. retention time 4.63 min,
(ES+) calc for C32H4ON2068:12: [M+H] + 613; found 613,

LY
, \‘k/i\i- ZoMe
HO \
o)

14

8-Benzyloxy-2-hydroxy-7-methoxy~10-2trimethylsianvi-cthoxvmethy}-1,2,3, Ha-
tetrabyvdro~10H-benzole]pyrroiof1,2-alf 1,4|diazepine-5,1 1 -dione (14)
[G00387] To a sohution of 8-benzyloxy-2-(t-butyl-dimethyl-silanyloxy}-7-methoxy-10-
(2-trimethyisilanyl-ethoxymethyvi-1,2,3,1 1a-tetrabyvdro-10H-benzole jpvrrolo] 1,2-
al{ 1. 4]diazepine-5,1 I-dione (15) (1 .61 g, 2.37 mmol) m THF (40 mL)}, tetrabutviamonium
fluoride (3.28 mL of a 1.0M solution in THF, 3 28 mmol} was added under Ar. The mixture

was allowed to stir at ambient temperature for 18h, at which time the reaction was judged
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complete by TLC and LC/ME. The mixture was quenched by pouring onto sat. NH4C] (ag)
(50 mL) and extracting with EtOAc (3 « 30 mL). The combined crganics were washed with
brine {100 mL}, dried over MgS04, filtered, concentrated and purified by column
chromatography in 0-100% EtOAc in Hexanes to afford (14) as a white crystalline solid (1.18
g, 91% vield, 2.37 mmol). "H NMR (500 MHz, CDCI3}: 5 7.45-7.42 (m, 2H). 7.39-7.35 (m,
3H), T34-730 (m, 1H), 725 (s, 1H), 343 (d, J =98 Hz, 1H), 521 (s, ZHYL 465{(q. J =44
Hz, 1H}), 450(d, J=98Hz. [H), 428(dd, 1=78,54 Hz, 1H), 395 (s, 3H),3.84(ddd. I =
12.7.39, 1.5 Hz, 1H),3.72-3.63 (m, 2H), 360 (1d, J =98, 6 4 Hz, 1H), 296 (dt,J= 137,54
Hz, 1H), 2.10(dddd, J=13.7,78,44, 1.5Hz, 1H), 171 (d, J =34 Hz, 1H), 096 (ddd, J =
10 98,68,29Hz, 28), 0.04 (s, 9H). LT/MS: retention time 3.32 min. {ES+) calc for
CI26H3AN206ST [MHH] + 499; found 499,

(]

8-Benzyloxy-7T-methoxy-10-(2-tnmethvisilanyl-ethoxymethyly-1,1 {a-dihydro-10H-

15 benzolelpyrrolof 1,2-al{1,4|diazeping-2,5, 1 T-trione (13}

[B60388] To an Ar purged solution of oxalvl chloride (301 U1, 3.56 mmol) n DCM (1.8
mk}, cooled to ~78°C, added dry DMSO (505 ul, 7.11 mmol) in DCM (20 mL), drop wise.
Abowed the mixture to stir at -78°C for 2 h, then added 8-benzyloxy-2-hydroxy-7-methoxy-
10-(2tnmethylsilanyl-cthoxvmethyl}- 1,23, 1 fa~tetrahvdro-10H-benzo{eipvrrolof 1,2-
20 al{l.4d]diazepine-5,11-dione {14) (1.18 g, 2.37 mmol) n DCM (50 mL) drop wise over 45
min. The resulting mixture was stirred for 45 nun, then Et3N (2.31 mb, 16.59 mmol) was
added drop wise to the reaction mixture. After an additional 30 min of stirring, the cold bath
was removed and the reaction was allowed to slowly rise to 22 °C over ~1.5h, at which time
the reaction was judged complete by TLC and LC/MS. Diluted with DCM (50 mL}, and
washed organics with 1 N HCI (75mb), sat. NaHCO3 (ag) (75 mL), HhO (73mbL), and brine

[\
(]

{75 mb). The organics were then dried over MgS04, filtered, concentrated and the resolting
residue was purified by column chromatography in 0-100% EtOAc in Hexanes to afford (13)
as an off-white foam (873 mg, 74% vield, 1.76 mmol). "H NMR (500 MHz, CDCI3): § 7.46-
742 (m, 2H), 740-7 36 (m, 2H), 734 (s, 1H), 7.34-729 (m, 1H), 728 (s, 1H), 546(d, J=
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98 Hz IH)L5322(d J=25Hz 2H), 462{(dd, J =98, 2.9 Hz 1H), 455(d, J=98Hz 1H),
4234, F=200Hz 1H) 396 (s, 3H), 3.89{(d. J=200Hz 1H), 370(dt, J=103,. 64 Hz,
1H), 360, J=166,64 Hz, 1TH), 338-352 (m, 1H), 277 (gd, f = 19.1, 1.0 Hz, 1H), 1.02-
0.92 (m, 2H), 0.04 (s, 9H). LC/MS: retention time 3.57 min. (ES+) calc for
C26H32N2Na0681: {M+Na] + 519; found 519.

8-Hydroxy-7-methoxy-10-(2-trimethylsilanvi-cthoxvmethyl)-1,1 la-dibvdro-10H-

benzolelpyrrolof 1,2-alf 1,4 |diazeping-2,5, 1 T-trione (12}

1600389] To a solution of 8-benzyloxy-7-methoxy-10-(2-trimethyisilanyi-
cthoxymethyi)-1, 1 la-dihvdro-10H-benzofelpyrrolo]1,2-al[ | 4jdiazepine-2,3,1 I-trione (13)
(866 mg, 1.75 mmol) in EtOH (20 mL), purged with Ar (3x)}, added PA(OH)2/C {180 mg,
0.2% wiw). The reaction mixture was then purged with Ar (3x) then with H2 {3x) and
allowed to stir at 22 °C, under H2 (1 atm) for 30 min, at which point the reaction was judged
complete by TLC and LC/MS. The muxture was filtered through celite, which was washed
with MeOH. The combined organics were concentrated and the resulting residuc was
puritied by column chromatography in 8-100% EtOAc in Hexanes to afford (12) as a white
solid (642 me, 90% vield, 1.58 mmol). "H NMR (500 MHz, CDCI3): § 7.35 (s, 1H), 7.30 (5,
iH), 6.00(s, 1H), 548(d, J=98Hz, 1H),475(d, T=98Hz 1H), 463 (dd, J =98, 2.9 Hz,
iH), 423(d. J=200Hz 1H).3.98(s,3H),390(d, J=200Hz, 1H),372(d. J=166,73
Hz, 1H), 3.64 (id, J = 16.6, 7.8 Hz, 1H), 3.62-3.55 (m, 1H), 2.78 (gqd, J =93, 1.0 Hz, 1H),
.99 {ddd, I = 8.3, 6.8, 6 8 Hz, 2F, 0.02 (5, 9H). LC/MS: retention fume 2.80 min. {(ES+)
calc for C19H25N2068iN: [M-H] - 405; found 405,
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&-[3-(tert-Butyl-dimethyl-silanyloxy }-propoxy }-7-methoxy-10-(2-trimethylsilanyl-
ethoxymethyh-1, 1 la-dihydro-10H-benzolejpyrrolo}1,2-alj .4 |diazepine-2,5,1 L -trione (11)

[600390] To an Ar purged solution of 8-hvdroxy-7-methoxy-10-(2-trimethylsilanyl-
cthoxymethyl)-1, 1 ta-dihydro-10H-benzolelpyrrolol1,2-al]l 4idiazepineg-2,5,1 1-trione (12}
{642 mg, 1.58 mmol) in THF (16 mL) cooled to 0°C, added triphenviphosphine (621 mg,
2.37 mmol) and diethy! azadicarboxviate (298 pl., 1.89 mmol), drop wise. The mixture was
stirred for lh, then 3-(t-butyl-dimethvl-silanvioxy}-propan-1-ol (370 uL, 1.73 munol) was
added to the reaction mixture. The reaction was stirred and allowed to warm up to 22 °C
overnight, under Ar. The mixture was then concentrated 1n vacuo and purified via column
chromatography (0-—100% EtOAc in Hex} to afford (11) as a white foam (127 mg, 14%,
0.221 mmol). "HNMR (500 MHz, CDCI3): § 7.33 (s, 1H), 7.26 (s, 1H), 5.53(d, I = 9.8 Hz,
iHL471{d. J=103Hz 1H). 464{(dd, J =98 29Hz 1H}, 424 (d, J =20.0 Hz, 1H), 4.19-
4110 (m, 2H), 392 (s, 3H), 390(d. J =21 5Hz, 1H). 383 (1, 1=59Hz 2H), 377 {(td, I =
98,64 Hz 1H),367d, J=938,68Hz, IH),361-355(m, 1H),2.79{(gd, }=98, 1.0Hz,
1H), 2.11-2.04 (m, 2H), 0.94 {m, 2H), 0.88 (s, 9H), 0.04 (d, J = 2.0 Hz, 6H), 0.03 (5, 9H).
LC/MS: retention time 4.33 min. (ES+) cale for C28H46N2Na075:12; [M+Na] + 601, found
601.

o SV
Hiz\/N O\ AOTES
M\
,;’/*\/N CMe
| O
10

8- 3-{tert-Butvl-dimethyl-silanyloxy }propoxy |-2-cthylidene-7-methoxy-10-(2-
trimethyisilanvi-cthoxymethyl}-1,2,3. 1 1a-tetrahvdro~-1 0H-benzofe|pyirolo{1,2-

al{1,4]diazepine-5.11-dione (10)

360391} To a solution of (ethyl-triphenyiphosphomiam bromide (237 mg, $.639 mmol}
in THF (1 mL), under Ar, added potassium t-butoxide (0.64 mL of a 1.0 M solution in THF,
(.64 numol). The mixture was allowed to stir for 1h, then 8-[3-(t-butyl-dimethyvi-silanyloxyv}-
propoxy|-7-methoxy-10-2-trimethylsilanyl-cthoxymethyi)-1,1 la-dihydro-10H-
benzojelpyrrolo]1,2-a]{ 1,4 diazepine-2.5, 1 1-trione (11} (185 mg, 0.320 mmol) in THF (2
mb.} was added to the reaction nuxture and the mixture was allowedto stir at 22°C for L b, at

which time the reaction was judged complete by TLC and LE/MS. The reaction was
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quenched with H; O (2 mL), and extracted with EtOA¢ (3 < 5 mL}. The combined oreamics
were washed with H,O (5 mb), dried over MgSO4, filtered and concentrated. The isclated
residue was purified by column chromatography in 0~-50% EtOAc i Hexanes to afford (10)
as an off-white foam (146 mg, 89% yield, 0.283 numol) in ~10:1 Z/E regioselectivity. 'H
NMR (300 MHz, CDBCI3) (7 isomer}: § 7.34 (s, 1H), 7.24 (s, 1H), 3.59-5.53 (m, 1H), 5.50 {d,
F=103Hz, 1H),4.63(d, =98 Hz, 1H), 424 (dd, J = &8, 2.0 Hz, 3H), 4.18-4.09 (m, 3H},
392(s,3H), 391 (d, J=39Hz 1H),382 ., J=59Hz 2H), 378 (d. J =98, 6.4 Hz, 1H),
36744, 1=98,73 Hz, 1H), 336 (bd, § = 15.6 Hz, 1H), 2.80-2.72 (m, 1H}, 2.10-2.03 (m,
3H), 1.68-1.63 (m, 3H), 098 (ddd, } = 9.8, 6.8, 3.4 Hz, ZH), 0.87 (s, 9H}, 0.03{d. J =20 Hz,
6H), 0.02 (s, 6H). LC/MS: retention time 4.64 mun. (ES+) calc for C30HSIN2065:2:
[M-+H] + 591; found 591,

o P
H, 'NI RSN N
- | _
KK/N OMe
=
i O
9

2-Ethvhidene-8-(3-hvdroxy-propoxy)-7-methoxy-10-(2-trimethvisilanyl-cthoxymethyl}-

1,2,3,1 a-tetrahvdro-10H-benzo[ejpvrrolof 1,2-a][ 1 4 ]diazepine-5,1 1 -dione (9)

[G00392] To a sohution of &-3-(t-butyl-dimethyl-silanyloxy }-propoxyi-2-cthylidene-7-
methoxy-10-(2-trimethyisilanyl-cthoxymethyl}-1,2,3. 1 la-tetrahvdro-10H-
benzofe|pyrrolo] 1,2-a]{ 1 4]diazepmne-3.1 I-dione (10} (220 mg, 8.372 mmol) in THF (3.7
mL)}, tetrabutylammonium fluonde (0.47 mL of a 1.0M sclution in THF, 0.47 mmol) was
added under Ar. The mixture was allowed to stir at 22°C for 75 oun, at which time the
reaction was judged complete by TLC and LO/MS. The mixture was quenched by pouring
onto sat. NH4C (ag) (5 mL) and extracting with EtOAc (3 x 5 mL). The combined organics
were washed with brine (10 mL}, dried over MgS(Q4, filiered, concentrated and the resulting
residue was purified by column chromatography in 0-100% EtQAc m Hexanes to afford (9)
as a white crystalline solid (1135 mg, 63% vield, 0.240 mmol). 'H NMR {500 MHz, CDC13): §
735 (s, HH}, 7.25 (s, 1H), 53.60-3.53 {m, 1H), 551 (d, J = 103 Hz, 1H), 465 (d, I = 103 Hz,
1H), 4.30-4.18 (m, 5H), 3.93-3.86 (m, 5H), 3.79 {td, } = 103, 6 8 Hz, 1H)}, 3.68 (td, ] = 9.8,
73Hz 1H),337¢(d, =161 Hz, 1H), 281-2.73 (m, 1H), 224 (1, J=59Hz, 1H), 211 (p, }
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=59 Hz 2H), 1.67-1.63 (m, ZH), 0.98 (ddd, } = 9.8, 6.4, 4 4 Hz, 2H)}, 0.03 (s, 9H). LL/MS:
retention time 3.09 muin. (ES+) cale for C24H3ITN2O651 [M+H] + 477, found 477

SEM SEM o
N N- M
G 0
Y TN
g N )WN
i Obds MaO il 4
O o \

3 Bis-SEM CLT-D601 (8)

[660393] To an Ar purged solution of triphenyiphosphine (105 mg, ¢.400 mmol) in THF
(1 mL} at 22 °C, added and di-t-butvl azadicarboxylate (92 mg, 0.400 mmol}. The mixture
was allowed to stir for 30 mun, then 2-hydroxy-3-methoxy-13-(2-trimethylsilanyl-
ethoxymethyl}-11, Ha-dihydro-6H,13H-5a,13-diaza-benzol4, Sicycloheptal 1,2-

18 binaphthalene-5,12-dione {6) (65 me, 0.200 mmol} in THF (1.5 mL) was added to the formed
shurry. The resulting muxture was stirred for an additional 30 min before 2-¢thylidene-8-(3-
hydroxy-propoxy}-7T-methoxy-10-(Z-tnmethvisilanyl-ethoxymethy1)-1,2,3, 1 ta-tetrahvdro-
10H-benzolelpvrrolof 1,2-a] 1,4]diazepine-5, 1 1-dione (9) (115 mg, 0.240 mmol) in THF (2
mb.} was introduced to the mixture. The reaction was stirred at 22 °C overnight, under Ar.

15 The mixture was then concentrated in vacuo and purified via column chromatography
(0-75% EtOAc m Hex) to afford (8} as a white crystalline solid (111 mg, 61% vield, 0.122
mmol}. 'H NMR (500 MHz, CDCI3): § 7.34 (d. J = 2.5 Hz, 1H), 7.32-7.28 (m, 3H), 7.2¢-
724 (my, 2H), 7.24-722 (m, ZH), 5.59-5.57 (m, 1H), 548 (dd, J =103, 2.9 Hz, 2H), 5.15 (dd,
F=151,29Hz, 1H), 473-4.67 (m, 2H), 441 (dd, = 16.6, 1.5 Hz, 1H), 430418 (m, 8H),

20 3.89(d, J=24Hz 3H),3.86(d, I=10Hz 3H),3.76(td, J =98, 6.4 Hz, 2H), 3.69-3.62 (m,
2H}, 355{dd, J =156, 78 Hz, 1H}, 3.36(dd, } =156, 1.5Hz 1H),2.99(qd, J = 156,29
Hz, 1H), 2.80-2.71 (o, 1H), 241 (p. J=59Hz, 2H), 1 65{(dd. J =68, 1.0 Hz, 3H). 0.96
(ddd, J=93,59, 29 Hz, 4H), 0.01 (s, 9H)}, .00 (5, 9H). LO/MS: retention time 4.35 mun,
{(ES+) cale for C48H64N4AG105:2: [M+H] + 913; found 913,

=120



.4

10

15

WO 2018/053552 PCT/US2017/052357

CLT-Ds01

[360394] To an oven~dried 4 mL vial containing a stirbar was added Bis SEM-CLT-
D601 (8) (65.0 mg, 0.711 mmol). The solid was placed under argon, then dissolved in
anhydrous THF (1.5 mbL} and the resultant solution was cooled to -78 °C in a dry ce/acetons
cooling bath. To the cocled solution, super hydride {146 ul., 0.146 mumel, 1.0 M solution in
THF) was added drop-wise over five munutes. The reaction was allowed to stir at 78 °C for
75 mimutes, at which pomt 1.0 mL H,O was added via syringe and the solution was removed
from the cooling bath and allowed to reach ambient temperature. The THF was removed
under reduced pressure and to the resultant aqueous suspension was added 1.0 mL DMSO.
This solution was oaded directed onto a pre-equilibrated 30g RediSep® Rf reversed phase
C18 column. The product was eluted using a gradient of 5-95% Acetonttrile in H; O (0.05%
AcOH). The pure fractions were combined and lyophilized to give 10.2 mg (23 % yield) of
the desired product (7) as a fluffy white solid. "H NMR (500 MHz, CDCI3): 4 7.64 (dd. J =
120,45Hz, 1H), 752 (4, I1=50Hz, 1H), 749(d, I =6.0Hz 1H}, 747-7.44 (m, 1H), 7.39-
728 (m, 4H), 6 83 (d, J = 11.0 Hz, 2H), 5.60-5 54 (m, 1H), 5.00 (d, J = 155 Hz, 1H), 455
(dd, ] = 16.0, 6.0 Hz, 1H), 4.36-4 14 {m, 6H), 3.94-3.92 (m. 6H), 3.89-3.72 (m, 2H}, 3.26 (dt,
F=15560Hz 1H), 315, J=15.0,40Hz 1H}, 3.10-3.00 (m, 1H}, 2.95-2.84 {(m, 1H),
241 {sextet, J = 6.3 Hz, ZH), 1.69{(d, J = 7.0 Hz, 3H). LC/MS: retention time 2.64 min.
(ES+) calc for C36H3TN4AGS: [MHH] + 621; found 621,

o é?ENi @
H,’,’ I \(\IO Xy,
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Trifluoro-methanesulfonic acid 8-benzyloxy-7-methoxy-3, 1 1-dioxo-10-(2-tnmethylsilanyl-
ethoxymethyl}-5,10,11, 1 la-tetrahydro-  H-benzolepyrrolof 1,2-a{[ 1 4 ]diazepin-2-y ester

(18)

300395} To an Ar purged solution of 8-benzyloxy-T-methoxy-10-(2-trimethylailanyl-
ethoxymethyly-1, 1 a-dihvdro-10H-benzolelpyrrolol 1,2-al] 1 4ldiazepine-2,5,1 1-trione (13}

(83 g, 16.7 mmol) in DCM {200 mbL}, cooled to — 453°C in a dry ice/acctonitrile bath, added
2,6-lutidine (6.0 mb, 51.8 mmol) followed by the dropwise addition of triflic anhydride (8.4

mk, 50.1 mmol) while mamtaining an tnternal temperature << - 40°C. The reaction was
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stirred at ~ 45°C for 1h, at which time the reaction was judged complete by TLC and LC/MS.
The cold reaction mixture was diluted with DCM (200 mL), then washed with H,O (100
mk}, 5% citric acid {aq) (200 mL), sat. NaHCO3 (ag) (200 mib), and brine (100 mL). The

organics were then dried over MgS04, filiered, concentrated and the resulting residue was

(]

purified by column chromatography m 0-30% EtGAc in Hexanes to afford (18} as an off-
white foam (9.8 g, 93% vield, 15.6 mmol). "THNMR (500 MHz, CDCI3): 5 7.45-7.42 (m,
2H), 7.39-735 (o, 2H), 7.35-7.30 (m, 2H), 7.27 (s, 1H), 713 (1, J=2.0Hz, 1H), 546(dJ=
98 Hz IHL5321 (4, J=29Hz 2H), 461{dd, J=11.0,37Hz, 1H),454(d, ] =103 Hz,
1H), 3.95(s. 3H), 390 (dg, J =161, 20 Hz, 1H), 3.71 (¢d, J =98, 73 Hz, 1H), 361 (td, J =
10 98,73Hz 1H),3.14(ddd, J=16.1, 107, 24 Hz, 1H), 2.57(d, J =64 Hz, 1H), 0.97 (sep, J
=34 Hz 2ZH), 404 (s, OH}. LC/MS: retention time 4.20 mun. (ES+} cale for
C27H31F3N2Na08881: [M+Na] + 651; found 651.
Example 4- Cytotoxicity of CLT-D201, CLT-D301, and CLT-D601
1600396] Cytotoxic activity of compounds CLT-D261, CLT-D501, CLT-D60T was
15 tested against various cell lines. Results of these tests are shown in FiGs, 16-18.
Example 5§ — Cytotoxicity of CLT-DB201, CLT-D501, and CLT-D6061 in comparison with
pyrrolobenzodiazepine dimer (PBDI).
300397} The cytotoxic activity of compounds CLT-D201, CLT-D501, CLT-D601 was
tested against various cell ines in comparison with a pyrrolobenzodiazepine dimer labeled as

20 PBDI (structurallv identical to SGD-1882, Spirogen Lid ), having a formula:

1600393] FiG. 19 shows the curve of cytotoxic activity against HL-60 and PCI-AML-5
cell lines. Table 1 shows the 1Cs, values for PBD1 and CLT-D201 respectively, for a larger
25 group of cell Bines. The results demonstrate that CLT-D201 pavioad potency 1s simifar to that

of PBD1 in AML cell lines.

Table 1 Summary of Growth Inhibition.

156 pg/mL PBD1 B2%1 MDBR
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OCI-AMLS 2.084 8.233 NA
HL-60 28 2.0 -
SHI 5468 21.09 -
THP-} 12.61 29.08 -

HNT-34 1.494 14.02 /-
HEL92.1.7 3.866 4041 +
KGl 660 2454 +
TE-1 447 1286 +

Example 6 - Synthesis of CLT-D202
660399} A synthesis scheme for CLT-D202 was pertormed as follows and 1s described
i FIGs. 20A-D. Numbering is as in FIGs, 20A-B.
[G00400] General Methods:
[GB0401 "H NMR spectra were recorded on a Varian Inova 300 or 500 MHz NMR
instrument. Chromatographic purities were determined on an Agilent 1200 Series or 1100
Series LL/MS system using a Merck Chromolith RP-1%c analytical HPLC column
(monalithic, 30 = 2 mum) and the following analvtical HPLC method: injection volume 5 pl.;
flow rate 1 mL/min; 3—95% acetonitrile 1 water (optionally with 0.03% AcOH) over 5

mins; Agilent diode array detector at A= 254, 220 or 195 nm; room temperatore.

1300402] 6.1: Preparation of (4-{3-{4-3-hydrexymethyi-3,4-dihydro-1H-
isoquinoline-2-carbonyl)-2-methoxv-S-nitro-phenoxyl-propoxy}-5-methoxy-2-nitre-

phenyi)}-(3-hydroxymethyl-3,4-dihydro-1 H-isoquinolin-2-yl)-methanone (3, FIG. 20A)

[G00403] To an Argon purged solution of 17-37-bis{4-carboxy-2-methoxy-5-
nitrophenoxyhpropane (13 (11.63 g, 24.94 mumol) and DMF (13 mL) in DCM (134 mL) at 0
°C, was added oxalyl chlonde (633 mb, 74.83 munol), dropwise. After mitial effervescence
was observed, the cold bath was removed and the reaction was stirred at 22 °C for 16 h.
Conversion to the acid chloride was confirmed by treating a small aliquot of the reaction
mixture with MeQOH and the resulting bis-methyl ester was observed by LC/MS. The
reaction was concentrated and then a small amount of drv DCM (10 mL} was added and the
precipitate was triturated with cold Et; 8. The isolated solids were dnied in a vacuum oven for
1 hat 40 °C. The solid acid chloride was added portion-wise over 25 minutes to a solution of

{(£)~(1,2,3 4-tetrahvdro-isogquinohin-3-yvi}-methanot {2, FIG. 204) (9.20 g, 56.4 mmol) and
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Et:N {(8.69 mL, 62.4 mmol} in BCM (100 mL) at -40 °C {drv ice/acetonitrife}. Immediately,
the reaction was judged complete by LO/MS. The mixture was diduted with DCM (500 mL)
and washed with 1N HCI (300 mL), sat. NaHCO; (aq) (300 mbL) and brine (300 mL). The
mixture was then dried over Mg5Qy, filtered and concentrated to afford (3) as vellow solid
(164 g, 87% vield, 22.2 mmol}.

1600404] "H NMR (500MHz, DMSG-d) §=7.77 (br. s.. 2H), 7.28 - 7.25 (m, 1 H),
724-716(m, 8H), 713 (br. s, 1 H),698(d, J=78Hz, 2 H),533(d, J=161Hz 1 H),
501-488¢m, 2H}, 434-425(m, SHL391 (5,6 H), 343 ¢br 5, 2H),327-321 (m, 2
H),300¢d, J=15Hz, 1 H),303-297(m, 1H),276{(d, J=29Hz 1 H),229{ =61
Hz, 2 H}.

[GB0405] LC/MS: retention time 3.07 min. (ES™) cale for CaoHn NyOwy IM+H] 7 757;
found 757,

[600406] 6.2: Preparation of acetic acid 2-{4-{3-[4-(3-acetoxymethyl-3,4-dihydro-
1H-isoquinoline-2-carbonyi)-Z-methoxy-S-nitro-phenoxy|-propoxy}-5-methoxy-2-nitro-

benzoyi)-1,2,3,4-tetrahydro-isoquinolin-3-yvimethyl ester (4, FI1G. 208A)

[G004067] To an Argon purged solution of 4-{3-[4-(3-hvdroxymethyl-3,4-dibvdro-1H-
isoquinoline-2-carbonyl}-2-methoxy-5-nitro-phenoxy |-propoxy } -S-methoxy-2-nitro-phenyi)-
(3-hydroxymethyl-3,4-dihvdro- I1H-isoqomolin-2-y1}-methanone (3, FIG. 204 (860 g, 114
mmol} in DCM (150 mL), added DMAP (194 mg, 1.59 mmol} and BN (31.7 mb, 227
mmol). The mixture was then cooled to 0 °C, and Ac;O (21.5 mL, 227 numol) was added.
The cold bath was then removed and the reaction was stirred at 22 °C for 64 h. The reaction
was judged complete by LE/MS and TLC, dilsted with DCM (200 mL} and quenched with
sat. NH4Cl {ag) (200 mL). After splithing fayers, the agueous fayer was further extracted with
DCM (3 x 200 mL). The combined organics were washed with brine (300 mL), dried over
Mg SO, filtered, concentrated and punfied by columan chromatography in 0-2 100% EtQAc in
hexanes to afford (4) as a vellow foam (812 g, 86% vield, 9.75 mmol}.

300408} "H NMR (500 MHz, CDCL) =787 -7.77 (m, 2 H). 7.25 - 7.08 {m, 7 H),
691-680{(m, 2H), 6.73-6.65(m, 1 H),561(d,/J=176Hz, 05H),546(d, J=176Hz
0S5SH),539-530(m, 1 H),446-422(m, 10H),406-385(m, 8§H),3.79(d, /=93 Hz,
OSH),335-319¢m, 1 H),3.16-298(m, 05 H),292{(dd, J=27,164Hz 1 H),271 (¢, J
=142 Hz, 1H), 249, J=59Hz 2H),204- 194 {m, 6 H}.

[300409] LO/MS: retention time 3.54 min. (ESU cale for CyaHysN4O 40 [MA+H] - 241;
found 841.
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308416} 6.3: Preparation of (2-aming-4-{3-[S-amino-4-(3-hydroxymethyl-3,4-
dihiydre-1H-isoquineline-2-carbouyl}-2-methoxy-phenoxy}-propexy}-5-methoxy-
phenyi}-(3-hydroxymethyl-3,4-dihydroe-1 H-isoguinolin-2-vi)-methanone (5, FIG. 20A)

[G00411] To a solution of acetic acid 2-(4-{3-[4-(3-acctoxymethyl-3 4-dihydro-TH-
isoquincling-2-carbonvi}-Z-methoxy-3-nitro-phenoxy |-propoxy ; -5-methoxy-2-nitro-
benzovi)-1,2,3 4-tetrahvdro-isoquinolin-3-yimethy! ester (4, FIG. 204) (500 mg, 0.595
mmol} in MeOH (20 mb), a small scoop of Raney® Ni was added. The muxture was then
heated to reflux and hydrazine hydrate (370 gL, 11.9 mmol} in MeOH (3.5 mL} was added
dropwise. Rapid cffervescence was observed upon addition of hvdrazine. Once the addition
of hydrazine was completed, no turther effervescence was observed upon further addition of
Raney” Ni. The reaction was then refluxed an additional 9 h and the reaction was judged
complete by LC/MS. (Note: Bis-nitro reduction occurs readily; additional reaction time is
necessary to fully de-acvlate the product). The reaction was removed from heat, filtered
through celite, and washed with MeOH. The filirate was concentrated in vacuo, and
azeotroped with DCM. The crude residue was purified via column chromatography (0—10%
MeOH in DCM) to afford (8) as a white crystalline solid (368 mg, 89% vield, 0.528 numol).
300412} "HNMR (500 MHz, CDC1L) 8 =723 - 7.18 (m, 4 H), 7.17 - 7.08 (m, 4 H),
671(s,2H), 636(d,J=49Hz 2H),502 (br. s, 2 H), 458 (br. s, 2 H), 402 (br.s., 2 H),
444{d,J=166Hz 2H), 425, J=59H2 4H),378(s, 6 H),3.68-357(m, 4 H),3.17
(dd, /=63, 16 6Hz, 2H), 27H{d. J=171Hz 2H) 239-232 (m,2 H).

{60041 3] LO/MS: retention time 2.75 mn. (ESU cale for CaoHysN4yOs: [M+H] T697;

found 697.

[600414] 6.4: Preparation of [5-{3-]5-Amine-4-(3-hydroxymethyl-3,4-dibhydro-1H-
isoquinoline-2-carbonyl}-2-methoxy-phenoxyl-propoxy}-2-(3-hydroxymethyi-3,4-
dihydre-1 H-isoquinoline-2-carbonyl-4-methoxy-phenylj-carbamic acid allyl ester (6,

FIG.20A)

66041 5] To an Ar purged solution of (Z-amino-4-{3-{S-amino-4-(3-hvdroxymethyl-3,4-
dihydro-1H-isoqumoline-2-carbonyl}-2-methoxy-phenoxy |-propoxy ;-3 -methoxy-phenyl}-(3-
hydroxymethyi-3 4-dihydro-1 H-isoquinolin-2-yh-methanone (8) (1.92 g, 2.75 mmol} in
DBCM (33 mb), was added pynidine {245 pl, 3.03 mmol) and the resultant solution was
cooled n to 0 °C in an ice/brine bath, then AllocCl (292 ul., 2.75 mmol} was added. The
mixture was then stirred at 0 °C for 30 min. The DCM was then removed in vacuo, the

residue diluted with BDMSO, and purified via reverse phase column chromatography (5—95%
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AcN 1n HLHO, each containing 0.05% AcOH) and desired fractions lvophilized to afford {6) as
a white crystalline solid (417 mg, 19% vield. 0.534 mumol).

[000416] "H NMR (300 MHz, CDCL) =810 (s, 1 H), 766 (d. /=105 Hz, 1 H), 7.24
~7.09(m, 9 H), 680 (br.s, 1 H), 668 (s, 1 H), 638, I H), 599 -585(m, 1 H), 533 (dd. J
=23,170Hz, 1 H),522{dd, J=23,88Hz, 1 H), 504 (br. s, 2H), 461 (d,/=59Hz, 2
H), 448-436(m, 2H),434-422{m, 4 H), 382 (s, 3H},3.79 (br. s, 1 H), 3.77{s, 3 H).
374-359(m,4H),3.18(dd, /=61, 161 Hz, 2 H), 282 -2.65(n, 2H), 241 -235(m. 2
H).

[600417] LC/MS: retention time 3.01 nun. (ES’*) cale for CysHyaN4Oyo: [M+H] 77811
found 781.

300418} 6.5: Preparation of Bis-(tert-butyl-methoxy-dimethyl-silanyloxy}-ether of
13-{3-[5-Amino-4-3-hydroxymethyl-3.4-dihydro-1 H-isoquincline-2-carbonyl})-2-
methoxy-phenoxyl-propoxy-2-(3-hydroxymethyi-3,4-dikydro-1H-isequinoline-2-

carbonyl}-4-methexy-phenylj-carbamic acid allyl ester (7, FIG. 284).

[600419] To an Ar purged solution of {{5-{3-|5-Amino-4-(3-hydroxymethyl-3 4-
dihydro-1H-isoguinoling-2-carbonvl}-2-methoxy-phenoxy|-propoxy +-2-(3-hvdroxymethyl-
3, 4-dihydro~ 1H-1soquinoline-2-carbonvl}-4-methoxy-phenvl]-carbamic acid aliyl ester (6,
FEG 2043 (417 mg, 0.534 mmeol} in BMF (5.3 mL) was added mmidazole (182 mg, 2.67
mmol}. The reaction mixture was stirred for 3 min, followed by the addition of t- butyl
dimethyl silvl chlonde (TBSCL Y292 pl., 2.75 mmol}. The resulting mixture was then stirred
at 22 °C for 70 mun. The reaction mixture was then poured onto wce/HoG and extracted with
EtOAc 3 x 20 mbLy. The combined organics were washed with HyO (2 x 20 mb}, dried over
Mg50,, filtered and concentrated. The resulting residue was purnified via colomn
chromatography in 0-2 100% EtOAc in hexane to afford (7) as a white solid (425 mg, 79%,
3.421 mmol}.

[G00420] 'H NMR (500MHz, CDCI3) 8 =836 (br. s, 1H), 7.90 (br.s., 1 H), 7.22 - 7.12
{m, 8H), 708 (br.s., 1 H), 684 (br. s, 1 H), 676 (s, 1 H), 637 (5. 1 H}, 597 - 588 {oct, J=
S4Hz 1 H), 535¢(d,J=34Hz 1 H),522(dd, /=15, 103 Hz | H),466-455{m, 4 H),
442 %br. s, 2 HL 431 (L, J=61Hz 2H),L, 424, J=66Hz, 2H), 418 (br.s, 2 H), 3.82 (s,
3HL3774, 3H)L 368 (br. s, 4H), 320-312(m, 2H}, 283{d../= 161 Hz, 2 H}, 2.40
(gum,./=62 Hz, 2 H), 085 (s, 18 H}, 0.00 {br. 5, 12 H)

660421 LO/MS: retention time 5.07 min, {ES™) calc for CssHmN4O16St: {M+H] *
1009; found 1009,
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3604221 6.6: Preparation of #-boc-N-amido-dPEG ,-NHS ester (9, FIG. 20B).

1600423] To an Ar purged solution of r-bac-N-amido-dPEG s-acid (8, FIG. 20B) (1.00
g, 1.85 mmol) mn DCM (20 mL), was added N-hydroxysuccimmmide (255 mg, 2.22 mmol}, N-
(3-dimethylaminopropyl)-N"-ethylcarbodiimide hydrochloride (EDC-HCI) (531 mg, 2.77
mmol), and dimethylaminopyridine (BMAP) {10 mg, 0.0819 mmol). The combined mixture
was stirred at 22 °C for 16h. The reaction was then quenched with HO (20 mb), and
extracted with DCM (3 x 30 mL)}. The combined organics were dried over MgSQ,, filtered
and concentrated. The resolting residue was purified via column chromatography n -2 15%
MeOH in DCM to afford {9) as a clear 01l {856 mg, 73%, 1.34 mmol),

[600424] "H NMR (500 MHz, CDCL) § =503 (br.s, 1 D, 3.86 (t./=6.6 Hz, 2 H),
372-359(m, 28 H), 3535t J=51Hz, 2H).332{(q./=54Hz 2H). 291 {t, J=66Hz,
2H), 285 (br. s, 4H), 145¢s. 9H).

[G00425] LC/MS: retention time 2.56 min. (ES") cale for CogHsoNoO e Na: [M+Na] ™
661; found 661.

[300426] 6.7: Preparation of #-boc-N-amido-dPEG";-Val-Ala-acid (10, FIG. 20B).

360427} To an Ar purged solution of -boc-N-amido-dPEG"s-NHS ester (9,
FIG. 268) (856 mg, 1.34 mumol) in DMF (6.7 mL} was added DIEA (584 ul., 3.35 mmol},
followed by HoN-Val-Ala-OH (278 mg, 1.48 mmol}. The reaction was then stirred in a sealed
vial at 40 °C for 16 h. The resulting reaction mixture was then directly loaded and purified
via reverse phase columu chromatography (5—95% ACN in H, 0, cach contaming 0.05%
AcOH) and desired fractions lvophilized o atford (18} as a clear o1l (717 mg, 75% vield,
1.01 mmol).

[600428] "H NMR (300 MHz, CDCL) §=7.13 (br. s, 1 H), 5.16 (br. s, 1 H), 4.48 (br. s,
TH), 432(dd, /=59 88Hz 1 H),384-377{m, T H), 3.77-371 (m, 1 H), 3.69-3.60
(o, 30 H), 355, /=49Hz, 2H), 332 (br. d,7=49Hz, 2H), 255 (t, J=56 Hz, 2 H},
222{gd. J=067, 132 Hz, 1 H), 155-138¢(m, 12H), 096 (dd, ] = 6.6, 173 Hz 6 H).
[660429] LL/MS: retention time 2 .41 min.

1600430] (ES+) cale for C3ZHS2N3014: [M+H] + 712; found 712,

1600431} 6.7: Preparation of £-boc-N-amido-dPEG®s-Val-Ala-4-aminobenzyl-
aleshel (11, FIG. 268},

3004321 To an At purged solution of #-boc-N-amido-dPEG"s-Val-Ala-acid (18, FIG.
208} (349 mg, 0490 mmol} in 2:1 BCM/MeOH (7 .45 mL) was added 4-aminobenzyl alcohol
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(69.4 mg, 0.564 mmol} followed by 2-ethoxy-1-cthoxyearbonyl-1,2-dihvdroguinoline
(EEDQ) (228 mg, 0.920 mmol). The reaction was stirred at 22 °C for 20 h. The reaction
mixture was then concentrated i vacno and puritied by column chromatography (0—15%
MeOH in DCM to afford (11) as a white solid (325 mg, 81% vicld, 0.397 mmol).

1600433] "H NMR (500 MHz, (DC1) § =858 (br. s, 1 H), 7.71 (d,.7 = 8.8 Hz, 2 H),
731(d,J=88Hz 2H), 69 (br.s, 1 H), 687 (br.s, 1 H}, S11-506(m, 1 H), 468(,J=
78Hz 1H), 464(d,J=63Hz, 2H).422(dd. J=5.6,66Hz, 1 H),386(dt,/=34.98
Hz, 1 H), 371-358(m, 29 H), 353, J=51Hz 2H),333-329(m,J=54Hz 2 H),
271-263¢m, 1H) 249{ddd, J=32,56,147Hz 1 H),234-226¢(m, 1 H}, 1 81 {t, J=
59Hz 1H), 148 - 144 (m, 12H), 1.01 {dd. /=68 156 Hz 6 H).

[G30434] LC/MS: retention time 2.52 min. (ES™) cale for CaoHegMNsOreNa: [M+Naj ™
§39; found 839,

[600435] 6.7: Preparation of linker bound, fully pretected cytotoxic dimer drug
(13, FIG. 200).

G004 36] To an Ar purged solution of +-boc-N-amido-dPEG”s-Val-Ala-4-aminobenzyl-
alcohol (11, FIG. 208) (285 myg, 0.348 nunol) in DMF (1.7 mL) was added
dusopropyldicthylamine (DIEA) (91 i (285 mg, 0.348 mmol) in DMF (1-
{pentafluorophenyl)-carbonate (204 mg, 0.523 mumol). The reaction was then stirred at 22 °C
for 2 h, at which time, the resulting reaction was judged complete by LOC/MS, vielding
activated intermediate cpd, 12 (FIG. 20B)

[G06437] LOC/MS: retention time 341 mumn, ( FQT) cale for CusHeFsN,O6Na: [M+Na] ™
1049 found 1049,

[600438] The crude solution of 12 {the product from FIG, 20B) was added to solid
bis-{tert-butyl-methoxy-dimethyl-silanvioxy}-cther of [5-{3-[3-Amino-4-(3-hydroxymethyi-
3, 4-dihydro- 1H-1soquinoline-2-carbony - 2-methoxy-phenoxy|-propoxy 3 -2-(3-
hydroxymethyi-3 4-dihydro-1H-tsoquincline-2-carbonyl}-4-methoxy-phenyl|-carbamic acid
allyl ester (7, the product from FIG. 204) (176 mg, 0.174 nunol) as shown m FIG 20C.
The flask was then rinsed with an additional 300 mL of DMF to ensure a complete transfer of
{12) to the reaction mixture. DIEA (91 ul to the reaction mixture. DIEA (91 additional 300
mb of DMF to ensure a complete transfer of {vdroxymethyl-3 4-dthydro-1H-1soquinoline-2-
carbonvi}-2-methoxv-phenoxy |-propoxy -2-(3-bydroxymethyi-3,4-dihydro-1H-1soquinoline-
2~carbonyl)-4-methoxy-phenvij-ca ACN in H:0, cach containing 0.05% AcOH) and desired

fractions lvophilized to afford (13} as a white solid {153 mg, 47% vield, 0.0825 mmol).
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[B30439] LO/MS: retention time 4.99 min. (ES":') cale for CostlyxNe32581y: 1851 found
[{M+H)Y/23+Na] " 949

060440} 6.9: Preparation of linker bound, bis-alcohol compound. 14 (FIG. 20C).

(600441} To an Ar purged solution of (13) (153 mg, 0.08235 nunol) in THF (8.3 ml),
cooled to 0 °C 1n an ice/bring bath was added TBAF (173 pL. ot a 1.0M solution in THE,
¢.173 mmol}. The reaction was then stirred at 0 °C for 16 h. The THF was then removed in
vacuo, the restdue diluted with dimethylsulfoxade (DMSO), and purified via reverse phase
column chromatography (5—95% AcN in H,0, cach containing 0.05% AcOH) and desired
fractions lvophilized to afford (14) as a white crystalline solid (116 mg, 87% vield, 0.0717
mmol).

[600442] LC/MS: retention time 3 38 min. (ES'*) calc for CgsHi 14 NgOysNa: [M+Nal i
1645; found 1645,

3604431 6.10: Preparation of linker bound, hemi-aminal compound. 15 (FIG, 200,

[G00444] To an Ar purged solution of {14, FIG. 20C) (108 mg, 0.0665 mmol) in 3:1
DCM/ACN (1.2 mL) was added 4 A molecular sieves (5.0 mg), then N-methylmorpholine-N-
oxide {NMO} (31.2 mg, 0.266 mmol} i 100 pL DCM. The reaction mixture was stirred for
15 min, then TPAP (5.8 mg, 0.0166 mamol) in 100 L. DCM was added. The resulting mixture
was stirred at 22 °C for 1 h and the reaction was judged incompiete by LC/MS. Successive
addition of NMO (10.4 mg, 0.0888 mmol) and TPAP {1 90 mg, 0.00541 mmol}, each in 100
ul. DCM was added to the rcaction and the reaction was monitored by LC/MS after 1h of
addition until such time that the reaction was judged complete, monitoring the amount of
starting matenal, desired product, mong oxidation and anude formation; in total, 3
subsequent additions werg made. The solvents were then removed in vacuo, the esidae
diluted with DMSO, and purified via reverse phase column chromatography (5—95% ACN
in Hy(, each contaming 0.05% AcOH) and desired fractions lyophilized to afford (18} as a
white crvstalline solid (50.7 mg, 47% yield, 0.0313 munol}.

1300445 LO/MS: retention time 3.33 min. (ES”) cale for CrsHi1oNa0OsNa: [M+Na]
1641 tound 1641,

[600446] 6.11: Preparation of linker bousnd, mono-imine compound 16 {FIG. 20D,

3004471 To an Ar purged solution of (153 (15.7 mg, 0.00969 mmol} in DCM (1.0 mL}
was added pyrroliding (1.2 pL, 0.0145 mmol) in 50 yL BCM followed by Pd(PPh;}, (0.56
mg. 0.485 pmol} in 50 pl. DCM. The reaction was then stirred at 22 °C for 1 h. The DCM
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was then removed i vacuo, the residue diluted with BMSQO, and purified via reverse phase
column chromatography (5—95% AcN in H,0, each containing 0.05% AcOH} and desired
fractions lvophilized to afford (16} as a white crvstalline solid (8.2 mg, 56% vield, 0.00540
mmol).

[00(448] LC/MS: retention time 3.23 nmun. (ES’*) cale for CyoHyeaNsOnNa: [M+Naj i
1539; found 1539

(600449} 6.12: Preparation of CLT-D262 (18, FIG. 20D).

[360450] To an Ar purged solution of (16, FIG. 20C) (3.5 mg, 0.00231 mmol) in DCM
{0.30 mL), cooled to 0°C i the refngerator for 30 min, was added a precooled solution of
47:47:6 solution of TFA/DCM/HL0 (200 pl). The reaction was left standing at ¢ °C for 2 h
The DCM was then removed in vacuo, the residue dituted with 1:1 ACN/H,O and vophilized
to afford (17 FI{G. 20D) as a white crystalline solid which was used without further
purification.

[000451] LC/MS: retention time 2.56 min. {(ES7) cale for CogHoNgDay: [M+H] 71417,
found 1417

060452} To an Ar purged solution of crude (17) m DCM (0.5 mL), added DIEA (2.4
pl, 0.0143 mmol} m 200 L DCM, checked pH of the reaction mixture; pH>8. A solution of
3-maleimidopropionic acid NHS ester (1.0 mg, 3.57 pmol} in 100 uL DCM was then added
to the reaction. The reaction was stirred at 22 °C for 75 mun. The DCM was then removed in
vacuo, the residue diluted with BMSQ, and parified via reverse phase column
chromatography (5—95% AcN in H;O, each contaiming ¢.05% AcOH) and desired fractions
lvophilized to afford (18) as a white crystalline sohid (1.3 mg, 36% vield over 2 steps, 0.829
pmol}.

[600453] LO/MS: retention time 2.94 min. (ES™) cale for CgHinpNo(hs: [M+H] N
1568; found 1568,

Example 7 - Preparation of C6-CLT-D202 (Aniibody-drug conjugaie).

£8-5238C

CLT-D202- CLT-D202
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360454} A humanized, cys-substituted at position 239 anti-CLL1 antibody (“C6-
S239C-CYSM267) (5.0 mg, 1.68 mg/mL, PBS) was exchanged mto borate buffer (50 mM,
pH 8.5, ImM dicthvlenc triamine pentaacetic acid (DTPA)) via 2 cvcles of molecular weight
cut-off filtration (MWCO) using a Mithpore, 15 mL, 30 kDa device. To the new solution of
the C6-5239C-CYSMAB antibody (3.0 mg/mL., borate buffor (50 mM, pH 8.5, ImM
DTPA} was added a solution of Dithiothreitol {DTT) (33 nb, 50.0 equiv., 50 mM) and the

(]

resultant solution was shaken gently overnight.
[B60455] Antibody C6 has the light chain variable region sequence:
DIOMTOSPSSLSASVGBRVTLTCRATQELSGYLSWLOQQKPGKAIKRLIYAASTLDSGY

10 PSRFSGNRAGTDYTLTISSLOPEDFATYYCLOYAIVPYTFGQGTKLEIK (SEQIS
NO:1). Antibody C6 has the heavy chamn vanable region sequence:
EVOQLVOQSGAEVKKPGASVEKMSCKASGYTFTISYFIHWVRQAPGQGLEWIGFINPYND
GSKYAQKFQGRATLTSDKSTSTVYMELSSLRSEDTAVYYCTRDDGYYGYAMBDYWG
QGTLVTVES (SEQ ID NG:2). Complete reduction of the mterchain disulfide bridges and

15 removal of the $239C cysteine/glutathione adducts were was confirmed by p-LCMS as
described earlier (Junutula et al., 2008, Natare Biotech, 26, 925-932). DTT was then
removed from the solution via 3 cycles of molecular weight cut-off filtration (MWC() using
a Millipore, 13ml, 30 kDa device, using PBS as the exchange buffer. To a 5 mg/ml solution
of the fully reduced C6-5239C-CYSMARB antibody was added a solution of dehydro ascorbic

200 acid {(dhAA)Y (33 pL, 30.0 eguiv., 50 mM). The resultant solution was shaken gently for 3
brs. The re-oxidation was monttored via rp-LCMS. Once the re-oxidation was deemed
complete, the reaction mixture was diluted up to 50% v/v with propyvlene glyecol and CLT-
D202 (18, FIG. 28D) was added as a solution in DMSO (10.0 equiv,, 10 mM in DMS0). The
reaction was allowed to stir at ambient temperature for 1 hr. The mixture was then treated

25 with activated charcoal for 1 hr at ambient temperature. The activated charcoal was then
removed via filtration. The conjugate was then exchanged into PBS via multiple cyeles of
molecular weight cut-off filiration (MWCO) using Millipore, 15mb, 30 kDa devices. The
solution was then subjected to a sterile filtration to vield the desired comjugate (0.974 ml.,
2.16 mg/mb). Volume: 0.974 mL. Concentration: 2.16 mg/ml (Ayg, = 0.1453, 20-fold

30 dilution). Drug to Antibody Ratio (BAR): 1.7 (deternuned by rp-LCMS).  The monomeric

form of ADC is confirmed by size exclusion chromatography (SEC}: 96%.

Exampie 8 Preparation of CO-CLT-D202 Antibody-drug conjugaie (ADT)
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360456} Palivizumab was used a control antibody, CO. €O antibody 1s a non-binding
control IgG1. An ADC with €0 and CLT-D202 wasThe €0 antibody {12.0 mg, 100 mg/mb.,
PBS) was diluted to 5 mg/mL. using borate buffer (50 mM, pH 8.5, ImM DTPA). Inorderto
conjugate CLT-D202, the hinge disulfides were reduced, as follows. To the new solution of
the €O antibody {@ 5.0 mg/mL, borate buffer (50 mM, pH 8.5, ImM DTPA)) was added a
solution of tris{2-carboxvethyljphosphine (TCEP) (136 pl, 1.7 equiv., I mM) and the
resultant solution was shaken gentlv at 37 °C for 1 hr. The reaction was theun cooled to
ambient temperature and was dilated up to 30% v/v with propylene glveol at which point
CLT-D202 (18, FIG, 28D) was added as a solution 10 DMSO {120 equiv., 10 mM in
DMSQO). The reaction was allowed to stir at ambient temperature for 1 hr. The mixture was
then treated with activated charcoal for 1 hr at ambient temperature. The activated charcoal
was then removed via filtration. The conjugate was then exchanged into PBS via PD-10 gel
filtration (GE Healtheare). The combined fractions were concentrated using molecular weight
cut-off filtration (MWCO) with Millipore, 15mlL., 30 kDa devices. The solution was then
subjected to a stertle filtration to vield the desired conjugate (3.144 mL, 3.2 mg/mL).
Volame: 3.144 mbL. Concentration: 3.2 mg/mL (A = .237, 20-fold dilution). Drug to
Antibody Ratio (IDAR): 2.6 {determined by rp-LCMS). The monomeric form of ADC is
confirmed by SEC: 87%.

Example 9- C6-CLT-D202 ADC Selective Cytotexicity.

[308457} The selectivity of the C6-CLT-D202 ADC 15 shown in FIGs, 21A-21B. HL-
60 ¢celis thuman promyelocytic leukemia cellsy which express CLE-1 in the range of about
30,000-50,000 copy number per cell, were treated with the CLL-1 selective cytotoxic
antibodv-drug conjugate, C6-CLT-D202 ADC and the control antibody-drug conjugate, CO-
D202 ABC, at varying concentrations at 37° C for five days. FI6., 21A shows target
dependent cell killing by C6-CLT-D202 ADC relative to that of the control CO-CLT-D202
ADC by over 300 fold. FiG. 21B shows that for non-CLL-~1 expressing cell Iines such as
TF1 (human erythroleukemic cell ling), both C6-CLT-D202 ADC and C-CLT-D202 ADC
had similar, non- cytotoxic effect, thus demonstrating the selectivity of the CLL-1 targeted

C6-CLT-D202 ADC in vitro.
Example 18- Co-CLT-B262 ADC Target Dependent Cytotoxicity

[G30458] TF1 is a multi-drug resistant (MDR) positive acute myeloid leukenmia (AML)

cell line. CLL-1 was overexpressed in T to demonstrate the potency of an antibody-drug
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conjugate comprising an anti-CLLT antibody (“CLLI-ABC” or, more specifically, “Co6-CLT-
D202 ABC™). As shown in FiGs. 22A and 22B, the over-expressing TFI cell line (TF1-
CLL1) and the standard TF1 cell line were treated at 37C at various concentrations with C6-
CLT-D202 ADC and CO-CLT-D202 ADC, respectively. In FIG. 224, the CLL-1 targeted
C6-CLT-D202 ADC was shown to be potently cytotoxic to the TF1 CLL-1 MDR (+) line,
while the control CO-CLT-D202 ADC had a much less potent effect. The activity against the
standard TF1 cell line for each ADC are shown in FIG 22B, where it is scen that both the C6-
CLT-D202 ADC and CO-CLT-D202 ADC had more similar effect. The ICs, resulis shown in
Table 2 demonsirate the significant difference in cell kilhing effect when CLL-1 is expressed

in a tumor cell target, providing a decrease in IC30 by a factor of about 10,

[B00459] Table 2. HC50 for selected ADCs against TF1 CLE-1 and TF1 cell lines.

{Csp ng/mL Co-D202 Co-D202
TFiI-CLLI 23.27 0.008
TFI 12.93 047

Example 11- Correlation Between Binding and Cytotoxicity for C6-CLT-D282 ADBC,

[300460] The correlation between binding to cells and ability to kill targeted celis was
examined. In Table 3 | the first column of numbers 1s the ratio of the mean fluorescent
mtensity of binding of C6-CLT-D2062 ADC to each specific cell line, relative to the mean
fluorescent intensity of bindmg of CO-CLT-D202 ADC, which is the control ADC. A larger
ratio of MFI reflects increased binding of the targeted ADC over that of the control ADC.
The second column shows the IC50 (ng/mL) for C6-CLT-D202 ADC for the specified cell
line. o Fi{., 23, the two numbers are mapped, the log of the relative mean fluorescent index
{(MFT) along the X axis and the log of the 1CS50 value along the Y axas, for cach cell ine.
FIG. 23 shows good correlation of relative binding vs cell killing, where R” of the fit of line
shown is 0.701. This demonstrates that C6-CLT-D202 has good target-dependent cytotoxic
activity across many cell lines associated with AML discasc.

060461} Table 3. Cell lines, Relative Binding Intensity, and [Cses.

Cell line C6 relative MFI Co/CO Co-D202
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IC50 ng/ml,
AML2 i3 3
HL-60 20 i1
AML3 is 13
AML5SKO 1.3 6621
293 1.2 14270
Ues7 14.7 11690
SHI-1 1.4 3670
KG-1a 13 82760
HEL9217 1.3 50000
HELS2.1.7-CLLA 261 17
HNT-34 53 3500
TF1 L5 22230
EQL-1 20.5 13.7
PL21 14.7 199

Example 12- C6-CLT-D202 ABC Targets Both Proliferating and Quiescent Cells.
[600462] AML-5 cells, which express CLL-1, are cultured under either proliferative or
quiescent conditions for a period of five (53} days. Durning this period, one set of proliferative
CLL-1-expressing cells was treated with varying concentrations of Co-CLT-202 ADC. A
second set of proliferative CLL-1-expressing cells was treated with isotype control. A
respective set of quicscent CLL-I-expressing cells were treated accordingly with either C6-
CLT-D202 or 1sotype control. FIG. 24A shows that C6-CLT-D202 was effective at killing
CLL-1-expressing cells at am ICsg of 0.03ug/mL (proliferating} and 0.02ug/mL (quiescent}
cells, while the isotype control had an ICs of at least 100-fold higher concentration.
Quiescent cell killing increases with increasing incubation times.

[600463] In contrast, as shown n FIG. 248, when CLL-1-knockout cells were
subjected to the same conditions, the target dependent cyvtotoxic etfect of C6-CLT-D202
ADC is chimmated. The [Cses for both proliferating and quiescent AML-5 cells are similar to
that of the isotype control, in the range of 2.34 ug/mL {quiescent) and 5.54 vg/mL

{proliferating}.

Example 13- C6-CLT-D202 ADC Efficacy In Vive,
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300464} Ce-CLT-D202-ADC exlubit robust efficacy in AML xenograft models.
Orthotopically engrafied HL60 tumor-bearing mice were treated with unconjugated €O
(Img/Kg) antibody and controt ADC (3rag/Kg) as compared with mice treated with C6-CLT-
D202-ADC (Gmg/Kg). The percentage of human HL60 tumor cells in the bone marrow (left
panel} and in the peripheral blood (right panel) is shown, the median bar and interquartile
error bars are denoted for N = 4 - 6 mice. The table (bottom) mdicates the median, minimum,
maximum, and interquartifc percentage of human HL6O cells in the bone marrow and

peripheral blood of treated mice.

[3630465] Female 6-8 week-old NOD/SCID mice were sub-lethally irradiated with 2.5
Gy, and 5 million HL60 tumors were injected intravenously at one dav post-itradiation into
the mice. Following 6 days of tumor cell moaudation (~ 0.1-1% engraftment in the bone
marrow), mice were dosed 3 times, and once per week {gQ7DX3) with 3mg/Kg of C6-CLT-
3202 ADC or with the same amount of control CO-ADC. Following 23 days of tumor cell
moculation, bone, spleen, and peripheral blood were coliected from the treated mice and total
hematopoietic cells were isolated. The percentage of human cells i these tissues was
determined by tlow cytometry using anti-human CD33 and CD45 antibodics. Data were

analvzed by Flowjo software, and plotted with Prism software.

[600466] The treatment with C6-CLT-D202 ADC showed robust efficacy as shown in
FiGs. 25A-258 and 10 Table 5 C6-CLT-D202 ADC animals treated with a 3 mg/kg level of
ADC showed significant decreases in the percent homan cells present in the bone marrow
(FIG. 254A) and blood (FIG. 25B) respectively compared to control antibody alone {CO Ab
at Img/kg) or CO- CLT-D20Z ADC (at an equivalent 3mg/kg dosage). In bone marrow, a
8.4 fold decrease in numbers of human xenograft cells were present in Co-CLT-D202 ADC
treated animals, and in blood, an 18 3 fold decrease in number of human xenograft cells were
observable, relative to that scen after adnunistration with CO-CLT-D202 ADC. Greater than
90% Tumor Growth Inhibition (T'GY) was observed after administration with C6-CLT-D202

ADC,

[600467] Table 5. Concentrations of Hu cells present after treatment.
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VVVVVVVVVVVVVVVVVVVVVVVVVVVVVVV Bone marrow
(0 Img/kg | LOONGE Semg et (64 gyl Blmefkg b0 COL00 Wiy
Minimum 559 0.942 1487 304 (.168
25% Percentile 60.8% 152108 17375 36025 0.184
Median 7295 36.15 385 56.5 §.271
75% Percentile 5.8 45.12% 509 8.1 1.2475

Example 14- Effect of C6-CLT-D282 ADC On Primary AML Patient Cell Cultures.

[B06468] Ag shown 1n FI{. 26, increasing concentrations of C6-CLT-D202 ADC, from

0.8 ug/mi to 2 ug/ml had increasing effect in inhibiting colony formation in a primary AML
5 patient cell culture, 14-AMIL-17. The controt CO-CLT-D202 ADC had much less ahility to

inhibit colony formation in the same primary cell cultures. Number of colonies is represented

onthe Y axis.
Example 15 - Synthesis of J/-{8,S)CLT-D211 {Scheme 1}
[G00469] 4-Benzyloxy-5-methoxy-2-nitro-benzoic acid methyl ester (2}

10 [000470] Refening to F1G. 27, 4-Benzvioxy-3-methoxy-benzoic acid methyl ester 1
(13.6 g, 50 mmol} was dissolved in acetic anhvdride (130 mL). Copper nitrate trihvdrate
(15.1 g, 62.5 mmol) was added in small portions over period of 30 minutes. After stirring for
1 h reaction nuxturc was poured on ice and stirred for | b, Precipitate was filtered off,
washed with water and dried thoroughly. Material was recrystallized from cthyl acetate to

15 afford 9.1 g of 2 (57% vield}.
(6004711 "H NMR (300 MHz, CDCly) 8: 7.52 (s, TH), 7.36-7.46 (m, 5H), 7.09 (s, 1H),
522 (s, 2H}, 3.99 (s, 3H), 3.91 {s, 3H).
[600472] LOC/MS: retention time 3.18 min. (ESD C16H1sNOs calculated for [M+H] 318;
found 340 (M-+Na).

200 [000473] 4-Benzyloxy-5-methoxy-2-nitro-benzoic acid (3}
360474} 4-Benzyloxy-5-methoxy-benzoic acid methyvl ester (9.1 g, 29 mmol) was
dissolved in methanol {145 mb} and sodium hyvdroxide (6 M solution, 24 mb} was added at
once. Reaction muxture was stirred for 1 h at 50 degrees and methanol was evaporated.

Concentrated hydrochloric acid (12 mL) was added slowly to the residue with stirring.

[\
(]

Formed precipitate was filtered off, washed with water and dried to afford 8.1 g of 3 (92%

vield).
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[008475] "H NMR (500 MHz, DMSO-d6) 8: 7.69 (s, 1H), 7.36-7.47 (m, 5H),7.31 (s,
1H), 5.24 (s, 2H). 3.91 (s, 3H).

[G06476] ($)-1,2,34-Tetrahydro-isoquinoline-3-carboxylic acid methyl ester {5-(5})

[G00477] {5)-1,2.3 4-Tetrahydro-isoquinoline-3~carboxyhic acid 4 (10.6 g, 60 mmol)
was dissolved 1 anhydrous methanol (86 mL). Thiony! chlonde (6.5 mL, 90 mmol} was
added dropwise and reaction mixture was refluxed for 5 h. Methanol was evaporated and
residue was partitioned in chloroform and saturated sodium bicarbonate sohition. Water
phase was additionally extracted with chloroform, and combined organics were dried over

anhvdrous MgSO,, filtered and concentrated to dryness to afford 9.2 g of 3-(8) (81% vicld).

[000478] 'H NMR (500 MHz, CDCl3) §: 7.16 (br, 3H), 7.03 (br, 1H), 4.13 (br, 2H),
3.80 (br, 3H), 3.05 (b, 2H), 2.20 (br, 1H).

[308479] (53-2-(4-Benzvloxy-5-methoxy-2-nitro-benzoyl}-1,2,3 4-tetrahydro-

isoquinoline-3-carboxylic acid methyl ester {6-(8))

[000480] Acid 3 (3.03 g, 10 mmol} was dissolved in dichloromethane (33 mL}, and
DIEA (2 6 mE, 15 mmol} was added followed by HATU (493 g, 13 mmol). Mixture was
stirred for 30 minutes and amine 5-{%) {2.29g. 12 numol) was added at once. Reaction nuxiure
was allowed to stir overnight, then washed with 0.5 M HCI, saturated NaHCO; and
concentrated to dryness. The residue was purified on 110 g silica Teledvne Isco column
(0—33% EtOQAc in hexane). Evaporation of product containing fractions afforded 2.73 g of

6-(8}) (57% vield).

(600481} LC/MS: retention time 3.31 min. (ESH CogHyuN,O- calculated for [M+H] ™
477 found 477,

[300482] 2-Benzyloxy-3-methoxy-11,11a-dihydro-6H,13H-5a,13-diaza-
benzold, Sjeycloheptall,2-binaphthalene-5,12-dione (7-{8}))

[B00483] Nitro derivative 6-(83 (2.71 g, 5.7 mmol}, zinc (7.41g, 114 mmol} and NH,{(1
(122 ¢, 228 mmol) were placed 1o flask with stirring bar and acetone/water {125 mb, 1.4 v/v}
was added. The reaction mixture was stirred overnight and then filtered off through celite and
concentrated. The residue was dissolved in methano! (100 mL) and stored for 24 h at 1t
Formed precipitate was filtered off, washed with plenty of water and dried thoroughly to

afford 2 .18 g of 7-(%) {92% yicid).
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[000484] "H NMR (500 MHz, DMSO-d6) 8: 7.46 (m, 2H), 7.42 (m, 2H), 7.36 (m, 1H),
721-733 (m, 5H), 6.80 (s, 1H), 5.09 (s, 2H), 4.86 (d, J 15.1 Hz, 1H), 442 (d, J 15.1 Hz. 1H),
421 (t,J6.4 Hz, 1H), 3.77 (s, 3H), 3.27 (m, 1H), 2.99 (m, 1H).

[000485] LOC/MS: retention time 2.82 mun. {(ESI) CostoNo Oy caleulated for EM-P-H}+
415; found 415,

.4

360486} 2-Benzyloxy-3-methoxy-13-(2-trimethylsilanyl-ethoxymethyl}-11,1 {a-
dihydro-6H,13H-5a,13-diaza-benzo|4,Slcycloheptall,2-binaphthalene-5,1 2-dione (8-(8}}

[GG0487] To suspension of anude 7-(8}3 (2.20 g, 3.3 momol) in THF-DMF (40 mL, 3:1

v/v) sodiom hvdride in mimeral o1l (424 mg, 10.6 mmol} was added in small portions. After
10 stirmng for 30 minutes reaction mixture was cooled to -78°C and SEMCI (234 mi, 133

mmol} was added dropwise. Solution was allowed to warm o 1t and stirred overnight. THF

was removed under reduced pressure and residue was partitioned in chloroform-water. Water

phase was additionally extracted with chloroform, and combined organics were dried over

anhydrous MgSQ,, filtered, concentrated to dryness. The residue was purified on 40 g silica
15 Teledyne Isco colimon (0—50% EtOAc in hexane). Evaporation of product containing

fractions afforded 2.55 g of 8-(8) (88% wvield).

1000485 "H NMR (500 MHz, CDCL) T: 7.46 (m, 2H), 7.37 {m, 2F), 7.31 (m, 4H),

7.25 (o, 3H). 543 (d, J 9.8 Hz, 1H). 521 (5, 2H). 5.14 (d, J 15.1 Hz, 1H). 449 (d. /9.8 Hz.

1H), 441 (4, J 15.1 Hz, 1D, 4.27 (. J 6.4 Hz, 1H), 3.92 (s, 3H), 3.70 (m, 1H), 3.56 (m, 2H),
200 2.99 (m, 1H), 0.97 (m, 2H). 0.05 (s, 9H).

3304891 LC/MS: retention time 3.92 min. (ESD C3;H3eN>0:8i calculated for [M+H|™
545; found 545.

[660490] 2-Hydroxy-3-methoxy-13-(Z-trimethylsilanyl-ethoxymethyi}-11,11a-
dihydro-6H,13H-5a,1 3-diaza-benzo|4,5]cyciohepta|l,2-b]naphthalene-5,12-dione (3-(8))

25 [000491] Solution of 8-{8) (2.55 g, 4.7 mmol)} in methano! (47 mL)} was flushed with Ar
and 10% Pd/C (375 mg) was added. Hyvdrogen {ballon) was bubbled through solution for 2 h
and then reaction mixture was filtered oft through celite, concentrated and punified on 24 g
silica Teledyne Isco column {0—60% EtOAc in hexane}. Evaporation of product containing

fractions afforded 2.13 g of 9-(8) (99% yicld).

30 [060492) 1 NMR (500 MHz, CDCLy) & 732 (m, 2H), 7.27 (m, 4H), 6.06 (br, 1H), 5.42
(d.J 9.8 Hz, 1H). 5.15 (4, J15.1 Hz, 1H), 4.70 (d, 9.8 Hz, 1H), 4.41 (d, J 15.1 Hz, 1H),



WO 2018/053552 PCT/US2017/052357

428 (t, J 6.4 Hz, 1H), 3.93 (5. 3H), 3.71 (m, 1FD, 3.62 (m, 2H), 3.00 (m, 1F1), 0.99 (m, 2F),
0.03 (s, 9H).

660493} LC/MS: retention time 3.22 min. {EST) C11H3sN20581 calculated for [M+H]™
455 found 455.

[300494] SEM-protected 1QB precursor (16-(5,8))

1300495] Phenol 9-(8} (227 mg, 0.5 mumeh), PPh; (197 mg, 0.75 mmol} and 1,3-
propanediol (18 mg, 0.24 numol) were dissolved in anhydrous THF (1.8 mb) and DIAD
{0.108 mL, 8.35 mmol) was added dropwise. Reaction mixture was stirred overnight,
concentrated to dryness and purified on 12 g silica Teledyne Isco column (0-—45% EtDAc in

hexane). Evaporation of product containing fractions afforded 84 mg of 18-(8,&} (37% vicld).

[008496] 'H NMR (500 MHz, CDC1y) 5: 7.31 (m, 8H), 7.23 {m. 4H), 5.48 (d, /9.8 Hz.
ZH), 5.15 (d, . 15.1 Hz, 2H), 471 (d, J 9.8 Hz, 2H), 442 (d, J 15.1 Hz, 2H), 4.26 (m, 6H),
3.93 (s. 6H). 3.76 (m, TH), 3.67 (m, 2H), 3.55 (m, 2H). 3.00 (o, 2H), 2.42 (m. 2H), 0.97 (m,
4FT), 0.03 (s, 18H).

[G00497] LC/MS: retention time 4 38 mun. {ESI C51HA4NAO 10812 caleulated for
IM-+HTT950; found 9590.

[060498] 1QB dimer (11-(5,8)/CLT-D211)

[306499] SEM-protected 1QB 10-(8.8) (84 mg, 0.089 mmol) was dissolved in
anhydrous THF (2.7 mL) and mixture was cooled to -78°C and Superhvdride solution (0.189
mkb, 0.189 mmol} was added dropwise. Sclution was kept at that temperature for 90 minutes
and then quenched with ACNH;0 (0.2 mb, 1:1 v/v}. THF was removed on rotovap, residue
was dissolved in DMSO and loaded directly onto 15.5 g Cig Ag Isco column and purified
{(5--95% ACN in H,0, each containing 0.05% of AcOH). Desired fractions were lvophilized
to obtain 32 mg of 11-(8,8YWCLT-D211 (55% yield).

(G050 LC/MS: retention time 2.66 min. (ESE CioHieN4Os caloulated for {M+H]™
657; found 657,

($HH /" /I’/ H (S
aoe 0
i o ==/ CLT-D211
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Example 16 — Synthesis of CLT-D221

[O66301] Synthesis of HI-(R,E)/CLT-D22] (Scheme 2)

[G00502] Retering to FIG. 28, 1GB dimer (11-(R,R)) was synthesized according to the
same procedure as described for 11-{%,8) isomer but starting with 5-(K}. All analvtical data

5  forintermediates and final compound matched to their reported enantiomers.

Example 17 — Svnthesis of CLT-D231

[G06303] Synthesis of (SR CLT-D231 {Scheme 3}

[B80504] 2-{3-Hydroxy-propoxy}-3-methoxy-13-(2-trimethyisilanyi-ethoxyimethyi}-
11,1 1a-dihydro-6H,13H-5a,13-diaza-benzo|4,S]cycioheptall,2-binaphthalene-5,12-dione
10 (13-(8y

[B00505] Refering to Fi(z. 29, to a solution of phenol 9-(8} (227 mg, 0.5 mamol),
bromude 12 (380 mg, 1.5 mmol} in DMF (2 mL) cesium carbonate (492 mg, 1.5 mmol) was
added and mixture was stirred overnight. Then TBAF (3 mL, 3 mmol, T M in THF) was
added. Reaction mixture wag diluted with water and product was extracted with dicthyl ether.
15 After concentration the residue was purified on 12 g silica Teledyne Isco colunm (0—80%
EtOAc mn hexane). Evaporation of product containing fractions afforded 250 mg of 13-(%5)
(97% vicid).
[B00586] "H NMR (500 MHz, CDCL) & 7.31 (m, 4H), 7.23 (m, 2H), 5.51(d, J9.8 Hz,
1H), 5.16(d, J15.1 Hz, 1H), 468 (d, J98 Hz, 1H), 442 (d, J 15.1 Hz, 1H), 4.29 (m, 6H).
200 389 (s, 6H), 3.78 (m, ZH), 3.68 (m, 2H), 356 (m, ZH}, 3.00 (m, 2H). 2.12 {m, 2H), 0.98 (m,
1H). 0.03 (s, 9H).
[TEEER LO/MS: retention time 4.38 min. (ESI) CoH36N2O6Si calculated for [M+H|
513; found 513.

[060508] SEM-protected I(}B precursor (10-(8,R})

25 [G00509) 18-(8,8) was synthesized according to the same procedure as described for 14-
(8.5} 1somer but starting with 9-{&) and 13-(8). Analvtical data matched to its reported
stergotsomer 10-(5,3).

[000510]  IQB dimer (11-(S,RYCLT-D231)

(600511} 3B dimer 11-(8,R) was synthesized according to the same procedure as for

30 11-(5,8) 1somer but starting with 16-(8,R). Analvtical data matched to 11-(8,5).

-140-
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Example 19 - Svnthesis of 15-(8,5)/CLT-D241 {(Scheme 4}

[600512] SEM-protected 1QB precursor (14-(5,8))

(60051 3] Retering to FIG. 30, 14-(8.8)} was synthesized according to the same
procedure as described for 10-(8,8) but starting with 9-(8) and 1,5-pentanediol.

[000514] "H NMR (500 MHz, CDCL) 8: 7.31 (m, 10FD, 7.21 (m. 2H), 5.50 (d, /9.8 Hz,
2H), 5.16 (d, ./ 15.1 Hz, 2H), 467 (d, J 9.8 Hz, 2H), 442 (d, J 15.1 Hz, 2H). 4.09 (m, 2H),
4.06 (m, 4H). 3.89 (s, 6H), 3.78 (m, 2H), 3.68 (m, 2H). 3.35 (m, 2H), 3.00 (m. 2H), 2.42 (m,
2H), 1.96 (m. 4H), 0.97 (m, 4H). 0.03 (s, 18HD.

(60051 5] LC/MS: retention time 4.61 min. (ESI) Cs:HexN401051; calculated for [M+H]|
977 found 977,

[060516] 1QB dimer (15-(5,8)/CLT-D241)

660517} QB dimer 153-(8,8) was synthesized according to the same procedure as for

11-(5,8) 1somer but starting with 14-(8,%}.

[G0051 8] LC/MS: retention time 2.97 min. (ESE Ci1Hi0N.Os caleulated for IM+HT
685; found 685,

=N O . N
on LT
. ~ CE) R

._(\
e

Example 20 — Svathesis of 17-(S.SYCLT-D2253 and 18-S, SVCLT-D251 (Scheme 5)

= CLT-D241

3605191 SEM-protected 1QB precursor (16-(%,%))

660520} Refering to FIG. 31, 16-{8,8) was synthesized according to the same
procedure as described for 10-(8.8) but starting with 9-{8) and (2-hydroxy-1-hvdroxymethyl-
cthyly-carbamic acid tert-butyl ester.

[GB0S21] "H NMR (500 MHz, CDCL) 8 7.31 (m, 10H), 7.25 (. 2H), 5.48 (m, 2H),
540 (m, 1H), 516 (m, ZH), 4.78 (m, 2H). 4 42 (m, 2H), 4.26 (m, 2H), 426 (m, 2H), 4 24 (m,
2H), 3.85 (s, 6H), 3.74 (m, 2H), 3.66 {m, 2H), 3.56 {m, 2H), 3.00 (m, 2H), 147 (s, 9H}, 0.96
{m, 4H}, 0.03 (s, I8H).

[600522] LC/MS: retention time 4.55 min. (ESI) CseHNsO01S1; calculated for [M+H]|
1065; found 1065,

-14}-
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[000523]  1QB dimer (17-(5,SYCLT-D253)

[600524] 3B dimer 17-(8,%) was synthesized according to the same procedure as for

11-{%,8) 1somer but starting with 16-{8,8).

[B00S25) LO/MS: retention time 3.07 min. (ESD CyyHysNsOx calculated for [M+H]
772; found 772.

(u)

;,«}, O ' Q’}
T CLT-D253

[000526]  1OQB dimer (18-(S,8)/CLT-D251)

- \/%[Lv«\””’ A ©

{60327} QB dimer 17-(3,8) (34 mg, 0.045 mmol) was dissolved in anhydrous DCM
(} 8 mb}and TFA {1 8 mL) was added. Reaction mixture was kept at 1t for 30 min and thea
concentrated to dryness. The residue was dissolved in DMSO and loaded duectlv onto 155 g
Cis Aq Isco columm and punified (5--95% ACN in H;0, cach contaiming 0.05% of AcOH).
Desired fractions were tvophilized to obtain 21 mg of 18-(58)/CLT-D251 (70% yield).

{30052 8] LO/MS: retention time 2.01 min. (EST) CaoH3oN3Ox caleunlated for [MHH]"
672; found 672.

4 b ;
O - (N
AT

o} -
CLT-D251
Example 21 — Synthesis of CLT-D212

3605291 A svnthesis scheme for CLT-D212 was performed as follows and is described
in FiGss. 33 A-B. Numbering is as in Fi1Gs, 33 A-B.

[008338] Synthesis of activated carbonate of linker 5 {Scheme I}
(600531} Preparation of t-boc-N-amido-dPEG s-NHS ester (2)

3605321 Refering to FIG. 32, to an Ar purged solution of -boe-N-amido-dPEG®s-acid
(1) (1.00 g, 1.85 mmol} in DCM (20 mbL}, was added N-hydroxysuccmimide (298 mg, 2.59
mmol), EDC-HCI (531 mg, 2.77 mmol), and DMAP (10 mg, 0.082 mmol}. The combined

mixture was stirred at 22 °C for 16h. The reaction was then quenched with HyO (20 mL), and
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extracted with BCM (3 x 30 mL}. The combined organics were dried over MgSQO,, filtered
and concentrated. The resulting residue was purified via column chromatography in 0—15%
MeOH in DCM to afford (2) as a clear oif (1.3 g, >100% vicld).

[606533] I NMR (500 MHz, CDCl) 6= 5.03 (br.s, 1 H), 3.86 (t, /= 6.6 Hz, 2 H),
372-3539{m, 28 H), 355(, J=51Hz 2H), 332(q, /=54 Hz 2H), 291 (1, /=66 Hz,
2H), 285¢br. s, 4 H)., 145 (s, 9H).

.4

[660534] LC/MS: retention time 2.56 min. (ES1) calculated for CogHsoN; Oy Na
[M+Na] " 661; found 661.
060535} Preparation of ~boc-N-amide-dPEG"3-Val-Ala-acid (3)

10 {00536 To an Ar purged solution of 7-boc-N-amido-dPEG"s-NHS ester (2) (856 mg,
1.34 mmol) in DMF (6.7 mL) was added DIEA (584 uL, 3.35 mmol}, followed by H;N-Val-
Ala-OH (278 mg, 1 48 mmol). The reaction was then stirred in a sealed vial at 40 °C for 16 h.
The resulting reaction mixture was then directly loaded and purified via reverse phase

column chromatography (5—-95% ACN in H,0, each containing 0.05% AcOH)} and desired

[V,
(]

fractions lyophilized to afford (3) as a clear ¢il (717 mg, 75% yield).

[B00537] "H NMR (300 MHz, CDCL) §=7.13 (br. s, 1 H), 5.16 (br. s, 1 H), 4.48 (br. s,
TH) 432¢dd, /=59, 88 He, L H}, 384 -377 (m, T H}, 3.77-3.71 {m, 1 H}, 3.69 -3 .60
(M, 30H), 3550, J=49Hz 2H), 332(br.d,J=49Hz 2H), 255, J=56Hz 2 H),
2224qd, /=67 132 Hz, 1 H), 155-138(m, 12H), 096 (dd, J=6.6, 173 Hz, 6 H).

20 [O00338] LC/MS: retention time 2.41 mun. {ESI) calculated for Cs:HgN:O14: [M+H]
712; found 712.
3005391 Preparation of #boc-N-amido-dPEG"s-Val-Ala-4-aminobenzyl-alcohol (4)

[6G0540) To an Ar purged sohution of -boe-N -amido-dPEG s-Val-Ala-acid (3) (349
mg, 0.490 mmol) n 2:1 DCM/MeOH (7 .45 mL) was added 4-aminobenzyl aleohol (69.4 mg,

(.564 mmol} followed by EEDQ (228 mg, 0.920 mmol}. The reaction was stirred at 22 °C for

[\
(]

20 b. The reaction mixtare was then concentrated /n varcuo and purified by colomn
chromatography (0—13% McOH m DCM to afford (4} as a white solid (325 mg, 81% yicld).
1600541 ] "H NMR. (500 MHz, CDCL) 8= 8.58 (br. s, 1 H), 7.71 (d, ./ = 8.8 Hz, 2 H),
731(d,J=88Hz 2H), 69 (br.s, I H), 687 (br.s, L HL 511 -506(m, 1 H), 468 (,J=
30 78Hz 1H)L464(d.J=63Hz 2H),422(dd,J=36,66Hz, 1 H),386(dt,/J=34.98
Hz, 1 H), 371 -358(m, 29 H), 353, J=51Hz 2H),333-329(m,J=54Hz 2 H),
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2.71-2.63(m, 1 H),2.49(ddd, J=3.2.56, 147 Hz, 1 H), 2.34-226 (m, 1 H), 1.81 (¢, J =
59Hz 1 H). 148 -1.44 (m, 12H), 1.01 (dd, /= 68, 15.6 Hz 6 H).

060542} LC/MS: retention time 2.52 nun. {ESI) calculated for CaolHeeMN4O4Na:
[M-+Na] " 839; found 839,

5 [009543] Preparation of pentafluoropheny! carbonate of -boc-N-amido-dPEG -

Val-Ala-4-aminobenzyl-alcohol (5}

1600544] To an Ar purged solution of -boc-N-amido-dPEG"s-Val-Ala-4-aminobenzyl-
alcohol (4} (1.69 g, 2.07 mmol) in DMF {10.3 mL) was added DIEA (716 ul., 4.14 mmot),
followed by bis-{pentafluorophenyl}-carbonate (1.22 g, 3.1 mmol). The reaction was then

10 stirred at 22 °C for 2 h, and then directly loaded and purnified via reverse phase column
chromatography (5—95% ACN in H:O, cach containing 0.05% AcOH) and desired fractions
tvophilized to afford (8) as a clear oil (1.4 g, 66% vieid). Product was used immediately in

the next step (slowly decomposes).

060545} LO/MS: retention time 3.41 nun, (EST) caleulated tor CieHe BN O1eNa:
M-+Na] " 1049; found 1049,

[V,
(]

JO00546] Synthesis of IQB dimer 19/ CLT-D212 {(Scheme 2)
3605471 Preparation of bis-ester (7)
[G00348] Refering to FIGs. 33A and 338, Phenol 6 (80 g, 8.4 mol}, PPh; (1729 g, 0.66
mol} and 1 3-propancdicl (152 mL., 0.21 mol} were dissolved i anhydrous THF (1.6 L) and
28 DEAD {796 mL, 0.48 mol} was added dropwise. Reaction mixture was stirred overnight,
White precipitate was filtered off, washed with methanol and dricd thoroughly to afford 7
(70.9 g, 83% yield).
1600549] "H NMR (500 MHz, DMSO-d6) 8: 7.62 (d, J 8.2 Hz, 2H), 7.48 (s. 2H), 7.12
(d, /8.2 Hz 2H), 4.22 (m, 4H}, 3.82 (s, 6H), 2.15 (m, 2H).
25 [GO0550) LC/MS: retention time 3.11 min. (ESD) C,H,,05 calcunlated for [M+H] " 405;
found 405.

360551 Preparation of bis-nitroester (8)

[360552] Bis methyl ester 7 (20.2 g, 50 mumol) was dissolved in acetic anhydride (130
ml}. Copper nitrate trihydrate (30.2 g, 125 mmol) was added m small portions over period of

- o

30 30 minutes. After stirnng for 1 h reaction mixture was poured on ice and stirred for | b
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Precipitate was filtered off, washed with water and dried thoroughly to afford 22 g of 8 (89%

vield).

[000553] "H NMR (500 MHz, DMSO-d6) &: 7.67 (s, 2H), 7.32 (s. 2H), 4.26 (m, 4H),
3.90 (s. 3H), 3.82 (s, 3H), 2.48 (m, 2H).

5 |000554] Preparation of bis-nitroacid (9)

[600355) Bis-nitro methyl ester 8 (175 g, 206 mumol) was dissolved in THF {1 Ly and
sodium hyvdroxide (1 M solution, 1.8 L) was added at once. Reaction mixture was stirred for
6 h at 30 degrees and then THF was evaporated. Concentrated hydrochionc acid (180 mL})
was added slowly to the residue with stirring. Formed precipitate was filtered off, washed

10 with water and diied to afford 94 g of 8 (>100% vield, contains inorganic salts}).

[060556] 'H NMR (500 MHz, DMSO-d6) 8: 7.58 (s, 1H). 7.26 (s, 1H), 4.25 (m, 4H),
388 (s, 6H). 2.23 {m, 2H).

660557} Preparation of (4-{3-14-(3-hydroxymethyi-3,4-dihydro-1 H-isoquinoline-2-
carbonyl)-2-methoxy-S-nitro-phenoxyl-propoxy}-S-methoxy-2-nitro-phenyl}-(3-

15 hydroxymethyl-3.4-dibydro-1 H-isoquinolin-2-ylj-methanone (18}

[B00558] Bis acid 9 {(4.29 g, 9.2 mmol} was dissolved m dichloromethane (31 mb), and
DIEA (4.8 mE, 27.6 mmol) was added followed by HATU (9.09 g, 23 .9 mmol). Mixture was
stirred for 30 mimites and {5)-(1,2,3.4-tetrabvdro-isoquinolin-3-ylj-methanol (3.60 g, 22.1
mmol) was added at once. Reaction mixture was allowed 1o stir overnight, then washed with
28 0.5 M HCL satwrated NaHCG; and concentrated to dryness. The residue was purified on 220
g silica Teledyne Isco column {0—5% MeOH wn BCM). Evaporation of product containing

fractions afforded 6.0 g of 10 (86% vicld).

[008559] 'H NMR (500 MHz, DMSO-de) 8= 7.77 (br. s., 2 H), 7.28 - 7.25 (m, 1 H),
724-716(m, 8H), 713 (br.s. 1 H). 698 (d. /=78 Hz, 2 H). 5.33 (d. J= 16.1 Hz, 1 H),

25 5.01-4.88 (m. 2H), 434 -4.25 (m, 8 H). 3.91 (s, 6 H), 3.43 (br. 5., 2 ). 3.27 - 321 (m, 2
H),3.00(d,J=1.5Hz, 1 H),3.03-2.97 (m, 1 ), 2.76 (4. J= 2.9 Hz, 1 F). 2.29 (£, /= 6.1
Hz, 2 H).

[300560] LC/MS: retention time 2.96 min. (ESI) CoHy i N4O 1 caleulated for [M+H]
757 found 757.
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[308561] Preparation of (Z-amine-4-{3-[5-aming-4-{3-hydroxymethyl-3,4-dihydro-
i H-isoquinoline-2-carbonyl}-2-methoxy-phenoxyi-propoxy-S-methoxy-phenyi}-(3-

hydroxymethyl-3,4-dihydro-1H-isoquinolin-2-yl}-methanone (11}

[000362] Nitro derivative 16 (3.40 g, 4.5 mmol), zing (5.85 g, 90 mmol) and NH,(l
{9.62 g, 180 mumol) were placed in flask with stirring bar and THF/water (120 mb, 4:1 v/v)
was added. The reaction mixture was stitred overnight and then filtered off through celite.
Water phase was saturated with solid NaCl and product was extracted with THF. After
gvaporation the residue was purified on 80 g silica Teledyne Isco columa (0—10% MeOH in

DCM). Evaporation of product containing fractions afforded 3.02 g of 11 (96% vield).

[000563] 'H NMR (500 MHz, CDCl3) § = 7.23 - 7.18 {m, 4 H), 7.17 - 7.08 (m, 4 H),
6.71(s, 2H), 636 (d. J= 4.9 Hz, 2 H), 5.02 (br. 5., 2 H), 4.5% (br. s.. 2 H), 4.02 (br. 5., 2 H),
444(d, =166 Hz. 2H). 425 (t.J=59Hz 4 H), 3.78 (s. 6 F), 3.68 - 3.37 (m, 4 H). 3.17
(dd, J=6.3, 16.6 Hz, 2 H), 2.71 {d, J= 17.1 Hz, 2 H), 2.39 - 2.32 (m, 2 H).

[600564] LO/MS: retention time 2.75 min. (EST) calculated for CaoHusNoOg [M+H]
697 found 697.

[G00565] Preparation of [5-{3-[5-Amino-4-(3-hydroxymethyl-3.4-dihydro-1H-
isoquinoline-2-carbonyl}-2-methoxy-phenoxyl-propoxy}-2-(3-hydroxymethyi-3,4-

dihydre-1H-isoquinoline-2-carbonyl)-4-methoxy-phenylj-carbamic acid aliyl ester (12)

1600566] To an Ar purged solution of (2-amino-4-{3-{S-amino-4-(3-hvdroxymethvl-3,4-
dihvdro- 1H-isoquinoline-2 -carbony)-2-methoxy -phenoxy j-propoxy } -3 -methoxy-pheny-(3-
hydroxymethyi-3 4-dihvdro-1H-soquinolin-2-y-methanone (11} (3.02 g, 4.33 mmol) n
BCM (43 mL), was added pyridine {697 pL, .77 mmol) and the resultant solution was
cooled to 0 °C in an ice/brine bath, then AllocCl (460 ul., 4.33 mmol} was added. The
mixture was then stirred at 0 °C for 30 mmn. The DCM was then removed in vacuo, the
residue diluted with DMSQG, and purified via reverse phase cohumn chromatography (5—95%
ACN mn H,O, each containing 0.05% AcOH) and desired fractions lyvophilized to afford (12)
ag a white crystalline solid (720 mg, 21% vield).

[G00567] "H NMR (300 MHz, CDCL) = 8.10 (s, 1 H), 7.66 {d. J=10.5 Hz, 1 H), 7.24
~7.09(m, 9 H), 680 (br.s, 1 H), 668 (s, 1 H), 638, I H), 599 -585(m, 1 H), 533 (dd. J
=23, 170Hz, 1 H),522{dd, J=23,88Hz, 1 H), 5.04 (br. s, 2H), 461 (d,/=59Hz, 2
H), 448-436(m, 2H),434-422{m, 4 H), 382 (s, 3H},3.79 (br. s, 1 H), 3.77 (s, 3 H).
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74-359(m 4H),3.18(dd =61, 161 Hz, 2H), 282-265(m, 2H),241-235(m, 2
Hj.

[660568] LC/MS: retention time 3.01 min. {EST) caleulated for CarblaoMNy Qo [MHH]T
781; found 781.

[G00569] Preparation of bis-(tert-butyl-methoxy-dimethyl-silanyloxy}-ether of [5-
{3-15-Amino-4-{3-bydroxymethyl-3,4-dihydro-1 H-isogquinoline-2-carbonyl}-2-methoxy-
phenoxy]-propoxyi-2-{3-bydroxymethyi-3.4-dihydro-1 H-isoquinoline-2-carbonyl}-4-

methoxy-phenyl}-carbamic acid aily} ester {13)

[G08378] To an Ar purged solution of {[5-{3-[5-Ammo-4-(3-hydroxymethyl-3 4-
dihydro-1H-isoquinoline-2-carbonyl)-2-methoxy-phenoxy|-propoxy }-2-(3-hvdroxymethyl-
3. 4-dihydro- 1 H-1soguinoline-2-carbonvl)-4-methoxy-phenvl]-carbamic acid allv] ester (12)
(1171 mg, 1.5 mmol) in DMF (3.3 mL) was added imidazole (408 mg, 6 mmol}. The reaction
mixture was stirred for 5 min, followed by the addition of TBSCI {678 mg, 4.5 mmaol). The
resulting nuixture was then stirred at 22 °C for 70 mun. The reaction mixture was then poured
onto 1ce/H,O and extracted with EtOAc (3 x 20 mL). The combined organics were washed
with H; O (2 x 20 mL), dried over MgSO,, filtered and concentrated. The resulting residue
was purified via colamn chromatography i 0—100% EtOAc in hexane to afford (13)as a

white solid (1.21 g, 79% vicld).

1000571} "H NMR (500 MHz, CDCl3) 5= 8.36 (br. s, 1H), 7.90 (br. s, 1 H), 7.22 - 7.12
(. 8 H). 7.08 (br.s., L H), 6.84 (br. 5., | H), 6.76 (s, 1 H). 637 (5, 1 H), 5.97 - 5.88 (oct, .J =
54Hz, 1 H)YL535(d. /=34 Hz, 1 H).5.22 (dd, J= 1.5, 10.3 Hz, 1 H), 4.66 - 4.55 (m, 4 H),
442 (br. s, 2 H), 431 (L. J=6.1Hz 2 H), 424 (t, J= 6.6 Hz, 2H), 4.18 {br. 5., 2 H}, 3.82 (s,
3H), 3.77 (s, 3 H). 3.68 (br. s, 4 H), 3.20 - 3.12 (m. 2 H), 2.83 (d, J = 16.1 Hz, 2 H), 2.40
(quin. J = 6.2 Hz, 2 H), 0.85 (s, 18 H), 0.00 (br. 5., 12 H).

13605721 LO/MS: retention time 5.07 min. (EST) calculated for CssHrNgO 1081 [MHH]
T1009; found 1009,
[600573] Preparation of linker bound, fully protecied (14)

[G00574] Freshly prepared and purified 3 (789 mg, 0.77 mmol} and 13 (1231 mg, 1.22
mmol} was were dissolved m THF (2.5 mL), flushed with Ar and stirred at 1t for 6 days.
Volatiles were removed on rotovap and residue was then purified via reverse phase column
chromatography (76—95% ACN in H:0, each containing 0.05% AcOH) and desired

fractions lyophilized to afford (14) as a white solid {1049 mg, 0% vield).
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[BBOSTS] LT/MS: retention time 4.99 mim. (ESI) calculated for CostHpNs(O,s81;: 1851,
found [{{(M-+H)/2}+Na] " 949.

[G04376] Preparation of linker bound, bis-alcohol (15)

[G00577] To an Ar purged solution of (14) (1048 mg, 0.56 nymol) in THF (9.4 ml),

5 c¢ooled to 0 °C in an we/brine bath was added TBAF (125 mL of I Man THF, 1.25 nmmol).
The reaction was then stirred at 0 °C for 16 h. The THF was then removed in vacuo, the
residue diluted with BMSO, and purified via reverse phase cohiman chromatography (5—95%
ACN i H,O, each containing 0.05% AcOH) and desired fractions lyvophilized to afford (15)
ag a white crystalline solid (781 mg, 85% vield).

10 [000578) LC/MS: retention time 3 38 mun. {ESI) calculated for C83H114NSO25Na:
[M+Naj + 1643, found 1645,
[308579] Preparation of inker bound, hemi-aminal (16)
[G00386] To an Ar purged solution of (15) (368 mg, 0.23 mmol} in BDMSO (4.5 mL)
was added IBX (308 mg, 50% by weight with stabilizer, 0.91 mmol}. The reaction mixtore
15 was kept at 1t for 16 b and then directly loaded onto 100 g Ci5 Ag Isco column and purified
(5—93% ACN 1 H,0, cach containing 0.05% of AcOH). Desired fractions lvophilized to
afford (16) as a white crystalline solid (363 mg, 99% vield).
660381} LL/MS: retention time 3.33 min. (ESI) calculated for C83H110NEO25Na:
[M-+Na] + 1641; found 1641,
20 [000582] Preparation of linker bound, mionc-iming {17}
005831 To an Ar purged solution of (163 (363 mg, 0.22 mmol} in DCM (23 mL) was
added pvrrolidine (38 uk., 0.46 mmol) followed by Pd(PPhs}, {(13.3 mg, 6.012 mmol). The
reaction was then stirred at 22 °C for 1 h. The DCM was then removed i vacuo, the residue

diluted with BMSO, and punfied via reverse phase column chromatography (8-—95% ACN

[\
(]

m HhO, each contaming 0.05% AcOH) and desired fractions lvophilized to afford (173 as a

white crystalline solid (280 mg, 80% yield).

[00584] LC/MS: retention tirae 3.23 min. (ES]) calculated for C7T9HI104N8022Na:
[M+Na] + 1539; found 1539,

[360585] Preparation of {free amine (18)
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[B00S86] To an Ar purged solution of (173 (280 mg, 0.185 mmoly in DCM (2 mL),
cooled to 8°C in the refrigerator for 36 min, was added a precooled solution of 47:47:6
solution on TFA/DCM/H, 0 (18 mL). The reaction was left standing at 0 °C for 2 h. All

volatiles were then removed i vacuo, the residue diluted with 1.1 ACN/H:0 and purified via

(]

reverse phase columm chromatography (5—95% ACN in H20, each containing 0.05%
AcOH)} and desired fractions lyophilized to afford (18) ag a white crystalline solid (40 mg,
20% yield).

1300S87] LL/MS: retention time 2.56 min. (ESI) calculated for C74HOTNRO20: {M+H]
+ 1417 found 1417,

10 [000388] Preparation of CLT-DB212 (19}

[G00589] To an Ar purged solution of (18) (40 mg, 0.028 mmol} in DCM (1.1 mL),
added DIEA (10 pL, 0.056 mmol) and 3-malemmdopropionic acid NHS ester (11.2 mg, 0.042
mmol}. The reaction was stirred at 22 °C for 75 min. The DCM was then removed in vacuo,
the residue diluted with DMSO, and purified via reverse phase coluowm chromatography

15 (5-93% ACN in Hb0, cach containing 0.05% AcOH) and desired fractions lyophilized to

afford (19} as a white crystalline sohid (34 mg, 77% vicld).

[G00594] LC/MS: retention time 2.94 min. (ES1) calculated for Co H ooNoOns: [M+H] ™
1568; found 1568,

H o § 9 H & 0
: \
NW/\N NWGWNJ‘K/\N
i H 8H V
o) o}
ol

Ox O
HO
H/isz Ry OO Ny JH
A i /i _
<7' W JN« OMe  MeO ) N\w 7 >
o o} O -
20 CLT-D212

Example 22 — Cytotoxic Activity of Sterecisomers CLT-D 201, CLT-D211. CLT-D221

[G00591] Refering to FEGs, 34-36, the activity of varous steregsisomers of CLT-D201
was tested in a number of cell lines. FIGs. 34-36 show graphs of viable cells as a function of

25 comound concentration. These results are further summarized in FIG. 37, which shows IC50
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for the compounds 1n the cell lines. The (S.$)-somer CLT-D211 is the most active, whereas
the {R Ry-isomer CLT-D221 is virtually inactive. The (K, S)-isomer D231 shows some
activity, but the (8 5)-isomer CLT-D211 is clearly superior in all assays. CLT-D201, which
was svnthesized in a non-stercospecific manner, is also quite active, likely due to the

presence of the (S, 8)-isomer.

Example 23 — Cytotoxic Activity of CLT-D211, CLT-D241, CLT-D251 and CLT-D253

1600592] Refering to FIGs. 38-39, the activity iof varous stercoisomers of CLT-D201
was tested in a number of cell bnes. FIGs. 38 and 39 show graphs of viable cellsas a
function of comound concentration. These results are further summarized in FIG. 40, which

shows ¥C50 for the compounds in the cell lines.

Example 24 - Preparation of C6-CLT-D212 Antibody-drug conjugate

1600393] Antibody-drug conjugate, Co—CLT-D212, was prepared in a2 manner similar
to that of C6-CLT-D202, above. However, C6 antibody had a cys-substituted at position
8156C, rather than 8239,

Example 25 - Preparation of CO-CLT-D212 Antibody-drug conjugate

660594 Palivizumab was used a control antibody, CO. Antibody-drug conjugate, CO-

CLT-D212, was prepared m a manner similar to that of CO-CLT-D202, above. However, CO

antibody had a cvs-substituted at position $136(, rather than 5239C.
Example 26 - C6-CLT-D212 ADC Selective Cytotoxigity.

[B00595] The selectivity of the C6-CLT-D212 ADC is shown in FIGs. 414 and 41B.
HL-60 cells {(human promyslocvtic leukemia cells) which express CLE-1 in the range of
about 30,000-530,000 copy number per cell, and AML?2 cells, which express CLL-1, were
treated with the CLL-1 selective cytotoxic antibody-drug conjugate, Co-CLT-D212 ADC and
the control antibody-drug conjugate, CO-D212 ADC, at varying concentrations at 37° C for
five days. FiGs. 414 and 418 show target dependent cell kitling by Co-CLT-D212 ADC
relative to that of the control CO-CLT-D212 ADC by over 500 fold. Table 6 summarizes

these results.

Table 6.

150 ng/mb Co-D212 C6-D212

-150-
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AMILZ 0.54 230.8

HL60 2.24 746.9

Example 27 - C6-CLT-D212 ADC Target Dependent Cyiotoxicity

[660596] Cytotoxicity of CLT-D212 was tested in cell lines expressing or not
expressing CLL-1. Results are shown m FiGs. 42A-420. OCE-AML 5 celis express CLL-1.
Cell Iine OCE-AML 5 CLL-1 knockout cells were prepared. These cells do not express CLL-
1. 1937 cells do not normally express CLL-1. Cell hine U937 CLL-1 was prepared by
mtroducing an expression construct, so that the cells express CLEL-1. FIGs. 42A-42B show
that C6~CELT-D3212 has cytotoxic activity against OCI-AML 5 cells which express CLL-1 but
not against OCL-AML 5 CLL-1 cells that do not express CLL-1. C6-CLT-D212 does not
show cviotoxic activity against you U937 cells, which do not express CLL-1. However it

does show cytotoxic activity aganst U937 cells transformed to express CLL-1.
Example 28- Correlation Between Binding and Cytotoxicity for C6-CLT-D212 ABC.

300597} The correlation between binding to cells and ability to kill targeted cells was
examined. In Table 7, the first column of numbers is the ratio of the mean fluorescent
mtensity of binding of C6-CLT-D212 ADC to each specific cell line, relative to the mean
fluorescent intensity of bindmg of CO-CLT-D212 ADC, which is the control ADC. A larger
ratio of MFI reflects mmcreased binding of the targeted ADC over that of the control ADC.
The second column shows the IC50 (ng/mL) for C6-CLT-D212 ADC for the specified cell
line. o Fi{s, 43, the two numbers are mapped, the log of the relative mean fluorescent index
{(MFT) along the X axis and the log of the 1CS50 value along the Y axas, for cach cell ine.
FIG. 43 shows good correlation of relative binding vs cell killing, where R of the fit of line
shown is 0.87. This demonstrates that C6-CLT-D212 has good target-dependent cytotoxic
activity across many cell lines associated with AML discasc.

Table 7
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) C6-D212
Relative
. MF1of ADC
Cellline CLLA Toxicity
expression 50
{ng/mL.)
EOL-1 .68 1.38
Hel 82.1.7 1.56 5000.00
Hel 82.1.7-CLL1 19.62 3.43
HELGO 17.67 1.70
HNT-34 2.05
Nomo-1 3.65 327.90
OCi-AML2 17.13 0.55
OCI-AMLS 16.62 0.68
OCI-AMLUSKO 1.23 6568.00
OCI-M1 1.17 1535.00
pL21 11.17 27.10
TF-1 1.28 5000.00
TF-1-CLLL 8.55 1.79
THP-1 2.38 5000.00
Us37 2.75 3I84.00
LJ937-CLLd 15.57 0.42

Example 29 - Svyvathesis of IOB dimer 15/CELT-D232
Preparation of f-boc-N-amido-dPEG s NHS ester (2)
660598} To an Ar purged solution of t-boc-N-amido-dPEG®S-acid (1) (1.00 g, 1.83
mmol) in DCM (20 mL), was added N-hyvdroxysuccinimide (298 mg, 2.59 mmol), EDC-HCI

(531 mg, 2.77 mmol), and DMAP {10 myg, 0.082 mmol). The combined mixture was stirred
at 22 °C for 16h. The reaction was then guenched with H20 (20 ml), and extracted with
DCM (3 x 30 mbLy.  The combingd organics were dried over MgSO4, filtered and
concentrated. The resulting residue was purified via column chromatography 1w 0—15%
MeOH in DCM to afford (2) as a clear oil (1.3 g, >100% vield). "H NMR (500 MHz, CDCl)
=503(brs THL38 {, J=66Hz 2H),372-359(m, 28 H}, 355 J=51Hz 2
H), 332{g, J=54Hz 2H), 291 (t, /=66 Hz 2 H), 285 (br. 5, 4 H), 145 (s, 9 H).
LC/MS: retention time 2.56 min. (ESD) calculated for CogHsoN,OsNa: [M+Na} " 661; found
661,

Preparation of r-boc-N-amide-dPEG"s-Val-Ala-acid (3)

[360599] To an Ar purged solution of r-boc-N-amido-dPEG"s-NHS ester (2) (856 mg,
1.34 mumol) in DMF (6.7 mL} was added DIEA (584 [TL, 3.35 mmol), followed by HN-Val-

Ala~-OH (278 mg, 1 48 mmol). The reaction was then stirred in a sealed vial at 40 °C for 16 h.
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The resulting reaction mixture was then directly loaded and purified via reverse phase
column chromatography (5—93% ACN w H,O, each countaining 0.05% AcOH) and desired
fractions lvophilized to afford (3) as a clear oil (717 mg. 75% vield). "H NMR (500 MHz,
COCLY N =713(br s, 1HL516(br.s, 1 H},448br.s, 1 H},432d, /=59 88Hz, |
H),384-377(m, 1 H),3.77-371(m, 1 H),3.69-360(m, 30H), 355 J=49Hz 2 H),
332(br.d. J=49Hz 2H), 2554, J=56Hz 2H),222(gd, /=67, 132 Hz 1 H), 1 35-
1.38(m, 12 H), 096 (dd. J=6.6, 173 Hz, 6 H). LC/MS: retention time 2.41 nun. (ESD
caleulated for C3He N3O [M+H] T 712; found 712.

Preparation of f~bucuNuamide—dPE{;@:’g-‘v’ai—Aia-4~amingbenzykaice}mi {4)

600600} To an Ar purged solution of -boc-N-amido-dPEG s-Val-Ala-acid (3} (349
mg, 0.490 mmol} in 2:1 BCM/MeQOH (7. 45 mL} was added 4-amincbenzyvl aleohol (69 4 mg,
0.564 mmol) followed by EEDQ (228 mg, 0.920 mmol). The reaction was stirred at 22 °C for
20b. The reaction mixiure was then concentrated i vacuo and purified by coloomm
chromatography (0—15% MeOH i DCM to afford (4) as a white solid (325 mg, 81% yicld).
"HNMR (300 MHz, CDCL) D0=858 (br.s, 1 H). 7.71(d. J=8 8 Hz, 2 H). 731 {(d. J=8 8
Hz, 2H),6.99(br. s, 1 H). 687 {(br. s, 1 H), 511 ~-506(m, 1 H),468( J=78Hz 1 H),
464(d,J=63Hz, 2H},422{dd,.J=56,66Hz 1 H),386(dt, /=34 98Hz 1 H),371-
358 (m, 29 H.L 353, J=51Hz, 2H),333-329(m, J=54Hz 2H}, 271 -2.63 {m, 1
H), 249(ddd. J=32,56,147Hz, 1 H), 234-226(m, 1 H), 181 (£, /=59 Hz 1 H). 148
-1 44 (m, 12 H), 101 {dd, /=68, 15.6 Hz, 6 H). LC/MS: retention time 2.52 nun. (EST)
caleulated for C39HesN,O 14 Na: [M+Na] " 839; found 539.

Preparation of pentaflusrophenyl carbonate of #bec-N-amido-dPEG :-Val-Ala-4-

amingbenzyl-alcohol (5}

(600601 ] To an Ar purged solution of 1-boc-N-amido-dPEG -V al-Ala-4-aminobenzyl-
alcohol {4) (1.69 g, 2.07 mmol) in DMF {103 mL) was added DIEA {716 TL, 4 14 mmol},
followed by bis-(pentafluorophenyl-carbonate (1.22 g, 3.1 mmol). The reaction was then
stirred at 22 °C for 2 h, and then directly loaded and punified via reverse phase column
chromatography {(5-—95% ACN in H;0, cach containing 0.05% AcOH) and desired fractions
tvophilized to afford (8) as a clear 01l (1.4 g, 66% vield}. Product was used tmmediately in
the next step (slowly decomposes). LC/MS: retention time 3 .41 min, (ESI) calculated for

CasHerFsNyO1gNa: [M+Na] * 1049: found 1049,
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Preparation of (2-aming-4-{3-(5-amino-4-((R}-3-(bydroxymethyi}-1,2,3.4-
tetrahydroisoquinoline-2-carbonyi)-2-methoxyphenoxyjpropoxy}-5S-

methoxyphenylH{(5)-3-(hydroxymethyl)-3 4-dibydroisoquinolin-2(1 H}-yiimethanone (7}

(608602} Nitro derivative 6 €3 .40 g, 4.5 mmol), zinc (5,83 g, 90 mmol) and NHyCl (9.62
2. 130 mmol} were placed i flask with stirring bar and THF/ water {120 mb, 4:1 v/v} was
added. The reaction mixture was stirred overnight and then filtered off through celite. Water
phase was saturated with solid Na('l and produoct was extracted with THF. After evaporation
the residue was purified on 80 g silica Teledyne Isco column {0—10% MeOH 1n DCM).
Evaporation of product containing fractions afforded 3.02 g of 7 (96% vicld). H NMR (500
MHz CDCly) 11=723-718(m, 4 H), 717-708 (m, 4 H), 671 (s, 2 H), 636 (d, /=49
Hz, 2H), S.02¢br. s, 2H), 458 (br. s, 2H), 402 (br. s, 2 H), 444 {d, /= 16.6 Hz, 2 H),
425 J=59Hz, 4 H)L3.78{s, 6 H),3.68-337(m, 4H),3.17{(dd. J=63,16.6Hz, 2 H},
271(d, J=171Hz, 2H), 239 -2.32 (m, 2 H). LC/MS: retention time 2.75 min. (EST)
caleulated for C3oHysNyOg: [M+H] 7 697; found 697.

Preparation of allyl (5-(3-(5-aming-4-((R)-3-thydroxymethyi}-1,2,3,4-
tetrahydroisoquinoline-2-carbonyi)-2-methoxyphenexy propoxy}-2-((5)-3-
(hydroxymethyi}-1,2,3 4-tetrahydroizsoguinoline-2-carbonyl}-4-
methoxyphenyhearbamate (8)

[GG603] To an Ar purged solution of 7 (3.02 g, 4.33 mmol) in DCM (43 mL)}, was
added pyridine (697 0L, 8.77 mmol) and the resultant sohution was cogled to 0 °C in an
ice/brine bath, then AllocCl (460 CL, 4.33 mmol) was added. The mixture was then stirred at
0 °C for 30 min. The DCM was then removed i vacuo, the residue diluted with DMSO, and
purified via reverse phase column chromatography (8-—95% ACN n H, 0, each containing
$.05% AcOH) and destred fractions lyophilized to afford (8) as a white crystalline solid (720
mg, 21% yield). "H NMR (300 MHz, CDCl;) 0 =8.10(s. 1 H), 7.66 (d. J= 10.5 Hz, 1 H).
T24-709{(m, 9H), 6.80(br. s, 1 H), 6.68(s, 1 H)},638(s, 1 H},5.99-5385 (m, | H), 533
(dd, /=23, 170Hz 1 H), 522¢dd, J=23,88Hz, [ H), 504 (br. s, 2H), 461 (d, /=59
Hz, 2H), 448 -436(m, 2H}, 434-422 (m, 4 H)L 382 (G, 3H),L,3.79(br. s, L HYL 377 (5,3
H),374-359(m, 4H),318(dd. /=61, 161 Hz, 2H). 282-265(m, 2 H), 2.41 -2.35 (m,
2 ). LC/MS: retention time 3.01 min. (ESD calculated for CunFuoNyOyg: [M+H] T 781
found 781.

Preparation of allyl (5-(3-(5-amino-4-({R}-3-({{tert-butyldimethylsilylloxy pnethyl)-

1,2,34-tetrahydroisogquineline-Z-carbonyl}-2-methoxyphenoxvipropoxy}-2-({8)-3-({{tert-
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butyldimethylsilyDoxyimethyl}-1,2,3,4-tetrabydroisoquinoline-2-carbonyl)-4-

methoxyphenyiicarbamate (%)

[G00604] To an Ar purged solution of 8 (1171 mg, 1.5 mumol) in BMF (5.3 mL) was
added mmidazole (408 mg, 6 mmol). The reaction mixture was stirred for 5 min, followed by
the addition of TBSCH {678 mg, 4.5 mmol}. The resulting mixtare was then stirred at 22 °C
for 70 min. The reaction mixture was then poured onto 1ce/H>0 and extracied with EtOAc (3
x 20 mb). The combined organics were washed with H, G (2 x 20 mb}, dried over MgS(,,
filtered and concentrated. The resulting residue was purified via column chromatography in
0—100% FtOAc in hexane to afford (9) as a white solid (1.21 g. 79% vicld). "H NMR (500
MHz, CDCly) 1 =836 (br. s, 1H), 790 (br.s, L H), 722-712(m, 8 H), 708 (br. s, 1 H},
684 (br.s, 1 H),L 6764, 1 HLO37(s, 1 H),597-588{oct, J=34Hz, 1 H),535{d J=
34Hz 1H),522(d, J=15103Hz 1 H),466-455(m, 4 H), 442 (br. s, 2H), 431,
J=61Hz, 2H), 424, J=66Hz 2 H), 418 (br. s, 2H), 3.82¢(s, 3H), 3.77 (s, 3 H), 368
(br.5,4H),320-312(m,2H),283(d. J=161Hz 2H), 240 (quin, J= 6.2 Hz, 2 H),
0.85 (s, I8 H), 0.00 (br. 5., 12 H). LC/MS: retention time 5.07 min. (ES]) calculated for
CssHyN4019S1;: [MHH] T 1009; found 1009,

Preparation of linker bound, fully protected (10)

[G00605] Freshly prepared and purified 5 (789 mg, 0.77 mmol) and 8 (1231 mg, 1.22
mmol) were dissolved in THF (2.5 mL), flushed with Ar and stirred at rt for 6 days. Volatiles
were removed on rotovap and residue was then purified via reverse phase column
chromatography (76—95% ACN in H:0, each containing 0.05% AcOH) and desired
fractions lvophilized to afford (10) as a white solid (1049 mg, 90% vield). LC/MS: retention
time 4.99 min. (EST) calculated for CosHipnN:Ghs8is: 1851; found [{(M-+H)/2}+Na] ™ 949.
Preparation of linker bound, bis-alcohol (11}

[G00606] To an Ar purged solution of (18) (1048 mg, 0.56 nymol) in THF (9.4 ml),
cooled to 0 °C n an wco/brine bath was added TBAF (1.25 mL of I M THFE, 1.25 mmol).
The reaction was then stirred at 0 °C for 16 h. The THF was then removed in vacuo, the
residue diluted with BMSO, and purified via reverse phase cohumn chromatography (5—95%
ACN in HyO, each containing 0.05% AcOH) and desired fractions lyophilized to afford (11)
as a white crystalline solid (781 mg, 85% vield). LC/MS: retention time 3.38 min. (ESH
calculated for CgsH;1aNaO2sNa: [M+Na} 1645, found 1645,

Preparation of linker bound, hemi-aminal (12)
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[BB0607] To an Ar purged solution of (11} (368 mg, 0.23 mmol} in BPMSQO (4.5 mL)
was added IBX {508 mg, 50% by weight with stabilizer, 0.91 mumol}. The reaction mixture
was kept at it for 16 h and then directly loaded onto 100 g €3 Ag Isco column and purified
(5—-93% ACN m HyO, each containing 0.05% of AcOH). Desired fractions lyophilized to
afford (12} as a white crystalline sohid (363 mg, 99% vield}. LC/MS: retention time 3.33
min. (ESI) caleulated for CeaHi1oNgOosNa: [M+Na] " 1641; found 1641,

Preparation of linker bound, mono-imine (13)

1300608] To an Ar purged sohution of {12} (363 mg, 0.22 mmol} i DCM (23 mL) was
added pyrrolidine (38 UL, 0.46 mmaol) followed by Pd{PPhs); (13.3 mg, 0.012 mmol). The
reaction was then stirred at 22 °C for 1 h. The DCM was then removed in vacuo, the residue
dilated with BMSO, and purnified via reverse phase column chromatography (5—95% ACN
in HyO, each contaming 0.05% AcOH) and desired fractions lyophilized to afford (13} as a
white crystalline solid (280 mg, 80% yield). LLC/MS: retention time 3.23 min. (ES1)
caleulated for CrHipaNsOpNa: [M+Naj T 1539; found 1539,

Preparation of free amine (14)

[304609] To an Ar purged solution of {(13) (280 mg, 0.185 mmol) in DCM (2 mL),
cooled to 0°C in the refrigerator for 30 min, was added a precocled sohution of 47:47:6
solution on TFA/DCM/H;O (18 mL). The reaction wasg left standing at 6 °C for 2 h. All
volatiles were then removed in vacuo, the residue diluted with 1.1 ACN/H»O and purified via
reverse phase column chromatography {(5-—95% ACN in H;0, cach containing 8.05%
AcOH) and desired fractions lyophilized to afford (14} as a white crystalline solid (40 mg,
20% vield). LC/MS: retention time 2.56 min. (ES) caleulated for CryHorNeGhe: [M+H]™
1417 tound 1417.

Preparation of CLT-D1232 (15)

[G00610] To an Ar purged solution of (14) (40 mg, 0.028 mmol} in DCM (1.1 mL),
added DIEA (10 L, 0.056 mmol) and 3-maleimidopropionic acid NHS ester (11.2 mg,
(.042 mmol). The recaction was stirred at 22 °C for 75 min. The DCM was then removed iz
vacno, the restdue diluted with BMSO, and purified via reverse phase columa
chromatographv (5-—-93% ACN m H,0, cach containing 0.05% AcOH) and desired fractions
Ivophilized to afford (14} as a white crystalline solid (34 mg, 77% vicld). LC/MS: retention
time 2.94 min. (ESI) calculated for Cg1H0oNoGas: IM+H] 7 1568; found 1568,
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1660611} All publications and patent applications mentioned in this specification are
herein incorporated by reference fo the same extent as if cach mdividual publication or patent
application were specifically and individually indicated to be incorporated by reference.
1600612} From the foregoing it will be appreciated that, although specific embodiments
of the vention have been described herein for purposes of illustration, varicus modifications
may be made without deviating from the spirtt and scope of the invention. Accordingly, the

mvention is not limited except as by the appended claims,
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Sequence Listing

SEQIDNO: 1
DIOMTQOSPSSLSASVGDRVTLTCRATQELSGYLSWLOQOKPGKAIKRLIYAASTLDSGY
PSRFSGNRAGTDYTLTISSLOPEDFATYYCLOYAWPYTFGOQGTRLEIK

SEQIDNQO: 2:
EVOLVOSGAEVKKPGASVKMSCKASGYTFTISYFIHWVRQAPGQGLEWIGFINPYND
GSKYAQKFQGRATLTSDKSTSTVYMELSSLRSEDTAVYYCTRDDGYYGYAMDYWG
QGTLVTVSS
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What is claimed is:

1. A compound having a structure of Formula (111}

(11

wherein:
» the dotted bond shown between —~C(R?)- and ~N(R")- or ~C(R*)- and -N(R")- is
mdependently a single bond or a double bond;
o when a double bond is present between ~C(R%)- and ~N(R®)-, the ~C(RY- is

b

olefinic and has a substituent R? and R” of the -N(R)- is not present;

o when a singfc bond is present between —C{R%- and -N(R")-, the ~C(RY- is
saturated and has a hydrogen substituent in addition fo the R” substituent and
R” of the -N(R")- is present;
o when a double bond is present between ~C(R? )- and ~N(R")-., the ~C(R*)- is
olefinic and has a substituent R* and R” of the -N(R" )~ is not present;
o when a single bond is present between ~C(R* }- and ~N(R™)-, the ~C(R*)~ is
saturated and has a hydrogen substituent in addition to the R? substituent and
RY of the -N{R")- is prosent;
® each of R* and R® is independently H, or OH;
s if present, each of R” and R” is mdependently H, or L-Ry;
® R% RY. R RY, R R*. RPand R are each independently
selected from H, OH, (,-Cyp alkyl, (5-Cp alkenyl or C3-Cyp alkyayl;
& cach of R or B is ndependently NH, , CO.H, H, OH, C,-Cyo
alkyl, Cr-Cio alkenyl, C5-Cp alkynyl, or -L-Ry;
® cach of R and R” is H:
2 X 18
o .y alkviene, optionally wherein the alkvlene chain is mterrupted by one or

more hetero atoms selected from the group consisting of O, §, and NH; or
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o ~{CHp)p-Q-(CH;)p- . wherein m and p are each independently 0, 1 or 2:

o has a structure of formula:

wherein cach of %, R and R is H, NH., CO,H, or -L-R and
5 JisCHorN;
s cach of Y and Y~ 13 independently O, 5, or NH;
@ cach of Z and 27 1g independently H, R, OH, OR, 5H, SR,

NHa, or NHE, where each R s independently C,.C 5 alkyl, C1.Cy

heterocvelvl, Cs.Coparyvi groups:

10 o -L-R, 18 a linker L attached to a reactive moiety Ry

wherein:

L. is a bond or 1s a moiety having 1-200 novhvdrogen atoms sclected from C,
N, O, 5, or halogen, and optionally incorporaies one or more ¢ther, oxo,
carboxamude, carboxamidyl, urethanyl, amino acid, or branched, cychc,

15 unsaturated heterocyclic or aromatic moictics;

Ry 18 a reactive moiety selected from the group consisting of a succinimidyl,
maleimidyl, cylooctynyl, ammooxy, bisulfonfonyl, sutfonyl, or
isothiocyanate moiety |

& when —L-Ry is present, only one of RERY R RT RORY and RV isL-

20 R«
2. The compound according to claim 1, wherein Y and Y7 are each O,

3. The compound according to claim 1, wherein Z and 27 are each independently

OR, where cach R is independently unsubsututed C,.C 5 alkyl.

4. The compound according to claim 1, wherein X 15 -CHp-.

ot
A
94

The compound according to claim 1, wherein X is (3.
6. The compound according to claim 3, wherein § is CH.

- . . - . . o] 10 .
7. The compound according to claim % or 6, wherein one of R, R or R' is —L-

-160-
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8. The compound according to claim 1, wherein one of R¥ or R is ~L-R,
g, The compound according to claim 1, wherein one of R°orR” is ~L-Ry

i, The compound according to claim 1, wherein

]

®

&

&

]

L]

each of R* and R® is independently H, or OH;

if present, cach of R” and R” is independently H, or L-Ry;
REORDRLR R RY. R R RORY, RMand R, are cach H;
X is i alkviene;

cachof Yand Y 15 §; and

cach of Z and Z° s mdependently OR, where cach R is

independently unsubstituted C,.C 5 alkyl.

11, The compound according to claim 1, wherein

]

®

&

&

&

R'is H;

R is OH:

R’ is not present;

R is L-Ry

RORY,RLRY.RSRY,RLRY.RORY, RTand R are cach H;
X 18 Ciqp alkylene;

cach of Y and Y~ 15 O; and

cach of Z and 27 is independently OR, where cach Ris

mdependently unsubstituted C,.C 5 alkvl.

12. The compound according to claim 1, whergin

&

&

®

®

&

R*is OH;

R" is H;

R"is L-Ry

R isnot present;

RLRY RURY,RURY. R RY,R® R, R7 and R are cach H;
X 18 {52 alkylene;

cachof Yand Y 15 0

cach of Z and 7”15 mdependently OR, where cach R is

independently unsubstituted C;.C 5 atkyl.

-161-
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13.  The compound according to claim 1, wherein

® Ris H:
a .
® R s H;
s R® is not present;
5 s R is not present;

® RERY,ROR R RV R R, R R®, R and R are each H;
® X 13 methylene;

s cachofYand Y s O

cachof Z and 77 is independently OR, where cach R is independently

10 unsubstituted C,.C 5 alkyl.

14.  The compound according to claim 1, wherein L is a linker having the
structure:
~Y 1 -Xana-PEG-,
wherein:
15 Y 18 a spacer molecue that links an amino acid umt of X4 to the

IQB unit;

Xanis an amino acid sequence having from 1 1o 12 amino acids;
PEG is a polvethyvieneglyeol moicty having the structure

—{CHCHLO ), wherein x s 1-530

20 15.  The compound according to clamm 14, wherein Yy is a spacer molecule

selected from the group consisting of

%ﬁ

O O 5 . 3
I E’"’"HN‘""CHQ“CO_E or ‘§MNHCHZC(O)~NHCHQC(O)"“%

16,  The compound according to claim 14, wherein Yy, has the following stiucture:

-162-
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17.  The compound according to claim 14, wherein X415 a dipeptide, a tripeptide,
a tetrapeptide, a pentapeptide, a hexapeptide, a heptapeptide, an octapeptide, a nonapeptide, a

decapeptide, a undecapeptide, or a dodecapeptide sequence.
5 18,  The compound according to claim 14, wherein Xaats a dipeptide.

19. The compound according to claim 14, wherein cach amino acid i the X4 unit
1s independently selected from the group consisting of arginine, histidine, lvsine, aspartic
acid, ghitamic acid, serine, threonine, asparagine, glutamine, cysteine, selenocysetein,
glycine, proline, alanimg, valine, iscleucing, loucine, methioning, phenvlalanine, tyrosing,

10 tryptophan, or citrulline (Cit).

26.  The compound according to claim 14, wherein Xaats sclected from the group

consisting of Ala-Val, Val-Ala, and Val-Cit.

21, The compound according to claim 14, wherein PEG is a polyethvleneglycol
moiety having a structure selected from the group consisting of —(CH,CH,0)—, -HN-
15 (CH,CH,0)C(O)y- or ~-HN-{CH,CH0) - CH,CH-C(O)-, wherein x5 1,2, 3,4, 5,6, 7, 8

9,10, 11, 12, 13, 14, or 15.

B

22, The compound according to claim 14, wherein PEG 1s a polvethyleneglyeol

{(CH,CH 03— C(O)- or ~-HN—-{CH,CH,O )~ CH,CH,—C{O)—, wherein x is 8.

20 23.  The compound according to claim 1, wherein the compound has the structure:

Hi(;-N\//\ G0 P Nom H
N F e Y
2 ( OMe MsO ) ?\{S
O O =

24.  The compound according to claim 1, wherein the compound has the structure:
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d o

wherein R® is -L-R

25, The compound according to claim 1, wherein the compound has the structure:

;e

.
&

?wm

Nz

\; Oo_~C y
7 OMe MeO:Ggr 2’3

26.  The compound according to claim 1, wherein the compound has the structure:

.

al

=/

wherein R is -L-R,.

o

M»L N JJ
Q@ Y IA O@w

Q2
‘K

‘f(’h | Ry T O (/ A
@,N‘ ‘ oM Mol _,' \_;2“>
. o] -

a

27.  The compound according to claim 1, wherein the compound has the stracture:

D G NPT .
SR A SO AN
r/\/ NS O)"*"
Q.0
HO
Ay

H ~N I%LO\//‘\/“\/’”\/ =y i
o

. e o
{\\u_‘/e \o OMe  MeC ” L&}

10 28.  An antibody-drog conjugate having a structure of Formula V:

X

ndnnnW—Ry L ~I08 |
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FormulaV

wherein:

X

is an antibody or antibody fragment;

W-Ry, 13 a linking moiety formed by W and R, wherein W 1s a moiety attached to a

5 natural or unnatural amino acid residue of the antibody/antibody fragment and Ryis a
reactive motety hinking L-I(B to the antibody
L is a linker;
jis a number of 1 to 10; and,
108 15 a compound having a structure of Formula (Iff):
NP L
10

(IhH
wherein:
e the dotted bond shown between ~C(R)- and ~-N(R®)- or —
C(R*}- and -N(R")- is independently a single bond or a double bond;
15 o when a double bond is present between —C(R%)- and -N(R")-., the ~C(RY- is
olefinic and has a substituent R? and R® of the ~N(Rb)u is not present;
o when asingle bond is present between ~C{R%)- and ~N(R®)-, the ~CR)- is
saturated and has a hydrogen substituent in addition to the R? substituent and
R® of the -N(R")- is present,
20 o when a double bond is present between ~C(R* }- and ~N(R”)-, the ~C(R?)- is
olefinic and has a substituent R* and RY of the -N(R"}- is not present;
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o when a single bond is present between ~C(R* ) and ~N{R®)-, the ~C(R¥)- is
saturated and has a hydrogen substituent in addition to the R* substituent and
R of the -N(R" - is present;
® cach of R* and R* is independently H, or OH:
5 ® if prosent, cach of R® and R” is independently H, or -L;
® R RY, R RY,RY RY.R® and R® arc cach ndependently
selected from H, OH, C;-C 5 alkyl, Co-Cyg alkenyl or Co-Cyp atkynyl;
» cach of B> or R is independently NH, , CO,H, H, OH C,-Cyg
alkyl, Cp-Cyp alkenyl, C-Cig alkvnyl, or -L;
10 s cach of R'and R” is H;
s X s
o Cyaz alkylene, optionally wherein the alkvlene chain is interrupted by one or
more hetero atoms sclected from the group consisting of O, S, and NH; or

o ~{(CHu-Q-(CH,)p- . wherein m and p are each independently 0, 1 or 2;

15 o £ has a structure of formula:
wherein each of Rg, RYand R is H, NH,, CO.H. or L and
JsCHorN;
® cach of Y and Y~ s independently O, §, or NH;

20 % cach of Z and 7”7 s independently H, R, OH, OR, SH, SR,

NH,, or NHR, where cach R is independently CL.C palkyl, C5.Cy
heterocyelvl, Cs.Cypary] groups; and

. . v g 17 .
wherein only one of RERY R R R RY and R'Vis <L,

29, The antibody-drug conjugate according to claim 28, having a structure of

N

srdane WPy L~ Q8 |

25 Formula V:
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FormulaV

wherein:

X

is an antibody or antibody fragment;

W-Ry, 13 a linking moiety formed by W and Ry, wherein W is a motety attached a

(]

natural or unnatural amino acid residue of the antibody/antibody fragment and Ryis a
reactive motety hinking L-IQB to the antibody, wherein Ry is a succinimidyl,
maleinidyl, cylooctynyl, aminooxy, bisulfonyl, suifonyl, or isothiocvanate motety,
such that W-Rys is a disulfide, a thiolated suceminudyl, an aminge substituted
succinimidyl, a {cyclooctyly-1, 4 triazolyvl, oxime substituted N-glycan, oxime, a

10 substituted bis-sulfopropyl, a sulfonamidyl, an amide, or a thiocarbamate moiety;

L is a linker, wherein L i3 a bond or is a motety having 1-200 nonhydrogen atoms
selected from C, N, O, 8, or halogen, and optionally incorporates one or more ether,
oxo, carboxamide, carboxamidyl, urcthanyl, amino acid, or branched, cyclic,

unsaturated heterocyclic or aromatic moieties;

[V,
(]

jis a number of 1 to 10; and,

108 15 a compound having a structure of Formula (Iff):

(IhH
wherein:
24 ® the dotted bond shown between ~C{(R)- and ~N(R%)- or —
C(R*}- and -N(R")- is independently a single bond or a double bond;
® each of R® and R* is independently H, or OH;
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& each of R® and R" is not present. or is independently H, or a
bond linked to linker L;
2 R: RY R, Ryﬁ R, RY. R® and R® are each independently
selected from H, OH, C;-C 5 alkyl, Co-Cyg alkenyl or Co-Cyp atkynyl;
5 ® cach of B2 or R7 is mdependently NH, , COH, H, OH C,-Cy,
alkyl, Cp-Cyp alkenyl, C-Cig alkvnyl, or a bond linked to linker L;
s cach of R'and R” is H;
s X s
o Cipp alkylene, optionally wherein the alkylene chain 1s mierrupted by one or
10 more hetero atoms selected from the group consisting of O, S, and NH; or
o ~{(CHu-Q-(CH,)p- . wherein m and p are each independently 0, 1 or 2;

o {3 has a structure of formula:

wherein each of Rg, R and R is 1, NH,. CO,H. or a bond linked to
linker L; and
JisCHor N;

[V,
(]

2 cach of Y and Y~ 1s independently O, S, or NH;
s cach of Z and 7”7 s independently H, R, OH, OR, SH, SR,
NH;, or NHR, where cach R is independently C.C ; alkyl, C3.Cy
20 heterocyelvl, Co.Caparvi groups; and
wherein only one of R” R°,R%, R’ R, R'. and R" is a bond linked to

linker L.

30,  The antibody-drug conjugate according to claim 28, wherein L 15 a linker

e
W

having the structure:
Y1 -Xaa-PEG-,
wherein:
Y, is a spacer molecue that links an aminge acid unit of Xaa o the
QB unit;

30 X aais an amino acid sequence having from 1 to 12 amimo acids;
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PEG 15 a polyethyleneglycol moiety having the structure

~{CH,CH)0), wherein x 1s 1-50.

31.  The antibody-drug conjugate according to claim 38, wherein Yy is a spacer

molecule selected from the group consisting of

0.0 5
. f §—HN—CH,~CO4 Or§"—-NHCH2C(O)-NHCHQC(O)-§

S
32.  The antibody-drug conjugate according to claim 31, whercin Yy has the
following structure:
H
'
O\f;,O
10 e

33.  The antibody-drug conjugate according to claim 38, wherein Xaais a
dipeptide, a tripeptide, a tetrapeptide, a pentapeptide, a hexapeptide, a heptapeptide, an

octapeptide, a nonapeptide, a decapeptide, a undecapeptide, or a dodecapeptide sequence.

34.  The antibody-drug conjugate according to claim 33, wherein Xaais a

15 dipepuide.

35.  The antibody-drug conjugate according to claim 36, wherein cach amino acid
10 the X 44 unit 1s independently sclected from the group consisting of arginine, histidine,
lvsine, aspartic acid, glutamic acid, serine, threonine, asparaging, ghitamine, cysteine,
selenocysetein, glveine, proline, alanine, valing, 1soleucing, lsucine, methioning,

20 phenvlalanine, tyrosine, tryptophan, or citrulline {Cit}.

36.  The antibody-drug conjugate according to claim 36, wherein Xaais selected

from the group consisting of Ala-Val, Val-Ala, and Val-Cit.

-169-



WO 2018/053552 PCT/US2017/052357

37.  The antibody-drug conjugate according to claim 38, whereim PEG s a

polyethyleneglycol moiety having the stracture ~(CHCH,O ), whereinxis 1,2, 3,4, 5, 6,

7,8.9, 10, 11, 12, 13, 14, o1 15,

38,  The antibody-drug conjugate according to claim 30, wherein PEG is a
5  polvethyleneglveol moiety having the structure selected from the group consisting of ~HN-
(CH,CH,0)C(O)- or ~HN-{CH,CH, 0}, CH,CH-C(O})-, wherein x1s 1,2, 3,4, 5,6, 7, 8
9,10, 11, 12, 13, 14, or 15,

B

38,  The antibody-drug conjugate according to claim 38, wheremn PEG s a

poiyethyleneglycol moicty having the structure ~HN—-«{CH.CH,O03-C(O)—, wherein x 15 8.

10 46.  The antibody-drug conjugate according to claim 28, wherein Ry is a linking

H
{CHZWCON”Z%C(O)%
or .

wherein: 7 is selected from the group consisting of -C,~C)y alkylene-, -Cs-Cy cycloalkyi-, -

0~(C-Cg alkyl)-, (CH,CH0),-, and -(CHCHO0),-CH;-; and 1 1s an nteger ranging from |-

group having the structure:

15 190
41.  The antibody-drug conjugate according to claim 48, wherein Ry has a
structure selected from the group consisting of the following:
o Q
/\JJS;‘ ¢
N g’ """ A\/’O\\//\r /W}‘L S k
N (@)
Q u MNW

O L OF

20 42.  The antibody-drug conjugate according to claim 28, wherein L is a hnker

comprising polyethylene glycol and 1-10 amino acids.

43.  The antibody-drug conjugate according to claim 28, wherein IQB 18 a motety

having the structure:
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5 v \>£‘i
Cﬁf wj\/\ e re@’\/\”""u{\s

44,  The antibody-drug conjugate of claim 28, wherein ~W-Ry-L-1QB 1s a moiety

having the structure:

H 0O G s}
O/N\T(\g,ﬂ \{r/*KL\/O\/)AN/‘\//\NJ\? \;‘
r e @] OK/\"
n

O\/’”\/O Naxy H
!
N oMn Meo:@,f h‘\\
i 4

45.  The antibody-drug conjugate according to claim 28, wherein the antibody 1s a

cysteine substituted antibody.

46,  The antibody-drug conjugate according to claim 28, whercin the antibody

specifically binds a cancer marker.

47.  The antibody-drug conjugate according to claim 46, wherein the cancer
markeris GPR114, CLL-1, IL1RAP, TiIM-3, CD19, CD20, D22, RORI, mesothehin, CD33,
CD123/IL3Ra, o-Met, PSMA, prostatic acid phosphatase (PAP), CEA, CA-125, Muc-1, AFP,
Glveolipid F77, EGFRvIL GD-2, NY-ESO-1 TCR, tyrosinase, TRPVgp735, gpl00/pmel-17,
Melan-A/MART-1, Her2/men, WT1, EphAS3, telomerase, HPV E6, HPV E7, EBNAL, BAGE,
GAGE and MAGE A3 TCRSLITRKS, ENPP3, Nectin-4, CP27, SLC44A4, CAIX, Cripto,
B30, MUCTS, GPNMB, BCMA | Trop-2, Tissue Factor (TF), CanAg, EGFR, av-integrin,
C337, Folate Receptor, CD138, CEACAMS, CD36, CDT70, CD74, GCC, 5T4, CD79h,
Steapl, Napi2b, Lewis Y Antigen, LIV ¢-RET, DLL3, EFNA4 or Endosialin/CD248, Ly6e
(RiG-e), CB7%a, CD274 (PD-L1), CD38, BLEA4, CD319 (SLAMT7).

48.  The antibody-drug conjugate according to claim 47, wherein the cancer

marker is CLL-1,

48,  The antibody-drug conjugate according to claim 48, whercin the antibody or

antibody fragment s anti-CLLT.
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&40, ¢ antibody-drug conjugate according to claim 28, wheremn the

antibody/antibody fragment is anti-CLL1 and IQB is a moicty having the stracture:

HG, N}M

Hﬂ‘?ﬂtji\ PN NS \/’\/N\\ H

R ARY
Q} JN\% #0ne w:o”)\/\—’l\\“{

&1, ¢ antibody-drug conjugate according to claim 28, wherein
5 ® the antibody or antibody fragment 1s anti-CLL1;
® W-Ry 1s a thiolated succinimidyl and
s 1B is a motety having the structure:
HO, MEN‘
H, Ny O Oy e
s L g )!;}
I ome weoT TR TRy
N/ e} o N

82. A pharmaceutical composition comprising the compound according to claimm
10 1, or the antibody-~drug conjugate according to claum 28, and a pharmaceutically acceptable

carrier.

53. A method of treating cancer comprising administering to a subject with cancer

a therapentically effective amount of a compound of any of claims 1-27.

The method according to claim 53, wherein the compound has the structure:

H =N (CNGF NNy Nz H
/“\‘f-{«g@ome MeO’NyA? R
O -0

55, The method according to claim 53, wherein the compound has the structure:
H o
0o o S
N\ﬂ//\N)L N\:[/\‘\LO\//\}"N)\/\ /§
o H I BH )
N ",J’"

H / N O\//‘\/O\ F \/ ~:\
r\
<, s ( OMe  MeQ \”{\i>

-172-

9
=



10

20

WO 2018/053552 PCT/US2017/052357

56. The method according to claim 83, wherein the cancer treated is a leakemia,

lymphoma or a solid tumor.

57.  The method according to claim 53. wherein the cancer treated is a cancer of

nweloid cell ongin.

88.  The method according to claim 57, wherein the cancer of myveloid cell ongin

1s selected from the group consisting of acute mvelogenous leukemia, my

syndrome, chronic myelogenous leukemia, chronic myelomonocytic leukemia, multiple

myeloma, plasmacytoma and mvelofibrosis.

58.  The method according to claim 38, wherein the cancer of myeloid cell ongin

is acute myelogenous leukemia,

60. A method of treating cancer comprising administering to a subject with cancer

a therapeutically effective amount of an antibody-drug conjugate of any of claims 28 - 51,

61.  The method according to claim 68, wherein the antibody is a cysteine

substituted antibody.

62,  The method according to claim 60, wherein the antibody specifically binds a

cancer marker.

63. The method according to claim 62, wherein the cancer marker is GPR114,
CLL-1, HLIRAP, TIM-3, CD19, CD20, CD22, ROR1, mesothelin, CD33, CD123/1L3Ra, ¢~
Met, PSMA, prostatic acid phosphatase (PAP), CEA, CA-125, Muc-1, AFP, Glycolipid F77,
EGFRvEH, GD-2, NY-ES0-1 TCR, tvrosinase, TRPVgp75, gp100/pmel-17, Melan-
AMART-1, HerZ/meu, WT1, EphA3, telomerase, HPY E6, HPV E7, EBNAT, BAGE, GAGE
and MAGE A3 TCRSLITRKSG, ENPP3, Nectin-4, CD27, SLC44A4, CAIX, Cripto, CD30,
MUC16, GPNMB, BCMA, Trop-2, Tissue Factor (TF), CanAg, EGFR, gv-ntegrin, CD37,
Folate Receptor, CD138, CEACAMS, D36, CB70, CD74, GCC, 514, CB79, Steapl,
NapZb, Lewis Y Antigen, LIV ¢-RET, DLL3, EFNA4 or Endosialin/CD248, Lyvoe (RIG-¢},
CD7%, CD274 (PD-L1), CD38, DLL4, CD319 (SLAMT).

64.  The method according to claim 68, wherein the cancer marker is CLL-1.
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65.  The method according to claim 68, wherein the antibody or antibody fragment

1s anti-CLL1.

66, The method according to claim 60, wherein the IQB i3 a moiety having the

structure:

&7. The method according to clamm 68, wherein the ~W-Ry-L-13B is a motety

having a structure:

Ho S H G
N A /H\ N Lo ~3, /u\//\ a
e ” ~, S i - 2
NS S QI S
S ~ © o:?" ~
On O
HO T
LOoNanel;
- . o N ] -
{ w\g JN\“ “OMe  Meo !!—,N\:}/"’\\“
— s} ] "\:::/

68, The method according to claim 68, wherein the cancer treated 18 a leukemia,

10 lymphoma or a solid tumor.

68,  The method according to claim 68, wherein the cancer treated 1s a cancer of

myeloid cell ongin.

76.  The method according to claim 69, wheremn the cancer of myeloid cell ongin

.
115

oy
s

is selected from the group consisting of acute myelogenous loukemia, myelodys
15 syvndrome, chronic myelogenous leukemua, chromie myelomonocviic leukenua, multiple
J > J o) el o . ]

myeloma, plasmacytoma and mvelofibrosis.

71.  The method according to claim 78, wherein the cancer of myeloid cell ongin

is acute myelogenous leukemia.
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