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CLAIMS

WE CLAIM:

1. A method of preparing a cell-binding agent-cytotoxic agent conjugate
comprising the steps of:
(a) reacting an imine-moiety in an imine-containing cytotoxic agent represented by

the following formula:

D—L—N_ |

O
or a pharmaceutically acceptable salt thereof, with sulfur dioxide, a bisulfite salt or a
metabisulfite salt in an aqueous solution at a pH of 1.9 to 5.0 to form a modified cytotoxic
agent comprising a modified imine moiety represented by the following formula:

HOsS,
N\
e N
or a pharmaceutically acceptable salt thereof; and
(b) reacting the modified cytotoxic agent with a cell-binding agent to form the cell-
binding agent-cytotoxic agent conjugate,

wherein D is an imine-containing benzodiazepine compound; and L is a linker.

2. The method of claim 1, wherein D is an imine-containing

indolinobenzodiazepine

3. The method of claim 1 or 2, wherein the reaction of step (a) is carried out at a
pH of 2.9 t0 4.0.
4. The method of claim 1 or 2, wherein the reaction of step (a) is carried out at a

pHof 2.9 to 3.7.

5. The method of claim 1 or 2, wherein the reaction of step (a) is carried out at a

pHof 3.1t03.5.

6. The method of claim 1 or 2, wherein the reaction of step (a) is carried out at a

pHof3.2t0 3.4.
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7. The method of claim 1 or 2, wherein the reaction of step (a) is carried out at a
pH of 3.3.
8. The method of any one of claims 1-7, wherein the reaction of step (a) is

carried out in the presence of a buffer solution.

9. The method of claim 8, wherein the buffer solution is a citrate buffer, an

acetate buffer, a succinate buffer, and a phosphate buffer.
10. The method of claim 8, wherein the buffer solution is a succinate buffer.

11. The method of any one of claim 1-7, wherein the reaction of step (a) is carried

out in the absence of a buffer solution.

12. A method of preparing a cell-binding agent-cytotoxic agent conjugate
comprising the steps of:
(a) reacting an imine-moiety in an imine-containing cytotoxic agent represented by

the following formula:

D—L—N_ |

O
or a pharmaceutically acceptable salt thereof, with sulfur dioxide, a bisulfite salt or a
metabisulfite salt in an aqueous solution in the absence of a buffer to form a modified

cytotoxic agent comprising a modified imine moiety represented by the following formula:

HOsS_

N
] }f
or a pharmaceutically acceptable salt thereof; and
(b) reacting the modified cytotoxic agent with a cell-binding agent to form the cell-

binding agent-cytotoxic agent conjugate,

wherein D is an imine-containing benzodiazepine compound; and L is a linker.

13. The method of any one of claims 1-12, wherein 0.5 to 5 equivalents of the
bisulfite salt or 0.25 to 2.5 equivalents of the metabisulfite salt is reacted with 1 equivalent of

the imine-containing cytotoxic agent.
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14. The method of claim 13, wherein 0.8 to 2.0 equivalents of the bisulfite salt or
0.4 to 1.0 equivalents of the metabisulfite salt is reacted with 1 equivalent of the imine-

containing cytotoxic agent.

15. The method of claim 13, wherein 1.1 to 1.6 equivalents of the bisulfite salt or
0.55 to 0.8 equivalents of the metabisulfite salt is reacted with 1 equivalent of the imine-

containing cytotoxic agent.

16. The method of claim 13, wherein 1.4 equivalents of the bisulfite salt or 0.7
equivalent of the metabisulfite salt is reacted with 1 equivalent of the imine-containing

cytotoxic agent.

17. The method of claim 1 or 2, wherein the reaction of step (a) is carried out at a
pHof 2.9 to 3.7 and 1.0 to 1.8 equivalents of the bisulfite salt or 0.5 to 0.9 equivalent of the

metabisulfite salt is reacted with 1 equivalent of the imine-containing cytotoxic agent.

18. The method of claim 1 or 2, wherein the reaction of step (a) is carried out at a
pHof 3.1to 3.5 and 1.1 to 1.6 equivalents of the bisulfite salt or 0.55 to 0.8 equivalent of the

metabisulfite salt is reacted with 1 equivalent of the imine-containing cytotoxic agent.

19. The method of claim 1 or 2, wherein the reaction of step (a) is carried out at a
pH of 3.3 and 1.4 equivalents of the bisulfite salt or 0.7 equivalent of the metabisulfite salt is

reacted with 1 equivalent of the imine-containing cytotoxic agent.

20. The method of any one of claims 1-19, wherein the reaction of step (a) is

carried out in a mixture of an organic solvent and water.

21. The method of claim 20, wherein the reaction of step (a) is carried out in a

mixture of dimethylacetamide (DMA) and water.

22. The method of claim 20, wherein the reaction of step (a) is carried out in a

mixture of DMA and water, wherein the volume ratio of DMA and water is 1:1.

23. The method of any one of claims 1-22, wherein the reaction of step (a) is

carried out for 1 minute to 48 hours.

24. The method of claim 23, wherein the reaction of step (a) is carried out for 1

hour to 10 hours.
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25. The method of claim 24, wherein the reaction of step (a) is carried out for 1

hour to 4 hours.

26. The method of any one of claims 1-25, wherein in step (a), the imine-

containing cytotoxic agent is reacted with sodium bisulfite.

217. The method of any one of claims 1-25, wherein in step (a), the imine-

containing cytotoxic agent is reacted with sodium metabisulfite.

28. The method of any one of claims 1-27, wherein the modified cytotoxic agent

is not purified before reacting with the cell-binding agent in step (b).

29. The method of any one of claims 1-27, wherein the modified cytotoxic agent

is purified before reacting with the cell-binding agent in step (b).

30. The method of any one of claims 1-29, wherein the reaction of step (b) is

carried outat apH of 4 to 9.

31. The method of claim 30, wherein the reaction of step (b) is carried out at a pH
of 5to 8.5.

32. The method of claim 30, wherein the reaction of step (b) is carried out at a pH
of 5.5t06.5.

33. The method of any one of claims 1-32, wherein the conjugate is purified by

tangential flow filtration to yield a purified conjugate.

34. The method of claim 33, wherein the purified conjugate is formulated in a

formulation buffer comprising a bisulfite salt.

35. The method of claim 34, wherein the formulation buffer comprises 10 to 200

UM of sodium bisulfite.

36. The method of claim 33, wherein the formulation buffer comprises 40 to 80

UM of sodium bisulfite.

37. The method of claim 33, wherein the formulation buffer comprises 50 uM of

sodium bisulfite.
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38. The method of any one of claims 34-37, wherein the formulation buffer is at a

pHof4to 5.

39. The method of claim 38, wherein the formulation buffer is at a pH of 4.2.

40. The method of any one of claims 1-39, wherein D is an imine-containing

indolinobenzodiazepine compound.

41. The method of any one of claims 1-40, wherein D is represented by the

following formula:

or a pharmaceutically acceptable salt thereof, wherein:
oneof L’, L”°, and L’”’ is represented by the following formula:
-Z1-P1-Z»-R1-C(=0)- (A%), or
-NR")-Rq-C(=0)- (D)

and the other two are each independently selected from -H, an optionally
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substituted linear, branched or cyclic alkyl, alkenyl or alkynyl having from 1 to 10
carbon atoms, a polyethylene glycol unit -(CH,CH,0),-R, halogen, guanidinium
[-NH(C=NH)NH:], -OR, -NR’R”’, -NO,, -NR’COR”’, -SR, -SOR’, -SO2R’, -SOzH,
-OSO3H, -SO:NR’R’’, cyano, an azido, -COR’, -OCOR’, and -OCONR’R"’;

one of the Z; and 7, is -C(=0)-, and the other is -NRjs-;

P, is an amino acid residue or a peptide containing between 2 to 20 amino acid
residues;

Ry is an optionally substituted linear, branched or cyclic alkyl, alkenyl or
alkynyl having from 1 to 10 carbon atoms;

R®is -H, a linear, branched or cyclic alkyl, alkenyl or alkynyl having 1 to 10
carbon atoms or —(CHZ—CHz-O)n—Rk, wherein R¥ is a -H, a linear, branched cyclic alkyl
having 1 to 6 carbon atoms, optionally bearing a secondary amino (e.g., -NHR'"") or
tertiary amino (-NR'*'R'*) group or a 5- or 6-membered nitrogen containing
heterocycle, wherein R'" and R' are each independently a linear, branched, or
cyclic alkyl, alkenyl or alkynyl having 1 to 10 carbon atoms;

R, for each occurrence, is independently selected from the group consisting of
-H, an optionally substituted linear, branched or cyclic alkyl, alkenyl or alkynyl
having from 1 to 10 carbon atoms, a polyethylene glycol unit -(CH,CH,0),-R", an
optionally substituted aryl having 6 to 18 carbon atoms, an optionally substituted 5- to
18-membered heteroaryl ring containing one or more heteroatoms independently
selected from nitrogen, oxygen, and sulfur, or an optionally substituted 3- to 18-
membered heterocyclic ring containing 1 to 6 heteroatoms independently selected
from O, S, N and P;

R’ and R’’ are each independently selected from -H, -OH, -OR, -NHR, -NR,,
-COR, an optionally substituted linear, branched or cyclic alkyl, alkenyl or alkynyl
having from 1 to 10 carbon atoms, a polyethylene glycol unit -(CH,CH,0),-R", and
an optionally substituted 3- to 18-membered heterocyclic ring having 1 to 6
heteroatoms independently selected from O, S, N and P;

R® is -H or an optionally substituted linear or branched alkyl having 1 to 4
carbon atoms;

n is an integer from 1 to 24;

Xy’ is selected from -H, an amine-protecting group, an optionally substituted
linear, branched or cyclic alkyl, alkenyl or alkynyl having from 1 to 10 carbon atoms,

a polyethylene glycol unit -(CH;CH,0),-R®, an optionally substituted aryl having 6 to
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18 carbon atoms, an optionally substituted 5- to 18-membered heteroaryl ring
containing one or more heteroatoms independently selected from nitrogen, oxygen,
and sulfur, and an optionally substituted 3- to 18-membered heterocyclic ring
containing 1 to 6 heteroatoms independently selected from O, S, N and P;

Y’ is selected from -H, an oxo group, an optionally substituted linear,
branched or cyclic alkyl, alkenyl or alkynyl having from 1 to 10 carbon atoms, an
optionally substituted 6- to 18-membered aryl, an optionally substituted 5- to 18-
membered heteroaryl ring containing one or more heteroatoms independently selected
from nitrogen, oxygen, and sulfur, an optionally substituted 3- to 18-membered
heterocyclic ring having 1 to 6 heteroatoms;

R1, R2, R3, R4, R1’, Ry, R3” and Ry’ are each independently selected from the
group consisting of -H, an optionally substituted linear, branched or cyclic alkyl,
alkenyl or alkynyl having from 1 to 10 carbon atoms, a polyethylene glycol unit -
(CH>CH,0),-R°, halogen, guanidinium [-NH(C=NH)NH,], -OR, -NR’R”’, -NO,, -
NCO, -NR’COR”’, -SR, -SOR’, -SO,R’, -SO3'H, -OSO3H, -SO,NR’R"’, cyano, an
azido, -COR’, -OCOR’, and -OCONR’R’’;

R¢is -H, -R, -OR, -SR, -NR’R’’, -NO,, or halogen;

G is -CH- or —-N-;

A and A’ are the same or different, and are independently selected from -O-,
oxo (-C(=0)-), -CRR’O-, -CRR’-, -S-, -CRR’S-, -NRs and -CRR’N(R5)-; and

Rs for each occurrence is independently -H or an optionally substituted linear

or branched alkyl having 1 to 10 carbon atoms.

42. The method of claim 41, wherein D is represented by the following formula:
L
L L
= X1'\ Y1
X | A N—, R
¥ 1
G
N
0]

or a pharmaceutically acceptable salt thereof

43. The method of claim 41 or 42, wherein one of L’, L” and L’” is represented by
formula (A’) or (D’), and the others are -H, an linear or branched alkyl having from 1 to 6

carbon atoms, halogen, -OH, (C;-C¢)alkoxy, or -NOs,.
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44. The method of claim 43, wherein L’ is represented by formula (A’); and L.”
and L”” are both -H.

45. The method of claim 43, L’ is represented by formula (D’); and L” and L’ are
both -H.

46. The method of any one of claims 41-45, wherein Ry, is a linear, branched or
cyclic alkyl having 1 to 6 carbon atoms optionally substituted with halogen, -OH, -SOsH,
(Ci-Cy)alkyl, (C1-Cs)alkoxy, halo(C;-Cs)alkyl, or a charged substituent or an ionizable group
Q.

47. The method of any one of claims 43-46, wherein L’ is represented by the

following formula:

-NRs-P1-C(=0)-(CR:Rp)s-C(=0)-  (BI');

-NR5-P1-C(=0)-Cy-(CR:Rp)s1-C(=0)- (B2%);
-C(=0)-P1-NR;5-(CRRp)s-C(=0)- (C1"), or
-C(=0)-P1-NR;5-Cy-(CR:Rp)s1-C(=0)- (C2%)

wherein:

R; and Ry, for each occurrence, are each independently -H, (C;-Cs)alkyl or a
charged substituent or an ionizable group Q;

s is an integer from 1 to 6;

s1” 15 0 or an integer from 1 to 6; and

Cy is a cyclic alkyl having 5 or 6 ring carbon atoms optionally substituted with

halogen, -OH, (C;-C5)alkyl, (C;-Cs)alkoxy, or halo(C;-Cs)alkyl.

48. The method of claim 47, wherein R, and Ry, are both H; Cy in formulas (B2”)
and (C2’) is cyclohexane; and Rs is H or Me.

49. The method of claim 47 or 48, wherein s1° is O or 1.

50. The method of any one of claims 41-49, wherein the charged substituent or an
ionizable group Q is i) -SO3H, -Z’-SOsH, -OPO;sH,, -Z’-OPO3H,, -POsH,, -Z’-PO3H,, -
CO2H, -Z’-CO2H, -NR 1R 12, or -Z’-NR (R 2, or a pharmaceutically acceptable salt thereof;
or, ii) -N"R 4R 15R 16X or -Z’-N*R14R5R ¢X; Z is an optionally substituted alkylene, an

optionally substituted cycloalkylene or an optionally substituted phenylene; R4 to Rys are
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each independently an optionally substituted alkyl; and X is a pharmaceutically acceptable

anion.

51. The method of claim 50, wherein Q is -SO3H or a pharmaceutically acceptable

salt thereof.

52. The method of any one of claims 41-51, wherein P is a peptide containing 2

to 10 amino acid residues.

53. The method of claim 52, wherein Py is a peptide containing 2 to 5 amino acid

residues.

54. The method of claim 53, wherein P; is Gly-Gly-Gly, Ala-Val, Val-Cit, Val-
Lys, Phe-Lys, Lys-Lys, Ala-Lys, Phe-Cit, Leu-Cit, Ile-Cit, Trp, Cit, Phe-Ala, Phe—Ng—tosyl—
Arg, Phe—Ng-nitro-Arg, Phe-Phe-Lys, D-Phe-Phe-Lys, Gly-Phe-Lys, Leu-Ala-Leu, Ile-Ala-
Leu, Val-Ala-Val, Ala-Leu-Ala-Leu (SEQ ID NO: 1), B-Ala-Leu-Ala-Leu (SEQ ID NO: 2),
Gly-Phe-Leu-Gly (SEQ ID NO: 3), Val-Arg, Arg-Arg, Val-D-Cit, Val-D-Lys, Val-D-Arg, D-
Val-Cit, D-Val-Lys, D-Val-Arg, D-Val-D-Cit, D-Val-D-Lys, D-Val-D-Arg, D-Arg-D-Arg,
Ala-Ala, Ala-D-Ala, D-Ala-Ala, D-Ala-D-Ala, Ala-Met, GIn-Val, Asn-Ala, GIn-Phe and
Gln-Ala.

55. The method of claim 54, wherein P; is Gly-Gly-Gly, Ala-Val, Ala-Ala, Ala-D-
Ala, D-Ala-Ala, or D-Ala-D-Ala.

56. The method of any one of claims 41-55, wherein X;’ is selected from the
group consisting of -H, -OH, an optionally substituted linear, branched or cyclic alkyl,
alkenyl or alkynyl having from 1 to 10 carbon atoms, and phenyl; and Y’ is selected from
the group consisting of -H, an oxo group, an optionally substituted linear, branched or cyclic

alkyl, alkenyl or alkynyl having from 1 to 10 carbon atoms.

57. The method of claim 56, wherein X’ is -H, -OH, (C;-Cs)alkyl, halo(C;-
Cs)alkyl, or phenyl; and Yy’ is -H, an oxo group, (C;-Cs)alkyl or halo(C-Cs)alkyL..

58. The method of claim 56, wherein X’ is -H, -OH or —-Me; and Y’ is -H or oxo.
59. The method of claim 56, wherein X’ is —H; and Y’ is -H.

60. The method of any one of claims 41-59, wherein A and A’ are the same or

different, and are selected from -O- and -S-.

61. The method of claim 60, wherein A and A’ are -O-.
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62. The method of any one of claims 41-61, wherein R¢ is -OMe.

63. The method of any one of claims 41-62, wherein Ry, Ry, R3, R4, Ri”, Ry’, R3’
and R4’ are independently -H, halogen, -NO,, -OH, (C;-Cs)alkyl, halo(C;-Cs)alkyl or (C;-
Cs)alkoxy.

64. The method of claim 63, wherein Ry, R, R3, R4, R{’, Ry’, R3” and Ry are all -

65. The method of any one of claims 41-64, wherein R, R’, R” and Rs are each
independently -H or (C;-Cs)alkyl

66. The method of any one of claims 41-55, wherein:

Ri.R., R3, R4, R{’, Ry, Ry” and Ry are all -H;

Rg is -OMe;

Xi” and Y’ are both -H; and

A and A’ are -O-.

67. The method of claim 41, wherein D is represented by the following structural
formula:

Hmwfura
rorsapere
HNJ\/N\HANJK/N\H/E

9@
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0] o}

H
N o] o N—
N\‘D:OMe Meojqr’\'
0 0]
; or
MeO\/\O/\/O\/\N/\/\H/‘??z
)
N o) 0 N
N\‘QiIOMe Meojcg/'\‘
O O]
or a pharmaceutically acceptable salt thereof.
68. The method of any one of claims 1-67, wherein -L- is represented by the
following structural formula:
h
e F
s1 L' m'
R2s4 Ras

or a pharmaceutically acceptable salt thereof, wherein:

s1 is the site covalently linked to D; s2 is the site covalently linked to the maleimide
group;
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R»3 and Ryy, for each occurrence, are independently H or an optionally substituted
alkyl;
m’ is an integer between 0 and 10; and

R™ is H or an optionally substituted alkyl.

69. The method of claim 68, wherein R»3 and Ry, are both H; and m’ is an integer

between 1 and 6.
70. The method of claim 68 or 69, wherein R"™ is H.

71. The method of claim 68, wherein L is represented by the following structural

formula:

H
N
31117%/ \/\_e; s2

or a pharmaceutically acceptable salt thereof.

72. The method of any one of claims 1-40, wherein the imine-containing cytotoxic

agent is represented by the following formula:

) M“wgﬁ}
v©\/ 5 o
SRS

or a pharmaceutically acceptable salt thereof, and the modified cytotoxic agent is represented

)

O
T

O

s

by the following formula:

0 H o)

o]
H N
5 /
HOsS N
or a pharmaceutically acceptable salt thereof.
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73. The method of claim 72, wherein the modified cytotoxic agent is represented
by the following formula:

0 o) H o)

Fiocapges e

or a sodium or potassium salt thereof.

74. The method of claim 73, wherein the modified cytotoxic agent is represented
by the following formula:
0 H 0

j\rH\ﬂ/\NwN\/\b

o)

FEociarese

75. The method of any one of claims 1-40, wherein D is represented by the

following formula:

W'/RX\S_E
= | X\ _/Y'
N A A N—=,
G
N N
0] 0] ;
RY
w S—§
]
N A =~ Al N=’._
G
N N
0 0 ;
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RX
/ \S_g
X
= \ )Y
—N A | N—
X A
\ G
RB Rs N
O (0] ;or
RX
N
Wv/ S_g
4
—N =
Yecha s o@sY
G
N
o o)

or a pharmaceutically acceptable salt thereof, wherein:

X’ is selected from the group consisting of -H, -OH, a substituted or unsubstituted
linear, branched or cyclic alkyl, alkenyl or alkynyl having from 1 to 10 carbon atoms, phenyl,
and an amine-protecting group;

Y’ is selected from the group consisting of -H, an oxo group, a substituted or
unsubstituted linear, branched or cyclic alkyl, alkenyl or alkynyl having from 1 to 10 carbon
atoms;

A and A’ are selected from -O- and -S-;

W’ is absent, or selected from -O-, -N(R®)-, -N(R®)-C(=0)-, -N(C(=O0)R®)-, -S- or -
CH,-S-, -CH,NR®-;

R" is absent or selected from a linear, branched or cyclic alkyl having 1 to 10 carbon
atoms;

R®is -H, a linear, branched or cyclic alkyl, alkenyl or alkynyl having 1 to 10 carbon
atoms or '(CHQ'CHZ'O)H'Rk, wherein R¥is a -H, a linear, branched cyclic alkyl having 1 to 6
carbon atoms, optionally bearing a secondary amino (e.g., -NHR'") or tertiary amino (-
NR''R') group or a 5- or 6-membered nitrogen containing heterocycle, wherein R'" and
R'%% are each independently a linear, branched, or cyclic alkyl, alkenyl or alkynyl having 1 to
10 carbon atoms;

n is an integer from 1 to 24;

G is selected from -CH- or -N-;

Rsis -H, -R, -OR, -SR, -NR’R”’, -NO», or halogen; and

R is -H, an optionally substituted linear, branched or cyclic alkyl, alkenyl or alkynyl
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having from 1 to 10 carbon atoms or a PEG group -(CH,CH,0),-R°, wherein n is an integer
from 1 to 24, and R"is a linear or branched alkyl having 1 to 4 carbon atoms;

R’ and R” are each independently selected from -H, -OH, -OR, —NRRg’, -COR, an
optionally substituted linear, branched or cyclic alkyl, alkenyl or alkynyl having from 1 to 10
carbon atoms, an optionally substituted aryl having from 6 to 18 carbon atoms, an optionally
substituted 3- to 18-membered heterocyclic ring having 1 to 6 heteroatoms selected from O,
S, N and P, a PEG group -(CH,CH,0),-R¢, and R¥ is -H, an optionally substituted linear,
branched or cyclic alkyl, alkenyl or alkynyl having from 1 to 10 carbon atoms or a PEG
group -(CH,CH,0),-R".

76. The method of claim 75, wherein D is represented by the following structural
formula:
RX
w \S—E
= X'\ Y

or a pharmaceutically acceptable salt thereof.

77. The method of claim 75 or 76, wherein:

X’ and Y’ are both -H;

A and A’ are both -O-;

Rg is -OMe;

W’ is -N(R®)- or -N(R)-C(=0)-;

R®is -H, a linear or branched alkyl having 1 to 4 carbon atoms or -(CH,-CH>-
O)n—Rk, wherein R¥ is a -H, a linear or branched alkyl having 1 to 4 carbon atoms;

n is an integer from 2 to 6; and

R" is a linear or branched alkyl having 1 to 6 carbon atoms.
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78. The method of claim 75, wherein D is represented by the following structural

formula:

/OwONOwN«ﬁ—%

& e %ﬁ

G %ﬁ
Jk/7

& Co: ey
)‘\/7

& e )

or a pharmaceutically acceptable salt thereof.

b

79. The method of any one of claims 75-78, wherein L is represented by the
following structural formula:
R1 3 R1 2

51:;\3/}#2\ e
: E

Q
or a pharmaceutically acceptable salt thereof, wherein:
sl is the site covalently linked to D, and s2 is the site covalently linked to the
maleimide group;
E is -(CRoR11)q-, cycloalkyl, or cycloalkylalkyl;
Z is absent, -SO2NRg-, -NRoSO;-, -C(=0)-NRy-, -NRo-C(=0)-, -C(=0)-0O-,
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-0-C(=0)-, -C(=0)-NRy-(CH,CH;0),-, -NRy-C(=0)-(CH>CH,0),-,
-(OCH,CHb),-C(=0O)NRg-, or -(OCH>CHb),-NRo-C(=0)-;

p is an integer from 1 to 24;

Q is H, a charged substituent, or an ionizable group;

Ro, Rip, Ri1, Ri2, and Ry, for each occurrence, are independently H or an optionally
substituted alkyl; and,

q and r, for each occurrence, are independently an integer between 0 and 10.

80. The method of claim 79, wherein E is -(CR1oR11)q-.

RSN

82. The method of any one of claims 79-81, wherein Z is -C(=0)-NRo- or -NRo-
C(=0)-.

81. The method of claim 79, wherein E is

83. The method of claim 82, wherein Rg is -H.

84. The method of any one of claims 79-83, wherein Q is:

1) H;

i) -SO3H, -Z’-SOsH, -OPOsH,, -Z’-OPOsH,, -POsH,, -Z’-POsH,, -CO,H, -Z’-
COsH, -NR Rz, or -Z’-NR 4R 5, or a pharmaceutically acceptable salt thereof; or,

iii) -N*R14R5R 16X or -Z’-N"R14R5R 16X ;

7’ is an optionally substituted alkylene, an optionally substituted cycloalkylene, or an
optionally substituted phenylene;

R4, Ris and Ry¢ are each independently an optionally substituted alkyl; and,

X is a pharmaceutically acceptable anion.

85. The method of claim 84, wherein Q is H or -SO3H or a pharmaceutically

acceptable salt thereof.
86. The method of any one of claims 78-85, wherein Ro, Rio, Ri1, Ri2, and Ry3 are

all H; and q and r are each independently an integer between 1 and 6.

87. The method of claim 79, wherein:
Rz and Ry3, for each occurrence, are each independently H or (C;-Cs)alkyl;

Qis H or —-SO3H or a pharmaceutically acceptable salt thereof

-122 -



WO 2018/098258 PCT/US2017/062989

Z is -C(=0)-NRy- or -NRy-C(=0)-;

Rois H or (C;-Cs)alkyl;

E is -(CRoR11)g-.

Rip and Ry, for each occurrence, are independently H or (C;-Cs)alkyl; and

q and r are each an integer from 1 to 5.

88. The method of claim 79, wherein L is represented by any one of the following
structural formulae:
0O

s2
81‘55/8\/%H/\/1'H1_

SOzH , and

O

sﬁ(SMN/\/H‘« >

H

i

or a pharmaceutically acceptable salt thereof.

89. The method of any one of claims 75-79, wherein L is represented by the

following structural formula:

0O Rh
0 [
N N\W/‘HLASZ
7
51‘5# \w#I\PL m
o} RaR21 RaoR19 ,

or a pharmaceutically acceptable salt thereof, wherein:

s1 is the site covalently linked to D; s2 is the site covalently linked to the maleimide
group;

R19, R20, R21 and Ry, for each occurrence, are independently H or an optionally
substituted alkyl;

m and n are each independently an integer between 0 and 10;

R"is H or an optionally substituted alkyl;

Py is an optionally substituted alkylene, -(CH>-CH»-O);- (wherein the oxygen atom is
connected to the —(C=0)- group connected to P), an amino acid residue or a peptide
containing 2 to 20 amino acid residues; and

j is an integer from 1 to 24.

90. The method of claim 89, wherein Ry9, Ryo, R21 and Ry, are each H; and m and

n are each independently an integer between 1 and 6.
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91. The method of claim 89 or 90, wherein Py is an amino acid residue or a

peptide containing 2 to 10 amino acid residues.

92. The method of claim 91, wherein Py, is a peptide containing 2 to 5 amino acid
residues.
93. The method of claim 92, wherein P is selected from the group consisting of:

Ala-Val, Val-Ala, Val-Cit, Cit-Val. Val-Lys, Phe-Lys, Lys-Lys, Ala-Lys, Phe-Cit, Leu-Cit,
Ile-Cit, Trp-Cit, Phe-Ala, Phe—Ng—tosyl—Arg, Phe—Ng—nitro—Arg, Phe-Phe-Lys, D-Phe-Phe-Lys,
Gly-Phe-Lys, Leu-Ala-Leu, Ile-Ala-Leu, Val-Ala-Val, Ala-Leu-Ala-Leu (SEQ ID NO: 1), B-
Ala-Leu-Ala-Leu (SEQ ID NO: 2), Gly-Phe-Leu-Gly (SEQ ID NO: 3), Val-Arg, Arg-Arg,
Val-D-Cit, Val-D-Lys, Val-D-Arg, D-Val-Cit, D-Val-Lys, D-Val-Arg, D-Val-D-Cit, D-Val-
D-Lys, D-Val-D-Arg, D-Arg-D-Arg, Ala-Ala, Ala-D-Ala, D-Ala-Ala, D-Ala-D-Ala., Ala-
Met, Met-Ala, Gln-Val, Asn-Ala, Gln-Phe, Gln-Ala, Gly-Gly-Gly, Ala-Ala-Ala, D-Ala-Ala-
Ala, Ala-D-Ala-Ala, Ala-Ala-D-Ala, Ala-Val-Cit, Ala-Val-Ala, and B-Ala-Gly-Gly-Gly.

94. The method of claim 93, wherein Py is Gly-Gly-Gly, Ala-Ala-Ala, D-Ala-Ala-
Ala, Ala-D-Ala-Ala, Ala-Val-Ala, or B-Ala-Gly-Gly-Gly.

9s5. The method of claim 89, wherein L is represented by the following structural

formula:

o) H 0] H O (e} o2
1 eg‘\&z/v\n/N\)J\H/\n/N\)J\H/\)I\H/\/i"v7
0 O
O E

or a pharmaceutically acceptable salt thereof.

96. The method of any one of claims 1-40, wherein the imine-containing cytotoxic

agent is represented by the following formula:

O
@ \
/O\/\o/\/o\/\N S—S\/\/U\N/\/N
H 0
SOzH

H
=N O\/@VO N —
N\\g@[OMe MeO:Cg’/N

0 0

; or
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Q
—S N
HN)K/%S N/\/
k SO,H o

S 3@%“9%

or a pharmaceutically acceptable salt thereof, and the modified cytotoxic agent is

represented by the following formula:

o \
O\/\O/\/O\/\N/\KS N/\/D
H

SO,H 0
HO,;s_ H
: 7]

éQ@

wﬂ b

or a pharmaceutically acceptable salt thereof.

; ©
02}
O
o
T
O

97. The method of claim 96, wherein the modified cytotoxic agent is represented

by the following formula:

@ \
O\/\O/\/O\/\N/\KS N/\/D
H

SOH 0
HO,;S_ H
: 7]

é@ﬁ

wﬂ b
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or a sodium or potassium salt thereof.

98. The method of claim 97, wherein the modified cytotoxic agent is represented

by the following formula:

Q \
O\/\O/\/O\/\N S—S N/\/D
SOH" O

NaO3S

G “%

\
)K/y N AN
so.H! 0
__SONa

S D%Tb

; or

99. The method of any one of claims 1-39, wherein D is an imine-containing

pyrrolobenzodiazepine (PBD) compound.

100.  The method of claim 99, wherein D is represented by the following formula:

YeSeun Ii &R.

a (PBD1);
A—Dy-L—D¢’
e e o™
N
Ra' (PBD2):
x1\ ,
A—Dy-L—Dg'~ ’4
Ve cdimsed @Q
(PBD3); or

/C(:N A—Dy-L—Dg-A' N=>,
Q' N~ Re R¢ W~ Q
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or a pharmaceutically acceptable salt thereof, wherein:

W is selected from C=0, C=S, CH,, BH, SO and SO;;

Xy’ is selected from -H, an amine-protecting group, an optionally substituted
linear, branched or cyclic alkyl, alkenyl or alkynyl having from 1 to 10 carbon atoms,
a polyethylene glycol unit -(CH;CH,0),-R®, an optionally substituted aryl having 6 to
18 carbon atoms, an optionally substituted 5- to 18-membered heteroaryl ring
containing one or more heteroatoms independently selected from nitrogen, oxygen,
and sulfur, and an optionally substituted 3- to 18-membered heterocyclic ring
containing 1 to 6 heteroatoms independently selected from O, S, N and P;

Y’ is selected from -H, an oxo group, an optionally substituted linear,
branched or cyclic alkyl, alkenyl or alkynyl having from 1 to 10 carbon atoms, an
optionally substituted 6- to 18-membered aryl, an optionally substituted 5- to 18-
membered heteroaryl ring containing one or more heteroatoms independently selected
from nitrogen, oxygen, and sulfur, an optionally substituted 3- to 18-membered
heterocyclic ring having 1 to 6 heteroatoms;

Rsis -H, -R, -OR, -SR, -NR’R”’, -NO», or halogen;

A and A’ are the same or different, and are independently selected from -O-,
oxo (-C(=0)-), -CRR’O-, -CRR’-, -S-, -CRR’S-, -NR;5 and -CRR’N(R5)-,

R, for each occurrence, is independently selected from the group consisting of
-H, an optionally substituted linear, branched or cyclic alkyl, alkenyl or alkynyl
having from 1 to 10 carbon atoms, a polyethylene glycol unit -(CH,CH,0),-R", an
optionally substituted aryl having 6 to 18 carbon atoms, an optionally substituted 5- to
18-membered heteroaryl ring containing one or more heteroatoms independently
selected from nitrogen, oxygen, and sulfur, or an optionally substituted 3- to 18-
membered heterocyclic ring containing 1 to 6 heteroatoms independently selected
from O, S, N and P;

R’ and R’’ are each independently selected from -H, -OH, -OR, -NHR, -NR», -
COR, an optionally substituted linear, branched or cyclic alkyl, alkenyl or alkynyl
having from 1 to 10 carbon atoms, a polyethylene glycol unit -(CH,CH,0),-R", and
an optionally substituted 3- to 18-membered heterocyclic ring having 1 to 6
heteroatoms independently selected from O, S, N and P;

R® is -H or a substituted or unsubstituted linear or branched alkyl having 1 to 4
carbon atoms, or the linking group with the reactive group bonded thereto;

n is an integer from 1 to 24;
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R5 for each occurrence is independently -H or an optionally substituted linear
or branched alkyl having 1 to 10 carbon atoms;

Dy and Dy’ are the same or different, and are independently absent or selected
from the group consisting of an optionally substituted linear, branched or cyclic alkyl,
alkenyl or alkynyl having 1 to 10 carbon atoms, an amino acid, a peptide bearing 2 to
6 amino acids, and a polyethylene glycol unit (-OCHCHb),;

L is absent, a linker, a polyethylene glycol unit (-OCH,CHb),-, an optionally
substituted linear, branched or cyclic alkyl or alkenyl having 1 to 10 carbon atoms, an
optionally substituted phenyl group, an optionally substituted 3 to 18-membered
heterocyclic ring or a 5- to 18-membered heteroaryl ring having 1 to 6 heteroatoms
independently selected from O, S, N and P;

Ra, Ry, Ry and Ry are the same or different, and are independently selected
from the group consisting of -H, halide, or an optionally substituted branched, linear
or cyclic alkyl having 1 to 10 carbon atoms; or R, and R,> and/or Ry, and Ry, together
form a double bond containing group =B and =B’ respectively;

=B and =B’ are the same or different and independently selected from an
optionally substituted branched or linear alkenyl or a carbonyl group;

Qis Qi-Ar-Qy;

Qis Q1-Ar’-Qy’;

Qi and Q;’ are each independently absent, a linear, branched or cyclic alkyl
from 1 to 6 carbon atoms or a -CH=CH unit;

Ar and Ar’ are each independently absent, or represent an aryl group;

Q2 and Q,’ are each independently selected from -H, a linker, a substituted or
unsubstituted linear, branched or cyclic alkyl, alkenyl or alkynyl having from 1 to 10
carbon atoms, a polyethylene glycol unit 'RC"(OCHQCHQ)H'RC, or a substituent
selected from a halogen, guanidinium [-NH(C=NH)NH,], -R, -OR, -NR’R”’, -NO,, -
NCO, -NR’COR”’, NR’(C=0)OR’’ -SR, a sulfoxide represented by -SOR’, a sulfone
represented by -SO;R’, a sulfonate -SO3;M, a sulfate -OSO3;M, a sulfonamide
represented by SO,NR’R”’, cyano, an azido, -COR’, -OCOR’ or -OCONR’R’’; and

R® is absent or selected from linear or branched alkyl, alkenyl or alkynyl

having 1 to 5 carbon atoms.
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101.  The method of claim 100, wherein D is selected from one of the following:

L"
X'] I\ Y’I'
—/
N O\J@(/O N “
R 6
0] O

6 R
(PBD5),
L|

L L"
N o 0 N=2,
Ro 2 % Ra"

O o (PBD6),

" L"
X1'\ _/Y1'
N o o N “,
Ar<. /CN(C N 4 Q ~Ar
Q1 RG RG 1
O O

(PBD7),
L"' L L"
~Ar
AF\Q1 X N\HﬁRe RGI:L(N Y Q,
O O (PBDS),
X\ Yy
N N—,
NP
Arg /CN(: n I\Q\Q/' ~a
Q7 & Re R¢ ! 2
o o (PBDY), and
N N—,
0BT
Ar, AN n N Q7 TQy
Q” @ Rs R
© (PBDI10),

or a pharmaceutically acceptable salt thereof, wherein:
one of L’, L, and L’”’ in formula (PBDS5), (PBD6), (PBD7) or (PBDS) is
represented by the following formula:
-21-P1-Z5-R1-C(=0)- (A%), or
NR)-Rx-C(=0)- (D)

and the other two are each independently selected from -H, an optionally
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substituted linear, branched or cyclic alkyl, alkenyl or alkynyl having from 1 to 10
carbon atoms, a polyethylene glycol unit -(CH,CH,0),-R, halogen, guanidinium
[-NH(C=NH)NH;], -OR, -NR’R’’, -NO,, -NR’COR”’, -SR, -SOR’, -SO;R’, -SOzH,
-OSO3H, -SO:NR’R’’, cyano, an azido, -COR’, -OCOR’, and -OCONR’R"’;

one of Q, and Q,’ in formula (PBD9) or (PBD10) is represented by the
following formula:

-Z1-P1-Z5-R41-C(=0)- (A),
-NR®)-Ry1-C(=0)-  (D’); or
-Z2.1-P1-Z;- (E"),

and the other one is selected from -H, -R, -OR, -NR’R’’, -NO,, -
NR’(C=0)OR”’, -SR, or —-NOy;

one of the Z; and 7, is -C(=0)-, and the other is -NRs-;

P, is an amino acid residue or a peptide containing between 2 to 20 amino acid
residues;

Ry is an optionally substituted linear, branched or cyclic alkyl, alkenyl or
alkynyl having from 1 to 10 carbon atoms;

R®is -H, a linear, branched or cyclic alkyl, alkenyl or alkynyl having 1 to 10
carbon atoms or —(CHZ—CHZ'O)H—Rk, wherein R¥ is a -H, a linear, branched cyclic alkyl
having 1 to 6 carbon atoms, optionally bearing a secondary amino (e.g., -NHR'") or

tertiary amino (-NR'R'

) group or a 5- or 6-membered nitrogen containing
heterocycle, wherein R'”" and R'%* are each independently a linear, branched, or
cyclic alkyl, alkenyl or alkynyl having 1 to 10 carbon atoms;

R® is -H or an optionally substituted linear or branched alkyl having 1 to 4
carbon atoms;
R5 for each occurrence is independently -H or an optionally substituted linear or
branched alkyl having 1 to 10 carbon atoms.

R.” and R, are the same or different, and are selected from -H and -Me; and

n’ is selected from 0, 1, 2 and 3.

102. The method of claim 101, wherein one of L’, L” and L’ in formula (PBDS5),
(PBD6), (PBD7) or (PBDS) is represented by formula (A’) or (D’) and the other two are —H,
an linear or branched alkyl having from 1 to 6 carbon atoms, halogen, -OH, (C;-Cs)alkoxy or

—NO»; or one of Q2 and Q’ in formula (PBD9) or (PBD10) is represented by formula (A’),
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(D’) or (E’); and the other is —H, an linear or branched alkyl having from 1 to 6 carbon atoms,

halogen, -OH, (C;-Ce¢)alkoxy or —-NO,.

103. The method of claim 102, wherein:
L” and L’ are both —H; and L’ in formula (PBDS5), (PBD6), (PBD7) or (PBD8) is

represented by the following formula:

-NR;5-P1-C(=0)-(CR:Rp)-C(=0)-  (BI’);

-NR5-P1-C(=0)-Cy-(CRaRp)s1-C(=0)- (B27);
-C(=0)-P-NR5-(CRRp)s-C(=0)-  (C1’), or
-C(=0)-P1-NR5-Cy-(CR:Ry)s1-C(=0)- (C2’);
one of Q, and Q,’ in formula (PBD9) or (PBD10) is represented by the following
formula:
-NRs-P1-C(=0)-(CRaRp):-C(=0)-  (BI);
-NR;5-P-C(=0)-Cy-(CRaRp)s1-C(=0)- (B2%);
-C(=0)-Pi-NR5-(CR:R)-C(=0)-  (C1),
-C(=0)-P1-NR5-Cy-(CRaRyp)s1-C(=0)- (C27);
-NR;5-P;-C(=0)- (E1’); or
-C(=0)-P;-NR5- (E2%);
wherein:

R; and Ry, for each occurrence, are each independently -H, (C;-Cs)alkyl or a charged
substituent or an ionizable group Q;

s is an integer from 1 to 6;

s1” 1s 0 or an integer from 1 to 6; and

Cy is a cyclic alkyl having 5 or 6 ring carbon atoms optionally substituted with

halogen, -OH, (C;-C5)alkyl, (C;-Cs)alkoxy, or halo(C;-Cs)alkyl.

104.  The method of claim 103, wherein R, and Ry, are both H; Cy in formulas (B2”)
and (C2’) is cyclohexane; Rs is H or Me; and s1” is O or 1.

105.  The method of any one of claims 101-104, wherein Q is -SOsH or a

pharmaceutically acceptable salt thereof.

106. The method of any one of claims 101-105, wherein P, is a peptide containing

2 to 5 amino acid residues.
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107.  The method of claim 106, wherein Py is Gly-Gly-Gly, Ala-Val, Val-Cit, Val-
Lys, Phe-Lys, Lys-Lys, Ala-Lys, Phe-Cit, Leu-Cit, Ile-Cit, Trp, Cit, Phe-Ala, Phe—Ng—tosyl—
Arg, Phe—Ng-nitro-Arg, Phe-Phe-Lys, D-Phe-Phe-Lys, Gly-Phe-Lys, Leu-Ala-Leu, Ile-Ala-
Leu, Val-Ala-Val, Ala-Leu-Ala-Leu (SEQ ID NO: 1), B-Ala-Leu-Ala-Leu (SEQ ID NO: 2),
Gly-Phe-Leu-Gly (SEQ ID NO: 3), Val-Arg, Arg-Arg, Val-D-Cit, Val-D-Lys, Val-D-Arg, D-
Val-Cit, D-Val-Lys, D-Val-Arg, D-Val-D-Cit, D-Val-D-Lys, D-Val-D-Arg, D-Arg-D-Arg,
Ala-Ala, Ala-D-Ala, D-Ala-Ala, D-Ala-D-Ala, Ala-Met, GIn-Val, Asn-Ala, GIn-Phe and
Gln-Ala.

108.  The method of claim 107, wherein P is Gly-Gly-Gly, Ala-Val, Ala-Ala, Ala-
D-Ala, D-Ala-Ala, or D-Ala-D-Ala.

109. The method of any one of claims 100-108, wherein:
Rg is -OMe;

Xi” and Y’ are both -H; and

A and A’ are -O-.

110.  The method of claim 100, wherein D is represented by the following structural

formula:
N N—,
O ~0 -
Q! 9 H \_/ o
R6 RG N)%N\n/\ )l\;:é
o 0 N
MeO
HN—,

N
NN R R N7 )H/N\n/'\ )\;f
6 6 N
0O (0] H 0 ” .

MeO ;
or
NG O ~-0 N=2, 0O ~~ 0o
H -
XN N Z
e AP VRV
MeO 0 © H O H

or a pharmaceutically acceptable salt thereof.
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111.  The method of any one of claims 100-110, wherein -L- is represented by the

following structural formula:

Ros Ros
or a pharmaceutically acceptable salt thereof, wherein:
s1 is the site covalently linked to D; s2 is the site covalently linked to the maleimide
group;
R»3 and Ryy, for each occurrence, are independently H or an optionally substituted
alkyl;
m’ is an integer between 0 and 10; and

R™ is H or an optionally substituted alkyl.

112. The method of claim 111, wherein R»3 and R4 are both H; and m’ is an

integer between 1 and 6.
113. The method of claim 111 or 112, wherein R"™ is H.

114.  The method of claim 113, wherein L is represented by the following structural

formula:

H
. 13/“\/\/\/51‘:[52

i

or a pharmaceutically acceptable salt thereof.

115. The method of any one of claims 100-114, wherein the imine-containing

cytotoxic agent is represented by the following formula:

O,

— \
N O ~-0 N_,l" D
N
\")Q:RG RG;@“/N/;\@\ 0 H \_-/ /(R\/IJ/ o}
VeO 0 0O N)'\rN\“/\N
H o H
— A
N OO~ D
NN
ﬁg@% RemfND\CL o n Y »O\f ’
MeO 0 O N)\(N\H/\N
H o H
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0]
— \
N
\“)@Rs RG/\@L”/N/:;\Q\ 0 H \_/ /cu)\/H/ o}
MeO 0 0 N )‘\‘/N\N/\N
H o H

or a pharmaceutically acceptable salt thereof.

116.  The method of claims 100, wherein D is represented by the following formula:

RN

w s—g
X1I\ Y1I
_/
\/C(: N O\/@\/O M
Rb"/ %R "
0 O (PBD11),
RX
w? \s—g
N O\/@\/O =2
Re - SSP L
N\'g@RG RG;CL(N a
O O (PBD12),
RX
w- g §

O 0 (PBD13),

" O\/@\/O =,
Aoy Nﬁj‘/ij[ DL“/N 2~a,
Q7 Rs Rg 1
0O 0]

(PBD14),

Xy XY
Ar. /CN(: n' I\D\Q/'Arl\o'
Qz/ Qi Re Rg 1 2
@] @)
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e et oo
n' Q\ ATVNA
Qz/Ar\Q1 X N\jp@[% Rsm(N 77Q) Q
0 © (PBD16),

or a pharmaceutically acceptable salt thereof, wherein:

X1’ is selected from the group consisting of -H, -OH, a substituted or unsubstituted
linear, branched or cyclic alkyl, alkenyl or alkynyl having from 1 to 10 carbon atoms, phenyl,
and an amine-protecting group;

Y’ is selected from the group consisting of -H, an oxo group, a substituted or
unsubstituted linear, branched or cyclic alkyl, alkenyl or alkynyl having from 1 to 10 carbon
atoms;

one of Q; and Q5 in formula (PBD15) or (PBD16) is -W’-R*-S-; and the other is
selected from -H, an optionally substituted linear, branched or cyclic alkyl, alkenyl or alkynyl
having from 1 to 10 carbon atoms, a polyethylene glycol unit -(CH,CH,0),-R", halogen,
guanidinium [-NH(C=NH)NH,], -OR, -NR’R”’, -NO,, -NR’COR"’, -SR, -SOR’, -SO,R’, -
SOsH, -OSO3H, -SO,NR’R’’, cyano, an azido, -COR’, -OCOR’, and -OCONR’R’’;

W’ is absent, or selected from -O-, -N(R®)-, -N(R®)-C(=0)-, -N(C(=O)R")-, -S- or -
CH,-S-, -CH,NR®-;

R* is absent or selected from a linear, branched or cyclic alkyl having 1 to 10 carbon
atoms;

R®is -H, a linear, branched or cyclic alkyl, alkenyl or alkynyl having 1 to 10 carbon
atoms or —(CHZ-CHz—O)n—Rk, wherein R¥is a -H, a linear, branched cyclic alkyl having 1 to 6
carbon atoms, optionally bearing a secondary amino (e.g., -NHR'") or tertiary amino (-
NR'”'R!%%) group or a 5- or 6-membered nitrogen containing heterocycle, wherein R'"" and
R'% are each independently a linear, branched, or cyclic alkyl, alkenyl or alkynyl having 1 to
10 carbon atoms;

n is an integer from 1 to 24;

Rsis -H, -R, -OR, -SR, -NR’R”’, -NO», or halogen; and

R is -H, an optionally substituted linear, branched or cyclic alkyl, alkenyl or alkynyl
having from 1 to 10 carbon atoms or a PEG group -(CH,CH,0),-R°, wherein n is an integer
from 1 to 24, and R"is a linear or branched alkyl having 1 to 4 carbon atoms;

R’ and R” are each independently selected from -H, -OH, -OR, —NRRg’, -COR, an
optionally substituted linear, branched or cyclic alkyl, alkenyl or alkynyl having from 1 to 10

carbon atoms, an optionally substituted aryl having from 6 to 18 carbon atoms, an optionally
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substituted 3- to 18-membered heterocyclic ring having 1 to 6 heteroatoms selected from O,
S, N and P, a PEG group -(CH,CH,0),-R¢, and R¥ is -H, an optionally substituted linear,
branched or cyclic alkyl, alkenyl or alkynyl having from 1 to 10 carbon atoms or a PEG
group -(CH,CH,0),-R".

117. The method of claim 116, wherein

X;’ and Yy’ are both -H;

Rg is -OMe;

W’ is -N(R)- or -N(R®)-C(=0)-;

R°1is -H, a linear or branched alkyl having 1 to 4 carbon atoms or '(CHZ'CHQ‘O)H'R](,
wherein R is a -H, a linear or branched alkyl having 1 to 4 carbon atoms;

n is an integer from 2 to 6; and

R" is a linear or branched alkyl having 1 to 6 carbon atoms.

118.  The method of claim 116 or 117, wherein L is represented by the following

structural formula:
R1 3 R1 2

s1 z s2
:’j \s/><r( S

Q

s

or a pharmaceutically acceptable salt thereof, wherein:

s1 is the site covalently linked to D, and s2 is the site covalently linked to the
maleimide group;

E is -(CRoR11)4-, cycloalkyl, or cycloalkylalkyl;

Z is absent, -SO2NRg-, -NRgSO;-, -C(=0)-NRg-, -NRy-C(=0)-, -C(=0)-0O-,
-0-C(=0)-, -C(=0)-NRy-(CH2CH,0),-, -NRo-C(=0)-(CH,CH,0),-,
-(OCH2CHb),-C(=0)NRo-, or -(OCH>CH»),-NRo-C(=0)-;

p is an integer from 1 to 24;

Q is H, a charged substituent, or an ionizable group;

Ro, Ryg, Ry1, Ry, and Ry, for each occurrence, are independently H or an optionally
substituted alkyl; and,

q and r, for each occurrence, are independently an integer between 0 and 10.
119.  The method of claim 118, wherein E is -(CR1oR11)4-.

120. The method of claim 118 or 119, wherein Z is -C(=0)-NRo- or -NRo-C(=0)-.
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121.  The method of claim 120, wherein Rg is —H.

122.  The method of any one of claims 118-121, wherein Q is H or -SOsH or a

pharmaceutically acceptable salt thereof.

123.  The method of any one of claims 118-122, wherein Ro, R19, R11, Ri2, and Ry3

are all H; and q and r are each independently an integer between 1 and 6.

124.  The method of claim 118, wherein:

R12 and Ry3, for each occurrence, are each independently H or (C;-Cs)alkyl;
Qis H or —-SOsH or a pharmaceutically acceptable salt thereof

Z is -C(=0)-NRg- or -NRy-C(=0)-;

Rois H or (C;-Cs)alkyl;

E is -(CRoR11)g-

Rip and Ryy, for each occurrence, are independently H or (C;-Cs)alkyl; and

q and r are each an integer from 1 to 5.

125.  The method of claim 118, wherein L is represented by any one of the

1% V\HOJ\ A

SO3H , and

following structural formulae:

O

sﬁﬁ/s\/\)LN/\/ﬁ”a s2
H

or a pharmaceutically acceptable salt thereof.

126. The method of claim 116 or 117, wherein L is represented by the following

structural formula:

s#%( T “W"ﬂsz

RoRo1 RooR19

or a pharmaceutically acceptable salt thereof, wherein:

s1 is the site covalently linked to D; s2 is the site covalently linked to the maleimide

group;
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Rig, Ryg, Ry and Ry, for each occurrence, are independently H or an optionally
substituted alkyl;

m and n are each independently an integer between 0 and 10;

R" is H or an optionally substituted alkyl;

Py is an optionally substituted alkylene, -(CH,-CH,-O);- (wherein the oxygen atom is
connected to the —(C=0)- group connected to P), an amino acid residue or a peptide
containing 2 to 20 amino acid residues; and

jis an integer from 1 to 24.

127. The method of claim 126, wherein Rig, R29, Ro; and Ry, are each H; and m and

n are each independently an integer between 1 and 6.

128.  The method of claim 126 or 127, wherein Py, is a peptide containing 2 to 5

amino acid residues.

129.  The method of claim 128, wherein Py, is selected from the group consisting of:
Ala-Val, Val-Ala, Val-Cit, Cit-Val. Val-Lys, Phe-Lys, Lys-Lys, Ala-Lys, Phe-Cit, Leu-Cit,
Ile-Cit, Trp-Cit, Phe-Ala, Phe—Ng—tosyl—Arg, Phe—N9—nitro—Arg, Phe-Phe-Lys, D-Phe-Phe-Lys,
Gly-Phe-Lys, Leu-Ala-Leu, Ile-Ala-Leu, Val-Ala-Val, Ala-Leu-Ala-Leu (SEQ ID NO: 1), B-
Ala-Leu-Ala-Leu (SEQ ID NO: 2), Gly-Phe-Leu-Gly (SEQ ID NO: 3), Val-Arg, Arg-Arg,
Val-D-Cit, Val-D-Lys, Val-D-Arg, D-Val-Cit, D-Val-Lys, D-Val-Arg, D-Val-D-Cit, D-Val-
D-Lys, D-Val-D-Arg, D-Arg-D-Arg, Ala-Ala, Ala-D-Ala, D-Ala-Ala, D-Ala-D-Ala., Ala-
Met, Met-Ala, GIn-Val, Asn-Ala, Gln-Phe, Gln-Ala, Gly-Gly-Gly, Ala-Ala-Ala, D-Ala-Ala-
Ala, Ala-D-Ala-Ala, Ala-Ala-D-Ala, Ala-Val-Cit, Ala-Val-Ala, and p-Ala-Gly-Gly-Gly.

130.  The method of claim 126, wherein L is represented by the following structural

formula:

s1 ﬁ&“/\mn\iu/\rn\iu’\iu“}‘ﬂ

?

or a pharmaceutically acceptable salt thereof.

131.  The method of any one of claims 1-39, wherein the imine-containing cytotoxic

agent is represented by the following formula:
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RG
x'\Ra,,,X' N
R8 R8 N
9 R2I
R® 0O :or
R6
' ! N
X \Rs,,: X —~= H
R&® RS N
R 0O R

or a pharmaceutically acceptable salt thereof, wherein:

the dotted lines indicate the optional presence of a double bond;

R¥ isa Cs.12 alkylene group,

each X, for each occurrence, is independently -O-, -S- or -N(H)-

cach R%is independently selected from -H, -OH, -CN, —Rls, -ORl’, —O-SOZ—RI’, -
CO,R", -COR", or halo, or both R? taken together, are =0, =CH,, =CH-R?, or =C(R%)1;

cach R? is independently selected from -H, -OH, -CN, -Rl’, —ORI’, -O—SOz—RI’, -
CO,R", -COR" or halo;

R®isa leaving group selected from -OR®, -OCOR*, -OCOOR*, -OCONR*R?, -
NR*R”, -NR*COR”, -NR*NR*R”, an optionally substituted 5- or 6-membered nitrogen-
containing heterocycle (e.g., piperidine, tetrahydropyrrole, pyrazole, morpholine), a
guanidinum represented by -NR*(C=NH)NR*R¥, an amino acid, or a peptide represented by
-NR®COP’, wherein P’ is an amino acid or a polypeptide containing between 2 to 20 amino
acid units, —SRG, —SOR4’, -SO-M, -SO3M, -OSOsM, halogen, cyano and an azido;

R" is linker bearing a maleimide moiety that can form a covalent bond with a cell
binding agent (CBA);

R® and R? are independently selected from -H, —Rl’, -OH, —ORl’, -SH, —Squ, -NH,, -
NHRIQ, -NRl’RS’, -NO;, Me3Sn and halo; and,

R' and R* are each independently selected from optionally substituted C;_j, alkyl, C3.
a0 heterocyclyl or Cs.p aryl groups, and optionally in relation to the group -NR'R*,R" and
R* together with the nitrogen atom to which they are attached form an optionally substituted
4-, 5-, 6- or 7-membered heterocyclic ring; or any pair of adjacent groups from Rto R’

together form a group -O-(CH»),-O-, where p is 1 or 2;
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R* and R® are each independently selected from -H, -OH, -ORS’, —NHR6’, —NR(”Z,
-COR®, an optionally substituted linear, branched or cyclic alkyl, alkenyl or alkynyl having
from 1 to 10 carbon atoms, a polyethylene glycol unit -(CH,CH,0),-R®, or an optionally
substituted 3-18-membered heterocyclic ring having 1 to 6 heteroatoms independently
selected from O, S, N or P;

R, for each occurrence, is independently selected from the group consisting of -H, an
optionally substituted linear, branched or cyclic alkyl, alkenyl or alkynyl having from 1 to 10
carbon atoms, a polyethylene glycol unit -(CH,CH,0),-R", an optionally substituted aryl
having 6 to 18 carbon atoms, an optionally substituted 5- to 18-membered heteroaryl ring
containing one or more heteroatoms independently selected from nitrogen, oxygen, or sulfur,
and an optionally substituted 3- to 18-membered heterocyclic ring containing 1 to 6
heteroatoms independently selected from O, S, N or P;

R*is independently selected from —Rl’, —COley, —CORl’, -CHO, -CO,H, or halo;

R® is -H or a substituted or unsubstituted linear or branched alkyl having 1 to 4 carbon
atoms;

M is H or a pharmaceutically acceptable cation; and

n is an integer from 1 to 24.

132.  The method of claim 131, wherein the imine-containing cytotoxic agent is

represented by the following formula:

o\Rsu,o N— H
OMe MeO N _
0 ; or
O~ gs—0 N~ H
OMe MeO N
O

or a pharmaceutically acceptable salt thereof, wherein R isa Cssalkylene.
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L ,.0 *
A/ \L2
133.  The method of claim 131 or 132, R is ) , wherein Llisa
cleavable linker, A is a connecting group bearing a maleimide capable of connecting L' to the
cell binding agent, L* is a covalent bond or together with -OC(=0)- forms a self-immolative

linker.

134.  The method of claim 133, wherein L' is a peptide containing 2 to 5 amino acid

residues.

135.  The method of claim 134, wherein L' is selected from the group consisting of
Phe-Lys, Val-Ala, Val-Lys, Ala-Lys, Val-Cit, Phe-Cit, Leu-Cit, Ile-Cit, Phe-Arg, Trp-Cit,
Lys-Lys, Phe-Ala, Phe-N9-tosyl-Arg, Phe-N9-nitro-Arg, Val-Arg, Arg-Val, Arg-Arg, Val-D-
Cit, Val-D-Lys, Val-D-Arg, D-Val-Cit, D-Val-Lys, D-Val-Arg, D-Val-D-Cit, D-Val-D-Lys,
D-Val-D-Arg, D-Arg-D-Arg, Gly-Gly-Gly, Phe-Phe-Lys, D-Phe-Phe-Lys, Gly-Phe-Lys, Leu-
Ala-Leu, lle-Ala-Leu, Val-Ala-Val, Ala-Leu-Ala-Leu (SEQ ID NO:1), B-Ala-Leu-Ala-Leu
(SEQ ID NO:2) and Gly-Phe-Leu-Gly (SEQ ID NO:3).

136.  The method of any one of claims 131-135, wherein -C(=0)O- and L together

H/% >

where the asterisk indicates the point of attachment to the N10 position, the wavy line

indicates the point of attachment to the linker Ll, Y’ is -NH-, -O-, -C(=O)NH- or -C(=0)0O-,

form the group:

andnis O to 3.

137.  The method of claim 136, wherein -C(=0)O- and L? together form the group:
H
OY *
o .

138.  The method of claim 136, wherein L' and L? together with -OC(=0)-

comprise a group selected from:
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O (9) * .
N
N Y N
H H

T

O

where the asterisk indicates the point of attachment to the N10 position, and the wavy

line indicates the point of attachment to the remaining portion of the linker L' or the point of
attachment to A.

139.  The method of any one of claims 131-138, wherein A is represented by one of
the following:

0

(1) 0

, where the asterisk indicates the point of attachment to L', and pis1
to 6;

0 O
O *
Aot oy
\ 0
(i1) 0 , where the asterisk indicates the point

of attachment to Ll, risOQor 1, and s is O to 30.

140. The method of claim 139, wherein p is 4 to 6; ris 1; and s is 1 to 10.

141.

The method of claim 131, wherein the imine-containing cytotoxic agent is
represented by the following formula:
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@]
N ‘__HN
O

o]
HO, y 9y
/&(-N O\/\/\/O Nzﬁ
XN
HsC ﬁ‘)@om Meom,("‘ PNeH,
o) o) .
b

NH,

gw\r“/\[o/\,}j\/\g/n\é)ol\” I HN

or a pharmaceutically acceptable salt thereof, wherein s is 2 to 8.

142. The method of claim 141, wherein s is 7.

143.  The method of any one of claims 1-142, wherein the cell-binding agent is an

antibody or antibody fragment thereof.

144.  The method of any one of claims 1-142, wherein the cell-binding agent is an

antibody having an engineered cysteine residue.

145.  The method of claim 144, wherein the engineered cysteine residue at the

EU/OU numbering position 442 of one or both of the antibody heavy chains.

146.  The method of claim 145, wherein the engineered cysteine residue is on both

of the heavy chains.
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147.  The method of claim 145, wherein the engineered cysteine residue is on one of

the heavy chains.

148.  The method of any one of claims 143-147, wherein the antibody is a
monoclonal antibody, a chimeric antibody, a humanized antibody, a resurfaced antibody, or a

human antibody.
149.  The method of claim 148, wherein the antibody is an anti-CD123 antibody.

150.  The method of claim 149, wherein the anti-CD123 antibody comprises an
immunoglobulin heavy chain region having the amino acid sequence of SEQ ID NO:25 and

an immunoglobulin light chain region having the amino acid sequence of SEQ ID NO:26.

151.  The method of any one of claims 1-39, wherein the method is for preparing a

cell-binding agent-cytotoxic agent conjugate represented by the following formula:

wo o
B

or a pharmaceutically acceptable salt thereof, and the method comprises the steps of:
(a) reacting an imine-moiety in an imine-containing cytotoxic agent represented by
the following formula:
le/H : )OI\/\/YH |
HN N ~N
SR &
H
=N e} o N—,
N\\QCEOMe MeO:Cg/N
o} 0
or a pharmaceutically acceptable salt thereof, with sulfur dioxide, a bisulfite salt or a

metabisulfite salt in an aqueous solution at a pH of 3.1 to 3.5 to form a modified cytotoxic

agent represented by the following formula:
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j)\r T(\N)J\/\/\(H\/\j&

HO5S o

Jrocsare e

or a pharmaceutically acceptable salt thereof; and

(b) reacting the modified cytotoxic agent or a pharmaceutically acceptable salt thereof
with the cell-binding agent Ab to form the cell-binding agent-cytotoxic agent conjugate,
wherein:

Ab is an anti-CD123 antibody comprising an immunoglobulin heavy chain region
having the amino acid sequence of SEQ ID NO:25 and an immunoglobulin light chain region
having the amino acid sequence of SEQ ID NO:26; and

wis 1 or?2.

152.  The method of claim 151, wherein the reaction of step (a) is carried out at a

pHof3.2to 3.4.

153.  The method of claim 151, wherein the reaction of step (a) is carried out at a

pH of 3.3.

154.  The method of any one of claims 151-153, wherein the reaction of step (a) is

carried out in the presence of a buffer solution.

155. The method of claim 154, wherein the buffer solution is a citrate buffer, an

acetate buffer, a succinate buffer or a phosphate buffer.
156. The method of claim 155, wherein the buffer is a succinate buffer.

157.  The method of any one of claims 151-156, wherein 1.1 to 1.6 equivalents of
the bisulfite salt or 0.55 to 0.8 equivalents of the metabisulfite salt is reacted with 1

equivalent of the imine-containing cytotoxic agent.

158.  The method of claim 157, wherein 1.3 to 1.5 equivalents of the bisulfite salt
or 0.65 to 0.75 equivalents of the metabisulfite salt is reacted with 1 equivalent of the imine-

containing cytotoxic agent.
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159.  The method of claim 157, wherein 1.4 equivalents of the bisulfite salt or 0.7
equivalents of the metabisulfite salt is reacted with 1 equivalent of the imine-containing

cytotoxic agent.

160. The method of any one of claims 151-159, wherein the reaction of step (a) is
carried out at a pH of 3.2 to 3.4 and 1.3 to 1.5 equivalents of the sodium bisulfite salt is

reacted with 1 equivalent of the imine-containing cytotoxic agent.

161.  The method of any one of claims 151-160, wherein the reaction of step (a) is

carried out in a mixture of dimethylacetamide (DMA) and water.

162.  The method of any one of claims 151-161, wherein the reaction of step (a) is

carried out at room temperature.

163.  The method of any one of claims 151-162, wherein the modified cytotoxic

agent is not purified before reacting with the cell-binding agent in step (b).

164. The method of any one of claims 151-163, wherein the reaction of step (b) is
carried out at a pH of 5.5 to 6.5.

165.  The method of any one of claims 151-164, wherein the conjugate is purified

by tangential flow filtration to yield purified conjugate.

166. The method of claim 165, wherein the purified conjugate is formulated in a

formulation buffer comprising 40 to 80 uM of sodium bisulfite having a pH of 4 to 5.

167. The method of claim 166, wherein the formulation buffer comprises 50 uM of
sodium bisulfite having a pH of 4.2.

- 146 -



