CLAIMS

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
Y

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 or

an imine-containing pyrrolobenzodiazepine (PBD) compound.

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

29t04.0,apHof29t03.7,apH of 3.1 to 3.5, apH of 3.2 to 3.4, or a pH of 3.3.

4, The method of any one of claims 1-3, wherein the reaction of step (a) is carried out in

the presence of a buffer solution.

5. 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:
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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\
g 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.

6. The method of any one of claims 1-5, 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;

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;

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; or

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.

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

(i) apH of 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;

(ii) a pH of 3.1 to 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; or

(iii) 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.
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8. The method of any one of claims 1-7, wherein the reaction of step (a) is carried out in

a mixture of an organic solvent and water.

9. The method of claim 8, wherein the reaction of step (a) is carried out in a mixture of

dimethylacetamide (DMA) and water.

10.  The method of any one of claims 1-9, wherein in step (a), the imine-containing

cytotoxic agent is reacted with sodium bisulfite or sodium metabisulfite.

11.  The method of any one of claims 1-10, wherein the modified cytotoxic agent is not

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

12.  The method of any one of claims 1-11, wherein the reaction of step (b) is carried out

atapHof4t09,apH of 5to 8.5, ora pH of 5.5 t0 6.5.

13.  The method of any one of claims 1-12, wherein D is represented by the following
formula:
LI
Llll L
= X4\ Y
\ M
N A -, R4
G
N
0
Re Ry .
2
Ll
Lll
~d
. A N=," R,
G
N
o
Re Ry .
b
LI
L" X\ Y/ R R
= 1 1 2
I . N
A 3 Rs
¢ N
Rg R,
o ; Or
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or a pharmaceutically acceptable salt thereof,
wherein:
one of L’, L”°, and L”*’ is represented by the following formula:
-Z1-P1-Z5-R51-C(=0)- (A%), or
-N(R)-R«1-C(=0)- (D’);
and the other two are each independently 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’, -SO3H, -OSOsH, -SO,NR’R”’, cyano, an azido, -COR’,
-OCOR’, and -OCONR’R’’;

one of the Z; and Z; 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)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,
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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,Nand 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;

X1’ 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;

R1, Ry, R3, R4, Ry, 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”’, -NO3, -NCO, -NR’COR”’, -8R, -SOR’,
-SO,R’, -SO3'H, -OSO3H, -SO.NR’R”’, cyano, an azido, -COR’, -OCOR’, and -OCONR’R’’;

Rg 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-, -NR;s and -CRR’N(R5)-; and

R5 for each occurrence is independently -H or an optionally substituted linear or

branched alkyl having 1 to 10 carbon atoms.

14.  The method of claim 13, wherein L and L’” are both —H; and L’ is represented by the

following formula:
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-NR5-P1-C(=0)-(CR.Rp)s-C(=0)-  (BI’);

-NR;-P1-C(=0)-Cy-(CR:Ryb)s1-C(=0)- (B2%);
-C(=0)-P1-NRs-(CRaRyp)s-C(=0)-  (C1’), or
-C(=0)-P1-NRs-Cy-(CRRp)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’ is O 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;-C;)alkyl, (C;-Cs)alkoxy, or halo(C;-Cs)alkyl.

15. The method of claim 13 or claim 14,

wherein:
R, Ry, R3, R4, Ry%, Ry’ R3” and Ry’ are all -H;
R is -OMe;
X;” and Y’ are both -H; and
A and A’ are -O-.

16.  The method of any one of claims 1-15, wherein -L- is represented by the following

structural formula:

or a pharmaceutically acceptable salt thereof,
wherein:

sl is the site covalently linked to D;

s2 is the site covalently linked to the maleimide group;

Ry3 and Ry, for each occurrence, are independently H or an optionally substituted
alkyl;

m’ is an integer between 0 and 10; and

R" isH or an optionally substituted alkyl.
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17.  The method of any one of claims 1-12, wherein the imine-containing cytotoxic agent

is represented by the following formula:

0 H - 0
N - )k/\/\(N\/\
Y
\./©\_/ N
=N o o N—
NYJC[OMe MeomN
o O

or a pharmaceutically acceptable salt thereof, and the modified cytotoxic agent is represented
O H : 0 H 0]
J\r m”N*/\/Y 7y
/
HOsS,  H

or a pharmaceutically acceptable salt thereof.

b

by the following formula:

The method of any one of claims 1-12, wherein D is represented by the following

18.
formula:
RX
w S—E
~ X! Y
\
_/
N L L0 A
G
N
N\”KIRG R;@r%
0 o ;
RY
w S—E
g
=N A ~ A N=.
G
N
o) o ;
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~
W/ S-g
X\ d
= \ Y
—N A - | A N—Z,’
: ¢ D
Rs Re S N
o] 0 , Or

w” R\S-g
=N ﬂ/ N=—
O 0 ,

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(=0)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 -(CH,-CH,-0),-R¥, 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 i1s selected from -CH- or -N-;

R¢is -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, -NRRE, -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".

19.  The method of any one of claims 1-12, wherein D is represented by the following

formula:

>C,C j@rA—Do L—Dy' -AIj\ ®<R

Ra' (PBDI1);
A—Dg-L—Dg'-
>Cf X1 ﬁ % -
= A—Dgy-L—Dg'-
Vel m ;@ /&Q .

or a pharmaceutically acceptable salt thereof,
wherein:

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

X’ 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;
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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-, -NRs and -CRR’N(Rs)-,

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;

R 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 ((FOCH,CHp),;

L is absent, a linker, a polyethylene glycol unit (-OCH;CH3),-, 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
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from O, S, N and P;

R., R, 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;

Qs Qi-Ar-Qy;

Q' is Q-Ar’-Qy’;

Q; 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;

Q; 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 -R°-(OCH,CH>),-R’, or a substituent selected from a
halogen, guanidinium [-NH(C=NH)NHj,], -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 -OSO;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.

20.  The method of any one of claims 1-12, wherein the imine-containing cytotoxic agent

is represented by the following formula:

FL RS RS
N x'\Ran,x'
RS R8
o R° R®
R® R®
X’\R3,,,X' N— H
R8 Re N
R® R 0O R:
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or a pharmaceutically acceptable salt thereof,
wherein:

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

R*” is a Cy.12 alkylene group,

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

each R? is independently selected from -H, -OH, -CN, -R", -OR!, -0-SO,-R',
-CO,R", -COR", or halo, or both R? taken together, are =0, =CH,, =CH-R?, or =C(R?);;

each R? is independently selected from -H, -OH, -CN, RY, -OR!, -0-SO,-R!,
-CO,R", -COR" or halo;

R™ is a leaving group selected from -OR®, -OCOR?, -OCOOR*, -OCONR*R?,
-NR*R’”, -NRYCOR?, -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, -SR®, -SOR*, -SO,M, -SOsM, -OSO3M, halogen, cyano and an azido;

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

RS and R’ are independently selected from -H, -R", -OH, -OR", -SH, -SR", -NH,,
-NHRI’, -NR'R¥, -NO,, Me;Sn and halo; and,

R" and R* are each independently selected from optionally substituted C;_; alkyl,
Cs. heterocyclyl or Cs.o 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 R®
to R’ together form a group -O-(CHy),-O-, where pis 1 or 2;

RY 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 (CHCH,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,
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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 RY, -CO,RY, -COR', -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.
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